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Abstract

Background and Aims

Predictors of first-generation somatostatin receptor ligands (fgSRLs) response in acromegaly
have been studied for more than 30 years, but they are still not recommended in clinical

guidelines. Is there insufficient evidence to use them?

The aim of this systematic review is to describe the current knowledge of the main fgSRLs

response predictors and discuss their current usefulness as well as future research directions.
Methods

A systematic search in Scopus and PubMed databases for functional, imaging, and molecular

predictive factors was performed.
Results

A total of 282 articles were detected, of which 64 were included. Most of them are retrospective
studies performed between 1990 and 2023 focused on predictive response to fgSRLs in
acromegaly. The usefulness of predictive factors is confirmed, with good response identified
by the most replicated factors, specifically low GH nadir in the acute octreotide test, T2 MRI
hypointensity, high SSTR2 and E-cadherin expression, and a densely granulated pattern. Even
if these biomarkers are interrelated, the association is quite heterogeneous. With classical
statistical methods, it is complex to define reliable and generalizable cutoff values worth
recommending in clinical guidelines. Machine learning models involving omics are a

promising approach for reaching the highest accuracy values to date.
Conclusions

This survey confirms a sufficiently robust level of evidence to apply predictive factors
knowledge for greater efficiency in the treatment-decision process. The irruption of artificial
intelligence in this field is providing final answers to such long-standing questions that may

definitely change clinical guidelines and make personalized medicine a reality.

Keywords: acromegaly, prediction, first generation somatostatin analogues, precision,

personalized treatment, artificial intelligence



Acromegaly is a rare and insidious disease that often goes unnoticed with a subsequent delayed
diagnosis in its natural evolution. Consequently, it leads to serious complications, increased
risk of mortality and considerable impairment in quality of life (1). Hence, a therapeutic

strategy to achieve its control as early as possible is more than desirable.

The first-line treatment to manage the disease is transsphenoidal surgery. However, it is not
always possible to accomplish the intervention within an acceptable period of time because of
long waiting lists, the presence of other comorbidities or patient preferences. Noncured-after-
surgery patients will also need other treatment strategies. In all these situations and according
to practical guidelines, medical treatment with first-generation somatostatin receptor ligands
(fgSRLs) is the first option, but its efficacy can vary considerably among patients, as a failure
in biochemical control has been reported in 40-50% of them (2,3). Moreover, as the range of
therapeutic strategies is increasing, it will become crucial to identify predictors of response to
each option, allowing truly personalized medical treatment and improving the effectiveness of

acromegaly control (4-6).

In this sense, predictors of response to fgSRLs represent the therapeutic consideration most
thoroughly investigated in acromegaly. A considerable number of different biomarkers have
been described, but there is no agreement on which ones to use or how to use them in clinical
practice. Essentially, they can be classified into 4 different categories: clinical, functional,
radiological, and molecular predictors. The first 3 of them are useful before surgery, and the
latter is used for patients who are not cured after surgery. There is increasing evidence of an
interconnection among them that strengthens our understanding of the complex

pathophysiological mechanisms underlying the fgSRLs response in acromegaly (7).

In this systematic review, we seek to focus on all predictive factors recognized thus far that
play a mechanistic role or help identify the type of fgSRLs response in acromegaly, their
interrelationships, and their usefulness for clinical application and future directions,

summarizing the current knowledge.



Articles published until May 2023 were identified using the PubMed and Scopus databases. A
manual search of the references of the included studies was also performed. There was a search
strategy used for each biomarker and database (Table 1).

Articles were included if they met all the following eligibility criteria: (a) prospective or
retrospective studies (b) dealing with patients with acromegaly treated with fgSRLs and (c)
having a primary outcome of assessing the predictive ability of each biomarker group or the
interrelations among biomarkers. Original articles that did not address the primary outcome or

other types of articles (reviews, systematic reviews, and case reports) were excluded.

A research assistant was used (https://www.zotero.orq/; Zotero 6 for Windows with its

connector for Google Chrome) to optimize time and ensure the high quality of the selection

process.

Systematic searches yielded a total of 282 articles (74 for functional tests, 99 for radiological
markers and 109 for molecular markers). After exclusion of 100 duplicated papers, the abstracts
of the remaining 182 were analysed, and a total of 118 articles were discarded because they
referred to another topic or they were reviews or case reports. A total of 64 papers were finally
analysed (17 on functional factors, 25 on radiological factors and 22 additional dealing with

molecular factors) (Figure 1).

Functional assessment of fgSRLs response

In 1988, Lamberts et al. described an acute functional test to explore the efficacy that long-
term octreotide treatment could have in each patient (8). It consisted of the administration of
50 mcg of subcutaneous short-acting octreotide and the determination of hourly GH for 6 h.
They described that the decrease in GH levels between 2-6 hours after the acute administration
of octreotide served to decide the number of daily doses that a patient needed and, in addition,
correlated with the efficacy of long-term octreotide treatment. During the following decades,
different studies confirmed the association between the acute decrease in GH or the GH nadir
achieved after the acute octreotide test (AOT) and the long-term response treatment (9-20),


https://www.zotero.org/

while others showed no association (21-23), which led to clinical guidelines not recommending

the use of the test in daily clinical practice (1).

The discrepancy among the results may stem from methodological differences in the studies.
When the AOT was recently re-evaluated by Wang et al. assessing a multiplicity of different
metric parameters, an area under the curve (AUC) of 0.935 was achieved, with positive (PPV)
and negative (NPV) predictive values for nonresponse of 85.7% and 93.8%, respectively (16)
(Table 2). However, their methodology was cumbersome and hard to implement in clinical
practice. In 2008, we showed that after 100 mcg of subcutaneous octreotide, the GH nadir was
achieved 2 hours after its administration in most cases and that this value presented a good
correlation with the decrease in IGF1 after 12 months of fgSRLs treatment (rs 0.76, p < 0.0001)
(12). Moreover, a GH nadir of 3.6 ng/mL could achieve an NPV for nonresponse of 89%, and
a GH nadir of 9.2 ng/mL could achieve a PPV for nonresponse of 75%.

Using the new standards for GH determinations, we have recently presented the results of a
prospective cohort of 47 patients evaluated with the short version of the acute octreotide test
(SAOT) consisting of 100 mcg of subcutaneous octreotide and the determination of GH at 2
hours (GH2n) (24). All patients were treated with fgSRLs in monotherapy at the highest
necessary doses to achieve control, and the response was evaluated according to IGF1-SDS at
6 months of follow-up. The median GH2n was lower in responder vs. nonresponder patients,
with an AUC of 0.832. The cutoff value for GH2n = 1.4 ng/mL showed the highest ability to
identify responders with an NPV for nonresponse of 96% (sensitivity: 94%, specificity: 73%),
and the cutoff value of GH2n = 4.3 ng/mL was the best cutoff for nonresponse prediction, with
a PPV of 86% (sensitivity: 35%; specificity: 97%). We also found a correlation between
molecular predictive factors and GHan, as GHzn was lower in the group that did express E-
cadherin.

Imaging assessment of fgSRLS response

Different imaging markers have been evaluated throughout these years: scintigraphy, tumour
volume and invasion, hypointensity in T2 MRI, and radiomic features including texture data
(Table 3).

The first imaging markers studied in the 1990s focused on the ability to identify SSTR
expression in somatotroph tumours by using 111-indium-pentetreotide somatostatin-receptor

scintigraphy (SRS) and the clinical response to fgSRLs. Some studies showed inconclusive



results with a high PPV but low NPV, as patients with a negative functional image also
responded to fgSRLs (25-30); thus, this imaging procedure was considered not useful for
clinical practice (1). A recent study published in 2021 explored the performance of 68-Ga-
DOTATATE, a somatostatin analogue labelled with gallium-68 that has a high affinity for
SSTR2, but it was not useful to predict response to fgSRLSs, as no differences among responder
and nonresponder patients were found (p = 0.06) (31). Interestingly, an inverse relationship
was found between postsurgical GH and the tumour uptake SUVmax (standardized uptake
value maximum). The small cohort and the previous treatment with fgSRLs may have

influenced the results; thus, this issue should require further investigation.

The biological implications of tumour volume and invasion and their relationship to
responsiveness to fgSRL have also been described in some publications. Thus, smaller tumours
showed a better IGF1 response (32-35), with limited data about the relation between a lower
cavernous sinus invasion (Knosp 0-2) and a higher shrinkage with the use of fgSRLs. A
positive correlation between lower Knosp grades and higher GH reduction after the AOT has
been described (36) as well as between a higher maximal tumour diameter and the sparsely

granulated pattern (34,35).

In 2010, we described the association between T2 MRI hypointensity and a good fgSRLs
response in patients who were not cured after surgery (37). Patients with hypointense tumours
more frequently presented a complete response than patients with hyperintense tumours (71%
vs. 20%; p = 0.004), a result confirmed by different authors a posteriori (7,32,33,38-44). T2
weighted signal intensity (SI) has been related to other clinical features of prognosis, such as
volume, invasion, optic chiasm compression (40), the histological granular pattern
(38,39,41,45-47) and probably to SSTR2 expression (46). A sparsely granulated pattern is
more frequent in hyperintense tumours, while a densely granulated pattern is more frequent in
hypointense tumours. It seems also that hyperintense tumours more frequently present low
levels of SSTR2, although these results have not always been replicated (33). The T2 MRI
intensity signal has also been related to AOT: 10/11 hypointense tumours present a GH
decrease greater than 50% in the functional test, while only 8/16 patients with hyperintense

tumours show such a decrease (37).

