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Abstract: Background and Objectives: High-grade malignant neuroendocrine tumors (G3 NETs) and
neuroendocrine carcinomas (NECs) are characterized by rapid proliferation, high metastatic capacity,
and strong expression of somatostatin receptors (SSTRs). We aimed to analyze the presence of SSTRs
in NET G3 and NEC, and to correlate their expression with the use of octreotide and pasireotide.
Materials and Methods: For this purpose, we first performed a retrospective study of G3 NET and NEC
patients, which included the determination of SSTR expression and response to octreotide treatment.
Second, we selected the H69 small cell lung cancer cell line to determine the effect of octreotide and
pasireotide. Results: Our results showed the traditional somatostatin analog (SSA) octreotide was
ineffective in patients with NET G3 and NEC. On the other hand, RT-qPCR showed a high expression
of SSTR2 and SSTR5 in H69 cells. Interestingly, while octreotide did not modify H69 cell proliferation,
a strong inhibition of proliferation was detected with the use of pasireotide. Conclusions: In view of
these results, a clinical trial in NET G3 and NEC patients using pasireotide is necessary to determine
the usefulness of this drug in improving patient treatment.

Keywords: carcinoma; pasireotide; somatostatin receptors; neuroendocrine tumors

1. Introduction

Neuroendocrine tumors (NETs) are a rare group of malignancies (0.5% of diagnosed
cancers) that derive from neuroendocrine cells and therefore present a highly variable
location [1]. NETs have been most frequently described in the gastrointestinal tract and
lungs, but have also been located in the central nervous system, thyroid, skin, urogenital
system, breasts, and respiratory tract [2]. These tumors show a survival rate of 45% to
55% at five and ten years, respectively [3]. Using the Ki-67 proliferative index (PI), a
key prognostic factor for NETs, the World Health Organization (WHO) classified NETs
with a Ki-67 PI less than 3% as low-grade (G1), with a ki-67 PI between 3 and 20% as
moderate-grade (G2), and with a Ki-67 PI greater than 20% as high-grade (G3) [4]. Unlike
low-grade NETs, which are characterized by a low risk of metastasis, G3 NETs are very
aggressive tumors associated with rapid proliferation, with a high capacity to generate
distant metastases [5,6]. In the latter case, the median survival is approximately 1 year [7].
Surgery is a treatment option in NET G1 tumors. However, at the time of diagnosis of NET
G3, the disease frequently presents metastases, so possible treatment options are reduced
to palliative therapies to control symptoms [8]. Neuroendocrine carcinomas (NECs) are G3

Medicina 2024, 60, 1039. https://doi.org/10.3390/medicina60071039 https://www.mdpi.com/journal/medicina

https://doi.org/10.3390/medicina60071039
https://doi.org/10.3390/medicina60071039
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0002-9087-8161
https://orcid.org/0000-0003-4303-7746
https://orcid.org/0000-0003-3990-806X
https://doi.org/10.3390/medicina60071039
https://www.mdpi.com/journal/medicina
https://www.mdpi.com/article/10.3390/medicina60071039?type=check_update&version=2


Medicina 2024, 60, 1039 2 of 9

and include large cell carcinomas and small cell carcinomas, which are very aggressive and
have a very bad prognosis, with a median overall survival of one year [9].

The WHO classification for neuroendocrine tumors is divided by location into gas-
trointestinal and pancreaticobiliary, upper aerodigestive tract and salivary glands, lung
and thymus, and thyroid. Within these locations, tumors would be classified by grade into
NETs G1, G2, and G3, and NECs [10].

