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Abstract

Background: Functioning pancreatic neuroendocrine tumors (pan-NETs) cause syndromes 
that can be life-threatening. Current guidelines recommend syndrome-directed drugs, 
but the primary evidence for hormonal control has never been mapped separately from 
the evidence for antitumor activity. We described how much evidence exists, how it is 
distributed, what outcomes were measured, and how completely the studies were reported 
across the ten functioning pan-NET syndromes recognized by the European Neuroen-
docrine Tumor Society (ENETS). Methods: We followed JBI methodology and PRISMA-ScR. 
PubMed/MEDLINE, Embase and Cochrane CENTRAL were searched from 1970 onward. 
Guideline-reference reconciliation, targeted syndrome-by-drug searches, backward citation 
checking and a date-sliced PubMed update with a clinical-series arm supplemented database 
searching. Eligible studies included at least three patients with a pancreatic-primary func-
tioning neuroendocrine tumor and an extractable outcome of medical syndrome control. 
Evidence was charted by syndrome, therapy, design and reporting domain; formal certainty 
grading and meta-analysis were not undertaken. Results: Sixty-five studies formed the pri-
mary corpus. Fifty-three were single-cohort retrospective studies or case series, seven were 
prospective and five were comparative or multicenter retrospective studies. The median 
eligible sample was 13 patients among 55 studies with an exact denominator; 25/55 en-
rolled ten or fewer patients. Insulinoma accounted for 33 studies, followed by VIPoma (13), 
gastrinoma/Zollinger–Ellison syndrome (12) and glucagonoma (11). PTHrP-mediated 
hypercalcemia was represented by four studies and the combined ectopic ACTH/CRH 
category by two, both concerning ACTH secretion; no eligible primary study was identified 
for calcitoninoma or pancreatic carcinoid syndrome, which indicates the absence of eligible 
evidence rather than evidence of absent clinical experience. Forty-five out of 80 syndrome-
by-therapy cells were empty. Biochemical or physiological outcomes were reported in 58/65 
studies and clinical outcomes in 44/65, but definitions varied and the outcomes were not 
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pooled; treatment line was reported in 41/65 and tumor grade in 25/65. A separate inven-
tory contained 321 contextual and secondary records. Conclusions: Medical management 
of functioning pan-NETs looks well established in daily practice, but the primary evidence 
behind it is uneven and incompletely reported. The amount of evidence differs sharply 
between syndromes, and it does not support any comparative treatment sequence. Future 
studies should measure hormonal control separately from antitumor activity, adopt a core 
outcome set and a minimum reporting dataset, and use prospective multicenter networks 
for the rarest syndromes and for the treatment sequences that remain unstudied.

Keywords: pancreatic neuroendocrine tumor; functioning syndrome; syndrome control; 
scoping review; evidence map

1. Introduction
Functioning pancreatic neuroendocrine tumors (pan-NETs) are defined by the clinical 

effects of inappropriate hormone secretion and not by tumor burden alone [1]. ENETS rec-
ognizes ten functioning syndromes: insulinoma, gastrinoma/Zollinger–Ellison syndrome 
(ZES), glucagonoma, VIPoma, somatostatinoma, tumors secreting adrenocorticotropic 
hormone (ACTH) and corticotropin-releasing hormone (CRH), which present as ectopic 
Cushing’s syndrome and are treated here as a single category, GHRH-secreting tumors, 
PTHrP-secreting tumors, calcitonin-secreting tumors, and pancreatic tumors associated 
with carcinoid syndrome [1,2]. Each syndrome is uncommon on its own, but together 
they can cause severe hypoglycemia, acid-peptic complications, secretory diarrhea with 
electrolyte loss, catabolic skin disease, hypercortisolism, acromegaly, or hormonal crisis. 
Control of the syndrome is often needed before tumor-directed treatment starts, during 
that treatment, or independently of it [2].

