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Abstract
Purpose: Insulinomas are the most common functioning neuroendocrine neoplasms of the pancreas,
typically diagnosed due to characteristic symptoms. In the vast majority, the treatment is surgical and
curative, requiring accurate localization of the tumour; conventional imaging, including somatostatin
receptor molecular imaging, is negative in up to 10 % of cases. Recently, labelled glucagon-like peptide
receptor (GLP-1R) analogues were introduced as a sensitive diagnostic method for localization of
insulinomas. The aim of this study was to assess the diagnostic accuracy of a Tc-99m-labelled GLP-1R
agonist [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 for localization of occult insulinoma.
Procedures: Eight patients (all females; age range 35–75 years) with biochemically proven
insulinoma and with negative or inconclusive conventional imaging (consisting of somatostatin
receptor scintigraphy, computed tomography, endoscopic ultrasound and magnetic resonance
imaging) were enrolled. Whole-body single-photon emission tomography/computed tomography
(SPECT/CT) imaging was performed 4 h post-injection of 740 MBq of [Lys40(AhxHYNIC-
[99mTc]EDDA)NH2]-exendin-4. Surgical treatment was performed based on imaging findings.
Histology of the removed lesions and biochemical and clinical symptom resolution was
considered as the gold standard for analysis of the imaging results.
Results: Focal uptake of [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 was found in all
patients, leading to successful removal of the offending lesion and complete biochemical and
symptomatic resolution. Histological analysis confirmed insulinoma in all included patients.
Conclusions: [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 SPECT/CT appears to be an
excellent molecular imaging method for preoperative localization of an occult insulinoma,
surpassing conventional imaging methods. If routinely available, it could be considered as a
method of choice due to its favorable combination of imaging characteristics.
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Introduction
Insulinomas are the most common functioning neuroendocrine
neoplasms of the pancreas (p-NENs) [1–4]. Patients characteris-
tically develop symptoms due to hypoglycaemia. The vast
majority (90–95%) of insulinomas are benign, most often smaller
than 2 cm in diameter and 95–100 % of these can be surgically
cured [3, 5]. The main challenge is the accurate localization of the
tumour, since in about 5–10 % of cases, all conventional imaging
techniques (computed tomography, CT; magnetic resonance
imaging, MRI) along with endoscopic ultrasound (EUS) do not
detect the tumour [6–8]. Invasive techniques such as intraarterial
calcium stimulation test have revealed better sensitivity (88–
100%) but provide information only on the anatomical region and
not the exact location of the tumour [9, 10]. Accurate preoperative
localization is essential to minimize unnecessary blind surgical
resection and to enable pancreas-sparing surgery to preserve
exocrine and endocrine function of the gland and full patient
recovery [11].

Over the past few years, nuclear medicine imaging
techniques based on peptide receptor targeting have been
rapidly developing and have an important role in the
diagnosis of p-NENs. The most established imaging method
for staging and localization of p-NENs is somatostatin
receptor scintigraphy (SRS), preferably performed as posi-
tron emission tomography with computed tomography (PET/
CT) with Ga-68-labelled somatostatin analogues; according
to the current ENETS guidelines, it is considered as the
method of choice for this purpose [4]. The method is based
on the overexpression of somatostatin receptors (SSTR) on
the surface of p-NEN cells. Unfortunately, insulinomas
frequently exhibit low expression and density of SSTR on
the surface of tumour cells, and therefore, the sensitivity of
PET/CT with Ga-68-labelled somatostatin analogues can be
as low as 25 % [12]. However, in almost all insulinomas,
another peptide receptor—glucagon-like peptide-1 (GLP-1)
receptor (GLP-1R)—is expressed in high densities [13, 14].
As a result, GLP-1R-targeting probes were developed and
scintigraphy of GLP-1R was successfully introduced as a
sensitive diagnostic method for localization of even very
small tumours (diameter below 1 cm), otherwise barely
detectable or undetectable by conventional imaging tech-
niques. GLP-1R agonists for use in humans were first
labelled with In-111 [15] and subsequently with Tc-99m [8]
and Ga-68 [16]; several promising positron-emitting probes
labelled with F-18 [17] and Cu-64 [18] were also tested in
animal models.

