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Abstract

Background: Acromegaly is a rare, slowly progressive disorder resulting from excessive growth hormone (GH)
production by a pituitary somatotroph tumor. The objective of this study was to examine acromegaly treatment
outcomes during long-term care at a specialized pituitary center in patients presenting with lack of biochemical
control.

Methods: Data came from an acromegaly registry at the Cedars-Sinai Medical Center Pituitary Center (center).
Acromegaly patients included in this study were those who presented biochemically-uncontrolled for care at the
center. Biochemical control status, based on serum insulin-like growth factor-1 values, was determined at presentation
and at study end. Patient characteristics and acromegaly treatments were reported before and after presentation by
presenting treatment status and final biochemical control status. Data on long-term follow-up were recorded from
1985 through June 2013.

Results: Seventy-four patients presented uncontrolled: 40 untreated (54.1%) and 34 (45.9%) previously-treated.
Mean (SD) age at diagnosis was 43.2 (14.7); 32 (43.2%) were female patients. Of 65 patients with tumor size
information, 59 (90.8%) had macroadenomas. Prior treatments among the 34 previously-treated patients were
pituitary surgery alone (47.1%), surgery and medication (41.2%), and medication alone (11.8%). Of the 40 patients without
prior treatment, 82.5% achieved control by study end. Of the 34 with prior treatment, 50% achieved control by study end.

Conclusions: This observational study shows that treatment outcomes of biochemically-uncontrolled acromegaly
patients improve with directed care, particularly for those that initially present untreated. Patients often require
multiple modalities of treatment, many of which are offered with the highest quality at specialized pituitary
centers. Despite specialized care, some patients were not able to achieve biochemical control with methods of
treatment that were available at the time of their treatment, showing the need for additional treatment options.
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Background
Acromegaly is a rare, slowly progressive disorder result-
ing from excessive growth hormone (GH) production by
a pituitary somatotroph tumor. GH produces direct
metabolic effects and induces hepatic insulin-like growth
factor (IGF)-1 production. IGF-1 in turn also contributes
to somatic growth and metabolic dysfunction [1]. Acro-
megaly affects up to 130 individuals per million persons,
or approximately 20,000 people in the US, and recent
reports indicate that incidence of pituitary tumors is
increasing [2, 3]. Because of the slow progression of
symptoms, diagnosis may be delayed for many years,
with most acromegaly patients diagnosed after age 40
[2, 4–7]. Diagnosis is made clinically on the basis of
typical signs and symptoms confirmed with laboratory
assessment of GH and/or IGF-1 levels.
Initial treatment is surgery to resect the adenoma, but

at least half of the patients require additional treatment
[8–10]. First-line pharmacologic treatment usually con-
sists of one of the first generation somatostatin receptor
ligands (SRLs) such as octreotide or lanreotide. The goal
of treatment is to reduce GH and/or IGF-1 levels to nor-
mal. The efficacy of SRL therapy is highly variable, with
an average biochemical response rate of approximately
55% across most large series; however, lower response
rates of 17-54% have been observed in several recent
prospective studies that included only drug naïve patients
[11, 12]. If initial pharmacologic therapy fails to achieve
biochemical control, strategies for attempting to improve
control include switching to or adding a dopamine agonist
or pegvisomant, a GH-receptor antagonist; performing
further surgery; or proceeding to radiotherapy [8–10].
The need to better understand this rare and complex

disease had resulted in initiation of a number of acromeg-
aly registries worldwide (e.g., [13–21]), although only a
few such observational center-specific studies have been
conducted in the US. [22–26]. The objective of this
study was to report treatment patterns and outcomes
of acromegaly patients that presented biochemically-
uncontrolled for care at a single US pituitary center,
based on data from a US acromegaly registry.

Methods
Study design and data sources
This study included patients from an observational acro-
megaly registry at the Pituitary Center at Cedars-Sinai
Medical Center (CSMC) (center). The patients were
followed by that center over time, some as early as 1985,
and the database was periodically updated, resulting in
approximately 300 acromegaly patients in the registry.
The data in the registry include demographics, past med-
ical and surgical history, symptoms, laboratory values,
medications, cardiology and colonoscopy results, path-
ology, radiology, and surgical and visual field information.

