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Abstract
Context Somatostatin receptor scintigraphy with 111In-
pentetreotide (SRS) is used to detect duodenopancreatic neu-
roendocrine tumors (dpNETs) in multiple endocrine neoplasia
type 1 (MEN1). However, SRS has limited sensitivity for this
purpose. Positron emission tomography/computed tomogra-
phy (PET/CT) with 68Ga-DOTA-TOC has a higher rate of
sporadic dpNETs detection than SRS but there is little data
for dpNETs detection in MEN1.
Purpose To compare the performances of 68Ga-DOTA-TOC
PET/CT, SRS and contrast-enhanced computed tomography
(CE-CT) to diagnose dpNETs in MEN1.
Design and setting Single-institution prospective compara-
tive study
Patients and methods Nineteen consecutive MEN1 patients
(aged 47±13 years) underwent 68Ga-DOTA-TOC PET/CT,
SRS, and CE-CT within 2 months in random order. Blinded

readings of images were performed separately by experienced
physicians. Unblinded analysis of CE-CT, combined with ad-
ditional magnetic resonance imaging, endoscopic-ultrasound,
18F-2-fluoro-deoxy-D-glucose (18F-FDG) PET/CT or histopa-
thology results served as reference standard for dpNETs
diagnosis.
Results The sensitivity of 68Ga-DOTA-TOC PET/CT, SRS,
and CE-CT was 76, 20, and 60 %, respectively (p<0.0001).
All the true-positive lesions detected by SRS were also
depicted on 68Ga-DOTA-TOC PET/CT. 68Ga-DOTA-TOC
PET/CT detected lesions of smaller size than SRS (10.7
±7.6 and 15.2±5.9 mm, respectively, p<0.03). False nega-
tives of 68Ga-DOTA-TOC PET/CT included small dpNETs
(<10 mm) and 18F-FDG PET/CT positive aggressive
dpNETs. No false positives were recorded. In addition,
whole-body mapping with 68Ga-DOTA-TOC PET/CT identi-
fied extra-abdominal MEN1-related tumors including one

Clément Morgat and Fritz-Line Vélayoudom-Céphise are both first co-
authors.

Philippe Fernandez and Antoine Tabarin contributed equally to this work.

* Clément Morgat
clement.morgat@chu-bordeaux.fr

Fritz-Line Vélayoudom-Céphise
flcephise@gmail.com

1 CNRS, INCIA, UMR 5287, 33000 Bordeaux, France
2 University of Bordeaux, INCIA, UMR 5287,

33000 Bordeaux, France

3 Department of Nuclear Medicine, University Hospital of Bordeaux,
33000 Bordeaux, France

4 Department of Endocrinology, USN Haut-Lévêque,
33604 Pessac, France

5 Department of Radiology, University Hospital of Bordeaux,
33604 Pessac, France

6 Department of Oncology, University Hospital of Bordeaux,
33000 Bordeaux, France

Eur J Nucl Med Mol Imaging
DOI 10.1007/s00259-016-3319-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-016-3319-3&domain=pdf


neuroendocrine thymic carcinoma identified by the three im-
aging procedures, one bronchial carcinoid undetected by CE-
CT and three meningiomas undetected by SRS.
Conclusions Owing to higher diagnostic performance, 68Ga-
DOTA-TOC PET/CT (or alternative 68Ga-labeled somatostat-
in analogues) should replace 111In-pentetreotide in the inves-
tigation of MEN1 patients.

Keywords Duodenopancreatic neuroendocrine tumors .

Multiple endocrine neoplasia type 1 . 68Ga-DOTA-TOCPET/
CT . 111In-pentetreotide SPECT/CT . Contrast-enhanced
computed tomography