The aim of the present study was to assess the diagnostic
accuracy of a 99mTc-labelled GLP-1 receptor agonist
[Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 for lo-
calization of occult insulinoma.

Materials and Methods

Patients

Eight patients (all females; age range 35–75 years) with
suspected insulinoma were enrolled in the study. Seven
patients were treated at the Department of Endocrinology,
Diabetes and Metabolic Diseases, University Medical Centre
Ljubljana; one foreign patient was referred for diagnostic
imaging and surgery to our institution. The study was
approved by the National Medical Ethics Committee of
Republic of Slovenia (Protocol No. 140/10/12). Each patient
provided a signed informed consent upon entering the study.

For the diagnosis of insulinoma, the diagnostic criteria
proposed by the US Endocrine Society [19] and ENETS
guidelines [4] were used: endogenous hyperinsulinism
documented by appropriate symptoms, signs, or both with
plasma concentrations of glucose G 3.0 mmol/l, insulin ≥
3.0 mU/l, and C-peptide ≥ 0.2 nmol/l.

Conventional imaging techniques (CT, MRI, and EUS)
and SRS with [99mTc]EDDA/HYNIC-TOC were performed
ahead of GLP-1R scintigraphy.

Imaging Technique and Interpretation of GLP-1R
Scintigraphy

The radiolabelling of [Lys40(Ahx-HYNIC)NH2]-exendin-4
with Tc-99m followed a two-vial kit formulation as
previously published [8]. Between August 2012 and
May 2018, examinations with [Lys40(AhxHYNIC-
[99mTc]EDDA)NH2]-exendin-4 for localization of biochem-
ically suspected insulinoma were performed at the Depart-
ment for Nuclear Medicine, University Medical Centre
Ljubljana, Slovenia.

Blood glucose values were monitored before and after the
in jec t ion of 740 MBq of [Lys40 (AhxHYNIC-
[99mTc]EDDA)NH2]-exendin-4 at several time points
(5 min, 15 min, 30 min, 1 h, 4 h post-injection). None of
the patients required glucose infusion at the time of the
procedure. Between 3 and 4 h after injection of the
radiopharmaceutical, the images were acquired on a dual-
head single-photon emission computed tomography/
computed tomography (SPECT/CT) system Siemens
Symbia T2. Whole-body SPECT/CT imaging was per-
formed (32 projections per detector, matrix 256 × 256, zoom
level 1, 20 s/frame; low-dose CT at 30 mAs and 120 kV).
Reconstruction was performed using Siemens Flash3D
proprietary software with the iterative OSEM method (8
iterations, 16 subsets), attenuation and scatter correction and
resolution recovery.
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Final Diagnosis

Surgical excision of the lesion identified on GLP-1R
imaging (and other imaging modalities, where identified)
was performed in all patients. Histopathological evaluation
of the lesion and patient follow-up (symptom resolution,
normalization of blood glucose levels) served as the gold
standard.

Results

Clinical Characteristics

The patient history revealed symptoms suggestive of
hypoglycaemia lasting from 1 month to up to several years
prior to diagnostic testing. None of the patients were treated
with oral antidiabetic agents. The clinical characteristics are
summarized in Table 1.

A 72-h fast was performed in six patients (Table 2).
During hospitalization, patient no. 4 (P4) frequently devel-
oped symptoms and signs of hypoglycaemia and plasma
levels of glucose (2.2 mmol/l), insulin (8.9 mU/l), and C-
peptide (0.9 nmol/l) were recorded, fitting diagnostic
criteria. None of the patients were treated with oral
antidiabetic agents. Patient no. 6 (P6) was admitted to our
University Medical Centre Ljubljana for a confirmatory
GLP-1R scintigraphy to be performed, which was not
available in her country of origin. From the diagnostic
workup of P6 which started in her home country, the insulin
and C-peptide levels at calcium stimulation test were
included in the discharge papers of the last hospitalization;
72-h fast performed at an earlier time was reported as
positive by the referring physician in the accompanying
documentation. Surgery was also performed in our centre.

