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Introduction
Acromegaly is a chronic disease associated with somatic and met-
abolic effects due to long-term exposure to increased growth hor-
mone (GH) and insulin like growth factor 1 (IGF-I) levels. The prev-
alence and annual incidence of acromegaly was previously report-
ed as 60/1 000 000 and 3.3/1 000 000, respectively [1]. However 
recent studies have revealed higher incidence and prevalence rates 
(11/1 000 000/year and 130/1 000 000, respectively) [2–4]. The 
excess production of GH is due to a pituitary adenoma in more than 
95 % of acromegaly cases and the tumor is defined as a macroade-

noma in approximately 75 % of patients. Approximately 30 % of 
these patients present with hyperprolactinemia caused either by 
prolactin co-secretion or presence of stalk compression due to the 
pituitary adenoma [5].

The mortality rate in patients with acromegaly is 2–3 times 
higher compared to the general population with a similar age and 
sex distribution. The most common causes of mortality are report-
ed as cardiovascular, cerebrovascular, respiratory diseases, and ma-
lignancies [6]. However later studies have demonstrated a reduc-
tion in mortality rates with successful clinical control [7] and it has 
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Abstra ct

The aim of this study was to evaluate the efficacy of cabergoline 
in normalizing plasma IGF-I levels in acromegaly patients with 
elevated IGF-I levels after surgery and/or SRL therapy. Acro-
megaly patients (n: 143) were evaluated retrospectively. Pa-
tients with elevated IGF-I levels after surgery and/or SRLs ther-
apy and a fixed dose of SRLs treatment for the last six months 
with no history of radiotherapy in the last three years were in-
cluded in the study (n: 12). Previous treatment regimens, base-
line PRL and IGF-I levels (ULNR), sella MRI, and immunohisto-
chemical findings were evaluated. Cabergoline was used as an 
add on (n: 11) or single medical treatment (n: 1). The median 
duration of treatment with SRL alone was 12 months (range 
6–48 months). The mean IGF-I value before cabergoline ther-
apy was 1.45 ± 0.4 ULNR. The mean cabergoline dose and du-
ration of treatment were 1.55 ± 0.75 mg/week and 9 ± 6.3 
months, respectively. IGF-I normalization was only achieved in 
patients with serum IGF-I concentration < 1.5 × ULNR before the 
onset of cabergoline treatment (n: 9). In some of the patients 
with IGF-I normalization, baseline prolactin levels were normal 
(n: 3). Immunopositivity for prolactin in adenoma tissue was 
found in three patients with IGF-I normalization. Cabergoline 
therapy is effective in the normalization of IGF-I levels even in 
normoprolactinemic acromegaly patients when IGF-I levels are 
mildly or moderately elevated during SRL therapy.
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been shown that reduction of GH/IGF-I levels to the normal range 
is associated with a reversal of mortality rates in acromegaly pa-
tients to a similar ratio expected for the general population. Nev-
ertheless, the cut off value for GH/IGF-I levels at which the risk re-
turns to normal is controversial [8]. Normalization of IGF-I is also a 
very important indicator in disease control and reduction of dis-
ease-related comorbidities [9]. Treatment targets are normaliza-
tion of GH and IGF-I levels, control of the tumor mass, reduction of 
mortality, management of comorbidities, preservation of pituitary 
function, and attenuation of symptoms [10].

Treatment options for acromegaly include surgery, medical ther-
apy, and radiotherapy (RT). Transsphenoidal pituitary surgery is the 
preferred first-line treatment. Unfortunately, remission may not be 
achieved in approximately 25 % of patients with microadenomas and 
in 40–60 % of patients with macroadenomas [11]. These patients re-
quire adjuvant medical treatment and/or RT. The first-line drugs in 
medical therapy are first generation somatostatin receptors ligands 
(SRLs); octreotide (OCT) and lanreotide (LAN) [10]. The biochemical 
control rates with first generation SRL octreotide extended release 
(OCT-LAR) and lanreotide autogel are approximately 55 % [12]. How-
ever, the effectiveness varies from 25 % to 70 % in different studies 
and features regarding age, sex, baseline GH and IGF-I levels, tumor 
volume, somatostatin receptor (SSTR) expression and subtypes 
(SSTR2, SSTR5), dopamine receptor status and granulation pattern 
are considered important predictors of treatment response [13–15]. 
Other alternative treatment options are second-generation soma-
tostatin analogues (pasireotide), GH receptor antagonist (pegviso-
mant), and dopamine agonists (DAs) [16].

