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In multiple endocrine neoplasia type 1 (MEN1), nonfunctional pancreatic neuroendocrine tumors
(NF-pNETs) are the most frequently diagnosed NETs and a leading cause of MEN1-related death. The
high prevalence andmalignant potential of NF-pNETs outline the need for an evidence-based screening
program, as early diagnosis and timely intervention could reduce morbidity and mortality. Contro-
versies exist regarding the value of several diagnostic tests. This systematic review aims to evaluate
current literature and amplify an up-to-date evidence-based approach to NF-pNET diagnosis in MEN1.
Three databases were systematically searched on the diagnostic value of biomarkers and imaging
modalities. Twenty-seven studies were included and critically appraised (modified Quality Assessment
of Diagnostic Accuracy Studies). Another 12 studies, providing data on age-related penetrance and
tumor growth, were included to assess the optimal frequency and timing of screening. Based on current
literature, biomarkers should no longer play a role in the diagnostic process for NF-pNETs, as accu-
racies are too low. Studies evaluating the diagnostic value of imagingmodalities are heterogeneous with
varying risks of bias. For the detection of NF-pNETs, endoscopic ultrasound (EUS) has the highest
sensitivity. A combined strategy of EUS and MRI seems to be the most useful. Gallium 68 octreotate-
DOTA positron emission tomography-CT could be added if NF-pNETs are diagnosed to identify me-
tastasis. Reported growth rates were generally low, and two distinct phenotypes were observed.
Surveillance programs should focus on and be adapted to the presence of substantial growth in
NF-pNETs. The optimal age to start screening must yet be determined, as insufficient evidence for an
evidence-based recommendation was available.
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Multiple endocrine neoplasia type 1 (MEN1) is a rare familial tumor syndrome, primarily
caused by germline mutations in the MEN1 gene, encoding the tumor-suppressor protein
menin [1]. Glandular hyperplasia and neoplastic endocrine tumors of the pituitary, para-
thyroid glands, duodenum, and pancreas form the major manifestations of the syndrome.
Other manifestations of MEN1 are neuroendocrine tumors (NETs) of gastric, bronchial,
or thymic origin; breast cancer; adrenal adenomas; and cutaneous manifestations, such as
lipomas, collagenomas, and facial angiofibromas [2, 3].

NETs are manifest in MEN1, and particularly, thymic carcinoid and duodenopancreatic
NETs (dpNETs) cause a decreased life expectancy in MEN1 [4–6]. dpNETs are the most
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prevalent NETs and can be divided in functional, e.g., hormone producing, and nonfunc-
tional. Nowadays, nonfunctional pancreatic NETs (NF-pNETs) are the most frequently
diagnosedNETs inMEN1 and a leading cause ofMEN1-related death [7, 8]. NF-pNETs cause
symptomatic disease in only up to 13% of patients, despite their multicentric appearance
[9]. The high prevalence and malignant potential outline the need for an evidence-based
screening program to diagnose NF-pNETs at an early stage to enable meticulous follow-up
and timely intervention to prevent metastasized disease.

Studies focusing on sporadically occurring NF-pNETs are difficult to extrapolate to
MEN1-related NF-pNETs, which are characterized by theirmultifocal occurrence and amore
indolent course of disease in contrast to their sporadic counterparts. Moreover, the onset in
MEN1 is at a younger age, and NF-pNETs are diagnosed in an earlier stage because of the
screening programs [9, 10]. This illustrates the importance to substantiate guidelines pro-
viding recommendations forMEN1patients, based on evidence derived fromMEN1populations.

Current guidelines advise MEN1 mutation analysis already at the age of five and sub-
sequent presymptomatic screening for MEN1 manifestations [3]. Because of their “silent”
behavior and the correlation between metastases and tumor size [7], identification of NF-
pNETs depends on sensitive biochemical biomarkers and imaging modalities [5, 7].

The use of biochemical markers for the diagnosis of NF-pNETs is currently under debate,
as the most recent studies on biomarkers reported low diagnostic accuracies for pNETs in
MEN1 [11, 12]. In addition to biochemical testing, clinical practice guidelines recommend
diagnosis and surveillance of NF-pNETs by anatomical imaging modalities, such as CT scan,
MRI, or endoscopic ultrasound (EUS) [3]. Functional imaging, such as somatostatin receptor
scintigraphy (SRS) and [gallium 68 octreotate (68Ga)]-labeled somatostatin analogs positron
emission tomography (PET; 68Ga-dodecanetetraacetic acid (DOTA) PET-CT), is emerging,
and therefore, the best approach to NF-pNETs needs to be re-evaluated. In addition, recent
studies showed insights in the very low growth rate of small NF-pNETs, fueling the dis-
cussion on timing and frequency of surveillance [13, 14]. The diagnosis of small NF-pNETs
with a possible indolent course of disease creates a high risk for unnecessary and expensive
screening and consequently, a high burden for the patients.

Whereas consensus on the indications for surgery could not be established in 2012
[3], current cohort studies give substantial evidence that a conservative approach for tumors
up to 2 cm fits within treatment goals to reduce morbidity and mortality associated with
metastatic disease [14, 15]. This frames the screening dilemma inMEN1: imagingmodalities
should reliably detect tumors below the cutoff of 2 cm, but the indolent behavior of a large
proportion of NF-pNETs could lead to overdiagnosis.

The current guideline dates from 2012 and gives rise to the need of an evidence-based approach
for diagnosis and follow-up in MEN1 [3]. Recently, controversies in the diagnostic approach in
MEN1 were outlined, but a systematic overview of up-to-date literature on NF-pNETs is lacking
[16–18]. We systematically reviewed and critically appraised the present literature on the di-
agnostic value of biochemical biomarkers and various imaging modalities to diagnose NF-pNETs
in patients with MEN1. In addition, we evaluated the optimal timing of follow-up by reviewing
current literature on the age-related penetrance and tumor growth of NF-pNETs in MEN1.

1. Methods

A. Search Strategies

The electronic bibliographic databases Medline/Pubmed, Embase, and Web of Science were
searched December 2017 to review systematically current literature on the diagnostic value of
biomarkers and imaging modalities for NF-pNET in MEN1 patients. Keywords are reported in
Table 1, and the complete search string is documented inSupplementalMaterial 1. To gain insight
into thepenetrance andbehavior ofNF-pNETs inMEN1and subsequently answer the question on
the optimal timing and frequency of follow-up, a third search was operated, also including our
study domain (MEN1 patients). The literature searches were reviewed by an experienced
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librarian. Database subject terms, such as Mesh terms (Medline) and Emtree terms (Embase),
were used as appropriate. Selection of articles was restricted to English, Dutch, German, and
French, and for original research, there was no restriction for the year of publication of the studies.

B. Study Selection

Original studies assessing the diagnostic value of biomarkers or imaging modalities for the
diagnosis (NF-)pNETs in patients with MEN1 were eligible for inclusion. In addition, articles
were selected if tumor growth and/or penetrance were studied. Studies that included both
sporadic NF-pNETs andMEN1-relatedNF-pNETswere eligible if it was possible to extract data
for MEN1-related (NF-)pNETs separately. We excluded reviews, case reports, and studies in-
cluding only functional dpNETs. Functional dpNETs were defined as tumors with biologically
active hormone secretion and consequently, distinct clinical syndromes or symptoms, e.g.,
gastrinomas, insulinomas, and glucagonomas. NF-pNETs were NETs without a distinct clinical
syndrome as a result of excessive hormone production. pNETs immunoreactive to other gas-
trointestinal hormones without a clinical syndrome are regarded as NF-pNETs. To minimize
selection bias, studies with five or less MEN1 NF-pNET patients were excluded.

