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Abstract

Recently, the medical approach to patients with secret-
ing and clinically non-functioning pituitary adenomas
has received great impulse thanks to the availability of
new, selective and long-lasting compounds with dopa-
minergic activity, such as cabergoline, and of somatosta-
tin analogues provided in slow-release formulations,
such as lanreotide and octreotide long acting release
{LARY). In particular, the use of cabergoline has induced
control of hyperprolactinaemia and tumour shrinkage in
the great majority of patients with micro- and macropro-
lactinomas. Cabergoline treatment restores fertility both
in women and men, and partially improves osteoporo-
sis, one of the major complications of hyperprolacti-
naemia. In acromegaly, disease control (growth hor-
mone [GH] <2.5-1.0 ug/l as a fasting or glucose-sup-
pressed value, respectively, together with age-normal-
ised insulin-like growth factor [IGFI-) is achievable in
more than half of patients receiving treatment with lan-
reotide or octreotide-LAR. Improvement in cardiomyo-

pathy, sleep apnoea and arthropathy has been reported
during GH/IGF-I suppression after pharmacotherapy. A
synthetic GH analogue, B2036-PEG, that antagonises en-
dogenous GH binding to its receptor-binding sites and a
GH-releasing hormone antagonist that blocks the effect
of. this releasihg factor on the hypothalamus and pitu-
itary are presently under investigation in acromegaly.
Preliminary studies have clearly demonstrated the effec-
tiveness of the GH receptor antagonist in suppressing
IGF-1 levels in acromegalic patients previously unrespon-
sive to somatostatin analogues. Beneficial effects of sub-
cutanecus octreotide and lanreotide have also been
reported in adenomas secreting thyroid-stimulating hor-
mone, while the results of treatment with dopamine ago-
nists or somatostatin analogues remain disappointing in
patients with clinically non-functioning adenomas. In
these patients the possibility of visualising in vivo the
expression of D, receptors using specific radiotracers
such as 2%l-methoxybenzamide has aliowed selection of
patients likely to respond to cabergoline. Scant effects of
pharmacotherapy have also been reported in patients
with adenomas secreting adrenocorticotropic hormone.
However, some preliminary data suggest a potential use
of cabergoline in combination with ketoconazole, or
alone, in selected cases of Cushing’s disease or Nelson's
syndrome.
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Introduction

In recent years the medical approach to pituitary ade-
nomas has greatly improved thanks to the availability of
new, selective and long-lasting compounds with dopamin-
ergic activity, such as cabergoline, and somatostatin ana-
logues provided in slow-release formulations, such as lan-
reotide and octreotide long-acting release (LAR). In pa-
tients with acromegaly due to a growth hormone {GH)-
secreting turnour or to ectopic GH-releasing hormone
(GHRH) hypersecretion, promising new therapeutic
agents have recently emerged in the form of competitive
GHRH and GH antagonists which have been shown to
effectively suppress GH and insulin-like growth factor
(IGF)-I levels. Using these new compounds, the medical
approach to pituitary adenomas has offered a high cure
rate mostly in patients with prolactinomas and acromega-
ly, but a notable effect has also been reported in patients
with thyroid-stimulating hormone {TSH)-secreting ade-
nomas. However, results in patients with clinically non-
functioning adenomas and Cushing’s disease have been
rather disappointing. This review summarizes the most
recent studies on the effects of cabergoline, lanreotide and
octreotide-LAR in patients with pituitary adenomas.

Prolactin-Secreting Pituitary Adenomas

Hyperprolactinaemia is a common finding in clinical
endocrine practice, causing infertility, gonadal and sexual
dysfunction in both sexes [1]. It may have differing aetiol-
ogy but, once diugs are escluded, microadenomas (<10
mm) or macroadenomas (>10 mm) are the most common
cause [1]. Macroadenomas occur less frequently than
microadenomas, and more frequently in men than in
women. This is probably due to disease duration and the
gradual development of symptoms; however, natural his-
tory studies suggest that the majority of microadenomas
(over 90%) remain small over time and only a small pro-
portion grow to become macroadenomas [2]. It has there-
fore been hypothesised that macroadenomas may be bio-
logically different from microadenomas.

The objectives of treatment of hyperprolactinaemia
are to normalise prolactin (PRL) levels thus resolving its
clinical consequences (infertility, sexual dysfunction and
osteoporosis), to remove the tumour mass thus relieving
visual and cranial nerve function disturbance, to preserve
residual pituitary function and, if possible, to prevent dis-
ease recurrence or progression. In the past, before medical
therapy for hyperprolactinaemia became available, thera-
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py consisted of surgical resection and/or pituitary irradia-
tion [3, 4].