Preoperative Localization

SRS and CT imaging were performed in all patients; EUS was
performed in seven patients and MRI in four patients. The
preoperative localization is summarized in Table 3. In all eight
patients, focal uptake of the radiopharmaceutical in the pancreas
was found and the results of GLP-1R scintigraphy were deemed
positive. Images demonstrating insulinomas located in the body-
tail transition (patient no. 1 (P1); Fig. 1) and pancreatic tail (patient
no. 7 (P7); Fig. 2) are shown, in which other imaging techniques
were inconclusive or negative; Fig. 3 demonstrates a case (patient
no. 5 (P5)) with an insulinoma located at the neck of the pancreas
with completely negative conventional imaging (somatostatin
receptor scintigraphy, CT, MRI).

Surgical Procedure and Histology, Follow-up

All patients were eligible for surgery, and the offending lesionwas
successfully removed in all of them. Complete resolution of
symptoms after operative management was observed in all
patients. Histopathological analysis confirmed a well-
differentiated insulin-secreting neuroendocrine tumour in all cases
(Table 3).

During follow-up (duration between 1 and 75 months,
median 24.5 months), all patients were asymptomatic; one
patient died due to unrelated causes (sudden cardiac death,
advanced heart failure).

Discussion
In this prospective study, we evaluated the diagnostic
accuracy of [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-
exendin-4 hybrid SPECT/CT imaging for the localization
of occult insulinoma. Our results showed excellent

Table 1. Patient characteristics

P1 P2 P3 P4 P5 P6 P7 P8

Clinical characteristics
Age (years) 52 75 57 48 62 67 61 35
Gender F F F F F F F F
Diagnosis I. susp. I. susp. I. susp. I. susp. I. susp. I. susp. I. susp. I. susp.
Duration of symptoms (months) 18 48 1 6 36 24 A few years 60

F, female; I. susp., suspected insulinoma; P, patient

Table 2. Biochemistry parameters during a 72-h fast and/or development of symptoms

P1 P2 P3 P4 P5 P6 P7 P8

72-h fast
Duration (hour) 3 14 7 N/A 13 N/A 5 18
Glucose (mmol/l) 1.8 1.5 2.8 2.2 2.2 N/A 1.5 1.4
C-peptide (nmol/l) 1.7 1.7 0.8 0.9 0.7 N/A 0.4 1.9
Insulin (mU/l) 32.5 7.7 8.9 8.9 18.3 * 4.5 29.9

N/A, not available; P, patient; *7.0, 300.0, 218.9, and 61.6 mU/l in the lienal artery at 0, 30, 60, and 120 s after calcium stimulation (no significant rise in the
superior mesenteric and gastroduodenal artery during stimulation)
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sensitivity and specificity of this imaging modality, enabling
an accurate and focused surgical approach and in accordance
with the results of Sowa-Staszczak et al. using the same
radiopharmaceutical [8], where sensitivity and specificity
were reported to be 100 %. Even in patients where the
tumour was located in the tail of the pancreas, the high
physiological activity in the kidneys did not preclude the
accurate confirmation and localization of the lesion. In most
patients enrolled in the study, the conventional imaging was
negative and inconclusive or confirmation of the suggested

location of the tumour was requested, so this imaging
technique was the decisive option for the precise preopera-
tive localization of biochemically proven insulinoma.

