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Abstract: Somatostatin receptor expression on both protein and gene expression level was compared with in vivo 
68Ga-DOTATOC PET/CT in patients with neuroendocrine carcinomas (NEC). Twenty-one patients with verified NEC 
who underwent a 68Ga-DOTATOC PET/CT between November 2012 and May 2014, were retrospectively included. 
By real-time polymerase chain reaction, we quantitatively determined the gene expression of several genes and 
compared with 68Ga-DOTATOC PET uptake. By immunohistochemistry we qualitatively studied the expression of 
assorted proteins in NEC. The median age at diagnosis was 68 years (range 41-84) years. All patients had WHO 
performance status 0-1. Median Ki67 index was 50% (range 20-100%). Gene expression of somatostatin receptor 
subtype (SSTR) 2 and Ki67 were both positively correlated to the 68Ga-DOTATOC uptake (r=0.89; p<0.0001 and 
r=0.5; p=0.021, respectively). Furthermore, SSTR2 and SSTR5 gene expression were strongly and positively cor-
related (r=0.57; p=0.006). This study as the first verifies a positive and close correlation of 68Ga-DOTATOC uptake 
and gene expression of SSTR2 in NEC. SSTR2 gene expression has a stronger correlation to 68Ga-DOTATOC uptake 
than SSTR5. In addition, the results indicate that the gene expression levels of SSTR2 and SSTR5 at large follow 
one another. 

Keywords: Neuroendocrine carcinoma, neuroendocrine tumors, immunohistochemistry, gene expression, imaging, 
68Ga-DOTATOC PET/CT, somatostatin receptor type 2, somatostatin receptor type 5, mammalian target of rapamy-
cin, urokinase-type plasminogen activator receptor 

Introduction

Neuroendocrine neoplasms (NENs) are defined 
as epithelial tumors with predominant neuroen-
docrine differentiation and an expression of 
general neuroendocrine tumor markers as 
chromogranin A (CgA) and synaptophysin. The 
World Health Organization (WHO) 2010 classifi-
cation of gastroenteropancreatic (GEP)-NENs is 
based on proliferation (Ki67 index and mitotic 
count), opposed to the NEN classification of the 
lung utilizing mitotic count [1-4].  

GEP-NENs with Ki67 >20% are classified as the 
high-grade neuroendocrine carcinomas (NECs, 
WHO grade (G) 3) and constitute a heteroge-

neous group. NECs are a contentious topic 
since the diagnosis, prognostic markers and 
therapeutic options have been challenged [5, 
6]. Despite increasing research on NECs, the 
median overall survival (OS) is stagnant. Disse- 
minated NEC is primarily treated with chemo-
therapy [7]. Platinum-based chemotherapy is 
established as first line treatment, yet patients 
with GEP-NEC have a poor OS even on treat-
ment (4-16 months) and new therapeutic alter-
natives are warranted [6-8]. Patients with high-
grade lung NEN have a median OS of 17 months, 
and the prognosis for patients with primary thy-
mic NEN remains poor, patients having a 5-year 
survival of nearly 0% [2]. Moreover, the Nordic 
NEC study showed that the objective response 



68Ga-DOTATOC PET uptake and gene expression profile in NEC patients

60	 Am J Nucl Med Mol Imaging 2016;6(1):59-72

rate was lower in patients with GEP-NEC having 
a Ki67 index <55% compared to patients with a 
Ki67 index ≥55% supporting the concept that 
the current WHO G3 category is heterogeneous 
[7]. Supplementary characterization of NECs is 
essential for selection of patients with response 
to therapy.

Functional imaging and histopathology may be 
important for diagnosis, selection of treatment, 
and prediction of prognosis in patients with 
NEC. Somatostatin (SST) is a peptide present in 
neurons and endocrine cells with an inhibitory 
effect on a wide range of physiological func-
tions [9]. Furthermore, SST has an important 
regulatory role in neurotransmission and secre-
tion. Its anti-proliferative action in normal tis-
sues and in NENs has the ability to control cell 
growth with the potential for therapeutic appli-
cation [9-12]. SST actions are mediated by 
transmembrane domain G-protein-coupled 
receptors, yet the signaling pathway of SST is 
complex and varies among receptors types, 
cells and organs. Six distinct subtypes of soma-
tostatin receptors (SSTR) are identified (SSTR 
1, 2A, 2B, 3, 4 and 5). SSTR2B has not been 
identified in humans [13]. Multiple subtypes 
may frequently coexist in the same cell [14]. 
Naturally occurring SST has a very low meta-
bolic stability in vivo (<2 minutes) and more 
stable synthetic analogues have therefore been 
developed for treatment and in vivo diagnostic 
purposes labeled with positron emitters as flu-
orine-18 (18F), copper-64 (64Cu) and gallium-68 
(68Ga) [14-17]. Somatostatin receptor imaging 
(SRI) is so far the most specific and sensitive 
imaging modality for NENs [18]. 

