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non-endocrine systems (1SH, perhaps PRL and gona-
dolropins, pancrestic and gastrointestinal hormencs,
growth factors, gastrointestinal exocrine secretions.
etc.) (14, 15) that cause several effects, not necessarily
untowird, needing further investigation. -

This multicenter octreotide study had the following
aims: to ascerlain the percentage of patients in whom
octreotide is ablg to reduce serum GH levels to less than
2.3 pg/l, clarifying the influence of previous. therapy

and other possible prognostic factors on drug respon-

siveness; 1o evaleale the octreotide effects on GII
abnormal responses; and to study octreotide ciiects on
PRL secretion and thyroid function.

Wiih respect to previous trials, particular atlention
was paid to the study of paiients not previously
submitled to pituilary radiotherapy, because irradia-
tion may affect GH secretion and decrease tumoral mass
for as long ag 10 or more years. In addition, becausc
diahetes meltilus, hypertension snd dyslipidemia are all
moere frequend tn acromepalic patients than in the
genera) populaiton and can worsen -morbidity and
mortality, the effects of octreotide theripy on these
conditions were investigated.

Patients and methods

A prospective, open label study was performed in 10
Italian centers after having being upproved by the local
ethic committecs. All the patients participating in the
study gave their inlormed wrillen consent,

Putients

Sixty-eight acromegalic patients (43 women and 25
men) 19-70 years old (mean +sp—459 4 12 years)
were mcluded in the study. All had dinically active
acromegaly documented by serum GH levels not sup-

© pressible below 2 pg/l after the oral glucose tolerance

tesi (OCIT) and elevated insulin Itke growth facior |
{ICP-T) levels.

Ywenty patients had not been treated previously, 10
had received only medical treatment with dopaminergic
drugs and 38 had been submitted to unsuccessful
beurosurgical removal of the GGH-secreting adenoma.
Ten patients were given posioperative radiotherapy
(40-60 Gy) followed by bromecriptine administration 3
months 1o 15 years (median: 3 years and 6 monthy)
before entering the study, while other 16 paticnis
bosloperatively received bromocriptine therapy that

. Waz discontinued at least 1 mouth prior to the start of
- the study.

Typical signs of acromepaly were present in all patients,
With regard 1o concomitant endocrine discases, 16

Patlents (24%) had diabetes mellitus, one had {1.5%)

hYDerthyroidism. four (6%) had hypothyroidism, two
(3%) hud adrenal failure and 51 (75%) had goiter.
Visual field examination was abnormal in 16 {23%) of

e Pilients, All patients underwent neuroradiological
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imaging of the hypothalamic—pituitary region: 48 by
computed tomography (CT) scan, nine by magnetic
resonance (MR) and 11 by both 1 séan. and MR. Forty-
one cxarninations (60%) were indicative of the presence
of a pituilary adenoma (14 microsdenomas and 27
macroadenomas). Among the 27 patients with no
radivlogical evidence of pituitary tumor, 20 were
previously operated on: and three showed an empty
sclla. Tt is likely thai in the four remaining pafients the
tumor was too small to be delected.

Pratocol

Octreotide was administered subcutancously at a dose
of 100 pg t.1d. for 1 year. Compliance was monitored by
comparing the number of vials dispensed with those
returncd. Doses could be adjusted to reduce side eflects
or to bnprove hormonal responses: owing to gaslro-
intestinal side effects, the daily doses were reduced to
100-200 pg in six patients temporarily (2 weeks), in
one case during the whole study period and in four after
the 4th month of therapy. A lemporary increase of the
dose and frequency of injections to 100 g g.id. was
performed in one case from the 5th to the 7ith month for
relieving severe headache, Because of insufficient
hormonal response, the dose was increased after the
4th month in 17 patients (1o 400 ug in three cases. (o
450 pg in four cases and to 600 ug per day in another
lour cascs).