Despite the association between imaging and fgSRLs response, the overlap between the
different response groups entails that qualitative T2 MRI Sl is not yet recommended in clinical
guidelines as a determinant factor to decide medical treatment. Whether a delimitation of a



region of interest (ROI) of the adenoma compared to an ROI of a reference tissue can improve
its predictive power has been explored, but the results are inconclusive. With the delimitation
of an ROI, Heck et al. were able to define a relative signal intensity (rSl) cutoff of 0.782
(sensitivity: 69%, specificity: 91%) with an AUC of 0.861 (accuracy: 82.4%) for predicting
good GH response (39). Moreover, as a new marker to measure the homogeneity of the tumour,
they defined the T2 homogeneity ratio. It was calculated as the relation between the adenomas’
ROI amplitude and a reference tissues’ ROI amplitude. A ratio above 1 indicated a more
homogenous signal distribution than in the reference tissue, while a ratio below 1 indicated a
more heterogeneous adenoma. The homogeneity ratio presented an AUC of 0.810 (accuracy of
76.5%) with a cutoff of 0.751 (sensitivity: 74%, specificity: 82%) for predicting volume
shrinkage > 20%. In a retrospective study of 92 patients treated with fgSRLs for 3 months in
which the ROI was manually delimited, Shen et al. reported an AUC for the rSI of 0.783 with
a cutoff of 1.205 as the best point to predict fgSRLs response (PPV: 81.5% and NPV: 77.3%)
(33). Durmaz et al. described a model studied in 55 patients who combined age, rSI and
ER2max (the high maximum enhancement ratio in the second interval obtained with the
dynamic contrast-enhanced T1W image) to predict the granulation pattern with an AUC of
0.880 (45). In this study, the rSI per se showed an AUC of 0.712. In more recent studies, the
accuracy values of both a qualitative Sl and an rSI from a manually defined ROI to discriminate
fgSRLs responses have been calculated and AUCs of 0.599 and 0.581, respectively, were
established as described by Kocak et al. (48).

Image texture is an objective and interesting approach that is obtained by quantifying grey-
level pixel variation patterns in nonenhanced T1-weighted images to estimate tissue
heterogeneity. It has been correlated with histopathological findings such as grade and tumour
subtype, proliferation index, molecular markers, fibrosis and markers of hypoxia and
angiogenesis in other tumours. Galm et al. explored in 2020 whether this parameter evaluated
through a defined ROI (excluding cystic, haemorrhagic and necrotic areas) and subdivided into
multiple categories (skewness, kurtosis, modal grey value, mean pixel intensity, median pixel
intensity and maximum pixel intensities) could add relevant information in the assessment of
pituitary tumours, specifically if it was useful to predict fgSRLs response in a group of 64
patients with acromegaly (49). They found that those patients with a maximum pixel intensity
above the median had a crude odds ratio of 5.96 for IGF-1 normalization, and this association
was maintained after adjusting the other predictors except for the granulation pattern.



Histopathologic and molecular assessment of fgSRLS response

In the last few years, many molecular factors have been described as potential biomarkers for
tumour response to fgSRLs (Table 4). Somatostatin receptor 2 (SSTR2), as the main
mechanistic receptor involved in the biology of the fgSRLS response in somatotroph tumour
cells, is the most investigated marker of response to fgSRLs and is currently the most requested
factor to be implemented in clinical practice (50). Its expression has been related to GH and
IGF1 decreases and biochemical control after 6 months of treatment as well as to tumour
volume reduction in a substantial number of studies (7,51-62).

Other widely studied biomarkers are the CAMS5.2 granulation pattern, which identifies sparsely
and densely granulated tumours, and E-cadherin. Densely granulated tumours (7,35,63-65) and
high E-cadherin expression (55,56,66,67) have been related to a better fgSRLs response and,
in general, to less aggressive tumours. Both biomarkers are highly expressed in mature
somatotropic cells. The distribution of cytokeratin changes from a perinuclear pattern
characteristic of well-differentiated adenohypophyseal cells, which also predominates in
densely granulated adenomas, to a dot pattern with intracytoplasmic globular aggregation of
cytokeratin filaments, which predominates in sparsely granulated adenomas(68). In addition to
the cytokeratin pattern, E-cadherin is an adhesion molecule whose loss seems to be related to
a degranulation pattern of the tumour (63,69). E-cadherin loss is also a hallmark of epithelial-
mesenchymal transition (EMT), a process by which epithelial cells acquire a mesenchymal
phenotype often associated with more aggressive biological characteristics. Interestingly, EMT

has been related to the heterogeneous response to fgSRLs (68).

In fact, all markers, granulation pattern, E-cadherin and SSTR2 expression, are interrelated.
Thus, there is a higher expression of E-cadherin and SSTR2 in densely granulated tumours
(46,55,56,63,64,66,67,70), and this is predictive of a better fgSRLs response (56,63,67).

Other molecular predictors of response to fgSRLs have been described. Classically, patients
harbouring mutations in the GNAS or GSP oncogene (alpha stimulating activity polypeptide 1)
are more sensitive to fgSRLs (71-73). DRD2 (dopamine receptor D2) has been described as
the predominant DR subtype in somatotroph adenomas even if it is not related to treatment
response. Dopamine receptor D1 (DRD1) and dopamine receptor D5 (DRD5) have been
negatively and positively related to the octreotide-LAR response, respectively (53,74). Ki-67

has been found in lower amounts in tumours of patients controlled under fgSRLs vs.



uncontrolled patients (75) and has even been related to imaging biomarkers such as cavernous
sinus invasion (75) and diameter (34) and to clinical factors such as age (34). More recently,
low expression of Survivin (76), downregulation of miR-181a-5p and miR-181b-5p (77),
upregulation of miR-383-5p (77) and aberrant methylation of GSTP1 (glutathione S-transferase
Pi 1), especially in patients carrying the AHR rs2066853 variant (78), have also been described
as novel biomarkers related to fgSRLs resistance. All these studies, among others, have
generated information that has led to numerous hypotheses on tumour biology and
pathophysiological processes. However, most of them result from relatively small studies with
different methodologies, different clinical response definitions and low replicability in
independent cohorts. As an example, in 2021, Wildemberg et al. described, in the largest cohort
ever analysed with 136 patients, that even if tumours with GNAS mutations were smaller than
wild-type tumours, the presence of the mutations was not correlated with the fgSRLS response

to treatment (79). These results were similar to those that our group described posteriorly (55).

In this context of variable results, we investigated the mRNA expression of a panel of genes
that had been previously related to fgSRLs response in a cohort of 71 patients from the REMAH
Spanish initiative (80), specifically SSTR2, SSTR5 (Somatostatin Receptor 5), DRD2 isoforms,
AIP (Aryl Hydrocarbon Receptor Interacting Protein), CDH1 (E-cadherin), MKI67 (Ki-67),
ARRBL1 (Arrestin Beta 1), GHRL (Ghrelin And Obestatin Prepropeptide), In1-ghrelin (Intron 1
ghrelin), ZACl1 (or PLAGl1l) (PLAG1 Zinc Finger), PEBP1 (or RKIP)
(Phosphatidylethanolamine Binding Protein 1), and KLK10 (Kallikrein 10) as well as mutations
in GNAS (GSP) (55). E-cadherin, SSTR2, Ki-67 and cytokeratin pattern CAM 5.2 were also
evaluated by immunohistochemistry (IHC). The results confirmed the heterogeneous nature of
somatotropinomas and showed that E-cadherin and SSTR2 expression were the predictive
markers with the highest association with the response to fgSRLs (p = 0.006 and p = 0.068,
respectively), presenting a positive correlation of 0.539 (p < 0.00001) between them as also
previously described (63). Comparing both biomarkers, E-cadherin analysed through IHC
showed the highest AUC (0.79) and a PPV of 100% for identifying nonresponders vs. complete
responders at a cutoff of 30. As has been described for a negative expression of SSTR2 (53), a
negative immunostaining for E-cadherin may also eliminate consideration of a complete
response to fgSRLs in monotherapy and reinforces the need for a combined medical therapy at
the time of initiation of treatment. SSTR2 showed an AUC of 0.62 for a negative response vs.
a complete response phenotype, with no additional predictive power when combined with E-

cadherin information. The dot-type pattern was negatively correlated with E-cadherin



expression as previously described (63), and AIP expression showed a trend towards
significance (p = 0.054) for a positive response to treatment; however, it was not possible to

establish any other associations in this Spanish cohort.

Since E-cadherin presents the strongest ability to identify fgSRLs response compared with the
other molecules and given that E-cadherin is a known marker of EMT, our group also evaluated
the expression of other EMT-related genes in a cohort of 57 patients treated with fgSRLSs.
Specifically, the epithelial marker ESRP1 (Epithelial Splicing Regulatory Protein 1) and the
mesenchymal markers vimentin, N-cadherin, SNAI1 (Snail Family Transcriptional Repressor
1), SNAI2 (Snail Family Transcriptional Repressor 2), TWIST1 (Twist Family BHLH
Transcription Factor 1) and RORC (RAR Related Orphan Receptor C) (81). We found that
RORC, which was overexpressed in medically pretreated tumours, presented enhanced
expression in completely responsive patients, and SNAI1 expression was related to invasive
and nonresponder tumours. Interestingly, SNAI1 binds to the E-cadherin promoter and
represses its transcription (82). However, each individual tumour showed a heterogeneous and
hybrid expression pattern of EMT-related genes, instead of a defined epithelial or mesenchymal
phenotype that could explain, at least in part, the overlap among different molecular markers
and the heterogeneous response to SRLs; this situation prevents the definition of clinically

useful cutoff values from a single biomarker.

