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Abbreviations:

GH = growth hormone; GHRH = growth hormone-
releasing hormone; | GF-I = insulin-like growth factor-
I; LV = left ventricular; MEN 1 = multiple endocrine
neoplasia type 1; MRI = magnetic resonance imaging;
OGTT = ora glucose tolerance test

ACROMEGALY: WHY TREAT?

Acromegaly is an uncommonly diagnosed disorder
with an annual estimated incidence of 3 to 4 cases per 1
million people. It is characterized by hypersecretion of
growth hormone (GH). In more than 95% of cases, the
source of the GH hypersecretion is a pituitary somatotroph
adenoma. GH stimulates hepatic production of insulin-like
growth factor-1 (IGF-1). GH produces some of its somatic
effects directly; others are mediated by 1GF-I. The mor-
bidity and mortality associated with acromegaly are due to
both the metabolic consequences of GH hypersecretion
and the direct mass effects from the somatotroph adeno-
ma. Recent studies have shown that many consequences
related to soft tissue overgrowth can be reversed, at least
in part, with appropriate therapy. In addition, appropriate
therapy seems to reverse the apparent increased risk of
mortality in patients with acromegaly.

The classic clinical findings in a patient with
advanced acromegaly include frontal bossing, coarse
facial features, wide nasal bridge, thick lips, protruding
jaw with widely spaced teeth, and large hands and feet.
Acromegaly is a chronic disease that, because of its slow-
ly progressive, insidious nature, often remains undetected
for up to 10 years before formal diagnosis. The delay in
diagnosis may exaggerate the complications due to GH
hypersecretion. Thus, the alertness of the primary care
physician and the availability of endocrine consultation
are critical for the timely diagnosis of acromegaly.
Mandibular bone enlargement may lead to dental maloc-
clusion, which may necessitate surgical intervention for
mandibular reduction. Although successful therapy may
decrease the soft tissue excess with reductions in skin
thickening and hand and foot size, GH and I|GF-1 normal-
ization will not reduce the magnitude of bone enlarge-
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ment. Nevertheless, metabolic control may prevent further
bone enlargement and associated complications.

The symptoms of local tumor growth include
headache, visual field loss (due to compression of the
optic chiasm), and crania nerve palsies (due to involve-
ment of the cranial nerves within the cavernous sinus).
These complications are common because macroadeno-
mas (>10 mm) are detected in approximately 80% of
patients with acromegaly, areflection of the delay in diag-
nosis. Therefore, tumor debulking and appropriate adju-
vant therapy may reverse, reduce, or even prevent mass
effects caused by tumor growth.

Patients with acromegaly often complain of
headaches and fatigue. Hypertension is present in approx-
imately 30% of cases, presumably attributable to volume
overload and structural changes in the vascular system.
Because hypertension often persists after successful treat-
ment of acromegaly, other mechanisms, such as essential
hypertension, may be present in such patients.
Hypertension may lead to cardiac hypertrophy, athough
there are characteristic cardiac changes that are the result
of a more specific form of acromegalic cardiomyopathy
(2). In patients with acromegaly, cardiac disease usually
begins with a hyperkinetic syndrome characterized by
increased heart rate. Left ventricular (LV) function is usu-
aly preserved in young patients with a brief duration of
disease, although LV mass may beincreased and LV func-
tion in response to exercise may be reduced. Diastolic dys-
function is prevalent in patients with acromegaly. The
degree of cardiomyopathy correlates with the duration of
disease. Overt heart failure may occur in advanced disease
if hormone excess is left untreated. Successful reduction
in serum GH and IGF-I concentrations can lead to reduc-
tion in cardiac mass and improvement in LV function (2).
The high prevalence of hypertension and diabetes mellitus
in association with acromegaly contributes to progression
of coronary artery disease. Sleep apnea syndrome is pres-
ent in most patients with acromegaly; it is detected in up
to 90% of patients with symptoms such as snoring.
Medical therapy for acromegaly may lead to decreased
symptoms of sleep apnea (3).

Hyperhidrosis (excessive perspiration) is a common
manifestation of acromegaly as well. Musculoskeletal
complications include enlargement of the synovial tissue
and cartilage, causing hypertrophic arthropathy. The
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arthropathy, primarily of the weight-bearing joints, can
lead to degenerative changes and the need for surgical
replacement of joints. Recently, investigators showed that
joint improvement may be achieved after 12 months of
medical therapy, although joint thickening was not com-
pletely reversed (4). Median nerve entrapment leads to
carpal tunnel syndrome in 20% of patients.

The risk of cancer from GH hypersecretion is contro-
versial. An increased incidence of numerous types of can-
cer has been suggested, the most common being colon
cancer. Patients with acromegaly are at increased risk for
premalignant colonic polyps, which are present in up to
30% of such patients. Several retrospective studies have
suggested an increased risk of colon cancer in patients
with acromegaly (5,6). In contrast, however, a recent
prospective controlled study showed no increased preva-
lence of colorectal cancer in 115 patients with acromegaly
(7). Although the risk of neoplasms in patients with
acromegaly is unclear, the evidence is sufficiently sugges-
tive to warrant periodic screening by colonoscopy in those
with active disease.

