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Abstract Pituitary diseases are relatively common entities in the general population.
They include pituitary adenomas and hypopituitarism. Pituitary tumours can cause
symptoms of mass effect and hormonal hypersecretion that can be reversed with
surgical resection or debulking of the adenoma, radiotherapy, or medical treat-
ment. Transsphenoidal adenomectomy is the treatment of choice for acromegaly,
Cushing’s disease, gonadotropin-secreting tumours; and thyrotropin (TSH)-secreting
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adenomas. Pituitary irradiation and medical therapy are secondary options. Con-
versely, medical treatment is the primary choice for prolactinomas. Dopamine
agonists are very effective in the treatment of prolactin (PRL)-secreting tumours,
with rates of control as high as 80 to 90% for microprolactinomas (<10mm) and
60 to 75% for macroprolactinomas (≥10mm). Somatostatin analogues have also
shown efficacy in patients with acromegaly who have not responded to surgery
or in patients with TSH-secreting adenomas who have not improved with surgery
and radiotherapy. In patients with Cushing’s disease, who are not cured surgically
or who relapse after pituitary adenomectomy and irradiation, steroidogenic in-
hibitors can be an efficient method of controlling the hypercortisolism.

Pituitary insufficiency is the partial or complete loss of the anterior hypophy-
seal function, which is due to hypothalamic or pituitary disease. Although the
classic sequence of loss of pituitary secretion is growth hormone (GH), gonado-
tropins, TSH, and corticotropin (ACTH), the order to begin the replacement ther-
apy of the deficient hormone(s) is cortisol, thyroxine, androgens/estrogens and,
if necessary, GH. There are multiple preparations that can be used to achieve
clinical and biochemical improvement. In general, the hormone replacement ther-
apy is lifelong.

1. Pituitary Adenomas

1.1 Prolactin-Secreting Adenomas

60% of all functioning pituitary tumours are
prolactinomas. 90% of patients with micropro-
lactinomas (10mm) are women and 60% with
macroprolactinomas (10mm) are men. Women of
reproductive age frequently come to medical atten-
tion because of oligo/amenorrhoea, infertility and
galactorrhoea. Men and postmenopausal women
usually present with symptoms of a pituitary mass
(headache and visual abnormalities).[1] Serum pro-
lactin (PRL) levels are always above 200 µg/L in
patients with macroadenomas, but may be only
moderately increased in patients with micro-
adenomas.

Observation may be justified in women with
microadenomas who do not desire pregnancy or do
not have significant galactorrhoea; or in men with
microprolactinomas who do not have clinical or
biochemical hypogonadism. To avoid osteoporosis
in women with oligo/amenorrhoea, oral contracep-
tives can be prescribed without risk of increasing
tumour size.[2] Patients with macroprolactinomas
always require therapy to prevent or reverse tu-
mour mass effect.

The objectives of therapy for prolactinomas are
normalisation of PRL levels, reduction in adenoma

size, restoration of pituitary function and preven-
tion of recurrence. Medical therapy is the treatment
of choice for micro or macroprolactinomas.[3]

Transsphenoidal surgery may be indicated in
patients with prolactinomas who do not respond to
or tolerate drug treatment, and in patients with psy-
chiatric illness who need neuroleptic agents (con-
comitant dopamine agonists may precipitate psy-
chotic episodes). Radiation therapy plays a limited
role in the treatment of prolactinomas, and may be
used when medical treatment and pituitary surgery
have been ineffective in stopping the tumour growth.
Figure 1 outlines a proposed treatment strategy for
prolactinomas.

1.1.1 Dopamine Agonists
Dopamine is the predominant physiological

PRL inhibitory factor. Thus, dopamine agonists are
utilised to treat hyperprolactinaemia. Bromocript-
ine is a semisynthetic ergot alkaloid with D1 and
D2 receptor agonist properties. The suppression of
PRL secretion depends on the number and affinity
of tumour dopamine receptors. Bromocriptine should
be started at a low dosage (0.625 to 1.25mg taken
orally with a snack at bedtime) to minimise its ad-
verse effects (nausea, vomiting and postural hypo-
tension). This dosage should be increased by 0.625
to 1.25mg every 3 days, to reach 2.5mg twice daily,
and further as needed to normalise PRL levels.
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Bromocriptine normalises PRL levels in 80 to 90%
of patients. Furthermore, the drug decreases mac-
roadenoma size substantially in 60 to 75% of pa-
tients, and restores gonadal function in 80 to 90%
of microprolactinoma patients and 60 to 75% of
macroadenoma patients.[4,5] Once the pathology is
under control, the dosage of bromocriptine can be
reduced to the lowest effective dosage for lifelong
maintenance. If adverse gastrointestinal (GI) effects
are unacceptable, bromocriptine can be given in-
travaginally to avoid first liver passage. In this case,
the dosage may be reduced (2.5 mg/day).[6] A long-
acting release bromocriptine preparation (Parlodel
LAR®: 50 to 75mg intramuscular injection every 4
to 8 weeks) is also available in some countries.
This formulation causes the same adverse effects
as the oral formulation, but only for the first few

days after administration.[7] Resistance to bromo-
criptine is observed in 5 to 18% of patients with
prolactinomas, which may be explained by a de-
crease in D2 receptors or a postreceptor defect.[8]