Clinical assessment of fgSRLSs response

Even if they were not the focus of the present systematic review, we cannot obviate the
existence of some clinical variables that have demonstrated their relationship with tumour
behaviour and response to fgSRLs treatment. Age (33), sex (83), basal GH (32), basal IGF1
(32,84), and body mass index (BMI) (84,85) have been demonstrated to be good biomarkers
for identifying patients with different responses to fgSRLs (Table 5). We highlight the recent
research of Biagetti et al. in a cohort of 126 elderly patients (more than 65 years old) that
confirms basal GH levels, gender, diameter and BMI as response biomarkers in this group of
patients with an AUC of 0.82 when all variables are combined (86). Coopmans et al. described
IGF1 and BMI as the best combination to identify responder patients (AUC = 0.77); IGFL1,
BMI and type 2 diabetes combined as the best to identify partial responders (AUC = 0.8); and
age at diagnosis, surgery and tumour size in combination as the best to identify nonresponder
patients (AUC = 0.78) (84).



Future perspectives

Until now, it has been difficult to find biomarkers with high enough accuracy to be fully
recommended in clinical guidelines. On the other hand, it is reasonable to question the
introduction of these biomarkers until sufficient accuracy is obtained, and therefore, a three-
month therapeutic trial with fgSRLs could give us in some cases information on any clinical
benefit even without IGF1 normalization. Thus, although predictive factors for fgSRLs are still
not implemented in clinical practice, the increasing range of therapeutic strategies combined
with multiple possible individual responses makes it increasingly evident that there is a strong
need to define predictive response factors not only for fgSRLs but also for all different
treatment strategies.

The difficulty in obtaining better results with single biomarkers and the difficulty in
reproducing the same findings in different cohorts is probably explained by the biological
heterogeneity of these tumours and the retrospective design of most of the studies, which may
bias patient selection and lead to less accurate results than the few existing prospective studies.
Thus, it has not yet been possible to establish a definition of useful cutoff values with the
current and classic methodologic approaches used thus far. Somatotroph tumours are
heterogeneous not only at the clinical level with different phenotypic presentations but also at
radiological and molecular levels. In this regard, information obtained from the AOT currently
represents the only marker that can give us complete information about the tumour before
treatment initiation. Therefore, given the robust evidence generated by the latest studies, the
simplification of the procedure and the reduction of its costs, it should be considered a useful

clinical tool.

Combining systems biology with artificial intelligence (Al) could help to overcome the
limitations of classic methodologic approaches. Systems biology enables each individual
patient to be analysed as a whole and allows identification and stratification of patients based
on all their clinical, functional, imaging and molecular omics characteristics, which is probably
the only way to overcome the heterogeneous nature of somatotroph tumours. Such an approach
has the potential capacity to obtain combinations of biomarkers with sufficiently high accuracy
for usefulness in clinical practice. However, it is neither simple nor within the possibilities of
all research groups to perform and achieve consistent results, as it requires an accurate
preprocessing phase of data cleaning, data extraction and analysis performed by a specialized

computer scientist. However, when the algorithms are formulated, they may be universally



useful.

Regarding radiological markers, a radiomic approach seems to be a very interesting and
promising tool. It allows us to investigate tridimensional radiological information by analysing
hundreds of qualitative data converting them into quantitative features (radiomic features) and
to identify subregions of the adenoma that are impossible to define with the current methods
(87). However, the process is also complex: it is essential to have a well-established protocol
of image acquisition, and it requires applying image preprocessing techniques to standardize
heterogeneous images to reduce bias and increase reproducibility. Finally, images can be
segmented, and radiomic features can be extracted and analysed through data mining
techniques. In the last few years, a few studies with Al in MRI images of pituitary tumours
have already been published. They have focused on differential diagnosis, prediction of
underlying pathology, response to treatment and recurrence to progression (88). Interestingly,
Kocak et al. reported in 2019 a cohort of 47 patients in which a quantitative texture analysis
from the T2 MRI of the tumour was performed and their accuracy results to predict fgSRLs
response treatment were compared with the qualitative SI, ROI quantitative rSlI, 3D-
segmentation quantitative rSI and granulation pattern ability (48). After preprocessing and
analysing the images, they were able to extract 4 different selected textures that achieved an
AUC of 0.847 (sensitivity: 87.5%, specificity: 82.6%, prediction 84%) in detecting responders
to fgSRLs. This result was superior to the qualitative Sl evaluation (AUC =0.599;z=2.8; p <
0.05), the ROI quantitative rSI (AUC = 0.581; z = 2.8; p < 0.05), the 3D segmentation-based
quantitative rSl evaluation (AUC = 0.575; z = 2.8; p < 0.05) and the granulation pattern-based
evaluation (AUC = 0.704; z = 2.8; p < 0.05). In line with these results, in 2020, Park et al.
analysed images from the T2 MRI of 69 patients with acromegaly (89). They extracted the
significant radiomic features through data mining techniques and compared their capacity with
that of qualitative T2 MRI SI and ROI quantitative rSl to predict the cytokeratin histologic
pattern. They identified 4 significant features from the contrast-enhancing mask (1 from shape
-maximum 2D diameter-, 1 from first order -10" percentile of T2-weighted signal intensity-,
and 2 from second order radiomic features -difference variance and zone variance-) that were
able to predict the histologic pattern with an AUC of 0.834, thus far superior to the ability of
the qualitative T2 MRI SI (AUC: 0.597; p = 0.009) and even ROI quantitative rSI (AUC: 0.647;
p =0.037).



A systems biology approach that allows combining omics, imaging and clinical data can obtain
ensemble classifiers able to generate algorithms that explain the fgSRLs response with an
extremely high precision. In a recent publication including 71 patients with acromegaly from
the REMAH cohort with the clinical, analytical, imaging and molecular data analysed through
data mining, we found that applying Al techniques combining the already discovered
biomarkers and clinical characteristics could achieve a better patient stratification than using
single markers and classical statistical methods (85). We were able to formulate two algorithm
trees based on extrasellar tumour growth and the patient's sex. The accuracy obtained to
identify nonresponders ranged from 71.3% to 95%, depending on the combination of variables
used at each level. Among the classificatory variables, the data mining system included many
of the factors previously described: E-cadherin, SSTR5, PEBP1, GRHL, In-GHRL, DRD2 and
SSTR2. This confirms their implication described in other study cohorts even if it was not
reported in our first classical analysis with the same cohort of patients (55). Moreover, with
this approach, we were able to define cutoff values, specifically numerical values obtained for
biomarkers, to generate a personal cutoff value (for every patient). They are defined as dynamic
cutoffs, as they depend on the combination of different biomarkers that are formulated by
mathematical equations for a given patient, providing a value that is specific for a particular

patient and possibly different from the value applicable to another patient.

According to the systematic review results, there are two other studies published thus far that
involved using machine learning techniques to investigate the overall factors for fgSRLs
response. Wildemberg et al. studied a postsurgical cohort of 153 patients with acromegaly
treated with fgSRLs for 6 months with clinical and molecular characteristics analysed through
Al (70). Age at diagnosis, sex, GH, and IGF-I levels at diagnosis and pretreatment and SSTR2,
SSTR5 and CAM 5.2 protein expression were evaluated. The model with the highest accuracy
in predicting response included SSTR2, SSTR5 and CAM 5.2 expression, sex, age, and
pretreatment GH and IGF-I levels, with an AUC of 0.808 and an accuracy of 86.3%. Sulu et
al. also reported another model developed by machine learning to predict resistance to fgSRLSs,
among others (90). Postoperative 3-month IGF1, GH levels and the sparsely granulated
somatotroph adenoma subtype were the most important predictors, and the AUC obtained was

0.753 for fgSRLs resistance status classification.

We have identified some omics-based molecular studies that harness the full potential of Al in
the field of somatotroph pituitary tumours. Most of them investigate their clinical behaviour,



invasiveness, progression and aggressiveness properties using different levels of molecular
information, mostly centred around whole messenger RNA sequencing (transcriptome) (91) in
some of the noncoding RNA subtypes, such as circular RNA (92,93) or proteome profiles
(94,95). We have only identified one study directly focused on investigating new response
factors to fgSRLs. Henriques et al. analysed the differentially expressed microRNAs in 5
controlled vs. 5 noncontrolled patients and found that miR-383-5p was upregulated in the
noncontrolled group (77). It was able to predict fgSRLs nonresponse in a cohort of 32 patients
with an NPV of 84.3% and a PPV of 84.5% in the ROC curve; thus, non-negligible data were
obtained for a single biomarker. In all these aforementioned studies, scholars were able to
describe new potential biological markers that can be relevant in the near future, but they are
single-omics centred and still blind to the systems biology in its entirety. There are two studies
based on multiomics analyses where somatotroph tumours are involved. They are focused on
identifying an accurate molecular diagnosis of the different pituitary tumours (96) and in
stratifying different groups of somatotropinomas (97). In contrast to the latest publication of
Wildemberg et al. (79), Yamato et al. performed an integrated proteomics, transcriptomics and
genomics analysis and found that GNAS mutations were a key factor in somatotropinoma
biology, as they found that GNAS mutations influenced the proteome profile, including several

proteins related to GH secretion and GH and volume changes under fgSRLSs treatment.

