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Abstract Background Acromegaly is a chronic disease
impacting on morbidity and mortality. Increased mortality
is reverted after the achievement of hormonal targets. The
relative role of treatment options is still matter of debate.
Methods A retrospective chart review was performed on all
the acromegalic patients attending our center along the last
20 years. Results Data about 159 patients (83 F) were
retrieved and analyzed: 18% had been lost to follow-up,
while follow-up was >5 years in 79%. Growth hormone
(GH) at diagnosis was 24 pg/L (median, range 3-239).
Pituitary MRI showed a macro-, micro-adenoma or no
lesion in 73.6, 22.9, and 3.5%, respectively. Hyperprolac-
tinemia (hyperPRL) was present in 20.8%. Ninety-six and
29 patients had been treated by neurosurgery (NS) and
irradiated (RT), respectively. Drugs had been employed in
149 patients (in 58 as the only treatment). At the last
evaluation, 22% of patients were cured (hypopituitarism
and GH deficiency in 6.3%), 37.1% were controlled by
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ongoing pharmacological treatment, 22.6% had discordant
GH and Insulin-like growth factor I (IGF-I) values, and
18.2% had still active disease (median follow-up in this last
group was 9 months). By evaluating the outcome with a
multimodal approach, safe GH and normal IGF-I had been
achieved in 78 and 63.5% of the whole series, 80.5 and
59.7% in patients submitted to NS (and adjuvantly treated
with drugs), 95.8 and 91.7% in those submitted to NS +
RT (and drugs as well), 70.2 and 55.2% in those treated
only with drugs (increased to 82.2 and 60.9% if consider-
ing only patients treated with modern long-acting drugs).
Hypopituitarism had occurred in 25, 66.6, and 13.8% in the
three groups, respectively. At multivariate analysis, previ-
ous RT and NS were significant positive predictors of cure,
whereas previous NS, follow-up, and year of diagnosis
were significant positive predictors of control. Diabetes
was a negative predictor both of cure and control. Sex, age,
baseline GH levels, hyperPRL, tumor size, extrasellar
extension, and invasiveness were not independent predic-
tors of either cure or control. Conclusion This series seems
to indicate that a multimodal approach can achieve control
of disease in most patients.
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Neurosurgery - Somatostatin analogs

Abbreviation

ACTH  Adrenocorticotropin

DA Dopamine agonist drugs
FN False negatives

FP False positives

GH Growth hormone

GHRH  GH-releasing hormone

GK Gamma-knife radio-surgery
IGF-1 Insulin-like growth factor I
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LAR Long-acting repeatable
LR Likelihood ratio

MRI Magnetic resonance imaging
NS Neurosurgery

OGTT  Oral glucose tolerance test
Postodd  Estimated post-test odd
Preodd  Estimated pre-test odd
PRL Prolactin

RT Radiotherapy

SA Somatostatin analogs

TN True negatives

TP True positives
Introduction

Acromegaly is an insidious chronic disease due to unre-
strained hypersecretion of growth hormone (GH) and
insulin-like growth factor I (IGF-I) [1]. It is associated with
reduced expectancy and quality of life, symptoms and signs
due to local expansion, and increased morbidity (arthrop-
athy, cardiovascular and respiratory disease, metabolic
derangement, likely increased oncological risk) [2, 3]. At
present, there is consensus about the targets that establish
the remission of the disease, i.e., GH levels below 1 pg/L
after glucose load, and normal age-matched IGF-I levels
[4]. In addition, epidemiological studies have shown that
the increased mortality associated with active acromegaly
is reverted to that of the normal population after decreasing
GH to below 2-2.5 pg/L and restoring IGF-I levels to
normal levels for sex- and age-matched controls, regardless
of the treatments employed [5-10]. Accordingly, these
targets are commonly used to assess good disease control.

At present three therapeutic options are available, neu-
rosurgery (NS), radiotherapy (RT), and pharmacotherapy,
whose relative role is still subject of active debate.

Aim of this study was to retrospectively review the
outcome of different treatments in a large series of acro-
megalic patients attending a single center over a large time
span.

Patients and methods
Methodology of data extraction and evaluation

A retrospective chart review was performed on all the
acromegalic patients attending our center since 1986 till the
end of 2006. Each patient diagnosed with acromegaly in
our hospital was identified and its history was retrospec-
tively retrieved from archive materials.
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Demographic data about population of our district were
collected at National Institute of Statistics (updated up to
January 1st 2005).

Diagnosis had been performed on the basis of clinical
picture, elevated GH levels not suppressible after an oral
glucose load (OGTT, with cut-off evolving through the
years according to literature data), and high IGF-I levels
(that were expressed as mass units and age-adjusted since
1994). A few patients were included regardless of inade-
quate baseline assessment (missing baseline GH-values or
neuroradiological evaluation in 18 and 14 patients,
respectively), because long-term follow-up confirmed
the diagnosis. In two cases acromegaly was diagnosed
after NS.