Cabergoline, an ergoline derivative, has higher
affinity for the D2 receptor than bromocriptine and
a prolonged duration of action. In a double-blind
study in 459 women with hyperprolactinaemic
amenorrhoea (279 of whom had a microprolactin-
oma), normoprolactinaemia was achieved in 83%
of women treated with cabergoline and 59% of those
treated with bromocriptine. Three and 12% of pa-
tients withdrew from the respective groups because
of drug intolerance.[9] In several series that included
130 prolactinoma patients, 25% of cabergoline re-
cipients had a greater than 50% reduction in tu-
mour size, and 47% experienced a 25 to 50% tu-
mour shrinkage.[10] Usual oral cabergoline dosages
are 0.5 to 1.0mg once or twice a week. In addition,
cabergoline may be useful in patients with prolac-
tinomas resistant to bromocriptine or quinagolide.[11]

Pergolide is an ergot derivative with a duration
of action greater than 24 hours. The usual starting
oral dosage is 0.05 mg/day which can be increased
to 0.3mg once a day. Pergolide normalises hyper-
prolactinaemia and shrinks most prolactinomas. Its
adverse effects are similar to those of bromocript-
ine. The drug may be also useful in patients with
prolactinomas resistant to bromocriptine.[12]

Lisuride is an ergot derivative which has been
effective in reducing the size of macroprolactinomas
when administered at an oral dosage of 0.4 to 2.0
mg/day (given 3 or 4 times per day). Adverse re-
actions are similar to those of other dopamine ag-
onists.[5,13]

Quinagolide (CV 205 502) is a long-acting non-
ergot octahydrobenzyl(g)-quinoline with specific
D2 receptor activity. It reverses hyperprolactinae-
mia and reduces tumour size in patients with mac-
roprolactinomas when used orally at a dosage of
0.1 to 0.4mg once daily. These effects are associ-
ated with improvement of visual abnormalities and
restoration of gonadal function.[14]

Other dopamine agonists tested for the treat-
ment of prolactinomas include terguride (a lisuride
derivative), metergoline (an antiserotoninergic agent),
mesulergine, lergotrile, dihydroergocryptine and hy-

No tumour
progression

Tumour
progression

Intolerance or
no remission

Intolerance or
no remission

Recurrence

Remission

Microadenoma Macroadenoma

PRL-secreting adenoma

Observation
with/without

HRT

Dopamine agonists

Follow-up

Change 
dopamine
 agonist

Life-long
dopamine
agonists

SurgeryRadiotherapy

Fig. 1. Proposed treatment strategy for prolactinomas.
Remission: PRL <20 µg/L. HRT = hormone replacement ther-
apy; PRL = prolactin.
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dergine.[15] However, these do not offer any advan-
tages over bromocriptine and are not used clinically.

As mandated by the manufacturer, dopamine
agonists should be stopped once pregnancy is con-
firmed. However, bromocriptine and cabergoline
have not been found to cause any increase in spon-
taneous abortions, congenital malformations, ec-
topic pregnancies or multiple births. Discontinuation
of bromocriptine should be followed symptomati-
cally in pregnant women because it is possible that
adenoma size may increase (in 2 to 6% of patients
with microprolactinomas and 15 to 35% of patients
with macroprolactinomas).[10]

1.1.2 Somatostatin Analogues
Prolactinomas contain several subtypes of som-

atostatin (sst) receptors subtypes – sst1, sst2, sst3,
sst5. Octreotide and lanreotide bind efficiently to
sst2 and with lower affinity to sst5. They do not alter
in vivo PRL levels. The receptor sst5 appears to reg-
ulate PRL secretion from prolactinoma cells. Thus,
somatostatin analogues (BIM-23052 and BIM-
23268) with improved selective binding affinity for
these receptor subtypes, may prove to be effective
in the treatment of PRL-secreting adenomas.[16]

1.2 Growth Hormone (GH)-
Secreting Adenomas

Growth hormone (GH)-secreting adenomas
(75% of which are macroadenomas) account for
20% of functional pituitary tumours and their man-
ifestations are either acromegaly or gigantism. Acro-
megaly has an annual incidence of at least 3 to 4
cases per million and a prevalence of 40 to 90 cases
per million. It is a cosmetically disfiguring disease
characterised by bony and soft tissue overgrowth,
which results in increased hand, foot, and hat size,
macroglossia, prognathism, frontal bossing, and
coarsening of facial features. Hypertension, diabe-
tes mellitus, sleep apnoea and cardiomyopathy are
also more prevalent in patients with acromegaly
than in the general population. People with acro-
megaly have mortality rates that are 2 to 3 times
higher than in the general population.[17]

Figure 2 shows a proposed strategy for the treat-
ment of GH-secreting adenoma. The primary goals
of treatment are to reduce GH levels below 1=µg/L

during a 2-hour oral glucose tolerance test (OGTT)
and normalise insulin-like growth factor (IGF)-1
levels (age and gender matched), stabilise or re-
duce tumour size, and maintain or recover pituitary
function. Transsphenoidal resection of the adenoma
is the treatment of choice. When it is performed by
a skilled neurosurgeon, 50% of patients with mac-
roadenomas and 80% of those with microadenomas
will achieve GH levels below 5 µg/L.[17]

External radiotherapy prevents tumour re-
growth and slowly (over 5 to 15 years) reduces
plasma GH levels, often to the 2 to 5 µg/L range.
It is relatively ineffective in normalising plasma
IGF-I levels.[18] Radiosurgery (γ-knife) may re-
duce plasma GH levels more rapidly, but it is still
uncertain whether radiosurgery is more effective
than external radiotherapy in normalising plasma
IGF-I levels.