Pretrcatment studics included the following tests: an
#-h saline infusion, with a light, standardized meal
given at 4h; a 4-h OGTT (75g orully); 'a TRH test
(200pg ivk and a GnRIT test (100 ug iv). Nuring
octreotide treatment, the patients were studied every 3
months. At 3 and 12 months an 8-h saline infusion,
with octreotide injection siven at time zero, was
performed, The OGTT was repealed after 6 months of
therupy and the TRH and GnRH tests were repeated
afler 9 months. The OGYT, TRH and GnRH tests were
administercd 2 h after the morning octreotide injection.
Blood was drawn: during saline infusion every hour for
serom GH measurement and every 30—60 minutes for
glucose and insulin assay; after glucose load cvery
30min for serum CGH, insulin and glucose determina-
tions; during the TRH iest at 0, 20, 30, 60, 120 and
180 min for GEL PRL, TSH, free s ({T3) and free Ty (IT,)
measurements; and during the GnRH test at 0, 20, 30
and -6(tmin for GH evaluation. Additionally, serum
levels of TGI-L, free Ty, free Ty, and 24-h urine frec
corlisol were also evaluated, Palients were considered
responsive to the TRTT and/or GnRIT tesi when a GH
Increase of at least 50% and higher than 6 pg/l over the
basul value was found, according to worldwide accepted
criteria {6). In 42 paticnis a follow-up study was
repeated 1 month after octreotide withdrawal,

Magnetic resonance or CT of the hypothalamic—
pituitary region with contrast medis were done at
baseline and after 12 months of treatment, Tumor
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Fig. 1 Mesn serum GH levels (4 sev) during an 8-y galine control
 before treatment and ducing chronic octreotide therupy in 30
geromegalic patienls who compleled 12 months of treatment.
Scruty GH concentrations at 3 months of thm‘apy were super-
anposable to those found at 12 months, '

submitted to other forms of therapy reached absolute
GH concentrations lower than untreated patients.

After 3 months of therapy the 1GF-1 levels normalized
in about 40% of patients (21/53), a pereentage thal
does not change when considering only non-irradiated
paticnts (19/48), The I0P-1 levels nocmalived in all the
paliciats with mean GH concentrations =5 2.5 pg/l and
in 10 out of 18 patients with serum GH levels belwaen
o 2.6 and 7.0pg/l. A positive correlaiion betwesn TGFT
and GH pereentage decrease was lound {(r=0.38,
L p < 0.01)

Effects on GH and TGF-T levels after 12 months of
therapy and during the follow-up

Filly patients completed the study and received oclreo-
tide therapy for 12 months. T these patients, mean GIT
levels were not significantly  different from  those
observed al 3 months (7059 vs 7.7+ 6.2 g/l
respectively) (Fig. 1), with @ percentage mean decrease
of 58 £ 33%. Mean GH concentrations lower than
2.5 pg/l were found in 20% of patients. ITowever, in
some patlients a further decrease in serum CH levels was
secn belween the 3rd and the 12th month; in
Pariicular, two patients who were unresponsive at the
3rd month showed a 50% decrease in scrum GH levels
atthe 12th month. On the contrary, one paticnt became
completely refractory.
As far as modifications of oclreotide doses are
© concerncd, a loss of cfficacy was ohserved in two of
the four patients who had @ reduced duily dose of
Joctreotide. Tn none of the nine cases in whom the daily
dose was increased (up o 600 jg/day) were serum GH
levels normalized (9.9 + 3.3 vs 8.6+ 3.5 ug/l; NS).
Another (wo patients discontinued the drug: one for
inefficacy und one due to non-compliance.
- ne month afler therapy withdrawal. mean serum
GHlevels returned to baseline in the majority of paticnis
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while 40% of irradiated patients and 25% of untreated
palients mainlained reduced GH concentrations {50-
85% of pretreatment levels); 14% of untreated paticnts
showed GIT concentrations 60.-120% higher than
baseline.

The mean IGF-I levels measured in 42 paticnts aler
12 months of therapy were not significanily different
from those found after 3 months. However, six palients
normalized the IGH-[ level between the 3rd and the 12th

- mionth of therapy, out of a total of 24 (57%) patients

with normal IGF-1 levels (three dropped out during the
same period).

