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Abstract

Objective In rare disease research, most randomized prospective clinical trials can only use limited number of patients
and are comprised of highly heterogeneous populations. Therefore, it is crucial to report the results in such a manner that
it allows for comparison of treatment effectiveness and biochemical control between studies. The aim of this review was to
investigate the current methods that are being applied to measure and report growth hormone (GH) and insulin-like growth
factor-1 (IGF-1) as markers for drug effectiveness in clinical acromegaly research.

Search strategy A systematic search of recent prospective and retrospective studies, published between 2012 and 2017, that
studied the effects of somatostatin analogues or dopamine agonists in acromegaly patients was performed. The markers of
interest were GH, IGF-1, and the suppression of GH after an oral glucose tolerance test (OGTT). Additionally, the use of
pharmacokinetic (PK) measurements in these studies was analyzed. The sampling design, cut-off for biochemical control,
reported units, and used summary statistics were summarized.

Results A total of 49 articles were selected out of the 263 screened abstracts. IGF-1 concentrations were measured in all 49
studies, GH in 45 studies, and an OGTT was performed in 11 studies. A wide range of different cut-off values and sampling
designs were used to determine biochemical control in acromegaly patients. The summary statistics were reported in various
ways, with the percentage of biochemical control most frequently used. Nine studies sampled the PK at one or more time
points. Non-compartmental analyses were commonly performed on the available PK data.

Conclusions The way GH and IGF-1 are measured and reported in acromegaly research varies considerably. A consensus
on how to report study results would enable better comparisons between studies, thereby improving evidence based decision
making to optimize treatment in acromegaly.
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Introduction

Acromegaly is a rare disease (prevalence of 60-70 per mil-
lion [1]) characterized by growth hormone (GH) hypersecre-
tion that results in the abnormal growth of extremities, high
morbidity, and an increased mortality risk. In virtually all
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cases, acromegaly is the result of a GH secreting pituitary
adenoma [2—4]. Under normal physiological conditions,
GH is secreted in discrete bursts that result in a pulsatile
plasma GH concentration—time profile. GH secretion is
mainly upregulated by growth hormone-releasing hormone
(GHRH), GH-releasing peptide (GHRP, e.g. ghrelin), and
inhibited by somatostatin. Binding of GH to GH-receptors
located in the liver induces insulin-like growth factor-1
(IGF-I) synthesis and secretion into the circulation. Negative
feedback on GH secretion is mediated by IGF-1 and by GH
itself [5]. Major negative determinants of GH secretion are
aging and adiposity, while on the other hand aromatizable
sex steroids amplify GH secretion [6, 7].

Guideline recommendations

Both the GH and IGF-1 plasma concentrations are typically
increased in active acromegaly and will decrease during
effective treatment. Both biomarkers are therefore used in
clinical practice to monitor biochemical control in acromeg-
aly and to determine treatment effectiveness. As a result of
the biological mechanisms underlying acromegaly, the most
recent guidelines, by the Endocrine Society and the Ameri-
can Association of Clinical Endocrinologists (AACE), for
the diagnosis and treatment monitoring in acromegaly focus
on three key biomarkers; (a) IGF-1, (b) (mean) GH and (c)
level of suppression of GH concentrations during an oral
glucose tolerance test (OGTT), further referred to in this
article as the biomarkers of interest [8, 9].

Insulin-like growth factor-1

In clinical practice, a main treatment goal is a reduction
in IGF-1 concentrations to the clinically accepted ‘normal’
values for age and sex, which has been associated with
improved/normalized mortality. In the guidelines, the upper
limit of normal (ULN) was introduced as a surrogate for
‘safe” IGF-1 levels which can be used to monitor the bio-
chemical control of an individual acromegaly patient. This
ULN is commonly defined by 2 X the standard deviation
(SD) of normal values, for age and sex, where age related
changes have the largest impact on IGF-1 concentrations
[10, 11]. Additionally, ULN corrected values have the added
benefit that it can be used as a comparable measure of IGF-1
concentrations between individuals.

Growth hormone

The primarily pathologically affected hormone in acro-
megaly is GH. A random GH measurement is therefore per-
formed to provide an indication of the actual endogenous
24 h GH profile. However, the use of random GH levels,
or the mean of multiple samples, to monitor treatment

effectiveness has many challenges (e.g. highly pulsatile
profile of GH, assay variability, lack of a safe range) but
requires minimal clinical effort to obtain, compared to a full
24 h GH profile with short sampling intervals which is not
feasible in clinical practice. Therefore, IGF-1 is generally
considered as a better and more stable biomarker. The 2014
Endocrine Society guideline suggests the use of a random
GH measurement (cut-off < 1 ng/ml), with only a low level
of evidence for determining biochemical control [8]. Due to
the challenges associated with random GH concentrations,
the guidelines reports that these values should be handled
with caution [8, 9]. For example, we have recently dem-
onstrated that a single random GH measurement underes-
timates the actual level of GH secretion in patients treated
with somatostatin analogues [12].

Oral glucose tolerance test

An OGTT is performed as a test to differentiate between
healthy individuals and patients with active acromegaly.
Furthermore, an OGTT can be performed already 1 week
after surgery to assess successful reduction of GH secretion
[13]. In healthy individuals, the increase in plasma glucose
levels suppresses GH secretion to well below 1 ng/ml [9].
Insufficient suppression of GH is indicative for disruption in
the regulation of the hypothalamus—pituitary—somatotropic
axis. A ‘standard’ OGTT is performed using 75 g of orally
administered glucose and the monitoring of blood samples
for GH concentrations every 30 min for 2 h. At present, the
recommended cut-off used both for biochemical control, and
the diagnosis of acromegaly, is a nadir GH of <1 ng/ml
[8], which has been re-adapted in 2014 from a previously
more sensitive cut-off value of 0.4 ng/ml [9]. However, the
quantification of GH concentrations in these lower regions
is highly dependent on the used analytical assay.

Study comparison

There are limited prospective clinical trials that included
large cohorts of acromegaly patients, due to the low preva-
lence of acromegaly. Therefore, systematic reviews and
meta-analyses serve as a powerful tool to combine study
results, thereby increasing statistical power [14]. For cor-
rect comparison of studies, the cut-off values used to deter-
mine biochemical control, and thereby the quantification of
a response rate of a drug, should preferably be equal. As a
complicating factor, the assays used to analyze serum GH
and IGF-1 samples are heterogeneous and have been previ-
ously identified as important factors of influence [15]. Dif-
ferent international recombinant reference preparations have
been used for the analysis of both hormones, which lead to
discrepancies in the concentrations of the reported biomark-
ers between studies [15]. Additionally, the proposed cut-off
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values reported in the guidelines are not assay specific which
results in a bias in the interpretation of the proportion of
patients with biochemical control between studies [15].