The management of prolactinomas may involve medi-
cal therapy using dopamine agonists with selective activi-
ty on D; receptors, radiotherapy or surgery, usually trans-
sphenoidal. Treatment may utilize one or 21l of these
methods and differs according to whether a micro- or a
macroprolactinoma is involved.

Microprolactinomas

In microprolactinomas, transsphenoidal surgical resec-
tion normalises PRL levels, restores normal menses and
stops galactorrhoea in more than 80% of patients [3, 4].
Success rates are reported to be higher in patients with
basal PRL levels below 200 pg/l and amenorrhoea for less
than 35 years [3]. However, PRL normalisation after sur-
gery is variable, ranging from 35 to 70% in different series
[5-10]. The risks of complications and hypopituitarism
are small. Recurrence rates vary considerably between
different series and may affect up to 50% of those initially
cured by surgery [3, 4, 10]. In another series the long-term
cure rate was as high as 74%, with an initial cure in 90%
and a recurrence rate of 16% [4].

However, at present the majority of patients with
microprolactinomas are treated by pharmacotherapy. For
over 20 years bromocriptine has been the standard drug
for hyperprolactinaemia since it not only inhibits PRL
synthesis and secretion but also reduces cellular DNA
synthesis and tumour growth [11]. In more than 80% of
patients, suppression of PRL levels and tumour shrinkage
are obtained after therapy with bromocriptine at doses of
2.5-5.0 mg/day [11]. In 5-10% of patients, the appear-
ance of side effects (nausea, dizziness and postural hypo-
tension) is a limiting factor in continuing treatment {3, 4,
11]. The development of psychoses during dopamine ago-
nist therapy has been reported in rare cases [12]. In a
minority of patients, complete or partial resistance to bro-
mocriptine treatment is observed (see below).

Recently, two selective D; agonist compounds, quina-
golide and cabergoline, became available for the treat-
ment of hyperprolactinaemia in a number of European
countries. Both compounds have the advantage of being
administered at doses lower than that of bromocriptine
thus causing fewer side effects. Quinagolide has been
shown to be effective in most patients {13, 14] and 1s bet-
ter than bromocriptine in patients with tolerance-related
problems [15, 16]. In a multicentre comparative study,
cabergoline treatment induced stable normoprolacti-
naemia in 83% of patients compared with 59% of those
treated with bromocriptine [17]. Ovulatory cycles or preg-

Horm Res 2000;53(5ppp[ 3):76-87 77




100 —y

PRL normalisation (%)
g 3
1 1

383
[+1]
1

0 :
Naive Intolerant  Resistant Responsive
100
g 76 1
e
(=]
o
-
£
£ 50
[
s
=1
g
251
EE I I
0
Naive Intolerant  Resistant Responsive

Fig. 1. Prevalence of PRL normalisation (<25 and <15 ug/l, in men
and women, respectively) and tumour shrinkage (>80% reduction
compared with basal volume) in patients with macroprolactinontas.

nancies were recorded in 72% of women treated with
cabergoline and in 52% of those treated with bromocrip-
tine [17]. Furthernore, cabergoline induced significantly
less frequent, less severe and shorter Iived side effects
(particularly nausea and vomiting) compared with bro-
mocriptine [17]. In a very recent retrospective study of
455 patient files [18], cabergoline treatment normalised
serum PRL levels in 86% of patients: in 92% of 244
patients with idiopathic hyperprolactinaemia or micro-
prolactinoma, and in 77% of 181 patients with macropro-
lactinoma. Side effects were noted in 13% of patients, but
only 3.9% discontinued therapy as a result [18]. The
median dose of cabergoline at the start of therapy was
1.0 mg/week but could be reduced to 0.5 mg/week once
control was achieved. In patients with macroprolactino-
ma a higher median cabergoline dose (1.0 mg/week) was
needed than in those with idiopathic hyperprolactinaemia
or microprolactinoma (0.5 mg/week) [18].
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Macroprolactinomas

In macroprolactinomas, transsphenoidal surgery is less
successful, In a study by Molitch et al. [4], 32% of patients
appeared to be cured initially, with a 19% recurrence rate
and a long-term cure rate of oniy 26%. Notable tumour
shrinkage is, however, achievable in most cases after
short-term treatment with dopamine agonists, particu-
larly with cabergoline [18-22]) and quinagolide [13-16].
As for other pituitary tumours, radiotherapy is applied in
large invasive macroprolactinomas when medical treat-
ment fails to suppress PRL levels and/or induce tumour
shrinkage. Radiobiological damage rarely occurs if a
linear accelerator is used, therapy is delivered through
three fields and a fractionated dose of less than 200 rad/
day is delivered at a total dose of 4,500 rad [23, 24].