C. Data Extraction

All identified articles were entered in Covidence® and after the removal of duplicates,
independently screened on title and abstract by two authors (M.J.C.v.T. and D.-J.v.B.).
Thereafter, independent full text review of potentially relevant studies was performed, and
studies were selected if eligibility criteria were fulfilled (M.J.C.v.T. and D.-J.v.B.). Authors
resolved any disagreements by consensus and when unsuccessful, with the help of a third
reviewer (G.D.V.). Reasons for exclusion at full text screening were recorded. All included
articles were cross referenced for additional relevant articles.

Diagnostic accuracy measures, sensitivity, specificity, positive predictive value (PPV),
negative predictive value, and area under the curve (AUC) were obtained from the included
studies. In case thesemeasures were not provided, data were obtained, and 23 2 contingency
tables were calculated. Thereafter, sensitivity and specificity were calculated using the
standard formulas: sensitivity (%) = true positives/(true positive + false negative); specificity
(%) = true negative/(true negative + false positive). In addition, NF-pNET growth rates and
the age-related penetrance of NF-pNETs were obtained.

With the consideration of the rarity of theMEN1 syndrome and the expected heterogeneity
between studies, as a result of long inclusion periods, differences in patient care, and patient
characteristics, narrative data analysis was preferred over meta-analysis.

Table 1. Keywords

Tumor markers for diagnosis NF-pNETs in MEN1
Biomarker OR CgA OR PP

OR glucagon
AND NET OR endocrine tumor

OR NET OR nonfunctioning
tumor

AND Pancreas OR dpNET OR
gastroenteropancreatic
OR pNET

Imaging for diagnosis NF-pNETs in MEN1
OR CT OR MRI OR EUS OR

ultrasonography OR scintigraphy
OR PET

AND NET OR endocrine tumor
OR NET OR nonfunctioning
tumor

AND Pancreas OR dpNET OR
gastroenteropancreatic
OR pNET

Growth Rate and Penetrance of NF-pNETS in MEN1
MEN 1 OR MEN1 OR Werner

syndrome OR hereditary
AND NET OR endocrine tumor

OR NET OR nonfunctioning
tumor

AND Pancreas OR dpNET OR
gastroenteropancreatic
OR pNET

Searches were conducted in December 2017.
Abbreviations: CgA, chromogranin A; PP, pancreatic polypeptide.
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D. Risk of Bias Assessment

Study and patient characteristics were retrieved from the included articles. Included articles
on biomarkers and imaging modalities were critically appraised using a modified Quality
Assessment of Diagnostic Accuracy Studies tool by two reviewers independently (M.J.C.v.T.
and D.-J.v.B.) [19]. Quality Assessment of Diagnostic Accuracy Studies addresses four im-
portant domains: patient selection, index test, reference standard, and flow and timing
(Supplemental Material 2). We developed a risk of bias tool to appraise critically studies
assessing the growth rate in NF-pNETs (Supplemental Material 3). Based on the Quality In
Prognosis Studies tool [20] for prognostic studies, four important domains and subsequent
criteria were formulated: study participation and attrition, identification of NF-pNETs,
outcome measurement, analysis, and reporting.

To grade the strength of recommendations and quality of evidence, we used the Grading of
Recommendations, Assessment, Development, and Evaluation system [21, 22].

2. Results

A. Biochemical Tumor Markers

A total of 4281 studies were identified in the databases, of which 519 were duplicates (Fig. 1a)
[23]. After removal of duplicates, 3762 studies were screened on title/abstract, and sub-
sequently, full texts were retrieved for 46 potentially relevant studies. Eventually, 11 studies
were included for risk of bias assessment.

Characteristics of the included studies are reported in Table 2. Overall, consider-
able heterogeneity was observed in study designs and in study populations. The majority
of studies was derived from single center patient populations, whereas only one study
assessed the biomarker accuracy in a multicenter population-based cohort [12]. Several
studies used a case-control design to observe possible differences in tumor markers among
MEN1 (NF-)pNET patients, MEN1 patients, sporadic pNET patients, and/or healthy con-
trols. Most studies focused on a single tumor marker.

The methodological quality of the studies and their risk of bias varied among the studies
(Table 3). In all studies, except for de Laat et al. [12], patient selection could have introduced
bias. Exclusion criteria [e.g., proton-pump inhibitor (PPI) use or chronic kidney failure],
selection of certain subgroups (e.g., preoperative estimation of tumor markers), or a case-
control design could have overestimated biomarker accuracy. In almost all included studies,
the reference standard or patient flow could have introduced bias, or insufficient data were
available to score these risks. Most studies scored a high risk of bias for the reference test,
because of variation in reference standards within the study (including reference standards
with low accuracy), lack of blinding, or the latency between index and reference test. This is
the result of retrospective research on a rare syndrome where data usually were collected in
the course of patient care without standardization.

A-1. Chromogranin A

Six studies evaluated chromogranin A (CgA) as a diagnostic tumormarker inMEN 1 patients
[11, 12, 24–27]. Two studies had maximum applicability for this review [11, 12]. de Laat et al.
[12] had the lowest overall risk of bias and estimated the accuracy of CgA in 81 consecu-
tive Dutch MEN1 patients. AUC for CgA was 0.48 with a reported sensitivity of 33% [12].
Subgroup analysis showed only a slight improvement of accuracy in patients without PPI use
compared with those with PPI: AUC 0.56 vs AUC 0.47, respectively. The accuracy of CgA
(AUC 0.66) for metastatic disease was evaluated, as well with a sensitivity of 53%. Qiu et al.
[11] evaluated CgA in 79 patients. Reported AUCwas 0.60, but patients on PPIwere excluded
from the analysis. No correlation was observed between CgA and tumor size, tumor load, or
tumor stage nor an association with overall survival.
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The three remaining studies at higher risk of bias, especially because of the selection of
patients and size of the study (Table 3), concluded insufficient accuracy for CgA as a screening
biomarker to identify (early) pancreatic involvement in MEN1, and none of the included
studies advised CgA as a screening tool for diagnosis and staging. Sensitivity in these studies
ranged from 27% up to 70%, and a low specificity was reported. No data were presented on the
accuracy of CgA as a marker for progressive disease.

Based on two studies with maximum applicability, low risks of bias, and equivalent re-
ported outcomes, we conclude an inadequate diagnostic value for CgA. Therefore, CgA should
not be routinely used in MEN1 NF-pNET screening programs.

A-2. Pancreatic polypeptide

Four studies evaluated pancreatic polypeptide (PP) [11, 12, 28, 29], of which two studies met
applicability criteria for this review (Table 3). de Laat et al. [12] reported a sensitivity of 36%,
specificity 74%, and AUC 0.64 for the diagnosis of a pNET. Qiu et al. [11] reported the same AUC
(0.64) for PP. For metastatic disease, a sensitivity of 50%, specificity of 74%, and AUC of 0.73 were
reported [12]. No correlation was found between PP and tumor size, number of tumors, or tumor
stage, but PP levels correlated with age and functional status of pNET. No association was found

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow
diagram for identified (a) biomarker studies, (b) imaging studies, and (c) studies on growth
and penetrance [23].
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with survival [11]. Both studies concluded an unsatisfactory diagnostic value. Lewis et al. [28]
reported a decline in PP after surgery in 81% of the population. This assumes a correlation with
tumor load, but no quantitative data were shown. Therefore, it remains unclear whether the
postoperative decrease in PPhad any clinical relevance.Mutch et al. [29] publishedPP outcomes in
202 patients with MEN1 and reported specificity of 88% and sensitivity of 95%. However, metrics
were likely to be overestimated as a result of verification bias, as only patients with elevated PP
levels and eight patients with normal fasting plasma PP, but with clinical suggestive symptoms,
received radiographical evaluation (reference standard; n = 28). One study evaluated the serumPP
after a standard meal stimulation test in patients with MEN1 [30] and concluded that a meal
stimulation test was not reliable and added no extra information on the presence of pNETs.