Particularly, NENs with a Ki67 index ≤20% 
(WHO G1 and G2) have an overexpression of 
membrane bound SSTR, which can be targeted 
with radiolabeled analogues [9, 14, 19]. 
Available agents include the 1,4,7,10-tetra- 
azacyclododecane-1,4,7,10-tetraacetic acid 
(DOTA)-coupled, SST-based radiopeptides 
[DOTA0, Tyr3]-octreotide (DOTATOC) and [DOTA0, 
Tyr3, Thr8]-octreotide (DOTATATE) [18]. 68Ga- 
DOTATOC is a SST-based ligand for positron 
emissions tomography (PET)/computed tomog-
raphy (CT) which predominately binds SSTR2 
[14]. The expression pattern of SSTRs in NENs 
has been studied by semi-quantitative 
approaches and molecular imaging based on 
radioactive labeling of SST analogs, and has 
gained a pivotal role in the diagnostic workup of 

NENs [10, 14, 19-21]. However, the gene 
expression pattern of SSTRs and 68Ga-DOTATOC 
has to the best of our knowledge never been 
studied in NECs.

The aim of the study was to obtain a more accu-
rate identification of the quantitative gene 
expression underlying 68Ga-DOTATOC results in 
NECs, which has not previously been estab-
lished and to elucidate whether the expression 
of SSTR2 and SSTR5, could explain the results 
obtained by 68Ga-DOTATOC PET. Therefore, by 
real-time polymerase chain reaction (qPCR), we 
quantitatively determined the gene expression 
of several genes. In addition, we qualitative 
studied the expression of assorted proteins by 
immunohistochemistry (IHC) in NEC. 

Material and methods

Patient identification 

Twenty-one patients with a histopathologically 
verified NEC, who underwent a 68Ga-DOTATOC 
PET/CT between 7th of November 2012 and 
20th of May 2014, were retrospectively includ-
ed at Department (Dept.) of Surgical Gast- 
roenterology, Dept. of Oncology, Dept. of Endo- 
crinology and Dept. of Clinical Physiology, 
Nuclear Medicine and PET at Rigshospitalet, 
Denmark. Data processing was handled in a 
non-personalized matter (patient-numbering). 
As a retrospective database study the National 
Committee on Health Research Ethics did not 
require written or verbal informed consent. The 
NEN-database of Rigshospitalet was approved 
by The Danish Data Protection Agency (#2007-
58-0015), and data extracted from here. The 
study was performed in accordance with the 
Declaration of Helsinki.

Immunohistochemistry 

Formalin-fixed paraffin-embedded (FFPE) tis-
sue from all 21 patients was available either 
from primary tumors (13 patients) or metasta-
ses (8 patients). The tissue in 11 cases was 
from biopsies. IHC was performed on all tissue 
specimens to assess potential makers for char-
acterization using the antibodies summarized 
in Table 1A. The FFPE tissue was cut in 4 μm 
thick section, mounted on glass slides, and 
placed in an incubator at 40°C for 60 minutes. 
The temperature was increased for one hour 
and 15 minutes to 60°C, and the slides were 
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deparaffinized in shifts of xylene for 15 min-
utes followed by multiple shifts of ethanol in 
decreasing concentrations from 99.9% advanc-
ing the sections to demineralized water. Antigen 
retrieval was performed using heat-induced 
epitope retrieval (HIER) in citrate buffer pH 6.0 
for 15 minutes in a microwave oven followed by 
30 minutes rest at room temperature and then 
immersion in phosphate-buffered saline (PBS) 
containing 0.1% TWEEN®20 (cat. #P1379-25 
mL, Sigma-Aldrich, St. Louis, Missouri (MO), 
USA) for five minutes. Subsequent reactions all 
took place at room temperature. After 10 min-
utes of immersion in PBS, the slides were trans-
ferred to humidity chambers where each sec-
tion was covered with peroxidase blocker (cat. 
#S2023, Dako, Glostrup, Denmark) for eight 
minutes and then rinsed with three shifts of 
PBS every two minutes. The sections were 
blocked using 2% Bovine Serum Albumin (BSA) 

(cat. #A7906-100g, Sigma-Aldrich, St. Louis, 
MO, USA) for 10 minutes followed by primary 
antibody diluted in 2% BSA for samples and 
positive control tissue, whereas species-
matched FLEX control (cat. #IS600 [rabbit] and 
#IS750 [mouse], Dako, Glostrup, Denmark) 
was added to negative control samples. 
Antibody dilutions are described in Table 1A. 
The samples were then incubated for one hour 
followed by rinse in three shifts of PBS every 
two minutes. 

