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Abstract

BACKGROUND

Neuroendocrine tumors of appendix (ANETs) known as carcinoids, are rare
endocrine neoplasms originated from enterochromaffin cells of gastrointestinal
tract. ANETs are the third most frequent (16.7%) gastrointestinal neuroendocrine
tumors, with the incidence of 0.08-0.2 cases/100000 during one year. Incidental
ANETSs occur in 0.2%-0.7% of emergency surgical resections because of suspected
appendicitis which is usually the first manifestation of ANET. Although there are
a lot of papers about application of somatostatin receptor scintigraphy in
gastrointestinal neuroendocrine tumors, there are very rare sporadic cases
described about ANETs particularly.

AIM
To establish the role of somatostatin receptor scintigraphy (SRS) in the
management of patients with neuroendocrine tumors of appendix (ANET).

METHODS

The total of 35 patients was investigated, 23 females and 12 males, average age
(43.7 £17.3 years). All patients had histological diagnosis of ANET (34 carcinoids
of appendix and one tubular carcinoid). Majority of tumors have been found
incidentally during surgery of: Acute appendicitis (1 = 15), perforated
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appendicitis (n = 2), ileus (1 = 3), hysterectomy (n = 3), ruptured ovarian cyst (n =
2), caecal volvulus (n = 1), while 9 patients had diagnosis of appendiceal tumor
before the surgery. Seventeen patients had tumor grade (G) G1, 12 G2 and 6 G3.
The right hemicolectomy was performed in 13, while the rest of the patients had
appendectomy only. SRS was done early (2 h) and late (24 h) after i.v. application
of 740 MBq technetium-99m ethylenediamine-N, N'-diacetic acid
Hydrazinonicotinyl-Tyr3-Octreotide (technetium-99m-Tektrotyd, Polatom,
Poland). SRS was performed for restaging in all the patients after surgery.

RESULTS

There were 12 true positive (TP), 19 true negative, 3 false positive and 1 false
negative SRS result. Sensitivity of the method was 92.31%, specificity was 86.36%,
positive predictive value was 80.00%, negative predictive value was 95.00% and
accuracy 88.57%. Receiver operating characteristics analysis showed that SRS
scintigraphy is a good test for detection TP cases [area under the curve of 0.850,
95% confidence interval (CI): 0.710-0.990, P < 001]. Single photon emission
computed tomography contributed diagnosis in 7 TP findings. In 10 patients
Krenning score was 4 and in 2 was 3. In 8 patients SRS significantly changed the
management of the patients (in two surgery was repeated, in 4 somatostatin
analogues and in two peptide receptor radionuclide therapy). Median
progression-free survival in SRS positive patients was 52 months (95%CI: 39.7-
117.3 mo) while in SRS negative patients it was 60 months (95%CI: 42.8-77.1 mo),
without statistically significant difference between the two groups (P = 0.434).

CONCLUSION
In conclusion, our results confirmed the value of SRS in the follow-up of the
patients with ANET after surgery, if recurrences or metastases are suspected.

Key words: Somatostatin receptor scintigraphy; Carcinoid; Appendix; Follow up; Nuclear
medicine; Radionuclide

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The aim is to establish the role of somatostatin receptor scintigraphy (SRS) in the
management of 35 patients with neuroendocrine tumors of appendix. Sensitivity of the
method was 92.31%, negative predictive value was 95.00% and accuracy 88.57%. In 8
patients SRS significantly changed the management. Median progression-free survival in
SRS positive patients was 52 months while in SRS negative patients it was 60 months,
without statistically significant difference between the two groups (P = 0.434). Our results
confirmed the value of SRS in the follow-up of the patients with neuroendocrine tumors of
appendix after surgery, if recurrences or metastases are suspected.

