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Abstract

Objective: Pancreatic neuroendocrine tumors (panNETSs) are the leading cause of death in patients with multiple endocrine neoplasia type 1
(MEN1). The role of somatostatin receptor positron emission tomography/computed tomography (SSTR PET/CT) in MEN1 has not been
established. The aim was to assess pancreatic imaging in MEN1 in a real-life setting.

Design: Fifty-eight patients with MEN1 [median age 40 (range 16-72) years] underwent SSTR PET/CT imaging; either as a screening tool
regardless of disease stage (n=47) or to further characterize known panNETs (n=11). SSTR PET/CT and matched conventional imaging were
blindly analyzed. We assessed the findings and the impact of SSTR PET/CT during a median follow-up of 47 months.

Results: SSTR PET/CT detected three times as many panNETs as conventional imaging (P < .001). SSTR PET/CT altered the management of 27
patients (47%). Seven patients (12%) were referred for surgery, and five (9%) received systemic treatment. In 15/25 (60%) patients with no
previous panNET (n=22) or in remission after surgery (n=3), SSTR PET/CT identified a panNET (n=14) or recurrence (n=1). In eight
patients, SSTR PET/CT revealed a panNET not immediately visible on conventional imaging. During a median follow-up of 47 months, three
became visible on conventional imaging, but none required intervention. When SSTR PET/CT was negative, no panNETs were identified on
conventional imaging during 38 months of follow-up.

Conclusions: SSTR PET/CT demonstrates high accuracy in the detection of panNETs and alters the clinical management in nearly half of the
MEN1-patients. SSTR PET/CT enables timely diagnosis and staging of MEN1-related panNETs.
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Significance

The role of somatostatin receptor positron emission tomography/computed tomography (SSTR PET/CT) in the follow-up of
pancreatic neuroendocrine tumors (panNETs) in multiple endocrine neoplasia type 1 (MEN1) has not been established. This
study shows that SSTR PET/CT detects three times as many panNETs as conventional imaging and alters the clinical man-
agement of 47% of patients. SSTR PET/CT identifies small panNETs not visible on control conventional imaging that do not
demonstrate clinically significant growth during four-year conventional imaging follow-up. When SSTR PET/CT imaging
was negative, neither magnetic resonance imaging nor CT detected any panNETs during the three-year follow-up. Long
follow-up and blinded imaging analysis enabled us to pinpoint situations in which the interventions were specifically attrib-
utable to SSTR PET/CT. Our findings may help tailor the imaging follow-up of MEN1.
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Introduction

Well-differentiated neuroendocrine tumors frequently express
somatostatin receptors (SSTRs) on their cell surface, enabling
the use of radiolabeled SSTR-binding ligands for the imaging
of pancreatic neuroendocrine tumors (panNETs)."* Because
of its high sensitivity and spatial resolution, SSTR positron
emission tomography with low-dose computed tomography
(CT) [SSTR positron emission tomography/CT (SSTR PET/
CT)] has been successfully implemented in diagnosing and sta-
ging sporadic noninsulinoma panNETs.>” In multiple endo-
crine neoplasia type 1 (MEN1) syndrome, decreased life
expectancy is related to NETs, with panNETs constituting
the leading cause of death.®’

The timely detection of potentially aggressive nonfunction-
ing panNETs before the development of metastases forms the
cornerstone of the follow-up. In MEN1, chromogranin A and
pancreatic polypeptide have a low diagnostic value for detect-
ing nonfunctioning panNETs.* ' As such, diagnostics rely on
imaging studies. Surgical treatment is recommended for tu-
mors >2 cm in diameter and for smaller rapidly growing
tumors."!

Contemporary guidelines recommend screening and follow-
up of panNETs with either magnetic resonance imaging
(MRI), endoscopic ultrasound (EUS), or CT.'"'> MRI and
CT suffer from reduced sensitivity, especially with smaller le-
sions. Although EUS has been considered the most sensitive
imaging method, it is invasive, operator dependent, and sub-
ject to availability.'® Because of the limitations of convention-
al imaging, there is an unmet need for novel diagnostic
imaging tools. Although SSTR PET/CT has been recognized
as a sensitive imaging tool in patients with MENT, its role in
screening and follow-up has yet to be established.®'*!3

Only a few studies with a limited patient population have
assessed the performance of SSTR PET/CT as a pancreatic im-
aging tool in MEN1.'¢?? In their cross-sectional study includ-
ing 19 MEN1 patients, Morgat et al.'® investigated
duodenopancreatic NETs with SSTR PET/CT, SSTR scintig-
raphy, and CT, reporting that SSTR PET/CT detected signifi-
cantly more pancreatic lesions than conventional imaging.
Patil et al.'” described 34 MENT1 patients who underwent
SSTR PET/CT in a retrospective setting. When SSTR PET/CT
was used in conjunction with multiphasic contrast-enhanced
CT, the combined use of imaging modalities detected signifi-
cantly more gastroenteropancreatic lesions and metastases
than CT alone. Lastoria et al."® described 18 MEN1 patients,
in whom SSTR PET/CT identified all pancreatic lesions on
various conventional imaging modalities, reporting a sensi-
tivity of 100%.