On the other hand, somatostatin (SST), a small peptide that occurs naturally in the
body [11], exerts its biological effect through 5 subtypes of somatostatin receptors (SSTR)
located in various tissues such as in the lungs, thyroid, immune cells, pancreas, gas-
trointestinal tract, hypothalamus, or pituitary gland [11]. SST-SSTR binding activates
signaling pathways with inhibitory effects including inhibition of cell proliferation and
anti-inflammatory effects, among others [12–15]. These properties make somatostatin a
potential candidate for therapeutic use in a wide range of diseases (i.e., acromegaly) [15].
Interestingly, high expression of SSTR2 and SSTR5 was reported in NETs [16], so these
receptors and the use of SST have become targets for NET treatment [15,17]. However, the
very short half-life of SST (1 to 3 min) was a strong limitation in its therapeutic use [18].
The development of somatostatin analogs (SSA) such as octreotide, the first SSA approved
by the Food and Drug Administration (FDA), and lanreotide, both with a longer half-life
and high affinity for SSTR2 [14,19], represented a great improvement in the treatment of
patients with advanced gastroenteropancreatic NETs. In fact, two different phase 3 clinical
trials demonstrated the benefit of using SSA in patients with NETs, which was recom-
mended to delay tumor progression and help with palliative effects [16,20]. In this context,
pasireotide, a new second-generation SSA with the same affinity for SST2 as octreotide and
lanreotide, but with a high affinity for SSTR1, SSTR3, and SSTR5, was approved by the FDA
in 2014 [20,21]. Currently, pasireotide clinical use is focused on the treatment of growth
hormone-secreting pituitary tumors and inhibiting corticotropin secretion from pituitary
adenoma in patients with Cushing’s disease [22,23]. A phase III clinical trial that used
pasireotide in patients with TNE for six months showed no positive results, so it continues
to be evaluated at present [19,24].

The aim of this study was to analyze the expression of SSTR in NET G3 and NEC pa-
tients, correlating their expression to traditional SSA treatment. In addition, we performed
a preliminary in vitro analysis of the possible role of pasireotide in the treatment of NET
G3 and NEC.

2. Materials and Methods
2.1. Patient Data Collection

A total of 20 patients with G3 NETs and NEC and determination of SSTR by nuclear
medicine tests were initially recruited at the Medical Oncology Service of the Virgen de
las Nieves University Hospital (Granada, Spain). For this purpose, patients were selected
by filtering, using the term “octreoscan” (period 2013–2023), selecting all patients with G3
NETs and NEC, and including all patients who met this criterion.

A determination of somatostatin receptor expression in all patients was confirmed by
nuclear medicine tests. Most of the patients have been studied using a planar octreoscan
(111In-pentetreotide scintigraphy) and some of them have been studied using gallium-PET
(68Ga-edotreotide PET), a technique recently incorporated in our hospital. Treatment response
has been calculated by RECIST 1.1, defining tumor progression as an increase of 20% or more
in tumor lesions size or nuclear medicine uptake and defining a partial response as a decrease
of 30% or more in tumor lesions size or nuclear medicine uptake.

The study was approved by the Biomedical Research Ethics Committee of the Andalusian
Public Health System in Granada (protocol code 5/23) and conducted in accordance with the
Declaration of Helsinki. Written informed consent was obtained for all participants.
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2.2. Cell Culture

The H69 microcytic lung cancer cell line was provided by the Center for Scientific
Instrumentation (CIC) of the University of Granada (Granada, Spain). This cell line was
selected for this study because of the high frequency of small cell lung cancer compared with
other NETs, G3, and NEC, and the presence of SSTR expression in the bibliography [25,26].

H69 cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS) (Gibco, Madrid, Spain) and 1% antibiotic (gentamicin/amphotericin-B +
penicillin/streptomycin) (Sigma Aldrich, Madrid, Spain). The cultures were maintained in
the incubator at 37 ◦C and a humid atmosphere with 5% CO2.

2.3. Cell Viability Assay

Cells were seeded at a density of 104 cells/well in 48-well plates in a volume of 300 µl
of RPMI. After 24 h, the cells were treated with octreotide and pasireotide. The stock of
both drugs was dissolved in dimethyl sulfoxide (DMSO) (Sigma Aldrich, Madrid, Spain)
to a final concentration of 28.87 mM and 5 mM, respectively. They were treated with doses
of 30, 40, and 50 µM for 5 days. In parallel, controls were carried out with DMSO. After
this time, a Cell Counting Kit 8 (CCK8) (AbCam, Cambridge, UK) was performed. Briefly,
CCk8 was added to each well at a final concentration of 10% and incubated at 37 ◦C for 4 h.
Finally, absorbance was measured at 450 nm and 620 nm with the Bioteck 800 TS microplate
reader (Winooski, VT, USA) and the percent proliferation (PR) was calculated.

