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Pegvisomant: a new treatment modality for acromegaly
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ABSTRACT
Acromegaly, a multisystemic disease resulting from excessive growth hormone (GH) and insulinlike growth factor-I (IGF-I) levels in adults, is associated with a two-to-threefold increase in mortality. The available treatment options (surgery, radiotherapy and medical treatment with somatostatin analogues or dopamine agonists) fail to achieve the currently accepted goals of therapy in
a substantial number of patients. Pegvisomant, a newly developed GH receptor antagonist, represents a novel treatment modality for this disease. It binds with the GH receptor and induces internalization, but blocks receptor signaling events, thereby reducing IGF-I production. The two main
published studies suggest that it is the most potent medical therapy with greater specificity, without being dependent on the tumour characteristics. However, apart from its high cost and the
dilemmas raised concerning the appropriateness of using serum IGF-I concentrations as a marker
of disease activity, it may also occasionally be associated with elevations in liver enzyme levels.
Further studies are required to confirm its high success rates as well as to investigate the possibility of inducing an increase in the pituitary tumour size. Currently, pegvisomant is a second line
treatment for acromegaly with an adjuvant role and possibly of greater value in cases of resistance
to other therapeutic options.
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INTRODUCTION
Growth hormone (GH), a protein of 191 amino
acids, is synthesized and secreted by the somatotrop
cells of the anterior pituitary gland. The major form
found in the circulation has a molecular mass of 22
kDa. Studies with X-ray crystallography and employing a genetically engineered variant of porcine (p)GH
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reveal that its 3-dimensional structure consists of 4 áhelices (each ranging from 20-30 residues) joined together by non-helical polypeptide chains as well as two
disulfide bonds (between Cys residues 53 and 164 and
181 and 189)1 (Figure 1). Subsequent studies on human GH demonstrated similar topographies2. Up to
60% of circulating serum GH is bound to the growth
hormone binding protein (GHBP), which corresponds
to part of the extracellular domain of the growth hormone receptor (GHR)3.
GH exerts its actions through a specific receptor
belonging to the class I haematopoietin or cytokine/
growth hormone/prolactin receptor superfamily. GHR
is a single membrane-spanning type I glycoprotein with
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Figure 1. Crystal structure of porcin (p) GH. The four antiparallel
á-helical bundles labeled with Roman numerals IIV are demonstrated as cylindrical rods. The amino and carboxyl termini are indicated with an N and C, respectively. The numbers show amino acid
positions at the N and C termini of each independent á-helix [reprinted from (3), with permission from Elsevier].

an extracellular ligand-binding domain, a single 24amino acid hydrophophobic transmembrane region
and an intracellular domain 3 (Figure 2). It shows a
wide distribution including muscle, adipose and immune tissues, liver, mammary gland, bones, kidneys,
brain and embryonic stem cells4. Elegant studies in
the early 1990s suggested that binding of GH to GHR
resulted in receptor dimerization via a two-step mechanism2,5 involving two distinct sites (a high-affinity
binding site 1, made up of amino acid residues between the C-terminal half of helix four and the Nterminal region of helix one, and a low-affinity binding site 2, made-up by N-terminal residues of the first
and third helices of a single GH molecule), which
bound sequentially to two GHR monomers. The subsequent dimerization lead to activation of a GHRassociated cytoplasmic tyrosine kinase, Janus-kinase
2 (JAK2), providing the initiating step of GHR signal
transduction. It should be noted, though, that recent
evidence supports the view that the GHR exists as a
preformed dimer. GH binding to the preformed dimer
occurs through sites 1 and 2 and induces a conformational change in the receptor leading to activation of
JAK26 (Figure 3). The downstream signaling pathways
resulting in GH actions include, but are not probably
limited to, the signal transducer and activator of transcription (STAT), mitogen-activated-kinase (MAP)

Figure 2. Structure of the GHR. Potential N-linked glycosylation sites
(N) and extracellular cysteines (C) with three pairs of disulfide bonds
are shown. Ten intracellular tyrosine (Y) residues important in rat
GHR, and regions in the receptor required for signaling are also demonstrated [reprinted from (3), with permission from Elsevier].

and phosphoinositide 3-kinase (PI3) pathways. According to the dual effector theory of GH action, its
effects are mediated either directly or mainly indirectly via the production of insulin-like growth factorI (IGF-I) by the liver, bones and other types of tissues7. Notably, IGF-I acts in an endocrine, paracrine
or autocrine fashion8.

