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Acromegaly is an uncommon disorder, with an annual incidence of three
to four cases per million."? It is characterised by excessive secretion of
growth hormone (GH), resulting in exaggerated growth of bone and soft
tissues, multisystem involvement with multiple co-morbidities and
heightened risk of premature mortality. GH is produced by the
somatotroph cells of the pituitary gland in a pulsatile fashion. Circulating
GH stimulates hepatic secretion of insulin-like growth factor-1 (IGF-1).
More than 90% of cases of acromegaly are due to an adenomatous
growth of the pituitary somatotroph cells. Both GH and IGF-1 circulate,
and are responsible for the exaggerated somatic growth and metabolic
derangements characteristic of this disease. Somatotroph adenomas
usually occur in a sporadic fashion, but uncommonly can be part of a
familial multiple endocrine neoplasia (MEN-1) syndrome associated with
parathyroid and pancreatic disease, or as isolated, familial acromegaly.
There are several effective treatment modalities to control this disorder
and reduce or prevent the associated morbidity and mortality. This article
reviews the clinical approach to acromegaly and highlights the therapies
currently available.

Clinical Presentation

Men and women are affected equally by this disease and are diagnosed
at a mean age of 40 years. Signs and symptoms of acromegaly are
attributable either to GH hypersecretion or to localised mass effects of
the tumour itself. The classic features of GH excess include frontal
bossing, enlarged lips and nose, prognathic jaw, increased spacing of
the teeth, enlarged tongue, changes in voice, oily skin or excess acne
and enlarged hands and feet. Other than menstrual irregularities in
women, most patients with acromegaly do not present with complaints
or symptoms of somatic overgrowth. Rather, acromegaly is most
commonly detected incidentally. Due to the fact that acromegaly is an
insidious disease, it can go undetected for a decade or more prior to
diagnosis. Therefore, GH-secreting pituitary adenomas are generally
greater than 1cm (macroadenoma) at the time of initial presentation and
frequently cause multiple systemic co-morbidities resulting from chronic
GH excess. GH hypersecretion is associated with carpal tunnel
syndrome, type 2 diabetes mellitus, obstructive sleep apnoea, headache
and painful joint destruction. Cardiovascular (CV) abnormalities include
hypertension, atherosclerosis, GH-mediated myocardial hypertrophy and
diastolic and — in later stages — systolic dysfunction. Control of GH
hypersecretion and normalisation of IGF-1 can dramatically improve
these medical co-morbidities. Signs and symptoms of local tumour
invasion include headache, visual compromise due to involvement of the
optic chiasm or cavernous sinuses or hypopituitarism due to
compression of the normal gland.

Retrospective studies have suggested an increased incidence of
malignancy in patients with acromegaly, particularly of the colon.3
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These findings are controversial and have not been clearly
demonstrated in other studies. In a recent case-control study, the
prevalence of colorectal hyperplastic polyps was significantly higher in
patients with acromegaly compared with controls.# Whether the risk of
colon cancer and/or polyps is improved with biochemical control is
unknown. A baseline screening colonoscopy to exclude colon cancer
may be warranted in patients with acromegaly.

Untreated, acromegaly causes an approximate two- to four-fold increase
in mortality, primarily due to CV complications. In a recent meta-analysis,
acromegaly was associated with a mean standardised mortality ratio of
1.62 compared with a normal population.® In this study, biochemical cure
following surgery was associated with a residual 10% increased mortality
risk, although the authors note that this analysis should be interpreted
with caution as it is based on a small number of studies and did not take
into account treatment modalities in addition to surgery. Other studies
have demonstrated that biochemical normalisation is associated with a
mortality risk similar to that of the general population.t

Biochemical control is associated with an improvement in glucose
tolerance and symptoms related to soft-tissue overgrowth; however, bony
abnormalities usually do not regress.” In a recent study of subjects with
acromegaly and obstructive sleep apnoea, the latter resolved in all patients
after surgical cure.® Other studies have suggested that sleep apnoea may
improve, but not always resolve, following biochemical normalisation.
Other CV risk factors — including diastolic function — are likely to improve
as well.° Therefore, control of acromegaly has critical implications with
regard to preventing the long-term medical and mortality consequences
of the disease.
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Figure 1: Medical Options for the Treatment of Acromegaly
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Diagnosis

