ASPECTS OF MEDICAL THERAPY OF

NEUROENDOCRINE DISORDERS






If we pay atrention to the common opinion of men, we
shall see that they are conscious of the eternity of their
mind; but they confuse eternity with duration, and
atribute it to imagination or memory, which they believe
will remain after death.

- Spinoza; Ethica V, 34 -
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11 Introduction:

The pituitary gland is situated within the sella turcica, which is located as a recess
of the anterior cranial fossa in the sphenoid. The pituitary gland itself is made up of an
anterior lobe {adenchypophysis) and 2 posterior lobe (neurohypophysis). Acromegaly was
the first pituitary disease to becorme recognized as a clinical entity, although initially it
was not clear, whether the eosingphilic adenomas, causing pituitary enlargement were
causative or just a manifestation of the syndreme itself, Following the documented
clinical improvement of acromegalic patients after partial hypophysectomy, it was proven
that the pituitary adencmas were etiologic 1. Nowadays, the anterior pituitary can be
divided in at least seven distinct hormone-secreting cell types %

Pituitary tumors can be classified according to their clinical presentation > to the
immumocytochemical staining properties of the tumor or to the type of hormone(s) they
hypersecrete in vivo * Using immunocytochemical technics, the prevalence of different
types of pituitary adenomas could be estimated in large series of surgical removed
pituitary tumors ° . (See Table 1)

Table i:

TYPE OF PITUITARY TUMOR PREVALENCE IN %
PROLACTINOMAS 25-30

GH SECRETING TUMORS 15-35
FSH/LH SECRETING 4
TUMORS

ACTH SECRETING TUMORS 15

TSH SECRETING TUMORS <1

NON FUNCTIONING 20-30

TUMORS (mo or few hormone
positive cells could be detected)

As mentioned above, pituitary adenomas originate in and are composed of
adenchypophyseal cells. They are frequently occurring neoplasms. In unselected
pituitaries of adults obtained post-mortem a prevalence from § up to 23 per cent is
recorded 7  °. They also represent some 15 % of the intracranial neoplasms °. While
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most pituitary adenomas are histologically benign, slow growing tumors, some adenomas
show a more rapid growth, with extension inte the surrounding tissues, eventually causing
damage to the optic nerve(s) and/or other cranial nerves ™.

Apart from their presence within the sella murcica, adenohypophyseal cells have
been also demonstrated within the nasopharyngeal region. Erdheim first described the
pharyngeal pituitary in 1904 , Like the pituitary adenohypophysis, the pharyngeal
hypophysis contains at least seven hormone-producing cell types . Though
transsphenoidal vascular connections exist, it is unclear whether the pharyngeal pituitary
has secretory properties ™. Its function is unknown.

In the following pages, some aspects of the treatment and problems which can
eccur during treatment of each of the pituitary adenomas, as mentioned in Table 1, will
be described.
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iz Prolactinomas:
12.7 Imtroduction:

Prolactin is a 21,500 Dalton single-chain polypeptide which can be found in the
circulation in 50 kDa and 156 kDa melecular variants. The information is enceded on
chromosome 6 and transeription can be enhanced or suppressed by a variety of hormoenal
factors, Secretion occurs in a pulsatile manner, Hypothalamic regulation of PRL mainly
involves tonic inhibition by dopamine which is transported via the portal vessels. The
physiological importance of various hypothalamic stimulating factors is still largely
unknown . Prolactin secreting tumors are the most common hormone secreting
pituitary tumors . Not only prolactinomas cause high serum PRL levels, but also
pregnancy, hypothyroidism, liver cirrhosis, repal failure and the use of several drugs
should be considered in its differential diagnosis. Iatrogenic hyperprolactinemia occurs
during the use of:

Antidepressant drugs (eg amitriptyline, imipramine)
Antihypertensive drugs (eg methyldopa)

* Opiates

* Estrogens

* Neuroleptics {eg perphenazine, haloperidol)

Dopamine receptor blocking agents (eg domperidone,
metoclopramide).

*

Because serum PRL levels do correlate well with the size of the sellar mass, only
large tumors (with extra sellar extension) with considerably elevated serum PRL levels
can be consistent with the diagnosis of a prolactinoma Y. If this is not the case, also
"non-functioning” pituitary tumors, as well as mixed pituitary tumors and other sellar
disorders with a large tumor miass can account for a mild hyperprolactinemia (less than
150 pg/L) =
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122 Radiodiagnostics:

Presently high resolution CT scan is the most accuraie method to obtain indirect
information about pituitary anatomy. Contiguous images in the coronal and sagittal
planes with 2-3 mm collimation are recommended. Magnetic resonance imaging is still
a relatively new imaging procedure, which has the potential for improving the
visualization of the sellar region. Because it is still relatively new, it is yet not possible
1o determine whether it is superior to the high resolution CT scan. Baker  reported
in a comparative investigation of MRI and CT secans that 109% of studies were judged
superior by MRI, 10% superior by CT and 80 % were of equal value. In visnalization of
optic nerves and cavernous sinus, MRI is superior to CT, while it is the other way around
in the visualization of calcified tissue.

12,3 Treatment:

A number of reports indicate that PRL levels, as well as tumor size remain
unaltered for several years in the majerity of untreated women with microprolactinomas %
2 Because of other problems or complaints, treatment may be necessary.
Galactorrhea, for instance (especially in women) is one reason * *. Also sexual
dysfunction (in men) * %, infertility ¥ and/or menstrual disturbances can necessitate
treatment. In women osteoporosis can develop, due to the hypogonadal state caused by
abnormalities in the pulsatile secretion of GnRH #* #. Although headaches often
oceur in patients with macroadenomas of the pituitary, there also appears to be an
increased incidence of headaches in hyperprolactinemic women with normal radiologic
evaluation of the sellar region, although ne correlation between PRL levels and the
severity of the headaches was found *.

Distarbances of the visual system may occur in patients with a macroprolactinoma.
This does not happen so often as in nonfunctioning adenomas because due to the other
complaints mentioned above (especially in women), patients do seek medical help in an
earlier stage %,

If one decides to treat a patient, one can choose between surgical treatment,
medical treatment, radiotherapeutic treatment or any combination of these modalities.
Drug therapy is nowadays the treatment of choice, not ondy for microprolactinomas but
also for macroprolactinomas. The main reason is that surgical cure is unlikely in these
patients, while risk of tumor recurrence is high *. Prior to the advent of medical
treatment, therapy usually consisted of surgical resection and/or radiotherapy. It
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appeared that pituitary radiation does not cause a rapid reduction in serum PRL levels.
It does prevent a progressicn of the disease over the long-term, however * 3 %,

12.4 Bromocriptine:

Prolactin secretion is inhibited by dopamine and stimulated by estradiol. The
dopamine necessary for inhibiticn is released from nerve terminals in the median
eminence and posterior pituitary. Estradiol may act directly on the anterior pituitary or
by medulation of the two dopaminergic systems *. In 1971, the first clinical study on
the effect of the dopaminergic ding 2-Br-alpha-ergocryptine mesylate (bromocriptine)
was performed ¥. Bromocriptine (mainly acting at D2 receptors) directly stimulates
neuronal and pituitary cell membrane dopamine receptors * *. After ingestion, peak
levels ate reached after 2 hours. Absorption after oral administration is about 28 %.
First-pass metabolism is approximately 94 9. Excretion in the feces is 98 %; urine
excretion is 2 9% of the dose. PRL levels remain suppressed for 9-14 hours after a single
dose *

Long-term treatment with 2.5 mg bromocriptine three times daily results in a
further decrease of PRL levels **. After short-term parenteral (7 days) and long-term
peroral (4-6 weeks) treatment, electron microscopic morphometric evaluation of the
adenomas showed that a reduction in size of prolactinoma cells occurs within a few days
{half-time to maximum shrinkage 22 days). The total volume of cellular lysosomes
decreased significantly to about one-half of the pretreatment value, while the number of
stored secretory granules did not change significantly **. Bromoeriptine is capable of
improving visual disturbances and reducing tumor size objectively in patients with large
tumors within several days or weeks *. It reduces tumor size by a mean of 50% or
more in about 50% of the patients with a macroprolactinoma and decreases PRL levels
to normal in about 70% of the patients “*. Discontinuation of therapy may be associated
with 2 rapid expansion of tumor size and increase in PRL levels, so most patients require
dopaminergic therapy indefinitely 4.

12.5 Side Effects:

Side effects, which are roughly the same for all of the dopaminergic drugs, are (in
order of importance): nausea, orthostatic hypotension, headaches, fatigue, nasal
congestion, abdominal cramps and constipation “. One can try to minimize these
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side-effects by beginning therapy with 2 low dose, given at bedtime with a snack and by
increasing this dose over weeks until it achieves a therapeutic response.

The occurrence of side-effects, as well as the need for two or three daily doses of
bromocriptine remain important problems in the long-term treatment of prolactinoma
patients. Also bromocriptine appears unable to normalize plasma PRL levels in about
30% and to reduce tumor size in one-third of cases *. Therefore recently other
dopaminergic drugs have been developed, including metergoline, lisuride, pergolide,
mesulergine, terguride, dihydroergocristine, dihydroergocriptine, cabergoline and CV
205-502. Metergoline, dihydroergocristine and terguride were less effective than
bromocriptine ¥ * %, while lisuride and mesulergine were more poorly tolerated
than bromocriptine * %1 In the next chapters cabergoline, pergolide and CV 205-502
will be discussed in more detail.

1.2.6 Cabergoline:

An acute oral dose of 0.3-0.6 mg cabergoline [1-(6-allylergolin-8-yl)carbonyl-1-
dimethylamino}propyl-3-
ethylurea) significantly lowers PRL levels in hyperprolactinemia for 7-14 days % %,
Given at weekly intervals for 8-9 weeks it Induces normalisation of PRE levels in about
two thirds of hyperprolactinemic women ** %, In a recent study by Ferrari et al. it was
demonstrated that serum PRL levels fell to normal and remained so in 41 of 48
hyperprolactinernic women treated chronically with a weekly dose of cabergoline, ranging
from 0.2-1.8 mg, usually administrated once or twice weekly; only three women needed
treatment three times-weekly in order to achieve normal PRL concentrations *. Only
two of 48 women did not satisfactorily lower their PRL levels, although there was a 50%
reduction of PRL levels and resumption of menses, albeit only after several months of
high dose cabergoline treatment. Five of six women with macroprolactinomas did show
a marked tumor shrinkage. All patients were able to tolerate effective doses of
cabergoline without important side-effects. Similar results were later reported by
Ciccarelii et al. > These results indicate that cabergoline is a well-tolerated new
dopaminergic drug with long-lasting activity which represents potentially an advance in
the chronic medical treatment of hyperprolactinemic states,
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127 Pergolide:

In 1983 Kleinberg et al. reported the resulis of administration of pergolide
mesylate to hyperprolactinemic patients *”. This drug with dopaminergic properties
produced long-lasting reductions in PRL levels after single doses of 50 ug. After 24
hours, the values remained depressed at a mean of 29% of the base-line value. After
three months or more of pergolide therapy, PRL levels normalized in 37 of the 41
patients and remained slightly elevated in two. Menses resumed in 84% (16 of 19). 13
Patients had a macroprolactinoma. After treatment ten showed a tumor shrinkage (77%:.
The reduction in tumor size was marked in 7 of 10 patients. The majority of patients
were found to have postural hypotension after the first dose of pergolide and also liver
epzyme disturbances were recorded infrequently. In three patients the drug was
discontinued after three weeks because of nausea and vomiting, Although pergolide is
a potent inhibitor of PRL secretion ** ¥, the drug has never found an important place
in the treatment of hyperprolactinemic states, which is also related to the liver enzyme
abnormalities found by Kleinberg . In a blind study involving a total of 157
hyperprolactinemic patients the efficacy and tolerability of bromecriptine and pergolide
were found to be the same, while also the incidence and type of side-effects to both
dopamine agonists were similar ¢.

1.2.8 CV 205-502:

CV 205-502 {(an octahydrobenzo-[g]-quinoline), is a non-ergot alkaloid
dopaminergic drug, which became recently available for therapy of hyperprolactinemic
states %L It is a potent D-2 receptor agomist, with only a weak D-1 receptor activity. In
studies with a single oral dose of 0.06 mg, CV 205-502 suppressed normal PRL secretion
within two hours continuously for 36 hours 2. On a weight basis, in several studies, this
drug was far more potent than bromocriptine in suppressing both normal and
pathological PRL secretion ® . Vance et al. reported the results of a study in 26
hyperprolactinemic women ®. They were treated with doses up to 0.09 mg daily. In 13
normal menstrual cycles returned (54%) and in 12 {80%) galactorrhea decreased or
disappeared. Thirteen (54%) achieved normalisation of PRL levels. Newman et al
reported that CV 205-502 to a2 maximum of 0.14 mg daily was well tolerated In 10
hyperprolactinemic patients, who were previously proven to be intolerant to
bromocriptine %. These promising results were confirmed in several studies, all showing
the poteni inhibitory effect of CV 205-502 on PRL secretion, as well as on tumor size,
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both in micro- and macroprolactinoma patients and the relative small number of
patients, which complained of side-effects so severe that drug therapy had te be
discontinuated & % ¢ 7,

1.2.9 Cemplications of treatment with dopaminergic drugs:

As mentioned above, side effects like nausea and other abdominal problems
sometimes can be a reason to discontinue drug therapy. Apart from these side-effects,
also other very rare occurring complications of dopaminergic drug therapy of
macroprolactinomas may occur: In patients with macroprolactinomas, which have
infiltrated the surrounding tissues, especially in/through the sphenoidal bone, treatment
with dopaminergic drugs which causes a reduction in tumor size, can result in leak of
cerebrospinal fluid (fiquorrhea)}, scmetimes followed by a life-threatening
meningitis ™ 7.
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L3 Acromegaly:
131 Imtroduoction:

As described above in the inroduction, acromegaly was the first recognized
distinct clinical syndrome with the pitnitary as the source of the disorder. The hormone
produced by the somatotrophs of the anterior pituitary is growth hormone. Chromesoms
17-q contzins the five gene clusters, responsible for human GH ™ . The episodic
secretion of GH is under dual hypothalamic control *. Without altering m-RNA levels,
somatostatin is capable of suppressing GH secretion, while growth hormene-releasing
hormone (GHRH) stimulates the secretion as well as induces gene transcription 7 ®
® GH secretion is predominantly regulated by the fluctuations in somatostatin
secretion; fluctuations, which are increased during sleep and fasting *° *. Not only
GHRH and somatostatin, but also IGF-I, thyroid hormone and estrogens contribute to
the control of GH secretion ™. Although human somatic growth is regulated almost
primarily by GH, most of GH'’s growth-promoting effects are mediated by IGF-1, which
is largely synthesized in the liver, but is also produced in the kidney, muscle, pituitary,
chondrocytes and the gastro-intestinal tract 2 ¥ ¥ As a negative-feedback
mechanism, IGF-I suppresses GH-mRNA synthesis in the pituitary % *. Although
most of GH's growth promoting actions are mediated by IGF-I, animal models suggest
that GH and IGF-I act both independently and synergistically in skeletal and organ
growth 57 ¥

Because of the apparent manifestation of the disease, acromegaly is usually
diagnosed clinically. The incidence of acromegaly is approximately 3 per million and the
prevalence is about 40 per million *. The somatotrophic cells are mainly situated in the
lateral wings of the pituitary; their number or structure is mot sex-related ? . The
basic morphological abnormality associated with increased GH production is an increase
in the number of GH producing adenchypophyseal cells. These adenomas are composed
of acidophilic or chromophobic adenchypophyseal cells * *°. Several disorders (Table
2) can cause hypersecretion of GH, inducing acromegaly in adults {and gigantism before
epiphyseal closure).
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Table2 *
Excess GH secretion:

Priuitary:
Densely granulated GH cell adenoma
Sparsely granulated GH cell adenoma
Mixed GH cell and PRL cell adenoma
Mammosomatotroph adenoma
Acidophil stem-cell adenoma
Pluribormonal adenoma
Somatotroph hyperplasia
GH cell carcinema
Ectopic pituitary tumor:
Sphencid or parapharyngeal sinus
Extrapituitary tomor:
Pancreas
FLung
Ovary
Breast

Excess GHRH secretion:

Eutopic:
Hypothalamic hamartoma, ganglioneuroma
Ectopic:
Carcinoid
Bronchus
Gastro-intestinal tract and pancreas
Undetermined
Pancreatic islet cell
Small-cell lung cancer
Adrenal adenoma
Pheockromocytoma

Excess growth factor secretion or action:

Acromegalism

® ! Adapted from Melmed S. Acromegaly. N Eng J Med 1990;322: 966-977.
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80% of the cases of acromegaly are caused by the common somatotroph adenoma,
which can be either densely granulated, slow growing adenomas with large amounts of
GH, or sparsely granulated, fast growing tumors *.

Mixed GH cell-PRL ccli adenomas are histologically benign, bimorphous and
bihormonal tumors. They are composed of lactotrophic cells and somatotrophic cells * %
. In the tumor, densely- or sparsely granulated GH cells may be mixed with densely-
or sparsely granulated PRL cells.

Acidophil stem cell adenomas are composed of immature cells, which are believed
to be the precursors of both somatotrophs and lactotrophs, and they contain both
hormones *. The degree of hyperprolactinemia, even in large tumors, is usually mild.

Mammosomatotroph cell adenomas are believed to be the mature variaot of the
stem cell adenomas, also containing both hormones, as was demonstrated e.g. by reverse
hemolytic placque assay of individual tamor cells by several authors # '® ., These
patients have clinically acromegaly, while PRL levels are only slightly elevated %2

A rare tumor is the unclassified plurihormonal adenoma, which can present itself
with acromegaly. They produce two or more hormones, can be monomorphous or
plurimorphous and can produce umusual combinations of hormones, such as GH and
TSH, GH, PRL and TSH, GH, PRL and ACTH, or a-subunits %,

Somatotroph hyperplasia is usually caused by an ectopic GHRH source and GH
cell carcinomas are very rare {only five well-documented cases are reported ™),

1.32 Relation between tumor-size, GH- and IGF-I levels:

In most studies a positive correlation between tumor size and basal GH levels has
been found % 106 107 108 109 10 yjp 45 Jevels of about 50-80 uwg/L, GH
conceniration correlates well with serum IGF-I levels, suggesting that GH levels of about
60 pg/L do stimulate IGF-I production maximally. M 12 113 114,

Whether a correlation between age and tumor volume exists, is unclear. Several
anthors have reported such a correlation % ¥ while others could not find such a
relation %,

1.3.3 Treatment:

As acromegaly is associated with an increase in the expected mortality rate 5,
it has to be treated either surgically, medically or radiotherapeutically (or with any
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combination of these).

134 Surgery:

If a GH level < 5 pg/L after transsphencidal surgery is used as a criterium for
cure, only 60% of the patients reach those GH levels, while only 30% of macroadenoma
patients and very few of the patients with tumors with extrasellar extension turn out to
be cured ™ 7 8 Considering the fact that 50% of the patients with GH levels
< 5 pg/L after surgery, do still have elevated IGF-I levels ™, a real cure of
acromegaly by surgery might be. rare So other means of therapy, or combinations of
therapy are often necessary.

