THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

JCEM

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

ENDOCRINE =
SOCETY Ema

ENDOCRINE BN
SOCIETY

®Ga-exendin-4 PET/CT detectsinsulinomasin patients with endogenous
hyperinsulinemic hypoglycemiain MEN-1

Kwadwo Antwi, Guillaume Nicolas, Melpomeni Fani, Tobias Heye, Francois
Pattou, Ashley Grossman, Philippe Chanson, Jean Claude Reubi, Aurel Perren,

Beat Gloor, Deborah R. Vogt, Damian Wild, Emanuel Christ

The Journal of Clinical Endocrinology & Metabolism
Endocrine Society

Submitted: December 20, 2018
Accepted: July 08, 2019
First Online: July 12, 2019

Advance Articles are PDF versions of manuscripts that have been peer reviewed and accepted but
not yet copyedited. The manuscripts are published online as soon as possible after acceptance and
before the copyedited, typeset articles are published. They are posted "as is" (i.e., as submitted by
the authors at the modification stage), and do not reflect editorial changes. No
corrections/changes to the PDF manuscripts are accepted. Accordingly, there likely will be
differences between the Advance Article manuscripts and the final, typeset articles. The
manuscripts remain listed on the Advance Article page until the final, typeset articles are posted.
At that point, the manuscripts are removed from the Advance Article page.

DISCLAIMER: These manuscripts are provided "as is" without warranty of any kind, either express
or particular purpose, or non-infringement. Changes will be made to these manuscripts before
publication. Review and/or use or reliance on these materials is at the discretion and risk of the
reader/user. In no event shall the Endocrine Society be liable for damages of any kind arising
references to, products or publications do not imply endorsement of that product or publication.

6102 1SNBNY Oz UO Josn usag ¥eUiolqIasioBNSISAIuN Aq 6860£GG/¥G/Z0-810Z°0l/01Z L 0 L/I0PAOBLSHE-2|dlHE-80UBADE/LISD]/W0D dNO"0lWapeoe)/:Sdy WoJj POPEOJUMOQ



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

JCEM

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

ENDOCRINE =
SOCETY Ema

The Journal of Clinical Endocrinology & Metabolis@ppyright 2019 DOI: 10.1210/jc.2018-02754

®Ga-DOTA-exendin-4 PET/CT detects insulinoma#liaN-1 patients

®Ga-exendin-4 PET/CT detectsinsulinomas in patients with endogenous
hyperinsulinemic hypoglycemiain MEN-1

Kwadwo Antwil, Guillaume Nicolag’z, Melpomeni Fari'i, Tobias Heyé, Francois Patto?u
Ashley Grossma‘h Philippe Chansol?) Jean Claude ReLﬁ)iAureI Perreﬁ, Beat GIoo?,
Deborah R. vOg‘i Damian Wild ’1’2, Emanuel Christ®2

IClinic of Radiology and Nuclear Medicine, Univeysiospital Basel, Switzerland

2Centre for Neuroendocrine and Endocrine Tumoursyéhsity Hospital Basel, Switzerland

*Department of general and endocrine surgery, Lill@versity Hospital, France

“Oxford Centre for Diabetes, Endocrinology and Metiam, University of Oxford, and Neuroendocrine tJni
Royal Free Hospital, London, UK

®Assistance Publique-Hépitaux de Paris, Service diminologie et des Maladies de la Reproductionpitsd
Bicétre, and UMR S-1185, Univ Paris Sud, UniverBiggis-Saclay, F-94275 Le Kremlin-Bicétre, France

®Department of Pathology, University of Bern, Switzed
"Department of Visceral Surgery, University HospifBern, Inselspital, Switzerland

8Clinical Trial Unit, Department of Clinical ResedrcUniversity Hospital Basel and University of Base
Spitalstrasse 12, Basel, Switzerland

®Division of Endocrinology, Diabetology and Metalsati, University Hospital Basel, Switzerland
ORCIiD numbers:

0000-0002-5604-4606

Christ

Emanuel

Received 20 December 2018. Accepted 08 July 2019.
* = shared last authors
*Emanuel Christ and Damian Wild contributed equakylast author to this article

Context: Surgical intervention is advised in patsenith multiple endocrine neoplasia type-1
(MEN-1) with non-functioning pancreatic neuroendocrin@aus (PanNET) and a size
>20mm. Functioning PanNET such as patients with gedous hyperinsulinemic
hypoglycemia (EHH) due to (one or multiple) insolna(s) should be treated surgically
independent of size. Preoperative localizatiomstiinomas is critical for surgery.
Objective: To evaluate feasibility and sensitivity §5a-DOTA-exendin-4 PET/CT in the
detection of clinical-relevant lesions MEN-1 patients with EHH in combination with MRI.
Design: Post-hoc subgroup-analysis of a larger prospectiaging study with 52 EHH
patients.

