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Objective: The Acromegaly Consensus Group met in April 2009 to revisit the guidelines on criteria
for cure as defined in 2000.

Participants: Participants included 74 neurosurgeons and endocrinologists with extensive experi-
ence of treating acromegaly.

Evidence/Consensus Process: Relevant assays, biochemical measures, clinical outcomes, and def-
inition of disease control were discussed, based on the available published evidence, and the
strength of consensus statements was rated.

Conclusions: Criteria to define active acromegaly and disease control were agreed, and several
significant changes were made to the 2000 guidelines. Appropriate methods of measuring and
achieving disease control were summarized. (J Clin Endocrinol Metab 95: 3141–3148, 2010)

Guidelines published in 2009 summarized the latest
consensus on the management of acromegaly (1). Sev-

eral other consensus documents have been published on var-
ious aspects of acromegaly management since 2000 (2–6),
and in 2000, the criteria for cure of acromegaly were de-
fined (2). In April 2009, the Acromegaly Consensus Group
that had produced these previous documents met to re-
evaluate and update the guidelines on criteria for cure. The
meeting was sponsored by the Pituitary Society and the
European Neuroendocrine Association and included en-
docrinologists and neurosurgeons skilled in the manage-
ment of acromegaly.

Recommendations were graded, based on the GRADE
system (7, 8), depending on the quality of evidence as very
low quality (VLQ; expert opinion with one or a small num-

ber 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 metaanalyses), or high quality (HQ; controlled
studies or large series of large uncontrolled studies with suf-
ficiently long follow-up). Recommendations were classed as
discretionaryrecommendations(DR)ifbasedonVLQorLQ
evidence and as strong recommendations (SR) if based in
MQ and HQ evidence.

Assays

The most important assays used for the diagnosis, man-
agement, and monitoring of acromegaly are GH and IGF-I
measurements. The lack of reliable assays, assay standard-
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ization, and adequate normative data are major issues in
the interpretation of these biochemical measures (9–12).
These factors can lead to major discrepancies in the values
obtained in different laboratories.

The reasons for heterogeneity among GH immunoas-
say results include variable calibration, epitope specificity
of the chosen antibody, and differences in the specificity of
antibody recognition of different GH isoforms circulating
in the serum (10). Furthermore, there is a lack of stan-
dardization between the use of mass units (micrograms per
liter) and international units (milli-international units per
liter), and several different conversion factors are used (for
example, see Refs. 13–15). Problems with IGF-I assays
include the variable quality of the assay performance (16),
differences and deficiencies in reference ranges and age-
stratified normative data, and the uncertain purity of the
International Reference Reagent.

As a first step to improving the interpretation of GH
assays, it is strongly recommended that the World Health
Organization (WHO) international standard (WHO IS
98/574) be used and results be expressed in mass units
(micrograms per liter) (SR) (17). Assays should also be
standardized to measure the 22-kDa isoform of GH or, as
a second-choice, standardized to multiple isoforms of GH
(DR) (17). Additionally, there is a need to increase aware-
ness of the potential problems with GH assays by engaging
stakeholders, including academic and regulatory organi-
zations, journal editors, diagnostic kit manufacturers, the
International Federation of Clinical Chemistry (IFCC),
and other professional endocrine societies (SR).

To improve IGF-I measurement, the highly purified re-
combinant IGF-I WHO first international standard
(WHO IS 02/254) should be adopted (SR) (18). Other
measures that will improve the quality of IGF-I measure-
ment include the use of highly specific antibodies and the
elimination of the confounding effects of binding proteins
(DR) (19). Importantly, normative data must be drawn
from a statistically valid control population (at least 1000
subjects) stratified by decade (20). An algorithm should be
constructed to allow reporting in SD scores. The influence
of gender and body mass index are modest and do not
justify adjustment of normalized values.

The issues with GH and IGF-I measurements high-
lighted here reflect the inherent limitations of immuno-
assays. It is anticipated that the development of mass-
spectroscopy-based technology may overcome these
limitations.

The measurement of acid-labile subunit, other binding
proteins (e.g. IGF-binding protein-3), or ghrelin offers no
advantage over IGF-I measurement in the diagnosis and
management of acromegaly (MQ) (19, 21–25).