1.3.5 Radiotherapy:

When increased GH production still persists after surgery, or when there are
contra-indications for surgery, external conventional (45 Gy), as well as proton-beam
radiation (150 Gy) can be used as treatment. Both methods are capable of reducing GH
levels in 2 majority of the patients to < 5 pg/L, although these GH levels are reached
after 10 and 5 years respectively ' ! Acquired hypopituitarism as a (late)
complication of irradiation therapy occurs in more than 50% of the patients 2

Medical therapy:

1.3.¢ Bromocriptine;

As relatively large doses of bromocriptine are necessary to induce clinically
beneficial effects > ', this drug is not so often used as a primary therapy of
acromegaly, but more often as an adjuvant therapy . Barkan ™ reported that about
70% of the patients felt some improvement in the sense of well-being, aithough serum
GH and IGF-I levels remained elevated. In less than 20% of the patients, bromocriptine
is capable of reducing GH levels to less than 5 pg/L. In three reports, the administration
of octreotide was found to be more effective in lowering GH levels than
bromocriptine 126 127 128,
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1.3.7 Octreotide:

Since the introduetion of a cyclic octapeptide analogue of somatostatin, octreotide
(Sandostatin; SMS 201-995), therapy of acromegaly has become much more successful **
B0 131 Octreotide (50 pg as 2 single dose, subcutanecusly), suppresses GH secretion
within one hour. Maximal suppression of GH levels is reached after 3 hours. The
response may be sustained up to 12 hours . The drug reduces tumor volume in 50%
of the patients ' and even total resolution of a tumor has been reported ™. The
drug reduces the secretion of GH in 90% of the acromegalic patients and because the
course of serum GH levels after a single-dose of octrectide correlates well with the
serum GH levels reached during long-term treatment with SMS 201-995, octreotide has
become the drug of first choice in the medical treatment of acromegaly B0 1% 136
57 Tt is usually well tolerated, although it inhibits gallbladder contractility, causing the
development of gallstones ™® ™ ™ Some studies indicate that continuous
subcutaneous infusion (or frequent subcutaneous injections) may be more effective than
the usual regimen of three daily injections ¥ . Because serum IGF-I levels do
correlate well with the mean 24-hour GH levels, IGF-I levels are widely used as a
sensitive indicator of even mild hypersecretion of GH 7 2, Long-term therapy with
octreotide reduced serum IGF-I levels in several groups of acromegalics by 37 to 81%
10 14 1% Onpe study suggested that pretreatment with octreotide of acromegalic
patients results in better surgical cure rates .
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1.4 Cushing’s Syndrome:

1.4.1 Diagnoestic tests:

Cushing’s syndrome describes the clinical symptomatology related to longstanding
hypercortisolism. The 1 mg overnight dexamethasone suppression test is an excellent
screening test with almost no false-negative results ¥ 7. Although several authors
have reported that urine sampling of cortisol in several ways is equal or superior to
diagnose Cushing’s syndrome, these assessments are mostly t0o time-consuming to be of
great value in every day practice 14 14 150 131,

Once the diagnosis of Cushing’s syndrome is made and "iatrogenic” causes of
Cushing’s syndrome have been made unlikely (medication, alcohol abuse etc.), one must
determine whether Cushing’s syndrome is caused by pituitary overproduction of ACTH
{Cushing’s disease), ectopic production of ACTH (or CRH) or overproduction of cortisol
by an adrenal adenoma or carcinoma. To differentiate between a pituitary/ectopic or
adrenal cause, ACTH measurements can be of great help. Although new
immunoradicmetric assays (FRMA) for ACTH bave been developed with a high
sensitivity and specificity, these assays are often incapable of tracing "big" ACTH, which
is secreted by most ectopic sources of ACTH, so radio immunological determinations are
still preferred above immunoradiometric omes ¥ % To determine whether
Cushing’s syndrome has a pituitary or non-pituitary cause can be very difficult. A
continuous dexamethasone infusion (1 mg/hr) for seven hours seems to be a superior
diagnostic tool for this differential diagnostic problem with a decrease in serum cortisol
levels of at least 190 nmol/l as criterium . Only 2 out of 122 patients had false
negative results and both had corticotrophin-releasing hormone (CRH) preducing
tamors. The CRH stimulation test is also a reliable test with high sensitivity and
specificity to discriminate between pituitary and ectopic/adrenal causes ° ¢,
Pituitary adenomas have an exaggerated increase in ACTH and cortisol levels, while
ectopic and adrenal Cushing’s syndromes show no inerease in both levels. This test is

equally reliable as the long intravenous dexamethasone test 7 %,
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14.2 Radiediagnostic techniques:

Several studies have shown that CT scanning is very unreliable in detecting ACTH
producing pitmtary micro-adenomas, with an overall sensitivity in localizing the adenoma
of about 50% '° M0 161 162 18 This is in part due to the small size of these
adenomas, as well as by the fact that they have the same degree of enhancement with
contrast as normal pituitary tissue ** 1%,

Magnetic Resonance Imaging seems to be a better way in localizing pituitary
ACTH secreting microadenomas, with a sensitivity of about 75%, although the number
of patients examined is still relatively smal] % 164 165 166,

In case of an adrenal cause of Cushing’s syndrome, CT scanning has a sensitivity
of almost 1009 and MR imaging offers no extra advantages over CT scanning in these
patients .

143 Localizing by sampling of the inferior petrosal sinus:

By simultaneous sampling of both inferior petrosal sinuses and measuring the
ceniral-to-peripberal ACTH ratio, one can localize the adenoma in case of Cushing's
disease either on the left- or right side of the pituitary gland with a sensitivity of about
85% (ACTH ratio of 2:1 or greater) ' 1€ 10 171 12 IB 1% Tr 3 ratio of
1.5:1 or less is found, one has to be suspicious of an ectopic production of ACTH.

1.4.5 Treatment:
14.6 Surgery:

Transsphenoidal surgery is the treatment of first choice in case of a pituitary
dependent Cushing’s syndrome (Cushing’s disease) ™ . In a study in 216 cases of
Cushing’s disease Mampalam et al *° reported that an experienced neurosurgeon can
identify an ACTH producing microadenoma in about 80% of the cases. The success of
the operation depends on how rigid the criteria for cure have been. If only a decrease
in serum cortisol levels is used, the success rate is higher than in series where serum
cortisol levels became undetectable, s¢ success rates between 25% and even 809 have
been published 7 177 178 159 17
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1.4.7 Radiotherapy:

Although successful in children, conventional radiotherapy leads to biochemical
and clinical improvement in only 15 to 25% of adult patients ** L. Heavy-(alpha)-
particle irradiation is effective in controlling hypercortisolism in 80% ¥, while proton-
beam therapy is effective in 65% of the patients ', Both therapies frequently result
in hypopituitarism, while neurclogical complications occur relatively frequently.

1.4.8 Medical therapy:

Primary medical therapy of Cushing’s disease is not successful, but short-term
treatment is sometimes necessary. Medical treatment for the other forms of Cushing’s
syndrome is necessary even more often. For this purpose, ketoconazole, metyrapone and
aminoglutethimide can be used.

149 Ketoconazole:

Ketoconazole is an imidazole derivative, which inhibits mitochondrial cytochrome
P450 enzymes. The major site of action appears t¢ be in 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. In doing se, it inhibits the conversion
of androgens to estrogens, of progesterone t¢ androstenedione and testosterone, and of
11-deoxycorticosterone to corticosterone ‘¥ % 1% gSiarted in doses of 800-1200 mg
daily and with maintenance doses of 600-800 mg daily, ketoconazole is relatively well
tolerated, zlthough 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 syndrome 157 188 189 190 191 192 195 194 195 196

1.4.10 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
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as the aromatase enzyme which converts androgens to estrogems. It causes gastro-
intestinal side-effects, somnolence and a transient rash in therapeutical doses of 1-2 gram
daily. Steroid withdrawal symptoms are inevitable and replacement therapy by
corticosteroids is required 7 ", It was subsequently shown that aminoglutethimide
effectively suppresses cortisol secretion in patients with adrenal cancer ™ and
Cushing’s disease ™.

1.4.11 Metyrapomne:

Metyrapone is an 11-8-hydroxylase inhibitor, which is widely used as a differential
diagnostic drug in patients with Cushing’s syndrome *". Cortisol secretion is decreased,
while the production of 11-decoxycortisol and dehydroepiandrosterone is increased. It has
also been used in the treatment of Cushing's disease. In doses up to 2 grams daily,
biochemical and clinical remission can be achieved *® %, Nausea, vomiting and
dizziness can occur. The drug can also cause hirsuiism due to the overproduction of
adrenal androgens, as well as hypertension, hypokalemic alkalosis and edema, due to the
accurnulation of 11-deoxycorticosterone.

1.4.12 Suramin:

Originally, this polyanionic compound has been used in the treatment of
trypanosomiasis and AIDS. It appeared that the substance caused adrenal insufficiency.
It is able to bind and inactivate growth factor and enzyme systems, critical to cellular
homeostasis and proliferation * *®. It exerts significant cytostatic and cytocidal
effects against a variety of tumor cell lines in vitro 2 2. In pilot studies, it was used
lymphomas with promising results in the treatment of metastatic adrenocortical
carcinoma, prostatic cancer and nodular 2% 2%,

1.4.13 Mifepristone (RU 486):

Synthesized in 1980 as a pure antagomist of progesterone receptors (without
agonist activity), mifepristone was found to have also a high affinity for glucocorticoid
receptors 20 M 22 213 28 25 Afier one single-dose oral gift of 400 mg, RU
induces a response that lasts at least 34 hours. The blocking effects on the cortisol
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receptor in man can be antagonized by high doses of dexamethasone 6. Studies in
patients with Cushing’s syndrome, caused by ectopic ACTH preduction or adrenocortical
cancer, showed that RU 486 in doses from 5 to 22 mg/kg body weight daily, caused a
clear clinical improvement 7 #& 25,

15 Thyrotropin (TSH)-secreting adenomas:
1.5.1 Introduction:

These rare tumors are seldomly found in patients with primary hypothyroidism,
but they can present themselves also as thyrotoxicosis 2° 2!, In the latter case, these
hyperthyroid patients often have elevated serum TSH levels, but also TSH levels in the
normal range for euthyroid persoms can be found 2. The thyroid is almost always
diffusely enlarged. Some patients do have symptoms of acromeggzly, or galacthorrea =2
™ As all glycoprotein producing tumors, TSH-secreting adenomas can cause an
elevation of serum alpha-subunit concentrations, which may be independent of the
alterations in the concentration of other pituitary hormones and it may even be the only
tumor marker present =%,
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152 Therapy:
153 Surgery and radiotherapy:

Although surgery is rarely curative and residual tumor may grow, transsphenoidal
microsurgery is still the therapy of choice . Whether there a place for (postoperative)
radictherapy is not known. There are no large controlled studies and even after radiation
therapy, tumor growth may reoccur ®. The results available indicate that
transsphenoidal surgery alone has a cure rate for hyperthyroidism of almost 40%, while
a combination of surgery and radiotherapy has a cure rate of 46% %,

15 Medical therapy:
1.5.4 Dopaminergic Drugs:

The acute response of TSH producing tamors tc dopaminergic drugs has been
inconsistent *°. In one case an increase in TSH levels was reported after
administration of L-dopa . There are culy few reports on long-term treatment with
bromocriptine, and they suggest no tumor shrinkage, nor a decrease in TSH levels 22,
In one study, pergolide seemed slightly superior to bromocriptine in reducing, but not
normalizing TSH levels in the treatment of thyrotropin-secreting tumors =, In general,
the treatment of TSH-secreting adenomas with dopaminergic drugs has not proven to be
successful.

1.5.5 Octreotide:

Specific somatostatin receptors have been demonstrated on cell membranes of
TSH secreting tumors * %5, Also, somatostatin has been shown to decrease TSH
secretion %6 ™ 27 28 In several studies therefore octreotide has been used in the
treatment of thyrotropin-secreting adenomas and the drug was abie to reduce TSH levels
by 40 to 90% and alpha-subunits levels by 33 to 65% = ®° *®_ In one study, TSH
suppression by octrectide lasted only for 30 weeks, suggesting an escape from the
suppressive effect of SMS 201-995 . Although promising effects, the results of larger
series are necessary to determine the clinical efficacy of the drug.
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1.6 Nonfunctioning temors:

1.6.1 Imtroduction:

As mentioned above, approximately 25 to 30% of patients with a pituitary
adenoma have no clinical evidence of hypersecretion of any hormone whatscever. Using
in vitro techniques however, mest of these tumors show evidence of alpha-subunits alone,
or together with gonadotrophins ' # % 2% 285 Ag these tumors are clinically
nonfunctioning, they present themselves as macroadenomas, causing local pressure on
the surrounding tissue and hypopituitarism 26 27 248 249,

1.62 Therapy:

For these reasons, surgical déecompression by transsphenoidal microsurgery is the
treatment of choice and improvement of visual field abnormalities is seen in 2 majority
of patients *° !, Postoperative radiotherapy is advisable but tumor recarrence can
be observed and the field of radiation must sometimes be wide, because of the twmor
size and therefore long-term side effects of radiotherapy are not neglectable > =2,

The efficacy of bromocriptine treatment for nonfunctioning pituitary tumors is not
clear. Although some authors do claim tumor shrinkage after long-term treatment with
high (20 mg) doses of bromocriptine, others could not find a decrease in tumor volume

during treatment with dopaminergic drugs 2% ¢ %5 256 27,
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CHAPTER 2.

AIMS AND SCOPE OF THE THESIS:
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From the survey of the literatre in the preceding chapter, especially dealing with
prolactinomas, acromegaly, and patients with Cushing’s syndrome, several questions arise.
These questions are listed below with a reference to the chapter where these questions
will be discussed in detail.

1. Is it possible to predict the sensitivity of tumorcus GH release in acromegalic
patients to treatment with either bromocriptine or octreotide? We investigated,
whether sex, age, tumor size or other variables can be used to predict this
sensitivity {Chapter 3).

Z While both bromocriptine and octrectide have been proven to be usefull in the
treatment of acromegaly, one wonders whether long-term treatment with 2
combination of these drugs might be useful in clinical practice too.

{Chapter 4)

3. Octreotide therapy results in pituitary tumor shrinkage in about half of
acromegalic patients. However, the degree of shrinkage is often non-impressive.
Which factors play a role in the mechanism of octreotide-mediated tumor
shrinkage? (Chapter 5)

4, After transsphencidal surgery, GH levels of less than 5 ug/L are reached in only
60% of patients (and in less than 30% of the patients with extrasellar extension
of the adenoma). Is it possible to improve surgical results by pretreatment of
acromegalic patients with octreotide for several months?

(Chapter 6)

5. The oceurence of side-effects, as well as the need for two or three daily doses of
bromocriptine remain important problems in the long-term treatment of
prolactingmas. Can new dopaminergic drugs, like CV 205-502, be used in
macroprolactinoma patients, as well as in patients intolerant to bromocriptine?
(Chapter 7}



Is there an explanation for the fact that some patients with huge
adenohypophyseal tumors, presenting themselves primarily with pharyngeal
problems due to the extensicn of the adenoma, do have normal or almost normal
pituitary function?

(Chapter 8)

In patients with malignant Cushing’s syndrome, psychiatric disturbances ¢an be
severe. Is it possible to improve the mental stams in these patients, using the
ghacocorticoid receptor blocking drug mifepristone? (Chapter $)
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Summary

OBJECTIVE: To investigate the relationship between age, sex, piteitary tumour volume,
serum GH, PRL and IGF-I levels with the responsiveness of GH 1o TRH, bromocriptine
and octreotide in patients with acromegaly.

DESIGN: Retrospective study. Correlations were determined between all variables using
univariate regression analysis.

PATIENTS: 100 previcusly untreated acromegalic patients, 60 males
(age 23-76;mean 49 yrs) and 40 females (age 25-83;mean 51 yrs).

MEASUREMENTS: Tumour volumes, fasting morning samples of GH, PRL and IGF-I,
mean 24 hr GH levels and the acute GH responses to TRH, bromocriptine and
octreotide.

RESULTS: Tumour size was «iated to serum and mean 24 hour GH levels, but not to
IGF-L. Circulating IGF-I and GH levels were only related for the group of patients
whose fasting and unsuppressed GH level was 40 ug/L or less were taken into
consideration. Older patients tended to have lower circulating GH and IGF-I levels.
There was a close homogeneity in the responsiveness of tumorous GH secretion to TRH,
bromocriptine and octreotide. An elevated serum PRL level predicted a stronger
inhibitory reaction of bromocriptine on GH. The sensitivity of GH release to octreotide
was highest in elderly (especially male) acromegalics, as well as in patients with lower
IGF-1 levels.

CONCLUSIONS: Hormone secretion by GH secreting pituitary tumours, as well as
circulating IGF- levels tend to be lower in elderly patients. These tumours are more
sensitive to octreotide, especially in elderly male patients. This suggest that octreotide
might be used especially successful as a primary medical therapy in elderly (male)
acromegalics.
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INTRODUCTION:

Medical treatment of acromegaly has changed in recent
years. Bromocriptine was reported to be only effective in a minority of patients (Wass
et al, 1977; Lindholm er al, 1981; Barkan, 1989). The recent introduction of the
somatostatin analog, octreotide, in the chronic treatment of actomegalic patients turned
out to be more beneficial in the majority of them (Lamberts ef al, 1985, 1986, 1988). A
comparative study of the effect of an acute, single administration of octreotide and
bromocriptine on GH secretion in acromegalics demonstrated a more powerful inhibitory
effect of the somatostatin analog in most patients, while GH release was inhibited by
bromocriptine to a similar, or in exceptional cases greater extent in a minority of them
(Lamberts e ad., 1986; Chiodini et al, 1987). The role of medical therapy as a primary
tregtment of acromegaly is still under discussion {Melmed, 1990). Neither bromocriptine,
nor octreotide have been recommended yet as a primary therapy for this disease. There
are no studies available involving a large number of acromegalics determining whether
sex, 2ge, tumour size or other variables might play a role in predicting the sensitivity of
turmorous hormone release 1o medical treatment.

In the present study we investigated the relationship
between age, sex, pituitary tumour volume, baseline serum GH, PRL and IGF-I levels
as well as the acute responsiveness of GH secretion to TRH, bromocriptine and
octreotide in 100 consecutive, previously untreated patients.

PATIENTS, METHODS AND MATERIALS

In this study 100 previously untreated acromegalic patients were investigated: 60
males (age 23-76;mean 49 yrs) and 40 females {age 25-83;mean 51 yrs}. Tumour volumes,
fasting morning GH, PRL and IGF-I levels, mean 24 hr GH levels (of 24 samples in 24
hours) and the reactions of GH release to TRH, bromocriptine and octreotide were
investigated. Oral consent for all investigations was cbtained from all patients. All of the
patients had an elevated IGF-I level and all had a demonstrable tumour. Fifty of the
patients have been reported earlier in a study to investigate the effect of octreotide,
bromocriptine and a combination of both (Wagenaar ef al., 1991} Because some patients
had been extensively investigated elsewhere before referral to our hospital, not all
parameters are available for all patients (see results Table I). All the parameters used,
however, were gathered in our laboratory.

Tumour volumes were measured by multiplying the maximal height, width and
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depth of the tumour images on CT scan examination (Philips Tomoscan 200; Thickness
of slices 2 mm).

Early morning fasting serum GH, PRL and 1GF-I concentrations were measured
with specific radioimmunoassays. GH was measured with a commercial kit supplied by
Medgenix Diagnostics, Brussels, Belgium (inter-assay variation 6.4%; intra-assay variation
62%). PRL by Medgenix Diagnostics, Brussels, Belgium (inter-assay variation 6.8%;
intra-assay variation 6.4%). IGF-I by Medgenix Diagnostics, Brussels, Belgium (inter-
assay variation 9.0%; intra-assay variation 52%).The mean 24 hr GH level was
calculated from 24 GH determinations taken hourly during a 24 hr period ("control day").
During the TRH test (200 g intravenocusly; Hoechst, Amsterdam, the Netherlands), the
maximal GH level reached 10,20,30,60 and 120 minutes after its administration was
expressed as a percentage of the baseline level. Bromocriptine
{2.5 mg) was given orally at 8.00 am and GH levels were measured hourly till 8.00 pm.
The area under the curve (AUC) of these 13 GH measurements was expressed as a
percentage of the AUC determined on the control day. Octreotide (50 ug) was
administered subcutaneously at 8.30 am at least two days later and GIH levels were
followed hourly until 9.06 pm. The AUC of these 14 serum GH determinations was
expressed as a percentage of the curve on the comerol day. We used the AUC of the GH
concentrations in stead of the nadir, because to our opinion this method reflects the
amount of suppression better than the nadir would do.

Statistics: As the data were normally distributed, correlations were determined
between all variables using univariate linear regression analysis and were considered
significant when p values were less than 0.05.

RESULTS

Tumour size showed a positive correlation with basal (p<0.01), as well as mean
24 hir GH levels (p<0.01; Table I). Neither tumour volume, nor basal or mean 24 br GH
levels correlated with the serum IGF-I concentrations. However, if only patients with
basal GH levels of less than 40 pg/L were considered, a positive correlation with the
circulating IGF-I concentration was found (p<0.05). Baseline GH and mean 24 hr GH
levels showed a close correlation (p<0.001).

In male patients there was a megative relationship between the age of the
acromegalic patients and the circulating GH (p<0.05) and IGF-T levels (p<0.05).
However, we did not observe such a correlation between turnour volume and age, also
not if only the maximal height of the adenomas was taken inte consideration. Baseline
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circulating GH and PRL levels were statistically significantly correlated {p<(.01). In
every patient an oral glucose test was performed. No correlations between the change
in GH after glucose and the response tc TR, bromocriptine or ocireotide were found,
however.

The responses of the circulating GH levels to TRH, bromocriptine and octrectide
showed that the pituitary adenomas of female patients expressed a more pronounced
reaction of GH to TRH, than males (p<0.05). The degree of stimulation of GH by TRH
was neither related to baseline GH or PRL levels, nor to tumour size or age. There was
no difference in the PRL levels between male and female patients. Elevated circulating
PRL levels were accompanied by a significantly higher sensitivity of GH secretion to
bromocriptine, Also the stimulatory effect of TRH on GH secretion was closely related
to the inhibitory effect of bromocriptine (p <0.01).

The sensitivity of GH secretion to octrectide was higher in male patients
{p<0.05), while GH release was more suppressed in reaction to 50 pg octreotide in
elderly patients (p<0.05; Fig.1), with a relatively low circulating IGF-I level (p<0.05).

There was a distinct pattern suggesting a homogeneity of the responsiveness of
GH secretion to the three stimuli investigated. Apart from the relation between the
responses to TRH and bromocriptine mentioned above, the responses to TRH and
octreotide were also related (p<0.05), as well as those to bromocriptine and octreotide
{(p<0.01; Fig. 2). However, the sensitivity of GH secretion to these stimuli was not
related to tumour volume, nor to baseline or mean 24 hr GH levels.