2.4. RT-qPCR Assay

The expression of SSTR receptors in the H69 cells was determined by RT-qPCR. For
this purpose, cells were centrifuged at 250× g for 5 min. The cell pellet was resuspended
in a Trizol reagent (Sigma-Aldrich, St. Louis, MO, USA). Total RNA was extracted using
the RNeasy Mini Kit (Qiagen, Hilden, Germany) and subsequently quantified using the
NanoDrop 2000 (ThermoFisher, Waltham, MA, USA). Then, 1 µg of RNA was converted
to cDNA using the Retro-transcriptase Kit (Promega, Madison, WI, USA) following the
manufacturer’s instructions. Quantitative PCR was performed with SYBR Green (Takara,
Kyoto, Japan). Expression of SSTR2 and SSTR5 genes was analyzed. The results were
normalized with the endogenous control Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). RT-qPCR was performed on an ABI 7900 system (ABI). Finally, expression levels
were calculated by applying the 2−∆Ct method.

2.5. Statistic Studies

Statistical analysis was performed with GraphPad Prism 9.4.1 software. All tests
were performed in triplicate and the results were expressed as mean ± standard deviation
(SD). The statistical analysis used was the one-way ANOVA, a “Z test” comparison for
two proportions. A p-value of less than 0.05 was considered as statistically significant.

3. Results
3.1. Clinical Characteristics of Patients

The clinical parameters of G3 NETs and NECs patients who were finally included in
the study are summarized in Table 1. Of the 20 patients, 10 (50%) were males and 10 (50%)
were females. The mean age was 66 ± 11 years. All patients were diagnosed with G3 NETs
and NECs in stage IV, except for one case in stage III, which was tested for somatostatin
receptor expression by image studies. The most frequent location of the primary tumor was
the lung (25%) and pancreas (20%), followed by the breast (15%) and cervix (15%). The
remaining patients (25%) presented other variable locations of the primary tumor (Table 1).
SSTR expression was analyzed by octreoscan and/or gallium-PET. Most of the patients (60%)
were octreoscan-positive, except one, which was gallium-PET-positive. In addition, 50%
of the positive patients had small cell neuroendocrine carcinomas (G3), and the other 50%
had non-small cell NET G3. Of the positive patients, 51.7% were treated with SSA, such as
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octreotide, lanreotide, or lutetium (177Lu-DOTATATE), 16.7% with chemotherapy, 33.3% with
chemotherapy and SSA, and the remaining 8.3% with palliative therapies (Figure 1A).

Figure 1. Graphical representation of the clinical data related to the treatment of patients with NET
G3 included in the study. (A) Treatment of octreoscan- and/or gallium-PET-positive patients with
SSA, chemotherapy (QT), chemotherapy together with SSA, or palliative therapy. (B) Response of
octreoscan- and/or gallium-PET-positive patients to treatments administered. (C) Comparison of
response or non-response of patients treated with chemotherapy or SSA.

The response of SSTR expression-positive patients treated with SSA alone or SSA
combined with chemotherapy was analyzed, finding that 62.5% showed no response to the
treatment administered. Only 25% of patients treated with chemotherapy in combination
with SSA showed a positive response and the 12.5% treated with SSA alone showed
either a response or disease stabilization (Figure 1B). On the contrary, patients treated
with chemotherapy alone responded 61.5% to treatment. A comparison between SSA and
chemotherapy treatment showed that 8 patients responded versus 5 patients who did not
respond after chemotherapy, and that one patient responded versus 5 patients who did
not respond after SSA treatment (Figure 1C). The “Z test” for the comparison of the two
independent sample proportions showed a significant p-value (0.039) in relation to QT and
SSA treatment.



Medicina 2024, 60, 1039 5 of 9

Table 1. Characteristics and clinical data of patients.