Patients: Six of 52 consecutive patients with EHH and gexadty provenMEN-1 mutation
were included.

Interventions: All patients received orf€Ga-DOTA-exendin-4 PET/CT and one MRI-scan
within 3-4 days. Thereafter, surgery was perforiased on all imaging results.

Main Outcome Measures. Lesion-based sensitivity of PET/CT and MRI for dgiten of
clinical-relevant lesions was calculated. Readerewinaware of other results. Reference
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standard was surgery with histology and treatmatdame. True positive (=clinical-relevant
lesions) was defined as PanNEZOmm or insulinoma.

Results: In six patients, 37 PanNET were confirmed by lpatbology. Sensitivity (95%
confidence interval) in the detection of clinicalavant lesions for combined PET/CT+MRI,
MRI and PET/CT was 92.3% (64%-99.8%), 38.5% (138%%%) and 84.6% (54.6-98.1%),
respectively (P-value=0.014 for the comparisonBT ZT+MRI versus MRI). Post-surgery,
EHH resolved in all patients.

Conclusion: ®®Ga-DOTA-exendin-4 PET/CT is feasibleMEN-1 patients with EHH. The
combination with MRI is superior to MRI alone iretdetection of insulinomas and may
guide the surgical strategy.

Evaluating the feasibility and sensitivity of 68Ga-exendin-4 PET/CT in the detection of relevant lesions
in MEN-1 patients with hypogylcemia in comparison with magnetic resonance imaging (MRI).

I ntroduction

Multiple endocrine neoplasia type MEN-1) is an autosomal dominant inherited tumor
syndrome caused by heterozygous mutations iiviteN-1 tumor suppressor gene with an
incidence of 1:50,000. More than 80% of these p&idevelop multifocal functioning (F-
PanNET) or non-functioning pancreatic neuroendectimors (NF-PanNET), which are a
major cause of premature death due to malignamgression (1,2). The most common F-
PanNETs in MEN-1 are duodenal gastrinomas causihignger Ellison Syndrom and
pancreatic insulinomas causing endogenous hypdinesuc hypoglycemia (EHH)(3).
Insulinomas can cause life threatening EHH andesyrig the cornerstone of therapy as
current medical treatments remain insufficientpndo provide a permanent cure, and thus
should be reserved for the perioperative perioopatients who cannot undergo surgery
(4).

Older studies have proposed aggressive resectieveny tumor identified by
conventional imaging studies in the presence aft@mically proven EHH (5-7). However,
pancreatic surgery is associated with significaattality and long-term morbidity (8,9). NF-
PanNET < 20 mm rarely develop metastases (10, hdl)carrent studies have not shown any
survival benefit for patients with NF-PanNET20 mm who received surgery in comparison
to patients who had conservative management, atehful waiting (12). Consequently, in
patients with non-metastatic pancreatic neuroemgedcumors (PanNET) all international
guidelines recommend the resection of symptomasialinomas with the aim of eliminating
life-threatening endogenous hyperinsulinemic hypoginia, but resection of NF-PanNET
only above a size20 mm due to the increased risk for malignant @sgjon (12-14). For
NF-PanNET <20 mm, the all international guidelisaggest a conservative management
strategy (13).

In clinical routine different imaging modalitieseansed for the localization of
insulinomas: contrast-enhanced computed tomogré&phy, contrast-enhanced magnetic
resonance imaging (MRI) (which is more sensitivetiCT for this indication (15,16)),
endoscopic ultrasound (EUS) and somatostatin recéptging (Octreoscan® 8fGa-
DOTATOCF8Ga-DOTATATEF Ga-DOTANOC PET/CT). Especially in the context of
MEN-1, when multiple other PanNET are detected, thegesiigations remain insufficient
due to mainly two reasons. First, the small sizesidilinomas (usually < 20 mm at
presentation (15,17)) makes them susceptible ttomattefacts, such as respiratory motion,
cardiac pulsation and bowel peristalsis, and timigd their detectability (18). Secondly
morphological imaging as well as somatostatin remreimaging is not able to differentiate
insulinomas from NF-PanNETS. To regionalize an linsma calcium stimulations test is
recommended to avoid "blind" pancreatic resect{@8s20).
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In general, gastroenteropancreatic neuroendocegoplasms are known to overexpress
the somatostatin receptor subtype 2 at a high geinsr0%-100% of the cases, except in
benign insulinomas where the expression is lowarc&yon-like peptide-1 receptors (GLP-
1R), on the other hand are expressed at high gansporadic insulinomas (21). Exendin-4
is a synthetic US Food U.S.Food and Drug Adminigtra(FDA) approved glucagon-like
peptide-1 (GLP-1) analog primarily establishedtfa treatment of type 2 diabetes mellitus
targeting GLP-1R. The GLP-1 pathway is importanslat regeneration (22,23) by
regulating inhibition of3-cell apoptosis (24) and stimulationftell proliferation and
insulin secretion. Previous studies have shown@id®-1R imaging can be used as a very
sensitive, non-invasive method to localize benjgoradic insulinomas using radiolabeled
exendin-4 SPECT/CT or PET/CT (25-31), where GLPPER/CT performs significantly
better than SPECT/CT (28). Nonetheless, as opposeehnign insulinomas, malignant
insulinomas often lack the GLP-1 receptors and emsely often overexpress the
somatostatin type 2 receptor (32).

