Rev Endocr Metab Disord (2008) 9:83-94
DOI 10.1007/s11154-007-9061-1

Management of acromegaly: Is there a role for primary

medical therapy?

Zachary M. Bush - Mary Lee Vance

Published online: 28 December 2007
© Springer Science + Business Media, LLC 2007

Abstract Acromegaly is a chronic, debilitating disease
caused by chronic growth hormone (GH) hypersecretion
which results in chronic medical comorbidities, poor
quality of life and high mortality rates. Successful treatment
can improve clinical signs and symptoms and normalize
mortality rates. Over 95% of acromegaly is caused by a
somatotroph adenoma of the pituitary, and the first-line
treatment is generally transsphenoidal surgery, which can
be curative in 50-60% of patients. Nonetheless, high rates
of persistent acromegaly following surgery and the limited
efficacy of radiation therapy necessitate chronic medical
treatment for many patients. Somatostatin analogues have
become the preferred first-line medical therapy for many
practitioners, as they achieve better biochemical and direct
tumor control than the dopamine agonists, and long-acting
preparations make once monthly administration possible.
Cabergoline, a dopamine agonist, offers a lower-cost option
and may be effective in patients with a pituitary tumor that
co-secretes GH and prolactin. Pegvisomant is a GH
receptor antagonist that produces exceptional biochemical
response rates but lacks any direct effects on the tumor,
which may limit its effectiveness as life-long monotherapy.
Combinations of these three drug classes have not been
rigorously studied, and preliminary trials do not suggest
improved clinical outcomes. While medical treatment
options for acromegaly have significantly improved over
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the last 30 years, limitations remain, and a multi-specialty
team approach is necessary for the effective long-term
management of patients with acromegaly.
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1 Introduction

Acromegaly is a chronic, debilitating disease caused by
chronic growth hormone (GH) hypersecretion. Over 95% of
cases are caused by a pituitary somatotroph adenoma, with
only rare cases of ectopic neoplasms producing GH or GH-
releasing hormone (GHRH) [1, 2]. The onset of the somatic
symptoms and physical features is insidious, often going
unrecognized by patients and physicians until advanced
stages of the disease. The condition is rare, with prevalence
rates reported at 53 cases per million, and incidence of three
to four new cases per million over 11 years [1, 3]. It has
long been recognized that the amelioration of GH excess
can reverse many of the untoward symptoms and associated
co-morbid conditions, and diminish the risk of premature
death. The mainstay of treatment has been surgical
resection of the GH-secreting adenoma, which remains the
only therapy that has a potential for cure. However, the high
rate of surgical failure with persistent GH-hypersecretion
frequently necessitates chronic medical treatment with
pharmacologic agents that block the release of GH or its
peripheral action at the GH-receptor. Recently, significant
advancements in the understanding of central and peripheral
neuroendocrine physiology and pharmacology have resulted
in the development of new therapeutic agents; a growing
body of published clinical trials have refined medical
management and improved patient outcomes.
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2 Comorbidity and mortality of acromegaly: rationale
for treatment

Because of the gradual onset and non-specific nature of
many of the clinical signs and symptoms of acromegaly, the
delay to diagnosis averages 8—10 years from the onset of
symptoms [3-5]. This delay in diagnosis is reflected in the
size of the pituitary tumors that are a macroadenoma
(>1 cm) at the time of diagnosis in at least 70% of patients
[3, 6]. Macroadenomas often present with visual field loss
because of optic chiasm compression, cranial-nerve palsies
from cavernous sinus invasion, or non-specific headache
syndromes. The somatotrophic effects of acromegaly are in
part determined by the age of the patient. When the disease
develops before the closure of epiphiseal growth plates, the
result is gigantism, with both vertical and hypertrophic
growth features. Acromegaly developing in adult patients
often manifests as characteristic coarse facial features and
enlargement of hands and feet from axial bone growth, soft
tissue proliferation, and tissue edema. However, in older
patients these physical traits can be more subtle or absent,
making the condition more difficult to recognize in the
presence of normal, age-related changes of facial features.

While recognition of the somatic changes of acromegaly
is the most common trigger for appropriate diagnostic
workup, the constellation of medical co-morbidities that
develop with disease progression is equally characteristic.
Hypertrophic arthropathy is common in the large joints of
the knees and hips, as well as in the hands and feet, but can
affect any joints in the skeleton. Severe osteoarthritis is
common and often necessitates hip and knee surgery even
after successful treatment [7]. Arthralgias are compounded
by marked tissue edema in the hands and feet; a rapid post-
operative reduction in hand arthralgias is often the first
indication of biochemical remission. Soft tissue prolifera-
tion and third spacing of expanded plasma volume results
in carpal tunnel syndrome [3]. Potential upper airway
obstruction results from the typical hypertrophy of the
tongue and soft palate predisposing these patients to
obstructive sleep apnea (OSA), which occurs in as many
as 90% of acromegalic patients who report snoring [8].
Interestingly, the same study that established these high
rates of OSA also demonstrated that 33% of acromegalics
with OSA suffered from central sleep apnea, rather than
obstructive sleep apnea. Central sleep apnea was associated
with higher GH and IGF-1 levels, suggesting that central
hypothalamic pathways regulating involuntary respiration
may be affected by GH hypersecretion [§]. Because OSA is
an independent risk factor for hypertension, myocardial
infarction, and stroke [9, 10], it has been suggested that
underlying OSA may account for, or at least contribute to,
the high cardiovascular morbidity and mortality seen in
acromegaly [11].

