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Abstract

Pasireotide long-acting release (PAS-LAR) is a second-generation somatostatin receptor ligand (SRL) approved for acro-
megaly treatment. This meta-analysis aimed to evaluate the real-world effectiveness and safety of PAS-LAR in patients
with acromegaly resistant to first-generation somatostatin receptor ligands (fgSRL). A systematic literature search was
conducted in PubMed and Web of Science for real-world studies on PAS-LAR in acromegaly published between 2014
and 2023. Random-effects meta-analyses were performed on biochemical control rates, tumor shrinkage, and metabolic
parameters. Twelve studies comprising 409 patients were included. The pooled rate of insulin-like growth factor 1 (IGF-
1) control was 57.9% [95% CI: 48.4—66.8] and the percentage of patients with tumor shrinkage was 33.3% [95%CI:
19.7-50.4]. Significant reductions were observed in growth hormone standardized mean difference (SMD) 0.6 ng/mL
[95% CI: 0.3 to 1.0] and IGF-1 levels SMD 0.9 ULN [95% CI: 0.4 to 1.4]. However, as expected, a worsening in glu-
cose metabolism was noted as an increase in fasting glucose SMD — 0.8 mg/dL [95% CI: -1.0 to -0.5, p <0.01], glycated
hemoglobin SMD —0.5% [95% CI: -0.7 to -0.2]. and type 2 diabetes mellitus prevalence SMD —11.5% (95% CI: -17.5
to -5.5). PAS-LAR demonstrated higher effectiveness in real-world settings, with over 60% of patients achieving IGF-1
control compared to the around 30% efficacy observed in clinical trials. These findings suggest that PAS-LAR is an
effective option for acromegaly patients resistant to fgSRL, but careful monitoring of glucose levels is essential. The
high heterogeneity observed across studies emphasizes the need for identifying PAS-LAR response biomarkers to set-up
individualized treatment approaches for optimizing patient outcomes.
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1 Introduction

Acromegaly is a rare disease with devastating consequences
if biochemical control is not reached [1, 2]. The primary
objective in managing acromegaly is achieving age-adjusted
normalization of insulin-like growth factor-1 (IGF-1) lev-
els, as a reliable indicator of disease activity [3]. Secondary,
albeit also very important goals encompass tumor control
while preserving pituitary function, alleviating symptoms,
and reversing the associated morbidities, impaired qual-
ity of life, and increased mortality risk [4—7]. Transsphe-
noidal surgery is considered the treatment of choice as it
offers curative potential. Remission rates following surgical
intervention can reach 80-90% for patients with microad-
enomas, while macroadenomas, being the more prevalent
lesion type, exhibit a lower remission rate of approximately
50% [8]. Consequently, nearly half of the patient population
will require medical treatment due to persistent disease after
surgery or contraindications to surgical intervention.
Pasireotide long-acting release (PAS-LAR) is a second-
generation somatostatin multi-receptor ligand approved as
a second-line medical therapy for acromegaly. In contrast
to first generation somatostatin receptors ligands (fgSRL)
(that is, lanreotide and octreotide long acting formulations)
which mainly binds to SSTR-2, PAS-LAR exhibits binding
affinity to four out of the five human somatostatin receptor
subtypes, with the highest affinity for SSTR-2 and SSTR-5
(more than 40 fold higher than fgSRL) [9], which are the two
main receptor subtypes expressed on somatotropinomas.
The efficacy of PAS-LAR has been evaluated in two
main pivotal studies. A phase 3 study that directly com-
pared PAS-LAR to octreotide LAR in 358 medically naive
acromegaly patients [10] observed at month 12 that 31.3%
of patients receiving PAS-LAR achieved biochemical con-
trol (GH<2.5 pg/L and normal IGF-1) compared to 19.2%
of those on octreotide LAR. The PAOLA trial [11], was
the other main phase 3 study, in which 198 patients inad-
equately controlled with the higher doses of fgSRL were
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randomly assigned 1-1-1 to receive PAS-LAR 40 mg or
PAS-LAR 60 mg every 28 days for 24 weeks, or continued
treatment with fgSRL (active control group). At 24 weeks,
ten (15%) patients in the PAS-LAR 40 mg group and 13
(20%) patients in the PAS-LAR 60 mg group achieved bio-
chemical control, compared with no patients in the active
control group.

Regarding tumor volume, in naive patients a clinically
relevant (>20%) tumor volume reduction was achieved by
80.8% and 77.4% of PAS-LAR and octreotide LAR patients
respectively [10] and in previously treated patients in up to
18.5% [11].

The most frequent adverse effects observed in both stud-
ies, were glucose-related in up to 33% of patients [10, 11].

Interestingly, in emerging real-world studies [12-15],
PAS-LAR demonstrated higher effectiveness when com-
pared to randomized controlled trials (RCTs), as in gen-
eral IGF1 was normalized in general in more than 50% of
patients, with a clinically relevant tumor shrinkage, in more
than 40% of previously treated patients [12—14] with mild
side effects and a low rate of patients dropping out.

Given these initial promising real-world findings con-
trasting with the pivotal trial results, there is a clear need
to systematically review and synthesize the growing body
of real-world evidence on PAS-LAR’s effectiveness and
safety profile in clinical practice settings. A comprehensive
literature review and meta-analysis could provide more
precise and generalizable estimates of PAS-LAR’s real-
world performance and tolerability to better inform clinical
decision-making.