In the context oMEN-1, the biological characteristics (benign or maligiaf insulin-
secreting neuroendocrine tumors (NET) is not watlered. A recent study with GLP-1R
imaging using®Ga-DOTA-exendin-4 PET/CT in heterozygdu&N-1 knockout mice
demonstrated its potential for lesion detectiothe®™EN-1 pancreas(33). This was related to
increased GLP-1R expression in early tumorigeneisvever, in humans witMEN-1and
EHH, in vivoorin vitro GLP-1R expression has not been examined as yeiewnof the
always multiple PanNETSs visualized on conventiomalging in the context dfIEN-1
patients, the exact localization of the insulinrsing PanNET is critical for the surgical
strategy in order to avoid unnecessary morbidity @uextensive surgery.

In this retrospective analysis, combinatiofia-DOTA-exendin-4 ([NI&,Lys*°(Ahx-
DOTA-%Ga)NH,Jexendin-4) PET/CT and MRI was analyzed to evalitatpotential role in
patients wittMEN-1 mutations and confirmed EHH. We hypothesized @la®-1R imaging
in the context oMEN-1is feasible and may be able to guide surgicategigain patients with
PanNETs in the context of EHH and multiple pandcdasions.

Materialsand Methods

Study design and patients

Between January 2014 until March 2017, 52 patietitts biochemically-proven EHH highly
suspicious for an insulinoma were prospectivelyuiéed from different centers in Europe
and the United States of America (ClinicalTrials.ghCT02127541). Six of the 52 patients
(female: 4; male: 2 patients, median age 34.5rgnt@rtile range 18.8-46] years) were
identified to have a genetically-proven germlinetation in the MEN1 gene and were
included in this post-hoc analysis.

The patients fulfilled the inclusion criteria, whigvere age-18 years, biochemically-
proven EHH with neuroglycopenic symptoms, a positivhipple triad and negative results
on sulfonylurea screening. Exclusion criteria wevelence of a malignant insulinoma on
conventional imaging, pregnancy or breastfeedingam, and renal insufficiency (serum
creatinine >140 umol/L). None of the patients haddiric surgery or other known causes for
EHH (34).

The study was approved by the Regional Scientifitcd8 Committee and patients
provided written consent in accordance with pransiof the Declaration of Helsinki prior to
study participation.

Procedures
All patients received on¥Ga-DOTA-exendin-4PET/CT and a standardized contrast-
enhanced MRI scan within 3-4 days. The refereraedsird was successful surgery with
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histopathological and immunohistochemical confiiorabf PanNETSs including insulinoma
and normalization of blood glucose levels aftegsuy.

PET/CT was performed on different scanners in supwsition: PET/16-detector CT
scanner (Discovery ST; GE Healthcare), PET/64-det&eT scanner (Discovery ST; GE
Healthcare), PET/128-detector CT scanner (Biogra@i-X RT Pro Edition). Calibration of
PET scanners and their cross calibration was pagdr One bed position of the upper
abdomen was acquired during 8 min, 2.5 h afteirttravenous injection dfGa-DOTA-
exendin-4. PET images were reconstructed usingdered-subsets expectation
maximization (OSEM) algorithm with 3 iterations aP8l subsets. Low-dose CT (120 kVp,
30-100 mAs) was used in all patients for attennatimrection and to provide an anatomic
reference.

Abdominal MRI acquisition was performed on a comeraly available 3T system
(Magnetom Prisma, Siemens Healthcare, Erlangerm@&mwy) in supine position using a
multichannel body surface coil. The protocol ainf@da high spatial resolution and
robustness with regard to breathing and motiorfarte. The body surface coil was placed
firmly across the abdomen and patients were askédeathe calm and shallow to avoid
excessive abdominal excursion during breathing.

The protocol included standard sequences: a) cbhaffsfourier acquisition single shot
turbo spin echo (HASTE) localizer b) coronal breladid T2 weighted HASTE c) transverse
breath hold T2 weighted HASTE d) transverse, fapsessed T2 weighted turbo spin echo
(TSE) images in breath hold e) Breath hold in- andof-phase T1-weighted gradient-echo
sequence f) free breathing echo planar diffusioigited images in the transverse plane
using five b values (0, 50, 200, 400, and 800yaydverse, free breathing (respiratory-
triggered, navigator-echo technique) h) fat supg@esT2 weighted spin echo sequences
images using periodically rotated overlapping paréihes with enhanced reconstruction
(BLADE).