A biochemical evaluation should be undertaken to confirm suspected
acromegaly. Since GH levels are pulsatile, random measurements are
rarely useful. An oral glucose tolerance test (OGTT), utilising the normal
ability of glucose to suppress GH, is the gold-standard laboratory test
to confirm or exclude this disease. Failure to suppress GH levels to
<1ng/ml after OGTT suggests the diagnosis of acromegaly. Since IGF-1
is an integrated marker of GH secretion, an elevated IGF-1 level
compared with an age- and gender-normative data range is supportive
of the diagnosis. Following biochemical diagnosis, a magnetic
resonance imaging (MRI) scan should be performed to determine the
presence of a pituitary adenoma and to assess for local mass effects. If
a macroadenoma is present, it is important to evaluate for
hypopituitarism, especially adrenal insufficiency (which needs to be

rapidly treated), and to assess for visual field compromise.

Treatment

Goals of Therapy
The specific goals of treatment are to:

e normalise disease markers (GH and IGF-1);

e slow or reverse the clinical signs and symptoms;

e preserve normal pituitary function; and

e restore life expectancy to that of the general population.

Although controversial, most experts agree that disease control is
defined by normal serum IGF-1 levels and attainment of a safe GH
level, such as mean basal serum GH <2.5ng/ml or a GH level following
an OGTT of <1ng/ml.1"" There are three major treatment modalities
to achieve these end-points: surgery, medical therapy and radiation,
which are described in detail below.

Surgery

Trans-sphenoidal surgery is the primary modality of therapy in the
majority of cases because it can yield a rapid cure and correct local mass
effects. Transfrontal craniotomy is uncommonly utilised as the surgical
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approach for more aggressive, invasive tumours. The cure rate for a well
circumscribed intrasellar microadenoma (<1cm) is approximately 90%.12
In contrast, surgical efficacy rates for macroadenomas are lower and
range from 30 to 70%. In subjects in biochemical remission following
surgery, long-term relapse rates have been reported in up to 19% of
subjects, potentially due to dural remnants.’® Cure rates depend on
tumour size and location (with lower efficacy rates in the presence of
extrasellar involvement, including cavernous sinus invasion), pre-surgical
GH levels and surgical expertise.'#15

Complications of surgery are infrequent but include visual impairment,
meningitis or cerebrospinal fluid leak, anterior or posterior pituitary
hormone dysfunction and local nasal complications. Following surgery,
subjects should undergo repeat biochemical testing with serum IGF-1
and basal GH levels at approximately eight to 12 weeks to determine
surgical efficacy. Since most patients with acromegaly have a
macroadenoma at the time of presentation, many do not attain
a surgical cure, and in these cases additional therapeutic options may
be necessary. Re-operation is considered for residual disease, but is
usually ineffective in the presence of extra-sellar tumour invasion.
Therefore, further adjuvant therapy is recommended for such patients.

Medical Therapy

Medical therapy is usually considered in an adjuvant role for patients with
residual disease following surgery. There are three classes of medical
options: somatostatin analogues (SAs), dopamine agonists (DAs) and a
GH receptor (GHR) antagonist (see Figure 7).

Somatostatin Analogues

SAs (octreotide and lanreotide) bind to somatostatin receptor (SSTR)
subtypes 2 and 5 on somatotroph adenomas to suppress GH release.
Both octreotide (octreotide LAR) and lanreotide (lanreotide autogel)
are most commonly administered as long-acting-release preparations
at monthly intramuscular injections. SAs result in GH control and
normalisation of serum IGF-1 levels in approximately 50-70% of cases,
although this number may be exaggerated as many studies pre-select
subjects for SA-responsive tumours.'® Biochemical response reflects
expression of the SSTR2 expression and tumour size.’ As an adjuvant
therapy, octreotide LAR administration leads to modest tumour
shrinkage by 10-50% in 47 % of subjects.¢ Side effects of SAs include
gastrointestinal (Gl) upset (which usually improves over time),
gallstones in up to 40%, hair loss and bradycardia. Hyperglycaemia
may occur, although insulin sensitivity and high-density lipoprotein
(HDL) levels may improve with prolonged SA therapy.'819