Thus, with all the stated above, the aim of this meta-
analysis was to evaluate the real-world experience (RWE)
with PAS-LAR. Specifically, we will address the follow-
ing questions using the Population, Intervention, Com-
parator, Outcome (PICO) framework: (1) In adult patients
with acromegaly resistant to fgSRL(P), how effective is
PAS-LAR treatment (I) compared to other treatments (C)
in achieving biochemical disease control (O)? (2) What
percentage of acromegaly patients treated with PAS-LAR
experience clinically relevant tumor volume shrinkage? (3)
Which is the impact on glucose metabolism, associated with
PAS-LAR treatment in acromegaly patients? By synthesiz-
ing real-world data, this meta-analysis will provide a com-
prehensive overview of PAS-LAR’s effectiveness, safety
profile, and tolerability in the management of acromegaly
in regular clinical practice performed usually in specialized
centers, thus, offering valuable and generalisable insights to
guide clinical decision-making and patient care.
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2 Methods
2.1 Protocol registration

This study was performed according to the Cochrane Col-
laboration and PRISMA statement [16]. The systematic
review protocol was submitted to PROSPERO in Decem-
ber 2023, and registered in June 2024 (registration number
CRD42024468603). At the time of registration, no other
systematic review addressing PAS-LAR in RWE had been
published or registered.

2.2 Eligibility criteria

Eligibility criteria for study selection included: (1) real-
word studies; (2) adult acromegaly patients population
uncontrolled with fgSRL; (3) PAS-LAR treatment with at
least 6 months of follow-up; (4) assessment of biochemi-
cal efficacy, tumor volume shrinkage or glucose metabolism
outcomes (as primary or secondary endpoints) before and
after treatment with PAS-LAR.

We excluded clinical trials, reviews and animal studies.
When studies of the same Country/Hospital showed over-
lap with the participants, the study with the lower number
of participants or containing insufficient information was
excluded.

2.3 Information sources and search strategy

A literature search was performed in January 2024 and cov-
ered studies published from 2014 (when the pivotal stud-
ies of PAS-LAR were published ) to December 31st, 2023.
The research was limited to articles available in English.
The systematic search was conducted using PUBMED
and the Web Science of Knowledge (WoS). In PUBMED
we used the terms: (“pasireotide[Title/Abstract]) AND
(2014:2024/5/10[pdat]). A total of 507 articles were
retrieved, link access https://pubmed.ncbi.nlm.nih.gov/?ter
m=pasireotide+%5BTIAB.

In WoS, with the terms: pasireotide (Abstract) AND
Review Article (Exclude— Document Types) and 2006 or
2007 or 2008 or 2009 or 2010 or 2011 or 2012 or 2013
(Exclude— Publication Years), we retrieved 300 articles: link
access: https://www.webofscience.com/wos/woscc/summar
y/1d796062-6b2e-4160-874d-6c06051bce8b-e9f1a818/rele
vance/1.

We updated the search in the 10th of May 2024, and 2
further studies were retrieved from PUBMED.

The initial screening process involved two team mem-
bers (BB and MA). After excluding duplicated papers, both
members independently examining the titles and abstracts of
all retrieved studies. Articles that both reviewers considered

potentially relevant were then selected for comprehensive
evaluation. At both the preliminary and full-review stages,
mutual agreement between the reviewers was necessary for
a study to be excluded. In cases where there was disagree-
ment about including or excluding a fully-reviewed study,
all the researchers were consulted and decision taken after
achieving full agreement. This approach ensured a through
and unbiased selection process for the studies included
in our analysis. A manual search in the references of the
selected studies was also performed but not further articles
were included.

Interobserver agreement was high (96.2%: 51 of the 53
studies selected for initial screening ). Figure 1 shows the
flowchart of the eligibility assessment process.

2.4 Data extraction and quality assessment

A clinical data extraction sheet was designed prior to data
collection and the four independent investigators (B.B.,
M.A-C., M.M. and M.P-D) extracted data on (1) paper meta-
data: authors’ names, year of publication, country (ies) of
study conduction, study period, and study design (prospec-
tive or retrospective), (2) baseline characteristics: number
of patients, gender, age, T2DM (%), blood glucose levels,
GH and IGF-1 levels, (3) effectiveness post treatment: dis-
ease control as rate of patients with IGF-1 levels < 1 upper
limit of normal (ULN) and/or < 1.3 ULN and percentage of
patients with clinically relevant volume reduction (<20 or
25%) as per investigator designation and (4) side effects:
post treatment glucose, HbAlc and T2DM (%).

The quality of the papers was evaluated following the
Strobe check list [17] to avoid bias. Studies were reviewed
for funding support to minimize any potential bias.

2.5 Outcomes

We selected studies reporting at least one of the following
parameters before and after PAS-LAR administration: rate
of patients with IGF-1 control, clinically relevant volume
reduction, T2DM before and after treatment. We excluded
interim data and only the last follow-up assessment was
considered.

