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Abstract

Purpose Acromegaly is a rare disease that often requires drug treatment to achieve control, with pegvisomant being one of
the most widely used therapies. In the present paper, we aimed to obtain evidence regarding the effectiveness and safety of
pegvisomant by reviewing real-world observational longitudinal studies.

Methods A systematic review was performed with a meta-analysis of event rates (95% confidence interval (CI)) using a
random effects model. Sensitivity and subgroup analyses were performed (comprehensive meta-analysis 2.0). The sys-
tematic review was performed in accordance to preferred reporting items for systematic reviews and meta-analyses, meta-
analysis of observational studies in epidemiology, and Cochrane recommendations (PROSPERO register CRD
42017059880). PubMed, Scopus, Web of Science, and SciELO were used to search for literature. Observational studies in
patients using pegvisomant for the treatment of acromegaly were included.

Results Initially, 552 papers were retrieved from the databases; and 31 articles were included in the qualitative analysis and
14 in the quantitative analysis. Eight primary meta-analyses were performed. The overall rate of patients with disease control
was of 60.9% (51.8-69.3%; 95% CI). When considering patients under monotherapy, the control rate was 71.7%
(64.0-78.4%; 95% CI). Tumor growth was estimated in 7.3% (4.7-11.1%; 95% CI) and elevation of transaminases in 3.0%
(1.7-5.2%; 95% CI).

Conclusions The real-world data showed that the effectiveness of pegvisomant is not as high as reported in interventional
studies. Acromegaly appears to be better controlled when pegvisomant is used as a monotherapy. No serious adverse events
were associated with the use of pegvisomant; however, given the high cost of this drug, further studies are required.
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Introduction

Acromegaly is a rare disease resulting from the hyperse-
cretion of growth hormone (GH), which leads to high levels
of insulin-like growth factor (IGF-1) in the circulatory
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system [1]. IGF-1 binds to receptors ubiquitously expressed
in the human body, resulting in diverse manifestations
ranging from apparent clinical features such as the enlar-
gement of hands and feet, to more serious complications
such as cardiovascular, respiratory, and metabolic comor-
bidities [1-3].

The main cause of acromegaly is a GH-secreting pitui-
tary adenoma [4, 5]; and for this reason, the first therapeutic
option, and the only possibility of an early cure, is tumor
resection [6]. However, surgery is not always sufficient to
remove the entire mass, and the disease must be controlled
using other strategies such as drug therapy [6, 7].

Pegvisomant, a genetically modified analog of human
GH that binds to the GH receptor and inhibits the produc-
tion of IGF-1 [8], is one option for the treatment of acro-
megaly. In the United States, this drug is indicated for
patients who had an inadequate response to surgery or
radiation therapy, or for whom these therapies are not
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appropriate [9]. In Europe, adding to the aforementioned
situations, pegvisomant should be used only after poor
results with somatostatin analogs (SSA) [10].

Interventional studies have demonstrated a good efficacy
for pegvisomant [11, 12], with a randomized controlled trial
(RCT) and study extension showing levels of IGF-1 control
as high as 89% and 97%, respectively [13, 14]. However,
since pegvisomant does not act directly in the tumor,
patients undertaking this therapy should be monitored for
tumor growth by magnetic resonance imaging (MRI). The
elevation of liver enzymes has also been reported as an
important adverse event (AE) [2]. Yet, the literature lacks
further analysis of the long-term effectiveness and safety of
pegvisomant in patients with acromegaly.

Observational studies are increasingly used to assess the
real-world effectiveness and safety of drugs outside the
highly controlled environment of clinical trials. Moreover,
real-world studies typically encompass a much larger
population than RCTs, which is particularly important when
dealing with rare diseases [15]. In a real word scenario,
clinicians may choose the best treatment option for each
patient depending on their characteristics and preferences,
which contributes to a better adherence to the therapy and
leads to improvement in clinical results [16]. Therefore, we
aimed to perform a systematic review with meta-analysis of
longitudinal observational studies to evaluate the effec-
tiveness and safety of pegvisomant in the treatment of
acromegaly in real settings.

Methods
Eligibility criteria for systematic review

A systematic review was conducted following preferred
reporting items for systematic reviews and meta-analyses,
meta-analysis of observational studies in epidemiology, and
Cochrane Collaboration recommendations [17-19]. All
steps were independently performed by two authors, with a
third author consulted when disagreements appeared.

A systematic search was conducted in PubMed, Web of
Science, Scopus, and SciELO in March 2018. A manual
search in the reference lists of included studies was also
performed. If a record was not found online, we contacted
the authors by e-mail. The following descriptors were used
to build the search strategies: acromegaly, pegvisomant,
observational study, and longitudinal study, among others,
which were combined with the Boolean operators AND and
OR. The full search strategy can be viewed in the Supple-
mentary material.