Introduction

Multiple endocrine neoplasia type 1 (MEN1) is an autosomal
dominant hereditary syndrome caused by germline mutations
of the menin tumor suppressor gene [1]. MEN1 is responsible
for various endocrine and non-endocrine tumors amongst
which parathyroid adenoma/hyperplasia, duodenopancreatic
neuroendocrine tumors (dpNETs), and pituitary adenomas
are the more prevalent [2]. Amongst dpNETs, non-
functioning tumors (NF) are the most common, followed by
gastrinomas and insulinomas [3]. dpNETs have malignant po-
tential and MEN1 prognosis is mainly linked to their metasta-
tic risk [4, 5]. Since surgery is the only curative treatment,
systematic detection and follow-up of dpNETs are warranted
in MEN1 patients [3]. Given that MEN1-associated dpNETs
are frequently multiple, their accurate diagnosis presents sig-
nificant challenges [3]. Various imaging procedures have been
proposed for this purpose such as 111In-pentetreotide-labeled
somatostatin receptor scintigraphy (SRS), endoscopic ultra-
sound (EUS), contrast-enhanced-computed tomography
(CE-CT) and magnetic resonance imaging (MRI). However,
to date, no consensus for optimum radiological imaging in
MEN1 patients has been established [3, 6].

SRS takes advantage of a unique feature of dpNETs: in 70–
90% of cases they exhibit expression of somatostatin receptor
type 2 (SST2R)[7]. However, the sensitivity of this functional
imaging has limitations due to its low spatial resolution and
inability to detect dpNETs with low SSTR density and/or
small size [8]. Recently, some high affinity somatostatin ana-
logs holding a DOTA-chelate and radiolabeled with 68Ga for
PET/CT imaging have emerged, which supersede in resolu-
tion and sensitivity conventional SRS in the detection of met-
astatic or small neuroendocrine tumors [7–10].

To date, only a few studies have evaluated the performance
of the new somatostatin receptor PET tracers for detection of
dpNETs in MEN1 patients. However, two were retrospective
studies that did not include comparison with SRS and multi-
phase CE-CT [11, 12] and two were prospective studies using
68Ga-DOTA-Tyr3-Octreotate (68Ga-DOTA-TATE) PET/CT

[13, 14]. The aim of our study was therefore to compare pro-
spectively the performance of 68Ga-DOTA-Tyr3-octreotide
(68Ga-DOTA-TOC) PET/CT, SRS, and CE-CT for the diag-
nosis of dpNETs in MEN1 patients.

Patients and methods

Patients

Nineteen genetically confirmed MEN1 patients (12 women,
age at inclusion: 47±13 years, range, 26–70 years), previous-
ly evaluated and treated in our department, were enrolled in
this prospective study (Clinical Trial GALTEP, Eudract 2013-
003927-12). Patients were recruited consecutively during
their scheduled follow-up. Written informed consent was ob-
tained from all individual participants included in the study
that was approved by the local ethical committee.

All patients had primary hyperparathyroidism, 12 were
treated for pituitary adenomas, two underwent resection of
lung neuroendocrine tumors (NETs), and one underwent re-
section of bilateral adrenal carcinomas. Endoscopic enucle-
ations were previously performed for two insulinomas (P1,
P12), one pancreatic gastrinoma (P18) while a distal pancrea-
tectomy was performed for a NF dpNET (P14) and a pancre-
atic gastrinoma (P7). Five patients were successfully treated
with proton pump inhibitors for Zollinger–Ellison syndrome
(ZES) at the time of the study (P4, P7, P10, P18, P19). In the
remaining asymptomatic patients, systematic measurement of
circulating gut hormones revealed an increased plasma con-
centration of pancreatic polypeptide in two patients (371 and
235 pmol/l, normal value<100 pmol/l; P3 and P17, respec-
tively). Clinical features of the 19 MEN1 patients are summa-
rized in Table 1.

68Ga-DOTA-TOC radiosynthesis

Gallium-68 was obtained from a 68Ge/68Ga generator
(IASON, Obninsk, Russia) and complexed with DOTA-
TOC (ABX GmbH; ~50 μg, Garching, Germany) using mi-
crowaves (90 °C, 5 min) as previously described [15]. After
sterile filtration, all radiopharmaceutical preparations were
checked for activities [16], radiochemical purity, specific ac-
tivity, volume, and sterility. Care was taken that all radiophar-
maceutical preparations contained 1.5 MBq/kg and maximum
50 μg of 68Ga-DOTA-TOC for each patient. 68Ga-DOTA-
TOC preparations were obtained with radiochemical purities
>95 % and specific activities of 8.3±5.6 GBq/μmol. 68Ga-
DOTA-TOC was intravenously injected (mean, 97.1
± 13.3 MBq, 20.9 μg; median 98.2 MBq, 20.5 μg; range,
74.6–124.3 MBq, 5.7–34 μg).
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68Ga-DOTA-TOC PET/CT imaging

