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Somatostatin Receptors in Lung Cancer: From Function to 
Molecular Imaging and Therapeutics

Lung cancer is a deadly disease that is difficult to diagnose and even m ore 
difficult to treat effectively. Many pathways are known to affect tum or growth, 
and targeting these pathways provides the cornerstone by which cancer is  
treated. Som atostatin receptors (SSTR) are a fam ily of G  protein coupled  
receptors that signal to alter horm onal secretion, increase apoptosis, and 
decrease cellular proliferation. These receptors are expressed in many normal 
and malignant cells, including both small cell and non-small cell lung cancer. 
Synthetic analogs of SSTRs are com m ercially available, but their effects in  
lung cancer are still largely uncertain. Signaling pathway studies have shown 
that SSTRs signal through phosphotyrosine phosphatases to induce apoptosis 
as well as to decrease cell proliferation. Radiolabeled SSTR2 analogs are  
utilized for radiographic im aging of tum ors, which, when com bined with  
positron em ission tom ography-com puted tom ography (PET-CT) m ay improve 
detection of lung cancer. These radiolabeled SSTR2 analogs also hold  
prom ise for targeted chem otherapy as well as radiotherapy. In this review, 
we summarize what is known about SSTRs and focus our discussion on the 
knowledge as it relates to lung cancer biology, as well as discuss current 
and future uses of these receptors for im aging and therapy of lung cancer. 
(J Lung Cancer 2011;10(2):69 󰠏 76)
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INTRODUCTION

  Lung cancer is the leading cause of cancer-related death in 

the United States (1). It remains extremely challenging to 

diagnose in its early stages, and treatment is similarly difficult. 

Recent work has shown that new small molecular inhibitors 

targeted at specific mutated receptors, such as epidermal growth 

factor receptor (EGFR) and anaplastic lymphoma kinase (ALK), 

improves outcomes for those selected patient populations (2). 

In this age of emphasis on genotyping tumors for personalized, 

more targeted therapies, evaluating the role of previously 

known receptors and proteins could assist in improving 

treatment and predicting outcomes. In this review, we will 

describe the different somatostatin receptor subtypes and the 

role they play in lung cancer biology, as well as discuss current 

and future utilization of these receptors for imaging and therapy 

in lung cancer.

SOMATOSTATIN RECEPTORS 
AND THEIR LIGANDS

  Somatostatin receptors (SSTR) are members of the family of 

G protein coupled receptors (GPCRs) and are widely expressed 

in tissue throughout the body, including many tumors (3). 

There are five known subtypes of SSTRs (SSTR1-SSTR5) 

(Table 1). They bind the hormone somatostatin, of which there 

are two biologically active forms, SST-14 and SST-28. 
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Table 1. Somatostatin Receptor Properties

Receptor subtype

Gene SSTR1 SSTR2 SSTR3 SSTR4 SSTR5

Chromosome 14q13 17q24 22q13.1 20p11.2 16p13.3

Molecular weight  42.7  41.3  45.9  41.9 39.2

 (kDa)

Glycosylation sites   3   4   2   1   3

Proliferation   ↓  ↑↓   ↓  ↑↓ ↓

Apoptosis   ↑   ↑

Hormonal secretion   ↓ ↓

This table is adapted from Weckbecker G, Lewis I, Albert R, 

Schmid HA, Hoyer D, Bruns C. Opportunities in somatostatin 

research: biological, chemical and therapeutic aspects. Nat 

Rev Drug Discov 2003;2:999-1017. Reproduced with the 

permission of Nature.

Somatostatin binds to all of the SSTRs without preference, but 

the result of somatostatin binding appears to be receptor 

specific as well as organ dependent, though there is some 

overlap between the different receptor subtypes. Somatostatin 

has several downstream effects, including influencing cellular 

secretion, motility, and even proliferation. It is a major 

endocrine “off switch” including control of hormone secretion 

and with significant antiproliverative properties (4-6). It has 

both autocrine and paracrine activity. SSTRs modulate several 

key enzymes involved in the cell cycle, including inhibition of 

adenylate cyclase, impairment of calcium influx, increasing p53 

expression and Bax to initiate apoptosis, and also affecting 

ERK1/2 and AKT to decrease cell proliferation (5,7). For these 

reasons, not only do SSTRs play a major role in normal human 

biology, but also they are key players in cancer biology. 