Pharmacokinetics

To establish the effectiveness of drug treatment in general,
the investigated drug must reach the site of action, e.g. the
pituitary for somatostatin analogues and dopamine agonists
[16]. Sufficient circulating plasma/serum drug concentra-
tions should be reached and maintained in order to drive
the desired drug effect at the level of the pituitary. These
concentrations should be within the drug-specific thera-
peutic window in order to trigger an effect. Commonly, to
assess the responsiveness of a patient to octreotide, which is
a somatostatin analog, a suppression test is performed with
a single dose. However, this test does not take into account
the circulating plasma/serum concentrations that are reached
and is perhaps not the most reliable predictor of drug effec-
tiveness [17]. Information on the pharmacokinetic (PK)
profile of an individual patient can give additional informa-
tion on the level of inter-individual variability in response
to a certain dose. This, in combination with the somatostatin
subtype receptor expression of the target tissue could inform
endocrinologists on the optimal treatment of patients [18].

Aim

The aim of this review is to summarize the methods that
are being applied to measure and report GH and IGF-1 in
studies that evaluated medical treatment efficacy in acromeg-
aly patients in peer-reviewed journals, published between
2012 and 2017. It is assumed that this selection provides
a good representation of the current state of the reporting
of biomarkers, following the recommended cut-off values
proposed in the 2011 guideline [9]. In addition, we made an
overview of studies measuring the PK of the drugs of inter-
est and the performed PK analysis. Consequently, this will
provide a perspective on the consistencies in the used meth-
odology and reporting of studies in acromegaly research and
therewith in the comparability of study results.

Methods
In- and exclusion criteria

Prospective and retrospective clinical studies, that included a
minimum of five acromegaly patients treated with the stand-
ard of treatment of somatostatin analogues (Octreotide, Lan-
reotide or Pasireotide) or dopamine agonists (Bromocriptine,
Cabergoline), and investigated the effect of treatment on
one or more biomarkers of interest were included. Studies
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solely investigating the effect of GH receptor antagonists
were excluded, except when a GH receptor antagonist was
studied as a separate cohort or in combination therapy with
a somatostatin analog or dopamine agonist. Review articles,
case studies, in vitro experiments and experiments in non-
human species were excluded.

Search strategies

Identification of relevant studies was done using the MED-
LINE database accessed through PubMed. Electronic search
was performed on October 18th 2017. Studies which were
indexed between January 2012 and October 2017, up until
the search date, were included in this review. All included
studies were therefore published after the release of the
2011 guideline [9]. Sensitive search in PubMed was done
using the search terms #1 to #5 presented below, where
CompoundName was replaced by the expanded names of
Bromocriptine, Cabergoline, Octreotide, Lanreotide and
Pasireotide. The full search term can be found in the Online
Resource 1. Search results were extracted from PubMed in
plain text format.

#1(CompoundName [MeSH Terms/tiab])

#2 AND (Acromegaly [MeSH Terms] OR Acromegaly
[tiab] OR Somatotropinoma [tiab] OR pituitary adenoma
[MeSH Terms] OR pituitary adenoma [tiab])

#3 NOT Prolactinoma [tiab]

#4 NOT (Review [Publication Type] OR Case reports
[Publication Type])

#5 AND (“2012/01/01"[Date - Publication] :
“2018"[Date - Publication])

Study selection and data extraction

All studies were screened on title, abstract, and key-
words. For selected studies, full text articles were studied
and checked against the in- and exclusion criteria. For all
included full text articles, study characteristics were summa-
rized in a data extraction form. This form consisted of gen-
eral study characteristics, information on the study design,
the used biomarkers, analytical assay, and the reported sum-
mary statistics. An overview of all variables documented in
this data extraction form can be found in Online Resource 2.

Results

A total of 49 studies fulfilled all in- and exclusion criteria
(Fig. 1). The selected articles cover a wide range of study
designs, from randomized phase I clinical trials to post-
marketing approval retrospective database analyses. The
majority of articles reported on prospective trials (63%). In
total, the studies report on data of more than 6400 patients.
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Reasons for exclusion:
- Prolactinoma (n = 28)
- Case studies (n=27)

Total records
N =263

- Review/meta-analysis (n = 19)
- Invitro (n=18)

L 2

- Non-human species (n = 6)
- Otherreasons (n =87)

Included abstracts
N=78

Reasons for exclusion:
|::> - Other main study objective (n = 22)

- No biochemical outcomes (n = 5)

\ 4

- Quality of paper (n=2)

Included full-text
N=49

OGTT GH
n=11

IGF-1 PK
n=49

Fig. 1 Flow diagram of included studies and main reasons for exclusion. N total number, n subset of total, OGTT oral glucose tolerance test, GH

growth hormone, /GF-1 insulin-like growth factor 1, PK pharmacokinetics

The median number of subjects that completed a study was
58, with a 25-75% interquartile range [IQR] from 27 to
107. One article included a large number of patients: 2572
patients from the United Kingdom that were included in a
retrospective database analysis [19]. The patient populations
in the studies were diverse, varying from treatment naive to
long term somatostatin treatment after surgery. An extensive
overview of the used study designs and the patient popula-
tions per study has been included in Online Resource 3.

The IGF-1 concentrations were measured in all 49 stud-
ies (Table 1), GH was measured in 45 studies (Table 2), and
an OGTT was performed in 11 studies (Table 3). The tables
present a summary of the reporting of the sampling design,
used cut-offs, used summary statistics and the frequency of
reporting the analytical assay for each biomarker. Approxi-
mately 92% of the studies reported both the IGF-1 and the
GH response in the population. One article was excluded
from the summary tables due to the reporting of a population
pharmacokinetic/pharmacodynamic (PK/PD) model instead
of focusing on the biochemical control in the population,
which will therefore be reported in the “Pharmacokinetics”
section [20]. Only nine studies measured and reported the
PK of the drug of interest (Table 4).

Insulin-like growth factor-1

The majority of studies that reported IGF-1 outcomes
included one fasting or one/two random sample(s) for the
assessment of the IGF-1 concentrations (54%), others did
not report the sampling design. IGF-1 was reported as ULN
corrected levels in 60%, and in concentration units (ng/ml)
in 44% of the studies. The reporting of both ULN corrected

levels and IGF-1 concentrations also occurred. The ULN
corrected cut-off used to assess individual biochemical con-
trol, ranged from < 1.0x ULN to < 1.5x ULN. The used sum-
mary statistics to report the IGF-1 concentrations ranged
from individual profiles, geometric means with confidence
intervals, % change from baseline, to time of nadir IGF-1
concentrations. The % biochemical control, individual ULN
corrected levels and mean + SD were most commonly used.
A total of 22 other ways of reporting the IGF-1 concentra-
tions were identified and 83% of the studies reported the
used IGF-1 assay.

Growth hormone

A wide variability was observed in the sampling schedule
used to measure GH, ranging from 1 random sample to the
mean of 8-10 samples taken with 1 h intervals. A total of
10 studies used a random 1 point sample whereas 14 studies
did not report the number and the timing of samples taken.
The most commonly used GH cut-offs were < 1 ng/ml and
<2.5 ng/ml, used in 36 and 70% of studies respectively, indi-
cating that multiple cut-offs were reported in an individual
study. In the 44 studies reporting GH results, 25 different
ways were used to report the GH summary statistics, with
the % biochemical control, individual concentrations and
mean + SD as most prevalent outcomes. A total of 34 out of
45 studies reported the used GH assay.