1.2.1 Somatostatin Analogues
Octreotide is a long-acting synthetic somato-

statin analogue that has 10 times higher affinity for
sst2 than for ssT5. It is also 40 times more potent
than somatostatin in suppressing GH secretion. Oc-
treotide suppresses GH levels to <2 µg/L in 40%
of patients and normalises IGF-I levels in 60%, and
therefore improves many manifestations of acro-
megaly. The drug has a modest effect on tumour
shrinkage; 10% of patients do not respond.

Short term adverse effects include diarrhoea, fat
malabsorption, nausea and flatulence. After sev-
eral months of therapy, 25% of patients will de-
velop asymptomatic gallbladder stones.

Octreotide 100 to 500µg is usually administered
subcutaneously 3 times daily depending on the in-
dividual response of each patient.[19-21] A continuous
subcutaneous pump infusion (up to 600 µg/day)[22]

or long-acting octreotide (Sandostatin LAR Depot®;
20 to 40mg intramuscular injection every 4 to 6
weeks)[23,24] have been shown to be effective and
well tolerated treatments for acromegaly.

Slow release lanreotide reaches peak plasma
concentrations 2 hours after intramuscular injec-
tion of a 30mg dose, with gradual reduction over
the next 48 hours. Subsequently, drug concentrations
increase again and progressively decrease until day
10 to 14 after the injection. Thus, this formulation
is administered every 1 to 2 weeks and its efficacy

96 Orrego & Barkan

  Adis International Limited. All rights reserved. Drugs 2000 Jan; 59 (1)



and tolerability profiles are similar to those of octreo-
tide.[25]

Novel sst2- and sst5-selective analogues, with im-
proved receptor affinity, could be a better option for
the treatment of acromegaly in the near future.[16]

1.2.2 Dopamine Agonists
Bromocriptine binds to pituitary D2 receptors

and suppresses GH secretion in some patients with
acromegaly. Oral administration and low costs are
2 main advantages of dopamine agonists. Unfortu-
nately, bromocriptine 7.5 to 80 mg/day (3 or 4 times
daily) only suppresses plasma GH levels below 5
µg/L in 20% of patients and normalises IGF-I lev-
els in 10%. In addition, the majority of somato-

troph adenomas will not shrink during therapy and
adverse effects are common because larger dosages
are used.[26]

Cabergoline 1.0 to 2.0 mg/week may be effective
in acromegaly, especially if the pituitary adenoma
cosecretes GH and PRL.[27] But in general it is not
more effective than bromocriptine for the treatment
of this entity.[28]

Quinagolide 0.3 to 0.6 mg/day has been shown
to normalise circulating GH and IGF-I levels in
some patients with acromegaly, although the rate
of adenoma shrinkage has been poor.[28]

1.2.3 Combined Regimens
The combination of somatostatin analogues with

dopamine agonists (e.g. octreotide with bromocript-
ine or quinagolide) has been shown to be equally
or more effective in patients with acromegaly than
either drug alone.[29,30] This regimen may be useful
after surgery and/or radiation therapy in patients
with active acromegaly who have had only partial
improvement with one of the medications.

1.2.4 GH Antagonists
Human GH (hGH) analogues contain changes

in the third α-helix (which forms binding site 2 in
hGH) and act as GH antagonists by decreasing the
dimerisation of the GH receptor.[31] Pegvrisomant
(B2036-PEG) is a pegylated hGH analogue which
has improved binding to site 1 and a single amino
acid mutation in the binding site 2. This drug was
used in 46 patients with acromegaly in a multi-
centre research study, and appeared to be a well
tolerated and potentially useful therapy with a sub-
cutaneous route of administration.[32] Longer stud-
ies are necessary to demonstrate its efficacy.

1.2.5 GH-Releasing Hormone Antagonists
(N-Ac-Tyr1,D-Arg2)GHRH(1-29)NH2 (GHRH-

Ant) is an analogue of growth hormone-releasing
hormone (GHRH) that functions as a competitive
antagonist at the level of the GHRH receptor. In-
travenous GHRH-Ant suppressed integrated total
and pulsatile GH secretion in healthy young men,[33]

and briefly lowered elevated GH levels in a patient
with acromegaly resulting from ectopic GHRH se-
cretion.[34] The role of this experimental medication
in the treatment of acromegaly is still unknown.

GH-secreting adenoma
(elevated IGF-1 and GH levels)

Microadenoma Macroadenoma

Surgery

No remission Remission

Somatostatin
analogues

with/without
dopamine
agonists

No remission

Radiotherapy and/or
repeat surgery

Follow-up

Fig. 2. Proposed treatment strategy for acromegaly.
Remission: GH levels <1 µg/L during a 2-hour OGTT and normal
IGF-I levels (age and gender matched). GH = growth hormone;
IGF-I = insulin-like growth factor-I; OGTT = oral glucose toler-
ance test.
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1.3 Corticotropin-Secreting Adenomas