Citation: Saponjski J, Macut D, Sobic-Saranovic D, Ognjanovic S, Bozic Antic I, Pavlovic D,
Artiko V. Somatostatin receptor scintigraphy in the follow up of neuroendocrine neoplasms of
appendix. World J Clin Cases 2020; 8(17): 3697-3707

URL: https://www.wjgnet.com/2307-8960/full/v8/i17/3697 htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i17.3697

INTRODUCTION

Neuroendocrine tumors of appendix (ANETs) known as carcinoids, are rare endocrine
neoplasms originated from enterochromaffin cells of gastrointestinal tract. ANETs are
the third most frequent (16.7%) gastrointestinal neuroendocrine tumors, with the
incidence of 0.08-0.2 cases/100000 during one year!”. Incidental ANETs occur in 0.2%-
0.7% of emergency surgical resections because of suspected appendicitis which is
usually the first manifestation of ANETP. Over half of the ANET discovered
accidentally following appendectomy are the most often at the early stage, implicating
high survival rate. Majority (89%) of the tumors of appendix detected during surgery
are smaller than 1 cm, which metastasize in only 2%. Metastatic rate for the tumors
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between 1 cm and 2 cm, and over 2 cm is 50% and 80%-90%, respectively®.
According to the literature, 100% of these patients without lymph node metastases
survive 10 years, and over 90% if they have metastases, regardless of the size of the
initial tumor®.

Symptoms typical for carcinoid syndrome are detected in approximately 20%-30%
of patients with tumors usually with distant metastases!'l. For the diagnosis of the
neuroendocrine neoplasms of appendix, besides biochemical analyses, different
imaging methods and histopathology analyses with immunohistochemical staining,
we could use somatostatin receptor scintigraphy (SRS) or positron emission
tomography with computed tomography (PET/CT). Surgery represent the first-line
therapeutic option while in patients with advanced disease it could be considered
long-acting somatostatin analogues, targeted therapies (everolimus) or peptide
receptor radionuclide therapy (PRRT)!"l. According to Spallitta et all! SRS has an 86%
sensitivity in detection of the carcinoid of appendix and can be used for staging as well
as for planning an appropriate surgery. Also, in the patients with liver metastases
octreotide can relieve symptoms and delay the progression of the disease, which
emphasize the role of SRS and PRRT. Safioleas et al! emphasize the role of SRS in
extended surgical treatment. Candela ef al'”! emphasized the role of SRS and PET in
the diagnosis of the presence of locoregional metastases in ANET patients. Although
there are a lot of papers about application of somatostatin receptor scintigraphy in
gastrointestinal neuroendocrine tumors, there are very rare sporadic cases described
about ANETs particularly. Considering that theses tumors have specific symptoms
and are discovered mainly accidentally, the aim of this paper was to draw more
attention about appropriate management and particularly follow up of these tumors
using radionuclide methods. The aim of this investigation is to estimate the role of SRS
in the follow up of the patients operated for carcinoid of appendix.

MATERIALS AND METHODS

The study is retrospective analysis of SRS scintigraphies in the patients with ANETSs.
Demographic and clinical characteristics of 35 studied patients are shown in Table 1.
Majority of tumors have been found incidentally during surgery of: Acute appendicitis
(n = 15), perforated appendicitis (n = 2), ileus (n = 3), hysterectomy (n = 3), ruptured
ovarian cyst (n = 2), cercal volvulus (n = 1), while 9 patients had diagnosis of
appendiceal tumor before the surgery. All the patients gave informed consent for the
SRS investigation. The study was approved by Ethical committee of the Faculty of
Medicine University of Belgrade.

SRS was performed for follow-up of the patients after surgery because of ANET in
the cases when the results of other imaging methods were not conclusive enough.
Clinical assessment of majority of patients with ANETs during follow up after the
surgery was performed in the intervals 6-12 months. Initially, laboratory diagnostics
was performed following by ultrasound, computed tomography, magnetic resonance
imaging (US, CT, MRI) as well as endoscopy. SRS findings were confirmed by surgery,
biopsy and clinical follow up of 5 years. The histopathological diagnosis included
immunohistochemistry of the tumor in regard to chromogranin A and the Ki-67 index.