According to studies assessing the clinical impact of SSRT
PET/CT in MEN1 (Mennetrey, Sadowski, Froeling),*** the
proportion of patients with reported benefit varied between
31% and 48%. However, Albers et al.'” prospectively studied
33 MENI1 patients whose follow-up, including EUS, abdomin-
al MRI, and thoracic CT, was supplemented with SSTR PET/
CT. Unlike the previously mentioned studies, conventional
imaging overperformed SSTR PET/CT in detecting
panNETs; however, SSTR PET/CT discovered additional,
but clinically nonsignificant, lymph node (7 = 3) and liver me-
tastases (7 =4).

The aim of the present study was to compare the perform-
ance and value of SSTR PET/CT compared with conventional
pancreatic imaging in the management of patients with MEN1
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in a real-life setting. We evaluated these modalities in different
clinical situations: as a screening tool for all MENT1 patients,
regardless of current disease stage, and as a staging tool in pa-
tients with known panNETs only.

Patients and methods

Study design

We evaluated the performance of SSTR PET/CT compared
with conventional pancreatic imaging among MEN1 patients
treated at the Helsinki (cohort A) and Turku (cohort B)
University Hospitals during the years 2013-2021. Patient
characteristics, disease manifestations, laboratory results, sur-
gery, pathology reports, and data on possible other interven-
tions were gathered from the electronic patient records.
Laboratory parameters were analyzed using in-house methods
in the respective hospitals. Because of the methodological
changes in some diagnostic tests over time, all laboratory
data are presented as a percentage of the upper limit of
normal.

Patients

At Helsinki University Hospital, SSTR PET/CT was intro-
duced as a routine one-time screening tool for all patients, re-
gardless of disease stage, in 2018. All MENT1 patients (n =47,
cohort A) were prospectively screened with SSTR PET/CT us-
ing a local follow-up protocol, the primary aim being the de-
tection and staging of possible panNETs. At Turku
University Hospital, all patients had been previously diag-
nosed with panNET (# =11, cohort B) and underwent SSTR
PET/CT to further characterize the tumor. The findings were
retrospectively analyzed. Seven of these patients were previ-
ously described by Majala et al.>®

In the present study, 11 patients (19%) had undergone sur-
gery for panNET before SSTR PET/CT imaging. Two (18%)
patients had undergone total pancreatectomy, six (55%) par-
tial resection of the pancreas, and three (27%) tumor
enucleation.

The study was performed in accordance with the
Declaration of Helsinki. Authorization to perform this study
without individual consent was granted by the institutional re-
view boards of Helsinki University Hospital (HUS/115/2020)
and Turku University Hospital (T03/011/21).

Imaging protocols and analysis of imaging data
Whole-body PET/CT images from the vertex to mid-thigh
were acquired after an intravenous injection of ~1.5-2 MBq/
kg of ®8Gallium-DOTANOC and 60-min rest.

Three different PET/CT systems were used: Philips Gemini
GXL 16 (Philips Healthcare, MA, USA), Siemens Biograph
mCT Flow 64 (Siemens Healthcare, IL, USA), and GE
Discovery MI 128 (General Electric Healthcare, WI, USA).
The pixel size was 2.7 X 2.7 or 4 x 4 mm, slice thickness 2.8
to 5 mm, and imaging time/bed position 2.5-3 min.

Attenuation correction was made with a low-dose CT,
which was used for anatomical localization. No contrast me-
dium was used. One patient underwent concurrent MRI for
anatomical localization.

The conventional imaging of the upper abdomen was con-
ducted by MRIin 51 patients and CT in seven patients. MRI im-
aging was conducted with either 1.5- or 3-T high-field MRI. For
one patient, only magnetic resonance cholangiopancreatography
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(MRCP) and T2-weighted anatomical imaging were avail-
able. For all other patients, the MRI protocol included
gadolinium-enhanced T1-weighted fat-saturated sequences
in at least the arterial and venous phases in the axial plane,
a T1 fat-saturated axial sequence without contrast in all
but one patient, anatomical T2-weighted sequences in the ax-
ial and coronal planes, and diffusion-weighted imaging in the
axial plane. In most patients, MRCP sequences were
obtained.