Cushing’s disease, the excessive secretion of
corticotropin (ACTH) by a pituitary corticotroph
tumour, is responsible for two-thirds of all cases of
Cushing’s syndrome. 15% of all functional pitu-
itary tumours are ACTH-secreting adenomas (90%
of which are microadenomas). Women are more
frequently affected than men (3 to 8 : 1). Cushing’s
syndrome is characterised by centripetal obesity,
moon facies, easy bruisability, proximal myopa-
thy, osteoporosis, psychiatric disturbances, and
glucose intolerance. Multiple tests in a logical se-
quence are necessary to determine the cause of the
hypercortisolism.[35]

The treatment of choice for Cushing’s disease is
selective transsphenoidal adenomectomy after ac-
curate preoperative localisation of the tumour. It
has a cure rate of 80 to 90% for microadenomas and
50% for macroadenomas. If a tumour is not visible,
either a total hypophysectomy or a hemihypophy-
sectomy is usually performed. Patients who are not
cured by surgery or who relapse can receive external
pituitary irradiation and/or medical therapy (fig. 3).
Complete remission during a median follow-up of
42 months was achieved in 83% of patients who
received external pituitary irradiation after persistent
or recurrent Cushing’s disease, following a trans-
sphenoidal surgery.[36] Medical therapy includes ste-
roidogenic inhibitors, neuromodulators of ACTH re-
lease, and glucocorticoid receptor-blocking agents.[37]

In the past, the treatment of choice for Cushing’s
disease was bilateral adrenalectomy. However, it
caused a growth of the residual pituitary tumour
with high plasma ACTH levels and hyperpigmen-
tation (Nelson’s syndrome) in 10 to 30% of pa-
tients. Surgery and/or pituitary irradiation are the
treatments of choice, although some patients do not
respond to these approaches.

1.3.1 Steroidogenic Inhibitors
Ketoconazole, an antifungal agent, normalised

urinary free cortisol (UFC) or urinary 17-hydroxy-
corticosteroids in 81% of patients with Cushing’s
disease when administered orally at a dosage of 300
to 400mg twice daily for 0.5 to 8 months. Adverse
reactions included elevated transaminases, gyne-
comastia, GI disturbances, oedema, and skin rash.[37]

In a recent paper from Italy, ketoconazole improved
UFC levels in 85% of patients with Cushing’s dis-
ease, including normalisation of UFC levels in 43%
of them.[38] Currently, ketoconazole is the preferred
pharmacological modality in patients with Cush-
ing’s syndrome.

Mitotane (o,p’-DDD) inhibits cortisol hyperse-
cretion by destroying adrenocortical cells and in-
hibiting 11β-hydroxylase and cholesterol side-chain
cleavage enzymes. In a study of nonsurgical ther-
apy, oral mitotane 8 to 12 g/day achieved remission
in 82% of patients with Cushing’s disease after 8
months of therapy, and in 100% of patients who
also received cobalt pituitary irradiation. Overall,

ACTH-secreting adenoma
(functional and anatomical localisation)

Microadenoma Macroadenoma

Pituitary
surgery

Remission

No remission

Radiotherapy
with/without

steroidogenic
inhibitors

No remission

Add another
steroidogenic

inhibitor or
neuromodulator

No remission

Bilateral
adrenalectomy

Follow-up

Fig. 3. Proposed treatment strategy for Cushing’s disease.
Remission: UFC levels <90 µg/24h and morning cortisol levels
<5 mg/L after overnight dexamethasone 1mg. ACTH = cortico-
tropin; UFC = urinary free cortisol.
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Cushing’s disease was controlled in two thirds of
patients with or without pituitary irradiation, and
adrenalectomy was avoided. Adverse effects inclu-
ded GI distress, gynecomastia, abnormal liver func-
tion tests, hyperlipidaemia, and hypoaldosteron-
ism.[39]

Etomidate, an anaesthetic drug, is a substituted
imidazole derivative which inhibits the adrenal en-
zymes 11β-hydroxylase and desmolase. A 0.1 mg/
kg/h intravenous infusion of etomidate rapidly re-
duced hypercortisolaemia in patients with Cushing’s
disease without significant adverse effects.[40] This
drug is therefore an attractive choice to rapidly cor-
rect severe hypercortisolism.

Metyrapone, a pyridine derivative, primarily in-
hibits 11β-hydroxylase, and to a lesser degree, 17α-,
18-, and 19-hydroxylase activity. Oral metyrapone
750 to 6000 mg/day (administered before or with
pituitary irradiation for a median of 27 months)
achieved adequate control of hypercortisolaemia
in 83% of 24 patients with Cushing’s disease. Of
the 6 patients who received only metyrapone, 3 had
a relapse during 1 year of therapy. Reduction of
cortisol levels was associated with clinical and bio-
chemical improvement. Significant adverse effects
included hirsutism, hypertension and transient hy-
poadrenalism.[41]

Aminoglutethimide inhibits the side-chain
cleavage complex, the 21-, 17-, 11-, and 18-hy-
droxylases, aromatase, and C17-20 lyase enzymes.
At 0.75 to 2.0 g/day orally, it was effective in re-
lieving symptoms and signs of adrenocorticoid ex-
cess, in 42% of patients with Cushing’s disease as
preoperative therapy. Adverse reactions were dose
dependent and included sedation, transient rash,
nausea, anorexia, and thyroid function abnormali-
ties.[42] Because high ACTH levels can overcome ste-
roid synthesis blockade, aminoglutethimide can be
given with metyrapone to obtain better results.

