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Pegvisomant is a pegylated analog of growth that func-
tions as a growth hormone receptor antagonist. The
drug is capable of normalizing serum IGF-I concentra-
tions (the chief mediator of disease activity in acrome-
galy) in 97 % of patients, and therapy is associated with
significant improvements in the symptoms and signs
of GH excess. Biochemical control may be achieved
with pegvisomant in patients wholly or partially resis-
tant to somatostatin analogs, and there are emerging
data to suggest that the drug may be particularly suit-
able for patients with acromegaly and co-existent dia-
betes mellitus.
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Introduction

Acromegaly is the condition caused by excess growth
hormone (GH) secretion, usually from a pituitary somato-
trope adenoma. Circulating GH interacts with cell-surface
receptors to stimulate production of insulin-like growth fac-
tor-1 (IGF-I), which is responsible for most of the signs and
symptoms associated with the disease. Acromegaly is rare
with new cases diagnosed at a rate of 4—6 per million per
year and an overall prevalence of 40-60 per million. The
diagnosis is confirmed by an elevated age-matched serum
IGF-I level and failure of GH suppression to <1 ug/L follow-
ing a 75 g oral glucose load. Treatment options include sur-
gery, pituitary irradiation, and medical therapy. Surgery is
often not curative, radiotherapy takes several years for its
maximal effect, and, until recently, medical therapies have
left a substantial proportion of patients with active disease.
Pegvisomant (Somavert, Pfizer) is a new GH receptor antag-
onist, which has been developed for use in acromegaly. In
this article, we describe the mechanism of action of pegviso-
mant, review some of the currently available clinical trial
data, and discuss its potential role in the treatment of patients
with acromegaly.
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Pegvisomant in Context
Transsphenoidal Surgery

Transsphenoidal selective pituitary adenomectomy remains
the treatment of choice for most patients with acromegaly,
being the only option to offer the prospect of “cure” with
arapid decline in GH levels. The goal is complete removal
of all tumor, while simultaneously preserving or restoring
normal pituitary function. Success rates vary between cen-
ters; curative outcomes of 61-91% are reported for micro-
adenomas, and 23-53% for macroadenomas (/—4). As 70%
of patients have macroadenomas, the majority of patients are
not cured by surgery.

Radiotherapy

External beam pituitary radiotherapy (RT) is frequently
used in patients not cured by surgery and in those unfit or
unwilling to undergo an operative procedure. Again, out-
comes vary between centers; one study reported a normal
serum IGF-11in 42% of patients approx 7 yr post-irradiation
(1). When longer time periods are employed, remission rates
increase, with Biermasz et al. reporting a 75% remission rate
after a mean follow-up of 11.6 yr (5). All series report a high
incidence of hypopituitarism (/,5,20). Stereotactic (focused)
radiotherapy (including proton beam, gamma-knife, and
X-knife) allows higher doses of radiation to be delivered to
a smaller target area. However, as these modalities are rela-
tively new, their long-term efficacy remains to be seen, as
does the incidence of hypopituitarism. For those patients
in whom surgery is either not possible or non-curative, and
who are awaiting the full effects of RT, medical therapy
must be employed.

Medical Therapies
Dopamine Agonists

Dopamine agonists achieve useful reductions in GH and
IGF-L although only a minority of patients will achieve satis-
factory disease control with this form of therapy alone. Nor-
mal serum IGF-I levels were achieved in 39% of patients
overall with high dose cabergoline (up to 3.5 mg weekly);
this value increased to 50% in patients whose tumors co-
secreted prolactin with GH (6). Side-effects such as gastro-
intestinal disturbance, postural hypotension, and lethargy
are frequent and can be limiting. The benefit lies in their
oral administration and relative inexpense.
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Somatostatin Analogs

The majority of patients, however, have required somato-
statin analogs, the gold standard to date. These are usually
administered as depot monthly deep intramuscular injec-
tions, and octreotide (OCT-LAR) can normalize GH hyper-
secretion in 69% (<2.5 ug/L), and IGF-I levels in 61%
when administered for up to 24 mo (7). By virtue of soma-
tostatin receptors on the tumor itself, this class of drug has
the added bonus of inducing tumor shrinkage, with the same
study reporting that 53% of patients treated with OCT-
LAR as primary therapy had a significant reduction in tumor
volume (average of 50% after 12 mo), with two patients
demonstrating complete resolution. This phenomenon has
been described in other similar studies (8—10).