Somatostatin and its receptors are found throughout the body 

with resulting physiologic activity, but for this review, we will 

try to limit our focus to their role in lung cancer.

　The first synthetic analog for a SSTR was created against 

SSTR2 in the late 1970s (8), and now SSTR2 analogs such as 

octreotide and lanreotide are used clinically in several types of 

endocrine and neuroendocrine cancers. The half-life of the 

endogenously produced hormone is less than 3 minutes (9), so 

the creation of these synthetic peptides with longer half-lives 

has allowed for advances in our understanding of SSTRs. The 

inhibitory effects of somatostatin analogs such as octreotide are 

used in various tumors (e.g. neuroendocrine tumors, acrome-

galy, pancreatic tumors) to inhibit tumor hormone hyper-

secretion, to decrease gastrointestinal bleeding, and to decrease 

symptoms of the dumping syndrome (10-12). Because these 

analogs are already used clinically, are readily available, and 

have shown to have a good safety profile, researchers are 

exploring other clinical applications of these compounds. 

Although all of the SSTRs have biologic importance and are 

expressed in lung cancers, SSTR2 is the most studied (partly 

because of the early creation of synthetic SSTR2 analogs), and 

therefore much of our discussion with regards to lung cancer 

will focus on it.

SOMATOSTATIN SIGNALING 
SWITCHES OFF PROLIFERATION

  With respect to cancer biology, somatostatin receptors are 

involved in apoptosis and in cell cycle signaling. The signaling 

pathway is complex and not entirely understood, as receptor 

makeup and signaling differences appear to exist between 

various tissues. This signaling works via G protein coupled 

receptor activation of phosphotyrosine phosphatases, including 

SHP-1 and SHP-2, which then signals through ERK1/2 to 

induce the cyclin-dependent kinase inhibitor p27
Kip1 to halt cell 

growth and induce arrest (Fig. 1) (5,13). Besides growth arrest, 

SSTRs are involved in apoptosis. SSTR3 induces apoptosis via 

SHP-1 activation of p53 (14,15), and SSTR2 induces apoptosis 

via an undetermined p53-independent pathway (16). Once 

activated, somatostatin receptors are internalized and recycled 

to the cell surface, with some trafficked for lysosomal 

degradation (17). Although much is known, further work in 

evaluating different mechanisms of SSTR-dependent cell cycle 

control is needed, paying close attention to tissue specificity.

TARGETING SSTR2 IN HUMAN STUDIES

  SSTR2 is widely expressed in pulmonary neuroendocrine 

tumors, including typical carcinoids, atypical carcinoids, large 

cell neuroendocrine, and small cell lung cancer (18-20). 

Altogether, these tumor types make up approximately 25% of 

all lung cancers (21). There are mixed reports of SSTR2 

expression in non-neuroendocrine lung cancers, including 

adenocarcinoma and squamous cell carcinoma (18,22), with 

inconsistent and sometimes even lack of correlation between 

immunohistochemistry, PCR, and radiolabeled somatostatin 

analog uptake.
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Fig. 1. Somatostatin receptor sig-

naling cascade. SSTR activation 

decreases hormonal secretion in 

most cells by decreasing cyclic 

AMP and by altering voltage gat-

ed potassium and calcium cha-

nnels. In a minority of cells (pan-

creatic B-cells), hormonal secre-

tion is increased. SSTR signals 

through PTPases to alter ERK1/2 

phosphorylation to impair p27
kip1

 

degradation which leads to cell 

growth arrest. SSTR also signals 

through PTPases to induce apop-

tosis. Rarely SSTR2 induces pro-

liferation. ERK: extracellular signal- 

regulated kinase, Gα, Gβ, Gγ: G- 

protein subunit, PLC: phospholi-

apse C, cAMP: cyclic adenosine 

monophosphate, IP3: inositol tri-

phosphate, PTPase: phosphotyro-

sine phosphatase, SRIF: somato-

statin, SHP: Src homology phos-

phatase, PTP-η: phosphotyrosine 

phosphatase η.