Oral glucose tolerance test

Four studies reported the execution of an OGTT in their
methods section but did not report any results, these studies

@ Springer



314

Pituitary (2018) 21:310-322

Table 1 Overview of the methods, cut-off and statistical reporting of insulin-like growth factor 1 observations (n=48), ordered by frequency

IGF-1 analysis Number of studies (%) References
Method
1 Fasting sample 13 (27%) [21-33]
1 Sample 12 (25%) [34-45]
Mean of 2 samples (30 min and 1 min before drug 1 2%) [46]
administration)
Not reported 22 (46%) [19, 47-67]
Reported units
ULN corrected 29 (60%) [21-28, 30-32, 34, 37-39, 41-43, 45, 48-50, 52-55, 59, 65, 66]
ng/ml 21 (44%) [21, 22,29, 33, 35, 36, 40, 44, 46, 47, 49, 51, 56, 58-60, 63—-67]
SD-score 2 (4%) [44, 63]
ng/dl 1(2%) [31]
nmol/L 1 (2%) [57]
Not reported 3 (6%) [19, 61, 62]
IGF-1 cut-off for biochemical control
<ULN 41 (85%) [22-27, 29, 31, 3344, 46-67]
<1.2x ULN 6 (13%) [21, 28, 30, 36, 45, 54]
<1.3x ULN 2 (4%) [31, 34]
<1.1x ULN 1(2%) [32]
<1.5x ULN 1(2%) [26]
>20% decrease from baseline 1 (2%) [21]
> 50% decrease from baseline 12%) [28]
No cut-off reported/used 12%) [19]
Summary statistics
% Biochemical control 41 (85%) [19,21-31, 33-35, 39, 41-48, 50-63, 65-67]
Mean +SD 20 (42%) [23, 24, 26, 29, 33-35, 38, 39, 41, 42, 44, 46, 48, 54, 55, 57, 63, 66, 67]
Individual ULN corrected levels 17 (35%) [21,24-26,30-32, 37, 38, 41, 44, 45, 48, 53, 54, 63, 65]
% Change mean +SD 10 (21%) [22, 24, 30, 35, 46, 48, 57, 63, 65, 67]
Median (range) 10 (21%) [31, 37,42, 48, 51-54, 57, 64]
Median (IQR) 9 (19%) [21, 24,28, 29, 34, 45, 48, 49, 59]
% Biochemical control [95% CI] 8 (17%) [23, 34, 36, 39, 42-44, 46]
no method reported
Mean + SD [range] 5 (10%) [30, 47, 54, 60, 65]
Mean +SE 5 (10%) [22, 29, 36, 43, 55]
% Change individual concentrations 4 (8%) [21, 31, 53, 65]
Mean 4 (8%) [31, 39, 43, 47]
% Change median 3 (6%) [22, 37, 64]
% Change median [range] 3 (6%) [37,52,57]
% Change median [IQR] 3 (6%) [32, 40, 49]
Individual IGF-1 concentrations 3 (6%) [31, 56, 66]
% Change mean 2 (4%) [29, 39]
% Change mean [95% CI] 2 (4%) [29, 41]
Geometric mean [95% CI] 2 (4%) [40, 41]
% Biochemical control [90% exact CI] 1 2%) [37]
Clopper-Pearson exact 2-sided 90% CI
% Change mean + SD [Range] 1 2%) [65]
% Change mean [SEM] 1 2%) [23]
Geometric mean [68% CI] 1 (2%) [40]
Mean + SE [range] 1 2%) [58]
Median 1 2%) [42]
Time to nadir IGF-1 (mean + SD) 1 (2%) [65]
IGF-1 hormone assay reported
Yes (%) 40 (83%) [19, 21, 23-36, 38, 4046, 49, 52-61, 63-67]

SD-Score Standard deviation score, ULN upper limit of normal, CI confidence interval, SD standard deviation, /IQR interquartile range, SEM

standard error of mean, SE standard error
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Table 2 Overview of the methods, cut-off and statistical reporting for growth hormone (n=44), ordered by frequency

GH analysis

Number of studies

References

Method
1 Random sample
1 Fasting sample
Mean of 5 samples (2 h period)
Mean of 2/3 fasting samples (15-30 min interval)
Mean of 3 fasting samples (1 h interval)
Mean of 4 samples (30 min interval)
Mean of 4 samples (1 h interval)
Mean of 4 samples (4 h interval)
Mean of 5 samples (10—15 min interval)
Mean of 6 samples (2.5 h period)
Mean of 8-10 samples (1 h interval)
Not reported

GH cut-off for biochemical control
<2.5 ng/ml

<1 ng/ml

>20% decrease from baseline

< 1.5 ng/ml

<2 ng/ml

<5 ng/ml

>50% decrease from baseline

No cut-off reported/used
Summary statistics

% Biochemical control

Mean+ SD

Individual concentrations

Median (IQR)

% Biochemical control [95% CI] (no method reported)
% Change from baseline mean + SD
Median [range]

Mean

Mean + SD [range]

% Change from baseline median

% Change from baseline median [range]
% Change from baseline median (IQR)
Mean + SE

% Change from baseline mean

% Change from baseline mean (95% CI)
Geometric mean [95% CI]

Mean [range]

Range

% Biochemical control [90% exact CI]
(Clopper-Pearson exact 2-sided 90% CI)

% Change from baseline individual

% Change from baseline mean [range]
Geometric mean [68% CI]

Maximum observed GH concentration
Median

10 (23%)
8 (18%)
8 (18%)
1 2%)
1.2%)
12%)

1 2%)
12%)
12%)
12%)

1. 2%)
14 (32%)

31 (70%)

16 (36%)
2 (5%)

1 2%)

1 2%)

1 2%)

1 %)

8 (18%)

31 (70%)

18 (41%)
13 (30%)
10 (23%)
8 (18%)
7 (16%)
7 (16%)
4 (9%)

4 (9%)
3(7%)
3(7%)
3(7%)
3(7%)

2 (5%)

2 (5%)

2 (5%)

2 (5%)

2 (5%)

1 2%)

1 2%)
1 2%)
1 2%)
1 2%)
1 2%)

[21, 22, 35, 36, 45, 49, 50, 55, 59, 63]
[25, 26, 28, 30, 31, 48, 62, 67]

[34, 35, 37, 3943]

(31]

(23]

[46]

[44]

(48]

[29]

[22]

(32]

[19, 38, 47, 51-54, 56-58, 60, 64-66]

[22, 23, 26, 28-30, 32, 34-37, 39-44, 46-51, 53, 56-58, 60, 62,
64, 67]

[21, 23, 25, 28, 29, 32, 34, 36, 44, 48, 50, 51, 53, 57, 59, 62]
[21, 36]

[45]

[19]

[19]

[44]

[31, 38, 52, 54, 55, 63, 65, 66]

