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1. Introduction

Human growth hormone (GH), a single-chain peptide of 191 amino acids, was isolated from
somatotroph cells of the anterior pituitary gland in 1956 and first used therapeutically for
treatment of pituitary dwarfism in 1958 (Raben, 1958). Pituitary dwarfism is the classic form
of growth hormone deficiency during childhood. Gigantism refers to any standing height
more than 2 standard deviations above the mean for the person's sex, age, and Tanner stage.
Abnormally high linear growth due to excessive action of insulin-like growth factor-I (IGF-
I)/GH causes gigantism while the epiphyseal growth plates are open during childhood, as
puberty occurs it is followed by progressive acromegalic changes leading to a picture of a
giant with acromegalic features - acromegalic gigantism. When onset disease is after
epiphyseal closure, only acromegaly results.

Acromegaly, a somatic growth and proportion disorder first described by Marie in 1886
(Marie, 1886). Elevated levels of growth hormone and IGF-1 are the hallmarks of this
syndrome (Melmed, et al., 1983). When Marie first desribed this syndrome at his patients,
pitutiary overgrowth is the cause or reflection of the visceromegaly at these patients. In
1909, Harvey Cushing reported the remission of clinical symptoms of acromegaly after
partial hypophysectomy, thus indicating the etiology of the disease and its potential
treatment as well (Cushing, 1909).

2. Epidemiology

It is a rare condition with a prevalence less than or equal to 70 cases per million and annual
incidence of 3 to 4 cases per million (Alexander et al., 1980; Ritchie et al., 1990). Acromegaly
occurs with equal frequency in males and females. The mean age at diagnosis is 40-45 years.

3. Pathology, etiology, pathophysiology

GH also called somatotropin is main regulator of normal growth. Its actions responsible for
the catching up of normal adult height. The GH gene is located on chromosome 17 (Chen et
al., 1989). There are at least three monomeric forms of GH-the predominant physiologic 22
kd form, a less abundant 20 kd form, and a third incompletely characterized form (Lin et al.,
1992). The principal GH form in the pituitary is a 191 amino acid, single-chain, 22 kDa
protein (22K). It is the product coded for by the GH-N gene (N for normal) and has also
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been termed GH-N (Parks, 1989). A second product arising from the same gene is the 20,000
dalton GH variant (20K) (Lewis et al., 1978). This protein is identical to 22K, except for an
internal 15 amino acid deletion (residues 32-46). 20K GH is the result of an alternatively
spliced GH pre-mRNA where part of exon 3 is spliced out (DeNoto et al., 1981). Importance
of this heterogenicty is unknown. Both forms of hormone are secreted and have similar
growth promoting activity, although metabolic effects of the 20K form are reduced. 20K has
decreased insulin-like and perhaps slightly decreased diabetogenic activity compared to
22K (Baumann et al., 1994).

Once secreted from the pituitary, a substantial proportion of GH circulates bound to GH-
binding protein (GHBP) (Baumann et al., 1986; Herington et al., 1986; Leung et al., 1987).
There are two forms of GHBP, a low-affinity variety and a high-affinity form. GHBP
comprises the extracellular domain of the GH receptor (Leung et al., 1987) which is located
in peripheral tissues and mediates the effects of GH on target organs. The GH binding
protein and GH receptor are products of the same gene. GHBP is produced by proteolytic
cleavage of the receptor at the outer surface of target cells (Harrison et al., 1995). GH binding
protein prolongs its half-life and regulates changes in free hormone concentration. Free
portion can cross capillary membranes and perform its actions.

GH elicits intracellular signaling though a peripheral receptor and initiates a
phosphorylation cascade involving the JAK/STAT (Janus kinase/signal transducers and
activators of transcription) pathway (Carter-Su et al., 1996). Liver contains most abundant
receptors for GH. When GH receptor activated this causes rapid JAK2 tyrosine kinase
activation, leading to phosphorylation of intracellular signaling molecule including the
STATs. Phosphorylated STAT proteins are directly translocated to the cell nucleus, where
they elicit GH-specific target gene expression by binding to nuclear DNA (Xu et al., 1996).
Growth hormone induces hepatic production of IGF-I responsible of many of its growth-
promoting effects. Local production of IGF-I acting either in a paracrine or autocrine
manner also has important biological effects, predominant of which is stimulating cell
proliferation and inhibiting apoptosis (Le Roith et al., 2001).

Secretion of GH from the pituitary is pulsatile. An average half-life is 10-20 minutes, it is
metabolized through the kidneys, liver, or target tissues (Casanueva, 1992). In children and
young adults, maximal GH secretion occurs within 1 hour after the onset of deep sleep
(stage III or IV) (Finkelstein et al.,, 1972; Mendelson, 1982; Takahashi et al., 1968). Two
hypothalamic hormones regulate GH secretion; Growth hormone releasing hormone
(GHRH) provides the primary drive for GH synthesis and secretion by inducing GH gene
transcription and hormone release and does not induce other anterior pituitary hormones
(Barinaga et al., 1983; Thorner et al., 1984). GHRH is needed for normal pulsatile GH
secretion (Painson et al., 1991, Wehrenberg et al., 1982]. SRIF powerfully antagonizes the
mitogenic effect of GHRH on somatotrophs, but does not inhibit GH synthesis (Billestrup et
al., 1986), suppresses GH secretion mainly by high-affinity binding to SSTR, and SSTRs
receptor subtypes expressed on somatotrophs (Shimon, 1997). It is thought to be interaction
between these two hypothalamic hormone plays a role in pulsatile GH secretion.

Ghrelin is another peptide of a primarily gastric origin, although ghrelin mRNA had been
found in the hypothalamus playing a role in secretion of GH (Mozid et al., 2003). Synthetic
analogues of ghrelin (GHS) had been produced as early as 25 years ago. Acute
administration of GHS produces an immediate and massive release of GH. Co-
administration of GHS and GH-RH results in powerful GH rise that is greater than the effect
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of either peptide administered alone (Bowers et al., 1991). GHS potentiate GH release in
response to a maximum stimulating dose of exogenous GHRH (Penalva et al., 1993) and
after a saturating dose of GHRH, although subsequent GHRH administration is ineffective,
GHS remain fully effective (Jaffe et al., 1993).

Stressful changes in the internal and external environments can produce brief episodes of
hormone secretion. Hypoglycemia leads to acute GH secretion, which is the basis for the
insulin-induced hypoglycemia test, a gold standard evaluation of pituitary function (Gharib et
al., 2003). In man, hyperglycemia causes transient GH suppression for 1 to 3 hours, followed
by GH rise 3 to 5 hours after oral glucose administration (Roth et al., 1963). Elevation of free
fatty acid levels is a strong inhibitor of GH release in normal humans (Imaki et al., 1985).
Secretory episodes are induced by an increase in certain amino acids, particularly arginine
and leucine. Neuropeptides, neurotransmitters, and opiates acts on the hypothalamus by
affecting GHRH and SRIF release. Three hours after acute glucocorticoid administration,
GH levels rise and remain elevated for 2 hours. Glucocorticoids administered to normal
subjects dose-dependently inhibit GHRH-simulated GH secretion, similar to that seen in
Cushing's syndrome (Casanueva et al., 1990). While acute glucocorticoid administration
stimulates GH secretion, chronic steroid treatment inhibits GH.

Activation of the gonadal system during puberty is accompanied by increased GH and IGF-
1 concentrations (Veldhuis et al., 2006; Giordano et al., 2005). Estrogen stimulates GH
secretory rates, and testosterone increases GH secretory mass per pulse, with resultant IGF-I
induction (Giustina & Veldhuis, 1998).

Chronic malnutrition and prolonged fasting are associated with elevated GH pulse
frequency and amplitude (Ho et al., 1988). The maximal GH levels occur within minutes of
the onset of slow wave sleep (Holl et al., 1991). Emotional deprivation is associated with
suppressed GH secretion and attenuated GH responses to provocative stimuli occur in
endogenous depression (Sachar et al., 1972). Exercise and physical stress, including trauma,
hypovolemic shock, sepsis increase GH levels (Vigas et al., 1977).

Thyroid disorders also affect GH secretion. Some studies have reported several alterations
of the GH/IGF axis and their binding proteins in hypothyroidism. The main alterations
reported in untreated adult hypothyroid patients have been low serum concentrations of
IGF-1 and IGFBP-3 that increase significantly with restoration of euthyroidism (Miell et al.,
1993; Valcavi et al., 1987).

In hypothyroidism, GH pulsatility is decreased and GH responses to a number of
secretagogues are attenuated (Valcavi et al., 1992). Fasting serum IGF-1 levels were found
significantly lower in the subclinical hypothyroid and with levothyroxine treatment IGF-1
concentrations were significantly increased in subclinical hypothyroid subjects (Akin et al.,
2008). Also in hyperthroidism GH responses to GHRH was found to be decreased whereas
serum IGF-1 levels were increased (Valcavi et al., 1993). It could be expected to be decreased
due to decreased pituitary GH contents as a result of permanent somatotrophic cell
stimulation. At another study, hyperthyroid men is marked by a higher frequency of
spontaneous GH secretory bursts, a higher rate of maximal GH secretion attained per burst,
and a larger mass of GH released per burst (Iranmanesh et al., 1990). Effects of
hyperthyroidism on GH/IGF-1 axis are still contraversial. GH-IGF axis was not affected in
patients with subclinical hyperthyroidism (Akin et al., 2009).

GHRH have other actions which serve to feed back for GH secretory axis. GHRH stimulates
SRIF secretion and inhibits further GHRH secretion in vitro (Aguila et al., 1985). SRIF
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inhibits its own secretion in vitro (Peterfreund & Vale, 1984). GH and IGF-I feed back to
modulate the GH axis at several levels. IGF-I acts directly on the pituitary to inhibit basal
and GHRH-induced GH secretion and also to suppress GH gene expression (Berelowitz et
al., 1981; Ceda et al., 1987; Ceda et al., 1985, Yamashita& Melmed, 1986; Yamashita et al.,
1986). IGF-I also seems to have a direct hypothalamic effect, increasing SRIF secretion
(Berelowitz et al., 1981).