The mortality rate of patients with acromegaly is 2 to
4 times higher than the expected rate, primarily attribut-
able to cardiovascular disease (8,9). Treatment that nor-
malizes serum IGF-I levels abolishes this risk (10,11).
Similarly, normalization of GH secretion with reduction of
circulating GH levelsto less than 2.5 ng/mL leads to mor-
tality rates comparable to those of the normal population
(12,13). These data emphasize the importance of timely
diagnosis and appropriate treatment.

In summary, acromegaly is associated with multiple
comorbidities related to GH hypersecretion and tumor
enlargement. Biochemical control can lead to reversal of
the associated comorbidities. Control of GH and IGF-I
hypersecretion appears to reverse the risk of premature
mortality.

DIAGNOSIS

The diagnosis of acromegaly is optimally based on
both clinical and biochemical evidence. Even in the
mildest cases of acromegaly, subtle body changes can usu-
aly be detected, especially enlargement of the hands and
feet (14). Nonetheless, acromegaly can go unrecognized;
such lapses have caused a tragic delay in diagnosing
acromegaly, the mean delay being 9 years (15).

Once acromegaly is suspected, measurement of serum
IGF-I should be the next step. The high degree of correla-
tion between serum IGF-I and variables of acromegaly had
been noted as early as 1979 (14). In addition, a correlation
exists between 24-hour mean GH and IGF-I levels in
acromegaly (16). Once IGF-I levels have escalated to a
certain point, however, they begin to plateau (14).
Acromegaly in the absence of high IGF-I levels is
extremely rare; therefore, this relationship makes |GF-I an
ideal screening test. IGF-I is aso useful for monitoring of

treatment outcomes, such as after a surgical procedure or
during treatment with octreotide or pegvisomant.

GH is produced by the pituitary gland in a pulsatile
fashion (17), with the highest levels produced during sleep
in concert with sleep stages. Normal subjects have very
low levels of GH throughout much of the day. In patients
with acromegaly, increased pul se frequency resultsin high
levels of GH. These GH levels may demonstrate consider-
able variahility, ranging from 1 ng/mL to values in excess
of 100 ng/mL. With both extremes, GH concentrations are
sustained, without declining to the low concentrations
between pulses seen in norma subjects. This sustained
elevation of GH levels is presumably the cause of signs
and symptoms of acromegaly. Sometimes IGF-I levels
may remain high even in the presence of sustained low
serum concentrations of GH. Indeed, up to a third of the
patients with acromegaly who undergo surgical treatment
may demonstrate a persistently high IGF-I level despite a
nadir GH level of lessthan 1 ng/mL during an ora glucose
tolerance test (OGTT). This finding indicates that a pro-
portion of patients may continue to experience subtle
changes in GH secretion, leading to persistent disease
(18).

Measuring GH during an OGTT has been a standard
technique for diagnosis of acromegaly for almost 40 years.
The nadir GH level that supports the diagnosis has been in
flux throughout that time and remains so because of the
increasing sensitivity of GH assays and the improvement
of IGF-1 assays to corroborate the diagnosis. This test is
performed by giving 75 g of glucose orally and sampling
for glucose and GH levels at 0, 30, 60, 90, and 120 min-
utes after administration of the glucose. If the GH level
does not decline to below 1 ng/mL during the test, the
patient has acromegaly (19). This diagnosis must be made
in conjunction with the clinical picture and assessment of
the serum IGF-I. Recent studies have shown that occa-
sional patients have GH levelsaslow as 37 pg/mL and still
have signs and symptoms of acromegaly and high levels of
IGF-1 (20).

Low, but nonsuppressible, levels of GH after oral
administration of glucose (GH >1 ng/mL) are frequently
noted in patients who have undergone surgical treatment
and who have norma IGF-I concentrations. In such
patients, the acromegaly is considered controlled but not
cured. If the patient is asymptomatic, close follow-up
without therapy is reasonable. Currently, prophylactic
irradiation is not considered warranted in this context. If
symptoms such as heat intolerance or glucose intolerance
emerge, or if the IGF-1 level becomes high, further thera-
py is warranted.

Although random GH levels are not generally useful
in diagnosing acromegaly, they may have to be used under
certain circumstances. Patients with diabetes mellitus have
GH levels that respond to glucose; however, performance
of an OGTT in patients with very high levels of glucoseis
not always advisable. Some neuroendocrinologists order
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24-hour GH sampling, but that approach is usually part of
a defined research project. Thyrotropin-releasing hormone
and growth hormone-rel easing hormone (GHRH) stimula-
tion tests yield discordant GH responses in up to 50% of
patients with acromegaly. Thus, these tests are rarely use-
ful in helping to diagnose acromegaly.