Whole body scintigraphy was performed 2 h and 24 h after i.v. administration of 740
MBq of technetium-99m, ethylenediamine-N, N'-diacetic acid, hydrazinonicotinyl-
Tyr3-Octreotide *"Tc-EDDA//HYNIC TOC (*Tc-Tektrotyd, Polatom), with ECAM
gamma camera and computer, using high resolution collimator and one photopeak
activity (140keV % 20%). After whole body scintigraphy, single photon emission
computed tomography of particular region was performed (360° orbit, step and shoot
mode, 30 s/view). Computer matrix was 128 x 128. Reconstruction was done using
filtered back-projection and iterative reconstruction. Patients were prepared with good
hydration and mild laxatives. Therapy with somatostatin analogs was temporarily
withdrawn. The images were evaluated and analysed by two nuclear medicine
physicians. Increased focal uptake of tracer apart of physiological accumulation was
considered a positive finding. Semiquantitative analysis was performed in some cases
in order to compare the tumor uptake of radiopharmaceutical to non-tumor tissue.

Statistical analysis

The results were presented as mean + standard deviation. Diagnostic performance of
SRS was estimated by determination of sensitivity, specificity, positive and negative
predictive values (PPV, NPV) and accuracy. Receiver operating characteristics (ROC)
of scintigraphy was performed, and area under the curve (AUC) was calculated.
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Table 1 Demographic and clinical characteristics of 35 studies patients

Characteristics Value
Age (yr)

Mean # SD (range) 43.7+17.3
Sex, 1 (%)

Male 12 (34.3)
Female 23 (65.7)

Histopathology, 1 (%)
Carcinoid of appendix 34 (97.1)
Tubular carcinoid 1(2.9)

Initial clinical grade, 1 (%)

@il 17 (48.6)
G2 12 (34.3)
G3 6(17.1)

Initial clinical stage, n (%)

Ia 10 (28.57)
b 6 (17.14)
Il 6 (17.14)
Il 7 (20.00)
v 6 (17.14)

Surgery, n (%)
Appendectomy 22 (62.9)

Right hemicolectomy 13 (37.1)

SD: Standard deviation; G: Grade.

Student t test was used to determine statistically significant difference between Ki 67
and chromogranin A (CgA) values in true positive and true negative patients.
Progression-free survival was assessed by Kaplan Meier survival analyses. Statistical
hypotheses were tested using statistical level of significance P < 0.05. IBM SPSS
Statistics 20, Chicago Illinois program was used for statistical analysis.

RESULTS

Somatostatin receptor scintigraphy was performed for follow up the patients after
surgery for ANETs. The SRS results were as follows: 12 true positives (TP), 19 true
negative (TN), 3 false positive (FP) and 1 false negative (FN). Sensitivity was 92.31%,
specificity was 86.36%, positive predictive value (PPV) was 80.00%, negative
predictive value (NPV) was 95.00% and accuracy 88.57% (Table 2).

Analysis of Receiver Operating Characteristics (ROC) shows AUC of 0.850 [95%
confidence interval (CI): 0.710-0.990, P < 001] (Figure 1). Single-photon emission
computed tomography (SPECT) contributed diagnosis in 7 TP findings. In 10 patients
Krenning score was 4 and in 2 was 3. The majority of our patients, n = 16 were stage II
(a, b), smaller group was stage III while only 6 patients were stage IV. The best results,
obviously very high negative predictive value (13 patients TN, without TP) were
obtained in stage II (a, b), in spite of 3 FP findings mainly due to local inflammation. In
7 patients with stage III, there was an equal number of TN and TP findings (n = 3) with
one FN due to very small size of the lesion. All the patients in stage IV were TP (very
high positive predictive value). In 8/35 (22.9%) patients SRS significantly changed the
management of the patients (in two surgery was repeated, in 4 somatostatin analogues
and in two peptide receptor radionuclide therapy were performed, Figures 2 and 3). In
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Table 2 Diagnostic accuracy of somatostatin receptor scintigraphy for detection of local recurrence and metastases

Parameter (%) 95%Cl

Sensitivity 92.31 63.97-99.81
Specificity 86.36 65.09-97.09
Positive predictive value 80.00 58.01-92.05
Negative predictive value 95.00 74.15-99.21
Accuracy 88.57 73.26-96.80

CI: Confidence interval.

