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Abstract

Objective: T2-signal intensity and somatostatin (SST) receptor expression are recognized predictors of therapy 
response in acromegaly. We investigated the relationship between these predictors and the hormonal and tumoral 
responses to long-acting pasireotide (PAS-LAR) therapy, which were also compared with responsiveness to first-
generation somatostatin receptor ligands (SRLs).
Design: The PAPE study is a cohort study.
Methods: We included 45 acromegaly patients initially receiving SRLs, followed by combination therapy with 
pegvisomant, and finally PAS-LAR. We assessed tumor volume reduction (≥25% from baseline), IGF-1 levels (expressed 
as the upper limit of normal), and T2-weighted MRI signal and SST receptor expression of the adenoma.
Results: Patients with significant tumor shrinkage during PAS-LAR showed higher IGF-1 levels during PAS-LAR (mean 
(S.D.): 1.36 (0.53) vs 0.93 (0.43), P = 0.020), less IGF-1 reduction after first-generation SRLs (mean (S.D.): 0.55 (0.71) vs 
1.25 (1.07), P = 0.028), and lower SST2 receptor expression (median (IQR): 2.0 (1.0–6.0) vs 12.0 (7.5–12.0), P = 0.040). 
Overall, T2-signal intensity ratio was increased compared with baseline (mean (S.D.): 1.39 (0.56) vs 1.25 (0.52), 
P = 0.017) and a higher T2-signal was associated with lower IGF-1 levels during PAS-LAR (β: −0.29, 95% CI: −0.56 to 
−0.01, P = 0.045). A subset of PAS-LAR treated patients with increased T2-signal intensity achieved greater reduction of 
IGF-1 (mean (S.D.): 0.80 (0.60) vs 0.45 (0.39), P = 0.016).
Conclusions: Patients unresponsive to SRLs with a lower SST2 receptor expression are more prone to achieve tumor 
shrinkage during PAS-LAR. Surprisingly, tumor shrinkage is not accompanied by a biochemical response, which is 
accompanied with a higher T2-signal intensity.

Introduction

Acromegaly is a rare endocrine disease characterized 
by growth hormone (GH) hypersecretion and elevated 
insulin-like growth factor 1 (IGF-1) levels, generally 
as a result of a GH-producing pituitary tumor (1). 
Treatment modalities are aimed at normalizing IGF-1 

levels, reducing GH levels below 1.0 μg/L, decreasing 
tumor volume, and improving clinical symptoms (2). 
Transsphenoidal surgery is considered the gold standard 
in acromegaly management (2), but medical therapy 
has an increasingly important role. Pasireotide long-
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acting release (PAS-LAR) is a somatostatin multi-receptor 
ligand approved for second-line medical therapy for  
patients with acromegaly for whom surgery is not an 
option or is not curative (3, 4).

Previous clinical studies have indicated that PAS-LAR 
can achieve control of GH and IGF-1 levels in a subset 
of acromegaly patients not responding adequately to 
first-generation somatostatin receptor ligands (SRLs) 
and might reduce tumor size in patients uncontrolled 
with first-generation SRLs (5, 6). The PAPE study (7, 8) 
investigated acromegaly patients well-controlled on a 
combination treatment of first-generation SRLs and the 
GH receptor antagonist pegvisomant (PEGV). Switching 
to PAS-LAR with or without PEGV resulted in control of 
IGF-1 levels in most (77.0%) patients.

T2-weighted MRI signal of the adenoma has been 
recently recognized as a non-invasive predictor of response 
to first-generation SRL therapy in acromegaly. Somatotroph 
adenomas with lower T2-signal intensity are frequently 
smaller and less invasive than adenomas with a higher 
T2-signal intensity (9, 10, 11, 12), but the correlation 
with first-generation SRL-induced tumor shrinkage was 
inconsistent among studies (9, 11, 13, 14). Although 
T2-hypointense adenomas are associated with higher GH 
levels at diagnosis (10), these patients have greater GH 
and IGF-1 reductions after a median of 6 months of pre-
surgical first-generation SRLs treatment than patients with 
T2-iso- or T2-hyper-intense adenomas (9, 11, 14).

There is evidence that biochemical response to 
somatostatin analogs can be predicted by the SST receptor 
subtype binding profile in the somatotroph adenoma (15, 
16). The first-generation SRLs show a high preferential 
binding affinity for SST2 receptor, while PAS-LAR exhibits 
particularly high affinity for SST5 receptor (17). The in vitro 
anti-proliferative (18) and anti-secretory (19) effects of first-
generation SRLs and PAS-LAR therapy were superimposable. 
Although the latter suggests a predominant role for the SST2 
receptor in mediating the inhibitory effect of PAS-LAR on 
GH secretion in adenomas, results of the same in vitro study 
(19) indicated that somatotroph adenomas with lower 
SST2 receptor expression were better responders to PAS-
LAR compared to first-generation SRLs. To our knowledge, 
there are no studies investigating the correlation between 
anti-proliferative effects of PAS-LAR and the SST receptor 
profile in acromegaly patients.