Studies were included if they met the following elig-
ibility criteria: (1) patients diagnosed with acromegaly; (2)

patients using pegvisomant in monotherapy or in associa-
tion; (3) observational longitudinal studies with or without a
comparator group; and (4) studies reporting effectiveness
outcomes of IGF-1 control or safety outcomes (AEs). Stu-
dies that did not address outcomes of interest, other types of
studies (e.g., interventional studies), those that evaluated
other drugs used for acromegaly, and papers published in
non-Roman characters were excluded.

Data extraction and quality assessment

The data extracted from the records consisted of the fol-
lowing: (1) paper meta-data (authors’ names, year of pub-
lication, country(ies) of study conduction, period of study,
and study design); (2) baseline characteristics (number of
patients, gender, age, age at diagnosis, comorbidities, pre-
vious treatments for acromegaly, and pegvisomant treat-
ment data); (3) effectiveness data (number of patients with
IGF-1 control); and (4) safety data (number of patients with
tumor growth following the initiation of pegvisomant
therapy as assessed by local and central MRI, number of
patients with other AEs, and number of patients who dis-
continued therapy due to AEs. MRI was classified as local
when interpreted by a local neuroradiologist or radiologist,
and central when sent to another center to be assessed by a
radiologist blinded to all clinical data).

The methodological quality of the studies was assessed
by the Newcastle—Ottawa Scale (NOS) [20].

Statistical analysis

Meta-analyses of event rates were performed using the
random effects model with logit transformation. The
random model was chosen in order to consider a possible
heterogeneity among studies. The rates are presented with
lower and upper limits of 95% confidence interval (CI).
Heterogeneity was assessed using Chi-square and /2 sta-
tistical tests, and was considered substantial at p <0.05
and high at P2>75% [17]. Sensitivity analyses with
changes in the statistical models and methods were per-
formed to explore heterogeneity. We hypothetically
removed studies from the meta-analysis to assess the
impact of any individual study on heterogeneity. Where
possible, subgroup analyses were performed. All analyses
were conducted using comprehensive meta-analysis
version 2.

Results

The database search retrieved 346 records following the
removal of duplicates. A total of 68 papers were included in
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the full-text reading phase, and one paper was added fol-
lowing a manual search. Finally, 31 articles [21-51] met all
eligibility criteria and were included in the systematic
review. To avoid patient duplication, only one study from
each country was included in the meta-analyses, i.e., the
most recent or the one with the most complete information
for each outcome; therefore, 14 studies [27, 29-31, 33, 34,
39, 42, 46-51] were evaluated in the quantitative analyses

(Fig. 1).
Study characteristics

Most of the 31 articles included in the systematic review
reported patients who were part of ACROSTUDY, an
observational registry intended to collect safety and efficacy
data on pegvisomant therapy. Six papers presented data of
patients from all the countries involved in ACROSTUDY,
which varied from 10 to 14 depending on the time of
analysis, namely: Germany, France, Italy, Spain, the Neth-
erlands, the United States, the United Kingdom, Greece,
Denmark, Belgium, Sweden, Slovakia, Portugal, and Hun-
gary. The other 15 articles included in the systematic review
presented results of patients from only one country each:

@ Springer

Germany, Italy, Spain, France, Denmark, Greece, Turkey,
Argentina, and Brazil. Only the latter three countries were
not part of ACROSTUDY.

The meta-data and patient baseline characteristics from
all studies are shown in Table S1 (Supplementary material).
The most frequent comorbidity was diabetes, with a pre-
valence of approximately 30% in almost all studies. The age
of the patients at diagnosis was approximately 40 years old.
The previous patient treatments included surgery, radio-
therapy, and drug therapy (dopamine agonist, represented
by cabergoline, and the somatostatin analogs, octreotide,
and lanreotide). Treatment duration ranged from 1 year [21]
to 54+2.6 years [46] and patients undergoing mono-
therapy varied from 0% [36, 43] to 100% [24, 25, 31, 39,
47]. Dose and frequencies were variable between studies
and patients.