@ Springer

However, many other common cardiovascular risk
factors develop in acromegalic patients as a direct result
of GH-hypersecretion. The counter-regulatory effect of GH
leads to a spectrum of insulin resistance, impaired glucose
tolerance, and type 2 diabetes mellitus. Hypertension is also
common, and is poorly understood, though clearly multi-
factorial [3]. Basic science and clinical studies show
conflicting results with variable degrees of contribution
from insulin resistance, increased intravascular volume
from the direct anti-natriuretic effects of GH and IGF-1 at
renal tubules, and indirect GH effects that may be mediated
through atrial natriuretic peptide, vascular endothelial
growth factor, and increased sympathetic tone [3, 12, 13,
14-18]. Hypertension and insulin resistance likely contrib-
ute to increased cardiac morbidity, but may be outweighed
by the direct GH effects on myocardium that lead to left
ventricular diastolic dysfunction independent of the pres-
ence of hypertension and diabetes [3]. Diastolic dysfunction
contributes to pulmonary hypertension and eventual right-
sided heart failure, and in the advanced stages of disease a
dilated cardiomyopathy can result. This constellation of GH
related co-morbidities results in cardiovascular mortality in
60% of acromegalic patients, while pulmonary causes
account for 25% and malignancy for 15% of overall
mortality [19-26]. Patients who have cardiac disease at
the time of diagnosis have a life expectancy of less than
15 years [26]. Hypertension, cardiac disease and high GH
levels strongly predict negative mortality outcomes, with
smaller contributions from diabetes and malignancy [23].
Bates et al. demonstrated that acromegalics with GH levels
>5 ug/l had higher mortality rates than non-acromegalic
subjects; these differences resolved if GH levels were
maintained below 2 pg/l [27]. In a more recent analysis,
morality curves did not normalize until GH levels were
consistently <1 pg/l [28]. These data highlight the
importance of aggressive, multi-modality treatment to
achieve long-term remission or biochemical control to im-
prove quality of life and reduce mortality in patients with
persistent acromegaly.

3 Limitations of surgical and radiation therapy
3.1 Surgery

Transsphenoidal surgery is the established first-line treat-
ment for all pituitary adenomas, excluding prolactinomas.
However, depending on the degree of suprasellar extension
of these often massive GH-secreting macroadenomas, a
temporal approach via craniotomy may be necessary to
complete tumor debulking or resection. The long-term
efficacy of surgery is determined by GH levels at diagnosis,
tumor size, extrasellar invasion, and the experience of the
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surgeon [21, 29, 30]. For tumors that are less than 1 cm
(less than 30% of patients), the surgical remission rates can
be as high as 70-80% in the hands of an experienced
surgeon, but success rates fall to less that 50% for a
macroadenoma [21, 29]. For those with initial remission
following surgery, long-term follow-up has consistently
identified relapse rates ranging from 3-10% [31, 32],
although Nomikos and colleagues recently published a
series of 668 surgical cases and reported a relapse rate of
only 0.4% at 10 years [30]. The result is that 40-60% of
patients will experience persistent or recurrent acromegaly
following surgery, necessitating adjuvant radiation or
medical therapy [6, 21, 29, 30, 33].

3.2 Radiation therapy

Conventional, fractionated radiation therapy (RT) using
approximately 40-54 Gy total dose has resulted in highly
variable results, with no effect on IGF-1 levels in one study
[34], to as many as two thirds of patients showing
normalization of IGF-1 levels in other studies with longer
term follow-up [35, 36]. Stereotactic radiosurgery (SRS),
such as Gamma Knife® (Elekta Corporation, Stockholm,
Sweden), has been reported to result in shorter response
times than conventional RT [37], however, a recent SRS
study using more rigorous definitions for biochemical
remission showed only a 17% remission rate after a mean
of 50 months of follow-up [38]. The delay in biochemical
response with both RT and SRS necessitates at least short-
term medical therapy to control GH-hypersecretion, and
long-term management is necessary for the 50-80% of
patients that do not respond to radiation treatment.

4 Medical therapies

Currently, there are three available medical options for the
management of acromegaly. Somatostatin analogues and
dopamine agonists are used to inhibit GH secretion by
pituitary tumors, whereas the GH-receptor antagonist,
pegvisomant, has no direct effect on the tumor, but blocks
GH activity at peripheral GH-receptors. The goal of these
current medical treatments is to control the chronic disease
of acromegaly through the normalization of IGF-1 levels,
thus mitigating symptoms, improving quality of life, and
reducing long-term morbidity and mortality. None of the
current medical treatment options are curative. Medical
treatment can be used as primary therapy for patients for
whom surgery is not an option, as short-term, pre-
operative, or post-radiation adjuvant therapy. Medical
therapy is most widely used as secondary treatment for
persistent or recurrent acromegaly following unsuccessful

surgery.

4.1 Somatostatin analogues

The somatostatin analogues are the most widely used
medical therapy for acromegaly and include octreotide
and lanreotide. Octreotide (Novartis, Cambridge, MA) was
the first commercially available agent, and has potent affinity
for the somatostatin receptor subtype 2 (sst2), and more
modest affinity for receptor subtype 5 (sst5) [39]. Stimulation
of sst2 has been shown to induce both cell cycle arrest and
apoptosis [40, 41], whereas activation of sst5 appears to only
induce cell cycle arrest [42, 43]. Somatostatin analogues may
also affect tumor growth via antiangiogenic mechanisms,
with direct inhibition of endothelial cell growth and possible
indirect effects via inhibition of vascular endothelial growth
factor (VEGF) [43, 44].