  Early work using SSTR2 analogs evaluated their therapeutic 

potential to alter cell growth in SCLCs with promising results 

in cell culture and in nude mice (23); however, in subsequent 

therapeutic trials in human SCLC, the SSTR2 analogs did not 

improve patient survival (4,24). Although these results were 

discouraging, previous human studies have typically included 

small, heterogeneous patient cohorts of only 18 and 20 patients 

with varying stages of SCLC and with unknown degrees of 

SSTR2 expression; accordingly, these results are best co-

nsidered as inconclusive (24,25). Future investigations in more 

tightly controlled patient trials are needed to determine if there 

is a roll for the use of SSTR analogs in the treatment of lung 

cancer, alone and in combination with other treatments and not 

limited to SSTR2 analogs. Several groups have recently 

evaluated whether targeting multiple SSTRs at the same time 

by using SSTR agonists with multiple SSTR binding affinity 

has any added benefit for inhibiting tumor cell growth. For 

example, Ono, et al. found that in a bronchial carcinoid cell 

line (NCI-H727), octreotide, having affinity primarily for 

SSTRs 2 and 5, did not alter cell proliferation, but pasireotide 

(SOM230), which binds strongly to SSTRs 1, 2, 3 and 5, did 

significantly reduce cell growth in vitro (26).

  Accordingly, targeting multiple SSTRs may be necessary to 

produce clinical benefit. The rationale for improved tumor 

response to multiple somatostatin receptor subtype targeting is 

not entirely clear, but G protein receptors are known to 

cross-talk and undergo both homo- and hetero- dimerization. 

For example, it may be that SSTR2 may induce a certain 

response when the receptor is not dimerized, but the response 

may change entirely or in potency when the SSTR2 receptor 

dimerizes with another SSTR receptor or with an EGFR or 

dopamine receptor. Further work to understand the biology of 

SSTR dimerization is necessary to determine the potential of 

targeting various somatostatin receptors alone or in various 

combinations as therapeutic targets in lung cancer.

  Exactly how somatostatin receptors influence tumor growth 

in vivo is still not entirely understood, and whether SSTR2 

expression on tumor cells benefits or impairs cancer growth 

remains unknown. Oddstig et al. investigated SSTR2 mRNA 

expression of cells after the cells were irradiated and observed 

that SSTR2 expression was upregulated, suggesting an addi-

tional possible mechanism by which radiation therapy induces 

SCLC death, thereby implying a possible future therapeutic role 

of SSTR2 analogs coupled with already existing therapies (27). 

Several studies of neuroendocrine lung cancers have shown an 

inverse correlation between the intensity of SSTR2 expression 
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in immunohistochemistry and the grade of the pulmonary 

neuroendocrine tumor, such that the more aggressive the tumor 

(higher grade), the lower the SSTR2 expression (28,29). A 

recent study by Muscarella et al. (30) evaluated the expression 

of various SSTRs by using real time quantitative PCR in the 

peripheral blood of patients with neuroendocrine lung tumors, 

including several patients with SCLC. They found that there 

were increased levels of SSTR2 and SSTR5 in the peripheral 

blood of these patients compared with controls, presenting an 

exciting new method of assessing a patient’s SSTR expression 

status. Whether knowing a patient’s SSTR expression status 

will have bearing on their clinical treatment or outcome will 

need further study.

