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Contribution of SomatostatinReceptorScintigraphy in the Diagnosis of
Digestive Neuroendocrine Tumors: Analysis of 72 Cases

Abstract:

Digestive neuroendocrine tumors (DNETs), rare and accounting for 1-2% of digestive cancers,
are diagnosedthrough a combination of biological tests, biopsy, and imaging.
Somatostatinreceptorscintigraphy (SRS) playsa key role in theirdetection. In
thisretrospectivestudyconducted at Mohammed VI University Hospital in Marrakech
between 2016 and 2021, 72 patients (meanage 54 + 14.3 years, femalepredominance)
wereincluded. The main symptomswere abdominal pain and hypoglycemia. In 69 patients,
99mTc-octreotide SRS demonstrated a specificity of 91.6% and a sensitivity of 84.2%, with
71.4% for staging, outperforming CT for primarytumorlocalization (80.9% vs. 51.5%).
Detection of insulinomasremainedlimited (50%). Primarytumorsweremainlypancreatic and
gastric, withmetastasesprimarilyhepatic and nodal. SRS remains a major tool for
localizingprimarytumors and smalllesions, and the integration of complementary techniques,
such as hybridimaging, dual-tracer scintigraphy, and combinedbiological and
histopathologicalevaluation, couldimprovesensitivity and allowearlierdetection, whichis
essential for patient prognosis.
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Introduction:

Digestive neuroendocrine tumors (DNETs) are rare pathologies, representingapproximately 1
to 2% of all digestive cancers. According to World HealthOrganization (WHO) data,
itisestimatedthatthere are around 40,000 new cases of DNETs per yearworldwide. However,
despitetheirlow incidence, DNETs are aggressive pathologies that can cause
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significantmorbidity and mortality. Indeed, the five-yearsurvival rate of patients
withDNETsisapproximately 50 to 60%. The diagnosis of DNETs can bechallenging, as the
symptomsmaybe vague and nonspecific. The diagnosisiscomplex and relies on a combination
of blood tests to detecttumor markers, imaging tests (CT, MRI, endoscopicultrasound, etc.) to
locate the tumor, and biopsy to confirm the diagnosis. Early and accuratediagnosisistherefore
essential to improve patient survival, highlighting the importance of using an appropriate
diagnostic imaging technique [1].

Somatostatinreceptorscintigraphy (SRS) is a molecularimaging technique that uses
radiopharmaceuticalslabeledwithsomatostatin analogues to detect the expression of
somatostatinreceptors on digestive neuroendocrine tumors. DNETsexpressingthesereceptors,
particularly type 2 (SSTR2), can beaccuratelydetected by this technique, makingit a
usefulmethod for the diagnosis and staging of DNETs.

99mTc-octreotide scintigraphyis a diagnostic methodthat can beused to detect digestive
neuroendocrine tumors. This methodisbased on the use of a radioactive tracer, Technetium-
99m (99mTc) labeledwithoctreotide, administeredintravenously and taken up by tumorcells.
This technique allowsvisualization and localization of tumorlesions. Severalstudies have been
conducted to evaluate the contribution of 99mTc-octreotide scintigraphy in the diagnosis of
digestive NETs, with variable results [2]. The sensitivity of 99mTc-Tektrotyd scintigraphy for
detectingprimarytumorswas 80%, specificity 92%, positive predictive value 98%, and
negativepredictive value 47%. A study by Zhang X. et al. (2015) reported a sensitivity of 88%
and specificity of 93% for thismethod [3].

The objective of ourstudyis to evaluate the effectiveness of somatostatinreceptorscintigraphy
(SRS) in the diagnosis of digestive neuroendocrine tumors (DNETs), by
analyzingepidemiological data includingfrequency, age and sex distribution, and clinicalsigns.
Wewillalsoassess the performance of SRS according to its indication usingstatistical tests,
compare itwithother diagnostic methods, and examine the concordance of
ourresultswithpublished data.

PATIENTS AND METHODS

This is a retrospectivestudyconducted at the NuclearMedicineDepartment of Mohammed VI
University Hospital in Marrakech over a six-yearperiod, fromJanuary 2016 to December 2021.
It included all patients whounderwentsomatostatinreceptorscintigraphy as part of the
assessment of digestive-origin neuroendocrine tumors (NETs).
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Data collection wascarried out with strict respect for patient anonymity and confidentiality of
medical information. Withinthisframework, wecollectedepidemiological, clinical, biological,
histopathological data, as well as information derivedfromsomatostatinreceptorscintigraphy,
frommedical records and departmental archives.