A benign somatotroph adenoma of the pituitary is the most common cause of acromegaly.
Whether intracellular defects or excessive trophic influences from outside causes pitutiary
tumor need to be discussed. Growth hormone-releasing hormone has trophic activity in the
human pituitary (Thorner et al, 1982) and in addition to a case report of diffuse
somatotroph hyperplasia in a patient with a growth hormone-releasing hormone-producing
bronchial carcinoid (Ezzat et al., 1994). There are several cases of true somatotroph adenoma
formation in patients with growth hormone-releasing hormone-producing hypothalamic
gangliocytomas (Asa et al., 1984; Bevan et al., 1989). The clonality of a cellular expansion is a
secure archaeologic tool capable of distinguishing an irreversible and potentially inexorably
progressive process induced by an intracellular insult or insults from a relatively excessive
but possibly reversible or self-limiting trophic response to stromal or microenvironmental
signals (Levy, 2000; Levy, 2001). The finding of monoclonality in pituitary adenomas is
thought to be an evidence for the neoplastic origin of these lesions. Proto-oncogene
activation is also a critical prerequisite for pituitary tumor formation.

Pituitary carcinomas are another exceedingly rare cause of acromegaly. Infrequently
acromegaly occurs as a result of a hypothalamic tumor secreting GHRH, ectopic secretion of
GHRH from a peripheral neuroendocrine tumour (Thorner et al., 1984) or from excessive
hypothalamic GHRH secretion (Asa et al., 1984).

Several genetic disorders including multiple endocrine neoplasia type 1 (MEN1) syndrome,
McCune Albright syndrome, familial acromegaly and Carney’s syndrome are also
characterized with growth hormone excess. Postzygotic GNAS mutations result in a mosaic
pattern of organ specificity with clinical features of McCune-Albright syndrome (OMIM
174800), including pigmented skin lesions and polyostotic fibrous dysplasia, and endocrine
dysfunction including precocious puberty, thyrotoxicosis, and GH and ACTH
hypersecretion (Weinstein, 1991).

4. Clinical features of acromegaly

The clinical features of acromegaly are depend on high serum concentrations of both GH
and IGF-I (Melmed, 2006). The effect of hypersomatotropism on tissue growth and
metabolic function evolves slowly. 10 or more years may elapse from disease onset until
diagnosis of the disease (Colao et al., 2004).

Disease can be manifested also with signs and symptoms of pitutiary mass. Any pituitary
adenoma can cause headaches commonly retro-orbital. Another common symptom caused by
the size and location of the tumor is decreased vision. This usually presents as temporal visual
field defects. It is caused by the tumor growing upward out of the sella and pressing on the
optic chiasm. Other findings include diplopia, ptosis, opthalmoplegia as a result of extension
into the cavernous sinus and compression of the cranial nerves. Sudden loss of vision
secondary to apoplexy within the pituitary adenoma may ocur. Aggressive tumors can invade
the roof of the palate and cause nasopharyngeal obstruction, infection and CSF leakage.
Parinaud syndrome is caused by ectopic pinealomas most often accompanied with paralysis of
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upward conjugate gaze. As pituitary tumors grow, they compress the pituitary gland,
pituitary stalk and hypothalamus and interfere with normal pituitary hormone production.
This reslts in partial or complete anterior pituitary hormone deficiency. Hypothyroidism
syptoms, failure to lactate, decreased libido, infertility or oligo/amenorrhoea, sense of not well
being are common  symptoms of hypopitutiarism. Stalk compression leads to
hyperprolactinemia. GH-secreting pituitary adenomas may also cosecrete prolactin.

All patients with acromegaly have acral and soft tissue overgrowth, although the extent of
the overgrowth varies. Soft tissue findings are macroglossia, large fleshy lips and nose,
deepening of the voice, paresthesias of the hands , thickened skin, skin tags, coarsened body
hair. Skin tags are common and may be markers for the adenomatous colonic polyps
(Leavitt et al., 1983). These soft tissue changes may be attributed to glycosaminoglycan
deposition and increased connective tissue collagen production (Verde et al., 1986). Hair
growth increases and some women have hirsutism 56 percent in one series (Kaltsas et al.,
1999). Acromegalic patients may have a greater incidence of neuropathies because of
compression of nerves by adjacent fibrous tissue and endoneural fibrous proliferation. The
size and function of sebaceous and sweat glands increase complain of excessive perspiration
and body odor. The heart, liver, kidneys, spleen, thyroid, parathyroid glands, and pancreas
are larger than normal.

Thyroid dysfunction in acromegaly may be caused by diffuse or nodular toxic or nontoxic
goiter or Graves' disease, especially because IGF-I is a major determinant of thyroid cell
growth (Kasagi, et al., 1999). As it can be a part of a MEN1 syndrome, hypercalcemia can
also be seen.

In the absence of GH there is severe atrophy of the epiphyseal plates, which become narrow
as proliferation of cartilage progenitor cells slows markedly.

Conversely, after GH is given to a hypopituitary subject, resumption of cellular proliferation
causes columns of chondrocytes to elongate and epiphyseal plates to widen. Synovial tissue
and cartilage enlarge, causing hypertrophic arthropathy of the knees, ankles, hips, spine and
other joints (Biermasz et al., 2005). Local periarticular fibrous tissue thickening can cause
joint stiffening, deformities, and nerve entrapment. Chondrocyte proliferation with
increased joint space, ulcerations and fissures of weight-bearing cartilage areas, often
accompanied by new bone formation. Chronic osteoarthritis causes narrowed and deformed
joint space, osteophyte formation, subchondral cysts, and lax periarticular ligaments with
ossification (Dons et al., 1988; 75 Lieberman et al., 1992). When excess GH secretion begins
before the epiphyses of the long bones are fused, linear growth does increase; the result is
pituitary gigantism. Skeletal overgrowth owing to periosteal new bone formation in
response to IGF-1 (McCarthy, et al., 1989). Subtle skeletal and acral overgrowth and soft
tissue enlargement causes increased shoe and ring size. Mandibular overgrowth with
prognathism, maxillary widening, teeth separation, jaw malocclusion other skeletal
manifestations of the acromegaly. Prognathism, thick lips, macroglossia, and hypertrophied
nasal structures can obstruct airways (Rosenow et al., 1996; Grunstein et al., 1994). This
result in obstructive sleep apnea syndrome. Sleep apnea may also be central in origin and
associated with higher GH and IGF-I levels ( Grunstein et al., 1994).

Untreated acromegaly results in premature mortality, most commonly from cardiovascular
disease (Ritchie et al., 1990; Wright et al., 1970; Etxabe et al., 1993; Rajasoorya et al., 1994;
Orme et al, 1998). Asymmetric septal hypertrophy, left ventricular hypertrophy,
cardiomegaly and cardiac failure develop; effective treatment reducing growth hormone
and IGF-1 serum levels improves cardiac function (Colao et al., 1999). Heart failure occurs in
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3 to 10 percent of patients (Damjanovic et al., 2002; Bihan et al., 2004). An increased
prevalence of valvular heart disease has also been reported. Arterial blood pressure (systolic
and diastolic) is higher with loss of normal daily circadian variability (Terzolo et al., 1999).
Hypertension was reported in approximately one third of patients who had acromegaly
(Pietrobelli et al., 2001; Minniti et al., 1998). Insulin resistance and diabetes mellitus occur as
a result of direct anti-insulin effects of GH (Coculescu et al., 2007; Kasayama et al., 2000).
Several benign and malignant neoplasms, especially in the gastrointestinal tract, have been
reported in association with acromegaly (Cheung et al., 1997; Ron et al., 1991), particularly
colorectal tubular adenomas and carcinoma (Jenkins et al., 2001; Jenkins, 2006). It is related
to disease activity with patients with elevated serum growth hormone and IGF-I levels
being particularly prone to developing colonic adenomas (Jenkins et al., 2000). A compelling
cause-and-effect relationship of acromegaly with cancer has not been established
(Delhougne et al., 1995; Ladas et al., 1994). A recent controlled study in 161 patients revealed
no increase in polyp incidence in acromegaly (Renehan et al., 2000). Analysis of nine
retrospective reports (1956-1998) encompassing 21,470 person-years at risk, yielded no
significant increased cancer incidence (Melmed et al., 2001).

Whether patients with acromegaly are also prone to other malignancies remains
controversial. Certainly there is epidemiological evidence in the general population that
serum IGF-I levels in the upper part of the normal range are associated with an increased
risk of breast and prostate cancer and some reviews have shown the former to be increased
in acromegaly (Renehan et al., 2004; Nabarro, 1987).

5. Molecular pathogenesis of acromegaly

GH elicits intracellular signaling though a peripheral receptor and initiates a
phosphorylation cascade involving the JAK/STAT (Janus kinase/signal transducers and
activators of transcription) pathway (Carter-Su et al., 1996). The STAT proteins become
phosphorylated and translocate into the cell nucleus. Transcription of target proteins, such
as IGF-I evoke pleiotropic cell responses including IGF1 synthesis, glucose metabolism, cell
proliferation, and cytoskeletal changes.

STATb5D is the key intracellular molecule required for GH mediation of postnatal growth,
adipose tissue function, and sexual dimorphism of hepatic gene expression (Lanning et al.,
2006). In humans, STAT mutations result in relative GH insensitivity and growth
retardation (Kofoed , 2003).

6. Diagnosis

Normal GH production from the pituitary gland is pulsatile with the maximal production
occurring at night. Even though episodic basal growth hormone secretion patterns are
sustained in acromegaly, diurnal variation and the sleep-related growth hormone rise are
lost (Barkan et al., 1989). Most values of GH fall in the range of 0.1-0.2 pg/L in normal
subjects. However there are six to ten secretory bursts during the day when GH reaches
values of 5-30 pg/L, which may overlap with values seen in acromegalic patients. Therefore
the only value of a random GH measurement is that of excluding acromegaly if it is
undetectable . Unlike the largely undetectable nadir GH levels in normal subjects, those
with acromegaly sampled over 24 hours contain detectable levels of GH (>2 pg/L) Elevated
integrated growth hormone levels during 24-hour sampling of less than 2.5 mug/L
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effectively exclude acromegaly (Duncan et al., 1999). The optimal way to assess the overall
daily GH production is to obtain a mean GH over 24 h by frequent GH sampling. However,
this method is inconvenient both for the patient and the clinician (Cordero et al., 2008).

The current international consensus for the diagnosis of acromegaly (Giustina et al., 2000)
recommends a nadir GH of more than 1 pg/L during an OGTT for diagnosis in conjunction
with clinical suspicion and high IGF-1 levels. Using more sensitive newer assays, the GH
cut-off may be even lower (Freda et al., 2003). There is a need to verify the current
guidelines and propose lowering the current cut off for GH nadir (Costas et al., 2002; Serri et
al., 2004). The standard OGTT consists of the administration of 75 g of glucose with GH
measurements at various time points for up to 120 min. Normal subjects demonstrate a
suppression of GH concentration to 2 pg/L or less throughout the 2 hours of testing
(Chapman et al.,, 1994; Hattori et al., 1990). Acromegalic subjects often gives response
paradoxically higher GH levels. Clinicians should be aware that the OGTT’s usefulness is
limited in high catabolic states, such as stress, hepatic and renal failure, diabetes mellitus,
obesity, pregnancy, patients on estrogen replacement or in tall adolescents in whom GH
values may be falsely elevated (Duncan et al., 1999; Melmed et al., 2006).