Detailed acquisition parameters for non-contrastaeeed PET/CT and standardized
contrast-enhanced MRI have been described else2&re

Evaluation

Only the pancreas was regarded as potential tubeors order to localize tumors in the
pancreas in a standardized manner, the pancreasategrized into three regions, namely,
head, body, and tail, with the portal vein andgtperior mesenteric artery serving as
anatomic landmarks (Figure 1).

PET/CT, and MRI scans were independently asseasgdandom order, by three board-
certified nuclear medicine physicians for PET/Carscand three different board-certified
radiologists for MRI, each with >10 years of expage in PET/CT or MRI reading. All
readers were unaware of the patients’ identityeiotimaging results, or the patient’s clinical
history. The number of lesions that could be cle@éntified as a single focus was
determined for each patient through majority regdin

A dual-accredited radiologist/nuclear medicine ptigs correlated lesions from blinded
reading of®Ga-DOTA-exendin-4 PET/CT and standardized contrakinced MRI, which
was used for the sensitivity analysis of combiff&a-DOTA-exendin-4 PET/CT and MRI in
the detection of clinical-relevant lesions.

A ®®Ga-DOTA-exendin-4PET positive lesion was defined as insulinoma. Gmtrast-
enhanced MRI a lesion with a clear tumor-to-backgrbratio visualized in at least 2
sequences was defined as PanNET (Figure 2).

The reference standard for tumor size was fronstingical specimens and from MRI
imaging.

®8Ga-DOTA-exendin-4 uptake was quantified using maximum standardizedke
values (SUVmax).
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Histopathologic diagnosis was made at the locairrigfy institution where surgery was
performed. In case of controversial findings, calntistological reading was available at the
tertiary institution (Institute of Pathology, Unigity Bern).

Statistical analysis

Diagnostic performance in the detection of clinicgevant lesion was quantified on a per-
lesion basis as sensitivity, specificity and diagioaccuracy. The reference standard was the
histopathological diagnosis of surgical-removedues Data were assessed according to
ENETS recommendation, namely, to resect cliniclwant lesions, that is insulinomas
independent of size and (if possible) only NF-Paml¥E20 mm with the aim of a pancreas
preserving surgery approach (13). Findings weraddfas follows:

For MRI which can measure tumor size but not disgrate between NF-PanNET and
insulinomas (Figure 3):

True positive (TP): detected NF-PanNET and Insulias> 20 mm
True negative (TN): all NF-PanNET < 20 mm (defirsedclinical not relevant lesion)
False negative (FN): not detected NF-PanNET andimsmas> 20 mm; all Insulinomas < 20 mm

False positive (FP): all detected lesign20 mm, which were not confirmed by surgery/hisggio

For ®®Ga-DOTA-exendin PET/CT which cannot measure tuiizerksut can likely
discriminate between NF-PanNET and Insulinomasyfadg):

TP: detected Insulinoma of any size and detectedPAffNET> 20 mm
TN: not detected NF-PanNET < 20 mm
FN: not detected NF-PanNEX20 mm and not detected Insulinoma of any size

FP: detected NF-PanNET < 20 mm

In case of discordant findings for combirfé@a-DOTA-exendin-4 PET/CT and MR i.e.
TP with one imaging method and FN with the othiee, tcombined finding is rated as TP.

All analyses were conducted using the statisticlivare package R (R Core Team,
2018), Version 3.5.0, using two-sided statistieats. Confidence intervals are calculated at a
1-a level of 95%. P values should be interpreted esrdinuous measure of evidence against
the corresponding null-hypothesis (i.e. no diffeebetween imaging methods) and not as
confirmatory (“significant” vs. “non-significant”).

Sensitivity, specificity and overall diagnostic a@ay for each imaging method in the
detection of clinical-relevant lesions were caltedawith exact binomial 95 % confidence
interval using the R package epiR. The imaging oddlwere tested for a difference in the
respective measure using mixed-effects logisticaggion models (GLMM).

The models included the respective outcome asy#mdpoint (e.g. for sensitivity the
outcome was TP, 0/1), patient as random effecttlamdnaging method as main predictor.
For the objective of identification of all clinicatlevant tumor finding€Ga-DOTA-
exendin-4PET/CT and MRI were compared to both methods coathiP-values for the
comparisons are reported. No adjustment for meltipsting was made. Cross tabulations of
the findings based on the imaging methods and thétseof histopathology are given.