Octreotide is short acting, suppressing GH for about 5
hours, and is thus given as multiple daily subcutaneous
(SC) injections (two to four injections per day), with rises
in GH observed between injections [45]. A long-acting
preparation, octreotide LAR is available; this formulation
encapsulates octreotide in microspheres of a biodegradable
polymer [46]. The LAR formulation produces peak levels
of octreotide at seven to fourteen days after injection, and
plateau levels are maintained for 20-30 days which allows
for intramuscular (IM) injection of 10 to 30 mg every four
weeks in most patients [46]; some patients with lower
GH levels may be able to be treated with intervals longer
then four weeks [47]. Lanreotide has a similar profile of
somatostatin receptor affinity for subtypes 1-5 [48], and
comes in an intermediate-acting preparation (Lanreotide
SRO, Ipsen Limited, Slough, UK), which is also encapsu-
lated in polymer microspheres that prolongs release over
10-14 days following IM injection [49]. Lanreotide SR is
available only as a 30 mg dose, so dose adjustment is only
achieved through modification of the dosage interval (7, 10,
or 14 days) [5, 49]. A newer preparation, lanreotide
Autogel (Lanreotide LARO, Somatuline, Ipsen Limited,
Slough, UK), is now available. After deep SC injection, the
drug naturally congeals into a slow release aqueous gel that
allows for once monthly administration of 60, 90, or
120 mg doses [39, 50]. The long-acting somatostatin
analogues remain expensive, with the annual cost of
octreotide LAR 20 mg in the USA around $18,000-25,000,
and it requires a clinic visit for injection. Lanreotide Autogel
is expected to be priced 10% higher than octreotide LAR to
account for the logistical advantage of home injections.

4.1.1 Clinical studies
Somatostatin analogues are capable of reducing GH-levels
and normalizing IGF-1 levels in at least 48 and 42% of

acromegalic patients, respectively [5], and also reduce
tumor size in a subset of patients [51-53]. This dual
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therapeutic action, along with the easy administration of the
long-acting preparations has lead to the widespread use of
these agents as adjuvant pre-operative therapy [54],
secondary medical management for post-operative persis-
tent or recurrent acromegaly [52], and as primary medical
therapy in patients whom refuse surgery, or are otherwise
poor candidates for surgery [39, 53].

4.1.2 Preoperative adjuvant therapy

Many studies have determined that GH levels at the time of
diagnosis and tumor size are predictive of surgical out-
comes, therefore, any therapy that decreases GH levels and
tumor size before surgery would have a theoretical
advantage [6, 21, 30, 33]. The largest clinical trial
evaluating preoperative, adjuvant somatostatin analogue
therapy was published by Lucas and colleagues who
studied 104 newly diagnosed, previously untreated patients
to evaluate the impact of preoperative lanreotide SR on
tumor shrinkage, and short-term biochemical control [54].
Lanreotide SR 30 mg was administered IM every 10 days
for 1 month (n=84), 2 months (»=13), or 3 months (n=7)
before transsphenoidal surgery. Reduction in tumor size of
at least 20% on serial MRI studies was considered
significant, and occurred in only 29% of patients. A total
of 66% had some measurable tumor reduction, while only
18% experienced greater than 20% tumor growth during
treatment. Rates of grade I and grade II extra-sellar
extension increased by 5.2% during treatment; the rates of
grade Il and IV extension decreased by 2.1 and 3.2%,
respectively. Of those patients with greater than 20%
reduction in tumor size, 90% had a biochemical response
to treatment. In contrast, among those with less than 20%
shrinkage of the tumor, only 54.9% demonstrated biochem-
ical response [54]. Biochemical response was the sole
predictor of tumor shrinkage, with an odds ratio of 7.8
(95% confidence interval 1.6-37.1). Univariate analyses of
surgical outcomes revealed that younger age, higher
random GH and IGF-I levels at diagnosis, larger preoper-
ative tumor volume, a tumor with more than one area of
extrasellar extension, and the presence of cavernous sinus
invasion were each predictive of persistent disease after
surgery. However, the logistic regression model only found
higher IGF-I levels at diagnosis and cavernous sinus
invasion to be predictive of surgical failure [54]. Despite
treatment, nine of 52 patients with no cavernous sinus
involvement at baseline developed ‘doubtful’ or ‘certain’
cavernous sinus invasion at the end of treatment and none
of the 29 patients with cavernous sinus invasion at baseline
showed radiologic evidence for complete regression of
tumor in the cavernous sinus [54]. Surgical remission rates
were highly variable and were directly related to extrasellar
extension: 55.8% remission for tumors limited to the sella,
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32.6% remission for tumors with a single area of extrasellar
extension, and 11.6% remission for tumors with more than
one area of extrasellar extension (i.e. suprasellar and
cavernous sinus involvement) [54]. The lack of a control
group in this and many of the smaller trials makes the role
of preoperative somatostatin analogue therapy difficult to
determine. However, these respective remission rates
suggest that the development of cavernous sinus involve-
ment during treatment in 17% of patients with tumor
previously limited to the sella would have a significant
negative impact on surgical outcomes, and may outweigh
the theoretical benefits of the tumor shrinkage observed in
only 29% of the cohort [54]. Therefore, surgery should be
performed as soon as possible, and the preoperative
adjuvant use of somatostatin analogues can be considered
for those patients in whom a delay in surgery is anticipated.

4.1.3 Secondary medical therapy

Newman et al. studied octreotide as secondary treatment in
81 patients with a history of persistent acromegaly at least
1 year after transsphenoidal surgery (n=46), transsphenoidal
surgery and radiation (n=27), or radiation alone (n=8) [52].
Patients were randomized to octreotide 100 or 250 pg
administered by SC injection every 8 h for 6 months, after
which time an extended open label treatment phase allowed
for clinician directed dose titration to achieve biochemical
control. The average daily dose of octreotide for the whole
cohort at the end of the six-month, fixed-dose phase was
513 pg. Mean GH levels fell from 30.4+10.1 to 7.1+
1.4 ug/l. After open label dose titration, the mean daily
dose was 635 pg, and mean GH levels were further
suppressed to 5.6+1.1 pg/l by 3 months and remained
suppressed throughout a mean follow-up of 34 months. The
clinical and biochemical efficacy improved over the course
of treatment, and at a mean follow-up of 3 years, 22% of
patients had GH levels <2 pg/l on at least four visits, and
IGF-1 levels declined to normal in 67% of patients [52].