All 68Ga-DOTA-TOC examinations were performed on a ded-
icated scanner (Discovery RX, General Electric Medical
System, Milwaukee, WI, USA), 60 min after injection in 3D
mode. Care-dose sure CT scans for attenuation correction
were acquired (80 mA, 140 kV, a 256×256 matrix, 3-mm
slice thickness). The PET imaging sequence encompassed
multiple bed position whole-body scans from the top of the
skull to the proximal thighs (180 s each bed position). Iterative

reconstruction was performed with a scatter correction using
the ordered subset expectation maximization technique
(OSEM) with two iterations and 21 subsets. Reconstruction
of PET images used corrections for attenuation, dead-time,
random events, and scatter.

SRS

111In-pentetreotide was prepared with the commercially avail-
able kit (Octreoscan, Covidien Imaging, Élancourt, France)

Table 1 Clinical features of MEN1 patients

Patient
number

Sex Age at
diagnosis

Age at
inclusion

Associated
MEN1
lesions*

Previous
pancreatic
surgery

Complementary imaging

P1 F 43 45 1 Yes (insulinoma) Yes
Abdominal MRI

P2 M 52 66 1,2 No Yes
Abdominal MRI,

18F-FDG PET/CT

P3 M 22 30 1,3 No Yes
Abdominal MRI, EUS

P4 F 26 37 1 No Yes
Abdominal MRI, EUS

P5 F 29 40 1,2 No Yes
Abdominal MRI

P6 F 39 45 1,2,4 No Yes
Abdominal and brain

MRI, 18F-FDG
PET/CT

P7 F 32 39 1,2,5 Yes (gastrinoma) Yes
Abdominal MRI, EUS

P8 M 58 64 1 No Yes
EUS

P9 F 48 55 1,2 No No

P10 M 29 44 1,3 No No

P11 F 15 52 1,2 No Yes
Abdominal MRI, EUS

P12 F 17 26 1 Yes (insulinoma) Yes
Abdominal MRI, EUS,

18F-FDG PET/CT

P13 F 18 36 1,2 No No

P14 F 55 58 1 Yes (NF) No

P15 M 11 31 1,2 No No

P16 F 50 63 1,2,4 No No

P17 F 27 54 1,2,4 No Yes
Abdominal MRI

P18 M 55 70 1,2 Yes (gastrinoma) Yes
Abdominal MRI

P19 M 14 45 1,2 No Yes
Abdominal and brain

MRI, EUS, bronchial
endoscopy

P patient, F female, M male, NF non-functioning, ZES Zollinger–Ellison syndrome
* 1: primary hyperparathyroidism, 2: pituitary adenoma, 3: lung neuroendocrine tumor, 4: non-secreting adrenal nodules, 5: bilateral adrenal carcinoma
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according to manufacturer instructions. Mean injected activity
was 149.5±4.9 MBq.Whole-body imaging (speed 8 cm/min)
was performed at 6 h after injection with a dual-detector scin-
tillation camera (Symbia T2 Siemens, Erlangen, Germany or
Discovery NM/CT 670 pro, General Electric Medical System,
Milwaukee, WI, USA) equipped with a medium-energy par-
allel-hole collimator. Two 15-min planar images were record-
ed at 24 h, on cranial-thoracic and abdominal regions. Single
photon-emission computed tomography/computed tomogra-
phy (SPECT/CT) images of the abdomen were routinely per-
formed at 24 h using the following parameters: rotation detec-
tion head, 2×180°; 2 ×64 projections; 50 s per projection;
128×128 matrix). Image reconstruction was performed by
iterative flash 3D algorithm (14 iterations, eight subsets) on
data acquired with Symbia T2 system, and by iterative OSEM
algorithm (two iterations, ten subsets) on data acquired with
Discovery system. Reconstruction procedure included attenu-
ation correction (based on the CT maps) and scatter
correction.

