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Abstract. The efficacy and safety of the long-acting repeatable formulation of octreotide (OCT-LAR) treatment in patients 
suffering from acromegaly was investigated retrospectively in Shizuoka prefecture, Japan.  Thirty patients (11 male, 19 
female; average age, 48.9 years old), 29 of whom had undergone transsphenoidal surgery previously, were treated with 
OCT-LAR.  OCT-LAR was injected i.m. every 4 weeks with an intended protocol of 20 mg over 24 months, however, 
46.7% of patients required the dose of OCT-LAR to be increased.  The final average dose of OCT-LAR was 25.0 ± 6.8 mg.  
Administering OCT-LAR significantly decreased serum GH and insulin-like growth factor 1 (IGF-1) levels (from 13.7 ± 
11.9 to 5.8 ± 7.3 µg/L and from 585 ± 263 to 339 ± 193.7 µg/L after 3 months, respectively).  Among patients treated with 
OCT-LAR, 56.7% expressed ≤2.5 µg/L serum GH and 53.3% displayed serum IGF-1 levels within the normal range, while 
36.7% met both criteria that indicated treatment success.  A sufficient outcome was achieved in 73.3% of patients when the 
rate of GH ≤2.5 µg/L or normalization of IGF-1 was accumulated.  OCT-LAR did not have a negative effect on glucose 
tolerance when hemoglobin A1c was used as a marker.  A gallbladder polyp was found only in 1 patient but it was uncertain 
whether OCT-LAR was involved in its development because the patient was not examined before OCT-LAR treatment.  
There were no abnormalities on liver function tests in any patients.  In conclusion, our results showed that OCT-LAR was 
safe and effective as a therapeutic option for Japanese patients with acromegaly in a postoperative setting, by controlling 
the disease activity.

Key words: Octreotide, Acromegaly, GH, Insulin-like growth factor 1
								        (Endocrine Journal 56: 1095-1101, 2009)

The majority of patients with acromegaly suf-
fer from pituitary adenoma, from which excessive se-
cretion of GH induces a high incidence of pathologi-

cal complications including maladaptive changes in 
the face and limbs, as well as diabetes mellitus, hy-
pertension, hyperlipidemia, arteriosclerosis, and car-
diovascular disorders [1].  According to a previous re-
port, acromegaly increased the rate of mortality, while 
the cumulative survival rate of untreated patients was 
<40% over the last 20 years [2].  Observing the re-
lationship between GH level and mortality, the 50% 
survival rate in three groups with GH levels of >5 μg/
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ment.  The details of previous treatment are summa-
rized in Table 1.  Four patients with diabetes mellitus 
were treated with sulfonylurea (n=1), nateglinide (n=1) 
or insulin (n=2).  Other than adjusting the dose of OCT-
LAR, the patient’s course of treatment was not altered 
during this study.  The study was approved by the eth-
ics committee of all participating hospitals and written 
consent regarding the use of data was obtained from all 
patients, in accordance with international guidelines for 
informed consent in clinical research. 

Treatment with OCT-LAR was started at 20 mg, in-
jected i.m. into the hip every 4 weeks for 24 months, 
after introducing OCT 200–300 µg s.c. for 2 weeks.  
The changes in serum GH and IGF-1 concentrations 
over this time course were determined.  To investigate 
the side effects of OCT-LAR treatment, liver function 
tests as well as hemoglobin A1c (HbA1c) levels were 
monitored every 3 months, combined with abdominal 
imaging tests (abdominal computed tomography or 
echography) performed every 12 months. 

For a single octreotide test, each patient was in-
jected s.c. with 100 µg octreotide, and blood samples 
were collected before and every hour after drug ad-
ministration for up to 6 h.  The percentage decrease in 
serum GH concentration was calculated using nadir 
GH after the single s.c. injection of octreotide or OCT-
LAR treatment. 

Serum GH and IGF-1 concentrations were determined 
by immunoradiometric assays (GH Kit Dai-ichi and 
IGF-1 IRMA Dai-ichi; TFB Inc., Japan, respectively). 

Assessment of biochemical response

Serum GH and IGF-1 were analyzed and deter-
mined at the clinical laboratories of each hospital.  
The biochemical results were categorized as follows: 
(1) success was achieved when serum GH was ≤2.5 

L, <5 μg/L, and <2 µg/L were reported to be approxi-
mately 2, 19 and 25 years, respectively [2].  Thus, the 
current objective in the treatment of acromegaly is to 
prevent the underlying pathogenic complications in-
duced by excessive GH secretion.  