Inclusion criteria for thisstudywere:
o Patients whounderwent 99mTc-Tektrotyd somatostatinreceptorscintigraphy.
o Adolescents and adultsaged 15 years or older.

e Patients withhistologicallyconfirmed digestive NETs, or suspectedbased on clinical or
biologicalevidence.

e Complete and usable records, including all necessaryclinical, biological, and
scintigraphic information.

Exclusion criteriaincluded:
¢ Somatostatinreceptorscintigraphyperformed for non-digestive NETSs.
e Incomplete or unusable records.
e Records lacking a scintigraphy report.

The collected data weresubsequentlyanalyzed to evaluate the diagnostic performance of
somatostatinreceptorscintigraphy in digestive neuroendocrine tumors, includingitssensitivity,
specificity, and overallclinical utility.

RESULTS

Our seriesincluded 72 patients, comprising 42 women and 30 men, with a sex ratio of 0.71.
Patient agesrangedfrom 15 to 89 years, with a mean of 54 years. The majority of patients
(44.4%) were in the 46—60-year age group. Analysis by sexshowedthatwomentended to
develop the disease at a slightlyolderage, with 30.95% over 60 years and 40.47% between 46
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and 60 years, whereasamong men, 33.3% were over 60 years and 50% between 40 and 60
years. Socioeconomically, 88.9% of patients were of lowlevel and 11.1% of medium level.

Regardingmedicalhistory, most patients had a history of digestive neoplasia, observedin 46
patients, explained by the factthatmany patients wereundergoingrestaging for a
previouslyknown digestive NET. The mostfrequentcomorbiditieswerediabetes and arterial
hypertension, eachpresent in eight patients. Surgicalhistoryincludedthyroidsurgery in two
patients, cholecystectomy in one patient, and nephrectomy in one patient, whiletwo patients
werechronicsmokers. Somefamilyhistorywasnoted, including a fatherdeceasedfromlung
cancer and two cases of maternaldiabetes.

The circumstances of diagnosiswere variable. The mostfrequentsymptomwas abdominal
pain, observedin 20 patients, followed by recurrenthypoglycemiain 13 patients. Five patients
presentedwith abdominal masses, four withchronicdiarrhea, and threewithgeneral condition
deterioration. A tumor syndrome wasobserved in two patients, whilecarcinoid syndrome,
flushing, and intestinal obstruction wereeachfound in one patient. In 22 cases, the
discoverywas incidental. Functionally, 20 patients hadfunctional neuroendocrine tumors,
includinginsulinomas, gastrinomas, and carcinoidtumors, whereas 52 patients had non-
functionaltumors.

Laboratoryevaluation, performed in most patients, revealedvariousabnormalities. Seven
patients wereanemic, four hadhypoglycemia, four an inflammatory syndrome,
threehypoproteinemia, and one patient hyperbilirubinemia. Tumor markers wereavailable
for 51 patients; plasma chromogranin A wasmeasuredin 28 patients: normal in 14,
moderatelyelevated (1.5 - 3 times normal) in nine, and highlyelevated (>3 times normal) in
seven patients. Urinary 5-HIAA wasmeasured in seven patients, positive in five. Amongother
markers, CA19-9 wasabnormal in one patient out of eight, and CEA in two out of eight.
Gastrin and insulinlevelsweremeasured in five and six patients, respectively,
withabnormalresults in four and five patients, respectively.

Functionalmedicalimagingwas essential for diagnosis and follow-up of digestive NETSs.
Somatostatinreceptorscintigraphylabeledwith technetium-99m (Tektrotyd®) wasperformed
for all indications: screening in 18 patients, staging in seven patients, and restagingin 47
patients. Afterexcludingthree patients due to lack of Gold Standard, analysisincluded 69
patients. For screening, 15 patients weretested: eight positive and sevennegative. For
staging, amongseven patients, five were positive and twonegative. For restaging, among 47
patients, 36 were positive and 11 negative. The
primarytumorsdetectedweremainlypancreatic (11 cases), followed by duodenum (2),
stomach (4), small intestine (3), colon (3), rectum (2), liver (1), mesentery (1), and
ileocecalregion (2). In the screening group, eightprimarylesionswereidentified, includingtwo
in the duodenum and six in the pancreas.