The secondary horseradish peroxidase conju-
gated antibody was now added to the samples; 
EnVision™ FLEX (cat. #K4001 [mouse], Dako, 
Glostrup, Denmark), which was left, to incubate 
for another 40 minutes followed by rinse in two 
shifts of PBS for five minutes. The samples 
were developed using 3,3’-diaminobenzidine 
(DAB) for 10 minutes (cat. #K3468, Dako, 

Table 1A. Antibodies used for immunohistochemistry  
Antibody Clone/Code Host Provider Dilution
Ki67 MIB1 Monoclonal Mouse Dako Denmark A/S, Glostrup, DK 1:100
uPAR R2 Monoclonal Mouse Finsen in-house 1:20000
Anti-SSTR2 8B44 Monoclonal Mouse My Biosource, San Diego, USA 1:150
SSTR5 SP4678P Polyclonal Rabbit Acris Antibodies, Herford, Germany 1:200
Anti-mTOR ab25880 Polyclonal Rabbit Abcam, Cambridge, USA 1:1000
Synaptophysin Svp 88 Monoclonal Mouse Novestra Ltd, Newcastle, UK 1:50
Chromogranin A A0430 Polyclonal Rabbit Dako Denmark A/S, Glostrup, DK 1:2000

Table 1B. Primer identification, sequences, amplicon length and concentration for the genes investi-
gated

Genes NM ID Forward Primer (5’-3’) Reverse Primer (5’-3’)
Amplicon 

length 
bp

Forward 
primer Final 
conc. nmol/L

Reverse 
primer Final 
conc. nmol/L

References

    ACTB 001101 TGGCATCCACGAAAACTAC GGCAGTGATCTCCTTCTG 142 300 300

    PPIA 021130 CGGATTTGATCATTTGGTG CCAGACAACACACAAGAC 109 300 300

    B2M 004048 CCAAAGATTCAGGTTTACTC CAACTTCAATGTCGGATG 100 600 300

    YWHAZ 001135700 AACTGCTTCCATGTCTAA TTACTACACCTGTGACTG 97 600 300

    GAPDH 001289746 GTCGGAGTCAACGGATTT GCAACAATATCCACTTTACCA 80 600 300

Targets        

    VEGF-a 001025366 GAGTGGTTGACCTTCC GGGATATTAAATAAGTACCGTATA 138 300 300

    ITGAV 002210 GGGTCAAGATCAGTGAGAAATCTTTAC ATTCCTGTAACATCATGCTATTGCTAG 139 300 600

    ITGB3 00212 CTCCTGTCCCTCATCCATAGC CAGCCAAGAGGTAGAAGGTAAATAC 103 300 300

    CAIX 001216 CTGCCCTCTGACTTCA CAGAGAGGGTGTGGAG 133 300 300

    HIF1-a 181054 AGCAGTCTATTTATATTTTCTACA GAGCATTAATGTAAATTAAGTAGA 111 300 300

    SSTR2 001050 ACCTCGTATAAGCTTCAAG GGTTCTTCAAATATCTTCTTC 121 600 600

    SSTR5 001172560 CTGAGTGGGCACAAATCC ATTTATCCTCGCATTTATTCAG 121 300 600

    uPAR 001005376 GCTGCCTGTGATAAATTATTAC CTCCCAAAGTGCTAGGAC 116 300 300

    mTOR 004958 GATAAGCTCACTGGTCGG AATATAGCACTGGCAGAGG 114 300 300

    Ki67 002417 TCCCGCCTGTTTTCTTTCTGAC CTCTCCAAGGATGATGATGCTTTAC 121 600 600
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Glostrup, Denmark) followed by rinse in PBS for 
two minutes. The samples were transferred to 
soak in demineralized water for five minutes, 
counterstained by one minute of Mayer’s hema-
toxylin, soaked for five minutes in demineral-
ized water, before being dehydrated in ethanol 
and finally mounted using PERTEX® as a mount-
ing medium.

Slides were scanned using an Axio Scan.Z1 
slide scanner (Carl Zeiss Microscopy GmbH, 
Jena, Germany) and subsequent image prepa-
ration was performed using software Zen lite, 
Carl Zeiss.