Serum sex and age-matched elevated IGF-1 levels are highly specific for acromegaly in the
nonpregnant adult and correlate with clinical disease activity (Clemmons et al., 1979). IGF-1
is an ideal screening test as it has a long half life of 18-20 h and the levels remain stable
throughout the day (Giustina et al., 2000). Furthermore IGF-1 correlates with mean GH
levels (Barkan et al., 1988) and with clinical features of acromegaly (Clemmons et al., 1979).
Even several months after treatment when growth hormone levels are controlled, IGF-1
serum levels may remain persistently high (Drange et al., 1999). Multiple physiologic factors
affect IGF-1 levels and need to be taken into account when interpreting the data. IGF-1 is
affected by age and gender (Ghigo et al., 1996) with approximately 14% decrease per decade
during adult life (Brabant et al., 2003). Again a uniform standard for age range had not been
established (Pokrajac et al., 2007) where serum samples with GH and IGF-1 levels close to
the current Cortina consensus (Giustina et al., 2000) cutoffs were distributed to different
centers to evaluate variability in assay performance. Other problems include the assay
susceptibility to interference from binding proteins and the tendency of IGF-1 to plateau at
mean GH levels above approximately 20 pg/L (Barkan et al., 1988). The use of exogenous
estrogen, malnutrition, liver and renal failure decrease IGF-1 levels (Ho et al., 1922; Freda et
al., 2003; Ho et al., 2003). On the other hand, normal pregnancy and adolescence are
associated with elevated IGF-1 levels (Duncan et al., 1999).

IGFBP-3 levels are also elevated. However, considerable overlap of these values with those
in normal persons, thereby limiting the utility of this measurement.

Magnetic resonance imaging (MRI) of the pituitary gland is the preferred imaging modality
for diagnosis in acromegaly. An MRI provides the best assessment of tumor size, location,
extent, and relationship to important surrounding structures and is essential for the
neurosurgeon to adequately plan surgery and to monitor treatment. If an MRI is not
available, a computed tomography (CT) study directed at the pituitary region may be done.
Ectopic GHRH producing tumors may arise from bronchial and pancreatic neuroendocrine
tumors, pheochromocytomas, pulmonary endocrine carcinomas, or rarely thymic carcinod
(Vieira et al., 2007; Sugihara et al., 2007; Fainstein et al., 2007; Nasr et al.,2006; Bolanowski et
al., 2006; Jansson et al., 1998). The measurement of plasma GHRH concentrations can be
very helpful in identifying an ectopic source of GHRH in these particular cases. Total body
scintigraphy with radiolabled somatostatin should be performed to localize the tumor and
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to demonstrate somatostatin receptor expression by the tumor which may respond
favorably to somatostatin analogue therapy (Kwekkeboom et al., 1993; Drange et al., 1998).

7. Differential diagnosis

Exclusion of an abnormality of the somatotrophic axis in a young patient with acromegaloid
features should lead the differential diagnosis towards diagnoses such as
pachydermoperiostosis (Hambrick et al., 1996; Rimoin, 1965; Harbison et al., 1971) or insulin
mediated pseudoacromegaly, a disorder associated with severe insulin resistance (Flier et
al., 1993). These nadir entities must be considered at differential diagnosis of acromegaly.

8. Treatment

Treatment should aim at managing the tumor mass and GH hypersecretion to prevent
morbidity and increased mortality while preserving normal pituitary function. Complete
surgical removal of GH-secreting tumors results in hormonal control of acromegaly and
improvement of soft tissue changes. After successful resection, growth hormone levels
return to normal within 1 hour, and metabolic dysfunction and soft-tissue swelling quickly
resolve. In patients with intrasellar microadenomas, surgical removal provides biochemical
control with normalization of IGF-I in 75-95% of patients (De et al., 2003; Ludecke et al.,
2006; Nomikos et al., 2005; Kaltsas et al., 2001; Shimon et al., 2001; Beauregard et al., 2003).
Transsphenoidal microsurgical adenomectomy approach is used most commonly and, in the
hands of experienced neurosurgeons, cures the majority of patients who are harboring a
well-circumscribed microadenoma and who have serum GH levels less than 40 pg/L
(Gittoes et al., 1999; Shimon et al., 2001; Kreutzer et al., 2001). Control rates are lower in
patients with noninvasive macroadenomas but even in these cases surgical removal
provides biochemical biochemical control with normalization of IGF-I in 40-68% of patients
(De et al., 2003; Ludecke et al., 2006; Nomikos et al., 2005; Kaltsas et al., 2001; Shimon et al.,
2001; Beauregard et al., 2003). The success of surgery depends on the skill and experience of
the surgeon in resecting the entire tumor without damaging normal anterior pituitary tissue.
Craniotomy is very rarely indicated in patients with acromegaly.

Post-transsphenoidal surgical mortality is rare and most side effects are transient.
Permanent diabetes insipidus, cerebrospinal fluid leak, hemorrhage, and meningitis develop
in up to 5% and their frequency correlates with tumor size, invasiveness, and neurosurgical
experience (Gittoes et al, 1999). In experienced hands, other complications of
transsphenoidal surgery are rare including transient oculomotor palsies, deterioration of
vision, carotid artery injury and epistaxis (occurring in less than 1% of patients) (Ludecke &
Abbe , 2006; Nomikos et al., 2005).

Dopamine agonists (DAs), somatostatin receptor ligands (SRLs), and a GH receptor antagonist
(GHRA) are the drugs classes available for the treatment of acromegaly. SRLs are the first-
choice pharmacotherapy for treating patients who have acromegaly. Two formulas are
available for treatment of acromegaly octreotide and lanreotide. Somatotroph and thyrotroph
cells express mainly two of five SRIF receptors, SSTR2 and SSTR5 that mediate growth
hormone and TSH secretion (Shimon & Melmed, 1998; Weckbecker et al., 2003).

Octreotide is a short-acting somatostatin analogue that binds mainly to SSTR2 and to a
lesser extent to SSTR5 (Lamberts, 1988). Lanreotid also acts in a same way. Octreotide also
exhibits some SST3 affinity (Patel, 1999). Sandostatin LAR (octreotide acetate) is a long-
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acting somatostatin analogue (Flogstad et al., 1995; Lancranjan et al., 1999) requiring
monthly injections. Starting dose is 20-mg monthly increasing up to 40 mg depending on
clinical and biochemical responses. Depot preparation of lanreotide delivered as an
aqueous, small-volume mixture (60, 90, or 120 mg) in prefilled syringes for deep
subcutaneous administration every 28 days (Biermasz et al., 2005).

Most studies assessing SRLs efficacy in acromegaly define disease control by mean fasting
random serum GH levels less than 2.5 pg/L or normalization of age- and gender-matched
IGF-1 plasma levels .Treatment with depot form of lanreotide (60 mg every 21 or 28 days)
reduced GH less than 2.5 pg/L in 76% of patients (Attanasio et al.,2003; Ambrosio et al.,
2002). In another study, monthly injections sandostatin for 9 years reduced integrated serum
GH levels to less than 2 pg/L in more than 75% of patients (Cozzi et al., 2006). More than
70% of patients experience improved general well-being, and soft tissue swelling dissipates
within several days of treatment (Ezzat, et al., 1992). Headache, a common symptom in
acromegaly, usually resolves within minutes of injection (Pascual et al., 1991) reflecting a
specific central analgesic effect.

Joint function and crepitus improve, ultrasound shows evidence of bone or cartilage repair,
and after several months, sleep apnea improves (Colao et al., 2004). Asymptomatic patients
experience a significant decrease of blood pressure, heart rate, and left ventricular (LV) wall
thickness (Colao et al., 2000).

SRLs are effective also in reducing tumor size. Significant tumor size decrease has been
reported in 52% of patients on primary therapy (Bevan et al., 2005). A critical analysis of 14
studies reported that 37% of patients treated primarily by SRL experience significant tumor
shrinkage (Melmed et al., 2005).

In vivo octreoscan imaging visualizing SRIF receptors demonstrates that GH responsiveness
directly correlates with the abundance of pituitary receptors, and patients resistant to
octreotide do not have visible receptor binding sites (Ur et al., 1992). Efficacy of octreotide
action is determined by frequency of drug administration, total daily dose, tumor size,
densely granulated tumors (Bhayana et al., 2005) and pretreatment GH levels.

The use of SRLs is most appropriate; as first-line therapy when there is a low probability of a
surgical cure (Melmed et al., 2005; Cozzi et al., 2006; Maiza et al., 2007; Mercado et al., 2007;
Colao, et al., 2006) after surgery has failed to achieve biochemical control, before surgery to
improve severe comorbidities that prevent or could complicate immediate surgery (Carlsen
et al., 2008) to provide disease control, or partial control in the time between administration
of radiation therapy and the onset of maximum benefit attained from radiation therapy
(Melmed et al., 2009). Gastrointestinal symptoms including nausea, mild malabsorption,
flatulence, diarrhea or constipation are common mild side effects of SRLs. Multiple small
gallstones and gallbladder sludge may occur, occasionally result in cholecystitis. Abnormal
glucose metabolism is described with the use of SRLs, as activation of SST2 and SST5 in the
pancreatic insulin-secreting beta cells likely inhibits insulin secretion and counter-regulatory
hormones, such as glucagon. Mild hyperglycemia and, rarely hypoglycemia (Bruttomesso et
al., 2001) manifest mostly in patients who have pre-existing glucose abnormalities.
Octreotide can interact with several drugs including cyclosporine. Absorption of oral
hypoglycemic agents, B-blockers, calcium channel blockers can be change and dosage
titration should be made slowly with SRL at patients using these agents. Asymptomatic
sinus bradycardia can also be seen with these drugs.

Only cabergoline has any efficacy in acromegaly, and this is limited monotherapy effective
in less than 10% of patients (Bevan et al., 1992; Colao et al., 1997; Abs et al., 1998; Cozzi et al.,
1998). Patients with hyperprolactinemia and minimal GH elevation might benefit most from
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dopamine agonist treatment. Main usages of DAs are; when the patient prefers oral
medication, after surgery in selected patients, such as those with markedly elevated
prolactin and/or modestly elevated GH and IGF-I levels (Melmed et al., 2009) as additive
therapy to SRL therapy in patients partially responsive to a maximum SRL dose (Wagenaar
et al., 1990; Sadoul et al., 1992; Cremonini et al., 1992; Marzullo et al., 1999; Cozzi et al., 2004;
Selvarajah et al., 2005). Side effects of DAs include gastrointestinal discomfort, transient
nausea and vomiting, nasal congestion, dizziness, postural hypotension, headache, and
mood disorders (Colao et al., 1997). It is known that increased incidence of valvular heart
disease with high doses of carbegoline.