More recently, a smaller study from Colao and col-
leagues evaluated octreotide LAR in 21 patients with
persistent acromegaly after surgery [51]. All patients
received octreotide LAR 20 mg IM every 28 days for three
months, then dose titration occurred if GH levels were
>5 ng/l; 15 patients were titrated to a dose of 30 mg every
28 days; at twelve months seven of these patients were
further titrated to the maximum dose of 40 mg every
28 days. After 24 months, a normal IGF-1 level was
achieved in 67% of subjects [S1]. GH suppression was
achieved in more patients than in the short-acting octreotide
study with 15 of 21 patients (71%) achieving a GH nadir of
2.0 g/l or less. Only nine patients were evaluated by MRI
for tumor shrinkage; four patients (44%) had tumor
shrinkage of >20% (range, 23-33%) [51].
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A concern regarding the reported biochemical response
rates in many of the somatostatin analogue trials has been
the use of patient pre-selection in which GH-response to a
single dose of octreotide is used to determine eligibility. In
their meta-analysis of somatostatin analogues, Freda et al.
evaluated GH and IGF-1 response rates among pre-selected
and non-selected patients undergoing primary or secondary
treatment for at least three months in 44 trials. In studies
with octreotide LAR, efficacy for GH suppression was met
by 58% of pre-selected patients, and in 54% of unselected
patients (not statistically different), while IGF-1 normaliza-
tion occurred in 68 and 63%, respectively (p=0.04) [5].
The effects of patient pre-selection were the same in the
trials with lanreotide SR, but this large meta-analysis
found that the overall response rates were lower for these
patients than in those receiving octreotide LAR regarding
both GH suppression—50% for lanreotide SR, and 58%
for octreotide LAR—and for IGF-1 normalization—56 vs
68%, respectively [5].

Lanreotide Autogel (also referred to as lanreotide LAR
or Somatuline) has been shown to have near identical
efficacy to lanreotide SR in a few studies, including a four-
year follow-up study reported by Gutt et al. [47, 55, 56].
Lanreotide Autogel has also been compared with octreotide
LAR in two small cross-over studies, with no clear
evidence of superiority for either drug [57, 58]. Lanreotide
SR and Autogel preparations may result in higher rates of
diarrhea, abdominal pain, and flatulence than octreotide
LAR [59], while rates of local injection-site reactions may
be lower for lanreotide Autogel [58].

4.1.4 Primary medical therapy

Surgical resection is the only therapy that offers a chance
for cure, so primary medical therapy should be reserved for
those patients who have contraindications to surgery, or for
those patients with macroadenomas exhibiting extrasellar
extension to regions that make complete surgical resection
unfeasible. The use of short-acting octreotide as primary
treatment for 26 newly diagnosed acromegaly patients was
studied in parallel with the secondary treatment of 81
patients in the three phase trial by Newman and colleagues
described above [52]. Patients were randomized to 100 or
250 pg octreotide SC every eight hours for 6 months, then
dose titration was used to attempt GH levels <2 ng/l; the
mean dose of octreotide after titration was 777 pg/day in
the primary treatment group vs 635 pg/day in the secondary
treatment group. There was a higher percentage of respond-
ers in the primary treatment group (82 vs 67%), and mean
GH levels in responders were the same in both groups at
3 years (3.7£0.9 vs 3.8+1.2 upg/l, respectively) [52],
suggesting that somatostatin analogues offer similar bio-
chemical outcomes in both primary and secondary treatment.

Because primary medical therapy is generally reserved
for patients who are poor surgical candidates, avoiding the
need for surgery for symptoms of local tumor encroach-
ment on critical structures (i.e. optic chiasm, cranial nerves
in the cavernous sinus), becomes paramount. A recent
critical review of the literature evaluating tumor response
during primary medical therapy found that among 14
studies (n=424 patients), 36.6% of patients experienced
significant shrinkage (>20%); within this group the mean
reduction in tumor size was 45% [60]. The wide range of
tumor response rates reported results from a lack of
uniformity in definitions of clinically significant shrinkage
(range 10-45%), a lack of uniform measurement (one
dimensional, versus three dimensional volume averaging),
and the lack of controls in these studies [60]. This review
found no difference between short-acting and long-release
preparations of somatostatin analogues regarding tumor
response rates (34.0 vs 37.8%) or mean tumor volume
shrinkage (49.5 vs 50.0%, respectively) [60]. The short-
term (1 month for most patients), preoperative lanreotide
study by Lucas et al, described above, reported that the GH-
response was the sole predictor of tumor shrinkage [54];
however, all four studies that have evaluated this relation-
ship in long-term primary treatment have shown no correla-
tion between the GH-response and tumor shrinkage [47, 51,
53, 61]. In contrast, these studies and others have consistently
shown that macroadenomas have a higher tumor response
rate and greater reduction in size than microadenomas [47,
51, 53, 61]. Nonetheless, there are reports of radiologic
disappearance of microadenomas after 6-16 months of long-
acting somatostatin analog treatment [51, 62].