[19,21-23, 25, 26, 28, 29, 32, 34, 35, 39, 41-51, 53, 56-60, 62,
67]

[23, 29, 34, 35, 39, 41, 42, 44, 46, 48, 54, 55, 57, 62, 63, 65-67]
[25,30-32, 37, 38, 41, 44, 45, 48, 54, 56, 63]
[21, 28, 29, 34, 45, 48, 49, 51, 53, 59]

[23, 34, 36, 39, 4244, 46]

[22, 35, 46, 48, 57, 63, 67]

[37,42, 48,52, 54, 57, 64]

[19, 39, 43, 47]

[30, 47, 54, 60]

[22, 37, 64]

[37,51, 57]

[32, 40, 49]

[29, 36, 43]

[29, 39]

[29, 41]

[40, 41]

[25, 58]

[31, 35]

[37]

(31]
(31]
[40]
[26]
[42]
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Table 2 (continued)

GH analysis Number of studies  References
Proportion above 40 ng/ml 1 (2%) [26]
Growth hormone assay reported
Yes (%) 34 (77%) [19, 21, 23, 25, 26, 28-32, 34-36, 4046, 48, 49, 52-54, 5660,

63, 64, 66, 67]

CI Confidence interval, SD standard deviation, /QR interquartile range, SE standard error

Table 3 Overview of the

. OGTT analysis Number of studies References
methqu, cut-off and statistical (%)
reporting for the oral glucose
tolerance test (n=11), ordered Method
by frequency 2 h period: pre-dose, 30, 60, 120 min 1(9%) [24]
2 h period: 30, 60, 90, 120 min 1 (9%) [45]
3 h period: pre-dose, 30, 60, 90, 120, 180 min 1 (9%) [33]
Not reported 8 (73%) [27, 30, 38, 59, 61-63, 67]
Glucose administration
75g 5 (45%) [24, 27, 33, 45, 59]
Not defined 6 (55%) [30, 38, 61-63, 67]
Nadir cut-off for biochemical control
<1 ng/ml 5 (45%) [24, 33, 59, 62, 67]
<0.4 ng/ml 1 (9%) [67]
<1 pg/dl 1 (9%) [61]
<2 mU/L 1 (9%) [27]
No cut-off reported/used 4 (36%) [30, 38, 45, 63]
Summary statistics
% Biochemical control 5 (45%) [24, 27, 33, 61, 62, 67]
Individual levels 3 (27%) [24, 30, 38]
Mean +SD 3 (27%) [24, 33, 63]
Median (IQR) 3 (27%) [24, 45, 59]
% Nadir change from baseline mean +SD 1 (9%) [24]
Mean + SD [range] 1 (9%) [30]
Mean + SD pre-glucose GH 1 (9%) [24]
Median 1 (9%) [62]
Median (IQR) pre-glucose GH 1 (9%) [24]
Growth hormone assay reported
Yes (%) 7 (64%) [30, 33, 45, 59, 61, 63, 67]

SD Standard deviation, /QR interquartile range

were therefore excluded from the summary table [19, 34,
35, 47]. In the majority of the included studies, the used
methodology for an OGTT was not reported (8 out of 11).
For the studies that did report the methodology, different
sampling schedules were used, although all did use a glucose
loading of 75 g. The interpretation of the outcomes of the
OGTT varied between studies, with cut-offs for GH ranging
from 0.4 ng/ml to 1 pg/dl. The majority of studies (n=26)
did not use the OGTT results in determining the biochemi-
cal control of a patient and only reported summary statistics

@ Springer

or individual GH concentrations. The used GH assay was
reported in 7 out of 11 studies.

Pharmacokinetics

A total of 9 studies took samples for PK analysis of the
drug of interest. The data were analyzed using a non-
compartmental analysis in all but one article that applied
a population PK/PD model [20]. Due to the wide range in
the number of samples taken in each study, different ways
of reporting were used. Most commonly, the graphical
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analysis was presented as mean =+ standard error (SE)
over time. The correlation of an individual’s PK with their
response on GH or IGF-1, was only reported in 2 studies.

Discussion

This review clearly demonstrates that many methods are
applied to measure and report on biomarkers in acro-
megaly research. To improve comparability of results
between studies and the determination of optimal treat-
ment in acromegaly, protocols should be more uniform
on the biochemical reporting. However, different cut-off
values and summary statistics are commonly applied to
determine when a patient qualifies as being biochemically
controlled, limiting the possibility to include the study
results in a meta-analysis.

Insulin-like growth factor-1

To assess if IGF-1 concentrations decrease to ‘safe’ ranges
after treatment, the use of ULN corrected levels should be
used as a surrogate for treatment effectiveness. Additionally,
the influence of age and sex on IGF-1 concentrations needs
to be corrected for to enable comparison within a population
and between studies. Unless the study population charac-
teristics are similar (small age range, same sex) the report-
ing of IGF-1 concentrations that are not adjusted for by age
and sex adds limited value. However, we observed that 40%
of the studies reported IGF-1 concentrations that were not
adjusted by the ULN, precluding reliable comparisons of
biochemical control between studies. The healthy population
that is used as reference to determine normal IGF-1 concen-
trations over age and sex may also play a role, however it
is hypothesized that differences in large reference popula-
tions are small. Also, many of the studies (46%) did not
clearly report the number of samples taken to measure the
IGF-1 concentrations. However, since the serum IGF-1 con-
centration is assumed to be relatively stable during the day,
this will most likely have a limited effect on the outcome
[68]. The response to drug treatment can also be judged on
whether the IGF-1 reduction is consistent on multiple occa-
sions during treatment, to assess the day-to-day variability.
This approach, using longitudinal IGF-1 data, would require
validation compared to the use of a single IGF-1 sample
which are being measured at a fixed time period after the
start of treatment.

The variability in cut-offs that are currently used to
determine biochemical control was also identified by Stalla
et al. [69]. They identified that 32% of the respondents of
an online survey from 45 countries apply a cut-off of 1.3x
ULN and 18% use a cut-off of 1.5x ULN. The results of
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this study are in line with the used cut-off values identified
in this review, with 13% of the studies accepting ULN cor-
rected IGF-1 levels to be < 1.2x ULN, whereas one study
used a cut-off of 1.5x ULN.

The high proportion of studies (85%) reporting bio-
chemical control can only be used for the comparison
between studies, if identical criteria to assess biochemi-
cal control are used. However, a total of seven different
cut-offs to determine biochemical control were used. The
impact of the approach to determine biochemical control
is high, which was exemplified by the use of time weighted
averages for IGF-1 compared to the use of only a single
measurement at the end of treatment, resulting in different
outcomes [70]. The majority of studies (83%) reported the
used IGF-1 assay. This reporting is especially important
when non-corrected IGF-1 concentrations are reported.
For the correct reporting of IGF-1 outcomes, the used
method of sampling, the criteria for biochemical control
(preferably < 1x ULN), and the % of change from base-
line per individual should be presented. If non-corrected
IGF-1 concentrations are given, the individual’s age and
sex should also be included.