Abnormal GII responses to TRH, GnRH and OGTT

Before slarting octreotide trestment. 35/65 patients
(54%) incressed serum GIT levels from 22.6 + 32 to
83.24 171 pg/l after TRII administration and 10/63
(16%) from 15217 to 40.8 L 22 ug/l after GnRH
administration. After @ months of therapy the abnormal
(GII responses to TRIY and CnRH were reduced [rom
54% to 24% and from 16% to 12%, respectively. The
I'RH test became negative in 17 oul of 28 retesied
patients, showing an abnormal GH increase belore
therapy (Fig. 2). Mean serum GH levels were slightly,
although notl significantly, lowered in 17 patients in
whom the abnormal response disuppesred, in com-
parison to 11 palients tn whom the response was
maintained (5.1 +6 vs 8.8 + 6.9 ug/l; p = 0.06). The
(GnRH test became negative in two our of eight retested
patients, although mean GII levels were still clevated.
Responsiveness to octreofide evaluated as percentage
mean GIT decrease after 3 months of therapy, was
581 27% and 67 L 18% in paticnts who at baseline
had shown a paradoxical GH incrcase afier TRH and
Cnlid, respectively, and 31 £ 27% and 32 £ 26%,
respectively, in patients who did nol. These differences
were not statistically significant.

- In 18 oul of 35 palients (57%) GH levels decreased to
less than 2 pe/l afler g glucose load. Fourteen of these
paticnis had reached mewn GH levels below 5 pug/l
during the 3-month evaluation.

Effects own tumor mass

Twenty-six patients with pituitary imaging pesitive for
tumeor (17 macroadenomas and nine microadenomas)
had a comparative CT' or MR study at 12 months. None
had received previous pituitary radiotherapy. Thirleen
(50%) of these patients showed a reduction of tumor mass:
in four cases the image of a microadénoma completely
disappeared; in three cases {(two macrosdenomags and
one microadenomas) the lumor shrinkage was greater
than 50% and in the remaining palienis (three macro-
adenomas and three microsdenomas) the tumor size
was reduced by T0-15%. In two cases with a decrease
lower than 20% # radiological examination performed
1 month after the withdrawal of octreotide therapy
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Fig. 4. ‘thyrotropin response (+so) to TRH before () and alter 9
maonths of octreotide therapy (M} in 32 acvomegalic patients, A
sigaificant reduction was seen during chronic therapy.

TRH-stimuluted TSI scoretion was scen at 9 months
(Fig. 4).

No significant modificalions of basal levels of 1, and
[fy, cvalualed every 3 months during therapy in 30
paticnts, were seen, Free T, and f1'; responses to TRII
was cvaluated only in 14 patients: a small, though not
signillcant, decrease.of IT, responsc was tound (47.5-1
142 vs 428 £ 11 3 pmol! lh'].).

Thyroid ultrasonography at haseline showed the
presence of goiter in 76% of patients: simple in 46% of
patients and mullinodular in 30% of paticnls. When
reinvestigated alier 12 months of therapy, six patients
(18%) showed a reduction in goiter size while cight
Patients (25%) showed an incrense in goiter size and/or
the appearance of new nodules. No correlation between
the modifications of thyroid size or morphology and

IGF-T/GH lcvels was found.

Effects on insulin and ghicose metabolism in non-
diabetic patients

Twenty acromegalic paticnts without overt diabetes
mellitus had hourly determinations of glucose and
msulin levels at baseline, 3 and 12 months, While no
modifications of fasting morning glucose concentra-
tions werc seen (4.88+0.5 4.724+0.6 and 4.77+
0.6 mmol/] respectively, at bascline, 3 and 12 maonthg),
a slight increase of both pre-prandial and post-prandial
ncan glucose levels reaching statisiical significunce at
3, but not at 12 months, was observed during octreotide
therapy (8-h AUC: 444+ 5, 47+ 4 and 454 1 5
mmol/1l 1h=", respectively). The increase in blood
glucose concentrations was accompanied by a signifi-
cant reduction in insulin levels (8-H AUC: 1643 4 1226
vs 1018 4 502 vs 975 L 466 pmoll *h?, respectively;
baseline vs 3 months, p = 0.0%; baseline va 12 months,
P 0.01; 3 vs 12 months, NS).
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As far as the responsc o the 0GT'l' is comcerned,
during treatment both the blood glucose peak at 2 h and
the ALIC were increascd in comparison wilh the baseline
test (glucose peak: 9.8+£2.8 vs 6.9+ 2.2mmol/,
p<(:01; AUC: 324+6 vs 26+5 8mmoll~ b~
p =2 0.01). Individual data showed a worsening of the
response in about one-third of paticnts (sccording 1o the
National Diabetes Data Group crilcria, eight previously
normal patients fullilled the criteria of impaired glucose