The evidence for this aim is hard to read because two different clinical questions are 
usually answered together [3]. Antitumor trials measure tumor response, progression-free 
survival and overall survival. Syndrome-directed treatment aims to lower hormone secre-
tion, correct the physiological disturbance it causes, relieve symptoms and prevent crisis. 
One therapy can achieve both aims, as peptide receptor radionuclide therapy and targeted 
agents sometimes do, but antitumor activity does not by itself demonstrate hormonal con-
trol [4]. Durable control of acid hypersecretion in ZES can be clinically decisive even when 
tumor growth is unchanged [5]. These two outcome domains must be separated if the 
evidence is to guide treatment sequencing and monitoring.

Five decades of changing terminology, classification and clinical practice make inter-
pretation harder still [2]. Older reports used terms such as islet-cell tumor or apudoma, 
and most of them came before WHO grading, Ki-67 reporting, somatostatin-receptor imag-
ing, and the current separation of well-differentiated NET G3 from neuroendocrine carci-
noma [2]. Many cohorts mixed pancreatic primaries with duodenal, intestinal or occult 
primaries. Others included functioning patients inside broader antitumor series without 
reporting their outcomes separately. Diazoxide and proton-pump inhibition entered prac-
tice before trial registration and modern reporting standards became routine [5]. Guidance 
from ENETS, the North American Neuroendocrine Tumor Society (NANETS) and the 
American Society of Clinical Oncology (ASCO) all give practical advice on symptom and 
syndrome management. Guidelines, however, synthesize evidence to support a clinical deci-
sion, and they may use indirect evidence, small series and expert consensus to do so [1,6,7]. 
They do not show how primary evidence is spread across individual syndrome–therapy 
combinations, whether syndrome control was measured, or which clinically useful fields 
were reported for the pancreatic subgroup. The randomized evidence for antiproliferative 
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therapy in neuroendocrine tumors does not answer these syndrome-specific questions 
either [3,8,9].

We therefore performed a scoping review and evidence map of medical syndrome 
control across all ten functioning pan-NET syndromes. Our objectives were to identify where 
primary evidence is concentrated, to describe how hormonal and physiological control has 
been measured, to characterize the design and clinical reporting of the available studies, and 
to define syndrome–therapy questions for which evidence is missing or uninformative [10]. 
As in the surgical evidence map that prompted this work, the aim was to describe the shape 
and limits of the evidence base, not to rank treatment effectiveness.

2. Materials and Methods
2.1. Protocol and Reporting

The review followed JBI methodology for scoping reviews [11] and the framework of 
Arksey and O’Malley [12] as refined by Levac et al. [13]. It is reported according to PRISMA-
ScR [14]. The protocol was registered on the Open Science Framework before charting was 
completed [15]. The registered package contained the protocol, a database search-strategy 
document, a data-extraction template, and a protocol-stage PRISMA-ScR checklist.

Two protocol changes were made during charting. Eligibility was clarified to require 
an extractable syndrome-control outcome. The Oxford-style evidence levels specified in 
the protocol were not applied because those levels are question-specific and using them 
here would imply a formal appraisal that this scoping review did not perform. Both 
changes are documented in Supplementary File S1 and were posted as an amendment to 
the OSF registration.

2.2. Eligibility Criteria
A study was eligible if it reported the medical management of a pancreatic-primary 

functioning NET syndrome in at least three eligible patients and provided an extractable 
syndrome-control outcome in an identifiable functioning population. A syndrome-control 
outcome was defined as clinical resolution or improvement of hormone-related symptoms 
or a biochemical or physiological response to treatment such as a change in the culprit 
hormone, in gastric acid output, or in glycemia. All ten ENETS syndromes were eligible.

Acid suppression with proton-pump inhibitors (PPIs) or histamine H2-receptor an-
tagonists was treated as medical management of the gastrinoma syndrome. Excluding it 
would have removed the best-established drug treatment of a functioning syndrome while 
keeping comparable syndrome-directed agents such as diazoxide.

Purely surgical cohorts and treatments delivered by endoscopy or interventional radi-
ology were excluded, in line with the surgical companion review. Studies that combined 
systemic therapy with a locoregional adjunct were kept, and only the medical component 
was charted. We also excluded non-pancreatic primaries, mixed neuroendocrine–non-
neuroendocrine neoplasms, poorly differentiated carcinoma, diagnostic or imaging-only 
studies, registry analyses without treatment data, preclinical work, and reports in languages 
the review team could not assess.