Diagnostic delay had been estimated, whenever possi-
ble, as the years elapsed between the onset of typical
symptoms and diagnosis of the disease, or after the
observation of serial pictures of the patient.

Patients were followed-up as in- or outpatients with
serial monitoring of clinics, hormonal values (at least
yearly) and imaging (at 2-3-year intervals). Patients were
regarded as lost to follow-up if more than 2 years had
elapsed since the last available control.

Hyperprolactinemia (hyperPRL) was arbitrarily defined
as the occurrence of serum prolactin (PRL) levels higher
than 30 pg/L regardless of gender.

Imaging had been performed by magnetic resonance
equipment (MR) since available, except when absolute
contraindications occurred. Due to different equipments
and operators involved throughout the years, as well as
poor availability of original images for revision, only data
at diagnosis were considered, whereas possible drug- or
radiation-induced tumor shrinkage could not be evaluated.
If a discrete lesion had been identified within the pituitary,
it was arbitrarily classified as micro-adenoma or macro-
adenoma, according to size less or greater than 10 mm,
respectively, otherwise imaging was classified as negative.
If an adenoma had been shown, it was arbitrarily defined as
intrasellar, extrasellar or invasive, if fully included within
the pituitary fossa, expanding outside it regardless of the
direction, or invading cavernous or sphenoid sinus,
respectively.

Visual disturbance was considered if objectively eval-
uvated by visual perimetry (by techniques evolving
throughout the years) or evoked potentials.

Arterial hypertension was defined as the use of anti-
hypertensive drugs or, in the last 3 years, when patholog-
ical results were obtained by the routinely performed
ambulatory blood pressure monitoring. Cardiopathy was
defined as the occurrence of any lesion (hypertrophy, or
dyskinesia, or valve alteration) at echocardiography that
was routinely performed at 1-2-year-intervals in all
patients, or when any documentation of hospital admission
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for cardiac failure, or coronary heart disease, or arrhythmia
was retrieved. Diabetes was defined as any treatment with
antidiabetic drugs or as the occurrence at least twice of
fasting glucose levels higher than 140 mg/dL. Impaired
glucose tolerance was defined as the occurrence of glucose
levels ranging 115-140 mg/dL when fasting and/or 140-
200 mg/dL at 120 min after OGTT. Dyslipidemias were
defined as the occurrence at least twice of cholesterol (total
or subfractions) or triglycerides levels out of reference
limits. Neuropathy was defined when any documentation of
previous surgery for carpal tunnel syndrome was retrieved
or as the occurrence of alterations at electromyography.
Goiter was defined as thyroid enlargement or multiple
nodules at ultrasound examination routinely performed in
all patients. Neoplasm was defined as any occurrence
(previous or ongoing) of tumors in whatever part of the
body. Sleepiness and snoring had not been routinely eval-
uated until the last 3 years and thus were not considered.

The outcome of NS was evaluated after at least 3, and 6—
12 months as for hormonal values and visual disturbances,
and imaging, respectively. Presurgical treatment was
defined as the administration of any drug aimed at sup-
pressing GH hypersecretion for any time before NS.

The outcome of RT was considered if patients were off
GH-suppressive treatment for an appropriate interval, i.e.,
1, 4, and 12 weeks for short-acting somatostatin analogs
(SA), dopamine agonists (DA) and Pegvisomant, and long-
acting SA, respectively.

Before starting pharmacological treatment, many patients
had been submitted as inpatients to the acute administration
of bromocriptine (2.5 mg orally) and/or octreotide (50 pg
subcutaneously) to select the drug to be employed thereaf-
ter. During both tests blood samples for GH assay had been
collected at h 7.00 and then hourly, up to h 20.00, and the
test drug had been administered at h 8.00. In each case the
lowest GH-value obtained after the drug administration had
been identified and expressed as percent change versus
baseline value. Patients had been then administered SA or
DA if GH suppression had been more pronounced or pro-
longed after octreotide or bromocriptine, respectively, or
both drugs if the response had been poor.

Data obtained in each patient during pharmacological
treatment, were divided, when appropriate, between those
achieved during primary pharmacologic treatments and
those obtained as adjuvant after previous ablative treat-
ments (NS and/or RT). The evaluation of results was
considered when samples had been collected just before the
next injection of long-acting drugs. Only the most recent
data obtained while on each treatment were considered for
the evaluation of drug efficacy, without any consideration
of the eventual progression of results during follow-up.
Compliance to pharmacological treatments could not be
objectively evaluated.