All data were abstracted from medical records into the
registry database by center investigators. The study was
approved by the CSMC Institutional Review Board.

Study population and follow-up
The current study focused on acromegaly patients who
were followed for at least 12 months after initial treat-
ment and those who were not biochemically-controlled
on presentation at CSMC. Presenting biochemical con-
trol status was determined based on the initial IGF-1 on
presentation to the center. IGF-1 ≤ 100% of upper limit
of normal (ULN) was defined as “controlled” and >100%
ULN as “uncontrolled” [27]. Although all GH and IGF-1
values were recorded in the study, considering the pos-
siblity of discordance between values of GH and IGF-I
in different treatment scenarios, to maintain a robust
definition of control we opted to rely solely on IGF-I for
this analysis [27].
The first visit at the center was defined as the index

date, the baseline period was defined as any time before
the index date, and the follow-up period was defined as
the time from the index date until the last observed
IGF-1 test. Patients with no IGF-1 within the first
90 days after the index date were excluded.

Study measures
Baseline measures included patient characteristics, coex-
isting hormonal abnormalities, initial acromegaly treat-
ments, and other medication use. Patient characteristics
included age at the index date, age at diagnosis, gender,
race/ethnicity, presenting biochemical control status,
any abnormal finding on the first magnetic resonance
imaging (MRI) or computed tomography (CT) (invasion
of cavernous sinus; compression of optic chiasm; and
carotid artery encasement), and first reported tumor size
(microadenoma [<1 cm] vs. macroadenoma [≥1 cm]).
Coexisting hormonal abnormalities included hyperpro-
lactinemia, adrenal insufficiency (i.e., use of adrenal
replacement [steroids]), gonadal insufficiency (or use of
sex steroid replacement), hypothyroidism (or use of
thyroid replacement), and use of antihyperglycemic or
antihypertensive medications.
We described each patient’s treatment course both dur-

ing the baseline period and during follow-up. An individ-
ual treatment course was defined as the period from the
first date of treatment until a different treatment was insti-
tuted. If there were no subsequent treatments, the treat-
ment course ended on the last date of the treatment. Each
surgical procedure was counted as a different treatment
course. Combination treatment was defined as two or
more medications used in conjunction for >90 days. Short
(<6 month) pre-surgical medical treatment was not
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counted as a treatment course, nor was subcutaneous
octreotide SA for ≤30 days immediately preceding the use
of octreotide LAR or lanreotide.
Finally, final biochemical control status was assessed for

all study patients, based on the last observed IGF-1 test
result at the center and the same definition as the one
described above for presenting biochemical control status.
The assays used at the center included: GH and IGF-I
assays at Nichols Institute Reference Laboratories (San
Juan Capistrano, CA) from 1986 to 1994; Esoterix Inc.
(Calabasas, CA) from 1994 to 2005; the Nichols Advan-
tage assay at Nichols Institute/Quest Diagnostics (San
Juan Capistrano, CA) from 2005 to 2006; and the DPC
Immulite 2000 assay (Diagnostic Products Corp., Los
Angeles, CA) at Quest Diagnostics from 2006 to present
[27]. All GH and IGF-I assays are two-site RIAs, and each
was standardized against World Health Organization
international standard preparations, with changes in refer-
ence preparations made over the years [27].

Analyses
Baseline characteristics and baseline treatment variables
were presented descriptively for two separate acromegaly
cohorts: those presenting uncontrolled and untreated
versus those presenting uncontrolled and treated. The
two cohorts were then further stratified into those that
reached final biochemical control and those that did not,
for description of treatment during care at the center.
Descriptive statistics, including means, standard devia-
tions (SD), medians, and percentages, were estimated
for all study measures when applicable, and reported

Table 1 Baseline patient characteristics by presenting status

Presenting
Uncontrolled Without
Prior Treatment
for Acromegaly
n = 40 (54.1%)

Presenting
Uncontrolled with
Prior Treatment
for Acromegaly
n = 34 (45.9%)