The aims of this prospective open-label conversion 
study were: (1.) to investigate the relationship between the 
T2-weighted signal of the adenoma and the hormonal and 
tumoral responses to PAS-LAR, alone or in combination 
with PEGV therapy, including the SST2 and SST5 receptor 

expression in adenomas and (2.) to investigate to what 
extent this correlates with responsiveness to first-
generation SRLs.

Subjects and methods

Cohort description

Data collection of acromegaly patients was performed at 
the outpatient clinic of the Pituitary Center Rotterdam, 
Erasmus University Medical Center in Rotterdam. We 
initially started with a cohort of 61 acromegaly patients 
who received PAS-LAR treatment during their participation 
in the PAPE study (Fig. 1); details of the study design 
have been reported (7, 8). Briefly, all included patients 
have previously been treated with first-generation SRLs, 
followed by PEGV and SRL combination therapy. At 
baseline, the PEGV dose was reduced by 50% up to 3 
months, while first-generation SRLs were continued. 
When IGF-1 remained ≤1.2× ULN after 3 months, 
patients were switched to PAS-LAR 60 mg monotherapy 
for 3 months. When IGF-1 was >1.2× ULN, patients were 
switched to PAS-LAR 60 mg, and they continued with 
the 50% reduced PEGV dose for 3 months. During the 
extension phase, up to 9 months of PAS-LAR treatment, 
the goal was to achieve IGF-1 normalization (IGF-1 ≤1.2× 
ULN) through protocol-based dose titration of PEGV (7).

We prospectively collected data on PAS-LAR, either 
as monotherapy or in combination with PEGV, while 
data on medical history and clinical response in patients 
during first-generation SRLs treatment were collected 
retrospectively. The PAPE study was registered with 
ClinicalTrails.gov, number NCT02668172. The study was 
approved by the independent Medical Ethics Committee 
of the Erasmus University Medical Center in Rotterdam, 
and the appropriate data use agreements were in place 
for the database. Written informed consent was obtained 
from all study participants prior to inclusion.

Patients who received postoperative radiotherapy 
(n = 7), patients with low quality baseline or follow-up 
MRI during PAS-LAR, alone or in combination with 
PEGV (n = 3), and patients with an MRI without a visible 
solid component (n = 6) were excluded. In total, 45 
patients remained and were finally included in this study 
cohort. Seventeen out of these 45 patients underwent 
neurosurgery before the PAPE study.

Immunohistochemistry (IHC) was assessed in 
patients with sufficient adenoma tissue available (n = 13). 
One patient underwent a second surgery, but we analyzed 
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only the tissue sample of the first surgery. From the 13 
remaining tissue samples included for IHC analysis, ten 
tissue samples were stained previously and three were 
newly stained (Fig. 1).

Biochemical measurements

Random GH serum concentrations were analyzed using 
the IDS-iSYS assay (IDS-iSYS, Immunodiagnostic Systems 
Limited, Boldon, UK), which is free of interference from 
PEGV (20). Total IGF-1 serum concentrations during the 
PAPE study were analyzed by the commercially available 
immunometric assay (IDS-iSYS, Immunodiagnostic 
Systems Limited, Boldon, UK). Interassay coefficients of 
variation (CVs) for GH and IGF-1 were <5% (GH; n = 190) 
and (IGF-1; n = 190) in serum based internal quality 
control measurements over a period of 1 year. Total IGF-1 
serum concentrations before and after first-generation SRL 
treatment were analyzed using different assays: Immulite 
2000 assay, a solid-phase, validated enzyme-labelled 
chemiluminescent immunometric assay (DPC Biermann 
GmbH/Siemens; intra-assay variability of 2–5%, interassay 
variability of 3–7%), the immunometric IDS-iSYS assay (IDS-
iSYS, Boldon, UK; intra-assay CV: 8.1%, interassay CV: 2.1%), 
and two different radioimmunoassays (Diagnostic Systems 
Laboratories, Webster, Tex., USA, intra-assay CV: 3.9%, 

interassay CV: 4.2%, and Medgenix Diagnostics, Fleurus, 
Belgium; intra-assay CV: 6.1%, interassay: CV 9.9%).

IGF-1 concentrations are expressed as the upper limit 
of normal (ULN; measured IGF-1 divided by the age- and 
sex-specific ULN) (21).