2.6 Data synthesis and statistical analysis

Quantitative data reported as mean + standard deviation (SD)
or median and range at baseline and after PAS-LAR treat-
ment were extracted for all outcomes. If reported, difference
from baseline and percentage change were also extracted.
Missing data were obtained from authors when possible.
Pooled values of GH, IGF-1, glucose levels, HbAlc, T2DM,
% of patients with clinically relevant tumor shrinkage and
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Fig. 1 Flowchart of literature eligibility assessment process. Illustrates
the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram, detailing the process of study selection
for the systematic review and meta-analysis. * Two studies by Chiloiro
et al. were retained because, they report on different endpoints. One

% IGF-1 control when available in the selected studies were
estimated using the random effects meta-analysis model
[18]. Pooled values were reported as standardised mean
difference with 95% confidence intervals (CI), except for
% IGF-1 control and % of patients with tumor shrinkage,
which are reported as percentage with 95% CI. Forrest plots
were presented to visualize the results. Statistical heteroge-
neity was assessed by the Q test and complemented with
the I index. Leave-one-out sensitivity analysis was per-
formed when high statistical heterogeneity was identified. A
subgroup analysis was conducted to assess the overall per-
centage of patients achieving IGF-1 control and clinically
significant tumor volume reduction. The analysis compared
trials where patients had not received radiotherapy with
those who had undergone radiotherapy. All analyses were
performed using R software version 4.4.0 [19] and package
meta version 7.0 [20].

@ Springer

study was kept for general outcomes, while the other was included
specifically for its data on carbohydrate metabolism, which was not
available in the first study. This ensures that no duplication of results
occurs, while maximizing the use of all relevant data

3 Results
3.1 Study selection

We found 809 potentially related studies, 509 from Pubmed
and 300 from WoS (Fig. 1). After removing duplicates 313
were screening. Of these 260 were excluded on the basis of
title and abstract screening, and 28 were excluded after full-
text revision. The remaining 25 studies were eligible [12—
15,21-41]. Of these 25 studies, a total of ten were excluded,
four because they were clinical trials and not RWE [31, 32,
38, 39] and nine because of duplicated sample [22, 23,
26-30, 35, 36]. Of the 12 studies ultimately selected, two
studies by Chiloiro S. et al., [24] and [25], could represent
duplicate cohorts. To avoid duplication of results, the first
study [25] was used for most of the outcomes, as it con-
tains the majority of the relevant data. However, the second



Reviews in Endocrine and Metabolic Disorders (2025) 26:97-111

101

study [24] was used specifically for parameters related to
carbohydrate metabolism, which are not available in study
[25]. This approach ensures that data redundancy is avoided
while incorporating all relevant information.

3.2 Study characteristics

Overall, 12 studies were selected and 11 were with indepen-
dent samples. The papers showed homogeneous and good
methodological quality as assessed by the Strobe check-
list [17]. Table 1 summarizes the characteristics of the 11
included studies without duplicated samples. Publication
years ranged from 2018 to 2024, with the majority (8/12)
published in/or after 2021. All the selected studies except
two [12, 37] were conducted in Europe, specifically in Italy
(n=3), France (n=2), Poland (n=2) and Spain (n=2).
Eight studies were multicentric, while three were single-
center studies. All but one (Urbani C et al., 2023) [14] used
PAS as monotherapy. This study used PAS-LAR in combi-
nation with cabergoline in two patients (one due to a mixed
GH-PRL adenoma) and with pegvisomant in four patients.

3.3 Demographics

Sample sizes ranged from 15 to 81 patients, encompassing
a total of 409 patients with acromegaly treated with PAS-
LAR. The mean ages across studies ranged from 36.0 to 50.0
years. A total of 200 were male (48.8%), indicating a rela-
tively balanced gender distribution and the time in months
with PAS-LAR range from 6 to 58 months (Table 1).

3.4 Disease characteristics

In the 7 studies reporting tumor size, 201 out of 217 patients
(92.6%) had macroadenomas and tumor size (based on 5
studies), ranged from 9.3 to 37.5 mm. A substantial majority
(75.8%, n=310) had undergone previous surgery. History
of radiotherapy (RT) was registered in 10 of the 11 selected
studies. However, the number of patients who had received
RT prior to starting PAS-LAR treatment varied significantly
across the studies, ranging from 0 to 35.8% of the cohorts.
Additionally, the time between RT and the initiation of PAS-
LAR was highly heterogeneous, with some patients having
undergone RT just a few months before starting PAS-LAR,
while others received RT up to 10 years prior (Table 1).

3.5 Baseline biochemical disease activity and
glucose metabolism

Table 2 summarize baseline clinical and biochemical
parameters. The baseline GH levels ranged from 1.9 to 19.0
ng/mL and IGF-1, ranged from 1.3 to 3.3 times above ULN.

