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Abstract
Nuclear medicine plays an increasingly important role in the management neuroendocrine neoplasms (NEN).
Somatostatin analogue (SSA)-based positron emission tomography/computed tomography (PET/CT) and peptide
receptor radionuclide therapy (PRRT) have been used in clinical trials and approved by the European Medicines
Agency and Food and Drug Administration.
EANM Focus 3 performed a multi-disciplinary Delphi process to deliver a balanced perspective on molecular
imaging and radionuclide therapy in well-differentiated neuroendocrine tumours (NET). Several societies’
guidelines address NEN management, however, many issues are still debated, due to both the difficulty in
acquiring strong clinical evidence in a rare and heterogeneous disease and the different availability of diagnostic
and therapeutic options across countries.
EANM Focus 3 reached consensus on employing [68Ga]Ga-DOTA-SSA PET/CT with diagnostic CT or magnetic
resonance imaging for unknown primary NET detection, metastatic NET, NET staging/restaging, suspected extraadrenal pheochromocytoma/paraganglioma and suspected paraganglioma. Consensus was reached on employing
[18F]FDG PET/CT in neuroendocrine carcinoma, G3 NET and in G1-2 NET with mismatched lesions (CT
positive/[68Ga]Ga-DOTA-SSA-negative). PRRT was recommended for second line treatment for gastrointestinal
NET with [68Ga]Ga-DOTA-SSA uptake in all lesions, in G1/G2 NET at disease progression, and in a subset of G3
NET provided all lesions are positive at [18F]FDG and [68Ga]Ga-DOTA-SSA. PRRT rechallenge may be used for in
patients with stable disease for at least one year after therapy completion.
An international consensus is not only a prelude to a more standardized management across countries but also
serves as a guide for the direction to follow when designing new research studies.

Summary
Nuclear medicine imaging and therapies play an increasingly important role in the management of
neuroendocrine neoplasms (NEN). EANM Focus 3 reached consensus on the use of [68Ga]Ga-DOTA-SSA in
combination with diagnostic computed tomography or magnetic resonance imaging for diagnosis, including
unknown primary detection, for staging, for restaging after surgery, following progression, and for known or
suspected NET. Consensus was also reached on the use of [18F]FDG in NET G3 and for G1-2 NET with lesions
negative on [68Ga]Ga-DOTA-SSA or with rapid progression. [68Ga]Ga-DOTA-SSA is also recommended for
suspected extra-adrenal localization of pheochromocytoma/paraganglioma and suspected paraganglioma without
evident secondary lesion on morphological imaging. Consensus also supported use of PRRT as second line therapy
at first disease progression in all patients with G1-2 [68Ga]Ga-DOTA-SSA positive gastrointestinal NET and in a
subset of patients with NET G3 (Ki67 >20%) provided all [18F]FDG positive lesions exhibit [68Ga]Ga DOTA-SSA
uptake. PRRT rechallenge was also supported for prior responders.

I.

Introduction

Neuroendocrine neoplasms (NEN) represent a group of heterogeneous tumours that arise from the disseminated
endocrine cell system primarily from gastro-entero-pancreatic (GEP) organs.
NEN are classified according to their cells’ morphology and proliferation index (Ki67) as welldifferentiated
neuroendocrine tumours (NET), including G1 (Ki67≤ 2), G2 (Ki67 3-20%) and well differentiated G3 (Ki67>20%,),
showing a more favourable behaviour as compared to poorly differentiated G3 and neuroendocrine carcinomas
(NEC, small and large cells). Less common than GEP are bronchopulmonary tract tumours (20-25%), currently
classified as typical and atypical carcinoid tumours. Most NET are non-functioning, while a minority present with
symptoms related to hypersecretion of bioactive compounds. Delayed diagnosis is common due to asymptomatic
presentation or non-specific symptoms. Although the past two decades witnessed both an increased incidence and
prevalence of NEN along with a significant improvement in their management, many issues remain openly
debated.1,2
NET share many diagnostic commonalities, since they are often hypervascular and > 80% overexpress somatostatin
receptor (SSTR) on their surface.3 This allows the use of SSTR imaging for staging of these tumours. Moreover, SSTRimaging can help select patients for specific therapies targeting SSTR. Surgery, when feasible, is the mainstay of
therapy for patients with non-metastatic NET, or those who are candidates for cytoreductive operations. Longacting somatostatin analogues (SSA) including octreotide and lanreotide are first line medical therapy for most
patients with advanced NETs. Second line treatments for NET, depending on the primary tumour site, include
molecularly targeted therapies such as everolimus and sunitinib, chemotherapy, interferon-alpha, locoregional
treatments including transarterial (chemo)embolization, selective internal radiation therapy, and peptide receptor
radionuclide therapy (PRRT).4 PRRT, available since the early 1990s, has proved to be a major advance in the
therapeutic management of NET based on accurate patient selection through SSTR imaging leading to a long median
progression-free survival (PFS).5,6 However, the results obtained with PRRT in early clinical trials were difficult to
translate into clinical routine, because they applied different PRRT protocols in terms of injected dose, treatment
schedule, and radiopharmaceutical preparations. Patients were often offered PRRT in advanced disease stages after
progression on other lines of treatment.4 A randomized phase III trial on standard dose PRRT with 177Lu-DOTATATE
in patients with midgut NET recently led to its approval by the European Medicines Agency (EMA) and the Food and
Drug Administration (FDA).7 Although the NETTER-1 study included only patients with mid-gut tumours, the
subsequent FDA/EMA approval was extended to include pancreatic NET.
Because some NET centres routinely use the most advanced diagnostic (eg, [68Ga]Ga-DOTASSA PET/CT) and
therapeutic (eg, [177Lu]Lu-DOTA-TATE PRRT) options, and other centres have only recently implemented these

techniques, there are differences in the clinical management of NET patients across countries. Many consensus
expert panels such as the European Association for Nuclear Medicine (EANM), the European Neuroendocrine
Tumour Society (ENETS), the European Society for Medical Oncology (ESMO), and the North American
Neuroendocrine Tumour Society (NANETS) have published guidelines concerning molecular imaging and
theranostics in NEN.4,8–16,17(p) However, the rarity and heterogeneous presentation of NEN, coupled with the
different pace of availability of several procedures (mainly PET/CT with SSTR and PRRT) across countries strongly
influenced the proposed diagnostic and therapeutic flow-charts and, therefore, the routine local management of
NEN patients and the consequent growth of local expertise.18 Therefore, if on one side these efforts led to an
increased detection, awareness and recognition of NEN and to a significant improvement in their management, on
the other side many issues still remain openly debated. Since nuclear medicine plays a central role in both NEN
diagnosis and treatment, the EANM promoted an event to integrate nuclear medicine knowledge with other
specialities’ expertise and with the voice of a patient advocate. EANM Focus 3 was held January 30 to February 1,
2020 in Athens, Greece, with the aim not to replicate guidelines, but to create a multidisciplinary environment of
international NEN experts, recruited in close collaboration with ENETS, to address unresolved NEN management
and theranostic issues to develop consensus statements to be applied in clinical practise worldwide.
Discussion on PRRT was not limited to indications and procedural aspects but also included treatment sequencing,
patients’ selection, and criteria for response assessment. Although nuclear imaging plays a crucial role for assessing
disease extent and patients’ selection for PRRT, imaging protocols are not standardized worldwide. Discussion
involved the current controversial role of SSTR-scintigraphy using [111In]In-pentetreotide, which is approved and
available in many countries but demonstrably inferior diagnostically compared to [68Ga]GaDOTA-SSA PET/CT.19-21
The role of [18F]FDG PET/CT in relation to other diagnostic modalities used in the evaluation of NEN was also
discussed,9 and parallel discussions were held on the choice of radiopharmaceutical for nuclear imaging of
pheochromocytoma/paraganglioma (PPGL), for which several radiotracers are currently available. Finally, novel and
promising preparations (for both diagnosis and therapy), combination treatments, the role of dosimetry, and the
future development of nuclear medicine procedures in NET were previewed.
Naturally, invited experts came from high volume centres, with extensive expertise in NEN patients’ management
and full availability of both diagnostic ([68Ga]Ga-DOTA-SSA) and therapeutic options (PRRT). Although in a survey
performed in 2017 (including 443 respondents from 26 countries), the availability of [68Ga]Ga-DOTA-SSA and PRRT
was perceived as limited from the majority of patients, advocates and health care professionals18, this condition is
expected to change. In fact, the recent registration of [177Lu]Lu-DOTATATE implies its availability to become a reallife opportunity in a higher number of centres, being therefore only limited by reimbursement national policy.