Thanks to the high success rate of dopamine agonists,
however, radiotherapy is rarely applied to prolactinomas,
while pharmacotherapy is widely considered the first
treatment option in macroprolactinomas. Cabergoline
treatment at weekly low doses for 12-24 months induced
marked tumour shrinkage with complete disappearance
of tumour mass in 26.1-36.4% of cases [18~22]. In our
preliminary experience with cabergoline, a tumour vol-
ume reduction of >80% on magnetic resonance imaging
{MRI) occurred in 14 of 23 patients (61%) and a 41.8 £
3.4% volume reduction was already evident after 3
months [21]. Complete tumour disappearance on MRI
occurred after 6 months of treatment with cabergoline in
1 patient, and in 5 patients after 1 vear of treatment [21].

The majority of studies on macroprolactinomas in-
clude patients who had never been treated with other
dopamine agonists or who were treated with bromocrip-
tine for brief periods of time because of intolerance. In a
multicentre study, cabergoline treatment induced tumour
shrinkage in 60% of patients previously treated with other
dopamine agonists and in 82.3% of untreated patients
[20]. In another recent multicentre study of 181 patients
with macroprolactinomas, cabergoline treatment induced
tumour shrinkage in 67% of cases and improvement of
visual field defects in 70% of patients [18]. In a recent
review of our cases which included 110 patients with
macroprolactinoma, notable tumour mass shrinkage was
observed in the majority (88.5%) of patients [25]. Tu-
mour mass disappeared in 57.7% of 26 naive patients.
Tumour shrinkage and/or disappearance were also ob-
served in patients previously treated with bromocriptine
or quinagolide, but to a lesser degree (fig. 1). Interestingly,
in naive patients the tumour-shrinking effect of cabergol-
ine was very rapid, occurring even after the first adminis-
tration of 0.5 mg of the drug [25].
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Infertility and osteoporoesis are the two main clinical
consequences of hyperprolactinaemia. The beneficial ef-
fect of treatment on the recovery of fertility in hyperpro-
lactinaemic women has been widely reported, while data
on the recovery of fertility in men are extremely limited.
In a preliminary study in men with prolactinoma {26],
cabergoline treatment at a dose of 1-2 mg/week rapidly
induced the restoration of sperm quality, significantly
increasing the number of sperm even after 1 month of
treatment, which was earlier than with bromocriptine
freatment.

As far as osteoporosis is concerned, in women the
recovery of hypogonadism, more than the suppression of
PRI levels, was associated with an improvement in bone
mass [27, 28]. In men, data concerning the recovery of
bone loss are scant. Treatment with bromocriptine, qui-
nagolide and/or cabergoline for 18 months induced a sig-
nificant increase in bone mineral density in hyperprolac-
tinaemic males [29], but did not significantly modify the
T score, indicating that a longer period of treatment could
be necessary to achieve this, In addition, the age of onset
of hyperprolactinaemia also plays a relevant role in the
potential reversibility of osteopenia: in young/adolescent
patients with prolactinoma, 2 vears of treatment with bro-
mocriptine, quinagolide and/or cabergoline, though nor-
malising PRL levels in the large majority of patients, did
not significantly modify bone mass (fig. 2) [30].

Resistance to Dopamine Agonists

The definition of therapy resistance to dopamine ago-
nists is controversial. One definition is the absence of
serum PRL level normalisation and/or tumour shrinkage
after at least 3 months of treatment with bromocriptine at
a dose of 15 mg, or quinagolide at 2 dose of 0.6 mg [31-
33]. These doses are rather high for the treatment of
hyperprolactinaemia., Another definition is a <50% re-
duction in serum PRL levels despite increasing the daily
dose to at Jeast 15 mg [34]. However, true resistance can
only be documented by molecular biology studies, dem-
onstrating the absence or poor expression of D receptors
on the membrane surface of the tumour celis {35, 36] or
abnormalities at the postreceptor level [35, 36]. Another
possibility was recently suggested by several studies which
demonstrated the presence of a positive correlation be-
tween the response to quinagolide (in terms of PRL nor-
malisation and tumour shrinkage) and the uptake of 123]-
methoxybenzamide (1231-IBZM), a specific radictracer for
D, receptors, in pituitary tumours [37-39]. This ap-
proach, although needing to be confirmed in larger series,
seems to offer the possibility of studing the receptor pro-
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Fig. 2. Bone mineral density (BMD) in the lumbar spine {a) and
femoral neck (b) in patients with hyperprolactinaemia before and 24
months after treatment with bromocriptine, quinagolide and/or ca-
bergoline. Patients are divided according to age of onset of hyperpro-
lactinaemia: childhood vs. adulthood onset.

file in vivo so as to predict the clinical response to D, ago-
nists, However, in the majority of patients, a partial, rath-
er than a complete, therapy resistance occurs and thus an
increase in the dose of the drug could achieve normopro-
lactinaemia.