Table 1 Baseline demographic and patients characteristics

Time PAS
(months)
45.5

Time RT

Surgery n (%)  RT n (%)

Macro
n (%)

Age (y)

N Male

M Mono

Country

Year

Author and reference

diagnosis
37.0

n (%)

*

3(12.3)
7 (14.0)

0

13 (61.9)
35 (70.0)
33 (100)
20 (83.3)
65 (80.2)
25 (89.3)
33 (84.6)
30 (85.7)

19 (90.5)
46 (92.0)
33 (100)
22 (91.7)

NA

Italy Yes  Yes 21 8 (38.1)

2023

Corica G. et al. [21]

24.0

8.6+10.6 years

27 (54.0) 430

50
33

Italy Yes

2024
2021

Urbani C. et al. [14]

54.0

36.0

13 (39.4)

Yes

No

Italy

Chiloiro S. et al. [25]

30.8
1
1

70 + 17 months

38 +29 months

8(33.3)
29 (35.8)
3(10.7)
4(10.3)
6(17.1)
2 (4.0)

38.5
5

13 (54.2)

42 (51.9)

24
81

Spain Yes  Yes

2024
2023

Araujo-Castro M. et al. [15]

Ruiz S. et al. [13]

2.0

0.0
.6

Yes

Spain

more than 3 years

NA

NA

42

14 (50.0)
23 (59.0)
20 (57.1)
22 (44.0)
5(33.3)

No Yes 28

Poland
Poland
Israel
Brazil

2022

Stelmachowska-Banas M. et al. [33]

Witek P. et al. [34]

6.0

39 (100)
28 (80.0)

NA

47.2

39
35

Yes

Yes

2021

12.0

3-47 months

40.8
4

Yes

Yes

2018

Shimon 1. et al. [37]
Gadelha M. et al. [12]

58.0

more than 10 years
2.8-14.1 years

NA

11 (50.0)
15 (100)

29 (87.8)

0.0

50

Yes

No

2023

29.0

4(26.7)

NA

14 (93.3)

NA

38.0
Quantitative variables are expressed as mean or median. Abbreviatures: M: multicenter, Mono: monotherapy, N: number of patients, Macro: macroadenoma, RT: radiotherapy

15
33

France Yes

2019

Lasolle H. et al. [40]
WOolf P. et al. [41]

19.0

46.0

13 (39.4)

France No Yes

2022

*2 patients (5 and 2 years before PAS-LAR, respectively), while one patient was referred to radiotherapy after 18 months of PAS withdrawal

@ Springer



102

Reviews in Endocrine and Metabolic Disorders (2025) 26:97-111

Table 2 Baseline biochemical disease activity and glucose metabolism

Author and reference GH IGF-1 Glucose (mg/dL) T2DM (%) Alc (%)
(ng/mL) (ULN)
Corica G. et al. [21] 3.4 1.3 93.0 14.0 5.7
Urbani C. et al. [14] 43 1.9 104.0 38.0 5.8
Chiloiro S. et al. [24] 4.0 3.1 109.0 14.7 5.9
Araujo-Castro M. et al. [15] NA 33 110.5 29.2 6.4
Ruiz S. et al. [13] 19.0 1.8 NA 14.0 NA
Stelmachowska-Banas M. et al. [33] 3.9 2.3 111.0 15.4 5.9
Witek P. et al. [34] 3.1 1.9 NA 10.3 5.6
Shimon I. et al. [37] 1.9 1.8 109.0 314 6.1
Gadelha M. et al. [12] 4.0 2.4 NA 22.0 5.9
Lasolle H. et al. [40] NA 1.7 101.0 NA 5.8
WOolf P. et al. [41] 7.8 1.6 NA 39.0 5.8

Abbreviatures: BMI: body mass index, GH: growth hormone, IGF-1: Insulin-like Growth Factor 1, ULN: upper limit of normal, T2DM, Type

2 diabetes mellitus

Pre-treatment

Post-treatment

Study Total Mean SD Total Mean SD
Corica et al 2024 21 338 416 21 159 140
Urbani C et al 2023 50 430 520 50 1.70 2.10
Chiloiro et al 2021 34 4.00 3.00 34 . .
Araujo et al 2024 24 . . 24 250 3.80
Ruiz S et al 2023 81 19.00 9.00 81 . .
Stelmachowska-Banas M et al 2021 28 3.90 2.90 28 1.10 1.26
Witek P et al 2021 39 3.10 19.78 39

Shimon |. et al 2018 35 1.90 . 35 . .
Gadelha M et al 2023 50 4.00 48.90 50 1.20 21.35
Lasolle H et al 2019 15 . . 15 . .
Wolf P et al 2022 33 7.80 7.80 33 350 340
Common effect model 410 410

Random effects model
Heterogeneity: /2 = 67%, t° = 0.1180, p = 0.02

Fig. 2 Forrest plot including the five studies reporting GH levels
before and after PAS-LAR treatment. This forest plot illustrates the
standardized mean difference (SMD) in growth hormone (GH) lev-
els before and after pasireotide treatment across the five studies. The

The fasting blood glucose level was reported in 6 studies,
with means ranging from 93.0 to 111.0 mg/dL and HbAlc
levels were reported in 10 studies, ranging from 5.6 to 6.4%.
Baseline T2DM prevalence, ranging from 10.3 to 42.1% of
patients.

3.6 Metanalysis
3.6.1 Growth hormone levels

The meta-analysis of GH levels included 5 studies with 182
patients (Fig. 2). The random effects model showed a sig-
nificant reduction in GH levels post-treatment, with a stan-
dardized mean difference (SMD) of 0.63ng/mL (95% CI:
0.25 to 1.0, p<0.01). Heterogeneity was moderate to high
(12 = 67.0%, p=0.02).