Dopamine, which is a neurotransmitter synthesized in the hy-
pothalamus, inhibits pituitary growth hormone secretion through 
the dopamine subtype 2 receptor (D2R) [17]. The majority of ad-
enohypophyseal adenomas have the D2R hetero oligomerization 
of dopamine receptor 2 and somatostatin receptor 2 that may en-
hance functional activity [18]. Dopamine agonists are recommend-
ed as first-line medical treatment in patients with mildly elevated 
IGF-I and GH after surgery and may also be used in combination 
with SRLs in patients who are partially resistant to SRLs treatment. 
IGF-I normalization is achieved in 35 % of patients treated with ca-
bergoline (CAB) monotherapy and in approximately 50 % of pa-
tients treated with combination therapy with SRLs [19].

The aim of this study was to evaluate the efficacy of treatment, 
alone or in combination with SRLs therapy, on normalizing plasma 
IGF-I levels in acromegaly patients with active disease after first line 
treatment modalities.

Subjects and Methods
Acromegaly patients (n: 143) who were being followed-up at the 
endocrinology outpatient clinic of Istanbul Medical Faculty be-
tween 1980–2020 were evaluated. DAs were used in the treatment 
of 34 patients. Patients with elevated IGF-I levels after surgery and/
or SRLs therapy and a fixed dose of SRL treatment for the last six 
months with no history of radiotherapy in the last three years were 
included in the study (n: 12) (▶Fig. 1).The time frame of the study 
cohort was 1989–2019. Treatment protocol of the patients that 
are included in the study is summarized in ▶Table 1. Response to 
DAs therapy was defined as normalization of plasma IGF-I levels 

based on sex and age of the patients. IGF-I level was expressed as 
upper limit of age adjusted normality ratio (ULNR).

Patients’ clinical features regarding sex, age, baseline PRL and 
IGF-I concentrations at the time of diagnosis, MRI findings, previ-
ous treatment modalities, presence and size of postoperative resi
due, dose and duration of SRLs treatment, IGF-I level (ULNR) be-
fore onset of DA therapy, dose and duration of DA treatment, 
achievement of IGF-I normalization were evaluated retrospective-
ly. GH and IGF-I were measured using two-site chemiluminescent 
immunometric assay (IMMULITE 2000). The sensitivity of the assay 
was 0.01 ng/ml for GH levels. Serum PRL levels were measured 
using an electrochemiluminescent immunoassay (ECLIA), with nor-
mal ranges for adult males and females of 4.04–15.2 ng/ml and 
4.7–23.3 ng/ml, respectively. High plasma prolactin levels were 
reevaluated with Polyethylene glycol (PEG) precipitation test in 
order to exclude presence of pseudohyperprolactinemia, also pres-
ence of medications associated with hyperprolactinemia, pregnan-
cy, lactation, chronic kidney and liver disease and hypothyroidism 
were excluded. The pathology specimens of pituitary adenomas 
were revised by the same pathologist concerning their immuno-
histochemical (IHC) staining patterns. Histopathological findings 
are classified as densely or sparsely granulated; a densely granulat-
ed somatotroph adenoma was defined as diffuse and strong immu-
noreactivity with GH and perinuclear staining with low molecular 
weight keratin (LMWK); sparsely granulated somatotroph adeno-
ma was defined as weak and focal immunoreactivity with GH and 
juxtanuclear globular immunoreactivity with LMWK. A densely 
granulated prolactinoma was defined with the composition of ac-
idophilic to chromophobic cells with abundant and diffuse cyto-
plasmic PRL granules and a sparsely granulated prolactinoma was 
defined with extrusion of secretary granules along the lateral cell 
surfaces into the extracellular space, which has been regarded as a 
specific feature of the sparsely granulated prolactinoma [20, 21]. 
In pituitary adenomas with mixed GH and PRL secretion granula-
tion patterns regarding GH and Prolactin staining are indicated sep-
arately.

This study was approved by the Clinical Ethics Committee of Is-
tanbul University, Istanbul Faculty of Medicine and performed in 
accordance with the Helsinki recommendations. The study involved 
human participants and written informed consent was obtained 
from all of the participants. Statistical analyses were performed 
using SPSS version 21.0. Categorical variables were presented as 
frequency and percentage, whereas numerical variables were pre-
sented as mean ± standard deviation (SD).