The most recent data obtained in each patient were
considered for cure/control. Patients were judged as cured
if IGF-I levels were within normal age-adjusted range and
GH levels were suppressed below 1 pg/L after OGTT,
without any GH-suppressing drug. Patients were consid-
ered controlled if IGF-I levels were within normal age-
adjusted range and GH levels (as the mean of at least
5 hourly samples after an overnight fast and rest, while
supine and awake, with an indwelling needle inserted in an
antecubital vein and kept patent by slow infusion of saline)
were below 2.5 pg/L. while on treatment with drugs aimed
at suppressing GH/IGF-I hypersecretion.

Hypopituitarism was defined as the need for substitutive
adrenal or thyroid treatment, evaluated on a clinical basis, as
well as after the finding of morning cortisol and free-thy-
roxine (assayed by validated standard methods, commonly
employed in our hospital, but changed throughout the years)
below reference limits. For the evaluation of adrenal func-
tion, the low-dose adrenocorticotropin (ACTH) test (1 pgiv)
was employed since 2 years in patients whose morning
cortisol was between 3 and 12 pg/dL (setting at 18 pg/dL
the cut-off for normal cortisol response) [11]. During the
preceding years ovine corticotropin-releasing hormone test
(100 pg iv) had been employed (setting at 15 pg/dL the cut-
off for normal cortisol response) [12] in the context of the
combined administration of multiple hypothalamic releasing
hormones, whose results are not shown here. Males were
classified as hypogonadal if testosterone levels were below
reference limits at least twice. Females were considered
eugonadal if normally cycling. Gonadotropins were not
routinely assayed in post-menopausal women. Worsening
hypopituitarism was defined as the need for a new replace-
ment therapy, without any consideration to dosage or
schedule changes.

Growth hormone deficiency was diagnosed, after full
and stable replacement of other pituitary deficiencies
(except estrogens in post-menopausal women), if low GH
levels did not increase above 9 pg/L after the administra-
tion of GHRH + Arginine (100 pg + 0.5 g/kg iv) [13].

Laboratory

Growth hormone had been assayed by different methods
throughout the years. In the last 2 years GH had been assayed
by chemiluminescence (DPC Immulite 2000, Los Angeles,
CA, USA), with standard calibrated against 1st IRP 80/505
(1 ng = 2.6 pIU), and a detection limit of 0.01 pg/L.
Insulin-like growth factor I had been assayed by dif-
ferent methods throughout the years always involving a
preliminary acid-ethanol extraction. In the last year IGF-I
had been assayed by chemiluminescence (DPC Immulite
2000), with standard calibrated against WHO NIBSC 1st
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IRR 87/518, and a detection limit of 20 pg/L. Normal
values (5th-95th percentiles) provided by the manufacturer
for IGF-I are 116-358, 117-329, 115-307, 109-284, 101-
267, 94-252, 87-238, 81-225, 75-212, 69-200, 64-188,
59-177, 55-166 pg/L in patients 21-25, 26-30, 31-35, 36—
40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-75,
76-80, 81-85 years old, respectively.

Statistics

Values are expressed as mean and standard deviation, or
proportions, unless otherwise stated.

Continuous data were analyzed by r-test for paired or
unpaired data, and Pearson correlation test.

Categorical data were analyzed by odds
Chi-square test or Fisher exact test, as appropriate.

Multivariate analysis was performed by logistic regres-
sion, setting as dependent variable the achievement of cure
or control and as independent: sex, age at diagnosis, year of
diagnosis, hyperPRL, basal GH levels, neuroradiological
features (micro, macro or negative), extrasellar extension
of the adenoma, invasiveness, diabetes mellitus, NS, RT,
follow-up. Stepwise forward analysis was employed to
establish rank of predictors.

All statistical tests (performed by Statwiew for
Windows 4.53, Abacus Concept Inc., Berkeley, CA, USA)
were two-tailed and values of p < 0.05 were considered
significant.

Estimated post-test Bayesian probability after acute tests
was calculated as:

ratio,

postodd
postodd + 1’

where postodd was estimated post-test odd.
Postodd was calculated as:

LR x preodd,

where LR was likelihood ratio and preodd estimated pre-
test odd.
LR was calculated as:

TP/(TP + FN)
FP/(FP + TN)’

where TP were true positives (responders to both the test
and the treatment), FN false negatives (responders to
treatment but not to the test), FP false positives (responders
to the test but not to treatment), and TN true negatives (not
responders to both).

Pre-odd was calculated as the percentage of estimated
prevalence of response to chronic administration of the
drug.
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Assuming 20% as the prevalence of positive response to
chronic treatment with DA, an arbitrary cut-off of 50%
decrease during acute bromocriptine test was compared
with an arbitrary chosen 50% decrease of GH values during
chronic DA treatment versus baseline. Assuming 50% as
the prevalence of positive response to chronic treatment
with SA, an arbitrary cut-off of 75% decrease during acute
octreotide test versus baseline was compared with the
achievement of safe GH-values during chronic SA treat-
ment. Only acute tests performed at baseline (without
considering those performed after NS) and only results of
primary treatment were included in this calculation, irre-
spective of the duration of treatments.