GH action through the surface membrane GH receptor is mediated by ligand-induced
receptor signaling. The postreceptor GH signal is not elicited if the receptor is bound by
pegvisomant, a GH-receptor antagonist, which blocks subsequent IGF-I generation (Trainer,
et al., 2000). Daily pegvisomant (20 mg) given for 12 weeks, normalized IGF-1 levels in 82%
of patients who had acromegaly (Kopchick et al., 2002). The indications for its use are; in
patients that have persistently elevated IGF-I levels despite maximal therapy with other
treatment modalities, possibly as monotherapy or in combination with a SRL in other
patients (Melmed et al., 2009).

Because elevated hepatic transaminases have been reported (Biering et al., 2006) liver
enzymes should be measured every 6 months. Serum GH levels are increased as much as
76% over baseline levels and persistent tumor growth is reported (Trainer et al., 2000) even
though, in most cases, GH-secreting adenoma volumes do not change (Van der Lely et
al.,2001; Barkan et al., 2005). Current recommendations are to perform a pituitary MRI every
6 months in all patients (Melmed et al., 2006).

Primary or adjuvant radiation of GH-secreting tumors may be achieved by conventional
external deep X-ray therapy, proton beam, or gamma knife radiation surgery. It is usually
reserved for patients who have postoperative persistent or recurrent tumors that are
resistant or intolerant to medical treatment may benefit from radiotherapy.After
conventional radiation (up to 5000 rads divided in 180-rad fractions over 6 weeks), tumors
cease growing and shrink in most of patients (Biermasz et al.,, 2000). Conventional
radiotherapy (conformal fractionated radiotherapy) can lower GH levels and normalize IGF-
I in over 60% of patients, but maximum response is achieved 10-15 yr after radiotherapy is
administered (Barrande et al., 2000; Jenkins et al., 2006; Minniti et al., 2005).

Stereotactic radiosurgery using gamma knife delivers a single tumor-focused radiation
fraction. Five-year remission rates with gamma knife radiotherapy in patients with acromegaly
(after surgical debulking) range from 29 to 60% (Attanasio et al., 2003; Castinetti et al., 2005;
Jezkova et al., 2006; Pollock et al., 2007). After 10 years, about half of all patients receiving
radiation therapy have signs of pituitary trophic hormone disruption, and this prevalence
increases annually thereafter. Side effects of conventional radiation including hair loss, cranial
nerve palsies, tumor necrosis with hemorrhage, and loss of vision or pituitary apoplexy (both
rare) have been documented in up to 2% of patients (Van der Lely, 1997). Lethargy, impaired
memory, brain tumors at irradiation site and personality changes can also occur.

9. Posttreatment follow-up

GH and IGF-I should be measured to assess the biochemical response to any medical
treatment. OGTT and IGF-1 measurement wit clinical examination should be performed at
3-6 months after surgery, and 3-4 months period thereafter. If patient receivig pegvisomant,
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monitoring should be made with only IGF-1. OGTT is not helpful in monitoring therapeutic
responses while patients are receiving SRL therapy (Arafat et al., 2008; Carmichael et al.,
2009). Biochemical control is generally defined as a normal IGF-I for age and gender and age
less than 1.0 ng/ml during an OGTT. After biochemical control is achieved, follow up of
patients can be made semiannually. With usage of more sensitive GH level less than 0.4
ng/ml thought to be consistent with remission. Pituitary MRI shhuld be performed
annually, especially at patients having residual tumor and medical treatment.

Colonoscopy should be performed at three- to four-year intervals in patients over 50 years
old and in those with more than three skin tags for early detection and treatment of
premalignant colonic polyps (Melmed, 2002). At follow up patients should be evaluated
periodically for cardiovascular, skletal, dental problems.

10. Future prospects of acromegaly

Bogazzi et al. (Bogazzi et al., 2004) reported that thiazolidinedione treatment might slow
down the growth of well-established GH-secreting tumors and might effectively reduce the
GH hypersecretion. In a study, rosiglitazone, used at maximum approved dosage, did not
reduce plasma GH and IGF-1 levels in patients with acromegaly (Bastemir et al., 2007 ).

In recent years, molecular studies investigated the possible association of gene
polymorphisms and susceptibility to diseases. Recently, a polymorphism in the promotor
region of the IGF-I gene which is associated with IGF-I serum levels, birthweight and body
height in adults has been identified (Vaessen et al., 2001; Rietveld et al., 2004). 194 bp allele
(20 CA repeats) of the IGF-I promoter have higher circulating IGF-I levels than others. The
patients with 194 bp genotype are the resistant patients with active disease and they
required high dose medication responsible from resistance to drugs (Akin et al., 2010). The
angiotensinojen MT and AT1IR CC1166 genotype carriers may have more risk than other
genotypes in the development of hypertension in acromegaly (Turgut, et al., 2011).

11. References

Abs, R; Verhelst, J; Maiter, D; Van Acker, K; Nobels, F; Coolens, JL; Mahler, C; Beckers, A.
(1998). Cabergoline in the treatment of acromegaly: a study in 64 patients. ] Clin
Endocrinol Metab. 83:374-378.

Aguila, MC; McCann, SM. (1985). Stimulation of somatostatin-release in vitro by synthetic
growth  hormone-releasing factor by a nondopaminergic mechanism.
Endocrinology. 117:762-765.

Akin, F; Bastemur, M; Yaylali, GF, Alkis E; Kaptanoglu, B. (2008). GH/IGF-1 axis in patients
with subclinical hypothyroidism. Clinical Endocrinology. 68: 1009-1010.

Akin, F; Yaylali, GF; Turgut, S; Kaptanoglu, B. (2009). Growth hormone/insulin-like growth
factor axis in patients with subclinical thyroid dysfunction. Growth Hormone &
IGF Research 19(3):252-5.

Akin, F; Turgut, S; Cirak, B; Kursunluoglu, R. (2010). IGF(CA)19 and IGFBP-3-202A /C gene
polymorphism in patients with acromegaly. Growth Hormone & IGF Research.
20:399-403.

Alexander, L; Appleton, D; Hall, R. (1980). Epidemiology of acromegaly in the Newcastle
region. Clin Endocrinol (Oxf). 12. (1): 71-79.

www.intechopen.com



62 Contemporary Aspects of Endocrinology

Ambrosio, MR; Franceschetti, I; Bondanelli, M. (2002). Efficacy and safety of the new 60-mg
formulation of the long-acting somatostatin analog lanreotide in the treatment of
acromegaly. Metabolism. 51. (3): 387-393.

Arafat, AM; Mohlig, M; Weickert, MO; Perschel, FH; Purschwitz, J; Spranger, J; Strasburger,
CJ; Schofl, C; Pfeiffer, AF. (2008). Growth hormone response during oral glucose
tolerance test: the impact of assay method on the estimation of reference values in
patients with acromegaly and in healthy controls, and the role of gender, age, and
body mass index. ] Clin Endocrinol Metab. 93:1254-1262.

Asa, SL; Scheithauer, BW; Bilbao, JM.( 1984). A case for hypothalamic acromegaly: a
clinicopathological study of six patients with hypothalamic gangliocytomas
producing growth hormone-releasing hormone. ] Clin Endocrinol Metab. 58:796-803.

Attanasio, R;Baldelli, R;Pivonello, R. (2003). Lanreotide 60 mg, a new long-acting
formulation: effectiveness in the chronic treatment of acromegaly. ] Clin
Endocrinol Metab. 88. (11): 5258-5265.

Attanasio, R; Epaminonda, P; Motti, E; Giugni, E; Ventrella, L; Cozzi, R; Farabola, M; Loli,
P; Beck-Peccoz, P; Arosio, M. (2003). Gamma-knife radiosurgery in acromegaly: a 4-
year follow-up study. ] Clin Endocrinol Metab. 88:3105-3112

Barinaga, M; Yamonoto, G; Rivier, C. (1983). Transcriptional regulation of growth hormone
gene expression by growth hormone releasing factor. Nature. 306:84-85.

Barkan, AL; Beitins, 1Z; Kelch, RP. (1988). Plasma insulin-like growth factor-I/somatomedin-
C in acromegaly: correlation with the degree of growth hormone hypersecretion.
Clin Endocrinol Metab. 67(1):69-73.

Barkan, AL; Burman, P; Clemmons, DR. (2005). Glucose homeostasis and safety in patients
with acromegaly converted from long-acting octreotide to pegvisomant. ] Clin
Endocrinol Metab. 90. (10): 5684-5691.

Barkan, AL; Stred, SE; Reno, K. (1989). Increased growth hormone pulse frequency in
acromegaly. ] Clin Endocrinol Metab. 69:1225-1233.

Barrande, G; Pittino-Lungo, M; Coste, J; Ponvert, D; Bertagna, X; Luton, JP; Bertherat, J. (2000).
Hormonal and metabolic effects of radiotherapy in acromegaly: long-term results in 128
patients followed in a single center. ] Clin Endocrinol Metab. 85:3779-3785.

Bastemir, M; Akin, F; Yaylali, GF. (2007). The PPAR-gamma activator rosiglitazone fails to
lower plasma growth hormone and insulin-like growth factor-1 levels in patients
with acromegaly. Neuroendocrinology. 86(2):119-23.

Baumann, G; Shaw, M; Amburn, K; Jan, T; Davila, N; Mercado, M; Stolar, M; MacCART, ]J.
(1994). Nucl Med Biol. 21;309-379.

Baumann, G; Stolar, MW; Amburn, K. (1986). A specific growth hormone-binding protein in
human plasma: Initial characterization. ] Clin Endocrinol Metab. 62:134-141.
Beauregard, C; Truong, U; Hardy, J; Serri, O. (2003).Long-term outcome and mortality after

transsphenoidal adenomectomy for acromegaly. Clin Endocrinol (Oxf). 58:86-91.

Bevan, JS; Asa, SL; Rossi, ML; Esiri, MM; Adams, CB; Burke, CW. (1989). Intrasellar
gangliocytoma containing gastrin and growth hormone-releasing hormone
associated with a growth hormone secreting pituitary adenoma. Clin Endocrinol
(Oxf). 30:213-234.

Bevan, JS; Webster, J; Burke, CW; Scanlon, MF. (1992). Dopamine agonists and pituitary
tumor shrinkage. Endocr Rev. 13:220-240.