CT imaging was conducted with helical acquisition, and the
three-dimensional data set was reconstructed into 3-mm slices
in the axial, coronal, and sagittal planes. For three patients,
the CT protocol included both arterial and venous phases of
the upper abdomen; for one patient, only the arterial phase
was available; and for another, only the venous phase was
available.

Comparison of PET/CT data to conventional imaging

The available SSTR PET/CT results were compared with con-
ventional MRI or CT results. Conventional imaging per-
formed in the closest vicinity to the SSTR PET/CT [median
difference 3.0 months, interquartile range (IQR) 1.2-7.8]
was chosen for comparison. In 33 (57%) patients, SSTR
PET/CT was performed after the conventional imaging used
for comparison. No anatomy-altering surgery was allowed be-
tween the images used in the analysis.

SSTR PET/CT and conventional imaging results were rean-
alyzed in a blinded fashion by two independent experts (HP
and JS), and the detected lesions were compared. For discord-
ant head-to-head imaging results between modalities, further
analysis of specific lesions was undertaken. In these cases,
evaluation was based on follow-up including further imaging
(median follow-up 49 months, IQR 30-64).

Impact of SSTR PET/CT on patient management

The real-life clinical impact of SSTR PET/CT imaging was as-
sessed by the investigators using available follow-up data from
electronic patient records, including imaging, surgical, histo-
pathological outcomes, and changes in systemic treatments.
Histopathological confirmation of panNET detected on im-
aging during the present study was available from 13 patients.
Eleven of the specimens were from surgical removal of the tu-
mor, and two from EUS facilitated biopsy. The median follow-
up was 47 months (IQR 29-66).

The clinical impact was categorized as no change in follow-
up scheme, intensified follow-up, referral for surgery, or other
intervention. The disease stage at the time of SSTR PET/CT
imaging was categorized as: (1) screening (no previous diagno-
sis of panNET), (2) staging (follow-up of untreated panNET),
(3) restaging (previous treatment for panNET), or (4) evalu-
ation for suitability of peptide receptor radionuclide therapy
(PRRT). The categorization was adapted from Mennetrey
et al.?% After categorization, patients in cohorts A/B were clas-
sified as follows: 20/0 (34%/0%) to screening, 16/10 (28%/
91%) to staging, 10/0 (17%/0%) to restaging, and 1/1 (2%/
9%) to evaluation for suitability for PRRT.

Statistical analysis

Statistical analysis was performed using IBM SPSS 25 (IBM
Corp., Armonk, NY, USA), except for Kaplan—-Meier esti-
mate, which was performed using R 4.2.1 (R Core Team
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2022). Data are presented as means and standard deviations,
medians and either IQR, or ranges for continuous variables.
The categorical variables are presented as frequencies and pro-
portions. Continuous variables were compared using a -test
or Mann—-Whitney U test in case of a non-normal distribution.
Categorical variables were compared using the chi-squared
test. The reported P-values are two-sided, with a P-value of
<.05 considered statistically significant.

Results

Patient characteristics

The clinical characteristics and biochemistry of the 58 patients
with MEN1 syndrome are presented in Table 1. Cohort A
comprised 47 patients (median age at SSTR PET/CT 39 years,
range 16-72 years), and cohort B comprised 11 patients (me-
dian age at SSTR PET/CT 40 years, range 20-68 years).
Diagnosis of MEN1 was confirmed with genetic testing in all
but one patient, whose diagnosis was clinical. The Kaplan—
Meier estimate of age at time of the first diagnosis of
panNET is shown in Figure 1.

Imaging

Pancreatic, liver, and lymph node lesions detected on blinded
evaluation of SSTR PET/CT and conventional imaging

Pancreatic lesions. The imaging findings are described in
Table 2. Compared with conventional imaging, SSTR PET/
CT detected significantly more NET lesions in the pancreas.
This was true for the entire pancreas (P <.001) and for both
the head (P <.001) and body-tail (P =.001) regions. SSTR
PET/CT imaging detected significantly more patients with at
least one panNET in the entire pancreas (P =.002), head (P
<.001), and body-tail (P =.005) regions. The performance
difference of conventional imaging modalities (MRI and CT)
compared with SSTR PET/CT was similar (P =.16, data not
shown).