Interpretation of IHC results

Ki67 immunoreactivity was expressed as the 
mean percentage of tumor cells with the high-
est nuclear labeling after manual counting of 
20 hot spot areas. CgA immunoreactivity was 

scored as positive (>30% of the tumor cells 
reacted), focally positive (1-30% of the tumor 
cells reacted) or negative (less than 1% of the 
tumor cells reacted). All specimens had a posi-
tive immunoreaction for synaptophysin (>70% 
of the tumor cells reacted). 

For SSTR2 a semi-quantitative scoring system, 
validated in previous publication was used, tak-
ing into consideration both the subcellular 
localization and the extent of the staining, as 
follows [22]. Score 0: absence of immunoreac-
tivity; score 1: pure cytoplasmic immunoreac-
tivity, either focal or diffuse; score 2: membra-
nous reactivity in less than 50% of tumor cells, 
irrespective of the presence of cytoplasmic 
staining; score 3: circumferential membranous 
reactivity in more than 50% of tumor cells, irre-
spective of the presence of cytoplasmic stain-
ing (Figures 1A, 1B, 2, Table 2) [22]. 

Figure 1. Immunohistochemical images. A. HE. Large cell neuroendocrine carcinoma from the right colon. B. Same 
tumor as in A. SSTR2. Score 3. Circumferential membranous reactivity. C. SSTR5. Poorly differentiated large cell 
neuroendocrine carcinoma metastasis from the ovary. Cancer of unknown primary (CUP). Cytoplasmic staining. 
D. mTOR. Large cell neuroendocrine carcinoma metastasis from the liver. Cytoplasmic staining. E. HE. Large cell 
neuroendocrine carcinoma from the rectum. F. Same tumor as in F. uPAR. Score 2. Stromal and circumferential 
reactivity. G. Zoom of F.  
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For SSTR5 a cytoplasmic pattern of staining 
was observed, and cases were scored as posi-
tive in the presence of at least 10% of positive 
tumor cells, an interpretation validated in earli-
er publication (Figure 1C, Table 2) [22].

Several scoring systems for immunoreactivity 
of mamalian target of rapamycin (mTOR), have 
been suggested, both semi-quantitative (immu-
noreactive score (IRS), H-score) and dichotomi-
zation in positive and negative staining [23-30]. 
In the present study a cytoplasmic pattern of 
staining in tumor cells was observed in only 3 
cases the remainder were negative, hence 
cases were scored as positive in the presence 
of at least 30% of positive tumor cells (Figure 
1D, Table 2).

The monoclonal antibody (R2) against human 
urokinase-type plasminogen activator receptor 

(uPAR) has been described previously [31]. 
Semi-quantitative scoring systems for uPAR 
have earlier been described, optimized and 
tested [32, 33]. As well as a simplified scoring 
system of uPAR [34-36]. Suitable for the pres-
ent cohort the immunoreactivity was scored as 
follows: 0: no uPAR positive cells; 1: only uPAR 
positive stromal cells in tumor; 2: uPAR positive 
stromal and circumference of tumor plus above 
10% positive tumor cells (Figure 1E-G, Table 2). 
Hematoxylin-eosin (HE) slides were morpholog-
ically evaluated as small or large cell [1]. 

Quantitative real time polymerase chain reac-
tion (qPCR) 

RNA extraction from FFPE: Tissue blocks were 
cut in 2×10 μm thick sections that were put into 
a 1.5 ml sterile Sarstedt tube® (Sarstedt AG & 
Co., Nümbrecht, Germany). Tissue sections 

Figure 2. A. 68Ga-DOTATOC PET/CT of a neuroendocrine carcinoma in the stomach (arrows) with high SSTR2 gene 
expression. B. IHC of same tumor as in A. SSTR2 score 2. 
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Table 2. Patient and disease characteristics (n=21) 
Number of females 11 (52%)

Number of males 10 (48%)

Age at scanning time (median (yrs), range) 68 (41-84)

WHO performance status at scanning time

    1 13 (62%)

    0 8 (38%)

Location of primary tumor

    Esophagus or stomach 3 (14%)

    Small Intestine 1 (5%)

    Colo-rectal 6 (29%)

    Pancreas 4 (19%)

    Thymus 1 (5%)

    Lung 3 (14%)

    CUP* 3 (14%)

Metastatic disease**  

    Lymph node metastases 11 (52%)

    Liver metastases 11 (52%)

    Bone metastases 2 (10%)

    Brain metastases 3 (14%)

Immunohistochemistry  

    Ki67 (median (%), range) 50 (20-100)

    Ki67<55% 11 (52%)