Several studies have shown that GLP-1R scintigraphy is a
superior method for the detection of insulinoma in compar-
ison with CT, MRI, EUS, and SRS [8, 15, 16, 20]. In
accordance with previous results, the sensitivity of CT in our
series was 62.5 % (five out of eight patients). MRI was
performed only in four patients, and inconclusive results
were reported in two patients, whereas in the other two, the

Table 3. Summary of diagnostic imaging, surgery, and histopathology analyses

P1 P2 P3 P4 P5 P6 P7 P8

Preoperative imaging localization
EUS ± + – NP – – + ±
CT + – – ± – + + ±
MRI – ± ± NP – NP NP NP
SRS – – – – – ± – –
GLP-1R + + + + + + + +

Tumour characteristics
Histopathology I (G1) I (G1) I (G2) I (G2) I (G2) I (G1) I (G2) I (G1)
Dimension (mm) 15 10 × 15 10 30 × 29 × 25 10 10 8 12 × 10
Localization (pancreas) Body tail transition Body Tail Body Neck Tail Tail Body

EUS, endoscopic ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; SRS, somatostatin receptor scintigraphy; GLP-1R, GLP-1
receptor scintigraphy; +, positive; −, negative; ±, inconclusive; I, insulinoma; G, grade; G1, mitotic count ≤ 2 per 10 high-power fields and/or Ki67 index G
3 %, G2: mitotic count 2–20 per 10 high-power fields and/or Ki67 index 3–20 %; NP, not performed
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Fig. 1 Patient 1: Increased uptake of [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 at the body-tail transition in the
pancreas. a SPECT image. b CT image. c Fused SPECT/CT image. d Negative fused SPECT/CT image, somatostatin receptor
scintigraphy ([99mTc]EDDA/HYNIC-TOC). e Suspicious lesion at the body-tail transition in the pancreas (arrow) on the MRI T2-
weighted image, but negative on T1-weighted image (not shown). f Postoperative MRI T2-weighted image shows no residual
disease.



lesion was not detected. EUS was false-negative in three out
of seven patients, possibly due to the size of the lesion,
measuring only up to 10 mm. Another reason might be the
location of the tumour, since three of them were located in
the pancreatic tail, where the reported sensitivity is only 37–
50 % [21]. In contrast, tumours in the tail of the pancreas
were clearly visible in the present series (Fig. 2).

Only two-thirds of insulinomas show in vitro expression
of somatostatin receptor (in particular subtype 2) [13, 22],
whereas in in vivo studies, even lower detection rates were
published, as low as 20 % [16]. In the current study, none of
the patients was positive on SRS (one inconclusive result),
confirming the low expression and/or low surface density of
somatostatin receptors and also implying the benign status of
evaluated insulinomas; malignant insulinomas were shown
to express somatostatin receptors more frequently [8, 23]. In
keeping with the benign status of the primary lesions, no
metastases were found elsewhere in any of the patients.
However, in contrast to conventional imaging modalities,
nuclear medicine imaging routinely allows whole-body
scanning for staging purposes, which may be required in
advanced disease grade or at suspicion of an advanced stage.

Previous studies showed the significant impact of GLP-
1R scintigraphy on modifying clinical management and

permitting precise operative treatment, reducing surgical
trauma and pancreatic tissue loss [20, 24]. Our results
confirm these findings as in four out of eight patients only
GLP-1R scintigraphy showed the lesion in the pancreas
enabling focused access to the tumour and preserving as
much of the normal pancreatic tissue as possible.
Hypoglycaemia and nausea were reported as possible side
effect of GLP-1R targeting radiopharmaceuticals in former
studies [20, 23]. However, no side effects were observed in
our study. Hypoglycaemia was mainly reported in malignant
insulinoma [23]; as already stated, only benign insulinomas
were found in the current study.

This study is subject to several important limitations. The
most significant limitation is a small number of patients.
However, insulinomas are a rare entity and the patient
number reflects the expected incidence in the Slovenian
population. The second important limitation is the modality
used for somatostatin receptor molecular imaging conducted
at the time the study: although [99mTc]EDDA/HYNIC-TOC
is the best single-photon radiopharmaceutical for p-NEN
imaging, the diagnostic performance of Ga-68-labelled
somatostatin analogues is significantly higher, rendering
them the molecular imaging modality of choice [4]; it is
available in our institution from late 2018. However, data in
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Fig. 2 Patient 7: Increased uptake of [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 in the tail of the pancreas. High image
quality allows clear localization of the tumour despite high neighbouring physiological activity in the kidney. a SPECT image. b
CT image. c Fused SPECT/CT image. d Negative fused SPECT/CT image, somatostatin receptor scintigraphy ([99mTc]EDDA/
HYNIC-TOC). e Minimal perfusion anomaly in the tail of the pancreas in the arterial phase of contrast-enhanced CT (arrow).