Liver lesions. There was no statistically significant difference
in the amount of suspected liver metastases (13 vs. 23, P =.54)
or the proportion of patients with suspected liver metastases
(12% vs. 16% P =.59) between the SSTR PET/CT and con-
ventional imaging modalities (Table 2).

Lymph node lesions. SSTR PET/CT detected lymph node me-
tastases not identified on conventional imaging in four pa-
tients; three of these metastases were in the abdominal and
one in the mediastinal region. Two of the patients underwent
surgery, and histopathology confirmed NET tissue.

Paired patient-matched comparison of SSTR PET/CT and
conventional imaging

Pancreatic lesions. On average, SSTR PET/CT detected 1.53
(2.19) more panNETs per patient than conventional im-
aging. The distribution of additional panNETs detected is
shown in Figure 2. The mean difference was 0.67 (+1.1) and
0.86 (+1.5) for the head and body-tail regions, respectively.
The ability of SSTR PET/CT to detect additional lesions was
similar for the head and body-tail regions (P = .44).

For the assessment of none versus any panNET, SSTR PET/
CT and conventional imaging did not align in 20/58 (34 %) pa-
tients. The paired comparative results of SSTR PET/CT and
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Table 1. Baseline patient characteristics.

European Journal of Endocrinology, 2023, Vol. 188, No. 5

Variable

All patients (n=58)

Cohort A (n=47)

Cohort B (n=11)

Sex, female/male ()
Basis of MEN1-diagnosis

30/28 (52%/48%)

23/24 (49%/51%)

714 (64%136%)

Confirmed gene defect () 7 (98%) 47 (100%) 0(91%)
Clinical diagnosis () 1* (2%) 0 (0%) 1* (9%)
Age at diagnosis of MENT1 (years) 8 (19-47) 28 (19-47) 1(24-41)
Diagnosis of panNET before SSTR PET/CT imaging (1) 6 (62%) 25 (53%) 1(100%)
Previous surgical treatment for panNET (%) 1(19%) 10 (21%) 1(9%)
Somatostatin analog treatment (1) 8 (14%) 6 (13%) 2 (18%)
Age at SSTR PET/CT imaging (years) 0 (28-56) [16-72] 39 (28-57) [16-72] 42 (35-47) [20-68]
Conventional imaging modality used for comparison
Magnetic resonance imaging (1) 1(88%) 1(87%) 10 (91%)
Computed tomography () 7 (12%) 6 (13%) 1(9%)
Laboratory parameters at SSTR PET/CT imaging
Chromogranin A (% of upper limit of normal) 92 (70-154) 90 (70-132) 125 (77-187)
Pancreatic polypeptide (% of upper limit of normal) 65 (24-183) 42 (24-76) 205 (26-350)
Gastrin (% of upper limit of normal) 25 (18-64) 4 (18-63) 42 (25-51)

Data are presented as median (interquartile range)/[range] or frequency (proportion), as appropriate.
Abbreviations: MEN1, multiple endocrine neoplasia type 1; panNET, pancreatic neuroendocrine tumor; SSTR PET/CT, somatostatin receptor positron

emission tomography/computed tomography.

#Clinical diagnosis was based on occurrence of panNET, primary hyperparathyroidism, pituitary adenoma, and adrenal adenoma.
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Figure 1. Kaplan—Meier survival estimate for the first-time diagnosis of pancreatic neuroendocrine tumor (panNET) in a MEN1 population that has
undergone SSTR PET/CT imaging. 95% confidence interval in gray. Crosses imply censored data. To provide relevant epidemiological data, cohort B was
omitted from the analysis to address selection bias related to all patients in the cohort having previous panNET diagnosis.

conventional imaging are shown in Table 3. In 18 patients, le-
sions detected by SSTR PET/CT were not visible on conven-
tional imaging. In two patients, conventional imaging
displayed a lesion, while SSTR PET/CT displayed none. In
addition, in two patients, conventional imaging demonstrated
additional pancreatic lesions compared with those detected by
SSTR PET/CT.

Liver lesions. Six patients (10%) displayed discordant results.
In four cases, metastases were suspected on conventional im-
aging but not on SSTR PET/CT. In two cases, metastases
were suspected on SSTR PET/CT but not on conventional
imaging.

Further evaluation of discordant pancreatic imaging
results

Four patients had discrepant results in which conventional im-
aging displayed more suspected panNETs. In a 49-year-old
patient, a 27-mm pancreatic tumor was identified on MRI
but was not visible on SSTR PET/CT. The patient underwent
pancreatoduodenectomy, and histopathology confirmed pan-
creatic adenocarcinoma. In a 64-year-old patient, SSTR PET/
CT demonstrated one but CT two possible panNETs.
Histopathology confirmed the SSTR PET/CT positive lesion
to be a panNET; the other tumor detected on CT was a micro-
adenoma. In a 72-year-old patient, CT demonstrated a hyper-
vascular NET lesion in the uncinate region of the pancreas,
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Table 2. Lesions detected by imaging modality.