While much attention and debate has been paid to the
degree and significance of tumor shrinkage with somato-
statin analogues, the primary therapeutic goals of primary
and secondary medical treatment should be control of GH-
hypersecretion and inhibition of continued tumor growth in
order to prevent the need for further surgical intervention.
Tumor shrinkage is not a primary goal of treatment, and it
has been shown that even for highly responsive tumors in
which biochemical control and shrinkage are achieved,
discontinuation of medical therapy results in the rapid
return to pretreatment GH-hypersecretion and tumor growth
[52, 62]. This is dramatically illustrated in the case report
from Livadas et al, which shows complete radiologic
disappearance of a 17x19x14 mm pituitary adenoma with
suprasellar extension after 16 months of lanreotide SR
treatment. There was no evidence of tumor on MRI scans at
24, 40, 51, and 62 weeks (at which point lanreotide was
discontinued). Within 6 months of stopping lanreotide SR
treatment, the GH and IGF-1 levels were 50 and 80% of
pretreatment levels and the adenoma had grown to 4x5x
4.5 mm. These data raise questions about the clinical
implications of tumor shrinkage in the primary and
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secondary treatment of acromegaly. While it is perhaps
psychologically reassuring to patients and physicians when
it occurs, tumor shrinkage does not consistently predict
biochemical response, nor does it affect long-term progno-
sis or the need for life-long suppressive treatment. Because
biochemical control and the avoidance of surgery are the
primary goals of medical treatment, the prevention of tumor
growth is more clinically relevant than tumor shrinkage.
Long-term somatostatin analogue trials have consistently
shown that tumor growth is very rare during treatment;
Bevans et al. reviewed 34 trials (n=921 patients), which
studied tumor shrinkage as a primary outcome, and among
biochemical responders only one patient experienced tumor
growth (tumor growth appeared to be the result of cystic
expansion) [39]. Additionally, among all 921 patients
(including both biochemical responders and non-responders),
there were only 20 (3%) who had tumor growth, with tumor
control or shrinkage in 97% of patients, suggesting that
direct tumor effects may occur in the majority of patients
receiving a somatostatin analogue, regardless of biochemical
efficacy [39].

Given their potential for long-term biochemical suppres-
sion and tumor control, somatostatin analogue treatment
plays an important role in the secondary management of
persistent acromegaly, and in the primary management of
patients without optic nerve compression or opthalmoplegia
at presentation who are poor candidates for surgery [2, 39,
52, 60]. The disadvantages of somatostatin analogues
include the high cost, a persistent 20-40% non-response
rate, and side effects including nausea, fatigue, orthostatic
hypotension and cholelithiasis [2]. In addition, these agents
also inhibit the secretion of insulin, glucagon, and several
gastrointestinal hormones [43]. While there is a lack of
head-to-head trials of sufficient size to determine if distinct
clinical advantages exist for one somatostatin analogue over
another, the above trials and the meta-analysis from Freda
et al. suggest that response rates may be higher with
octreotide LAR than with short-acting octreotide and
lanreotide SR [5, 51, 52]. To date there are no data to
suggest significant differences in clinical outcomes for
lanreotide Autogel and octreotide LAR [57, 58]. In
considering therapeutic outcomes for the somatostatin
analogues in general, reported rates of IGF-1 normalization
may be exaggerated because of the widespread enrollment
of pre-selected patients in clinical trials [5, 51, 52].

4.2 Dopamine agonists

Somatotroph tumors are derived from plurihormonal acid-
ophil cells which also give rise to prolactin-secreting cells.
About one third of GH-secreting tumors co-secrete prolac-
tin, although, generally at much lower concentrations than
in a true prolactinoma [63]. This shared cell lineage and the
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frequency of hormonal co-secretion spurred clinical trials of
dopamine agonists for the management of acromegaly in
the mid 1970’s and they continue to provide a therapeutic
option for secondary treatment. Currently, bromocriptine
and cabergoline are the only two dopamine agonists widely
available for the management of acromegaly. Bromocrip-
tine is an oral ergot derivative that has been used for over
thirty years in the management of Parkinson’s disease and
prolactinomas. The short half-life of the drug usually
requires three to four daily doses to achieve therapeutic
efficacy. Produced only in 2.5 mg tablets or 5 mg capsules,
bromocriptine regimens can be laborious for patients, as
effective daily doses in acromegaly trials are as high as 20—
60 mg [64]. In contrast, cabergoline is a newer oral ergot
derivative with a very long half-life, allowing for a starting
dose of weekly or biweekly administration of the 0.5 mg
tablet, and dose titration can be achieved with increasing
dose frequency—with maximum doses of 0.5-1 mg daily
used in acromegaly trials [65]. Trials of IM injections with
a long-acting bromocriptine LAR preparation and the
apomorphine derivatives such as quinagolide have been
evaluated in clinical trials, but poor response rates have
discouraged their widespread use [66, 67]. The clear
advantage of the dopamine agonist is cost: in the USA the
annual cost of cabergoline twice weekly dosing with 0.5 mg
is about $2,000, while bromocriptine 20 mg daily costs
about $3,500.

4.2.1 Clinical trials

Dopamine agonists, particularly bromocriptine, have been
in clinical use for the medical management of persistent
acromegaly for more than 30 years. However, the utility of
bromocriptine has been limited by disappointing rates of
biochemical response, and unacceptable side effects includ-
ing nausea, vomiting, diarrhea, fatigue, and orthostatic
hypotension, which may occur with the high doses (40—
60 mg daily) required to achieve GH suppression, [64].

4.2.2 Secondary treatment

Bromocriptine became the first viable medical therapy for
acromegaly following the landmark studies of Liuzzi et al.
[68] and Thorner et al. [69], both of which confirmed GH
suppressive effects of the drug. However, subsequent
studies reported relatively low rates of GH response with
only 20-40% of patients achieving GH levels <5 ug/l, and
only 10-20% achieving normalization of IGF-1 levels,
despite subjective clinical improvement in 50% of patients
[65, 70, 71].