THE DEVELOPMENT OF PEGVISOMANT
The development of pegvisomant represents a remarkable story taking place during attempts to produce a GH superagonist by causing mutations to the
hormone molecule. Thus, it was initially observed that
transgenic mice, expressing GH with mutations in
amino acid residues of the 3rd helix in the region of
binding site 2, exhibited a dwarf phenotype with decreased IGF-I concentrations 9,10. Further studies revealed that glycine at position 120 of human GH or at
position 119 of bovine GH (in the region of binding
site 2) was essential for the growth promoting activi-
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ty, and substitution of this with any amino acid other
than alanine resulted in a GH antagonist2,11. Finally,
when mutations in this region were combined with
amino acid substitutions in binding site 1 (providing
an increased binding affinity for the GH receptor),
highly potent GH-receptor antagonists were produced12.
One such compound, the recombinant protein
B2036, is produced by substitution of glycine by lysine
in position 120 of binding site 2. It also differs from
the wild type GH by 8 amino acids in the region of
binding site 1. The latter modifications are associated
with enhanced receptor affinity at site 1 and give
B2036 a competitive binding advantage over the wildtype GH13. It has been demonstrated that B2036 binds
to the pre-formed GHR dimers and induces internalization, but not the signalling events 14 (Figure 3).
B2036-PEG (Pegvisomant), a molecule with a molecular mass of 42-46 kDa, is produced when four or five
polyethylene glycol (PEG)-5000 moieties are covalently attached to Lys residues of B2036 15. The conjugation of B2036 to polyethylene glycol (PEG)-5000 re-

Figure 3. Hypothesis for interaction of GH and B2036 with the GHR
receptor.(1) GH binds through site 1 to GHBP. Binding to the GHR
through sites 1 and 2 induces a conformational change, signalling
and internalisation. (2) B2036 binds preferentially to GHBP because
of the site 1 mutations (1*). However, the site 2 mutation (x) blocks
the conformational change required for signalling. Internalisation
nevertheless occurs [reprinted from (17), Copyright 2001, The Endocrine Society].
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duces its antigenicity and prolongs its half-life (from
11 min to in excess of 72 hours) by increasing its hydrodynamic volume and reducing its renal clearance16.
It should be noted, however, that pegylation decreases
the antagonistic activity of B2036 and, therefore, levels
much higher than endogenous GH concentrations are
necessary for effective blocking of GHR 17. In vitro
studies have shown that pegvisomant does not interact with the human prolactin receptor and, consequently, has no effects on the biological activities
mediated by this receptor18.

STUDIES WITH PEGVISOMANT IN HEALTHY
VOLUNTEERS
The effects of pegvisomant on serum IGF-I and
GH release were evaluated in a phase I, placebo-controlled, single rising dose study performed in 36 normal young men19. The volunteers were randomized
into four groups and received a single subcutaneous
injection of either placebo or pegvisomant at doses of
0.03, 0.1, 0.3 or 1.0 mg/kg. A dose-dependent increase
in pegvisomant levels was observed, with peak concentrations occurring 36 h after dose administration.
Serum IGF-I levels showed a dose-dependent suppression that reached statistical significance on day 3 after administration of 0.3 mg/kg. The decrease was most
prominent on day 5 in response to 1.0 mg/kg of pegvisomant (49±6%), whereas serum GH levels measured
by two independent methods did not change substantially. All doses of pegvisomant were well tolerated
without causing serious adverse reactions.
In a later study aiming mainly to explore the feedback role of peripheral IGF-I signalling, it was demonstrated that the acute subcutaneous administration
of pegvisomant in healthy eumetabolic adults (1mg/
kg) suppressed total plasma IGF-I concentration by
31% 84 hours after the drug injection. It should be
noted, however, that this fall was associated with elevation of the 10-hour mean serum GH concentration
by 71% via augmentation of both GH secretory burst
amplitude (2.1-fold) and basal/non-pulsatile GH release (2.5-fold)20.
Interestingly, it has also been shown that, in contrast to octreotide, pegvisomant administration in
healthy male subjects is not associated with deterioration of glucose tolerance as a result of impaired insulin release, or alterations in gastrin, PP and CCK
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responses to glucose or a standard mixed meal. These
findings provide good evidence for the hypothesis that
pegvisomant is unlikely to cause gallstone formation21.