Results
Twelve patients were included in this study (F: 7, M: 5). The mean age 
of the patients was 37 ± 9.9 years (range 24–56 years). On initial 
evaluation two patients had microadenoma and eight patients had 
macroadenoma, adenoma size was not available in two of the pa-
tients. Mean IGF-I value before the initiation of SRL was 2.41 ± 0.78 
ULNR. The median duration of treatment with SRL alone was 12 
months (range 6–48 months). The mean IGF-I value before the in-
itiation of CAB therapy was 1.45 ± 0.4 ULNR (range 1.05–2.66). The 
mean dose and duration of CAB treatment was 1.55 ± 0.75 mg/
week (range 0.5–3.5 mg/week; median 1.5 mg/week) and 9 ± 6.3 
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months (range 3–19 months; median 6.5 months), respectively. 
One patient with McCune Albright syndrome was treated with pri-
mary medical therapy with SSL prior to DA therapy (▶Fig. 1). IGF-I 
normalization was achieved in nine patients, all of which had a 
serum IGF-I concentration < 1.5 × ULNR before the onset of CAB 
treatment.

IHC analysis had been performed in nine of our patients and PRL 
staining was positive in four of these patients (IHC staining patterns 
in the pathological specimens are shown in ▶Fig. 2). In our patients 
with poor treatment response, two patients (case 8 and 10) had 
negative PRL staining, and one patient (case 9) had positive prol-
actin staining with densely granular pattern. Ki67 was 3 % and be-
fore CAB therapy IGF-I value was 2.66 ULNR in case 10; although 
normalization of IGF-I could not be achieved in this patient, there 
was a reduction of 28 % in the serum IGF-I level in the sixth month 
of CAB treatment. Among five patients who presented with hyper-
prolactinemia, three patients tested positive for PRL. In the IGF-I 
normalized group, IHC staining results were available for six pa-
tients, and immunopositivity for PRL was found in three of these 
patients (▶Fig. 2). Patients’ response to treatment and clinical fea-
tures regarding baseline IGF-I and prolactin levels, MRI findings, 
size of adenoma, immunohistochemical results, previous treat-
ment modalities, dose and duration of CAB treatment is demon-
strated in ▶Table 1.

Discussion
Our results support the use of CAB in combination with SRLs on 
normalizing plasma IGF-I levels in acromegaly patients with active 
disease after first line treatment modalities. CAB is commonly used 
in the treatment of acromegaly; however, in studies evaluating its 
effectiveness, quite different results have been obtained. The effi-
cacy of CAB varies widely according to dose and duration of treat-
ment, plasma IGF-I, GH levels and presence of concomitant hyper-
prolactinemia and identification of suitable candidates for CAB 
treatment remain to be determined. In the study of Abs et al., a 
good treatment response (IGF-I < 300 ng/ml) was obtained in 39 % 
of patients treated with CAB and doses ranged from 1 mg to 3.5 mg 
per week with a mean dose of 3.3 mg/week, which was higher than 
the rest of the studies in the current literature data [22]. It was 
shown that the efficacy of CAB is associated with PRL cosecretion 
and plasma levels of IGF-I and GH [22].

In a meta-analysis by Sandret et al., it was shown that the effi-
cacy of CAB treatment when used as a stand-alone therapy depends 
on the baseline IGF-I and PRL levels and the duration of treatment. 
If IGF-I level is slightly elevated prior to initiation of CAB treatment, 
the possibility of IGF-I normalization increases. The rate of achiev-
ing a normal IGF-I level with CAB treatment was approximately 50 % 
when IGF-I was less than 1.5 ULNR, and 30 % when IGF-I was over 
1.5 ULNR. In this meta-analysis, the mean CAB treatment dose was 
2.5 mg/week (range of 0.5–7 mg/week) [19]. In the other group of 
the study, when CAB was used in combination with SRLs, IGF-I nor-
malization was achieved in 52 % of the patients. The mean CAB 

▶Fig. 1	 Flow diagram of case selection.
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treatment dose was 2.5 mg/week (range of 1–7 mg/week). The ef-
ficacy of CAB was associated with baseline IGF-I level, but there was 
no correlation with dose and duration of therapy or PRL level. The 
baseline IGF-I level before CAB therapy was 1.45 ULNR in the nor-
malized group, while it was 2.22 ULNR in the non-normalized group 
[19]. Similarly in our study, patients whose IGF-I levels were nor-
malized with DA and SRL combination therapy, plasma IGF-I values 
were under < 1.5 ULNR before CAB therapy. Among patients who 
responded to DA treatment, the highest IGF-I level was 1.48 ULNR 
(case 5). The patients whose IGF-I values remained high after DA 
treatment had IGF-I values which were above > 1.5 ULNR. IGF-I lev-
els among cases 8, 9 and 10 were 1.88 , 1.67 and 2.66 ULNR, re-
spectively.