Total number of lesions Number of patients with at least one lesion
Organ SSTRPET/CT  Conventional imaging (MRI/CT)  P-value = SSTRPET/CT  Conventional imaging (MRI/CT)  P-value
Pancreas
Total 133 44 <.001 47 (81%) 31 (53%) .002
Head 50 10 <.001 31 (53%) 8 (14%) <.001
Body/tail 83 34 .001 39 (67%) 24 (41%) .005
Liver 13 23 .54 7 (12%) 9 (16%) .59

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; SSTR PET/CT, somatostatin receptor positron emission tomography/computed

tomography.

The number of panNETs detected by SSTR PET/CT in
relation to conventional imaging

25
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The differnce in the number of panNETs detected on SSTR PET/CT
and conventional imaging per patient. Positive number indicates more
lesions were detected on SSTR PET/CT.
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Figure 2. The difference in the number of detected pancreatic
neuroendocrine tumors (panNETS) in patient-matched paired analysis of
SSTR PET/CT and conventional imaging. The number of panNETs
detected by conventional modalities is subtracted from the number of
SSTR PET/CT detected panNETs.

while the corresponding SSTR PET/CT uptake was inter-
preted to be physiological. In response to PRRT, this lesion de-
creased in size on conventional imaging. The fourth patient, a
32-year-old individual, had three panNETs on MRI but only
two on SSTR PET/CT. Thirty months of follow-up with
MRI confirmed two to be a true positive.

Assessment of discordant liver imaging results

Six patients had discordant imaging results for suspected liver
metastases. In four cases, metastases were suspected on con-
ventional but not on SSTR PET/CT imaging. Three of these
cases (33-year-old, 38-year-old, and 60-year-old patients)
were false positive MRI findings that could be explained by
abnormal hepatic perfusion. In the fourth case, CT demon-
strated widespread liver metastases in a 45-year-old patient
(images displayed in Figure 3). Liver biopsy confirmed thyroid
transcription factor 1 expressing NET tissue compatible with
pulmonary origin. In addition, SSTR PET/CT was positive in
two cases, but corresponding lesions were not detected on
MRLI. In the first case, a 24-year-old patient, a tracer-positive
lesion was first interpreted as segment III liver metastasis.
Additional imaging and clinical follow-up confirmed a
panNET located in the body of the pancreas. In the second
case, SSTR PET/CT detected a panNET liver metastasis in a
20-year-old patient, and the diagnosis was confirmed by
biopsy.

Table 3. Patient-matched comparison of SSTR PET/CT and conventional
imaging results.

Any suspected pancreatic NET MRI/CT+ MRI/CT-
SSTR PET/CT + 29 (50%) 18 (31%)
SSTR PET/CT - 2 (3%) 9 (16%)
Any suspected liver metastases MRI/CT+ MRI/CT-
SSTR PET/CT + 5(9%) 2 (3%)

SSTR PET/CT - 4(7%) 47 (81%)

Abbreviations: CT, computed tomography; MRI, magnetic resonance
imaging; SSTR PET/CT, somatostatin receptor positron emission
tomography/computed tomography.

Real-life clinical impact of SSTR PET/CT imaging

SSTR PET/CT imaging altered the management of 27/58
(47%) patients. In the majority (nz =15), this was because of
novel discoveries requiring further characterization or more
frequent follow-up. Twelve patients received further treat-
ments, either referrals to surgery (7 = 7) or other interventions
(n=15). Half of the interventions (z = 6) were because of dis-
coveries not related to panNETs. The patients who received
further treatments are described in Table 4. The clinical im-
pact by disease stage is described in Table 5.

Clinical significance of new panNETs detected by
SSTR PET/CT

Overall, 25 patients were at risk for novel panNET diagnosis,
either having no prior diagnosis (7 =22) or having received
curative surgery (n = 3), excluding patients who had under-
gone pancreatectomy. In this group, SSTR PET/CT screening
identified novel panNETs in 14 patients and one recurrence
in a patient who had undergone curative surgery for
panNET 7.8 years earlier.