In conclusion, current literature does not substantiate the use of PP as a diagnostic for NF-
pNETs in MEN1.

A-3. Glucagon

Three studies reported outcomes on glucagon in MEN1-related pNETs (Table 2). Reported
AUCs were 0.77 and 0.58 [11, 12]. One study reported a sensitivity and specificity of 43%
and 73% [12] in 94 patients. No significant correlation was found among tumor size, number
of tumors, tumor stage, or location in 24 patients [11], but another study reported a mod-
erate but significant correlation between 68Ga-dodecanetetraacetic acid tyrosine-3-octreotate
(DOTATATE)-avid tumor volume of pNETs to plasma glucagon levels in 25 patients with

Figure 1. (Continued)
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MEN1 (r = 0.5) [31]. This study was not included in the risk of bias evaluation, as the di-
agnostic value for diagnosis of a pNET was not assessed, but the correlation between tu-
mor markers and maximum standardized uptake value was assessed. Nevertheless, a large
proportion of glucagon levels was within reference range, whereas only patients with proven
NETs were included, confirming the low diagnostic sensitivity [31]. In 29 of the 56 cases
studied by Lewis et al. [28], elevated glucagon levels were observed in 24 (83%).

Based on low accuracies and lack of correlation with disease status in the first two
studies, we conclude that glucagon cannot play a vital role in MEN1 screening programs
for NF-pNETs.

A-4. Other biomarkers

Gastrin was evaluated by some included studies, but gastrinomas are beyond the scope of
this review.

Two studies estimated the diagnostic value of a combination of biomarkers. Qiu et al. [11]
found an AUC of 0.60 for the combination of CgA, PP, and gastrin. This result is consistent
with de Laat et al. [12], who reported an AUC of 0.59 for CgA, PP, and glucagon. Therefore, we
conclude that the combined use of biomarkers is not of added value to the use of the individual
biomarkers for the diagnosis of NF-pNETs in MEN1 patients.

Figure 1. (Continued)
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No studies on the diagnostic value of circulating tumor cells or molecular markers, such as
micro RNA and mRNA of cell-free DNA in MEN1-related pNETs, were encountered in this
study using our search strategy.

Table 3. Risk of Bias for Included Studies Assessing the Diagnostic Value of Biomarkers for pNETs
in MEN1

Risk of Bias Applicability

Authors,
Year Biomarker

Patient
Selection

Index
Test

Reference
Standard

Flow
and

Timing
Patient
Selection

Index
Test

Reference
Standard

de Laat et al.,
2013 [12]

CgA, PP,
glucagon

+ + ? 2 + + +

Qui et al.,
2016 [11]

CgA, PP,
glucagon,
gastrin

2 + ? 2 + + +

Granberg et al.,
1999 [24]

CgA 2 + 2 2 + + 2

Mutch et al.,
1997 [29]

PP 2 + 2 2 2 + +

Nehar et al.,
2004 [25]

CgA 2 2 + 2 2 + +

Perrachi et al.,
2003 [26]

CgA 2 2 ? ? 2 + ?

Langer et al.,
2001 [30]

Meal stimulation
test

2 + 2 2 2 + 2

Lewis et al.,
2012 [28]

PP, gastrin,
glucagon

2 + + ? 2 2 +

Stridsberg
et al.,
1995 [27]

CgA 2 2 + ? ? + +

Abbreviations: +, low risk/low applicability concerns; 2, high risk/high applicability concerns; ?, unclear.

Table 2. Study Characteristics of Included Biomarker Studies

Authors,
Year, Ref. Country

Single/
Multicenter Population

No.
MEN1

Patients

MEN1
Tumor
Markers

MEN1
(NF-)pNET Index Test(s) Reference Test

de Laat et al.,
2013 [12]

The
Netherlands

Multicenter Population-
based
cohort

274 159 159 CgA n = 81,
PP n = 73,
glucagon n = 94

Pathology. If not
available
CT/MRI/EUS

Granberg et al.,
1999 [24]

Sweden Single center Case control 36 36 27 CgA CT/US

Langer et al.,
2001 [30]

Germany Single center Case control 23 12 12, 6 NF-pNET PP (stimulated) Pathology,
CT/SRS/EUS,
biochemistry

Lewis et al.,
2012 [28]

USA Single center Cohort 52 52 52 CgA n = 4,
PP n = 30,
glucagon n = 29

Pathology

Mutch et al.,
1997 [29]

USA Single center Cohort 459 202 20 PP CT/MRI/SRS/
selective
angiography

Nehar et al.,
2004 [25]

France Single center Case control 34 34 22, 11 NF-pNET CgA CT/EUS

Perrachi et al.,
2003 [26]

Italy Single center Case control 25 25 16, 6 NF-pNET CgA ?

Stridsberg et al.,
1995 [27]

Sweden Single center Case control 11 11 ? CgA Pathology

Qui et al.,
2016 [11]

USA Single center Cohort 293 113 55 pNET, 58
non-pNET

CgA n = 79,
PP n = 63,
glucagon n = 24

Pathology. If not
available CT/MRI/
EUS/SRS

Abbreviations: n, total number; US, ultrasonography.

1074 | Journal of the Endocrine Society | doi: 10.1210/js.2018-00087

http://dx.doi.org/10.1210/js.2018-00087


B. Imaging

The search strategy yielded 5360 results (Fig. 1b). After the removal of duplicates, 5083 were
screened on title and abstract, of which 71 potentially relevant articles were selected for full-
text screening. Sixteen studies were included for risk of bias assessment.

Except for one study [32], all included articles were single-center studies. Seven studies
collected the data prospectively [32–38].

Most studies reported results on EUS, followed by CT, SRS, 68Ga-DOTAPET-CT, andMRI
(Table 4). Seven studies had no concerns regarding applicability for this review (Table 5).
There was a high concern on applicability for patient selection in most studies because of the
high proportion of included-functioning dpNETs or because a surgical cohort was analyzed.
Most studies scored a high risk of bias on flow and timing because of different reference
standards within the study population and the lack of standardization of index and reference
test in the majority of studies.

