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This article reviews the current general approach to the
biochemical diagnosis and the treatment of pituitary tu-
mors with special reference to medical treatment with
dopamine agonists and somatostatin analogs. Dopamine
agonists are the treatment of choice in patients with
prolactin producing tumors. Octreotide is a major ad-
vance in the adjunctive treatment of growth hormone
producing tumors. Trans-sphenoidal surgical decom-
pression remains the primary treatment modality in
gonadotrofinomas, clinically non-functioning pituitary
tumors and thyroid stimulating hormone (TSH) producing
tumors. Adrenocorticotrophin (ACTH) producing tumors
are treated primarily by selective adenomectomy. The
biochemical diagnosis of Cushing’s syndrome is com-
plex. Bilateral inferior petrosal sinus sampling for ACTH
measurement is highly reliable in the differential
diagnosis of ACTH dependent Cushing’s syndrome, but
needs expertise.
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Introduction

Pituitary adenomas are the most frequently
occurring tumor type in the sellar area. Prolactino-
mas represent approximately 40% of pituitary
adenomas, gonadotrofinomas and clinically non-
functioning tumors 30%, growth hormone pro-
ducing tumors 20%, adrenocorticotrophin (ACTH)
producing tumors 10%, whereas hypersecretion of
thyroid stimulating hormone (TSH) by pituitary
tumots occurs in less than 1% of cases. Clinical
symptomatology is due to excess hormone secretion
(prolactinoma syndrome, acromegaly, Cushing’s
disease, hyperthyroidism) and/or to a mass effect of
the tumor (hypopituitarism, visual disturbances,
cranial nerve palsies, headache) in patients with
macroadenomas. The majority of prolactin pro-
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ducing tumors are microadenomas with a diameter
of less than 10 mm and preferentially occur in
women; macroptolactinomas are found more
frequently in men. Most growth hormone produc-
ing tumors are macroadenomas of moderate size.
ACTH producing tumors are microadenomas in at
least 70% of cases. Gonadotrophin producing
tumors, clinically non-functioning tumors and TSH
producing tumors characteristically present as large
slow growing adenomas. Neuroadiographic evalu-
ation of pituitary tumors is carried out by computed
tomography (CT) or magnetic resonance imaging
(MRI). In macroadenomas both scans are equally
diagnostic, but MRI offers more information on
pituitary morphology and neighboring structures.
MRI is also more sensitive in the detection of
microadenomas. However, in general, both techni-
ques fail to detect microadenomas with a diameter
of less than 3 mm.

Recent studies have shown that most pituitary
tumors are of monoclonal origin, strongly support-
ing somatic mutation of a single cell as a key event
in neoplastic transformation."* This is illustrated by
the finding of G-protein mutations in a subset of
growth hormone producing tumors.”> Attempts to
correlate the presence of G-protein abnormalities
with clinical features and growth hormone
dynamics in acromegaly are still inconclusive.**

Optimal therapy of pituitary tumors theoreti-
cally includes total removal of the tumor with rapid
normalization of hormone production without the
induction of secondary pituitary insufficiency.
The classic treatment modalities of neurosurgery
and radiotherapy have been broadened by medical
treatment during the last 20 years. This article will
review the current general approach to the
biochemical diagnosis and the treatment of pituitary
tumors with special reference to medical treatment
with dopamine agonists and somatostatin analogs.
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Prolactin producing pituitary
tumors

Prolactin secretion is primarily under the tonic
inhibition of dopamine, synthesized in the hypotha-
lamus and transported to the anterior pituitary via
the hypothalamohypophyseal portal capillary sys-
tem. Prolactin secretion is pulsatile. Exercise and
stress stimulate prolactin secretion. Pregnancy is the
most important cause of physiologic hyperprolacti-
nemia. Estrogen induced hyperplasia of the
lactotroph cell is associated with rising prolactin
values, reaching peak levels in the third trimester.
Post partum plasma prolactin values remain high
for several months in breast feeding, with sharp
surges in prolactin secretion occurring during
suckling; in women who do not breast feed, plasma
prolactin values decrease rapidly to normal values
within 2 weeks. Although the upper limit of the
normal range of plasma prolactin is often quoted at
0.36 U/l for men and 0.48 U/l for women
(1 U = 25 pg), it really extends to 0.8 U/l because
of the skewed normal distribution. Plasma prolactin
values below 1 U/l are rarely of clinical signifi-
cance.’