Al has the potential to increase the prediction power in scenarios where the therapeutic
decision-making process depends on clinicians’ subjective judgement and where conventional
research models are not able to find a valid and robust response as is the case for the prediction
factors of medical treatment in acromegaly. However, we cannot avoid discussing some critical
points. With the current knowledge, we have achieved a substantial improvement in the
accuracy of prediction models but not > 90%. Most of the studies are retrospective, with a
variable number of patients who can entail a bias in the classification models, and moreover,
not all of them make use of validation cohorts or report the accuracy results from a validation
cohort, raising the question of generalizability (98). Additionally, most of the studies were
performed independently by radiologists, molecular biologists, or clinicians. It is necessary to
perform interdisciplinary studies to strengthen the links between -omics and reliable medical
data. Moreover, single-omics studies are interesting and the ability they have shown to stratify
patients is not negligible. However, if we understand a systems biology approach as a whole,
multiomics studies directed to identify molecular and imaging biomarkers related to fgSRLs

response prediction are needed (99).



In addition, one of the biggest unsolved issues about machine learning is how to explain the
mathematical models used in the different stages of the development of a prediction model
(100) (or how to understand them if you are not a mathematician). Currently, the studies
performed are not comparable because they use different feature transformation and selection
models. Different machine learning algorithms have also been used and have led to inconsistent
conclusions. These models are still not sufficiently defined for a proper explanation of the
methodology and guaranteed replicability of the obtained predictive equations. Due to this
black box inherent to Al, the second biggest issue is the urgent need to validate the results in
external databases and thus ensure the generalizability of the prediction model. It will be
necessary to create a well-labelled, public open-source dataset in pituitary tumours, as it already
exists for other tumours (88,98), and perhaps to organize an interdisciplinary conference to
discuss which would be the best specific methodology to use for formulating prediction

equations.

In matters such as radiomics, it will probably allow the current overlap between T2 MRI
intensity and the response to the fgSRLs to be overcome. Apart from the previously mentioned
considerations, the pituitary tumour field has particular features compared to other brain
diseases. The small size of pituitary adenomas may limit radiomics application and explains
that most studies are performed only with macroadenomas. Due to the pituitary gland anatomy,
there is a lack of contrast-enhanced boundaries of the tumour that implies that the segmentation
of the lesion must be made more manually than semiautomatically, limitomg reproducibility

and clinical applicability (88).

Prediction of response to fgSRLs is a complex and stimulating area with no fully generalizable
results at present. All the different biomarkers: functional, imaging, histopathological and
molecular, may play a crucial role in the decision-making process. The current knowledge has
improved substantially, and it is already valid to recommend biomarkers to be studied in an
individual patient, as they may be assistive when the medical treatment must be implemented.
However, we still have to be cautious, as the current prediction capacity is still limited,
requiring enhanced reproducibility and validation cohort studies in the future. Machine
learning models have clearly improved the precision in the prediction of fgSRLs (as has been
done in other fields of medical science) when compared to the poor achievement of the assay-
error strategy. However, further enhancement in the performance of such Al approaches is still



needed for their full implementation in clinical practice and their inclusion in the guidelines.
Specific decision trees resulting from larger cohorts with molecular information obtained by
multiomics, imaging features analysed by radiomic approaches, and prospectively recruited
and externally validated clinical data are needed to finally find the most reliable combination
of biomarkers for identifying the response not only to fgSRLS but also to the other available
pharmacological options. There is still work to be done, but promising results can be expected

relatively soon.

The authors want to express their gratitude to all patients with acromegaly who agreed to

participate in our research projects.

This research is supported by grants from the Instituto Carlos Ill (grants PMP15/00027,
cofunded by FEDER; PMP22/00021, funded by the European Unio -NextGenerationEU; and
FIS P122/01364, cofunded by the European Union; to MPD).

MPD has received funding for advisory boards or for being a speaker from Pfizer, Novartis,
Ipsen and Recordati. The REMAH (Registro Espafiol Molecular de Adenomas Hypofisarios)
initiative was supported by Novartis. All authors declare that they have received financial

support for attending educational programs not directly related to this manuscript.

1. Katznelson L, Laws ER, Melmed S, et al. Acromegaly: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab. 2014;99(11):3933-3951. doi:
10.1210/jc.2014-2700.

2. Colao A, Cappabianca P, Caron P, et al. Octreotide LAR vs. surgery in newly diagnosed
patients with acromegaly: a randomized, open-label, multicentre study. Clin Endocrinol
(Oxf). 2009;70(5):757-768. doi: 10.1111/j.1365-2265.2008.03441.x.



10.

11.

Murray RD, Melmed S. A Critical Analysis of Clinically Available Somatostatin Analog
Formulations for Therapy of Acromegaly. J Clin Endocrinol Metab. 2008;93(8):2957—
2968. doi: 10.1210/jc.2008-0027.

Puig Domingo M. Treatment of acromegaly in the era of personalized and predictive
medicine. Clin Endocrinol (Oxf). 2015;83(1):3-14. doi: 10.1111/cen.12731.

Puig-Domingo M, Marazuela M. Precision medicine in the treatment of acromegaly.
Minerva Endocrinol. 2019;44(2):169-175. doi: 10.23736/S0391-1977.18.02937-1.

Gadelha MR, Wildemberg LE, Kasuki L. The Future of Somatostatin Receptor Ligands
in  Acromegaly. J Clin Endocrinol Metab. 2022;107(2):297-308. doi:
10.1210/clinem/dgab726.

Berton AM, Prencipe N, Bertero L, et al. Resistance to Somatostatin Analogs in Italian
Acromegaly Patients: The MISS Study. J Clin Med. 2023;12(1):25. doi:
10.3390/jcm12010025.

Lamberts SW, Uitterlinden P, Schuijff PC, Klijn JG. Therapy of acromegaly with
sandostatin: the predictive value of an acute test, the value of serum somatomedin-C

measurements in dose adjustment and the definition of a biochemical ‘cure’. Clin

Endocrinol (Oxf). 1988;29(4):411-420. doi: 10.1111/j.1365-2265.1988.tb02890.x.

Lindsay JR, McConnell EM, Hunter SJ, McCance DR, Sheridan B, Atkinson AB. Poor
responses to a test dose of subcutaneous octreotide predict the need for adjuvant therapy
to achieve °‘safe’ growth hormone levels. Pituitary. 2004;7(3):139-144. doi:
10.1007/s11102-005-1756-2.

Karavitaki N, Botusan I, Radian S, Coculescu M, Turner HE, Wass JAH. The value of an
acute octreotide suppression test in predicting long-term responses to depot somatostatin
analogues in patients with active acromegaly. Clin Endocrinol (Oxf). 2005;62(3):282—
288. doi: 10.1111/j.1365-2265.2004.02191.x.

Jenkins PJ, Emery M, Howling SJ, Evanson J, Besser GM, Monson JP. Predicting
therapeutic response and degree of pituitary tumour shrinkage during treatment of
acromegaly with octreotide LAR. Horm Res. 2004;62(5):227-232. doi:
10.1159/000081418.



12.

13.

14.

15.

16.

17.

18.

19.

Halperin I, Nicolau J, Casamitjana R, et al. A short acute octreotide test for response
prediction of long-term treatment with somatostatin analogues in acromegalic patients.
Horm Metab Res. 2008;40(6):422-426. doi: 10.1055/s-2008-1065339

Carlsen SM, Svartberg J, Schreiner T, et al. Six-month preoperative octreotide treatment
in unselected, de novo patients with acromegaly: effect on biochemistry, tumour volume,
and postoperative cure. Clin Endocrinol (Oxf). 2011;74(6):736-743. doi: 10.1111/].1365-
2265.2011.03982.x.

Biermasz NR, Pereira AM, Smit JWA, Romijn JA, Roelfsema F. Intravenous octreotide
test predicts the long term outcome of treatment with octreotide-long-acting repeatable in
active acromegaly. Growth Horm IGF Res. 2005;15(3):200-206. doi:
10.1016/j.ghir.2005.02.007.

Bandgar TR, Sarathi V, Shivane V, Bansode N, Menon PS, Shah NS. The value of an
acute octreotide suppression test in predicting response to long-term somatostatin
analogue therapy in patients with acromegaly. J Postgrad Med. 2010;56(1):7-11. doi:
10.4103/0022-3859.62421.

Wang M, Shen M, He W, et al. The value of an acute octreotide suppression test in
predicting short-term efficacy of somatostatin analogues in acromegaly. Endocr J.
2016;63(9):819-384. doi: 10.1507/endocrj.EJ16-0175.

Taboada GF, Donangelo I, Guimaraes RFC, Silva M de O, Fontes R, Gadelha MR. Acute
test with subcutaneous octreotide as a predictor of the response to treatment with
octreotide LAR. Arq Bras Endocrinol Metabol. 2005;49(3):390-395. doi: 10.1590/s0004-
27302005000300010.

Halah FPB, Elias LLK, Martinelli CE, Castro M, Moreira AC. Usefulness of
subcutaneous or long-acting octreotide as a predictive test and in the treatment of
acromegaly. Arq Bras Endocrinol Metabol. 2004;48(2):245-252. doi: 10.1590/s0004-
27302004000200007.