Table 4. Study Characteristics of Included Imaging Studies

Authors,
Year, Ref. Country

Single/
Multicenter

Study Design and
Data Collection

No.
MEN1

Patients
MEN1/
pNET

MEN1
NF-

pNET Index Test Reference Test

Albers et al.,
2017 [33]

Germany Single center Cross-sectional,
prospective data
collection

33 33 31 68Ga-DOTATOC
PET-CT

MRI/EUS

Barbe et al.,
2012 [32]

France Multicenter Cross-sectional,
prospective
inclusion/data
collection

90 90 90 MRI/EUS MRI/EUS

Camera et al.,
2011 [40]

Italy Single center Cross-sectional 14 9 ? CT Pathology
(n = 4), EUS

Gauger et al.,
2003 [43]

USA Single center Cross-sectional,
retrospective data
collection

66 15 13 EUS Pathology

Goroshi et al.,
2016 [39]

India Single center Retrospective
data collection

18 13 6 68Ga-DOTANOC
PET/CT

CT/pathology

Hellman et al.,
2005 [44]

Sweden Single center Cross-sectional,
retrospective data
collection

25 25 23 EUS 5-HTP PET
(selectively)

CT, US (n = 3),
pathology
(n = 8). Rest
biochemical

Kornaczewski
Jackson 2017 [46]

Australia
(Tasmania)

Single center Retrospective data
collection

49 25 12 18F-FDG PET/CT Pathology, CT,
ultrasound,
EUS, MRI

Langer et al.,
2004 [34]

Germany Single center Prospective data
collection

36 22 13 EUS, CT, 111In
SRS

Pathology or
clinical FU

Lastoria et al.,
2016 [45]

Italy Single center Cross-sectional 18 11 ? 68Ga-DOTATATE
PET/CT

Pathology or
clinical FU

Lewis et al.,
2012 [28]

USA Single center Cross-sectional,
retrospective data
collection

52 52 ? 111In SRS, CT,
MRI, EUS

Pathology

Morgat et al.,
2016 [35]

France Single center Cross-sectional,
prospective data
collection

19 19 ? 68Ga-DOTA-TOC
PET/CT, 111In
SRS, CT

Pathology, CT/
MRI/EUS/
18F-FDG
PET/CT

Skogseid et al.,
1998 [41]

Sweden Single center Cross-sectional,
retrospective
data collection

25 25 13 CT, US,
angiography,
SRS

Pathology

van Asselt et al.,
2015 [36]

Netherlands Single center Cross-sectional
study, prospective
data collection

41 35 ? EUS, 11C-5-HTP
PET

Pathology,
CT/MRI

Waldmann et al.,
2009 [37]

Germany Single center Prospective data
collection

35 24 18 CT, SRS, EUS Pathology

Wamsteker et al.,
2003 [42]

USA Single center Cross-sectional study,
retrospective data
collection

65 13 11 EUS Pathology

Yim et al., 1998 [38] USA Single center Prospective data
collection

29 ? ? 111In SRS Pathology,
CT/MRI/
arteriogram

Abbreviations: 11C-5-HTP, 11C-5-hydroxytryptophan; 18F-FDG, 18F-fluorodeoxyglucose.
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B-1. Conventional imaging

CT. Sensitivity varied between 54%and 81%,with a specificity of 50% (Table 6) [28, 35, 37, 39–41].
Langer et al. [34] reported 54% sensitivity in a group of patients with dpNET with surgery as a
reference standard. All patients with a false-negative CT had small duodenal or pancreatic gas-
trinomas (largest 14mm). Lewis et al. [28] reported the highest sensitivity (81%)with a PPV of 96%
on preoperative CT. Eight of the 43 CTs were negative, with the largest missed pNET measuring
4 cm. In a prospective series of 19 consecutive patients with MEN1 suspected for dpNETs un-
dergoing 68Ga-dodecanetetraacetic acid–tyrosine-3-octreotide (DOTA-TOC) and contrast-enhanced
CT, the reported sensitivity and specificity of CT were 60% and 50%, respectively. However, on a
per-lesion basis, solely of the pancreas, CT revealed 37 of the 46 lesions (80%) identified by 68Ga-
DOTA-TOC PET scanning [35].

All included studies had high risks of bias, but most results were uniform. Studies reported
inferior diagnostic values of CT compared with 68Ga-DOTA PET-CT [35, 39] and EUS [28, 34, 37].
The reported differences in accuracy between CT and SRS were varying (Table 6), and no direct
comparisonwasmadebetweenMRIandCT.Studies describing the characteristics ofmissed lesions
on CT reported small sizes, mostly below 17 mm, but a few exceptions were recorded [28, 34, 35].

MRI. Three studies evaluated the diagnostic value of MRI with reported sensitiv-
ities varying between 74% and 88% [28, 32, 33] and a PPV of 100% [28].

Barbe et al. [32] compared the diagnostic value of MRI (1.5 T) with EUS in 90 consecutive
patients with MEN1 to study the concordance of both modalities for the detection of pNETs $
10 mm. MRI and EUS (reference standard was the combination of both) identified 57 (63%)
patients with tumors between 10 and 20 mm. Overall, sensitivities for EUS and MRI were 84%
and 81%, but for tumors.20mm, sensitivities were 65% for EUS and 85% forMRI, respectively.
Barbe et al. [32] concluded that for the detection of$10mmpNETs, EUS is superior toMRI, but
the latter performed homogeneous throughout the entire the pancreas, whereas 94% of all tumors
missed byEUSwere in the body and tail. Therefore, they advised that both should be performedat
the initial evaluation [32]. It is important to note that thediagnostic valuemaybeunderestimated,
as imaging outcomes were classified as negative, whereas a tumor,10 mmwas identified on one
of the modalities (;25% of patients). Albers et al. [33] compared EUS, 68Ga-DOTA PET-CT, and

Table 5. Risk of Bias for Included Studies Assessing the Diagnostic Value of Imaging Modalities for
pNETs in MEN1

Risk of Bias Applicability

Authors, Year Imaging
Patient
Selection

Index
Test

Reference
Standard

Flow and
Timing

Patient
Selection

Index
Test

Reference
Standard

Albers et al., 2017 [33] EUS/MRI/68Ga-PET/
CT

+ 2 2 + + + +

Barbe et al., 2012 [32] EUS/MRI + + 2 + + + +
Lastoria et al., 2016 [45] 68Ga-PET/CT + ? 2 2 + + +
van Asselt et al., 2015 [36] MRI, CT, EUS, SRS,

11C-5-HTP PET
2 + 2 2 + + +

Morgat et al., 2016 [35] 68Ga-PET/CT, CE-CT,
SRS

+ + 2 2 + + +

Gauger et al., 2003 [43] EUS + + 2 2 + + +
Hellman et al., 2005 [44] EUS + ? 2 2 + + 2

Goroshi et al., 2016 [39] 68Ga-PET/CT, CT + 2 + 2 2 + +
Wamsteker et al., 2003 [42] EUS 2 + + 2 + + +
Kornaczewski Jackson

2017 [46]

18F-FDG + ? 2 2 2 + +

Langer et al., 2004 [34] EUS, CT, SRS + + 2 2 2 + +
Lewis et al., 2012 [27] EUS, CT, MRI, SRS 2 + + ? 2 + +
Camera et al., 2011 [40] CT + 2 2 2 2 + +
Waldmann et al., 2009 [37] EUS, SRS, CT + 2 2 2 2 + +
Skogseid et al., 1998 [41] CT, SRS 2 + + ? 2 + +
Yim et al., 1998 [38] SRS 2 ? + 2 2 2 +

Abbreviation: CE, contrast-enhanced.
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Table 6. Accuracy of Imaging Modalities

Authors, Year EUS MRI CT SRS 68Ga-PET/CT

Albers et al., 2017 [33]

n 27 27 27
Sensitivity, % 100 74 78

Barbe et al., 2012a [32]

n 75 67
Sensitivity, % 83 74

Lastoria et al., 2016 [45]

n 11
Sensitivity, % 100

van Asselt et al., 2015a,b,c

[36]
n 35 35
Sensitivity, % 97 51

Morgat et al., 2016c [35]
n 76 76 76
Sensitivity, % 60 20 76
Specificity, % 50 50 100