Trilostane, a carbonitrile derivative, inhibits the
conversion of pregnenolone to progesterone. At 0.2
to 1.0 g/day orally, it has not had significant effi-
cacy in the normalisation of hypercortisolism in
patients with Cushing’s disease.[37]

1.3.2 Neuromodulators
Valproic acid, a γ-aminobutyric acid (GABA)-

reuptake inhibitor, may enhance GABA inhibition

of hypothalamic corticorelin (CRH) release thereby
lowering ACTH levels. Although some reports
showed response to valproic acid, placebo-control-
led studies were not able to demonstrate clinical or
biochemical improvement in patients with Cushing’s
disease.[37,43] Some patients with Nelson’s syndrome
have responded to valproic acid 600 mg/day, with
reductions in ACTH levels and tumour size.[44]

Bromocriptine was postulated to be effective in
Cushing’s disease resulting from intermediate lobe
adenomas. Although dosages up to 30 mg/day appear
to be ineffective, 1 study suggested that bromo-
criptine dosages >35 mg/day could attain a favour-
able clinical response and normal cortisol secre-
tion.[45] Bromocriptine showed the greatest acute
effect in suppressing ACTH secretion in a study in
patients with Nelson’s syndrome,[46] but reduction in
ACTH levels during long term treatment is
achieved only in a minority of patients.

Cyproheptadine, a serotonin antagonist, may
suppress ACTH levels by acting at hypothalamic
and pituitary levels. Although several cases of com-
plete remission of Cushing’s disease with cypro-
heptadine have been published, other case reports
have not confirmed this. At least 24 mg/day were
necessary to achieve response.[37] Cyproheptadine is
generally ineffective in the treatment of Nelson’s
syndrome.[46,47]

Octreotide is not effective in decreasing ACTH
levels in patients with Cushing’s disease, although
long term studies have not been performed.[37] The
drug may decrease ACTH levels and improve vi-
sual field defects in patients with Nelson’s syndrome,
but changes in tumour size do not occur.[48]

1.3.3 Glucocorticoid-Receptor Antagonists
Mifepristone (RU-486), a progesterone and glu-

cocorticoid receptor antagonist, has been useful in
some patients with Cushing’s syndrome resulting
from ectopic ACTH secretion or adrenal cancer.
However, the drug can increase ACTH and cortisol
levels in patients with Cushing’s disease, with pos-
sible subsequent loss of action. In addition, titra-
tion of mifepristone dosages may be problematic.[49]
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1.4 Thyrotropin-Secreting Adenomas

Fewer than 1% of all pituitary adenomas are thy-
rotropin (TSH)-secreting tumours. Of these, 70%
are macroadenomas. Symptoms include those of
the pituitary mass and hyperthyroidism with goiter.
Free liothyronine (tricodo thyronine;T3) and thyrox-
ine (T4) are elevated but TSH is high or ‘inappro-
priately’ normal. The thyrotropin-releasing hormone
(TRH; protirelin) test, α-subunit and α-subunit/TSH
ratio measurements, and magnetic resonance imag-
ing of the pituitary differentiate this entity from
resistance to thyroid hormone syndrome. In atypi-
cal cases, the octreotide and T3 suppression tests
may be useful.[50]

The primary goal of treatment (fig. 4) is to remove
or debulk the tumour mass by transsphenoidal or
subfrontal surgery. If the tumour is unresectable or
the surgery is contraindicated, the objective is to
improve pituitary and thyroid function and decrease
cell replication. Two thirds of the patients who un-
dergo surgery and/or radiation therapy have norm-
alisation of thyroid function tests, but only one third
are cured.[51] When thionamides or radioiodine are
used to control hyperthyroidism, a loss of feedback
inhibition on TSH secreting tumour cells may oc-
cur. Thus, acceleration in tumour growth, increase
in TSH secretion, and further goiter enlargement
might be seen.

1.4.1 Somatostatin Analogues
Somatostatin is a physiological inhibitor of

TSH. Thus, somatostatin analogues are used for the
treatment of TSH-secreting adenomas. Octreotide
(50 to 750µg subcutaneously every 8 to 12 hours)
can normalise TSH levels and restore the euthyroid
state in 79% of patients, and improve visual field
defects in 75% of patients. Shrinkage of adenoma
and goiter volume also occurs in 52 and 18% of
patients, respectively. 4% of patients have been re-
sistant to octreotide in long term studies. Some pa-
tients develop hypothyroidism and require concom-
itant thyroid replacement therapy. Thus, octreotide
can be used in patients with TSH-secreting adeno-
mas who have not responded to surgery or radiother-
apy.[50-53]

Lanreotide (30mg intramuscular injection every
10 to 15 days for 3 to 6 months) decreased TSH and

normalised free T3 and free T4 levels but had no
effects on tumour size in patients with TSH-secret-
ing pituitary tumours. This medication was well
tolerated.[54]

1.4.2 Dopamine Agonists
Dopamine agonists have been not consistently

effective in the treatment of TSH-secreting tu-
mours.[50,51]

1.5 Gonadotropin-Secreting Adenomas

Approximately 25% of pituitary tumours are
classified as nonfunctioning or nonsecretory ade-
nomas because, in general, they do not cause spe-
cific clinical syndromes of hormonal hypersecre-

TSH-secreting adenoma
(normal or elevated TSH and

elevated T4 levels)

Microadenoma Macroadenoma

Surgery

No remissionRemission

Radiotherapy
and/or

somatostatin
analogues

No remission

Repeat
surgery

No remission

Radioiodine or
antithyroid drugs

Follow-up

Fig. 4. Proposed treatment strategy for TSH-secreting adeno-
mas.
Remission: normalisation of thyroid function tests and of TSH
response to TRH. T4 = thyroxine; TRH = thyrotropin-releasing
hormone, protirelin; TSH = thyrotropin.