These therapeutic limitations were highlighted in a 1981
study evaluating the short-term efficacy of bromocriptine in
a double-blinded, placebo controlled, cross-over study of
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eighteen patients with acromegaly. The study failed to show
a significant difference in the GH response to the oral
glucose tolerance test (OGTT) following three months of
either placebo or bromocriptine, and patient-reported
reductions in clinical symptoms were nearly identical for
placebo and bromocriptine [72]. A follow-up study showed
that one of the flaws of this negative study may have been a
delay between the last dose of bromocriptine and the
OGTT, demonstrating OGTT GH suppression at 1 h after
the last dose, but not at 10 h [73]. This finding emphasized
the transient effectiveness of bromocriptine with the high
likelihood of suboptimal therapeutic action even between
doses of the standard four times daily regimen. Further-
more, a subsequent report on the long-term outcomes of
235 patients treated with bromocriptine suggested that
among responders, successful GH suppression is often
short lived [74]. These shortcomings of bromocriptine led
to the investigation of longer-acting dopamine agonists as
they became available in the 1990°s. Secondary treatment
with cabergoline 1.0-1.75 mg/week was evaluated in a
multi-center, open-label trial involving 64 patients, includ-
ing a subgroup of sixteen patients with tumors that
co-secreted GH and prolactin (PRL) as identified by
immunohistochemistry on surgical pathology specimens
and elevated serum PRL levels [65]. With a starting dose of
cabergoline 0.5 mg twice weekly, the dose was titrated to
0.5 mg every other day (1.75 mg/week; n=28) in an effort
to suppress IGF-1 to less than 300 pg/l; further dose
titration to 0.5 mg daily in seven non-responders and
0.5 mg twice daily in one patient did not show any effect.
Treatment duration ranged from 3 to 40 months. Overall,
39% of patients had a reduction of IGF-1 to less than
300 pg/l and 46% achieved GH levels <2 pg/l [65]. This
large study identified subsets of patients with significantly
higher response rates: among patients with initial IGF-1
levels < 750 pg/l (n=40), 53% achieved normalization of
IGF-1 and 60% achieved GH levels <2 pg/l; within the
subset of GH/PRL tumors (n=16), 80% achieved both
normalization of IGF-1 and GH <2 pg/l. Serial MRI scans
in 12 patients showed ‘distinct’ tumor shrinkage in five
patients (none achieved a 50% reduction), some shrinkage
in four others, and no change in the remaining three [65].
Cabergoline was well tolerated with mild nausea and
orthostatic hypotension noted in a few patients at the start of
treatment; only two patients (both receiving 1.75 mg/week)
discontinued treatment due to nausea.

While the long-acting somatostatin analogues have
significantly improved clinical outcomes and captured
much of the market for medical treatment of persistent or
inoperable acromegaly, the high cost and the potential side
effects may deter their use in some patients. Cabergoline
offers an alternative with substantial cost savings, a simple
oral regimen, and minimal side effects. Relatively high

rates of therapeutic response can be expected in those
patients who have IGF-1 levels of <750 pg/l, and/or have
tumors that co-secrete GH and PRL. The use of cabergoline
as primary therapy for acromegaly has not been studied as
rigorously as somatostatin analogues; the small studies
suggest less dramatic effects on tumor shrinkage. A
potential concern with long-term cabergoline therapy has
recently arisen with the recognition of cardiac valvulopathy
occurring in Parkinson’s patients treated with much higher
doses (3.8 mg daily) of cabergoline [75]. To date, there has
been no indication that the doses used in the management
of pituitary tumors cause cardiac valve changes, but some
practitioners have adopted routine echocardiogram evalua-
tion for patients on chronic treatment.

4.3 GH Receptor antagonist

Treatment failures with dopamine agonists and the somato-
statin analogues, and the high morbidity and mortality
associated with uncontrolled acromegaly, has left a demand
for novel medical therapies. This led to the development of
pegvisomant (Somavert®, Pfizer, New York, NY), the first
in its class of GH receptor antagonists. Pegvisomant is a
modified GH molecule that functions as a GH receptor
antagonist, with avid binding to cell surface GH receptors,
thus blocking the binding of native GH and inhibiting GH
receptor functional dimerization [76—78]. This GH receptor
blockade inhibits hepatic production of downstream medi-
ators of GH’s somatotrophic effects, including IGF-1, IGF-
BP3 and acid-labile subunit (ALS) [76, 77]. Because there
is no direct effect on the tumor or on GH secretion, GH
levels increase with pegvisomant treatment; serum GH
concentrations return to pretreatment baseline following
cessation of the drug [79]. Pegvisomant is usually admin-
istered as a daily SC injection of 10, 20, or 30 mg. Peak
plasma concentrations occur 48—72 h after initial injection
and the average half-life is about 6 days. Clearance of
pegvisomant decreases with escalating doses, resulting in a
disproportionate rise in serum levels with higher doses:
after 12 weeks of therapy with daily doses of 10, 15, and
20 mg, mean serum levels were 6,600+1,330, 16,000+
2,200, and 27,000+£3,100 ng/ml, respectively [78]. The
annual wholesale cost of pegvisomant 20 mg/day is
approximately $65,000 and $97,000 for 30 mg/day.