CE-CT

Helical CT images of the neck, thorax, and abdomen were
acquired with the SOMATOM Definition scanner (Siemens)
with the following parameters: tube current, 120 kV; tube
voltage: with Bcare dose^ adaptation; reconstruction orienta-
tion, transverse; reconstruction section thickness, 2 mm.
Typically, 2 ml/kg iohexol contrast media (Omnipaque 300;
GE Healthcare) was administered with scan delays of 30 s for
the arterial phase and 70 s for the portal phase. Images were
reconstructed with a soft-tissue kernel B20f for arterial phase
and B30f for portal phase.

Imaging analysis

68Ga-DOTA-TOC PET/CT, SRS, and CE-CTwere performed
within 2 months. Two experienced nuclear medicine physi-
cians aware of the MEN1 diagnosis but blinded to the results
of morphological imaging, interpreted separately 68Ga-
DOTA-TOC PET/CT and SRS SPECT/CT in a random fash-
ion while an experienced radiologist performed blinded read-
ings of CE-CT imaging. Criteria for image interpretation of
68Ga-DOTA-TOC PET/CT and SRS were based on visual
analysis. In PET imaging, focally increased uptake, compared
to that of the surrounding tissue, was read as positive. Diffuse
uptake over the uncinatus process was considered physiolog-
ical. For SRS analysis, increased uptake was assessed by com-
parison with uptake by liver tissue, according to the European
Association of Nuclear Medicine recommendations [17].

Then, a collective and joint unblinded analysis of the 68Ga-
DOTA-TOC PET/CT, SRS, and CE-CT was performed for
each patient by the three physicians. When the results were
discordant, complementary investigations by MRI, EUS, 18F-

FDG PET, or histology were performed on an individual basis
to confirm (or not) the anatomical substratum of pathological
findings on CE/CTor nuclear procedures. The combination of
the unblinded analysis of the CE-CTwith the complementary
investigations results served as reference standard.

Statistical analyses

Continuous data were expressed in mean± standard deviation.
Categorical data were expressed in number and percentage.
Sensitivity of 68Ga-DOTA-TOC PET/CT, SRS, and CE-CT
for dpNETs detection were calculated on a per-lesion analysis.
Chi-square test, non-parametric Kruskal–Wallis ANOVA and
Mann–Whitney test were performed when indicated. A p val-
ue<0.05 was considered significant. Data analyses were per-
formed using GraphPad software (La Jolla, CA, USA).

Results

Detection of duodenopancreatic neuroendocrine tumors
(Table 2)

Seventy-five dpNETS were diagnosed using the reference
standard (see above imaging analysis paragraph)(size: 10.4
±7.3 mm; range, 2–45 mm): 59 were located in the pancreas
(size: 10.7±7.7 mm; range, 2–45 mm), six in the duodenum
(size: 3.0±3.5 mm; range, 3–13mm), eight were lymph nodes
(LN) on the lymphatic pathway of dpNETs (size: 11.0
±6.8 mm; range, 2–25 mm) and two were liver metastases
of 12 and 19 mm in size of a dpNET (P6).

In a per-lesion-analysis, 68Ga-DOTA-TOC PET/CT, SRS,
and CE-CT depicted 57, 17, and 47 lesions, respectively.
Among the 57 lesions described using 68Ga-DOTA-TOC
PET/CT, all were true positive (TP) (size: 10.7 ± 7.6 mm;
range, 2–45 mm). No false positives (FP) of 68Ga-DOTA-
TOC PET/CT were reported. Fifteen of the 17 lesions de-
scribed using SRS were TP (size: 15.2±5.8 mm; range, 6–

Table 2 Results of 68Ga-DOTA-TOCPET/CT, SRS and CE-CT for the
detection of dpNETs: per-lesion analysis

TP TN FP FN Sensitivity Specificity
(%) (%)

68Ga-DOTA-TOC PET/CT 57 4 0 18 76 100

SRS 15 2 2 60 20 50

CE-CT 45 2 2 30 60 50

p value <0.0001 <0.01

PET/CT positron emission tomography/computed tomography, SRS scin-
tigraphy with 111 In-pentetreotide, CE-CT contrast-enhanced computed
tomography, TP true positive, TN true negative, FP false positive, FN
false negative
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25 mm) and two were FP, which corresponded to physiolog-
ical uptake of the pancreatic uncus. Forty-five of 47 lesions
identified by CE-CT were TP (size: 11.9±8.2 mm; range, 2–
45 mm) and two were FP corresponding to intraductal papil-
lary mucinous neoplasm (IPMN). Thus, the sensitivity of
68Ga-DOTA-TOC PET/CT, SRS and CE-CT for the detection
of dpNETs differed significantly (76, 20, and 60 %, respec-
tively, p<0.0001) (Table 2). The specificity of 68Ga-DOTA-
TOC PET/CT, SRS, and CE-CT was 100, 50, and 50 %, re-
spectively (p<0.01) (Tables 2 and 3).