The effectiveness of any treatment is strictly related to
tolerability and patient compliance. In a previous study
we demonstrated that tolerability and compliance were
better during cabergoline than during quinagolide or bro-
mocriptine treatment [40]. Cabergoline treatment nor-
malised PRL levels in 15 of 19 patients with macroprolac-
tinomas and in all 8 patients with microprolactinomas.
Treatment with quinagolide has also been demonstrated
to be more effective than bromocriptine in several poorly
responding patients [14, 16]. Not all patients responded
satisfactorily to cabergoline and quinagolide although the
response to cabergoline was better in some cases [32, 33,
40, 41]. One explanation was that cabergoline binds the

Horm Res 2000;53(suppl 3):76-87 79




receptor significantly longer than quinagolide [42] and
induces less severe and shorter lasting side effects [43].

In conclusion, pharmacotherapy with dopamine ago-
nists remains the most appropriate first-line treatment for
macroprolactinoma with the exception of poorly re-
spording or resistant patients. Dopamine agonists induce
tumour shrinkage and quite often also cause tumour dis-
appearance. Consequently, visual field defects rapidly im-
prove in the majority of patients often without requiring
surgical tumnour debulking. However, theoretically in
these patients pharmacotherapy must be continued indef-
initely [44]. The dose can be reduced over time, and in
10-20% of patients drug discontinuation does not cause
recurrence of hyperprolactinaemia [45]. In particular, we
have recently observed the persistence of normoprolacti-
naemia in 8 of 23 patients with microprolactinomas after
2~4 months of cabergoline withdrawal and in 4 of them
normoprolactinaemia was still present 12 months after
withdrawal [46]. In microprolactinomas the treatment
strategy could be reconsidered on the basis of the high
cure rate of transsphenoidal adenomectomy [47]. Surgery
is also recommended in patients who are severely intoler-
ant to dopamine agonists.

GH-Secreting Pituitary Adenomas

GH-secreting adenomas are the most frequent cause of
acromegaly, but are relatively rare with a prevalence of
50-80 cases/million and an incidence of 3-4 new cases/
million per year, an equal frequency in both sexes, and an
age prevalence of between 55 and 70 vears [48, 49].

Treatment of acromegaly has different objectives: (1)
tumour removal with resolution of its mass effects; (2) res-
toration of normal basal and stimulated GH secretion;
(3) relief of symptoms directly caused by GH excess;
{4) prevention of progressive disfigurement, bone expan-
sion, osteoarthritis and cardiomyopathy, which are dis-
abling long-term consequences, as well as prevention of
hypertension, insulin resistance, diabetes mellitus and lip-
id abnormalities, which are risk factors for vascular dam-
age, and (5) possibly reversing the poor long-term out-
come. However, to date it is still unclear what level of GH
suppression is needed to achieve treatment success; the
disease is currently considered to be under control when
fasting GH levels are <2.5 pg/l, glucose-load-suppressed
GH levels are <1 pg/l and IGF-I levels are normalised for
age [50].

The currently available treatment options for acromeg-
aly include surgery, irradiation and pharmacological sup-
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pression of GH levels by means of dopamine agonists or
somatostatin analogues, either alone or in combination.
Surgical removal of the pituitary adenoma remains the
first therapeutic option in most cases [48, 50, 51], al-
though primary pharmacotherapy has recently been pro-
posed [52]. Irradiation or pharmacological suppression of
GH excess can be used following unsuccessful surgery or
as individualized primary therapy in elderly patients
[51].

