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Abstract | In March 2013, the Acromegaly Consensus Group met to revise and update guidelines for the 
medical treatment of acromegaly. The meeting comprised experts skilled in the medical management 
of acromegaly. The group considered treatment goals covering biochemical, clinical and tumour volume 
outcomes, and the place in guidelines of somatostatin receptor ligands, growth hormone receptor antagonists 
and dopamine agonists, and alternative modalities for treatment including combination therapy and novel 
treatments. This document represents the conclusions of the workshop consensus.
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Introduction
In 2005, the Acromegaly Consensus Group developed 
a consensus statement on the medical management 
of acromegaly.1 Acromegaly is usually the result of a 
growth hormone (GH)-secreting pituitary adenoma,2 
leading to anatomical changes and metabolic dysfunc-
tion caused by elevated GH and insulin-like growth 
factor I (IGF-I) levels. However, disease activity might 
persist even after surgery to remove the adenoma. 
Accordingly, management of patients with acromeg-
aly is problematic, complex and costly, and requires 
approaches tailored to each individual patient.3 In 
March 2013, consensus guidelines on medical treatment 
of acromegaly were updated and revised at a meeting 
involving over 50 experts who have extensive experience 
in acromegaly management.

Multimodal treatment is often required to control 
acro megaly by suppressing GH hypersecretion, reduc-
ing IGF-I levels, and controlling tumour growth, leading 
to symptom control and minimizing the associated 
clinical signs and comorbidities. Surgical, pharmaco-
logical and radiotherapeutic approaches are used to 
treat acromegaly, and consensus statements and guide-
lines on acromegaly management and management of 
complications have been updated.4–7 Moreover, during 
the 2013 meeting, detailed guidance on pharmaco-
logical options for acromegaly treatment was revisited 
by the group and current recommendations are pre-
sented here. Recommendations were graded on the 
basis of the Grading of Recommendations Assessment, 
Development and Evaluation system (Box 1).8,9

Treatment goals
Biochemical outcomes
Elevated GH and IGF-I levels are predictors of mortality 
in patients with acromegaly (HQ),10 and lowering GH 
and normalizing IGF-I levels in patients with acromegaly 
results in mortality rates similar to those expected in the 
general population (MQ).11 However, the definition of a 
safe GH level (in terms of normalizing mortality rates) 
is likely to be outdated because the data were collected 
retrospectively using less sensitive assays than those in 
routine use nowadays. Using sensitive and specific assays 
the cut-off for GH levels is likely to be <1 μg/l (MQ).

GH and IGF-I assays of greater specificity and sensitiv-
ity are currently being standardized and validated. The 
numerical treatment targets using these newer assays 
require reassessing in the clinical setting. A 2011 con-
sensus paper providing guidance on current GH and 
IGF-I assays stressed the importance of familiarity with 
appropriate hormone standards, specificity and sensitiv-
ity of the assay, and the need to determine assay-specific 
and method-specific normal GH cut-offs (SR).12

We recommend that the aim of medical treatment is to  
reduce fasting morning GH and IGF-I concentrations 
to levels that are as close to normal as possible, following 
the recommendations of the previous consensus meeting 
held in 2009 (SR),13 which were based on the existing 
epidemiological data. These studies should be updated 
using modern, sensitive and specific assays. Results of 
GH suppression during the oral glucose tolerance test 
are not useful in follow-up of medically treated patients 
due to inconsistent results (LQ).14 GH pulsatility can be 
accounted for by measurement of integrated GH secre-
tion over 24 h, but this approach is not cost-effective. 
The clinical significance of slightly elevated IGF-I levels, 
or biochemically discordant results (between GH and 
IGF-I), remains to be established (VLQ).
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Tumour shrinkage
Medical treatment of tumours in the pituitary should 
prevent continued tumour growth or provide relief of 
symptoms and signs due to compressive mass effect, 
if present (SR). Markers that define tumour shrink age 
(that is the percentage reduction in tumour volume) 
have been arbitrarily defined and are not effective, and 
the significance of percentage volume decrease is most 
likely determined by tumour location, invasiveness, size 
and compressive symptoms (MQ).15–17 Tumour shrink-
age can occur within 3 months of starting medical 
tr eatment (LQ).15

Clinical outcomes
Clinical outcomes have been inconsistently evaluated in 
clinical trials of medical treatment of acromegaly; end 
points need to be standardized and incorporated into 
future prospective clinical trials (SR). Core clinical out-
comes that future studies evaluating medical therapy 
should include as a basic dataset are: mortality; tumour 
volume; important comorbidities (such as hypertension 
and heart disease, diabetes mellitus, sleep apnoea, and 
bone and joint involvement); and relevant clinical symp-
toms such as acral changes, headache and sweating (DR). 
The response of comorbidities to medical treatment and/
or their reversibility need to be individually assessed in a 
consistent manner (SR).18–23

Biochemical results with drug treatment
Three forms of medical therapy have been used in the 
treatment of acromegaly: two are receptor-based, directed 
at the pituitary adenoma (the somatostatin recep tor 
ligands [SRLs] octreotide and lanreotide, and the dopa-
mine agonist cabergoline); and one is directed at decreas-
ing and/or blocking GH effects in the periphery (the 
GH receptor antagonist [GHRA] pegvisomant).