4.3.1 Clinical trials

Trainer et al. reported the initial multi-center, placebo
controlled clinical trial evaluating the safety and efficacy
of pegvisomant in patients with acromegaly. The study
involved 93 patients who had undergone transsphenoidal
surgery, 57 of whom had also received conventional
radiation, 6 patients who had only received radiation, 9
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patients who had only been treated with other drug
therapies and 4 who had not received any treatment [78].
Patients were randomized to receive daily SC injections of
10, 15, or 20 mg of pegvisomant, or placebo for twelve
weeks. Normalization of IGF-1 occurred in 10% in the
placebo group and in 54, 81, and 89% of patients, receiving
10, 15, or 20 mg of pegvisomant, respectively (p<0.001 for
each dose vs placebo) [78]. Three patients discontinued the
study within the first week for issues not related to
pegvisomant; only one patient left the study because of an
adverse event, which involved an isolated transaminitis
with a serum alanine aminotransferase concentration of
904 U/l (normal, 0—47) and a serum aspartate aminotrans-
ferase concentration of 389 U/l (normal, 0-37) after eight
weeks of treatment. Transaminase levels returned to normal
within 4 weeks of discontinuation, and recurred with drug
rechallenge with pegvisomant 10 mg daily [78].

These rates of biochemical response proved to be an
underestimation of the long-term efficacy, as demonstrated
in a subsequent multi-center trial that reported the results
in 152 patients receiving pegvisomant for an average of
465 days [79]. Normalization of IGF-1 occurred in 87 of 90
(97%) patients treated for 12 months or more. To document
the consistent long-term efficacy, a subgroup of 38 patients
who were treated for at least 83 weeks achieved a serum
IGF-1 level within the age-adjusted normal range in 572 of
624 (91.7%) of study visits. Similar to the results of Trainer
et al., this study demonstrated a progressive dose- and time-
related increase in GH levels during pegvisomant treatment.
Baseline GH levels differed significantly among the three
cohorts which were defined by duration of treatment:
pretreatment mean GH levels were 10.9 ug/l (x1.5),
13.2 pg/l (2.1), and 19.2 pg/l (#4.3) in the 6, 12, and
18 month cohorts. Pegvisomant treatment increased mean GH
levels by 12 to 14 pg/l in all three cohorts to 23.1 pg/l (£3.1),
25.6 ug/l (#4.3), and 33.8 pg/l (£8.6), respectively (p<0.05
for within-cohort, baseline vs. final comparisons) [79]. In a
subgroup of patients who were withdrawn from pegvisomant
and not placed on alternative medical therapy for at least one
month (n=45), mean GH concentrations were 8.0 pg/l (£2.5)
at baseline, 15.2 pg/l (£2.4) at the last visit before
withdrawal, and reduced to 8.3 pg/l (£2.7) within 30 days
of withdrawal (p=0.67 vs. baseline) [79]. Metabolic
profiles during the study suggested that these high levels
of circulating GH were metabolically inactive during
pegvisomant treatment with a decline in baseline fasting
insulin levels from 23.3 to 12.4 mU/I after 18 months of
pegvisomant (p=0.03); fasting glucose levels declined from
98.4 to 90.4 mg/dl during pegvisomant therapy [79]. All
measures of clinical signs and symptoms, including heat
intolerance, headache, ring size, and blood pressure showed
statistically significant improvement over 12 months of
treatment [79].
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This long-term study also addressed the concern that
these elevated GH levels may act as a growth factor for the
pituitary adenoma, thus predisposing patients to further
need for surgery. Paired sets of the baseline and post-
treatment MRI scans were available for 131 patients: in 78
patients previously treated with RT the mean tumor volume
decreased by 0.126 cm?® (£0.071) over 12 months (p=0.21),
while in 53 patients who had not received RT the mean
tumor volume increased by 0.103 cm® (+0.093) over
10 months (p=0.95) [79].

Overall, pegvisomant was well tolerated, with infections
being the most frequent adverse event, reported in 33% of
patients, most of which were non-serious, upper-respiratory-
tract infections (seven cases of pneumonia), a gluteal abscess
and a case of urosepsis [79]. In the 12-week trial, upper
respiratory infections were also the most common reported
side effect, but did not differ significantly from placebo [78].
Two patients in the long-term trial had increased concen-
trations of ALT and AST of more than tenfold of the upper
limit of normal within 12 weeks of beginning pegvisomant
therapy and as a consequence were withdrawn from the study.

These two pegvisomant trials represent some of the
largest prospective clinical trials in the medical management
of acromegaly; the 12-week placebo-controlled study offers
the largest database of placebo treatment outcomes. The
10% normalization of IGF-1 in the placebo group likely
represents delayed treatment effect of radiation treatment,
which had previously been administered to 63 of the 93
patients and highlights the difficulty of determining drug
efficacy in secondary treatment trials [79]. With very high
rates (89-97%) of IGF-1 normalization and the excellent
metabolic and clinical responses to long-term therapy,
pegvisomant has been established as the most effective
drug for biochemical control of acromegaly, but it lacks a
direct tumor effect to control long-term tumor growth.
Some concerns persist that the rise in GH which occurs
with pegvisomant therapy may have some deleterious
effects on tumor growth [80], however, the rapidly growing
body of clinical experience is reassuring; Schreiber et al.
has recently published the clinical outcomes for 229
patients treated for a mean of 51.8 weeks, with tumor
growth verified in only 3.1% of patients [81]. Safety
concerns aside, the cost of pegvisomant remains the
primary barrier to its widespread use, which was the same
issue with bromocriptine 25 years ago [70]. Currently,
pegvisomant offers a highly effective, last-line medical
treatment for patients who have failed lower-cost options.