On immediate conventional imaging follow-up, the corre-
sponding lesion was identified in seven (47%) patients, five
on MRI, and two on CT. Two of these panNETs were
>2 cm in diameter and, thus, referred for surgery. In eight
(53%) patients, no corresponding lesions were identified im-
mediately. Further conventional imaging follow-up during a
median of 37 months (range 13-84) revealed anatomical le-
sions in 3/8 (38%) patients, two with CT and one with
MRI. None of these lesions were >2 ¢cm or demonstrated rapid
growth. The median follow-up with conventional imaging in
patients without panNETs was 28 months. When SSTR
PET/CT was negative at baseline, no panNETs were detected
on conventional imaging after a median follow-up of 38
months. The events in clinical follow-up after SSTR PET/CT
imaging in a population at risk for novel panNET diagnosis
are shown in Figure 4.
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Figure 3. Patient-matched comparative images of conventional imaging
and SSTR PET/CT. Top row: A: On the left, computed tomography
images of the venous phase displaying two large hypovascular
metastatic masses marked with white asterisks. Histopathology
confirmed NET tissue with likely pulmonary origin. B: On the right, these
metastases did not exhibit tracer uptake on SSTR PET/CT. Bottom row:
D: SSTR PET/CT image on the right displaying two adjacent pancreatic
neuroendocrine tumors in the tail of pancreas (one marked with white
arrow, other surrounded by white crosshairs). On the left, C: only one
corresponding tumor could be seen on the magnetic resonance images,
marked with a white arrow.

Discussion

The present study has provided detailed novel insights into the
role of SSTR PET/CT as a screening and staging/restaging tool
in pancreatic imaging among MEN1 patients. The strengths of
the study include blinded analysis of imaging data, relatively
large patient sample, and a follow-up of almost four years, in-
cluding regular conventional pancreatic imaging surveillance,
enabling assessment of discordant imaging results, and overall
clinical impact. A limitation is the partially retrospective de-
sign of the study, which can lead to bias and reduce overall
representativeness of our data. Overall, SSTR PET/CT de-
tected significantly more panNETs than conventional imaging
with either MRI or CT. These results are in line with most pre-
vious studies comparing SSTR PET/CT to conventional im-
aging modalities. SSTR PET/CT detected panNETs in 30%
of patients without corresponding lesions on conventional im-
aging and was found to impact clinical management in 47 % of
the patients in our MENT series.

SSTR PET/CT screening led to first-time diagnosis of
panNET (n=14) or recurrence (z=1) in 15/25 patients
(60%) at risk for new panNET diagnosis. Three of these pa-
tients were under 20 years old. During a median follow-up
of nearly four years with standard conventional pancreatic im-
aging, none of the newly detected panNETSs that were not im-
mediately visible on conventional imaging required
interventions. Other studies utilizing SSTR PET/CT in
MENT1 have not presented the follow-up results of newly dis-
covered panNETs. Our results suggest that novel SSTR PET/
CT detected panNETs that are not immediately visible on
MRI/CT do not necessarily need intense follow-up but might
instead be tailored for next conventional pancreatic imaging
three to five years later. However, future studies that include
more MENT patients are still needed to answer this question.
Additionally, when SSTR PET/CT imaging was negative,
standard conventional imaging surveillance during the three-
year follow-up did not reveal any panNETs. Current
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guidelines recommend pancreatic imaging <10 years of
age,”* however Klein Hanevald et al.>* concluded that 13-14
years is justified. Taken together, in the future, in adult
MENT1 patients (>18 years), SSTR PET/CT screening for the
detection of panNETS could be recommended for all, and in
children, from the age of 13-15 years.

Most studies utilizing SSTR PET/CT among MEN1 patients
have reported discoveries of additional lymph node
metastases.'®'”>'??> Importantly, Mennetrey et al. demon-
strated that SSTR PET/CT identified lymph node metastases
already at screening in 21% of the patients, with conventional
imaging displaying significantly inferior performance.”’ The
discovery of additional lymph node metastases is repeated in
our study, with four patients having metastases on SSTR
PET/CT, while none of them were visible on conventional im-
aging. In one case, the diagnosis prompted radical surgery of
the primary tumor and local metastasis. The detection of a lo-
cally advanced disease can be of benefit because curative rad-
ical surgery may be feasible in locally advanced panNET in
MEN1.%¢ Conventional imaging modalities appear to have a
limited ability to distinguish lymph node metastases when
compared with SSTR PET/CT. As more evidence accumulates,
SSTR PET/CT imaging could enable tailored imaging follow-
up, with the aim of reducing the burden for both the patient
and health care system, still enabling the timely discovery of
panNETs that should undergo resection, and small, aggressive
panNETs that have already metastasized.