In Japan, the diagnosis and treatment of acromeg-
aly is currently performed based upon the “Guideline 
for Diagnosis and Treatment of Acromegaly 2007”, 
with surgery, medical therapy and radiotherapy list-
ed as the treatments.  Surgery, usually transsphenoi-
dal surgery (TSS), is the predominant choice of initial 
therapy, however, somatostatin analogs, dopamine ag-
onists, or a GH receptor antagonist is also available for 
medical therapy. 

The long-acting repeatable (LAR) formulation was 
developed to enable long-term treatment with oct-
reotide acetate (OCT).  According to previous reports, 
the percentage of patients with acromegaly achieving 
GH ≤2.5 µg/L was 44–68%, and the efficacy rate of 
patients with normal IGF-1 levels was 34–70%, while 
the rate of patients with tumor shrinkage ranged be-
tween 72 and 88% after OCT-LAR treatment [3, 4]. 

However, few studies have investigated a large num-
ber of Japanese acromegaly patients treated with OCT-
LAR.  Therefore, we retrospectively investigated 30 
Japanese patients with acromegaly in order to deter-
mine the efficacy and safety of OCT-LAR treatment. 

Materials and Methods

Subjects and methods

The subjects enrolled in the current study had a def-
inite diagnosis of acromegaly or pituitary gigantism 
based on the “Guideline for Diagnosis and Treatment, 
2006”.  A total of 30 patients (11 men and 19 women; 
mean age, 48.9 years, age range, 19–75 years, at the 
beginning of OCT-LAR treatment) were analyzed ret-
rospectively.  All but 1 patient had undergone TSS pri-
or to treatment with OCT-LAR.  One patient received 
OCT-LAR treatment without TSS because she had to 
continue warfarin after Bentall surgery.  Twelve pa-
tients were treated with TSS alone before OCT-LAR 
treatment.  Radiosurgery was performed at least 3 years 
before OCT-LAR treatment.  Fifteen patients had been 
treated with bromocriptine (2.5–20 mg/day) before 
starting OCT-LAR.  One patient continued cabergoline 
(0.5 mg/week, p.o.) before and during OCT-LAR treat-

Table 1.  The previous treatments of patients with acromegaly 
in this study

previous treatment n
none 1
TSS alone 12
TSS + bromocriptine 10
TSS + cabergoline 1
TSS + RS 1
TSS + RS + bromocriptine 5
total 30

TSS; transsphenoidal surgery, RS; radiosurgery
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levels to within the age/gender-matched normal range 
in 53.3% (16/30) of patients, when each patient’s 
IGF-1 level was at its minimum (Fig. 2B).  A further 7 
patients showed that serum IGF-1 levels were reduced 
by ≥50% when compared with baseline, however 
their IGF-1 concentrations were not within the normal 
range (Table 2). 

A serum GH concentration of ≤2.5 µg/L was con-
sidered as the cut-off concentration at which the dis-
ease was controlled by drug therapy.  Based on this 
GH cut-off value, as well as normalized IGF-1 con-
centration, OCT-LAR successfully controlled the dis-
ease in 36.7% (11/30) of patients (Table 3).  In pa-
tients achieving only GH concentration of ≤2.5 µg/L 
or IGF-1 normalization, OCT-LAR treatment was con-

µg/L and IGF-1 was within the Japanese age/gender-
matched normal range; and (2) partial success was 
considered when only serum GH (≤2.5 µg/L) or IGF-1 
(within the Japanese age/gender-matched normal 
range) was observed. 

Statistical analysis

Changes in GH, IGF-1 and HbA1c levels over the 
time course were analyzed using one-way ANOVA 
with Dunnett’s analysis performed post hoc.  Values 
are expressed as mean ± SD, and P<0.05 was con-
sidered statistically significant.  All calculations were 
performed using Prism v. 4.0 (GraphPad Software 
Inc., San Diego, CA USA).

Results

Dose and duration of OCT-LAR treatment in this study

Twenty-six patients (87%) were treated for 24 
months, 3 patients for 18 months, and 1 patient for 12 
months.  The final doses of OCT-LAR injected by the 
end of the study were 10, 20, 30 and 40 mg, which were 
administered to 1, 15, 12 and 2 patients, respectively 
(mean dose 25.0 ± 6.8 mg). 

Effects of OCT-LAR on serum GH and IGF-1 levels

Serum GH levels were reduced significantly to 5.8 
± 7.3 µg/L after 3 months of OCT-LAR treatment 
compared with original baseline GH levels of 13.7 ± 
11.9 µg/L (Fig. 1A).  The reduction in GH levels was 
maintained for up to 24 months provided the OCT-
LAR treatment continued (Fig. 1A).  Serum IGF-1 
levels were reduced significantly from 585 ± 263.0 
µg/L (baseline) to 339 ± 193.7 µg/L  after 3 months of 
OCT-LAR treatment.  Again, patients maintained the 
reduced IGF-1 levels for up to 24 months, provided 
the OCT-LAR treatment continued (Fig. 1B).