* tolerance, and scven patients the diabetes mellitus

classes), while a normalization of the IESPONSC wis seen
in lhree paticnts. In none of the patients was reactive
hypoglycemia seen. Tnsulin relesse after glucose load
was significanily reduced during octreolide therapy
with respect 1o baseline (1076 L 767 v 1765+
1348 pmol ="' h™ ' p = 0.07). Nao signilicant changes of
glycosylated hemoglobitt were observed during octreotide
therapy in the 34 palienls having the evaluation
performed (5.24 0.9 al baseline vs 51+ 1 1% at 12
months).

Effects on insulin and glucose metabolism in diabetic
puatients

Fifleen acromegalic: patients had non-insulin-dependent
dinbetes mellitus, while one had msulin-dependenl
diabetes mellitus before starting octreotide therapy. In
four of these patients a clear worscning of metabolic
control was ohserved: one required a threefold increase
in his daily insulin dosc, one had to be treated with
insulin therapy at high doses and two paticnis had
octreolide withdrawn because of worsening of serum
glucose levels. In contrasl, in two patients an improve-
ment was seen becuuse  glycosylated  hemoglobin
normalized without changing duily doses of oral
antidiabetic drugs and diet. Three dropped out for
unrelated reasons and in the remaining seven patients

Do signiticant modifications of carbohydrate control and

drug requirement were seen.

Lffects ont lipid metabolism

Meian serum total and LD cholesterol levels signifi-
cintly decressed after 3 months of octreotide treatment:
from 5.35 £ 1 to 4.88 £ 1T mmol/l (p < 0.05) and from
333+ 1102.71 L 0.9 mmaol/l (p < 0.05), respectively,
in 35 patients studicd. No further significant modifici-
tions of both paramelers were seen between 3 and 12
months of therapy. Meun IIDL cholesterol levels were
unaffected by octreotide trealment (pretreatment:
1.29 4+ 0.4 mmol/l: 3 months: 1.344 0.3 mmol/l; 12
months: 1,34 £+ 0.3 mmol/l). Individual data show that
22/35 patients had basal serum total cholesierol levels
=5 2mmol/l, which were normalized by Lreatment in
14 patients, remained unchanged in six and slightly
increased in two patients. As far as triglyceride levels
ure concerned, # slight but not significant decrease was
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It has been hypothesized that the magnitude of GH
reduction during octreotide therapy is dependent on

time (10, 13). This is not contirmed by our data. In fact,

apart from a few cxceptions, mean GH concentrations

- after 12 months of treaiment were fully comparable to

those found after 3 months, However, becausc previous
studics were carried out for 18—24 months, it cannot be
excluded that a longer course of therapy is NECessary
before obtaining a lurther reduction of GH levels. Tn one

case an escape from octreotide suppression was observed. -

at 12 months,

On the whole, TGF-I levels were normalized in 40% of
patients, It is worth mentioning that several paticnis
normalized their TGP-T levels in spite of the persistence of
pathological serum GH levels. This is in agreement with
previous studies (8, 9. 13, 16, 17) and supports the
hypothesis of & dircct elléct of octreotide on LGF-T
production, and IGL-1 binding protcins (18. 19). A
crucial issue is the relative importance of GH levels
below 2.5 pg/l with respect to normalized IC1-I levels
for clinical and lifespan benefits in acromegalic patients.
This point could be clarified only by specitic studies,

Our finding of a reduction of turmor size in 30% of 26
non-irradiated paticnis with identifisble tumor is in
agreement with  previous reports (7-14). Tn our
experience. microadenomas had a greater probability
0 be reduced than macroadenomas, which is at
varignce with previous observations (12). The degree
of reduction of the tumor volume did not correlate with
the magnitude of GIT suppression, as alecady abserved
by others (Y). In addition, no statistica] difference
between patients with or without GH reduction by
30% or more and with and without GH reduction to
below 25 pg/l was achicved. thus supgesting that the
control of GH secretion does not offer better chances for
a tumor lo shrink,