Gauger et al., 2003 [43]
n 13
Sensitivity, % 92

Hellman et al., 2005d [44]
n 22/8
Sensitivity, % 64/50

Goroshi et al., 2016c [39]
n 13 13
Sensitivity, % 63 100

Wamsteker et al., 2003c [42]
n 10
Sensitivity, % 82

Langer et al., 2004 [34]
n 16 13 17
Sensitivity, % 75 54 71

Lewis et al., 2012 [28]
n 35 8 43 32
Sensitivity, % 100 88 81 84 –

Camera et al., 2011c [40]
n 11
Sensitivity, % 78

Skogseid et al., 1998e [41]
n 15/10 15/10
Sensitivity, % 57/20 75/0

Waldmann et al., 2009 [37]
n 20 24 24
Sensitivity, % 100 62 54

Yim et al., 1998c [38]
n 16
Sensitivity, % 58

Abbreviation: n, number of included patients in the study.
aResults from analysis for pNETs . 1 cm.
bNot every patient received an MRI or CT (either MRI or CT), so sensitivity could not be extracted.
cSensitivity based on per-lesion analysis in n patients.
dNo reference standard was described for the index test. Results in table are distracted from the article with bio-
chemical signs (n = 22)/histopathology (n = 8) as reference standard.
ePopulation and sensitivity for major disease/limited disease.
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MRI (1.5 T) and reported MRI sensitivity of 74% on a patient-based level. The authors also
performed a per-lesion subgroup analysis based on the size of pNETs. Sensitivities for 0 to 5, 5 to
10, 10 to 20, and.20 mmwere 17%, 22%, 35%, and 83%, respectively, concluding a reliable MRI
detection for larger pNETs. Lewis et al. [28] preoperatively evaluatedMRI in eight patients; with
seven out of eight patients positive, sensitivity was 88%, and PPV was 100%.

All three studies had a high risk of bias in one of the four domains. No study directly compared
MRI with CT as diagnostic for NF-pNETs in MEN1, so no conclusions can be made on the
preferred noninvasive conventional imagingmodality. Based on the reported sensitivities, quality
of the included studies, and the risks associated with cumulative exposure to ionizing radiation,
one could suggest MRI should be preferred above CT.

EUS. EUS sensitivity ranged from 75% to 100% [28, 32, 34, 36, 37, 42–44] in most stud-
ies. One study reported a sensitivity of 50%, but this study has a high risk of bias, as no
reference standard for pNETs was described (selection of patients was based on elevated bio-
chemical markers), and histopathology was only available in a small subgroup [44]. In gen-
eral, histopathology, as reference standard, could also lead to lower sensitivities of imaging
modalities if very small pNETs are included in per-lesion analysis as well.

van Asselt et al. [36] compared four imaging modalities [CT or MRI + SRS + 11C-5-
hydroxytryptophan (11C-5-HTP) PET + EUS] in 41 patients. In 35 patients, 107 pNETs were
identified by combining all modalities. EUS identified 97% of the patients and 94% of the pNETs,
whichwas significantly better than comparedwith the othermodalities. In the subgroup analysis
of pNETs. 1 cm, EUS remained superior, as 97% of the pNETs were identified. Albers et al. [33]
showed similar superiority for EUS over 68Ga-DOTA PET-CT and MRI, but this difference was
only statistically significant for pNETs , 1 cm.

Lewis et al. [28] evaluated preoperative imaging in 52 individuals who underwent 56 pan-
creatic surgeries. EUS was performed preoperatively in 63% and had the highest sensitivity
(100%) on a patient basis. Two series derived from Ann Arbor, Michigan, compared preoperative
EUSwith histopathology. In 13 asymptomatic patientswho underwent surgery, Gauger et al. [43]
identified pNETs on preoperative EUS in 12 (sensitivity 92%). Wamsteker et al. [42] found 23/28
pNETs (sensitivity 82%) on preoperative EUS in 10 asymptomatic patients.

All studies that reviewedEUS concluded that EUS is themost sensitive procedure. Therefore,
EUS seems to have the highest diagnostic accuracy for the detection of small NF-pNETs [32, 33].
However, some clinically relevant NF-pNETs aremissed, especially in the pancreatic tail; EUS is
an invasive procedure and is operator dependent. To overcome this issue, a multimodal strategy
could be initiated, preferably withMRI. Concordance betweenMRI and EUS in tumors$10 mm
was moderate (Kappa coefficient = 0.55) [32].

B-2. Functional Imaging

111In pentetreotide scan (SRS). SRS was evaluated in seven studies [28, 34–38, 41]. Sen-
sitivity varied between 20% and 84%. Morgat et al. [35] prospectively compared SRS with CT
and 68Ga-DOTAPET-CT for the detection of dpNETs in 31 patients and had the lowest risk of
bias and the highest applicability. SRS showed a sensitivity of 20% and a specificity of 50%.
Eleven pNETs were identified on SRS, whereas 68Ga-DOTA-TOC PET/CT and CT identified
46 and 37 pNETs, respectively. All lesions depicted by SRSwere positive in 68Ga-DOTA PET-
CT as well. Mean pNET size of those identified by SRSwas 15mm. Furthermore, 68Ga-DOTA
PET-CT depicted smaller lesions than SRS, leading to overall superior diagnostic perfor-
mance [35]. The highest sensitivity (84%) was reported by Lewis et al. [28] and is possibly
overestimated, as preoperative SRS was reviewed. It is possible that the average tumor size
in this study was larger compared with asymptomatic MEN1 patients not undergoing
surgery, but the average tumor size was not reported. The overall inferiority of SRS compared
with 68Ga-DOTA PET-CT and the insufficient sensitivity reported in studies with the lowest
risk of bias assume no further indication for SRS in the screening of NF-pNETs in MEN1.
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68Ga-DOTA PET-CT. 68Ga-DOTA PET-CT was evaluated in three prospective studies [33,
35, 45] and one study reported the diagnostic value in a retrospective case series [39]. Albers et al.
[33] compared the diagnostic value of combined conventional imaging (EUS/MRI) with 68Ga-
DOTATOC-PET-CT for the diagnosis of dpNETs in routine follow-up in 33 MEN1 patients.
Subgroup analysis for pNETs revealed a sensitivity of 78% for 68Ga-DOTAPET-CT. Sensitivities
depended onpNETsize; for pNETs,,5, 5 to 10, 10 to 19, and$20mmsensitivitieswere 0%, 29%,
81%, and 100%, respectively. In addition, the authors concluded that the routine use for 68Ga-
dodecanetetraacetic acid 1-NaI3-octreotide (DOTANOC)-PET-CT is limited for the detection of
metastasis [33].

A similar sensitivity (76%) was reported byMorgat et al. [35], who compared 68Ga-DOTA PET-
CT with SRS and CT in a per-lesion analysis (75 dpNETs in 19 individuals). 68Ga-DOTA PET-CT
outperformed both in this study, and the reported specificity was 100%, but this was possibly
overestimated, as a combination of imaging modalities, instead of histopathology, was used as a
reference standard.Thesmallest reported lesionon 68Ga-DOTA-TOCPET-CTmeasured2mm[35].