Success rate of controlling serum IGF-1 and GH con-
centrations in patients treated with OCT-LAR

The age/gender-matched normal range of serum 
IGF-1 for each patient was calculated based upon the 
reference values proposed by Shimatsu et al. in 2007 
[5].  We found OCT-LAR treatment returned IGF-1 

Fig. 1. 	Changes in serum GH and IGF-1 concentrations after 
administration of OCT-LAR in patients with acromegaly. 

	 Each column represents the mean serum GH (panel A) 
and serum IGF-1 (panel B) levels and brackets indicate 
the SD. Statistical analysis was performed using one-way 
ANOVA followed by Dunnett’s test. *, P<0.001 vs. serum 
GH and IGF-1 levels immediately prior to administration 
of OCT-LAR.
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sidered a partial success (Table 3).  The rate of suc-
cess plus partial success was 73.3% (22/30).  In 14 pa-
tients, for whom the dose of OCT-LAR was increased 
from 20 to 30 mg, the success rate was increased from 
0% to 7.1% (1/14) and the partial success rate was in-
creased from 14.3% (2/14) to 35.7% (5/14).  In 2 pa-
tients, the dose of OCT-LAR was increased further 
from 30 to 40 mg.  There were no additional effects on 
GH or IGF-1. 

It was also investigated whether it was possible to 
predict the therapeutic effect of OCT-LAR by analyz-
ing the rate at which GH concentration was reduced 
following a single s.c. injection of OCT.  A weak but 
significant correlation was observed between GH re-
duction (%) after a single s.c. injection of OCT and 
that during OCT-LAR treatment (r2=0.38, P<0.05; 
Fig. 3). 

Adverse events

OCT-LAR treatment did not influence HbA1c lev-
els (from an initial 6.05 ± 1.20% to 5.82 ± 0.88% af-
ter 24 months, P>0.05).  This suggests that OCT-LAR 
treatment had a negligible effect on glucose toler-
ance (Fig. 4).  A gallbladder polyp was observed in 

Fig. 2. 	Changes in serum GH and IGF-1 concentrations in each 
patient with acromegaly after administration of OCT-
LAR. 

	 Each arrow indicates the change in GH (panel A) and 
IGF-1 (panel B) levels. Broken line in panel A indicates 
the serum GH level of 2.5 µg/L. Broken lines in panel B 
indicate the reference range of IGF-1 adjusted for age/
gender.

Table 2.  IGF-I reduction and normalization rate by OCT-LAR 
treatment in patients with acromegaly

n=30 ≥ 50% reduction < 50% reduction
Normalization 12 (40.0%) 4 (13.3%)
Non-normalization  7 (23.3%) 7 (23.3%)

Table. 3  Success rate of OCT-LAR treatment in patients with 
acromegaly 

Assessment n %
Success

GH≤2.5 µg/L and normal IGF-1 11 (2) 36.7

Partial success
GH≤2.5 µg/L and IGF-1 above normal 6 (4) 20
GH>2.5 µg/L and normal IGF-1 5 (2) 16.7

subtotal 11 (6) 36.7

Failure
GH>2.5 µg/L and IGF-1 above normal 8 (6) 26.7

total 30 (14) 100
The numeral in the parenthesis represents the number of patients 
who were increased the dose of OCT-LAR.

Fig. 3. 	Correlation between GH decrease (%) after a single s.c. 
injection of OCT and that during OCT-LAR treatment in 
patients with acromegaly. 
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sample of Japanese patients with acromegaly.  
For the treatment of acromegaly, it is essential to 

lower the serum concentrations of GH and IGF-1, as 
well as reduce the physical stress from the pituitary 
tumor [2, 16].  We found that serum levels of GH 
and IGF-1 were significantly lowered by administer-
ing OCT-LAR, and this attenuation in serum levels 
was maintained throughout the 24-month study pe-
riod, provided OCT-LAR treatment was continued.  
Although serum IGF-1 concentration was normal-
ized in 53.3% of patients, we found that the success 
rate, which met GH ≤2.5 µg/L and normal IGF-1, was 
36.7%.  However, 73.3% of patients were judged a 
success or partial success, which was consistent with a 
previous study [17]. 