Reports of one or two patients were kept as contextual or supplementary evidence and 
were excluded from the quantitative primary corpus. Studies that contained functioning 
pancreatic patients whose treatment outcomes could not be separated from a wider mixed 
cohort were also classified as contextual evidence. These records are described narratively 
and are excluded from every count, percentage and evidence-map cell reported below.
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2.3. Information Sources and Search
PubMed/MEDLINE, Embase and Cochrane CENTRAL were searched from 1970 on-

ward, using terms for functioning pancreatic neuroendocrine tumor syndromes and medical 
management. The original broad NET search was supplemented by guideline-reference 
reconciliation, targeted syndrome-by-drug searches and backward citation checking. The 
final PubMed update was run on 29 August 2026. It used four date slices and a clinical-
series arm that did not require a treatment term; its executable syntax, including PTHrP, 
calcitonin, carcinoid-syndrome, islet-cell and apudoma terminology and acid-suppression 
terms, is reproduced in Supplementary File S1. Five unique exports yielded 13,378 records; 
12,335 remained after within-update deduplication.

2.4. Selection and Charting
Records were deduplicated and screened in Rayyan (https://www.rayyan.ai) [16]. 

Title and abstract screening and full-text screening were done by three reviewers (SP, CT, 
AP), and a fourth reviewer (IK) resolved disagreements. A study that reported more than 
one functioning syndrome, or more than one therapy class, contributes to each relevant 
category, so syndrome and therapy frequencies add up to more than the number of studies. 
A structured form captured study identifiers, country, design, setting, enrollment period, 
functioning syndrome, MEN1 status, tumor grade, disease extent, sample size, intervention 
and regimen, therapy line, comparator, syndrome-control outcome, and outcome domains.

Terminology follows PRISMA-ScR. A record is a database entry retrieved by a search; 
a report is a document assessed for eligibility; a study is a discrete investigation that may be 
described in more than one report; a cohort is the group of patients within a study; and 
a patient is an individual within a cohort. Figure 1 and Supplementary File S1 reconcile 
the original and updated search streams. Of the 65 primary studies, 60 contributed at 
least one full-text-confirmed syndrome–therapy assignment to the evidence map. Five 
mixed-syndrome or mixed-therapy reports were retained in the study-level corpus but 
generated no map cell because no individual syndrome–therapy pairing could be attributed 
from the report.

Data were extracted in duplicate and independently by two reviewers (A.P. and S.P.P.) 
using the structured form, each working from the full text of the source report; the two 
extractions were then compared field by field, discrepancies were resolved by discussion 
between the two extractors, and any that remained were adjudicated by a third reviewer 
(I.Kat.). Searches covered PubMed/MEDLINE, Embase and Cochrane CENTRAL from 
1970 onward. Records were deduplicated in Rayyan by digital object identifier and PubMed 
identifier, with residual duplicates removed manually on title, first author and year. Reports 
in languages the review team could not assess were excluded, and the affected records 
are listed with that reason in Supplementary File S1. Forward-citation searching was not 
performed, and the exact final search strings, duplicate counts and source-specific yields of 
the original parent search were not preserved; both limitations are stated in Section 4 and 
in Supplementary File S1. A complete list of reports excluded after full-text assessment, 
each with its reason, is provided in Supplementary File S1.

We performed a conservative sensitivity analysis that excluded 12 studies involving 
mixed primary sites, a pancreatic subgroup within a larger series, or possible overlap with 
another institutional or registry cohort. The flagged reports and the recomputation rules 
are provided in Supplementary File S3. MEN1-associated disease and mixed tumor grades 
were charted when reported and were not eligibility restrictions.

Two charting rules have a direct effect on the results and are stated here. First, bio-
chemical response was charted strictly. A study counted as reporting it only if it stated 
whether hormone levels, gastric acid output or glycemia changed in response to treatment. 
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Measurement of a hormone for diagnosis, or as a baseline prognostic marker, did not count. 
Second, tumor grade counted as reported only where a WHO grade, Ki-67 index or mitotic 
count was given for the eligible functioning pancreatic cohort or subgroup. Differentiation 
terms, benign or malignant descriptors, and grades reported only for a wider mixed cohort 
were recorded as not reported. Tumor-grade reporting was checked study by study against 
the available full texts and primary-source records, and discrepancies were resolved against 
the source.

