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Context: Cabergoline is widely considered to be poorly effective in acromegaly.

Objective: The aim of this study was to obtain a more accurate picture of the efficacy of cabergoline
in acromegaly, both alone and in combination with somatostatin analogs.

Design: We systematically reviewed all trials of cabergoline therapy for acromegaly published up
to 2009 in four databases (PubMed, Pascal, Embase, and Google Scholar). We identified 15 studies
(11 prospective) with a total of 237 patients; none were randomized or placebo-controlled. A
meta-analysis was conducted on individual data (n � 227).

Results: Cabergoline was used alone in nine studies. Fifty-one (34%) of the 149 patients achieved
normal IGF-I levels. In multivariate analysis, the decline in IGF-I was related to the baseline IGF-I
concentration (� � 1.16; P �0.001), treatment duration (� � 0.28; P � 0.001), and baseline prolactin
concentration (� � �0.18; P � 0.01), and with a trend toward a relation with the cabergoline dose
(� � 0.38; P �0.07). In five studies, cabergoline was added to ongoing somatostatin analog treat-
ment that had failed to normalize IGF-I. Forty patients (52%) achieved normal IGF-I levels. The
change in IGF-I was significantly related to the baseline IGF-I level (� � 0.74; P � 0.001) but not to
the dose of cabergoline, the duration of treatment, or the baseline prolactin concentration.

Conclusion: This meta-analysis suggests that cabergoline single-agent therapy normalizes IGF-I
levels in one third of patients with acromegaly. When a somatostatin analog fails to control
acromegaly, cabergoline adjunction normalizes IGF-I in about 50% of cases. This effect may occur
even in patients with normoprolactinemia. (J Clin Endocrinol Metab 96: 1327–1335, 2011)

Acromegaly, a disorder due to excess GH/IGF-I (1, 2),
is still associated with early death (3, 4). Poor out-

come is predicted by a mean GH level above 2.5 �g/liter in
old GH immunoassays and by an IGF-I level above the
age-adjusted normal value (3, 4). The current treatment
aim is thus to reduce GH levels to less than 2.5 �g/liter in
old assays (5) and to less than 1 �g/liter in new sensitive
assays (6). Surgery remains the first-line treatment, but
20% of patients with microadenomas and 40 to 60% of

patients with macroadenomas are not cured by surgery
and require adjuvant medical therapy (1).

Dopamine agonists, most of which are ergot-derived,
were initially used to halt lactation. Their use in the treat-
ment of hyperprolactinemia was first proposed almost 40
yr ago (7). Physiologically, dopamine stimulates GH se-
cretion (8), but Chiodini et al. (9) showed in 1974 that
dopamine agonists paradoxically suppressed GH hyper-
secretion in patients with acromegaly; this was confirmed
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by in vitro studies performed on GH-secreting adenomas
(10). The presence of dopamine binding sites, not only on
mixed PRL-GH-secreting adenomas but also on pure GH-
secreting adenomas, was demonstrated in binding studies
(11, 12), and D2 receptor expression was later confirmed
by several groups (13, 14). Finally, Rocheville et al. (15)
suggested that D2 receptors and type 5 somatostatin re-
ceptors could heterodimerize, thus enhancing the func-
tional activity of both agonists.

Cabergoline, an ergot derivative dopamine agonist, has
been used for three decades in the treatment of Parkinson’s
disease (16) and hyperprolactinemia (17, 18). Being more
effective and better tolerated than bromocriptine, caber-
goline was also tested as a treatment for acromegaly, but
its potential value was overshadowed by the advent of
somatostatin analogs such as octreotide and lanreotide,
which were shown to normalize IGF-I in 42–68% of pa-
tients (19–22). By comparison, bromocriptine was con-
sidered to normalize GH/IGF-I levels in only around 10%
of cases (23). Clinical trials of cabergoline in acromegaly
were mostly small and gave variable results (24–35); a
larger trial (25) suffered from a failure to use age-adjusted
normal IGF-I values. Moreover, none of these trials was
randomized or placebo-controlled. This led to the general
opinion that cabergoline was poorly effective, or that it
was only effective in patients with mild residual disease or
mixed GH/prolactin-secreting tumors (36). Combination
therapy with somatostatin analogs and cabergoline was
also tested in patients whose IGF-I levels failed to normal-
ize on somatostatin analog monotherapy, but the results
were also highly variable (37–41).