Side-effects of somatostatin analogs include gastrointes-
tinal upset (predominantly diarrhea and abdominal pain),
development of gallstones and, in some patients, a deterio-
ration in glucose tolerance (/7).

Although effective at controlling disease activity in the
majority of patients, a substantial number have been left un-
controlled. The development of pegvisomant has provided
a third option for this remaining group.

Pegvisomant

Pegvisomant is a GH receptor antagonist, which has been
genetically engineered for use in acromegaly. GH is a 22-
kDa, 191-residue peptide that binds two identical surface
receptors to induce functional receptor dimerization, trig-
ger secondary messengers, and generate IGF-1. Pegvisomant
is a recombinant 191-amino-acid peptide that differs from
GH by nine amino acids. Substitution of a glycine for argi-
nine at a critical position for GH signal transduction and
IGF-I synthesis prevents functional dimerization of GH re-
ceptors. Further amino acid substitutions give pegvisomant
a kinetic advantage over endogenous GH. The peptide is
pegylated (conjugation of polyethylene glycol moieties,
mainly to lysine residues) to increase its circulating half-life
and reduce its immunogenicity. Owing to its novel action
blocking GH at the receptor site, GH can no longer be used
as a marker of disease activity and, consequently, the goal
is to reduce the serum IGF-I level into the age-related refer-
ence range.

Efficacy

Clinical studies have demonstrated this new medication
to be the most effective form of medical therapy for acrom-
egaly currently available. In a study of 112 patients with a
serum IGF-I level at least 30% above the upper limit of
normal range, dose-dependent reductions in serum IGF-I
levels were evident in each of the treatment arms (10, 15,
and 20 mg pegvisomant) compared with placebo. Normal
IGF-Ilevels were achieved in 89% of patients receiving the
20 mg/d dose (Fig. 1). Parallel improvements in symptoms
and soft tissue enlargement were also observed (12).
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Fig. 1. Baseline and lowest values of individual serum IGF-I
concentrations achieved in 90 patients treated for 12 months or
more with daily pegvisomant. (Reproduced from van der Lely et
al. [13].) The shaded area represents the age-adjusted normal
range for insulin-like growth factor-1.
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Fig. 2. Percentage of patients achieving normal age-related
serum IGF-I values during 12 wk of pegvisomant therapy in the
10-, 15-, and 20-mg/d groups, respectively. (Adapted from Trainer
etal. [12].)

In a separate, open-label dose escalation study, results
were even more impressive with 87 of 90 (97%) patients
treated with doses up to 40 mg daily for a minimum of 12
mo achieving normal serum IGF-I concentrations (Fig. 2).
The fall in IGF-I was accompanied by improvement in glu-
cose tolerance and correction of several of the metabolic
defects associated with acromegaly, such as cortisol, lipids,
leptin, and bone (see below). Importantly, the drug works
irrespective of previous responsiveness to somatostatin ana-
log therapy (21).

Side-effects

In studies thus far, pegvisomant has been well-tolerated
with few side-effects. Significant hepatic transaminitis, re-
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quiring discontinuation of therapy, was observed in two
patients during clinical trials, with occasional similar, anec-
dotal, reports since then. The mechanism of this hepatotoxic
effect is not clear; hepatotoxicity has not been reported
with other pegylated compounds in clinical use [including
pegylated interferon for the treatment of hepatitis C infec-
tion (22)] and no such adverse events have been evident in
animal toxicology studies. Current recommendations are
that tests of liver function should be performed 4—6 weekly
for the first 6 mo of therapy or at any time in patients exhib-
iting symptoms suggestive of hepatitis.

