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Abstract Long-acting somatostatin analogs are fre-

quently used as adjuvant treatment of acromegaly patients

after noncurative surgery. This sudy aims to compare the

efficacy of octreotide long-acting release (OCT) and lan-

reotide Autogel (LAN) in acromegaly patients. Sixty-eight

patients not cured by transsphenoidal endoscopic or

microscopic pituitary surgery between 2003 and 2009 were

retrospectively analyzed (25 men; 43 women; mean age

41.1 ± 10.9 years [range 18–65 years]). The patients were

assigned randomly to OCT (n = 36) and LAN (n = 32)

groups. Evaluations included insulin-like growth factor I

(IGF-I) and growth hormone (GH) after oral glucose tol-

erance test (OGTT) 3, 6, 12 and 18 months after starting

medical treatment; pituitary magnetic resonance imaging

was performed before treatment and after 3 and 12 months.

Patients achieving IGF-I levels within the age and gender

normal range and GH level\1 lg/l following OGTT were

considered a ‘biochemical cure’. Mean IGF-I and GH val-

ues and tumor volumes (cm3) in the LAN and OCT groups

were similar in the post-operative period before initiation of

medical treatment. A statistically significant decrease in GH

and IGF-I levels was obtained for both treatment groups at

each follow-up visit compared to the previous value. Tumor

shrinkage after 12 months of treatment was statistically

significant in both groups but the percentage tumor

shrinkage (28.5% vs. 34.9%, P = 0.166) and rate of

patients achieving biochemical cure (63.9 and 78.1%,

P = 0.454) were similar between OCT and LAN groups,

respectively. OCT and LAN treatment options have similar

efficacy for ensuring biochemical cure and tumor shrinkage

in acromegaly patients who had noncurative surgery.
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Introduction

Acromegaly is a rare chronic disease. Primarily dependent

upon a pituitary adenoma that excretes excessive amounts

of growth hormone (GH), in very rare cases (\1%), it may

depend on the increase in growth hormone-releasing hor-

mone [1]. The increase in GH and insulin-like growth

factor I (IGF-I) levels that causes clinical acromegaly is

also responsible for the increase in morbidity and mortality

seen in acromegaly patients [2–5]. The increase in mor-

tality is related to the GH level, with GH levels \2.5 lg/l

associated with normal mortality and life expectancy [6, 7].

The basic target of acromegaly treatment is the total

resection of the tumor in the pituitary gland if possible and

prevention of its recurrence, thereby ensuring that GH

levels decrease to\1 lg/l (after glucose loading) and IGF-

I level return to the normal for age and gender [5].

Achieving hormonal control can result in reduction of

comorbidities such as cardiovascular, pulmonary and

metabolic diseases [8]. As the surgical resection of the

hypophyseal adenoma is relatively inexpensive and pro-

duces a rapid response, it is still the first choice in
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acromegaly treatment. But the cure rate is around 60–80%

when surgery is performed by experienced surgeons and

these rates decrease to 30–50% in cases of invasive tumors

and macroadenomas [9–12]. Consequently, even after

surgery, there is still a need for additional treatments like

somatostatin analogs (SSAs), dopamine agonists, GH

receptor antagonist and radiotherapy to normalize the GH

and IGF-I levels.

Growth hormone secreting pituitary gland adenomas

specifically express somatostatin (SST)-2 and SST5

receptors [13]. The SSAs octreotide and lanreotide, which

are used in routine practice, can inhibit GH secretion by

binding to these receptors [14]. Both medications inhibit

production of GH by the adenoma, increase the circulated

liver originated IGF-I, and normalize the IGF-I levels

peripherally by decreasing the gene transcription of IGF-I

[15]. Octreotide (OCT) long-acting release (LAR) and

lanreotide autogel (LAN) reduce GH levels to \2.5 lg/l

and normalize IGF-I in 70% of patients [16, 17]. In

unselected populations, this response rate may be lower;

reduction of GH to \2.5 lg/l and normalization of IGF-I

in 44 and 34% of patients, respectively [18]. In well

designed trials, OCT and LAN appear to be equivalent in

the control of symptoms and biochemical markers in

patients with acromegaly [19].