1.0 ROC Curve
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Figure 1 Receiver operating characteristics analysis shows area under the curve of 0.850 (95% confidence interval: 0.710-0.990, P < 001).
ROC: Receiver operating characteristics; AUC: Area under the curve; Cl: Confidence interval.

Figure 2 Liver metastases of carcinoid of appendix revealed with *Tc-Tektrotyd.

6 of them (6/35, 17.1%) tumor node metastasis (TNM) classification was corrected after
SRS results. Distribution of SRS findings (TP, TN, FP, FN) according the stage of the
disease are shown in Table 3.

Average Ki 67 index values for TP were 5.62% * 3.17%, which was not significantly
different (P < 0.05, the t-value is 0.83491, the P value is 0.206583) from Ki-67 index
values in TN patients (3.54% * 2.12%). Chromogranin A values for TP patients 5081 +
2146 ng/L were significantly (P < 0.05, the f-value is 2.40933, the P value is 0.014193)
higher in comparison to the values in TN patients 43.35 + 16.92 ug/L.

Median progression- free survival in SRS positive patients was 52 months (95%CI:
39.7-117.3) months while in SRS negative patients it was 60 months (95%CI: 42.8-77.1
months), without statistically significant difference between the two groups (P = 0.434)
(Figure 4).
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Table 3 Distribution of somatostatin receptor scintigraphy findings in different groups of the patients according to the stage of the

resected tumor

Stage TP TN FP FN Total
Ila 0 8 2 0 10
IIb 0 5 1 0 6

Illa 0 6 0 0 6

IIb 6 0 0 1 7

v 6 0 0 0 6
TOTAL 12 19 3 1 35

TP: True positive; TN: True negative; TP: False positive; TN: False negative.

Figure 3 Liver metastases of carcinoid of appendix revealed with *Y-tetraxetan-tyrosine3-octreotate.

DISCUSSION

Our results proved high sensitivity, specificity, accuracy, as well as PPV and negative
predictive value of SRS in the follow-up of ANETs. The additional value of SPECT,
because of the increased resolution in comparison to planar images is confirmed in
20% of the patients. FP results were caused either by inflammation or by increased
uptake of radiopharmaceutical on particular site caused by previous surgery. In the
patient with FN finding, very small tumor below resolution of gamma camera was
confirmed. Our results prove the value of SRS in follow-up of ANETs, if recurrences or
metastases are suspected. The majority of our patients, n = 16 were stage II (a, b),
smaller group (n = 13) was stage III while only 6 patients were stage IV. According to
our results, number of TP are higher in advanced stages of the disease while number
of TN was higher in lower stages. The obviously very high negative predictive value
(13 patients TN, without TP) were obtained in stage II (a, b), in spite of 3 FP findings
mainly due to local inflammation. In 7 patients with stage III, there was an equal
number of TN and TP findings (n = 3) with one FN due to very small size of the lesion.
All the patients in stage IV were TP (very high positive predictive value). Similar to
our results Maxwell et al''! in small bowel NETs, obtained that the SRS localizing
group (TP) had a greater number of patients with multifocal disease, a greater number
of lymph nodes excised at surgery, a higher lymph node ratio (number of positive
lymph nodes divided by the total number of lymph nodes excised), and higher
somatostatin receptor 2 expression compared to the nonlocalizing group (FN),
although these differences were not significant. Likewise, according to van Adrichem
et al'”l primary tumor site, disease stage and ENETS TNM classification were not
significantly different between patients with negative and positive expression of
somatostatin receptors. In 8/35 (22.9%) patients SRS significantly changed the
management of the patients (in two surgery was repeated, in 4 somatostatin analogues
and in two peptide receptor radionuclide therapy were performed) and is also

Bishidenge WVJCC | https://www.wjgnet.com 3702 September 6,2020 | Volume8 | Issuel7 |



Saponjski ] et al. SRS in neuroendocrine neoplasms of appendix

Survival functions

1.0

0.8

0.6

0.4

Cum survival

0.2 4

0.0 4

TCT findings
1 negetive
..~ positive
—+— negetive-censored
positive-censored

20

40

T
60
t/mo

T
80 100 120

Figure 4 Median progression- free survival in somatostatin receptor scintigraphy. Median progression- free survival in somatostatin receptor
scintigraphy positive patients was 52 months (95% confidence interval: 39.7-117.3) while in somatostatin receptor scintigraphy negative patients it was 60 months
(95% confidence interval: 42.8-77.1), without statistically significant difference between the two groups (P = 0.434).
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valuable tool for the choice of therapy. In 6 of them (6/35, 17.1%) TNM classification
was corrected after SRS results. Similar to our results, Lebtahi ef all'! proved that SRS
results modified patient classification in 24% of the cases, while surgical therapeutic
strategy was changed in 25%. In all SRS positive patients, Krenning score was very
high.