Tumor Size

Pegvisomant does not act upon the tumor directly and
makes no attempt to control GH levels. Hence, GH cannot
serve as a tumor marker for patients with acromegaly treated
with pegvisomant. For this reason, clinical trial protocols
with pegvisomant have included regular detailed pituitary
imaging by magnetic resonance. Two patients experienced
clinically significant tumor growth during pegvisomant ther-
apy necessitating further treatment (/3). Neither had re-
ceived prior irradiation and both had large tumors on study
entry. Overall, there is as yet no evidence that pegvisomant
therapy is associated with an increase in tumor volume, but
it is recommended that patients undergo regular surveil-
lance imaging.

Metabolic Effects

Current consensus guidelines for remission of acromeg-
aly include a GH nadir <1 pg/L following a glucose toler-
ance testand a normal serum age-matched IGF-Ilevel. Given
that pegvisomant works by blocking the action of GH rather
than inhibiting its secretion, disease activity is solely moni-
tored with serum IGF-I levels, rendering GH redundant as
a tumor marker. Studies indicate that pegvisomant corrects
many of the metabolic abnormalities accompanying acrom-
egaly (17,19), suggesting that restoring serum IGF-I to nor-
mal is an acceptable biochemical goal.

Insulin Sensitivity

GH has insulin antagonistic actions, leading to both inef-
fective suppression of hepatic glucose production and im-
paired glucose oxidation and uptake into peripheral tissues
(14). This is aggravated by the lipolytic action of GH, mobi-
lizing free fatty acids (FFAs), which compete with glucose
for uptake and oxidation (/5). In the long-term study re-
ported by van der Lely et al. (/3) pegvisomant administra-
tion for up to 18 mo induced a significant decrease in both
fasting serum insulin and glucose concentrations in 160
patients. Clinically, this translates into reductions in insu-
lin doses and cessation of oral hypglycemic agents in some
patients (16).

Cortisol Metabolism

Accelerated cortisol metabolism is a well-recognized fea-
ture of acromegaly and thought to be due to the action of GH

on 11B-hydroxysteroid dehydrogenase type 1 (113-HSD1).
This bidirectional GH-dependent enzyme is responsible for
the interconversion of inactive cortisone and active cor-
tisol; GH acts on 11B-HSD1 to favor cortisone formation,
thereby effectively increasing cortisol clearance (/8). Stud-
ies indicate that pegvisomant inhibits this action, and returns
cortisol metabolism to normal (/9).

GH Levels

To achieve effective antagonism plasma concentrations
of pegvisomant, approx 1000-fold greater than GH levels
are required. Together with the high degree of homology
between pegvisomant and GH, measuring GH in the pres-
ence of pegvisomant is not straightforward and has required
the development of a dedicated assay specific for GH. In the
open-label dose escalation study, GH levels rose by as much
as 14.2 pg/L (76.0%) within 2 wk of commencing therapy,
mirroring the fall in IGF-I; following this initial rise, levels
appear to plateau with no further increases seen with chro-
nic therapy. The significance of this rise, in the presence of
effective GH antagonism, is not clear.

Pegvisomant in the Acromegaly
Treatment Algorithm

For most patients with acromegaly, transsphenoidal sur-
gery will remain the treatment of choice, offering the pros-
pect of permanent cure. However, given that most patients
have macroadenomas, many patients will require adjunc-
tive therapy following non-curative surgery. The place of
radiotherapy in the treatment of acromegaly is still evolv-
ing and dataregarding long-term effects of newer stereotac-
tic radiotherapy are awaited. Medical management options
have changed substantially in recent years, with the devel-
opment of depot preparations of somatostatin analogs and
pegvisomant. Because of their oral administration and rela-
tive inexpense, many patients (particularly those with mixed
GH/prolactin secretion and those with less severe GH ex-
cess) merit a trial of dopamine agonist therapy. For most
patients requiring medical therapy, somatostatin analogs
remain the “gold standard.”