The aim of this study, based on a meta-analysis of all
published reports, was to obtain a more accurate picture
of the efficacy of cabergoline in acromegaly, both alone
and in combination with somatostatin analogs.

Materials and Methods

Identification of relevant trials
All studies of cabergoline in acromegaly (the two key words)

were systematically reviewed up to the end of 2009. The search
strategy was unrestricted. Thirteen prospective and four retro-
spective studies (24–35, 37–41) were identified in four data-
bases (PubMed, Pascal, Embase and Google Scholar). None were
randomized controlled trials. Two studies were excluded, one
(24) because it involved patients with McCune-Albright syn-
drome, and the other (27) because the patients were adolescents
and the data were incomplete or uninterpretable because of in-
tercurrent neurosurgical treatment. Finally, some of the data
from the study by Jackson et al. (31), and particularly IGF-I
levels, could not be used because the authors did not provide us
with individual data lacking in the published article.

Data extraction
Data were extracted from published reports by two meta-

analysts (P.M. and L.S.). Discrepancies were resolved by dis-
cussion among the authors of this report. Data for each indi-
vidual participant were sought in each article. In four studies
(28, 30, 33, 37), data had to be extracted from the figures. At
our request, the authors of three studies (25, 34, 38) kindly
provided complete individual data that were unavailable in
the published reports. Details on one further patient were
included in the Gatta et al. study (38) after publication. In-
dividual data were only available for 60 of the 64 patients in
the original publication of Abs et al. (25).

The studies were generally of good quality, with few losses to
follow-up and the use of appropriate statistical methods.

The following data were extracted: mean age, gender distri-
bution, number of patients included, therapy for acromegaly
before cabergoline (surgery, radiotherapy, somatostatin analog,
or another dopamine agonist), the nature of the adenoma (pure
GH-secreting or mixed prolactin/GH-secreting) and its size (mi-
cro- or macroadenoma if not previously operated on, remnant of
more or less than 1 cm in diameter if previously operated on,
empty sella), intercurrent treatments during the study (soma-
tostatin analogs), the final cabergoline dose, the treatment du-
ration, side effects, the effect on tumor size, the prolactin con-

TABLE 1. Charateristics of the studies evaluating the effects of cabergoline alone in patients with acromegaly

First author,
year (Ref.)

Design of
the study

No. of
patients

(M/F)
Mean

age (yr)

Before cabergoline

IGF-I
(ng/ml),

mean (SD)
IGF-I (% of ULN),

mean (SD)

GH
(ng/ml),

mean (SD)
No. of patients with
hyperprolactinemia

Ferrari, 1988 (29) Prospective 6 (1/5) 48.7 1210 (507) 242 (101) 103 (134) 4
Jackson, 1997 (31) Prospective 10 (3/7) NA 739 (200) NA 10 (7) NA
Colao, 1997 (26) Prospective 11 (4/7) 43.6 336 (46) 160 (22) 20.3 (10.4) 4
Muratori, 1997 (33) Prospective 3 (1/2) 54.7 524 (23) 125 (5) 3.2 (0.85) 2
Abs, 1998 (25) Prospective 60 (26/34) 51.1 677 (215) 213 (82) 16.2 (19.3) 20
Cozzi, 1998 (28) Prospective 18 (7/11) 57.6 820 (312) 255 (88) 12 (13.2) 2
Vilar, 2002 (35) Prospective 9 (5/4) 45.1 714 (116) 198 (32) 22.5 (8.8) 5
Freda, 2004 (30) Prospective 14 (7/7) 46.0 544 (132) 145 (35) 1.3 (0.9) 6
Moyes, 2008 (32) Prospective 15 (8/7) 55.5 474 (170) NA 3.7 (3) 2
Sherlock, 2009 (34) Retrospective 14 (NA) NA 418 (171) 171 (55) 5.8 (4.7) 7

NA, Not available.