The success rate calculated may seem relative-
ly low, however, the dose of OCT-LAR was only in-
creased in 14 patients (48.3%).  Only 1 patient ex-
hibited a treatment-related adverse event (biliary 
calculus/gallbladder polyp) during the treatment with 
OCT-LAR, and the elevation in dose may have been 
responsible for this.  A higher success rate in lower-
ing GH and IGF-1 levels might have been achieved if 
the dose of OCT-LAR had been increased, as previ-
ous studies have reported that concentrations of GH 
and IGF-1 are decreased in response to increasing the 
OCT-LAR dose to 30 mg or 40 mg, when the secre-
tion of GH and IGF-1 is not sufficiently suppressed 
with 20 mg [15, 18].  To obtain the true therapeutic ef-
fects of OCT-LAR, the expression of the somatostatin 
receptor subtypes 2 or 5 in the GH-producing pituitary 
adenoma is required [19].  A weak correlation was ev-
ident between the reduction in GH concentration in re-
sponse to OCT-LAR and that by s.c. injection of OCT 
at an early stage, which enables prediction of the ther-
apeutic effect of OCT-LAR. 

Diabetes mellitus is associated strongly with acro-
megaly, and it has been reported recently that changes 
in blood glucose levels in patients treated with OCT 
for 6 months are not significantly different from those 

1 patient 12 months after the introduction of OCT-
LAR, however, this patient had not undergone imag-
ing tests for abdominal complications before that time.  
Therefore, it is uncertain whether gallbladder polyp 
was caused by OCT-LAR.  No patients showed elevat-
ed liver function that exceeded their normal levels by 
2.5-fold (Table 4).

Discussion

Acromegaly is a rare disease that affects an estimat-
ed 4–7 per million persons every year [6] but its prev-
alence may be higher [7, 8].  The mortality rate for pa-
tients with acromegaly is high, even when treated by 
surgical intervention [9].  The primary treatment for 
acromegaly is surgical removal of the pituitary tumor, 
with drug therapy also employed when total removal 
of the tumor is not achieved because of its localization 
or size [1, 10].  Drug and additional therapeutic op-
tions include somatostatin analogs [3], dopaminergic 
agents [11], GH receptor antagonist that is capable of 
inhibiting the action of GH in the liver [12], and radio-
surgery [13].  Recently, OCT-LAR has been tried as 
an initial therapy in treating acromegaly, administered 
alone as the principal therapy or in conjunction with 
surgery [14, 15].  In Japan, OCT-LAR is a relatively 
new therapeutic option and few studies have reported 
its therapeutic effects in Japanese patients.  Therefore, 
in this study, we investigated the therapeutic and ad-
verse effects of OCT-LAR, using a relatively large 

Fig. 4. 	Changes in HbA1c levels after administration of OCT-
LAR in patients with acromegaly. 

	 Each column represents mean HbA1c levels and brackets 
indicate the SD. There were no significant changes in 
HbA1c during OCT-LAR treatment. Statistical analysis 
was performed using one-way ANOVA. 

Table 4. Biochemical results during OCT-LAR treatment in 
patients with acromegaly

normal range Pre Post
AST IU/L 10 40 17.6 ± 6.4 18.9 ± 5.7
ALT IU/L 5 - 40 19.6 ± 13.2 18.4 ± 9.7
Al-P IU/L 115 - 359 214.3 ± 64.3 191.5 ± 60.1

g-GTP IU/L
Male <70

24.0 ± 18.7 22.0 ± 11.0
Female <30
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ture of this study prevented collection of standardized 
data from all subjects.  OCT-LAR was found to lower 
GH and IGF-1 levels without influencing glucose tol-
erance, while the effect on tumor shrinkage has still to 
be investigated.  Further research, including a dose–
response study, is required to investigate the changes 
in biochemical markers, clinical symptoms and tumor 
volume in response to OCT-LAR in patients with ac-
romegaly. 

In conclusion, our results suggest that OCT-LAR is 
a beneficial and safe therapeutic option for Japanese 
patients with acromegaly, at least as adjuvant therapy 
after surgical treatment.  
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in patients treated with surgery [20].  We investigated 
whether OCT-LAR influenced glucose tolerance, using 
the changes in HbA1c as an index.  Overall, HbA1c 
was not elevated in patients treated with OCT-LAR un-
til 24 months after initial administration.  The soma-
tostatin analogue may have little influence in glucose 
tolerance because of its inhibitory effect on insulin se-
cretion [21].  The balance of improving insulin sensi-
tivity by lowering GH and decreasing insulin secretion 
in response to a somatostatin analogue has been sug-
gested to influence glucose tolerance in patients with 
acromegaly [22].  However, another study has reported 
that the treatment with octreotide for 2–3 weeks did not 
alter the response to the 75 g oral glucose tolerance test 
in Japanese patients with acromegaly [23].  Changes in 
ring size before and after administration of OCT-LAR 
were investigated in 7 patients; all of whom displayed 
reduced ring sizes (data not shown). 

Our results provided novel insight into the effica-
cy and safety of OCT-LAR, but the retrospective na-
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