Dopamine Agonists

Although DAs reduce GH levels, there is a limited therapeutic role for this
option in the management of acromegaly. Bromocriptine normalises
IGF-1 values in fewer than 10% of cases.? In contrast, cabergoline (a
non-ergot, D2-receptor-specific DA) has been reported to normalise IGF-
1 levels in up to 39% of cases.2! In this study, improved biochemical
response was detected in subjects with mild biochemical disease activity
and/or hyperprolactinaemia. These data suggest that cabergoline may be
more effective than bromocriptine. Other studies have not confirmed the
prognostic value of prolactin co-production by a GH-secreting adenoma
in predicting successful DA response.22 Some advantages of DAs include
the availability of oral formulations and the relatively low cost compared
with other modalities. In summary, DAs may be considered as an
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adjuvant medical option, primarily in subjects with limited symptoms and
modest biochemical disease. It has also been suggested that the addition
of DAs to SAs may have additive effects, and may be considered in
patients with limited SA responsiveness.?? Cabergoline administration has
been reported in patients with Parkinson’s disease (PD) to be associated
with the presence of valvular heart disease (VHD), although the
association was seen with doses higher than those used in the routine
management of pituitary disorders. The implication of this finding for
the management of subjects with acromegaly is unclear.

Growth Hormone Receptor Antagonist

The GHR antagonist pegvisomant is an engineered human GH molecule
with enhanced binding to the GHR and results in functional blockade
of GH-mediated intracellular signaling. This results in a reduction in
circulating serum IGF-1 that is long-lasting and is associated with
improvement in soft-tissue enlargement and quality of life.23.24

In a randomised, double-blind, placebo-controlled 12-week study,
pegvisomant administration resulted in a dose-responsive reduction in
IGF-1, with normalisation of IGF-1 levels in 89% of subjects.24 Serum
GH levels can increase in response to pegvisomant, and therefore
should not be measured as a disease marker in subjects receiving this
medication. There is concern that the increase in GH levels may reflect
growth of the pituitary tumour, and there have been rare reports of
tumour growth. This issue was addressed further in the German
Pegvisomant Observational Study, which followed 229 patients on
pegvisomant for a mean duration of 51.8+35.8 weeks.2> In this study,
tumour growth was initially detected in 12 patients (5.2%). Percentage
change in size of tumour was not reported in this study; however, only
four cases (1.7%) were found to have significant tumour growth.
Longer follow-up is necessary to determine the clinical ramifications of
this finding, though serial MRI scanning should continue to be
performed. With regard to the risk of liver dysfunction, the same study
reported elevated liver enzymes (>3x normal) in 12 patients (5.2%) on
long-term pegvisomant therapy. In seven of these subjects,
transaminases spontaneously normalised during continued treatment.
In four cases, transaminase levels normalised after treatment
discontinuation, and in one patient levels decreased but remained
elevated during continued drug treatment.2> Liver function should
therefore be monitored in serial fashion. Pegvisomant administration
has favourable effects on glucose homeostasis, including a reduction in
insulin and glucose levels, and therefore may be particularly useful in
the setting of acromegaly associated with type 2 diabetes mellitus.26

Combined use of pegvisomant and a somatostatin analogue has been
shown to be effective, and combination therapy may be associated
with less frequent pegvisomant dosing frequency and, potentially,
reduced overall cost.?7.28

Primary Medical Therapy -

Evolving Therapeutic Paradigms

Primary medical therapy for acromegaly, either as pre-operative
therapy to improve surgical outcome or as de novo therapy, has been
suggested as an alternative to traditional paradigms. Although there
are reports of improved surgical outcome following SA therapy prior
to surgery, there are no controlled studies that demonstrate this.
Therefore, SAs are recommended pre-operatively only to improve
significant co-morbidities or when surgery is delayed. For example,
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Figure 2: Mean Serum Growth Hormone Responses to
Octreotide Administration
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Mean serum GH responses to octreotide administration in 18 patients with GH-secreting
macroadenomas (left panel) and six patients with GH-secreting microadenomas (right panel).
The shading indicates controlled GH levels.