@ Springer

Standardised Mean Weight Weight
Difference SMD 95%-Cl (common) (random)
s 0.58 [-0.04; 1.19] 11.7% 16.7%

e 0.66 [0.25; 1.06] 27.6% 22.7%

i 0.0% 0.0%

ig 0.0% 0.0%

i 0.0% 0.0%

li—=—— 1.25 [0.68; 1.83] 13.5% 17.8%

i 0.0% 0.0%

i 0.0% 0.0%

—'—i 0.07 [-0.32; 0.47] 29.1% 23.0%

i 0.0% 0.0%
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<> 0.57 [0.36; 0.78] 100.0% .

—— IO | 0.63 [ 0.25; 1.00] 100.0%

I
-15-1-050 05 1 15

random effects model shows a significant reduction in GH levels post-
treatment, with an SMD 0.6ng/dL (95% CI: 0.3 to 1.0, p<0.01). Mod-
erate to high heterogeneity is indicated (I* = 66.8%, p=0.02)

3.6.2 IGF-1- ULN levels

For IGF-1 levels, only 2 studies were included in the analy-
sis. The random effects model demonstrated a significant
decrease in IGF-1 levels, with an SMD of 0.9ULN (95%
CIL: 0.4 to 1.4, p<0.01). However, heterogeneity was also
moderately high (I = 69.0%, p < 0.07.

3.6.3 Fasting glucose metabolism

The analysis of fasting glucose levels included 4 studies
(Fig. 3a). The random effects model showed a significant
increase in glucose levels post-treatment, with an SMD of
-0.8 mg/dL (95% CI: -1.0 to -0.5, p<0.01). There was no
significant heterogeneity (I* = 0.0%, p=0.54).

Eight studies were included in the HbAlc analysis
(Fig. 3b). The random effects model revealed a significant
increase in HbAlc levels, with an SMD of -0.5% (95% CI:
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a Pre-treatment Post-treatment Standardised Mean Weight Weight
Study Total Mean SD Total Mean sSD Difference SMD 95%-Cl (common) (random)
Corica et al 2024 21 93.00 21.11 21 124.00 28.89 —'—f— -1.23 [-1.89; -0.56] 15.4% 15.4%
Urbani C et al 2023 50 104.00 21.00 50 126.00 32.00 — = -0.81 [-1.22; -0.40] 40.6% 40.6%
Chiloiro et al 2021 34 109.00 30.00 34 . . 0.0% 0.0%
Araujo et al 2024 24 110.50 20.80 24 126.10 36.80 -0.52 [-1.10; 0.05] 20.4% 20.4%
Ruiz S et al 2023 81 . . 81 . . 0.0% 0.0%
Stelmachowska-Banas M et al 2021 28 111.00 21.30 28 125.20 23.80 —E= -0.63 [-1.17; -0.09] 23.5% 23.5%
Witek P et al 2021 39 . . 39 . . 0.0% 0.0%
Shimon |. et al 2018 35 109.00 28.00 35 0.0% 0.0%
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Fig. 3 Forrest plot changes in glucose levels (a), HbAlc (b), and dia-
betes prevalence (¢) Following pasireotide LAR treatment. It provides
a comprehensive overview of the impact of Pasireotide LAR treatment
on glucose metabolism in acromegaly patients. The figure is divided
into three sections: (a) Glucose Levels (mg/dL) - This section illus-
trates the changes in pre-treatment and post-treatment glucose levels
across multiple studies. The standardized mean difference (SMD)

-0.7 to -0.2, p<0.01). Heterogeneity was low to moderate
(I> = 420%, p=0.10).

The analysis of T2DM prevalence included 8 studies,
(Fig. 3). The random effects model showed a significant
increase in T2DM prevalence post-treatment, with an SMD
of -11.5% (95% CI: -17.5 to -5.5, p<0.01). However, het-
erogeneity was very high (I2 = 99.0%, p <0.01).

3.6.4 IGF-1 control

The proportion of patients achieving IGF-1 control was
analyzed across all 11 studies. The Forrest plot in Fig. 4a
summarizes the individual study results and the pooled
proportion estimates for IGF-1 control. The random
effects model estimated that 57.9% of patients (95% CI:

indicates a significant increase in glucose levels post-treatment. (b)
HbAlc Levels (%) - This section displays the changes in HbAlc levels
before and after treatment. The SMD demonstrates a notable increase
in HbAlc levels. (¢) Diabetes Prevalence (%) - This section highlights
the prevalence of diabetes before and after treatment. The analysis
shows a significant increase in diabetes prevalence

48.4-66.8%) achieved IGF-1 control. Heterogeneity was
moderate to high (I = 68.1%, p<0.01).

The Funnel plot in Fig. 4b was employed to assess the
potential for publication bias in the included studies. The
plot, which displays the logit-transformed proportions
against their standard errors, appears largely symmetrical,
indicating minimal publication bias. However, the pres-
ence of some outliers accounts for an increased variability
in reported IGF-1 control rates, contributing to the overall
heterogeneity observed in the meta-analysis.