No signifieant modilications of cither basal or TRII-
siimulated PRL levels was seen in 34 normoprolucti-
hemic palients, conlirming that octreotide docs not act
on normal lactolroph cells. On the conlrary, a
significant. octreotide-induced reduction of basal PRL
levels was seen in hyperprolactinemic palieats, as
already described (12. 20, 21). Tt is widely recognized,
a3 also confirmed by our own data, that clevated PRL
levels in acromegalic patients maintain responsiveness
to TRH stimulus (22, 23), al variance with the high PRI,
levels of patients with pure PRI-secrciing adenomas in
whom a lack of effect of vetreotide was also described
(20). Following octreotide sdministration we obscrved a
significant reduction of PRT. response to TRH in the
hyperprolactinemic patients. These findings suggest
that octreotide is able fo suppress PRL release from
ixed GH- and PRL-secreting adenomas. This is in
agreernent with previous cbservations in palients In
whom the presence of mammaosomatotrophs cells has
been docurnented by in vitro studies of the tumor (20).

As far as the cffeets of octreotide on TSH secretion and
thyroid function are concerned, onr study confirms that

Octreotide in ocromegaly 437

basal serum TSI fT'; and [T, release are not modified by
chronic octreotide therapy, in agreement with previous
studies (9, 21, 24-26). A reduction in circulating total -
15 levels, suggesting a decreased periphéral conversion
of Ty to Ty, has heen described (24, 26). These
variations are probably very transttory (26), while our
first measuremenis of thyroid hormone levels were
performed after 3 months of treatment. We found a
significant reduction of TRH-stimulated TSH secretion
dlter 9 months of treatment. Blunting of TSH response
Lo TRI1 has been described previously after short-term
octreotide administration (23). ITowcver, these subile
octreotide-induced  alterations of the hypophyseal-
thyreid axis do not scem 1o provoke abnormalities in
thyrotd [unction.

~Goiler is far more frequent in acromegalic patients
than in normal subjects. Tn our series gotter was found
in 76% of patients, a percentage higher than reported
previously (27), This may result from either the high
prevalence of cndemic goiter in Ttaly or the use of
thyroid ultrasonography for diagnosis. Lhe results of
12-mouth octeeotide therapy on the goiter size and/or
the number or size of thyroid nodules show a greal
individual variability but, on the whole. no significant,
changes were observed. These results scems (o disprove
the role of IGF-T in the pathogenesis of poiter (28).

Octreotide treatment was very effeclive in improving
other sympioms typical of acromegaly. Rven if serum
GII levels were halved in only 60% of patients, hyper-
hidrosis, headache, faligue and paresthesias improved
in about 80% of paticnis, perhaps better reflecting the
effecl on tigsue LGE- levels, Hyperlension improved in
10 of patients. Only # few previous studics report on
scrumn lipid changes in acromegalic patients treated
with octreotide. A slight, but not significant, reduction
in serum cholesterol levels has already been described
(29). Tn our series the reduction of tolal and LDL
cholesterol was significant and a decrease in serum
triglycerides was observed in  hypertriglyceridemic
patients, in agreement with other reports (12, 29).
Owing to the tncreased prevalence of cardiovasculur
diseascs in acromegaly, the observed lipid changes ure
of particulur importance and deserve lurther investiga-
tion. In fact, although the explanation of the ohserved
changes could be parlly ascribed Lo a reduction of fat
absorption {12, 30}. it probably also involves other still
unknown efiects of octreotide.

In accordance with other studies we have at first
observed a high incidence of gastrointestinal com-
plaints, particularly diarrhea. but this tended 1o subside.
Aninitial lower dosage of octreotide, graduully increas-
ing to the full dose, or. allermatively, a temporary
reduction of the dosage might be usclul in order to
overcome the problem. In our serics, 9% of patients
showed cvidence of asymplomatic cholelithiasis before
entering the study. The observation is comparable (o
what is seen in non-acromegalic individuals in the
Ttalian population (31). Fowever, the presence of
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