PEGVISOMANT AND ACROMEGALY
i) Acromegaly: diagnosis and current
treatment modalities
Acromegaly is the condition resulting from excessive GH and, hence, IGF-I secretion in adults, usually
from a pituitary tumour. Its annual incidence is 3-4
cases per million, with a prevalence of 50-70 cases per
million. It shows an equal sex distribution and the
mean age at diagnosis is 42 years for men and 44 years
for women22. Its clinical signs and symptoms develop
insidiously, thereby causing a delay of 5-15 years in
diagnosis23. These arise from the effects of excess GH/
IGF-I (mainly bony overgrowth, soft tissue enlargement, hyperhydrosis, seborrhoea, sleep apnoea, kyphoscoliosis, arthropathy, carpal tunnel syndrome,
proximal myopathy, cardiovascular disease with left
ventricular hypertrophy, hypertension and ischaemic
heart disease, peripheral insulin resistance, macroglossia, visceromegaly, colonic polyps, amenorrhea, impotence, hypercalciuria and multinodular goitre), excess prolactin (co-secretion is observed in 30% of tumours) and the tumour mass (headaches, visual field
defects, cranial nerve palsy, hypopituitarism)24. Notably, younger patients tend to have more aggressive
and larger tumours22. Its diagnosis is biochemically
confirmed by failure of GH suppression to below 1
ìg/L in response to a 75 g oral glucose load, as well as
by increased serum IGF-I levels25. Acromegaly is associated with a two-to-threefold increase in mortality
with major causes of death being cardiovascular, cerebrovascular and respiratory diseases26. It is of note that
the relationship between acromegaly and incidence
of malignancy has not been fully elucidated and, although most series suggest an increased risk of cancer, the largest cohort did not show an elevated overall cancer mortality rate; nevertheless, it did demonstrate an increased risk of colonic cancer24. It has been
suggested that pre- and post-treatment levels of GH,
duration of symptoms prior to diagnosis, older age at
diagnosis and the presence of cardiovascular disease
and hypertension are determinants of morbidity and
mortality outcomes27.
The goals of therapy include a decrease or stabilization of pituitary tumour size, reversal of symptoms
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and signs, restoration of abnormal biochemistry to
levels that reverse excess mortality and prevention of
recurrence. The above targets should be achieved without adversely affecting pituitary function26. Epidemiological data suggest that when mean GH levels are
lowered to <5 mU/L (2.5 ìg/L), mortality is comparable to that of the general population 28,29. Similar results are obtained after IGF-I normalization by transsphenoidal surgery and adjuvant therapy30. According
to the 1999 consensus meeting on the treatment of
acromegaly, the criteria for its biochemical remission
are nadir GH levels after an oral 75 g glucose load of
<1 ìg/L and circulating IGF-I within the age and sexadjusted normal range25.
Current treatment modalities include surgery, radiotherapy and medical therapy. The choice of therapy depends on the age and general health of the patient, the severity and complications of the diagnosis,
as well as the dangers associated with each treatment26.
Surgery, unless contraindicated, remains the primary
mode of therapy providing the most rapid way of decreasing GH and IGF-I levels. Transsphenoidal adenomectomy is the preferred procedure, but the transcranial approach is occasionally necessary when there
is a large suprasellar extension. The outcome of surgery depends on the pre-treatment GH levels, the size
and degree of extension of the tumour, as well as the
skill and experience of the neurosurgeon 31-34. Although
the criteria used to judge success differ widely, the
best available figures in the best surgical hands suggest that 70-90% of patients with microadenomas and
45-50% of those with macroadenomas achieve safe
GH levels35. It should, however, be pointed out that
since 60% of the acromegalics present with macroadenomas24, a substantial number of patients will continue to have high GH and IGF-I levels after surgery.
The complications of surgery include hypopituitarism,
transient or permanent diabetes insipidus, cerebrovascular fluid leaks, haemorrhage and meningitis24. The
recurrence rates have been reported at between 510%30,36. Finally, although a number of retrospective
studies suggest a beneficial role for preoperative somatostatin analogues in the surgical outcome, definite data from randomized trials are not yet available37,38.
Conventional three-field pituitary radiotherapy is
usually reserved for patients after unsuccessful transsphenoidal surgery and/or for treatment of disease
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poorly responsive to medical therapy. It prevents further tumour growth in more than 99% of cases, but it
has a slow onset of action (at 10 years around 50% of
patients achieve a GH level of <5 mU/L and a normal IGF-I) and it may be ineffective in normalizing
IGF-I levels24,39,40,41. It may also be associated with a
high occurrence of hypopituitarism (gonadal, adrenal
and thyroid deficiency occurs in 50%, 35% and 35%
of the cases, respectively, at 10 years)24. The major
determinant of predicting response is the pre-irradiation GH level42. Rare late complications include visual deficits, second malignancy in the field of radiotherapy and possible neuropsychological changes43.
Stereotactic radiotherapy (using gamma knife) delivers a more targeted radiation dose with minimal dosing to the surrounding tissues. Although longer follow-up studies are required to assess its efficacy and
adverse effects, the available studies suggest that it
may lead to more rapid biochemical control44,45.
Medical therapy includes somatostatin analogues,
dopamine agonists and GH receptor antagonists. Somatostatin analogues (octreotide or the long-acting
formulations octreotide LAR and lanreotide) are used
as adjuvant therapy if safe GH levels are not achieved
post-operatively, as primary treatment in the elderly
and after radiotherapy until it effectively reduces GH
levels. According to various reports, safe GH levels
are observed in 33-78% of the patients and normal
IGF-I in 39-72% of them 26,46. Moreover, they may induce substantial tumour shrinkage in a significant
number of patients47. The major factors predicting
response to treatment are the tumour size, the somatostatin receptor density and the pre-treatment serum
GH levels47-49. The primary side effects of somatostatin analogues are transient gastro-intestinal disturbances in 22% of patients and cholesterol gallstone
development in up to 20% of them26. Dopamine agonists (e.g. bromocriptine, quinagolide and cabergoline)
bind to the pituitary D2 receptors and suppress GH
secretion in patients with acromegaly through an as
yet unclear mechanism. They may be used as monotherapy or in combination with somatostatin analogues. They have a low success rate since less than
10% of patients treated with bromocriptine achieve
normal IGF-I and <20% of them a GH concentration <5 ìg/L 50. Interestingly, better results are observed with cabergoline as 39% of patients may have
IGF-I<300 ìg/L51. They are beneficial in cases of coexistent secretion of prolactin leading to tumour
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shrinkage. Although they are relatively inexpensive,
they have limited tolerability, mainly due to gastrointestinal symptoms and postural hypotension.
The above presented data support the notion that
the available treatment modalities fail to achieve the
currently acceptable goals of therapy in a substantial
number of patients, thereby necessitating the development of new treatment options.