DISCUSSION

This study once again confirms that bigger pituitary adenomas secrete higher
quantities of GH (Wright et al, 1969; Klijn ef al, 1980; De Fablo e 4L, 1981; Dons et
al., 1983; Nabarro, 1987; Smals er al., 1988). As previously observed, circulating GH and
IGF-I levels are only related up to a certain cut-off level (in our case a serom GH
concentration of 40 ug/L). This suggests that this is the circulating GH concentration
which stimulates IGF-1 production maximally. This observation is in agreement with that
of some (Lamberts ef al, 1987; Giannella-Neto et al, 1988; Oppizz et al., 1986; Barkan
et al., 1988), but not all investigators (Rieu et al, 1982; Lindholm er al, 1987). It
probably explains that acromegaly of similar clinical severity can oceur in patients with
widely varying serum GH concentrations (Stonifer er al, 1981; Giannella-Neto et al,
1988), and that a considerable reduction of high circulating GH levels is often not
accompanied by marked clinical improvement (Rieu er al, 1982).
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Tumour size was not negatively correlated with age, nor with the sex of our
acromegalic patients. Previous studies had shown that clder patients and male patients
tend to have smaller pituitary tumours (Klijn e al, 1980; Smals et al. 1988). However,
our study clearly shows that the severity of the disease, as it is related to the circulating
IGF-I level and to a lesser extent 1o the circulating GH levels, tends to be less in elderly,
especially male acromegalic patients.

Very high circulating GH levels in acromegaly tend to be accompamied by
hyperprolactinaemia. Hyperprolactinaemia in acromegaly can be caused by co-secretion
of hormones by mixed GH/PRL pituitary tumours or in the case of very big tumours by
pressure on the pituitary stalk imterfering with the normal inhibition of PRL release by
dopamine (Vance et al, 1984; Flier & Underhill, 1991). The fact that in our patients
circulating PRI levels were not related to tumour volume probably relates to this dual
cause of hyperprolactinaemia. The value of measuring circulating PRL levels in
acromegaly is only confined to its predictive value with regard to the coexistent higher
sensitivity of GH secretion to bromocriptine (Liuzzi et al, 1974; Lamberts et al, 1982;
Barkan, 1989).

Our study clearly shows that there is a homogeneity in the responsiveness of
tumorous hormone secretion to TRE, bromoecriptine and octreotide. Such 2 homogeneity
in the responses to TRH and bromocriptine, and to bromocriptine and octreotide have
been previously observed by some groups of investigators (Oppizz ef al., 1980 and 1986;
Lamberts et al, 1986), but it was not reported by others (Hanew et al, 1980; Pieters et
al , 1982). It should be mentioned, however, that the number of patients studied observed
in these studies was considerably lower than that of our study. In particular, the close
correlation between the responsiveness of GH release to octreotide and bromocriptine
might be of clinical importance. We recently showed that 2 combination of both drugs
might be of value, especially in those patients in whom circulating GH levels tend to
"escape” within 5-7 hour after each cctreotide injection during long-term therapy with the
drug with three subcutaneous injections (Lamberts ez al., 1985; Wagenaar et al, 1591).
The most important conclusion from our study is, however, that the activity of the disease
tends to be Iowest in elderly patients, and that especially elderly male patients show the
highest sensitivity to the GH release inhibitory effects of octreotide. It has been reported
that the effect of a single dose of octreotide correlates well with the long-term effect of
octreotide therapy in acromegalic patients (Lamberts ef «f 1988). This suggests that
octreotide might be especially successful as a primary medical therapy especially in
elderly acromegalics.

o8



Table I, The statistical analysis between patient data, tumour size, circulating hormenes

and their response to TRH, bromocriptine and octreotide.

PARAMETERS

tumor volume
tumor volume

basal GH < 40
ng/L
basal GH

age
age

basal GH
females

basal PRL

% stim. GH to TRH

males

age

IGFI

% stim. GH to TRH

% decr. GH to
bromocr.

basal GH
mean 24 h GH
IGF-I

mean 24 h GH
basal GH
IGE-I

basal PRL

% stim. GH to
TRH

% decr. GH to
bromocr.

% decr. GH to
bromocr.

% decr. GH 1o
octreotide

Y decr. GH to
octreotide

% decr. GH to
octreotide

% decr. GH to
octreotide

9% decr. GH to
octreotide

58

Number of Correlation

patients

100
70
39

67
100

68

41

Coefficient

0.46
0.48
0.29

0.95
-0.21
-0.32
0.20
0.17

0.27

0.43

0.30

0.29

-0.30

0.23

0.60

vaiue

<{0.01
<0.01
<0.05

<0.001
<005

<0.05

<0.05

<0.05

<0.05

<0.01

<0.05

<0.05

<0.05

<0.05

<0.01
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Summary:

The separate and combined GH-lowering effects of single doses of
octreotide and bromocriptine were assessed in 51 acromegalics, on 4 occasions each days
apart. Patients received sequentially: placebe s.c. (n=51), 5¢ ug octreotide s.c. {m=51},
2.5 mg bromocriptine p.o. (n=4{) or a combination of both drugs (n=25).

With octreotide, in 28 patients (55%) GH levels were suppressed 1o less than 5
pg/L and 39 of them (76.5%) had a 50% or greater decrease of their basal GH level
from 2 to 6 hours. During bromocriptine, GH values were suppressed to below 5 ug/L
in 11 patienis {27.5%) and reduced by 50% or more in 21 (52.5%:). The combination of
both drugs acutely suppressed GH levels to less than 2 pg/L in 32%, to less than 5 pg/L
in 56% and by more than 50% in 84% of patients.

Octreotide produced a stronger and faster suppression of GH levels than
bromocriptine in most patients. The combination of both drugs had an additive effect on
the lowering of GH levels, especially between 7 and 10 bours after drug administration.
These results suggest that chronic therapy with a2 combination of both drugs may be as
effective as therapy with higher doses of either compound alone,

Albeit transient, ocireotide caused a rapid near total suppression of insulin release
in the morning, 15 to 45 min after administration. Postprandial giucose rise, between 2
and 3.5 hours after breakfast was significantly higher during octreotide than on the
control day.

Introduction:

Medical therapy of acromegaly has been greatly improved in recent years
following the availability of the long-acting somatostatin analogue, octreotide
(Sandostatin, SMS 201-995). Comparative studies between the acute inhibitory effects of
bromocriptine (Parlodel) and those of octreotide, on GH secretion in small numbers of
acromegalic patients indicate that the majority of these patients show a significantly
higher sensitivity to octreotide that to bromocriptine * 2 3,

Chronic therapy with octreotide produces rapid clinical improvement in virtually
all acromegalic patients, which is accompanied by a decease in circulating GH and IGF-1
levels. However, virtually complete normalization of mean 24 hour GH and IGF-I levels
is reached in only approximately 50% of patients during intermittent subcutaneous
administration of 50-100 ug octreotide twice or thrice daily > #° %727 10 1 It has
been hypothesized thar the absence of complete suppression of GH levels throughout the
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24 hour period is related to the pharmacckinetics of octreotide, which allows an increase
of tumoral hermone secretion during the hours immediately preceding the next injection
56789 12 Jndeed, studies in which cctreotide was administered by 24 hour subcutaneous
infusion, acromegalic patients tend to show better control of GH secretion over the 24
hour period, with concomitant normalization of circulating IGF-I levels occurring more
frequently 2101112 1,

In the present study we have investigated whether octrectide and bromocriptine
given in combination to acromegalic patients might result in more sustained control of
tumoral growth hormone secretion. by virtue of the different pharmacokinetics of the two
drugs. In addition, the acute effects of single doses of octreotide and bromocriptine were
compared in a much larger group of acromegalic patients than in previous investigations
13 Finally the apparent contradictory marginal changes were analyzed in view of the
marked, but transient inhibitory effects of the analogue on insulin secretion.

Patients and Methods:

Fifty-one acromegalic patients (28 males and 23 females) aged 24-75 years were
studied. Informed consent was obtained from each patient and the study was approved
by the local ethics committee. The diagnosis of acromegaly was established clinically and
confurmed by the presence of a radiologically evident pituitary tumor, increased levels
of ¥GF-I and elevated circulating GH levels which were not suppressed below 5 pg/L
following an oral adminisiration of 100 g of glucose. Forty patients were untreated,
whereas 10 had previously undergone transsphenoidal surgery and external pituitary
irradiation with 4500 rads (patient 5,13,14,16,17,18,20,30,36 and 40). Hyperprolactinemia
was present in patients 14 and 17. Immunocytochemical investigation of the pituitary
tumor tissue removed at operation showed that both patients had a mixed GH/PRL
secreting tumor. One patient (ne. 22} had previously undergone surgery alone.

Fifty-cne patients received placebo, given subcutanecusly, at 08.15 h, on the first
day, and 50 ug octreotide subcutaneously, at 38.15 h, on the second day. Forty of these
patients received 2.5 mg bromocriptine orally, 2 days later, at 08.00 h. Twenty five of
these patients received a combination of 2.5 mg bromocriptine taken orally, at 08.00 I,
and 50 pg octreotide administered subcutaneously, at 08.15 h, at least 2 days later. All
four treatment regimes were administered in the hospital. The patients had a
standardized breakfast, lunch and evening meal at 08.30 b, 13.00 h and 17.30 h. The
meals consisted of at least 75 g carbohydrate, 50 g fat and 25 g protein.

Serial blood samples were collected through an indwelling polyethylene catheter
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placed in an antecubital vein. Blood for GH determinations was withdrawn at hourly
intervals throughcut a 24 hour period during which placebo or octrectide were
administered. Insulin and glucose levels were also measured in blood specimens obtained
between 08.0C h and 11.30 h and 1730 h and 21.00 h. Only on the bromocriptine day,
plasma GH was determined hourly between 08.00 1 and 20.00 h. Plasma GH and insulin
were determined by specific RIA’s using commercial kits supplied by Eurcdiagnostics
(Apeldoorn, the Netherlands). Blood glucose levels were measured by a giucose oxidase
method. Plasma PRL levels were measured with a specific RIA kit supplied by
Eurodiagnostics (Apeldoorn, the Netherlands). Upper limits of normal were 12 pg/L in
men and 15 pg/L in women.

The World Health Organization (WHO) criteria were used to assess patients
glucose tolerance. Statistical evaluation was performed by means of a non-parametric
Wilcoxon signed rank test (one-sided) of the area under the time/GH-response curve
and a one sample t-test. Results are expressed as mean = S.E.

Results:

The mean of 5 plasma GH levels, taken hourly between 10.00 b and 14.00 h were
measured in the 51 acromegalic patients who received placebo and octreotide. Serum
GH values were suppressed to less than 2 ug/L between 2 and 6 hours after octreotide
administration in 12 (24%) and to less than S pg/L in 28 of these patients (559%), while
GH levels decreased by at least 50% in 39 of them (76.5%).

Plasma GH values were suppressed to less than 2 ug/L between 2 and 6 hours
after bromocriptine in 4 (10%) and less than 5 pg/L in 11 out of 40 (28%), while GH
levels were reduced by 50% or more in 21 patients (53%). The combination of both
drugs in 25 patients, suppressed plasma GH levels to less than 2 ug/L in 8 patients
(32%), to less than 5 pg/L in 14 (56%) and by more than 50% in 21 patients (84%).
Octreotide alone suppressed GH levels in the same 25 patients, 2 to 6 hours after
administration to 2 ug/L or less in 5 patients (20%), to 5 pg/L or less in 12 (48%) and
1o less than 50% of control in 19 of them (76%). Bromocriptine failed to suppress GH
levels to less than 2 ug/L in any of these patients, while suppressing GH levels to less
than 5 pg/L in 8 patients (32%) and to less than 50% of control in 14 of them (56%).
The mean of the absolute decrease of circulating GH levels in these 25 patients
throughout the day are shown in Fig. 1. Qctreotide rapidly suppressed mean GH values
within 45 minutes after its administration by 50% or more. The lowest GH values were
reached between 3 and 5 hours after octreotide admimustration, after which time its
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effects on GH slowly waned, although a 50% reducticn could still be observed at 15.00
h. In contrast, bromocriptine took 2 hours reduce GH levels by more than 509, but the
effects of the drug abated more slowly than those of octreotide. Overall, octreotide was
more effective in suppressing GH values than bromocriptine (p<0.05). The combination
of both drugs suppressed GH levels significantly better than octreotide and
bromocriptine separately (area under the curves between 08.0¢ and 20.00 k; p<0.05).

Analysis of the course of the GH curves in Figl shows that the "additive”
ichibitory effects of both drugs, in comparison to their separate effects, is at its maximum
between 15.00 h and 18.00 h. The additive effect of bromocriptine on ocireotide-induced
inhibition of GH secretion is highly significant during that period (p<0.01).

The individual data from the 25 patients who received zil 4 regimes is shown in
Fig. 2A and B. The areas under the GH curves between 09.00 h and 16.00 h (from 1 to
8 bours after drug administration) are shown as 2 percentage of the AUC of the GH
levels recorded on the control day. Octreotide was more effective than bromocriptine in
19 of these patients {76%), while bromocriptine was more effective than octreotide in
3 patients (12%) (patients 4, 14 and 46, see Fig. 2A and 2B). The combination of both
drugs was more effective than both compounds separately in 16 patents {(64%).

Sixteen of the 51 acromegalic patients had hyperprolactinemia (patient no
3,4,11,12,14,17,24 25 29 32 37, 38,40,42,46 and 49). Further analysis showed that there was
no relationship between circulating PRL levels and the sensitivity of GH to octreotide.
However, in acromegalic patients with increasing circulating PRL levels, GH secretion
was more sensitive to one single dose of bromocriptine than in normoprolactinemic
acromegalics: the mean GH levels between 2 and 6 hours after 2.5 mg bromocriptine
were significantly lower in the hyperprolactinemic than in the normoprolactinemic
patients (p<0.05 rank correlation).

The effects of octreotide on plasma glucose concentrations in the 51 patients are
shown in Fig.3. The postprandial increment in glucose between 2 and 3.5 hours after
breakfast was significantly higher (AUC between 10.00 h and 13.00 h; p<0.05) after
octreotide than on the control day. However, glucose levels had returned to control
values at 17.30 h. Moreover, 2 significantly lower Increase in post-dinner glucose
concentrations was observed after octrectide administration at 08.15 h than on the
placebo day (AUC 18.00-21.00 h; p<0.05).

Octreotide caused a rapid and transient near total suppression of insulin release
in the morning, 15 to 45 mimztes after its administration. However, this suppression was
short-ived, since post-prandial peak insulin levels reached 3 hours after ocireotide
administration, i.e. at 11.30 b, were similar 10 those recorded at 10.00 h on placebe.
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Insulin secretion was significantly higher after placebo administration than after
octreotide {AUC between 08.30 kh and 11.30 h; p<0.05). The lower biood glucose levels
seen following dimner after octrectide administration, early in the mornming, were
associated with lower insulin levels than on the control day. With regard to carbohydrate
tolerance, 43 of the 51 patients showed on the placebo day normal glucose tolerance
after breakfast, 5 patients showed impaired glucose tolerance, and 3 patients had glucose
levels suggestive of frank diabetes mellitus. After octreotide, post-prandial glicose
tolerance remained normal in 23 patients and became abnormal in 25 patients, while the
3 diabetic patients remained diabetic in the morning. However, in the evening 43 patients
showed mormal glucose tolerance and 6 had impaired glucose tolerance, while 2
remained diabetic after octreotide given in the morning. The highest post-prandial
glucose levels observed were 21.4 and 19.9 mmol/1 on the placebo day and 18.9 and 15.2
mmol/] after octreotide administration (in the same patients).

Discussion:

In this study we confirm other previous observations that GH secretion in

acromegaly is significanily better suppressed by octreotide than by bromocriptine **38,
Only exceptionally (in this study 3 of 40 patients) does a single administration of
bromocriptine suppress GH secretion more markedly than octreotide.
Although an oral dose of 2.5 mg bromocriptine and 2 subcutaneous dose of 50 ug of
octrectide are not necessarily optimal therapeutically equivalent doses, previous studies
have shown that both the acute reaction of GH 1o a single dose of 2.5 mg bromocriptine
¥ as well as that to 2 single subcutzneous injection of 50 pg Sandostatin ** predicts
the ultimate effect of chronic therapy with these drugs on circulating GH and IGF-I
levels.

However, the most important new observation of our study is that there is
probably a difference in the inhibitory effects of the two compounds on tumoral GH
secretion. Octreotide caused 2 rapid decrease in GH levels, although its effects were
slightly shorter-lived in comparison with the longer, but delayed inhibitory effect of
bromocriptine. Interestingly, 2 combination of the two drugs inhibits GH in an additive
manner not only in the first hours but also particularly later on, between 7 and 10 hours
after drug administration. As mentioned in the introduction, the therapeutic effecis of
2 or 3 subcutaneous administrations of octreotide over a 24 hour period are reduced by
the commenly occurring tendency of GH levels to increase towards the next injection of
octreotide **67?1 1 B_ 1t has been hypothesized that these artificially determined GH

70



"peaks” often cause incomplete suppression of circulating IGF-I levels, while complete
suppression is more often observed during 24 hour continuous subcutaneous infusion of
ocirectide ® 11 2 It is therefore suggested that therapeutic regimens including
combination of two or three subcntaneous administrations of lower doses of octreotide
with oral administration of a low dose of bromocriptine, might eptimize drug treatment
in a number of acromegalic patients.

The observation that the mean GH levels 2 to 6 hours after 2.5 mg bromocriptine were
significantly lower in the hyperprolactinemic patients than in the normoprolactinemic
patientsis in accordance with previous studies in different groups of acromegalic patients ¢
17 13'

Qur studies on glucose tolerance during the first hours after ocireotide
administration, as well as after 10-12 hours (after dinner), show the considerable
importance of insulin resistance associated with increased GH levels in acromegaly. The
sudden, pearly complete suppression of insulin levels during the first hour after
octreotide administration causes a significant impairment of glucose tolerance after
breakfast. However, the lower post-prandial glucose and insulin levels after dinner (10
hours after octreotide administration) indicate that the long-acting inhibitory effects on
circulating GH levels, after a single administration of 50 ug octreotide, results almost
immediately in 2 highly significant decrease in insulin resistance. It is these seemingly
contradictory effects that form the basis for the limited deterioration of glucose tolerance
in a minority of acromegalic patients, as observed during long-term therapy with
octreotide 248712,
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Abstract

The effects of long term in vitro exposure with octreotide of human GH secreting
pituitary adenoma cells were investigated on GH release, imtracellular GH
concentrations, and GH mRNA levels. Incubation of the adenoma cells for 4 days with
10eM octrectide induced 2 dose-dependent inhibition of GH release, while in parallel
an increase (maximal increase varying between 24 and 517%) in the intracellular GH
levels was observed in 6 of 7 adenomas. In addition bromocriptine, when effective in
inhibiting GH release by the adenomas, also induced an increase in intracellular GH
levels. Even after three weeks of exposure to 10nM octrectide in vitro there was a
statistically significant increase in intracellular GH levels (variation between 91 and
923% increase). Withdrawal of octreotide after 6 days of incubation resuited in a
lowering of intracellular GH levels to control values, showing that the octreotide-
induced increase in intracellular GH is reversible. In a 96 h incubation with 10nM
octreotide GE mRINA levels were increased in 2, and slightly decreased in 1 of the 3
adenomas tested. This effect was time-dependent in that there was no significant effect
of 10nM octreotide on GH mRNA levels in a 24 h incubation.

We conclude that: 1) long-term in vitro exposure of GH-adenoma cells to
octreotide causes an increase in intracellular GH levels in the majority of the adenomas,
which is probably due to an increase in GH mRNA levels in the adenoma cells; and 2)
this considerable increase in intraceilular GH levels may be one of the explanations for
the relatively poor effect of octreotide on tumour shrinkage in patients with GH-
secreting pituitary adenomas.

Introduction

The somatostatin analogue octreotide Is very successful in the treatment of growth
hormone (GH) hypersecretion by human GH-secreting pitnitary adenomas. Long-term
treatmest of acromegalic patients with octreotide results in a considerable improvement
of the clinical symptoms in most acromegalic patients {Lamberts, 1988). In addition long-
term treatment of acromegalic patients with a constant daily dose of 200-300 ug
octreotide induces a decline in mean GH and IGF-I levels in most patients, while
normalization of plasma IGF-I concentrations is eventually reached in approximately
50% of patients. Apart from its GH- suppressive action treatment of acromegalic patients
with octreotide also induces slight pituitary tumour shrinkage in about haif of the
patients {Lamberts et al., 1985; Jackson et al, 1986; Barkan et al., 1988). However, in
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most patients the maximal shrinkage is not more than by 20-50% of pretreatment tumour
size. This effect of octrecotide is relatively poor as compared to the tumour shrinking
effects of bromocriptine 2s previously reported in prolactinomas (Lamberts, 1984). This
latter effect may be the result of inhibition of prolactin {PRL) synthesis by an inhibitory
action of bromocriptine on intracellular PRL-mRNA levels, ultimately leading to
shrinkage of the individual tumour cell volume (Maurer, 1980; Maurer, 1981; Bassetti
et al., 1984).