Results

Surgery and histopathological evaluation

All 6 patients received surgery based on all atélamaging results and following the
recommendations of current international guideliffedle 1 summarizes the individual
surgical procedures.
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In six patients a total of 37 PanNETs were confuirbg histopathology with a median
number of lesions per patient of 7.5 and interglearange (IQR) of 2.5-8.5 (see Table 1).
This included 11 (30%) insulinomas with a mediae f 11 mm (range 1-20 mm), 26
(70%) NF-PanNETs with a median size of 4 mm (ra®§e25 mm). The tumor grade was
determined histologically using mitotic rates anebK indices (European Neuroendocrine
Tumor Society proposal for grading GEP- NETS) @5J was available in 25 lesions: 19
Lesions were classified as G1 tumors and six lssieere classified as G2 tumors. No G3
tumors were identified. Twenty-two lesions were detected by the imaging procedures.
Median tumor size of all lesions was 6 mm (rangeZb mm).

Table 2 summarizes the diagnostic performan¢&Gd-DOTA-exendin-4 PET/CT and
MRI for detection of all clinical-relevant tumor éimgs.

Comparison of MRI with histopathology

MRI reading is based on majority reading by 3 rlmjsts. In the detection of clinical-
relevant lesions, defined as PanNEZOmm, MRI showed 5 true positive, 24 true negative
8 false negative and O false positive findings. MRI not detect 22 tumors, which had a
median size of 2.1 mm (range 0.5-17 mm).

Comparison of ®Ga-DOTA-exendin-4 PET/CT with histopathology
Lesion detection offGa-DOTA-exendin-4PET/CT is based on majority reading by 3
nuclear medicine physicians. SUVmax was determioedll detected insulinomas and
ranged from 4.3-43 with a median SUVmax (IQR) of42(®.1-34.9).

°®8Ga-DOTA-exendin-4PET/CT identified 11/37 (30%) tumors with a medsire of 14
mm (range 4-21 mm) of which 10/11 (91%) were insutas and 1/11 (9%) was a NF-
PanNET with a diameter of 21 mAiGa-DOTA-exendin-4PET/CT did not detect 26
tumors, median size of 4 mm (range 0.5-25 mm). iffukided 1/26 (4%) insulinoma (tumor
size 1mm), 2/26 (8%) and 25/26 (88%) NF-PanNETs{aretumor size 4 mm, range 0.5-25
mm).

In the detection of clinical-relevant lesioi¥%a-DOTA-exendin-4 PET/CT was true
positive in 11/37 (30%), true negative in 24/37%9%nd false negative in 2/37 (5%) and
false positive in 0/37 (0%).

Surgical strategy and outcome

Surgical planning was based on all available imggé@sults and performed in all six patients.
Symptoms of EHH ceased in all patients after syrgath no recurrence within a follow-up
period of 3 months. Median time between study img@ind surgery were 3.5 months (IQR
2.8-9) months.

Side effects

Nausea and sporadic vomiting are known side eftgf®Ga-DOTA-exendin-4 and have

been described elsewhere (28). All patients redesreexogenous glucose (1,000 mL, 10%)
infusion for 5 h starting just before injectiontbe radiotracer and a flow adapted as needed.

Discussion

To our knowledge, this is the first study investigg the potential role of GLP-1R imaging
in patients with EHH and a knowmEN-1germline mutation. The main findings of this
study can be summarized as follows: 1) Overexprassi GLP-1R is present in insulinomas
in patients with EHH in the context MfEN-1syndrome and, therefore, GLP-1R imaging is
feasible and helpful in this context to guide stdecand pancreas-sparing surgery. 2)
Conventional imaging alone may be insufficienttadetects less than half of the pancreatic
lesions inMEN-1 patients. Combination 6fGa-DOTA-exendin-4 PET/CT and MRl is
highly beneficial to detect clinical-relevant lessoin MEN-1 patients as morphological
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imaging alone cannot differentiate between insséoreting between insulin-secreting and
non-insulin-secreting PanNETS.

Our data confirm that preoperative GLP-1R PET/Cihicontext of EN-1 mutation
is useful. This finding is further substantiatedtbg fact thain vivo assessment of GLP-1R
density using SUVmax measurements yielded simdaults inMEN-1insulinomas as seen
in sporadic benign insulinoma cases, median SUVHQIR): 22.4 (9.1-34.9) versus 20
(12.5-35.3) (28) indicating that insulinomas in twntext ofMEN-1show a similar GLP-1R
overexpression. So far this feature has only beevep in conventional heterozygous
knockout mouse model of Menl (33). Th&EN-1 mice exhibited an overexpression of
GLP-1R in microadenomas, consistent with our figdim humans and suggesting tff&a-
DOTA-exendin-4has a potential role for the detection of insulimsnm patients witMEN-1
and EHH.