Response to PAS-LAR, alone or in combination with 
PEGV, during the PAPE study was divided into short- and 
long-term treatment response. Short-term treatment 
response was evaluated as IGF-1 levels (x ULN) and as 
absolute IGF-1 reduction during 3 months of PAS-LAR 
treatment (i.e. after three injections of PAS-LAR 60 mg). 
Absolute IGF-1 reduction was calculated by subtracting 
IGF-1 (x ULN) level at baseline (i.e. the start of the 
study) from IGF-1 (x ULN) level at follow-up. During 
the extension phase, until 9 months, the PEGV dose was 
titrated according to a protocol (7) to achieve normalized 
IGF-1 levels. Therefore, the long-term treatment response 
to PAS-LAR was based on a composite ‘PAS-LAR treatment 
response score’ (PAS-LAR score) in order to fully capture 
the effect of PAS-LAR, taking into account PEGV dose 
reduction, discontinuation, and finally PAS-LAR dose 
reduction (8). The PAS-LAR score comprised five categories 
(0–4), representing the difference in PEGV dose and PAS-
LAR dose during 9 months of treatment vs baseline (i.e. 
the start of the study). The highest PAS-LAR score reflects 
the best response to PAS-LAR treatment.

Figure 1
Flowchart of the selection procedure for the study cohort and the somatotroph adenoma tissue samples. All patients eventually 
received first-generation SRL and PEGV combination treatment and were switched to pasireotide LAR treatment alone or in 
combination with PEGV during the PAPE study. IHC, immunohistochemistry; MRI, magnetic resonance imaging; PAPE, pasireotide 
LAR and pegvisomant study; SRL, first-generation somatostatin receptor ligand; SST, somatostatin.
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MRI evaluation

Gadolinium-enhanced pituitary MRI was performed at 
baseline (i.e. the start of the study), or maximum 1 year 
before study entry, and during 9 months of PAS-LAR, 
either as monotherapy or in combination with PEGV. 
The MRI examinations of each patient were collected 
for centralized, blinded reading. A single experienced 
neuroradiologist (J S) evaluated the MRIs in the Picture 
Archive Communication System (PACS, Sectra®, 
Linköping, Sweden). According to previous literature, 
the T2-weighted signal on the baseline MRI was visually 
compared to the normal pituitary tissue and, if not visible, 
to the gray matter of the temporal lobe (9, 10). Moreover, 
quantification of the T2-weighted MRI signal by Region 
Of Interest (ROI) measurement of the adenoma, normal 
pituitary tissue, and gray matter of the temporal lobe was 
performed and used as ROI-derived T2 intensity ratio of 
the adenoma vs gray matter.

Tumor volume was calculated according to the 
formula: height × width × length × π/6 (22). Relative tumor 
shrinkage was calculated by subtracting the tumor volume 
at baseline from the follow-up measurement, divided by 
the tumor volume at baseline: a tumor volume change of 
≥25% from baseline was considered significant. Absolute 
tumor shrinkage was calculated by subtracting tumor 
volume at baseline from tumor volume at follow-up.

Reviewing the tumoral response to first-generation 
SRLs, diagnostic MRIs as well as follow-up MRIs performed 
at least after 3 months of first-generation SRL treatment 
were assessed. In our cohort, we were unable to assess 
T2-signal intensity of these diagnostic MRIs visually or 
by ROI measurement due to the overall low resolution. 
For evaluation of tumor response to first-generation SRL 
treatment, tumor shrinkage of ≥25% was considered 
significant.

Immunohistochemistry

Somatotroph adenoma tissues were stained for 
hematoxylin and immunostained for SST2 and SST5 
receptor as described previously (23). Immunoreactivity 
of the adenomas for SST2 and SST5 receptor was scored 
semi-quantitatively using a validated immunoreactivity 
scoring system (IRS) (24). Two independent investigators 
(E C and A M) – blinded to each other’s findings and the 
patient’s characteristics – scored the protein expression 
of the newly stained adenoma tissue samples taking into 
consideration the histopathological description of the 
sample provided by the pathologist.

Outcomes

The primary endpoints of the study were tumor volume 
reduction of ≥25% from baseline and the prediction of 
the T2-weighted MRI signal for biochemical response and 
tumor volume reduction during PAS-LAR, alone or in 
combination with PEGV therapy. Additional endpoints 
were (1.) SST receptor IHC scores and (2.) absolute IGF-1 
reduction achieved after at least 4 months of high dose 
first-generation SRL treatment. The biochemical response 
to PAS-LAR, either as monotherapy or in combination 
with PEGV, was divided into short-term (until 3 months) 
and long-term (until 9 months) response. The secondary 
endpoints were absolute tumor shrinkage and random 
GH serum concentrations.