Results
Demographic and clinical data

Data about 159 patients were retrieved, 83 females and 76
males. Age at diagnosis was 16-77 years (median 44);
males were younger than females (data not shown).

Diagnostic delay, estimated in 54 patients (34%), was 1—
34 years (median 4), without any difference between
genders, or between patients diagnosed in recent years as
compared to older diagnosis (data not shown).

Patients had been followed-up for 12 + 7.9 years
(median 11, range 0.5-35) for a total of 1,794 patient-
years.

Twenty-nine patients (18%) had been lost to follow-up,
eight (5%) were dead and the others (77%) were still on
active follow-up. The cause of death was known in five
patients: cardiac failure in one (aged 72), neoplastic disease
in two (at 62 and 79 years), advanced age in two (at 83 and
90 years). A 37 year-old patient died for unknown reasons
1 week after NS (post-mortem examination had not dis-
closed any apparent cause).

Patients attending our center come from different
regions of our country. After discarding those coming from
other districts, as well as the deceased subjects and those
lost to follow-up, there are 82 patients living in our district
and actively followed-up. Since whole population is
1,022,428 inhabitants, the prevalence of the disease is 80.2
per million.

GH at diagnosis was 24 pg/L. (median, range 3-239)
without any gender difference, but with higher values in
younger patients (data not shown).

Pituitary MRI showed a macro-adenoma in 73.6%, a
micro-adenoma in 22.9%, and was negative in 3.5%. In
all these patients an extensive work-up had been per-
formed, including Octreoscan but not GHRH assay,
without finding the origin of GH/IGF-1 hypersecretion
(notwithstanding a follow-up lasting 6-30 years). Tumor
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had extrasellar expansion in 51% and was regarded as
invasive in 31.5%.

Visual disturbances were present at diagnosis in 13.2%
of patients.

Hyperprolactinemia occurred in 20.8% of patients,
without any gender difference.

Hypopituitarism was present at diagnosis in 18.2% of
patients, involving one or more axes (data not shown).

Hypertension, cardiopathy, glucose metabolism abnor-
malities, dyslipidemias, neuropathy, goiter, and tumors
were present in 42, 30, 57, 16, 37, 21 and 11% of patients,
respectively. Among the 18 patients affected by tumors,
neoplasm involved colon, breast, skin, kidney, thyroid,
lung, prostate, bladder, and larynx in 6 (four carcinomas
and two polyps), 3, 2, 2, 2, 2, 1, 1, 1, respectively. In one
patient three different neoplasms were subsequently diag-
nosed (kidney, colon, and lung).

Results of neurosurgery

Ninety-six patients (60.4% of the whole series) had
undergone NS for a total of 106 operations (eight patients
had been operated on twice and one three times). NS had
been performed via the transsphenoidal or trans-cranial
approach in 96 and 8 cases, respectively (in two cases this
information was not available). The endoscopic technique
for transsphenoidal surgery had been employed only once.
The neurosurgeon could not be identified in 29 interven-
tions, whereas operation had been performed by a single
operator in our two main reference centers in 16 and 49
cases, respectively, and in nine different centers of our
country in the other 15 cases.

The success rate in the whole series was 33.3% as for
disappearance of visual disturbances, and 18.9% as for the
achievement of target hormonal levels pointing to cure as
defined in the methods section. If only first interventions
via transsphenoidal approach were considered (n = 89),
success rate was 21.3%. Table 1 shows the impact of dif-
ferent parameters on surgical success rate.

Cure was never achieved by NS performed via the
transcranial approach, whereas it was achieved in only one
of ten reoperations.

Surgical success rate was not different in past versus
more recent years (data not shown).

Surgical cure had been achieved in 29% versus 9% of
patients operated on with or without medical pretreatment,

respectively (p = 0.03), but at multivariate analysis basal
GH level was the best (negative) predictor of surgical
success rate among all the above mentioned.

Among those treated with GH-suppressive treatment
both before and after non-curative NS, we identified a
small subset of 13 patients treated with the same drug and
the same follow-up. In these patients the second cycle of
pharmacologic treatment obtained safe GH and normal
IGF-I in 69 and 54%, respectively (vs. 7% and nil after the
first cycle).

Post-operative complications occurred in 25.5% of
interventions: hypopituitarism in 18%, water metabolism
disorders in 6.6%, cerebrospinal fluid leak in 3.8%,
bleeding requiring reoperation in one patient, and unex-
plained death on day 7 in one patient.

After a confirmed cure, relapse occurred in three
patients, after 6, 10, 10 years.

Results of radiotherapy

Among the 29 patients treated by RT (18.2% of the whole
series, administered as primary treatment in five patients),
22 had been submitted to conventional three-field frac-
tionated RT (46 Gy median, range 35-50), four to gamma-
knife radio-surgery (GK)(25 Gy margin dose), and three to
interstitial radiotherapy by implantation of radioactive
seeds loaded with *°Y.