Overall, the papers showed similar methodological
quality, with no major deficiencies in the description of
patient inclusion criteria or data collection. The follow-up
period in all studies was greater than 6 months, which is
considered sufficient to observe the effects of pegvisomant.
Few patient withdrawals were reported (Supplementary
material).
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Study name Statistics for each study  Event rate and 95% CI

Event Lower Upper
rate limit limit
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Karapanou, 2016 0,769 0.478 0,924 ——

0,609 0,518 0,693 3
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Fig. 2 Meta-analysis results for the rate of patients achieving IGF-1
control under pegvisomant therapy (a) and under pegvisomant
monotherapy (b). Note: fixed effects model, event rate with 95%
confidence interval

Meta-analysis

Eight meta-analyses were performed; two generating results
from effectiveness outcomes (IGF-1 control) and six con-
sidering data on safety outcomes (tumor growth, injection-
site reactions, lipohypertrophy, elevation of transaminases,
and treatment discontinuation due to AE). It was not pos-
sible to conduct analysis considering only patients under
combination therapy, because studies reported results either
for all cohort of patients (irrespective of drug association or
not) or solely for patients under monotherapy.

The meta-analysis of patients achieving IGF-1 control
included eight studies and resulted in an overall rate of
60.9% (51.8-69.3%; 95% CI; I* = 80%; Fig. 2a). The meta-
analysis considering only patients undergoing pegvisomant
monotherapy (n =35 studies) resulted in an overall IGF-1
control rate of 71.7% (64.0-78.4%; 95% CI, P =10%;
Fig. 2b).

Regarding safety outcomes, five meta-analyses were
performed. For the outcome of tumor growth, an additional
meta-analysis considering only patients under pegvisomant
monotherapy was feasible. The overall tumor growth rate in
patients undergoing pegvisomant therapy in association
with another drug or alone (local MRI, eight studies) was
7.3% (4.7-11.1%; 95% CI, 12:58%). When considering
only patients who received monotherapy (n = 4 studies), the

rates were 7.2% (4.8-10.7%; 95% CI, P= 0%). Statistical
analyses for central MRI were not possible. The meta-
analysis of elevated transaminases (n =6 studies) showed
an overall rate of 3.0% (1.7-5.2%; 95% ClI, P= 55%). The
outcomes of injection-site reaction (n=4 studies) and
lipohypertrophy (n =35 studies) presented values of 3.5%
(1.2-10.2%; 95% CI; I> = 82%) and 1.6% (0.6-4.3%; 95%
CI; P> = 69%), respectively. The rate of patients who dis-
continued pegvisomant due to an AE that was deemed
related to the therapy was 1.9% (0.6-5.9%; 95% CI; P=
78%). The forest plots for these meta-analyses are depicted
in Fig. 3.

Sensitivity and subgroup analyses

Sensitivity analyses were performed with 8 meta-analyses,
presenting moderate (I* between 50% and 75%) to high
heterogeneity (I*>75%). Removal of studies and changes
to the statistical model and methods revealed no significant
differences as compared with the original meta-analyses.

Subgroup analyses were performed to evaluate the
impact of study follow-up duration on IGF-1 control. Stu-
dies reporting data over 1-5 years were evaluated in sepa-
rate meta-analyses. The event rates ranged from 57% to
65% (for complete meta-analyses see Supplementary
material).

Discussion

To the best of our knowledge, this is the first meta-analysis
of longitudinal observational studies on the use of pegvi-
somant in acromegaly, which is a milestone with respect to
rare diseases. This was only possible due to the increased
number of publications on the subject in the last few years,
which allowed us to gather evidence from several countries.

The most recognized study in the field (ACROSTUDY)
is a postmarketing surveillance study sponsored by Pfizer,
which was initiated in 2004 and includes 15 countries from
Europe and the United States; however, other locations such
as Brazil and Argentina have also conducted observational
studies.

Pegvisomant is a genetically engineered analog of human
GH that has been available on the market since 2004 [52—
54], and is considered the most effective pharmaceutical
therapy for acromegaly in clinical trials. However, real-
world data indicate that its effectiveness is not as high as
expected [53]. We found rates of patient achievement of
IGF-1 control of approximately 61% when used in con-
junction with other drugs and 72% when used as a mono-
therapy, which is at least 25% below the rates reported in
interventional studies [13, 14]. The results of the analyses of
IGF-1 control at different time points were similar (event
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Fig. 3 Meta-analysis results for safety outcomes. Tumor growth ver-
ified by local magnetic resonance imaging (a); elevation of transami-
nases (b); injection-site reactions (c); lipohypertrophy (d); and

rates fluctuating around 60%), showing that the actual effect
of pegvisomant, although lower than in controlled trials,
may be homogeneous over time, which is important given
the chronicity of the disease.