SOMATOSTATIN 
RECEPTOR-RELATED IMAGING

  IHC staining for specific somatostatin receptor subtypes has 

shown that SSTR2 is expressed by both the tumor cells and 

by the tumor vasculature, particularly in the endothelium of the 

venules (31). Accordingly, it is unknown whether the imaging 

modality is detecting SSTR2 expression in tumor cells and/or 

in the draining peri-tumoral veins. In the past two decades, 

significant advances in medical imaging, including development 

of PET-based somatostatin receptor imaging, have occurred. 

The use of PET and PET/CT imaging technology improves 

spatial and contrast resolution significantly over older planar 

and SPECT imaging, and also allows semi-quantitation with 

standardized uptake values (SUV).

  Blum et al. published a study of 30 patients with solitary 

pulmonary nodules, finding that somatostatin receptor scinti-

graphy coupled with CT scan correctly differentiated benign 

from malignant lung nodules in 27 of 30 (90%) of patients (32). 

This study, reported in 1999, used 
99m

Tc-based planar and 

SPECT imaging in patients with the broad-spectrum soma-

tostatin analog (SSTR 2, 3 and 5) depreotide who were 

high-risk for lung cancer and in a region (Arizona, USA) with 

high endemic granulomatous nodules and with a concordant CT 

revealing an indeterminate lung nodule (33). True positive 

scans occurred in 12 patients (10 with adenocarcinoma, 1 with 

squamous cell carcinoma and 1 with malignant carcinoid). Two 

false positive patients had necrotizing granulomata due to 

Mycobacterium avium. Of the 16 patients with negative scans, 

biopsy showed necrotizing granulomatous infection in 13 (8 

with coccidioidomycosis), one with a hamartoma, and one that 

was not biopsied but stable on 24 months follow-up. One false 

negative (no uptake) occurred with a nodule due to squamous 

cell carcinoma.

  Another multicenter, phase III trial of somatostatin receptor 

imaging published in 2000, using 
99m

Tc-depreotide for diagno-

sis of solitary lung nodules or masses, reported sensitivity 

(96.6%) and specificity (73.1%) with SPECT-imaging that were 

very similar to the results of 
18F-FDG PET imaging reports 

contemporaneous to this investigation, prior to PET/CT (34). 

This trial evaluated 114 patients with indeterminate lung 

nodules or masses ranging in size from 8 mm to 6 cm. 

Histologically proven malignancy was present in 88 of 144 

(61%) of patients, with 85 of these 88 cancers (96%) correctly 

identified as “probably malignant” by 
99mTc-depreotide SPECT 

imaging. There were three false negative imaging results, all 

from adenocarcinoma (two from lung primary tumors and one 

from metastatic colon cancer). Another 31 adenocarcinomas 

were correctly diagnosed as “probably malignant” on the basis 

of the 
99mTc-depreotide imaging study. False positive results 

included 7 granulomas and one hamartoma, though three other 

hamartomas were correctly classified as “probably benign.” 

“Probably benign” was correctly diagnosed in 19 of 26 (73%) 

of patients. The overall accuracy of differentiating benign from 

malignant etiology was 91% for these lesions that were 

indeterminate by other imaging criteria. These results are very 

impressive considering the technical limitations of the day 

(SPECT-only imaging instead of a modern PET/CT based 

scanner with easily performed SUV measurements). Despite 

these limitations, the lower resolution SPECT-based imaging 

was still able to identify as “probably malignant” a wide range 

of tumors, including NSCLC (adenocarcinoma, squamous cell 

carcinoma and large cell lung cancer), carcinoid tumors, small 

cell lung cancer and Hodgkin lymphoma.