The sensitivity analysis in Fig. 4c demonstrates the sta-
bility of the pooled estimate, despite the exclusion of indi-
vidual studies. The I values, which remained high (68%),
confirm the presence of substantial heterogeneity.
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Fig. 4 Meta-analysis of the proportion of acromegaly patients achiev-
ing IGF-1 control with pasireotide treatment forrest plot (a), a funnel
plot (b), and a sensitivity analysis (¢). It consists of three parts: a forest
plot (a), a funnel plot (b), and a sensitivity analysis (¢). (a) Forest Plot
- This plot illustrates the proportion of acromegaly patients achieving
IGF-1 control in each included study, alongside the pooled propor-
tion estimates. (b) Funnel Plot - The funnel plot assesses the potential

@ Springer

0.55

I I 1
0.6 0.65 0.7

for publication bias among the studies. The symmetrical distribution
of points suggests minimal publication bias, although some outliers
indicate variability in reported IGF-1 control rates. (¢) Sensitivity
Analysis - This analysis evaluates the robustness of the overall pro-
portion estimate by sequentially omitting each study. The consistent
range confirm the stability of the pooled estimate despite significant
heterogeneity
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3.6.5 Clinically relevant tumor shrinkage

Our meta-analysis included 6 studies with a total of 250
patients, of whom 95 experienced clinically relevant tumor
shrinkage. The random effects model, estimated that 33.3%
(95% CI: 19.7 —50.4%) of patients achieved clinically rel-
evant tumor volume reduction. There was significant het-
erogeneity among the studies (I2 = 81.1%,p<0.01). The
Forrest plot Fig. 5 visually represents the proportion of
patients with tumor shrinkage in each study and the overall
effect. Individual study estimates ranged from 8.0 to 64.0%,
with varying precision as indicated by the width of the con-
fidence intervals.

3.7 Sensitivity analysis on studies with
radiotherapy

We performed this sensitivity analysis to evaluate the poten-
tial impact of prior RT on IGF-1 control and tumor shrink-
age in patients treated with PAS-LAR. Figure 6 shows the
sensitivity analysis for patients stratified into two groups:
nine studies with prior RT and two studies, who had either
not received RT [25] or had undergone RT more than 10
years prior [12], making it unlikely that RT influenced the
treatment outcomes. The analysis examines two primary
outcomes: (a) IGF-1 control and (b) tumor volume reduc-
tion. Despite the stratification, the CI for the overall IGF-1
control effect remained overlapping across the different sub-
groups. For all studies combined (Fig. 6a), IGF-1 control
was 57.9% (95% CI: 48.4-66.8%). In the non-RT group,
IGF-1 control was slightly higher at 61.0% [95% CI: 45.0—
75.0%], whereas in the RT group, it was 57.0% [95% CI:
47.0-67.0%]. These results indicate that prior RT does not
have a major differential impact on our results on IGF-1
control in patients on PAS-LAR treatment.

Regarding tumor volume reduction: in one study, no
tumor volume reduction was observed in any patient, while
the other study reported some degree of reduction (Fig. 6b).
This discrepancy between the two studies contributes to
the high heterogeneity observed in the non-RT group (I* =
91.0%, p<0.01). In contrast, the studies involving patients
with prior RT showed significantly lower heterogeneity (I
= 42.0%, p <0.15), indicating more consistent results. The
extreme variability in the non-RT group, as indicated by
the wide CI, suggests that tumor volume reduction in these
patients may be more inconsistent. This could be due to dif-
ferences in baseline tumor characteristics or the absence of
the stabilizing effect of prior RT. In contrast, the lower het-
erogeneity and narrower CI in the RT group suggest that
prior RT may have contributed to a more predictable and
uniform response to PAS-LAR treatment.

4 Discussion

Our meta-analysis, encompassing 12 studies (11 without
duplicated sample) with a total of 409 patients, revealed
that the overall IGF-1 control rate in acromegaly patients
treated with PAS-LAR was 57.9% (95% CI: 48.4—66.8%)
indicating better outcomes in clinical practice than previ-
ously reported in the pivotal RCTs [10, 11], which was of
about 30%. This finding is striking and surprising as, RCTs
tend to show better results than clinical practice, rigorous
follow-up of patients and frequent visits. In addition, one-
third of patients experience clinically relevant tumor shrink-
age. On the other hand, not surprisingly, these outcomes
were accompanied by significant increases in glucose lev-
els, HbAlc, and T2DM prevalence, as previously reported
[10, 11], which reflects PAS-LAR predominant action at
SSTRS and the dampening of insulin and incretin hormone
secretion [42, 43].

