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ABSTRACT

 Objective: The present study aimed to evaluate the 
efficacy of add-on therapy of cabergoline versus raloxifene 
to long-acting somatostatin analogues (SAs) in patients 
with inadequately controlled acromegaly.
 Methods: This was a prospective, randomized open 
label clinical trial. Forty-four patients (22 per group) 
completed the study; where participants received either 
cabergoline (3 mg/week) or raloxifene (60 mg twice daily) 
add-on therapy for 12 weeks in a parallel manner. The 
primary outcome was the rate of reduction in serum insu-
lin-like growth factor 1 (IGF-1) from baseline. Secondary 
outcomes comprised normalization of serum IGF-1 for age 
and sex. 
 Results: Serum IGF-1 was significantly decreased in 
both the cabergoline (40.3 ± 25.6%, P<.001) and raloxi-
fene (31.5 ± 24.6%, P<.001) groups, with no significant 
difference between arms (P>.05). Normalization in serum 
IGF-1 values occurred in 40.9% of patients who were on 
cabergoline compared to 45.5% of those receiving raloxi-

fene (P = .76). The subsequent logistic regression analy-
sis highlighted baseline IGF-1 as a significant predictor of 
IGF-1 normalization (odds ratio, 0.995; 95% confidence 
interval, 0.990-0.999; P = .02). Using the receiver oper-
ating characteristic (ROC) curve analysis for the entire 
group, the baseline IGF-1 value of 1.47 the upper limit 
of normal (ULN) was the best cut-off point to identify 
patients with normal IGF-1 at the end of the study (sensi-
tivity: 52.6%, specificity: 84.0%, Yoden’s index: 0.366). 
Full biochemical control of acromegaly was achieved in 
22.7% of patients in the cabergoline group compared to 
13.6% of those in the raloxifene group (P = .43).
 Conclusion: Cabergoline and raloxifene add-on thera-
py could effectively decrease serum IGF-1 level in patients 
with inadequately controlled acromegaly. The efficacy 
profiles of both drugs are comparable. (Endocr Pract. 
2018;24:000-000)

Abbreviations:
DA = dopamine agonist; FBG = fasting blood glucose; 
GH = growth hormone; IGF1 = insulin-like growth 
factor-1; IQR = interquartile range; OR = odds ratio; 
ROC = receiver operating characteristic; SA = soma-
tostatin analogue; SERM = selective estrogen modula-
tor receptor; ULN = upper limit of normal

INTRODUCTION

 Acromegaly is characterized by growth hormone (GH) 
hypersecretion and elevated insulin-like growth factor-1 
(IGF-1) level that it is usually due to pituitary adenoma 
(1). It is associated with significant detrimental health 
outcomes including cardiovascular, metabolic, oncologic 
diseases, and death (2,3).
 In adult patients, surgery is considered as the treatment 
of choice, followed by radiotherapy and/or medical therapy 
if needed (1). Medical treatment is the first choice in cases 
of tumor remnant and/or invasiveness and when surgery 
is contraindicated (4). Plasma IGF-1 is now presented 
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as the gold standard test for diagnosis and follow-up (5). 
Normalization of plasma IGF-1 for age and sex and GH 
suppression test <1 mg/L are the important targets of treat-
ment (1,6,7).
 The recent availability of long-acting somatostatin 
analogues (SAs) and dopamine agonists (DAs) such as 
cabergoline have improved the medical approach in treat-
ment of acromegaly (8). Because of good DA tolerabil-
ity and efficacy, they could be used as monotherapy or in 
combination therapy in selected cases (1,8). Moreover, the 
newer selective estrogen receptor modulators (SERMs) 
such as raloxifene could be selected as an add-on therapy 
when DAs or somatostatin receptor ligands (SRLs) fail to 
control disease activity (9,10). 
 To our best knowledge, there is no head-to-head 
comparison of the efficacies of cabergoline versus 
raloxifene add-on therapy in patients with inadequately 
controlled acromegaly. The present study therefore aimed 
to evaluate the efficacy of add-on therapy of cabergoline 
versus raloxifene to long-acting SAs in patients with inad-
equately controlled acromegaly.