Dopamine agonists are less effective in GH-secreting
adenomas than in PRIL-secreting adenomas and are
shown to be primarily effective in GH-secreting tumours
that co-secrete PRL or that exhibit immunostaining for
PRL {53, 54]. In a collection of 28 series including over
500 patients with acromegaly, bromocriptine lowered GH
levels to <10 pg/l in 50% of cases, but to <5 pg/l in only
10-20% of cases [55]. It also produced a symptomatic
improvement in up to 70% of patients, but tumour
shrinkage occurred in onfy 10-15% [50]. Side effects such
as nausea, vomiting, postural hypotension, nasal conges-
tion and depression appearing after administration of the
first dose can be prevented in most patients by starting at
lower doses. However, as high doses are needed for thera-
peutic efficacy, side effects are often a limiting factor. We
first reported that cabergoline was effective only in 1 of 11
patients treated at a cabergoline dose of 2 mg/week [54].
In contrast, Abs et al. [56], in a muiticentre study,
observed that cabergoline at a maximal weekly dose of 3.5
mg induced normalisation of IGF-I levels in 39% of cases
and significantly reduced IGF-I levels in a further 28%.
However, when the prevalence of IGF-I normalisation
was evaluated in patients with mild disease, diagnosed on
the basis of a basal IGF-I concentration below 750 ug/l, it
rose to 53% [56]. Tumour shrinkage was demonstrated in
13 of 21 patients and a tumour reduction of 50% in 5
GH/PRL-secreting adenomas. Cabergoline was well toler-
ated by all patients and only 2 patients withdrew from
treatment on the grounds of nausea [56]. In another study,
cabergoline was administered to 18 acromegalic patients;
10 had previously been shown to be sensitive to dopamine
and 8 had been shown to be resistant to somatostatin ana-
logues [57]. Serum GH levels were decreased from a
median value of 6.6 to 3.5 pg/l, while IGF-I values were
decreased from a median value of 720 to 375 pg/l [57].
Individual GH levels decreased <2 pg/l in 5 patients, and
between 2 and 5 ng/l in a further 5 patients, while IGF-I
levels were suppressed to <350% of baseline in 8 patients
and normal age-adjusted IGF-I values were achieved in 5
patients (27%) [57]. In comparison with the efficacy of
bromocriptine in the 10 suitable patients, a greater effec-
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tiveness of cabergoline was shown as IGF-I levels de-
creased by 46.8% on cabergoline treatment, and by 31%
on bromocriptine treatment [57]. Adenoma shrinkage
was documented in the 3 patients whose pituitary imaging
was repeated during cabergoline [57]. In another study
using increasing doses of cabergoline up to 3.5 mg/week, 7
of 10 patients with active acromegaly showed a fall in GH
t0 33% and in IGF-I to 67% of basal values, but only 2
achieved biochemical remission [58]. Four of the ten
patients were unable to tolerate the maximum dose of
1 mg daily [58].

However, somatostatin analogues have been widely
shown to be more effective than dopamine agonists in
acromegaly. Octreotide, a long-acting synthetic somatos-
tatin analogue with a half-life of 80-100 min, was first
used to treat acromegaly in the mid-1980s [59). Many
subsequent studies indicated that octreotide reduced GH
in over 90% of patients, suppressing GH levels to <5 pg/l
in half of them [48-50, 60]. A combined analysis of 557
patients treated worldwide showed that octreotide admin-
istration normalised IGF-I levels in 48.5% and shrank
tumour size (<20% of baseline size) in 40.3% of patients
[50]. This latter effect seems to favour the complete
removal of macroadenomas at surgery, and reduce intrao-
perative manipulation of adjacent structures [48]. To this
extent, we have proposed that a short, presurgical treat-
ment with octreotide could improve the clinical status of
acromegalic patients and reduce postoperative complica-
tions [61]. Scon after the first doses of subcutaneous
octreotide, lanreotide or octreotide-LAR, clinical signs
and symptoms, in particular headache, hyperhidrosis and
jotnt pain, are significantly reduced [48-52, 60, 62-64].
Lanreotide was effective in patients previously responsive
to subcutaneous octreotide, but was better tolerated thus
improving patient compliance [62-64]. Treatment with
lanreotide for 3 years produced GH and IGF-I normalisa-
tion in 14 of 22 patients but nine patients had to increase
the injection frequency to 1 every 10 days for optimal con-
trol [65]. Loose stools, naunsea and/or abdominal pain
were reported by half of the patients for the first 2 days
following injection and approximately 20% of patients
developed new gallstones [62-65). In a recent survey of
118 patients with acromegaly treated for 24 months with
lanreotide, 25 of whom were newly diagnosed, we demon-
strated that after 6, 12 and 24 months of therapy, disease
control was achieved in 63-77% of patients (fig. 3) [66].
Reduction in tumour size was documented in 5 of 23
naive patients (22%) and in 5 (5.9%) of 84 octreotide-
pretreated patients with evident tumour remnants [66].
Lanreotide treatment was well tolerated by all patients
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Fig. 3. GH (<2.5 ug/l) and IGF-1 (age-adjusted) normalisation in 118
patients with acromegaly treated for 6—24 months with slow-release
lanrectide [65].

only 2 (1.7%) withdrawing from treatment due to severe
side effects [66].

Octreotide treatment improves obstructive and central
sleep apnoea, as demonstrated by the reduction in the
number of apnoeic episodes and in the degree of blood
oxygen desaturation [67].