‘We previously demonstrated that human GH- secreting pituitary adenomas are
heterogeneous, in that they contain a majority of low-secretor cells and a minority of
high- secretor cells, while in some adenomas octreotide preferentially inhibits hormone
release by the high-secretor cells (Hofland et al, 1989 ). This heterogeneity in the
responsiveness 1o octreotide might be a basis for the above mentioned relatively poor
effect of octreotide on tumour shrinkage. Another possibility is that somatostatin
(analogues) do not affect GH mRNA expression to the same extent as bromocriptine
does in prolactinoma cells. Data with respect to the effect of somatostatin (analogues)
on GH mRNA expression are conflicting. No effect of somatostatin on GH mRNA was
observed in rat pituitary {tumour) cells (Gick and Bancreft, 1987; Nambda et al., 1989),
while in two other studies a reduction of GH mRNA expreséion was demonstrated in rat
and ovine pituitary cells (Wood et al, 1987; Silverman et al., 1989). In addition, the
native peptide somatostatin had, in short-term (Davis et al.,, 1935%) or long-term (Levy
and Lightman, 1988) incubation studies, no effect on GH mRNA levels in human GH-
secreting adenoma cells .

In the present study we further investigated the effect of octreotide on the release
and the intracellular concentrations of GH, PRL, and e-subunit, as well as the effect of
octreotide on GH mRNA expression of GH- adenoma cells after long-term exposure of
the cells to this stable somatostatin analogue. In addition a comparison was made with
the effect of bromocriptine on GH release and intracellular GH concentrations.
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Materials and methods

Patients and cell isolation

Tumour tissue from 13 acromegalic patients was obtained by transsphenoidal
operation. Twelve patients were untreated while one patient {no. 7) had been treated
preoperatively during 12 weeks with octreotide (3x100 pg octreotide daily). Single cell
suspensions of the adenoma tissue were prepared by enzymatic dissociation with dispase
as described in detail previously {Oosterom et al., 1984).

Details on patient dats, tumour volume, basal GH, PRL. and IGF-I levels, as well
as basal GH expressed per ¢m® tumour volume are shown in Table 1. All patients had
elevated plasma GH and IGF-I levels, while PRL levels were slightly elevated in 3, and
comnsiderably elevated in 2 patients.

Cell culture

Monolayer cultures: the isolated cells were plated in 48-well plates (Costar,
Cambridge, MA) at a density of 10° cells per well per 1 ml culture medium. The cells
were allowed to attach for 3 to 4 days at 37°C in a CO, incubator, After this period the
medium was changed and 96 hour incubations without or with ocireotide or
bromocriptine were started. At the end of the incubation the medium was removed and
centrifuged for 5 min. at 600xg. The supernatant was collected and stored at -20°C until
analysis. The cells were rinsed twice with ice-cold saline solution and lysed in 0.5 ml of
a 0.05% NH; solution during 30 min. Thereafter, 0.5 ml phosphate buffered saline
solution (PBS; 0.1 M, pH 7.0}, containing 0.1% bovine serum albumin (Sigma Chemical
Co., St Louis, USA) was added. The cell extracts were collected and stored at -20°C until
analysis.

Transwell studies: the isclated pituitary tumour cells were plated in transwell-COL
membranes (Costar) at a density of 10° cells per well. Transwells containing the cells
were placed into multiwell plates (24-well, Costar) containing 1 ml culture medinm, After
24 br incubation at 37°C in a CO.-incubator the transwells were transferred to wells
containing fresh medium (without or with octreotide). Every 3-4 days the cells were
placed inte fresh medium {without or with octreotide) and the incubation media were
collected and stored at -20°C until determination of hormone concentrations.
Intracellular hormone concentrations were determined in cell Iysates as described above
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for the monolayer cultures. The use of transwells for studying long-term effects of drugs
was previously described by our group in clinically non-functioning human pituitary
adenoma cell cultures (Kwekkeboom et al.,, 1990).

In situ hybridization: the isolated cells were seeded on poly-L-lysine (0.5 mg/mi)
coated coverslips. After 30 min. at 37°C in a CO,-incubator the cells had attached to the
coverslips. The cells were then placed in 2 ml culture medium (without or with
cctreotide) in 6-well plates (Costar). After 96 hour of incubation the coverslips plus cells
were rinsed twice in phosphate buffered saline (PBS) and fixed with paraformaldehyde
4% in PBS, as described previously (Hofland et al,, 1991). The incubation media were
collected and stored at -20°C until analysis. In situ hybridization was performed using a
®S-labelled 800 base pair human GH <¢DNA probe as described. Controls and
quantification of grain numbers in individual adenoma cells were done as described
(Velkeniers et al., 1988).

Hormone determinations

Human GH and PRL concentrations in the media and cell extracts were
determined by immunoradiometric assays as described previcusly (Hofland et al., 1989
). Glycoprotein alpha-subunit concentrations were determined by a double antibody
radioimmunoassay as described by Kwekkeboom et al. {1989). IGF-I levels were
measured by radioimmunoassay in EDTA plasma using a commercially available kit from
Medgenix Diagnostics (Brussels, Belgium),

Data analysis

All data on hormone release and intracellular hormone concentrations are
expressed in mean * SE, n=4 wells per treatment group. Data of in situ hybridization
experiments are expressed as the mean of at least 300 cells counted on two different
slides. All data were analyzed by analysis of variance (ANOVA) to determine overall
differences between treatment groups. When significamt differences were found by
ANOQOVA, a comparison between treatment groups was made using the Newman-Keuls
test (Snedecor and Cochran, 1980). p<0.05 was considered to be statistically significant.
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Results
Monolayer studies

Table 2 shows the effects of a 96 hour incubation with octreotide {10nM) and
bromocriptine (10nM) on GH, PRL, and o-subunit release and intracellular
concentrations of pituitary adenoma cells from 7 acromegalic patients, cultured as
monolayers. Octreotide significantly inhibited GH release in all seven cultures with a
variation from 27 to 77% inhibition. Bromocriptine significantly inhibited GH release in
4 out of 6 cultures (variation between 18 and 59% inhibition). When effective on GH
release, octreotide and bromocriptine induced a significant rise in intracellnlar GH levels
in 6 of 7 and 2 of 4 adenomas, respectively (variation of rise by octreotide 24-517 %;
variation of rise by bromocriptine 92-166 %). Gctreotide inhibited PRL release in 3 of
4 cultures (variation 46-83 %) but caused a small rise (28%) in intracellular PRL levels
in only 1 adenoma (patient 7). Bromocriptine inhibited PRI release in 3 out of 3
adepomas (veriation 43-82 %), while it had no effect on intracellular PRL
concentrations. Cctreotide inhibited e-subunit release in 3 out of 3 cultures and caused
2 rise in the intracellular a-subuxnit concentration in only one adenoma (+58%, patient
7). In the two cultures producing e-subunit, in which the effect of bromocriptine was
investigated, bromocriptine inhibited e-subunit in only 1 adenoma (by 72 %), without
having a significant effect on intracellular e-subunit concentrations. In the majority of the
adenomas the total amount of hormene (hormone in medium + hormone in cells) was
significantly suppressed by octreotide {GEH: 4 of 7 adenomas; PRL: 3 of 4 adenomas; a-
subugit: 2 of 3 adenomas; data not shown in detail; see Table 2).

Figure 1 (upper part) shows that the effect of octreotide on both GH release and
the intraceliular GH concentration of the cultured adencma cells from patient 5 is dose-
dependent. In addition it is evident that, despite the significant dose-dependent inhibition
of octrectide on PRL (middle part) and a-subunit (lower part) release, there is no effect
of octreotide on the intracellular concentrations of these hormones. In all instances total
hormone (medium plus intracellular) was significantly decreased by octreotide. The data
presented in fig. 1 are representative for those found in the other tumour cell cultures.
Adenoma cells of the two patients with significant elevated plasma PRL levels {patient
no. 5 and 7} also showed the highest PRL production in vitro.

We found no correlation between basal plasma GH levels (Table 1) and GH
secretion in the medium by the seven adenomas summarized in table 2. However, when
the plasma GH level was expressed per tumour volume there was a statistically
significant correlation (p<0.05) between plasma GH per tumour volume and the in vitro
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GH release by the seven adenomas summarized in Table 2 suggesting that the parameter
GH /tumour volume may be a measure for the GH releasing activity of the GH secreting
adenoma.

Transwell studies

Figure 2 (upper part) shows the cumulative GH production by GH-secreting
pituitary adenoma cells from 6 patients (patient no. 3, and 7-11), cultured in transwells
for periods up to 3 weeks. There was a considerable variation in GIH production between
the six adenoma cell cultures (variation from 0.1 to 400 pg G produced after 3 weeks
of culture). However, in all cases the adenoma cell cultures remained producing GH over
the full 3 week period of culture. The lower part of figure 2 shows the effect of 10 nM
octreotide on GH release of the six adenomas. The effect of octreotide is expressed as
the percentage of control GH release at each time point. Cctreotide significantly
inhibited GH release in 5 of 6 adenomas at all time-points studied. GH release by the
adenoma cells from patient 8 was not significantly inhibited by 10nM octrectide. As in
the monolayer cultures there was a considerable variation between the cuitures in the
percentage ichibition induced by octreotide. Maximal inhibition varying between 14 and
90 %. Interestingly, the three adenomas with the highest cumulative GH production also
showed the highest inhibitory response of GH release to octreotide. In 3 of 6 cultures
we also investigated the effect of 3 weeks of exposure to octreotide in vitro on the
intracellular GH concentrations. As shown in table 3 there was a significant rise (from
2 to 10-fold) in intraceliular GH concentrations in all three adenomas, even after 3
weeks of exposure to octreotide in vitro. Finally, in order to show that octrectide
treatment did not select a subpopulation of tumour cells, we withdrew octreotide
treatment after 1 week of exposure in vitro (fig 3; patient no. 3, time-point of octreotide
withdrawal is indicated by the black arrow). Withdrawa!l of octreotide resulted in a rapid
increase in GH production as cornpared to continuously exposed cells (figure 3, upper
part; P<0.01 vs continuously treated cells at each time-point after octreotide withdrawal)
resulting in a eumulative GH production parallel to that observed by untreated control
cells, In addition the increase in intraceilular GH comcentrations which was observed
after long-term in vitro exposure was also reversible by octreotide withdrawal (figure 3,
lower part).
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In situ hybridization

Finally, we investigated the effect of octrectide in a 24 and 96 hour incubation cn
GH mRNA expression in individual adenoma cells of three acromegalic patients. Table
4 shows that after 9¢h of incubation with 10oM octreotide GH mRNA levels were
significantly increased by 27 and 109% in the cells from patient no. 2 and 12, respectively
{(p<0.01 vs control), whereas in the cells from patient no. 13 there was a slight but
significant decrease in GH mRNA levels as compared to control cells (-16%, p<0.01).
Parallel incubation in multiwell plates of the adenoma cells of patient 2 and 13 with
10nM octreotide resulted in a slight rise (+36%, table 2), and a slight decrease (-14%,
data not shown) in intracellular GH levels respectively. The effects of octreotide on GH
mRINA expression were time-dependent since after 24h of incubation there was no
statistically significant effect on GH mRNA levels in the two cultures in which this was
studied, while octreotide inhibited GH release by these adenomas at the same time
(table 4).

Discussion

In contrast to the inhibitory effect of bromocriptine on tumour volume in patients
with prolactinomas, the tumour shrinkage in response to octreotide is relatively poor in
patients with Gil-secreting adepcmas (Lamberts, 1988). Tumour shrinkage of
prolactincmas induced by treatment with bromocriptine may be the result of inhibition
of PRL synthesis, caused by inhibition of intracellular PRL-mRNA levels (Maurer, 1980;
Maurer, 1981}, ultimately leading to a decrease in the individual tumour cell volume
(Bassetti et al,, 1984). At present however, little is known with respect to the effects of
the somatostatin analogue octreotide on GH- mRNA production in human GH- secreting
pituitary adenoma cells. In two previous studies it was demonstrated that in vitro
exposure cf human GH-secreting adenoma cells for 6-12 days and 24 hour respectively,
to the native peptide somatostatin had no effect on hGH mRNA levels (Levy and
Lightman, 1988; Davis et al, 1989). In the present study we further investigated the
effects of long-term in vitro exposure of human GH-secreting pituitary adenoma cells
10 the stable somatostatin analogue octreotide (Bauer et al., 1982) on GH release, on
the intracellular GH levels and on GH mRNA levels. In addition a comparison was
made with the effects of bromocriptine on intracellular GH levels and GH release.
Incubation of the adenoma ceils for 4 days with octreotide resulted in 2 significant, dose-
dependent increase in intracellular GH levels, although there was a considerable
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variability among the adenoma cell cultures with respect to the percentage increase. In
addition bromocriptine, when effective in inhibiting GH release by the adenoma cells,
also induced an increase in intracellular GH levels. Even after 3 weeks of exposure of
GH-adenoma cells to 10nM octreotide there was a considerable increase in the
intracellular GH levels {+91%, +388% and +923%). Interestingly, in one adenoma (no.
3) which was cultured for 96 hours and for 3 weeks without or with octreotide, we found
the increase of intracellular GH concentrations to be considerable higher in the cells
which had been exposed to octrectide for three weeks. This suggests a stimulatory effect
of octreotide on GH synthesis in this adenoma. These data are in contrast to the effects
of longterm in vitro exposure of non functioning pimitary adenoma cells to
bromocriptine, in which we demonstrated a significant inhibition of intraceliniar
concenirations of gomadotropins or e-subunit (Kwekkeboom et al, 1990} In three
adenoma cell cultures the effect of octreotide on GH mRNA content of the adenoma
cells was also investigated. Incubation for 24 hours with 10nM octreotide had ne effect
on GH mRNA levels, while GH release by the adenoma cells was inhibited by octreotide
at the same time, However, after 96 hour incubation with this concentration of octreotide
GH mRNA levels were increased in two, and slightly decreased in one of the three
cultures. These data suggest that somatostatin (analogues) may have an effect on GH
mRNA production in GH-adenoma cells, but only after long-term exposure. Our data
may zlso provide an explanation for the "lack” of effect of somatostatin on GH mRNA
expression in human GH secreting pitvitary adenomas as was previously shown in two
other studies (Levy and Lightman, 1988; Davis et al.,, 1989). First, we used instead of
native somatostatin a stable somatostatin analogue, which has a considerable longer
biological half-life. Secondly, we only observed effects of octreotide on GH mRNA levels
after a longer incubation time in vitro.

The considerable increase in intracellular GH concentrations, as well as the
stimulation of GH mRNA concentrations in part of the adenomas may provide an
additional explanation for the relatively poor effects of octreotide- treatment on tumour
shrinkage. Previously we showed, using the reverse haemolytic plaque assay to quantify
GH release by individual GH-adenoma cells, that these tumours contain a majority of
low-secretor cells and a minority of high-secretor cells, with the high-secretor cells often
being preferentially responsive to octreotide (Hofland et al,, 1989 ¥). We have proposed
that this heterogeneity in GH secretion zmong adenoma cells within a single adenoma
might be a basis for the relatively poor effect of octreotide on tumour shrinkage
(Hofland et al., 1989 *).

Interestingly, in the transwell studies (3 weeks of exposure with octreotide) we
found that inhibition of GH release remained constant (on a percentage base), showing
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no signs of desensitization o octrectide. These latter results are in agreement with in
vivo studies in acromegalic patients, in whick no "escape” from long-term therapy with
octreotide has been reported yet (Lamberts, 1988). In our study we also found that total
GH (sum of GH concentrations released into the medium and the GH concentrations
in the adenoma cells) was significantly lowered by 10nM octreotide in most adenoma cell
cultures. Since from the above experiments inhibition of GH synthesis seems an unlikely
explanation for these observations, this inhibition may reflect an increase in GH
breakdown by the Iysosomes (crinophagy) (Lamberts, 1988; Asa et al.,, 1990). The
increase in intracellular GH concentrations may be in agreement with several previous
studies in which the number of secretory granules in GH- adenoma cells increased after
in vitre (Peillon et al., 1976; Prysor Jones et al., 1981) exposure of human GH-adenoma
cells to somatostatin. It also may provide an explanation for the rapid increase in plasma
GH levels in acromegalic patients after withdrawal of octreotide therapy (Lamberts et
al., 1987; Barakat and Melmed, 1989). Although we did not investigate in this study the
effect of bromocriptine on GH mRNA levels, the significant increase in intracellular GH
concentrations after a 96 hour exposure of the cells to 10nM bromocriptine suggests that
the GH-adenoma cell responds with an increase in its GH storage paitern, irrespective
of the pature of the GH release- inhibitory compound (octreotide or bromocriptine). At
present we do not have an explanation for the observation that intracellular PRL and -
subumit concentrations did not increase, while the release of PRL and a-subunit was
inhibited at the same time. At least in case of co-secretion of a-subunit these
observations are not in line with the close relationship between basal- and secretagogue-
induced GH and e-subunit release in cultured GH-adenoma cells (Hofland et al., 1989%),
as well as in vivo (Beck-Peccoz et al., 1985; Ishibashi et al.,, 1987). Since GH and a-
subunit might be released from the same secretory granule, as has been suggested by
BeckPeccoz et al. (1985), it is suggested from our experiments that the regulation of
GH, PRL, or ea-subunit synthesis, in case of co-production of these hormones in GH-
adenoma cells follows a different pathway.

We conclude that: 1) long-term in vitro exposure of GH-adenoma cells to octreotide
causes an increase in intracellular GH levels in the majority of the adenomas, which is
probably due to an increase in GH mRNA Ievels in the adenoma cells; and 2) this
increase in intracellular GH levels may be one of the explanations for the relatively poor
effect of octreotide on tumour shrinkage in patients with GH-secreting pituitary
adenomas.
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Table 1: data of the patients included in this study

patient sex tumour basal SH basal PRL basal IGF-I basal GH
ne. volume (pg/L) (pg /L) (U/ml) /Jtumour
volume
(em™) {#g/L per
cm3)
1 M 72.160 14.4 7.0 4.6 0.2
2 M 8.280 9.7 14.2 4.2 1.2
3 M 12.c00 129.40 16.2 4.1 10.8
4 M d.576 6.3 3.8 7.7 10.9
=1 M 1.200 28.5 35.6 5.9 23.8
6 M 0.57¢6 4.4 4.0 4.4 7.6
7 F  5.632 38.6 125.0 4.0 6.9
a F 5.700 15.3 19.9 8.0 3.4
9 M 1.0586 6.5 6.6 7.8 6.2
10 M 1.000 25.0 4.2 8.6 25.0
11 F 1.718 12.4 13.7 7.4 18.9
12 M 3.150 106.0 4.4 6.1 33.7
13 F 1.716 110.0 5.4 6.5 64.1

M=male, F=female; Normal GH values ranged from 0.2~0.5 gg/L, the upper
limit ¢f normal PRL levels is l2ug/L in men and 1Spug/L in women, normal
IGF-I levels are values ranged from ¢.6-1.7 U/ml. Tumour volume was
calculated by multiplying the maximal diameter in three directions of
the pituitary adenoma as seen at CT scanning.



Table 2: Effects of octreotide (10nM) and bromocriptine (10nM) on GH, PRL, and a-subunit release and
intracellular concentrations of GH- secreting pituitary adenoma cells from seven acromegalic patients,

GH_(HG/WE PRL {NG/WELL) a-SYBUNIT (NG/WELL)
PATIENT TREATMENT MEDIUM INTRACELL. MEDIUY INTRACELL. HMEDIUM  INTRACELL.
No.

1 CONTROL 2141 2942 - - - -

OCTR {10nM) 13402 (59) 36+0%  (124) - - - -
BROMO { 10nH) 18613 (82) 25#1 - - - -

2 CONTROL 2886 19+1 - - - -
OCTR (l0nH) 210+14% (73) 53:3%  (13¢) - - - -
BROUT ( LonM] 26745 44+ - - - -

1 CONTROL 240002707 1830£56 - - - -

QCTR (10nM) 45331233:(19) 11282345022 (617) - - - -
BROMG { 10n) 1256752967 (52}  4867:2622 (266) - - - -

4  CONTROL 269+17 667233 5143 3942 - -

GCTR (10nM) 101+8? (38) 761211 4621 4043 - -
BROUO ( LONM) 176472 (65) 693122 29214 (57) 1342 - -

5  CONTROL 1697466 437+41 1071454 125418 544 840
OCTR (10nH) a70+122 (28) 913832 (209) 178%14% (17) 215425 11202 (20) 921
BROMO { 10nH) 693r64% (41) 83941267 (192) 193142 {18)  320%22 15+1% (28) 9+

6 CONTROL 45284294 1288463 350423 9743 6743 1240
OCTR (10nM) 1097£42% (24) 3027:107% (235) 1365 (39)  104%3 16:02 (24) 1421
BRGMO ( 10ni) 1920+166 1600487 117+6%  (33)  109%2 544 131

7  CONTROL 45754105 39524170 30274139 2307554 610 7:0
OCTR (10nH) 10632112 (23)  6453%337% (163} 1627+542(54)  2970+26%(128) 3+0? (50) 11#1% (158)

Incubation time was 96 hour; n=4 wells per treatment group, ?p<0.05 vs control., Values in brackets are the
percentages of control.



Table 3: The effect of long-term treatment in vitro with
octreotide on intracellular Gl concentrations of human GH-

secreting pitultary adenoma cells.