Figure 1. Adapted PRISMA-ScR flow for the original review and 2026 search update. The pri-
mary corpus contains 65 reports identified by distinct PMIDs: 60 contribute at least one confirmed 
syndrome–therapy assignment to the evidence map, while five mixed reports do not populate a 
grid cell. Distinct PMIDs are report identifiers and do not establish that all cohorts are independent. 
The contextual inventory (n = 321) was classified separately and overlapped with the context-only 
branch; it is not an additional primary-study denominator. Box colors indicate stage: blue, search and 
screening steps; gray, combined adjudication; green, primary corpus; orange, context-only reports; 
and red, reports excluded after charting.

2.5. Grading and Synthesis
Studies were described by design: prospective; comparative or multicenter retrospec-

tive; and single-cohort retrospective or case series. Formal levels of evidence were not 
assigned. The 2011 Oxford CEBM framework is question-specific, and multicenter conduct 
describes how a study is organized and not the strength of its evidence, so applying such 
labels to this heterogeneous and largely uncontrolled literature would imply an appraisal 
we did not perform.

Findings were synthesized descriptively. In keeping with scoping-review methodology, 
no risk-of-bias appraisal and no meta-analysis were undertaken, and this review describes 
the volume, design and distribution of the evidence and not the comparative effectiveness 
of the treatments. Results are displayed as an evidence map of functioning syndrome by 
therapy class. Each map assignment required a full-text-supported link between a specific 
syndrome and therapy; mixed cohorts were not expanded by taking the cross-product 
of all reported syndromes and treatments. Cell counts represent distinct PMIDs, and a 
cell was considered populated when at least one confirmed assignment was present. The 
charting dataset, record-level assignment table and recomputation rules are provided in 
Supplementary File S3. Sixty out of 65 primary studies contributed at least one confirmed 
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syndrome–therapy assignment to the grid; the remaining five mixed records were retained 
in study-level counts but were not expanded into unsupported cross-product assignments.

3. Results
3.1. Search Results

The parent NET medical-management search screened 5757 records, excluding 3078 
and retaining 2679 records across all NET topics. For the original functioning-pancreatic-
NET review, 77 reports were assessed: 16 were excluded before structured charting and 
61 entered charting, comprising 49 primary studies, seven context-only records and five 
exclusions after charting. The 2026 update produced 13,378 records in five unique exports, 
12,335 unique records after within-update deduplication and 22 reports for report-level 
adjudication; 16 were added to the primary corpus and six were retained as context-only. The 
combined adjudicated set therefore comprised 83 reports: 65 primary studies, 13 context-
only records and five exclusions after charting. The broader contextual and secondary 
inventory contained 321 records and overlapped with, rather than added to, the context-
only branch.

3.2. Study Design and Evidence Architecture
The primary corpus contained seven prospective studies, five comparative or multi-

center retrospective studies and 53 single-cohort retrospective studies or case series (82%) 
(Table 1 and Figures 2 and 3). The 65 primary studies were indexed by PMID [4,5,17–79].

Figure 2. Study-design distribution of the 65-study primary corpus. Categories are mutually exclusive 
and sum to 65. Colors distinguish the three design categories.

Table 1. Characteristics of the 65 primary syndrome-control studies.

Characteristic Value Denominator/Definition

Primary syndrome-control studies 65
Context only 13 Excluded from quantitative primary map

Excluded after charting 5 Documented study-level reason

Contextual/secondary inventory 321 Overlapping inventory; not additive to 
PRISMA branch totals

https://doi.org/10.3390/life16111823
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Table 1. Cont.