    Ki67≥55% 10 (48%)

Chromogranin A  

    Positive 10 (48%)

    Focally positive 9 (43%)

    Negative 2 (10%)

    Synaptophysin positive 21 (100%)

SSTR2  

    3 (circumferential membranous reactivity ≥50% of tumor cells, irrespective of the presence of cytoplasmic staining) 3 (14%)

    2 (membranous reactivity in <50% of tumor cells, irrespective of the presence of cytoplasmic staining) 4 (19%)

    1 (pure cytoplasmic immunoreactivity, either focal or diffuse) 10 (48%)

    0 (negative) 2 (10%)

    not done 2 (10%)

SSTR5  

    Positive (>10% pos. cells, cytoplasmic) 8 (38%)

    Negative 9 (43%)

    Not done 4 (19%)

m-TOR  

    Positive 3 (14%)

    Negative 17 (81%)

    Not done 1 (5%)

uPAR  

    2: stromal and circumferences and >10% positive tumor cells 10 (48%)

    1: only stromal cells 6 (29%)

    0: no uPAR positive cells, negative 3 (14%)

    not done 2 (10%)
*Cancer of unknown primary. **Metastatic disease verified by surgery, CT or pathology.

were deparaffinized and RNA extracted using 
the Tissue Preparation System (Siemens 
Healthcare Diagnostics Inc., Tarrytown, USA). 
The RNA samples were stored at -80°C until 
further analysis.

cDNA synthesis: Using the AffinityScript™ QPCR 
cDNA Synthesis Kit (cat. #600559 Stratagene, 
La Jolla, CA, USA), 0.022 µg of total RNA was 
reverse transcribed to cDNA. RNA Sample 
quantity was assessed using a NanoDrop spec-
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trophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). Subsequent real-time 
qPCR analysis and the procedures were per-
formed according to the protocol of the manu-
facturer. In brief: A mixture containing 7 µL 
(0.022 µg) total RNA, 10 µL first strand master 
mix (2x), 2.45 µL Oligo (dT) primer (0.1 µg/µL), 
0.55 µL random primer (0.1 µg/µL) and 1 µL of 
Stratascript™ RT/RNase Block Enzyme Mixture 
were prepared and run on a Mastercycler gradi-
ent PCR machine (Eppendorf AG, Hamburg, 
Germany) utilizing a program of 5 minutes of 
primer annealing at 25°C, 15 minutes of cDNA 
synthesis at 42°C and finally termination for 5 
minutes at 95°C. Subsequently cDNA was 
stored at -20°C until qPCR analysis. 

Quantitative real-time PCR: Tumor tissue from 
12 NEN patients was tested, using a commer-

cially available panel (“Human Endogenous 
Control Gene Panel”) of 12 reference genes 
(cat. #A101, Version 1.3 TATAA Biocenter AB, 
Göteborg Sweden). Five reference genes (RGs) 
(Table 1B) were found to be optimal using the 
geNorm algorithm embedded in the qBase+ 
software (Biogazelle NV, Zwijnaarde, Belgium) 
[37]. The RG stability was 0.957 (M-value) and 
0.417 (CV-value), reflecting the heterogeneity of 
the sample panels, since CV and M values 
<25% and 0.5, respectively, are observed in 
relatively homogeneous sample panels [37]. 

Primers for the genes of interest (GOI) and the 
five chosen most stably expressed RGs were 
designed using Beacon Designer™ 7.90 
(PREMIER Biosoft, Palo Alto, CA, USA) and 
quantified using Mx3005P™ real-time PCR sys-
tem (Stratagene, La Jolla, CA, USA). All primer 

Figure 3. A. 68Ga-DOTATOC PET/CT of a liver metastasis (arrows) with low SSTR2 gene expression from a gastric 
neuroendocrine carcinoma. B. IHC of the same liver metastasis as in A. SSTR2 score 1.
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designs included a BLAST search for test of 
homology and a test for secondary structures. 
The chosen primers were optimized to deter-
mine the final concentrations for the PCR, using 
reference cDNA from Human Reference RNA, 
Stratagene cat. #750500 (Table 1B). All prim-
ers were purchased from Sigma (Sigma-Aldrich, 
St. Louis, MO, USA).

Ten GOI were analyzed (Table 1B). All samples 
were run in duplicates using 1 µL cDNA. The 
Brilliant III Ultra-Fast SYBR® Green Master Mix 
(Stratagene, cat. #600882) was used. The 
thermal profile consisted of an initial denatur-
ation at 95°C for 3 minutes followed by 40 
cycles of denaturation at 95°C for 20 seconds 
and an annealing/extention step at 60°C for 20 
seconds. Gene expression data analysis was 
performed in qBase+ software (Biogazelle NV, 
Zwijnaarde, Belgium) [37]. An amplification effi-
ciency of 100% was used for all targets and 
data was reported as normalized relative quan-
tities (NRQs). The normalization factor of the 
five RGs was calculated and used for normal-
ization of the samples as described previously 
[38].