Growth hormone

The wide range of methods to sample GH and determine
biochemical control of GH can influence the results, as was
recently shown in a paper that suggested that in patients
with active acromegaly, the mean of four samples, sampled
with 4 h intervals, reflected an endogenous 24 h GH profile
best [12]. Only one trial included in this review used this
approach to determine the mean GH level, indicating that
this sampling method is rarely used in clinical practice [48].

In 70% of the studies, both the GH and IGF-1 concentra-
tion were used to define the individual biochemical control,
with a multitude of different cut-off values. This percentage
is high when taking into account the cautionary remarks
in the guidelines on the use of GH levels to determine bio-
chemical control and the lack of a safe reference range. The
wide use of <1 ng/ml or <2.5 ng/ml as cut-off value for
adequate control of GH precludes reliable comparability of
studies. The reporting of the percentage biochemical con-
trol using both cut-offs would improve this. For GH report-
ing, only 77% of the studies specified which GH assay was
used. This percentage is low, considering the high variability
between assays, and should be made mandatory for all future
publications. If more than 1 GH assay was used in a study,
between or within patients, it should also be noted whether
the same international reference was used or what correction
to the data was applied [19]. The method of sampling, the
used analytical assay, the distribution of GH concentrations
and the % of change from baseline are informative to include
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in a report. Preferably, the GH observations should not be
used to assess the biochemical control and treatment effec-
tiveness, due to the reasons previously discussed.

Oral glucose tolerance test

The OGTT is commonly performed at study initiation for
the confirmation of active acromegaly or to assess surgery
success multiple weeks after surgery. Unfortunately, there
is limited use in performing an OGTT to determine medical
treatment efficacy. However, the GH nadir concentrations
that are obtained as the main outcome of an OGTT at study
initiation or after surgery reflects an individual’s disease
state, which may be a predictor of an individual’s response
to treatment. Therefore, a consensus in the reporting of the
OGTT results would be appropriate to allow comparison
between the responses in different biomarkers. The analysis
of the OGTT show that different cut-offs were used for the
GH response after an OGTT in which biochemical control
was most commonly defined as a GH nadir < 1 ng/ml, which
is supported by the Endocrine Society guidelines [8]. Only
one study performed and reported the sampling schedule as
suggested in literature, a 2 h sampling period with samples
every 30 min. The majority (64%) of studies provided suffi-
cient details on the used GH assay. Since GH concentrations
are measured in the lower assay regions during an OGTT,
inclusion of the details of the GH assay used in the methods
section is imperative.

Pharmacokinetics

In this review, nine studies (18% of total) were available that
measured at least 1 PK sample. When these studies were
explored, all except one study [20], performed a standard
non-compartmental analysis. A non-compartment analysis
will generally result in the reporting of summary statistics
of the secondary PK parameters (C,,,,, tnax> area under the
curve) [71]. Alternatively, individual PK profiles are more
informative than these summary statistics. This was also
the case when the dosage and dose frequency was altered
for Lanreotide Autogel [21]. In this case, the individual PK
profiles showed a clear overlap between the two cohorts
and a high variability within the groups. This could indicate
that the variability in drug exposure between individuals is
higher than the exposure differences caused by the alterna-
tive dosing regimen.

Despite the importance of individualizing treatment
responses, the current focus in literature is predominantly
on the identification of a dose—response relationship, which
neglects the individual concentrations that are reached in
patients. In the investigated studies, the reporting of the
time after dose was inconsistent. This may have a signifi-
cant impact on the observed response, which is depended

on the drug concentrations at that time point, and should be
included in the reporting.

The discrepancy in drug dose and response between indi-
viduals might be caused by the high variability in individual
serum/plasma drug concentrations. This high variability is
often misrepresented due to the reporting of the mean + SE
in PK profiles [22, 34, 36]. Especially in large populations,
the use of standard errors are a poor indicator to assess the
level of inter-individual variability [72]. This can be clearly
observed in the study by Chieffo et al. [36] in which individ-
ual concentrations reached 33 times the mean C_,,, which
cannot be clearly observed from the reported figure. In this
situation, the use of individual profiles, or a 95% confidence
interval, is much more informative to quantify and show the
inter-individual variability in the PK over time. Besides the
variability in response to treatment due to tumor heterogene-
ity, the impact of different levels of circulating drug levels
are commonly ignored.

The studies that measured the PK of the drug had the
unique opportunity to investigate the concentration-effect
relationship and explore possible covariates, variables that
could explain the inter-individual variability in the PK,
while studying a wide range of concentrations in a highly
heterogeneous population. This approach was only under-
taken by Garrido et al. [20] in the development of a popula-
tion pharmacodynamic model that included drug response
on both the individual mean GH and IGF-1 levels, allowing
a more evidence based approach in acromegaly treatment.

Summary statistics

The most common way of reporting the biomarkers concen-
trations in the included studies was a mean + SD, which was
reported in 42% of the IGF-1 studies and in 41% of the GH
studies. However, as a general rule of thumb, the mean+ SD
should only be used for normally distributed data [73]. That
GH data is commonly non-normally distributed can be
clearly observed from the report by Neggers et al., where the
depicted standard deviation would indicate that more than
15% of the data are negative GH concentrations [23]. Many
tests for data normality exist (e.g. Shapiro—Wilk, Kolmogo-
rov—Smirnov), which are commonly included in statistical
software, and are required to be checked as an assumption
for some statistical tests [74]. For non-normally distributed
data, the reporting of a median and IQR (25-75% distribu-
tion of the data) is advised [73]. If data are non-normally
distributed, a Mann—Whitney U test can be applied to assess
significant differences between groups. Online Resource 4
contains an extensive checklist of the advised reporting of
IGF-1, GH, OGTT and PK results in acromegaly studies.
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Study inclusion criteria

In addition to the variability in the reported outcomes, a
wide variability in the study inclusion criteria was identified
(Online Resource 3). This patient selection criteria differed
between studies on the basis of both the used GH and IGF-1
cut-offs or medical treatment history (e.g. treatment naive,
long term treatment), which may significantly alter the study
outcomes. However, the impact of patient selection, and the
identification of possible differences between patient groups,
cannot yet be quantified due to the differences in the meth-
ods used to measure and report GH and IGF-1, as identified
in this review.