4.1 Biochemical control

Our study reports higher effectiveness in the real-world set-
ting than in RCTs [10, 11]. This discrepancy can be attrib-
uted to several factors as, pivotal trials often employ strict
biochemical thresholds for IGF-1 and GH levels to define
control, in contrast, in clinical practice IGF-1 is the pre-
ferred parameter to establish disease control [3]. In addi-
tion, variations in the specific cut-off values for IGF-1 and
the methods used to measure hormone levels can lead to
differences in reported control rates. However, this did not
affect our findings, as the leave-out-one study confirmed
the robustness of the results. The sensitivity analysis also
revealed that previous radiotherapy did not significantly
alter the outcomes for IGF-1 control, as both groups—those
with and without prior radiotherapy—exhibited overlap-
ping confidence intervals, suggesting consistent effective-
ness across patient populations. Also, the timing of outcome
assessments, and the duration of follow-up can contribute to
the discrepancies observed. In this regard, longer follow-up
periods and extended timeframe can allow for better dose
titration and potentially improve IGF-1 control over time.
The individualized treatment approaches used in clinical
practice, where physicians have the flexibility to tailor treat-
ment regimens to each patient’s specific needs, comorbidi-
ties, and response patterns may account in part to explain
these discrepancies. In this regard this more personalized
approach, may include a pre-treatment selection of patients
that have a better response to PAS-LAR such as e.g. younger
patients, with T2 magnetic resonance imaging hyperinten-
sity [13, 29], sparsely granulated tumors [26], and/or a high
SSTRS/SSTR2 ratio [25, 29, 44, 45]. However, probably
all factors previously mentioned do not explain completely
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Fig. 5 Proportion of acromegaly patients achieving tumor volume
shrinkage following pasireotide treatment. It presents a meta-analysis
of the proportion of acromegaly patients who experienced clinically
significant tumor volume reduction after treatment with PAS-LAR.
(Panel a): Forest Plot - This section summarizes the individual study
results and the pooled proportion estimates for tumor volume shrink-
age. (Panel b): Funnel Plot - This panel assesses potential publication
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bias by plotting the logit-transformed proportions against their stan-
dard errors. The symmetrical distribution of points suggests minimal
publication bias, though some asymmetry and outliers indicate vari-
ability in reported shrinkage rates. (Panel ¢): Sensitivity Analysis - This
section demonstrates the stability of the overall proportion estimate by
sequentially excluding each study. The pooled proportion remains con-
sistent (35—45%) despite the exclusion of individual studies
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Fig. 6 Sensitivity analysis of Pasireotide effectiveness on IGF-1 con- tumor volume reduction (b) between patients with and without prior
trol (a) and tumor volume shrinkage (b) in Patients with and without radiotherapy. The analysis highlights differences in heterogeneity and
prior radiotherapy. Figure 6 shows the sensitivity analysis comparing treatment response between the two groups

the effectiveness of pasireotide in achieving IGF-1 control (a) and
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these findings, and it could not be discarded that some spe-
cial cases have also been treated with other second line
compounds, such as pegvisomant, thus avoiding a therapeu-
tic PAS-LAR failure. This could be the case in patients with
a previous diagnosis of T2DM, in which case the treating
clinician may have avoided PAS-LAR, thus preselecting the
cases.

While real-world effectiveness was higher than RCTs,
metanalysis heterogeneity was also high, which could be
attributed to factors such as differences in patient popula-
tions, treatment protocols, or follow-up durations across
studies. Also, individual responses to PAS-LAR in specific
subgroup of patients that may be concentrated in certain
centers could also contribute to the differences and rela-
tively high variability observed between the meta-analysis
and pivotal studies. Patients with more aggressive or refrac-
tory disease may respond less favourably, and this subtype
of patients may had been more prominent in early pivotal
studies, thus concentrating patients with highly resistant
acromegaly, while those with milder forms of resistant
acromegaly or partial responders may have acceded to PAS-
LAR showing better outcomes, contributing to higher con-
trol rates in the present meta-analysis of real-world data.
The sensitivity analysis further highlighted that variability
in treatment response was not significantly explained by
prior radiotherapy, as heterogeneity persisted even when
this factor was considered.

The analysis of GH levels, based on 5 studies, showed
also a significant reduction with PAS-LAR treatment. This is
a crucial finding with several implications for patients with
acromegaly as GH control is intimately linked to improved
patient outcomes and symptoms amelioration. Notably, the
normalization of GH levels has been consistently associated
with a reduction in mortality rates [46, 47]. Elevated GH
levels have been associated with increased mortality rates,
particularly due to cardiovascular [48], respiratory diseases
[48], and malignancies [49].

4.2 Percentage of patients with clinically relevant
tumor shrinkage

The results of our meta-analysis indicate that during PAS-
LAR therapy approximately one third of patients experience
clinically relevant tumor volume reduction. This percentage
underline the therapeutic efficacy of PAS-LAR in manag-
ing tumor burden, particularly in patients unresponsive to
fgSRL. However, this efficacy rate should be viewed in the
context of the significant heterogeneity observed among the
studies (I>=81.1%), indicating a substantial variability in
patient populations, treatment protocols, and study designs.
The sensitivity analysis for tumor volume reduction also
revealed significant heterogeneity, particularly in the
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non-RT group, where variability was higher. This suggests
that tumor shrinkage in patients without prior radiotherapy
may be less predictable. The mechanism underlying PAS-
LAR effectiveness involves its high affinity for somatostatin
receptor subtypes 1, 2, 3, and particularly 5, which is more
prevalent in somatotroph adenomas. This broad receptor
affinity contributes to its superior efficacy in inhibiting GH
secretion and tumor cell proliferation, although it has pro-
posed that binding to SSTR3 maybe a principal driver of
tumor reduction although not the only one [50-52]. None-
theless, the variable response rates highlight the need for
personalized treatment approaches and further research to
elucidate the predictors of tumor response.