Moreover, among 60 ENETS centres of excellence worldwide, that require PRRT availability in the same centre or
in a partner centre, 56/60 are currently located in Europe (the remaining 4 are in USA, Israel and Australia,
respectively). Additionally, outside of ENETS centres of excellence, PRRT is performed in others therapy centres,
but precise data is not available. Since the availability of diagnostic and therapeutic procedures is expected to rise,
the discussion of matters of controversy by expert panellists is a fundamental step to ameliorate and standardise
patients’ management worldwide.

II.

Data collection

Panellist selection
Panellists, 24 in total, were selected on the basis of their expertise and publication record in diagnosis or treatment
of NEN with specialties including nuclear medicine (nine panellists), endocrinology (five panellists), medical
oncology (three panellists), medical physics (one panellist), surgery (one panellist), radiopharmacy (one panellist),
gastroenterology (one panellist), pathology (one panellist), and radiology (two panellists). Panellists were actively
involved in all stages of the modified Delphi consensus process (outlined in Figure 1).
Search strategy and selection criteria
We first identified the clinical needs in conjunction with the areas where the use of imaging to assess disease status
and radiopharmaceuticals for therapy is known to be useful. We performed a comprehensive literature search on
PubMed up to March 16, 2019 using medical subject headings vocabulary keywords and free text words for studies
published in English. Then, in first instance, systematic reviews were considered. If updated (ie, published since
2017 onwards) systematic reviews were retrieved, and primary studies were not considered. If outof-date
systematic reviews were found, the searches for primary studies were limited to those studies published after the
last search date of the most recently published systematic review. In cases where retrieval of many systematic
reviews addressed the same subject, only systematic reviews of higher quality according to AMSTAR 2 checklist
criteria and most updated were considered. If no systematic reviews were found, a search of primary studies was
performed. Five separate bibliographic searches were conducted: imaging of NEN, imaging and therapy of PPGL,
genetic testing for PPGL, PRRT of NET, and treatment monitoring. Methodological quality of the included reviews
was assessed using AMSTAR 2, diagnostic accuracy of primary studies was assessed using QUADAS-2, uncontrolled
case series quality was assessed using a principal component analysis,22 randomized controlled trials using the
Cochrane Criteria, and these criteria were listed in the evidence tables and summary documents.22–25 International
guidelines were used to discuss the results but were not included in the evidence tables and summaries. All
panellists received a summary of the results of the searches and the data taken from the included studies, evidence
tables (one per study) containing the main characteristics of each included study/review, the keywords used to
build the bibliographic search string, the results of the search, the number of excluded/included studies with

reasons for exclusion, and the evaluation of the risk of bias/methodological quality of each included study/review.

III.

Questionnaire

Using the results of the systematic review as a basis, a questionnaire was proposed and agreed among the
panellists. A modified Delphi process was then used to gain a structured consensus on each identified and
researched topic present in the questionnaire.26 Anonymized summaries of the results of the first two Delphi rounds
served as the basis for live presentations and further discussions during EANM Focus 3. For questions which did not
achieve consensus during Delphi rounds 1 and 2, the panellists were asked to vote again at the meeting following
presentation of these data and moderated discussion (Delphi round 3). For questions designed to reach a single
response, a ≥70% cut-off was used to determine consensus; an agreement between 60% and 80% is considered
substantial according to the classification of Landis and Koch and is consistent with other consensus procedures.27–
32

For questions with a multiple option format, consensus was considered to have been reached, if at least 50% of

the panellists preferred at least one answer.
The questionnaire was sent to all 24 panellists. If a panellist did not answer a question, it was either because they
abstained, did not feel qualified to answer, or did not provide a response. These panellists did, however, answer
other questions. Panellists who responded that they were unqualified to answer or did not answer a given question
were not considered for the measurement of agreement for that answer.

IV.

Findings

Five topics were identified for the EANM Focus 3 Delphi consensus process: Imaging of NEN; Imaging and Therapy
of PPGL; PRRT of NET; Treatment Monitoring; Looking into the Future.
The comprehensive literature search identified 22 studies that met the selection criteria.6,7,33–52 Responses to
questions where EANM Focus 3 reached consensus are presented by topic in Error! Reference source not found.,
and questions where consensus was not reached are reported in Table 2.
Imaging of NEN
Consensus was reached on responses to 15 of 17 questions concerning imaging of NEN.
Magnetic resonance imaging (MRI) abdomen or contrast-enhanced triple phase CT and PET/CT with [68Ga]Ga-DOTASSA (including [68Ga]Ga-DOTA-TOC, [68Ga]Ga-DOTATATE and [68Ga]Ga-DOTA-NOC) were preferred for cases of
patients with clinically/biochemically suspected NEN (not pathologically confirmed). [68Ga]Ga-DOTA-SSA PET/CT
was preferred for performing SSTR imaging for staging of all NET as complementary to conventional imaging. In
addition to SSTR imaging examination, CT and/or MRI were considered necessary in all patients at initial or
subsequent staging. [68Ga]Ga-DOTA-SSA PET/CT was the preferred technique for NET patients with known
metastatic disease but unknown primary tumour location. SSTR imaging was considered necessary at re-staging