In conclusion, supplementary to a consensus on the diag-
nosis and the monitoring of treatment effectiveness in acro-
megaly, a second consensus on reporting of the results of
both prospective and retrospective trials is urgently needed.
This uniform reporting should, as a minimum, include the
patient inclusion and exclusion criteria, the definition of bio-
chemical control used in a study, the proportion of patients
achieving biochemical control after treatment (IGF-1 and/
or GH), the percentage of change from baseline, the ULN-
corrected levels for IGF-1 concentrations (mean/median
depending on data normality), the used sampling design, and
preferably, individual results. When GH concentrations are
reported, the used analytical assay must be included, with
the international reference standard. Additionally, the results
of an OGTT or the individual PK profiles can be used to
obtain explanatory information on an individual’s response
to a drug which can be used as a basis for dose optimiza-
tion. These recommendations will enhance the inter-study
comparison and therewith improve evidence based decision
making in acromegaly.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest. For this type of study formal consent is not required.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Holdaway IM, Rajasoorya C (1999) Epidemiology of acromegaly.
Pituitary 2:29-41

2. Dekkers OM, Biermasz NR, Pereira AM, Romijn JA, Vandenb-
roucke JP (2008) Mortality in acromegaly: a metaanalysis. J Clin
Endocrinol Metab 93:61-67

@ Springer

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

De Herder WW (2016) The history of acromegaly. Neuroendocri-
nology 103:7-17

Chanson P, Salenave S (2008) Acromegaly. Orphanet J Rare Dis
3:17

Giustina A, Veldhuis JD (1998) Pathophysiology of the neuroreg-
ulation of growth hormone secretion in experimental animals and
the human. Endocr Rev 19:717-797

Veldhuis JD, Erickson D, Iranmanesh A, Miles JM, Bowers CY
(2005) Sex-steroid control of the aging somatotropic axis. Endo-
crinol Metab Clin N Am 34:877-893

Roelfsema F, Veldhuis JD (2016) Growth hormone dynamics in
healthy adults are related to age and sex and strongly dependent
on body mass index. Neuroendocrinology 103:335-344
Katznelson L, Laws ER, Melmed S, Molitch ME, Murad MH, Utz
A, Wass JAH (2014) Acromegaly: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab 99:3933-3951
Katznelson L, Atkinson JLD (2011) AACE guidelines for the
diagnosis and treatment of acromegaly. Endocr Pract 17:1-44
Rosario PW (2010) Normal values of serum IGF-1 in adults:
results from a Brazilian population. Arq Bras Endocrinol Metab
54:477-481

Guven B, Can M, Mungan G, Acikgoz S (2013) Reference val-
ues for serum levels of insulin-like growth factor 1 (IGF-1) and
IGF-binding protein 3 (IGFBP-3) in the West Black Sea region
of Turkey. Scand J Clin Lab Invest 73:135-140

. Roelfsema F, Biermasz NR, Pereira AM, Veldhuis JD (2016)

Optimizing blood sampling protocols in patients with acro-
megaly for the estimation of growth hormone secretion. J Clin
Endocrinol Metab 101:2675-2682

Feelders RA, Bidlingmaier M, Strasburger CJ, Janssen JAMIL,
Uitterlinden P, Hofland LJ, Lamberts SWJ, van der Lely AJ, de
Herder WW (2005) Postoperative evaluation of patients with
acromegaly: clinical significance and timing of oral glucose
tolerance testing and measurement of (free) insulin-like growth
factor I, acid-labile subunit, and growth hormone-binding pro-
tein levels. J Clin Endocrinol Metab 90:6480-6489

Haidich AB (2010) Meta-analysis in medical research. Hip-
pokratia 14:29-37

Schilbach K, Strasburger CJ, Bidlingmaier M (2017) Biochemi-
cal investigations in diagnosis and follow up of acromegaly.
Pituitary 20:33-45

Danhof M (2015) Kinetics of drug action in disease states:
towards physiology-based pharmacodynamic (PBPD) models.
J Pharmacokinet Pharmacodyn 42:447-462

Pokrajac A, Claridge AG, Shakoor SKA, Trainer PJ (2006) The
octreotide test dose is not a reliable predictor of the subsequent
response to somatostatin analogue therapy in patients with acro-
megaly. Eur J Endocrinol 154:267-274

Kvols LK, Reubi JC, Horisberger U, Moertel CG, Rubin J, Char-
boneau JW (1992) The presence of somatostatin receptors in
malignant neuroendocrine tumor tissue predicts responsiveness
to octreotide. YALE J Biol Med 65:505-518

Howlett TA, Willis D, Walker G, Wass JAH, Trainer PJ (2013)
Control of growth hormone and IGF1 in patients with acromeg-
aly in the UK: responses to medical treatment with somatostatin
analogues and dopamine agonists. Clin Endocrinol (Oxford)
79:689-699

Garrido MJ, Cendrés J-M, Ramis J, Peraire C, Obach R,
Trocéniz IF (2012) Pharmacodynamic modeling of the effects of
lanreotide autogel on growth hormone and insulin-like growth
factor 1. J Clin Pharmacol 52:487-498

Giustina A, Mazziotti G, Cannavo S, Castello R, Arnaldi G,
Bugari G, Cozzi R, Ferone D, Formenti AM, Gatti E, Grot-
toli S, Maffei P, Maffezzoni F, Montini M, Terzolo M, Ghigo
E (2017) High-dose and high-frequency lanreotide autogel in


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Pituitary (2018) 21:310-322

321

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

acromegaly: a randomized, multicenter study. J Clin Endocrinol
Metab 102:2454-2464

Petersenn S, Bollerslev J, Arafat AM, Schopohl J, Serri O,
Katznelson L, Lasher J, Hughes G, Hu K, Shen G, Reséndiz
KH, Giannone V, Beckers A (2014) Pharmacokinetics, phar-
macodynamics, and safety of pasireotide LAR in patients with
acromegaly: a randomized, multicenter, open-label, phase I
study. J Clin Pharmacol 54:1308-1317

Neggers SICMM, Pronin V, Balcere I, Lee MK, Rozhinskaya
L, Bronstein MD, Gadelha MR, Maisonobe P, Sert C, Van Der
Lely AJ (2015) Lanreotide autogel 120 mg at extended dos-
ing intervals in patients with acromegaly biochemically con-
trolled with octreotide LAR: the LEAD study. Eur J Endocrinol
173:313-323

Fahlbusch R et al (2017) Surgical debulking of pituitary adeno-
mas improves responsiveness to octreotide lar in the treatment of
acromegaly. Pituitary 20:668—-675

Casagrande A, Bronstein MD, Jallad RS, Mota JI, Tabet A, Abu-
cham J (2017) Remission of acromegaly after treatment with-
drawal in patients controlled by cabergoline alone or in combina-
tion with octreotide: results from a multicenter study. J Endocrinol
Invest 40:523-528

Shimon I, Jallad RS, Fleseriu M, Yedinak CG, Greenman Y, Bron-
stein MD (2015) Giant GH-secreting pituitary adenomas: manage-
ment of rare and aggressive pituitary tumors. Eur J Endocrinol
172:707-713

Fougner SL, Bollerslev J, Svartberg J, @ksnes M, Cooper J,
Carlsen SM (2014) Preoperative octreotide treatment of acro-
megaly: long-term results of a randomised controlled trial. Eur J
Endocrinol 171:229-235

Espinosa-de-los-Monteros AL, Gonzalez B, Vargas G, Sosa E,
Mercado M (2015) Octreotide LAR treatment of acromegaly in
“real life”: long-term outcome at a tertiary care center. Pituitary
18:290-296