Comparison of 68Ga-DOTA-TOC PET/CT and SRS

Fifteen concordant lesions were TP identified with 68Ga-
DOTA-TOC PET/CT and SRS in 13 patients. Importantly,
42 dpNETs depicted in 18 patients by 68Ga-DOTA-TOC
PET/CT were not seen using SRS (Fig. 1). Conversely, all
the TP of SRS were described with 68Ga-DOTA-TOC PET/
CT. The dpNETs identified with 68Ga-DOTA-TOC PET/CT
were smaller than those identified with SRS (10.7±7.6 and
15.2±5.9 mm, respectively, p<0.03). Incidentally, in patients
treated by proton pump inhibitors, 68Ga-DOTA-TOC PET/CT
identified five probable SRS negative gastrinomas located
within the duodenum or periduodenal LN. The two FP of
SRS were identified as physiological uptake of the pancreatic
uncus with 68Ga-DOTA-TOC PET/CT.

Comparison of 68Ga-DOTA-TOC PET/CT and CE-CT

Thirty-two concordant TP dpNETs were identified with 68Ga-
DOTA-TOC PET/CT and CE-CT in 16 patients. Twenty-five

dpNETs were identified with 68Ga-DOTA-TOC PET/CT and
not seen with CE-CT. Interestingly, unblinded re-analysis of
CE-CT images guided by the results of 68Ga-DOTA-TOC
PET/CT disclosed 15 of the 25 dpNETs that were not identi-
fied during blinded analysis of CE-CT. These were three le-
sions of the pancreatic tail (3–24 mm in size), four lesions of
the pancreatic body (3–11 mm in size), two lesions of the
pancreatic head (each of 6 mm in size), four duodenal lesions
(3–8 mm in size) and two peripancreatic LN (2 and 7 mm in
size). The ten remaining lesions not seen with CE-CT were
four lesions of the pancreatic head (4–5 mm), four lesions of
the body (6–17 mm), and two lesions of the tail (5–17 mm).

Thirteen false negatives (FN) of 68Ga-DOTA-TOC PET/
CTwere identified by CE-CTand corresponded to ten pancre-
atic tumors (2–12 mm in size, 5.3±1.0 mm) in 11 patients,
one peripancreatic metastatic LN of 25 mm in size, and two
liver metastases of a grade 3 pancreatic NET (P6). These three
last lesions displayed intense uptake during18F-FDG PET/CT.

Complementary imaging performed to verify 68Ga-DOTA-
TOC PET/CT images unseen with SRS and CE-CT, identified
five additional lesions in P12 that were not seen with 68Ga-
DOTA-TOC PET/CT nor CE-CT. These included one lesion
of the pancreatic head (5 mm in size), two rapidly growing
lesions of the tail (8 and 16mm in size) and two peripancreatic
LN (12 and 13 mm in size). These results warranted an eval-
uation with 18F-FDG PET/CT that showed an intense uptake
of the lesions of the pancreatic tail and associated LN (Fig. 2).
Three patients had confirmation of three lesions depicted by
68Ga-DOTA-TOC PET/CT: thymic confirmation in P2, well
differentiated NET in P3, and typical carcinoid bronchial neu-
roendocrine tumor.