Somatostatin receptor ligands
Rigorous biochemical normalization13 can be achieved 
by treating with SRLs in approximately 25% of unselected 
treatment-naive patients with acromegaly who were not 
previously shown to be responsive to an SRL. This figure 
is lower than those reported in previous guidelines and 
published papers that might have had patient selection 

bias due to the stringent inclusion and exclusion cri-
teria required for clinical trials (MQ).6,18,24 Long-term 
(>3 years) results on the efficacy and safety profile of 
SRLs are reassuring (HQ),18,25,26 and lowering the SRL 
dose or decreasing the frequency of administration of 
SRLs might be considered for patients with long-term 
control of acromegaly (VLQ).27 When reducing the 
SRL dose or decreasing the frequency of administra-
tion, patients should be reassessed at regular intervals to 
ensure maintenance of therapeutic effect (SR).

Long-acting lanreotide and octreotide formulations 
target primarily the somatostatin receptor subtype 2 
and have similar efficacy (MQ).18,28 However, lanreotide  
and octreotide differ in their mode of administration 
(long-acting lanreotide formulations are available in 
ready-to-use prefilled syringes that are injected subcu-
taneously; long-acting octreotide formulations require 
reconstitution before being injected intramuscularly), 
which might influence patient convenience (VLQ).24 At 
least two other SRL formulations are currently under-
going clinical development for acromegaly: pasireotide, 
which has a different somatostatin receptor-binding 
profile;29 and oral octreotide.30

Dopamine agonist
The best response to high-dose cabergoline therapy 
occurs in patients with mildly elevated GH levels and 
IGF-I levels <2 times the upper limit of normal (ULN),31 
and if pre-treatment IGF-I levels are >2.5 × ULN, the like-
lihood of subsequent IGF-I normalization is low (MQ). 
Long-term results on the safety profile of dopamine ago-
nists, particularly in terms of not causing cardiac valve 
damage, are reassuring (MQ).31,32

GH receptor antagonist
The efficacy of the GHRA pegvisomant in normalizing 
IGF-I levels in acromegaly is well established (HQ).33 
At the appropriate dose, pegvisomant normalizes IGF-I 
levels in most patients (MQ). Long-term data on the effi-
cacy and safety profile of pegvisomant are reassuring and 
few long-term serious adverse events have been reported 
(MQ),33 but ongoing vigilance is required to monitor 
liver function and tumour size (SR).33 Lipodystrophy 
can occur at the injection site (LQ).34

A discrepancy exists between the proportion of 
patients achieving normal IGF-I levels during treatment 
with pegvisomant in randomized controlled trials and 
community-based databases, suggesting differences in 
participant selection, dose titration, patient compliance, 
history of earlier irradiation, and occurrence of adverse 
events (LQ).33,35–37 If long-term control of acromegaly is 
achieved with pegvisomant, down-titration of the dose 
or decreasing the frequency of administration might be 
possible (DR).

Clinical outcomes with drug treatment
Mortality
Mortality rates are decreased with medical treatment of 
acromegaly and the consequent normalization of GH 
and IGF-I levels (MQ), but the relative effect of different 

Box 1 | Grading of evidence and recommendations

Evidence classified as:
 ■ Very low quality (VLQ): expert opinion with one or a 

small number of small uncontrolled studies in support
 ■ Low quality (LQ): large series of small uncontrolled 

studies
 ■ Moderate quality (MQ): one or a small number of large 

uncontrolled studies or meta-analyses
 ■ High quality (HQ): controlled studies or large series of 

large uncontrolled studies with sufficiently long follow-up

Recommendations classified as:
 ■ Discretionary recommendations (DR) if based on VLQ 

or LQ evidence
 ■ Strong recommendations (SR) if based on MQ or 

HQ evidence

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | ENDOCRINOLOGY  VOLUME 10 | APRIL 2014 | 245

specific treatments on longevity is not known (VLQ).11,38,39 
Caution is needed regarding the use of conventional radia-
tion therapy owing to reports of increased mortality and 
morbidity, as well as development of local tissue damage 
(DR), but more data are needed on mortality and treat-
ment-induced comorbidities with currently used focused 
techniques such as stereotactic radiation techniques.