Measurement of GHRH can be helpful in detecting an
ectopic source of the acromegaly. A GHRH test should be
done when a patient has no obvious pituitary tumor, but
there is proven acromegaly. Rarely, acromegaly can be
part of a genetic syndrome, including multiple endocrine
neoplasia type 1 (MEN 1), McCune-Albright syndrome,
familial acromegaly, and Carney complex.

ROLE OF SURGICAL THERAPY
Goals of Operative I ntervention

Surgical therapy for acromegaly has the following
godls:

=

Normalization of GH secretion and IGF-1 levels

2. Elimination of mass effect and reversal of associated
neurologic problems—for example, optic compres-
sion and headaches

3. Alleviation of comorbidities associated with active
acromegaly, including sleep apnea, cardiomyopathy,
hypertension, and arthritis

4. Preservation of pituitary function and restoration of

any endocrine deficits caused by the tumor

Prevention of recurrence of the tumor

6. Procurement of tissue for pathologic and scientific

analysis

o

Advantages of Surgical Treatment

In light of the foregoing goals, surgical treatment of
acromegaly has many advantages and at the present time
has an important role in the successful outcome of most
patients with active acromegaly. Effective surgica inter-
vention produces an immediate lowering of GH levels and
offers a potential “cure.” For those patients in whom a
remission is not possible because the tumor is invasive or
involves a site too dangerous to approach in a radical
fashion, surgical treatment decreases the tumor burden,
which may lead to more successful adjunctive use of
radiation therapy, pharmacologic therapy, or a combina-
tion of both. A major advantage with the option of surgi-
cal management is that one can obtain tissue and
characterize the tumor by using immunocytochemistry,
ultrastructural analysis, and other techniques of molecular
neuropathology.

Disadvantages of Surgical Treatment
Clearly, some disadvantages are associated with use
of asurgical approach to acromegaly. Risks accompany all
types of treatment, but with a surgical procedure, the
patient has the risks of general anesthesia, potential dam-
age to vital structures in the brain and to the blood supply

to the brain, and the possibility of vision problems, spina
fluid leak, or meningitis. Even in patients who do not have
major complications, there is still the possibility of post-
operative pituitary insufficiency, which occurs in about
3% of patients treated surgically (21).

Prognostic Factors

Careful review of a series of patients treated surgical-
ly for acromegaly has revealed several factors that predict
a satisfactory outcome. Clearly, the smaller the tumor, the
more likely is the possibility of remission, and small non-
invasive tumors (microadenomas) are the most favorable
category of tumor for surgical remission (10,11,20-23).
Moreover, the basal GH level before surgical treatment
predicts the outcome, with favorable results occurring in
those patients with basal GH levels of less than 45 ng/mL.

One of the most important factors favoring good out-
come is the experience of the surgeon and the surgical
team (24-27). Studies have shown that surgeons who are
actively involved on a regular basis in performance of
pituitary surgical procedures achieve better outcomes (28).
The criteria for a qualified pituitary surgeon should
include the following:

1. Prior experience with more than 100 pituitary opera-
tions

2. An ongoing experience with more than 20 pituitary
Cases per year

3. Involvement in ateam approach with colleagues from
other specialties, especially endocrinology, neu-
ropathology, and radiation oncology

Candidates for Surgical Treatment

Surgical treatment should be considered the first ther-
apeutic option in every patient with acromegaly. Medical
therapy may be offered as first-line treatment but only
after the surgical option has been discussed with the
patient. Those patients who present with severe mass
effect manifested as visual 1oss or double vision are appro-
priate candidates for urgent surgical treatment. Because
the rapidity, reliability, and extent of shrinkage of GH-
secreting pituitary adenomas by pharmacologic agents are
not entirely predictable, presurgical treatment with
somatostatin anal ogues should not postpone surgical inter-
vention in urgent cases. Because the GH-lowering effects
of somatostatin analogues seem to be, in part, afunction of
the initial GH level (29,30), surgically lowering the GH
level may improve the possibility of pharmacologic con-
trol, even in those patients who cannot be surgically
“cured.”

Some patients are unsuitable candidates for surgical
treatment and should be considered for medical therapy as
first-line management. These selected patients include
those with medically unstable conditions, those at high
risk for complications of anesthesia because of airway dif-
ficulties, and those with major systemic manifestations of
acromegaly, including cardiomyopathy, severe hyperten-
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sion, and uncontrolled diabetes. Some of these patients
become more suitable candidates for surgical intervention
after pretreatment with pharmacologic agents, and this
type of preoperative management has the potential for
lowering risks and improving outcomes in patients ulti-
mately treated surgicaly (31).