In this study, our aim was to compare the efficacy of the

long term SSAs OCT and LAN in acromegaly patients who

could not be cured by transsphenoidal surgery.

Methods and materials

Study design and patients

Acromegaly patients who were treated between 2003 and

2009 in our department were evaluated retrospectively.

Following surgery, patients that did not meet the cure

criteria based on hormonal and imaging evaluations in the

3 month post-operative phase and were randomized into

drug groups (OCT 20 mg/28 days, n = 36 and LAN

90 mg/28 days, n = 32). There were no switches between

OCT and LAN groups during the study. In patients who did

not achieve biochemical control at 6 months, the dosage

was increased to OCT 30 mg/28 days and LAN 120 mg/

28 days. All patients that required a second operation or

received additional medical treatment within 18 months of

the initial surgery were excluded from this report (i.e., are

not included among the 68 patients in this report).

The enrolled patients were evaluated for IGF-I and GH

after oral glucose tolerance test (OGTT) 3, 6, 12 and

18 months after starting medical treatment; pituitary

magnetic resonance imaging (MRI) was performed before

the treatment and after 3 and 12 months.

Cure and control criteria

The cure and control criteria were specified as fasting

GH \ 2.5 lg/l and GH \ 1 lg/l after an OGTT and IGF-I

in normal levels according to age and gender [20].

Laboratory assays

Serum GH levels were measured by immunoradiometric

assay (IRMA) using commercially available kits (hGH—

IRMA CT; RADIM, Roma, Italy). The sensitivity of the

assay was 0.04 lg/l. The calibrator was calibrated against

the WHO 80/505 International Standard preparation (1 ng

hGH = 2 lIU). The reference ranges of GH were 0–16 lg/

l for women and 0–8 lg/l for men. Serum IGF-I was

measured by a solid-phase, enzyme-labeled chemilumi-

nescent immunometric assay (Immulite IGF-I, Siemens

Medical Solutions Diagnostics, UK), using the IMMULITE

1000 System. In our laboratory, the reference ranges of

IGF-I in patients aged 21–25, 26–30, 31–35, 36–50, 51–60,

61–70, and [70 years were 116–358, 117–329,115–307,

94–284, 81–238, 69–212, and 55–188 lg/l, respectively.

The analytical sensitivity of the assay was 20 lg/l. Cali-

bration was up to 1,600 lg/l (WHO NIBSC 1st IRR

87/518). The within-run coefficients of variation were 3.1,

4.3 and 3.5% for the low, medium, and high points of the

standard curve, respectively. The total coefficients of vari-

ation were 6.1, 6.9, and 5.8% for the low, medium, and high

points of the standard curve, respectively.

Pituitary imaging

The MRI was performed at 1.5 T, in sagittal and coronal

planes with 2.5 mm slice thickness without interslice gap.

T1-weighted spin-echo images were acquired with repeti-

tion time (TR) of 500 ms and echo time (TE) of 15 ms and

pre- and post-contrast using 5 cc of gadolinium.

Results

A total of 68 acromegaly patients (25 men and 43 women;

mean age 41.1 ± 10.9 years [range 18–65 years]) were

included. In the LAN group, there were 32 patients (male/

female 14/18; mean age 39.3 ± 12.0 years) and in the

OCT group, there were 36 patients (male/female 11/25;

mean age 42.7 ± 9.6 years) (Table 1). There was no sig-

nificant difference between the gender and age distribution

of the groups (P = 0.191 and P = 0.193). Average IGF-I

and GH values and tumor volumes (cm3) of the patients in

the LAN and OCT groups were similar in the post-opera-

tive period before medical treatment (Table 1).
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In patients who did not achieve biochemical control at