GH and IGF-I Regulation

The measurement of GH and age-matched IGF-I concen-
trations are the most important biochemical variables for
the diagnosis of acromegaly and for monitoring progres-
sion or treatment response (HQ) (11, 14, 21, 26).

The measurement of total IGF-I levels reflects GH se-
cretory status in acromegaly (at baseline for diagnosis,
after neurosurgery or radiotherapy, or during medical
treatment) (HQ) (26–28). The measurement of free IGF-I
and/or IGF-binding proteins does not provide additional
clinical information (MQ) (19, 22, 26, 27).

In the investigation of suspected acromegaly, an ele-
vated IGF-I level and a failure to suppress GH during an
oral glucose tolerance test (OGTT) confirm the diagnosis
(HQ) (29). In some cases, when the IGF-I and GH levels
are clearly elevated, an OGTT may not be required (LQ)
(21). During follow-up after neurosurgery or radiother-
apy, controlled GH status can be defined as GH suppres-
sion during an OGTT (for patients not receiving medical
therapy) and a normal IGF-I level (after 3–6 months for
those that have undergone neurosurgery) (HQ) (29).
When there is discrepancy between GH and IGF-I values,
multiple GH sampling (three to five times over 2 h) is
helpful (MQ) (14) (see below). For patients receiving med-
ical treatment with a somatostatin receptor ligand (SRL)
or dopamine agonist, IGF-I and random GH measure-
ments are sufficient for assessment. In fact, an OGTT may
not be helpful for monitoring response in patients receiv-
ing any medical treatment (MQ) (11, 29). In patients re-
ceiving a GH receptor antagonist, only IGF-I should be
measured (HQ) (30).

Oral but not transdermal estrogens reduce IGF-I con-
centrations; results of IGF-I measurements in women re-
ceiving oral estrogens should therefore be interpreted with
caution (MQ) (31–34).

Discrepant Biochemical Results

GH and IGF-I levels are closely correlated in patients with
acromegaly and healthy individuals (HQ) (35, 36); how-
ever, discordance between GH and IGF-I levels has been
noted in up to 30% of patients with acromegaly after
treatment (MQ) (29, 32). Most discordance involves the
measurement of normal GH levels and elevated IGF-I lev-
els, but some cases exhibit elevated GH levels and normal
IGF-I levels (MQ) (32, 34).

Apparent discrepant results may stem from inaccurate
estimates of GH status, either from limited sampling (of-
ten a single or small number of GH measurements are
obtained randomly or during dynamic testing, which may
not accurately measure 24-h GH output) or from the lack
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of assay standardization (MQ) (11). However, there are a
number of other factors that can lead to discrepancies in
GH/IGF-I levels, including hormone half-life, pulsatility,
age, comorbidities, and genetic differences (LQ) (34,
37–42).

The combination of an elevated IGF-I level and a nor-
mal GH level is sometimes seen after radiation therapy
because radiotherapy causes a flat GH secretory pattern
(VLQ) (43). In contrast, a number of factors have been
identified that can result in lower IGF-I levels relative to
GH levels (either by reducing IGF-I levels or raising GH
levels); these include nutritional or gastrointestinal disor-
ders such as chronic inflammatory bowel disorder and
anorexia nervosa (which can impair IGF-I production by
the liver), hepatic or renal failure, oral estrogens, hypo-
thyroidism, and poorly controlled type 1 diabetes (MQ)
(11). In addition, patients with acromegaly in long-term
remission may have discrete signs of mild GH excess (such
as mild hypertension, relative glucose intolerance, and ar-
thralgia) (LQ) (44, 45), and the chronicity of the acro-
megaly is an important factor when interpreting discor-
dant results.

It should be noted that the timing of postoperative test-
ing may affect apparent discrepancies. Because of the long
IGF-I half-life and other factors regulating IGF-I, it can
take several months after surgery for levels to be accurate
(MQ) (46). If biochemical measurements 3–6 months af-
ter surgery show an elevated IGF-I level, further testing of
GH with an OGTT, multiple GH sampling (three to five
times over 2 h), or isolated GH measurement should be
performed (SR) (14, 21, 35, 42, 43). If there is a significant
discrepancy, further testing may be needed over time, and
therapeutic decisions should be made according to the
clinical context. Assessment of GH receptor polymor-
phisms may sometimes be helpful in this setting (DR) (47)
(Fig.1).