4.3.2 Combination therapies
Each of the three drug classes currently available for the

medical management of acromegaly offers unique mecha-
nisms of action and therapeutic profiles; a single ideal agent
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has yet to be identified and treatment failures are a problem.
As a result, the use of combination therapies may offer
hope for therapeutic success when monotherapy has failed.
Economic issues aside, the combination of a somatostatin
analogue, offering the potential for potent direct tumor
effects, and pegvisomant, with its effective biochemical
control has obvious theoretical benefits. Feenstra et al.
completed a 42-week, dose-finding study administering
once weekly pegvisomant in combination with octreotide
LAR 30 mg or lanreotide Autogel 120 mg monthly
injections [80]. At 18 weeks, 21 of 26 patients (81%) had
normal IGF-1 levels and at 42 weeks 18 of 19 patients
(95%) had a normal IGF-1. While none of the 19 patients
had tumor growth, only 3 of the 19 (16%) experienced
tumor shrinkage [80]. Furthermore, the combination thera-
py seemed to exacerbate pegvisomant-related liver enzyme
abnormalities, with 38% of patients developing mild
elevations of transaminase levels. Similar results were
recently reported by Neggers et al. who studied 32 patients
treated with combination therapy for a mean of 138 weeks
[82]. This study reported mild liver enzyme abnormalities
in 11 of 32 patients (34%), but these changes were found to
be transient, more often occurring early in treatment, and
did not necessitate discontinuation or dose reduction of the
pegvisomant [82]. The authors also report that the risk for
liver enzyme abnormalities was much higher in diabetic
patients [OR 5.1 (95% CI 1.02-25.54); p<0.05) [82]. In
both studies, the effort was made to reduce cost with once
weekly pegvisomant, but the average dose of weekly
pegvisomant required to normalize IGF-1 levels was
60 mg in both trials, and when combined with the cost of
the somatostatin analogues, annual projected cost did not
differ from daily pegvisomant monotherapy [80]. A lower-
cost combination is being studied in a large, multi-center
pharmaceutical sponsored trial (Novartis, Basel, Switzerland)
which is enrolling patients in Germany to evaluate the addition
of cabergoline to octreotide LAR for patients with partial
response to previous monotherapy (http://clinicaltrials.gov).

5 Conclusions

Over the last 30 years significant advancements have been
made in the medical treatment of acromegaly, with recent
studies suggesting that pegvisomant is effective in achiev-
ing biochemical control in up to 97% of patients [79] while
long-acting somatostatin analogues have been shown to
prevent tumor growth in up to 97% of patients [39].
Unfortunately, the cost of pegvisomant remains prohibitive
and a preliminary study of combination therapy does not
suggest additive or synergistic therapeutic effects, instead
resulting in a much lower rate of tumor shrinkage than with
a somatostatin analogue alone [80]. Meanwhile, the lower-

cost treatment strategies with the somatostatin analogues
and dopamine agonists result in 30 to 80% non-response
rates. For these reasons, a multi-disciplinary treatment
strategy involving experienced neurosurgeons, radiation
oncologists, and endocrinologists is necessary to determine
the most efficacious and cost-effective approach for each
patient with acromegaly.

6 Future directions and unanswered questions

Novartis (Basel, Switzerland) has developed a new somato-
statin receptor agonist, SOM230, which has been shown to
bind all of the somatostatin receptors except sst4, and binds
sst5 with an affinity 40 times greater than does octreotide
[83, 84]. In a proof-of-concept, single dose pilot study, 12
acromegalic patients received a single SC injection of
100 pg octreotide, 100 ng SOM230, or 250 g SOM230 in
a randomized, double-blinded, crossover fashion with a
minimum six day washout between treatments [83]. A
comparable suppression of GH levels by octreotide 100 pug
and SOM230 250 pg was observed in eight patients (—65+
7 vs —72+7%, respectively). Three patients were octreotide
resistant, achieving only a 17% reduction in GH; whereas,
250 pg SOM230 was significantly more efficacious with a
mean decrease of 70% in GH (p<0.01) [83]. One patient
showed better GH-lowering effect with octreotide than with
SOM230 [83]. Subsequent in vitro analysis of surgical
specimens from responders vs. non-responders demonstrated
that sst5 rather than sst2 was the predominant somatostatin
receptor in tumors that were more sensitive to SOM230,
whereas in the tumors with octreotide sensitivity, sst2 was
the predominant tumor receptor. Octreotide has a 2.5-fold
higher affinity for the sst2 receptor than SOM230, which
explains why GH response was similar for the octreotide
100 pg and the SOM230 250 png doses in sst2 predominant
tumors [83]. The results of phase 2 studies are not yet
available, but this preliminary study suggests that SOM230
may offer a therapeutic benefit in a select minority who
would need to be identified via drug challenge or analysis of
surgical specimens to define predominant sst subtypes.

A potentially more significant breakthrough in the
understanding and approach to medical treatment of
pituitary tumors is reflected in the development of chimeric
compounds that are capable of activating both dopamine
and somatostatin receptors. The recent discovery that cell
membrane G-protein-coupled receptors are capable of
dimerization has created a shift in thinking regarding the
degree of molecular cross-talk that occurs between cell
surface receptors [85-87]. The implication is that a
chimeric molecule that retains structural components of
both dopamine and somatostatin may be capable of
simultaneous, dual receptor activation, potentially inducing
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a unique, synergistic cellular and therapeutic response [86,
87]. As such, the sst5 receptor exhibits heterodimerization
with the D2 dopamine receptor (D2R), and the sst5/D2R
heterodimer displays enhanced signaling and unique phar-
macologic properties [87, 88]. Clinical studies are now
under way with a couple of these compounds; these
chimeric compounds have yet to demonstrate that they
can outperform combined therapies of existing somatostatin
analogues and dopamine agonists, which as noted above,
have been shown to perform less well than monotherapies
[80, 87]. Nonetheless, as we better understand the complex

in

vivo interactions of the cellular and orphan nuclear

receptors that regulate cell maturation and programmed cell
death, we come closer to the next paradigm shift in the
management of acromegaly: a medical cure.
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