Statistical analysis

Continuous data were expressed as mean and s.d. or 
median and interquartile range (IQR), as appropriate. 
Categorical data were represented as observed frequencies 
and percentages. The empirical distributions of continuous 
variables were plotted and assessed for normality using 
the Kolmogorov–Smirnov test. Natural logarithmic 
transformation of the data was done when required. We 
compared categorical variables between two or more 
groups with the χ2 test, and we compared continuous 
variables between groups with either Student’s t-test or 
Mann–Whitney U test (for two groups, as appropriate). 
We tested correlations between continuous variables 
with either Pearson’s (r) or Spearman’s rank correlation 
coefficient (rs), as appropriate. A multivariable linear 
regression model was used to investigate associations 
between candidate predictors (e.g. age, sex, T2-signal 
intensity ratio, and tumor shrinkage) for the outcome 
hormonal response during PAS-LAR treatment. Statistical 
analyses were performed with R statistical software, 
version 3.4.1 (packages rms), and graphs were drawn 
using GraphPad Prism version 6 for Windows (GraphPad 
Software). All tests were two-sided and α was set at 0.05 
without any multiplicity correction.

Results

Cohort demographics and clinical characteristics

Cohort demographics and clinical characteristics of the 
45 included patients receiving PAS-LAR treatment are 
summarized in Table 1. After 3 months, 10 (22.2%) out of 
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45 patients were on PAS-LAR 60 mg monotherapy every 4 
weeks, increasing to 31 (68.9%) patients during 9 months 
of PAS-LAR treatment. The remaining 14 (31.1%) patients 
with elevated IGF-1 levels continued with their reduced 
dose of PEGV treatment in combination with PAS-LAR 
60 mg monthly. In this combination group, the average 
total reduction in PEGV dose was 32.9% (median 30 mg/
week (IQR 0–95) vs 80 mg/week (60–160), P ≤ 0.0001) in 
combination with PAS-LAR after 9 months of treatment.

We confirmed that quantitative measurement defined 
as ROI-derived T2 intensity ratio of the adenoma vs 
pituitary tissue on MRI corresponded well with the visual 
assessment at baseline. At the end of the study, the mean 
T2-signal intensity ratio of the adenoma in the total 
cohort during PAS-LAR treatment was significantly higher 
compared with baseline (mean (S.D.): 1.39 (0.56) vs 1.25 
(0.52), P = 0.017).

Tumoral response

Tumoral response was evaluated after a mean of 11.8 
months of PAS-LAR treatment. In 33 patients (73.3%), 
tumor volume decreased from baseline; this shrinkage was 
significant (≥25%) in only 15 cases (33.3%) (Fig. 2). Tumor 
volume increased from baseline in 12 patients (26.7%), 

of which 6 (13.3%) had a significant (≥25%) tumor 
volume increase. Three patients harbored microadenomas 
without clinically relevant tumor size increase. The 
other three harbored macroadenomas and the observed 
significant increase in tumor size was only clinically 
relevant in one patient (e.g. surgical intervention and/or 
stereotactic radiosurgery is needed). With regard to the 

Table 1 Cohort demographics and clinical characteristics of the total group, non-hyperintense group, and hyperintense 
adenomas subgroup. Data are reported as mean (s.d.), median (IQR), or number (%). 

All patients
Non-increased T2-signal 

intensity subgroup
Increased T2-signal intensity 

subgroup
n = 45 n = 33 n = 12

Age (years) 52.0 (11.7) 51.7 (11.8) 52.8 (11.9)
Female patients 19 (42.2%) 15 (45.5%) 4 (33.3%)
Previous surgery 17 (37.8%) 15 (45.5%) 2 (16.7%)
SRL treatment duration (months)† 9.9 (10.5) 7.9 (6.2–10.1) 6.5 (4.5–7.9)
IGF-1 after SRL therapy (x ULN) 2.22 (1.06) 2.20 (1.08) 2.29 (1.07)
IGF-1 absolute reduction after SRL therapy (x ULN) 1.01 (1.01) 1.03 (0.97) 0.95 (1.16)
PEGV dose at baseline (mg/week) 80 (60–160) 80 (20–120) 100 (63–175)
IGF-1 during PAS-LAR 3 months (x ULN) 1.12 (0.49) 1.17 (0.51) 0.97 (0.43)
IGF-1 absolute reduction during PAS-LAR 3 months 

(x ULN)
0.50 (0.52) 0.45 (0.39) 0.80 (0.60)*

PAS-LAR score 9 months 1.5 (1.1) 1.5 (1.2) 1.5 (1.1)
Macroadenomas 36 (80.0%) 24 (72.7%) 12 (100.0%)
Tumor volume (mm3) 1608 (439–4504) 779 (333–3041) 3687 (1919–7178)*
T2-signal adenoma/pituitary or GM at baseline 1.24 (0.50) 1.26 (0.52) 1.19 (0.47)
Mean time between MRIs (months) 18.8 (7.3) 19.0 (7.8) 18.1 (6.0)
SST2 receptor†† 9.0 (4.0–12.0) 9.0 (6.0–12.0) 6.5 (1.0–12.0)
SST5 receptor††† 12.0 (7.0–12.0) 12.0 (8.0–12.0) 9.0 (6.0–12.0)
SST2/SST5 receptor ratio††† 1.0 (0.5–1.4) 1.0 (0.6–1.1) 1.0 (0.1–2.0)