  Mena and colleagues demonstrated that 
99mTc-depreotide 

scanning can successfully image both primary lung cancers and 

bony metastases (35). In 20 patients with newly diagnosed lung 

cancer undergoing both whole-body 
99m

Tc-depreotide and 

conventional imaging (including bone scans and radiographs of 

suspected bone lesions), somatostatin-based imaging demon-

strated uptake in 19 of 20 primary lung tumors with 55 bone 

lesions seen with conventional imaging, with 31 of these bone 
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Fig. 2. Use of a new synthetic 

somatostatin analog in lung can-

cer: Axial (A, B) and coronal (C, 

D) fused PET/CT images in a 

patient with newly diagnosed, un-

treated adenocarcinoma of the 

right upper lobe (arrows). The tumor 

is easily seen with both the so-

matostatin analog (
68

Ga-DOTATATE; 

A, C) and with conventional PET 

imaging (
18

F-FDG: B, D) with com-

parable uptake (each had an SUV 

value of 2.7). The combination of 

both imaging agents may help 

reduce false positive exams with 
18

F-FDG PET/CT imaging alone, 

decreasing unnecessary biopsies 

or thoracotomies. Images by the 

authors.

lesions determined to be malignant. Uptake of the somatostatin 

analog in the malignant bone lesions was seen in 28 of these 

31 malignant bone lesions (90%). Importantly, none of the 

benign bone lesions showed somatostatin-analog uptake. In 

addition, 
99m

Tc-depreotide imaging found six unsuspected 

extraosseous sites of metastases.

  A seminal paper from Kahn and coworkers compared the use 

of somatostatin receptor imaging in a Veteran population of 166 

patients imaged separately with 
99m

Tc-depreotide SPECT and 
18F-FDG PET (36). Nine patients were excluded, leaving 157 

patients included in the analysis. Pathologic proof of diagnosis 

was obtained in 146 patients, with a benign diagnosis verified 

in the remainder by follow-up. The sensitivities for the two 

imaging methods were statistically equivalent for detection of 

malignancy (96% for 
18

F-FDG PET and 94% for 
99m

Tc- 

depreotide SPECT) despite the typical superior spatial and 

contrast resolution of 
18F-FDG PET imaging, though the 

specificity of 
18F-FDG PET was superior to 99mTc-depreotide 

SPECT-based imaging for evaluation of the primary tumor 

(71% and 51%, respectively). FN results occurred with each 

imaging agent over a wide range of sizes (0.5∼3 cm for 
18F-FDG PET and 0.5∼4 cm for 99mTc-depreotide SPECT). Of 

six patients with relatively low grade lung cancers, 3 of these 

missed by 
18F-FDG PET and two were missed by 99mTc- 

depreotide SPECT. Granulomatous disease occurred in 13 

patients, 5 false positive (FP) by 
18F-FDG PET, with 4 of these 

5 FP by 
99mTc-depreotide SPECT. Importantly, when the results 

from the two imaging modalities were combined in a 

multivariate model, only two patients were false negative (FN) 

for cancer, each with a sub-cm lesion below the reliable 

resolution limits of the then current clinical 
18

F-FDG PET or 
99m

Tc-depreotide SPECT scanning equipment.

  The expression of SSTR receptors in 9 patients with NSCLC 

(6 with squamous carcinoma and 3 with adenocarcinoma) has 

also been assessed using 
68Ga-DOTATOC PET imaging, which 

binds to SSTR2 and 5 receptors, labeled with the PET-emitter 

gallium-68. Seven patients had received prior treatment with 

seven courses of chemotherapy with platinum-based regimens, 

and two patients were newly diagnosed and untreated. This 

study found moderate expression of SSTR2 in 7 of 9 primary 

NSCLC (squamous and adenocarcinoma) (37). An example of 

molecular imaging of a lung nodule using both modalities, 
18F-FDG PET and 68Ga-DOTATATE PET imaging at our 

institution is provided in Fig. 2.

  Ambrosini and colleagues reported on the sensitivity of 
68Ga-labeled somatostatin receptor PET/CT imaging with the 

analog DOTA-NOC in 13 neuroendocrine tumor patients, 

including 2 lung tumors (one well-differentiated and one poorly 
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differentiated lung carcinoid tumor) (38). The 68Ga-DOTA-NOC 

imaging was positive in all 13 patients, including in the two 

lung primary tumors.