Octreotide and lanreotide have also been shown to
decrease left ventricular mass [68-72] and to improve
diastolic function [68-72]. An improvement in systolic
function was demonstrated in patients with overt heart
failure [73] and in patients without symptoms of cardiac
disease after 1 year of treatment with octreotide if they
achieved disease control [74]. Arthropathy, which is one
of the major causes of morbidity with the disease [50, 67],
was significantly improved by octreotide and lanreotide
treatment as demonstrated by a significant decrease in
shoulder, wrist and knee joint thickness [75, 76].

Acromegalic patients were also found to have an age-
independent increase in prostate volume [77] that was sig-
nificantly reduced after octreotide treatment [78].

The increased incidence of gallbladder abnormalities
(sediment, studge, microlithiasis and gallstones) seems to
be associated with low morbidity, and can be managed
conservatively as in other patients with asymptomatic
cholelithiasis [50].

Using octreotide-LAR, reductions in GH levels to
<5 pg/l were recorded in 86—100% of patients, to <2 ng/l
in 39-75% of patients and to <1 pg/l in 24-40% of
patients [79-81], without any evidence of tachyphylaxis
after up to 34 months of therapy {79-81]. Tumour shrink-
age was also reported [79-81]. As with the other formula-
tions, octreotide-LAR was well tolerated and the mild-to-

Horm Res 2000;53(suppl 3):76-87 81




GH {ig/)
5 & s
3 1 J

-
(=]
1

i

Before LAN  After LAN Before LAR  After LAR

o I

Before LAN  After LAN Before LAR  After LAR

1,000

750

500

IGF-1 {ngfl}

250

Fig. 4. Serum GH and IGF-I levels before and after treatment with
slow-release lanreotide (LAN) and octreotide-LAR (LAR) in 30
patients selected on the basis of poor response to lanreotide treat-
ment. *p< 0.0035.

moderate side effects experienced by up to 50% of the
patients were of short duration and often subsided with
continued drug administration [79-81]. The incidence of
gallbladder abnormalities was higher in patients who had
previousiy undergone long-term treatment with subcuta-
neous octreotide [79]. In a selected group of 30 patients
who did not achieve disease control after long-term treat-
ment with lanreotide, GH and IGF-I levels were lower
after octreotide-LAR than after lanreotide (fig. 4); GH
concentrations of =2.5 ug/l were achieved in 11 patients
taking octreotide-LAR, and IGF-I normalisation was ob-
served in 15 patients.

Recently, a novel potential option has appeared for the
medical treatment of acromegaly. A synthetic GH ana-
logue, B2036-PEG, that antagonizes endogenous GH
binding to its receptor-binding sites and a GHRH antago-
nist that blocks the effect of this releasing factor on the
hypothalamus and pituitary are under investigation [82,
83)]. Preliminary studies have clearly demonstrated the
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effectiveness of the GH-receptor antagonist in suppress-
ing IGF-I levels. Acromegalic patients previously unre-
sponsive to somatostatin analogues achieved normal
IGF-I levels after daily subcutaneous treatment with
B2036-PEG [84, 85]. Only mild side effects and no signif-
icant antibody formation have been observed in the first
randomised, double-blind trials [85].

In conclusion, it is still not known whether the poor
perspectives of acromegalic patients in terms of mortality
from cardiorespiratory or neoplastic diseases can be re-
versed by any treatment. One preliminary study suggests
that normal survival is attained in acromegalics with post-
treatment GH levels of <2.5 pg/l, but not in those with
higher levels [86]. Moreover, at least five different soma-
tostatin receptor subtypes exist and are expressed in nor-
mal and neoplastic somatotrophs [60], whereas both oc-
treotide and lanreotide act predominantly on type-2 and
type-5 receptors; therefore there is a possibility that these
are not the best analogues for treating acromegaly. Since a
small but appreciable proportion (about 15-20%) of
acromegalic patients do not respond well to somatostatin
analogues, indicating that the receptor subtypes can be
abnormally expressed or regulated, future research should
produce selective analogues able to bind the other soma-
tostatin receptor subtypes. Somatotroph-specific cyto-
toxic agents, targeted by agonists or antibodies to the
GHRH receptor, to selectively eliminate residual tumour
cells, and GH-receptor antagonists to biock the peripheral
effects of GH will increase the therapeutic possibilities in
acromegaly.

TSH-Secreting Pituitary Adenomas

This adenoma histotype is rare. Frequently these are
macroadenomas at diagnosis presenting with mass effect
symptoms such as headache and visual disturbances,
together with variable symptoms and signs of hyperthy-
roidism [87, 88). Transsphencidal surgery is the first
treatment approach to these tumours. However, since the
majority of these adenomas are macroadenomas, which
tend to be locally invasive, surgery alone fails to normalise
TSH and thyroid hormone levels in over 50% of cases. In
adults, radiotherapy is recommended as routine adjunc-
tive therapy when surgery has not been curative [87].