Data are reported as mean (s.d.), median (IQR), or number (%). Asterisk represents P = ≤0.05 for the comparisons between non-hyperintense and 
hyperintense adenoma group and are derived from the Student’s t-test (continuous variables) and Pearson’s χ2 test (categorical variables).
†One patient received first-generation SRL treatment less than 4 months; ††Obtained from 13 tissue samples; †††Obtained from 12 tissue samples.
GM, gray matter; IGF-1, insulin-like growth factor 1; PAS-LAR, pasireotide long-acting release; PEGV, pegvisomant; SRL, first-generation somatostatin 
receptor ligand; ULN, upper limit of normal.

Figure 2
Change in tumor volume from baseline to follow-up (%). The 
dashed line represents 25% reduction for tumor volume. 
Figure shows relative change for tumor volume in individual 
patients with available data at baseline and follow-up.
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tumoral response to first-generation SRL treatment, tumor 
shrinkage was significant (≥25%) in 13 cases (28.9%). In a 
previous study, our group observed in approximately the 
same cohort a significant tumor shrinkage (≥20%) in 13 
(16.9%) out of 77 patients during combination treatment 
with first-generation SRLs and PEGV (25). Interestingly, 
an additional significant decrease in tumor volume was 
observed during PAS-LAR in two cases (15.4%).

At baseline, tumor size was correlated with random 
GH levels (r = 0.85, P ≤ 0.0001). Moreover, larger adenomas 
correlated with greater absolute tumor shrinkage during 
PAS-LAR treatment (r = 0.51, P = 0.00038). Microadenomas 
tended to present more often with higher T2-signal 
intensity at baseline, compared with macroadenomas 
(mean (S.D.): 1.58 (0.60) vs 1.18 (0.47), P = 0.06). T2-signal 
intensity at baseline had no effect on significant tumor 
shrinkage (mean (S.D.): 1.12 (0.35) vs 1.31 (0.57), P = 0.23).

With regard to the hormonal responsiveness, 
patients with significant tumor shrinkage during PAS-LAR 
treatment had less IGF-1 reduction after first-generation 
SRL treatment when compared to the total cohort (mean 
(S.D.) x ULN: 0.55(s.d. 0.71) vs 1.25 (1.07), P = 0.028; Fig. 
3A). After 3 months of PAS-LAR treatment, patients with 
significant tumor shrinkage had higher IGF-1 levels than 
patients without significant tumor shrinkage (mean (S.D.) 
x ULN: 1.36 (0.53) vs 0.93 (0.43), P = 0.020; Fig. 3B).

T2-signal intensity of the adenoma

The visual assessment of T2-weighted MRI signal 
categorized 12 (26.7%) adenomas as hypointense, 13 
(28.9%) as isointense, and 20 (44.4%) as hyperintense at 
baseline.

We observed an inverse correlation between IGF-1 (x 
ULN) levels during 3 months of PAS-LAR treatment and 
T2-signal intensity of adenomas at baseline (r = −0.39, 
P = 0.0075; Fig. 4A). In other words, higher T2-signal 
intensity adenomas at baseline are correlated with better 
hormonal response (i.e. meaning lower IGF-1 (x ULN) 
levels during 3 and 9 months of PAS-LAR treatment).

Increased T2-signal intensity of the adenoma

As recently reported, in 14 patients T2-weighted MRI 
signal intensity of the adenoma was increased during PAS-
LAR treatment (26). Two out of 14 patients with increased 
T2-weighted MRI signal intensity of the adenoma received 

A

B

Figure 3
Relation between significant tumor shrinkage and hormonal 
response to SRL treatment and PAS-LAR treatment. Data are 
presented as scatter dot plots depicting the mean (s.d.). (A) The 
absolute IGF-1 (x ULN) reduction after SRL treatment was 
greater in patients without significant tumor shrinkage, and (B) 
the IGF-1 (x ULN) levels during 3 months of PAS-LAR are lower 
in patients without significant tumor shrinkage. IGF-1, 
insulin-like growth factor 1; PAS-LAR, pasireotide long-acting 
release; SRL, first-generation somatostatin receptor ligand; 
ULN, upper limit of normal.