Technical Advances

Certain technical advances have helped improve the
outcome of surgical management of acromegaly. Many
strides have been made in the area of instrumentation,
such as the latest generation of operating microscopes
with excellent optics that improve visualization and the
operating endoscope that lends versatility and facilitates
minimally invasive procedures (32,33). Other technical
innovations that have improved surgical management
include advances in image guidance and navigation. The
preoperative characterization of pituitary tumors can be
exquisitely done with use of high-resolution magnetic res-
onance imaging (MRI). Furthermore, various computer-
based navigational systems will allow real-time tracking
of the operative procedure on MRI or computed tomo-
graphic images obtained preoperatively—a technique that
is extremely helpful in patients who have undergone a
prior surgical procedure and in whom important anatomic
landmarks may now be obscured (34). The use of intraop-
erative MRI is another relatively new method that allows
the surgeon to have imaging control throughout the entire
operative procedure and offers the combination of naviga-
tional capabilities with intraoperative imaging to aid in
determining the extent of resection (35,36).

For standard pituitary surgical procedures, the
translabial or the transnasal approach can be used. The
transnasal approach is a recent development, which may
be the procedure of choice with smaller pituitary tumors
for surgeons experienced with this technique. The advan-
tages and disadvantages of these two approaches are sum-
marized in Table 1.

Summary
Surgical treatment remains the first management
option for virtually al patients with acromegaly. Medical

therapy may be selected as first-line treatment in patients
who refuse to undergo or are too ill to undergo a surgical
procedure or who prefer the medical option over an oper-
ation. An experienced pituitary surgeon should be select-
ed whenever possible, so that the need for reoperations can
be minimized.

ROLE OF MEDICAL THERAPY

During the past decade, major progress has been seen
in the development of highly specific and selective phar-
macologic agents, which have considerably facilitated
aggressive management of patients with persistently
active acromegaly. In this section, current evidence is
summarized for each of the major classes of pharma-
cotherapeutic agents, with special emphasis on their rec-
ognized benefits and risks.

Somatostatin Analogues

Derived from the native inhibitory hormone somato-
statin, the somatostatin anal ogues constitute atrue physio-
logically based approach to treating GH excess. The
first-generation analogues had an extended half-life over
the native hormone of 2 hours, necessitating subcutaneous
administration at least three times aday. This class of ana-
logues successfully reduces GH and IGF-1 levelsin 50 to
70% of patients, with an IGF-I1 normalization rate ranging
from approximately 41 to 67% (37-39). Maximal suppres-
sion is attained within 2 hours and usualy lasts for 6
hours. Because the GH response is rapid, this assessment
can be done at the outset to identify potential responsive-
ness. In patients whose GH levelsreturn to baseline before
the end of the dosing interval, the frequency of adminis-
tration can be increased.

In an effort to address some of the shortcomings of
first-generation somatostatin analogues, newer formula-
tions of somatostatin analogues (octreotide, lanreotide)
with more extended durations of action have been devel-
oped. Administered as a single intramuscular injection (10
to 30 mg every 28 days), octreotide resultsin clinical ben-
efits similar to those achieved with the subcutaneously
administered formulations (40). Because the effects are

Table1
Comparison of Approaches
for Standard Pituitary Surgical Procedures

Approach Advantages Disadvantages
Translabia Improved visibility More invasive

Potential injuries of teeth and mouth
Transnasal Less discomfort Limited visibility

Lessinvasive

Poorer control of hemostasis
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more sustained than those with the subcutaneously given
preparations, patient compliance is enhanced. The GH
inhibitory effects of octreotide are significantly better in
patients harboring densely granulated somatotroph adeno-
mas in comparison with those harboring sparsely granu-
lated adenomas (41). Adverse events include transient
abdominal cramps and malabsorptive diarrhea. Although
an increased incidence of gallbladder sludge and stonefor-
mation has been noted, they are not typically of clinical
significance. These long-acting preparations, however, are
expensive (42) and necessitate meticulous reconstitution
technique immediately before injection in comparison
with the subcutaneously administered preparations.
Accordingly, a dedicated physician-nurse care provider
team is essential for continuity of care.

The effect of somatostatin analogues on acromegaly-
related complications has been studied in terms of
impaired cardiovascular function. Glucose-suppressed GH
levelsto less than 1 ng/mL together with normalization of
plasma IGF-I levels for 1 year have been shown to be
associated with significant improvement, but not complete
normalization, of LV cardiac function (2). In contrast, per-
sistence of high GH levels was associated with increased
systolic blood pressure and impaired cardiac performance.
In observational studies involving relatively small num-
bers of patients with persistently active acromegaly,
octreotide treatment was shown to reduce prostatic size
and volume (43). Similarly, several indices of sleep apnea
severity have been shown to respond favorably to at least
6 months of continuous treatment with octreotide-LAR
(long-acting release) (44). Somatostatin analogues allevi-
ate symptoms of acromegaly, including headaches, sweat-
ing, and arthralgias, in amost 75% of patients. Reduction
of pituitary tumor size, however, is limited to a much
smaller subset (only 30 to 50% of patients) (36,45-47).
Furthermore, when it does occur, reduction of tumor size
is usually of a modest degree. These findings have sup-
ported the use of somatostatin analogues as secondary
therapy in patients who have undergone a pituitary surgi-
cal procedure and who continue to have high GH and | GF-
I levels. In addition, medical therapy has been advocated
for patients with acromegaly who refuse surgical treat-
ment or who are poor surgical candidates. Whether med-
ical therapy should be considered as a primary treatment
modality for other patients with acromegaly is controver-
sial. Patients whose tumors are too large or too invasive to
be removed completely by surgical treatment are specifi-
cally at issue. No published randomized trial has com-
pared the efficacy of surgical debulking followed by
somatostatin analogues versus somatostatin analogues
aone. Some clinicians use somatostatin analogues as pri-
mary therapy—especialy if the patient finds this a prefer-
able option to an operation (36). Limited data from
nonrandomized studies demonstrate that somatostatin ana-
logues are effective as long-term agents in normalizing
GH and IGF-I levels in approximately two-thirds of
patients who have not undergone operative treatment (37).