1328 Sandret et al. Treatment of Acromegaly with Cabergoline J Clin Endocrinol Metab, May 2011, 96(5):1327–1335

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/96/5/1327/2833476 by guest on 24 April 2024



centration at baseline, the GH (random) and IGF-I
concentrations at baseline and the end of follow-up [or the nadir
in two studies in which end-of-follow-up values were not avail-
able (26, 40)], the decline in GH and IGF-I during treatment, and
losses to follow-up.

IGF-I, GH, and prolactin levels, when originally expressed in
milli-international units per liter, were converted to nanograms
per milliliter for this study, the conversion factor depending on
the assay method indicated in the publication. IGF-I was also
expressed as a percentage of the upper limit of the age-adjusted
normal range (%ULN) when the age-adjusted normal range of
the corresponding assay was available (the case for 134 patients
on cabergoline and all patients on combination therapy). For 15
additional patients receiving cabergoline (32), IGF-I was con-
sidered to have normalized if the IGF-I SD score was below 1.2.

Statistical analysis
The results are expressed as the mean (SD), median and range,

or percentage. IGF-I levels are also expressed as a percentage of
the age-adjusted ULN of the relevant assay.

All analyses were conducted on individual data. The follow-
ing factors potentially predictive of IGF-I normalization were
tested in univariate and multivariate (logistic regression) analy-
ses: surgery, radiotherapy, macroadenoma (or remnant), mi-
croadenoma (or empty sella), sex, body mass index, age at di-
agnosis, cabergoline dose, treatment duration, associated
medications, and baseline prolactin, IGF-I, and GH concentra-
tions. In both models, interaction and study effects were taken
into account. These parameters were analyzed for their influence
on changes in IGF-I and GH by means of univariate and multi-

variate (linear regression) analysis. All signifi-
cant parameters in univariate analysis were in-
troduced in multivariate analysis. A significant
interaction was found in all models between the
dose of cabergoline or somatostatin analog and
baseline hormone (IGF-I or GH) concentrations.

The �2 test (or Fisher’s test) and Student’s
paired or unpaired t test were used to compare
subgroups of patients (e.g. patients in Abs’ study
vs. the others; and patients with hyperprolactine-
mia vs. patients with normal prolactinemia). All
analyses were conducted with SPSS 17.0 statis-
tical software (SPSS Inc., Chicago, IL).

Results

Patients treated with cabergoline
alone

Characteristics of the 10 trials of caber-
goline single-agent therapy are shown in Ta-
ble 1. All but one of these studies were open
and prospective, and a total of 160 patients
were enrolled. Individual data were avail-
able for only 150 patients.

FIG. 1. Individual IGF-I levels, expressed as a percentage of the age-adjusted ULN range
before (black squares) and after treatment with cabergoline (open circles) in patients
with acromegaly.

Cabergoline
mean dose

(mg/wk)

Duration of
treatment
(months)

Under cabergoline

IGF-I
(ng/ml),

mean (SD)
% change

in IGF-I

IGF-I
(% of ULN),
mean (SD)

% of
patients with
normal IGF-I

GH
(ng/ml),

mean (SD)

% of patients
with GH

< 2.5 ng/ml

Tumor
shrinkage

(no. of
patients)

0.85 2.6 541 (224) 50 108 (45) 50 9.5 (8.7) 0 1
7 4 473 (139) 36 NA NA 3.1 (1.5) 20 NA
1.5 6 246 (29) 26.5 117 (14) 0 9.5 (4) 0 0
3 24 295 (73) 43 70 (17) 100 1 (0.64) 100 0
3.31 13.5 400 (217) 41 136 (76) 38 5.81 (9.4) 57 13
2.75 6 466 (284) 42 147 (88) 28 5.7 (7.5) 22 3
2.89 3 510 (180) 29.5 141 (50) 33 5.9 (5.6) 33 Not assessed
1.43 6 490 (149) 9 130 (43) 21 1.2 (1.3) 79 0
2.4 6 326 (179) 28 NA 33 1.7 (1.3) 73 Not assessed
0.96 12 334 (142) 18 137 (47) 50 4.2 (3.4) 43 Not assessed
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The mean (SD) duration of treatment was 10.8 (8.2)
months (range, 1–45; median, 7.5). Mean age was 50 (12)
yr (range, 17 to 92). At baseline, mean IGF-I and GH levels
were 634 (279) and 16 (34) ng/ml, respectively. Forty-six
(38%) patients also had increased baseline prolactin lev-
els. The mean prolactin level was 62 (216) ng/ml. Among
the 82 patients who had been surgically treated and for
whom immunostaining results for the excised adenoma
were available, 30.5% had positive prolactin immuno-
staining. Among the 110 patients for whom the informa-
tion was provided in the publication, the maximal diam-
eter of the tumor before cabergoline initiation was more
than and less than 1 cm in 53 and 57 cases, respectively.