Pegvisomant is currently indicated for the treatment of
patients with acromegaly who have had inadequate response
to surgery and/or radiotherapy and in whom an appropriate
medical treatment with somatostatin analogs was not toler-
ated or did not normalize IGF-I concentrations. Preliminary
data suggest that pegvisomant may be a particularly suitable
therapy for patients with acromegaly and associated im-
paired glucose tolerance/diabetes.

References

1. Swearingen, B., Barker, F. G. I, Katznelson, L., et al. (1998).
J. Clin. Endocrinol. Metab. 83, 3419-3426.

2. Freda, P. U., Wardlaw, S. L., and Post, K. D. (1988). J. Neu-
rosurg. 89, 353-358.



114

Treatment of Pituitary Tumors / Paisley and Drake

Endocrine

10.

11.

12.

Sheaves, R., Jenkins, P., Blackburn, P., et al. (1996). Clin. Endo-
crinol. (Oxf.) 45, 407-413.

Gittoes, N. J. L., Sheppard, M. C., Johnson, A. P., and Stewart,
P. M. (1999). Q. J. Med. 92, 741-745.

Biermasz, N. R., van Dulken, H., and Roelfsema, F. (2000).
J. Clin. Endocrinol. Metab. 85, 2476-2482.

Abs, R., Verhelst, J., Maiter, D., et al. (1998). J. Clin. Endo-
crinol. Metab. 83, 374-378.

Colao, A., Ferone, D., Marzullo, P., etal. (2001). J. Clin. Endo-
crinol. Metab. 86, 2779-2786.

Stewart, P. M., Kane, K. F., Stewart, S. E., Lancranjan, 1.,
and Sheppard, M. C. (1995). J. Clin. Endocrinol. Metab. 80,
3267-3272.

Vance, M. L. and Harris, A. G. (1991). Arch. Intern. Med. 151,
1573-1578.

Bevan,J. S., Atkin, S. L., Atkinson, A. B., et al. (2002). J. Clin.
Endocrinol. Metab. 87, 4554-4563.

Ayuk, J., Stewart, S. E., Stewart, P. M., and Sheppard, M. C.
(2002). J. Clin. Endocrinol. Metab. 87, 4142—-4146.

Trainer, P. J., Drake, W. M., Katznelson, L., et al. (2000). N.
Engl. J. Med. 342, 1171-1177.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

van der Lely, A. J., Hutson, R. K., Trainer, P. J., et al. (2001).
Lancet 358, 1754-1759.

Hansen, 1., Tsalikian, E., Beaufrere, B., Gerich, J., Haymond,
M., and Rizza, R. (1986). Am. J. Phys. 250, E269-273.
Randle, P. J., Garladn, P. B., Hales, C. N., and Newsholme,
E. A. (1963). Lancet 1, 785-819.

Rose, D. R. and Clemmons, D. R. (2002). Growth Horm. IGF
Res. 12, 418-424.

Parkinson, C., Drake, W. M., Wieringa, G., Yates, A. P.,
Besser, G. M., and Trainer, P. J. (2002). Clin. Endocrinol. 56,
303-311.

Weaver, J. U., Thaventhiran, L., and Noonan, K. (1994). Clin.
Endocrinol. 41, 639-648.

Trainer, P. J., Drake, W. M., Perry, L. A., Taylor, N. F., Besser,
G. M., and Monson, J. P. (2001). J. Clin. Endocrinol. Metab.
86, 2989-2992.

Minniti, G., Jaffrain-Rea, M. L., Osti, M., et al. (2005). Clin.
Endocrinol. 62, 210-216.

Drake, W. M., Rowles, S. V., Roberts, M. E., et al. (2003). Eur.
J. Endocrinol. 149, 521-527.

Menkes, D. L. ( 2005) JAMA 293, 1323.