Overall, scintigraphyresultscompared to the Gold Standard showed 48 true positives (69.6%),
one false positive (1.4%), 11 truenegatives (15.9%), and nine false negatives (13%). This
corresponded to a sensitivity of 84.2%, specificity of 91.6%, and positive predictive value of
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97.9%. The ROC curvehad an area under the curve of 0.879, and the Youden index was 0.758,
reflecting good diagnostic performance.

Comparisonwith CT in 43 patients showedthatscintigraphyhad a sensitivity of 80.9%, superior
to that of CT (51.5%), a statisticallysignificantdifference (p = 0.012, McNemar test).
Scintigraphywastherefore more effective in detectingprimarytumors.

Analysisaccording to tumor grade (Ki67), available for 39 patients, showedbetterdetection of
low-grade tumors (Ki67 < 20%). Among patients with Ki67 <3%, five had a positive
scintigraphy and threenegative. For Ki67 3—20%, 24 were positive and five negative; for Ki67
>20%, one patient was positive and one negative.

Regardinginsulinomas, amongnine patients included, five had positive scintigraphy and four
were false negatives, giving a sensitivity of 55.5%.

Localization of primarytumorsshowed a pancreaticpredominance (19 patients, 45.2%),
followed by stomach and duodenum (four patients each). Three patients
hadundetectedprimaries but presentmetastases, and one patient had a
hepaticprimarytumor. Metastasesweremainlyhepatic (28 patients, 54.9%), nodal (9 patients,
17.6%), pulmonary (6 patients, 11.8%), and spinal (4 patients, 7.8%), withotherisolated
locations. Most patients withhepaticmetastaseshad multiple lesions.

Otherimagingstudiesshowedthat thoraco-abdominopelvic CT, performedin 43 patients,
identified the primarytumorin 26, hepaticmetastases in nine, and pulmonarymetastases in
five patients. Abdominal ultrasound, performedin 19 patients, was normal in seven and
abnormalin 12, showinghypoechoicpancreatic or hepaticlesions. Hepatic MRI, performed in
nine patients, revealed at least one hepaticlesion in eight patients. MR
enterographyidentified the primary in seven out of nine patients examined. PET-FDG,
performed in three patients, was positive in two and normal in one.
Endoscopicexaminations, performedin 13 patients, identifiedduodenalNETs,
adenomatouspolyps, and pancreatic nodules.

Histologicalanalysis, performed on 54 specimens (75%), showedmainlywell-
differentiatedNETsin 20 patients, poorlydifferentiated or undifferentiated in four each, and
unspecifiedin 26 patients. Histological grade, available for 39 patients, was G1 in eight, G2 in
29, and G3 in two. Immunohistochemistry Ki67 proliferation index, availablein 39 patients,
showed Ki67 <3% in eight, 3-20% in 29, and >20% in two.

Twenty-eight patients underwentsurgery, withproceduresvaryingaccording to tumor site,
includingpancreatectomies, intestinal resections, and hemicolectomies. One patient
withunknownprimary and multiple hepaticmetastasesunderwenttumorectomywithresection
of resectablelesions. Amongsystemictreatments, five patients
receivedneoadjuvantchemotherapy, threepostoperative. Three patients
receivedsomatostatin analogues preoperatively and one postoperatively.

In summary, our descriptive analysis of 72 patients shows that 99mTc-labeled
somatostatinreceptorscintigraphy (Tektrotyd®) is an effective diagnostic tool for digestive
neuroendocrine tumors, particularly for well-differentiated, low-grade tumors. Results



187  highlight superiorsensitivitycompared to CT in detectingprimarytumors, with performance
188  varyingaccording to tumor grade and type.
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191  Figure 1 :Planar image of a 99mTc-Tektrotyd® scintigraphyshowing a focus of
192  hyperuptakelocalized in the pancreas«redarrow», with no evidence of
193  hepaticmetastaticinvolvement (representative case).
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Figure 2 :Planar image of a 99mTc-Tektrotyd® scintigraphyshowing multiple foci of
hyperuptakelocalized in the umbilicalregion of the abdomen (representative case).

Figure 3 : SPECT/CT image of a 99mTc-Tektrotyd® scintigraphyshowing a focus of hyperuptake
at the junction of the isthmus and body of the pancreas, corresponding to an insulinoma
(representative case).
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203  Figure 4 : SPECT/CT image of a 99mTc-Tektrotyd® scintigraphyshowing tissue formations in
204  the middle third of the esophagus (representative case).
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207  Figure 5: SPECT/CT image of a 99mTc-Tektrotyd® scintigraphyshowing tissue formations in
208 the middle third of the esophagus (representative case).
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Figure 6: SPECT/CT image of a 99mTc-Tektrotyd®
scintigraphyshowinghepaticlesionscorresponding to secondarymetastases (representative
case).