Cabergoline was used as the first-line treatment for 29
patients (21% of the 136 patients for whom information
on previous treatments was available). Of the remaining
107 patients, 75 and 35 patients, respectively, had previ-
ously been operated on and/or irradiated; 57 had received
prior medical treatment, which had obviously been inter-
rupted before the study. The cabergoline doses ranged
widely from 0.3 to 7 mg/wk (one to seven administrations
per week). The mean maximal dose was 2.6 (1.5) mg/wk,
generally administered twice weekly.

Taking into account individual data available for
150 patients, cabergoline treatment was associated with
significant reductions in IGF-I and GH levels of 33 and
47%, respectively (both P � 0.001). Fifty-one of 149
(34%) patients achieved age-adjusted normal IGF-I lev-
els (Fig. 1). GH levels were below 2.5 ng/ml in 72 (48%)
of 149 of patients. Mean IGF-I concentrations fell sig-
nificantly from 655 (281) to 409 (215) ng/ml, and from
208 (81) to 133 (67)% of the ULN (P � 0.001). In
multivariate analysis (R2 � 0.57), this change was sig-
nificantly related to the baseline IGF-I concentration
(� � 1.16; P � 0.001), treatment duration (� � 0.28;
P � 0.001), and baseline serum prolactin concentration
(� � �0.18; P � 0.01), and with a trend toward a
relation with the cabergoline dose (� � 0.38; P � 0.07).
Other parameters were not significant in univariate

analysis. The mean GH level fell significantly from 16.1
(34.0) to 5.2 (16.3) ng/ml (P � 0.001). In multivariate
analysis (R2 � 0.98), this change was significantly re-
lated to the baseline GH level (� � 1.14; P � 0.001) and
the cabergoline dose (� � 0.07; P � 0.001) and showed
a trend toward a relation with the treatment duration
(� � 0.03; P � 0.09). Other parameters were not sig-
nificant in univariate analysis.

IGF-I normalization on cabergoline therapy was pre-
dicted in univariate analysis by the baseline IGF-I concen-
tration [221% (80) of the ULN in the nonnormalized
group vs. 184% (75) in the normalized group; P � 0.01]
and previous radiotherapy (20% of patients in the nonir-
radiated group vs. 36% in the previously irradiated group;
P � 0.06). Other parameters were not significant in uni-
variate analysis. Multivariate analysis with adjustment for
studies confirmed these results, with R2 � 0.993 (0.987–
0.999) for the baseline IGF-I level and R2 � 2.4 (0.9–5.7)
for radiotherapy. IGF-I normalization occurred in 53, 29,
25, and 26% of patients with baseline IGF-I values of less
than 150, 150–199, 200–249, and more than 250% of
ULN, respectively (P � 0.04).

Cabergoline adjunction to ongoing somatostatin
analog therapy

In five studies, cabergoline was added to ongoing treat-
ment with a somatostatin analog that had failed to nor-
malize IGF-I (Table 2). Three prospective studies involved
63 patients, and two retrospective studies involved 14 pa-
tients (one patient was added after publication). The mean
duration of combined treatment was 6.6 (4.1) months
(range, 2–20; median, 6). Cabergoline was added to lan-
reotide or octreotide LAR in 16 and 61 patients,
respectively.

Mean age was 48.2 (14) yr (range, 20–85; median, 49).
Previous treatments consisted of surgery in 54 patients
(70%) and/or radiotherapy in 22 patients (29%). By def-
inition, all the patients had previously received a soma-
tostatin analog, which was the only prior treatment in 20

TABLE 2. Characteristics of the published studies evaluating the effects of cabergoline in association with
somatostatin analogs in patients with acromegaly

First author,
year (Ref.)