Pathological hyperprolactinemia is associated
with inhibition of hypothalamic gonadotrophin
releasing hormone (GnRH) pulse generator activity
and, consequently, inhibition of pituitary gonado-
trophin secretion by a mechanism involving
hypothalamic dopaminergic and opiodergic signals.
In addition, hyperprolactinemia may directly alter
pituitary sensitivity to GnRH. The clinical picture
is characterized by menstrual irregularities and
amenorrhea in women, and by loss of libido and
impotence in men. Gonadal steroid deficiency may
induce osteoporosis. Due to a direct effect of
prolactin on breast tissue, galactorrhea may be
induced in both sexes.

Pathological hyperprolactinemia is usually caused
by a prolactinoma or by the use of drugs, including
dopamine depletors (reserpine, a-methyldopa) and
dopamine receptor antagonists (phenothiazines,
butyrophenones, metoclopramide and the anti-
depressant amoxapine). Other causes include
hypothalamic lesions, primary hypothyroidism,
chronic renal failure and liver failure.®

There is no generally accepted biochemical test
method to differentiate between the various causes
of hyperprolactinemia.

The estimated prevalence of prolactinomas is
1:1050 in women and 1:2800 in men.” Micro-
prolactinomas are characterized clinically by the
direct effect of hyperprolactinemia on gonadal
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function. The growth potency of microprolactino-
mas is small; progression to the development of
macroprolactinomas is less than 5%.'® Spontaneous
remissions may occur.!" Macroprolactinomas are
characterized both by a direct effect of hyperpro-
lactinemia on gonadal function and by a mass effect.
Untreated macroprolactinomas continue to grow.
In patients with prolactinomas the size of the tumor
typically correlates well with the plasma prolactin
level. However, clinically non-functioning pituitary
tumors and other peripituitary masses may be
associated with hyperprolactinemia as a result of
stalk compression and functional disconnection of
the pituitary from the hypothalamus. Extensive
studies have shown that prolactin levels over 6 U/l
almost always turn out to be associated with
macroprolactinomas, whereas prolactin levels be-
low 2.5U/l are likely to be associated with a
clinically non-functioning pituitary tumor or a
peripituitary mass. Between these limits either
diagnosis is possible.'?

Clinical observation may be sufficient in some
patients with microprolactinomas, but most have to
be treated because of gonadal dysfunction with
menstrual cycles occurring less than every 8 weeks,
infertility or severe galactorrhea. Initial results of
selective trans-sphenoidal adenomectomy are excel-
lent, but the recurrence rate is high."”> Medical
treatment with dopamine agonists is now con-
sidered to be the first therapeutic approach.'* Most
experience has been obtained with the ergot
derivative bromocriptine. Bromocriptine has been
shown to be effective in normalizing plasma
prolactin levels in over 90% of patients. Menses can
be expected to return within 2 months in about 75%
of patients. During the first 2-3 months of
treatment the patients use barrier methods of
contraception. Once plasma prolactin is normalized
and no pregnancy is desired, the contraceptive pill
may be used since during continued bromocriptine
treatment estrogens do not cause progression of
hyperprolactinemia or tumor growth.'” The dose of
bromocriptine needed to normalize plasma pro-
lactin values is usually low (2.5-7.5 mg). Bromo-
criptine withdrawal after 1 year of treatment is
associated with a remission in about 10% of
patients.'® Bromocriptine resistance is also observed
in about 10% of patients."”

The results of neurosurgery in patients with
macroptolactinomas are very poor and normopro-
lactinemia is reached only occasionally.'* Dopamine
agonists are the treatment of choice for patients
with macroprolactinomas as both normalization of
plasma prolactin levels and tumor size reduction are