METHODS
 
 This was a prospective, block randomized, open 
label clinical trial, conducted from December 2015 to 
September 2016. The study was performed at the Institute 
of Endocrinology and Metabolism, Iran University of 
Medical Sciences. The protocol was approved by the ethics 
committee of Iran University of Medical Sciences (approv-
al number: IR.IUMS.REC.1395.28226).
 The study population consisted of patients with inad-
equately controlled acromegaly who had undergone trans-
sphenoidal surgery and had been taking 20 mg long-acting 
SA (sandostatin LAR) every 4 weeks for the past 6 months. 
All participants had a baseline IGF-1 concentration more 
than the upper limit of normal (ULN) for age and sex (11), 
with either a random GH level within the normal range (<1 
mg/L) or elevated.
 Patients with history of cardiovascular disease, liver 
or renal dysfunction, symptomatic cholelithiasis, preg-
nancy or lactation, women receiving estrogen-containing 
drugs, and patients with history of pituitary radiotherapy or 
malignant diseases in the past 5 years were excluded. 
 Sample size was calculated based on a predicted 
reduction of 30% in IGF-1 level. Based on the previous 
study (12), a sample of 44 subjects (22 subjects/group) 
could provide sufficient power (80%) to detect the predict-
ed change at the 5% significance level, so a total of 50 
subjects were recruited to allow for 10% drop out.
 Patients with pituitary hormone deficiencies contin-
ued appropriate hormone replacement that did not change 
during the study. Participants were randomly assigned to 
group A (cabergoline, 3 mg per week) or group B (raloxi-
fene 60 mg twice daily) in a ratio of 1:1 by performing 

block randomization with a block size of 4. 
 On the clinical day, anthropometric measurements 
including body mass index (BMI) and systolic and diastolic 
blood pressure were recorded. Blood samples for random 
GH, prolactin, and IGF-1 were obtained at baseline, before 
the last injection of octreotide LAR (20 mg/28 days). 
 Moreover, a preventive recommendation for intense, 
stepwise increase of drug doses was advised. To reduce the 
risk of thrombo-embolism, all subjects in the raloxifene 
group were recommended to ambulate at least once every 
2 h during the day.
 The predicted study duration was 12 weeks, and all 
protocol procedures were repeated at the end of the study. 
 Serum GH was measured by chemiluminescence 
assay (LIAISON hGH assay, REF 310340; DiaSorin, 
Saluggia, Italy). Serum IGF-1 was measured by 1-step 
sandwich chemiluminescence immunoassay (LIAISON 
IGF-I, REF 313231; DiaSorin). Age and sex-adjusted 
normal values were used for comparison. All laboratory 
measurements were performed in the laboratory of the 
Institute of Endocrinology and Metabolism. The age- and 
sex-adjusted normal ranges for IGF-1 were considered for  
the comparisons.
 The rate of reduction in serum IGF-1 value from 
baseline was considered as the primary outcome measure. 
Secondary outcomes comprised normalization of serum 
IGF-1 for age and sex and a full biochemical control of 
acromegaly (random GH level <1 mg/L and IGF-1 level ≤ 
age- and sex-specific ULN). 

Statistical Analysis
 Statistical analyses were carried out using IBM SPSS 
Statistics for windows (Version 19.0; IBM Corp, Armonk, 
NY). Data were assessed for normality using Kolmogorov-
Smirnov tests. Systolic blood pressure, diastolic blood 
pressure, duration of diabetes, and serum prolactin and 
GH levels were skewed. Therefore, logarithmically trans-
formed values of these variables were used in all analy-
ses. Unless otherwise stated, results are presented as the 
mean ± SD or as median with interquartile range (IQR) 
for skewed data. The serum IGF-1 values are expressed 
as either absolute values or times above the sex- and age-
specific ULN.
 Comparison of baseline characteristics between 
groups was undertaken using c2 testing (for categori-
cal data) and independent sample t testing (for continu-
ous variables). Differences within groups were evaluated 
using paired t tests. The effects of add-on therapy on serum 
IGF-1 and GH levels were compared between therapeutic 
arms using one-way analysis of covariance (ANCOVA), 
with the baseline data as the covariate. The rates of IGF-1 
normalization and full biochemical control of acromegaly 
were calculated in each treatment group, and a McNemar 
test was performed to assess changes from baseline.
 Correlation analysis was performed by calculating 
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Spearman rank correlation coefficients (r). The relation-
ship between IGF-1 normalization and covariates was 
evaluated using a univariate logistic regression analysis, 
and the results are presented as odd ratios (ORs) and 95% 
confidence intervals (CIs). The optimal cut-off value of 
baseline IGF-1 to predict IGF-1 normalization was deter-
mined using receiver operating characteristic (ROC) curve 
analysis. All tests were 2-tailed, and P<.05 was considered 
statistically significant.