Caron PJ, Bevan JS, Petersenn S, Flanagan D, Tabarin A, Prévost
G, Maisonobe P, Clermont A (2014) Tumor shrinkage with lan-
reotide autogel 120 mg as primary therapy in acromegaly: results
of a prospective multicenter clinical trial. J Clin Endocrinol Metab
99:1282-1290

Vilar L, Fleseriu M, Naves LA, Albuquerque JL, Gadelha PS, Dos
Santos Faria M, Nascimento GC, Montenegro RM, Montenegro
RM (2014) Can we predict long-term remission after somatostatin
analog withdrawal in patients with acromegaly? results from a
multicenter prospective trial. Endocrine 46:577-584

Dias M, Bouszewski C, Gadelha M, Kasuki L, Musolino N, Vieira
JGH, Abucham J (2014) Acromegaly and pregnancy: a prospec-
tive study. Eur J Endocrinol 170:301-310

Annamalai AK et al (2013) A comprehensive study of clinical,
biochemical, radiological, vascular, cardiac, and sleep parameters
in an unselected cohort of patients with acromegaly undergoing
presurgical somatostatin receptor ligand therapy. J Clin Endo-
crinol Metab 98:1040-1050

Li Z-Q, Quan Z, Tian H-L, Cheng M (2012) Preoperative lan-
reotide treatment improves outcome in patients with acromegaly
resulting from invasive pituitary macroadenoma. J Int Med Res
40:517-524

Melmed S et al (2015) Safety and efficacy of oral octreotide in
acromegaly: results of a multicenter phase III trial. J Clin Endo-
crinol Metab 100:1699-1708

Gadelha M, Chieffo C, Bai S, Hu X, Frohman L (2012) A subcuta-
neous octreotide hydrogel implant for the treatment of acromegaly.
Endocr Pract 18:870-881

Chieffo C, Cook D, Xiang Q, Frohman LA (2013) Efficacy and
safety of an octreotide implant in the treatment of patients with
acromegaly. J Clin Endocrinol Metab 98:jc.2013-2262

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Tahara S, Murakami M, Kaneko T, Shimatsu A (2017) Efficacy
and safety of long-acting pasireotide in Japanese patients with
acromegaly or pituitary gigantism: results from a multicenter,
open-label, randomized, phase 2 study. Endocr J 64:735-747
Khairi S, Sagvand BT, Pulaski-Liebert KJ, Tritos NA, Kliban-
ski A, Nachtigall LB (2017) Clinical outcomes and self-reported
symptoms in patients with acromegaly: an 8-year follow-up of a
lanreotide study. Endocr Pract 23:56-65

Bronstein MD, Fleseriu M, Neggers S, Colao A, Sheppard M,
Gu F, Shen C-C, Gadelha M, Farrall AJ, Hermosillo Reséndiz
K, Ruffin M, Chen Y, Freda P (2016) Switching patients with
acromegaly from octreotide to pasireotide improves biochemical
control: crossover extension to a randomized, double-blind, phase
III study. BMC Endocr Disord 16:16

Schmid HA, Brue T, Colao A, Gadelha MR, Shimon I, Kapur
K, Pedroncelli AM, Fleseriu M (2016) Effect of pasireotide on
glucose- and growth hormone-related biomarkers in patients with
inadequately controlled acromegaly. Endocrine 53:210-219
Gadelha MR, Bronstein MD, Brue T, Coculescu M, Fleseriu
M, Guitelman M, Pronin V, Raverot G, Shimon I, Lievre KK,
Fleck J, Aout M, Pedroncelli AM, Colao A (2014) Pasireotide
versus continued treatment with octreotide or lanreotide in
patients with inadequately controlled acromegaly (PAOLA): a
randomised, phase 3 trial. Lancet Diabet Endocrinol 2:875-884
Sheppard M, Bronstein MD, Freda P, Serri O, De Marinis L,
Naves L, Rozhinskaya L, Hermosillo Reséndiz K, Ruffin M,
Chen YM, Colao A (2015) Pasireotide LAR maintains inhibi-
tion of GH and IGF-1 in patients with acromegaly for up to
25 months: results from the blinded extension phase of a ran-
domized, double-blind, multicenter, phase III study. Pituitary
18:385-394

Colao A, Bronstein MD, Freda P, Gu F, Shen CC, Gadelha M,
Fleseriu M, Van Der Lely AJ, Farrall AJ, Hermosillo Reséndiz K,
Ruffin M, Chen Y, Sheppard M (2014) Pasireotide versus octreo-
tide in acromegaly: a head-to-head superiority study. J Clin Endo-
crinol Metab 99:791-799

Shimatsu A, Teramoto A, Hizuka N, Kitai K, Ramis J, Chihara
K (2013) Efficacy, safety, and pharmacokinetics of sustained-
release lanreotide (lanreotide autogel) in Japanese patients with
acromegaly or pituitary gigantism. Endocr J 60:651-663
Ramirez C, Vargas G, Gonzalez B, Grossman A, Rabago J, Sosa
E, Espinosa-de-Los-Monteros AL, Mercado M (2012) Discon-
tinuation of octreotide LAR after long term, successful treatment
of patients with acromegaly: is it worth trying? Eur J Endocrinol
166:21-26

Petersenn S, Farrall AJ, Block C, Melmed S, Schopohl J, Caron P,
Cuneo R, Kleinberg D, Colao A, Ruffin M, Hermosillo Reséndiz
K, Hughes G, Hu K, Barkan A (2014) Long-term efficacy and
safety of subcutaneous pasireotide in acromegaly: results from
an open-ended, multicenter, phase II extension study. Pituitary
17:132-140

Velija-Asimi Z (2012) The efficacy of octreotide LAR in acromeg-
alic patients as primary or secondary therapy. Ther Adv Endo-
crinol Metab 3:3-9

Gheorghiu ML, Giloiu S, Vintila M, Purice M, Hortopan D,
Dumitragcu A, Coculescu M, Poiand C (2016) Beneficial effect
of dose escalation and surgical debulking in patients with acro-
megaly treated with somatostatin analogs in a Romanian tertiary
care center. Hormones 15:224-234

Young Lee S, Hee Kim J, Hyun Lee J, Hwy Kim Y, Jin Cha
H, Wan Kim S, Ha Paek S, Soo Shin C (2018) The efficacy of
medical treatment in patients with acromegaly in clinical practice.
EndocrJ 65:33-41

Salvatori R, Gordon MB, Woodmansee WW, Ioachimescu AG,
Carver DW, Mirakhur B, Cox D, Molitch ME (2017) A multi-
center, observational study of lanreotide depot/autogel (LAN) in

@ Springer



322

Pituitary (2018) 21:310-322

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

patients with acromegaly in the United States: 2-year experience
from the SODA registry. Pituitary 20:605-618

Borges M, Lara B, Tomé J, Aratijo L, Bugiga F, Sousa J, Soares J,
Dezena R, Ferreira B (2017) Treatment of acromegaly patients at
the Federal University of Tridngulo Mineiro (UFTM): experience
report. Clinics (Sao Paulo) 72:218-223