There is very little success with dopamine agonists for
treatment of these tumours [87, 89]). In contrast, since
TSH-secreting adenomas express somatostatin receptors
[90], biochemical disease can be controlled with octreo-
tide therapy in most patients; TSH levels have been
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reported to normalise in 79% of patients and tumour
shrinkage can occur in 50% of cases [87-93]. Octreotide
treatment is also considered useful preoperatively as it
facilitates tumour removal [§7]. The dose of octreotide in
patients with TSH-secreting adenomas to achieve TSH
normalisation is reported to be lower than that needed to
suppress GH in GH-secreting adenomas [87-93]. Lanreo-
tide at a dose of 0.5 mg was demonstrated to inhibit acute
TSH secretion in TSH-secreting adenomas similar to
0.15 mg of octreotide {94]. In chronic treatment, lanreo-
tide reduced plasma TSH and normalised free thyroxine
and free triiodothyronine levels, suggesting its use in the
long-term medical treatment of these adenomas [94].

Clinically Non-Functioning Pituitary Adenomas

Clinically non-functioning pituitary adenomas (NFAs)
represent a very heterogeneous group of tumours since a
consistent proportion of them (>90%) are shown to
secrete low amounts of intact follicle-stimulating hor-
mone (FSH) and luteinising hormone (LH)} and/or their a
and f subunits either in vitro or in vivo [92, 95]. The first
approach in these adenomas is transsphenoidal surgery to
remove the temour mass and decompress parasellar
structures. As in the other adenoma histotypes, surgery
has a low morbidity and improves visual loss in the
majority of cases [96, 97]. Hypopituitarism is partially
recovered after surgery in these patients [96-100]. Post-
operative radiotherapy is applied in patients with subtotal
tumour removal to prevent tumour regrowth and even
reduce residual tumours [98-100], but is burdened by a
high prevalence of panhypopituitarism [98-100].

Medical therapy has its rationale after surgery to delay
radiotherapy and the potential occurrence of hypopitui-
tarism. The introduction of dopamine agonists in the
" medical therapy of NFAs was based on the observation
that dopamine receptors are present in vitro in NFA cells,
as in prolactinoma cells [101-103]. Bromocriptine, the
first dopamine agonist available for therapeutic purposes,
was used in NFAs with disappointing results, probably
due to the lower amount and affinity of D, receptors
expressed on NFAs than on prolactinoma cells [89].

Oniy a few studies have reported on the efficacy of qui-
nagolide in the treatment of these tumours [39, 104, 105].
Twelve patients were treated with quinagolide at a dose of
0.3-0.6 mg/day: 3 patients had an NFA, 8§ an a-subunit-
secreting adenoma and | an FSH/LH-secreting adenoma,
Treatment for 3—12 months reduced gonadotropin and/or
a-subunit levels in all patients [39, 104, 105]. A significant
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tumour shrinkage was documented; however, only in 4 of
12 patients.

No study has reported on the efficacy of cabergoline in
NFAs. In preliminary experience [106], cabergoline was
administered to 10 patients with NFAs who underwent
scintigraphy with 12°I-IBZM prior to therapy. '3.IBZM
was used to detect in vivo the presence of D; receptors on
pituitary tumours [37-39, 103]. A significant correlation
between tracer uptake in the pituitary adenoma and clini-
cal response to quinagolide or bromocriptine treatment
was observed in a few selected patients with PRL, GH or
a-subunit-secreting adenomas [37-39, 103]. This ap-
proach might be of great clinical relevance in patients
with NFAs, in whom the lack of biochemical markers
makes monitoring the efficacy of pharmacotherapy very
difficult. Among the 10 patients with NFAs, no uptake
was detected in 6 and a moderate uptake was detected in
2; however, intense uptake was observed in the remaining
2 patients [106]. After 12 months of treatment with quina-
golide or cabergoline, suppression of PRL levels was
found in all 10 patients with NFAs, a significant reduction
in o~-subunit levels was obtained in 9 of 10 patients; in 4 of
8 patients a-subunit levels were normalised. A significant
adenoma shrinkage was recorded only in the 2 of 10
patients with NFAs with intense pituitary uptake of 123]-
IBZM [106].