observed in the majority of patients.'**’ Meta-
analysis of 271 patients with macroprolactinomas
from 26 series receiving dopamine agonist therapy
for at least 4 weeks showed that significant tumor
shrinkage (greater than 25%) was observed in 215
cases (79%) and of 115 patients treated for longer
than 1 year such shrinkage was shown in 83%. Of
the 215 tumors that shrank by 25% or more, 58%
attained a normal serum prolactin during the period
of observation.! Of particular interest are the
results of our study of 19 patients treated with
10-20 mg bromocriptine daily in four divided doses
for a mean period of 4.4 years; plasma prolactin
normalized in 17 patients, and tumor size reduction
by more than 75% was observed in 17 patients and
by 50-75% in two patients.”? Both the relatively
long observation period and the fixed dose regimen
of bromocriptine regardless of the plasma prolactin
lowering effect may have contributed to these
excellent results. Tumor size reduction is due to a
decrease in the volume of individual tumor cells due
to a decrease in the size of the hormone-
synthesizing apparatus. Tumor shrinkage may lead
to a return of normal function in one or more
endocrine axes and restoration of visual dis-
turbances.'®? At this stage CT scans typically show
hypodense tumor remnants and a hyperdense
pituitary gland in an eccentric position connected
with a displaced pituitary stalk.”>** The medical
treatment of macroprolactinomas has clearly shown
that hypopituitarism in patients with macro-
adenomas may be functional and therefore
reversible.”®

Withdrawal of dopaminergic therapy within 1
year in patients with macroprolactinomas is
associated with a rapid rise of plasma prolactin
levels and may lead to rapid tumor expansion.”’
Therefore, definitive ablative treatment by radio-
therapy is advised once the macroadenoma has
shrunk to within the confines of the pituitary fossa
during bromocriptine treatment.”” However, there
is increasing evidence that long-term dopami-
nergic therapy may be curative in some patients.*
Morphological studies carried out on tumor
specimens after long-term bromocriptine treatment
not only showed atrophic tumor cell nests, but also
pycnosis, karyolysis, necrosis, fibrosis, hyalinosis
and inflammatory cell infiltration suggestive of
cytocidal effects.”” Johnston e# a/.?® studied the effect
of dopamine agonist withdrawal in 15 patients who
had been treated for macroprolactinomas for 1.5-7
(mean 3.7) years. Hyperprolactinemia redeveloped
in 14 patients, but only one patient had a marginal
increase in tumor size within 3 months. In another
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study persistent remission of hypetrprolactinemia
was reported in nine of 59 patients with
macroprolactinomas treated for 4-10 years.” We
studied the results of dopamine agonist withdrawal
in 12 patients with macroprolactinomas who had
been treated with bromocriptine for a2 mean period
of 4.9 years (range: 3.5-7 years); a stable reduction
of plasma prolactin levels was obtained in three
patients followed up for 1 year and tumor
re-expansion occurred in only one patient.*® Thus,
tumor re-expansion after withdrawal of long-term
dopaminergic therapy is an exception, rather than
a rule.

We propose to interrupt the medical treatment
of macroprolactinomas after 4 years and to
reinstitute medical treatment in patients with
recurrent hyperprolactinemia and/or tumor re-
expansion. This procedure may be repeated every
2 years.

Careful follow up is necessary in patients with
persistent normoprolactinemia and no evidence of
tumor re-expansion. In patients with micro-
prolactinomas treatment may be interrupted for the
first time after 2 years. Follow up is restricted to
measurement of plasmaprolactin levels.

Bromocriptine has a relatively short duration of
action and is usually given in two or three daily
doses. Side-effects include dizziness, headache,
nausea, vomiting, orthostatic hypotension and
nasal congestion. The incidence and severity of
these side-effects is greatly diminished by the
gradual introduction of the drug over a period of
days or weeks and by giving the drug in the middle
of a meal.

Despite these precautions side effects remain
bothersome in 5% of patients during chronic
treatment. New formulations of the drug and new
dopaminergic drugs have been developed to
overcome these drawbacks. Parlodel LAR (long
acting repeatable) is a repeatable depot injection of
bromocriptine which may be given deep intra-
muscularly at monthly intervals.">?" Cabergoline
is structurally related to bromocriptine and, due to
its very long lasting prolacting lowering activity,
the drug may be given orally once weekly.”> CV
205-502, a nonergot dopamine agonist which specifi-
cally stimulates the D2 receptor, can be given orally
once daily.””* Both cabergoline and CV 205-502
are better tolerated than bromocriptine.**** Recent
studies also suggest that CV 205-502 may overcome
bromocriptine resistance in about 50% of cases due
to its higher affinity towards the D2 receptor.”