Clinical Outcomes

Morbidity and mortality rates in un-
controlled acromegaly are increased
due to the deleterious effect of raised
GH and IGF-I, and sustained long-term
treatment is needed to normalize these
rates (HQ) (45, 48–51).

Comorbidities
The major comorbidities associated

with acromegaly are cardiovascular
disease, diabetes, hypertension, sleep
apnea, arthritis, and metabolic bone
disorders (osteoporosis). Effective bio-
chemical control does not always result
in effective control of comorbidities
(MQ) (44, 52–58).

Optimal control of comorbidities should be achieved
with the most effective treatments for both acromegaly
and the specific comorbidities (SR) (45, 59–61). Cardio-
vascular disease, hypertension, diabetes, sleep apnea, and
arthralgia are all improved, although only partial regres-
sion may occur, in patients with normalized GH levels
(MQ) (59, 62). Cardiovascular risk factors should be ac-
tively identified and treated (SR) (52). Obstructive sleep
apnea is a comorbidity that may occur in 25–60% of pa-
tients. Sleep quality and disturbances in patients with ac-
romegaly require detailed assessment and appropriate re-
ferral for management (SR) (63). Patients with colonic
polyps should be followed according to the international
guidelines for colon cancer (SR) (64–67). When visual im-
pairment is a symptom of acromegaly in the setting of chi-
asmal compression with macroadenomas, surgery is the pri-
mary treatment, but SRLs may decompress mass effects.
Wheresurgery isnotanoption,SRLscouldbeusedinspecific
cases under close ophthalmological monitoring (DR).

Tumor shrinkage with SRLs
Control of tumor mass is a major goal of acromegaly

therapy, and surgery achieves this in many patients (HQ)
(14, 68–72). The role of medical therapy in achieving tu-
mor shrinkage is less well defined. In patients receiving
SRL therapy, a detectable degree of shrinkage is seen in up
to 80% of de novo patients in some treatment series (MQ)
(73–82). The degree of tumor shrinkage after 3 months of
SRL therapy may predict long-term (12 months) shrinkage
(LQ) (81). Tumor shrinkage is not necessarily associated
with biochemical remission (MQ) (83, 84).

The presurgical use of SRLs may improve surgical out-
come, but this requires more data to confirm initial reports
(SRL therapy has improved surgical outcome in some
studies but not in others) (LQ) (85–90) and to define the

FIG. 1. Interpretation of GH and IGF-I levels in acromegaly. GHRA, GH receptor antagonist.

J Clin Endocrinol Metab, July 2010, 95(7):3141–3148 jcem.endojournals.org 3143



patients that are most likely to benefit from pretreatment.
There is no evidence that presurgical treatment with SRLs
reduces the efficacy of surgery (MQ) (85, 87, 88).

Evidence is stronger for improvements in response to
SRL therapy after surgical debulking (MQ) (91–94).

Mortality
Comorbidities and delays in diagnosis are the main fac-

tors influencing the prognosis of acromegaly (HQ) (49–
51,95).BothGHand IGF-I levels correlatewithmortality,
and mortality is close to levels expected in the general
population when GH and serum IGF-I are controlled
(MQ) (50).

In patients with discordant GH and IGF-I levels, the
mortality risk does not appear to be elevated, but data are
still insufficient (VLQ) (51).

Definition of Disease Control

Most of the case series (32, 34, 96) published in the last
decade have suggested that use of the Cortina criteria (2)
for defining disease control could have two main draw-
backs: first, they were not sufficiently flexible to be applied
to different treatment modalities; and second, cutoff limits
for GH did not reflect the now widespread availability of
ultrasensitive GH assays.

Therefore, optimal disease control (i.e. posttreatment
remission of acromegaly) is now defined as IGF-I level
(determined by a reliable standardized assay) in the age-
adjusted normal range and a GH level less than 1.0 �g/liter
from a random GH measurement (using an ultrasensitive
assay) (MQ) (97). However, assays do not consistently
report these values as reflective of biochemical control.
Normalization of IGF-I is the only reliable marker of dis-
ease control under pegvisomant (HQ) (30).