ii) Pegvisomant in acromegaly
Pegvisomant is the first GHR antagonist available
for clinical development representing a new, promising prospect in the medical therapy of acromegaly. In
contrast to the other medical treatments, its efficacy
does not depend on the characteristics of the tumour
(expression of dopamine or fully functional somatostatin receptors). Since it inhibits GH binding to its receptor, serum GH levels cannot be used as a biochemical marker of treatment success. Instead, the goal of
treatment is normalization of IGF-I levels.
Two main studies have so far been published, investigating the efficacy of pegvisomant in acromegaly. In the first 12-week, randomized, double-blind
study, 112 patients with active acromegaly were assigned to receive either pegvisomant (at a daily dose
of 10 mg, 15 mg, 20mg subcutaneously) or a placebo52. Ninety-three of the patients had undergone pituitary surgery (of whom 57 had also been treated with
conventional radiotherapy), 6 had been irradiated
without surgery, 5 had received only drug therapy and
4 had received no therapy at all. In contrast to the
placebo group in which IGF-I concentrations did not
change appreciably, a dose-dependent increase in the
frequency of normal IGF-I concentrations was observed in the three pegvisomant groups (54%, 81%
and 89%, respectively) (Figure 4). Serum levels of free
IGF-I, IGFBP-3 and the acid-labile subunit of IGFBP3 were also reduced in the pegvisomant-treated patients in a dose-dependent manner. All groups receiving pegvisomant showed amelioration of some clinical manifestations of acromegaly (soft tissue swelling,
ring size, fatigue, excessive perspiration). Serum GH
concentrations increased and then showed a plateau
in the pegvisomant groups in a dose-dependent fashion that coincided with the magnitude and timing of
the reduction of serum IGF-I levels. Interestingly,
there was no significant change in the pituitary tumour volume during the study. The drug was well tole-
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Figure 4. Effect of pegvisomant on IGF-I. (a) Serum IGF-I (expressed as % of basal value) versus time in 112 patients with acromegaly assigned to receive either placebo (squares) or one of 10
(circles), 15 (triangles) or 20 mg d-1 (diamonds) pegvisomant. (b) %
of patients with a normal serum IGF-I at any stage of the same study
(*, P <0.001 compared with placebo in all cases) [reprinted from
(15) with permission from Elsevier].