It is noteworthy that Albers et al.'” found conventional sur-
veillance of MENT patients with EUS and abdominal MRI to
be superior to SSTR PET/CT. In the studies by Lastoria et al.'®
and Mennetrey et al.,>® 16/18 (89%) and 40/108 (37%)
MENT1 patients, respectively, also underwent EUS. In these
studies, for detection of panNETSs in a patient-matched set-
ting, the performance of EUS and SSTR PET/CT was similar.
However, EUS and SSTR PET/CT are not available in all cen-
ters, and patients with MEN1 may not necessarily benefit from
undergoing both investigations. It seems plausible that EUS
and SSTR/PET CT could serve as complimentary tools accord-
ing to their availability because both reportedly demonstrate
improved sensitivity compared with conventional imaging in
detecting panNETs. 1618 Of note, heavy investigational pro-
tocols burden the patients, and accurate diagnostics may affect
the health-related quality of life in patients with MEN1.%”

A strength of the present study was the substantial median
follow-up (49 months), which enabled us to assess discordant
imaging results. Based on this, SSTR PET/CT was correct in at
least 7/10 discordant cases when assessing MEN1-related le-
sions. In four patients, panNET was suspected on convention-
al imaging but not on SSTR PET/CT. Of these, the follow-up
confirmed three false positives of conventional imaging for
panNET (MRI=2, CT =1), one of which was a pancreatic
adenocarcinoma and, thus, clinically significant. Pancreatic
adenocarcinomas have been previously reported in patients
with MENT1.%® The last discordant result was possibly a false
negative SSTR PET/CT, where conventional imaging (CT)
suspected panNET in the uncinate region of pancreas. The
high background tracer uptake®” was interpreted as physio-
logical. During further follow-up, the suspected lesion shrunk
in response to PRRT, suggesting that the lesion was a
panNET. Of the discordant liver lesions, SSTR PET/CT was
accurate in 4/6 cases. One false positive was because of the
misallocation of panNET tracer uptake into the liver, which
was attributable to a breathing-related artifact. An additional
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Table 4. Clinical details of patients who underwent interventions following SSTR PET/CT imaging.

Patient Alteration in clinical Lesion responsible for the alteration ~ Description of clinical details
management of clinical management
1 Referral for surgical Novel tracer-positive abdominal Distal pancreatectomy (four tracer-avid panNETs and positive lymph
treatment lymph node not visualizing on MRI node). Histopathology confirmed panNET diagnoses and NET tissue
in the lymph node
2 Referral for surgical Novel >2 cm panNET The patient had no previous diagnosis of panNET. With the SSTR PET/
treatment CT data available, the panNET was retrospectively identified also on
the MRI series dating eight years back. Histopathology from
EUS-assisted biopsy confirmed the diagnosis. Of note, the panNET
was identified on blinded analysis of MRI images of the present study
3 PRRT Tracer positivity of liver NET Advanced disease and strong SSTR uptake led to initiation of PRRT.
metastases
4 Referral for surgical Novel >2 cm panNET SSTR PET/CT as the first-time abdominal imaging, primary discovery of
treatment panNET, also visualized (2.0 cm) on concomitant MRI.
Histopathology confirmed the diagnosis. Of note, the panNET was
identified on blinded analysis of MRI images of the present study
5 Initiation of other Novel breast cancer metastasis Discovery of novel bone metastasis in ilium led to change in systemic
systemic treatment treatment of breast cancer
6 Referral for surgical Tracer-positive lung lesion Corresponding lesion could be seen on thoracic CT. Histopathology
treatment confirmed the diagnosis of well-differentiated lung NET.
7 Referral for surgical Novel tracer-positive solitary liver After follow-up of a stable disease, the patient underwent resection of
treatment metastasis not visualizing on MRI primary panNET and liver metastasis. Histopathology confirmed the
diagnosis of panNET and NET-metastasis
8 Referral for surgical Novel tracer-positive retroperitoneal ~ Patient had gastrointestinal symptoms and elevated gastrin levels; both
treatment lesion not visualizing on MRI resolved after surgical removal of the lesion. Histopathology
confirmed NET diagnosis
9 Referral for surgical Confirmation of suspected NET SSTR PET/CT confirmed panNET diagnosis. Surgical treatment was
treatment diagnosis by SSTR PET/CT opted in because of patient-related reasons, even though tumor size
was below surgical threshold regarding size and growth rate.
Histopathology confirmed the diagnosis of panNET
10 Initiation of Novel tracer-positive liver metastases Initiation of somatostatin analog treatment. The lesion is thought to
somatostatin analog originate from previously treated duodenal NET. Of note, the liver
metastasis was seen on blinded analysis of MRI images of the present
study
11 Initiation of other Tracer negativity of liver metastases ~ Widely advanced disease led to the initiation of temozolomide
systemic treatment of NET treatment. Based on histology, the metastases are thought to originate
from lung NET
12 Initiation of Novel tracer-positive lymph node Initiation of somatostatin analog treatment. The lesion is thought to