PATIENT no. INCUBATION TREATMENT INTRAC. GH
TIME (DaYS) (NG/WELL)

3 23 CONTROL 2488 £ 172
OCTR (1lCnM) 22975 + 1159

7 23 CONTROL 681 * 86
OCTR (10nM} 2642 & 270°

9. ) 21 CONTROL 4.4 £ 0.7
OCTR (10nM) 8.4 £ 0.6°

values in mean * SE: n=4 wells per group: "p<0.0l1 vs control



Table 4: The effzct of cctrzotide on GH mRNA levels and GH release

of cultured human GH secreting pituitary adenoma cells.

PATIENT INCUBATION TREATMENT MEAN GRAIN GH RELEASE
no. TIME COUNT (ng per well)
2 24 h CONTROL 24.5 71 £ 1
OCTR (10nM) 21.3 49 £ 1°
96 h CONTROL 16.4 210 £ 2
OCTR (10nM) 20.9" 126 += 14°
12 24 h CONTROL - -
OCTR (10nM) : - -
96 h CONTROL 60.2 968 & 3
OCTR (10nM) 125.8" 750 * 40°
13 24 h CONTROL 120.7 353 + 22
OCTR [10nM) 121.1 173 £ 7
s h CONTROL 123.2 . 560 * 50
OCTR (10nM) 102.9° 323 & 9°

Mean grain count is expressed in number of silver grains per cell:
at least 300 cells counted on 2 different slides. Values of GH release

are means * SE; n = 2 wells per group; "p<0.01 vs control: - = not done.
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CHAPTER 6

PREOPERATIVE TREATMENT OF ACROMEGALY
WITH THE SOMATOSTATIN ANALOG OCTREOTIDE
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Introductions

‘When postoperative GH levels of less than 5 ug/l are used as a criterium, only
60 9% of the patients with acromegaly are cured after transsphenoidal resection of the
pituitary adenoma. Only 309% of the patients with macroadenoma reach GH levels < 5
pg/? after surgery and in the case of tumors with clear extrasellar extension ornly very few
patients are "cured" after operation * 2 %, These findings indicate rather poor results of
surgery, especially when one realizes that about 50% of patients with post-operative GH
levels of less than 5 pg/1 do still have elevated circulating IGF-I concentrations *. Cne
has to conclude therefore that a real "cure” of acromegaly after surgery in patients with
tumors bigger than 1 cm and/or with extrasellar extension might be rare.

Fahlbusch and coworkers claimed that the outcome of transsphenoidal operation
for macroprolactinomas can be improved by treating these patients preoperativily with
dopaminergic drugs . It has been shown previously that treatment with the somatostatin
anzlog octreotide reduces tumor volume in about 50% of acromegalic patients ¢ 7. Also
total resolution of the adenoma has been reported in exceptional cases 5. The separation
during operation of GH-producing tumor tissue from the surrounding "normal” pituitary
gland might be facilitated by treating patients preoperativily with octreotide °. Barkan
and coworkers found an improved surgical remission rate in 10 patients treated
preoperativily with octreotide for 3-30 weeks ".

To investigate whether these findings can be confirmed in a larger series of
pztients, a prospective multicentre open label randomized comparative study is currently
performed by the Sandoz Company (Basel, Switzerland) in 100 previously untreated
acromegalic patients. These 100 patients are randomly allocated to receive either
transsphenoidal surgery immediately, or octrectide, administered subeutaneously 100 ug
1.i.d. for a period of 4 months prior to surgery. Only patients with adenomas exceeding
10 mom in diameter on MRI/CT scan can enter the study. In all patients standard
baseline laboratory assessment is performed. Also baseline and stimulated hormone
levels of all the pituitary target organ axes are determined. Evaluation of serum IGF-I
levels and 24 hour GH concentrations is done as well as an oral glucose tolerance test.
After four months of octreotide therapy the size of the adenoma is determined again in
order to measure potential tumor shrinkage. All measurements are repeated within 7
days following transsphenoidal surgery, as well as 2, 4 and 6 months after surgery.
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In this study we participated by entering 20 patients. Ten of them were allocated
to receive octreotide and the other ten were operated upon directly without
pretreatment. This multicentre trial is currently (december 1991) not finished yat. No
final results of the study are available therefore and final conclusions can not yet be
drawn. However, we examined the results of the 20 patients we investigated according
to the rules of the protocol. Statistical analysis was done, using a paired Student-t test.
It has to be emphasized that cur resulis are preliminary and that we mention here only
part of the data accumulated in these 20 patients.

Results and discussion:

Pituitary tumor volume was measured by multiplying height, width and depth of

the tumor image on CT/MRI scan, before and 16 weeks after octreotide therapy. In
three patients a shrinkage by 8, 21 and 67% of pretreatment volume was observed while
tumors of the five other evaluable patients had not changed in size during octreotide
administration. Mean GH levels (24 samples, taken hourly in 24 hours) were reduced
after 16 weeks of octreotide therapy by 51% from 24.4 + 16.5to0 14.6 + 16.2 pg/1 (mean
= SEM; p<0.05; Fig. 1). In these patients IGF-I levels had also decreased significantly
from 7.5 + 1.4 mU/1 before therapy to 3.3 + 1.5 mU/1 after 16 weeks of octreotide
therapy (p<0.05). Postoperatively, GH levels in these pretreated patients amounted to
14.3 = 12.5 pg/l (p<0.05 vs pretreatment) while IGF-I levels were 4.1 + 1.6 mU/1
(p<0.05 vs pretreatment values).
In the control (non octreotide pretreatment) group postoperative GH levels had
decreased from 22.3 = 19.810 9.7 % 6.0 pg/1 (p<0.05), while IGF-I levels had remained
unchanged (7.2 * 1.6 vs 7.9 = 2.4 mU/l; p: N.S,; see Fig. 1). Eight to ten weeks after
surgery however, the initially observed postoperative in IGF-I levels in the octreotide
pretreated group was not significant any more. The reduction in serum GH levels after
surgery which occurred both in the control as well as in the octreotide pretreatment
group was still present after 10 weeks postsurgery, however.

These findings suggest that pretreatment of acromegalic patients with octreotide
before surgery does not improve the outcome of surgery when postoperative GH and
IGF-I levels are used as criterium. However, we want to emphasize again that final
conclusions can only be drawn when the results of all 100 patients who entered the study
have been analyzed.

We conclude that the significant reduction in IGF-I levels initially ebserved after
surgery in the octreotide-pretreated patient group must have been the result of the
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administration of octreotide itself, which had been continued until the day of the
transsphenoidal resection.
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ABSTRACT.

We studied the effect of CV 205-502 in 12 patients with macroprolactinomas and
in 8 patients with PRL secreting tumors, who were selected because of previous
repeatedly shown intolerance to bromocriptine in even small doses. We also investigated
serum insulin-like growth factor-I {IGF-I) levels before and during CV 205-502 therapy.
In 12 macroprolactinoma patients followed for 1 year, 0.075-0.450 mg CV 205-502
lowered PRL levels by 91.2 + 5.4 9%. Only 3 of the patients had transient side-effects of
nausez, dizziness or fatigue. In eight patients with PRE-secreting tumors who were
bromocriptine intolerant, CV 205-502 {0.075-0.300 mg daily) lowered PRL levels by 802
= 63 %. Four of these patients showed transient side effects (nausea, fatigue and/or
tachycardia). None of the patients discontinued therapy.

There was a close correlation between pretreatment circulating PRL levels and
tumor size, expressed in cubic millimeters. The decrease in pituitary tumor size after 52
weeks of CV 205-502 therapy (-74 + 6% ) was also correlated with the decrease in PRL
levels {p<0.01). In four patients with hypopituitarism, lowered IGF-I levels did not
change during CV 205-502 therapy. However, in seven previously untreated patients with
& macroprolactinoma and normal anterior pituitary function IGF-I levels increased
during CV 203-502 therapy by 113-167 % (p<0.05).

CV 205-502 is a potent dopamunergic drug, which effectively controls PRL
secretion and induces tumor shrinkage. At the doses used in our study, it causes only
mild and transient side-effects in a minority of patients and can also be used to treat
hyperprolactinernic patients who have shown intolerance to bromocriptine therapy.
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INTRODUCTION

CV 205-502, an octahydrobenzo-[g]-quinoline, is a non-ergot dopamine agonist
which recently became available for therapy of hyperprolactinemia (1,2). It is a potent
D-2 receptor agonist with weak D-1 receptor activity. In studies using single oral doses
of 0.06 mg, CV 205-502 suppressed normal PRL secretion from within two hours of
intake continuously for 36 hours (3).In several studies CV 205-502, given orally, was on
a weight basis far more potent than bromecriptine in suppressing normal and
pathological PRL secretion {4,5).

We studied the effect of CV 205-502 in 12 macro- prolactinoma patients and in
eight patients with PRL secreting tumors who were previously repeatedly shown to be
intolerant to bromocriptine. We also investigated circulating IGF-I concentrations before
and during CV 205-502 therapy in 11 of the prolactinoma patients who had not been
previously treated with dopaminergic drugs.

MATERIALS AND METHODS

Written informed consent was obtained from each patient prior to entering the
study, which was appreved by the Ethics Committee of the University Hospital of
Rotterdam. Criteria for exclusion were pregnancy, radiation therapy for a pituitary tumor
within the previous five years, mixed cell tumors with clinical or biochemical evidence
of acromegaly or Cushing’s disease, 2 history of chronic liver or kidney disease and
clinically relevant hyper- or hypotension. The study was supported by Sandoz (Basel;
Switzerland). No financial gain was involved, however, for patients or investigator.
Fourteen Patients with a macroprolactinoma (eight men and six women; age 23-61
years) entered the study. There were two dropouts from this group, one after 6 months
of therapy because of a squamous cell carcinoma of the oropharynx and one after 9
months for personal reasons. A second group of nine prolactinoma patients (three
macro- and six microprolactinomas) were investigated who had been referred to our
hospital because of intolerance to bromoeriptine. In all patients bromocriptine therapy
had repeatedly failed because of side-effects, despite all usual precauntions including low
initial doses starting at 1.25 mg orally during meals twice daily, followed by gradual
increase of the dose to 2.5 mg b.id. over a period exceeding 14 days. Such trials to build
up the dose of bromocriptine had failed in all 9 patients at least twice, both in the
referring hospital as well as in ours. There was one dropout after eleven months of CV

109



205-502 therapy because of carcinoma of the bladder. The three patients who dropped
out of the study, had not had side-effects of CV 205-502 therapy.

All patients were followed for 12 months. The patients were advised to take CV
205-502 at bedtime together with a small snack. Puring the first three days 0.025 mg was
administered, while the dose was doubled to 0.050 mg on the evening of days 4-6.
Thereafter 0.075 mg CV 205-502 was given for the subsequent 24 days. In principle the
dose had to be furtker increased by 6.075 mg every 2-4 weeks until normalization of PRL
fevels was reached. However, when galactorrhea, amenorrhea and sexual dysfunction had
disappeared before FRL levels had normalized, the dose of CV 205-502 was not further
increased in a mumber of patients. Patients who had been treated with bromocriptine
stopped the use of this drug at least one month before the start of the study. Each
subject was monitored for routine liver and kidney function, serum electrolytes and
hematologic parameters at the baseline and after 3, 6 and 12 months of treatment.
Throughout the study measurements of vital signs, including supine and standing blood
pressure and pulse rates were collected at each visit to the out-patient clinic, i.e. at weeks
24,6, 8 and 12 and at months 4,5,6,% and 12Z. In each patient the function of the
pituitary-thyroid and pituitary-adrenal axis were measured before the start of CV 205-502
therapy. ¥ hypothyroidism and/or adrenal insufficiency were present supplementation
therapy was started prior to the study. Serum PRE and IGF-I levels were measured at
each clinic visit.

PRL levels were measured by IRMA (Medgenix Diagnostics; Brussels, Belgium,
inter-assay variation 6.8%, intra-assay variation 6.4%).Normal serum PRL levels are 15
pg/l or less. IGF-I levels were measured by RIA (Medgenix Diagnostics;
Brussels, Belgium, inter-assay variation 9.09%, intra-assay variation 52% Normal serom
IGF-1 levels vary between 0.5 and 2.2 U/mil.

Pituitary tumor size was evaluated befere and after 1 yr of CV 205-502 therapy
by CT-scanning using a Philips Tomoscan 310 (Phillips Electronic Instruments, Mahway,
NI). Special care was given to obtain similar pictures at both scannings by making slices
throughout the tumor at a distance of two mm. Tumor volume was calculated in mm3
by multiplying the maximal tumor diameter measured in three directions.

Statistical analysis of the results was performed using analysis of variance for
comparison of the PRL and IGF-I levels before and at several imtervals after the start
of the study. The results were considered to be statistically sigmficant at p<0.03.
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RESULTS

Both in the patients with macroprelactinomas as well as in those who were
previously intolerant to bromocriptine treatment with CV 205-502 caused a significant
reduction in serum PRL levels. Table 1 shows the PRL levels before and after 12 and
52 weeks of treatment with CV 205-502 in the twelve patients with macroprolactinomas.
After 52 weeks of therapy, CV 205-502 (0.075-0.450 mg/day) had decreased PRL levels
by 34-100% (mean 912 * 2.9 %; mean = SEM). Only 3 of these patients had transient
side-effects during the first 2 weeks of therapy. (nauseadizziness or fatigne). No
differences in the percentage decrease in circulating PRL levels were observed between
12 and 52 weeks of therapy.

Table 1 shows the results of CV 205-502 therapy on PRL levels in the eight
bromocriptine-intolerant patients. CV 205-502 {0.075-0.300 mg/day) lowered prolactin
levels by 58-989% (mean 80.2 = 6.3 %). Four of these patients showed transient
side-effects including nausea, tiredness and/or tachycardia, but none of the patients
discontinued CV 205-502 therapy.

In 8 of the 20 prolactinoma patients who completed the study the slowly
increasing dose schedule of CV 205-502 already resuited in normalization of circulating
PRI levels after 3 months. After 1 yr of CV 205-502 therapy PRL levels had normalized
in 13 patients. In a number of patients in whom galactorrhea, amenorrhea and/or sexual
dysfunction had normalized before circulating PRL levels had normalized the dose of CV
205-502 was not further increased. However, such an increase in dose had not been
omitted beczuse of the occurrence of side-effects of the drug. No changes in physical,
electrocardographic or hematological profiles or serum chemistries occurred. A slight
postural hypotension was noted at the clinic visits throughout CV 205-502 therapy in
almost all patients. However, this decrease in upright systolic and diastolic blood pressure
by a mean of 5 mmHg did not result in clinical symptomatology.

Table 2 shows the effects of CV 205-502 therapy on galactorrhea, menstrual
cycles, libido and/or potency as well as on headache and on the general condition. Eight
of the 12 female patients studied showed normalization of the menstmal cycle. The four
remaining patients, who also had pituitary insufficiency needing replaceiment therapy with
thyroid and adrenal hormones, remained amenorrheic during therapy. Galactorrhes,
which was present before the start of therapy in four patients, disappeared in ail of them.
All but four patients showed a normalization of libido and/or potency and all patients
reported an improvement in the sense of well-being during CV 205-502 therapy. This was
accompanied in most instances by a disappearance of headaches.

Eleven of the patients had not been treated with dopamine agonists during the
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previous 12 months and eight of them had never been treated at all. Four patients with
hypopituitarism had lowered IGF-I levels before the start of therapy. During CV 205-502
treatment no changes in IGF-1 levels were observed in these patients {data not shown).
The other seven patients had normal pituitary thyroid and -adrenal function before
therapy. Pretreatment IGF-I levels were normal in four and lowered in three patients.
IGF-1levels increased during CV 205-502 therapy by 113-167 % (p < (.05 vs pretreatment
levels). The maximal increment in IGF-I levels occurred several weeks after the
(sub)maximal suppressica of PRL levels.

Two patients had visual disturbances which improved during therapy. The effect
of CV 205-502 on tumor size was determined in the 13 patients with a tumor which was
measurable at CT scan examination. Tumor size reduction after 1 yr varied between 37
and 99 % (74 = 6 %, mean *= SEM), and a relaticnship between the pretreatment PRL
levels and tamor size was seen (r = 0.80; p<0.01). There was alsc 2 relationship between
the degree of suppression of PRL levels and the degree of tumor shrinkage after one
year of CV 205-502 therapy (r = 0.72; p< 0.05). Table 3 shows the changes in tumor size
during CV 205-502 treatment.

112



DISCUSSICON

Ergot-derivatves with dopamine agonist activity, like bromocriptine, have been
proven to be effective in the treatment of hyperprolactinerma (6,7,8). Bromocriptine has
a relatively short duration of action necessitating a b.i.d. administration in most patients.
Side-effects such as nausea, vomiting, dizziness and weakness result in intolerance and
have been reported to cause discontinuation drug therapy in up to 6% of
hyperprolactinemic patients (9). Therefore, there is a need for new dopaminergic drugs
with a longer duration of action and fewer side-effecis. CV 205-502 has been shown to
be effective in suppressing PRL secretion in hyperprolactinemic patients with and
without tamor {10,11). The results of the present study confirm the drug’s high efficacy
following single once daily administration, and show that the compound ¢an also be used
successfully in patients with hyperprolactinemia who were previously repeatedly shown
te be intolerant to bromocriptine. These preliminary data support the results of a
double-blind controlled study which compared the efficacy and tolerability of CV
205-502 with that of bromocriptine and found that indeed the new drug caused fewer
side-effects than bromocriptine in hyperprolactinemic women (24). Rasmussen et al (10)
showed in 24 non-tumoral hyperprolactinemic women, that CV 205-502 in doses up to
0.150 mg daily for six months decreased PRL levels by a mean of 90%. PRL levels
became normal in 71% of the patients. In another study Vance et al (11) reported that
CV 205-502 therapy in doses which did not exceed 0.09 mg daily reduced PRL levels in
26 hyperprolactinemic patients by 66%. PRL levels became normal in 54% of these
patients. In a later study by Vance et al (12) reported that CV 205-502 in doses up to
0.400 mg daily reduced PRL levels in macroprolactinoma patients by 98%. PRL levels
became normal in 58% of patients and tumor size was reduced by an average of 19%
(range 6% to 67%). In the present study we used 0.075-0.45C mg of CV 205-502 daily.
Twelve of the 20 patients in our study had a macroprolactinoma. After 1 yr of therapy
PRL levels had decreased by 34-100 % (mean decrease - 86%%). In 13 of the 20 patients
PRL levels reached normal values (65%). In parallel menstrual cycles and sexual
dysfunction had normalized in most patients. Also galactorrhea, which was only cbserved
in a rather low percentage of our patiemts disappeared during CV 205-502 in all patients.
The lower incidence of galactorrhea in our patients, in comparison with previous reports
(6,7,11) cannot be readily explained. These observations suggest that the optimal dose
of CV 205-502 for each patient has to be titrated individually. None of cur patients
discontinued therapy of CV 205-502 because of side-effects. Cne of the reasons that CV
205-502 was tolerated so well might be related to the faet that CV 205-502 was
administered in the evening with a snack just before bedtime. In addition, the dose of
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CV 205-502 was increased very slowly over a period of days-weeks, while a very low
starting dose was given. However, improved tolerability may be an intrinsic characteristic
of CV 205-502. Although the incidence of side-effects of CV 205-502 reported in
hyperpflolactinemic patients varies considerably, good tolerability was observed both in
two double-blind placebo-controlled studies (5,10) and in a later double-blind trial of CV
205-502 versus bromocriptine (24). In these trials patients participated who had history
of intolerance to bromocriptine, but had few or ne problems tolerating CV 205-502. In
other studies by Vance et al (11,12), however, a rather high incidence of side-effects
during CV 205-502 treatment was reported {39% side-effects inciuding drop-out because
of side-effects in 2 of 26 patients).

In four patients who had hypopituitarism, the lowered IGF-I levels did not change
during CV 205-502 therapy. In 7 patients with normal anterior pituitary fanction IGF-I
levels increased by 113-167 % during CV 205-502 therapy. At present it is not known
whether this increase in IGF-I levels is due to tumor shrinkage, causing restoration of
the hypothalamic-pituitary connection and subsequent normalization of GH and IGF-L
secretion (13,14), or whether this increase in IGF-I levels is related to an increase in
circulating sex steroid concentrations during CV 205-502 therapy which followed the
(near)nommalization of PRL levels in most patients (15-20).

In the present study a positive correlation was demounstrated between tumor size
and PRL levels in the macroprolactinoma patients, as has been observed by other
investigators. (21,22,23). We also found a positive correlation between the degree of
tmmor size reduction during CV 205-502 therapy and the percent fall in PRL levels. Such
2 relationship was not found in a larger group of bromocriptine-treated prolactinoma
patients reported by Molitch et al. (23).