Asterisks indicate the amount of tumour shrinkage at latest assessment

(* <30%;, ** 30-60%, *** >60% tumour volume reduction).

N = normal age-related IGF-I. Used with permission from Bevan et al.™

pre-operative SA therapy can be offered to patients with co-
morbidities that increase the anaesthetic risk, such as retropharyngeal
thickness (which may complicate intubation), severe hypertension and
uncontrolled diabetes.

There has been much interest in the utility of SAs as de novo
acromegaly therapy, especially in treating macroadenomas without
associated localised mass effects, such as visual field loss. This option
is supported by several studies showing that SAs have similar efficacy
in controlling biochemical secretion, whether used in a primary or an
adjuvant role.2®

In 24 subjects naive to any therapy, Bevan et al. showed that daily
subcutaneous octreotide followed by monthly octreotide depot injections
for up to 48 weeks normalised IGF-1 in 53% and GH in 79% of patients
(see Figure 2).2° Similar studies have demonstrated that de novo SA
therapy results in tumour shrinkage to a greater degree and in a greater
percentage of subjects than noted with adjunctive use.3' In two recent
prospective studies of patients with acromegaly (72-82% due to
macroadenomas), octreotide LAR normalised IGF-1 levels in 34-70.1% of
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patients and significantly reduced tumour volume (by >20%) in 75-82%
of patients.3233 Mercado et al. reported that smaller tumour volume
(microadenoma) and lower basal GH values were more predictive of
improved response.32 Although there are no controlled studies to date
showing that SA therapy is equivalent or superior to surgery in a primary
treatment role, there are sufficient data to suggest that primary medical
therapy may be offered safely and with benefit to selected patients who
are poor candidates for surgical cure. Recent consensus guidelines suggest
that medical therapy may be considered in lieu of surgery for tumours not
causing local mass effects, and this decision should include discussion of
cost, operative risk and patient preference.!

Radiation Therapy

Radiation therapy is considered as an adjuvant option for patients who
have failed surgery and/or are unresponsive to, or are poorly tolerant
of, therapy. Post-operative conventional
radiotherapy controls the disease in 5-78% of subjects, but it may
take many years for the effects to be seen.3435

medical fractionated

Additional concerns of radiation include the risk of hypopituitarism,
damage to optic structures, cerebrovascular disease and the rare
occurrence of secondary tumours. Stereotactic radiosurgery (SRS) is able
to deliver radiation more precisely than conventional radiation. Some

studies suggest that SRS may control disease sooner than with
conventional radiation.?® For example, in a prospective study of 82
subjects with active acromegaly, 63 of whom had previous trans-
sphenoidal surgery, gamma knife SRS resulted in remission in 17% of
subjects at a mean follow-up of 49.5 months. An additional 23%
of subjects, previously uncontrolled by SAs, achieved disease control
with SAs after gamma knife radiosurgery.3”

More recently, Jezkova et al. reported that 50% of 96 subjects treated
with gamma knife radiosurgery had normalisation of serum IGF-1 within
54 months.?8 The incidence of hypopituitarism secondary to SRS appears
to be similar to that of conventional radiotherapy in studies published to
date. Further studies are important to determine the overall role of SRS in
the management of acromegaly.