Bevan, JS. (2005). Clinical review: The antitumoral effects of somatostatin analog therapy in
acromegaly. ] Clin Endocrinol Metab. 90:1856-1863.

www.intechopen.com



Acromegaly and Gigantism 63

Berelowitz, M; Szabo, M; Frohman, LA. (1981). Somatomedin C mediates growth hormone
negative feedback by effects on both the hypothalamus and the pituitary. Science.
212:1279-1281.

Bhayana, S; Booth, GL; Asa, SL. The implication of somatotroph adenoma phenotype to
somatostatin analog responsiveness in acromegaly. (2005). ] Clin Endocrinol Metab.
90:6290-6295.

Biering, H; Saller, B; Bauditz, J. (2006). Elevated transaminases during medical treatment of
acromegaly: a review of the German pegvisomant surveillance experience and a
report of a patient with histologically proven chronic mild active hepatitis. Eur ]
Endocrinol. 154:213-220.

Biermasz, NR; Van Dulken, H; Roelfsema, F. (2000). Long term followup results of
postoperative in 36 patients with acromegaly. ] Clin Endocrinol Metab. 85:2476-2482.

Biermasz, NR; Pereira, AM; Smit, JW; Romijn, JA; Roelfsema, F. (2005). Morbidity after long-
term remission for acromegaly: persisting joint-related complaints cause reduced
quality of life. ] Clin Endocrinol Metab. 90(5):2731-9.

Biermasz, NR; Romijn, JA; Pereira, AM. (2005). Current pharmacotherapy for acromegaly: a
review. Expert Opin Pharmaco ther. 6. (14): 2393-2405.

Bihan, H; Espinosa, C; Valdes-Socin, H; Salenave, S; Young, J; Levasseur, S; Assayag, P;
Beckers, A; Chanson, P. (2004). Long-term outcome of patients with acromegaly
and congestive heart failure. ] Clin Endocrinol Metab. 89(11):5308-13.

Billestrup, N; Swanson, LW; Vale, W. (1986) Growth hormone releasing factor stimulates
proliferation of somatotrophs in vitro. Proc Natl Acad Sci U S A ;83. 6854-6857.

Bogazzi, F; Ultimieri, F; Raggi, F; Russo, D; Vanacore, R; Guida, C; Viacava, P; Cecchetti, D;
Acerbi, G; Brogioni, S; Cosci, C; Gasperi, M; Bartalena, L; Martino, E. (2004).
PPAR-gamma inhibits GH synthesis and secretion and increases apoptosis of
pituitary GH-secreting adenomas. Eur ] Endocrinol. 150: 863-875.

Bolanowski, M; Kos-Kudla, B; Rzeszutko, M; Marciniak, M; Zatoriska, K. (2006). Five year
remission of GHRH secreting bronchial neuroendocrine tumor with symptoms of
acromegaly. Utility of chromogranin A in the monitoring of the disease.
Endokrynol Pol. 57(1):32-6.

Bowers, CY; Sartor, AO; Reynolds, GA. (1991). On the actions of the growth hormone
releasing hexapeptide, GHRP. Endocrinology. 128. 2027-2035.

Brabant, G; von zur Miihlen, A; Wiister, C; Ranke, MB; Kratzsch, J; Kiess, W. (2003). Serum
insulin-like growth factor I reference values for an automated chemiluminescence
immunoassay system: results from a multicenter study. Horm Res. 60(2):53-60.

Bruttomesso, D; Fongher, C; Silvestri, B. (2001). Combination of continuous subcutaneous
infusion of insulin and octreotide in Type 1 diabetic patients. Diabetes Res Clin
Pract. 51. (2): 97-105.

Carlsen, SM; Lund-Johansen, M; Schreiner, T; Aanderud, S; Johannesen, O; Svartberg, J;
Cooper, JG; Hald, JK; Fougner, SL; Bollerslev, J. (2008 ). Preoperative octreotide
treatment in newly diagnosed acromegalic patients with macroadenomas increases
cure short-term postoperative rates:a prospective, randomized trial. J Clin
Endocrinol Metab. 93:2984-2990.

Carmichael, JD; Bonert, VS; Mirocha, JM; Melmed, S. (2009). The utility of oral glucose
tolerance testing for diagnosis and assessment of treatment outcomes in 166
patients with acromegaly J Clin Endocrinol Metab. 94:523-527.

Carter-Su, C; Schwartz J; Smit LS. (1996). Molecular mechanism of growth hormone action.
Annu Rev Physiol. 58:187-207.

www.intechopen.com



64 Contemporary Aspects of Endocrinology

Casanueva, FF; Burguera, B; Muruais, C; Dieguez, C.(1990). Acute administration of
corticoids: a new and peculiar stimulus of growth hormone secretion in man. J Clin
Endocrinol Metab 70:234-237.

Casanueva; FF. (1992). Physiology of growth hormone secretion and action. Endocrinol
Metab Clin North Am. 21:483-515.

Castinetti, F; Taieb, D; Kuhn, JM; Chanson, P; Tamura, M; Jaquet, P; Conte-Devolx, B;
Regis, J; Dufour, H; Brue, T. (2005). Outcome of gamma knife radio-surgery in 82
patients with acromegaly: correlation with initial hypersecretion. ] Clin Endocrinol
Metab. 2005;90:4483-4488.

Ceda, GP; Hoffman, AR; Silverberg, GD. (1985). Regulation of growth hormone release from
cultured human pituitary adenomas by somatomedins and insulin. J Clin
Endocrinol Metab. 60:1204-1209.

Ceda, GP; Davies, RG; Rosenfeld, RG. (1987). The growth hormone (GH)-releasing hormone
(GHRH)-GH-somatomedin axis: Evidence for rapid inhibition of GHRH-elicited
GH release by insulin-like growth factors I and II. Endocrinology. 120:1658-1662.

Chapman, IM; Hartman, ML; Straume, M. (1994). Enhanced sensitivity growth hormone
(GH) chemiluminescence assay reveals lower postglucose nadir GH concentrations
in men than women. ] Clin Endocrinol Metab. 78:1312.

Chen, EY; Yu-Cheng, L; Smith, DH. (1989). The human growth hormone locus: Nucleotide
sequence, biology, and evolution. Genomics. 4:479-497.

Cheung, NW; Boyages SC. (1997). Increased incidence of neoplasia in females with
acromegaly. Clin Endocrinol (Oxf). 47:323-327.

Clemmons ,DR; Van Wyk JJ; Ridgway E. (1979). Evaluation of acromegaly by
radioimmunoassay of somatomedin C. N Engl ] Med. 301:1138-1142.

Coculescu, M; Niculescu, D; Lichiardopol, R. (2007). Insulin resistance and insulin secretion in
non-diabetic acromegalic patients. Exp Clin Endocrinol Diabetes. 115.(5):308-316.

Colao, A; Ferone, D; Marzullo, P, Di Sarno, A; Cerbone, G; Sarnacchiaro, F; Cirillo, S;
Merola, B; Lombardi, G. (1997). Effect of different dopaminergic agents in the
treatment of acromegaly. ] Clin Endocrinol Metab. 82:518-523.

Colao, A; Cuocolo, A; Marzullo, P. Effects of 1-year treatment with octreotide on cardiac
performance in patients with acromegaly. (1999). ] Clin Endocrinol Metab. 84:17-23.

Colao, A;Marzullo, P;Ferone, D. (2000). Cardiovascular effects of depot long-acting
somatostatin analog Sandostatin LAR in acromegaly.] Clin Endocrinol Metab.
85:3132-3140.

Colao, A; Ferone, D; Marzullo, P; Lombardi, G. (2004). Systemic complications of acromegaly:
epidemiology, pathogenesis, and management. Endocr Rev. 25(1):102-52.

Colao, A; Pivonello, R; Auriemma, RS; Briganti, F; Galdiero, M; Tortora, F; Caranci, F;
Cirillo, S; Lombardi, G. (2006). Predictors of tumor shrinkage after primary therapy
with somatostatin analogs in acromegaly: a prospective study in 99 patients. ] Clin
Endocrinol Metab. 91:2112-2118.

Cordero, RA; Barkan, AL. (2008). Current diagnosis of acromegaly. Rev Endocr Metab
Disord. 9:13-19 .

Costas, ACF; Rossi, A; Martinelli, CE, Jr; Machado, HR; Moreira, AC. (2002). Assessment of
disease activity in treated acromegalic patients using a sensitive GH assay: should
we achieve strict normal GH levels for a biochemical cure. ] Clin Endocrinol Metab.
87(7):3142-7.

www.intechopen.com



Acromegaly and Gigantism 65

Cozzi, R; Attanasio, R; Barausse, M; Dallabonzana, D; Orlandi, ; Da Re, N; Branca, V;
Oppizzi, G; Gelli, D. (1998). Cabergoline in acromegaly: a renewed role for
dopamine agonist treatment? Eur ] Endocrinol. 139:516-521.

Cozzi, R; Attanasio, R; Lodrini, S; Lasio, G. (2004). Cabergoline addition to depot
somatostatin analogues in resistant acromegalic patients: efficacy and lack of
predictive value of prolactin status. Clin Endocrinol (Oxf). 61:209-215.

Cozzi, R; Montini, M; Attanasio, R; Albizzi, M; Lasio, G; Lodrini, S; Doneda, P; Cortesi, L;
Pagani G. (2006). Primary treatment of acromegaly with octreotide LAR: a long-
term (up to nine years) prospective study of its efficacy in the control of disease
activity and tumor shrinkage. ] Clin Endocrinol Metab.91:1397-1403.

Cremonini, N; Graziano, E; Chiarini, V; Sforza, A; Zampa, GA. (1992). Atypical McCune-
Albright syndrome associated with growth hormone-prolactin pituitary adenoma:
natural history, long-term follow-up, and SMS 201-995 — bromocriptine combined
treatment results. ] Clin Endocrinol Metab. 75:1166-1169.

Cushing, H. (1909). Partial hypophysectomy for acromegaly. Ann Surg. 50:1002-1017.

Damjanovic, SS; Neskovic, AN; Petakov, MS; Popovic, V; Vujisic, B; Petrovic, M; Nikolic-
Djurovic, M; Simic, M; Pekic, S; Marinkovic, J. (2002). High output heart failure in
patients with newly diagnosed acromegaly. Am ] Med. 112(8):610-6.

De, P; Rees, DA; Davies, N; John, R; Neal, J; Mills, RG; Vafidis, J; Davies, ]JS; Scanlon, MF.
(2003). Transsphenoidal surgery for acromegaly in Wales: results based on
stringent criteria of remission. ] Clin Endocrinol Metab. 88:3567- 3572.