6 months of treatment, the dosage was increased in 18/36

(50%) patients in the OCT group to 30 mg/28 days and

dosage was also increased in 18/32 (56%) LAN patients to

120 mg/28 days. Patients who did not achieve biochemical

cure under the highest dose of SSA within 18 months of

surgery were re-evaluated and three patients received addi-

tional growth hormone receptor antagonist (GHRA), five

patients received cabergoline and ten patients underwent

reoperation. A statistically significant decrease was obtained

for both OCT and LAN groups in GH and IGF-I levels at 3, 6,

12 and 18 months compared with the value at the previous

visit (P \ 0.001 for all) (Figs. 1 and 2). Mean decrease in GH

and IGF-I levels in the OCT and LAN groups at 18 months

were similar (OCT: 86.5 ± 81.4% vs. LAN: 94.6 ± 82.2%,

P = 0.754 and OCT: 54.2 ± 79.8% vs. LAN: 72.2 ±

44.9%, P = 0.383, for GH and IGF-I, respectively).

Maximum decrease in IGF-I level was between 3 and

6 months of treatment, with a mean decrease of 26.0 ±

26.8% and 25.8 ± 25.2% in the OCT and LAN groups,

respectively (Table 2; Fig. 1). Maximum decrease in GH

level in the OCT group was between 0 and 6 months of

treatment with a mean decrease of 33.4 ± 72.8%, and in the

LAN group with a mean decrease of 41.4 ± 71.2% (Table 2;

Fig. 2).

The difference between OCT and LAN groups in the

rate of patients achieving a biochemical cure after

18 months was not statistically significant (63.9 and

78.1%, P = 0.454; Table 3). When the cut-off point for

glucose GH suppression was selected as 0.4 lg/l, the bio-

chemical cure ratio of the OCT and LAN groups decreased,

but was similar between the groups 27.7% (n = 10) versus

31.3% (n = 10), respectively, P \ 0.05). In the OCT

group, the proportion of patients who had a high level of

IGF-I and GH decreased significantly after 6, 12 and

18 months of the treatment compared to baseline

(P \ 0.01; Table 3). Of the eight patients in the OCT

group who had normal GH but high IGF-I levels at

6 months, seven met the criteria for biochemical control by

12 months (Table 3). Of the three patients in the OCT

group with normal IGF-I but high GH levels at 6 months,

two had biochemical control by 18 months (Table 3). In

the LAN group, the proportion of patients who had a high

level of IGF-I and GH decreased significantly after 6, 12

and 18 months of the treatment compared to baseline

(P \ 0.001; Table 3). Of the four patients in the LAN

group who had normal GH but high IGF-I levels at

6 months, all met the criteria for biochemical control by

18 months (Table 3). Of the four patients in the LAN

group with normal IGF-I but high GH levels at 6 months,

all had biochemical control by 18 months (Table 3).

Table 1 Comparison of the

baseline characteristics of the

groups by GH levels, IGF-I

levels, and tumor volumes

LAN lanreotide autogel, OCT
octreotide long-acting release,

GH growth hormone, IGF-I
insulin-like growth factor I

Variables LAN (n = 32) OCT (n = 36) P

Age, years 39.3 ± 12.0 42.7 ± 9.6 0.193

Male/female, n 14/18 11/25 0.191

Diagnosis IGF-I, lg/l 1,019.6 ± 366.6 1,000.5 ± 362.1 0.922

Post-operative IGF-I, lg/l 729.0 ± 237.1 782.3 ± 392.3 0.815

Diagnosis GH, lg/l 21.8 ± 27.0 33.5 ± 37.4 0.077

Post-operative GH, lg/l 7.9 ± 7.0 8.5 ± 9.2 0.946

Diagnosis tumor volume, cm3 7.0 ± 13.8 6.2 ± 7.4 0.472

Post-operative tumor volume, cm3 2.0 ± 5.8 1.2 ± 2.9 0.731

Fig. 1 Decrease in IGF-I levels by treatment at each visit (P \ 0.001

for each visit)

Fig. 2 Decrease in GH levels by treatment at each visit (P \ 0.001

for each visit)
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Tumor shrinkage after 12 months of treatment was sta-

tistically significant (P \ 0.05) in both groups, and the

percentage tumor shrinkage was similar between OCT and

LAN groups (28.5% vs. 34.9%, P = 0.166).