RESULTS

 A total of 50 patients were eligible to include in this 
study. However,3 patients exited the study by their own 
request before enrollment, and 3 patients did not have 
enough adherence to the study protocol. None of the drop-
outs were due to the adverse events. These patients were 
followed in routine clinical care, and no morbidity or 
mortality was reported.
 Forty-four patients with a mean age of 45.2 ± 12.8 and 
BMI of 29.9 ± 4.8 kg/m2 completed the study. Of these, 
18 (40.9%) were female. Five females in the cabergoline 
group and 2 in the raloxifene group were premenopausal 
with secondary hypogonadism. As presented in Table 1, 
the clinical and demographic characteristics of patients in 
the 2 treatment groups (cabergoline and raloxifene) were 
not significantly different at baseline. 
 Ten patients did not take any hormonal replacement 
therapy. Nineteen patients received levothyroxine 100 mg 
daily, and 8 patients took a combination of levothyroxine 
(100 mg/day) and corticosteroid (hydrocortisone 15 mg or 
prednisolone 7.5 mg daily). Seven males received levothy-
roxine, corticosteroid, and testosterone injections. 

 Both raloxifene and cabergoline were well tolerated. 
Two patients reported dizziness and 3 patients report-
ed nausea in cabergoline group. In addition, 2 patients 
complained of flushing in the raloxifene group. The adverse 
events did not lead to medication discontinuation. 

Serum IGF-I Concentration
 In a separate analysis for the 2 therapeutic arms, a 
significant decrease was observed in both the cabergoline 
(40.3 ± 25.6%; from 532.7 ± 234.6 to 286.4 ± 122.9 ng/
mL, P<.001) and raloxifene (31.5 ± 24.6 %; from 503.3 
± 148.2 to 341.4 ± 157.3 ng/mL, P<.001) groups (Fig. 1), 
with no significant difference between arms (P>.05). 
 At the end of follow-up, IGF-1 normalized in 40.9% 
(9/22) of patients treated with cabergoline (P = .004 vs. 
baseline,) and 45.5% (10/22) of those who received raloxi-
fene (P = .002 vs. baseline). The rates of IGF-1 normaliza-
tion were not significantly different between the treatment 
groups (P = .76).
 IGF-1 values evaluated after 12 weeks were positively 
correlated with baseline IGF-1 levels (r = 0.37, P = .01), 
(Fig. 2). The subsequent logistic regression analysis high-
lighted baseline IGF-1 as a significant predictor of IGF-1 
normalization (OR, 0.995; 95% CI, 0.990-0.999; P = .02).
 Using the ROC analysis for the entire group, the base-
line IGF-1 value of 1.47 ULN was the best cut-off point 
to identify patients with normal IGF-1 at the end of the 
12-week add-on therapy (sensitivity: 52.6%, specificity: 
84.0%, Yoden’s index: 0.366; Fig. 3).

Serum GH Concentration
 Serum GH concentration reduced significantly in 
the cabergoline group (week 12: median [IQR], 1.2 [1.5] 

Table 1
Baseline Characteristics of the Study Populationa

Cabergoline
group 

(n = 22)

Raloxifene
group 

(n = 22) P
Female, n (%) 9 (40.9%) 9 (40.9%) 1.0
Age (years) 43.0 ± 13.1 47.3 ± 12.3 .27
BMI (kg/m2) 29.9 ± 4.4 29.9 ± 5.3 .99
Diastolic blood pressure (mm Hg) 72.5 (10.0) 80.0 (10.0) .21
Systolic blood pressure (mm Hg) 110.0 (10.0) 120.0 (22.5) .07
FBG (mg/dL) 103.6 ± 13.4 106.7 ± 13.0 .44
Duration of disease (year) 4.5 (7.0) 4.0 (3.5) .62
IGF-1 (ng/mL) 532.7 ± 234.6 503.3 ± 148.2 .62
GH (mg/L) 2.8 (2.1) 2.8 (1.7) .80
Prolactin (ng/mL)
Tumor size (mm) 

62.5 (57.8)
11.32 (1.50)

45.5 (46.8)
10.87 (1.03)