Characteristic Value Denominator/Definition

Randomized trials of syndrome control 0 None identified
Prospective studies 7 Study design; no evidence level assigned

Comparative/multicenter 
retrospective studies 5 Study design; no evidence level assigned

Single-cohort retrospective studies or 
case series 53/65 (82%)

Median eligible sample size 13 55 studies reporting an exact eligible n
Studies with ≤10 eligible patients 25/55 (45%) Exact-n denominator

Biochemical or physiological 
response reported 58/65 (89%) Strict response definition

Clinical outcome reported 44/65 (68%)
Reported separately from 

biochemical/physiological and 
radiological outcomes

Therapy line reported 41/65 (63%)
Setting reported 61/65 (94%)

Single center 43/61 (70%) Of studies reporting setting

Tumor grade fully reported 25/65 (38%) A further 3 studies partially reported grade; 
any grade information 28/65 (43%)

Enrollment starts reported 32/65 (49%)
Began enrollment before 2010 29/32 (91%) Of studies with an exact enrollment start year

Evidence-map coverage 35/80 cells populated 10 syndromes × 8 therapy classes

Figure 3. Evidence architecture and record disposition. The left panel shows the mutually exclusive 
design categories of the 65-study primary corpus; the middle panel shows the 83 adjudicated reports 
(65 primary, 13 context only and five excluded after charting); and the right panel shows the sepa-
rately classified contextual and secondary inventory (321 records: 257 case reports, small series or 
otherwise noneligible original investigations; 46 narrative or hybrid reviews; 16 guideline or consensus 
publications; and two systematic reviews). The contextual inventory overlaps the context-only branch 
and is not additive to the 83 adjudicated reports. Colors distinguish the three panels.

No randomized controlled trial was designed to evaluate control of a pancreatic func-
tioning syndrome. The median eligible sample size was 13 patients among 55 studies with 
an exact denominator; 25/55 (45%) included ten or fewer eligible patients. Clinical setting 
was reported in 61/65 studies, of which 43/61 were single center. Possible cohort overlap 
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was recorded for a small number of historical or institutionally related series; studies were 
retained as distinct reports, but patient counts were not pooled.

3.3. Evidence by Syndrome and Therapy
Insulinoma was the most studied syndrome (33 studies; Table 2 and Figure 4), fol-

lowed by VIPoma (13), gastrinoma/Zollinger–Ellison syndrome (12) and glucagonoma 
(11). PTHrP-mediated hypercalcemia was represented by four studies [26,42,50,51], the 
combined ectopic ACTH/CRH category by two (both ACTH-secreting) [68,73], and ectopic 
GHRH secretion and somatostatinoma by one each. No eligible primary study was identi-
fied for calcitoninoma or pancreatic carcinoid syndrome; this denotes the absence of eligible 
evidence under our criteria, not evidence that these syndromes are never treated. Syn-
drome assignments were non-exclusive; mixed-syndrome studies could contribute to more 
than one row. The complete syndrome-specific PMID index is provided in Supplementary 
File S2.

Table 2. Evidence by functioning pancreatic syndrome (n = 65). Syndrome assignments are 
non-exclusive.

Functioning 
Syndrome Studies Median Eligible n 

(Exact-n Studies)

Therapies Represented in 
the Evidence Map 

(Confirmed Studies)

Prospective/Comparative 
Evidence

Insulinoma 33 14.5 SSA (17); Diazoxide (15); 
Chemotherapy (9) Yes

VIPoma 13 14 SSA (10); PRRT (6); 
Chemotherapy (5) No (retrospective series)

Gastrinoma/ZES 12 22 SSA (7); PPI/H2 Blockade 
(4); Interferon (2) Yes

Glucagonoma 11 21 SSA (8); Chemotherapy 
(6); PRRT (4) Yes

PTHrPoma 4 7 SSA (4); Chemotherapy 
(3); PRRT (1) No (retrospective series)

Ectopic ACTH/CRH 2 9 SSA (2); Chemotherapy 
(1); PRRT (1) No (retrospective series)

Ectopic GHRH 1 12
Chemotherapy (1); 

Everolimus (1); PRRT (1); 
SSA (1)

No (retrospective series)

Somatostatinoma 1 22 Interferon (1) No (retrospective series)