Downloaded from Bioscientifica.com at 07/15/2022 01:35:31PM
via Université de Liège

https://eje.bioscientifica.com


Eu
ro

pe
an

 Jo
ur

na
l o

f E
nd

oc
ri

no
lo

gy
182:6 601Clinical Study E C Coopmans and others Predict response to pasireotide 

in acromegaly

https://eje.bioscientifica.com

postoperative radiotherapy and were excluded from the 
following analysis.

At baseline, we did not observe any significant 
differences in age, sex, and biochemical response after 
first-generation SRL treatment or T2-signal intensity ratio 
between patients with increased T2-signal intensity and 
patients with non-increased T2-signal intensity (Table 
1). Patients with increased T2-signal intensity had larger 
adenomas at baseline compared to the total cohort 
(median (IQR): 2687 mm3 ( 1919–7178) vs 779 mm3 
(333–3041), P = 0.026; Table 1). Furthermore, we found no 
significant differences in absolute IGF-1 reduction after 
first-generation SRL treatment in patients with increased 
T2-signal intensity adenomas (mean (S.D.) x ULN: 0.95 
(1.16) vs 1.03 (0.97); P = 0.83; Table 1). These patients 
further showed greater reduction of IGF-1 levels during 3 
months of PAS-LAR treatment (mean (S.D.) x ULN: 0.80 
(0.60) vs 0.45 (0.39), P = 0.016; Table 1). However, they did 
not present more often with significant tumor shrinkage (4 
patients (33.3%) vs 11 patients (33.3), χ2 P = 1.00) nor with 
greater absolute tumor shrinkage during PAS-LAR (median 
(IQR):146 mm3 (−25to1199) vs 110 mm3 (5–449); P = 0.79).

Figure 4
Relation between T2-weighted MRI signal intensity of the 
adenomas and hormonal response to PAS-LAR treatment. 
Data is presented as a scatter plot with Pearson correlation 
coefficient (r). (A) T2-signal intensity adenomas at baseline 
were inversely correlated to IGF-1 (x ULN) levels during 3 
months of PAS-LAR treatment. GM, gray matter; IGF-1, 
insulin-like growth factor 1; PAS-LAR, pasireotide long-acting 
release; ULN, upper limit of normal.

A

C

B

Figure 5
Relation of significant tumor shrinkage and expression of SST 
receptors. Data are presented as scatter dot plots depicting 
the median (IQR). P values are for the comparisons between 
groups and are derived from the Mann–Whitney U test. (A) 
Patients with significant tumor shrinkage had lower SST2 
receptor expression (C) as well as a lower SST2/SST5 receptor 
ratio, (B) while SST5 receptor expression was not significantly 
different between the groups. SSTR, somatostatin receptor.
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Immunohistochemistry of the adenoma

We observed that patients with significant tumor 
shrinkage had lower SST2 receptor (median (IQR): 2.0 
(1.0–6.0) vs 12.0 (7.5–12.0), P = 0.040; Fig. 5A) as well as 
lower SST2/SST5 receptor ratio expression (median (IQR): 
0.2 (0.1–0.7) vs 1.0 (0.9–1.8), P = 0.024; Fig. 5C). SST5 
receptor expression did not differ significantly between 
the groups (median (IQR): 12.0 (9.0–12.0) vs 12.0  
(4.8–12.0), P = 0.63; Fig. 5B).

From the 13 tissue samples included for IHC 
analysis, two tissue samples (14%) were derived from 
patients with increased T2-signal intensity. We did not 
observe a significant difference in SST2, SST5 receptor 
expression, and SST2/SST5 receptor ratio in patients with  
increased T2-signal intensity, compared to the total 
cohort (Table 1).

Hormonal response

Table 2 shows the regression coefficients and 95% CIs 
from the multivariable linear regression model for IGF-1 
(x ULN) levels during 3 months of PAS-LAR. A significant 
inverse association was seen between T2-signal intensity 
of adenomas at baseline and IGF-1 (x ULN) levels during 
3 months of PAS-LAR (β: −0.29, 95% CI: −0.56 to −0.01, 
P = 0.045; Table 2). Moreover, we detected a positive 
association between significant tumor shrinkage and 
IGF-1 (x ULN) levels during 3 months of PAS-LAR (β: 0.34, 
95% CI: 0.02–0.65, P = 0.035; Table 2). In other words, 
higher T2-signal intensity adenomas at baseline and less 
tumor shrinkage were associated with lower IGF-1 (x ULN) 
levels during 3 months of PAS-LAR.

Discussion

Our study provides the novel finding that in acromegaly 
patients the tumoral responsiveness to PAS-LAR treatment 
is directly correlated to hormonal unresponsiveness to 
both first-generation SRL and PAS-LAR treatment and a 
lower SST2 receptor expression. A higher baseline T2-signal 

intensity was associated with a better biochemical 
response to PAS-LAR after 3 months. Interestingly, as 
previously shown in our cohort, we are the first to observe a 
substantial increase in T2-signal intensity of the adenoma 
in response to PAS-LAR (26). Increased T2-signal intensity 
indicates cystic degeneration, tumor cell necrosis, or both, 
suggesting an anti-tumor effect of PAS-LAR. This increase 
was particularly substantial (>50%) in eight patients.