Design of
the study

No. of
patients

(M/F)
Mean

age (yr)

Before cabergoline (under somatostatin analog alone)

Type of
somatostatin

analog treatment

IGF-I
(ng/ml),

mean (SD)

IGF-I
(% of ULN),
mean (SD)

GH
(ng/ml),

mean (SD)

No. of patients
with

hyperprolactinemia

Marzullo, 1999 (40) Prospective 10 (7/3) 44.5 Lanreotide LP 30 mg/10 d 483 (264) 140 (64) 20.6 (29.5) 8
Cozzi, 2004 (37) Prospective 19 (7/12) 54 Octreotide LAR 30 mg/28 d

(n � 13) or lanreotide
60 mg/28 d (n � 6)

554 (188) 166 (63) 6.6 (3.7) 3

Selvarajah, 2005 (41) Retrospective 4 (NA) 52.2 Octreotide LAR 30 mg/28 d 423 (175) 155 (23) 2.6 (0.3) 2
Gatta, 2005 (38) Retrospective 10 (7/3) 40.6 Octreotide LAR 30 mg/28 d 524.4 (181) 216 (111) 4.1 (3.2) 0
Jallad, 2009 (39) Prospective 34 (17/7) 47.7 Octreotide LAR 30 mg/28 d 571 (356) 197 (118) 5 (7.2) 13

M, Males; F, females; NA, not available.
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cases (26%). The cabergoline dose ranged between 1 and
7 mg/wk [mean, 2.5 (1.1) mg/wk]. At baseline, on soma-
tostatin analog therapy alone, the mean IGF-I and GH
levels were 542 (280) and 7.4 (12.5) ng/ml, respectively.
Twenty-one patients (27%) had high serum prolactin lev-
els at baseline. Among the 46 patients in whom immuno-
staining of the excised tumor was available, 21 (47%) had
a mixed GH-prolactin adenoma.

Forty patients (52%) achieved normal IGF-I levels on
combined treatment (Fig. 2). The mean decreases in the
IGF-I and GH serum concentrations were 30 and 19%,
respectively. The mean IGF-I concentration fell signifi-
cantly from 542 (280) ng/ml [182 (98)% of ULN] on so-
matostatin analog therapy alone to 358 (201) ng/ml [122
(64)% of ULN] after cabergoline adjunction (P � 0.001).
This change was significantly related to the baseline IGF-I
level (� � 0.74; P � 0.001), but not to the dose of cab-
ergoline, the duration of treatment, or the baseline pro-
lactin concentration. In the 44 patients whose IGF-I level
at diagnosis of acromegaly was available (before any treat-
ment), cabergoline adjunction led to a further 22% reduc-
tion in the IGF-I level compared with single-agent soma-
tostatin analog therapy.

IGF-I normalization at follow-up was predicted in uni-
variate analysis by the baseline IGF-I concentration [222
(124)% of ULN in the nonnormalized group vs. 145
(40)% in the normalized group; P � 0.001] and the base-
line GH concentration [11.3 (17) vs. 3.8 (3.5) ng/ml, re-
spectively; P � 0.01]. Multivariate analysis with adjust-
ment for studies confirmed the predictive value of the
baseline IGF-I level only [R2 � 0.98 (0.97–0.99)].

The mean GH concentration fell significantly from 7.4
(12.5) ng/ml on somatostatin analog therapy to 3.6 (3.8)
ng/ml after cabergoline adjunction (P � 0.001). In mul-
tivariate analysis with adjustment for studies (R2 � 0.94),
the change in GH was related to the baseline GH concen-
tration (� � 0.99; P � 0.001) but not to age, the dose, or
the treatment duration.

Tumor shrinkage
The effect of cabergoline on tumor volume was exam-

ined prospectively in only five studies (25, 26, 29, 31, 33).
Comparing patients in whom tumor volume decreased
(n � 17) with other patients (n � 32), tumor shrinkage was
associated with a higher baseline prolactin concentration
[144 (350) vs. 33 (45) ng/ml; P � 0.08], a higher baseline

IGF-I concentration [292 (97)% vs. 155
(39)% of ULN; P � 0.001] and previous
treatment (47 vs. 19%; P � 0.04). The sam-
ple was too small for multivariate analysis.