We conclude that CV 205-502, a potent non-ergot dopaminergic drug, effectively
suppresses prolactin secretion and shrinks tumor size in the majority of prolactinoma
patients. It canses only mild and transient side effects in a minority of patients at doses
necessary to control symptomatology and/or PRL levels. Therefore it is a valuable
alternative treatment both for macroprolactinoma patients as well as for patients with
PRIL-secreting tamors who have shown severe intolerance to bromocriptine therapy.
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THE COURSE OF IGF~1 LEVELS IN
11 PROLACTINOMA PATIENTS DURING
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TanLe 2, The effects of treatment with GV 205.502 for §2 weeks on the signs and symptems present at the beginning of the study

Disappeerance of

Normal menstrual -~ Disappearance
Patient no. Sex eycles after 52 l:audache undf‘or ffn‘:mall!allon of of galsctorhea
{M/F) improvement in libido or potency
weely . (if was present)
generel condition
Mecroprolactinoma patisnty
1 M ¥ Y
2 F Y Y Y Y
3 F N ¥ H
4 M Y Y
& ] Y Y
[ F N Y ¥
1 F N Y Y
8 F Y Y Y
9 M Y Y
10 M Y ¥
11 M ¥ Y
12 M Y N
Patients previously intoleesat e bremecriptine
13 F Y Y Y Y
14 F ¥ Y Y Y
16 M Y N
18 F Y Y Y Y
17 F Y Y Y
18 F N Y N
19 F Y ¥ Y
20 F Y Y Y

Y, yes; N, no.



Tase 3. Reduction in tumor size after 52 weeks of thernpy with (V205-502

PRL Vol PRL Vol % Decrease
Patient no. {week O; {week 0; {week 5HZ; [week 62; in tumer %‘Decreaae

ug/L) mmY ug/l} nm®) njze in PRL

1 [FE] 6732 4 ' 126 98 99

2 215 2110 2 38 43 9%

3 159 17928 9 432 98 95

4 124% 1920 212 it 67 83

& 343 14232 30 1020 &1 89

6 4878 20160 08 2880 86 96

T 1713 2130 116 1716 a7 ]|

8 224 3803 2 352 20 99

9 5158 G0BRO [ 32760 51 99

10 1257 20064 2 5760 T 99

i5 150 1232 3 &6 92 98

] 13 1222 1 08 ki 98

19 T 442 a7 245 43 3]
Meon decrease (%) N EY] 85

Cozrelation between pretreatment lumor size snd PRL levels: r = 080; F < 00). Corzelotion between percent decrease in tumor size and
percent decrease in PRL levels; r = 0.72; /* < 0.5
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ABSTRACT

The intranasal presentation of pituitary tumors is rare. We describe six patients with
supposedly intranasal carcinomas, treated with surgery, local chemotherapy and/or
radiotherapy. Because of the favourable clinical course, Immuno-histochemical
re-examination was done and showed a macroprolactinoma in four and a function-less
chromophobe adenomsz in two patients. Interestingly, anterior pituitary function was
normal in four and only slightly abnormal in two. In two patients the radiological
appearance of the sellar region was completely normal. Routine immuno-histochemistry
would have prevented excessive therapy. Dopamine agonist therapy was effective in the
four macroprolactinoma patients, but the localization of the tumeor seems to increase the
risk of liquorrhea and/or meningitis.

INTRODUCTION

Malignant tumors of the paranasal sinuses account for only 3% of all tumors of the
upper respiratory tract (1,2). Squamous cell and undifferentiated carcinoma are the most
comnon (60%). Esthesioneurcblastomas are very rare paranasal tumors (1). In the
present study we describe four patients with macroprolactinomas and two patients with
chromophobe pituitary tumors who primarily presented with complaints of nasal origin.
In the clinical history no anterior pituitary insufficiency was noticed, while CT scanning
of the sellar region was normal in two.

MATERIALS AND METHODS

The metyrapone test (4.5 g/24h), as well as the TRH (200 pg) and LHRH (100 pg)
test bave previously described in detail (34,5). Circulating hormone levels were
measured with commercial RIA kits. (T,, TSH :Behring Marburg, Germany. Estradiol,
testosterone,deoxycortisol: Diagnostic Products Corporation,los Angeles USA.
LH, TSH PRI GH: Medgenix, Brussels,Belgium). Cross-reactions, inter- and intra assay
variations of these determinations have been previously described (6).
Immuno-histological examination was done with antisera against PRL, GH, LH-B, FSH-8
and e-subumits.
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CASE REPORTS

PATIENT 1. This 45 yr old male was treated with radiotherapy, because of a
supposedly undifferentiated carcinoma, causing destruction of the paranasal sinuses and
base of the skull. Because of the excellent condition and the unexpected long survival
after two years,the biopsy was re-examined. Immune-histochemical re-examination with
anti-PRL showed a PRL secretng pituitary tumor. Indeed, serum PRL levels were
greatly elevated (Table 1). Endocrine evaluation only showed a slightly impaired reaction
to metyrapone (Table I). Treatment with bromocriptine (7.5 mg daily} was started. After
six months a life threatening meningitis occurred.

PATIENT 2. This 61 yr old woman was treated with surgery and radiotherapy,
because of 2 supposedly undifferentiated paranasal carcinoma, causing destruction of the
paranasal sinuses and the sellar region. One year after treatment the diagnosis was
reconsidered because of her excellent clinicai condition and the absence of tumor
progression. Very high circulating PRL levels were found (4,200 pg/1). LH, FSH and
estradiol levels were lowered (Table 1). Again immuno-histochemical re-examination
showed the presence of PRL-containing cells. She was treated successfully for 8 years
with bromocriptine (5 mg daily).

PATIENT 3. This 61 yr old male was admitted because of a supposedly
esthesioneuroblastoma, causing destruction of the sphenoid, the base of the skull and the
sellar region. Immuno-histochemical re-examination showed a macroprolactinoma. At
that time the patient was in good clinical condition, Circulating PRL were very high
(5,200 pg/l). Endocrine evaluation showed no abnormalities. Treatment with the
dopamine agonist CV 205-502 (225 pg/day) resulted in near complete normalization of
circulating PRL levels (33 pg/1). Tumor size decreased after cne year of therapy by 50
%. During therapy shortly liquorrhea was noticed, which disappeared without signs or
symptoms of meningitis.

PATIENT 4. This 63 yr old male was investigated because of headaches, Examination
by the otolaryngologist revealed a large tumer in the nasopharyngeal area, with
destruction of the sellar region, (Fig. 1). Microscopical and immuno-histochemical
examination showed a macroprolactinoma. Also serum PRL levels (10,700 pg/1) were
very high, Although there was destruction of the sellar region, the reactions 10 TRH,
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LHRH and metyrapone were normal (Table 1). This patent was also treated successfully
with CV 205-502 (300 pg/day).

PATIENT 5. This 50 yr old male was admitted elsewhere, because of 2 supposedly
undifferentiated carcinoma of the nasal cavity. He was treated by surgery, radiotherapy
and application of chemotherapeutics to the tumor surface. CT-scan of the skull did not
show abnormalities in the sellar region. Because of the good clinical condition,
immung-histockemical re-evaluation showed the tumor to be 2 chromophobe pituitary
adenoma, because of the positivity for neuron-specific enolase, chromogranin and FSH.
Endocrine evaluation showed no abnormalities (Table I). At present only remnants of
the tumor can be detected at CT-scan examination.

PATIENT 6. This 44 yr-old woman was treated the same way as patient 5, because
of a supposedly esthesioneuroblastoma. The sellar region was normal at CT scan analysis.
After one and a half year the initial diagnosis was reconsidered because of the persistent
fatigne and headaches. Again, because of the same immuno-histochemical characters, the
diagnosis of a chromophobe pituitary adenoma was made. Endocrine evaluation showed
no abnormalities. During the use of 2 contraceptive drug, estradiol levels were low and
no LHRH test was done (Table I). This patient is currently symptom-free and regular
menstrual cycles have resumed one year after stOpping contraceptive drugs.

DISCUSSION

In previous studies we observed in 62 patients that if tumor size was greater than 3
e’ (lateral area) the occurrence of disturbances in hormone secretion in reaction to
TRH, LHRH and metyrapone rapidly increased (7). In the present study we report on
six patients with very large chromophobe pituitary tumors (all exceeding 3 ¢m?) in whom
no or only discrete abnormalities of anterior pituitary function and/or reserve were
found. In the two patients with chromophobe "non-functioning” pituitary tumors, in
contrast 1o the macroprolactinoma patients, the pituitary fossa was normal at radiological
examination. Interestingly all patients primarily presented themselves at the
otorhinologist. The localization, as well as the (virtnally) normal anterior pituitary
function, was the reason that the primary diagnosis of a pituitary tumor was delayed in
most of them. The original diagnoses were revised only after additional immuno-
histochemical investigation. A revision was done, however because of a good clinical
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condition in the follow-up. Medical therapy with dopamine agonists of large invasive
pituitary prolactinomas is successful. Both control of hormonal hypersecretion as well as
tumor shrinkage have been reported in most patients (8,9). Sometimes however,
shrinkage of the tumor ¢an result in liquorrhea. The central necrosis of the tumor during
dopamine agonist therapy as observed in patient 1 and 6 and liquorrhea (patients 1 and
5) pose extra risks for the develepment of local infections and/or meningitis. In patients
with "non-functioning” pituitary tumors extending into the pharyngeal pituitary area,
surgery, followed by radiotherapy seems the therapy of choice. Previously, evidence for
the existence of a pharyngeal pituitary, which persists into adulthood and which might
be the origin of pituitary tumor formation in scme patients was provided (10-15). The
data of the six patients described might favour a primarily pharyngeal origin in some of
them. Especially the existence of intact anterior pituitary function in four and the
tadiologically normal aspect of the pituitary fossa in two patients would support such a
concept. A majority of our patients, however, seem to bave primary pituitary tumors with
inferior extension into the nose and paranasal sinuses. Pituitary tumors, which primarily
infiltrate the paranasal sinnses and/or pharyngeal cavity seem to be rare disorders.
However, one must be aware of their existence. Overtreatment, as well as the
psychological burden of 2 diagnosis with a bad prognosis, ¢can be prevented in most cases
by the use of immuno-histochemical investigation and/or the measurement of circulating
PRI leveis. The right diagnosis at clinical presentation might limit the need of extensive
therapy in most patients to the use of dopamine agonists and/or radictherapy.
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NMR scan showing a large macroprolactinoma ©of Lthe nasopharyngeal
area with destruction ©f the sellar region in a 63 vyr old male
patient (patient 4).



TABLE L

HORMONE LEVELS IN SIX PATIENTS WITH A LARGE PITUITARY TUMOR
WITH INVOLVEMENT OF THE PHARYNX OR PARANASAL SINLUISSES

PAT. |SEX |AGE PRL T4 TSH | LHFSH Testost E2 (METYRAPONE
TESY
No |BAF | Y 2} b} c) e} d) f} 2]
megl | omoll  mUR Ut nmoll pmold
T |- M | 45| 75000 108 081 | 24773 130 - 232
2 F 61 4200 132 103 63107 -— 23 416
3 i | &t 5200 81 052 | 43/52 147 — 385
4 i 63 10700 70 080 | 26746 130 - -
5 24 50 38 85 135 t.1/54 20°% — 468
i
& F 44 6.5 186 1.88| 1.2/10 -— <20 423

the blondsamples were taken

a) : Profactin, N < 15 mcgfl

b} : N = 64-122 nmoll

)N = 02-4.2 mif

d} : Testosterone, N =10 - 20 nmoil

e:N=1-10UA

: This patient used a contmconceptive drug, at the time

) : Estradiof, N = 40 - 800 pmol

gl : De oxycortisol after & x 750 mg
of Mewyrapone orally, N > 350 nmolnt
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CHAPTER 9

RAPID REVERSAL OF ACUTE PSYCHOSIS IN
PATIENTS WITH SEVERE CUSHING’S SYNDROME
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Summary:

Therapy with the progesterone and cortisol receptor antagonist RU 486
(mifeprestone} has been previously reported to result in clinical and biochemical
improvement in patients with Cushing’s syndrome. In onr study, RU 486 rapidly reverses
symptems of acute psychosis in two patients with cortisol-secreting adrenal carcinomas,
for whom no other therapy was available.

Intreduction:

The properiies of RU 38486 (mifepristone ; 17-8-hydroxy-11B-(41-dimethyi-
aminophenyl)17-a-(1-propynyl)oesira-4,9-dien-3-one), a steroid with powerful blocking
activity at the progesterone and the glucocorticoid receptor, have been studied both in
vitre and in vivo * % % In normal humans, RU 486 blocks glucocorticoid negative
feedback at the hypothalamic-pitnitary level, inducing a compensatory increase in plasma
adrenocorticotropin {ACTH) and cortisol levels * °. In previous studies in patients with
Cushing’s syndrome, caused by ectopic ACTH production or adrenocortical cancer, RU
486 in doses from 5 to 22 mg/kg body weight daily, showed a clear clinical
improvement * ¢ 7. In our study, RU 486 had a rapid beneficial effect in reversing acute
psychosis and preventing further psychiatric symptoms in two patients with inoperable
end-stage cortisol-secreting adrenal cancers.

Case Reports:

Patient 1, a 43-year-old man had inoperable left-sided
adrenal cancer with extensive metastases to the liver and lungs. Very high circulating
cortisol {Table 1) and undetectable ACTH levels confirmed the clinical diagnosis of
Cushing’s syndrome. After receiving therapy with o°,p-DDD (1,1-dichlorodiphenyl-
dichloroethane; mitotane) (12 gram/day; body weight 74 kg) his mental state
deteriorated acutely. Different psychiatric states were observed during a peried of 8 to
12 hours; these included consecutive severe clouding of consciousness, mutism, and
psychosis with nihilistic delusions. His behaviour was unpredictable and he was
considered to be at high risk for suicide. Psychiatric symptoms improved within 12 k after
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the administration of RU 486 (800 mg) and all mental abnormalities disappeared within
24 hours. Therapy with RU 486 800 mg daily was continued, but after 5 days
hypoglycemic episodes oceurred and eosinophilia reappeared. The daily dose of RU 486
was lowered to 400 mg daily without side-effects. The patient died 2 weeks later from
renal insufficiency, caused by tumor obstruction of the inferior vena cava. Plasma cortisol
levels remained elevated and unchanged until death, but no psychiatric symptoms
reoccurred. Other signs and symptoms of Cushing’s syndrome had started to subside.

Patient 2, a 32-year-old woman, also developed Cushing’s syndrome because of
an inoperable left-sided adrenal canmcer with metastases to liver and lungs. Her
circulating cortisol level remained elevated (Table 1) and her ACTH level undetectable
after 7 weeks of therapy with ¢",p"-DDD (8 gram/day; body weight 52 kg}. She was
admitted with rapidly developing signs and symptoms of paranoid psychosis, including
depression, agitation, and hallucinations. Treatment with RU 486, 400 mg daily resulted
in improvement within 24 hours with the complete disappearance of psychiatric
symptoms within 3 days. These symptoms did not recur during the last 2 months of her
life. Cortisol levels remained unchanged and no evidence of adrenal insufficiency
(hypoglycemia or eosinophilia) was observed. Other signs and symptoms of Cushing’s
syndrome decreased during this period.

Discussion:

In the 1970s the role of intracellular receptors in the action of steroid hormones
was clarified ®. By creating a compound that would bind to the progesterone receptors
of target cells in the endometrium, but would not elicit intracellular changes, necessary
{for the nidation of a fertilized ovum, one would have a drug with strong contragestional
activity. Synthesized in 1980 as a pure antagonist of progesterone, RU 486 was found to
have a high affinity for progesterone receptors (without agonist activity) and also an anti
ghucocorticoid receptor action *2 By 1982 it was tested in humans for its ability to
interrupt either the luteal phase of the menstrual cycle or early pregnancy ® 1 ™', The
drug is also used in the chronic second-line treatment of metastatic breast cancer in
postmenopausal women * ¥, A single 400 mg dose of RU 486 induces a
glucocorticoid-blocking response that lasts at least 34 h. Their is a dose-dependent
competition between RU 486 and dexamethasone ™.

A wide range of mental abnormalities occur in patients with Cushing’s syndrome.
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Depression, often of psychotic nature, is the most frequent symptom and is accompanied
by a high risk for suicide . These symptoms of psychosis are difficult to treat and in
most instances do not respond to anti psychotic drugs ».

It has been previously reported that RU 486 results in clinical and biochemical
improvement in patients with Cushing’s syndrome ®’. We found that RU 486 was
probably usetul in rapidly reversing the severe acute psychiatric symptoms in two patients
with end-stage metastatic adrenal cancers. We chose a dose of 460 to 800 mg/day of RU
486 on empirical grounds. There is currently no way to distinguish between adequate or
excessive blockade of glucocorticoid action, making the recognition of adrenal
insufficiency in these patients difficult *.
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TABLE 1. Serum Cortigol Levels in the Two Studv Patients.

Patient Serum Cortisol”, nmol/l
Before treatment During o'p’-DDD During Therapy with
Therapy’ o'p"-DDD and RU 486
nmal/l
@ 2000-2500 1800-2200 18002200
23 1000-1500 800-1100 800-1100

Normal level at 08.00 hours is less than 450 nmol/l.
# o',p'~-dichlorodiphenyldichloroethane (Mitotane).
R Male; age 43 years.

$ Female; age 32 years.
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After the two patients described above we treated two additional patients with
Cushing’s syndrome with RU 486 (mifepristone). In the following the case histories of
these patients are presented, after which we tried to define what the place of
mifepristone is in the medical treatment of such patients.

Case 3:

This 61 yr old female was transferred to our hospital from a hospital elsewhere

because of suspected Cushing’s syndrome. She had been treated for a non-insulin
dependent diabetes mellitus for 13 years with a diet and oral antidiabetic drugs. During
the last three years, insulin had been needed to control serum ghucose levels. About six
weeks before admission in our hospital, she began to complain about swelling of the face,
abdomen and both feet. Also she developed polydipsia and polyuria. She was admitted
elsewhere because of hyperglycacmia, which needed treatment with additicnal insulin
intravenously. Because of a low potassium concentration in the blood (2.1 meg/L), as
well as z "moon’face, the diagnosis of Cushing’s syndrome was suspected. Indeed serum
cortisol levels were increased to three times normal (levels between 1300 and 1550
nmol/l; normal 300-450 nmol/1), and showed no diurnal variation, while serum cortisol
levels failed to decrease adequately after 1 mg of dexamethasone orally (950 nmol/L;
normal less than 140 amol/L). CT scanning of the sellar region revealed no
abnormalities, while both adrenal glands seemed slightly enlarged.
Treatment with ketoconazole was started at a dose of 1200 mg per day but no decrease
in cortisol levels was found after three days (plasma cortisel 1200 nmol/L). Because of
a sudden deterioration in the clinical condition it was decided to transfer the patient to
our hospital.

At admission she had signs and symptoms of Cushing’s syndrome, as well as a high
fever (above 40 °C) and there were signs of meningitis. Platelet levels were lowered (33
x 10 °/1; normal 150-350 x 10°/1) without evidence of intravascular coagulation. An X-ray
examination of the chest (made in bed) seemed normal.

Urinary cortisol level were increased (19800 nmol/day; normal less than 50¢ nmol/day).
Serum cortisol concentration was still elevated: 1048 nmol/I, while ACTH concentration
was very high (1930 ng/1; normal < 60 ng/1). In blood cultures a staphylococcus aureus
species was isclated and antibiotics were given intravenously {tcbramycin, rifampicin and
flucloxacillin). In the following two days the situation improved: body temperature
normalized, and the signs of meningitis disappeared, serum platelet levels remained low,
however, A new problem was a severe psychosis consisting of paranoia and visual and
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auditive hallucinations. We were dealing at that moment with a patient with severe
Cushing’s syndrorme without an evident cause. She had just survived a meningitis; she had
a persistent low platelet levels (11 x 10°/L), an acute psychosis and previous therapy for
72 h. with high dose ketoconazole had been shown to be unable to lower circulating
cortisol levels.

The decision was made to treat this patient with the cortisol receptor antagonist
mifepristone at a dose of 800 mg per day in combination with 2 x 1 mg of
dexamethasone in: order to prevent the possible development of hypocortisolism. Twelve
hours =zfter starting mifepristone administration the psychosis had completely
disappeared, while insulin requirement kad also decreased considerably. No eosinophilic
granulocytes were discovered in the peripheral blood at that time.

Te find out what was the cause of Cushing’s syndrome, we performed a scanning
with ™In-labelled octreotide. This indicated a region with high accumulation of
radioactivity in the lung, close to the hart, which was not visible on the X-ray
examination of the chest Also evidence for multiple deposits in the vertebra were
present. A bone marrow aspiration was carried out and metastatic tumor cells were
found which were compatible with an undifferentiated small cell carcinoma. Also the
circulating level of neuron-specific enclase was greatly elevated. The diagnosis of an
ACTH secreting small cell carcinoma of the lung with extensive metastases in the bone
was made. In the follow-up mifepristone therapy was maintained until the death of the
patient. Her mind remained clear until the end, despite of the very high circulating
cortisol levels.

Case 4:

This 57 yr old female had been treated elsewhere for tem years with
antihypertensive drugs and the diuretic furosemide for a moderate hypertension, Two
months before admission in our hospital, hyperglycemia was found after the patient
complained about polyuria and thirst. Not long before that, the patient had also been
seen by a neurologist because of unexplained proximal weakness of the muscles.

At admission elsewhere a high sodium level in the blood was found {169 mmol/1} in
combination of a low potassium level (2.6 mmol/1). Because of here appearance (skin
bruises, absence of subcutaneous fat) and these laboratory findings the presence of
Cushing’s syndrome was suspected. Indeed serum cortisol levels were elevated (1000-1200
nmol/I), while there was no night and day variation. During her stay in the hospital
eisewhere, she developed signs of a severe paranoia and threatened to commit suicide.
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Therefore she was transferred to our hospital for further analysis and wreatment of her
Cushing’s syndrome.