Schmidt K, Althoff PH, Harris A, Hofmeister-Wagner W, Schifferdecker E, Schoffling
K. Long-term treatment of acromegaly with the somatostatin analog octreotide


https://doi.org/10.1055/s-2008-1065339
https://doi.org/10.1016/j.ghir.2005.02.007

20.

21.

22.

23.

24,

25.

26.

(Sandostatin). On the predictive significance of acute tests. Med Klin Munich.
1990;85(12):700-706.

Gilbert JA, Miell JP, Chambers SM, McGregor AM, Aylwin SJB. The nadir growth
hormone after an octreotide test dose predicts the long-term efficacy of somatostatin
analogue therapy in acromegaly. Clin Endocrinol (Oxf). 2005;62(6):742—747. doi:
10.1111/j.1365-2265.2005.02278 .X.

Colao A, Ferone D, Lastoria S, et al. Prediction of efficacy of octreotide therapy in
patients with acromegaly. J Clin Endocrinol Metab. 1996;81(6):2356—2362. doi:
10.1210/jcem.81.6.8964877.

de Herder WW, Taal HR, Uitterlinden P, Feelders RA, Janssen JAMJL, van der Lely AJ.
Limited predictive value of an acute test with subcutaneous octreotide for long-term IGF-
| normalization with Sandostatin LAR in acromegaly. Eur J Endocrinol. 2005;153(1):67—
71. doi: 10.1530/eje.1.01935.

Pokrajac A, Claridge AG, Abdul Shakoor SK, Trainer PJ. The octreotide test dose is not
a reliable predictor of the subsequent response to somatostatin analogue therapy in
patients with acromegaly. Eur J Endocrinol. 2006;154(2):267-274. doi:
10.1530/eje.1.02073.

Marques-Pamies M, Gil J, Jorda M, et al. Usefulness of the short version of the acute
octreotide test for prediction of first-generation somatostatin receptor ligands response in
acromegaly: a validation study with the ACROFAST cohort. Bioscientifica (Endocrine
Abstracts); 2023. doi: 10.1530/endoabs.90.P411 (Accessed May 26, 2023).

Plockinger U, Reichel M, Fett U, Saeger W, Quabbe HJ. Preoperative octreotide treatment
of growth hormone-secreting and clinically nonfunctioning pituitary macroadenomas:
effect on tumor volume and lack of correlation with immunohistochemistry and
somatostatin receptor scintigraphy. J Clin Endocrinol Metab. 1994;79(5):1416-1423. doi:
10.1210/jcem.79.5.7962337.

Legovini P, De Menis E, Billeci D, Conti B, Zoli P, Conte N. 111Indium-pentetreotide
pituitary scintigraphy and hormonal responses to octreotide in acromegalic patients. J
Endocrinol Invest. 1997;20(7):424-428. doi: 10.1007/BF03347995.


https://doi.org/10.1530/endoabs.90.P411

217.

28.

29.

30.

31.

32.

33.

34.

Borson-Chazot F, Houzard C, Ajzenberg C, et al. Somatostatin receptor imaging in
somatotroph and non-functioning pituitary adenomas: correlation with hormonal and
visual responses to octreotide. Clin Endocrinol (Oxf). 1997;47(5):589-598. doi:
10.1046/j.1365-2265.1997.3361119.x.

Rieger A, Rainov NG, Elfrich C, et al. Somatostatin receptor scintigraphy in patients with
pituitary adenoma. Neurosurg Rev. 1997;20(1):7-12. doi: 10.1007/BF01390518.

Colao A, Lastoria S, Ferone D, et al. The pituitary uptake of 111In-DTPA-D-Phel-
octreotide in the normal pituitary and in pituitary adenomas. J Endocrinol Invest.
1999;22(3):176-183.

Gorges R, Cordes U, Engelbach M, et al. Prediction of the pharmacological effect of
octreotide in acromegaly by means of 111In-pentetreotide scintigraphy and calculation of
a pituitary uptake index. Nuklearmedizin. 1997;36(4):117-124.

Daniel KB, de Oliveira Santos A, de Andrade RA, Trentin MBF, Garmes HM. Evaluation
of 68Ga-DOTATATE uptake at the pituitary region and the biochemical response to
somatostatin analogs in acromegaly. J Endocrinol Invest. 2021;44(10):2195-2202. doi:
10.1007/s40618-021-01523-6.

Durmus ET, Atmaca A, Kefeli M, et al. Age, GH/IGF-1 levels, tumor volume, T2
hypointensity, and tumor subtype rather than proliferation and invasion are all reliable
predictors of biochemical response to somatostatin analogue therapy in patients with
acromegaly: A clinicopathological study. Growth Horm IGF Res. 2022;67:101502. doi:
10.1016/j.ghir.2022.101502

Shen M, Zhang Q, Liu W, et al. Predictive value of T2 relative signal intensity for
response to somatostatin analogs in newly diagnosed acromegaly. Neuroradiology.
2016;58(11):1057-1065. doi: 10.1007/s00234-016-1728-4.

Shen M, Yang Y, He W, et al. Efficacy and predictors of short-term first-generation
somatostatin analog presurgical treatment in acromegaly: A hospital-based study of 237
cases. Growth Horm IGF Res. 2020;55:101354. doi: 10.1016/j.ghir.2020.101354.



35.

36.

37.

38.

39.

40.

41.

42.

43.

Bhayana S, Booth GL, Asa SL, Kovacs K, Ezzat S. The implication of somatotroph
adenoma phenotype to somatostatin analog responsiveness in acromegaly. J Clin
Endocrinol Metab. 2005;90(11):6290-6295. doi: 10.1210/jc.2005-0998.

Oshino S, Saitoh Y, Kasayama S, et al. Short-term preoperative octreotide treatment of
GH-secreting pituitary adenoma: predictors of tumor shrinkage. Endocr J.
2006;53(1):125-132. doi: 10.1507/endocrj.53.125.

Puig-Domingo M, Resmini E, Gomez-Anson B, et al. Magnetic resonance imaging as a
predictor of response to somatostatin analogs in acromegaly after surgical failure. J Clin
Endocrinol Metab. 2010;95(11):4973-4978. doi: 10.1210/jc.2010-0573.

Heck A, Ringstad G, Fougner SL, et al. Intensity of pituitary adenoma on T2-weighted
magnetic resonance imaging predicts the response to octreotide treatment in newly
diagnosed acromegaly. Clin Endocrinol (Oxf). 2012;77(1):72—78. doi: 10.1111/j.1365-
2265.2011.04286.x.

Heck A, Emblem KE, Casar-Borota O, Bollerslev J, Ringstad G. Quantitative analyses of
T2-weighted MRI as a potential marker for response to somatostatin analogs in newly
diagnosed acromegaly. Endocrine. 2016;52(2):333-343. doi: 10.1007/s12020-015-0766-
8.

Potorac I, Petrossians P, Daly AF, et al. T2-weighted MRI signal predicts hormone and
tumor responses to somatostatin analogs in acromegaly. Endocr Relat Cancer.
2016;23(11):871-881. doi: 10.1530/ERC-16-0356.

Dogansen SC, Yalin GY, Tanrikulu S, et al. Clinicopathological significance of baseline
T2-weighted signal intensity in functional pituitary adenomas. Pituitary. 2018;21(4):347—
354. doi: 10.1007/s11102-018-0877-3.

Tortora F, Negro A, Grasso LFS, et al. Pituitary magnetic resonance imaging predictive
role in the therapeutic response of growth hormone-secreting pituitary adenomas. Gland
Surg. 2019;8(Suppl 3):S150-158. doi: 10.21037/gs.2019.06.04.

Scanteie CL, Leucuta DC, Ghervan C. The therapeutic response of somatotropinomas
according to the T2-weighted signal intensity on the MRI. Med Pharm Rep.
2021;94(4):425-433. doi: 10.15386/mpr-1299.



44,

45.

46.

47.

48.

49,

50.

51.

Nista F, Corica G, Castelletti L, et al. Clinical and Radiological Predictors of Biochemical
Response to First-Line Treatment With Somatostatin Receptor Ligands in Acromegaly:
A Real-Life Perspective. Front Endocrinol. 2021;12:677919. doi:
10.3389/fend0.2021.677919

Durmaz ES, Kocak B, Kadioglu P, et al. Added Value of Dynamic Contrast-Enhanced
Magnetic Resonance Imaging in Predicting Response to Somatostatin Analogs in
Acromegaly Patients. Turk Neurosurg. 2019;29(6):835-842. doi: 10.5137/1019-
5149.JTN.26003-19.1.

Swanson AA, Erickson D, Donegan DM, et al. Clinical, biological, radiological, and
pathological comparison of sparsely and densely granulated somatotroph adenomas: a
single center experience from a cohort of 131 patients with acromegaly. Pituitary.
2021;24(2):192—206. doi: 10.1007/s11102-020-01096-2.

Hagiwara A, Inoue Y, Wakasa K, Haba T, Tashiro T, Miyamoto T. Comparison of growth
hormone-producing and non-growth hormone-producing pituitary adenomas: imaging
characteristics and pathologic correlation. Radiology. 2003;228(2):533-538. doi:
10.1148/radiol.2282020695.

Kocak B, Durmaz ES, Kadioglu P, Polat Korkmaz O, Comunoglu N, Tanriover N, et al.
Predicting response to somatostatin analogues in acromegaly: machine learning-based
high-dimensional quantitative texture analysis on T2-weighted MRI. Eur Radiol. 2019
Jun;29(6):2731-9. doi: 10.1007/s00330-018-5876-2.