This potential antitumor activity of PAS-LAR emerged 
when we observed a change in mean T2-signal intensity 
ratio in somatotroph adenomas after PAS-LAR treatment 
in our cohort. In contrast, we did not observe any 
significant changes in the mean T2-signal intensity ratio 
after first-generation SRL treatment (14). Compared to the 
total cohort, patients with increased T2-signal intensity 
in whom (biochemical) disease activity could not be 
controlled by SRLs, greater reduction of IGF-1 levels was 
observed during 3 months of PAS-LAR treatment. These 
patients had larger adenomas but did not present more 
often with significant tumor shrinkage. However, we 
consider it necessary to differentiate tumor shrinkage 
from cell degeneration, tumor necrosis, or both (e.g. anti-
tumor effects). While PAS-LAR shows similar inhibitory 
effects on tumor growth as octreotide in GH secreting 
adenoma cell cultures (18), it additionally showed anti-
tumor effects (cell degeneration or tumor necrosis) in 
a subgroup of patients, which have not been observed 
with first-generation SRLs. Long-term data collection is 
required to further understand the anti-tumor effects of 
PAS-LAR. Among the SST receptor subtypes, only SST2 
and SST3 might be responsible for the PAS-LAR-induced 
cystic degeneration, tumor cell necrosis, or both, and 
may reduce disease activity and might result in long-
term remission. Studying the effects of PAS-LAR on 
pituitary histology might help unravel the differences in 
SST receptors specific signaling pathways and should be 
further explored.

Although previous clinical studies (5, 6) and our 
study suggest that PAS-LAR might exert a greater effect 
on tumor control, especially in patients whose disease 
is inadequately controlled on first-generation SRLs, 
we observed a significant tumor volume increase in six 

Table 2 Determinants of IGF-1 (x ULN) during 3 months of PAS-LAR.

Characteristic Multivariable Beta (95% CI) P value

Gender (female) −0.06 (−0.36–0.23) 0.66
T2-signal adenoma/pituitary or GM (baseline) −0.29 (−0.56 to −0.01) 0.045
Significant tumor shrinkage (≥25%) 0.34 (0.02–0.65) 0.035

GM, gray matter; IGF-1, insulin-like growth factor 1; PAS-LAR, pasireotide long-acting release; ULN, upper limit of normal.
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patients. The magnitude of the observed tumor volume 
increase is similar to previous studies (5, 6, 27). This 
observation was not clinically relevant in most (5/6, 
83.3%) patients, of which three harbored microadenomas. 
We considered tumor growth to be clinically relevant only 
in those with emerging growth that affects the treatment 
approach (e.g. surgical intervention and/or stereotactic 
radiosurgery) within 2 years of study entry. However, 
one of the six patients experienced a substantial (>50%) 
increase in tumor size during 9 months of PAS-LAR 
treatment (26 270 mm3 vs 12 495 mm3) and underwent 
surgery. This patient was diagnosed during adolescence 
and investigations for germline mutations in the aryl 
hydrocarbon receptor-interacting protein (AIP) and 
multiple endocrine neoplasia type 1 (MEN1) genes detected 
no abnormalities. It is noteworthy that this patient 
showed aggressive and treatment-resistant pituitary tumor 
behavior throughout previous treatment modalities and 
exhibited patient and tumor characteristics predictive of 
aggressive tumor behavior in the future (e.g. young age at 
diagnosis, large tumor size, and high GH secretion) (28). 
These young patients with large tumors and/or those with 
high pretreatment levels of GH particularly warrant close 
monitoring for continued tumor progression, regardless 
of treatment modality.

Hormone responsiveness (i.e. lower IGF-1 levels) 
during PAS-LAR treatment in the total cohort was 
associated with higher T2-signal intensity. This finding 
is contrary to previous studies on first-generation 
SRLs, reporting greater IGF-1 reduction during SRL 
treatment in T2-hypointense adenomas (9, 11, 13, 14). 
Thus, T2-weighted MRI signal intensity may provide 
complementary predictive information in relation to the 
responses to both kinds of drugs. However, these results 
are not unexpected considering that patients with higher 
T2-signal intensity adenomas may have lower IGF-1 levels 
at diagnosis (10). Consequently, these patients require less 
IGF-1 reduction in order to obtain biochemical control.