rated; apart from injection-site reactions, the only serious adverse effect observed in one patient was an
increase in liver enzyme levels (>10-times the upper
limit of normal) without changes in serum bilirubin
or alkaline phosphatase, which returned to normal
within 8 weeks after the discontinuation of pegvisomant. Rechallenge with it was associated with a further rise in liver enzymes.
A subsequent multicentre study, which was an extension of the previously described experience, pro-
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vided further evidence of the efficacy of pegvisomant.
It included 152 acromegalic patients, with serum IGFI concentrations at least 1.3 times the upper limit of
the age-adjusted normal range, treated for up to 18
months with a maximum dose of 40 mg/day53. Eightyseven of 90 patients (97%) treated for 12 months or
more achieved normal serum IGF-I levels (Figure 5);
this was observed even in the most severe cases of
acromegaly, irrespective of the pre-treatment values
of GH or IGF-I. It is of note that in 11 of these 90
patients serum IGF-I concentrations fell below the
lower limit of the age-adjusted normal range, with 9
of them requiring a downward titration of their dose.
GH concentrations rose substantially with the time
course of the increases mirroring the falls in IGF-I
levels; however, after the 6 th month of treatment this
did not continue (Figure 6). Paired sets of baseline
and follow-up scans (mean time between them 11.46
months) performed in 131 patients with adenomas >1
cm3 (notably, 78 of them were previously treated with
radiotherapy) did not show a significant increase in
mean tumour volume. Furthermore, changes in tumour volume were not related to the duration of therapy. It should be pointed out that two patients who
were not pre-treated with radiotherapy and had large
globular adenomas with impingement on the optic
chiasm demonstrated progressive growth of their tumours necessitating further treatment. It is unclear
whether this was part of the natural history of the
growth of the tumour or growth secondary to pegvisomant administration. Interestingly, in one of them
co-treatment with octreotide halted further tumour
growth and resulted in an adequate control of his disease activity54. This may support the hypothesis that
co-administration of pegvisomant with octreotide
could result in a synergistic decrease in serum IGF-I
concentrations not achieved with octreotide or pegvisomant administration alone. Furthermore, pegvisomant concentrations up to 500-fold greater than endogenous GH levels were required to control disease,
a finding consistent with the notion that pegylation
reduces the drugs binding potency. The most commonly reported adverse effects were infection (usually of upper respiratory tract that rarely required treatment), headache and pain. Two patients developed a
>10-times the upper limit of normal increase in serum liver enzyme concentrations within 12 weeks of
beginning therapy. They remained asymptomatic, except for mild fatigue, and liver enzymes returned to
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Figure 5. Baseline and lowest values of individual serum IGF-I levels in 90 patients after daily treatment with pegvisomant for 12 months or
more. The shaded area represents the age-adjusted normal range for IGF-I. Ninety-seven % of the patients achieved normal IGF-I concentrations [reprinted from (53), with permission from Elsevier].

normal within several months after stopping the drug.
The mechanism of this effect remained unclear. Finally, tachyphylaxis was not observed and low titres of
antibodies to pegvisomant not compromising its efficacy were detected in 16.9% of the patients.

GH (ìg/L)

IGF-I (ìg/L)

The efficacy of pegvisomant in achieving normal
IGF-I levels has additionally been demonstrated in
acromegalics resistant to standard medical therapy
with dopamine agonists and/or somatostatin analogues55,56.

Figure 6. Serum concentrations of IGF-I and GH during treatment
with pegvisomant. GH levels showed a significant increase mirroring the fall of IGF-I concentrations until the 6th month of the drug
administration [reprinted from (53), with permission from Elsevier].