after potentially curative surgery in patients with clinically significant risk of residual or development of metastatic
disease as complementary to conventional imaging, even if no prior SSTR imaging was performed before surgery
to confirm the presence of SSTR expression. SSTR imaging was also considered necessary at re-staging after noncurative surgery in all patients as complementary to conventional imaging.
In case of clinical or laboratory progression, the proposed first choice imaging test in SSTR positive NET was SSTR
imaging plus CT and/or MRI. The detection of a new lesion by SSTR PET/CT, associated with a CT demonstrating
stable disease, was considered sufficient to define progression only when clinical and laboratory findings also are
suggestive for progression.
The panellists recommended [68Ga]Ga-DOTA-SSA PET/CT before PRRT initiation for patients with non-resectable or
disseminated NET to confirm target expression.
[18F]FDG PET/CT was considered necessary/useful in selected patients based on grade (particularly for NET G3) and
correlative imaging, eg, CT/MRI abnormalities without SSTR expression at staging. [18F]FDG PET/CT was considered
necessary at re-staging in a minority of selected patients if positive at baseline or in patients with rapid progression
of disease despite earlier low-grade disease on pathology. MRI and/or CT were the preferred imaging techniques
for follow-up of patients with NEN. The panellists also recommended [18F]FDG PET/CT for patients with nonresectable or disseminated NET G3 and NEC and for those with some lesions on CT/MRI which are negative on SSTR
imaging. For patients with non-resectable or disseminated NET who are candidates for PRRT treatment, the
panellists recommended [18F]FDG PET/CT before treatment in patients with NET G2 and G3, complementary to
SSTR imaging, to exclude patients with mis-matched lesions ([18F]FDG -positive/[68Ga]Ga-DOTASSA -negative) and
as a prognostic factor.
Consensus was not reached concerning the determination of progression at SSTR imaging and the relevance of SSTR
imaging for selecting patients with non-functioning NEN for SSA treatment.
Imaging and Therapy of PPGL
Five questions addressed imaging and therapy of PPGL, and consensus was reached on responses to three of these.
MRI and/or CT were the recommended imaging techniques for suspected adrenal localization, while MRI and/or CT
and [68Ga]Ga-DOTA-SSA PET/CT were recommended for suspected extra-adrenal localization (catecholamine
hypersecretion but without abnormality in adrenal gland). [68Ga]Ga-DOTA-SSA PET/CT was recommended for
clinically or biochemically suspected paraganglioma (PGL) without evident lesions on CT.
Consensus was not reached on the necessity of using genetic examination to choose the appropriate
radiopharmaceutical nor the choice of first line treatment for patients with inoperable or disseminated PPGL.

PRRT of NET
PRRT of NET was the topic of 13 questions, and consensus was reached on responses to eight of these. If SSTR
imaging showed high SSTR expression, the panellists recommended PRRT as second line treatment (after nonradiolabelled SSAs) for patients with non-resectable or disseminated gastrointestinal NET, and they agreed that
NET patients (G1, G2, and G3) with moderate/high uptake (greater than normal liver Krenning score 3 or 4) in all
metastases qualify for this treatment.53
[177Lu]Lu-DOTATATE was the preferred radiopharmaceutical of most (15 (71.4%) of 21) panellists for treating
patients with NET.
Consensus was not reached concerning second line treatment after non-radiolabelled SSAs for patients with nonresectable disseminated pancreatic NET nor the right time point for PRRT in the sequential treatment of NET
patients. Consensus was not reached on whether PRRT should be used as a first/second line of treatment in cases
of patients with local but non-resectable primary disease (without metastases). These was no consensus on the use
of PRRT in patients with G1/G2 NET with mis-match lesions ([18F]FDG -positive/[68Ga]Ga-SSA -negative) nor on the
potential role of PRRT as a neoadjuvant treatment.
Treatment Monitoring
Three questions addressed treatment and monitoring, and consensus was reached on responses to two of these.
Panellists believed dosimetry should be performed only as part of clinical trials and, for better disease control, PRRT
should be performed following dosimetry estimation or adapting the administered activity to the patient’s clinical
data (eg, tumour burden, body mass, comorbidities, lab values) .
Consensus was not reached concerning the choice of imaging technique for monitoring response to therapy in
patients with non-resectable or disseminated NET and treated with PRRT.
Looking into the Future
Consensus was reached on responses to three of the five questions addressing future perspectives for nuclear
medicine in NEN. Panellists considered SSTR antagonist-based radiopharmaceuticals as a potential future for PRRT,
preferred [68Ga]Ga-exendin as having potential as a diagnostic imaging test for suspected insulinoma, and
considered individualized prediction of response and toxicity the most important future use for PRRT.
No consensus was reached on whether patients with NET should be considered for intra-arterial PRRT nor on the
future role for immunotherapy in the treatment of NENs.

V.

Discussion

The use of PRRT in NET management became a particularly relevant topic following EMA and FDA approval of the

use of [177Lu]Lu-DOTATATE in GEP-NET in 2017. Although used mostly in clinical trials and as compassionate use
since its first introduction in the mid-1990s, most panellists support the use of PRRT in management of selected
cases of NET. This is in line with the results reported here, where most panellists preferred [177Lu]Lu-DOTATATE,
while some also considered other options including a combination of

90

Y/177Lu together with DOTATATE or

DOTATOC, to achieve control of both small and large lesions corresponding
to the different tissue penetration of the emitted radiation.54,55,56
In fact, EANM guideline issued in 2013 reports different treatment schemes including both radiolabelled DOTATATE
and DOTATOC alone or in association. However, validation studies are needed to confirm the benefits of
combination treatment as was done for [177Lu]LuDOTATATE in the NETTER-1 trial. It should also be mentioned that
from a toxicity point of view, 177Lu is increasingly preferred to 90Y labelling due to its much lower kidney toxicity and
the possibility to carry out scintigraphy and thus dosimetry.
Panellists agreed on the use of PRRT as second line treatment in patients with non-resectable or disseminated
gastrointestinal NET (after progression or lack of symptomatic control on nonradiolabelled SSTR agonists). This is in
line with the results of the NETTER-1 study, where PFS at 20 months was 65.2% for patients treated with [177Lu]LuDOTATATE and standard dose of octreotide compared to 10.8% for those treated with off-label high-dose
octreotide.7 For pancreatic NET, PRRT was not recommended specifically as a second-line therapy due to the
absence of data comparing PRRT to other approved treatments such as sunitinib and everolimus or streptozotocinbased systemic chemotherapy.
Panellists considered PRRT as appropriate second line treatment option in all GI NET patients (NET G1 and G2, Ki67<20%) with matched [18F]FDG and SSTR-positive uptake in all lesions. Considering the well-known heterogeneous
NET behaviour, the employment of PRRT in only
G1 and G2 patients may exclude some G3 patients, who might derive benefit from treatment.
In fact, good responses to PRRT were also reported in selected G3 NET with lower Ki-67 (reported values of
<55%).57,58 EANM Focus 3 panellists were in favour of extending current indication to a subset of patients with GEP
G3 (NET G3, Ki-67>20%) showing matched [18F]FDG and SSTR uptake in all lesions (based on risk, symptoms, and
primary tumour location).
Panellists also agreed that patients responding to [177Lu]Lu-DOTATATE may benefit from retreatment at disease
progression, if partial remission or disease stability was obtained for at least one year after first administration.
However, criteria to assess disease stability are not fully standardized and trials are lacking.
In patients with lesions showing heterogeneous (eg, high and low Ki67 values) grade, combining PRRT with

capecitabine-temozolomide (CAPTEM) has been reported, but panellists agreed that, based on current evidence, it
should only be used within a dedicated protocol considering the potential toxicity of CAPTEM in combination with
PRRT.59
Panellists were in favour of considering PRRT as first line treatment in selected cases, eg, patients with high tumour
burden and associated symptoms. An ongoing trial (NETTER-2) is currently evaluating first line use of PRRT in
advanced NET G2-G3. A few reports indicate a potential use in the neoadjuvant setting but no agreement was
reached.60
Use of PRRT with [177Lu]Lu-DOTATATE beyond small bowel has been approved by the EMA and FDA.7,61 However,
the comparison of the reported response to PRRT compared to everolimus or sunitinib in pancreatic NET is difficult
given differences in study designs, eligibility criteria, and absence of head-to-head comparisons.62,63 Clinical
evidence suggests that lesions with mismatched [18F]FDG and somatostatin avidity may develop during NET natural
history, particularly in G2 but also in a minority of G1 cases. In the clinical setting of heterogeneous disease and
with [18F]FDG positive as the most aggressive component, no consensus was reached on the feasibility of PRRT at
disease progression.
To select candidate patients for PRRT, diagnostic nuclear medicine is mandatory for confirming significant SSTR
expression in tumour cells. In line with current guidelines,4,8–17 panellists agreed that [68Ga]Ga-DOTA-SSA PET/CT
should be preferentially used for NET imaging rather than 99mTc- or 111In-based SSTR scintigraphy. [68Ga]Ga-DOTASSA is recommended as the first choice for PET/CT imaging of all NET, by all guidelines as well as EANM Focus 3, 4,8–
17