All
N = 74

Age at index date, yeara

mean 44.7 50.1 47.2

(SD) (15.5) (15.6) (15.6)

Age at diagnosis, yearb

n 35 31 66

mean 43.8 42.5 43.2

(SD) (15.5) (14.0) (14.7)

Female

n 16 16 32

(%) (40.0) (47.1) (43.2)

Race/ethnicity

Caucasian

n 30 25 55

(%) (75.0) (73.5) (74.3)

Asian

n 5 5 10

(%) (12.5) (14.7) (13.5)

Hispanic

n 4 4 8

(%) (10.0) (11.8) (10.8)

Other

n 1 0 1

(%) (2.5) (0.0) (1.4)

Years of follow-up at center

mean 5.1 8.5 6.7

(SD) (4.4) (5.7) (5.3)

min - max 0.3–23.0 0.2–21.3 0.2–23.0

median 4.2 7.8 4.9

Tumor Sizec

n 36 29 65

Macroadenoma

n 33 26 59

(%) (91.7) (89.7) (90.8)

Microadenoma

n 3 3 6

(%) (8.3) (10.3) (9.2)

Abnormal finding on MRI or CT

n 25 15 40

(%) (62.5) (44.1) (54.1)

Table 1 Baseline patient characteristics by presenting status
(Continued)

Hormonal Abnormalities

Prolactin elevation

n 0 1 1

(%) (0.0) (2.9) (1.4)

Adrenal insufficiency

n 4 3 7

(%) (10.0) (8.8) (9.5)

Gonadal insufficiency

n 5 4 9

(%) (12.5) (11.8) (12.2)

Hypothyroidism

n 4 6 10

(%) (10.0) (17.6) (13.5)
aIndex date was defined as the first visit the center;
b66 patients had information about age at diagnosis;
c65 patients had tumor size available in the patient medical record; percent
among non-missing observations
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separately for each control status cohort and for all
patients. All data transformations and statistical ana-
lyses were performed using SAS® version 9.4 (SAS
Institute, Cary, NC).

Results
Of 300 acromegaly patients in the registry, 121 were
followed for at least 12 months after initial treatment,
and of these only 74 patients presented biochemically
uncontrolled at the center and were included in the
study. Of these, 40 patients presented untreated (54.1%),
and 34 (45.9%) presented after having received at least
one prior treatment. The mean (SD) age at diagnosis
was 43.2 (14.7) years and was 47.2 (15.6) years at the
time of this study. There were 32 (43.2%) female patients,
55 (74.3%) Caucasian patients, 10 (13.5%) Asian patients,
8 (10.8%) Hispanic patients, and one of other race/ethni-
city. Median follow-up at the center was 4.9 years. For 65
of 74 patients, data on baseline tumor size was available:
59 (90.8%) patients had macroadenomas and 6 (9.2%) had
microadenomas. Abnormal findings on MRI or CT were
observed in 40 (54.1%) patients; 10 (13.5%) patients had
hypothyroidism, 9 (12.2%) patients gonadal insufficiency,
7 (9.5%) had adrenal insufficiency, and 1 (1.4%) had ele-
vated prolactin. These patient characteristics were dis-
tributed relatively similarly by presenting treatment
status (Table 1).
In the cohort with prior treatment, the pre-presentation

(baseline) treatment was pituitary surgery alone in 16
(47.1%) patients, surgery and medication in 14 (41.2%)
patients, and medication alone in 4 (11.8%) patients. Med-
ications for acromegaly included only somatostatin ana-
logues and dopamine agonists. In addition, 11.8% used
antihyperglycemics and 26.5% antihypertensives. In the
untreated cohort, 12.5% used antihyperglycemics and
22.5% used antihypertensive medications (Table 2).
At the end of follow up, 33 (82.5%) of 40 patients with-