68Ga-DOTATOC PET/CT

Labeling technique and quality control of the 
radiopharmaceutical was performed according 
to the method described in a previous publica-
tion [39]. In brief: All patients underwent PET/
CT-scans with 68Ga-DOTATOC on dedicated 
PET/CT scanners (Siemens Biograph™ True 
Point™, Siemens mCT, Siemens, Erlangen, 
Germany). A dose of 150 MBq 68Ga-DOTATOC 

was injected intravenously and, after 45 min-
utes, whole-body PET was performed. On the 
same scanner, CT scans were performed imme-
diately prior to the PET scan. All CT scans were 
acquired as a high quality diagnostic CT scan 
with the use of intravenous contrast unless 
contraindications. The PET scan followed 
immediately with an acquisition time of 3 min 
per bed position. The CT data were used for 
attenuation correction of the PET data. Both 
image sets were reconstructed in trans-axial, 
coronal and sagittal images with a slice thick-
ness of 5 mm and 3 mm. Maximum standard-
ized uptake value (SUV)max in pathological foci 
as well as normal tissue was measured (Figures 
2 and 3). SUVmax biopsy was obtained by drawing 
spherical volumes of interest sufficiently large 
to encompass the whole lesion, hence a rim of 
surrounding normal tissue was included. SUVmax 

biopsy reflected the specific uptake in the organ 
from where the biopsy was taken and used for 
further IHC and gene expression analyses.

Statistical analysis

Logarithmic transformation (log10) of the gene 
expression data and SUVmax biopsy were applied to 
obtain normal distribution. Normal distribution 
assumptions were tested using the Kolmogorov-
Smirnov test. PET data and gene expression 
analyses were compared using the Pearson 
correlation coefficient as appropriate. P<0.05 
was considered statistically significant. 
Analyses were performed using SPSS 22 (IBM 
Corporation, Armonk, New York, USA).

Results

Patient characteristics

The clinicopathological characteristics of the 
21 patients are summarized in Table 2. The 
median age at scanning time was 68 years (41-
84 years). All patients had WHO performance 
status 0-1. 

Morphology and immunohistochemistry (IHC)

Morphologically, 3 (14%) were categorized as 
small cell, the remaining as large cell. Median 
Ki67 index was 50% (range 20-100%). Four 
patients included in our study had a Ki67 at the 
cut-off point for G3 (Ki67=20%). According to 
the findings in the Nordic NEC study, patients 
were categorized as Ki67 20-55% (n=11; 52%) 
and Ki67≥55% (n=10; 48%) (Table 2). The allo-

Table 3. Correlation of the ten genes of inter-
est and 68Ga-DOTATOC uptake

Genes of interest 
(GOI)*

SUVmax biopsy*

Pearson’s r (95% CI) p-value
SSTR2 0.89 (0.74-0.95) <0.0001
SSTR5 0.4 (-0.03-0.71) 0.07
ITGAV -0.02 (-0.45-0.42) 0.932
ITGB3 0.05 (-0.39-0.47) 0.834
Ki67 0.5 (0.09-0.77) 0.021
uPAR 0.09 (-0.35-0.50) 0.694
VEGFA -0.08 (-0.50-0.36) 0.72
mTOR 0.42 (-0.01-0.72) 0.055
HIF1α 0.25 (-0.19-0.62) 0.248
CA-IX 0.25 (-0.19-0.62) 0.25
*Log10; n=21.
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cation of the semi-quantitative assessment of 
the various IHC markers is depicted in Table 2 
and illustrated in Figure 1.

Gene expression and correlation with 68Ga-
DOTATOC 

The SUVmax biopsy values were correlated to gene 
expression levels of all GOI, Table 3. SSTR2 and 
Ki67 were both statistically significant, posi-
tively correlated to the 68Ga-DOTATOC-uptake 
(r=0.89; p<0.0001 and r=0.5; p=0.021, 
respectively) (Figure 4). A trend towards a posi-
tive correlation between 68Ga-DOTATOC-uptake 
and mTOR (r=0.42; p=0.055) and SSTR5 
(r=0.4; p=0.070; Figure 4) was found.