Kasuki L, Machado EDO, Ogino LL, Alves Coelho MC, dos
Santos Silva CM, Armondi Wildemberg LE, Azeredo Lima CH,
Gadelha MR (2016) Experience with pegvisomant treatment in
acromegaly in a single Brazilian tertiary reference center: effi-
cacy, safety and predictors of response. Arch Endocrinol Metab
60:479-485

Puig-Domingo M et al (2016) Use of lanreotide in combination
with cabergoline or pegvisomant in patients with acromegaly
in the clinical practice: The ACROCOMB study | Uso de lan-
reotida en combinacién con cabergolina o pegvisomant en la
practica clinica en pacientes con acromegalia. Endocrinol y Nutr
63:397-408

Casagrande A et al (2017) Long-term remission of acromegaly
after octreotide withdrawal is an uncommon and frequently unsus-
tainable event. Neuroendocrinology 104:273-279

Sagvand BT, Khairi S, Haghshenas A, Swearingen B, Tritos NA,
Miller KK, Klibanski A, Nachtigall LB (2016) Monotherapy with
lanreotide depot for acromegaly: long-term clinical experience in
a pituitary center. Pituitary 19:437-447

Chang JS, Tseng HM, Chang TC (2016) Serial follow-up of pre-
surgical treatment using pasireotide long-acting release with or
without octreotide long-acting release for naive active acromegaly.
J Formos Med Assoc 115:475-480

Vandeva S, Elenkova A, Natchev E, Kirilov G, Tcharaktchiev D,
Yaneva M, Kalinov K, Marinov M, Hristozov K, Kamenov Z,
Orbetzova M, Gerenova J, Tsinlikov I, Zacharieva S (2015) Treat-
ment outcome results from the bulgarian acromegaly database:
adjuvant dopamine agonist therapy is efficient in less than one
fifth of non-irradiated patients. Exp Clin Endocrinol Diabetes
123:66-71

Evran M, Sert M, Tetiker T (2014) Clinical experiences and suc-
cess rates of acromegaly treatment: the single center results of 62
patients. BMC Endocr Disord 14:97

Hatipoglu E, Bozcan S, Kadioglu P (2015) Discontinuation of
somatostatin analogs while acromegaly is in long-term remission.
Pituitary 18:554-560

Mangupli R, Camperos P, Webb SM (2014) Biochemical and
quality of life responses to octreotide-LAR in acromegaly. Pitui-
tary 17:495-499

Sanyal D, Raychaudhuri M (2012) Outcome in acromegaly: a ret-
rospective analysis. Indian J Endocrinol Metab 16:5291-3
Salvatori R, Woodmansee WW, Molitch M, Gordon MB, Lomax
KG (2014) Lanreotide extended-release aqueous-gel formulation,
injected by patient, partner or healthcare provider in patients with

@ Springer

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

acromegaly in the United States: 1-year data from the SODA reg-
istry. Pituitary 17:13-21

Suda K, Inoshita N, Iguchi G, Fukuoka H, Takahashi M, Nishi-
zawa H, Yamamoto M, Yamada S, Takahashi Y (2013) Efficacy
of combined octreotide and cabergoline treatment in patients with
acromegaly: a retrospective clinical study and review of the litera-
ture. Endocr J 60:507-515

Demir O, Gedik V, Corapcioglu D, Emral R, Unlu MA, Erdogan
MF, Gullu S, Uysal AR, Baskal N (2012) Improvement in remis-
sion rates of the first operation in acromegalic patients. Turk Neu-
rosurg 22:645-650

Bernabeu I, Alvarez-Escola C, Paniagua AE, Lucas T, Pavon I,
Cabezas-Agricola JM, Casanueva FF, Marazuela M (2013) Peg-
visomant and cabergoline combination therapy in acromegaly.
Pituitary 16:101-108

Higham CE, Atkinson AB, Aylwin S, Bidlingmaier M, Drake
WM, Lewis A, Martin NM, Moyes V, Newell-Price J, Trainer
PJ (2012) Effective combination treatment with cabergoline and
low-dose pegvisomant in active acromegaly: a prospective clinical
trial. J Clin Endocrinol Metab 97:1187-1193

Tutuncu Y, Berker D, Isik S, Ozuguz U, Akbaba G, Kucukler FK,
Aydin Y, Guler S (2012) Comparison of octreotide LAR and lan-
reotide autogel as post-operative medical treatment in acromegaly.
Pituitary 15:398-404

Cuneo RC, Hickman PE, Wallace JD, Teh BT, Ward G, Veldhuis
JD, Waters MJ (1995) Altered endogenous growth hormone secre-
tory kinetics and diurnal GH-binding protein profiles in adults
with chronic liver disease. Clin Endocrinol (Oxford) 43:265-275
Stalla GK, Ferone D, Colao A (2014) Is clinical practice reflec-
tive of acromegaly treatment guidelines? results from a survey of
treating physicians in 45 countries. ENDO Annual Meeting
Biermasz NR (2017) New medical therapies on the horizon: oral
octreotide. Pituitary 20:149-153

PhUSE CSS Development of Standard Scripts for Analysis and
Programming Working Group (2014) Analyses and displays asso-
ciated to non-compartmental pharmacokinetics—with a focus on
clinical trials. Retrieved from http://www.phusewiki.org/wiki/
images/e/ed/PhUSE_CSS_WhitePaper_PK_final_25March201
4.pdf

Motulsky HJ (2014) Common misconceptions about data anal-
ysis and statistics. Naunyn Schmiedebergs Arch Pharmacol
387:1017-1023

Madadizadeh F, Asar ME, Hosseini M (2015) Common statisti-
cal mistakes in descriptive statistics reports of normal and non-
normal variables in biomedical sciences research. Iran J Public
Health 44:1557-1558

Ghasemi A, Zahediasl S (2012) Normality tests for statistical
analysis: a guide for non-statisticians. Int J Endocrinol Metab
10:486-489


http://www.phusewiki.org/wiki/images/e/ed/PhUSE_CSS_WhitePaper_PK_final_25March2014.pdf
http://www.phusewiki.org/wiki/images/e/ed/PhUSE_CSS_WhitePaper_PK_final_25March2014.pdf
http://www.phusewiki.org/wiki/images/e/ed/PhUSE_CSS_WhitePaper_PK_final_25March2014.pdf

	How are growth hormone and insulin-like growth factor-1 reported as markers for drug effectiveness in clinical acromegaly research? A comprehensive methodologic review
	Abstract
	Objective 
	Search strategy 
	Results 
	Conclusions 

	Introduction
	Guideline recommendations
	Insulin-like growth factor-1
	Growth hormone
	Oral glucose tolerance test

	Study comparison
	Pharmacokinetics
	Aim

	Methods
	In- and exclusion criteria
	Search strategies
	Study selection and data extraction

	Results
	Insulin-like growth factor-1
	Growth hormone
	Oral glucose tolerance test
	Pharmacokinetics

	Discussion
	Insulin-like growth factor-1
	Growth hormone
	Oral glucose tolerance test
	Pharmacokinetics
	Summary statistics
	Study inclusion criteria

	References