out prior treatment achieved control and 7 remained un-
controlled (17.5%). Of 34 patients that presented
uncontrolled but with prior treatment, 17 (50%) patients
achieved control and 17 remained uncontrolled by study
end. Patients that remained uncontrolled tended to be
older on average than those that reached control, espe-
cially those who were uncontrolled and treated at baseline.
Overall, a higher proportions of patients that remained
uncontrolled had prolactin elevation (4.2% vs. 0%), ad-
renal insufficiency (16.7% vs. 6%), and hypothyroidism
(20.8% vs. 10.0%) (Table 3).
Among the 33 initially uncontrolled and untreated

patients that reached control by study end, most were
managed with surgery and medication (51.5%) or surgery
alone (42.4%) after presentation. Among the 17 initially
uncontrolled but treated patients that reached control

by study end, most were managed with medication alone
(58.8%) during care at the center (Table 4).

Discussion
This study describes the treatment patterns and out-
comes of acromegaly patients that presented without
biochemical control at a single major specialized pituit-
ary center in the US. The study showed that of those
patients that presented at the center biochemically-
uncontrolled and previously untreated for acromegaly, a
majority (82.5%) achieved biochemical control during
care at the center by study end. However, only 50% of
patients that presented as biochemically-uncontrolled

Table 2 Baseline treatment by presenting status

Presenting
Uncontrolled Without
Prior Treatment for
Acromegaly
n = 40 (54.1%)

Presenting
Uncontrolled with
Prior Treatment for
Acromegaly
n = 34 (45.9%)

All
N = 74

Treatment Patterns

No treatment 40 0 40

(100.0) (0.0) (54.1)

Surgery and
medication

0 14 14

(0.0) (41.2) (18.9)

Medication only 0 4 4

(0.0) (11.8) (5.4)

Surgery only 0 16 16

(0.0) (47.1) (21.6)

Pituitary surgery 0 30 30

(0.0) (88.2) (40.5)

Pharmacologic
treatment

0 18 18

(0.0) (52.9) (24.3)

Somatostatin
analogues

0 12 12

(0.0) (35.3) (16.2)

Pasireotide 0 0 0

(0.0) (0.0) (0.0)

Dopamine
agonists

0 12 12

(0.0) (35.3) (16.2)

Pegvisomant 0 0 0

(0.0) (0.0) (0.0)

Antihyperglycemic
medication

5 4 9

(12.5) (11.8) (12.2)

Insulin 0 1 1

(0.0) (2.9) (1.4)

Antihypertensive
medication

9 9 18

(22.5) (26.5) (24.3)

Somatostatin analogues include octreotide LAR, octreotide SA, and lanreotide;
dopamine agonists include bromocriptine and cabergoline
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Table 3 Patient characteristics by presenting status and final biochemical control status

Final Biochemical Control Presenting Uncontrolled Without
Prior Treatment for Acromegaly
n = 40 (54.1%)

Presenting Uncontrolled with Prior
Treatment for Acromegaly
n = 34 (45.9%)

All
N = 74

Controlled
n = 33 (82.5%)

Uncontrolled
n = 7 (17.5%)

Controlled
n = 17 (50.0%)

Uncontrolled
n = 17 (50.0%)

Age at index date, yeara

mean 44.5 45.6 46.8 53.4 47.2

(SD) (15.9) (14.5) (12.9) (17.7) (15.6)

Age at diagnosis, yearb

N 30 5 16 15 66

mean 44.5 40.0 41.4 43.6 43.2

(SD) (15.9) (13.6) (12.1) (16.1) (14.7)

Years of follow-up at center

mean 5.0 5.3 8.7 8.3 6.7

(SD) (4.7) (2.7) (6.3) (5.3) (5.3)

min-max 0.3-23.0 2.2-9.4 0.2-21.3 0.6-20.2 0.2-23.0

median 4.2 4.5 8.0 7.3 4.9

Tumor Sizec

n 31 5 15 14 65

Macroadenoma

n 29 4 14 12 59

(%) (93.5) (80.0) (93.3) (85.7) (90.8)

Microadenoma

n 2 1 1 2 6

(%) (6.5) (20.0) (6.7) (14.3) (9.2)

Abnormal finding on MRI or CT

n 21 4 7 8 40

(%) (63.6) (57.1) (41.2) (47.1) (54.1)