According to Bednarczuk ef al"], SRS is more sensitive than radiological methods
with the sensitivity around 80% for the detection of the primary tumor site.
Investigations with positron emitting radiopharmaceuticals [Gallium-68(*Ga)-
peptides] are the preferred imaging method, particularly if the lesions are smaller than
1 cm. For localization of primary tumor and assess the disease stage, SRS in addition
to CT and MRI is recommended, but in the case of incomplete surgery of the ANET or
if distant metastases are suspected, SRS should be performed!‘. According to other
investigations sensitivity, specificity, accuracy, positive and negative predictive values
of #mTc- SRS were; 96%, 100%, 97%, 100% and 94% respectively, in NENs in general,
with high negative predictive value in ANET!), which is in concordance with our
results. Likewise, a lot of SRS investigations showed high sensitivity for
gastroenteropancreatic tumors, from 80% to 90%. However, sensitivities for metastatic
disease is even higher, and in many studies, Spallitta et al'*! recommend SRS in all the
patients with ANEN after the surgery, after US and CT examination as well as Spalitta
et al! as well as other authors!". Hoegerle et all”! concluded that there are some
potential pitfalls for SRS soon after surgery as well as Fornaro et al'*l. Namely, they
stated that there is a possibility of FP results, which is in concordance with our results.
SRS could detect lesions not seen with radiology imaging modalities!”), thus
influencing on the further patient management like in our study. In the case of high
expression of somatostatin receptors, even during somatostatin analogue treatment,
radionuclide therapy with somatostatin analogues should be considered as a first line
treatment™. However, in patients with negative SRS and evidence of
metaiodobenzylguanidine labelled with iodine-131 (*I-MIBG) accumulation in the
tumor or metastases, therapy with *'I-MIBG should be considered.

Our results prove that Ki-67 index was not very high in majority of the patients and
that it was in concordance with the number of positive findings, although there were
no significant differences between TP and TN patients (P > 0.05), which was confirmed
by the results of other authors!"”. However, this indicator can be valuable tool in
diagnosis and prediction of prognosis in goblet cell carcinomas, which are not
considered as ANET in the newest ENETs classification”*.

In our study, CgA was significantly increased in TP in comparison to TN patients (P
< 0.05). The value of CgA was particularly increased in 4 patients which can be
considered as an indicator for poor prognosis™’l. Perakakis et al” emphasized the role
of PET/CT with *F-fluoro-L-dihydroxyphenylalanine for diagnosis of adreno cortico
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tropic hormone (ACTH) secreting ANET. It was proved that SRS was more sensitive
than CgA in diagnosis of ectopic ACTH-syndrome due to a ANET with equivalent
specificity?”l. Moreover, SRS and CgA are recommended as useful methods in the
diagnostic approach of NET patients”!! and carcinoid patients”!. Similar to our results,
other authors suggested that serum CgA is useful indicator for the diagnosis and
follow-up of gastrointestinal NETs, while radionuclide imaging contributes to the
more precise localization of the primary tumors and metastases, as well as, to the
appropriate medical treatment!?. According to Stokkel et al*! who also emphasized
the higher sensitivity of SRS in comparison to CgA in staging and follow up of well-
differentiated NETSs, both methods should be used at the initial stage while disease
spread, symptoms, and metastasis have an influence on both SRS results and CgA
values. However, the results of van Adrichem et all”l point out that highest serum CgA
level was not significantly different between patients with negative and positive SRS
findings.

