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Treatment of Acromegaly
Future
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Recent progress in the therapy of GH-secreting pitu-
itary tumors includes three treatment modalities: sur-
gery, radiotherapy, and medications. A combination of
treatment options is often required to attain therapeu-
tic goals, increasing the potential for a combination of
unwanted side effects. The focus of this review is to dis-
cuss medical therapy of GH-secreting adenomas focus-
ing on newer drug compounds. In selected cases, ther-
apeutic goals are attained with somatostatin analog
treatment alone. The GH receptor antagonist controls
IGF-1 hypersecretion, and its use in combination with
somatostatin analogs in selected patients is tempting
but requires further evaluation. Somatostatin multire-
ceptor ligand SOM230 and a somatostatin—-dopamine
chimeric ligand are new compounds that may improve
therapy outcome. Careful individualization of therapy
is important in deciding the ideal treatment approach,
and primary medical therapy may be recommended in
selected patients.

Key Words: Acromegaly; pituitary adenoma; somato-
statin analog; GH receptor antagonist; dopamine ago-
nist; medical therapy.

Introduction

Goals of pituitary tumor treatment include normaliza-
tion of excessive hormonal secretion and alleviation of
pituitary mass effects, while preserving endogenous pitui-
tary function. Moreover, ideal therapy should prevent tumor
recurrence, and should not cause additional harm to the
patient. Therapeutic options for the treatment of pituitary
tumors include surgery, radiotherapy, and medications. Not
infrequently, combination of more than one treatment op-
tion is necessary to attain normal hormone levels and/or for
improvement of tumor mass effect, leading to the potential
for a combination of unwanted side effects. Progress in the
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therapy of pituitary tumors over the last few years includes
improved surgical technique and application of novel tech-
nology (e.g., endoscope and neuronavigation-assisted tech-
nique), which have led to increased totally resected tumor
rates (/). Radiosurgery for the treatment of pituitary ade-
nomas has the advantage of reducing the risk of central ner-
vous system damage caused by conventional radiotherapy
and is associated with high tumor control rate (2-5). Stud-
ies on novel drugs that decrease pituitary hormone hyper-
secretion and/or that lead to tumor shrinkage are also being
reported.

Dopamine agonists are the initial treatment choice for
prolactinomas as they usually lead to significant decrease
in tumor size and reversal of clinical abnormalities associ-
ated with high serum prolactin levels (6,7). Surgery is the
only viable therapeutic option for clinically non-function-
ing adenomas and is the mainstay of treatment for Cush-
ing’s disease. Primary medical therapy should not be con-
sidered for these pituitary tumor subtypes because currently
available drugs do not decrease tumor size or normalize
serum pituitary hormone levels (8). Treatment of acrome-
galy differs from the other pituitary tumor subtypes in that
the ideal therapeutic approach should be individualized.
Transsphenoidal surgery is considered the initial treatment
because it potentially leads to GH and insulin growth fac-
tor-I (IGF-I) normalization and reversal of tumor mass ef-
fects. However, 70% of GH-secreting tumors are large and
often invasive macroadenomas, and in these cases patients
are infrequently cured by surgery, and require medical treat-
ment. Several drugs, particularly somatostatin analogs, con-
trol hormone excess and contribute to decreased adenoma
size (9—12). Primary medical treatment can also be consid-
ered in some selected patients with acromegaly. A review
on medical therapy of GH-secreting adenomas is addressed
below, focusing on the newer drug compounds.

Acromegaly: Overview of Treatment Options

Elevated GH and IGF-I levels are associated with excess
mortality and morbidity (/3). High GH/IGF-I levels in acro-
megalic patients are related to a twofold increase in mortal-
ity rate when compared to the general population. Achieving
GH levels below 1-2 ng/mL and IGF-I values within the
normal range for the corresponding age and gender reverses
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the excessive mortality rate (/3). Uncontrolled acromegaly
is linked to increased prevalence of diabetes/glucose intol-
erance, hypertension, cardiovascular disease, sleep apnea,
and arthritis, and the occurrence of these complications de-
creases with control of GH/IGF-I levels (14). Of note, GH
should be suppressed to less than 1 pg/L after an oral glu-
cose load; however, when using recently developed highly
sensitive GH assays, the post-glucose cut-off value that most
accurately exemplifies biochemical control is 0.4 pug/L or
even lower (15-17).