Galm BP, Buckless C, Swearingen B, et al. MRI texture analysis in acromegaly and its
role in predicting response to somatostatin receptor ligands. Pituitary. 2020;23(3):212—
222. doi: 10.1007/s11102-019-01023-0.

Gatto F, Wildemberg LE, Ferone D, Gadelha MR. Routine Evaluation of Somatostatin
Receptor Type 2 in Patients With Acromegaly: Do We Still Need More Evidence? J Clin
Endocrinol Metab. 2022;107(12):e4382—-4383. doi: 10.1210/clinem/dgac584.

Taboada GF, Luque RM, Neto LV, et al. Quantitative analysis of somatostatin receptor

subtypes (1-5) gene expression levels in somatotropinomas and correlation to in vivo



52.

53.

54.

55.

56.

S7.

58.

hormonal and tumor volume responses to treatment with octreotide LAR. Eur J
Endocrinol. 2008;158(3):295-303. doi: 10.1530/EJE-07-0562.

Gatto F, Feelders RA, van der Pas R, et al. Immunoreactivity score using an anti-sst2A
receptor monoclonal antibody strongly predicts the biochemical response to adjuvant
treatment with somatostatin analogs in acromegaly. J Clin Endocrinol Metab.
2013;98(1):E66-71. doi: 10.1210/jc.2012-2609.

Wildemberg LEA, Neto LV, Costa DF, et al. Low somatostatin receptor subtype 2, but
not dopamine receptor subtype 2 expression predicts the lack of biochemical response of
somatotropinomas to treatment with somatostatin analogs. J Endocrinol Invest.
2013;36(1):38-43. doi: 10.3275/8305.

Liu W, Xie L, He M, et al. Expression of Somatostatin Receptor 2 in Somatotropinoma
Correlated with the Short-Term Efficacy of Somatostatin Analogues. Int J Endocrinol.
2017;2017:1-7. doi: 10.1155/2017/9606985.

Puig-Domingo M, Gil J, Sampedro-Nufiez M, et al. Molecular profiling for acromegaly
treatment: a validation study. Endocr Relat Cancer. 2020;27(6):375-389. doi:
10.1530/ERC-18-0565.

Kiseljak-Vassiliades K, Xu M, Mills TS, et al. Differential somatostatin receptor (SSTR)
1-5 expression and downstream effectors in histologic subtypes of growth hormone
pituitary tumors. Mol Cell Endocrinol. 2015;417:73-83. doi:
10.1016/j.mce.2015.09.016.

Ferone D, De Herder WW, Pivonello R, et al. Correlation of in Vitro and in Vivo
Somatotropic Adenoma Responsiveness to Somatostatin  Analogs and Dopamine
Agonists with Immunohistochemical Evaluation of Somatostatin and Dopamine
Receptors and Electron Microscopy. J Clin Endocrinol Metab. 2008;93(4):1412-1417.
doi: 10.1210/jc.2007-1358.

Casarini APM, Jallad RS, Pinto EM, et al. Acromegaly: correlation between expression
of somatostatin receptor subtypes and response to octreotide-lar treatment. Pituitary.
2009;12(4):297-303. doi: 10.1007/s11102-009-0175-1.



59.

60.

61.

62.

63.

64.

65.

66.

Casar-Borota O, Heck A, Schulz S, et al. Expression of SSTR2a, but not of SSTRs 1, 3,
or 5 in Somatotroph Adenomas Assessed by Monoclonal Antibodies Was Reduced by
Octreotide and Correlated With the Acute and Long-Term Effects of Octreotide. J Clin
Endocrinol Metab. 2013;98(11):E1730-1739. doi: 10.1210/jc.2013-2145.

Venegas-Moreno E, Vazquez-Borrego MC, Dios E, Gros-Herguido N, Flores-Martinez
A, Rivero-Cortés E, et al. Association between dopamine and somatostatin receptor
expression and pharmacological response to somatostatin analogues in acromegaly. J Cell
Mol Med. 2018;22(3):1640-1649. doi: 10.1111/jcmm.13440.

Ilie MD, Tabarin A, Vasiljevic A, et al. Predictive Factors of Somatostatin Receptor
Ligand Response in Acromegaly-A Prospective Study. 2022;107(11):2982-2991. Doi
10.1210/clinem/dgac512

Brzana J, Yedinak CG, Gultekin SH, Delashaw JB, Fleseriu M. Growth hormone
granulation pattern and somatostatin receptor subtype 2A correlate with postoperative
somatostatin receptor ligand response in acromegaly: a large single center experience.
Pituitary. 2013;16(4):490-498. doi: 10.1007/511102-012-0445-1.

Soukup J, Hornychova H, Manethova M, et al. Predictive and prognostic significance of
tumour subtype, SSTR1-5 and e-cadherin expression in a well-defined cohort of patients
with acromegaly. J Cell Mol Med. 2021;25(5):2484-2492. doi: 10.1111/jcmm.16173.

Kiseljak-Vassiliades K, Carlson NE, Borges MT, et al. Growth hormone tumor
histological subtypes predict response to surgical and medical therapy. Endocrine.
2015;49(1):231-241. doi: 10.1007/s12020-014-0383-y.

Fougner SL, Casar-Borota O, Heck A, Berg JP, Bollerslev J. Adenoma granulation pattern
correlates with clinical variables and effect of somatostatin analogue treatment in a large
series of patients with acromegaly. Clin Endocrinol (Oxf). 2012;76(1):96-102. doi:
10.1111/j.1365-2265.2011.04163.x.

Fougner SL, Lekva T, Borota OC, Hald JK, Bollerslev J, Berg JP. The Expression of E-
Cadherin in Somatotroph Pituitary Adenomas Is Related to Tumor Size, Invasiveness,
and Somatostatin Analog Response. J Clin Endocrinol Metab. 2010;95(5):2334-2342.
doi: 10.1210/jc.2009-2197.


https://doi.org/10.1210/clinem/dgac512

67.

68.

69.

70.

71.

72.

73.

74.

Venegas-Moreno E, Flores-Martinez A, Dios E, et al. E-cadherin expression is associated
with somatostatin analogue response in acromegaly. J Cell Mol Med. 2019;23(5):3088—
3096. doi: 10.1111/jcmm.13851.

Obari A, Sano T, Ohyama K, et al. Clinicopathological features of growth hormone-
producing pituitary adenomas: difference among various types defined by cytokeratin
distribution pattern including a transitional form. Endocr Pathol. 2008;19(2):82-91. doi:
10.1007/s12022-008-9029-z.

Gil J, Jorda M, Soldevila B, Puig-Domingo M. Epithelial-Mesenchymal Transition in the
Resistance to Somatostatin Receptor Ligands in Acromegaly. Front Endocrinol.
2021;12:646210. doi: 10.3389/fendo.2021.646210.

Wildemberg LE, da Silva Camacho AH, Miranda RL, et al. Machine Learning-based
Prediction Model for Treatment of Acromegaly With First-generation Somatostatin
Receptor Ligands. J Clin Endocrinol Metab. 2021;106(7):2047-2056. doi:
10.1210/clinem/dgab125.

Spada A, Arosio M, Bochicchio D, et al. Clinical, biochemical, and morphological
correlates in patients bearing growth hormone-secreting pituitary tumors with or without
constitutively active adenylyl cyclase. J Clin Endocrinol Metab. 1990;71(6):1421-1426.
doi: 10.1210/jcem-71-6-1421.

Larkin S, Reddy R, Karavitaki N, Cudlip S, Wass J, Ansorge O. Granulation pattern, but
not GSP or GHR mutation, is associated with clinical characteristics in somatostatin-naive
patients with somatotroph adenomas. Eur J Endocrinol. 2013;168(4):491-499. doi:
10.1530/EJE-12-0864.

Barlier A, Gunz G, Zamora AJ, et al. Prognostic and therapeutic consequences of G(s)a
mutations in somatotroph adenomas. J Clin Endocrinol Metab. 1998;83(5):1604-1610.
doi: 10.1210/jcem.83.5.4797.

Neto LV, Machado E de O, Luque RM, et al. Expression analysis of dopamine receptor
subtypes in normal human pituitaries, nonfunctioning pituitary adenomas and

somatotropinomas, and the association between dopamine and somatostatin receptors



75.

76.

77.

78.

79.

80.

81.

82.

with clinical response to octreotide-LAR in acromegaly. J Clin Endocrinol Metab.
2009;94(6):1931-1937. doi: 10.1210/jc.2008-1826.

Fusco A, Zatelli MC, Bianchi A, et al. Prognostic significance of the Ki-67 labeling index
in growth hormone-secreting pituitary adenomas. J Clin Endocrinol Metab.
2008;93(7):2746-2750. doi: 10.1210/jc.2008-0126.

Herkenhoff CGB, Trarbach EB, Batista RL, et al. Survivin: A Potential Marker of
Resistance to Somatostatin  Receptor Ligands. J Clin Endocrinol Metab.
2023;108(4):876-887. doi: 10.1210/clinem/dgac610.

Henriques DG, Miranda RL, Dezonne RS, et al. miR-383-5p, miR-181a-5p, and miR-
181b-5p as Predictors of Response to First-Generation Somatostatin Receptor Ligands in
Acromegaly. Int J Mol Sci. 2023;24(3):2875. doi: 10.3390/ijms24032875.