Calcitoninoma 0 NR None No eligible primary 
evidence

Pancreatic carcinoid 
syndrome 0 NR None No eligible primary 

evidence

At the study level across all 65 primary studies, somatostatin analogs were the most 
frequently reported intervention (45 studies), followed by chemotherapy (25), peptide 
receptor radionuclide therapy (20), diazoxide (15), everolimus (11), interferon (6), proton-
pump inhibitors or H2 antagonists (4) and sunitinib (4). Counts are non-exclusive because 
one study could evaluate several treatments. The evidence map uses the stricter full-text-
confirmed syndrome–therapy assignments from the 60 contributing studies; corresponding 
map-level totals were 42, 23, 19, 15, 11, 3, 4 and 4 studies, respectively. These frequencies 
describe published experience and do not estimate comparative efficacy.

https://doi.org/10.3390/life16111823

https://doi.org/10.3390/life16111823


Life 2026, 16, 1823 9 of 22

Figure 4. Primary studies by functioning pancreatic NET syndrome, with all ten ENETS categories 
shown. Counts are non-exclusive: multi-syndrome studies contribute to more than one category, so 
the bars sum to 77 across 65 studies. Counts shown in orange indicate syndromes with no eligible 
primary study.

The two distributions describe the same evidence from different angles. Insulinoma 
contributed to the largest number of studies and the widest range of treatment classes, but 
much of that range came from small malignant-insulinoma series in which hypoglycemia 
control was assessed alongside tumor-directed therapy. Although gastrinoma/ZES was 
the third-largest syndrome group, the acid-suppression cell contained only four eligible 
studies, partly because many ZES cohorts combine pancreatic, duodenal and occult pri-
maries without separable pancreatic outcomes. VIPoma and glucagonoma were represented 
mainly by retrospective institutional or network series. The evidence for ectopic GHRH and 
somatostatinoma depended on single studies.

Treatment frequency should not be read as comparative efficacy or as an established 
sequence of care. Somatostatin analogs appeared across the largest number of syndromes. 
Diazoxide was almost confined to insulinoma and acid suppression to gastrinoma/ZES. 
PRRT, everolimus and sunitinib occupied fewer and more recent cells and were generally 
reported in advanced disease, where hormonal response and tumor response were usually 
assessed together. The study-level index in Supplementary File S2 links each mapped 
category back to its contributing reports.

The evidence map (Figure 5 and Supplementary File S3) is the central result. Of 
80 syndrome-by-therapy combinations, 45 contained no eligible primary evidence. Pop-
ulated cells clustered in insulinoma and in somatostatin-analog experience. The PTHrP 
row gained four eligible studies after the update, whereas calcitoninoma and pancreatic 
carcinoid syndrome remained empty under the prespecified requirement for an attributable 
medical syndrome-control outcome in at least three pancreatic-primary patients.

In the conservative sensitivity analysis, exclusion of all 12 studies flagged for mixed 
populations or possible cohort overlap reduced coverage from 35/80 to 29/80 cells. Six cells, 
each supported by one flagged report in the main analysis, became empty; no previously 
empty cell became populated. Because patient numbers were not summed across reports, 
no pooled patient denominator was calculated. Possible repeated representation of patients 
may nevertheless affect report-level study counts and map cells.
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Figure 5. Evidence map of 60 map-contributing reports, identified by distinct PMIDs, by functioning 
pancreatic NET syndrome and medical therapy class. Thirty-five out of 80 cells were populated. Five 
additional mixed reports in the 65-report primary corpus lacked an attributable single-syndrome 
assignment and populated no grid cell. Because related publications may contain overlapping cohorts, 
report counts should not be interpreted as fully independent investigations. Cells marked with a dot 
contain no eligible primary evidence.

3.4. Outcome Reporting
Under the prespecified definition, 58/65 studies (89%) reported a biochemical or 

physiological outcome and 44/65 (68%) reported a clinical outcome. Thirty-seven reported 
both domains, 21 reported a biochemical or physiological outcome only, and seven reported 
a clinical outcome only. Radiological outcomes were recorded separately and were not 
counted as syndrome control.