The two remaining studies on 68Ga-DOTA PET-CT had small sample sizes and reported
sensitivities of 100% [39, 45]. Lastoria et al. [45] prospectively compared 68Ga-DOTA PET-CT with
conventional imaging for four MEN1-related tumor sites. The diagnostic value for pNETs was
compared with EUS/CT or histology as reference standard [45]. Goroshi et al. [39] described a
retrospective case series of 11 patients with 16 histopathologically proven dpNETs. Despite the
maximum sensitivity in these two studies, 68Ga-DOTA PET-CT should not be recommended as a
first-choice imaging modality to screen MEN1 patients based on the reported results from Albers
et al. [33] andMorgat et al. [35]. Both prospective studies had lower risks of bias and larger sample
sizes and reported sensitivities of almost 80%. Inaddition, clinicalmanagementdidnot changeafter
68Ga-DOTA PET-CT in 97% of all patients who also underwent conventional techniques for the
complete screening of MEN1 [33]. As the diagnostic value of 68Ga-DOTA PET-CT depends on
tumor size, and the detecting ofmetastases is amajor advantage, 68Ga-DOTAPET-CT could be
applied in patients with prevalent tumors .10 mm and not as a screening modality for de-
tection of incident NF-pNETs.

B-3. Other imaging techniques

van Asselt et al. [36] reviewed 11C-5-HTP PET and although superior to SRS, was of no
additional value compared with standard screening (EUS), as only 54% of the patients and 32%
of the pNETs were diagnosed. Kornaczewski Jackson et al. [46] evaluated the use of
18F-fluorodeoxyglucose (18F-FDG) PET in 49 patients with MEN1 . Twenty-five patients had
evidence of a pNET on conventional imaging, but 18F-FDG PET was positive in only five (20%).
18F-FDG PET avidity was positively associated with the Ki-67 index and pNET aggressiveness
[46]. For risk stratification of aggressive disease, 18F-FDGPET revealed a sensitivity of 86% and
specificity of 95%. However, the value of 18F-FDG PET for risk stratification over EUS and fine
needle aspiration to determine Ki-67 needs to be determined in prospective studies. Current
evidence withholds its applicability for routine screening in MEN1-related NF-pNETs.

C. Growth and Penetrance

The systematic search identified 1369 articles (Fig. 1c). After duplicates were removed, 1038
articles were screened on title/abstract. Twenty-six studies were full-text reviewed for eli-
gibility, of which 13 were included.

Eight studies assessed the growth of NF-pNETs [13, 37, 47–52] and six, the age-related
penetrance of (NF-)-pNETs in patients with MEN1 [7, 51, 53–56]. Of the studies assessing
NF-pNET growth rate, two were derived from population-based cohorts [13, 50], five assessed
growth by consecutive EUS [37, 47–49, 51], and four collected data prospectively [37, 48, 50,
51]. Studies evaluating growth rates were critically appraised (Table 7). One study had a low
risk in all four domains [13]. Almost all studies have selection bias, as data were collected
during patient follow-up. Patients with progressive tumors demanding surgery on short term
are excluded in most studies, as two consecutive evaluations were not available. Therefore,
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reported growth rates are possibly underestimated, and the proportion patients with pro-
gressive tumors could be larger. Most studies did not address or report possible effect
modifiers for tumor growth. Many studies did not assess current systemic treatment (e.g.,
somatostatin analogs), possibly influencing growth rates. Two studies on age-related pen-
etrancewere derived from a population-based cohort [7, 54], whereas three other studies were
multicenter studies [51, 55, 56].

C-1. Growth

The annual growth rate and incidence of new lesions are summarized in Table 8. Growth
rates varied between 0.1 and 1.32 mm per year. Reported factors associated with increased
growth rate are scarce: MEN1 genotype [13], age [37], and number of pNETs visualized [49].
EUS and conventional imaging (CT/MRI) were used for growth assessment.

Conventional imaging. A population-based study evaluated the growth rate of 115 NF-
pNETs ,2 cm in 99 MEN1 patients and assessed the incidence of new NF-pNETs after a
median follow-up of 13 years per patient. The growth rate was 0.4 mm/y and the incidence of
new tumors was 1.04 per year [13]. An association between growth rate and tumor numbers
could not be confirmed in this study. Noteworthy, subgroup analysis identified 35 tumors in
34 patients as progressive (growth rate of 1.6 mm/year), whereas the majority of pNETs (n =
80, 70%) was stable (no growth). Genotype was an important effect modifier for growth
velocity, as patients with missense mutations had a significantly higher growth rate than
nonsense/frameshift mutations [13]. The finding of a large proportion patients with stable
disease without substantial growth is in line with Triponez et al. [14]. Differences in growth
between those with progressive disease (increase in tumor size, number or development of a
hypersecretion syndrome) and stable disease in NF-pNETs were estimated. Sixty-one per-
cent had stable disease and showed no substantial growth [14]. Sakurai et al. [52] described
14 patients with MEN1 with 26 NF-pNETs and prospectively followed 13 NF-pNETs by CT.
No substantial growth (increase in tumor size of .20%) was observed in 12/13 (92%), all of
them smaller than 20 mm.

EUS. The fastest growth was reported by D’souza et al. [47] in a retrospective study, in-
cluding 11 patients with a mean EUS surveillance of 79 months. Sixty-one percent of all
lesions were stable during follow-up. Importantly, new lesions had a significantly faster
growth rate compared with the index lesions. The authors suggested a variation in phe-
notypic expression of the disease [47]. The lowest growth rate was estimated in a larger EUS-
based surveillance study in 226 patients [49]. Annual tumor growth was 0.10 mm in
pNETs #2 cm, but if split for prevalent pNETs (0.21 mm/year) and incident pNETs (no
growth), a significant difference was found [49]. Interestingly, the absence of growth in new
lesions was in contrast with the findings of D’souza et al. [47]. Thomas-Marques et al. [51]
reported outcomes of systematic follow-up with EUS in 51 MEN1 patients of whom 55% had

Table 7. Risk of Bias for Included Studies Assessing Growth Rate in MEN1-Related NF-pNETs

Authors, Year

Risk of Bias

Patient Selection Diagnosis Outcome Measurement (Statistical) Analysis

D’souza et al., 2014 [47] 2 + + 2
Kann et al., 2006 [48] ? + + 2

Kappelle et al., 2017 [49] 2 + + 2

Pieterman et al., 2017 [13] + + + +
Sakurai et al., 2007 [52] 2 2 + ?
Triponez et al., 2017 [50] + 2 2 ?
Waldmann et al., 2009 [37] + 2 ? 2
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NF-pNETs. Sixty-three percent of the patients with initial NF-pNETs had stable disease
(e.g., no growth nor new lesions), whereas 25% developed new NF-pNETs, and 13%
showed tumor growth only.

C-2. Penetrance

The results on age-related penetrance are described in Table 9.
The largest study on penetrance in MEN1 is derived from the French Groupe d’Etude des

Tumeurs Endocrines population-based registry. Triponez et al. [7] reported isolated NF-
pNETs penetrances of 3%, 34%, and 53% at 20, 50, and 80 years, respectively. A large
multicenter study from Germany reported lower age-related penetrances for NF-pNETs [55].
Machens et al. [55] also evaluated differences between penetrance and type of mutation (e.g.,
out-of-frame or truncating vs in-frame mutations), but no disparities were found.