Most studies have reported hormone secretion and 
cell growth to be synchronous, as tumors responding to 
first-generation somatostatin analogs with GH inhibition 
also exhibit tumor shrinkage. However, we observed 
a dissociation between achieved IGF-1 levels and the 
presence of significant tumor shrinkage during PAS-
LAR treatment. Two mechanisms may account for this 
dissociation.

First, the dissociation between anti-secretory and 
anti-proliferative effects can be based on the different 
roles of SST receptor subtypes in GH secreting tumors. To 
our knowledge, this is the first reported incidence of an 

additional (significant) decrease in tumor volume after 
switching from first-generation SRL to PAS-LAR treatment. 
Our results give a clear indication that this dissociation 
can be based on the different roles of SST receptor 
subtypes. Previous in vitro studies (19, 29, 30) and our data 
(23), as previously reported by Muhammad et al., indicate 
that, overall, pasireotide exerts its anti-secretory activity 
mainly by the activation of SST2. Patients with significant 
tumor shrinkage had significantly lower SST2 receptor 
expression, as well as a lower SST2/SST5 ratio compared 
to patients without significant tumor shrinkage, which 
probably accounts for the lack of biochemical control. 
Yet, we have to point out that we analyzed the tissue 
samples from only 13 patients. Although there is no 
evidence that SST5 receptor expression is affected by pre-
surgical first-generation SRL treatment, it has been widely 
demonstrated that patients receiving SRL treatment 
prior to surgery show significantly lower SST2 receptor 
protein expression compared to medically naive patients 
(15, 16, 19, 31). Even though this is not evident in our 
cohort, a pooled analysis of SRL-pretreated and medically 
naive patients can introduce bias. Exclusion of the SRL-
pretreated patients (n = 4) from our analysis did not affect 
our observation, since the difference in SST2 receptor 
expression between patients with or without significant 
tumor shrinkage remained significant.

Secondly, the tumor size may explain why significant 
tumor shrinkage is not accompanied by lower IGF-1 
levels. In our cohort, absolute tumor shrinkage during 
PAS-LAR treatment was positively correlated with larger 
tumors and higher GH levels at baseline. These results 
confirm and build upon a previous study stating that 
IGF-1 levels remain unaffected above a certain threshold 
of GH concentrations (32). Knowing that larger tumors 
secrete more GH, it becomes apparent that PAS-LAR can 
affect tumor size and thereby GH levels, without affecting 
IGF-1 levels. In fact, we observed significantly decreased 
GH levels during PAS-LAR therapy in subjects from the 
PAPE study as previously reported by Muhammad et  al. 
(7, 8), which can be explained by the suppressive effect of 
PAS-LAR on GH secretion. This finding is also compatible 
with reports of increased GH levels during PEGV treatment 
(33) and the lower GH levels can be explained by the 
discontinuation of or further dose reduction in PEGV.

A strength of our study lies in the relatively 
large number of patients in which the hormone and 
tumor response to different treatment options were 
systematically investigated, including data on T2-signal 
intensity and SST receptor expression of somatotroph 
adenomas. The main limitations of our study lie in the 
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retrospective collection of data on IGF-1 levels during 
first-generation SRL treatment and the use of different 
IGF-1 assays during SRL treatment. Another limitation of 
our study is the lack of generalizability, as most selected 
patients did not receive surgery and may not reflect the 
general population of acromegaly patients. However, 
the fact that our patients had a high degree of resistance 
to first-generation SRL therapy fits with the second-line 
indication of PAS-LAR in most non-US countries. At last, 
we should mention that most previous studies expressed 
IGF-1 differently to evaluate efficacy; with most studies 
using the achieved reduction in IGF-1 level at any point 
(9, 10, 11, 34), while we used IGF-1 levels expressed as 
ULN during 3 and 9 months in our study.

In conclusion, patients showing no biochemical 
response to first- or second-generation somatostatin 
analogs with particularly large tumors with a lower SST2 
receptor expression are prone to achieve tumor shrinkage 
during PAS-LAR treatment. On the contrary, lower IGF-1 
levels during PAS-LAR are associated with a higher SST2 
receptor expression and a higher T2-signal intensity. In 
patients with increased T2-signal intense adenomas, PAS-
LAR-induced cystic degeneration, tumor cell necrosis, 
or both, might reduce disease activity by achieving 
greater IGF-1 reduction in patients with relatively larger 
adenomas. This poses the question whether possibly SST3 
or other SST receptors may be relevant as well during 
PAS-LAR treatment in mediating tumor shrinkage or 
inducing cell degeneration, tumor cell necrosis, or both. 
Future research should aim at elucidating differences 
in the hormone and tumor responsiveness in response 
to PAS-LAR treatment. To predict which subgroup of 
patients will benefit from treatment with this multi-
receptor ligand and the consequences for the clinical 
management of acromegaly remains to be elucidated.
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