At the report level, outcome-domain patterns among studies assigned to each syndrome 
were: insulinoma, 17 both/13 biochemical or physiological only/3 clinical only; VIPoma, 
8/2/3; gastrinoma/ZES, 6/4/2; glucagonoma, 8/2/1; PTHrPoma, 4/0/0; ectopic ACTH/CRH, 
1/1/0; ectopic GHRH, 0/1/0; somatostatinoma, 0/0/1; and multiple/mixed syndromes, 
4/1/0. These are report-level counts: syndrome assignments were non-exclusive, and a 
multisyndrome report could contribute to more than one row.

The biochemical and physiological category was itself heterogeneous. Some reports 
measured a culprit hormone; others measured a proximal physiological consequence, such 
as gastric acid output, glycemia or glucose requirement, serum potassium, or serum calcium. 
A hormonal change, correction of a downstream physiological disturbance and clinical 
improvement were therefore charted as distinct domains and were not treated as equivalent 
to radiological response. Study-level outcome classifications are provided in Supplementary 
File S2.

3.5. Reporting of Clinically Useful Fields
Clinically useful fields were reported less consistently than broad response outcomes 

(Table 3 and Figure 6). Treatment line was stated in 41/65 studies (63%). Tumor grade 
met the subgroup-specific reporting criterion in 25/65 (38%) and was partially reported in 
three more. Clinical setting was stated in 61/65 (94%). An exact enrollment start year was 
available for 32/65 studies (49%).
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Table 3. Reporting completeness in the 65-study primary corpus.

Data Field Reported Not Reported Notes

Biochemical/physiological 
response 58/65 (89%) 7/65 (11%) Strict response definition

Setting 61/65 (94%) 4/65 (6%)
Therapy line 41/65 (63%) 24/65 (37%)

Enrollment start 32/65 (49%) 33/65 (51%) Exact start year
Tumor grade, fully reported 25/65 (38%) N/A Three-way split

Tumor grade, partially reported 3/65 (5%) N/A Part of eligible subgroup only

Tumor grade, not reported 37/65 (57%) N/A
Legacy differentiation, 

benign/malignant only, wider 
mixed cohort, or absent

Figure 6. Reporting completeness of clinically useful fields in the 65-study primary corpus. Tumor 
grade met the subgroup-specific criterion in 25/65; a further 3/65 reported grade for part of the 
eligible subgroup only.

3.6. Time Period and Geography
Among the 32 studies that reported an exact enrollment start date, 29 (91%) began 

enrollment before 2010. Much of the available clinical experience was therefore generated 
before current WHO terminology, routine somatostatin-receptor imaging and several mod-
ern systemic therapies. The publication-year distribution of confirmed syndrome–therapy 
assignments is shown in Figure 7; publication year was used consistently and should not be 
interpreted as the date when a therapy entered clinical practice.

Evidence was geographically concentrated (Figure 8). The United States contributed 
13 studies, France 10, the United Kingdom seven plus one binational Greece–United King-
dom study, the Netherlands five, and Japan, Sweden and China four each. The complete 
country-by-study index is provided in Supplementary File S2.
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Figure 7. Publication-year distribution of primary studies contributing full-text-confirmed syndrome–
therapy assignments. Each study may appear in more than one therapy row. Points represent 
publication year, not treatment initiation or enrollment; connecting lines show the observed publication 
span only. Colors distinguish the eight therapy classes.

Figure 8. Geographic distribution of the primary evidence base. Studies are counted, not centers, 
investigators or patients, and each primary study contributes exactly once. All 17 single-country cate-
gories are displayed individually. The binational Greece–United Kingdom study and the multinational 
ENETS-database studies are shown separately and are not assigned to any single country.

3.7. Contextual and Secondary Literature
The separately classified contextual and secondary inventory contained 321 records: 

257 case reports, small series or otherwise noneligible original investigations (80.1%); 
46 narrative or hybrid reviews (14.3%); 16 guideline or consensus publications relevant 
to syndrome management (5.0%); and two systematic reviews (0.6%). These records 
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were counted and topic-classified, not included in primary quantitative synthesis. The six 
context-only reports identified in the update are included in this inventory and are not an 
additional denominator. The complete record-level inventory is provided in Supplementary 
File S3. Three known-item gap-audit records were added after the reported update flow: 
Albers et al. [80] as a noneligible surgical series without a separately extractable drug-
specific syndrome-control response, Zhang et al. [81] as a hybrid literature review, and 
Maragliano et al. [82] as a clinicopathologic series/review without an extractable medical 
syndrome-control outcome. These records do not alter the primary corpus or PRISMA
flow denominator.