The usual strategy in the treatment of prolactino-
mas is to use the minimum dose of a dopamine
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agonist required to keep plasma prolactin values
within the normal range.’® However, clinical studies
after drug withdrawal showed that circulating
prolactin levels tended to remain lower than those
before treatment and these favorable effects were
more evident in patients treated with the highest
dose of the dopamine agonist.”®* Whether the dose
of the dopamine agonist is a separate factor deter-
mining the chances for a permanent remission
remains undecided at present.”

Growth hormone (GH) producing
pituitary tumors

GH secreting pituitary tumors induce acromegaly.
Recent epidemiologic studies have indicated an
incidence rate of 3.3 per million per year and a
prevalence rate of 66 per million.”” There is also
clear epidemiologic evidence for an increased
mortality rate due to cardiovascular disease and
cancer related mortality.”’*® Hyperprolactinemia
occurs in approximately one third of patients with
GH secreting adenomas; prolactin is most fre-
quently secreted from a mixed population of
somatotroph and lactotroph tumor cells, but
occasionally from a bihormonal somatomammo-
troph adenoma. The clinical picture of acral
enlargement and soft tissue overgrowth produced
by GH is mediated largely by somatomedins,
especially somatomedin C or insulin-like growth
factor 1 (IGF-1). The clinical diagnosis acromegaly
is confirmed by an oral glucose tolerance test using
75-100 g of glucose. Normal subjects suppress GH
to less than 2 mU/l (=1 pg/l), but acromegalics do
not.” Measurement of IGF-1 is also used in the
diagnosis of acromegaly, but is particularly useful
in the follow up after treatment as it represents the
integrated 24 h GH secretion by the tumor.

About 70-80% of acromegalics show a paradoxal
rise of plasma GH after thyrotrophin releasing
hormone (TRH) administration;* in these patients
the TRH test is useful for the detection of residual
pathological tissue after surgery.

The goal of treatment can be defined theoretically
as cure of the disease by total elimination of the
tumor with resolution of its mass effects, complete
restoration of normal GH physiology including
normalization of basal GH and IGF levels,
restoration of normal GH secretory pulses
including through concentrations below 2 mU/,
normalization of GH suppressibility by glucose,
loss of abnormal responses to TRH, and a decrease
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of signs and symptoms of acromegaly to the
greatest extent possible.*” These rigid criteria for
cure have been developed only recently with the
availability of more sensitive assays for GH and
concomitant assessment of IGF levels. For many
years a basal GH concentration of 10 mU/l and a
postglucose level of 4 mU/I or less were considered
to be the desired goals. In a recent review of 1360
patients from 30 surgical series only 60% had GH
levels below 10 mU/l after their operations.*!
Clinical improvement generally correlated with the
degree of reduction of GH levels. Results are poor
in patients with large tumors and initial GH levels
greater than 100 mU/l. Even in those patients
whose GH levels have been reduced to 5 mU/l or
less, normal pulsatile GH secretion does not always
occur and one in five patients still exhibit a GH
response to TRH.* However, it is still unknown
whether this finding is a predictor of tumor
regrowth. However, occasional patients with
postoperative GH levels below 5 mU/1 will develop
recurrences.”” Despite these concerns, surgical
therapy remains the primary choice of treatment in
all patients who are acceptable surgical risks.

The main disadvantage of radiation therapy is the
long duration required to achieve normal GH
levels; even after 10 years elevated GH levels are
present in 10-15% of patients.** In addition, a
progressive loss of anterior pituitary function
occurs in 15-50% of patients with a lag time of from
less than 1 to 10 years.* It should be reserved for
patients with persistent excess of GH after surgery
and as a primary treatment option for the few
patients who are not surgical candidates.

Bromocriptine has been widely used in treating
acromegaly since 1974 and is a useful adjunctive
therapy. GH sectetion is suppressed presumably
through a dopamine D2 receptor mechanism. The
only factor predicting responsiveness is the
coexistence of prolactin hypersecretion. Among 514
patients from 28 different series, basal GH levels
decreased to less than 10 mU/l in 20%, whereas
tumor shrinkage occurred in 10-15%, although 70%
of patients had some improvement in clinical
well-being.*