Hormonal Abnormalities

Prolactin elevation

n 0 0 0 1 1

(%) (0.0) (0.0) (0.0) (5.9) (1.4)

Adrenal insufficiency

n 2 2 1 2 7

(%) (6.1) (28.6) (5.9) (11.8) (9.5)

Gonadal insufficiency

n 4 1 4 0 9

(%) (12.1) (14.3) (23.5) (0.0) (12.2)

Hypothyroidism

n 3 1 2 4 10

(%) (9.1) (14.3) (11.8) (23.5) (13.5)
aIndex date was defined as the first visit at the center;
b35 patients had information about age at diagnosis in the presenting uncontrolled without prior treatment group; 31 patients had the information in the
presenting uncontrolled with prior treatment group;
c36 patients had tumor size available in the patient medical record in the presenting uncontrolled without prior treatment group; 29 patients had the information
in the presenting uncontrolled with prior treatment group
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but had prior treatment went on to achieve biochemical
control by study end, suggesting these cases may have
been more complex.
Although there are a number of published studies

based on acromegaly registries worldwide (e.g., [13–21]),
only a few such studies have reported on results for the
US acromegaly population [22–26]. The current study
supplements the literature by providing a description of
treatment patterns based on an ongoing US acromegaly
registry.
The results from this study indicate that a higher pro-

portion of acromegaly patients that present de novo,
uncontrolled and untreated, to a specialized pituitary
center may achieve disease remission compared to acro-
megaly patients that present uncontrolled and previously
treated. These data suggest that the patients that are un-
controlled and previously treated at presentation may be
more treatment resistant and have more complex man-
agement requirements than those that present untreated.
It is possible that the previously treated patients are

referred to a specialized pituitary center due to failing
treatment elsewhere. The complexity of previously treated
cases was underscored in this study by a somewhat higher
proportion of these patients presenting with use of antihy-
pertensive medications (26.5% vs. 22.5%) and with
hypothyroidism (17.6% vs. 10%) indicating a potentially
higher degree of hypopituitarism; they were also slightly
older (mean age 50.1 versus 44.7 years). The management
complexity of these patients was also indicated by an over-
all longer follow-up time period versus those that pre-
sented untreated (median follow-up period of 7.8 years vs.
4.2 years). These patients may have had a longer duration
of the disease that was left uncontrolled and un-
treated, manifesting in higher rates of comorbidities.
Conversely, these results also show that even among

uncontrolled patients that previously received treatment
for acromegaly, such as pituitary surgery, further disease
management at a specialized pituitary center results in
improved biochemical control in up to 50% of patients.
These improvements are likely associated with access to

Table 4 Treatment during care at center by presenting status and final biochemical control status

Final Biochemical Control Presenting Uncontrolled Without
Prior Treatment for Acromegaly
n = 40 (54.1%)

Presenting Uncontrolled With
Prior Treatment for Acromegaly
n = 34 (45.9%)

All
N = 74

Controlled
n = 33 (82.5%)

Uncontrolled
n = 7 (17.5%)

Controlled
n = 17 (50.0%)

Uncontrolled
n = 17 (50.0%)

Treatment Patterns

Surgery and medication 17 4 2 4 27

(51.5) (57.1) (11.8) (23.5) (36.5)

Medication only 2 2 10 12 26

(6.1) (28.6) (58.8) (70.6) (35.1)

Surgery only 14 1 3 1 19

(42.4) (14.3) (17.6) (5.9) (25.7)

No treatment 0 0 2 0 2

(0.0) (0.0) (11.8) (0) (2.7)

Pituitary surgery 31 5 5 5 46

(93.9) (71.4) (29.4) (29.4) (62.2)

Pharmacologic treatment 19 6 12 16 53

(57.6) (85.7) (70.6) (94.1) (71.6)

Somatostatin analogues 15 4 9 15 43

(45.5) (57.1) (52.9) (88.2) (58.1)

Pasireotide 0 0 1 0 1

(0.0) (0.0) (5.9) (0.0) (1.4)