On histopathological examination 37 PanNETs weagmbsed in six patients consistent
with previous histopathological studies (36). Amsindpem, 22 lesions were not detected by
MRI or GLP-1R imaging, mainly because there wereimsulinoma or with a size below
imaging resolution. The small size of the undetédtdsions, the limited spatial resolution of
MRI as well as the susceptibility to motion artétaand bowel peristaltic movement, could
be an explanation as to why the lesions were miss®tRl. However, for the detected
tumors> 20mm in which according to ENETSs guidelines rasaatlue to increased
malignancy potential is recommended (13), MRI haésitivity of 100%.

Insulin secreting NET in the context MEN-1are typically smaller lesions within
multiple PanNET (36). It is, therefore, highly redat that, GLP-1R imaging detected
insulinomas up to a minimal size of 4 mm (Tablecbyroborating the high sensitivity of this
investigation. In addition, the fact that all siatients were cured of their hypoglycemia
following surgery suggests that the clinical-reletvimsulin-secreting NET were successfully
treated by GLP-1R imaging guided surgery.

Morphological assessment of PanNET (i.e. sizepiepts withMEN-1is critical to
determine the potential for a malignant coursénefdisease (12). However conventional
morphological imaging is not able to distinguishvizeen functional and non-functional
tumors, thus the only criteria justifying resectmfra tumor is based on its size. Since
insulinomas in the context MEN-1are often small (36), MRI produces a high number o
false negative findings (8 lesions) and a low nendf true positive findings (5 lesions) in
comparison to GLP-1R PET/CT, which showed onlyl2&aegative findings and a higher
number of true positive findings (11 lesions) . Toeebination of both imaging modalities
reduces the high rate of false negative findingk esion and increases the rate of true
positive findings to 12 resulting in a sensitiviti92.3%. Consequently, in clinical routine
practice the combination of both modalities is adhted in patients witMEN-1and EHH.
Identification of PanNET < 20 mm with native lowsoCT was inferior compared to MRI
(results not shown). However, contrast-enhancesh@dmbination with GLP-1R imaging
as a one stop shot PET/CT procedure is likelyetbopm as good as MRI plus GLP-1R PET
because contrast medium enhanced CT is able tot@ete pancreatic neighborhood and the
lesion threshold size of 20 mm should be above the detection limit of casttenhanced
CT. Another alternative is the use of an integr&&d/MRI scanner.

®8Ga-DOTA-exendin-4PET/CT was positive in one NF-PanNET (patientStumor Nr.
22) with high®Ga-DOTA-exendin-4uptake (SUVmax of 34.9). The diameter of this tumo
was 21 mm and MRI detected it as well.

This is an intriguing finding. It suggests that REANET can sometimes express the
GLP-1R at a high density consistent with previdadihgs in the literature (21). However,
well differentiated NETSs, such as gastrinomas ahdnfas were not detected by GLP-1R
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imaging in this study confirming previous findinglat the GLP-1R receptor is mainly
overexpressed in insulinomas (21).

Thisstudy haslimitations:

1) It was a retrospective analysis of prospectiealjected data. As in all retrospective studibsytare
prone to possible bias. In particular, there wasah@ays enough reliable data on the intraoperative
tumor localization. 2) Histological assessment watsa priori centralized and proliferative activity of
the tumors could have an influence on the overesgioa of the GLP-1R (32); this was not evaluated
in all tumors. Furthermore, an additional limit rbaythat positivity for insulin staining is not
mandatory associated with significant EHH, espécialpatients withMEN-1 However, the fact that
all patients were cured of hypoglycemia followitg tsurgical intervention suggests that the clinical
relevant lesions were surgically removed. 3) Lowgeloative CT scan is not per se a diagnostic
procedure, because it is unable to document cléaglgize of lesions as well as important anatoimica
structures (e.g. main pancreatic duct) which isartgmt for planning the surgical strategy. In agaid
setting contrast-enhanced PET/CT or contrast emltaRET/MRI should be used.

In conclusion, GLP-1R PET/CT is a useful and rdédimaging technique to selectively
identify insulinomas within the multiple pancreaNET in patients with MEN-1. The
careful interpretation of a morphological moda(i®R1) in combination with a functional
imaging technique (GLP-1R PET/CT) may guide thgsat procedure and avoid
unnecessary pancreatic resections. “Blind” panmreasections should be history.
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FIG 1. Schema of the pancreas which was used for stamzddroeading by blinded board-
certified nuclear medicine physicians and boartifast radiologists.