4.3 Glucose metabolism

The analysis of fasting glucose levels, HbAlc and percent-
age of T2DM showed a generalized negative impact of
PAS-LAR on glucose parameters. The deleterious effect of
PAS-LAR in glucose metabolism is largely attributable to
the mechanism of action of the drug. Understanding this
mechanism helps to explain it to the patient and how we
can reduce and treat it more appropriately. As we previously
stated in the Introduction section, PAS-LAR is a multi-
receptor-targeted somatostatin receptor ligand with high
affinity for four of the five somatostatin receptor subtypes
(SSTR-1, SSTR-2, SSTR-3, and SSTR-5). Importantly, it
has a particularly high affinity for SSTR-5, which is more
prevalent on GH-secreting pituitary adenomas than the
SSTR-2 [53, 54] targeted by fg-SRLs. While the SSTR-5
binding is beneficial for GH suppression, it also affects
pancreatic islet cells. Somatostatin receptors, particularly
SSTR-5, are expressed on pancreatic o and B cells [55] and
pasireotide binding leads to impaired insulin secretion from
B cells, suppression of glucagon-like peptide-1 (GLP-1)
secretion and reduction in glucose-dependent insulinotropic
polypeptide (GIP) levels [56]. The hyperglycemic effect of
PAS-LAR seems to be primarily caused by impaired insu-
lin secretion, while insulin sensitivity remains unaffected,
making it crucial to monitor patients’ glycemic control dur-
ing treatment [41]. This side effect often manifests early
in treatment [33] and factors such as age, baseline HbAlc
levels, fasting plasma glucose, and pre-existing prediabetes
or diabetes conditions are associated with an increased risk
while PAS-LAR is initiated [57]. However, It is worth not-
ing that these metabolic effects are often partially revers-
ible upon discontinuation of PAS-LAR [58], highlighting
the direct relationship between the drug’s mechanism and
the observed glucose abnormalities. Understanding this
mechanism has led to propose specific management strat-
egies for PAS-LAR-induced hyperglycemia, including the
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use of GLP-1 receptor agonists or DPP-4 inhibitors, which
can help counteract the reduction in incretin hormones [59].

4.4 Implications for clinical practice

The remarkable combined IGF-1 control and volume
shrinkage rate observed suggest that PAS-LAR use in a real
world setting is an effective treatment option for acromegaly
patients resistant to or intolerant to fgSRL. The dual impact
on both GH hypersecretion and tumor size highlights the
therapeutic value of PAS-LAR in improving long-term
prognosis and quality of life for individuals with a difficult
acromegaly condition. However, the significant heterogene-
ity observed in most of the outcomes indicates that treatment
response may vary among patients, emphasizing the need to
discover and implement PAS-LAR response biomarkers in
personalized treatment approaches. In addition, the substan-
tial impact on glucose metabolism highlights the need for
careful patient selection, close monitoring of glucose levels,
and proactive management of hyperglycemia.

4.5 Limitations

Several limitations should be considered when interpret-
ing our results. Although our meta-analysis shows consis-
tent improved IGF-1 control and tumor shrinkage rates, it
is important to acknowledge that real-world studies inher-
ently have limitations, such as potential selection bias and
less stringent monitoring. The Gadelha et al. Study [12],
while originally initiated as an RCT, may have had a mar-
ginal impact on the outcomes due to initially a potentially
more strict patient selection an follow-up. However, the
10-year extended roll-over period of real-life follow-up
likely mitigated this bias and provides invaluable insights
into the long-term effects and management of PAS-LAR in a
real-world context. In fact, as we previously suggested, the
results of the present study suggest that patients’ selection
may explain the differences in outcomes compared to RCTs.
Nevertheless, the higher IGF-1 control rates in real-world
settings are encouraging and suggest that the management
of acromegaly in clinical practice may be more effective
than previously thought based on RCTs alone. The high
heterogeneity in many outcomes also suggests that factors
influencing treatment response need further investigation.

4.6 Future directions

Future research should focus on: (a) Larger, long-term stud-
ies to confirm the efficacy and safety profile of PAS-LAR.
(b) Investigation of factors contributing to heterogeneity in
treatment response. (¢) Comprehensive assessment of meta-
bolic effects. (d) Evaluation of quality of life outcomes to

better understand the overall impact of PAS-LAR treatment
on patient’s lives and (e) Studies comparing PAS-LAR with
other treatment options for acromegaly to establish the best
positioning of this compound in the treatment algorithm.

In conclusion, our meta-analysis supports the efficacy of
PAS-LAR in controlling IGF-1, GH levels and tumor vol-
ume in acromegaly patients, while highlighting the impor-
tance of careful glucose metabolism monitoring. These
findings contribute to the growing body of evidence sup-
porting the use of PAS-LAR in acromegaly management,
particularly in patients who do not respond adequately to
first-line treatments. Additionally, the sensitivity analysis
suggests that previous radiotherapy does not significantly
impact the overall effectiveness of PAS-LAR, though it may
influence tumor volume reduction in certain cases. There-
fore, RT should be considered when interpreting the real-
world effectiveness of pasireotide, particularly regarding its
impact on tumor volume reduction. However, the signifi-
cant heterogeneity observed across studies emphasizes the
need for individualized treatment approaches and further
research to optimize patient outcomes. As clinicians gain
more experience with newer treatments over time, their
ability to optimize dosing, manage side effects, and select
appropriate candidates for specific therapies improves. This
accumulated expertise will contribute to better outcomes in
real-world settings compared to the earlier RCTs.
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