A major advance in the adjunctive treatment of
acromegaly has been the use of octreotide, a cyclic
octapeptide analog of the hypothalamic inhibitor of
GH release, somatostatin. It is a better compound
for clinical use than native somatostatin, as it has a
long half-life in the circulation and inhibits GH
preferentially over insulin. Although the response
to octreotide is primarily dependent on the presence
of somatostatin receptors in tumor tissue, the drug



also acts peripherally to inhibit secretion of IGF-1
and by stimulating the release of IGF-1 binding
protein; since this protein has such a very high
affinity for IGF-1, it may control access of IGF-1
to its receptor and thereby block IGF-1 induced
biological effects.” A three times daily subcutan-
eous injection of 100 pg of octreotide is the mean
optimal efficacious dose.* Long-term responsive-
ness can be predicted by the acute suppressive
effects of a single 50 ug injection of octreotide.*®
Results of long-term treatment with octreotide in
189 acromegalic patients, published by the Inter-
national Multicenter Acromegaly Study Group,
show suppression of growth hormone to below
10 mU/1 in 45% with IGF-1 values below 2 U/ml
in 46%, whereas a reduction of pituitary size by at
least 20% was obtained in 44% of patients. Most
patients experienced some clinical improvement,
and a reduction of GH and IGF-1 values.* There
is some evidence that pretreatment of acromegalic
patients with octreotide might improve the efficacy
of trans-sphenoidal surgery, especially in patients
with macroadenomas.’® The effects of octreotide
seem reversible as both pretreatment GH and IGF-1
levels reappear within days to weeks after stopping
treatment; tumor size increases have also been
noted within weeks of stopping the drug.”
However, octreotide does not necessarily need to
be used life long. The drug is more effective than
bromocriptine and should be recommended until
radiotherapy is effective in patients with persistent
excess of GH after surgery.

Side effects of octreotide are related to its
suppression of gastrointestinal motility and secre-
tion. Flatulence and mild steatorrhea occur
commonly but tend to decrease with continued
therapy. Alterations in glucose metabolism are
minor as octreotide suppresses insulin secretion less
than it suppresses the insulin antagonists GH and
glucagon. The side effect of greatest concern is
cholelithiasis. Octreotide suppresses cholecystoki-
nin secretion by the intestine and inhibits
gallbladder contraction in response to cholecystoki-
nin. Bile low may also be inhibited. The incidence
of gallstone formation is 40-50% during long-term
treatment.”

Gonadotrofinomas and clinically
non-functioning pituitary tumors

Gonadotroph adenomas are rare tumors occurring
primarily in men over 50 years of age. In these
patients hypersecretion of intact follicle stimulating
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hormone (FSH) may lead to hypertrophy of
seminiferous tubules and bilateral testicular enlarge-
ment, whereas hypersecretion of intact luteinizing
hormone (LH) is associated with a supranormal
plasma testosterone concentration. About 30% of
pituitary tumors are not associated with evidence
of excess hormone secretion ## vivo. Immunocyto-
chemical as well as 7# sitw hybridization and i vitro
secretion studies have shown that most of these so
called clinically non-functioning pituitary tumors
contain and release gonadotrophins and their
subunits.”>>> The discrepancy between the findings
of in vitro secretory activity and the absence of
elevations in circulating hormone levels may be due
to the fact that only a minority of tumor cells
display hormone releasing activity.”® Some of these
tumors not only secrete gonadotrophins and their
subunits, but also other anterior pituitary hot-
mones, suggesting that clinically non-functioning
pituitary tumors may represent neoplasms derived
from precursor cells that can undergo differentia-
tion towards several cell lines, but most often
follow differentiation along the line of gonado-
trophs.”’

The tumors present clinically as sellar lesions
with mass effect including hypopituitarism and
should be differentiated from other sellar lesions.
Free a-subunit concentrations are elevated in about
one fifth of patients.”® The secretion of a-subunit
may be accompanied by secretion of intact
hormones, the f-subunit of FSH (FSHP) or, less
often, the B-subunit of LH (LHf). At present,
FSHP and LHP are only assayed in research
laboratories. Tumoral secretion of gonadotrophins
can also be confirmed by a finding of abnormal
responses to hypothalamic releasing hormones.
Serum gonadotrophin or a-subunit responses to i.v.
injection of TRH were found in 72% of patients.*
An even higher response rate may be obtained if
measurement of LHp is included in the test.*” The
mechanism by which these tumors acquire receptors
for TRH is unknown. Both measurement of the
free ao-subunit and the TRH test are also very
useful in the reassessment of patients after treat-
ment.