FIG. 2. Patient 4 with EHH and 3 suspiciouslesionsin MRI. (A) Transaxial contrast
enhanced T1 weighted MRI shows a 20 mm measuripgihiense lesion in the uncinate
process of the pancreatic head. (B) Transaxial @ETR.5 h after injection dFGa-DOTA-
exendin-4shows an intensive focal uptake in the same leg¢@nTransaxial diffusion
weighted MRI shows a 4 mm measuring hyperintersieren the pancreatic body which is
®8Ga-DOTA-exendin-4positive (D). (E)Transaxial T2 weighted MRI show&5 mm
measuring lesion in the pancreatic tail with$i@a-DOTA-exendin-4uptake (F).

Histological evaluation revealed one insulinoméi@ uncinated process and pancreatic body
(both®®Ga-DOTA-exendin-4PET positive) and a NF-PanNET of 25 mm in the peatic

tail. All other tumors were no insulinomas and derethan 20 mm and therefore not clinical-
relevant. EHH resolved after surgery.

FIG. 3. Flowchart with MRI (A) and ®Ga-DOTA-exendin-4 PET/CT (B) reading

results. According to ENET S guidelines true positive was defined as PanNET >20mm or
insulinoma (=clincal-relevant lesions). Abbreviation: TP = true positive, TN = true
negative, FP = false positive, FN = false negatie;PanNET = non-functioning pancreatic
neuroendocrine tumotMRI is not able to distinguish between functionadlanon-functional
tumors, thus the only criteria justifiying resectiof tumor in the pancreas is a size-&0
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mm. As a result insulinoma < 20 mm are classifiefbdse negative in MRI reading.
®Diameter measured with MRI

TABLE 1. Summary of lesion characteristics

Pa| Tum | MR | M | GL GLP-1R | Local | Surgery type Tumor Histological diagnosis/ | Gradin | Blood
t or 12 RI | P- PET/CT | izatio size Immunohistochemistr g glucos
No. b IR |° n (mm) y e
PET
ICT
Pa| 1l Posi| TP | Posi| TP Body Enucleation 20 Insulinoma / Insulin G2/ | Norma
t. tive tive Ki67= lizatio
1 5% n
Pa| 2 Posi| F Posi | TP Tail Extended left 14 Insulinoma / Insulin Gl/ Norma
t. tive | N | tive resection Ki67 < lizatio
2 2% n
3 Posi| F Posi | TP Tail 11 Insulinoma / Insulin Gl/
tive [ N tive Ki67 <
2%
s 4 Posi| F Posi | TP Tail 6 Insulinoma / Insulin G1l/
2 tive | N | tive Ki67 <
s 2%
§ E 5 Posi| T Neg | TN Body 9 NF-PanNET/ ChA/Syn G1l/
£ tive [ N | ative Ki67 <
oFs 2%
° 2 6 Neg | F Neg | FN Body- 1 Insulinoma/ Insulin G1/
E%e] ativ | N | ative Tail Ki67 <
T2 e 2%
98 7 Neg | T Neg | TN Body- 4 NF-PanNET/ ChA/Syn NA
o ativ | N ative Tall
= w e
8 Neg | T Neg | TN Body- 5 NF-PanNET/ ChA/Syn NA
ativ | N ative Tall
e
m Pa| 9 Posi| F Posi | TP Head Completion 17 Insulinoma / Insulin Gl Norm4
U t. tive | N | tive Pancreatectomy| lizatio
—) 3 10 Neg | T Neg | TN Head 10 NF-PanNET/ ChA/Syn NA n
ativ | N ative
== e
LIJ 11 Neg| T Neg | TN Head 9 NF-PanNET/ ChA/Syn NA
ativ [ N | ative
J e
Pa | 12 Posi| TP | Neg | FN Tail Left resection/ | 25 NF-PanNET/ ChA/Syn G2/ Norma
O t. tive ative uncus Ki67= lizatio
—— 4 enucleation 3% n
I— 13 Neg | T Neg | TN Head 17 NF-PanNET/ Gastrin G1/
ativ [ N | ative Ki67 <
m € 2%
< 14 Posi| TP | Posi | TP Uncus 20 Insulinoma / Insulin Gl/
tive tive Ki67 <
2%
LIJ 15 Posi| F Posi | TP Body 4 Insulinoma / Insulin G1/
tive | N tive Ki67 <
@) 2%
Z 16 Neg | T Neg | TN Tail 1 NF-PanNET/ ChA/Syn NA
ativ [ N | ative
<C :
17 Neg | T Neg | TN Tail 1 NF-PanNET/ ChA/Syn NA
> ativ | N | ative
e
D 18 Neg | T Neg | TN Tail 1 NF-PanNET/ ChA/Syn NA
ativ [ N | ative
<C .
19 Neg| T Neg | TN Tail 1 NF-PanNET/ ChA/Syn NA
ativ [ N | ative
’—- e
‘II 20 Neg| T | Neg | TN Tail 1 NF-PanNET/ ChA/Syn NA
Lui ativ | N ative
< e
%C) 21 Neg| T Neg| TN Tail 1 NF-PanNET/ ChA/Syn NA
9
Z
L
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ativ | N ative
e
Pa | 22 Posi| TP | Posi | TP Body Exended left 21 NF-PanNET/ ChA/Syn G2/ Norma
t. tive tive resection Ki67= lizatio
5 3% n
23 Posi| F Posi | TP Tail 7 Insulinoma / Insulin G1l/
tive [ N tive Ki67 <
2%
24 Posi| F Posi | TP Tail 11 Insulinoma / Insulin G2/
tive [ N tive Ki67=
3%
25 Posi| T Neg | TN Tail 19 NF-PanNET/ ChA/Syn G2/
tive | N ative Ki67=
3,5%
26 Neg| T Neg | TN Body- 7 NF-PanNET/ ChA/Syn G1l/
ativ | N ative Tall Ki67 <
e 2%
27 Neg| T Neg | TN Body- 3 NF-PanNET/ ChA/Syn G1/
ativ | N ative Tall Ki67 <
e 2%
28 Neg| T Neg | TN Body- 5 NF-PanNET/ ChA/Syn G1l/
s ativ | N ative Tall Ki67 <
g e 2%
- 29 Neg | T Neg | TN Body- 4 NF-PanNET/ ChA/Syn NA
SE ativ | N | ative Tail
zz e
gf Pa | 30 Posi| TP | Posi | TP Body Exended left 20 Insulinoma / Insulin G2/ Norma
o8 t. tive tive resection Ki67= lizatio
33 6 2-5% n
z % 31 N_eg T Ngg TN Body 5 NF-PanNET / Gastrin _Gl /
o] 8 ativ [ N ative Ki67 <
w g e 2%
= 32 Posi| T Neg | TN Tail 15 NF-PanNET/ ChA/Syn G1/
tive | N ative Ki67 <
= 2%
m 33 Neg| T Neg | TN Tall 9 NF-PanNET/ ChA/Syn G1l/
ativ | N ative Ki67 <
U e 2%
—_— 34 Neg| T Neg | TN Tail 0.8 NF-PanNET/ ChA/Syn Gl/
ativ | N ative Ki67 <
. . e 2%
35 Neg| T Neg | TN Tall 1 NF-PanNET/ ChA/Syn G1l/
ativ | N ative Ki67 <
e 2%
36 Neg| T Neg | TN Tall 1.1 NF-PanNET/ ChA/Syn G1l/
ativ | N ative Ki67 <
e 2%
37 Neg| T Neg | TN Tail 0.5 NF-PanNET/ ChA/Syn Gl/
ativ | N ative Ki67 <
e 2%