Table 3 Organ-related findings
according to unblinded analysis
of imaging procedures

Lesion localization 68Ga-DOTA-TOC PET/CT SRS CE-CT

Pancreas lesions 46 11 37

- Head 11 [2–22]* 4 [7–22] 9 [2–22]

- Isthmus 3 [7–18] 1 [18] 4 [5–18]

- Body 13 [9–25] 2 [22–25] 7 [6–25]

- Body/tail junction 4 [7–14] 2 [14] 4 [7–14]

- Tail 13 [3–45] 1 [23] 11 [3–45]

- Uncus 2 [11–12] 1 [12] 2 [11–12]

Lymph nodes 5 [2–14] 2 [8–14] 4 [8–25]

Duodenum 6 [3–13] 2 [6–13] 2 [9–13]

Lung 1 1 0

Thymus 1 1 1

Brain 3 0 NS

Liver metastasis 0 0 2

Total of positive lesions 62 17 46

Total of invaded organs 6 5 5

NS non-suitable, PET/CT positron emission tomography/computed tomography, SRS scintigraphy with 111 In-
pentetreotide, CE-CT contrast-enhanced computed tomography
* In brackets: range size of the lesions (mm)
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Detection of extra-abdominal MEN1 tumors

The 68Ga-DOTA-TOC PET/CT detected three SRS negative
meningiomas that were confirmed using complementary MRI
(P6, P18, P19). 68Ga-DOTA-TOC PET/CTalso depicted a 14-
mm bronchial carcinoid that was not seen during unblinded
analysis of CE-CT (P19) (Fig. 3). A grade 3 thymic neuroen-
docrine carcinoma of 55 mm in size was identified with 68Ga-
DOTA-TOC PET/CT, SRS and CE-CT (P2).

Discussion

Detection of dpNETS at an early stage, accurate size measure-
ment, and regular monitoring are essential for the

management of MEN1. Multiphase CE-CT and CE-MRI are
commonly used to detect dpNETs in MEN1 patients with
roughly similar diagnostic performances [3]. Their main
drawbacks are their limitation in detecting very small lesions
[18]. EUS is considered the most sensitive and precise imag-
ing technique for measurement of dpNETs size [18].
However, EUS is more operator-dependent than cross-
sectional imaging and may perform less well for the left por-
tion of the pancreas [19]. Elsewhere, the pathological signifi-
cance of NF lesions of less than 10 mm is debatable and,
importantly, EUS is cumbersome and invasive because it re-
quires general anesthesia. SRS has proved to be effective for
visualizing dpNETs [3, 5, 20, 21] and, coupled to SPECT, has
the advantage of whole-body scanning, which allows detec-
tion of extra-abdominal lesions and metastases. The main

Fig. 1 Neuroendocrine tumor of
the pancreatic tail unseen by
111In-pentetreotide single-photon
emission computed tomography/
computed tomography (a, axial
image) but depicted (arrows) with
68Ga-DOTA-TOC positron
emission tomography/computed
tomography (b, axial image), with
contrast-enhanced computed
tomography (c, axial image in
arterial phase) and magnetic
resonance imaging (d, T1-
weighted image after gadolinium
injection in arterial phase)

Fig. 2 Rapidly growing
neuroendocrine tumor of the
pancreatic tail unseen with 111In-
pentetreotide single-photon
emission computed tomography/
computed tomography (a, axial
image) nor with 68Ga-DOTA-
TOC positron emission
tomography/computed
tomography (b, axial image) and
contrast-enhanced computed
tomography (c, axial image in
arterial phase) but depicted
(arrows) by magnetic resonance
imaging (d, diffusion-weighted
image after gadolinium injection
in arterial phase) with focal
intense uptake of 18F-FDG
positron emission tomography/
computed tomography (e, axial
image)
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limitations of SRS are related to variable expression of SST2R
amongst dpNETS, hepato-biliary elimination of the tracer,
which interferes with the interpretation of abdominal images
and size of tumors [8]. Due to the high energy of the γ rays of
111In and partial volume effect in small tumors combined with
the intrinsically low resolution of the gamma camera, small
tumors (<10 mm in size) are rarely detected by SRS. Also,
because of low resolution of SRS imaging, uncus physiolog-
ical uptake is difficult to differentiate from pathological find-
ings. In the last few years, studies using new high-affinity
somatostatin analogs radiolabeled with 68Ga for PET/CT im-
aging have emerged. They have shown a higher rate of lesion
identification than is achieved with SRS [8–10, 22, 23].
However, to date, limited information is available concerning
the accuracy of these new functional imaging tools in the
specific situation of MEN1. Two studies conducted with
68Ga-DOTA-TOC PET/CT or 68Ga-DOTA-NaI3-Octreotide
(68Ga-DOTA-NOC) PET/CT in a very limited number of
MEN-1 patients [11, 12] suffer from major limitations such
as a retrospective design and lack of comparisonwith SRS and
multiphase CE-CT. Only one prospective comparative study,
assessing the performance and usefulness of 68Ga-DOTA-
TATE PET/CT in 26 MEN-1 patients, is currently available
[13]. Therefore, the present work is the largest prospective and
head-to-head comparative study assessing the accuracy of
68Ga-DOTA-TOC PET/CT in MEN1 patients and should be
of value.