Delhougne, B; Deneux, C; Abs, R. (1995). The prevalence of colonic polyps in acromegaly: a
colonoscopic and pathological study in 103 patients. ] Clin Endocrinol
Metab. 80:3223-3226.

DeNoto, FM; Moore, DD; Goodman, HM. (1981). Human growth hormone DNA sequence
and mRNA structure: possible alternative splicing. Nucl Acids Res. 9:3719-3730.

Dons, RF; Roseelet, P; Pastakia, B. (1988). Arthropathy in acromegalic patients before and
after treatment: A long-term follow-up study. Clin Endocrinol. 28:515-524.

Drange, MR; Melmed, S. (1998). Long-acting lanreotide induces clinical and biochemical
remission of acromegaly caused by disseminated growth hormone releasing
hormone-secreting carcinoid. ] Clin Endocrinol Metab. 83:3104-9.

Drange, MR; Melmed, S. (1999). IGFs in the evaluation of acromegaly. In Rosenfeld RG,
Roberts CT (eds): Contemporary Endocrinology. The IFG System: Molecular
Biology, Physiology, and Clinical Applications. Totowa, NJ: Humana Press, pp 699-
720.

Duncan, E; Wass, JA. (1999). Investigation protocol: acromegaly and its investigation. Clin
Endocrinol (Oxf). 50(3):285-293.

Etxabe, J; Gaztambide, S; Latorre, P; et al. (1993). Acromegaly: An epidemiologic study. ]
Endocrinol Invest. 16:181-187.

Ezzat, S; Snyder, PJ; Young, WEF. (1992). Octreotide treatment of acromegaly. A randomized,
multicenter study. Ann Intern Med. 117:711-718.

Ezzat, S; Asa, SL; Stefaneanu, L. (1994). Somatotroph hyperplasia without pituitary
adenoma associated with a long standing growth hormone-releasing hormone-
producing bronchial carcinoid. ] Clin Endocrinol Metab. 78:555-560.

Fainstein, Day P; Frohman, L; Garcia, Rivello H; Reubi, JC; Sevlever, G; Glerean, M. (2007).
Ectopic growth hormone-releasing hormone secretion by a metastatic bronchial
carcinoid tumor: a case with a non hypophysial intracranial tumor that shrank
during long acting octreotide treatment. Pituitary. 10:311-19.

www.intechopen.com



66 Contemporary Aspects of Endocrinology

Finkelstein, JW; Boyar, RM; Roffwarg, HP. (1972). Age-related change in the twenty-four hour
spontaneous secretion of growth hormone. ] Clin Endocrinol Metab 35:665-670.

Flier, JS; Moller, DE; Moses, AC; O'Rahilly, S; Chaiken, RL; Grigorescu, F; Elahi, D; Kahn,
BB; Weinreb JE; Eastman R. (1993). Insulin-mediated pseudoacromegaly: clinical
and biochemical characterization of a syndrome of selective insulin resistance. J
Clin Endocrinol Metab. 76:1533-1541.

Flogstad, AK; Halse, J; Haldorsen, T. (1995). Sandostatin LAR in acromegalic patients: A
dose-range study. ] Clin Endocrinol Metab. 80:3601-3607.

Freda, PU. (2003). Pitfalls in the biochemical assessment of acromegaly. Pituitary. 6(3):135-40.

Freda, PU; Reyes, CM; Nuruzzaman, AT. (2003). Basal and glucose-suppressed GH levels
less than 1 pg/L in newly diagnosed acromegaly. Pituitary. 6:175-180.

Gharib, H; Cook, DM; Saenger, PH. (2003). American Association of Clinical
Endocrinologists medical guidelines for clinical practice for growth hormone use in
adults and children. Endocr Pract. 9:64-76.

Ghigo, E; Aimaretti, G; Gianotti, L; Bellone, J; Arvat, E; Camanni, F. (1996). New approach to
the diagnosis of growth hormone deficiency in adults. Eur ] Endocrinol. 134(3):352-6.

Giordano, R; Lanfranco, F; Bo, M. (2005). Somatopause reflects age-related changes in the
neural control of GH/IGF-I axis. ] Endocrinol Invest. 28:94-98.

Gittoes, NJ; Sheppard, MC; Johnson, AP. (1999). Outcome of surgery for acromegaly the
experience of a dedicated pituitary surgeon. QJM. 92. (12): 741-745.

Giustina, A; Veldhuis, JD. (1998). Pathophysiology of the neuroregulation of growth
hormone secretion in experimental animals and the human. Endocr Rev. 19:717-
797.

Giustina, A; Barkan, A; Casanueva, FF; Cavagnini, F; Frohman, L; Ho, K; et al. (2000).
Criteria for cure of acromegaly: a consensus statement. ] Clin Endocrinol Metab.
85(2):526-9.

Greenman, Y; Melmed S. (1994). Expression of three somatostatin receptor subtypes in
pituitary adenomas: Evidence for preferential SSTR5 expression in the
mammosomatotroph lineage. ] Clin Endocrinol Metab. 79:724-729.

Grunstein, RR; Ho, KK; Sullivan CE. (1994).Effect of octreotide, a somatostatin analog, on
sleep apnea in patients with acromegaly. Ann Intern Med. 121:478-483.

Hambrick, GW, Jr; Carter, DM. Pachydermoperiostosis. (1966). Touraine-Solente-Gole
syndrome. Arch Dermatol. 94:594-60.

Harbison, JB; Nice, CM, Jr. (1971). Familial pachydermoperiostosis presenting as an
acromegaly-like syndrome. Am ]

Harrison, SM; Barnard, R; Ho, KY; Rajkovic, I; Waters, M]. (1995). Control of growth
hormone (GH) binding protein release from human hepatoma cells expressing full-
length GH receptor. Endocrinology. 136;651-659.

Hattori, N; Shimatsu, A; Kato, Y. (1990). Growth hormone responses to oral glucose loading
measured by highly sensitive enzyme immunoassay in normal subjects and
patients with glucose intolerance and acromegaly. ] Clin Endocrinol Metab. 70:771.

Herington, AC; Ymer, S; Stevenson, ]. (1986). Identification and characterization of specific
binding proteins for growth hormone in normal human sera. J Clin Invest. 77:1817-
1823.

Ho, KK; O'Sullivan, AJ; Wolthers, T; Leung, KC. (2003). Metabolic effects of estrogens:
impact of the route of administration. Ann Endocrinol (Paris). 64(2):170-7.

www.intechopen.com



Acromegaly and Gigantism 67

Ho, KY; Veldhuis, ]D; Johnson, ML. (1988). Fasting enhances growth hormone secretion and
amplifies the complex rhythms of growth hormone secretion in man. ] Clin Invest.
81:968-975.

Ho, PJ; Friberg RD; Barkan AL. (1992). Regulation of pulsatile growth hormone secretion by
fasting in normal subjects and patients with acromegaly. ] Clin Endocrinol Metab.
75(3):812-9.

Holl, RW; Hartman, ML; Veldhuis, JD. (1991). Thirty-second sampling of plasma growth
hormone in man: correlation with sleep stages. J Clin Endocrinol Metab. 72: 854-
861.

Imaki, T; Shibasaki, T; Shizume, K. (1985). The effect of free fatty acids on growth hormone
(GH) releasing hormone-mediated GH secretion in man. ] Clin Endocrinol
Metab. 60:290-293.

Iranmanesh, A; Lizaralde, G; Johnson, ML; Veldhuis, JD. (1990). Nature of Altered Growth
Hormone Secretion in Hyperthyroidism. J Clin Endocrinol Metab. 72 (1): 108-115.

Jatfe, CA; Friberg, RD; Barkan, AL. (1993). Suppression of growth hormone (GH) secretion
by a selective GH-releasing hormone (GHRH) antagonist. Direct evidence for
involvement of endogenous GHRH in the generation of GH pulses. J Clin
Invest. 92:695-701.

Jenkins, PJ; Frajese, V; Jones, AM; Camacho-Hubner, C; Lowe, DG; Fairclough, PD; Chew,
SL; Grossmann, AB; Monson, ] & Besser, GM. (2000). IGF-I and the development of
colorectal neoplasia in acromegaly. Journal of Clinical Endocrinology and
Metabolism. 85:3218-3221.

Jenkins, PJ; Besser, M. (2001). Clinical perspective: acromegaly and cancer: a problem.
Journal of Clinical Endocrinology and Metabolism. 86(7), 2935-2941.

Jenkins, PJ. (2006). Cancers associated with acromegaly. Neuroendocrinology. 83(3-4), 218-
223.

Jenkins, PJ; Bates, P; Carson, MN; Stewart, PM; Wass, JA. (2006). Conventional pituitary
irradiation is effective in lowering serum growth hormone and insulin- like growth
factor-1 in patients with acromegaly. ] Clin Endocrinol Metab. 91:1239-1245.

Jezkova, J; Marek, J; Hana, V; Krsek, M; Weiss, V; Vladyka, V; Lisak, R; Vymazal, J; Pecen,
L . (2006). Gamma knife radiosurgery for acromegaly —long-term experience. Clin
Endocrinol (Oxf). 64:588-595.

Jansson, JO; Svensson, J; Bengtsson, BA; Frohman, LA; Ahlman, H; Wangberg, B. (1998).
Acromegaly and Cushing’s syndrome due to ectopic production of GHRH and
ACTH by a thymic carcinoid tumour: in vitro responses to GHRH and GHRP-6.
Clin Endocrinol. 48:243-50.

Kaltsas, GA; Mukherjee, JJ; Jenkins, PJ. (1999). Menstrual irregularity in women with
acromegaly. ] Clin Endocrinol Metab. 84:2731.

Kaltsas, GA; Isidori, AM; Florakis, D; Trainer, PJ; Camacho-Hubner, C; Afshar, F; Sabin, I;
Jenkins, JP; Chew, SL; Monson, JP; Besser, GM; Grossman, AB. (2001). Predictors of
the outcome of surgical treatment in acromegaly and the value of the mean growth
hormone day curve in assessing postoperative disease activity. ] Clin Endocrinol
Metab. 86:1645-1652.

Kasagi, K;Shimatsu, A;Miyamoto, S. (1999). Goiter associated with acromegaly:
sonographic and scintigraphic findings of the thyroid gland. Thyroid. 9:791-796.

Kasayama, S; Otsuki, M; Takagi, M. (2000). Impaired beta-cell function in the presence of
reduced insulin sensitivity determines glucose tolerance status in acromegalic
patients. Clin Endocrinol (Oxf). 52. (5): 549-555.

www.intechopen.com



68 Contemporary Aspects of Endocrinology

Kofoed, EM. (2003). Growth hormone insensitivity associated with a STAT5b mutation. N
Engl ] Med. 349:1139-1147.