Treatment options for acromegaly include transsphenoi-
dal adenoma resection, pharmacologic therapy with soma-
tostatin analogs, dopamine agonists and GH receptor antag-
onists, and various modes of radiation therapy. Surgery is
the first option of treatment and should be undertaken by an
experienced pituitary neurosurgeon. Treatment with somat-
ostatin analogs results in similar rates of GH/IGF-I control
in patients who have undergone surgery and in those receiv-
ing primary therapy (/1,12,18-22), but it represents an ex-
pensive life-long treatment. Therefore, the likelihood of sur-
gical success in an individual patient will determine the best
initial approach. Surgical excision rapidly alleviates symp-
toms and removes tumor mass, relieving optic tract pres-
sure effects and headache. Hence, surgery is mandatory in
the presence of progressive compressive central symptoms
including impaired visual fields related to optic tract pres-
sure effects, because immediate tumor decompression can-
not be ensured with other available therapeutic options. Using
more stringent criteria for disease control, approx 90% of
patients harboring microadenomas (<10 mm) successfully
achieved biochemical remission (23—27). When surgical
remission is achieved the chances of relapse during follow-
up are low, i.e., less than 10% (24,25,28). Unfortunately,
most tumors encountered at diagnosis are large macroade-
nomas, and less than 50% of patients harboring these large
adenomas achieve biochemical control (23,27). Recently,
Bourdelot et al. (29) reported a retrospective analysis of 83
consecutive patients who underwent surgery, observing that
high preoperative GH/IGF-I levels, young age, and adeno-
mas with diameter greater than 15 mm, infrasellar extension,
supresellar extension above the optic chiasm, or invasive-
ness (intracavernous extention) assessed by preoperative
imaging are predictors of poor surgical outcome. In patients
with uncontrolled hormone levels after surgery, medical
therapy with somatostatin analogs is the most effective
option, resulting in control of excess GH and/or IGF-I in
approx 75% of patients (18,19). Dopamine agonist, partic-
ularly cabergoline, GH receptor antagonist, and/or pitui-
tary radiotherapy are indicated after failure of somatostatin
analog therapy.

Given the overall modest results of surgery in the con-
trol of larger GH-secreting adenomas, medical agents have
emerged as an option for primary treatment. Clinical fea-
tures that should be taken into consideration for deciding
on primary medical therapy in acromegaly are summarized

in Table 1, and indications for primary medical therapy are
listed in Table 2.

Somatostatin Analogs

Somatostatin and its analogs act at four levels to target
disordered GH secretion: (a) suppression of GHRH secre-
tion from the hypothalamus and (b) of GH secretion from
the adenoma, thus indirectly suppressing IGF-I levels, (c)
decrease in GH binding to hepatocyte GH receptors and
inhibition of hepatic IGF-I synthesis, and (d) prevention of
continued pituitary adenoma growth (through apoptosis)
which may result in tumor volume reduction (30,31). These
actions result in clinical improvement in most patients in
whom somatostatin analogs are administered.

Table 3 summarizes studies that evaluated GH/IGF-11low-
ering effect of somatostatin analogs in patients who had not
been subjected to prior surgery or radiotherapy. GH was
lowered to safe levels in up to 80% and IGF-I levels were
normalized in up to 70% of patients. Although there are no
definitive predictors of biochemical responsiveness to soma-
tostatin analogs, some variables provide useful information.
Pretreatment GH levels greater than 50 mU/L (equivalent to
20-25 pg/L) are associated with the lowest chance of achiev-
ing normalized IGF-I levels (/0). Short-term responses may
also be helpful; Cozzi et al. (18) noted that patients who
ultimately achieved target GH and IGF-I levels had GH
levels below 5 pg/L after 3 mo and IGF-I levels below 550
pg/L after 6 mo of pharmacotherapy. Importantly, tachy-
phylaxis was not observed for long-acting octreotide-LAR
in several long-term studies using as long as 89 mo of treat-
ment (10,18,21).