Comorbidities
Comorbidities related to acromegaly should be managed 
as they are in the general population because they lead 
to increased mortality (SR). Pharmacological treatment 
of acromegaly improves left ventricular hypertrophy and 
dysfunction (HQ), hypertension (LQ), and obstructive 
sleep apnoea (MQ).40–44 However, pharmacological treat-
ment of acromegaly might not improve arthropathy (LQ), 
and effects on soft-tissue tumours are unknown. New 
techniques are needed to measure bone and joint integ-
rity to assess better the effects of acromegaly treatment 
(MQ).45–48 Different medications for acromegaly have dif-
ferent effects on glucose metabolism. SRLs might have 
a negative influence on glucose metabolism, but gener-
ally with marginal clinical relevance and most frequently 
in patients who do not have biochemical control of the 
disease.6 By contrast, pegvisomant usually has beneficial 
effects on glucose metabolism.6 Blood glucose and HbA1c 
levels should be monitored in all patients and managed 
accordingly (SR).49

Socioeconomic impact of acromegaly
The benefits to patients and their quality of life are the 
key consideration in medical management of acromegaly. 
Although the cost-effectiveness of different treatments is 
an important consideration in management decisions in 
acromegaly,20 compelling data on the cost-effectiveness 

of different medical options is lacking. The expertise of  
the pituitary surgeon influences cost-effectiveness by 
optimizing surgical outcomes (MQ), and the poten-
tial of radiation therapy as a means of controlling drug 
ex penditure could also be considered (DR).50–52

Tumour volume and medical therapy
Tumour shrinkage is commonly observed with SRL 
therapy concordant with a reduction in GH secretion 
(MQ),15–17 and normally occurs within 3 months of initi-
ating therapy with SRLs (LQ) and continues thereafter 
(MQ).53 However, tumour re-growth might be observed 
after SRL therapy is discontinued (LQ).54 Efficacy data 
of dopamine agonists on tumour shrinkage are sparse.31 
When clinically significant tumour shrinkage has been 
reported, the tumours are usually mixed GH/ prolactin 
secreting tumours (VLQ).31 Current data show that peg-
visomant therapy rarely leads to GH-producing pituita ry 
tumour growth (MQ).33,55–57

Recommendation for medical therapy
Primary treatment
Surgery is the primary treatment option when an experi-
enced surgeon is available and the tumour is resectable, 
especially for small well-circumscribed adenomas (SR). 
SRLs are the primary medical treatment option if surgery 
is not appropriate (for example, in patients with medical 
contraindications such as recent myocardial infarction; if 
surgery is delayed; or when the patient refuses the surgi-
cal option) (SR).42,58–60 For macroadenomas, pre-surgical 
SRL treatment might improve outcomes, but prospec-
tive data are limited with regards to the benefit or harm 
of this treatment option (LQ).61 When assessing post- 
surgical hormone-related outcomes in patients receiving 
pre-surgical SRL treatment, the drug carry-over effect 

Disease well controlled Partial response No response

Disease well controlled Disease well controlledNo responseNo response

Consider reducing
SRL dose

or increasing
dose interval

Increase SRL
dose or decrease

dose interval

Increase pegvisomant dose
and/or pegvisomant

+ dopamine agonist therapy

Consider SRL withdrawal
and closely monitor

IGF-I levels

Consider reducing
pegvisomant dose and/or
increasing dose interval

SRL + pegvisomant Switch to
pegvisomant

SRL + pegvisomant
Pegvisomant + dopamine agonist

SRL + dopamine agonist

First-line treatment
SRL (long-acting lanreotide or octreotide)

Dopamine agonist (cabergoline) can be considered if IGF-I <2 × ULN

Figure 1 | Medical management of patients with acromegaly. A proposed algorithm for the medical management of 
acromegaly after surgery or as primary treatment strategy when surgery is inappropriate. Radiation therapy as rescue 
therapy has not been considered in this algorithm as its use is usually determined by a multidisciplinary management 
team. Abbreviations: IGF-I, insulin-like growth factor I; SRL, somatostatin receptor ligand; ULN, upper limit of normal.
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should also be considered (that is, the impact of pre- 
surgical SRL treatment on subsequent post-surgical GH 
and IGF-I levels) (SR) and should initially be re- measured 
3 and 6 months post-operatively.