with the exception of adrenal pheochromocytoma (due to physiologic biodistribution to the adrenals), medullary

thyroid carcinoma, benign insulinoma, neuroblastoma, and abdominal PGL (all characterized by variable SSTR
expression).12 Although EANM guidelines consider using [18F]F-DOPA as additional first choice radiopharmaceutical
for small intestine NET,12 both ENETS and EANM Focus 3 do not recommend it,9,13 since it fails to provide data on
potential further therapeutic options.
Consensus was reached for using [68Ga]Ga–DOTA-SSA PET/CT in addition to diagnostic contrast-enhanced CT/MRI
at disease staging in all patients, including those with metastatic disease and unknown primary tumour site, and at
re-staging after surgery (either curative or not). Accurate disease staging is crucial to assess disease extent, detect
the site of an occult (mostly small intestine, often multiple) primary, and assess SSTR expression before PRRT.
Consensus was also reached on the employment of both [68Ga]Ga-DOTA-SSA PET/CT and contrast-enhanced CT in
cases of suspected NET.
This particular clinical setting is often not covered by societal guidelines, and this omission could lead to performing

unnecessary imaging. Indeed, morphologic and functional imaging should only be performed after careful clinical
judgement for pre-test probability of disease (with evaluation of presenting symptoms and accurate testing of
biochemical markers to reduce their false positivity). In this regard, SSTR positivity is not, per se, diagnostic of NEN
(since false positive findings include infection/inflammation and some SSTR expressing non-NEN malignancies).
Panellists agreed to rely on contrast-enhanced CT and/or MRI for disease follow-up according to current guidelines.9
One of the most controversial issues in recent NET management concerns the use of [18F]FDG in addition to
[68Ga]Ga-DOTA-SSA to detect the presence of more aggressive tumour cells’ clones. This approach can provide
complete biological tumour characterization but, on the other hand, might be unnecessary in NET, particularly in
G1 midgut NET. Guidelines (both EANM and ENETS) suggest performing [18F]FDG PET/CT in G3 NET, NEC, and higher
grade G2 (eg, Ki-67 10-20%) NET. ESMO guidelines 2020 state, that optimal diagnostic and prognostic information
can be achieved by directing all NET G2/G3 patients to PET/CT with both [18F]FDG and [68Ga]Ga-DOTA-SSA, however
they also question the utility of such an unconfirmed approach in routine practice.64 Several studies have
investigated the impact of double tracer imaging,65,66 however these were mostly retrospective and included NEN
with different primary tumours (a factor known to affect the likelihood of [18F]FDG-positivity) and grades.
Moreover, for the most part, these did not report the time frame between the detection of [18F]FDG-positivity and
assessment of pathological tumour grade. Consequently, the current clinical employment of [18F]FDG may vary
among countries and also be influenced by local reimbursement policies.
Consensus was reached on the use of [18F]FDG PET/CT in patients with non-resectable or disseminated NET G3 and
NEC, in cases presenting anatomical lesions negative for [68Ga]GaDOTA-SSA, and in cases showing rapid progression
regardless of tumour grade. For patients with NET G3 and NEC, [18F]FDG PET/CT is recommended if radical surgery
is being pursued, or if clarification of equivocal findings on conventional imaging may change the therapeutic
approach (although the latter is still not standardized).17(p) For NEC, [18F]FDG PET/CT should not delay the start of
chemotherapy. [18F]FDG PET/CT and [68Ga]Ga-DOTA-SSA PET/CT could contribute to prognosis and select a few
patients with less aggressive tumours likely to benefit more from PRRT alone or in combination with peptide
receptor chemo radionuclide therapy (PRCRT).67
Guidelines published by EANM, ENETS, ESMO, and NANETS recommend, 4,8–17 and EANM Focus 3 supports, using
[68Ga]Ga-DOTA-SSA before PRRT to demonstrate in vivo SSTR expression and select the patients who might benefit
from treatment. Considering the poorer prognosis to be expected in [18F]FDG positive cases and the relevance of
assessing the presence of [68Ga]GA-DOTA-SSA negative/[18F]FDG positive mis-matched lesions, the employment of
double tracer ([68Ga]Ga-DOTA-SSA plus [18F]FDG) imaging before PRRT initiation was also recommended in non-

resectable or disseminated G2 and G3 NET patients.68–71
The definition of progression is a difficult issue. It is well known, that in many oncological settings, functional
changes detected by PET/CT may precede morphological changes on diagnostic CT, especially in case of bone
lesions and small lymph nodes (not reaching the CT criteria for positivity).72-74 However, it is also well known that
PET/CT may fail to detect very small lesions within the liver due to high adjacent background activity, and that these
may be better appreciated by arterial phase or hepatocyte specific MRI/CT.9 Further, Response Evaluation Criteria
In Solid Tumours (RECIST), the currently used criteria for response assessment suggested by all guidelines, are not
ideal for NEN, since they rely mostly on changes in the dimensions of lesions that may be hard to detect in typically
slow growing NET cases and may not capture the full extent of benefits of molecularly targeted treatments.75,76
There is a strong need to define an appropriate and standardized approach to assess tumor response and to define
disease progression.63,76,77 Panellists agreed that in case of clinical or biochemical suspicion of progression,
detection of new lesions by [68Ga]Ga-DOTA-SSA are sufficient to consider progression notwithstanding stable
disease on CT. However, there was no consensus to define progression on the basis of detecting a new lesion by
[68Ga]Ga-DOTA-SSA alone (with stable CT, clinical, and laboratory tests). Moreover, panellists did not agree on the
imaging technique of choice for monitoring PRRT response in patients with non-resectable or disseminated NET:
the majority (14 (58.3%) of 24) voted for both [68Ga]Ga-DOTA-SSA and contrast-enhanced triple phase CT followed
by contrast-enhanced triple phase CT and/or MRI
(10 (41.7%) of 24) alone. EANM guidelines recommend [68Ga]Ga-DOTA-SSA for treatment monitoring.12 ESMO
guidelines recommend CT for follow up15,64, and NCCN recommend [68Ga]Ga-DOTA-SSA only at 12-36 months16
In order to optimize PRRT efficacy while reducing toxicity, panellists agreed that a strong effort should be made
towards administering PRRT after dosimetric estimation, or adapting the administered activity to the patient’s
clinical data (e.g. tumour burden, mass of organs at risk, comorbidities, and laboratory values) in order to employ
patient-tailored treatment schemes. This perception ensues from results using PRRT with [177Lu]Lu-DOTATATE
which showed high inter patient variability of tumour and kidney absorbed doses,77,78 the possibility to treat
patients with renal insufficiency with lower PRRT cumulative activities adjusted for impaired renal function, 77–81
significant correlation between tumour absorbed dose and response,82 higher overall survival (OS) in patients with
CR/PR versus SD or PD in a dosimetry-guided prospective study (200 patients), and, especially, doubled mean OS
and PFS without renal toxicity in patients who reached a preset absorbed dose to the kidneys (23 Gy).83
EANM Focus 3 was in favour of performing routine dosimetry as part of a clinical trial or retreatment with increased
cumulative activities, although not in standard treatment, since the NETTER 1 trial demonstrated the safety of four
administrations at fixed doses (7.4 GBq) in most patients. The development of more user-friendly, standardized,