In patients with acromegaly undergoing surgical man-
agement of GH-secreting tumors, OGTT can be used to

assess the outcome (SR) (29, 42). There is substantial ev-
idence to suggest that nadir GH levels less than 0.4 �g/liter
(with ultrasensitive assays) may define control in these
circumstances (MQ) (11, 34, 96, 98). In the case of dis-
crepant biochemical results, multiple GH sampling may be
useful (MQ) (14, 35, 43) (Table 1 and Fig. 1).

At present, there is no longer justification for staging
the outcome of treatment in acromegaly, except to define
active disease and controlled disease (SR) (2) (Table 1).

Summary

In the 10 yr since the criteria for cure of acromegaly were
defined by the Acromegaly Consensus Group (2), signif-
icant progress has been made in the management of acro-
megaly. If managed appropriately by a multimodality
team with specific experience of managing pituitary tu-
mors, there is little justification for patients to have re-
duced life expectancy, frequent morbidity, or uncon-
trolled disease. Challenges related to criteria of cure
include the need to standardize GH and IGF-I assays, how
to interpret discrepant biochemical results, and how to
refine treatment with SRLs to optimize tumor shrinkage.
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M 2006 Presurgical treatment with somatostatin analogs in patients
with acromegaly: effects on the remission and complication rates.
J Neurosurg 104:899–906

90. Plockinger U, Quabbe HJ 2005 Presurgical octreotide treatment in
acromegaly: no improvement of final growth hormone (GH) con-
centration and pituitary function. A long-term case-control study.
Acta Neurochir (Wien) 147:485–493; discussion 493

91. Petrossians P, Borges-Martins L, Espinoza C, Daly A, Betea D,
Valdes-Socin H, Stevenaert A, Chanson P, Beckers A 2005 Gross
total resection or debulking of pituitary adenomas improves hor-
monal control of acromegaly by somatostatin analogs. Eur J Endo-
crinol 152:61–66

92. Colao A, Attanasio R, Pivonello R, Cappabianca P, Cavallo LM,
Lasio G, Lodrini A, Lombardi G, Cozzi R 2006 Partial surgical

removal of growth hormone-secreting pituitary tumors enhances the
response to somatostatin analogs in acromegaly. J Clin Endocrinol
Metab 91:85–92

93. Karavitaki N, Turner HE, Adams CB, Cudlip S, Byrne JV, Fazal-
Sanderson V, Rowlers S, Trainer PJ, Wass JA 2008 Surgical debulk-
ing of pituitary macroadenomas causing acromegaly improves con-
trol by lanreotide. Clin Endocrinol (Oxf) 68:970–975

94. Jallad RS, Musolino NR, Kodaira S, Cescato VA, Bronstein MD
2007 Does partial surgical tumour removal influence the response to
octreotide-LAR in acromegalic patients previously resistant to the
somatostatin analogue? Clin Endocrinol (Oxf) 67:310–315

95. Biermasz NR, Dekker FW, Pereira AM, van Thiel SW, Schutte PJ,
van Dulken H, Romijn JA, Roelfsema F 2004 Determinants of sur-
vival in treated acromegaly in a single center: predictive value of
serial insulin-like growth factor I measurements. J Clin Endocrinol
Metab 89:2789–2796

96. Dimaraki EV, Jaffe CA, DeMott-Friberg R, Chandler WF, Barkan
AL 2002 Acromegaly with apparently normal GH secretion: impli-
cations for diagnosis and follow-up. J Clin Endocrinol Metab 87:
3537–3542

97. Freda PU, Post KD, Powell JS, Wardlaw SL 1998 Evaluation of
disease status with sensitive measures of growth hormone secretion
in 60 postoperative patients with acromegaly. J Clin Endocrinol
Metab 83:3808–3816

98. Espinosa-de-Los-Monteros AL, Sosa E, Cheng S, Ochoa R, Sandoval
C, Guinto G, Mendoza V, Hernandez I, Molina M, Mercado M 2006
Biochemical evaluation of disease activity after pituitary surgery in ac-
romegaly: a critical analysis of patients who spontaneously change dis-
ease status. Clin Endocrinol (Oxf) 64:245–249

Members receive free electronic delivery  
of FDA drug safety alerts from 

www.endo-society.org/FDA

3148 Giustina et al. Criteria for Cure of Acromegaly J Clin Endocrinol Metab, July 2010, 95(7):3141–3148