Tolerability
Cabergoline was well tolerated. Side ef-

fects reported in 81 patients are detailed in
Table 3. Due to lack of details in some stud-
ies and heterogeneity in reporting of the side
effects, no analysis of the relationship be-
tween cabergoline dose or duration and side
effects was possible. These side effects led to
drug interruption in 12 of 227 patients (nine
under cabergoline alone, and three under
cabergoline and somatostatin analog); the
dose at the time of cabergoline withdrawal
was between 0.5 and 2 mg/wk. Cardiac

FIG. 2. Individual IGF-I levels, expressed as a percentage of the age-adjusted ULN range
during treatment with somatostatin analogs alone (black squares) and after cabergoline
adjunction (open circles) in patients with acromegaly.

Cabergoline
mean dose

(mg/wk)

Duration of
treatment
(months)

Under somatostatin analog and cabergoline

IGF-I
(ng/ml),

mean (SD)

IGF-I
(% of ULN),
mean (SD)

% change
in IGF-I

% of patients
with normal

IGF-I

GH
(ng/ml),

mean (SD)

% of patients
with GH

< 2.5 ng/ml

3.5 3 340 (83) 100 (22) 25.7 50 6.1 (5.3) 40
2.6 7 457 (289) 130 (67) 28.7 42 4.6 (2.6) 21
1.1 14.2 423 (175) 155 (23) 27.3 50 1.58 0.4) 25
1.8 55.4 281 (133) 120 (91) 45.3 60 1.7 (1) 70
2.4 6.3 334 (170) 125 (64) 55.4 56 2.8 (4.1) 71
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valve function was not evaluated in these studies. No com-
parison between studies with and without somatostatin
analogs was attempted because side effects were not sys-
tematically reported.

Discussion

This systematic review refines the place of cabergoline,
used either alone or in combination with somatostatin
analogs, in the treatment of acromegaly. Based on IGF-I
normalization, control of acromegaly is achieved in one
third of patients when cabergoline is used alone and in
more than half of patients when cabergoline is added to
ongoing somatostatin analog therapy that has failed to
normalize IGF-I.

Before the first specific drugs for acromegaly appeared,
dopamine agonists were used to treat patients whose dis-
ease remained active after surgery and radiotherapy.
However, bromocriptine was disappointing in this indi-
cation, normalizing IGF-I in only about 10% of patients
(23). Somatostatin analogs subsequently superseded do-
pamine agonists. Although cabergoline seemed to be more
effective, dopamine agonists were still considered poorly
effective relative to somatostatin analogs (26, 36). More-
over, dopamine agonists were not licensed for use in ac-
romegaly in many countries, including the United States.

Many studies have evaluated cabergoline in acromeg-
aly (24–35, 37–41), but with variable results; depending
on the study, cabergoline normalized IGF-I in 0 to 100%
of patients! The largest study involved 64 patients who
were divided into two groups according to their prolactin
levels (25); a good response was defined by a decline in
IGF-I to less than 300 ng/ml, regardless of the patient’s age
(no age-adjusted ULN was used). Cabergoline was found

to be more effective in patients with hyperprolactinemia.
Tumor shrinkage was observed in seven of the eight hy-
perprolactinemic patients with macroadenomas, and ex-
ceeded 50% in five cases. On reanalyzing individual data
kindly provided by Dr. R. Abs, and using age-adjusted
IGF-I ULNs, we found that IGF-I normalization was
achieved in 42% of patients after cabergoline treatment
(mean decline in IGF-I, 41%), whereas 57% of patients
achieved GH levels below 2.5 ng/ml. It must be noted that
the cabergoline doses were higher than in other studies
(mean dose, 3.3 vs. 2 mg/wk; P � 0.001). Among 34 pa-
tients who were operated on and for whom tumor immu-
nostaining results were available, eight had mixed PRL-
GH-secreting adenomas, five of whom achieved normal
IGF-I levels on cabergoline; this was the case for 11 of the
26 patients with pure GH-secreting adenomas. In the
other studies, not only the efficacy results but also the dose
of cabergoline, the duration of treatment, the levels of
baseline GH and IGF-I, and the presence of hyperpro-
lactinemia were very variable from one study to the other;
performing a meta-analysis was the best way to clarify
these points. Due to the low number of patients included
in the majority of the studies, a pooled analysis may also
help to find predictive factors of efficacy by using univar-
iate and multivariate analysis.