Patients of our cohort were selected consecutively during
regular follow-up and the distribution of dpNETs including a
majority of NF dpNETs followed by gastrinomas is represen-
tative of the MEN1 spectrum [3]. One limitation of our study
is the absence of insulinoma, a tumor that frequently lacks
significant SST2R [24]. Interestingly, dpNETs in our cohort
exhibited small size (10.4±7.3 mm) and only one patient (P6)
was treated for a metastatic intermediate-grade pancreatic
NET. Of note, the dpNETs phenotype of our cohort differs
significantly from the prospective study of Sadowski et al.
[13] in which the majority of patients harbored a metastatic
disease. Also, the aim of our study was to detect more widely

dpNETs in MEN1 patients whereas the prospective study of
Lastoria et al. evaluate the diagnostic performance of 68Ga-
DOTA-TATE PET/CT for detection of pancreatic NETonly in
MEN1 patients without comparison to SRS [14]. Although
our study does not enable the evaluation of 68Ga-DOTA-
TOC PET/CT accuracy for the staging of malignant
dpNETs, a goal that was outside the scope of our study.
However, it allows the assessment of the performance of im-
aging tools in a screening perspective for MEN1-related
dpNETs.

Our results are in accordance with previous studies con-
ducted in sporadic dpNETs and confirm that the diagnostic
performance of 68Ga-DOTA-TOC PET/CT is clearly superior
to that of SRS [9, 10, 23]. Similar findings have recently been
reported by Sadowski et al. using 68Ga-DOTA-TATE PET/CT
[13]. More specifically, our study shows that 68Ga-DOTA-
TOC PET/CT is able to depict small lesions of less than
10 mm in size, which were not seen using SRS, enabling a
more complete screening of dpNETs. The relatively poor per-
formance of SRS in our cohort, as compared to a 50 to 100 %
sensitivity reported in the literature, is probably related to the
limited size of most tumors [25]. Elsewhere, 68Ga-DOTA-
TOC PET/CT provided a better characterization of the lesions
unseen with cross-sectional imaging. Indeed nine
tumors>10 mm in size and SRS negative were clearly visu-
alized using 68Ga-DOTA-TOC PET/CT. Therefore, in such
SRS negative cases, the improvement in tumor characteriza-
tion provided by 68Ga-DOTA-TOC PET/CT may prevent the
necessity of performing complementary investigations such as
biopsy, 18F-FDGPET/CT, or more frequent regular follow-up.

The sensitivity of 68Ga-DOTA-TOC PET/CT also com-
pares well with that of CE-CT (76and 60 %, respectively, in
a per-lesion analysis). Interestingly, 68Ga-DOTA-TOC PET/
CT helped to identify 15 dpNETs unseen with blinded analy-
sis of CE-CT but depicted after unblinded re-analysis.
Conversely, 13 dpNETs unseen with 68Ga-DOTA-TOC
PET/CT were identified by CE-CT. However, these FN
corresponded to ten small lesions < 12 mm in size, and to
18F-FDG PET/CT-positive peripancreatic metastatic LN and
liver metastases of a grade 3 pancreatic NET (P6). SST2R
expression was described to decrease as the histological grade
of dpNETs increases, and there is evidence that, similarly to
SRS, new somatostatin analog PET tracers are of limited value
in intermediate and high-grade tumors while 18F-FDG PET is
more appropriate [26–28]. Similar considerations may explain
the negative findings in the patient P12, with 18F-FDG PET
positive rapidly growing pancreatic lesions associated with
LN.