100 Orrego & Barkan

  Adis International Limited. All rights reserved. Drugs 2000 Jan; 59 (1)



tion. When studied in vitro, however, the great ma-
jority synthesise and/or secrete intact follicle-stimu-
lating hormone (FSH) and luteinising hormone
(LH) or free - and - subunits. This indicates that the
majority of them are gonadotropin-secreting ade-
nomas. Men and postmenopausal women usually
present with symptoms of mass effect or hypopitu-
itarism (hypogonadism).

Resection or debulking of the tumour by trans-
sphenoidal surgery is the treatment of choice for
gonadotropin-secreting adenomas. 70 to 80% of pa-
tients with visual field defects experience improve-
ment, but 15% of tumours recur within 5 years after
successful surgery. In patients with postsurgical
residual adenoma, pituitary irradiation can be used
to prevent regrowth and even decrease the size of
the remnant tumour. In the interim, some medica-
tions may be useful.[1] For a proposed strategy of
the treatment of gonadotropin-secreting adeno-
mas, see figure 5.

1.5.1 Dopamine Agonists
Bromocriptine is usually not beneficial for the

treatment of gonadotropin-secreting adenomas. Oc-
casional reports have shown reductions in serum
levels of FSH, LH and α-subunit, and improve-
ments in the visual defect abnormalities, without
changes in tumour size.[55,56]

1.5.2 Somatostatin Analogues
Several studies have shown that octreotide does

not effectively reduce tumour size, decrease go-
nadotropin levels or improve visual function in the
majority of patients with gonadotropin-secreting
adenomas. However, a recent report showed amel-
ioration in visual abnormalities in 40% of patients
after 2 months of therapy with octreotide; shrinkage
of the adenoma was reported in 3 of 7 patients.[57]

1.5.3 Gonadotropin-Releasing Hormone 
(GnRH) Agonists
Long-acting gonadotropin-releasing hormone

(GnRH) agonists that down-regulate gonadotropin
secretion in healthy individuals are not consistently
successful in improving serum gonadotropin levels
or reducing the size of the adenoma in patients with
gonadotropin-secreting pituitary tumours. Con-
versely, they may increase serum levels of α-sub-
unit.[58]

1.5.4 GnRH Antagonists
The GnRH antagonist Nal-Glu (5mg subcutane-

ously twice daily) normalised or suppressed go-
nadotropin levels in patients with FSH-secreting
pituitary adenomas without reducing tumour size.[59]

These findings suggest that the secretion of FSH,
but not the growth of the tumour, is dependent on
endogenous GnRH.

2. Hypopituitarism

Pituitary insufficiency is the partial or complete
loss of the anterior hypophyseal function caused
by hypothalamic or pituitary disease. The classic
sequence of loss of pituitary secretion is GH, LH/

Gonadotropin-secreting adenoma
(elevated gonadotropins or free subunits)

Microadenoma Macroadenoma

SurgeryObservation Progression

No progression

Follow-up

Remission

Follow-up

No remission

Radiotherapy

No remission

Dopamine
agonists or

somatostatin
analogues

No remission

Repeat
surgery

Fig. 5. Proposed treatment strategy for gonadotropin-secreting
adenomas.
Remission: Removal of tumour mass and improvement in hor-
monal hypersecretion (when present).
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FSH, TSH, and ACTH, with GH being the most
common deficiency. There are 8 to 10 new cases
of hypopituitarism per million adults every
year.[60] Pituitary tumours account for more than
95% of cases of pituitary insufficiency, with
macroadenomas being the most frequent cause.
Clinical manifestations of hypopituitarism are di-
verse and depend on the extent and severity of the
hypophyseal dysfunction. The diagnosis of a com-
plete loss of function is simple, but dynamic tests
are often necessary to discover partial deficiencies.
Once the cause of the hypopituitarism is clear, re-
placement therapy of the deficient hormone(s) is the
goal.[61] Cortisol, thyroxine, sex hormones, and if
necessary, GH, should be replaced in that order.

2.1 Prolactin Deficiency

Although hyperprolactinaemia is more com-
monly associated with pituitary insufficiency than
is hypoprolactinaemia, failure of lactation is often
the earliest clue to panhypopituitarism resulting
from Sheehan’s syndrome (pituitary necrosis dur-
ing the peripartum period). There is no specific
therapy for hypoprolactinaemia.