Ferral F, Romeo PD, Puglisi S, et al. GSTP1 gene methylation and AHR rs2066853
variant predict resistance to first generation somatostatin analogs in patients with
acromegaly. J Endocrinol Invest. 2019 Jul;42(7):825-831. doi: 10.1007/s40618-018-
0988-8.

Wildemberg LE, Henriques D, Elias PCL, et al. Gsp Mutation Is Not a Molecular
Biomarker of Long-Term Response to First-Generation Somatostatin Receptor Ligands
in Acromegaly. Cancers. 2021;13(19):4857. doi: 10.3390/cancers13194857.

Luque RM, Ibéafiez-Costa A, Sanchez-Tejada L, et al. The Molecular Registry of Pituitary
Adenomas (REMAH): A bet of Spanish Endocrinology for the future of individualized
medicine and translational research. Endocrinol Nutr. 2016;63(6):274-284. doi:
10.1016/j.endonu.2016.03.001.

Gil J, Marques-Pamies M, Valassi E, et al. Implications of Heterogeneity of Epithelial-
Mesenchymal States in  Acromegaly Therapeutic Pharmacologic Response.
Biomedicines. 2022 Feb 16;10(2):460. doi: 10.3390/biomedicines10020460.

Batlle E, Sancho E, Franci C, et al. The transcription factor snail is a repressor of E-
cadherin gene expression in epithelial tumour cells. Nat Cell Biol. 2000;2(2):84-89. doi:
10.1038/35000034.



83.

84.

85.

86.

87.

88.

89.

90.

91.

Petersenn S, Houchard A, Sert C, Caron PJ. Predictive factors for responses to primary
medical treatment with lanreotide autogel 120 mg in acromegaly: post hoc analyses from
the PRIMARYS study. Pituitary. 2020;23(2):171-181. doi: 10.1007/511102-019-01020-
3.

Coopmans EC, Korevaar TIM, van Meyel SWF, et al. Multivariable Prediction Model for
Biochemical Response to First-Generation Somatostatin Receptor Ligands in
Acromegaly. J Clin  Endocrinol  Metab.  2020;105(9):2964-2974.  doi:
10.1210/clinem/dgaa387.

Gil J, Marques-Pamies M, Sampedro M, Webb SM, Serra G, Salinas I, et al. Data mining
analyses for precision medicine in acromegaly: a proof of concept. Sci Rep.
2022;12(1):8979. doi: 10.1038/s41598-022-12955-2.

Biagetti B, Iglesias P, Villar-Taibo R, et al. Factors associated with therapeutic response
in acromegaly diagnosed in the elderly in Spain. Front Endocrinol. 2022;13:984877. doi:
10.3389/fendo.2022.984877.

Park JE, Kim HS. Radiomics as a Quantitative Imaging Biomarker: Practical
Considerations and the Current Standpoint in Neuro-oncologic Studies. Nucl Med Mol
Imaging. 2018;52(2):99-108. doi: 10.1007/s13139-017-0512-7.

Won SY, Lee N, Park YW, Ahn SS, Ku CR, Kim EH, et al. Quality reporting of radiomics
analysis in pituitary adenomas: promoting clinical translation. Br J Radiol.
2022;95(1139). doi: 10.1259/bjr.20220401

Park YW, Kang Y, Ahn SS, et al. Radiomics model predicts granulation pattern in growth
hormone-secreting  pituitary adenomas.  Pituitary. 2020;23(6):691-700. doi:
10.1007/s11102-020-01077-5.

Sulu C, Bektas AB, Sahin S, Durcan E, Kara Z, Demir AN, et al. Machine learning as a
clinical decision support tool for patients with acromegaly. Pituitary. 2022;25(3):486—
495. doi: 10.1007/s11102-022-01216-0.

Rymuza J, Kober P, Rusetska N, et al. Transcriptomic Classification of Pituitary
Neuroendocrine Tumors Causing Acromegaly. Cells. 2022 Nov 30;11(23):3846. doi:
10.3390/cells11233846.


https://doi.org/10.1259/bjr.20220401

92.

93.

94.

95.

96.

97.

98.

99.

100.

Du Q, Zhang W, Feng Q, et al. Comprehensive circular RNA profiling reveals that
hsa_circ_0001368 is involved in growth hormone-secreting pituitary adenoma
development. Brain Res Bull. 2020;161:65—77. doi: 10.1016/j.brainresbull.2020.04.018.

Xiong J, Zhang H, Wang Y, et al. Rno_circ_0001004 Acts as a miR-709 Molecular
Sponge to Regulate the Growth Hormone Synthesis and Cell Proliferation. Int J Mol Sci.
2022;23(3):1413. doi: 10.3390/ijms23031413.

Chen M, Duan L, Sun W, et al. Clinical and proteomic-based molecular characterizations
of invasive and noninvasive somatotroph PitNETs. Neuroendocrinology. 2023. doi:
10.1159/000531200 (Accessed May 26, 2023)

Li B, Wang X, Yang C, et al. Human growth hormone proteoform pattern changes in
pituitary adenomas: Potential biomarkers for 3P medical approaches. EPMA J.
2021;12(1):67-89. doi: 10.1007/s13167-021-00232-7

Neou M, Villa C, Armignacco R, et al. Pangenomic Classification of Pituitary
Neuroendocrine Tumors. Cancer Cell. 2020;37(1):123-134.€5. doi:
10.1016/j.ccell.2019.11.002.

Yamato A, Nagano H, Gao Y, et al. Proteogenomic landscape and clinical
characterization of GH-producing pituitary adenomas/somatotroph  pituitary
neuroendocrine tumors. Commun Biol. 2022;5(1):1304. doi: 10.1038/s42003-022-
04272-1.

Dai C, Sun B, Wang R, Kang J. The Application of Artificial Intelligence and Machine
Learning in Pituitary Adenomas. Front Oncol. 2021;11: 784819. doi:
10.3389/fonc.2021.7848109.

Aydin B, Caliskan A, Arga KY. Overview of omics biomarkers in pituitary
neuroendocrine tumors to design future diagnosis and treatment strategies. EPMA J.
2021;12(3):383-401. doi: 10.1007/s13167-021-00246-1.

Qiao N. A systematic review on machine learning in sellar region diseases: Quality and
reporting items. Endocr Connect. 2019;8(7):952-60. doi: 10.1530/EC-19-0156.


https://doi.org/10.1159/000531200

Figure 1. Selection articles flow chart

—e

Articles identified through database
searching (n = 282)

_———

Duplicated
articles (n = 100)
N

VRS
Avrticles screened
(n=182)
N——

~ ~___ |
Avrticles non-focusing
the topic (n = 118)
N—

N\
Studies included
(n=164)
Functional Radiological Molecular

factors (n = 17) factors (n = 25) factors (n = 22)
N— N— N—



Table 1. Articles’ search strategies

Scopus

Pubmed

Scopus

Pubmed

Scopus

Pubmed

Functional assessment

TITLE-ABS-KEY

(acromegaly) AND (acute AND octreotide AND test) AND
(prediction) AND (somatostatin OR

octreotide OR lanreotide AND NOT pasireotide AND NOT
pegvisomant)

(acromegaly) AND (acute octreotide test) AND (prediction)
AND ((somatostatin) OR (octreotide) OR (lanreotide) NOT
(pasireotide) NOT (pegvisomant))

Radiologic assesment

TITLE-ABS-KEY (acromegaly) AND

(mri OR t2 OR intensity OR hypointense OR hypointensity
OR texture OR roi OR radiomic) AND

(prediction) AND (somatostatin OR

octreotide OR lanreotide AND NOT pasireotide AND
NOT pegvisomant)

(acromegaly) AND ((mri) OR (t2) OR (intensity) OR
(hypointense) OR (hypointensity) OR (texture) OR (roi) OR
(radiomic)) AND (prediction) AND ((somatostatin) OR
(octreotide) OR (lanreotide) NOT (pasireotide) NOT
(pegvisomant))

Histopathologic and Molecular assessment

TITLE-ABS-KEY (acromegaly) AND ((sstr) OR (sstr2) OR
(sstr5) OR (e-cadherin) OR (granulation AND pattern) OR
(densely) OR (sparsely)) AND (prediction) AND
(somatostatin OR octreotide OR lanreotide AND

NOT pasireotide AND NOT pegvisomant)

(acromegaly) AND ((SSTR) OR (sstr2) OR (SSTR5) OR (E-

cadherin) OR (granulation pattern) OR (densely) OR (sparsely))

AND (Prediction) AND ((somatostatin) OR (octreotide) OR
(lanreotide) NOT (pasireotide) NOT (pegvisomant))

Articles

55

19

Articles

63

36

Articles

50

59




Table 2. Functional prediction factors based on the AOT.