The incidence of normalization of IGF-1 levels was not
different in patients receiving surgical or radiation therapy
(or both) than in those given octreotide as primary therapy.

Of note, the effect of somatostatin analogues on long-
term acromegaly-related complications and mortality
remainsto be demonstrated. Nevertheless, these agents are
currently the drugs of first choice in the medical treatment
of acromegaly. Determining their optimal use in the
scheme of management of various patients, however,
necessitates individual considerations (Fig. 1). The use of
somatostatin analogues is of obvious potential benefit to
those patients with persistently nonsuppressible GH and
high IGF-1 levels after apituitary surgical procedure. They
may also congtitute primary therapy for those patients who
are not surgical candidates. Less clear is the potential role
of these agents as primary therapy for those with invasive
lesions and low likelihood of a surgical cure. If somato-
statin analogues are used as primary therapy, their effec-
tive control of GH and IGF-1 levels may qualify them for
long-term use consideration.

GH Receptor Antagonists

GH receptor antagonists are a relatively new class of
pharmaceutical agents. The currently available agent
(pegvisomant) was developed to compete with natural GH
for binding with the GH receptor. Unlike native GH, how-
ever, this antagonist prevents GH receptor dimerization
and signaling. Thus, GH actionisdirectly blocked, and the
result is reduced IGF-I synthesis. Clinical trials have
demonstrated that daily administration (10 to 20 mg) of
pegvisomant results in not only reduction but normaliza-
tion of circulating IGF-I levels in more than 90% of
patients with acromegaly (48,49). Its long-term effects on
pituitary tumor growth as well as other acromegaly-asso-
ciated comorbid conditions remain to be assessed.
Currently, this agent can be recommended for use in
patients for whom surgical treatment, dopaminergic
agents, and somatostatin analogues have proved ineffec-
tive or for those who are intolerant of somatostatin ana-
logues, those who have extremely high IGF-I values (that
is, more than 900 ng/mL), or those in whom glucose toler-
ance is worsened by somatostatin analogue therapy (Table
2) (50).

Dopamine Agonists

Recent studies have suggested that cabergoline, a
dopamine-2 receptor selective agonist, may provide
greater benefit than other previously tested dopaminergic
agents. In dose-adjusted studies, cabergoline was shown to
suppress IGF-1 levels below 300 pg/L in approximately
35% of patients, depending on baseline IGF-1 levels.
Furthermore, the cosecretion of prolactin portended a bet-
ter response, with almost 50% of such cases achieving an
IGF-I level of less than 300 pg/L (51,52). Tumor shrink-
age of significant degree was demonstrated in approxi-
mately half of the patients. Drug-related adverse events
include gastrointestinal discomfort and orthostatic
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GH-Producing Pituitary Adenoma

Microadenoma Macroadenoma: Select Patients
Mass effect, Visual
i loss, Headache l
Transsphenoidal Surgery SSA
l GH antagonist
Monitor SSA Monitor (GHA)
GHA XRT
XRT

Fig. 1. Recommended scheme for management of growth hormone (GH)-producing pituitary adenomas. GHA = growth hormone
antagonist; IGF-1 = insulin-like growth factor-1; NI = normal; SSA = somatostatin analogue; XRT = radiation therapy.
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Table 2
Comparison of Various Drugs for Treatment of Acromegaly*
Drug type Starting Maximal M onitoring Preferred
and agents dose dose Side effects suggestions indication
Dopamine agonist
Cabergoline 1 mg/wk 4 mg/wk Nausea, Gl cramps, GH, IGF-I GH and prolactin
oraly headache cosecreting
tumors
Somatostatin analogues
Octreotide 50 ug SCtid 200 pgtid Nausea, Gl cramps, GH, IGFI, Somatostatin
gallstones ultrasonography  analogue-
of gallbladder responsive
(if symptoms) tumor
Octreotide LAR 10 mg IM 30 mg Nausea, Gl cramps, GH, IGF-I, Somatostatin
every 4 wk every 4 gallstones ultrasonography  analogue-
wk of gallbladder responsive
(if symptoms) tumor
Lanreotide 60 mg IM 120 mg Nausea, Gl cramps, GH, IGF-I, Somatostatin
every 2 wk every 7 gallstones ultrasonography  analogue-
days of gallbladder responsive
(if symptoms) tumor
Lanreotide 60 mg IM 120 mg Nausea, Gl cramps, GH, IGF-I, Somatostatin
Autogel every 4 wk every 4 gallstones ultrasonography  analogue-
wk of gallbladder responsive
(if symptoms) tumor
GH antagonist
Pegvisomant 10 mg SC 40 mg Headache, fatigue,  Liver function High IGF-I
daily daily abnormal liver tests monthly levels not
enzymes for 6 mo, then responsive to
every 6 mo; somatostatin
MRI yearly; analogue
IGF-I only (not therapy
GH)