accurate, and simplified dosimetry methods may facilitate more routine use of dosimetry and strengthen the
evidencebase for or against its utility.84,85
For the assessment of PPGL, the choice of the imaging modality should take into account the physiological
biodistribution (SSTR imaging is not ideal for small tumours due to uptake by healthy adrenal cortex), availability
([18F]FDOPA is difficult to synthesize and not available in all centres),12 genetics (eg, succinate dehydrogenase
mutation, SDHx),86,87 and clinical need (patients presenting significant SSTR expression may be selected for PRRT
for control of catecholamine excess).88 EANM Focus 3 consensus favoured the use of CT/MRI to assess an adrenal
mass suspicious for pheochromocytoma, while in cases of extra-adrenal PGL, the majority of panellists preferred
two options: [68Ga]Ga-DOTA-SSA PET/CT (16 (80%) of 20), followed by MRI/CT (13 (65%) of 20). The higher detection
rate of [68Ga]Ga-DOTA-SSA PET/CT over other radiopharmaceuticals in PPGL was recently reported.42 Nevertheless,
EANM guidelines hold that [18F]FDOPA may show higher accuracy for adrenal forms of PGL and for
HIF2A/VHL/MAX-related PPGL as compared to [68Ga]Ga-DOTA-SSA. Since tumour size, genotype, and biochemical
phenotype strongly influence the risk of malignancy. EANM guidelines also recommend performing nuclear imaging
for pheochromocytoma in the following cases: large tumours (>5 cm), SDHB mutated status, noradrenergic
biochemical phenotype, and/or high methoxytyramine level. The panellists were not asked about the potential
influence of size and secretory profile on pheochromocytoma imaging nor the optimal strategy for imaging
metastatic PPGL.
For therapy selection, [123I]mIBG scintigraphy is also recommended for advanced PPLG by guidelines, since it is
mandatory to select patients for [131I]mIBG therapy.89 Considering the very complex genetic background of patients
presenting with PPLG and the reported higher positivity rate in case of certain gene expressions (eg, [18F]FDG and
[68Ga]Ga-DOTA-SSA for SDHx and [18F]FDOPA and [68Ga]Ga-DOTA-SSA for head and neck PGL), it was suggested in
the literature to use the genetic expression profile to guide the choice of radiopharmaceutical. On the contrary,
consensus was not reached on the need to obtain genetic information prior to PET/CT imaging; a slight majority of
panellists found this information unnecessary (11 of 21), while others favoured using these data to guide the choice
of radiopharmaceutical (9 of 21). Panellists did not agree on first line treatment for PPGL, although most favoured
PRRT in cases presenting with high SSTR expression.90–93
Nuclear medicine is evolving extremely rapidly, change being driven mostly by the introduction of novel
radiopharmaceuticals, especially if these have theranostic potential. When asked about the future direction of
PRRT, panellists agreed on the promising role of radiolabelled SSTR antagonists.94,95 The higher number of binding
sites to SSTR and the reduced uptake in background parenchyma with antagonists as tracers for PET/CT (especially
in the liver, spleen, pancreas, and gastrointestinal tract) allows higher lesion detection rates and may also widen

the number of conditions to be treated with antagonists-based PRRT.94–98 Moreover, on the labelling side, panellists
expect that PRRT will be individualized, and tailored treatment schemes will be routinely used to achieve higher
responses while reducing toxicity (see for example NCT03972488, NCT03049189, and NCT03454763).
Due to limited data in the literature, we did not include questions about predictive factors of response to PRRT nor
selection criteria on SSTR imaging for PRRT.
Focus 3 stressed the theranostic use of radiopharmaceuticals. We did not focus on [18F] fluoro3,4dihydroxyphenylalnine ([18F]F-DOPA), although a useful radiopharmaceutical for NET imaging, since the aim of the
paper was to provide a strong indication of what is the most relevant up-to-date and practical choice among
different options, also in view of the approval of PRRT, the most effective treatment so far. We recognise, that in
some cases [18F]F-DOPA could be used as a diagnostic agent but it is not theranostic.
Although currently used only as part of clinical trials and available in only a few centres, [68Ga]Ga-exendin-4 PET/CT,
which targets the glucagon-like peptide 1 receptor (GLP1), is expected by most panellists to become the first choice
radiopharmaceuticals for the detection of benign insulinoma.4,99 Insulinoma lesions are clinically challenging (due
to often difficult to treat hypoglicemia) and difficult to diagnose, since they often present as small lesions that in
the majority of cases do not express SSTR. In insulinoma with significant SSTR expression (GLP-1R-negative,
malignant insulinoma), [68Ga]Ga-DOTA-SSA is also a diagnostic and therapeutic option especially in malignant
insulinomas which are often GLP-1R negative, while [18F]F-DOPA may still be hampered by physiologic
biodistribution to the pancreas.100,101 The limited but extremely promising evidence on the use of [68Ga]Gaexendin-4 for detection of even small GLP-1R-positive insulinoma lesions, was the basis for panellists’ agreement
on an expected increase of its employment in clinical practise.
Imaging biomarkers (such as e.g. dual-tracer imaging with [18F]FDG /[68Ga]Ga-DOTA-SSA) or liquid biomarkers (such
as e.g. PPQ) hold promise as predictive biomarkers for PRRT and should be further validated to allow better
individualized prediction of response and toxicity when treating patients with neuroendocrine tumours.102,103
The choice for reaching consensus if at least 50% of the panellists preferred at least one answer on questions with
a multiple options format limits the conclusions drawn from the affected questions. Further, questions were
submitted to a subgroup of reviewers before being rated by panellists, and it was not possible to add or alter
questions at a later stage.
Targeted alpha therapy, such as [213Bi]Bi-DOTATOC is a very promising but currently only (if at all) in early clinical
development. Published data are limited, small patient cohorts, and mainly preclinical.104 Another problem is the
availability of radioisotopes for TAT. Accordingly, TAT was not subsumed under PRRT.
The lack of clinical evidence on the role of immunotherapy in NET accounted for the lack of consensus on the future

role of this treatment option in association with PRRT.

VI.

Conclusions

The multidisciplinary EANM Focus 3 panel reached consensus on responses to 31 out of 43 questions (72%)
concerning molecular imaging and theranostics in NEN. The relevance of achieving a strong consensus is not only a
prelude to a more standardized patient management across countries but also serves as a guide for the direction
to follow when designing new research studies. The relatively high consensus reached among the panellists
indicates the need to refer patients or discuss their clinical cases in multidisciplinary teams, preferably in high
volume centres, for better patient management.
EANM Focus 3 reached consensus on:

•

PRRT as second line for GI-NET, if there is sufficient uptake (modified Krenning 3 or 4) in all lesions;

•

Consideration of PRRT in GEP-NET patients at first disease progression with all match lesions [68Ga]Ga-

DOTA-SSA /[18F]FDG positive in patients if Ki67<20% (G1 and G2) and in a minority of patients with G3 Ki67>20%;

•

PRRT as a first line of treatment in non-resectable or disseminated NET in a minority of highly selected

patients with high SSTR expression (based on risk and symptoms, primary tumour location);

•

Consideration of PRRT for rechallenge in patients with disease stabilization or remission for at least one

year after end of first PRRT;

•

PRRT in combination with CAPTEM if Ki67>20% only in clinical trials;

•

[68Ga]Ga-DOTA-SSA PET/CT, in association with diagnostic CT for diagnosis, including unknown primary

detection, for staging, for restaging after surgery, in case of progression of known or suspected NET, and for
selection for PRRT;

•

[18F]FDG in G3 NET, in NEC, in cases presenting CT lesions negative for [68Ga]GaDOTA-SSA, and in cases

showing rapid progression regardless of tumor grade;

•

[68Ga]Ga-DOTA-SSA for suspected extra-adrenal localization of PPGL with or without CT lesions.