Dopamine agonists 8 2 6 10 26

(24.2) (28.6) (35.3) (58.8) (35.1)

Pegvisomant 5 1 2 4 12

(15.2) (14.3) (11.8) (23.5) (16.2)

Somatostatin analogues include octreotide LAR, octreotide SA, and lanreotide; dopamine agonists include bromocriptine and cabergoline; dopamine agonists
include bromocriptine and cabergoline
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successful repeat pituitary surgery or specialized tailoring
of medical therapy for patients not suited for surgery.
Specifically, in this study the use of medical therapies and
surgeries, including pegvisomant and repeat surgeries by
an experienced neurosurgeon led to an improvement in
disease control in most patients presenting to the center.
Finally, these center-specific findings suggest that for some
difficult-to-treat acromegaly patients, achieving biochem-
ical control even at a specialized pituitary center may be
challenging with currently available treatment options.
Patients who remained uncontrolled despite maximal

surgical and medical treatment were considered for
radiosurgery or radiotherapy. Risks and benefits of these
therapies were weighed in all cases, and in all cases pre-
sented here, patients did not receive radiation during the
treatment period described. In general, the approach to-
wards patients with acromegaly at this center ascribes
radiation to a lower treatment priority than surgery or
medication, and weighs heavily the risks associated with
radiation treatment [9, 10].
This study provided a large data set on acromegaly

patients treated at a specialized pituitary center, thereby
filling the need for more data on observed long-term
treatment outcomes for acromegaly in the US. The study
included detailed medical chart information across a
lengthy follow-up period, enabling tracking of treatment
patterns and associated clinical outcomes. The study had
limitations. The small sample size was limited in power
to conduct statistical tests to assess significant differ-
ences between cohorts in the study sample. It is possible
that results vary across centers. Future studies should
compare the outcomes of acromegaly patients treated at
different centers. Patients examined in this study likely
represent cases with complex acromegaly, referred for
specialized tertiary or quaternary care. The study reflects
care over more than two decades. Acromegaly manage-
ment has changed significantly over that time. Since this
study was completed, some patients may have achieved
control. Other limitations include those that are typical
of observational studies and registries, such as lack of
randomized-placebo controlled study design, which
would have ensured strict criteria such as medication
titration protocols and treatment adherence.

Conclusions
Treatment outcomes for biochemically-uncontrolled
acromegaly patients improve with directed care, particu-
larly for those that initially present untreated. Patients
often require multiple modalities of treatment, many of
which are offered at specialized pituitary centers. Despite
care at such a center, some patients did not achieve bio-
chemical control with currently available methods of
treatment, showing a clear unmet need for additional
treatment options. Future research should consider that

in any evaluation of a clinical practice, treatment deci-
sions and outcomes are not only guided by physicians’
clinical management decisions and preferences, but also
by patients’ access to care (such as insurance), prefer-
ences, and treatment compliance.

Abbreviations
CSMC: Cedars-Sinai Medical Center; GH: Growth hormone; IGF: Insulin-like
growth factor; SD: Standard deviations; SRLs: Somatostatin receptor ligands;
ULN: Upper limit of normal

Acknowledgements
Not applicable

Funding
This study was funded by Novartis Pharmaceuticals Corporation. The funder
reviewed the manuscript.

Availability of data and materials
Raw data are not available for public use.

Authors’ contributions
JDC, MSB, DC, EC, AM, QS, MPN, and VB all met the ICMJE criteria for
authorship. JDC, MSB, DC, EC, AM, QS, MPN, and VB were involved in the
design of the study, interpretation of results, and writing of the manuscript.
Additionally, JDC, AM, and VB participated in data acquisition and EC
conducted the statistical analyses. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
The study was approved by the Cedars-Sinai Medical Center Institutional Re-
view Board. Written informed consent was obtained from all individual par-
ticipants included in the study.

Consent for publication
Not applicable.