Median progression- free survival in SRS positive patients was 52 months, in SRS
negative patients it was 60 months without statistically significant difference between
the two groups (P = 0.434). ANETSs have a good prognosis, meaning that survival after
5-years is 85.9%-100%!1 which is in accordance with our results. Modlin et al*’]
concluded that patients with local disease survive 5 years in 92% of cases, those with
regional metastases 81% and the few with distant metastases of 31%"" while similar
results (94%, 85% and 34%). Some authors obtained the 7-year survival rate of
100%"*1. This is in accordance with our results considering grade and stage of our
investigated patients. Similar to our findings, SRS nor the Krenning score in SRS in
general did not relate significantly to progression-free survival®! nor can be used as
prognostic markers.

Bearing in mind that still the ideal radiopharmaceutical for scintigraphic diagnosis
of NETs has not been discovered, there are a lot of them under investigation” such
as: ”"Tc-EDDA--tricine-HYNIC-NATE, **Tc-EDDA /HYNIC-Tyrosine3-octreotate,
#mTc-6-hydrazinopyridine-3-carboxylic acid (0)-octreotide or indium-111 (tetraxetan-
tyrosine3-octreotate), *"Tc-demotate or *™Tc-P829. Wider application of hybrid
systems (SPECT/CT, SPECT/MRI) as well as new cadmium-zinc-telluride SPECT and
SPECT/CT cameras increased and widened application and increased the accuracy of
somatostatin receptor scintigraphy™ 1. These radiopharmaceuticals can also be used
for radio-guided surgery thus increasing sensitivity and specificity of the method™.
(18 F)-Fluoro-2-deoxy-D-glucose PET/CT is recommended for detecting of low
differentiated or heterogeneous neuroendocrine tumors. Recently, positron emitting
radiopharmaceuticals are preffered, such as °*Ga labeled peptides or 'F-
fluorodopamine. These radiopharmaceuticals as well as PET/CT provide superior
resolution, faster investigation, shorter imaging time and visualization in three
dimensions. However, because of their price and availability their application is still
not wide enough*l,

Our results point out that SRS with *"Tc-Tektrotyd is useful for follow up of the
patients after surgery of ANETSs, and that the results influence significantly to the
change in TNM classification as well as the further management of the patients. SPECT
and estimation of Krenning score had important role in diagnosis. SRS is also valuable
tool for the choice of therapy (surgery, somatostatin analogues or peptide receptor
radionuclide therapy). If PET/CT with “Ga-labeled peptides cannot be performed, the
special emphasize should be given to hybrid SPECT/CT imaging and to the
radioguided surgery. In spite of being a reliable, noninvasive technique for detection
of locoregional or distant metastases, it cannot be used as an ANET predictive
technique. Although there are not many data in the literature dealing particularly with
ANETs, considering that these tumors have specific symptoms and are discovered
mainly accidentally, in the emergency conditions, the aim of this paper was to draw
more attention about due time and appropriate management and particularly follow
up of this tumors using radionuclide methods.

ARTICLE HIGHLIGHTS

Research background

Neuroendocrine tumors of appendix (ANETs) known as carcinoids, are rare endocrine
neoplasms originated from enterochromaffin cells of gastrointestinal tract. Over half of
the ANET discovered accidentally following appendectomy are the most often at the
early stage, implicating high survival rate. Symptoms typical for carcinoid syndrome
are detected in approximately 20%-30% of patients with tumors usually with distant
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metastases. For the diagnosis of the neuroendocrine neoplasms of appendix, besides
biochemical analyses, different imaging methods and histopathology analyses with
immunohistochemical staining, we could use somatostatin receptor scintigraphy (SRS)
or positron emission tomography with computed tomography (PET/CT). Surgery
represent the first-line therapeutic option while in patients with advanced disease can
be considered long-acting somatostatin analogues, targeted therapies (everolimus) or
peptide receptor radionuclide therapy.

Research motivation

Although there are a lot of papers about application of somatostatin receptor
scintigraphy in gastrointestinal neuroendocrine tumors, there are very rare sporadic
cases described about ANETSs particularly. Considering that these tumors have specific
symptoms and are discovered mainly accidentally, the aim of this paper was to draw
more attention about appropriate management and particularly follow up of this
tumors using radionuclide methods.