Adverse events

The most common adverse events in both groups were

dyspeptic complaints, abdominal pain and local pain at the

injection site. In the LAN group, concomitant temporary

diarrhea was observed (Table 4). None of the patients had

significant changes in kidney function tests and blood

counts. Cholelithiasis was detected by ultrasound in four

patients (11.1%) in the OCT group and in three patients

(9.4%) in the LAN group. None of the patients needed a

cholecystectomy.

Discussion

In our retrospective study, we have determined that OCT

and LAN have similar efficacy in the medical treatment of

acromegaly patients for 18 months after noncurative sur-

gery. In the medical treatment of acromegaly, the aim is the

regression of IGF-I levels to normal levels according to age

and gender, the suppression of GH levels below 1 lg/l after

the OGTT, prevention and reduction of tumor growth and

continuation of the normal secretion of other pituitary

gland hormones [5, 21].

Nowadays, despite publications showing that SSAs can

be used as a primary treatment for acromegaly, trans-

sphenoidal pituitary gland surgery is still the first option.

Table 2 Percentage reduction in hormone levels from baseline by treatment at each visit (P values represent comparison between groups)

Month GH (% reduction) IGF-I (% reduction)

OCT LAN P OCT LAN P

0–3 months 15.4 ± 38.8 11.9 ± 56.7 0.960 9.5 ± 32.0 9.7 ± 34.8 0.902

0–6 months 33.4 ± 72.8 41.4 ± 71.2 0.373 35.4 ± 39.8 35.5 ± 38.2 0.883

3–6 months 18.4 ± 78.9 29.5 ± 35.0 0.466 26.0 ± 26.8 25.8 ± 25.2 0.987

0–12 months 63.6 ± 83.5 80.9 ± 67.2 0.303 40.2 ± 83.0 53.4 ± 48.6 0.597

6–12 months 30.5 ± 31.1 39.5 ± 30.5 0.233 14.8 ± 80.9 17.5 ± 32.5 0.397

0–18 months 86.5 ± 81.4 94.6 ± 82.2 0.754 54.2 ± 79.8 72.2 ± 44.9 0.383

12–18 months 22.7 ± 33.0 13.7 ± 36.8 0.291 13.9 ± 26.9 18.8 ± 32.2 0.498

LAN lanreotide autogel, OCT octreotide long-acting release, GH growth hormone, IGF-I insulin-like growth factor I

Table 3 Comparison of the groups according to biochemical cure at each visit (P values represent comparison between groups)

Month Medication High GH,

high IGF-I, n (%)

Normal GH,

normal IGF-I, n (%)

Normal GH,

high IGF-I, n (%)

High GH,

normal IGF-I, n (%)

P

Baseline Lanreotide 29 (90.6) 0 3 (9.4) 0 0.199

Octreotide 31 (86.1) 0 1 (2.8) 4 (11.1)

3 Lanreotide 28 (87.5) 1 (3.1) 3 (9.4) 0 0.183

Octreotide 30 (83.3) 1 (2.8) 1 (2.8) 4 (11.1)

6 Lanreotide 19 (59.4) 5 (15.6) 4 (12.5) 4 (12.5) 0.739

Octreotide 19 (52.8) 6 (16.7) 8 (22.2) 3 (8.3)

12 Lanreotide 8 (25.0) 17 (53.1) 5 (15.6) 2 (6.3) 0.152

Octreotide 16 (44.4) 16 (44.4) 1 (2.8) 3 (8.3)

18 Lanreotide 7 (21.9) 25 (78.1) 0 0 0.454

Octreotide 11 (30.6) 23 (63.9) 1 (2.8) 1 (2.8)

GH growth hormone, IGF-I insulin-like growth factor I

Table 4 Common side effects

OCT (n = 36) LAN (n = 32)