At admission we found a patient with all clinical signs and symptoms of Cushing’s
syndrome who was severely psychotic. She was bedridden, but had also extensive
decubitus. A dexamethasone suppression test was immediately performed by
admipistration of 7 mg dexamethasone intravenously in 7 hours, This caused a decrease
in serum cortisol level from 828 to 343 nmol/l, suggesting that she had pituitary-
dependent Cushing’s syndrome {Cushing’s disease). Then treatment with ketoconazole
1200 mg orally was started, which caused within 24 hours a decrease in certisol levels to
200 nmol/l. Her mental state improved significantly, although signs of the psychosis
reoccurred intermittently. Because of these periods of agitation it was impossible to
further analyze her (neuro)radiologically. These psychotic episodes persisted even 7 days
after the start of ketoconazole administration. Therefore it was decided to treat her
additionally with 600 mg mifepristone orally in combination with 60 mg hydrocortisone.
This combined medical therapy resulted in a disappearance of the psychotic episodes.
She underwent transsphenoidal hypophysectomy and recovered thereafter.

Discussion

Cushing’s syndrome can be the result of overproduction of ACTH by the pimitary
(Cushing’s disease) or by another (ectopic) source. {e.g. small cell lung cancer or other
APUDOMA’s). Also excessive production of cortisol by an adrenal ademoma or
carcinoma can be the cause of Cushing’s syndrome. When the etiology of the syndrome
is still unclear, while the severity of the disease necessitates direct treatment, currently
choices can be made between drugs which interfere with cortisol synthesis, like
aminogluthetimide, ¢’-p’-DDD, metyrapone and ketoconazole, and the cortisol receptor
blocking drug RU 486 (mifepristone).

Metyrapone, aminogluthetimide and o’-p™~DDD are no attractive possibilities,
because of their side-effects when used in the dose necessary for z rapid blockade of
cortisol production by the adrenal glands. Patients do complain about nausea, vomiting,
dizziness and skin rashes (aminogluthetimide), while neurotoxicity is a problem arising
in the treatment with o’-p-DDD. Also the overproduction of adrenal androgens and
mineralocorticoids resulting in hypertension, hypokalemic alkalosis, edema and hirsutism,
are reasons for avoiding the use ¢of metyrapone if possible.

Ketoconazole and mifepristone can both be used in the treatment of (severe)
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Cushing’s syndrome, znd the choice and (dis)advantages of beth drugs are discussed
below. Ketoconazole is an orally active antimycotic drug, which turned out to have also
potent inhibitory effects on gonadal and adrenal steroid synthesis by interfering with
several cytochrome P-45¢ dependent enzyme systems, e.g desmolase and 17-¢
hydroxylase.!

Several side-effects can occur when treatment with ketoconazole is initiated. Although
the drug is generally well tolerated, these side-effects do occur especially at the higher
dose necessary to control cortisol hypersecretion. Skin rashes, dyspepsia and episodic
diarrhea are mirnor side-effects, but (reversible) severe liver toxicity is a major side effect
which occurs rather frequently.

It has been demonstrated that ketoconazole effectively controls hypercortisolism in all
types of Cushing’s syndrome, but mostly case reports and only a few small series have
been reported> *° ¢ 7

A larger prospective study published recently by Sonino and coworkers observed 34
patients.® These authors show that in patients with pituitary dependent Cushing’s
disease, ketoconazole (400-800 mg daily) was capable of reducing cortisol levels to
normal in almost all patients (90%). In two patients ,however, cortisol levels did increase
again to above nermal level after 6 months of continuous ketoconazole therapy. In one
patient with an adrenal carcinoma and one with ectopic ACTH syndrome ketoconazole
doses of 1000-1200 mg daily were unable to control hypercortisoiism. Tabarin and
coworkers also reporied that in case of Cushing’s syndrome, due to ectopic ACTH
production, ketoconazole was unable to reduce hypercortisolism effectively in a number
of patients.’

In our patient with Cushing’s syndrome caused by ectopic ACTH secretion by a
smazll cell carcinoma of the lung {patient 3), ketoconazole also failed to reduce cortisol
levels, while in patient 4 (with Cushing’s disease) cortisol levels did decrease to normal
levels during ketoconazole therapy although psychiatric disturbances did only disappear
after the additional administration of mifepristone.

Synthesized in 1980 as a pure antagonist of progesterone, mifepristone (RU 486)
was found to have a high affinity for progesterone receptors (without agonist activity) as
well as for glucocorticoid receptors 1 ' By 1982 it was tested in humans for its ability
to interrupt either the luteal phase of the menstrual cycle or early pregnancy 2 13 %,
A single 400 mg dose of RU 486 induces a glucocorticoid-receptor blocking response that
lasts at least 34 h There is a dose-dependent competition between RU 486 and
dexamethasone *.

There secems at present no way how to distinguish between adequate or excessive
blockade of glucocorticoid action, which makes the recognition of the development of
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adrenal insufficiency in these patients difficult or impossible®, Recently it was shown
that excessive cortisol receptor blockade during mifepristone therapy can be antagonized
successfully by low dose prednisone and dexamethasone, however.”

In conclusion the acute blockade of the biological effects of hypercortisolism is
sometimes acutely mandatory in patients with Cushing’s syndrome of as yet unknown
etiology, especially in the case of acute psychosis or when another Life-threateming
disorders develop. At present we have in these cases available two therapeuniic
pharmacological options: the first is via a blockade of adrenal cortisol preduction, and
the second is via blockade of the biological effects of cortisol at its receptors. Treatment
with ketoconazole is the first choice of treatment, because of the relatively high efficacy
and low incidence of side-effects. However, the effects of ketoconazole appears in most
instances only after a few days, while even high doses of the drug are in minerity of cases
unable to reduce cortisol production. Both in the last situation (i.e. when ketoconazole
is unable to lower cortisol production) and if the clinical condition requires a rapid, more
or less acute total blockade of cortisol receptors (i.e. acute psychosis), the use of
mifepristone should be considered. Mifepristone seems more potent in reducing the
clinical symptomatclogy of hypercortisolism than ketoconazole, but the drug cannot be
tirrated very well because there are no objective biological parameters to measure its
effects. Omnly the development of hypoglycemia and the appearance of eosinophilic
granulocytes in the peripheral circulation are indirect signs of the development of clinical
adrenal insufficiency in the presence of high circulating cortisol levels.
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CHAPTER 10.

CURRENT THOUGHTS ABOUT OPTIMAL MEDICAL
THERAPY OF FUNCTIONING PITUITARY
ADENOMAS.
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This thesis provides some new information on the treatment of patients with
acromegaly, prolactinoma patients and patients with Cushing’s syndrome.

The treatment with acromegaly has considerably improved after the introduction
of octreotide. It has been shown in the past to be very difficult to "cure" a patient with
acromegaly by transsphenoidal operation. Control of hormonal hypersecretion can also
be achieved in part of the patients by octreotide therapy. Good selection of patients by
age, sex and tumor size is necessary. Not all patients need a transsphenoidal 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 transsphencidai surgery. Alsc one can predict the
uitimate efficacy of octrectide therapy in controlling hormomnal hypersecretion by
monitoring the degree of decrease of GH secretion after a single gift of octreotide. The
efficacy of bromocriptine can be predicted roughly by measuring the PRL concentration
together with the paradoxal rise of GH after TRH administration.

Pretreatment with octreotide of those patients, in whom a transsphenoidal operation is
indicated has been suggested to improve the outcome of surgery. However, in the 10
patients we investigated, we could not find such a positive effect.

If tumor size is a problem on its own, cctreotide is not the treatment of choice,
because the extent of tumor shrinkage is in most instances disappointing, possibly due
tG an elevation of intracellular GH concentration during octreotide therapy. In this case
surgery {often in combination with radictherapy) is mandatory. After surgery octreotide
therapy should be considered in order to control clinical symptomatology related to
residual acromegaly. It is uncertain as yet, whether this treatment is safe enough to allow
omission of post-operative radictherapy.

The treatment of prolactinomas has improved dramatically in the last 20 years.
Transsphenoidal hypophysectomy as primary treatment is almost never indicated any
more. Dopaminergic drugs are effective enough to control increased PRL production and
tumor growth in the vast majority of patients. Also considerable tumor size shrinkage
occurs In most patients. This by itself can be a problem in patients with very large
adenomas which infiltrate the base of the skull. Tumeor size reduction in these patients
can lead to severe problems as liquorrhea and meningitis.

An important problem remazins that bromocriptine, as the first clinically
introduced dopaminergic drug, has considerable side effects, which result in a decrease

144



in patient compliance in part of the patients. The development of newer, more specific
dopaminergic drugs e.g. CV 205-502, were shown to be an improvement in the therapy
of (macro}prolactinornas, with regard to the lower incidence of side-effects, as well as
with regard io their compliance, beczuse this dmg can be taken once daily.

The treatment of Cushing’s syndrome depends entirely on its cause. The diagnosis
of Cushing’s syndrome due to ectopic ACTH or CRH production seems to be improved
by the introduction of new precedures, like petrosal sinus catheterisation and the use of
NMR. In the case of ectopic hormone production, radicactive labelled somatostatin
analogues are promising new tools, both as a rapid and sensitive diagnostic procedure,
as well as a therapeatic appreach.

Also several other new drugs have become available. Both drugs blocking adrenal
cortisol production (e.g. ketoconazole) as well as cortisol receptor blocking agents like
mifepristone (RU 486} seem to have a place in the medical 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 treatment, monitoring the degree of cortisol
receptor blockade is difficult, if not impossible.

145






CHAPTER 11.

SUMMARY
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Treatment of pituitary diseases has changed considerably over the last 35 years.
Apart from the introduction of transsphenoidal surgery the development of dopaminergic
drugs, as well as of the somatostatin analog octreotide have been major steps forward
towards the control of the growth and hormonal hyperproduction by pituitary adenomas.
The improved understanding of the interaction between hormones and their receptors,
the knowledge about hypothalamic releasing factors and hormones, as well as the
development of RIA- and ELISA techniques for the measurement of circulating hormone
and growth factor levels have also contributed to this progress in treatment.

This thesis is dealing with some aspects of the medical treatment of
neuroendocrine disorders.

In Chapter 1, 2 survey of the literature is presented, which deals with the
diagnosis and current treatment of acromegaly, prolactinomas, Cushing’s syndrome and
TSH- and gonadotrophin-secreting adencmas.

In Chapter 2, the aims and scope of the thesis were listed.

In Chapter 3 we tried to answer the first question, which was: Is it possible to
predict the sensitivity of tumorcus GH release in acromegalic patients to treatment with
either bromocriptine or octreotide?

In this chapter we describe the results of a study, invelving a group of 100
untreated acromegalic patients, in which we investigated the relationship between age,
sex, pituitary tumor volume, serum GH, PRL and IGF-1 levels with the responsiveness
of GH to TRH, bromocriptine and octreotide.

The results confirmed that bigger pituitary adenomas secrete higher guantities of
GH (r=046; p<0.01). GH and IGF-I levels were reiated up till a certain cut-off level
of serum GH concentrations {in our case 40 ug/L), indicating that at this GH level
IGF-I production is maximally stimulated.

The severity of the disease tends to be less in elderly, especially male acromegalic
patients (using IGF-I levels and circulating GH levels as criteria). There was a
homogeneity in the responsiveness of tumorcus hormone secretion to TRH,
bromocriptine and octreotide. There was a close correlation between the responsiveness
of GH release to octreotide and bromocriptine (r=0.60; p<0.01), which might be of
clinical importance. (see also in chapter 4).
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The most important conclusion from our study was that elderly, especially male
patients show the highest sensitivity to the GH release inhibitory effects of octreotide.
Together with the conclusion that the activity of the disease in these patients tends to be
the lowest, we suggest that octreotide might be used successfully as a primary medical
therapy in these elderly acromegalics.

I Chapter 4 the results of a study in 51 acromegalic patients are presented, in
whom the dynamics of the acute effects of 50 ug octreotide subcutaneously, 2.5 mg
bromocriptine orally and the combination of these drugs were tested. In this way, we
tried to give an answer to question 2, which was: While both bromocriptine and
octreotide are proven to be useful in the treatment of acromegaly, cne can wonder
whether long-term treatment with a2 combination of both drugs might be of benefit in
clinical practice.

It appeared that octreotide produces in most patients a stronger and faster
suppression of GH levels than bromocriptine, while the combination of both drugs had
an additive effect in lowering GH levels, especially between 7 and 10 hours after drug
administration. Previous studies had shown that both the acute reaction of GH to a
single dose of 2.5 mg bromocriptine, as well as that to a single subcutaneous injection
of 50 ug octreotide closely predict the ultimate suppressive effect of chronic therapy with
these two drugs on circulating GH and IGF-I levels. GH secretion tends to escape from
suppression by octreotide towards every next injection when given in the usual three
times daily treatment scheme, therefore causing an insufficient suppression of IGF-I
producticn in part of the patients. Combination therapy of octreotide together with
bromocriptine may be effective especially in those acromegalic patients, in whom GH
levels show this "escape” towards each next injection of octreotide.

In Chapter 5, we tried to answer the next question: Octreotide therapy results in
pituitary tumor shrinkage in about half of acromegalic patients. However, the degree of
shrinkage is often marginal. Which factors play a role in the mechanism of octreotide
mediated tumor shrinkage?

In trying to anmswer this question we investigated the effects of incubation of
buman GH secreting pituitary adenoma cells for 4 days with 10nM octreotide on GH
release, intracellular GH concentrations, and GH mRNA levels. In all adenomas GH
release was significantly reduced. However octreotide induced a dose-dependent increase
(range 24-517%}) in intracellular GH levels in 6 out of 7 adenomas. Also bromocriptine
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induced an increase in intraceliular GH levels in ademcmas where it inhibited GH
secretion. These changes in secretion of GH (decrease) and intracellular GH content
(increasey were still present after three weeks of exposure to 10nM octreotide. The
changes appeared to be reversible, because withdrawal of cctrectide after 6 days of
incubation resulted in a decrsase in the accumulated intracellular GH concentration to
control levels. A time-dependent increase in mRNA concentration was found during
incubation with 10nM octrectide in 2 of the 3 adenomas tested. The third one showed
a slight decrease in the intracellular mRNA levels.

In corciusion it was demonsirated that long-term exposure of GH secreting
pimitary adenoma cells to octreotide In vitro causes an increase in the intracellular GH
concentration in a majority of the adenomas tested. Probably this is caused by an
increzse in GH mRNA within the tumor cell.

Although octrectide turns out to be quite effective in reducing the serum GH
coﬁcemratians, the corresponding reduction in pituitary tumor size was frequently
disappointing. This study gives a possible explanation of this phenomenon because we
found that the intracellular GH content increases during octreotide therapy. We
hypothesize that the relatively small tumor shrinkage in acromegalic patients as observed
during chronic octrectide therapy is the end result of a balance in which somatostatin
(analog) primarily inhibits GH secretion, without affecting its synthesis. This is initially
accompanied by a piling up of hormone within the tumor cells. This, however, is
secondarily followed by increased lysosomal degradation of the stored hormone. The
efficacy of this last intracellular mechanism probably defines the degree of tumor
shrinkage which is eventually reached during octreotide therapy.

In Chapter 6, we tried to answer the third question, which was: Is it possible to
improve the outcome of surgical treatment by pretreatment of acromegalic patients for
several menths with octreotide?

After ranssphenoidal surgery, GH levels of less than 5 pg/L are reached in less
than 30% of the patients with extrasellar extension of the adencma. In the literature it
has been claimed recently that the result of transsphenoidal operation for GH secreting
pituitary tumors was better after trezting several small groups of patients preoperatively
with ocireotide.

To investigate these findings properly, a prospective multicentre open label
randomized comparative study is currently performed by the Sandoz Company (Basel;
Switzerland) of 100 previously untreated acromegalic patients. These 100 patients were
randomly allocated to recelve either transsphencidal surgery or octreotide (administered
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subcutaneously 100 gg tid. for 2 peried of 4 roonths) pricr 10 surgery. This international
study has not been fnished yet.

We participated in this study by entering 20 patients and have analyzed the results, Mean
GH levels before and after 16 weeks of octrectide therapy were reduced significantly by
51% (244 = 165 vs 146 = 16.2 pg/l; p<0.05) in the group of 10 patients who were
treated preoperatively, while IGF-I levels had reduced from 7.5 = 1.4 mU/L before 1o
33 = 1.5 mU/1 after 16 weeks of octreotide therapy (p<0.05). Postoperatively, GH
levels were similarly reduced in the octrectide pretreated (244 = 16.5 to 143 = 12.5
rgfl; p<0.03) and in the control group (223 = 198 to 6.7 = 6.0 pg/l; p<0.03).
Immediately after surgery, IGF-I levels were reduced significantly in the octreotide
pretreated group (7.5 £ 14 t0 4.1 = 1.6 mU/L; p<{.05), while no reduction was found
in IGF-I concentrations in the control group {7.2 = 1.6 t0 7.9 = 2.4 mU/1). Eight ic ten

1

weeks after surgery, however, the reduction in IGF-I levels in the pretreated group were
not significant any more, in comparison with pretreatment values.

These findings suggest that pretreatment of acromegalic patients with octrectide
before surgery does not improve the outcome of surgery if circolating IGF-I levels are
used as criterium. We want to emphasize, however, that final conclusions can only be
drawn when the resuits of all 100 patients who enterad this study are analyzed.

In Chapter 7, the following question was answered: The occurrence of side-effects,
as well as the need for two or three daily doses of bromocriptine remain important
problems in the long-term treatment of prolactinomas. Can new dopaminergic drugs, like
CV 205-502, be used in macroprolactinoma patients, intolerant to bromocripting, in order
to reduce side-effects, and is a once daily administration of this new drug as effective as
two or three times daily administration of bromocriptine?

In this chapter we describe the effect of therapy with CV 203-502 of 12
macroprolactinoma patients and § patients with PRL secreting tumors, who were selected
because of previous repeatedly shown intolerance to bromocriptine. In the patients with
a macroprolactinoma, therapy with 0.075-0.450 mg CV 205-502 for 12 months reduced
PRL levels by 91.2 = 5.4 %. In the bromecriptine-intelerant patients, 0.075-6.306 mg CV
205-502 reduced PRI levels by 80.2 = 6.3 %.

There was a close correlation between pretreatment serum PRL levels and
pituitary tumor size while the decrease in tumor size after 12 moenths of CV 205-502

- therapy {(-74 = 6%) ccrrelated closely with the decrease in serum PRL levels {(p<0.01}.
CV 205-502 caused only mild and transient side-effects in a minority of the patients.
Therefore we conclude that this drug can be used 1o treat patients who have shown
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previous intolerance te bromocriptine. It is a potent dopaminergic drug, which at a single
once daily administration effectively controls PRL secretion and induces tumor shrinkage
in (macro)prolactinoma patients.

Inmacroprolactinema patients with normal anterior pitnitary function CV 205-502
caused a significant rise in serumn IGF-I concentrations. Although the cause of this is still
controversial, this increase in IGE-I levels and the possible ensuing anabolic effects might
contribute to the sense of well-being reported by most of the patients in this study.

In Chapter 8, we tried to answer the next question, which was: What is the
explapation for the fact that some patients with huge hypophyseal tumors present
themselves primarily with pharyngeal problems, and why do most of them have nermal
or almost normal anterior pituitary functions?

The findings of Erdheim (1904) of the existence of a pharyngeal pituitary in man
gave rise to the suspicion that remnants of the craniopharyngeal duct or the pharyngeal
pituitary might be the primary focus of tumor growth. There is uncertainty about the
physiological role of the pharyngeal pituitary which was shown to contain in the normal
situation at least seven hormone-producing cell types.

In previcus studies by Klijn in our clinic it was found in 62 patients that there was
a close relationship between tumor size of prolactinomas and the cccurrence of
secondary anterior pituitary insufficiency. If tumor size was greater than 3 cm? (lateral
area) the incidence of disturbances in anterior pituitary hormone secretion in the
reaction to TRH, LHRH and metyrapone was very high. In the study presented in
chapter §, we report on six patients with very large chromophobe pituitary tumors {all
exceeding 3 cm®) in whom no or only discrete abnormalities of anterior pituitary
functional reserve were found. In the four patients with macroprolactinomas the very
large tumors had caused radiological destruction of the sellar region. However, in the
two patients with chromophcebe non-functioning pituitary tumors the pituitary fossa was
normal at radiological examination. The nasal and/or paranasal (sinal) localization of
these very big pituitary tumors in patients with (virtually) normal anterior pititary
function: suggest that tumor growth in these patients originated from another than the
sellar region, i.e. from the pharyngeal pituitary.

The potential primary nasal origin of these tumors raises specific problems,
because shrinkage of the part of the tumor infiltrating the base of the skull and/or
pituitary fossa can result in liquorrhea. In two macroprolactinoma patients, central
necrosis of the tamor (with air-trapping) during dopaminergic drug therapy might have
been related to previous radiotherapy, but the localization poses extra risks for the
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development of local infections and/or meningitis.