Kopchick, JJ; Parkinson, C;Stevens, EC. (2002). Growth hormone receptor antagonists:
discovery, development, and use in patients with acromegaly. Endocr Rev. 23. (5):
623-646.

Kreutzer, J; Vance, ML; Lopes, MB. (2001). Surgical management of GH-secreting pituitary
adenomas: an outcome study using modern remission criteria. ] Clin Endocrinol
Metab. 86. (9): 4072-4077.

Kwekkeboom, DJ; Krenning, EP; Bakker, WH; Oei, HY; Kooy, PPM; Lamberts SW]. (1993).
Somatostatin analogue scintigraphy in carcinoid tumours. Eur ] Nucl Med. 20:283-
92.

Ladas, SD; Thalassinos, NC; Ioannides, G; Raptis, SA. (1994). Does acromegaly really
predispose to an increased prevalence of gastrointestinal tumours?. Clin
Endocrinol (Oxf). 41:597-601.

Lamberts, SWJ. (1988). The role of somatostatin in the regulation of anterior pituitary
hormone secretion and the use of its analogs in the treatment of human pituitary
tumors. Endocr Rev. 9:417-436.

Lancranjan, I; Atkinson, AB and the Sandostatin LAR group. (1999). Results of a European
multicenter study with Sandostatin LAR in acromegalic patients. Pituitary. 1:105-
114.

Lanning, NJ; Carter Su, C. (2006). Recent advances in growth hormone signaling. Rev
Endocr Metab Disord. 7:225-235.

Leavitt, J; Klein, I; Kendricks, F. (1983). Skin tags. a cutaneous marker for colonic polyps.
Ann Intern Med. 98:928-930.

Le Roith, D; Bondy, C; Yakar, S; Liu, JL; Butler, A. (2001). The somatomedin hypothesis.
Endocr Rev. 22(1), 53-74.

Leung, DW; Spencer, SA; Cachianes, G. (1987). Growth hormone receptor and serum
binding protein: Purification, cloning, and expression. Nature. 330:537-543.

Levy A. (2000). Is monoclonality in pituitary adenomas synonymous with neoplasia? Clin
Endocrinol (Oxf). 52:393-397.

Levy, A.(2001). Monoclonality of endocrine tumors: what does it mean? Trends Endocrinol
Metab. 12:301-307.

Lewis, UJ; Dunn, JT; Bonewald, LF; Seavey, BK and VanderLaan, WP. (1978). A naturally
occurring variant of human growth hormone. J Biol Chem. 253:2679-2687.

Lieberman, SA; Bjorkengren, AG; Hoffman, AR. (1992). Rheumatologic and skeletal changes
in acromegaly. Endocrinol Metab Clin North Am. 21:615-631.

Lin, C; Lin, SC; Chang, CP. (1992). Pit-1-dependent expression of the receptor for growth
hormone releasing factor mediates pituitary cell growth. Nature. 360:765-768.

Ludecke, DK; Abe; T. (2006). Transsphenoidal microsurgery for newly diagnosed
acromegaly: a personal view after more than 1,000 operations.
Neuroendocrinology. 83:230-239.

Maiza, JC; Vezzosi, D; Matta, M; Donadille, F; Loubes-Lacroix, F; Cournot, M; Bennet, A;
Caron, P. (2007). Long-term (up to 18 years) effects on GH/IGF-1 hypersecretion
and tumour size of primary somatostatin analogue (SSTa) therapy in patients with
GH-secreting pituitary adenoma responsive to SSTa. Clin Endocrinol (Oxf). 67:282-
28.

Marie, P. (1886). On two cases of acromegaly. Marked hypertrophy of the upper and lower
limbs and the head. Rev Med. 6:297-333.

www.intechopen.com



Acromegaly and Gigantism 69

Marzullo, P; Ferone, D; Di Somma, C; Pivonello, R; Filippella, M; Lombardi, G; Colao, A.
(1999). Efficacy of combined treatment with lanreotide and cabergoline in selected
therapy-resistant acromegalic patients. Pituitary. 1:115-120.

McCarthy, TL; Centrella, M; Canalis, E. (1989). Regulatory effects of insulin-like growth
factors I and II on bone collagen synthesis in rat calvarial cultures. Endocrinology.
124:301-309

Melmed, S; Braunstein, GD; Horvath, E. (1983). Pathophysiology of acromegaly. Endocr
Rev. 4:271-290

Melmed, S. Acromegaly and cancer: not a problem?. (2001). J Clin Endocrinol
Metab. 86:2929-2934.

Melmed, S. (2006). Medical progress: Acromegaly. N Engl ] Med. 355(24):2558-73.

Melmed, S; Casanueva, FF; Cavagnini, F; Chanson, P; Frohman, L; Grossman, A; Ho, K;
Kleinberg, D; Lamberts, S; Laws, E; Lombardi, G; Vance, ML; Werder, KV; Wass, J;
Giustina, A. (2002). Guidelines for acromegaly management. ] Clin Endocrinol
Metab. 87(9):4054-8.

Melmed, S; Sternberg, R; Cook, D. (2005). A critical analysis of pituitary tumor shrinkage
during primary medical therapy in acromegaly. ] Clin Endocrinol Metab. 90:4405-
4410.

Melmed, S; Colao, A; Barkan A; Molitch, M; Grossman, AB; Kleinberg; Clemmons, D;
Chanson, P; Laws, E; Schlechte, J; Vance, ML, Ho, K and Giustina, A. (2009).
Guidelines for Acromegaly Management: An Update ] Clin Endocrinol Metab.
94(5):1509-1517.

Mendelson, WB. (1982). Studies of human growth hormone secretion in sleeping and
waking. Int Rev Neurobiol. 23:367-389.

Mercado, M; Borges, F; Bouterfa, H; Chang, TC, ; Chervin A, ; Farrall AJ;, Patocs A;,
Petersenn S; Podoba, J; Safari, M; Wardlaw, J. (2007). A prospective, multicentre
study to investigate the efficacy, safety and tolerability of octreotide LAR (long-
acting repeatable octreotide) in the primary therapy of patients with acromegaly.
Clin Endocrinol (Oxf). 66:859-868.

Miell, JP; Taylor, AM; Zini, M; Maheshwari, HG; Ross RJM & Valcavi R. (1993). Effects of
hypothyroidism and hyperthyroidism on insulin-like growth factors (IGFs) and
growth hormone- and IGFbinding proteins. Journal of Clinical Endocrinology and
Metabolism. 76:950-955.

Minniti, G; Moroni, C; Jaffrain-Rea ML. (1998). Prevalence of hypertension in acromegalic
patients: clinical measurement versus 24-hour ambulatory blood pressure
monitoring. Clin Endocrinol (Oxf). 48.(2): 149-152

Minniti, G; Jaffrain-Rea, ML; Osti, M; Esposito, V; Santoro, A; Solda, F; Gargiulo, P;
Tamburrano, G; Enrici, RM. (2005). The long-term efficacy of conventional
radiotherapy in patients with GH-secreting pituitary adenomas. Clin Endocrinol
(Oxf). 62:210-216.

Mozid, AM; Tringali, G; Forsling, ML. (2003). Ghrelin is released from rat hypothalamic
explants and stimulates corticotrophin releasing hormone and arginine
vasopressin. Horm Metab Res. 35. 455-459.

Nabarro, JD. Acromegaly. (1987). Clin Endocrinol (Oxf). 26(4), 481-512.

Nasr, C; Mason, A; Mayberg, M; Staugaitis, SM; Asa, SL. (2006). Acromegaly and
somatotroph hyperplasia with adenomatous transformation due to pituitary
metastasis of a growth hormone releasing hormone-secreting pulmonary endocrine
carcinoma. ] Clin Endocrinol Metab. 91(12):4776-80.

www.intechopen.com



70 Contemporary Aspects of Endocrinology

Nomikos, P; Buchfelder, M; Fahlbusch, R. (2005). The outcome of surgery in 668 patients
with acromegaly using current criteria of biochemical ‘cure’. Eur ] Endocrinol.
152:379-387.

Orme, SM; McNally, RJQ; Cartwright, RA; Belchetz PE. (1998). Mortality and cancer
incidence in acromegaly: a retrospective cohort study. J Clin Endocrinol Metab.
83:2730-2734.

Painson, JC; Tannenbaum, GS. (1991). Sexual dimorphism of somatostatin and growth
hormone releasing factor signaling in the control of pulsatile growth hormone
secretion in the rat. Endocrinology. 128:2858-2866.

Parks, JS. (1989). Molecular biology of growth hormone. Acta Paed. Stand. [Suppl.] 349: 127-
135.

Pascual, J; Freijanes, J; Berciano, J; Pesquera, C.(1991). Analgesic effect of octreotide in
headache associated with acromegaly is not mediated by opioid mechanisms. Case
report. Pain. 47:341-344.

Patel, YC. (1999). Somatostatin and its receptor family. Front Neuroendocrinol. 20. (3): 157-
198.

Penalva, A; Pombo, M; Carballo, A. (1993). Influence of sex, age and adrenergic pathways on
the growth hormone response to GHRP-6. Clin Endocrinol (Oxf). 38:87-91.
Peterfreund, RA; Vale, WW. (1984). Somatostatin analogs inhibit somatostatin secretion

from cultured hypothalamus cells. Neuroendocrinology. 39:397-402.

Pietrobelli, DJ; Akopian, M; Olivieri, AO. (2001). Altered circadian blood pressure profile in
patients with active acromegaly. Relationship with left ventricular mass and
hormonal values. J Hum Hypertens.15.(9):601-605.
151. Pokrajac, A; Wark, G; Ellis, AR; Wear, ]J; Wieringa, GE; Trainer, PJ. (2007).
Variation in GH and IGF-1 assays limits the applicability of international consensus
criteria for local practice. Clin Endocrinol (Oxf). 67(1):65-70.

Pollock, BE; Jacob, JT; Brown, PD; Nippoldt, TB. (2007). Radiosurgery of growth hormone-
producing pituitary adenomas: factors associated with biochemical remission. ]
Neurosurg. 106:833-838.

Raben, MS. (1958). Treatment of a pituitary dwarf with human growth hormone. J Clin
Endocrinol Metab. 18:901-3.

Rajasoorya, C; Holdaway, IM; Wrightson, P; Scott, DJ; Ibbertson, HK. (1994). Determinants
of clinical outcome and survival in acromegaly. Clin Endocrinol. 41:95-102.
Renehan, AG; Bhaskar, P; Painter, JE. (2000). The prevalence and characteristics of colorectal

neoplasia in acromegaly. ] Clin Endocrinol Metab. 85:3417-3424.