A compilation of studies analyzing effects of somatosta-
tin analogs on regression of de novo pituitary adenomas has
recently been reported (/2). Results from 14 selected stud-
ies showed that 36.6% (155 of 424) of acromegalic patients
receiving primary therapy with somatostatin analogs dem-
onstrated a significant shrinkage in tumor size. The defini-
tion of “significant shrinkage” ranged from 10% to >45%.
Secondary therapy with octreotide LAR 1is associated with
lower odds of tumor shrinkage than primary octreotide (32).
The effect of somatostatin analogs on GH-secreting tumor
size is not predicted by biochemical parameters. The per-
centage change in tumor size does not correlate with per-
centage reduction in IGF-I or GH levels (9,20). There was
also no relationship between the size of the tumor and the
degree of tumor shrinkage, as significant tumor regression
was documented in both macro- and microadenomas (9,
20).Colaoetal. (11) reported thatin de novo patients decom-
pressive effect of octreotide LAR was progressive during
long-term treatment, although the most dramatic tumor re-
duction was observed at 3-mo follow-up (30% after 3 mo vs
8%, 19%, and 5% after 6, 12, and 24 mo, respectively).

The two commercially available somatostatin analogs,
octreotide and lanreotide, preferentially bind somatostatin
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Table 1
Deciding the Ideal Primary Therapy for Patients Harboring GH-Secreting Adenomas:
Factors to Consider When Choosing Between Surgery and Somatostatin Analogs
Transphenoidal surgery Long-acting somatostatin analogs
Cost One-time cost (when cure achieved) Life-long therapy

Recurrence rate
Side effects

Up to 10%

mortality <1%
Reversal of compressive effects

70-90% of microadenomas
<50% of macroadenomas
Avoid surgery if high risk

Biochemical control

Anesthetic/surgical risk
Patient preference

<10% morbidity (DI, CSF leak, meningitis,
severe sinusitis, hypopituitarism);

Tumor excision leads to immediate relief

of optic tract pressure and is mandatory
for progressive deterioration of visual fields.

Weigh up informed risks vs benefits

No tachyphylaxis reported
Transient GI symptoms 25%, asymptomatic
gallstones 15%

Some degree of tumor shrinkage occurs in
most patients; a decrease in volume >25
and >50% occurs in approx 50% and
approx 25% of patients, respectively.

50-80% overall

Weigh up informed risks vs benefits

DI, diabetes insipidus; CSF, cerebrospinal fluid.

Adapted from: Donangelo, I. and Melmed, S. (2005). In: Transsphenoidal surgery. Laws, E. R. and Lanzino, G. (eds.). Elsevier:

Philadelphia.

Table 2
Indications for Primary Medical Treatment
in GH-Secreting Pituitary Adenomas

* Poor likelihood of surgical cure
 Patient frailty

* Unacceptable anesthetic/surgical risk
* No compressive sellar features

* Patient declines surgery

Adapted from: Donangelo, I. and Melmed S. (2005). In: Trans-
sphenoidal surgery. Laws, E. R. and Lanzino, G. (eds.). Elsevier:
Philadelphia.

receptor (SSTR 2), and with lesser affinity SSTR3 and 5,
but not SSTR 1 and 4 (33). Most GH-secreting adenomas
express SSTR 2 and SSTR 5. Recently, Freda et al. (32)
performed a meta-analysis evaluating efficacy of long-act-
ing somatostatin analogs in acromegaly. Their study showed
that control of GH/IGF-I levels and tumor shrinkage was
attained in a greater proportion of patients treated with octre-
otide LAR than lanreotide SR. SOM230 is a newly devel-
oped multireceptor somatostatin analog with different bind-
ing affinity than octreotide and lanreotide. SOM230 binds
with high affinity to SSTR 1,2,3, and 5, but not to SSTR4.
SSTR4 is either not expressed, or expressed at very low
levels in the pituitary and pituitary adenomas; therefore,
SOM230 would be predicted to show a similar efficacy to
natural somatostatin (SRIF). In pituitary adenoma cultures,
this multireceptor ligand has shown equivalent inhibitory
effect on pituitary hormone secretion as SRIF and octreo-
tide (34). However, significant decreased GH secretion was
observed in more GH-secreting adenoma cultures treated
with SOM230 when compared to octreotide, suggesting that