This meta-analysis shows that the efficacy of cabergo-
line is dependent on the IGF-I baseline level; as with all
other treatments for acromegaly (19, 42, 43), the chances
of achieving a normal IGF-I level increase as the basal
IGF-I level decreases. However, IGF-I levels normalize in
some patients with very high baseline IGF-I levels (Fig. 1),
suggesting that cabergoline might be worth trying in all
acromegalic patients who require medical treatment.

The cabergoline dose ranged between 0.5 and 7 mg/wk
in published studies. We observed only a trend toward a
relationship between the cabergoline dose and the decline
in IGF-I, whereas the relationship was significant for GH.
Thus, sensitivity to cabergoline appears to be variable and
more or less independent of the dose; some patients had
good responses to low doses, whereas others were resis-
tant to higher doses. In the group of responder patients
who achieved normal IGF-I levels, the mean cabergoline
dose was 2.5 (1.4) mg/wk, which is two to five times higher
than the usual dose recommended for hyperprolactinemia
(17), yet adverse effects did not appear to be more frequent
than in patients treated for hyperprolactinemia (44–46).
However, the doses used for acromegaly remain far below
those used in Parkinson’s disease, which have been linked
to a risk of cardiac valve disease (47, 48). This adverse
effect is unlikely in patients treated for hyperprolactinemia
(reviewed in Ref. 49) and has never been reported in pa-
tients with acromegaly, although regular echocardio-

TABLE 3. Summary of the side effects as reported in
the different studies using cabergoline alone or in
combination with somatostatin analogs (SA) and
incorporated in the meta-analysis

Side effects
Cabergoline

alone
Cabergoline

and SA
Total
no.

Nausea 7 13 20
Headaches 4 7 11
Hypotension 7 7
Dizziness 6 6
Constipation 5 1 6
Mood disorders 5 5
Vesicular sludge 3 3
Raynaud’s syndrome 1 1 2
Edema 2 2
Nasal congestion 2 2
Cramps 2 2
Others or nonspecified 14 1 15
Total 40 41 81

1332 Sandret et al. Treatment of Acromegaly with Cabergoline J Clin Endocrinol Metab, May 2011, 96(5):1327–1335

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/96/5/1327/2833476 by guest on 24 April 2024



graphic surveillance may be warranted given the elevated
baseline risk of myocardiopathy and valvulopathy in ac-
romegaly (50, 51).

It is frequently claimed that the efficacy of cabergoline
in acromegaly wanes with time. This is supported by the
results of one study (30) in which eight of 14 patients
achieved normal IGF-I levels after 6 months but only three
patients still had normal levels at the end of follow-up. In
two other studies (26, 40), efficacy was judged only on the
basis of the IGF-I nadir rather than the values at the end of
follow-up, suggesting that IGF-I levels might have in-
creased after the nadir. However, our meta-analysis, in-
cluding reanalysis of data of Abs et al. (25) (including
intermediate IGF-I values), identified no tendency to treat-
ment escape or tachyphylaxis. Moreover, the mean dura-
tion of treatment was 15 months in the responder group.
Finally, the relationship between the duration of treat-
ment and the decline in IGF-I levels found in our meta-
analysis does not support any waning of the effect of cab-
ergoline with time. Nevertheless, because some patients
with low response to cabergoline may have prematurely
stopped the treatment and because it was impossible to
obtain global individual data allowing a real “intent-to-
treat” analysis, we cannot rule out a waning effect with
time of cabergoline.