*GH = growth hormone; Gl = gastrointestinal; IGF-I = insulin-like growth factor-1; IM = intramuscularly; LAR = long-
acting release; MRI = magnetic resonance imaging; SC = subcutaneously; tid = three times a day.

hypotension. Dopamine agonists are far less effective than
either somatostatin analogues or GH receptor blockers.
They are most helpful in patients with acromegaly and
associated hyperprolactinemia. Because of the modest
degree of GH and IGF-I suppression mediated by these
agents, they may also be indicated in patients with rela-
tively minimal IGF-1 elevations. These uncontrolled stud-
ies suggest that dopamine agonists at least warrant further
investigation and should be considered in some patients
with persistently active acromegaly. One study suggested
that somatostatin analogues in combination with
dopamine agonist therapy might provide control of
acromegaly in some patients in whom somatostatin ana-
logue therapy alone has been ineffective (53).

ROLE OF RADIATION THERAPY

Pituitary irradiation is most commonly used as
adjunctive therapy after surgical resection of as much of
the adenoma as possible. The fact that up to 80% of
patients at the time of diagnosis of acromegaly have a
large tumor with dural, bone, or cavernous sinus invasion
(or involvement of some combination of these three) indi-
cates that multimodality therapy will be necessary for
achievement of clinical remission and a normal serum
IGF-I concentration. Conventiona fractionated radiation
therapy may take 10 to 20 years to be fully effective and
has traditionally been used in an attempt to achieve control
of tumor growth and ultimate biochemical remission.
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More recently, focused methods of delivering a high radi-
ation dose to the residua pituitary tumor have been used;
these delivery systems include the gamma knife, proton
beam, and Linac (linear accelerator). No direct compar-
isons of the results among these methods of pituitary radi-
ation delivery are available, but reports suggest that
focused radiotherapy yields biochemical remission earlier
than does conventional fractionated radiotherapy (54-56)
(Table 3).

Candidates for Radiation Treatment

Which patients should receive radiation therapy? In
light of the delay in effectiveness, pituitary irradiation is
not usually administered as the initia therapy. Patients
who have residual GH hypersecretion after surgical treat-
ment are candidates for pituitary irradiation. A combined
program of medical therapy to control GH and IGF-1 pro-
duction while the effects of irradiation are awaited is the
most logical and beneficial for the patient. Medica thera-
py should be withdrawn every 6 to 12 months for evalua-
tion of endogenous GH secretion (serum IGF-I and
OGTT) and development of any new pituitary hormone
deficiencies.

Which patients are not suitable candidates for pitu-
itary irradiation? Essentialy all patients qualify, but the
method of radiation delivery is determined by the volume
and site of theresidual pituitary tumor. Asageneral guide-
line, stereotactic, focused radiation methods are used only
if the distance between the residual tumor and the optic
chiasm or an optic nerve is more than 5 mm—because of
the potential for damage to vision. Although medical ther-
apies (somatostatin analogues, a GH receptor antagonist,
and, rarely, a dopamine agonist) may lower serum |GF-I
levelsto normal, they are not definitive treatments for per-
manent control of GH hypersecretion. A specific consid-
eration is the issue of fertility. In young adults who desire

fertility, the patients (men and women) must be informed
that any type of pituitary irradiation may impair
gonadotropin function. Although fertility is possible with
administration of exogenous gonadotropin, this technique
isexpensive, may require several months of treatment, and
is not always successful.