Conclusion

Acromegaly is a disease characterised by GH hypersecretion, and is
associated with multiple medical co-morbidities and premature mortality.
With successful treatment, life expectancy in acromegaly may be restored
to normal. There are several effective treatment modalities available, with
evolving paradigms in their use. With recent advances in the
management of acromegaly, disease control can be reasonably expected
in the majority of patients. l

1. Bengtsson BA, Eden S, Emest |, et al., Epidemiology and long-  15. Ahmed S, Elsheikh M, Stratton IM, et al., Outcome of J Endocrinol, 2006;154:467-77.
term survival in acromegaly. A study of 166 cases diagnosed transphenoidal surgery for acromegaly and its relationship to 27. Feenstra J, de Herder WW, ten Have SM, et al., Combined
between 1955 and 1984, Acta Med Scand, 1988;223:327-35. surgical experience, Clin Endocrinol (Oxf), 1999;50:561-7. therapy with somatostatin analogues and weekly pegvisomant

2. Kauppinen-Mokelin R, Sane T, Reunanen A, et al., A 16. Freda PU, Katznelson L, van der Lely AJ, et al., Long-Acting in active acromegaly, Lancet, 2005;365:1644—6.
nationwide survey of mortality in acromegaly, JCEM, Somatostatin Analog Therapy Of Acromegaly: A Meta- 28. Neggers S, van Aken M, Janssen J, et al., Long-term efficacy
2005;90(7):4081-6. Analysis, JCEM, 2005;90(8):4465-73. and safety of combined treatment of somatostatin analogs

3. Baris D, Gridley G, Ron E, et al., Acromegaly and cancer risk: 17. Fougner SL, Borota OC, Berg JP, et al., The clinical response and pegvisomant in acromegaly, JCEM, 2007 Sept 25 (E-pub
a cohort study in Sweden and Denmark, Can Caus Cont, to somatostatin analogues in acromegaly correlates to the ahead of print).
2002;13:395-400. somatostatin receptor subtype 2a protein expression of the 29. Ayuk J, Stewart SE, Stewart PM, Sheppard MC, Efficacy of

4. Matano Y, Okada T, Suzuki A, et al., Risk of colorectal adenoma, Clin Endocrinol, 2007 Oct 17 (E-pub ahead of Sandostatin LAR (long-acting somatostatin analogue) is
neoplasm in patients with acromegaly and its relationship print). similar in patients with untreated acromegaly and in those
with serum growth hormone levels, Am J Gastroenterol, 18. Ronchi CL, Varva V, Beck-Peccoz P, et al., Comparison previously treated with surgery and/or radiotherapy, Clin
2005;100:1154-60. between six-year therapy with long-acting somatostatin Endocrinol (0xf), 2004;60:375-81.

5. Dekkers OM, Biermasz NR, Pereira AM, et al., Mortality in analogs and successful surgery in acromegaly: effects on 30. Bevan JS, Atkin SL, Atkinson AB, et al., Primary medical
acromegaly: a meta-analysis, JCEM, 2007 Oct 30 (Epub ahead cardiovascular risk factors, JCEM, 2006;91:121-8. therapy for acromegaly: an open, prospective, multicenter
of print). 19. Potter BJ, Beauregard C, Serum markers of cardiovascular risk study of the effects of subcutaneous and intramuscular slow-

6. Swearingen B, Barker FG, Katznelson L, et al., Long-term in patients with acromegaly before and after six months of release octreotide on growth hormone, insulin-like growth
mortality after transsphenoidal surgery and adjunctive therapy treatment with octreotide LAR, Pituitary, 2007 Oct 5 (E-pub factor-1, and tumor size, JCEM, 2002;87:4554-63.
for acromegaly, JCEM, 1998;83:3419-26. ahead of print). 31. Melmed S, Sternberg R, Cook D, et al., A Critical Analysis Of

7. Biermasz NR, Pereira AM, Smit JW, et al., Morbidity after 20. Melmed S, Jackson I, Kleinberg D, Klibanski A, Current Pituitary Tumor Shrinkage During Primary Medical Therapy In
long-term remission of acromegaly: persisting joint complaints Treatment Guidelines for Acromegaly, JCEM, Acromegaly, JCEM, 2005;90(7):4405-10.
cause reduced quality of life, JCEM, 2005;90(5):2731-9. 1998;83:2646-52. 32. Mercado M, Borges F, Bouterfa H, et al., A prospective

8. Sze L, Schmid C, Bloch KE, et al., Effect of transsphenoidal 21. Abs R, Verhelst J, Maiter D, et al., Cabergoline in the multicentre study to investigate the efficacy, safety and
surgery on sleep apnea in acromegaly, Eur J Endocrinol, treatment of acromegaly: a study in 64 patients, JCEM, tolerability of octreotide LAR in the primary therapy of
2007;156:321-9. 1998;83:374-8. patients with acromegaly, Clin Endocrin, 2007;66:859-68.