Because cabergoline normalized IGF-I levels in only one
third of patients, it is important to identify those subjects
most likely to respond. Our meta-analysis does not sup-
port the common view that hyperprolactinemia is predic-
tive of the cabergoline response because we found only a
trend toward a relationship. Even patients with normal
baseline prolactin levels may be good responders; this was
the case for 50% of the good responders in our study. In
fact this is not unexpected because dopamine receptors
were previously demonstrated on the surface of pure GH-
secreting adenomas (11–14); moreover, it has been shown
that GH secretions from these adenomas were able to be
suppressed in vitro by dopamine agonists (10, 52). Previ-
ous treatment, and particularly radiotherapy, may be pre-
dictive of a better response, but this could be related to the
resulting lower baseline IGF-I levels [249 (91) vs. 194
(68)% of ULN in previously untreated patients; P �
0.001). The factor most predictive of cabergoline efficacy
in terms of IGF-I normalization is thus the IGF-I level at the
outset of treatment. Indeed, the chances of achieving a
normal IGF-I level on cabergoline are clearly better
(around 50%) when IGF-I is less than 150% of ULN than
when it is over 150% (around 30%).

Few studies have examined the effects of adding cab-
ergoline to ongoing somatostatin analog therapy (37–41).
Published data indicate that 42 to 56% of patients with
failing somatostatin analog therapy achieve normal IGF-I

levels when cabergoline is added. Based on individual
IGF-I levels in the 77 patients included in the relevant
studies, our meta-analysis confirms that cabergoline ad-
junction normalizes IGF-I levels in more than 50% of
cases. A further 22% reduction in IGF-I levels was ob-
tained when cabergoline was added. As with cabergoline
single-agent therapy, the best predictor of cabergoline ef-
ficacy was a lower IGF-I level before treatment, again em-
phasizing that the amplitude of the effect of cabergoline
depends on the IGF-I level and that the chances of nor-
malizing the IGF-I level increase when the IGF-I level be-
fore cabergoline is not too high.

Finally, this meta-analysis shows that tumor shrinkage
is observed in about one third of patients treated with
cabergoline, a value lower than that reported with soma-
tostatin analogs (53, 54). Contrary to the secretory re-
sponse for which the mixed (prolactin-GH) nature of the
adenoma was not predictive, the tumor response im-
proved as the prolactin level increased.

This meta-analysis has several limitations. The first is
the small size of available studies and the lack of random-
ized controlled trials. To circumvent this limitation, we
decided to pool prospective and retrospective studies, and
we made every effort to obtain individual data for each
patient, either by extracting them from the publications or
by asking the authors to provide them. The second limi-
tation is the heterogeneity of the hormone assay methods
used in the different studies. We therefore chose to express
the IGF-I level not only in absolute terms (nanograms per
milliliter) but also as a percentage of the age-adjusted
ULN. This was the best way to compare the different stud-
ies. The variable baseline IGF-I levels in the different stud-
ies must be underlined: up to 1840 �g/liter in the study of
Ferrari et al. (29) and near normal in studies of Muratori
et al. (30) and Freda et al. (33). This suggests that, in some
studies, patients were preselected on the basis of their
IGF-I level, which might have influenced the observed ef-
ficacy of cabergoline. We chose not to focus on GH levels,
owing to the use of different generations of GH assays
from one study to another. When giving results concerning
the effectsof cabergoline in termsofGHlevels less than2.5
ng/ml, our objective was to provide global data that could
be compared with those of the numerous previously re-
ported studies about the effects of acromegaly treatment,
whether medical, surgical, or by irradiation…even if we
are aware that this “historical” cutoff may not correctly
apply to more sensitive GH assays used in the more recent
studies! A last bias is the interaction that we found be-
tween the cabergoline dose and the pretreatment IGF-I
level, which suggests that higher doses may sometimes
have been prescribed to patients with highly elevated IGF-I
levels.
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In conclusion, this meta-analysis suggests that caber-
goline single-agent therapy has modest efficacy in acro-
megaly, one third of patients achieving normal IGF-I lev-
els. Nevertheless, given its simplicity of use and low cost,
cabergoline might qualify as a first-line medical therapy,
particularly when surgery has failed to control the GH/
IGF-I excess and IGF-I is only moderately elevated; when
the IGF-I is below 150% of ULN, the patient has a 50%
chance of achieving a normal level on cabergoline. In ad-
dition, cabergoline adjunction may be warranted when
somatostatin analog therapy fails to normalize GH/IGF-I
levels because the IGF-I level subsequently normalizes in
about 50% of cases. This effect of cabergoline is observed
when patients have normoprolactinemia. Whether or not
this treatment is safe long term, particularly on valvular
heart function, remains to be determined.
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