Patient Age Sex
Octreoscan (111In-Pentetreotide

Scintigraphy) (Planar) or
Gallium-PET (68Ga-Edotreotide PET)

Primary Tumor
Localization Stage Tumor Grade Ki67 Treatment

Treatment
Response

(RECIST 1.1)

1 59 F Negative * Lung NEC IV G3 (large cell) Unknown QT PR

2 53 M Positive * Pancreas NEC IV
G3 (small cell) + G1

(differentiated
focuses)

1–20% Lanreotide CR

3 75 F Positive * Gallbladder
NEC IV G3 (small cell) 70% Palliative Unknown

4 58 F Positive (weak positivity) * Breast NEC IV G3 (small cell) 80–90% QT PD

5 54 F Positive * Cervix NET IV G3 90% 177Lu-
DOTATATE SD

6 81 F Negative * Cervix NEC IV G3 (large cell) Unknown Palliative Unknown

7 79 M Positive ** Cervical NEC III G3 (large cell) 90% QT +
radiotherapy CR

8 78 M Negative * Colon NET IV G3 80% QT PD
9 76 F Negative * Pancreas NET IV G3 40% QT PR
10 61 F Positive * Rectum NEC IV G3 (small cell) 80% QT + Lanreotide PD

11 51 M Negative * Retroperitoneal
NEC IV G3 (small cell) 60–70% QT PD

12 54 F Negative * Cervix NET IV G3 80% QT CR
13 65 M Positive * Lung NET IV G3 Unknown QT + Octreotide PD
14 69 F Positive * Breast NET IV G3 70–80% Lanreotide PD

15 78 M Positive (weak positivity) * Microcytic lung
cancer (NEC) wd G3 (small cell) Unknown Octreotide PD

16 70 M Positive (weak positivity) * Microcytic lung
cancer (NEC) wd G3 (small cell) >20% QT + octreotide PR

17 70 M Negative * Microcytic lung
cancer (NEC) wd G3 (small cell) Unknown QT PR

18 65 F Positive * Breast NET IV G3 35% Octreotide PD
19 56 M Positive * Pancreas NET IV G3 Unknown QT + Lanreotide SD

20 80 M Negative * Ampulla of
vater NET IV G3 >40% QT PR

Widespread disease (wd); chemotherapy (QT); female (F); male (M); * octreoscan (planar); ** gallium-PET; partial response (PR); complete response (CR); progressive disease (PD); stable
disease (SD).
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3.2. In Vitro Cell Viability after Pasireotide Treatment

The H69 small cell lung cancer cell line was selected to carry out a preliminary study of
the pasireotide effect. Previously, RT-qPCR analysis showed a high expression of SSTR2 and
SSTR5 somatostatin receptors in this cell line (Figure 2A). Pasireotide treatment inhibited
the viability of H69 cells in a dose-dependent manner, showing IC50 values of 35.4 µM. By
contrast, exposure of H69 cells to octreotide did not induce any modulation of cell viability,
even when a concentration of 300 µM was used (Figure 2B).

Figure 2. Assay of Pasireotide effect on H69 cell line. (A) SSTR2 and SSTR5 somatostatin receptor
expression in the H69 cell line. (B) Graphic representation of H69 cell relative proliferation after treatment
with pasireotide and octreotide. Data represents the mean value ± S.D. * p < 0.05. **** p < 0.0001.

4. Discussion

Our results showed that a large proportion of selected patients with NET G3 and NEC
expressing SSTR receptors did not respond to traditional SSA treatment. The CLARINET
study demonstrated the therapeutic benefit of a new SSA called lanreotide in patients with
metastatic enteropancreatic NET G1 or G2 (Ki67 < 10%) [16]. It should be noted that these
clinical trials were conducted in patients with NET G1-2, and had not been demonstrated in
NET G3 [16,20]. Our study compared the response of traditional SSA with chemotherapy
in NET G3. Interestingly, chemotherapy achieved a greater tumor response (61.5%) than
SSA (12.5%) in octreoscan/gallium-PET-positive patients, which allows us to hypothesize
the presence of a resistance mechanism against traditional treatment with SSAs. It should
be noted that both octreotide and lanreotide show high binding affinity to SSTR2. However,
the expression of SSTR receptor subtypes is highly variable, depending on the tissue and
tumor type [11]. Therefore, the low antitumor effect may be related to the expression of
receptors other than SSTR2. Furthermore, some studies demonstrated that both octreotide
and lanreotide increased SSTR5 expression [27]. This contradictory effect of overexpressing
SSTR5 and inhibiting SSTR2 may be responsible for the lack of response of traditional SSAs.