Response Correlation
Biomarker Predictive ability Treatment c pon with other
riteria .
biomarkers
AUC=0.83
GHa2n (24) . . )
Cut-off for response: lzj/loei";mslglgg IZT:S{) ingggé GHanis lower
Determination of GH 1.4Ang/mL (Se: 94%, Sp: 3 ¢ if positive E-
2h after 100mcg of 73%) according to cadherin
requirements Non- :
subcutaneous responders: expression
Octreotide Cut-off for non-response: 6 months | GFE - 3SD.S (24)
administration 4.3ng/mL (Se: 35%, Sp: -
97%)
GHnad (16)
Minimum GH AUC =0.877 Medium Glﬁsggnciirrs\;e
determination 6h ) dose fgSRLs y
after 100mcg of Cut-off for response: <2.5ug/L/ --
3.37ng/mL (Se: 88%, Sp: >75% GH
subcutaneous 69%) 3 months reduction
Octreotide 0
administration
AGH (16)
- : Responders:
AUC = 0.946
GH % decrease after Medium o, Day curve ~ AGH>50%
100meg of dose fgSRLS = 5,g/r/  Ppredominates
g Cut-off for response: 83% g in hvoointense
subcutaneous (Se: 97%, Sp: 80%) 3 months >75% GH In Nypol
Octreotide - 9170, 5p- U reduction tumors (37)
administration

Notes: Acute Octreotide Test (AOT). GH 2h after the AOT (GHap). GH nadir (GHang). GH difference after the
AOT (AGH). Area Under Curve (AUC). Sensitivity (Se). Specificity (Sp). First Generation Somatostatin Receptor
Ligands (fgSRLs). Growth Hormone (GH). Insulin-like Growth Factor 1 (IGF1). Standard Deviation Score (SDS).
Medium dose of fgSRLs: Lanreotide SR 90mg/ 28 days, or Octreotide LAR 20mg/ 28 days. High dose of fgSRLSs:
Lanreotide SR 120mg/ 28 days, or Octreotide LAR 30mg/ 28 days.



Table 3. Imaging prediction factors

adjusted IGF1

Biomarker Predictive ability Treatment Féfrsirt)gpi;e gﬁ;:eé?;xgrvlv(gps
AUC =0.684 Responders:
Volume (32) Highdose  random GH
) Cut-off for fgSRLs <2.5ng/mL +  Correlated with T2
Tumor volume (height response: age-gender intensity (40)
x width x length x 1.11cm? (Se: h )
7/6) 65.5%, Sp: 6 months  adjusted IGF1
o, : . .
65.5%) normalization
AUCsiochemical
=0.689 . .
Biochemical
responders:
Cut-off for ?GF 1
I nse: ..
esponse normalization
2.0cm Medium // IGE1 Higher Ki-67 index
Diameter (34) (Se: 62%, Sp: predominate in larger
dose decrease >
67%) fgSRL = tumors (34)
. goRLs 0
Maximal tumor 50% SG pattern
diameter : .
AUCsize = 3 months Tumor size predominates in
0.694 larger tumors (34)
responders:
Volume
(ig;)%f:s?r shrinkage >
X 20%
2.2cm (Se: °
59%, Sp: 75%)
Qua}litative - Non- Lower volume
Weilgg:rﬁgitl;ﬂm Hiah d responders: invasion and opfic
flgSRfse Uncontrolled  chiasm compression
Adenoma’s intensity  AUC = .64 (7) gonts age-.gender predominate in
compared with normal 6 months adjusted hypointense tumors
pituitary tissue / grey IGF1 (40)
matter of the temporal AGH > 50% during
lobe (7) AOT predominates in
hypointense tumors
Or compared with the (37)
white matter (for Medium/ SG pattern
hypointense tumors) / _ high dose _ pe )
grey matter (for AUC =0.797 fgSRLs Responders: GH predommates in
hyperintense tumors) Acc: 80% (39) reduction > 80%  hyperintense tumors
of the temporal lobe 6 months (38, 39, 41, 45-47)
(39)
. Non-responders:
. High dose
Quantitative T2- GH > 1pg/l or
Weighted MRI  AUC =0712(45)  9RES Uncontrolled 5@ adenomas gge)sem
intensity (rSl) 6 months age-gender g




Ratio between the
adenoma’s and the
reference tissue’s ROI
guantitative signal
intensity.

Reference tissue: white
matter (for hypointense
tumors) / grey matter
(for hyperintense
tumors) of the
temporal lobe (39, 45)

T2-Weighted MRI
homogeneity ratio
(39)

T2 signal distribution
calculated as the
relation between the
adenomas’ and the
reference tissues’
amplitude from a
delimited ROI.

AUC = 0.861
Acc: 82% (39)

Cut-off for
response: 0.782
(Se: 69%, Sp:
91%)

AUC =0.81
Acc: 77%

Cut-off for

volume response:

0.751 (Se: 74%,
Sp: 82%)

Medium/
high dose
fgSRLs

6 months

Medium/
high dose
fgSRLs

6 months

Responders: GH
reduction > 80%

Tumor size
responders:
Volume
shrinkage >
20%

Notes: Magnetic Ressonance (MRI). Relative Signal Intensity (rS1). Region Of Interest (ROI). Area Under
Curve (AUC). Accuracy (Acc). Sensitivity (Se). Specificity (Sp). First Generation Somatostatin Receptor
Ligands (fgSRLs). Growth Hormone (GH). Insulin-like Growth Factor 1 (IGF1). Medium dose of fgSRLs:
Lanreotide SR 90mg/ 28 days, or Octreotide LAR 20mg/ 28 days. High dose of fgSRLs: Lanreotide SR
120mg/ 28 days, or Octreotide LAR 30mg/ 28 days. Acute Octreotide Test (AOT). GH difference after the

AOT (AGH).




Table 4. Histopathological and molecular prediction factors

Biomarker Predictive Treatment Response Correlation with other
ability Criteria biomarkers
Non-
AUC =0.682 Medium/High Responders:
SSTR2 (55) dose fgSRLs  IGF1 >3 SDS
according to
Somatostatin Cut-Off: 0.3 requirements Complete-
(Se: 62%, Sp: Responders: ) )
Ef;fg;gﬁ 69%) 6 months Normalization ~ Correlated with E-cadherin
evaluated IGF1 (SDS) expression (55, 63)
trough RT- High d
GPCR (55) or Igh cl0se Non-response:
IHC (7) AUC7_ 0.6 fgSRLs Uncont?olled
) 6 months age adjusted
IGF1
AUCRT-qPCR =
0.746
E-cadherin Non-
(55) Cut-Off: 0.5 Medium/High Responders: Correlated with SSTR2
(Se: 65%, Sp: dose fgSRLs IGF] >3 SDS expression (55, 63)
E-cadherin 89%) according to
expression requirements Responders: GHyn after AOT was lower
evaluated AUCc =0.79 Normalizatidn if positive E-cadherin
through RT- 6 months IGF1 (SDS) expression (24)
gPCR and IHC Cut-Off: 30
IHC-Score (Se:
54%, Sp: 100%)
DG tumors presented higher
CAM 5.2 (7) E-cadherin expression (55)
(d:é icr)iﬁrﬁgg SG pattern predominates in
High dose ] larger tumors (34)
pattern. fgSRLs Non-response:
perinuclear AUC =0.76 Uncontrolled . .
. SG pattern predominates in
pattern (DG) vs 6 months age adjusted hyperintense tumors (38, 39
intracytoplasmic IGF1 T
41, 45-47)
globular
aggr(esggglons SG adenomas present higher

rSlI (39)

Notes: Real Time quantitative Polymerase Chain Reactions (RT-gPCR). Inmunohistochemistry (IHC). Densely
Granulated (DG). Sparsely Granulated (SG). Area Under Curve (AUC). Sensitivity (Se). Specificity (Sp). First
Generation Somatostatin Receptor Ligands (fgSRLs). Insulin-like Growth Factor 1 (IGF1). fgSRLs at medium
doses: Lanreotide SR 90mg/ 28 days, or Octreotide LAR 20mg/ 28 days. fgSRLs at high doses: Lanreotide SR
120mg/ 28 days, or Octreotide LAR 30mg/ 28 days. Acute Octreotide Test (AOT). Growth Hormone at 2hours

(GH2n). Relative Signal Intensity (rSl).



Table 5. Clinical prediction factors

Correlation
Biomarker Predictive ability Treatment Response Criteria  with other
biomarkers
Age (34) AUC =0.672 Medium dose  Responders: IGF1
i _ fgSRLs normalization / -
Age at diagnosis Cut-off for response: 49 IGF1 decrease >
years (Se: 57%, Sp: 72%) 3 months 50%
AUC =0.676 Hiah dose Responders:
fgSRLS random GH < 2.5
Cut-off for response: g ng/mL + IGF1 age-
8.80ng/mL (Se: 65%, 6 months gender adjusted
Basal GH Sp 60%) (32) normalization
(32, 86)
AUC =0.72 -
GH levels at Acc: 67% ) . _
diagnosis dose gSRLs  age-gonder adjstec
. - ju
Cut-off for response: according to normalization or
6.0 ng/mL (Se: 85%, Sp:  requirements <1.2 ULN
64%) in a cohort of > 65
years patients (86)
Basal IGF1 (32) AUC =0.707 High dose Responders:
fgSRLS random GH <
IGF1 levels at Cut-off for response: 2.5ng/mL + IGF1 -
diagnosis (non- 461.5ng/mL (Se: 65.5%, 6 months age-gender adjusted
age/gender adjusted) Sp: 65%) normalization

Notes. Area Under Curve (AUC). Sensitivity (Se). Specificity (Sp). Accuracy (Acc). First Generation
Somatostatin Receptor Ligands (fgSRLs). Growth Hormone (GH). Insulin-like Growth Factor 1 (IGF1). fgSRLs
at medium doses: Lanreotide SR 90mg/ 28 days, or Octreotide LAR 20mg/ 28 days. fgSRLs at high doses:
Lanreotide SR 120mg/ 28 days, or Octreotide LAR 30mg/ 28 days.