The primary form of therapy is trans-sphenoidal
surgical decompression. Surgery results in im-
proved vision and decreased headaches, but
improvement of anterior pituitary function is
uncommon. Complications are relatively frequent.
In a recent study of 126 patients from Hardy’s
group one or more postoperative complications
occurred in 42 patients (29%) and two patients died
in the postoperative period.* Surgery is rarely
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curative and usually followed by external pituitary
irradiation, but there are no large uncontrolled
studies of its effectiveness.®’ Effective medical
treatment would be desirable, since preoperative
tumor reduction could increase the chances of
curative surgery.

Clinically non-functioning pituitary tumors have
been shown to contain dopaminereceptors® and to
respond to bromocriptine inhibition #n vitro.>® In a
recent review of 84 patients from seven series only
seven patients showed a small decrease in tumor
size during bromocriptine treatment (8.3%), but
15.4% of those treated for longer than 1 year
achieved shrinkage,”! probably because the drug has
a time-dependent increasing effect on the release and
synthesis of gonadotrophins and a-subunit.®’
Failure to achieve major tumor size reduction may
be due to the low percentage of cells showing
secretory activity in wvitro, the low density of
membrane bound dopamine receptors, whereas
these tumors may possess post-dopamine receptor
defects that render the cells unable to respond to
receptor activation.”’ Long-term treatment of five
patients with CV 205-502 was characterized by a
decrease of serum FSH and/or a-subunit concentra-
tions in all cases, improvement of visual field defects
in two cases and tumor shrinkage in one case.**
These interesting results warrant further investi-
gation on the use of CV 205-502 in the medical
treatment of clinically non-functioning pituitary
tumors.

Specific stomatostatin receptors have also been
identified on the cell membranes of clinically
non-functioning pituitary tumors.> We showed
that octreotide was able to inhibit LH secretion in
a man with an LH secreting pituitary tumor.®
However, chronic octreotide treatment is associated
with tumor size reduction in only a few patients
with clinically non-functioning pituitary tumors.*’
The use of 7# vivo scintigraphy with radiolabeled
somatostatin analogs has been proposed to identify
patients positive for somatostatin receptors who
might potentially benefit from octreotide treat-
ment.®® Recently, we treated four patients with
clinically non-functioning pituitary tumors with a
high dose of octreotide (1200 ug s.c.) for a period
of 3-6 months; the presence of somatostatin
receptors in the adenoma tissue was demonstrated
in vivo using ['"'In]octreotide scintigraphy in three
of these patients. However, no tumor size reduction
was demonstrated in any patient.”’ Future clinical
trials should include the combined use of dopamine
agonists and somatostatin analogs.

GnRH agonist analogs have been administered
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to a small number of patients in an attempt to
produce gonadotroph desensitization, but a persis-
tent agonist effect on tumoral hormone secretion
was found in most cases.”” The effects of GnRH
antagonist analogs remain unknown. In summary,
at present there is no effective medical treatment for
clinically non-functioning pituitary tumors.

TSH producing pituitary tumors

Thyroid stimulating hormone (TSH) secreting
pituitary tumors induce diffuse goiter and
hyperthyroidism associated with either inappropri-
ately ‘normal’ or elevated plasma TSH concentra-
tions.”! About 80 cases of this rare tumor
have so far been described. In over 80% of patients
hypersecretion of free a-subunit accompanies the
production of TSH.”” Both the finding of a non-
suppressed plasma TSH level and of an elevated
a-subunit/TSH molar ratio is useful diagnostically.
About one third of patients also have excess
production of other anterior pituitary hormones. In
patticular coexisting GH secretion has been
reported frequently and those patients have clinical
features of acromegaly. There is evidence for both
dual secretion of two hormones from a single cell
and isolated secretion from separate cell types.

Neurosurgery is the treatment of choice for TSH
secreting pituitary tumors. Due to the large size of
most tumors, the results are poor, even when
neurosurgery is combined with radiotherapy.”
Dopaminergic agonists may acutely reduce serum
TSH in some cases, but longer-term therapy has
generally been unsuccessful.”! Octreotide is effective
in controlling hypersecretion of TSH and the
associated hyperthyroidism.”’* Tumor size reduc-
tion has been observed during long-term treatment
in some patients,” but the long-term efficacy of
octreotide treatment in patients with TSH secreting
tumors remains to be determined. At present
surgery remains the primary treatment modality for
these tumors.