VII.

Highlights

•

[ Ga]Ga-DOTA-SSA PET/CT and diagnostic CT are the mainstay for NET diagnosis

•

[18F]FDG in: G3 NET, NEC, CT-pos/SSA-neg lesions, rapidly progressive cases

•

[68Ga]Ga-DOTA-SSA for suspected extra-adrenal localization of PPGL

•

PRRT is indicated at first progression of G1-G2 GEP NET and selected NET G3

68

line for GI-NET, if there is sufficient uptake in all lesions

PRRT as second
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Table 1: Responses from Delphi Rounds
Imaging of NET

Consensus

1. In cases of patients with suspected of NEN (not pathologically confirmed) based on clinical symptoms and biochemical
examination, which imaging technique do you prefer for detection of disease? (choose all that apply)
MRI abdomen or Contrast-enhanced triple phase CT

Round 1: 16 (69.6%) of 231

[68Ga]Ga-DOTA-SSA PET/CT

Round 1: 18 (78.3%) of 231

2. If you perform SSTR imaging, which tracer and technique do you prefer?
[68Ga]Ga-DOTA-SSA PET/CT

Round 1: 24 (100.0%) of 240

3. Do you consider SSTR imaging necessary at staging of NET?
Yes, in all patients as complementary to conventional imaging

Round 1: 19 (82.6%) of 230

4. In addition to SSTR imaging examination, do you consider CT and/or MRI necessary at staging?
Yes, in all patients

Round 1: 16 (69.6%) of 23
Round 2: 20 (87.0%) of 230

5. Do you consider [18F]FDG PET/CT necessary/ useful at staging? (choose all that apply)
In selected patients based on grade and correlative imaging, eg, CT/MRI abnormalities
without
SSTR expression
In patients with NET G3 and NEC

Round 1: 12 (52.2%) of 231

Round 1: 11 (47.8%) of 231

6. In cases of patients with known metastatic NET disease and unknown primary tumor location, which imaging technique do you
prefer?
[68Ga]Ga-DOTA-SSA PET/CT + If not done before CT/MRI

Round 1: 13 (54.2%) of 24
Round 2: 22 (91.7%) of 240

7. Do you consider SSTR imaging necessary at re-staging after curative surgery in patients with clinically significant risk of malignant
disease? (choose all that apply)

Yes, in all patients as complementary to conventional imaging

Round 1: 10 (43.5%) of 23
Round 2: 14 (60.1%) of 231

Yes, if no prior SSTR imaging was performed, as complementary to conventional imaging

Round 1: 10 (43.5%) of 23
Round 2: 13 (56.5%) of 231

8. Do you consider SSTR imaging necessary at re-staging after non-curative surgery? (choose all that apply)
Yes, in all patients as complementary to conventional imaging

Round 1: 13 (56.5%) of 231

Yes, if no prior SSTR imaging was performed, as complementary to conventional imaging

Round 1: 10 (43.5%) of 231

9. Do you consider [18F]FDG PET/CT necessary at re-staging?
In a minority of selected patients if positive at baseline or disease trajectory changes

Round 1: 17 (73.9%) of 230

10. Which imaging technique do you prefer as follow-up for patients with NET who should be followed up? (choose all that apply)
MRI and/or CT

Round 1: 12 (50.0%) of 242

11. In follow–up, which patients with non-resectable or disseminated NEN qualify for [18F]FDG PET/CT? (choose all that apply)
Patients with NET G3 and NEC

Round 1: 12 (54.5%) of 223

Patients with some anatomical lesions negative for [68Ga]Ga-DOTA-SSA PET/CT

Round 1: 13 (59.1%) of 223

Patients with all grade of tumours and rapid progression

Round 1:14 (63.6%) of 223

12. In case of clinical or laboratory progression, what would be the proposed first choice imaging test in well-differentiated SSTR
positive patients?
SSTR imaging plus CT and or MRI

Round 1: 15 (68.2%) of 22

Round 2: 19 (82.6%) of 230
13. Is progression at SSTR imaging together with clinical and laboratory suspicion of progression sufficient to consider the patient in
progression notwithstanding a stable CT?
Yes, in most patients

Round 1: 12 (54.5%) of 22
Round 2: 18 (78.3%) of 230

16. In cases of patients with non-resectable or disseminated NET and candidates for PRRT treatment, which imaging techniques do
you recommend before treatment to confirm target expression?
[68Ga]Ga-DOTA-SSA PET/CT

Round 1: 18 (75.0%) of 240

17. In patients with non-resectable or disseminated NET and candidates for PRRT treatment, do you recommend [18F]FDG PET/CT
before treatment?
Yes, in patients with NET G2 and G3, complementary to SSTR imaging, to exclude patients with mismatch lesion ([18F]FDG-positive/[68Ga]Ga-DOTA-SSA-negative) and as a prognostic factor

Round 1: 12 (52.2%) of 23

Imaging and Therapy of Pheochromocytoma and Paraganglioma

Consensus

Round 2: 19 (82.6 %) of 230

18. In suspected of adrenal localization of pheochromocytoma, which imaging technique do you recommend? (Choose all that apply)
MRI and/or CT

Round 1: 11 (55.0%) of 202

19. In suspected of extra-adrenal localization of pheochromocytoma/paraganglioma (positive hormonal test but without abnormality
in adrenal gland), which imaging technique do you recommend? (Choose all that apply)
MRI and/or CT

Round 1: 13 (65.0%) of 201

[68Ga]Ga-DOTA-SSA PET/CT

Round 1: 16 (80.0%) of 201

20. In cases of patients suspected of paraganglioma without evident secondary lesions on CT, which imaging technique do you
recommend?
[68Ga]Ga-DOTA-SSA PET/CT

Round 1: 8 (40.0%) of 20
Round 2: 15 (68.2%) of 22
Round 3: 15 (75.0%) of 200

PRRT of NET

Consensus

24. In cases of patients with non-resectable or disseminated gastrointestinal NET, what second line treatment (after nonradiolabelled somatostatin analogues) do you recommend?
PRRT if SSTR imaging showed high SSTR expression

Round 1: 20 (95.2%) of 210

25. Which patients with non-resectable or disseminated NEN qualify for treatment with therapeutic radiopharmaceuticals as a
second line?
NET G1, G2 and G3 patients with moderate/high (Krenning 3/4) uptake in all metastases

Round 1: 11 (52.4%) of 21
Round 2: 14 (63.6%) of 22
Round 3: 19 (86.5%) of 220

27. Do you consider PRRT in non-resectable or disseminated NET as a first line of treatment?
Yes, in a minority of selected patients with high SSTR expression in SSTR imaging (based on
risk and symptoms, primary tumour location)

Round 1: 11 (52.4%) of 21
Round 2: 17 (77.3%) of 220

29. If you refer patients with NET for therapeutic radiopharmaceuticals, which treatment do you prefer? (only 1 answer)
[177Lu]Lu-DOTATATE

Round 1: 15 (71.4%) of 200

30. In GEP patients (NET G1 and G2, Ki-67<20%) with both elevated SSTR expression and glucose increased uptake in all lesions
([18F]FDG and [68Ga]Ga-DOTA-SSA PET/CT positive, match lesion), would you consider PRRT at first disease progression?
Yes, in all patients with moderate/high (Krenning score ¾) SSTR expression in SSTR imaging

Round 1: 14 (70.0%) of 200

31. In GEP patients (NET G3, Ki-67>20%) with both elevated SSTR expression and glucose increased uptake in all lesions ([18F]FDG and
in [68Ga]Ga-DOTA-SSA PET/CT positive, match lesion), would you consider PRRT at first disease progression?