somatostatin analog lesions not visualizing on MRI

originate from previously treated duodenal NET

Abbreviations: CT, computed tomography; EUS, endoscopic ultrasound; MRI, magnetic resonance imaging; NET, neuroendocrine tumor; panNET, pancreatic
neuroendocrine tumor; PRRT, peptide receptor radionuclide therapy; SSTR PET/CT, somatostatin receptor positron emission tomography/computed

tomography.

Table 5. Clinical impact of SSTR PET/CT imaging on the follow-up and management of patients stratified by the previous panNET history.

Screening (n = 20)*

Staging (n = 26)b Restaging (7 =10)° PRRT assessment (7 = 2)d

Continuation of previous follow-up scheme 5
Intensified follow-up 12
Referral for surgical treatment 2

Other intervention 1(1)

18 8 0
2(1) 1 0
4(1) 1(1) 0
2(2) 0 2(1)

The number of alterations that were attributable to non-panNET discoveries is shown in brackets.

*No previously detected pancreatic neuroendocrine tumor (panNET).
Follow-up of untreated panNET.

“Previous treatment for panNET.

dEvaluation for suitability of peptide receptor radionuclide therapy (PRRT).

false negative was because of true liver metastatic NET tissue
of likely pulmonary origin not exhibiting tracer uptake.

In line with conventional CT, SSTR PET/CT has been
criticized for its high ionizing radiation burden and, thus, con-
sidered unsuitable for MEN1 tumor screening.'” However,
this must be balanced against the risk of potential delayed
diagnosis of NET or metastasized disease. In Helsinki
University Hospital, the radiation dose of SSTR PET/CT is
4.5-7.0 mSv, which compares favorably to multiphasic

contrast-enhanced abdominal CT, here with a reported dose
of ~13 mSv.*° Implementation of time-of-flight PET technol-
ogy can provide even further reductions in radiation
exposure.”’

SSTR PET/CT led to changes in clinical management in
47% of the patients, with half of the changes attributable to
novel panNET discoveries requiring intensified follow-up. In
addition, 12% of the patients were referred for surgical inter-
vention, and 9% received systemic treatment. Although many
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Patients at risk* for novel
panNET diagnosis,

n=25

Patients with SSTR
PET/CT positive lesion in
pancreas,
n=15

Patients with no SSTR
PET/CT positive lesions in
pancreas,
n=10

Corresponding lesion on
immediate conventional
imaging,
n=7

No corresponding lesion
on immediate
conventional imaging,

n=8

No lesions in subsequent
conventional imaging
follow-up (median 38 follow-up available,

months), n=1
n=9

No subsequent imaging

No visible tumors on
follow-up (median 28
months),
n=5

Tumors 22 cm in
diameter,
n=2

Tumors detected on
follow-up (detected at
median 13 months),
n=3

Tumors 22 cm in diameter
or exhibiting significant
growth on follow-up
(median 47 months),

n=0

Figure 4. Flowchart of the clinical follow-up results of patients without previous diagnosis of panNET or preceding curative surgery with clinical remission,
that is, patients at risk for novel panNET diagnosis. *Patients at risk included 22 patients who had no prior diagnosis of pancreatic neuroendocrine tumor
(panNET) and three patients who had received curative surgery for panNET with no other known panNETSs. Patients with previous pancreatectomy were

not considered at risk.

of the interventions could have been reached with convention-
al imaging modalities, based on the available follow-up data
and blinded imaging analysis, SSTR PET/CT specifically en-
abled tumor surgery with curative aims for three patients.
Previous studies have reported comparable levels of influence
of SSTR PET/CT in the clinical management of patients
(31%-48%), while the rate of surgery has been higher
(27%-43%).212232 Previous studies have not provided
enough data to assess whether conventional imaging could
have provided comparable results to SSTR PET/CT in subse-
quent clinical follow-up.

In summary, the SSTR PET/CT imaging of MEN1 patients
was able to detect a significantly larger number of panNETSs
compared with conventional imaging, altering the clinical
management in almost half of the patients. SSTR PET/CT im-
aging enables the timely diagnosis and staging of
MENT1-related panNETs.
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