Types of Radiation Treatment

Which type of radiation therapy should be recom-
mended? No direct comparisons of results among the var-
ious modes of radiation delivery (conventional versus
different types of focused, stereotactic delivery) have been
published. Reports of efficacy and complications are
available, however, and they suggest that stereotactic,
focused methods of delivery (gamma knife) result in
remission earlier than does conventional fractionated radi-
ation therapy. As noted, not all patients are candidates for
stereotactic radiotherapy because of the concern about
radiation exposure to the optic apparatus. Most available
reports of the efficacy of conventional fractionated radio-
therapy did not use current criteria to define remission
(normal age-adjusted serum IGF-I levels and serum GH
level less than 1 ng/mL after oral administration of glu-
cose). In older studies, a “successful” response was con-
sidered a serum GH level of less than 10 ng/mL or less
than 5 ng/mL. These criteria are no longer acceptable
because of the availability of more sensitive GH assays,
thereliability of serum IGF-1 asan overall indicator of GH
secretion, and the current knowledge about the importance
of reducing GH and IGF-I values to norma levels to
decrease therisk of premature mortality (10). In one study,
conventional fractionated radiotherapy reduced serum GH
to levelslessthan 5 ng/mL in 77% of 87 patients 15 years
after treatment (57). Other studies have reported a reduc-
tionin GH levelsto lessthan 2.5 ng/mL in 7 of 28 patients
(25%) 5 years after radiotherapy (58) and a normal level

Table 3
Comparison of Advantages and Disadvantages of
Various Types of Pituitary Radiation Therapy

Type of

radiation therapy Advantages

Disadvantages

Conventional
the optic chiasm

Proton beam (stereotactic)

Linac (stereotactic)

Gamma knife (stereotactic) Single session

Early remission

Can be used when tumor is near

Single session or fractionated

Single session or fractionated

25 to 30 therapy visits

Delayed remission

Limited availability

Tumor must be >5 mm from optic chiasm
No data on time of remission

Tumor must be >5 mm from optic chiasm
No data on time of remission

Limited availability

Tumor must be >5 mm from optic chiasm
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of serum IGF-I achieved in 2 of 38 patients (5%) after a
mean follow-up period of 6.8 years (59). Gamma knife
radiosurgery reduced |GF-1 concentrationsto normal in 14
of 31 patients (45%) 2 years after treatment (51), in 11 of
26 patients (42%) at a mean of 42 months after treatment
(52), and in 23 of 64 patients (36%) at a mean of 28
months after therapy (54).

Potential Complications

What are the potential complications of pituitary irra-
diation? The most common is loss of normal pituitary
function, necessitating hormone replacement. With long-
term follow-up, loss of pituitary function has been noted in
up to 100% of patients given conventional radiation
therapy (60). Gamma knife radiosurgery resulted in new
hormone deficiency in 18 of 64 patients (28%) (54). Less
common complications of all types of pituitary irradiation
include loss of vision, radiation necrosis, and devel opment
of a secondary malignant lesion in the radiation field.

Prevention of Tumor Recurrence

Should pituitary irradiation be given to prevent recur-
rence of acromegaly? A risk of pituitary tumor recurrence
aways exists, regardliess of the type of adenoma. The
reported recurrence rate in patients with acromegaly
ranges from 2 to 14% (61). With this low risk of recur-
rence, no precedent is available for recommending pro-
phylactic irradiation for the patient who has undergone
successful surgical treatment and who has a normal serum
IGF-I level. Every patient, however, should be scheduled
for regular follow-up examinations every 6 to 12 months,
for detection of any recurrence and implementation of
prompt treatment, if necessary.

Summary
Pituitary irradiation for residual GH hypersecretion is
an important part of the treatment of acromegaly and
should be used as an adjunctive therapy in conjunction
with medical treatment to control the disease.
Development of pituitary deficiency should be anticipated
and treated accordingly.

MONITORING AND TREATING
COMORBIDITIES

The morbidities associated with GH-secreting pitu-
itary adenomas are due to local mass effects of the tumor,
sequelae of GH and IGF-I excess, and sequelae of other
pituitary hormone deficiencies. In an effort to decrease the
excess mortality attributable to cardiovascular disease,
respiratory disease, and cancer, aggressive modification of
risk factors and screening for early diagnosis should be
implemented.

Skeletal and Dental Manifestations
Unlike the soft tissue changes, the bone enlargement
that occurs with excess secretion of GH is not readily

reversible with successful treatment (62-64). Any correc-
tive surgical procedure, such as maxillofacial correction of
dental malocclusion, should be postponed until GH and
IGF-1 levels normalize or stabilize. Joint discomfort and
carpal tunnel syndrome may, in part, be due to enlarge-
ment of soft tissues and retention of fluid. This component
of acromegaly often improves with reduction of excess
GH secretion. Established degenerative arthritis, however,
if present, isirreversible and should be managed appropri-
ately with physical therapy, anti-inflammatory medica-
tions, and surgical joint replacement, asindicated. Patients
should also be screened (with bone densitometry and
determination of serum calcium levels) for coexisting
metabolic bone disease. If osteoporosis is present and
bone densitometry findings do not improve with correc-
tion of any associated hypogonadism or hypercalciuria,
antiresorptive therapy should be considered. Hyper-
calcemiaand hypercal ciuria can occur with GH excessand
are due to altered vitamin D metabolism. These abnormal -
ities should diminish with successful treatment. If hyper-
calcemia persists, further evaluation for primary
hyperparathyroidism and MEN 1 syndrome should be
undertaken.