Since EUS is considered to be the most sensitive imaging
tool for detecting small dpNETs [3, 18] and not performed in a
systematic fashion in all 19 patients, the true sensitivity of
68Ga-DOTA-TOC PET/CT in our cohort may be
overestimated. However, apart from patients with

Fig. 3 Bronchial neuroendocrine tumor depicted by 68Ga-DOTA-TOC
positron emission tomography/computed tomography (a, axial image)
but unseen with contrast-enhanced computed tomography (b, axial
image in arterial phase)
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intermediate or advanced-grade dpNETs, the lesions missed
by both 68Ga-DOTA-TOC PET/CT and CE-CT in asymptom-
atic individuals are probably of small size and of questionable
clinical significance.

Importantly, 68Ga-DOTA-TOC PET/CT provided a com-
plete mapping of the disease and identified several MEN1
extra-abdominal-related tumors including three meningiomas
unseen by SRS and a bronchial NET that was missed by
blinded analysis of CE-CT.

As all 68Ga-DOTA-TOC PET/CT images were confirmed
by unblinded analysis and complementary investigations, our
study suggests the excellent specificity of 68Ga-DOTA-TOC
PET/CT. Indeed, no FP was recorded in our series. However,
the very specific binding of 68Ga-DOTA-TOC may lead to
misinterpretation of tracer accumulation, as described in pre-
vious studies, and should be correlated with anatomical imag-
ing findings for accurate interpretation. Acquisition with
contrast-enhanced perfusion for CT may also improve 68Ga-
DOTA-TOC PET/CT to localize dpNETs [23, 29]. A clear
limitation of our study to assess the specificity of 68Ga-
DOTA-TOC PET/CT is that only pathological examination
of surgical specimens can confirm the diagnosis of dpNETs
and provide accurate information concerning their real size
and histological grade. However, and similarly to the previ-
ously published studies in the specific context of MEN1
[11–13], this option was not possible in small lesions for eth-
ical reasons in the context of the restricted surgical indications
inMEN1 patients [3]. Interestingly, only a few small LN iden-
tified with 68Ga-DOTA-TOC PET/CT were recorded as false
positives after histological examination [13].

In conclusion, in our series, 68Ga-DOTA-TOC PET/CT
demonstrates excellent sensitivity and a real superiority com-
pared to SRS. In addition, 68Ga-DOTA-TOC PET/CT proved
to be helpful for complete mapping of MEN1 disease. Owing
to its diagnostic superiority, improved convenience for the
patient as 1-day imaging, lower risk of accumulation of radi-
ation in the kidneys compared to SRS [30] and potentially
lower cost [31], 68Ga-DOTA-TOC PET/CT should replace
SRS in the investigation of MEN1 patients. Further studies
are needed to precisely evaluate its performance in case of
insulinomas. Whether the slight difference between 68Ga-
DOTA-TATE and 68Ga-DOTA-NOC binding affinity to
SST2R translates into clinical impact, following functional
imaging is debatable [32]. Somatostatin agonists radiolabeled
with long-lived positron emitters, such as 64Cu-DOTA-TATE
[33], and somatostatin antagonists radiolabeled with 68Ga are
also subject of major interest [34]. Finally, other neuropep-
tides, such as radiolabeled glucagon-like peptide 1 (GLP-1)
analogues or glucose-dependent insulinotropic polypeptide
analogues might also improve management of dpNETs that
are somatostatin-receptor negative [35].

Our study was not designed to establish the ideal imaging
strategy for dpNETs in MEN1 patients. However, as accurate

measurement and functional characterization of all dpNETs
are important goals in MEN1 management, we recommend
the use of a combination of 68Ga-DOTA-TOC PET/CT and
complementary sensitive morphological imaging such as mul-
tiphase CE-CT, EUS, or MRI for the detection of MEN1-
related dpNETs.

Although EUS in trained hands is probably the most sen-
sitive imaging technique to detect very small pancreatic tu-
mors (often quite smaller than 1 cm), the clinical significance
of such tumors in asymptomatic individuals is debatable, and
the availability of expert endoscopists is limited. Thus, in the
absence of clinical or biological features suggesting the pres-
ence of insulinomas, our study and recent data from the liter-
ature suggest that 68Ga-DOTA-TOC PET/CT (using CE-CT)
could be recommended as the standard for screening of GEP-
NET in MEN1 patients.
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