Gonçalves et al. [53] systematically screened 19MEN1mutation carriers in their second decade
of lifewithEUSand/orMRI/CT.Amuchhigher penetrance ofNF-pNETs (42%)was observed in 19
patients. This difference is probably contributable to the imaging modality used for screening
(mostly EUS). Fifty percent had multicentric NF-pNETs, 21% harbored a NF-pNET .2 cm, and
the largest pNET measured 40 mm [53]. Case reports were not included in this review, but
Gonçalves et al. [53] also reviewed case reports of both functional and NF-pNETs in youngMEN1
mutation carriers. The youngest patient with a NF-pNET .2 cm was 12 years old [57]. Goudet
et al. [54] evaluated the penetrance and natural history ofNF-pNETs in 160 youngMEN1patients
from the Groupe d’Etude des Tumeurs Endocrines. By the age of 21, 23% harbored a pNET, of
which NF-pNETs were present in 9%. The mean size of the largest NF-pNET was 18 mm. Five
patients demanded surgical resection of the NF-pNET, on whom four were operated at the age of
13 to 15 years. In the operated patients, 43% of theNF-pNETsmeasured 2 cm ormore, the largest
being 4 cm [54]. Another German study investigated the age-related penetrance in 166 MEN1
patients,19 years derived from two centers. Twenty patients hadMEN1manifestations, of whom
three had NF-pNETs at the ages of 15, 17, and 18, respectively (penetrance 1.8%) [56]. Two
patients underwent pancreatic surgery for NF-pNETs ,15 mm.

The reported penetrance below 10% by the age of 20 in large prospective cohorts, the
sporadic need for surgical treatment below the age of 16, and the psychological burden of the
screening program for young asymptomatic MEN1 children might be arguments to defend

Table 8. Reported Growth in NF-pNETs From Included Studies

Authors,
Year n

No
pNETs

NF-pNET
Size, mm Design

Modality
Used for

Assessment
FU in
Months

Size at First
Detection
(in mm
Median)

Annual Growth
(All Lesions;

mm/y)

Incidence
New Lesions
(per pt/y)

Growth
New Lesions

(mm/y)

D’souza et al.,
2014 [47]

11 18 NA R EUS 79 (18–134) 10.3 (5–24) 1.32 0.17 3.0

Kann et al.,
2006 [48]

20 84 ,15 P EUS 20 6 12 5.9 (1.5–14.5) 1.3% 6 3.2%/
mm = 0.96 2.3

0.62

Kappelle
et al., 2017a

[49]

38 226 ,20 R EUS 38.4 (1.1–5.6)b 5.0 0.10 0.79 No growth

Pieterman
et al., 2017 [13]

99 115 ,20 R CT/MRI 156 (84–276)b 10 6 4 0.4 Stable: no
growth;
progressive: 1.6

1.04

Triponez et al.,
2017 [50]

46 96 ,20 P CT/MRI/EUS 128 6 50,4 9.3 6 5 Stable: ,0.1;
progressive:
0.54

Waldmann et al.,
2009a [37]

29 88 NA P EUS 72 (24–108) 9.0 11.7 6 24.1% =
1.1 6 2.17 mm

0.52 1.28

Sakurai et al.,
2007 [52]

14 26 NA R CT 78 6 36 206 18 (5–78) Not reported Not reported Not reported

FU: median (range) or means 6 SD. Size: median (range) or means 6 SD.
Abbreviations: NA, not applicable; P, prospective study; R, retrospective study.
aPopulation with NF-pNETs and (possibly) functional pNETs.
bInterquartile range.
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the start of screening for NF-pNETs at the age of 16. However, given the paucity of evidence,
the refrainment from screening before the age of 16 cannot be advised. Results on age-related
penetrance for young MEN1 patients are diverge and depend on the imaging modality used.
Therefore, future studies are needed to establish the optimum timing for screening.

3. Discussion

We conducted a thorough systematic literature search to identify studies assessing our research
questions, as well as a critical appraisal to assess methodological quality and applicability of
these studies. Two extensive search strings were generated, not specifically focusing on patients
with MEN1, to discover studies on sporadic pNETs, also including patients with MEN1. As
MEN1 is a very rare disease with heterogeneous disease manifestations and studies covering
long time spans, modified risk of bias tools was composed to account for these issues as much as
possible. A complete overview of currently available literature was generated, and subsequent
conclusions for clinical care were drawn on current best-available evidence. In addition, im-
portant topics to assess in future research are generated.

Inherent to the rarity of the disease, only a few studies of sufficient methodological quality
were included. The majority of the studies was retrospective by design, and data were collected
from routine patient care, often without standardization. In line, blinding of observers (radi-
ologists) was not done inmost studies, and different reference standards were used.Most studies
were conducted on populations derived from single centers, leading to a casemix of patients with
MEN1. In addition, selected cohorts, such as surgically treated cohorts, were included. Sample
size of most studies was limited, leading to insufficient power to detect statistically significant
results and subsequent imprecise estimates. Lastly, because of the rarity of MEN1, studies
included patients over a long time period. Changes in patient care, improved knowledge on
MEN1, the intensiveMEN1 screening program, and increased quality of imagingmodalities are
hard to account for in the study design and statistical analysis.

The inferior sensitivity of CT compared with EUS and 68Ga-DOTA PET-CT and the cu-
mulative exposure to ionizing radiation, already exceeding levels deemed safe during 8 years
of follow-up [58], make CT less useful as a radiologic screeningmodality in a life-long disease.
CT seems to have advances in the preoperative assessment, but this is beyond the scope of
this review. Based on the available literature, MRI turned out to be a more sensitive and
convenient screening modality, as there is no radiation exposure, but reservations should be
made, as currently, no direct comparison between CT and MRI has been undertaken in
patients with MEN1. MRI studies evaluated 1.5 TMRI, but higher tesla imaging is currently
common standard in expert centers. The use of better MRI might increase sensitivity, so the
question remains as to whether these older MRI studies reflect current clinical practice.

Table 9. Data on Age-Related Penetrance (NF-pNETs) From Included Studies

Study

No. of MEN1
Patients
(pNETs) Design Age, y Modality Used Penetrance

Youngest
Patient, y

Gonçalves et al., 2014 [53] 19 (8) R 12–20 EUS (74%) CT/MRI 42% NF-pNETs by age 20 y 16
Goudet et al., 2015 [54] 160 R 1–21 CT/MRI/EUS 9% NF-pNETs by age 21 y 13
Manoharan et al., 2017 [56] 166 (8) P 8–18 MRI/EUS 1.8% NF-pNETs by age 19 y 15
Machens et al., 2007 [55] 258 (126) Cross 43 (mean) CT/MRI/EUS Age-related penetrance dpNETs (NF-pNETs) NA

Mean age 14: 4% (0%)
Mean age 33: 45% (18%)
Mean age 48: 57% (14%)
Mean age 64: 60% (13%)

Triponez et al., 2006 [7] 579 (108) P CT/MRI/EUS Penetrance dpNET (NF-pNET) NA
Age 20: 9% (3%)

Age 50: 53% (34%)
Age 80: 84% (53%)

Thomas-Marques et al.,
2006 [51]

51 P 39 (16–71) EUS Frequency: 54.9% in cohort 16

Abbreviation: Cross, cross-sectional.
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Although this is the case, the choice for the optimal screening modality to detect NF-pNETs
remains ambiguous.We concluded EUS being themost sensitive imagingmodality, detecting
up to 2mm. Serial assessments of tumor size to evaluate tumor growth are reliable with EUS
[59], fine needle aspiration can be added, and adrenals glands can be visualized. On the other
hand, EUS is limited by the operator dependence, has a decreased sensitivity in the pan-
creatic tail, and is an invasive procedure. Furthermore, small NF-pNETs, without thera-
peutic consequences, are detected but with the necessity of follow-up. This could theoretically
lead to a higher psychological burden of disease. MRI has the advantage of homogenous
performance throughout the pancreas, but a significant proportion of NF-pNETs .2 cm is
missed. The latter also applies for EUS. To ensure maximum sensitivity, both modalities can
be used alternately to detect lesions as early as possible and reduce the burden of invasive
EUS (Table 10).