On the other hand, the lung is the most frequent location of primary NETs and NECs
(approximately 20%) [28,29], which was consistent with our study where a lung primary tumor
was detected in 25% of cases. Because the largest subgroup of neuroendocrine neoplasms
consisted of small cell lung carcinoma (SCLC) (mitotic count (MC) >10 in 2 mm2), the H69
cell line (small cell lung carcinoma) was selected for in vitro assays [29,30]. Interestingly, H69
cells showed high SSTR2 and SSTR5 expression, supporting previous results of Kaemmerer
et al. [25] and King et al. [26]. First, exposure of H69 cells to octreotide did not show any
antiproliferative effect, supporting the data from Exner et al. in five pancreatic, colon, and
lung NET cell lines, in which this drug did not show any activity [31].
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By contrast, the use of pasireotide, a new SSA analog with a wide range of SSTR
receptor affinity (SSTR2, SSTR1, SSTR3, and SSTR5), showed a strong antiproliferative
effect in H69 cells. In fact, in vivo pituitary tumors expressing low levels of SSTR2 and high
levels of SSTR5 showed a greater therapeutic response with the use of pasireotide versus
octreotide [32].

Therefore, these results suggest that differential expression of the somatostatin receptor
may be the cause of traditional SSA analog failure in patients. Studies according to SSTR
expression in NETs and NECs expose different basal expressions. Tsuta et al., expose that
there are few patients with NETs and NECs who express SSTR5 [33]. However, Muscarella
et al. have found SSTR5 expression in NEC circulating cells in the majority of studied
patients [34]. Qian et al. report that 43% of NETs and NECs have an expression of SSTR5 [34].
Moreover, Wang et al. published that high-grade NETs and NECs from gastrointestinal
origins have a positivity of 34%for SSTR5 [35]. In small cell lung cancer, Lapa et al. have
described a positivity of 15% for SSTR5 [36]. All these articles demonstrate that there are
patients in different types of NETs and NECs that have SSTR5 expression, which could
explain the resistance to traditional SSA and could be an important therapeutic opportunity
for these patients.

However, this study has several limitations in being considered for future investiga-
tions. On the one hand, the number of patients included in the study is small, which is
due to the low incidence of NECs and G3 NETs compared to other tumor types and the
low percentage of high-grade neuroendocrine tumors patients with SSR determination
by nuclear medicine tests. On the other hand, only one cell line has been used to test the
efficacy of pasireotide (H69), and it would be interesting for future studies to include a
greater number of cell lines from various tumor locations in order to increase the robustness
of the results.

5. Conclusions

In this study, we demonstrate the ineffectiveness of a traditional SSA, such as oc-
treotide, in NET G3 and NEC patients in terms of therapeutic response, despite the expres-
sion of somatostatin receptors in octreoscan/gallium-PET. Our in vitro assays using the
H69 cell line are consistent with clinical data regarding the ineffectiveness of octreotide as
therapy against NEC. By contrast, the new SSA analog named pasireotide demonstrated
a strong antiproliferative effect in these tumor cells, characterized by a high expression
of SSTR2 and SSTR5. This effect could be correlated with the higher range of affinity of
this drug to different SSTRs versus octreotide. Therefore, our results support interest in
carrying out a clinical trial using pasireotide in the treatment of NET G3 and NEC as a new
strategy to improve the therapeutic response of these tumors, previously histologically
analyzing the presence of SSTR5 in candidate patients in a personalized approach.
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16. Caplin, M.E.; Pavel, M.; Phan, A.T.; Ćwikła, J.B.; Sedláčková, E.; Thanh, X.-M.T.; Wolin, E.M.; Ruszniewski, P.; CLARINET Investi-
gators. Lanreotide Autogel/Depot in Advanced Enteropancreatic Neuroendocrine Tumours: Final Results of the CLARINET
Open-Label Extension Study. Endocrine 2021, 71, 502–513. [CrossRef] [PubMed]