.29

.81
Abbreviations: BMI = body mass index; FBG = fasting blood glucose; IGF-1 = 
insulin-like growth factor 1; IQR = interquartile range.
aCategorical data are presented as frequency and percentage, n (%); Continuous 
variables are expressed as mean ± SD, or median (IQR) for skewed data. 
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mg/L vs. baseline: 2.8 [2.1] mg/L, P = .001). The same 
was also true when the effects of add-on therapy on GH 
levels were assessed in the raloxifene group (12 week 12: 
median [IQR], 1.9 [1.2] mg/L vs. baseline: 2.8 [1.7] mg/L, 
P = .001). The reduction in the serum GH following caber-
goline add-on therapy was not significantly different from 
that observed in the raloxifene arm (P = .14).
 Full biochemical control of acromegaly (GH level <1 
mg/L and IGF-1 level ≤ age- and sex-specific ULN) was 
achieved in 8 of the 44 patients: 5 in the cabergoline group 
(P = .063 vs. baseline) and 3 in the raloxifene group (P = 
.25 vs. baseline), with comparable rates between the thera-
peutic arms (22.7% vs. 13.6% P = .43).

Effects on Other Clinical Measurements
 Of 44 patients who completed the study, a total of 
4 participants (2 in each treatment group) were diabetic. 
Cabergoline add-on therapy had no significant effect on 
fasting blood glucose (FBG; baseline: 103.6 ± 13.4 vs. 
103.1 ± 17.6 mg/dL: week 12, P = .89); however, there was 
a tendency toward a reduced FBG level in the raloxifene 
group (baseline: 106.7 ± 13.0 vs. 101.3 ± 8.9 mg/dL: week 
12, P = .09). Similarly, there was no change in the number 
of patients with an FBG level at the diabetic level in the 
cabergoline group (2 patients at baseline and week 12). 
 Add-on therapy with either cabergoline or raloxi-
fene had no significant effects on diastolic blood pressure 
(cabergoline group: baseline, 76.0 [10.0] mm Hg vs. week 
12, 77.5 [20.0] mm Hg, P = .65; raloxifene group: base-
line, 80.0 [10.0] mm Hg vs. week 12, 80.0 [16.25] mm 
Hg, P = .68). Similar findings were observed for systolic 
blood pressure (cabergoline group: baseline, 110.0 [10.0] 
mm Hg vs. week 12, 120.0 [20.0] mm Hg, P = .50; raloxi-

Fig. 1. Serum IGF-I levels before and after treatment with cabergoline (A) 
and raloxifene (B). IGF-1 = insulin-like growth factor 1.

Fig. 2. Correlation between baseline and week-12 serum IGF-1 values, 
expressed as times above ULN in patients treated with cabergoline (red 
circle) and raloxifene (green triangle). IGF-1 = insulin-like growth factor 
1; ULN = upper limit of normal.

Fig. 3. ROC curve and the best cut-off of serum IGF-1 at baseline, to 
predict IGF-1 normalization during the 12-week add-on therapy. AUC = 
area under the curve; IGF-1 = insulin-like growth factor 1; ROC = receiv-
er operating characteristic.
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fene group: baseline, 120.0 [22.5] mm Hg vs. week 12, 
120 [28.5] mm Hg, P = .53). The number of patients with 
hypertension did not differ between the 2 groups at base-
line or the end of the study (4 and 6 patients in the cabergo-
line and raloxifene groups had hypertension, respectively).

DISCUSSION

 To our best knowledge, this was the first randomized 
trial comparing the efficacy of a DA versus SERM add-on 
therapy in patients with inadequately control acromegaly. 
Although both cabergoline and raloxifene were associated 
with significant reductions in serum IGF-1 (40% and 30% 
decreases, respectively), there were no significant differ-
ences between the groups. In addition, IGF-1 normaliza-
tion was observed in patients with mild elevation at base-
line. Our results indicate that the best cut-off for baseline 
IGF-1 to predict normal IGF-1 after add-on therapy is 
<1.5 ULN. Therefore, add-on therapy might not be a good 
choice for patients with higher baseline IGF-1 levels. 
 Medical therapy is generally indicated in those 
patients who failed to achieve postoperative remission, in 
patients with contraindication for surgical therapy, or as an 
adjuvant to SRL therapy (13). In addition, it could be used 
following radiotherapy to bridge the gap between remis-
sion and cure. 
 DAs have long been used in treatment of acromegaly, 
as they could be effective in decreasing mild to moderate 
GH hypersecretion (13,14). Cabergoline, a more selec-
tive dopamine-2 receptor agonist, may be used in select-
ed group of patients (15). A meta-analysis conducted in 
2011 provided further support for these findings (15). This 
systematic review investigated 15 studies and concluded 
that when an SA fails to control acromegaly, cabergoline 
adjunction normalizes IGF-1 in about 50% of cases (15). In 
view of the low cost and route of administration, cabergo-
line monotherapy might be considered as a first-line thera-
py in patients with relatively low GH and IGF-1 (15,16).
 Moreover, SERMs might be considered as an adjuvant 
therapy in patients who are resistant to SA/DA treatments 
(17,18). Raloxifene is a SERM with anti-estrogenic proper-
ties. It partially mimics the effects of estrogen in bone and 
the cardiovascular system, while it acts as an anti-estrogen 
in endometrial and breast tissues (10,17). Previous stud-
ies suggested the association between raloxifene and lower 
serum IGF-1 could be the result of a decreased hepatic 
sensitivity to GH (15,19). Other explanations could be 
altered IGF-1 clearance or enhanced expression of IGF-1 
receptors at the tissue level (19). Experimental data have 
shown that SERMs suppress liver IGF-1 gene expression 
and IGF-1 promoter activity in hepatocytes (20). It has 
been suggested that the mechanism of this effect is medi-
ated through the JAK-STAT signaling pathway that inhib-
its GH transcriptional action (21,22). In hepatic tissue, 
SERMs have agonistic effects on estrogen receptor-alpha 