Competing interests
Vivien Bonert, John D. Carmichael, and Adam Mamelak were responsible for
overseeing this study at Cedars-Sinai Medical Center, which received funding
for this research. Maureen Neary and Qayyim Said are employees of Novartis
Pharmaceuticals Corporation. Michael S. Broder, Eunice Chang, and Dasha
Cherepanov are employees of Partnership for Health Analytic Research,
LLC, a health services research company paid by Novartis to conduct this
research. Dr. John D. Carmichael is currently located at the University of
Southern California (USC) Pituitary Center at the Keck School of Medicine
of USC.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Pituitary Center, Cedars-Sinai Medical Center, 8700 Beverly Blvd, Los Angeles,
CA 90048, USA. 2Partnership for Health Analytic Research, LLC, 280 S. Beverly
Dr., Suite 404, Beverly Hills, CA 90212, USA. 3Health Economics and
Outcomes Research, Novartis Pharmaceuticals Corporation, One Health Plaza,
East Hanover, NJ 07936, USA. 4Global Oncology Market Access and Policy,
Novartis Pharmaceuticals Corporation, One Health Plaza, East Hanover, NJ
07936, USA.

Received: 16 May 2017 Accepted: 27 July 2017

References
1. Melmed S. Medical progress: Acromegaly. N Engl J Med. 2006;355(24):2558–73.

Review. Erratum in: N Engl J Med. 2007 Feb 22;356(8):879.
2. Chanson P, Salenave S. Acromegaly. Orphanet J Rare Dis. 2008;3:17.

Carmichael et al. BMC Endocrine Disorders  (2017) 17:49 Page 7 of 8



3. Gittleman H, Ostrom QT, Farah PD, Ondracek A, Chen Y, Wolinsky Y, et al.
Descriptive epidemiology of pituitary tumors in the United States, 2004-
2009. J Neurosurg. 2014;121(3):527–35.

4. Agustsson TT, Baldvinsdottir T, Jonasson JG, Olafsdottir E,
Steinthorsdottir V, Sigurdsson G, et al. The epidemiology of pituitary
adenomas in Iceland, 1955-2012: a nationwide population-based study.
Eur J Endocrinol. 2015;173(5):655–64.

5. Chanson P, Salenave S, Kamenicky P, Cazabat L, Young J. Pituitary tumours:
acromegaly. Best Pract Res Clin Endocrinol Metab. 2009;23(5):555–74.

6. Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa MA, Beckers A.
High prevalence of pituitary adenomas: a cross-sectional study in the
province of Liege, Belgium. J Clin Endocrinol Metab. 2006;91(12):4769–75.

7. Fernandez A, Karavitaki N, Wass JA. Prevalence of pituitary adenomas: a
community-based, cross-sectional study in Banbury (Oxfordshire, UK). Clin
Endocrinol. 2010;72(3):377–82.

8. Giustina A, Chanson P, Kleinberg D, Bronstein MD, Clemmons DR, Klibanski
A, et al. Expert consensus document: a consensus on the medical treatment
of acromegaly. Nat Rev Endocrinol. 2014;10(4):243–8.

9. Katznelson L, Laws ER Jr, Melmed S, Molitch ME, Murad MH, Utz A, et al.
Acromegaly: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab. 2014;99(11):3933–51.

10. Melmed S, Colao A, Barkan A, Molitch M, Grossman AB, Kleinberg D, et al.
Guidelines for acromegaly management: an update. J Clin Endocrinol
Metab. 2009;94(5):1509–17.

11. Carmichael JD, Bonert VS, Nuño M, Ly D, Melmed S. Acromegaly clinical trial
methodology impact on reported biochemical efficacy rates of
somatostatin receptor ligand treatments: a meta-analysis. J Clin Endocrinol
Metab. 2014;99(5):1825–33.

12. Colao A, Auriemma RS, Pivonello R, Kasuki L, Gadelha MR. Interpreting
biochemical control response rates with first-generation somatostatin
analogues in acromegaly. Pituitary. 2016;19(3):235–47.

13. Arosio M, Reimondo G, Malchiodi E, Berchialla P, Borraccino A, De Marinis L,
et al. Predictors of morbidity and mortality in acromegaly: an Italian survey.
Eur J Endocrinol. 2012;167(2):189–98.