The highest rates of IGF-1 control were observed when
pegvisomant was used as a monotherapy [52], which is in
accordance with data reported in interventional studies.
Hypotheses to explain this result can be the use of higher
doses of the drug when under monotherapy, or the char-
acteristic of patients that receive combination therapy. The
article from Bianchi et al. [33] showed that the choice of
associating SSA to pegvisomant is significantly related to
the presence of residual tumor at baseline and to patients
with higher rates of GH and IGF-1 at baseline, i.e., a more
aggressive disease. The start of pegvisomant only after SSA
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Study name Statistics for each study Event rate and 95% CI
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discontinuation due to adverse events (e). Note: fixed effects model,
event rate with 95% confidence interval

unsuccessful treatment may also explain the lower rates of
effectiveness observed in real-life when compared to clin-
ical trials where pegvisomant was, in many cases, the first
drug received by patients [13, 55].

Combination therapy is not described on the pegviso-
mant label; however, this drug is frequently used in con-
junction with a somatostatin analog in clinical practice [53].
This is endorsed by the potential increase in the efficacy of
pegvisomant when used in association with a somatostatin
analog [8]. However, our results do not confirm this effect.
Another advantage of the co-therapy may be the reduction
in the incidence of AE, such as tumor growth. Since
somatostatin analogs act directly in the tumor, unlike peg-
visomant, they do not cause tumor augmentation, and can
even contribute to a reduction in the tumor size [56, 57].
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Drug combination is also a way to minimize therapy costs,
if pegvisomant is prescribed at lower doses, due to the high
costs of this drug (approximately 100 USD per 10 mg vial,
drugbank.ca/drugs/DB00082, access date: 05/14/2018).

The monitoring of AEs is one of the main objectives of
long-term observational studies. In the literature, one of the
most reported AEs for pegvisomant is an increase in the
levels of liver enzymes [2]. In the present study, we found
this rate to be 3%; however, certain papers included in this
review reported that the elevation of liver enzymes returned
to normal with continuous use of the drug [22, 27-29, 49],
which suggests that the rate of this AE may have been
overestimated; nevertheless, liver function should be con-
stantly monitored. Regarding tumor growth, we found an
event rate of 7% for both analysis, including all patients
using pegvisomant and only those under monotherapy. It is
known that SSAs, which act directly on the somato-
tropinoma, may contribute to reduce tumor size. However,
the rates found in our study were very similar for both
populations assessed. This finding does not mean that SSA
combination therapy do not contribute to tumor reduction
but may suggest that pegvisomant alone do not favor tumor
enlargement. When a blinded radiologist performed the
analysis of tumor growth, the prevalence was lower than
that seen in the local MRI findings [23-27, 30, 34, 35, 40].
However, since few studies reporting data on central MRI
were found, no meta-analysis was performed. Injection-site
reactions, mainly represented by lipohypertrophy, were
associated with the pharmaceutical formulation and
administration route of pegvisomant (subcutaneous injec-
tions). In the present study, we found rates of 3% and 2%
for these two outcomes, respectively. These events can be
prevented by diversity of injection site [8, 41]. The rate of
discontinuation due to AEs related to study treatment was
estimated to be 2%; nevertheless, this is a subjective out-
come, since it depends on the opinion of the clinician
whether the AE is actually associated with the drug. We
observed a study with many more discontinuations than the
others [29]; however, the authors stated that the dis-
continuations were potentially related to the therapy but
gave no certainty. The AEs that led to treatment dis-
continuation were mainly the elevation of transaminases
and apparent tumor enlargement. Overall, therapy with
pegvisomant appears to be safe.

The present study has some limitations. Unfortunately,
we could not include all the studies obtained in our sys-
tematic review in the meta-analyses, since patients were
reported more than once. We confirmed the authors’ names
and affiliations for all the studies (i.e., countries and hos-
pitals listed as institutions) to avoid misleading results. We
evaluated only observational studies, which can have been
an influenced by confounders; nevertheless, these studies

have a more appropriate design to describe the prevalence
of events and assess real-world evidence. We were not able
to conduct separate analysis for patients who received only
combination therapy, because the studies did not disclose
this information. Therefore, meta-analyses were performed
for patients receiving pegvisomant in association or not, and
for patients receiving pegvisomant in monotherapy. Het-
erogeneity among studies was explored wherever possible;
however, according to the Cochrane recommendations, it is
not appropriate to deeply evaluate heterogeneity when only
a few articles are included in the meta-analyses, since
erroneous conclusions may be generated [17]. To calculate
the effect sizes in the meta-analyses, we used a logit
transformation. When the number of events is zero and the
population is small, this transformation may result in
inflation of the results [58]. The absence of events was
observed for three outcomes; elevation of transaminases,
tumor growth, and discontinuation due to AEs. Therefore,
the rates of these outcomes are likely even smaller. Taking
all the data together, we can affirm that we performed a
conservative analysis and that the actual effectiveness and
safety results should not be expected to be any higher than
our estimations.
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