Yes, in a minority of selected patients with high SSTR expression in SSTR imaging (based on
risk and symptoms, primary tumour location)

Round 1: 12 (60.0%) of 20
Round 2: 19 (86.4%) of 220

34. In patients who previously responded to PRRT and later progress, do you consider rechallenge with PRRT a feasible option?
(choose all that apply)
Yes, in initially responding patients who were stable for at least one year after end of PRRT

Round 1: 12 (54.5%) of 222

35. Do you consider using PRRT associated with chemotherapy – CAPTEM? (choose all that apply)
Only in patients with Ki-67>20%

Round 1: 2 (9.5%) of 21
Round 2: 18 (85.7%) of 212

Treatment Monitoring

Consensus

37. Do you consider dosimetry (post-treatment assessment of radiation dose to normal organs and tumour) necessary during PRRT
treatment? (choose all that apply)
Yes, in patients in clinical trials

Round 1: 7 (38.9%) of 18
Round 2: 12 (57.1%) of 212

38. Which do you believe should be included in PRRT administration protocols of choice for better disease control? (choose all that
apply)

Employ PRRT performed following dosimetry estimation or adapting the administered
activity to the patient’s clinical data (eg, tumour burden, body mass, comorbidities, lab
values)
Looking into the Future

Round 1: 8 (42.1%) of 19
Round 2: 14 (66.7%) of 212
Consensus

39. Do you consider somatostatin antagonist-based radiopharmaceuticals as a potential future for PRRT?
Yes

Round 1: 14 (70.0%) of 200

40. In the future, do you believe there will be dedicated imaging for suspected insulinoma, and if so, which imaging method would
you prefer?
Yes, [68Ga]Ga- exendin PET/CT

Round 1: 15 (71.4%) of 21

42. In the future, what do you consider the most important use for PRRT?
Individualized prediction of response and toxicity

Round 1: 9 (42.9%) of 21
Round 2: 15 (65.2%) of 23
Round 3: 14 (70.0%) of 200

0

Consensus reached with ≥70% panellists preferring one answer.

1

Consensus reached in multiple option answer format: at least 50% of the panellists preferred at least one answer, and the majority of patients
preferred two options.

2

Consensus reached in multiple option answer format: at least 50% of the panellists preferred at least one answer, and the majority of panellists
preferred one option.

3

Consensus reached in multiple option answer format: at least 50% of the panellists preferred at least one answer, and the majority of panellists
preferred three options.

Table 2: Questions where consensus was not reached on the molecular imaging and theranostics in

neuroendocrine tumours.
Imaging of NET

Round
1

2

3

14. Is progression at SSTR imaging alone (with stable CT, clinical, and laboratory tests) sufficient to consider a patient in progression?
1

Yes, in all patients

1 (4.5%) of 22

Yes, in most patients

6 (27.3%) of
22
7 (31.8%) of
22
6 (27.3%) of
22
2 (9.1%) of 22

8 (36.4%)
of 22
In a minority of patients (based on risk and grading)
7 (31.8%)
of 22
No
4 (18.2%)
of 22
Abstain (not sufficient evidence in the literature)
3 (13.6%)
of 22
Unqualified to answer (not an expert in this field of
1 (4.3%) of 23
1 (4.3%) of
management)
23
15. Do you consider SSTR imaging relevant for selecting patients with non-functioning NENs for SSA treatment? 2

13 (56.5%)
of 23
7 (30.5%)
of 23
3 (13.0%)
of 23

Yes, in all patients

7 (29.2%)
of 24
14 (58.3%)
of 24

Yes, in most patients
Yes, but only in patients with NET G3 or NEC)
No
Abstain (not sufficient evidence in the literature)

8 (36.4%) of
22
8 (36.4%) of
22
1 (4.5%) of 22
4 (18.2%) of
22
1 (4.5%) of 22

7 (30.4%)
of 23
12 (52.2%)
of 23
1 (4.3%) of
23
2 (8.7%) of
23
1 (4.3%) of
23

1 (4.2%) of
24

2 (8.3%) of
24
1 (4.2%) of
24

Unqualified to answer (not an expert in this field of
management)
Imaging
and
Therapy
of
Pheochromocytoma
and

1 (4.3%) of 23

1 (4.2%) of
24

Responses

Paraganglioma
21. Do you consider genetic examination necessary to choose among the different radiopharmaceuticals to employ? 3
Yes, because genetic mutation determines selection of
imaging technique

5 (23.8%) of
21

3 (13.6%)
of 22

1 (4.8%) of
21

Yes, because this has implications for surveillance, prognosis
and further family testing

4 (19.0%) of
21

7 (31.8%)
of 22

9 (42.8%) of
21

No

12 (54.6%)
of 22

11 (52.4%)
of 21

Choice based on availability/cost/clinical symptoms

8 (38.1%) of
21
2 (9.5%) of 21

Abstain (not sufficient evidence in the literature)

2 (9.5%) of 21

Unqualified to answer (not an expert in this field of
2 (8.7%) of 23
2 (8.3%) of
2 (8.7%) of
management)
24
23
22. In cases of patients with inoperable or disseminated paraganglioma/pheochromocytoma, what do you recommend as first line
treatment? 4
Non-radiolabelled somatostatin analogues

1 (5.9%) of 17

PRRT if SSTR imaging showed high SSTR expression

5 (29.4%) of
17
3 (17.6%) of
17
5 (29.4%) of
17

131

I-mIBG

Radionuclide therapy guided by molecular imaging phenotype

2 (10.5%)
of 19
9 (47.4%)
of 19
1 (5.3%) of
19
5 (26.3%)
of 19

1 (5.3%) of
19
10 (52.6%)
of 19

7 (36.8%) of
19

Chemotherapy
Targeted therapy, eg, sunitinib
Abstain (not sufficient evidence in the literature)
Unqualified to answer (not an expert in this field of
management)
PRRT of NET

2 (11.7%) of
17
1 (5.9%) of 17
3 (17.6%) of
17
7 (29.2%) of
24
Responses

2 (10.5%)
of 19
5 (20.8%)
of 24

1 (5.3%) of
19
4 (17.4%) of
23

23. In cases of patients with non-resectable disseminated pancreatic NET, what second line treatment (after non-radiolabelled
somatostatin analogues) do you recommend? 5

Change non-radiolabelled somatostatin analogues
Everolimus, Sunitinib or chemotherapy
PRRT if SSTR imaging showed high SSTR expression

8 (38.1%) of
21
14 (66.7%) of
21

6 (26.1%)
of 23
16 (69.6%)
of 23

7 (30.4%)
of 23
15 (65.2%)
of 23

1 (4.8%) of 21

1 (4.4%) of
23
1 (4.2%) of
24

1 (4.4%) of
23
1 (4.2%) of
24

7 (31.8%)
of 22

4 (17.4%)
of 23

131

I-mIBG

Selective liver embolization
Abstain (not sufficient evidence in the literature)