Research objectives
The aim of this investigation is to estimate the role of SRS in the follow up of the
patients operated for carcinoid of appendix.

Research methods

The total of 35 patients was investigated, 23 females and 12 males, average age (43.7 +
17.3 years). All patients had histological diagnosis of ANET (34 carcinoids of appendix
and one tubular carcinoid). Majority of tumors have been found incidentally during
surgery of: Acute appendicitis (n = 15), perforated appendicitis (n = 2), ileus (n = 3),
hysterectomy (n = 3), ruptured ovarian cyst (n = 2), caecal volvulus (n = 1), while 9
patients had diagnosis of appendiceal tumor before the surgery. Seventeen patients
had tumor grade (G) G1, 12 G2 and 6 G3. The right hemicolectomy was performed in
13, while the rest of the patients had appendectomy only. SRS was done early (2h) and
late (24h) after i.v. application of 740 MBq technetium-99m ethylenediamine-N, N'-
diacetic acid Hydrazinonicotinyl-Tyr3-Octreotide (technetium-99m-Tektrotyd,
Polatom, Poland). SRS was performed for restaging in all the patients after surgery.

Research results

There were 12 true positive (TP), 19 true negative, 3 false positive and 1 false negative
SRS result. Sensitivity of the method was 92.31%, specificity was 86.36%, positive
predictive value was 80.00%, negative predictive value was 95.00% and accuracy
88.57%. Receiver Operating Characteristics analysis showed that SRS scintigraphy is a
good test for detection TP cases (area Under the Curve of 0.850, 95% confidence
interval/CI: 0.710-0.990, P < 001). Single-photon emission computed tomography
(SPECT) contributed diagnosis in 7 TP findings. In 10 patients Krenning score was 4
and in 2 was 3. In 8 patients SRS significantly changed the management of the patients
(in two surgery was repeated, in 4 somatostatin analogues and in two peptide receptor
radionuclide therapy). Median progression-free survival in SRS positive patients was
52 months (95%ClI: 39.7-117.3) while in SRS negative patients it was 60 months (95%CI:
42.8-77.1), without statistically significant difference between the two groups (P =
0.434).

Research conclusions

Our results point out that SRS with *™Tc-Tektrotyd is useful for follow up of the
patients after surgery of ANETSs, and that the results influence significantly to the
change in tumor node metastasis classification as well as the further management of
the patients. SPECT and estimation of Krenning score had important role in diagnosis.
SRS is also valuable tool for the choice of therapy (surgery, somatostatin analogues or
peptide receptor radionuclide therapy). If PET/CT with ®Ga-labeled peptides cannot
be performed, the special emphasize should be given to hybrid SPECT/CT imaging
and to the radioguided surgery. In spite of being a reliable, noninvasive technique for
detection of locoregional or distant metastases, it cannot be used as an ANET
predictive technique. Although there are not many data in the literature dealing
particularly with ANETSs, considering that these tumors have specific symptoms and
are discovered mainly accidentally, in the emergency conditions, the aim of this paper
was to draw more attention about due time and appropriate management and
particularly follow up of tumors using radionuclide methods.
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Research perspectives

The ideal radiopharmaceutical for scintigraphic diagnosis of NETs has not been
discovered, there are a lot of them under investigation. Wider application of hybrid
systems (SPECT/CT, SPECT/magnetic resonance imaging) as well as new cadmium-
zinc-telluride SPECT and SPECT/CT cameras increased and widened application and
increased the accuracy of somatostatin receptor scintigraphy. These
radiopharmaceuticals can also be used for radio-guided surgery thus increasing
sensitivity and specificity of the method. (18 F)-Fluoro-2-deoxy-D-glucose PET/CT is
recommended for detecting of low differentiated or heterogeneous neuroendocrine
tumors. Recently, positron emitting radiopharmaceuticals are preffered, such as “Ga
labeled peptides or *F-fluorodopamine. These radiopharmaceuticals as well as
PET/CT provide superior resolution, faster investigation, shorter imaging time and
visualization in three dimensions. However, because of their price and availability
their application is still not wide enough.
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