In the study of Vilar et al., among acromegaly patients who had 
partial response to long-term SRL treatment, in 40 % of the patients, 
IGF-I normalization was achieved with low-dose CAB treatment 
(mean 2.19 ± 0.64 mg/week). It was shown that the most impor-
tant predictor of response to treatment was IGF-I level and this re-
sponse was independent of prolactin staining in IHC examination 
and plasma prolactin level. IGF-I normalization was not achieved 
with CAB combination therapy in any of the patients with IGF-I lev-
els above 2.5 ULNR [23]. In the study of Mattar et al., IGF-I normali
zation was achieved in 64 % of patients with the addition of CAB to 
SRL treatment in patients with IGF-I value < 2.2 ULNR. IGF-I was nor-
malized in 1of 6 patients (17 %) with IGF-I ≥ 2.2 ULNR. There was no 
correlation between immunopositivity for PRL and response to CAB 
treatment [24].

In one of three patients who did not respond adequately to 
treatment, immunostaining in adenoma cells was densely granu-

lated for prolactin, whereas sparsely granulated for GH and Ki 67 
index was 3 %. All of these features predict a poor response to treat-
ment. Case 10 presented with an IGF-I level over > 2.2 ULNR before 
CAB treatment. This value was also an indicator of poor treatment 
response in our study.

The mean dose of CAB used in our study was 1.55 ± 0.75 mg/
week (range 0.5–3.5 mg/week median 1.5 mg), and it was used in 
a relatively lower dose compared to other studies in the literature. 
In recent publications, the dose recommendation for CAB in the 
treatment of acromegaly is 0.5–2 mg/week [25]. Previous studies 
have indicated that, the efficacy of cabegoline was associated with 
PRL cosecretion when used as a stand-alone therapy, but no corre-
lation was found between treatment efficacy and PRL level in com-
bination treatment with SRLs [19]. It is suggested that the efficacy 
of combination therapy is not only additive, but there is also the 
synergistic effect of the SSR-5/DR2 heterodimer structure [18, 26]. 
Cabergoline (CAB) treatment in patients with Parkinson’s disease 
has been previously found to be associated with increased risk of 
cardiac valve regurgitation, which has caused a similar concern for 
the use of these agents in acromegaly patients. However current 
literature results failed to detect a similar relation in these patients, 
cabergoline treatment was not associated with detrimental effects 
on cardiac valves [27] and it is considered as a well tolerable treat-
ment modality for acromegaly patients [19]. Recently impulse con-
trol disorders presenting with symptoms such as compulsive shop-
ping, pathologic gambling and hypersexuality has also been re-
ported with DA treatment in patients with hyperprolactinemia [28], 
however similar conditions related with this side effect were not 
reported in our patients.

▶Fig. 2	 Immunohistochemistry (GH, PRL, and Ki67) of GH-secreting pituitary adenomas: Immunohistochemistry (GH, PRL, and Ki67) of GH-secret-
ing pituitary adenomas. a: Densely granulated GH expression (40 × ). b: Sparsely granulated GH expression (40 × ). c: Sparsely granulated PRL  
expresssion (40 × ). d: Ki67 proliferation index 3 % (40 × ).
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The limitation of our study is that the sample size was small due 
to the fact that it is a rare disease and study groups were selected 
from patients who had been receiving a fixed dose of SSAs treat-
ment for the last six months. Fixed-dose SRLs therapy is also a fac-
tor that increases the power of the study.

In conclusion, addition of CAB is efficacious in control of IGF-I 
levels in acromegalic patients with mild/moderately elevated IGF-I 
levels during SRLs therapy. CAB may be an effective treatment in 
these patients. Considering the benefit of cost effectiveness, oct-
reotide and CAB combination therapy should be kept in mind prior 
to other treatment modalities in these patients.
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