14. Bex M, Abs R, T'Sjoen G, Mockel J, Velkeniers B, Muermans K, et al. AcroBel–the
Belgian registry on acromegaly: a survey of the 'real-life' outcome in 418
acromegalic subjects. Eur J Endocrinol. 2007;157(4):399–409.

15. Dal J, Feldt-Rasmussen U, Andersen M, Kristensen LØ, Laurberg P, Pedersen
L, et al. Acromegaly incidence, prevalence, complications and long-term
prognosis: a nationwide cohort study. Eur J Endocrinol. 2016;175(3):181–90.

16. Delemer B, Chanson P, Foubert L, Borson-Chazot F, Chabre O, Tabarin A, et
al. Patients lost to follow-up in acromegaly: results of the ACROSPECT study.
Eur J Endocrinol. 2014;170(5):791–7.

17. Fieffe S, Morange I, Petrossians P, Chanson P, Rohmer V, Cortet C, et al.
Diabetes in acromegaly, prevalence, risk factors, and evolution: data from
the French Acromegaly registry. Eur J Endocrinol. 2011;164(6):877–84.

18. Holdaway IM, Rajasoorya RC, Gamble GD. Factors influencing mortality in
acromegaly. J Clin Endocrinol Metab. 2004;89(2):667–74.

19. Portocarrero-Ortiz LA, Vergara-Lopez A, Vidrio-Velazquez M, Uribe-Diaz AM,
García-Dominguez A, Reza-Albarrán AA, et al. The Mexican Acromegaly
registry: clinical and biochemical characteristics at diagnosis and therapeutic
outcomes. J Clin Endocrinol Metab. 2016;101(11):3997–4004.

20. Schöfl C, Franz H, Grussendorf M, Honegger J, Jaursch-Hancke C, Mayr B, et al.
Long-term outcome in patients with acromegaly: analysis of 1344 patients
from the German Acromegaly register. Eur J Endocrinol. 2012;168(1):39–47.

21. Sesmilo G, Gaztambide S, Venegas E, Picó A, Del Pozo C, Blanco C, et al.
Changes in acromegaly treatment over four decades in Spain: analysis of
the Spanish Acromegaly registry (REA). Pituitary. 2013;16(1):115–21.

22. Drange MR, Fram NR, Herman-Bonert V, Melmed S. Pituitary tumor registry:
a novel clinical resource. J Clin Endocrinol Metab. 2000;85(1):168–74.

23. Katznelson L, Kleinberg D, Vance ML, Stavrou S, Pulaski KJ, Schoenfeld DA, et al.
Hypogonadism in patients with acromegaly: data from the multi-centre
acromegaly registry pilot study. Clin Endocrinol. 2001;54(2):183–8. Erratum in:
Clin Endocrinol (Oxf) 2001 Nov;55(5):699. Stravou S [corrected to Stavrou S]

24. Nachtigall L, Delgado A, Swearingen B, Lee H, Zerikly R, Klibanski A.
Changing patterns in diagnosis and therapy of acromegaly over two
decades. J Clin Endocrinol Metab. 2008;93(6):2035–41.

25. Reyes-Vidal C, Fernandez JC, Bruce JN, Crisman C, Conwell IM, Kostadinov J,
et al. Prospective study of surgical treatment of acromegaly: effects on
ghrelin, weight, adiposity, and markers of CV risk. J Clin Endocrinol Metab.
2014;99(11):4124–32.

26. Swearingen B, Barker FG 2nd, Katznelson L, Biller BM, Grinspoon S, Klibanski
A, et al. Long-term mortality after transsphenoidal surgery and adjunctive
therapy for acromegaly. J Clin Endocrinol Metab. 1998;83(10):3419–26.

27. Carmichael JD, Bonert VS, Mirocha JM, Melmed S. The utility of oral glucose
tolerance testing for diagnosis and assessment of treatment outcomes in
166 patients with acromegaly. J Clin Endocrinol Metab. 2009;94(2):523–7.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Carmichael et al. BMC Endocrine Disorders  (2017) 17:49 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and data sources
	Study population and follow-up
	Study measures
	Analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