First-line treatment post-surgery
SRLs are the primary first-line therapy after surgery (SR) 
(Figure 1). No evidence has been reported of a differ-
ence in the efficacy of long-acting lanreotide and octreo-
tide formulations (MQ).16,17,28 Primary therapy with 
cabergoline might be considered in patients with mild 
dis ease (IGF-I <2 × ULN) (DR).6 Cabergoline therapy 
might be assessed with a short-term (3–6 months) trial 
with dose escalation from 1.5 to 3.5 mg per week if well 
tolerated (DR).31

Second-line and alternative treatments
Patients who do not respond to SRL therapy (those in 
whom GH and IGF-I levels undergo minimal change) 
should be switched to pegvisomant treatment (SR).33,62,63 
In patients who do not respond (biochemically) to 
medical monotherapy, combination therapy with SRL 
and cabergoline or pegvisomant and cabergoline can 
be considered, on the basis of individual clinical con-
siderations including tumour size and location (DR).6,64 
In patients having undergone radiation therapy, medical 
therapy might be required until effects are evident (SR).

In patients who partially respond to SRL therapy 
(in terms of reduction in GH and IGF-I levels or tumour 
shrinkage), combination therapy with pegvisomant and 
SRL should be considered (DR).6,64 In patients demon-
strating clear decreases in GH/IGF-I levels (but in whom 
these levels are not normalized) when treated with the 
highest approved SRL doses, further dose increases or a 
decrease in injection interval can be  considered (DR).65–67

In patients with well-controlled acromegaly during 
SRL therapy, a decrease in SRL administration to the 
minimally effective dose can be considered (DR). If both 
biochemical and clinical disease control are maintained 

with the minimal dose of SRL, an increased dose interval 
(up to every 3 months) can be considered (DR). If IGF-I 
levels remain normal with this regimen, drug withdrawal 
may be considered in rare cases of persistent optimum 
control despite progressive dose reduction (DR), but life-
long monitoring of IGF-I levels should be maintained in 
these patients (SR).68–71

Novel agents
New pharmacological approaches to the treatment of 
acromegaly in advanced stages of clinical development 
include new SRLs with different somatostatin receptor 
binding profiles (such as pasireotide)72 and oral octreo-
tide, which uses a transient permeability enhancer to 
enable gut absorption.30 Novel therapeutic approaches in 
early stages of clinical development include an antisense 
oligonucleotide of 20 bases that binds to the GH receptor 
mRNA and inhibits translation of the receptor protein, 
and a targeted secretion inhibitor, comprising a botu-
linum toxin–GH-releasing hormone (GHRH) chimera 
molecule that binds to cells expressing GHRH receptors, 
internalizes botulinum toxin and inhibits GH secretion.73 
Temozolomide, an alkylating agent that induces DNA 
damage thereby effecting tumour cell death, has been 
assessed for GH-aggressive pituitary tumours resistant 
to conventional therapy.74,75 Further study results are 
required to assess the potential role of these agents in 
the medical therapy of acromegaly.

Conclusions
Our key recommendations for the management of acro-
megaly are summarized in Figure 1 and Box 2. Opti mal 
use of monotherapy or combination therapy can achieve 
biochemical remission in most patients with acromeg-
aly, with durable efficacy and long-term maintained 
safety profiles. Assuming good treatment adherence 
from patients, loss of efficacy over time with medical 
therapy is rarely encountered. GH deficiency is not fre-
quent but is a risk if patients are over-treated. However, 
patient selection bias in many reports of medical treat-
ment outcomes for acromegaly reinforces the need for 
prospective studies.

Box 2 | Key recommendations

 ■ When considering the biochemical goals of medical 
treatment, a familiarity with appropriate hormone 
standards, assay specificity and assay sensitivity, and 
the determination of assay-specific and method-specific 
normal GH cut-offs are strongly recommended

 ■ The importance of tumour volume decrease with 
medical treatment is most likely to be determined by 
tumour location, invasiveness, size and presence of 
compressive symptoms

 ■ Long-term results are now available on the efficacy 
and safety profile of all medical treatments, but 
response rates in unselected populations of patients 
with acromegaly might be lower than those reported 
in published reports, perhaps owing to patient 
selection bias

 ■ More-specific recommendations are provided for  
first-line and second-line post-surgical medical 
treatment, up-titration and down-titration of doses,  
switching medical therapy, and combination medical 
therapies (Figure 1)

Review criteria

Meeting participants were assigned to specific topics 
related to acromegaly treatment and conducted literature 
searches using PubMed for English language papers, 
published between January 2005 and March 2013. 
Search terms included “acromegaly” and terms 
associated with each topic: “pathology”, “medical 
treatments”, “biochemical goals”, “tumour shrinkage”, 
“clinical outcomes”, “dopamine agonists”, “GH receptor 
antagonist”, “somatostatin receptor ligands”, “mortality”, 
“comorbidities”, “socioeconomic impact”, “pre-surgical 
treatment”, “combination treatments”, and “guidelines”. 
Assigned participants presented on these topics during 
the meeting, participants divided into three subgroups for 
discussion of each topic and reported to the main group. 
All participants developed consensus recommendations 
based on all reports presented.
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