SOM230 has the potential to increase the number of patients
with acromegaly that can be biochemically controlled (35).
A study that compared acute effects of SOM230 and octre-
otide in patients with acromegaly showed that the former
drug was more efficacious in suppressing GH than octreo-
tide in 3 of 12 patients, while in 8 patients, effects where sim-
ilar and in 1 patient octreotide was superior (36). Different
patterns of response likely reflect diverse density and/or
expression of tumor SSTR subtypes. The high affinity of
SOM230 on more SSTRs may in theory lead to an impor-
tant clinical role for this analog in managing patients with
GH-secreting adenomas resistant to octreotide. This ques-
tion, as well as whether SOM230 controls pituitary ade-
noma size, are currently being addressed in clinical studies.

Dopamine Agonists

Dopamine agonists are adjuvant options for treating GH-
secreting adenomas, particularly those that co-secrete PRL.
Abs et al. (37) reported that high doses of cabergoline re-
sulted in GH levels of <2 pg/L in 44% and normalization
of IGF-I levels in 35% of patients. Control rates increased
to >50% in patients with tumors secreting both GH and PRL.
Importantly, biochemical control was related to lower pre-
treatment hormonal levels, i.e., IGF-I1 < 750 pg/L. Addition
of dopamine agonist (mainly cabergoline) to long-acting
somatostatin analogs showed effectiveness in reducing GH/
IGF-I levels in resistant patients, even when pre-treatment
prolactin levels were within normal range (38,39). Bro-
mocriptine results in IGF-I normalization in only 10% of
patients (40), and is not generally recommended for the treat-
ment of this tumor subtype. In summary, cabergoline may
play an adjuvant role in the treatment of GH-secreting ade-
nomas. Since GH/IGF-I lowering effects and tumor shrink-
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age are not uniformly achieved, therapy with this compound
should be reserved for those patients with modest hormone
hypersecretion, provided that no tumor-compressive signs
are present.

GH Receptor Antagonist

GH receptor antagonist (GHRA), pegvisomant, directly
inhibits peripheral GH action. Unlike somatostatin analogs
and dopamine agonists that act centrally to inhibit tumor
GH secretion and tumor growth through somatotroph-cell
somatostatin and dopamine receptors, pegvisomant inter-
feres with functional dimerization of two GH receptor sub-
units inhibiting the signal for IGF-I production (41 ). Pegvi-
somant suppresses peripheral IGF-1 generation in almost all
patients harboring GH-secreting pituitary adenomas treated
for up to 18 mo. As IGF-I levels decrease to normal range
in 97% of the patients, GH levels increase approx twofold
during pegvisomant therapy (42,43). GH levels rise during
pegvisomant therapy partly because of the release from neg-
ative feedback caused by reduction in IGF-I levels and partly
because of the drug cross-reaction with GH assays. A con-
cern with prolonged pegvisomant therapy is pituitary tumor
growth, which was reported in 2 of 152 patients (42,43).
Therefore, it is recommended that patients receiving peg-
visomant should have periodic pituitary adenoma images.
Significant increase in serum liver enzyme concentration
was reported in <1% to 12% of patients (42—44), and for
this reason regular liver function testing is mandatory when
pegvisomant is used.

An important aspect of treatment with GHRA is that
IGF-I level becomes the only biochemical parameter of
disease activity and patients may become “GH-deficient.”
During pegvisomant therapy GH levels are not reliable, as
stated above. It is difficult to determine the normal IGF-I
levels for an individual patient, and it is well known that
adult patients with GH deficiency may have IGF-I levels
within the normal range (45). Moreover, adult GH defi-
ciency is clearly associated with increased cardiovascular
mortality (46). There is currently no clear way to detect
“overtreatment” of acromegaly when using pegvisomant.
Intuitively, it is advisable to aim for IGF-I levels within the
mid-normal range for age and sex.