®Results of scan reading. Readers were unawarédef mesults when reading the scalaaluation according
to ENETS recommendation with true positive resintsase of symptomatic insulinomas and NF-PanXED
mm. Abbreviation: TP = true positive, TN = true atige, FN = false negative, NF-PanNET = non-fundtigy
pancreatic neuroendocrine tumor; NA = not availaBleA = Chromgranin A, Syn= Synaptophysin.

TABLE 2. Comparison of combinédGa-DOTA-exendin-4PET/CT + MRI,®®Ga -exendin-
4 PET/CT and MRI alone in the detection of clinicalevant PanNET(defined as NF-
PanNET>20 mm or insulinomas) iIMEN-1 patients with endogenous hyperinsulinemia
hypoglycemia + neuroglycopenia and multiple parnicgéamors

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

%Ga-DOTA-exendin-4 %Ga-DOTA-exendin-4 Test for MRI Test for
PET/CT + MRI PET/CT superiority? superiority”
Clinical- 92.3% [64.0-99.8] 84.6% [54.6-98.1] 0.537 38.5%9168.4] 0.014
e relevant
i I lesion
Ll Sensitivity
Zi Clinical- 100% [85.8-100] 1009 [85.8-100] 1.000 100% [85.8]10 1.000
K'E'—)J relevant
80 lesion
D(/)
pd
(I}
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Specificity
Clinical- 97.3% [85.8-99.9] 94.6% [81.8-99.3] 0.802 78.4%8690.2] 0.059
relevant
lesion
Accuracy
Diagnostic performance as majority reading [95%fickemce interval]] of three independent read&Psvalues
for comparison of combinefiGa-DOTA-exendin-4PET/CT + MRI and®Ga-DOTA-exendin-4PET/CT

alone.” P-Values for comparison of combiné#a-DOTA-exendin-4PET/CT + MRI and MRI alone.
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coronal axial
SMA Duodenum
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portal V

ventral

dorsal ~central*

If contact to duct and small = central lesion

If large or unclear then use i.e. ventral-central
Please indicate lesion on axial and coronal depiction
with x', x? etc.

* Corridor parallel and centered around pancreatic duct.
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A Histopathology
\

pancreatic lesions
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