The cumulative follow-up was 408 patient-years, but the
mean follow-up of the three techniques was very different,
being 15, 3, and 29 years, respectively.

Safe GH had been achieved in 50, 50, and 100%,
respectively, of the patients irradiated (RT) by the different
techniques, whereas the respective figures for IGF-I nor-
malization were 50, 33, and 66%.

Safe GH levels were achieved in 60 and 56.5% of
patients RT as primary or adjuvant treatment, respectively
(p = NS), whereas the respective figures for IGF-I nor-
malization were 40 and 56.5% (p = NS). Time to safe GH
was 27 years (median, range 11-28) and 3.5 years (0-27),
respectively.

Hypopituitarism (occurrence or worsening) had devel-
oped in 27.6% of patients (up to GH deficiency in 20.7%).

The information about withdrawal of GH-suppressive
treatment during the period of irradiation was available
only for patients submitted to GK, in whom it was routinely
performed.

Table 1 Surgical success rate

according to different P

Paramete.rs (oply first . Adenoma size Micro: 50% Macro: 15% Invasive: 9.4% 0.0028

intervention via transsphenoidal

approach) Basal GH levels (pg/L) <10: 29.4% 10-25: 31.6% >25: 17.5% 0.4
Neurosurgeon #1: 50% #2:25% Others: 23%; unspecified: 15% 0.11
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Results of pharmacological treatment

One hundred forty-nine patients (93.7% of the whole ser-
ies) had been treated with drugs aimed at suppressing GH/
IGF-I hypersecretion for a cumulative follow-up of 1,084
patient-years. Pharmacotherapy had been the only treat-
ment in 58 patients (36.5% of the whole series) with a
cumulative follow-up of 596 patient-years.

Dopamine agonist drugs

During 32 different and subsequent cycles DA had been
employed in 28 patients (11 females), as primary or adju-
vant treatment in 17 and 9 patients, respectively (in two
both as primary and adjuvant treatment), for a cumulative
follow-up of 91.8 patient-years. Employed molecules had
been bromocriptine, both in the oral (up to 30 mg/day for
3-360 months) and long-acting injectable (up to 100 mg/
month for 1-60 months) formulations, quinagolide (at
0.15 mg/day for 1 month), and cabergoline (at 0.5 mg/
week—0.25 mg/day for 2—48 months) in 15, 11, 1, and 4
patients, respectively.

Even though DA had obtained a significant decrease in
GH and IGF-I levels (from 10.9 pg/L. median, 3-178
range, to 6.2 (0.5-52) pg/L, p = 0.019, and from 673 + 219
to 514 + 248 ng/L, p = 0.032, respectively), safe GH had
been achieved only in 9/32 cycles (3/19 as primary treat-
ment) and normal IGF-I in only one adjuvant treatment.
Neither hyperPRL nor the response to the acute adminis-
tration of bromocriptine were predictive of the response to
chronic DA administration (data not shown).

Somatostatin analogs

During 234 different and subsequent cycles SA had been
employed in 128 patients (68 females), as primary or
adjuvant treatment in 71 and 37 patients, respectively (in
20 both as primary and adjuvant treatment), for a cumu-
lative follow-up of 750.3 patient-years. Employed
molecules were octreotide, both in the short acting sc (in 72
patients, 50 as primary treatment and 28 as adjuvant
treatment, up to 500 pg tid for 1-146 months) and in the
long-acting im (in 72 patients, 48 as primary treatment and
30 as adjuvant treatment, up to 30 mg/28 day for
1-162 months) formulations, and lanreotide SR, in the
different formulations of 30 mg (in 38 patients, 25 as pri-
mary treatment and 13 as adjuvant treatment, injected q
7-21 days for 3-60 months), 60 mg (in 22 patients, 14 as
primary treatment and ten as adjuvant treatment, injected q
28 days for 1-84 months), autogel (in 15 patients, 9 as
primary treatment and 7 as adjuvant treatment, 90-120 mg
injected q 28-56 days for 3-48 months). During SA
treatment GH declined from 7.8 (2-239) to 2.1
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(0.1-51) pg/L (p < 0.0001), reaching safe values in 52%,
and IGF-I from 592 + 264 to 351 + 197 ng/L (p < 0.0001),
reaching normal values in 35.5%. Table 2 shows results
obtained by SA. The horizontal reading of table (by lines)
shows that primary and adjuvant treatment achieved the same
results, on considering both the whole group and each single
molecule. On the other hand, the vertical reading (by col-
umns) shows that long-acting drugs obtained better results
than sc octreotide (p = 0.0001, 0.0007, and 0.0004 for safe
GH, normal IGF-I and both results, respectively).