Erythema 1 1

Local pain 5 3

Swelling 3 3

Temporary diarrhea 1 5

Nausea 2 3

Abdominal pain 1 1

Abdominal discomfort 4 4

Cholelithiasis 4 3

LAN lanreotide autogel, OCT octreotide long-acting release
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However, the surgical cure rate by experienced surgeons is

around 80% for microadenomas and these rates decrease to

20–40% in macroadenomas [10–12]. In patients who are

not cured by surgery, the first treatment option after surgery

is long-acting forms of SSAs. The other medical treatment

options are dopamine agonists and GH receptor antago-

nists, which are currently used in patients who cannot be

cured effectively by SSA treatment [22]. There are studies

comparing the two SSAs in the literature [23–27]. In a

meta-analysis evaluating these studies, OCT LAR was

found to be more effective compared with LAN sustained

release (SR) in normalizing IGF-I levels according to age

and gender and suppressing the GH levels [28]. Similarly,

in a study conducted with 50 patients, GH levels were

normalized in 64% of patients and IGF-I was normalized in

52% of patients with OCT, and GH levels were normalized

in 48% of patients and IGF-I was normalized in 52% of

patients with LAN [29].

In contrast, an evaluation performed in a group of 44

patients showed that with OCT treatment, the normaliza-

tion of GH levels was 40% and of IGF-I was 35%, whereas

LAN treatment resulted in normalization in 56 and 39%,

respectively [30]. Similarly, in a small study of 22 patients,

both OCT and LAN showed 50% suppression in GH levels

and the IGF-I was normalized in 50 with OCT and 60%

with LAN [31]. To our knowledge, our study is the largest

study in the literature that compares both long-acting SSAs

in the post-operative setting.

In addition, in the literature, the criteria to normalize GH

levels have generally been accepted as suppression under

2.5 lg/l but we defined GH level normalization as sup-

pression under 1 lg/l in the OGTT-GH suppression test. In

our study, 70.2% GH level suppression and 55.5% IGF-I

normalization was achieved with OCT and 74.6% GH

suppression and 60.3% IGF-I normalization was achieved

with LAN. The difference between the efficacies of the

medications was not significant.

There is a correlation between GH plasma levels and

mortality and morbidity in acromegaly patients. Thus, the

suppression of GH levels is very important. But the exact

level at which the GH must be suppressed is still debated.

In a consensus document published in 2000, it was

accepted that the life expectancy of acromegaly patients

could be the same as the general population in cases where

the GH level is suppressed under\0.38 lg/l and the IGF-I

level is normalized according to age and gender as bio-

chemical cure criteria [20]. However, in several studies, it

was specified that mortality can be decreased at GH levels

\1.92 lg/l or \0.96 lg/l and life expectancy of acro-

megaly patients can be the same as the general population

[32, 33]. According to the acromegaly guidelines published

in 2009, biochemical control is generally defined as a

normal IGF-I for age and gender and a GH level\1.0 lg/l

during an OGTT [5]. The cut-off value for GH used within

each individual centre depends upon the reliability of the

assay used and the ability of the laboratory to provide

normative data with very high sensitivity assays. Using

sensitive assays, a GH level\0.4 lg/l would be consistent

with remission [5].

Accepting the suppression of GH \1 lg/l as a bio-

chemical cure criteria, the rate in this study was 70.2% in

the OCT group and 74.6% in the LAN group after

18 months. However, if we accept the cut-off value as

\0.4 lg/l, the control rate determined in the OCT group

was 27.7% and in the LAN group was 31.3%. Our study

showed that both SSAs have a similar biochemical cure

rate regardless of the cut-off value used. But in studies with

acromegaly patients conducted with long-term follow-up

periods, it is necessary to determine the value at which the

GH suppression can be accepted as being a normal value.

Basically, to determine a cut-off value that can be used for

all patients for suppression is methodologically difficult.

Many factors such as race, age, hereditary characteristics,

and existence of systemic concomitant atherosclerosis,

diabetes mellitus, hypertension, or obesity complicate

evaluations of the determinants of mortality and morbidity

in acromegaly. As there is not an objective method to

evaluate the reason for morbidity or mortality, the most

realistic approach is to use individual cut-off values for GH

normalization. However, we recognize that this is difficult

to execute.