Renehan, AG; Zwahlen, M; Minder, C; O'Dwyer, ST; Shalet, SM & Egger, M. (2004). Insulin-
like growth factor (IGF)-I, IGF binding protein-3, and cancer risk: systematic review
and meta-regression analysis. Lancet. 363(9418), 1346-1353.

Rietveld, I; Janssen, JA; van Rossum, EF; Houwing-Duistermaat, JJ; Rivadeneira, F; Hofman,
A; Pols, HA; van Duijn, CM; Lamberts, SW. (2004). A polymorphic CA repeat in
the IGF-I gene is associated with gender-specific differences in body height, but has
no effect on the secular trend in body height. Clin. Endocrinol. (Oxf) 61;195-203

Rimoin, DL. (1965). Pachydermoperiostosis (idiopathic clubbing and periostosis), genetic
and physiologic considerations. N Engl ] Med. 272:923-931.

Ritchie, CM; Atkinson, AB; Kennedy, AL. (1990). Ascertainment and natural history of
treated acromegaly in Northern Ireland. Ulster Med J. 59: 55-62.

Roth, A; Cligg, SM; Yallow, CP. (1963). Secretion of human growth hormone: physiological
and experimental modification. Metabolism. 12:557-559.

www.intechopen.com



Acromegaly and Gigantism 71

Ron, E; Gridley, G; Hrubee, Z. (1991). Acromegaly and gastrointestinal cancer. Cancer.
68:1673-1677.

Rosenow, F;Reuter, S;Deuss, U. (1996). Sleep apnoea in treated acromegaly: relative
frequency and predisposing factors. Clin Endocrinol (Oxf). 45:563-569.

Sachar, EJ; Mushrush, G; Perlow, M. (1972). Growth hormone responses to l-dopa in
depressed patients. Science. 178:1304-1305.

Sadoul, JL; Thyss, A; Freychet, P. (1992). Invasive mixed growth hormone/prolactin
secreting pituitary tumour: complete shrinking by octreotide and bromocriptine,
and lack of tumour growth relapse 20 months after octreotide withdrawal. Acta
Endocrinol (Copenh). 126:179-183.

Selvarajah, D; Webster, J; Ross, R; Newell-Price, J. (2005). Effectiveness of adding dopamine
agonist therapy to long-acting somatostatin analogues in the management of
acromegaly. Eur ] Endocrinol. 152:569-574.

Serri, O; Beauregard, C; Hardy, J. (2004)Long-term biochemical status and disease-related
morbidity in 53 postoperative patients with acromegaly. Clin Endocrinol Metab.
89(2):658-1.

Shimon, I. (1997). Somatostatin receptor subtype specificity in human fetal pituitary
cultures. Differential role of SSTR2 and SSTR5 for growth hormone, thyroid-
stimulating hormone, and prolactin regulation. J. Clin. Invest. 99:789-798.

Shimon, I; Melmed, S. (1998). Management of pituitary tumors. Ann Intern Med. 129:472-
483.

Shimon, I; Cohen, ZR; Ram, Z; Hadani, M. (2001). Transsphenoidal surgery for acromegaly:
endocrinological follow-up of 98 patients. Neurosurgery. 48: 1239-1243.

Sugihara, H; Shibasaki, T; Tatsuguchi, A; Okajima, F; Wakita, S; Nakajima, Y. (2007). A non-
acromegalic case of multiple endocrine neoplasia type 1 accompanied by a growth
hormone-releasing hormone-producing pancreatic tumor. ] Endocrinol Invest.
30(5):421-7.

Takahashi, Y; Kipnis DM; Daughaday, WH. (1968). Growth hormone secretion during sleep.
J Clin Invest. 47:2079-2090.

Terzolo, M; Matrella, C; Boccuzzi, A. (1999). Twenty-four hour profile of blood pressure in
patients with acromegaly. Correlation with demographic, clinical and hormonal
features. ] Endocrinol Invest. 22.(1): 48-54.

Thorner, MO; Perryman, RL; Cronin, MJ. (1982). Somatotroph hyperplasia: successful
treatment of acromegaly by removal of a pancreatic islet tumor secreting a growth
hormone releasing factor. J Clin Invest. 70:965-977.

Thorner, MO; Frohman, LA;Leong, DA. (1984). Extrahypothalamic growth hormone
releasing factor (GRF) secretion is a rare cause of acromegaly: plasma GRF levels in
177 acromegalic patients. ] Clin Endocrinol Metab. 59:846-849.

Trainer, PJ; Drake, WM; Katznelson, L; et al. 2000; Treatment of acromegaly with the growth
hormone-receptor antagonist pegvisomant. N Engl ] Med. 342:1171-1177.

Trtoman-Dickenson, B; Weetman, AP; Hughes, JMB. (1991). Upper airflow obstruction and
pulmonary function in acromegaly: Relationship to disease activity. Q ] Med.
79:527-533.

Turgut, S; Akin, F; Akcilar, R; Ayada, C; Turgut G. (2011). Angiotensin converting enzyme
I/D, angiotensinogen M235T and AT1-R A/C1166 gene polymorphisms in patients
with acromegaly. Mol Biol Rep. Jan;38(1):569-76

Ur, E; Mather, SJ; Bomanji, J.(1992). Pituitary imaging using a labelled somatostatin
analogue in acromegaly. Clin Endocrinol (Oxf). 36:147-150.

www.intechopen.com



72 Contemporary Aspects of Endocrinology

Valcavi, R; Dieguez, C; Preece, M; Taylor, A; Portioli I & Scanlon MF. Effect of thyroxine
replacement therapy on plasma insulin like growth factor 1 levels and growth
hormone responsiveness to growth hormone releasing hormone in hypothyroid
patients. (1987). Clinical Endocrinology. 27:85-90.

Valcavi, R; Zini, M; Portioli, I. (1992). Thyroid hormones and growth hormone secretion.
Journal of Endocrinological Investigations. 15:313-330.

Valcavi, R; Dieguez, C; Zini, M; Muruais, C; Casanueva, F; Portioli I. (1993). Influence of
hyperthyroidism on growth hormone secretion. Clin Endocrinol (Oxf). 38(5):515-22.

Vaessen, N; Heutink, P; Janssen, JA; Witteman, JC; Testers, L; Hofman, A; Lamberts, SW;
Oostra, BA, ; Pols, HA; van Duijn, CM. (2001). A polymorphism in the gene for
IGF-I: functional properties and risk for type 2 diabetes and myocardial infarction.
Diabetes. 50; 637-642.

Van der Lely, AJ; De Herder, WW; Lamberts SW. (1997). The role of radiotherapy in
acromegaly. ] Clin Endocrinol Metab. 82:3185-3186.

Van der Lely, AJ; Hutson, RK; Trainer, PJ. (2001). Long-term treatment of acromegaly with
pegvisomant, a growth hormone receptor antagonist. Lancet. 358. (9295):1754-1759.

Veldhuis, JD; Roemmich, JN; Richmond, EJ. (2006). Somatotropic and gonadotropic axes
linkages in infancy, childhood, and the puberty-adult transition. Endocr Rev.
27:101-140.

Verde, GG; Santi, I; Chiodini, P. (1986). Serum type III procollagen propeptide levels in
acromegalic patients. ] Clin Endocrinol Metab. 63:1406-1410.

Vieira, Neto L; Taboada, GF; Corréa, LL; Polo, J; Nascimento, AF; Chimelli, L. (2007).
Acromegaly secondary to growth hormone releasing hormone secreted by an
incidentally discovered pheochromocytoma. Endocr Pathol. 18(1):46-52.

Vigas, M; Malatinsky, J; Nemeth, S; Jurcovicova, J. (1977). a-Adrenergic control of growth
hormone release during surgical stress in man. Metabolism. 26:399-402.

Wagenaar, AH; Harris, AG; van der Lely, AJ; Lamberts, SW. (1991). Dynamics of the acute
effects of octreotide, bromocriptine and both drugs in combination on growth
hormone secretion in acromegaly. Acta Endocrinol (Copenh). 125:637-642.

Weckbecker, G; Lewis, I; Albert, R; et al. (2003). Opportunities in somatostatin research:
biological, chemical and therapeutic aspects. Nat Rev Drug Discov. 2:999-1017.

Wehrenberg, WB; Brazeau, P; Luben, R. (1982). Inhibition of the pulsatile secretion of
growth hormone by monoclonal antibodies to the hypothalamic growth hormone
releasing factor (GRF). Endocrinology. 111:2147-2148.

Weinstein, LS. (1991). Activating mutations of the stimulatory G protein in the McCune-
Albright syndrome. N. Engl. J. Med. 325:1688-1695.

Wright, AD; Hill, DM; Lowery, C. (1970). Mortality in acromegaly. Quart ] Med. 39:1-16.

Xu, BC; Wang, X; Darus, CJ; Kopchick, JJ. (1996) Growth hormone promotes the association
of transcription factor STAT5 with the growth hormone receptor. ] Biol
Chem. 271:19768-19773.

Yamashita, S; Melmed, S. (1986). Insulin-like growth factor I action on rat anterior pituitary
cells: Suppression of growth hormone secretion and messenger ribonucleic acid
levels. Endocrinology.118:176-182.

Yamashita, S;Weiss, M; Melmed, S. (1986). Insulin-like growth factor I regulates growth
hormone secretion and messenger ribonucleic acid levels in human pituitary tumor
cells. ] Clin Endocrinol Metab. 63:730-735.

www.intechopen.com



L . Contemporary Aspects of Endocrinology

CONTEMPORARY Edited by Dr. Evanthia Diamanti-Kandarakis
ASPECTS OF

ENDOCRINOLOGY

Echted by Evanthis Dlamangl-Kandarakh

ISBN 978-953-307-357-6
4 Hard cover, 454 pages
/ Publisher InTech
Published online 30, November, 2011

[ =] Published in print edition November, 2011

This book aims to provide readers with a general as well as an advanced overview of the key trends in
endocrine disorders. While covering a variety of topics ranging from thyroid carcinogenesis and pituitary
adenomas to adrenal tumors and metabolic bone disease, this book also focuses on more specific issues not
yet fully elucidated (e.g. the molecular pathways involved in thyrotropin beta gene regulation or monogenic
phosphate balance disorders). Readers of different fields and background will have the opportunity to update
their knowledge and more importantly to clarify areas of uncertainty and controversies in several topics of
endocrine disorders.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Fulya Akin and Emrah Yerlikaya (2011). Acromegaly and Gigantism, Contemporary Aspects of Endocrinology,
Dr. Evanthia Diamanti-Kandarakis (Ed.), ISBN: 978-953-307-357-6, InTech, Available from:
http://www.intechopen.com/books/contemporary-aspects-of-endocrinology/acromegaly-and-gigantism

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