Pegvisomant treatment in acromegaly has also
been associated with improvement of various metabolic parameters; it decreases fasting serum insulin53,57,58 and glucose concentrations53,57,58, insulin resistance (calculated using HOMA) and HBA1c 58. Although the mechanisms implicated in the metabolic
changes consequent upon GHR blockage remain to
be elucidated, the above data suggest that activation
of GH receptor leads to alterations in insulin sensitivity. Improvement in insulin sensitivity and pancreatic
beta cell function has been observed in acromegalics
converted from depot octreotide to pegvisomant59.
Moreover, pegvisomant induces further improvement
in glucose homeostasis in acromegalics who already
have normal IGF-I levels during previous treatment
with octreotide, a finding consistent with the hypothesis that pegvisomant and octreotide affect glucose
metabolism differently60. Normalization of serum IGFI by pegvisomant in patients with acromegaly induces
alterations in plasma lipids; it increases the lowered
baseline serum total cholesterol and LDL concentrations, restoring the distribution of their values to that
of the general population; and it causes a favourable
fall in Lp(a) and raises the apo A1 levels61. It has been
proposed that similar changes might not be observed
with other therapies for acromegaly. Patients with
acromegaly have reduced serum leptin compared with
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BMI-mached controls. Pegvisomant causes a significant increase in serum leptin independently of changes
in BMI57.
Furthermore, it increases C-reactive protein levels,
an important cardiovascular risk marker, but the
pathophysiological significance of this effect is unknown62. A recent study has also shown that it induces
a reduction of left ventricular hypertrophy and improves diastolic filling63.
Treatment of acromegalics with pegvisomant for
a period of 12 weeks is associated with rapid reductions of bone formation and resorption markers64.
Nevertheless, long-term studies are necessary to determine whether these reductions persist, as well as
the net impact of decreased bone turnover upon bone
mineral density.
Finally, blockage of GH action with pegvisomant
in patients with active acromegaly corrects cortisol
metabolism via reversal of the inhibition of 11â-hydroxysteroid dehydrogenase65.

CONCLUSIONS
Despite the existing multimodality approach, many
patents with acromegaly do not achieve the goals of
therapy. Pegvisomant, a new genetically engineered
analogue of human GH, represents a novel, promising concept in the medical treatment of acromegaly.
The small number of studies published so far suggest
that it is the most potent medical therapy with greater
specificity and without being dependent on the tumour
characteristics. Nonetheless, its high cost is a limiting
factor and further long-term data are required to confirm its high success rate as well as to answer crucial
questions regarding its safety: Is the increase of GH
levels accompanied by growth of these generally considered slow growing tumours? Should the reported
two cases of increase in tumour volume raise significant concerns? Is continued radiological surveillance,
especially for patients who have not received radiotherapy, mandatory? What is the mechanism and the
relevance of the observed altered liver function tests?
What is the mechanism of GH levels increase? Furthermore, although determination of serum IGF-I
concentrations may be a more cost-effective test, its
appropriateness for monitoring treatment success
should be carefully investigated. Indeed, the limited
number of studies on safe IGF-I values associated
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with restoration of mortality to normal, the IGF-I assay variability, the discrepancy between serum GH and
IGF-I levels, the sex differences in IGF-I generation
by a given GH stimulus and the fact that serum IGFI is mainly a marker of hepatic IGF-I production and
not a true measure of IGF-I activity raise considerable
dilemmas as to using serum IGF-I as a marker of the
disease activity15,66. Notably, the possibility of overtreatment should also be considered as up to 30% of patients with severe GH deficiency have a normal serum
IGF-I, and its diagnosis in the pegvisomant treated
patients may be difficult due to the high circulating
levels of GH not allowing the use of provocative tests67.
Moreover, careful selection of the GH assays is
mandatory since the high homology between pegvisomant and the wild-type GH may be responsible for
detection of the drug by most routine assays producing false elevated GH levels17,19.
Finally, further studies are required to determine
the value of combined treatment with pegvisomant
and somatostatin analogues, particularly in terms of
preventing tumour growth, to elucidate the mechanism of the metabolic alterations associated with
pegvisomant therapy and to develop new algorithms
for achievement of targets of therapy.
Currently, pegvisomant, which will probably receive
a license for use in Europe by the end of this year, is a
second line treatment for acromegaly with an adjuvant role and possibly of greater value in cases of resistance to other treatment modalities.
Niki Karavitaki is a recipient of a grant from the Hellenic Endocrine Society.
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