228

229

230

231
232
233
234
235
236

237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

252
253
254
255

256
257
258
259
260
261

262
263
264
265
266
267

Discussion :

In this single-center study of patients with digestive neuroendocrine tumors (NETs),
somatostatinreceptorscintigraphyusing 99mTc Tektrotyd® demonstrated a significant
diagnostic contribution, consistent with the literature. The observedmetastatic distribution—
predominantlyhepatic, followed by nodal, pulmonary, and osseousinvolvement—alignswith
the findings of Lombard Bohas and Garcia Carbonero et al., identifying the liver as the major
metastatic site [4,5].

Conventionalmorphologicalimagingremains essential. Abdominal ultrasound, while
accessible, has limitedsensitivity (13—27 %) [6,7] and detectedabnormalities in only a
minority of patients. Thoraco-abdomino-pelvic CT (TAP-CT) retains a central role,
withsensitivity for primarytumorsrangingfrom 60 to 90 % and for hepaticmetastasesfrom 46
to 70 % [11,12]. Entero-CT isparticularlyuseful for smallbowelNETs not identified on standard
CT, withsensitivity up to 84.7 % and specificity of 96.9 % [10]. In ourcohort,
itenabledlocalization of a mesenteric mass withsmallbowelthickening in one patient. MRI,
particularlyhepatic MRI, remains the most effective modality for detectinglivermetastases,
withreportedsensitivity up to 95.2 % [11]. 18F-FDG PET is relevant for high-grade NETs,
withaveragesensitivity of 58 %, reaching 78.6 % for aggressive neuroendocrine carcinomas
[12,13]. Endoscopic explorations complemented the workup: 13 patients wereexamined,
withupper Gl endoscopy (FOGD) revealingduodenalNETs and polyps, and
endoscopicultrasound in three patients visualizingpancreatic nodules or a tumor process.
Thesefindingsalignwith the literature, which reports sensitivity up to 88.5 % and specificity of
96.7 % [14,15].

From a histopathological perspective, analysis of samplesin 75 % of cases
revealedpredominantlywell-differentiatedNETs, a proportion comparable to thatreported by
Garcia Carbonero et al. [5]. Ki-67 index, assessedin 39 patients,
showedthatmosttumorswerebetween 3 and 20 %, consistent withpreviousstudies [5,16].

Regardingtreatment, the use of somatostatin analogues waslimited, likely due to
economicreasons, withonly a few patients receivingpre- or post-operativetherapy, in contrast
to otherseriesreporting 29 % of patients treated [5]. Nonetheless, theirantisecretory and
antiproliferativebenefits are wellestablished [17,18]. Chemotherapywasappliedaccording to
guidelines: streptozotocin or doxorubicin for well-differentiatedtumors, cisplatin and
etoposide for poorlydifferentiatedforms [15,16].

Finally, several prospects couldimprove diagnostic practice. Artificial intelligence applied to
Tektrotyd® scintigraphycouldenhancedetection and interpretation, withreportedsensitivity of
89.5 % and specificity of 87.8 % [19]. 68Ga-DOTATATE PET, offeringhigherresolution,
couldbecome the reference technique. The development of standardizedprotocols, the use
of combinedtracers, and monitoring withserum markers (chromogranin A)
couldfurtherstrengthen diagnostic accuracy and patient follow-up.
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269  CONCLUSION

270  The diagnosis of digestive neuroendocrine tumors relies on a

271  multidisciplinaryapproachintegratingendocrinology, oncology, surgery, and nuclearmedicine.
272  Biological tests, althoughuseful, lackspecificity, whilemorphologicalimaging (CT, MRI)

273  allowsassessment of tumor size and extent but maybelimited for slow-growingtumors.

274  Somatostatinreceptorscintigraphyrepresents an essential diagnostic tool, enablinglocalization
275  of primarytumors and metastases, withparticularly high sensitivity for tumorswith a

276  lowproliferation index (Ki67 < 20 %) and for gastric and pancreatic sites. In complement to
277  conventional techniques, itcontributes to earlydiagnosis and tailoredtherapeutic

278 management, therebyoptimizing patient prognosis.
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