Unqualified to answer (not an expert in this field of
3 (12.5%) of
management)
24
26. What is the right time point for PRRT in the sequential treatment of NET patients? 5
Patients progressed after non-radiolabelled somatostatin
analogues

8 (38.1%) of
21

Patients progressed after non-radiolabelled somatostatin
analogues and kinase inhibitor

3 (14.3%) of
21

1 (4.5%) of
22

Patients already treated with all other available therapies

1 (4.8%) of 21

PRRT could be consider as a first/second line of treatment
depending on SSTR expression and clinical condition of
patient
It depends on the primary site and grade

8 (38.1%) of
21

Yes, in all patients with high SSTR expression in SSTR imaging

5 (25.0%) of
20

2 (9.1%) of
22

2 (8.7%) of
23

Yes, in a minority of selected patients with high SSTR
expression in SSTR imaging (based on risk and symptoms,
tumour location)
Yes, in patients with high SSTR expression in SSTR imaging if
in progression (clinical/imaging)

6 (30.0%) of
20

10 (45.4%)
of 22

15 (65.2%)
of 23

6 (30.0%) of
20

7 (31.8%)
of 22

6 (26.1%) of
23

No
Abstain (not sufficient evidence in the literature)

3 (15.0%) of
20
1 (5.0%) of 20

Unqualified to answer (not an expert in this field of
management)

3 (13.0%) of
23

2 (9.1%) of
22
1 (4.5%) of
22
2 (8.3%) of
24

1 (4.2%) of
24

7 (31.8%)
of 22

12 (52.2%)
of 23

7 (33.3%) of
21

6 (27.3%)
6 (26.1%)
of 22
of 23
Abstain (not sufficient evidence in the literature)
1 (4.5%) of
1 (4.4%) of
22
23
Unqualified to answer (not an expert in this field of
3 (12.5%) of
2 (8.3%) of
1 (4.2%) of
management)
24
24
24
28. Do you consider PRRT as a first/second line of treatment in cases of patients with local but non-resectable disease (without
metastases)? 2

32. In GEP patients (NET G1 and G2, Ki-67<20%) with several mis-match lesions ([18F]FDG -positive/[68Ga]Ga-DOTA-SSA PET/CT negative), would you consider PRRT at disease progression?
No, due to lack of receptors in several lesions
Yes, in a minority of selected patients with high SSTR expression in
SSTR imaging (based on risk and symptoms, primary tumour location)

8 (38.1%) of
21
4 (19.0%) of
21

10 (45.5%)
of 22
1 (4.5%) of
22

10 (43.5%)
of 23
1 (4.4%) of
23

Yes, but only together with chemotherapy (CAPTEM) or local
treatment of discordant lesions

10 (47.6%) of
21

11 (50%)
of 22

12 (52.2%)
of 23

Unqualified to answer (not an expert in this field of
management)
33. Do you consider using PRRT as a neoadjuvant treatment? 4

3 (12.5%) of
24

2 (8.3%) of
24

1 (4.2%) of
24

Yes, only in patients with pancreatic tumour with high SSTR expression
in a large tumour with infiltration to surrounding tissue, but without
distant metastases

7 (33.3%) of
21

8 (36.4%)
of 22

11 (50%) of
22

Yes, only in patients with pancreatic tumour with high SSTR expression
in a large tumour with infiltration to surrounding tissue, but without
distant metastases, with a slowly progressive tumour

1 (4.8%) of 21

Yes, in patients with pancreatic tumour with high SSTR expression in a
large tumour with infiltration to surrounding tissue, with distant
metastases

2 (9.5%) of 21

1 (4.5%) of
22

1 (4.5%) of
22

Abstain (not sufficient evidence in the literature)

Yes, in patients with all GEP tumours with high SSTR expression in a
large tumour with infiltration to surrounding tissue, but without
distant metastases

4 (19.0%) of
21

5 (22.7%)
of 22

Yes, in patients with all GEP tumours with high SSTR expression in a
large tumour with infiltration to surrounding tissue, with distant
metastases

3 (14.3%) of
21

1 (4.5%) of
22

No
Abstain (not sufficient evidence in the literature)

3 (14.3%) of
21
4 (19%) of 21

Unqualified to answer (not an expert in this field of
management)
Treatment Monitoring

3 (12.5%) of
24
Responses

1 (4.5%) of
22
6 (27.3%)
of 22
2 (8.3%) of
24

5 (22.7%)
of 22

1 (4.5%) of
22
4 (18.2%)
of 22
1 (4.3%) of
23

36. In cases of patients with non-resectable or disseminated NET and treated with PRRT, which imaging techniques do you
recommend for monitoring response to therapy? 6
Contrast-enhanced triple phase CT and/or MRI
68

Ga-DOTA-SSA PET/CT

68

Ga-DOTA-SSA PET/CT + Contrast-enhanced triple phase CT

SSTR imaging scintigraphy
The same technique as for qualification for PRRT
No imaging for monitoring

9 (39.1%) of
23
4 (17.4%) of
23
10 (43.5%) of
23
1 (4.3%) of 23
3 (13.0%) of
23

11 (45.8%)
of 24

10 (41.7%)
of 24

15 (62.5%)
of 24

14 (58.3%)
of 24

Choice based on availability/cost
Abstain (not sufficient evidence in the literature)
Unqualified to answer (not an expert in this field of
management)
Looking into the Future

Responses

41. Which patients with NET do you consider for intraarterial PRRT? 7
All patients, to reduce the dose for kidney
Patients with metastases only in the liver

1 (5.3%) of 19

Patients with metastases predominantly in the liver, to
reduce dose for kidney

8 (42.1%) of
19

Patients with low SSTR expression in liver metastases

1 (5.3%) of 19

No patients

3 (15.8%) of
19
Abstain (not sufficient evidence in the literature)
6 (31.6%) of
19
Unqualified to answer (not an expert in this field of
3 (13.6%) of
management)
22
43. What future role do you see for immunotherapy in the treatment of NENs? 1, 5, 8
No role at all

1 (4.5%) of
22
11 (50.0%)
of 22

3 (15.8%)
of 19
10 (52.6%)
of 19

3 (13.6%)
of 22
7 (31.8%)
of 22
2 (8.3%) of
24

6 (31.6%)
of 19
2 (9.5%) of
21

3 (16.7%) of
18

1 (5.3%) of
19

Only last resort after somatostatin, PRRT, TKI
Potential combination with PRRT (additive effect) in high
grade
NENs

7 (38.9%) of
18

8 (42.1%)
of 19

8 (42.1%)
of 19

Potential combination with chemotherapy and/or TKI

3 (16.7%) of
18

1 (5.3%) of
19

Second line after somatostatin
Abstain (not sufficient evidence in the literature)
Unqualified to answer (not an expert in this field of
management)

8 (44.4%) of
18
5 (21.7%) of
23

1

One panellist did not answer in round 1 and/or 2

2

One panellist did not answer in round 1

3

One panellist did not answer in round 1 and/or 3

4

Some panellists gave more than one answer in round 1; one panellist did not answer in round 3

5

Some panellists gave more than one answer in round 1

6

Some panellists gave more than one answer in round 1 and 2; one panellist did not answer in round 1

7

Two panellist did not answer in round 1 and three did not answer in round 3

8

Three panellist did not answer in round 3

11 (57.9%)
of 19
4 (17.4%)
of 23

9 (47.4%)
of 19
2 (9.5%) of
21
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