In Chapter 9, we discussed the next question: In patients with severe Cushing’s
syndrome, acute psychiatric disturbances can be threatening, while they interfere with
normal diagnostic and therapeutic steps. Is it possible to improve the mental status in
these patients by the use of the cortisol receptor antagonist RU 486 (mifepristone)?

Firstly we describe 2 patients with severe Cushing’s syndrome with acute psychosis
related to hypercortisolism originating from (inoperable) adrenal cancers. Thereafter two
other patients are described with Cushing’s syndrome complicated by severe psychiatric
disturbances due to ectopic ACTH secretion from small ¢cell lung cancer and to Cushing’s
disease. In all four patients mifepristone (400-800 mg/day) rapidly reversed these severe
bouts of psychosis.

‘When the etiology of the syndrome is still unclear, but the severity of the disease
necessitates direct medical treatment, one chooses in general primarily for treatment with
ketoconazole. Several side-effects can occur after treatment with ketoconazole is
initiated. Especially Liver function disturbances limit its use. Also the effect of lowering
adrenal cortisol production in patients with Cushing’s syndrome occurs rather slowly over
days, while in part of patients with adrenal cancer and with ectopic ACTH syndrome
ketoconazole seems unable to control hypercortisolism, even if doses of 1000-1200 mg
daily are used.

A single 400-800 mg dose of RU 486 induces 2 rapidly occurring glucocorticoid

receptor blocking response which lasts at least 34 h., There is a dose-dependent
competition at the glucocorticoid receptor between RU 486 and glucocorticoids, like
prednisone and dexamethasone.
There is currently, however, no way to distinguish between adequate or excessive
blockade of glucocorticoid action, making the recognition of adrenal insufficiency in
these patients difficult. Mifepristone seems a drug which can be effectively used in the
control of acute psychosis of patients with Cushing’s syndrome or in the case of other
life-threatening complications. Close clinical supervision is needed, however, in order to
monitor the clinical course in these patients.
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In de laatste 25 jaar is er veel veranderd in de behandeling van hypofysaire
aandoeningen. Behalve de introductie van de transnasale hypofysectomie zijn vooral de
ontwikkeling van dopaminerge farmaca en het somatostatine-analogon octreotide
belangrijk geweest voor een verbetering in behandeling van hypofysaire hormonale
overproduktie door hypofyse-adencmen. Ock de grotere kennis van interacties tussen
hormonen en hun receptoren, en de ontwikkeling van RIA en ELISA
laboratoriumtechnieken ter bepaling van hermoon en groeifactor concentraties hebben
bijgedragen tot deze verbetering in de behandeling.

In dit proefschrift worden enkele nieuwe aspecten van de behandeling van
reuroendocriene stoornissen besproken.

In Hoofdstuk 1, wordt een overzicht van de Hteratuur gegeven, die de diagnostiek
en behandeling van acromegalie, prolactinomen, het syndroom van Cushing en TSH- en
gonadotrofine-producerende adenomen beschrijft.

In Hoofdstuk 2, worden de vraagstellingen van dit proefschrift vermeld.

In Hoofdstuk 3 is geprobeerd antweord te geven op de vraag of het mogelijk is
de gevoeligheid van GH producerende tumoren voor bromocriptine of ocireotide te
voorspellen.

In dit hoofdstuk beschrijven we de resultaten van een studie van 100
cnbehandelde acromegalie-pati€nten, waarbij de relatie werd onderzocht tussen leeftijd,
geslacht, tumorgrootte, serum GH- en IGF-I concentraties en de gevoeligheid van de
GH-secretie na toediening van TRH, bromocriptine en octreotide.

De resultaten bevestigen de eerdere bevinding dat grotere hypofyse tumoren
grotere hoeveelheden GIH secerneren (1=0.46; p<0.01). Serum GH- en IGF-I
concentraties vertoonden een significante correlatie, echter alleen bij patiénten met een
GH concentratie van 40 pg /L of minder. Bij deze GH concentratie is de IGF-I productie
waarschijnlijk maximaal gestimuleerd.

De ernst van de ziekte lijkt minder bij oudere, met name mannelijke acromegalie-
patiénten (hierbij IGF-I en GH als criterium gebruikend). Er was een significant
positieve correlatie aanwezig tussen de gevoeligheid van de hormoonsecretie door de
temor voor TRH, bromocriptine en octreotide. Ook werd een correlatie gevonden tussen
de gevoeligheid van de tumor voor octreotide en bromocriptine (r=0.60; p<0.01} voor
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wat betreft de daling in GH concentratie. (zie ook Hoofdstuk 4).

De belangrijkste bevinding van ons onderzoek is dat de GH secretie bij oudere,
met name mannelijke acromegalen de hoogste gevoeligheid voor octreotide vertoont. Dit
gegeven, tezamen met het feit dat de activiteit van de ziekte in deze groep pati&nten het
laagst lijkt te zijn heeft ons doen besluiten octrectide-therapie als een potentieel
succesvolie primaire therapie voor oudere patiénten te zien.

In Heofdstuk 4 worden de resultaten van een studie van 51 acromegalie-pati€nten
gepresenteerd, bij wie de acute effecten van 50 pg octreotide, subcutaan toegediend,
werden vergeleken met het acnte effect van 2.5 mg oraal toegediende bromocriptine,
alsook met de combinatie van deze medicamenten. Op deze manier hebben we getracht
een antwoord op vraag 2 te geven, welke luidde: Omdat zowel bromocriptine en
octreotide een bewezen gunstig effect hebben bij de behandeling van acromegalie, kan
men zich afvragen of wellicht langdurige therapie met een combinatie van deze farmaca
een klinisch bruikbare methode kan zijn.

Het bleek dat bij de meeste patiénten octreotide een sterkere en meer langdurige
onderdrukking van de GH secretie bewerkstelligde, terwijl de combinatietherapie een
additief effect bleek te hebben, speciaal tussen 7 en 10 wur na toediening. Eerdere
studies hadden aangetoond dat de acute reactie van GH op zowel een enkele dosis van
2.5 mg bromocriptine als een enkele injectie van 50 ug octreotide vrij nauwkeurig het
uiteindelijke effect van chronische therapie met deze medicamenten voorspelien. GH
secretie neigt onder de suppressie van octreotide te ontsnappen, met name vlak voor elke
nieuwe injectie, wanneer het standaard schema van drie maal daags een injectie wordt
aangehouden. Dit kan ¢en onvolledige suppressie van de IGF-I productie veroorzaken
bij een deel van de patiénten. Combinatie-therapie met zowel octreotide als
bromocriptine zcu derhalve van nut kunnen zijn vooral voor patiénten bij wie de GH
secretie onder de octreotide suppressie lijkt te ontsnappen vlak voor elke nieuwe injectie.

In Hoofdstuk 5 is geprobeerd antwoord te geven op de volgende vraag: Therapie
met octrectide resulteert in afname van de tumorgrootte in ongeveer de helft van de
acromegalie-pati®nten. De mate van afname in greotte is echter vaak gering. Welke
factoren spelen een rol in het mechanisme van tumorschrompeling tijdens therapie met
octreotide.

In een poging deze vraag te beamtwoorden hebben we de effecten onderzocht van
incubatie van menselijke, GH-secernerende tumorcellen met 10 oM octreotide gedurende
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4 dagen op de intracellulaire GH- en GH mRNA concentraties.

In alle adencmen werd de GH secretie significant geremd. In 6 van de 7
adenomen vercorzaskte octrectide echter een dosisafhankelijke toename van de
intracellnlaire GH concentratie (range 21-517%). OQok bromocriptine veroorzaakie een
toename van de intracellulaire GH concentratie in die adenoomcellen waarin het een
remming van de GH secretie bewerkstelligde. Deze bovengenoemde veranderingen in
GH secretie en intracellulaire GH concentratie waren na 3 weken blootstelling aan 10
nM cctreotide nog steeds aanwezig. De veranderingen bleken reversibel, omdat het
verwijderen van octreotide uit het medium na een incubatie van 6 dagen leidde tot een
afpame van ket in de tumorcel opgehoopte GH tot het controlenivean.

In 2 van de 3 onderzochte tumoren werd een tijdsafhankelijke toename van de
intracellulaire mRNA concentraties tijdens incubatie met octreotide gevonden. De derde
tumor toonde echter een geringe afname van de mRNA concentratie.

Concluderend kan gesteld worden dat chronische blootstelling van menselijk GH
producerende hypofyse-tumorcellen aan octreotide leidt tot een toename van de
intraceliulaire GH concentratie in een meerderheid van de onderzochte adenomen.
Mogelijkerwijze is dit een gevolg van de toename in GH-mRNA in de tumorcel.

Hoewel octreotidetherapie goed in staat is een daling in serum GH concentraties

te bewerkstelligen, blijkt de corresponderende reductie in tumorgrootte wvaak
teleurstellend. Deze studie verschaft een mogelijke verkiaring voor dit fenomeern, omdat
wij een toename in de intracellulaire GH concentrzatie vonden tijdens behandeling met
octreotide.
Wij vermoeden dat de relatief geringe afname van de tumorgrootte bij acromegalie-
patiénten tijdens behandeling met ocireotide het eindresultaat is van een balans, waarbij
somatostatine (analogon) aanvankelik de GH secretie remt zonder de synthese te
beinvloeden. Dit gaat aanvankelijk gepaard met een stapeling van het GH in de
tumorcel. Dit wordt echter gevolgd door een toename in de lysosomale afbraak van het
opgestapelde hormoon. De effectiviteit van dit laatstgencemde mechanisme bepaalt
waarschijnlijk de uiteindelijke mate van afname in tumorgrootte welke wordt bereikt
tijdens langdurige behandeling met octreotide.

In Hoofdstuk 6 is geprobeerd om antwoord op de derde vraag te verkrijgen, welke
als voigt luidde: Is bet mogelijk om de postoperatieve resultaten van een transsfenoidale
operatie ter behandeling van acromegalie te verbeteren door patiénten verscheidene
maanden voor te behandelen met octrectide.

Bij slechts 30% van de patiénten met een hypofyseproces met extrasellaire
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uitbreiding van het adenoom wordt na transsfenoidale chirurgie een GH concentratie van
Keiner dan 5 pg/L bereikt. Uit recent onderzoek bij kleine groepen patiénten kwam
naar voren dat het resultaat van een transsfenoidale operatie voor GH producerende
hypofysetumoren zou kunnen worden verbeterd door preoperatieve voorbehandeling met
octreotide.

Om dit gegeven nader te onderzoeken werd een prospectief, open, vergelijkend
en gerandomiseerd onderzoek gestart door de firma Sandoz (Bazel; Zwitserland), waarin
100 ombehandelde acromegalie patiénten werden opgenomen. Deze 100 patiénten
werden gerandomiseerd om of direct te worden geopereerd middels transsfencidale
chirurgie, of eerst gedurende 4 maanden te worden voorbehandeld met octreotide
(subcutaan toegediend in een dosering van 100 ug drie maal per dag). Deze
internationale zgn "multicentre” trial is op dit moment nog niet begindigd. In deze studie
werd door ons met 20 patiénten deelgenomen en de resultaten werden gedeeltelijk
geanalyseerd. In de groep patiénten welke werden voorbehandeld daalde de gemiddelde
GH concentratie na 16 weken behandeling met octreotide daalde met 51% in
vergelijking met de uitgangswaarden voor theraple. (24,4 = 16,5 vs 14,6 = 16,2 ug/L;
p<90,05). In deze groep pati€énten daalde het IGF-I gehalte in dezelfde periode van 7,5
= L4 mU/L naar 3,3 = 1.5 mU/L (p<0,05). Het postoperatieve GH gehalte was zowel
in de met ccireotide voorbehandelde (24,4 = 16,5 naar 14,3 = 12,5 ug/L; p<0,05), als
in de niet voorbehandelde groep patiénten (22,3 = 19,8 naar 9,7 = 6,0 pg/L; p<0,05)
gedaald. Direct (7 dagen) na chirurgie waren de IGF-I concentraties significant gedaald
in de met octreotide voorbehandelde groep (7,5 + 1,4 naar 4,1 + 1.6 mU/L; p<(,05):
maar de niet voorbehandelde groep Het direct na operatie geen significante daling zien
in de IGF-I concentratie (7,2 = 1,6 naar 7,9 = 2,4 mU/L). Acht tot tien weken na
operatie echter was er in de voorbehandelde groep geen significante reductie in IGF-I
concentratie ten opzichte van de uitgangsconcentratie meer meetbaar.

Dit suggereert datvoorbehandeling van acromegalie-patiénten met octrectide voor
transsfenoidale chirurgie de postoperatieve resultaten niet beinvloedt, wanneer het IGF-I
gehalte als parameter gebruikt wordt. We wijzen er echter op dat de slotconclusie van
dit onderzoek pas getrokken kan worden wanneer de resultaten van alle 160 patiénten
die in het onderzoek werden opgenomen bekend en geanalyseerd zijn.

In Hoofdstuk 7 werd de volgende vraag beantwoord: Het optreden van
bijwerkingen, zowel als de noodzaak om bromocriptine drie maal daags toe te dienen,
blijven belangrifke problemen bii de lange termijn behandeling van
prolactinoompatiénten. Knnnen bij patiénten intolerant voor bromocriptine wellicht beter
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meer moderne dopaminerge medicamenten, zoals bijvoorbeeld het CV 205-502, gebruikt
worden, waardoor er minder bijwerkingen optreden en kan in zo'n geval de toediening
slechts één maal per dag geschieden in plaats van drie maal per dag zoals dat bij de
behandeling met bromocriptine het geval is?

In dit hoofdstuk zijn de resultaten beschreven van een onderzoek naar de
effectiviteit van de behandeling met CV 205-502 van 12 macroprolactinoompatiénten en
8 patitnten met PRL-secernerende hypofysetumceren, die waren geselecteerd op grond
van een herhaald opgetreden intolerantie tegen bromocriptine. Tn  de
macroprolactinoompatiénten leidde behandeling gedurende één jaar met CV 205-502
tot een daling van het PRL gehalte met 91,2 + 54% (doses 0,075-0,450 mg). Na één
jaar behandeling met 0,075-0,300 mg CV 205-502 werd het serum PRI gehalte in de
patiénten groep, intolerant voor bromocriptine, gereduceerd met 80,2 * 6,3%.

Er bestond een duidelijke correlatie tussen de serum PRL concentratie voor
behandeling en de tumorgrootte, terwijl de afname in de tumorgrootte na 12 maanden
behandeling met CV 205-502 (-74 = 6%) een correlatie vertoonde met de mate van
afname vant het serum PRL gehalte (p<0,01). Slechts een klein aantal pati®nten
vertoonde geringe voorbijgaande bijwerkingen tijdens de behandeling met CV 205-502.

Wij concluderen derhalve dat CV 205-502 gebruikt kan worden bij pati€énten met
intolerantie voor bromocriptine. Daarnaast verlaagt het in een één maal daagse dosering
de PRL secretie van macroprolactinoompatiénten effectief, terwijl daarbij ook de
mmorgroctte aanzienlijk wordt gereduceerd.

In macroprolactinoompatiénten met een intacte hypofysevoorkwabsfunctie
veroorzaakt CV 205-502 een significante stijging van de serum IGF-I concentratie.
Alhoewel het werkingsmechanisme van dit fenomeen nog onduidelijk is, kan deze stijging
in de serum IGF-I concentratie, en de daarbij passende positieve metabole uitwerking
bijéragen aan de toename van het gevoel van algemeen welbehagen, dat werd
gerapporteerd bij de meeste patiénten in deze studie.

In Hoofdstuk 8 werd getracht de volgende vraag te beantwoorden, welke luidde:
Wat is de verklaring voor het feit dat somumige pati€nten met zeer grote
hypofyseturoren zich aanvankelijk presenteren met primaire neus-kee] problemen, en
waarom hebben deze patiénten een normale- of bijna normale
hypofysevoorkwabsfunctie?

Erdheim beschreef in 1904 voor het eerst het bestaan van een pharyngeale
hypofyse in de mens. Wellicht is het mogelijk dat overblijfselen van de ductus
craniopharyngeus of deze pharyngeale hypofyse het primaire focus van tumorgroei zijn.
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Of er een fysiologische rol voor de pharyngeale hypofyse bestaat is niet duidelijk, maar
wel zijn er in de normale situatie in dit orgaan tenminste 7 typen hormoon-producerende
cellen aangetoond.

In een eerdere studie in ons instituut door Klijn en medewerkers in 62 patiénten
is gebleken dat er een sterk verband bestaat tussen tumorgrootte van prolactinomen en
het opireden van een hypofysevoorkwabsinsufficiéntie. Als de oppervlakte van een tumor
(laterale CT meting) de 3 cm® te boven gaat was de incidentie van een gestoorde reactie
op TRELLHRH en metopiron zeer hoog In de studie, vermeld in hoofdstuk 8
beschrijven wij 6 patiénten met zeer grote chromofobe bypofysetumoren, alle met ecen
oppervlakte van meer dan 3 cm, waarbij geen- of slechts geringe afwijkingen in de
hypofysevoorkwabsfunctie werden aangetoond. Bij de 4 onderzochte patiénten met zeer
grote macroprolactinomen had de tumor radiologisch een destructie van de regio rond
de sella turcica hadden veroorzazakt. Bij de 2 patiénten met een niet producerend
hypofyseproces echter was de hypofysaire fossa radiologisch geheel imtact. De nasale
en/of paranasale (sinus) lokalisatie van deze zeer grote tumoren, waarbij de
hypofysevoorkwabsfunctie geheel of praktisch gebeel intact Dblijft, suggereert dat de
corsprong van deze tumoren bij deze pati€nten in een andere regio dan de sella turcica
is gelegen, bijvoorbeeld de pharyngeale hypofyse.

De mogelijk primair nasale oorsprong van deze tumoren levert specificke
problemen op, omdat tumorschrompeling van het gedeelte van de tumor dat de
schedelbasis infiltreert liquorrhoea kan veroorzaken. Bij 2 patiénten ontstond tijdens
therapie met dopaminerge medicamenten centrale tumornecrose, waarbij bij radiologisch
onderzoek lucht aanwezig bleek binnen de tumor. De lokalisatie geeft een verhoogd
risico op het omtwikkelen van locale infecties en/of een meningitis.

In Hoofdstuk 9 wordt de volgende vraag bediscussicerd: Bij patiénten met een
ernstig syndroom van Cushing kunnen levensbedreigende psychiatrische stoornissen
optreden, welke kurnen interfereren met de diagnostische procedures, nodig voor een
uiteindelijke behandeling. Is het mogelijk de geestelijke situatie bij deze patiénten te
verbeteren door gebruik te maken wvan het glucocorticoidreceptor-blokkeerende
geneesmiddel RU 486 (mifepriston)?

Allereerst beschreven we in dit hoofdstuk twee patiénten met een ernstig
syndroom wvan Cushing, gecompliceerd door een acute psychose, temgevolge van
bypercortisolisme door (inoperabele) bijnierschorscarcinomen. Daarna beschreven we
twee andere patiénten waarvan één met een syndroom van Cushing tengevoige van
ectopische ACTH productie door ¢en kleincellig ongedifferentieérd longearcinoom en
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de ander met de ziekte van Cushing. Bij alle 4 pati€nten was mifepriston (400-860
mg/dag) in staat om de ernstige psychiatrische stoornissen suel te laten verdwijnen.

‘Wanneer de corzaak van het syndroom van Cushing nog niet is opgeklaard, terwijl
de ernst van de ziekie direct medisch ingrijpen noodzakelijk mazkt, zal men in het
algemeen kiezen voor een primaire behandeling met ketoconazol. Tijdens behandeling
met ketocomazol kunmen echter ernstige bijwerkingen optreden. Met name
leverfunctiestoornissen kunnen het gebruik ervan onmogelijk maken. Ook het gewenste
resultaat, te weten het verminderen van de cortisolproductie door de bijnierschors kan
dagen op zich laten wachten, terwijl daarnaast bij een aantal patiénten met een
bijuierschorscarcinoom of een ectopisch ACTH syndroom ketaconazol niet in staat bleek
te zijn om een effectieve controle van de preductie van cortisol te bewerkstelligen, zelfs
niet in doses van 1000 tot 1200 mg per dag.

Een enkelvoudige dosis van 400-800 mg mifepriston veroorzaakt een snelle

blokkade van de glucocorticoidreceptoren, welke tenminste 34 uur aanhoudt. Er blijkt
een dosis-afhankelijke competitie te bestaan van de ghicocorticoidreceptoren tussen
mifepriston en glucocorticoiden als dexamethason en prednison. Op dit moment echter
is er geen methode om een onderscheid te maken tussen een gedeeltelijke, of een te ver
doorgevoerde blokkade van de glucocorticoidreceptoren door mifepriston. Hierdeor is
het witermate moeilijk om een opiredende bijnierschorsinsufficiéntie bij deze patiénten
goed te berkennen.,
Mifepriston lijkt een medicament dat effectief gebruikt kan worden bij patiénten met een
syndroom van Cushing ter comtrole van een acute psychose, of in het geval van een
andere levensbedreigende complicatie. Intensieve klinische observatie is echter
noodzakelijk om het klinisch verloop van deze patiénten goed te kunnen bewaken.
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