Similar to that observed in patients with TSH-secret-
ing adenomas, treatment with somatostatin analogues,
mostly with subcutaneous octreotide, was based on evi-
dence that these tumours express somatostatin receptors
[101-103]. Several clinical trials reported, however, that
tumour reduction occurred in only 11-13% of cases, indi-
cating a weak correlation between somatostatin receptor
expression and treatment efficacy with octreotide in these
patients [101-103, 107, 108]. Octreotide treatment was
followed by a rapid improvement in headache and visunal
disturbances, without any change in tumour volume [108,
109]. This eftect was likely due to the in vitro evidence
that octrectide inhibits growth of new vessels and endo-
thelial cells, leading to the hypothesis that the visual
improvement was more likely to be due to a direct effect
of octreotide on the retina and the optic nerve than to an
effect mediated by the somatostatin receptors expressed
on the pituitary tumour [103].

In conclusion, as patients with NFAs are difficult to
monitor due to the lack of biochemical markers of over-
production, !231.IBZM scintigraphy can be proposed
prior to the start of treatment with quinagolide or caber-
goline. Intense !23[-IBZM uptake in patients with NFAs
might be predictive of a good response to chronic treat-
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ment with quinagolide or cabergoline [106], and those
patients who might benefit from treatment could be
selected on the basis of tracer uptake. Immunostaining for
D, receptors has recently been provided [110]. It should
be investigated whether immunostaining for D receptors
would be a less expensive method of characterising tu-
moural receptor status in vitro on surgically removed tis-
sues than the current in vivo methods.

ACTH-Secreting Pituitary Adenomas

Transsphenoidal adenomectomy is the treatment of
choice for adenomas-secreting adrenocorticotropic hor-
mone (ACTH). Surgical excision is successful in the ma-
Jority of patients, with initial remission rates of 70-98%
and long-term cure in 50-98% in most studies [10, 92].

Neuromodulatory drugs affect ACTH secretion mainly
by acting at the hypothalamic level, Since ACTH secre-
tion is sensitive to hypothalamic control even in the pres-
ence of an ACTH-secreting adenoma, compound agonists
and antagonists on the hypothalamic-pituitary axis may
influence ACTH secretion in Cushing’s disease [11 1].
Bromocriptine, at doses ranging from 3.75 to 30 mg/day,
was tested in patients with Cushing’s disease, and pro-
duced controversial results. Acute bromocriptine admin-
istration decreased plasma ACTH levels in about half of
the patients, but a decrease by more than 50% was
reported in only 18% of patients [112]. Better therapeutic
results have been reported using very high doses ranging
from 17.5 to 40 mg daily [113]. Bromocriptine has also
been shown to inhibit the proliferation of murine ACTH-
secreting pitvitary adenoma (AtT-20) cells [114]. The
anti-tumoural activity of bromocriptine was inhibited
both by actinomycin D and cycloheximide, suggesting
that it was dependent on new RNA and protein synthesis;
the results of DNA fragmentation assays and cell cycle
analysis clearly demonstrated that bromocriptine induced
apoptosis in AtT-20 cells [114].

No data are presently available for cabergoline or qui-
nagolide. One patient with pituitary-dependent Cushing’s
disease who refused transsphenoidal surgery was treated
with ketoconazole and cabergoline and had a total remis-
sion [115]. The patient became pregnant during treatment
and delivered a healthy child [115].

In Nelson’s syndrome, medical therapy could play a
role since in vitro studies have demonstrated that dopa-
mine agonists, cyproheptadine and sodium valproate in-
hibit the release of corticotropin-releasing hormone both
directly and indirectly [111, 113]. A marked reduction in
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plasma ACTH, after a single oral dose or during chronic
treatment with bromocriptine, was observed in some
patients with Nelson’s syndrome [116], although other
studies have failed to demonstrate such an effect [117]. In
1 patient we reported that treatment with cabergoline for
I year at a dose of 2 mg/day was able to induce a complete
clinical and biochemical remission of Nelson’s syndrome
[118]. Cabergoline induced the disappearance of the pitu-
itary adenoma as documented by serial MRI, Withdrawal
from cabergoline was rapidly followed by an increase in
ACTH levels, necessitating renewed treatment [118).

In conclusion, data on the potential use of cabergoline
in Cushing’s disease and Nelson’s syndrome are lacking.
However, knowledge of the pathophysiology of ACTH
secretion supports a role for dopamine agonists in the
pharmacotherapy of these disorders. Further data are
needed to clarify this issue,

Conclusions

The medical approach to pituitary adenomas has im-
proved in recent years due to the availability of effective,
well-tolerated and safe compounds able to suppress tu-
moural endocrine hypersecretion and, in some instances,
to reduce tumour mass. Other promising alternatives are
under investigation, such as GH and GHRH antagonists,
which should enable satisfactory control even in difficult
cases of acromegaly. Use of these new compounds will
open up new pathways in the medical management of
patients with pituitary adenomas, possibly making surgi-
cal removal of the tumour an option for patients intoler-
ant or resistant to pharmacotherapy, as is currently the
case with prolactinomas.
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