The acute octreotide test was not predictive of response
to chronic treatment: positive predictive value, accuracy
and estimated post-test probability of a 75% decrease in
GH-value versus baseline after the acute octreotide
administration were 50, 55, and 38.4%, respectively, in the
whole SA series. Results were not improved if only
octreotide treatment was considered (data not shown).

Combined DA and SA

During 118 different and subsequent cycles combined DA
and SA had been employed in 61 patients (29 females), as
primary or adjuvant treatment in 25 and 14 patients,
respectively (in 22 both as primary and adjuvant treatment)
for a cumulative follow-up of 240 patient-years. Table 3
shows the efficacy of the different combinations.

Combined treatment obtained better results than SA
alone in 12 of 39 patients in whom a meaningful com-
parison could be performed (30.8%), whereas the opposite
was true in 6 and no difference was observed in the
remaining 21.

Pegvisomant

Pegvisomant had been used in three patients for 4, 6,
15 months at 10 mg/day, obtaining a striking suppression
of IGF-I levels (47, 54, 67% versus baseline), but achieving
normal levels in one patient only.

Results of multimodal therapy

In summary, 72 (45.3%), 24 (15.1%), 5 (3.1%), and 58
(36.5%) patients had been treated by NS, NS + RT, RT,
and drugs alone, respectively. Drugs had been employed as
adjuvant treatment in patients submitted to NS and/or RT,
if needed. At the last evaluation (Fig. 1), 35 patients were
cured (22%) (hypopituitarism and GH deficiency were
present in 10, 6.3%), 59 (37.1%) were controlled by
ongoing pharmacological treatment, 36 (22.6%) had dis-
cordant GH and IGF-I-values, and 29 (18.2%) had still
active disease (median follow-up in this group was
9 months).
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Table 2 Results of SA treatment
Drug n All OR PT versus AT

GH (%)* IGF-1 (%)° Both (%)° GH? IGF-I° Both®
All SA? 128 52.1 355 333 0.8 0.8 0.95
sc OC*® 78 34.6 20.5 17.9 0.73 1 1
OC LAR' 78 69.2 50 50 0.73 0.8 0.8
Lan 30 38 55.3 28.9 26.3 7 2 3.4
Lan 60" 24 41.7 45.8 37.5 2.3 0.75 1.75
Lan ATG' 16 62.5 37.5 37.5 0.13 0.36 0.36
All long-acting’ 156 60.9 429 41 0.85 0.78 0.96

OR odds ratio (ratio higher or lower than one points to better results obtained by primary or adjuvant treatment, respectively; confidence intervals
were not shown because always overlapping 1), PT primary treatment, AT adjuvant treatment

* Safe GH
® Normal age-adjusted IGF-1

c

Concomitant safe GH and normal age-adjusted IGF-I

4 All molecules

¢ Subcutaneous short-acting octreotide
T Octreotide LAR

€ Lanreotide 30 mg

" Lanreotide 60 mg

! Lanreotide Autogel

N long-acting molecules, i.e., octreotide LAR and all lanreotides

Table 3 Results of combined SA and DA treatment

Drug n GH (%)* IGF-I (%)° Both (%)°
All combinations* 118 339 20.3 17.8
Short SA-short DA® 31 29 12.9 9.7

Long SA—short DA® 35 40 28.6 25.7
Short SA-long DA® 26 0 0

Long SA-long DA" 26 57.7 385 34.6

* Safe GH

° Normal age-adjusted IGF-I

c

Concomitant safe GH and normal age-adjusted IGF-I

4" All combinations

¢ Short-acting SA and short-acting DA, such as sc octreotide and oral bromocriptine

f Long-acting SA and short-acting DA, such as octreotide LAR/lanreotide and oral bromocriptine

& Short-acting SA and long-acting DA, such as sc octreotide and bromocriptine LAR

h Long-acting SA and long-acting DA, such as octreotide LAR and cabergoline

By evaluating the outcome with a multimodal approach
(Fig. 2), we found that safe GH and normal IGF-I had been
achieved in 124 and 101 patients of the whole series (78
and 63.5%), in 58 and 43 patients submitted to NS (80.5
and 59.7%), in 23 and 22 of those submitted to NS + RT
(95.8 and 91.7%), in 41 and 32 of those treated only with
drugs (70.7 and 55.2%, increased to 82.6 and 60.9% if
considering only patients treated with modern long-acting
drugs) (drugs as adjuvant treatment if needed after NS and/
or RT). Hypopituitarism had occurred in 25, 66.6, and
13.8% in the three groups, respectively.

At multivariate analysis (Fig. 3), previous RT and NS
were significant positive predictors of cure (p = 0.0013 and
0.0041, respectively) (Fig. 3a), whereas follow-up, year of
diagnosis and previous NS were significant positive pre-
dictors of control (p = 0.0024, 0.0268, and 0.0297,
respectively) (Fig. 3b). Diabetes was a negative predictor
both of cure and control (p = 0.0084 and 0.01, respec-
tively). Sex, age, baseline GH levels, hyperPRL, tumor
size, extrasellar extension, and invasiveness were not
independent predictors either of cure or control (all
p > 0.05).