17. Mizutani, G.; Nakanishi, Y.; Watanabe, N.; Honma, T.; Obana, Y.; Seki, T.; Ohni, S.; Nemoto, N. Expression of Somatostatin
Receptor (SSTR) Subtypes (SSTR-1, 2A, 3, 4 and 5) in Neuroendocrine Tumors Using Real-Time RT-PCR Method and Immunohis-
tochemistry. Acta Histochem. Cytochem. 2012, 45, 167–176. [CrossRef] [PubMed]

18. Benuck, M.; Marks, N. Differences in the Degradation of Hypothalamic Releasing Factors by Rat and Human Serum. Life Sci.
1976, 19, 1271–1276. [CrossRef] [PubMed]

19. Gomes-Porras, M.; Cárdenas-Salas, J.; Álvarez-Escolá, C. Somatostatin Analogs in Clinical Practice: A Review. Int. J. Mol. Sci.
2020, 21, 1682. [CrossRef] [PubMed]

20. Rinke, A.; Wittenberg, M.; Schade-Brittinger, C.; Aminossadati, B.; Ronicke, E.; Gress, T.M.; Müller, H.-H.; Arnold, R.; PROMID
Study Group. Placebo-Controlled, Double-Blind, Prospective, Randomized Study on the Effect of Octreotide LAR in the Control
of Tumor Growth in Patients with Metastatic Neuroendocrine Midgut Tumors (PROMID): Results of Long-Term Survival.
Neuroendocrinology 2017, 104, 26–32. [CrossRef]

https://doi.org/10.1159/000441897
https://www.ncbi.nlm.nih.gov/pubmed/26505990
https://doi.org/10.1186/s13256-015-0514-y
https://www.ncbi.nlm.nih.gov/pubmed/25853982
https://doi.org/10.1038/s41598-021-86839-2
https://www.ncbi.nlm.nih.gov/pubmed/33846396
https://doi.org/10.3892/etm.2021.10613
https://www.ncbi.nlm.nih.gov/pubmed/34475969
https://doi.org/10.1097/PAS.0000000000000169
https://www.ncbi.nlm.nih.gov/pubmed/24503751
https://doi.org/10.3748/wjg.v22.i45.9944
https://www.ncbi.nlm.nih.gov/pubmed/28018101
https://doi.org/10.1097/PAS.0000000000000662
https://www.ncbi.nlm.nih.gov/pubmed/27259015
https://doi.org/10.1159/000443167
https://www.ncbi.nlm.nih.gov/pubmed/26731013
https://doi.org/10.1038/s41572-020-00235-0
https://doi.org/10.1007/s12022-022-09708-2
https://doi.org/10.1111/j.1582-4934.2010.01125.x
https://www.ncbi.nlm.nih.gov/pubmed/20629989
https://doi.org/10.1016/j.mce.2021.111226
https://www.ncbi.nlm.nih.gov/pubmed/33675866
https://doi.org/10.3390/ijms21114170
https://www.ncbi.nlm.nih.gov/pubmed/32545257
https://doi.org/10.3390/ijms20163940
https://www.ncbi.nlm.nih.gov/pubmed/31412614
https://doi.org/10.1016/j.pharmthera.2015.05.007
https://doi.org/10.1007/s12020-020-02475-2
https://www.ncbi.nlm.nih.gov/pubmed/33052555
https://doi.org/10.1267/ahc.12006
https://www.ncbi.nlm.nih.gov/pubmed/22829710
https://doi.org/10.1016/0024-3205(76)90263-0
https://www.ncbi.nlm.nih.gov/pubmed/825697
https://doi.org/10.3390/ijms21051682
https://www.ncbi.nlm.nih.gov/pubmed/32121432
https://doi.org/10.1159/000443612


Medicina 2024, 60, 1039 9 of 9

21. Hofland, L.J.; van der Hoek, J.; Feelders, R.; van Aken, M.O.; van Koetsveld, P.M.; Waaijers, M.; Sprij-Mooij, D.; Bruns, C.;
Weckbecker, G.; de Herder, W.W.; et al. The Multi-Ligand Somatostatin Analogue SOM230 Inhibits ACTH Secretion by Cultured
Human Corticotroph Adenomas via Somatostatin Receptor Type 5. Eur. J. Endocrinol. 2005, 152, 645–654. [CrossRef] [PubMed]