ACTH producing pituitary tumors

Cushing’s syndrome is a corticosteroid excess
syndrome usually (70%) due to increased ACTH
secretion by a pituitary tumor (Cushing’s disease).
Cushing’s syndrome may also be due to a cortisol
producing adrenocortical tumor (20%) or ectopic
ACTH secretion (up to 10%). Patients with
Cushing’s syndrome secondary to an adrenal tumor



are readily differentiated from other patients with
Cushing’s syndrome by undetectable plasma ACTH
levels and the presence of an adrenal mass
demonstrated by radiological imaging techniques.
The principal problem is the differential diagnosis
in ACTH dependent Cushing’s syndrome as both
the pituitary microadenoma in Cushing’s disease
and an occult ectopic source of ACTH in the
ectopic ACTH syndrome may be exceedingly small
and difficult to locate. Diagnostic difficulties may
also arise in distinguishing Cushing’s syndrome
from obesity, depression and alcoholism, where the
clinical and biochemical evidence can be confusing.
Thus, it is essential first to confirm a diagnosis of
Cushing’s syndrome and second to establish the
precise etiology. A myriad of tests have been
developed in the diagnosis and differential diagnosis
of Cushing’s syndrome. Guidelines are based on
meta-analysis of individual reports of small groups
of patients. A detailed analysis is given in several
recent reviews.’"’®”” We will summarize the most
important test procedures and focus on recent
developments.

Several excellent screening tests are available.
The overnight dexamethasone suppression test is
carried out primarily in outpatients by oral
administration of 1 mg dexamethasone at 11:00
p.m. and measuring plasma cortisol at 9:00 a.m. the
following morning. Normal values are below
75 nmol/l in our laboratory. The test has a high
sensitivity but rather low specificity. More specific
is measurement of the 24 h urinary excretion of free
cortisol, an indirect measurement of cortisol
production. Normal values are below 300 nmol/
24 h. Midnight plasma cortisol levels are elevated
in Cushing’s syndrome as a consequence of loss of
diurnal secretion of cortisol. To confirm the
diagnosis Cushing’s syndrome the low dose
dexamethasone suppression test is carried out by
oral administration of 0.5 mg dexamethasone every
6 h for two consecutive days. Cushing’s syndrome
is characterized by failure to suppress urinary
steroid metabolite excretion and plasma cortisol to
very low levels.

Once a diagnosis of Cushing’s syndrome has been
made, the finding of undetectable plasma ACTH
levels indicates that the patient suffers from a
cortisol producing adrenocortical tumor. In pa-
tients with ACTH dependent Cushing’s syndrome
the differential diagnosis is carried out by a
combination of suppression and stimulation tests.
The high dose dexamethasone suppression test is
performed by oral administration of 2 mg dexa-
methasone every 6 h for two consecutive days. In
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85-90% of patients with Cushing’s disease urinary
steroid excretion and plasma cortisol levels are
supptessed by at least 50%; however, a similar
response is obtained in about 10% of patients with
an ectopic ACTH syndrome, particularly in patients
with carcinoid tumors. The corticotrophin releasing
hormone (CRH) test involves the i.v. injection of
100 pug of ovine CRH and measurement of plasma
cortisol at regular intervals for 2-3h. A plasma
cortisol response is obtained in about 90% of
patients with Cushing’s disease; responsiveness to
CRH almost always excludes the ectopic ACTH
syndrome. Diagnostic accuracy is about 95% when
both tests are combined.