In the literature, it has been determined that the maxi-

mum effect of treatment appears after 3–6 months with

SSA treatment [28]. In our study, we found that the max-

imum effect of OCT and LAN treatment on GH levels

appeared 3–6 months after initiation. However, the maxi-

mum effect of OCT and LAN treatment on IGF-I levels

appeared 6–12 months after initiation of treatment. Mean

decrease in both GH and IGF levels were higher in LAN

group than OCT group at the end of the 18-month follow-

up period, but the difference did not achieved statistical

significance.

In the follow-up period, there were some discrepancies

in GH and IGF-I values in eleven patients in the OCT

group and eight patients in the LAN group. However, at the

end of the 18-month treatment period, control was achieved

for these patients except two in the OCT group. The dis-

crepancy seen in our study was also seen in previous

studies [34]. The reason for this discrepancy may be caused

by the effects of SSAs, which are slower to affect IGF-I

level than they are the GH level and it is anticipated that

the discrepancy will be normalized in long-term follow-up

[35]. Both analogs not only inhibit GH produced by ade-

nomas and increase the circulated liver originated IGF-I,

they also normalize the IGF-I level with peripheral effect

by decreasing the gene transcription of IGF-I after binding
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to the somatostatin receptor (SSTR) [15]. Consequently,

the IGF-I levels can be normalized earlier than GH levels.

When both SSAs were evaluated for tumor reducing

effect after 1 year, a significant reduction in the tumor

volume was seen. Mean percentage tumor shrinkage was

similar in the OCT and LAN groups (28.5 and 34.9%,

respectively). Similarly, the tumor reducing effect of OCT

treatment in the post-operative phase was reported as

between 17 and 43% in another study and tumor shrinkage

over 80% in de novo patients has been reported [28]. Post-

operative OCT treatment has been shown to reduce base-

line tumor volume by 68% in average in 52% of patients

[36]. Lanreotide SR 30 mg has been shown to shrink tumor

volume by 26% while 60 mg has been shown to shrink

tumor volume by 39% [37]. It has been shown that the

tumor shrinkage effect of LAN increased with prolongation

of the treatment [37]. In a study conducted with 26 newly

diagnosed acromegaly patients, it was reported that 20 of

the 26 patients had tumor shrinkage over 25% with LAN

120 mg at the end of 12 months of treatment [38].

In our study, we did not determine a correlation between

tumor shrinkage effect and biochemical cure. It has been

reported that the significant tumor shrinkage effect of SSAs

is not related to control of GH secretion [23]. The inde-

pendency of the tumoral and biochemical effects may be a

result of the different receptor combinations of the tumor

tissues. It is considered that the antitumor effect is achieved

by suppression of the cell cycle with the activation of

SSTR1, SSTR2, SSTR3, SSTR4 and SSTR5. In particular,

SSTR3 and SSTR2 are the receptor types related to

apoptosis. While GH-secreting adenomas express 77%

SSTR2, they also express 69% SSTR1 and SSTR3, and

60% SSTR5 [6]. The tumor shrinkage effect and GH

control effect of SSAs are correlated with SSTR2 expres-

sion [39].

In our study, the adverse event profile for both groups

was similar. The patients experienced diarrhea, abdominal

pain and pain in the local injection site most frequently.

Formation of asymptomatic bile stones can be seen in

approximately 30% of acromegaly patients in the first

2 years of treatment, which, in rare cases, can require

cholecystectomy [37]. In our study, the formation of bile

stones occurred in 11.1% of patients in the OCT group and

9.4% of patients in the LAN group. The formation of bile

stones with SSA use can be influenced by different factors

such as geographical, dietary, environmental and ethnic

factors. SSAs cause the formation of bile stones by

increasing the biliary and intestinal production of deoxy-

cholic acid, the inhibition of prokinetic peptides including

cholecystokinin, inhibition of intestinal motility and

excretion of the gall bladder [6].

In conclusion, our study showed that OCT and LAN

have equal efficacy in terms of biochemical cure and tumor

shrinkage in the medical treatment of acromegaly patients

after transsphenoidal surgery.
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7. Kauppinen-Mäkelin R, Sane T, Reunanen A, Välimäki MJ,
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