2.2 GH Deficiency

Adult onset GH deficiency (partial or total) can
cause alterations in body composition (reduced lean
body mass and increased centrally distributed fat
mass), physical performance, psychological well-
being and quality of life, as well as osteoporosis.
GH deficiency has also been implicated in reduced
life expectancy (due to increased mortality from
cardiovascular disease).[62] Adult onset GH defi-
ciency may result from hypothalamic or pituitary
damage brought about by tumours, radiation ther-
apy, etc. Patients with childhood onset GH defi-
ciency should be retested as adults before commit-
ting them to GH replacement therapy.[63]

All patients with severe GH deficiency are eli-
gible for GH replacement. Severe GH deficiency is
defined as a peak GH level <3 µg/L in response to
hypoglycaemia, using polyclonal competitive ra-
dioimmunoassays. Patients should be on replacement
therapy for other hormonal deficits before testing.
If an adult has other pituitary hormone deficien-
cies, only one abnormal GH provocative test is nec-

essary. In adults with suspected isolated GH defi-
ciency, a second abnormal biochemical test of GH
status is required to confirm the diagnosis.[63]

The goal of the treatment of GH deficiency is to
correct the abnormalities associated with GH defi-
ciency and to keep IGF-I levels in the age-related
normal range. GH replacement therapy should be
initiated at a dosage of 0.15 to 0.30 mg/day (to
convert mg to IU multiply by 3) given as a subcu-
taneous injection each evening. The dosage is grad-
ually increased (by 0.15 mg/day at monthly inter-
vals) to reach the maintenance dosage, which seldom
is greater than 1.0 mg/day. If a patient perceives no
benefit after 6 months, GH can be discontinued.
Otherwise, GH can be continued for life. Adverse
effects are transient and dosage dependent. They
include oedema, carpal tunnel syndrome, paresthe-
sias, arthralgias, and glucose intolerance. Contraindi-
cations are active malignancy, proliferative diabetic
retinopathy and benign intracranial hypertension.
Although early pregnancy is not a contraindication,
GH replacement therapy should be discontinued in
the second trimester as GH is synthesised by the
placenta.[63-65]

GH secretagogues or GH-releasing peptides are
synthetic, non-natural peptidyl and nonpeptidyl mol-
ecules, which act at both the pituitary and hypotha-
lamic level via a specific receptor that is different
from the GHRH receptor. They are potent stimula-
tors of GH secretion that can be administered via
subcutaneous, intravenous, oral or intranasal routes.
Because these agents require the integrity of the
hypothalamo-pituitary axis, patients with adult-onset
GH deficiency who have organic hypopituitarism
do not benefit from them. However, these agents
may have a role in children with short stature due
to GH deficiency.[66,67]

The actual benefits of GH replacement therapy
in adults are still uncertain. Most importantly, an
improvement in the morbidity and mortality rates
in hypopituitary adults during GH replacement ther-
apy has never been documented. Obviously, more
studies are needed to justify GH administration as
a necessary part of replacement therapy in adults
with pituitary insufficiency.
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2.3 Gonadotropin Deficiency

Men with hypogonadotropic hypogonadism
have low or ‘inappropriately’ normal LH and FSH
levels and low testosterone levels. Manifestations in-
clude loss of normal sexual function, loss of bone and
muscle mass, and a decline in general health.[68]

The aim of treatment is to induce or maintain sec-
ondary sexual characteristics, sexual behaviour and
male habitus. If fertility is not desired, the treat-
ment of choice is testosterone-replacement ther-
apy. Several forms of testosterone delivery are avail-
able: testosterone enanthate or cipionate (200 or
300mg given intramuscularly every 2 or 3 weeks,
respectively) and the testosterone transdermal (TTD)
system are the usual methods of therapy.[69,70] In-
tramuscular testosterone enanthate or cipionate dos-
ages and administration intervals can be adjusted
according to clinical response. The TTD system
maintains stable hormone levels over a long period
of time but is 10 to 20 times more expensive than
the injections.

The TTD system includes scrotal (4 to 6 mg/
day) and nonscrotal (2.5 to 5.0 mg/day) patches.
The principal adverse effects of these formulations
are local reactions (pruritus, burn-like blisters, er-
ythema, and vesicles) which result in treatment with-
drawal in 10% of patients.[71] Prostate-specific an-
tigen and hematocrit should be checked before and
after starting testosterone-replacement therapy.

Several second line and experimental modali-
ties of therapy have also been used for the treat-
ment of hypogonadal men. For example, testoster-
one undecanoate (40mg orally 3 or 4 times daily)
is a 17α-hydroxyl ester which has been shown to
cause variable clinical response in men.[72] Also, sub-
cutaneous implanted pellets of fused crystalline
testosterone (6 x 100mg or 3 x 200mg) provided nor-
mal circulating testosterone levels for4 to 5 months.[73]

Other studies in hypogonadal men showed that the
second-generation long-acting testosterone micro-
capsule formulation (630mg in dextran solution)
provided eugonadal levels of testosterone for up to
11 weeks[74] and the long-acting testosterone ester,
testosterone bucyclate (600mg intramuscular injec-
tion), normalised androgen levels for 3 months.[75]

Finally, a rapidly absorbed sublingual formulation

of cyclodextrin-complexed testosterone has also
been used.[76]

Women with hypogonadotropic hypogonadism
may have oligo/amenorrhoea, hot flashes/flushes,
dyspareunia, loss of libido, infertility, breast atrophy,
osteoporosis, and premature cardiovascular disease.
Treatment should correct the hypoestrogenaemia re-
sulting from low or ‘inappropriately’ normal FSH
or LH levels. In premenopausal women, who do
not desire pregnancy, a combined oral contracep-
tive (with 20 to 35µg of ethinylestradiol) is indi-
cated.[60] In postmenopausal women with an intact
uterus, estrogens and progestagens are given cycli-
cally or continuously. One such cyclic regimen con-
sists of conjugated estrogens at 0.625 to 1.25 mg/
day for 25 days with medroxyprogesterone acetate
at 5 to 10 mg/day for the last 10 to 14 days. If the
uterus has been removed, estrogens are administered
continuously. Other estrogen formulations (patches,
percutaneous and implants) and hormone replace-
ment combinations tablets are also available.[77]