the literature on the diagnostic performance of Ga-68-
labelled somatostatin analogues for localization of
insulinomas is limited and conflicting: whilst some workers
report low sensitivities of around 25 % [12], others report far
superior diagnostic performance with sensitivities around
90 % [25]; in the latter study, histological analysis confirmed
a well-differentiated insulinoma in all patients, in keeping
with our results. Further studies are warranted to clarify this
issue. Finally, the radiopharmaceutical used in this study is
not commercially available, which hampers confirmation of
our results in other centres and in larger patient numbers. To
our knowledge, apart from the present report, only one
centre has the radiopharmaceutical available for investiga-
tional use. However, the same limitation applies to all GLP-
1 analogues currently used in human studies, whether
labelled with Tc-99m, In-111, or Ga-68. In comparison with
In-111-labeled peptide receptor analogues, Tc-99m-labelled
peptides provide superior imaging quality and diagnostic
performance with the additional advantage of significantly
lower radiation exposure [26]; the same advantage was also
demonstrated in GLP-1 imaging [27, 28]. Ga-68-labelled
analogues provide the potential advantage of superior spatial
resolution inherent to PET: a recent study comparing
[68Ga]DOTA-exendin-4 PET/CT with [111In]DOTA-
exendin-4 SPECT/CT showed superior performance of
PET imaging over SPECT imaging [29]. Several other
PET radiopharmaceuticals were developed for GLP-1

receptor imaging, labelled either with F-18 [17, 30, 31] or
Cu-64 [18]. These also offer the advantage of superior
spatial resolution and—with longer half-life of Cu-64
(12.7 h)—the potential advantage of delayed imaging and
increased contrast through higher target-to-background ratio.
Although these tracers were only implemented in preclinical
models with no experience in human studies and all
radiometal-labelled exendin-4 probes still suffer from high
kidney uptake, 18F-labelled derivatives like [18F]TTCO-
Cys40-exendin-4 showed lower kidney uptake, faster clear-
ance rate, and thus favorable tumour-to-kidney ratio [31],
which in summary makes this derivative an interesting probe
for further clinical translation. Nevertheless, SPECT/CT
systems combining conventional tomographic gamma cam-
eras with CT imaging still represent the most widely
available nuclear medicine imaging modality. Therefore, a
99mTc-labelled GLP-1 receptor analogue represents the most
suitable option for widespread adoption of GLP-1R imaging
from the viewpoint of availability, image quality, diagnostic
performance, possibility of whole-body staging, and radia-
tion exposure.

Conclusion
[Lys40(AhxHYNIC-[99mTc]/EDDA)NH2]-exendin-4 hybrid
SPECT/CT imaging for localization of biochemically proven
insulinoma demonstrates excellent imaging characteristics and
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Fig. 3 Patient 5: Increased uptake of [Lys40(AhxHYNIC-[99mTc]EDDA)NH2]-exendin-4 in the neck of the pancreas. a SPECT
image. b CT image. c Fused SPECT/CT image. d Negative-fused SPECT/CT image, somatostatin receptor scintigraphy
([99mTc]EDDA/HYNIC-TOC); e Negative arterial phase of contrast-enhanced CT. f Negative MRI T2-weighted image.



diagnostic accuracy. The limited availability of the GLP-1R
targeting radiopharmaceuticals precludes the widespread adoption
of this imaging approach. If commercially available in the future,
these agents may be considered an imaging method of choice for
this indication, not only in patients with negative or inconclusive
results on conventional imaging. In particular, Tc-99m-labelled
GLP-1R agonists may offer an optimal combination of relevant
characteristics for introduction into clinical practice.
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