Regarding the high prevalence of somatostatin receptors on NETs, these tumors seem
specifically interesting for somatostatin-labeled radionuclides. The recent advances 68Ga-
DOTA PET-CT in sporadic NETs have not been unnoticed inMEN1 research. Unfortunately,
not all MEN1 studies on 68Ga-DOTA PET-CT were included, as we could not extract data on
(NF-)pNETs [60, 61]. Contrary to Albers et al. [33], two studies report more promising results
regarding changes in patient management based on 68Ga-DOTA PET-CT. Both studies
evaluated the impact of 68Ga-DOTATOC PET-CT on diagnosis of MEN-associated lesions
and its influence on therapeutic management [60, 61]. They illustrated the advantage of “full
body imaging” with 68Ga-DOTA PET-CT in a disease with multiple organs involved and the
risk of locoregional and distant metastases. As 68Ga-DOTA PET-CT was introduced in recent
years, studies on the diagnostic ability are scarce. From the current available evidence, we
can conclude that although not superior in the detection of incident NF-pNETs, 68Ga-DOTA
PET-CT could be integrated in the follow-up program for NF-pNETs .1 cm to detect me-
tastases in an early stage. The optimal timing and frequency of screening remain to be
established. No biomarker reflects tumor behavior or predicts the course of disease over time,
so imaging modalities remain the cornerstone within the surveillance program. Studies on
molecular markers in MEN1 were not encountered, although the search string did not
specifically focus on these new biomarkers. Data on tumor growth can frame the clinical
relevance of small NF-pNETs, as themalignant course of NF-pNETs seems to be correlated to
tumor size [7]. We evaluated the current available data on growth to outline the average
growth rate of NF-pNETs to distinguish those with more aggressive disease. Two large
population-based cohorts reported very slow growth [13, 14]. In addition, two recognizable
phenotypes can be distinguished in patients with NF-pNETs.Most patients (60% to 70%) had
stable disease with no growth at all, whereas a subgroup demonstrated tumor growth [13, 14,
51, 52]. Pieterman et al. [13] speculated a multistep process of MEN1 pNET development;
tumor initiation and tumor growth are two distinct steps with additional events needed for
tumor growth and disease progression rather than germline mutation subtype alone. The
effect ofMEN1 germlinemutation onmenin proteinmay drive tumor initiation but could also
be inversely correlated with tumor growth. Genetic or epigenetic events, such asmutations in
DAXX or ATRX genes, might play important roles in growth-driving events [13]. This could
explain the heterogeneity in incidence and annual growth among included studies. To tailor a
follow-up regimen, surveillance programs should focus on identifying the course of disease in
patients with NF-pNETs. Frequency of screening should be adapted for the growth rate in an
individual, starting with repeated measurements every year after detection of NF-pNETs by
EUS or MRI. After confirmation of stability of the tumor, surveillance could be extended to
every 1 to 2 years over the course of time. In growing tumors, imaging should be repeated at
least every year, and 68Ga-DOTA PET-CT could be added in routine surveillance when
tumors.10 mm are present to identify metastasis timely. Future studies should investigate
the role of molecular biomarkers, such as the NETest® [62] for MEN1-related NF-pNETs, as
current screening tools lack insight in the dynamics of individual tumor behavior.

The starting age of screening young mutation carriers remains controversial. The age-
related penetrance for NF-pNETs is low under 20 years (1.8% to 9%) in the larger studies, but
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cases of large NF-pNETs requiring surgical intervention are reported. Furthermore, pen-
etrance is underestimated in some studies because of the imaging modality used to screen
included patients. One study systematically used EUS in young patients, revealing a much
higher penetrance of almost 50% [53]. Included studies recommended to start screening
between 10 and 16 years [54, 56]. Because of the diversity in studies and outcomes, future
research is needed to estimate the optimal age to start screening. In patients who elect not to
have genetic testing but are at risk for MEN1, screening for pNETs should start at the same
age as mutation carriers, as all manifestation can occur as first manifestation [54, 63].

This study has some limitations. The inclusion criterion ofmore than fiveMEN1patientswith
(NF-)pNETs in individual studies led to the exclusion of studies reporting onMEN1patientswith
NF-pNETs. Regarding the high chance of selection bias for these small studies (less than six NF-
pNETs) and subsequent imprecise estimations of diagnostic accuracy measures, exclusion of
these studies seems reasonable regarding achievement of unbiased and precise results. Another
limitation is the language restriction implemented in our search string. Based on our current
understanding of MEN1, most of the available literature is published in the used languages. We
assume that no studies were missed using this strategy. Some studies were not available for full
text eligibility or did not report outcomes for (NF)-pNETs. No attempts were made to obtain
individual patients records from studies not reporting separate outcomes. Lastly, no critical
appraisal of studies assessing age-related penetrance was performed.

This systematic review collected additional evidence to substantiate and update the evidence-
based approach for NF-pNET screening. Current clinical practice guidelines recommend annual
surveillance, whereas recent data illustrate that less aggressive surveillance is reasonable in a
substantial number of MEN1 patients. Studies on growth reported very slow rates and two
distinct phenotypes in the course of disease with long-term stable disease in a large subgroup.
Therefore, we promote a more individualized approach based on the observed growth tendency.
Our review of recent literature offers recommendations on the use of biomarkers and imaging
modalities (Table 10). Biomarkers should not play a role in the diagnostic process, as accuracies
are too low. Studies evaluating the diagnostic value of imaging modalities are heterogeneous
with varying risks of bias, and reported outcomes diverge formostmodalities. For the detection of
NF-pNETs, EUS has the highest sensitivity but also has disadvantages. A combined strategy of
EUS and MRI seems to be the most useful with important advantages of MRI over CT. To
estimate the growth rate of NF-pNETs, we would advise use of the same imaging modality, as
concordance between EUS andMRI ismoderate [32]. 68Ga-DOTAPET-CT could be added if NF-
pNETs are diagnosed in a patient to identify metastasized disease. The superior diagnostic
performance of 68Ga-DOTA PET-CT over SRS makes it the preferred functional imaging mo-
dality when available [35]. The optimal age to start screening must yet be determined, as study
methods and reported age-related penetrance are varying.

Table 10. Summary of Recommendations

Recommendations

Evidence
(According to

GRADE [21, 22])

The annual use of CgA, PP, and glucagon as a tumor marker for the diagnosis of
NF-pNETs is not recommended.

(1|ÅÅÅs)

Radiological screening for NF-pNET should include MRI or endoscopic ultrasonography. (2|ÅÅss)
68Ga-DOTA PET/CT should be preferred over 111In single photon emission CT/CT for the

diagnosis of NF-pNETs.
(1|ÅÅss)

68Ga-DOTA PET/CT should not be routinely used for the diagnosis of NF-pNETs. (2|Åsss)
Based on the growth rate and NF-pNET size, pancreatic visualization can be extended to

once per 1 to 2 y.
(2|ÅÅss)

Screening for NF-pNETs in asymptomatic MEN1 patients should not be extended until
the age of 16.

(2|Åsss)

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.
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