@ Springer



Pituitary (2008) 11:1-11

active
18% cured

16%

18%

pathologic IGF-1

and safe GH
controlled
37%

5%
normal IGF-1
and unsafe GH

Fig. 1 Proportion of patients of the series (n = 159) achieving
hormonal targets at the last evaluation
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Fig. 2 Safe GH (empty bars), normal IGF-1 (full bars) and both
targets (gray bars) obtained by different treatment modalities
(expressed as percentage of the total population in each group).
Drugs had been employed in all groups, but in groups II, III, and IV
they had been used as adjuvant treatment after NS and/or RT. In
group VI only results of modern long-acting drugs were considered

Discussion

We present here the outcome of different treatments in a
large series of acromegalic patients followed-up for more
than 20 years in the same center. This setting gave us the

Fig. 3 Multivariate analysis as (a)
for cure (on the left panel) or

control (on the right panel) of

the disease, defined as the

DM % »—li—=

opportunity to evaluate results obtained with constantly
shared criteria, even though updated according to literature
progress.

A few epidemiological observations deserve to be
underlined. Even though it must be stressed that diagnostic
delay is a rough estimation performed only in a few
patients, the lack of improvement throughout the years
suggests that acromegaly is still an underestimated disease.
The loss to follow-up is remarkably low in this series,
pointing to trust that patients give to health team, when it
satisfies their expectations in coping with such a multi-
faceted disease. Also deaths were few and occurred at
advanced age, in contrast to what reported in old epidem-
iologic series [2]. It seems thus that the advancement of
knowledge and care for this disease has a major impact at
least on survival.

Prevalence of disease is reported to be near 60 per
million [1]. In this series the calculated prevalence was
80.2 per million. It must be stressed that this figure might
be even underestimated, because it is likely that at least a
few patients missed our survey or were diagnosed and
followed-up in the nearby town of Milan. Our findings thus
point to a higher prevalence of acromegaly, as recently
suggested [14].

As for morbidity, hypertension, cardiopathy and glucose
metabolism alterations are largely prevalent and are well-
known to have a major impact on complications and sur-
vival. Owing to criteria used for diagnosis, may be that
prevalence of hypertension and diabetes in this series was
underestimated. Sleep apnea was not actively pursued by
us until recently, and thus was not diagnosed. On the
contrary, neuropathy was diagnosed in a large portion in
this series, mainly owing to our politics of extensive
searching for it. Neoplasms are still under discussion as
complications of the disease [3]. Most patients reported in
old studies died of cardiovascular diseases. Nowadays,

control
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with the large availability of effective therapeutic tools,
many patients survive long-term with well-controlled GH
hypersecretion, leaving thus room to the development of
neoplastic diseases, typically affecting older populations.
Organ distribution of neoplasms seems different in this
series as compared to that observed in general population
(as suggested by low rank of lung and prostate tumors,
contrary to what is commonly reported in general popula-
tion), calling for a specific role played by GH/IGF-I
hypersecretion [15].

As for therapeutic options, according to existing
guidelines, NS by transsphenoidal approach is usually
considered the first choice treatment [16]. However, neu-
rosurgical outcome depends mainly on three variables: the
size and invasiveness of the adenoma, GH levels, and the
expertise of neurosurgeon [17]. It is well-known that suc-
cess rate is higher than 75% in micro-adenomas, but drops
to near 50% in macro-adenomas (that are the vast majority
of acromegalic patients), and below 30% in invasive ade-
nomas [18]. The same authors showed that success rate was
higher than 85% in patients whose GH levels were below
10 pg/L, but fell to 67 and 51% when GH was 10-25 pg/L
or higher than 25 pg/L, respectively [18]. Surgical skill is
the last but not least factor impacting on surgical success
rate, as shown by the increase from 37 to 81% of success
rate when operations were performed by the same skilled
neurosurgeon as compared to results obtained by different
operators [19]. Surgical results in our series were very
poor, with a total success rate below 20%. Our results
reproduced the same rank according to adenoma size and
basal GH levels as those reported in main surgical series,
showing progressively worse results in micro-, macro-, and
invasive adenomas, as well as in patients with increasing
GH levels. Anyway, our success rate was worse in each
category, strengthening the belief that reported results
always reflect the best, whereas results in “normal” and
peripheral conditions rank worse. Moreover, a learning
curve does not seem to be involved, because more recent
results were not different from the oldest ones, as already
shown by the recent German series [17] reproducing the
same results as the oldest one [20]. In contrast with
recently reported data [21], surgical results in our series
were better in patients that had been pharmacologically
treated before surgery versus those directly operated on.
Since this was a retrospective study, we cannot rule out that
the latters had worse conditions prompting urgent inter-
vention and, furthermore, at multivariate analysis
pretreatment was not an independent predictor of surgical
success. In a small sample of our series we confirmed data
reported by Colao et al. [22], about better results obtained
by pharmacological treatment after surgical debulking
without cure. As a further caveat for surgery, in this series
we observed complications, mainly hypopituitarism, in a

quarter of patients, but also an unexplained post-operative
death and three long-term relapses.