  Few studies correlating the results of SSTR2 nuclear imaging 

with in vivo SSTR2 expression as determined by immuno-

histochemistry or other laboratory assays is lacking at this time, 

but as the use of this new imaging technique becomes more 

available and increasingly studied, this will be determined. A 

recent study from 2009 correlated the in vivo expression of 

SSTR2 by immunohistochemistry and SUV intensity using 
68Ga-DOTATOC PET imaging in 18 patients with neuroen-

docrine tumors, finding found strong correlation, including one 

lung tumor (typical carcinoid) (39).

PEPTIDE-RECEPTOR 
BASED RADIATION THERAPY

  Researchers are beginning to exploit radiolabeled soma-

tostatin analogs for therapy, called peptide-receptor radiation 

therapy (PRRT) (40,41). Imaging with PET-based somatostatin 

analogs prior to PRRT allows verification of both the presence 

of somatostatin receptors in sufficient quantity to allow 

effective uptake of the therapeutic agent and calculation of 

specific dosimetry in order to determine how much therapeutic 

agent to give.

  Pless et al. (42) reported a pilot trial using the beta-emitter 

form yttrium (
90

Y) labeled to the somatostatin analog 

DOTATOC for PRRT treatment of small cell lung cancer. A 

total of six patients were treated. While there was no 

demonstrable improvement in survival, the number of patients 

was small, all patients had extensive disease that was 

progressing on standard treatment, and not all areas of 

extrathoracic disease demonstrated uptake on 
111

In-octreotide 

scanning which was done to determine suitability for enroll-

ment. In another study, Virgolini et al. used 
90Y-DOTA- 

lanreotide to target SSTR-expressing tumors with radiation 

therapy, with uptake in all 8 patients with small cell neuro-

endocrine lung cancer, all 17 with NSCLC and all 8 patients 

with SCLC (43). Suitability of uptake was verified with 
111

In-octreotide imaging prior to enrollment. All patients entered 

the trial with progressive disease. Of the 33 patients with lung 

cancer in this trial, 10 received a measurable response to the 

PRRT treatment. Other similar studies been performed, some 

with measurable success, though few have looked specifically 

at lung cancer. SSTR2 imaging is likely to see further study 

in lung cancer, both in neuroendocrine tumors as well as other 

NSCLCs. Hopefully this will aid in the diagnostic management 

of pulmonary nodules, especially if CT screening becomes 

standard in high risk individuals, and in targeted treatment of 

SSTR2-expressing tumors (44).

  The detection of indeterminate pulmonary nodules (5∼15 

mm in diameter) is an increasingly frequent event given the 

increased use of chest CT imaging (45). Due to the recent 

encouraging results of the National Lung Screening Trial 

(NLST) showing a 20% reduction in lung cancer mortality in 

favor of low dose chest CT screening in high risk individuals 

(44). CT screening is likely to become standard clinical practice 

and further increase the detection rate of small, indeterminate 

lung nodules. These screening CTs in patients at high risk for 

lung cancer are reported to identify lung nodules worrisome 

enough to deserve a follow up in up to 27% of patients 

screened. Yet, only a small fraction of these nodules represent 

lung cancer (46). Given the costs and complications associated 

with diagnostic workup of pulmonary nodules, there is a critical 

need for effective tools to distinguish benign from malignant 

nodules non-invasively. PET-based somatostatin imaging, 

combined in a multivariate model with conventional imaging 

and 
18F-FDG PET/CT, may help improve the discrimination 

between benign and malignant lung nodules.

CONCLUSION

  Since their discovery in the 1970s, somatostatin and its 

receptors have received extensive study. Although our under-

standing has increased exponentially, much further research 

remains necessary to understand fully how SSTR signaling 

affects cell proliferation, particularly in cancerous tissue where 

mutated cells may respond differently to somatostatin receptor 

signaling than normal cells. The advances in medical imaging 

as well as therapeutics with somatostatin receptor-coupled 

ligands are particularly exciting. In the era of personalized 

medicine, future success in diagnosing and treating some lung 

cancers may incorporate the exploitation of somatostatin 

receptors and signaling pathways.
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