Prompted by the correlation between SSTR2 
gene expression and SUVmax biopsy, the relation of 
SSTR2 gene expression to SSTR5, Ki67 and 
mTOR gene expression was also investigated 
and shown in Figure 5. Most notable was the 

strong positive correlation of SSTR2 and SSTR5 
relative gene expression (r=0.57; p=0.006). 
Gene expression of Ki67 and mTOR were also 
significantly correlated to gene expression of 
SSTR2 (r=0.47; p=0.032 and r=0.53; p=0.013) 
(Figure 5).

Discussion

To our knowledge this is the first study compar-
ing qPCR data for SSTR2 and SSTR5 in NECs 
with 68Ga-DOTATOC PET/CT results. The major 
finding of the present study was a strong corre-
lation between 68Ga-DOTATOC uptake and 
SSTR2 gene expression as assessed by qPCR 
(p<0.0001). The expression of gene level of 
SSTR2 compared to SSTR5 was positively cor-
related (p=0.006), yet the results depicted in 
Figure 4 reflect that SSTR2 gene expression 
was stronger correlated to 68Ga-DOTATOC 
uptake than SSTR5 (p<0.0001 and p=0.07, 
respectively). The results indicate that the gene 

Figure 4. A-C. Univariate linear regression 
analysis of gene expression levels (SSTR2, 
Ki67, SSTR5) relative to SUVmax biopsy.  All rela-
tive gene expression results plotted are log10 
transformed (arbitrary units). The 95% con-
fidence interval is indicated by the dotted 
lines.

Figure 5. A-C. Univariate linear regression analysis of SSTR2 gene expression relative to mTOR-, Ki67- and SSTR5 
gene expression. All relative gene expression results plotted are log10 transformed (arbitrary units). The 95% confi-
dence interval is indicated by the dotted lines.
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expression levels of SSTR2 and SSTR5 follow 
one another, however, suggesting SSTR2 to be 
of highest impact for the PET signal. Previous 
studies found the relative level of gene expres-
sion in NEN to be much higher for SSTR2 than 
for any of the other SSTR subtypes [20, 40]. 
The most used 68Ga- and 64Cu-labeled soma-
tostatin receptor ligands (68Ga-DOTANOC, 68Ga- 
DOTATATE, 68Ga-DOTATOC and 64Cu-DOTATATE) 
differ in affinity for the SSTR2. Furthermore, 
68Ga-DOTANOC has higher affinity toward 
SSTR5, nevertheless clinical data show no 
major difference in performance [41]. 
Accordingly, it is no surprise that SSTR2 gene 
expression and not SSTR5 gene expression is 
the major determinant for PET tracer binding. 
Yet, for longitudinal comparison the use of the 
same 68Ga-based tracers may be important, 
e.g. due to differences in background uptake 
[41].

It could be argued, that gene expression does 
not necessarily lead to protein synthesis. 
However, since we found such a strong correla-
tion in the present study it seems that gene 
expression did reflect the synthesis of SSTR2 in 
NEC. This is important for future studies, as 
qPCR is an easy and truly quantitative method 
than can then be used for prediction of SRI 
outcome. 

An earlier study comparing material from fresh-
frozen tissue samples with FFPE tissue, showed 
that fresh-frozen tissue performed better in 
terms of the level of amplification, but accept-
able and concordant results were also obtained 
from FFPE samples [28]. However, in our study 
we found that also FFPE samples can be used 
for study of gene expression as no strong cor-
relation would otherwise had been found. 

Gene expression of the proliferation-associat-
ed gene, Ki67, correlated positively to gene 
expression of SSTR2 (p=0.032) and SRI uptake 
(p=0.021) (Figures 4 and 5). We would expect a 
negative correlation, since SRI is less frequent-
ly positive in patients with a high Ki67 index 
compared to patients with a lower Ki67 index 
[42]. We have no explanation for this finding 
and the number of patients studied is limited. 
However, it might be possible that even tumors 
with a high Ki67 index possess high gene 
expression for SSTR2, but this is not transmit-
ted to protein level. In line with our finding, our 
findings may question if not peptide receptor 

radionucleotide therapy (PRRT) e.g. with 
177Lu-DOTATATE could, at least from a ligand 
binding point, be used in high-grade NECs.