Hypopituitarism

In patients with acromegaly, the time frame and the
possibility of developing hypopituitarism depend on the
treatment used. Pituitary insufficiency that manifests pre-
operatively from tumor compression of the normal gland
may diminish with successful surgical debulking.
Alternatively, new hormonal deficits may occur as aresult
of the surgical procedure. Theintegrity of the hypothalam-
ic-pituitary-adrenal axis and posterior pituitary function
should be assessed during the immediate postoperative
period. The integrity of the thyroid and gonadal axes is
assessed 6 to 12 weeks postoperatively. Occasionaly,
dynamic testing will be necessary to determine partial
deficiencies. Patients who have received radiation therapy
need lifelong monitoring of pituitary function, inasmuch
as new deficits can occur up to 15 years or more after
radiation treatment.

Respiratory Disorders

Successful treatment of acromegaly, with reduction in
the size of soft tissues of the upper airway, may improve
or eliminate sleep apnea; however, many patients with
acromegaly who have sleep apnea have not only a central
component but also an obstructive component (65). Home
overnight oximetry can be used as a screening test for
sleep apnea, and if abnormal results are found, formal
overnight polysomnography should be performed.

Patients with acromegaly should be considered to
have higher than normal risk for pulmonary infections
because of the high prevalence of obstructive pulmonary
disease (59) and increased respiratory mortality in such
patients. Vaccinations for influenza and pneumococcal
pneumonia should be given, as recommended by the
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Centers for Disease Control and Prevention, for persons
with medical indications—that is, annual influenza vac-
cine and one-time pneumococcal vaccine, with revaccina-
tion after age 65 years if more than 5 years have elapsed
since the initial vaccination (66). For those patients who
use tobacco, aggressive intervention for cessation of
tobacco use should also be initiated.

Cardiovascular Disease and
Cardiovascular Risk Factors

Standard therapy for patients with LV hypertrophy,
impaired cardiac systolic and diastolic function, arrhyth-
mias, conduction abnormalities, valvular heart disease
(67), and ischemic heart disease should be used. Limited
information is available about the role of screening cardiac
stress tests or echocardiography in patients with
acromegaly. With lowering of GH concentrations, LV size
and function may improve (68).

Hypertension and diabetes mellitus, if present, may
improve with lowering of GH and IGF-I levels. Standard
dietary strategies and medica therapies for hypertension,
diabetes mellitus, and hyperlipidemia should be used. In
the absence of definitive interventional studies in this
patient population, it seems prudent to attempt to achieve
the goals for high-risk cardiac patients. blood pressure,
less than 130/80 mm Hg (69); hemoglobin Alc, less than
6.5%; low-density lipoprotein cholesterol, less than 100
mg/dL ; triglycerides, less than 150 mg/dL ; and high-den-
sity lipoprotein cholesterol, more than 40 mg/dL (70).

Cancer

Colon cancer devel ops from malignant transformation
of benign colon polyps—a process believed to involve
from 5 to 10 years. Early detection and treatment of colon
cancer improve survival, and the removal of premalignant
polyps will prevent the development of colon cancer.
Although data regarding the risk of benign or malignant
colon lesions in patients with acromegaly are conflicting,
the risk of death from colon cancer isincreased in patients
with acromegaly in whom colon cancer develops (71). The
onset of GH hypersecretion is difficult to ascertain; it usu-
aly precedes a diagnosis of acromegaly by many years
(72). Therefore, it is prudent to screen patients for colo-
rectal cancer and polyps with colonoscopy at the time of
diagnosis of acromegaly and then follow the American
Cancer Society guidelines for patients with increased risk
(colonoscopy every 5 years if no cancer or polyps are
detected, with more frequent follow-up if any lesions are
detected, depending on the number, size, and histologic
features of the lesions) (73).

Screening for other cancers should follow the stan-
dard guidelines established by national organizations.
Because patients with acromegaly may receive treatments
that, in and of themselves, alter the risk for cancers (such
as hormone replacement therapy and breast cancer, testos-
terone replacement and prostate cancer, and cranial irradi-

ation and intracranial neoplasms), the screening guidelines
should be adjusted accordingly.

CONCLUSION

Acromegaly is often a chronic debilitating condition
that, if left uncontrolled, is associated with increased
morbidity and mortality. The diagnosis is established by
substantiating autonomous GH hypersecretion and by
imaging of the pituitary gland. Traditionaly, surgical
resection of the responsible pituitary adenoma has been
the cornerstone of management, and an experienced pitu-
itary surgeon should be selected when possible. Because
complete resection is not always possible, adjunctive
therapy isfrequently necessary. This situation has prompt-
ed the view that primary medical therapy may be asuitable
option to consider for some patients. Persistently active
disease is now well documented to be associated with
increased morbidity and mortality. New pharmacologic
therapies will most certainly emerge and prove superior to
those currently available. New guidelines for the manage-
ment of acromegaly will necessitate ongoing reas-
sessment.
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