22. Colao, A.; Bronstein, M.D.; Brue, T.; De Marinis, L.; Fleseriu, M.; Guitelman, M.; Raverot, G.; Shimon, I.; Fleck, J.; Gupta, P.; et al.
Pasireotide for Acromegaly: Long-Term Outcomes from an Extension to the Phase III PAOLA Study. Eur. J. Endocrinol. 2020, 182, 583.
[CrossRef]

23. Zhao, N.; Yang, X.; Li, C.; Ma, J.; Yin, X. Efficacy and Safety of Pasireotide for Cushing’s Disease. Medicine 2020, 99, e23824.
[CrossRef] [PubMed]

24. Wolin, E.M.; Jarzab, B.; Eriksson, B.; Walter, T.; Toumpanakis, C.; Morse, M.A.; Tomassetti, P.; Weber, M.M.; Fogelman, D.R.;
Ramage, J.; et al. Phase III Study of Pasireotide Long-Acting Release in Patients with Metastatic Neuroendocrine Tumors and
Carcinoid Symptoms Refractory to Available Somatostatin Analogues. Drug Des. Dev. Ther. 2015, 9, 5075–5086. [CrossRef]

25. Kaemmerer, D.; Schindler, R.; Mußbach, F.; Dahmen, U.; Altendorf-Hofmann, A.; Dirsch, O.; Sänger, J.; Schulz, S.; Lupp,
A. Somatostatin and CXCR4 Chemokine Receptor Expression in Hepatocellular and Cholangiocellular Carcinomas: Tumor
Capillaries as Promising Targets. BMC Cancer 2017, 17, 896. [CrossRef] [PubMed]

26. King, A.P.; Gutsche, N.T.; Raju, N.; Fayn, S.; Baidoo, K.E.; Bell, M.M.; Olkowski, C.S.; Swenson, R.E.; Lin, F.I.; Sadowski, S.M.; et al.
225Ac-MACROPATATE: A Novel α-Particle Peptide Receptor Radionuclide Therapy for Neuroendocrine Tumors. J. Nucl. Med.
2023, 64, 549–554. [CrossRef] [PubMed]

27. Ungefroren, H.; Künstner, A.; Busch, H.; Franzenburg, S.; Luley, K.; Viol, F.; Schrader, J.; Konukiewitz, B.; Wellner, U.F.; Meyhöfer,
S.M.; et al. Differential Effects of Somatostatin, Octreotide, and Lanreotide on Neuroendocrine Differentiation and Proliferation in
Established and Primary NET Cell Lines: Possible Crosstalk with TGF-β Signaling. Int. J. Mol. Sci. 2022, 23, 15868. [CrossRef]
[PubMed]

28. Rekhtman, N. Lung Neuroendocrine Neoplasms: Recent Progress and Persistent Challenges. Mod. Pathol. 2022, 35, 36–50.
[CrossRef] [PubMed]

29. Tsao, M.-S.; Nicholson, A.G.; Maleszewski, J.J.; Marx, A.; Travis, W.D. Introduction to 2021 WHO Classification of Thoracic
Tumors. J. Thorac. Oncol. 2022, 17, e1–e4. [CrossRef] [PubMed]

30. Raso, M.G.; Bota-Rabassedas, N.; Wistuba, I.I. Pathology and Classification of SCLC. Cancers 2021, 13, 820. [CrossRef]
31. Exner, S.; Prasad, V.; Wiedenmann, B.; Grötzinger, C. Octreotide Does Not Inhibit Proliferation in Five Neuroendocrine Tumor

Cell Lines. Front. Endocrinol. 2018, 9, 146. [CrossRef] [PubMed]
32. Gulde, S.; Wiedemann, T.; Schillmaier, M.; Valença, I.; Lupp, A.; Steiger, K.; Yen, H.-Y.; Bäuerle, S.; Notni, J.; Luque, R.; et al.