A second therapeutic option is fractionated RT, bur-
dened by variable efficacy and severe delay, high
prevalence of hypopituitarism [23], increased cerebro-
vascular mortality [10, 24, 25] and the occurrence of sec-
ond neoplasm in central nervous system in previously RT
patients [26]. Even more recent and refined techniques,
allowing the delivery of a highly collimated dose in a
single session, do not seem to obtain better results after
4 years of follow-up [27, 28], and their long-term safety is
still unknown. In this series cure was obtained in nearly
half of RT patients (differences among techniques are to be
accounted for to the different lengths of follow-up), with
the burden of hypopituitarism in all, including GH defi-
ciency in many. As for safety, no secondary tumor was
disclosed up to now, whereas cerebro-vascular disease
(stroke or cognitive dysfunction) cannot be attributed to
previous RT in the individual patients, owing to their large
prevalence in elderly patients.

The third therapeutic option for acromegaly, pharma-
cotherapy, was employed at first to reduce GH/IGF-I
hypersecretion in patients unsuitable or unwilling to
undergo NS, or after its failure. Only recently, thanks to the
development of effective and long-lasting drugs, it has
been suggested as primary treatment at least in selected
cases.

DA are able to control hormonal hypersecretion only in
a minority of patients, with mild GH hypersecretion and
associated hyperPRL [29-31], as confirmed in this series.

SA represent now the milestone in the medical treatment
of acromegaly [32]. When used as long-acting formula-
tions, to be injected every 4 weeks, SA obtain control both
of GH/IGF-I hypersecretion in 50-70% of patients, and
tumor growth in all, shrink pituitary tumors by 20-70% of
baseline in 50-80% of patients, abate symptoms, stop or
revert progression of comorbidities in many [3, 33]. SA
were largely employed in this series, obtaining safe GH and
normal IGF-I in 52 and 35.5%, respectively, which even
increased to 60.9 and 42.9%, respectively, when using
long-acting analogs. These results may seem worse, at least
as for IGF-I levels, than those recently reported [34, 35],
but, on the one hand recently introduced IGF-I reference
values in our laboratory are much more restrictive than
previously reported, and, on the other, it is well-known that
compliance is optimal only during a controlled study. As
already reported [34-37], results of SA as primary or
adjuvant treatment were not different. In contrast to what
recently reported [38], but in agreement with others [39],
acute octreotide administration was useless in predicting
response to long-term treatment. Owing to the large prev-
alence of responsiveness to SA in acromegalic population
and the very little difference in post-test probability as
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compared to pre-test one, it seems thus better to evaluate
results of a short (3—6 months) treatment, that were con-
vincingly reported to predict reliably the results of chronic
treatment [34, 35].

Combined treatment with DA and SA obtained targets in
one-fifth of patients, with the proportion increasing to one-
third when only results of modern long-acting drugs of the
two classes were considered, in agreement with previously
reported results [40].

Pegvisomant, the first drug acting as an antagonist at the
level of GH receptor, obtains IGF-I normalization in over
90% of treated patients [41, 42]. However, many draw-
backs dampen still its generalization, such as the lack of
control on tumor volume, concern about liver toxicity, the
need for daily injections, and high cost. In this series it was
employed only marginally and its results are thus not fully
assessable.

At first sight NS, RT, and drugs obtained targets in 20,
50, and 50%, respectively. But if results of multimodal
therapy were considered, as reported in Figs. 1 and 2, far
better results were obtained, so that only 18% of patients
had still active full-blown disease (most after a short
follow-up). Since different GH assays with better and
better performance were used as they became available, a
word of caution is mandatory in the interpretation of
hormonal results analyzed retrospectively throughout such
a large span of years. Anyway, the portion of patients lost
to follow-up (or dead not in recent years) is really little, so
that we believe this caveat does not really affect our
results.

No gender difference was observed in results obtained in
our series, in apparent contrast with data previously
reported [43—46], but in this series we focused only on the
achievement of targets without considering subtle differ-
ences among subgroups whose meaning is only
pathophysiological.

In conclusion, it seems that an individually tailored
approach fully evaluating the disease, its extension and
complications in each patient can optimize results and
control complications.

Acknowledgments We are indebted to all the physicians and nurses
who took care of the patients throughout the years, as well as to all the
patients who trusted us and allowed us to get insight into the different
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