In the last decade the technique of bilateral
inferior petrosal sinus sampling for ACTH
measurement has been developed to improve the
differential diagnosis of ACTH dependent Cush-
ing’s syndrome and for the preoperative location of
pituitary microadenomas in one half of the pituitary
gland. The procedure involves inserting catheters
into both femoral veins and maneuvring their tips
into the inferior petrosal sinuses bilaterally. Blood
is obtained simultaneously from both sinuses and a
peripheral vein for measurement of plasma ACTH.
The procedure is repeated 2 and 5 min after i.v.
injection of CRH. A central to peripheral ACTH
gradient indicates that the ACTH causing the
hypercortisolism is of pituitary origin; this gradient
may be improved by CRH administration. The lack
of a gradient is presumptive evidence that ACTH
is being secreted from a non-pituitary site. The
finding of an intersinus ACTH gradient suggests
lateralization of a pituitary microadenoma to the site
of the highest ACTH concentration. In the hands
of experienced radiologists the technique has
achieved an accuracy of 100% in the differentiation
of Cushing’s disease from the ectopic ACTH
syndrome,” although the preoperative location of
pituitary microadenomas is poorly predicted.”>*
However, this time consuming invasive procedure
has to be carried out many times to identify one
occult ectopic ACTH producing tumor. The central
obesity of patients with Cushing’s syndrome makes
the catheterization procedure technically more
difficult and significant inguinal bleeding can occur
after the procedure.? In one patient the right atrium
was punctured.®’

These drawbacks of the catheterization proce-
dure may be overcome by improvements of
biochemical function testing. Many years ago, we
compared the oral high dose dexamethasone test
with a 5-h i.v. dexamethasone test (1 mg/h) in seven
patients with Cushing’s disease. Infusion of
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dexamethasone was associated with suppression of
plasma cortisol levels in all cases including two who
did not respond to oral dexamethasone administra-
tion.® The i.v. dexamethasone test has now been
performed in 80 patients with Cushing’s disease
and, without any exception, suppression of plasma
cortisol was obtained; the degree of suppression
could be further improved by extending the test to
7h (1 mg/h).® We propose that the 7-h i.v.
dexamethasone test should replace the oral high
dose dexamethasone test. Furthermore, Orth
recently claimed that by simultaneously administer-
ing ovine CRH iv. and arginine-vasopressin or
lysine-vasopressin (10 pressor units im.) no
false-negative responses have been observed in 42
patients with Cushing’s disease.®’ These findings
suggest that the combination of the 7-h i.v.
dexamethasone test and a CRH-vasopressin test
may virtually obviate the need of the catheter-
ization procedure.

For years Cushing’s disease was treated primarily
by surgery of the adrenals. With the advent of the
dissecting microscope, trans-sphenoidal micro-
surgery has become the treatment of choice over
the last 15 years. The successfully treated patient is
characterized by undetectable plasma cortisol levels
in the immediate postoperative period and
prolonged cortisol dependency, but ultimately the
patient becomes cortisol independent with normal
regulation of pituitary—adrenocortical function and
no evidence of hypopituitarism. Few patients have
been evaluated according to these criteria. With
these restrictions in mind, initial remission rates of
at least 75% are reported in most series.®"84 5
Recurrences occur in 6-15% and increase with
prolonged follow up. Persistent Cushing’s syn-
drome and recurrences are particulatly frequent in
patients with macroadenomas and invasive tu-
mors.®”” Treatment is either by re-exploration or
external pituitary irradiation. Pituitary irradiation
can be combined with the use of pharmacologic
agents that block the adrenal system—such as
metyrapone—until the effect of irradiation peaks.

Experimental medical treatment aiming to reduce
pituitary ACTH secretion has been carried out as
part of pathogenetic studies. Based on the view that
Cushing’s disease may be due to a defect of central
neurotransmission,” neurotransmitter active drugs
such as the dopamine agonist bromocriptine, the
serotonin antagonist cyproheptadine and the
y-aminobutyric acid transaminase inhibitor sodium
valproate have all been used in the medical
treatment of Cushing’s disease. The later finding
that dopamine and cyproheptadine influence ACTH
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secretion via a direct effect on the corticotroph
adenomas® was compatible with the view at that
time that in a subset of patients Cushing’s disease
is of neurointermediate lobe origin® and those
patients might respond to neurotransmitter active
drugs. However, neither histological’* nor
immunocytochemical” or biochemical®*® evidence
for the existence of such an entity was found. We
now believe that heterogeneity of the normal
anterior pituitary corticotroph, e.g. the presence of
receptors for neurotransmitters on a subpopulation
of these cells, is responsible for the fact that some
of these cells respond to neurotransmitter active
drugs.”” From a practical point of view, results of
medical treatment with neurotransmitter active
drugs have been disappointing. Responsiveness is
observed in a minority of patients and may be
partial or temporary. At present drugs aiming to
reduce pituitary ACTH secretion have no place in
the medical treatment of Cushing’s disease.
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