Gender-Specific Efficacy Revealed by Head-to-Head Comparison of Pasireotide and Octreotide in a Representative In Vivo Model
of Nonfunctioning Pituitary Tumors. Cancers 2021, 13, 3097. [CrossRef] [PubMed]

33. Tsuta, K.; Wistuba, I.I.; Moran, C.A. Differential Expression of Somatostatin Receptors 1-5 in Neuroendocrine Carcinoma of the
Lung. Pathol. Res. Pract. 2012, 208, 470–474. [CrossRef] [PubMed]

34. Muscarella, L.A.; D’Alessandro, V.; la Torre, A.; Copetti, M.; De Cata, A.; Parrella, P.; Sperandeo, M.; Pellegrini, F.; Frusciante,
V.; Maiello, E.; et al. Gene Expression of Somatostatin Receptor Subtypes SSTR2a, SSTR3 and SSTR5 in Peripheral Blood of
Neuroendocrine Lung Cancer Affected Patients. Cell. Oncol. 2011, 34, 435–441. [CrossRef] [PubMed]

35. Wang, Y.; Wang, W.; Jin, K.; Fang, C.; Lin, Y.; Xue, L.; Feng, S.; Zhou, Z.; Shao, C.; Chen, M.; et al. Somatostatin Receptor
Expression Indicates Improved Prognosis in Gastroenteropancreatic Neuroendocrine Neoplasm, and Octreotide Long-Acting
Release Is Effective and Safe in Chinese Patients with Advanced Gastroenteropancreatic Neuroendocrine Tumors. Oncol. Lett.
2017, 13, 1165–1174. [CrossRef] [PubMed]

36. Lapa, C.; Hänscheid, H.; Wild, V.; Pelzer, T.; Schirbel, A.; Werner, R.A.; Droll, S.; Herrmann, K.; Buck, A.K.; Lückerath,
K. Somatostatin Receptor Expression in Small Cell Lung Cancer as a Prognostic Marker and a Target for Peptide Receptor
Radionuclide Therapy. Oncotarget 2016, 7, 20033–20040. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1530/eje.1.01876
https://www.ncbi.nlm.nih.gov/pubmed/15817922
https://doi.org/10.1530/EJE-19-0762
https://doi.org/10.1097/MD.0000000000023824
https://www.ncbi.nlm.nih.gov/pubmed/33371162
https://doi.org/10.2147/DDDT.S84177
https://doi.org/10.1186/s12885-017-3911-3
https://www.ncbi.nlm.nih.gov/pubmed/29282035
https://doi.org/10.2967/jnumed.122.264707
https://www.ncbi.nlm.nih.gov/pubmed/36396453
https://doi.org/10.3390/ijms232415868
https://www.ncbi.nlm.nih.gov/pubmed/36555512
https://doi.org/10.1038/s41379-021-00943-2
https://www.ncbi.nlm.nih.gov/pubmed/34663914
https://doi.org/10.1016/j.jtho.2021.09.017
https://www.ncbi.nlm.nih.gov/pubmed/34930611
https://doi.org/10.3390/cancers13040820
https://doi.org/10.3389/fendo.2018.00146
https://www.ncbi.nlm.nih.gov/pubmed/29681888
https://doi.org/10.3390/cancers13123097
https://www.ncbi.nlm.nih.gov/pubmed/34205778
https://doi.org/10.1016/j.prp.2012.05.014
https://www.ncbi.nlm.nih.gov/pubmed/22770972
https://doi.org/10.1007/s13402-011-0025-9
https://www.ncbi.nlm.nih.gov/pubmed/21503779
https://doi.org/10.3892/ol.2017.5591
https://www.ncbi.nlm.nih.gov/pubmed/28454229
https://doi.org/10.18632/oncotarget.7706
https://www.ncbi.nlm.nih.gov/pubmed/26936994

	Introduction 
	Materials and Methods 
	Patient Data Collection 
	Cell Culture 
	Cell Viability Assay 
	RT-qPCR Assay 
	Statistic Studies 

	Results 
	Clinical Characteristics of Patients 
	In Vitro Cell Viability after Pasireotide Treatment 

	Discussion 
	Conclusions 
	References