and thus function similarly to estrogen, inhibiting GH 
receptor signaling, thereby decreasing the hepatocellular 
synthesis of IGF-1, and they have effects opposite those of 
excess GH action on peripheral tissue (22). 
 Previous case series reported that raloxifene normal-
ized serum IGF-1 in up to 56% of patients with active acro-
megaly (9,17). We found normalization in serum IGF-1 in 
45.5% of patients who received raloxifene add-on therapy 
compared to 40.9% treated with cabergoline. Furthermore, 
full biochemical control was achieved in 22.7% and 13.6% 
of patients in the cabergoline and raloxifene groups, respec-
tively. Sandret et al reported that 57% of patients achieved 
GH levels below 2.5 ng/mL in addition to normal IGF-1 
after cabergoline therapy (15). However, full biochemi-
cal control (GH <1 ng/mL and normal IGF-1) has not 
been reported, and the criterion for GH level was more  
liberal (17). 
 We also found a significant correlation between final 
and baseline serum IGF-1 values among the whole study 
population. Baseline serum IGF-1 could predict IGF-I 
normalization with a baseline value of 1.47 ULN identified 
as the best cut-off point. 
 A previous study reported that cabergoline normal-
ized IGF-1 mainly in patients with basal IGF-1 levels 
<600 mg/L, whereas in patients with higher IGF-1 levels, 
suppression was not achieved or was less evident, regard-
less of basal GH level (15).
 Two factors have been shown to predict IGF-1 normal-
ization. The first is baseline serum IGF-1 value, and the 
second is prolactin cosecretion in cabergoline adjunction. 
Normalization was less frequently obtained in patients 
with higher IGF-1 values. In addition, a more therapeu-
tic response could be observed in patients with prolactin  
cosecretion (11).
 Our results revealed a significant decrease in serum 
GH with cabergoline and raloxifene, with no difference 
between the 2 drugs. These results were compatible with 
the results of some previous studies (9,11,17). In 1998, 
Verhelst et al reported that cabergoline suppressed GH 
secretion to a serum concentration of <5 mg/L in 20% of 
acromegalic patients (11). On the other hand, the effect 
of raloxifene on serum GH value is more variable (9). 
Dimaraki and colleagues found no significant change in 
GH levels in patients with acromegaly after raloxifene 
administration (17). However, others reported increased 
GH secretion as a result of diminished IGF-1 feedback 
(10). This could be explained by estrogen interaction with 
GH secretion at other levels, such as the hypothalamus. 
IGF-1 feedback cannot affect GH levels in the acromeg-
aly setting compared with the physiologic state (20). As 
Metzger et al reported, tamoxifen as a SERM can block 
estrogen-dependent stimulation of GH secretion (20). It is 
also possible that the decrease in GH levels in our study 
was due to the duration of intervention. Further studies are 
needed to clarify this point.
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 One limitation of this study is that insulin-like growth 
factor-binding proteins were not measured. However, 
no changes in binding protein levels have been reported 
in most studies after the administration of cabergoline or 
SERMs. In addition, considering the small sample size, sex 
differences in treatment response could not be evaluated.

CONCLUSION

 In summary, cabergoline and raloxifene add-on ther-
apy to a long-acting SA could effectively decrease serum 
IGF-1 in patients with inadequate control of acromegaly. 
No significant difference was found between the 2 groups, 
but the effectiveness of this approach requires individual 
assessment in each patient. 
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