If fertility is desired, therapy with human cho-
rionic gonadotropin (hCG; a LH-like hormone) and
human menopausal gonadotropin or menotropins
(a mix of LH and FSH) can be used.[78,79] Recently,
gonadotropins have been produced by recombi-
nant DNA technology, replacing hCG and
menotropins as first line of therapy.[80]Several dos-
ages and frequencies of administration have been
suggested. Restoration of spermatogenesis in men
requires the following sequence: hCG is adminis-
tered first, to activate testicular testosterone pro-
duction by the Leydig cells. When testosterone lev-
els have been maintained in the normal range for 2
to 3 months, FSH is added to stimulate spermato-
genesis. Often, this requires 6 to 12 months. In
women, the sequence is reversed: FSH is given
first, to induce follicular maturation, and then a
single bolus of LH is given to induce ovulation.
Ovarian ultrasound and rapid estrogen assay are
monitored to avoid multiple ovulation. Unfortu-
nately, multiple pregnancies will develop in more
than 25% of patients.[79]

2.4 Corticotropin Deficiency

Tiredness, fatigue, anorexia, nausea, vomiting,
diarrhoea, weight loss, and postural hypotension
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characterise secondary adrenal insufficiency. Be-
cause patients with mild or recent onset secondary
adrenal failure may have a normal ACTH stimula-
tion test, the insulin tolerance test is the preferred
method of evaluation for these patients.[81] The
goal of replacement therapy is to administer the
minimum dosage of glucocorticoids that improve
the symptoms, avoiding overtreatment
(Cushingoid features and osteoporosis) and un-
dertreatment (residual symptoms).[82] The starting
dosage of hydrocortisone is 10 to 12 mg/m2/day,
which is about 20 mg/ day for normal adults. Al-
though the usual form of administration is to give
15mg upon wakening and 5mg at 5pm, recent evi-
dence suggests that 10mg/ 5mg/5mg (awaken-
ing/lunch/dinner) is more physiological and pa-
tients feel better.[83] Fatigue and early morning
headache may indicate overnight hypo-
cortisolism.[84] Dosages can be evaluated clinically,
although measuring serum and urinary cortisol lev-
els may be required occasionally to verify suffi-
ciency of replacement.

For patients undergoing surgery, the dosage has
to be increased depending on the extent of the pro-
cedure. In general, for minor, moderate, and major
interventions, additional daily supplements of 25mg,
50 to 75mg, and 100 to 150mg, respectively, are
required for 48 to 72 hours. They are given as intra-
venous infusions or boluses every 6 to 8 hours.[85]

A similar approach is necessary in patients with
trauma, infections or other severe illnesses.[86] Other
glucocorticoids may be used instead of hydrocorti-
sone. Cortisone (25mg in the morning and 12.5mg in
the afternoon) or prednisone (5mg in the morning)
are acceptable alternatives. The dosages of these
medications need to be increased during stressful
illnesses in the same proportion as hydrocortisone.
Unlike patients with primary adrenal insufficiency,
patients with ACTH deficiency do not need miner-
alocorticoids as part of the therapy.

2.5 Thyrotropin Deficiency

Secondary hypothyroidism is characterised by
slowing of mental functions, cold intolerance, fa-
tigue, dry skin, constipation and sleepiness. Unlike
primary hypothyroidism, symptoms such as peri-
orbital oedema, hoarseness, weight gain and hyper-

cholesterolaemia occur less frequently, and there is
no goiter. Biochemical evaluation shows low T4

and T3 levels with low or ‘inappropriately’ normal
TSH levels.[87] Thyroxine is the treatment of choice
for central hypothyroidism. Before starting this ther-
apy, concomitant adrenal insufficiency has to be
ruled out in order to avoid precipitation of an adre-
nal crisis. In young or noncardiac patients, thyrox-
ine can be started at 0.1 to 0.15 mg/day, given in
the morning. In patients over 60 years of age or
with ischaemic cardiac disease, thyroxine should be
started at 0.025 to 0.05 mg/day and subsequently
raised by 0.025 to 0.05 mg/day every 3 to 4 weeks,
if tolerated.[88] The adequacy of the dosage is eval-
uated according to the normalisation of the clinical
manifestations and serum levels of total or free T4

levels. Adverse effects are minimal, but over-
treated patients with high levels of serum T4 may
have higher risks of developing osteoporosis and
atrial fibrillation in the long term.

3. Conclusion

Pituitary diseases are relatively common in the
general population. Pituitary adenomas have dif-
ferent manifestations depending on tumour size,
gender and age. The goal of treatment is to improve
mass effect, hormonal hyper- or hyposecretion, and
to prevent recurrence. Transsphenoidal surgery is
the treatment of choice for all pituitary tumours
with the exception of prolactinomas. Thus, pitu-
itary irradiation and medical therapy are adjuvant
to the surgical approach. A proposed treatment strat-
egy for the different pituitary adenomas is given in
figures 1 to 5. The goal of the treatment of hypopi-
tuitarism is to achieve clinical and biochemical im-
provement. In general, hormonal replacement ther-
apy is a lifelong commitment.
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