Owing to potential side effects and high cost, pegvis-
omant is not currently recommended as a primary therapy
in patients with acromegaly (47,48). Results of long-term
follow-up studies should provide more detailed informa-
tion on unwanted side effects. Studies on pegvisomant show
higher rates of IGF-I normalization and superior improve-
ment of insulin resistance caused by high GH/IGF-I levels,
when compared to the results obtained with somatostatin
analogs (49-51). Conversely, therapy with somatostatin ana-
logs leads to decreased tumor size in approx 50% of patients,
does not cause major side effects, and has a lower cost than

GHRA. So what is the place of GHRA in the treatment algo-
rithm of acromegaly? The clearest indication for pegviso-
mant is in patients who do not attain biochemical control
with somatostatin analogs (44,47,52), as recently shown by
Feenstra et al. (52). In this open-label study, patients with
active acromegaly not controlled by somatostatin analog
therapy received a combination of pegvisomant and long-
acting somatostatin analog. Pegvisomant was administered
weekly, and the dose titrated until IGF-I levels were within
the normal range (or maximal dose reached). Of 19 patients
that completed 42 wk of therapy, 18 (95%) achieved nor-
mal IGF-I levels, suggesting that in patients whose IGF-I
concentrations cannot be controlled by monthly long-act-
ing somatostatin analog monotherapy, addition of weekly
pegvisomant may be effective. Importantly, no signs of
pituitary tumor growth was observed over the 6 mo of com-
bination therapy. A safety issue that remains to be clarified
is elevated liver transaminases seen in 38% (10 of 19) of
patients. Frequency of transaminase elevation with combi-
nation of pegvisomant and somatostin analogs is higher
than that reported for pegvisomant alone (42—44), and the
long-term safety of the combination therapy should be
ensured before its overt recommendation.

Somatostatin—-Dopamine Chimeric Ligand

Combined treatment of acromegaly with dopamine ago-
nists and somatostatin analogs reduces both GH and IGF-
I levels more effectively than treatment with either agonist
alone (38,39). Mechanisms by which combined somatosta-
tin—dopamine treatment enhances GH suppression remain
unclear, but molecular analysis has demonstrated heterod-
imerization of somatostatin and dopamine receptors, and
it is possible that effects of the combined treatment may
involve receptor dimerization and synergistic action (53).

Normal human pituitary and human GH-secreting pitu-
itary adenomas express both dopamine and somatostatin
receptors. Co-treatment of rat and human pituitary cells with
SSTR2 and dopamine receptor type 2 (DAR2) agonists pro-
duces GH suppression similar to (54) or greater (55) than
that produced by activation of either receptor alone. BIM-
23A387, a chimeric compound with potent binding to both
DAR2 and SSTR2, showed comparable or greater effec-
tiveness in suppressing GH secretion in human fetal pitu-
itary and GH-secreting adenoma cells compared to SSTR2
and DAR?2 agonists added in combination (54,55). DAR2
antagonist (sulpiride), but not SSTR2 antagonist (BIM-
23454) blocked BIM-23A387 GH suppression (55), sug-
gesting a functional interaction between both SSTR2 and
DAR?2 is required for the GH lowering effect of this chimeric
compound. Thus, BIM-23A387 represents a new drug that
may be useful in the treatment of patients with acromegaly
and hyperprolactinemia. Patients whose adenomas express
both SSTR2 and DAR?2 are especially suitable and should
benefit from this compound.
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Conclusion

Medical treatment of acromegaly has significantly im-
proved over the last years, essentially due to development
of molecules that target adenomatous GH cell actions. As
the knowledge on mechanisms of pituitary tumor initiation
and progression evolves, targeted therapy will advance and
hopefully safe options that fulfill goals of treatment will be
conceived.
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