The recent focus on personalized medicine has 
led to a need for tumor characterization and 
diagnosis at the molecular level [18]. Thus, tar-
geted treatment with mTOR-inhibitors have 
been shown to prolong progression free surviv-
al (PFS) in patients with NEN [43, 44]. Therefore, 
we investigated if a potential marker for phos-
phatidylinositol 3-kinase (PIK3)/protein kinase 
B (AKT)/mTOR pathway activation might be 
detectable in NEC to select patients who could 
profit from a therapy with a mTOR-inhibitor. 
Protein mTOR was only expressed in 14% of 
cases (n=3; Table 2) having a primary tumor ori-
gin in pancreas, rectum or cancer of unknown 
primary (CUP). Positive IHC reactivity of mTOR 
has been suggested as a negative prognostic 
marker in NENs with low Ki67 indices, but is 
not validated in a cohort of NEC and cannot be 
compared with the present study [26]. 
Interestingly, the gene expression levels of 
SSTR2 and mTOR were significantly positively 
correlated (p=0.013). The hyper-activation of 
the PIK3/AKT/mTOR signaling pathway pro-
motes resistance to cell death and is an impor-
tant target for cancer therapy [44, 45]. A pro-
posal of dual targeting with an mTOR-inhibitor 
and SST-analog in treatment of advanced NEN 
associated with carcinoid syndrome has been 
proposed [43, 46]. The rationale for this 
approach is that the SST-analog binds to SSTR2 
on the cell surface, leading to reduced hor-
mone secretion by inhibiting cyclic adenosine 
monophosphate and intracellular calcium, 
causing increased apoptosis, and/or to reduc- 
ed cell proliferation by activating protein tyro-
sine phosphatases and subsequent regulation 
of different intracellular pathways including the 
PIK3/AKT/mTOR [45, 47]. The results of the 
present study reflect the association between 
SSTR2 and mTOR and the presence of mTOR 
on RNA level. At the protein level mTOR is not 
explicit in our study, hence it had been advanta-
geous if a comprehensive IHC work-up of the 
PIK3/AKT/mTOR pathway had been performed 
on both RNA and protein level, since mTOR 
might not be the correct target in this pathway.

Related to the mTOR complex is the angiogenic 
pathway mediated by the vascular endothelial 
growth factor A (VEGFA) and the hypoxia-induc-
ible factor (HIF1α) which both have a role in the 
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carcinogenesis of NENs [45]. The transcription 
factor, HIF1α, controls the expression of down-
stream proteins including VEGFA and carbonic 
anhydrase 9 (CA-IX) whose role is to stimulate 
tumor cell proliferation in conditions of hypoxic 
conditions, ultimately promoting angiogenesis, 
local invasion and metastasis [48]. Cell adhe-
sion molecules as integrin-αV (ITGAV) and 
integrin-β3 (ITGB3) are presumed to be indica-
tors of neo-angiogenesis and are expressed at 
variable levels in NENs [49]. Since a promi- 
sing angiogenesis PET-tracer (64Cu-NODAGA-
c(RGDyK)) targeting above mentioned integrins 
has been presented, and the fact that  anti-
angiogenetic therapy is currently explored in 
NENs in several clinical trials (e.g. bevacizum-
ab, ID#NCT01121939; sunitinib, ID#NCT- 
01525550) we found it relevant to investigate 
the different markers involved in angiogenesis 
[45, 50]. Earlier publications have suggested 
an interplay of SSTR signaling and hypoxia and 
since angiogenesis is a pathogenic hallmark as 
well as a therapeutic target we aimed to inves-
tigate tissue markers of hypoxia and angiogen-
esis, however we did not find any correlation of 
HIF1α, VEGFA, CA-IX, ITGAV or ITGB3 on mes-
senger RNA (mRNA) level to either SRI-uptake 
or SSTR2 gene expression [45, 48, 51]. 

uPAR has been shown to be up-regulated dur-
ing neoplastic invasion, and metastatic devel-
opment and may predict more aggressive phe-
notypes [33]. In this study 76% of the cases 
had positive IHC uPAR (Table 2). This study sup-
ports the theory of uPAR being expressed in 
aggressive phenotypes, moreover uPAR could 
be of interest as a target by non-invasive PET 
imaging in a variety of tumors [52-58]. 

To obtain a profound understanding of NECs, 
future studies should emphasize the gene 
expression pattern in NECs resulting in a more 
individualized approach on a diagnostic as well 
as therapeutic level. Moreover, there is a strong 
need for identifying novel prognostic factors 
capable of predicting the biological behavior of 
the disease.

One limitation is the rather limited number of 
patients. However, due to the restricted num-
ber of NEC patients who underwent surgery 
and the limited availability of fresh-frozen tis-
sue, the presented material is unique and dem-
onstrates substantial differences in markers 
fundamental for SRI. In accordance with this 
we did indeed demonstrate a highly significant 

correlation between 68Ga-DOTATOC PET tracer 
uptake and gene expression of SSTR2.
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