9. Jaffrain-Rea M, Minniti G, Moroni C, et al., Impact of 22. Cozzi R, Attanasio R, Lodrini S, Lasio G, Cabergoline addition ~ 33. Cozzi R, Montini M, Attanasio R, et al., Primary treatment of
successful transsphenoidal surgery on cardiovascular risk to depot somatostatin analogues in resistant acromegalic acromegaly with Octreotide LAR: A long-term (Up to nine
factors in acromegaly, European J Endocrinol, patients: efficacy and lack of predictive value of prolactin years) prospective study of its efficacy in the control of disease
2003;148:193-201. status, Clin Endocrinol (Oxf), 2004;61:209-15. activity and tumor shrinkage, JCEM, 2006;91(4):1397.

10. Costa AC, Rossi A, Martinelli CE, Jr, et al., Assessment of 23. van der Lely AJ, Hutson RK, Trainer PJ, et al., Long-term 34. Biermasz NR, van Dulken H, Roelfsema F, Long-term follow-
disease activity in treated acromegalic patients using a treatment of acromegaly with pegvisomant, a growth up results of postoperative radiotherapy in 36 patients with
sensitive GH assay: should we achieve strict normal GH levels hormone receptor antagonist, Lancet, 2001;358:1754-9. acromegaly, JCEM, 2000;85:2476-82.
for a biochemical cure?, JCEM, 2002 87:3142-7. 24. Trainer PJ, Drake WM, Katznelson L, et al., Treatment of 35. Barkan AL, Radiotherapy in acromegaly: the argument

11. AACE Medical Guidelines for Clinical Practice for the acromegaly with the growth hormone-receptor antagonist against, Clin Endocrinol (0xf), 2003;58:132-5.
diagnosis and treatment of acromegaly, Endocr Pract, pegvisomant, N Engl J Med, 2000;342:1171-7. 36. Pollock BE, Kondziolka D, Lunsford LD, Flickinger JC,
2004;10:213-25. 25. Schreiber I, Buchfelder M, Droste M, et al., Treatment of Stereotactic radiosurgery for pituitary adenomas: imaging,

12. Stewart PM, Current therapy for acromegaly, Trends acromegaly with the GH receptor antagonist pegvisomant in visual and endocrine results, Acta Neurochir Suppl,

Endocrinol Metab, 2000;11:128-32. clinical practice: Safety and efficacy evaluation from the 1994;62:33-8.

13. Biermasz NR, van Dulken H, Roelfsema F, Ten-year follow-up German Pegvisomant Observational Study, Eur J 37. Castinetti F, Taieb D, Kuhn JM, et al., Outcome of gamma
results of transsphenoidal microsurgery in acromegaly, JCEM, Endocrinology, 2007;156(1):75-82. knife radiosurgery in 82 patients with acromegaly: correlation
2000;85:4596-4602 26. Colao A, Pivonello R, Auriemma RS, et al., Efficacy of 12- with initial hypersecretion, JCEM, 2005;90:4483-8.

14. Shimon I, Cohen ZR, Ram Z, Hadani M, Transsphenoidal month treatment with the GH receptor antagonist 38. Jezkova J, Marek J, Hana V, et al., Gamma knife radiosurgery
surgery for acromegaly: endocrinological follow-up of 98 pegvisomant in patients with acromegaly resistant to long- for acromegaly — long-term experience, Clin Endocrinol (Oxf),
patients, Neurosurgery, 2001,;48:1239-43; discussion term, high-dose somatostatin analog treatment: effect on IGF- 2006;64:588-95.

1244-35. 1 levels, tumor mass, hypertension and glucose tolerance, Eur
82 EUROPEAN ENDOCRINE DISEASE 2007