This distribution adds a further dimension to the evidence map. The surgical compan-
ion map described a body of literature dominated by reviews. The medical-management 
literature for functioning syndromes is dominated instead by case-level experience. This 
explains why the field can look extensive in a routine search while still yielding few us-
able cohorts. Most reports document an unusual presentation or an individual treatment 
response, and not a reproducible estimate, a comparative sequence, or a standardized 
syndrome-control outcome. Guideline and consensus publications were kept within this 
contextual map and were not treated as primary evidence of treatment effect.

4. Discussion
To our knowledge this is the first syndrome-by-therapy evidence map focused on 

medical control of functioning pancreatic NET syndromes. Its main finding is the uneven 
distribution of primary evidence. Forty-five out of 80 prespecified syndrome-by-therapy 
combinations were empty, two syndromes had no eligible primary study, denoting the 
absence of eligible evidence rather than evidence of absence, and populated cells clustered 
around insulinoma, somatostatin analogs and a small number of established syndrome-
specific treatments. Small retrospective cohorts and case series dominated; comparative 
evidence was limited and no randomized trial was designed to evaluate syndrome control.

Separating hormonal control from antitumor activity is an analytical distinction, not a 
judgment that tumor-directed treatment is less important. In advanced disease, systemic 
antitumor therapy may provide durable syndrome control by reducing or stabilizing the 
secretory tumor burden. This contribution is visible in the map: chemotherapy, peptide re-
ceptor radionuclide therapy and everolimus had confirmed syndrome-specific assignments 
in 23, 19 and 11 studies, respectively. The outcomes nevertheless remain distinct. Hor-
monal or symptomatic improvement may precede, occur without, or occasionally diverge 
from radiological response; conversely, tumor control does not by itself establish control of 
hormone-mediated morbidity.

A second finding concerns the mismatch between the clinical purpose of treatment 
and the outcomes reported. Although 58/65 studies reported a biochemical or physiolog-
ical outcome and 44/65 reported a clinical outcome, the definitions varied substantially. 
Hormone concentrations, physiological consequences, symptom change, supportive-care 
requirements and radiological response represent related but distinct domains. Treatment 
line, tumor grade, disease extent and enrollment period were also incompletely reported. 
The literature can often show that a treatment was used and that an outcome followed, but 
it rarely establishes a comparative place in a treatment sequence.

4.1. Relationship to Guidelines and Randomized NET Trials
The map gives quantitative form to limits that clinical guidance already acknowledges. 

NANETS notes the absence of studies on somatostatin-analog effects in several rare hormone-
secreting pan-NETs, which matches the empty cells found here [6]. The recent ASCO 
symptom-management guideline performs a different and complementary task. It turns 
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the best available evidence and expert consensus into clinical recommendations, while 
this review examines the primary literature that sits beneath those recommendations [3]. 
Agreement between a guideline and an evidence map supports the view that the field is 
underdeveloped, but it cannot prove a true absence, since both may be affected by the same 
indexing and retrieval limits.

The absence of randomized syndrome-control trials should be kept separate from 
the randomized evidence for antiproliferative therapy in neuroendocrine tumors. CLAR-
INET enrolled patients with nonfunctioning enteropancreatic tumors and required the 
absence of hormone-related symptoms, so it cannot inform hormonal-syndrome control [8]. 
RADIANT-3 included a minority of patients with functioning pancreatic tumors and re-
ported cohort-level reductions in gastrin and glucagon, but those biomarker analyses could 
not be attributed to the functioning subgroup and gave no extractable syndrome-control 
estimate [9]. We treated RADIANT-3 as contextual evidence for that reason. Tumor control, 
biomarker change in an unselected cohort, and control of a clinically functioning syndrome 
answer three different questions.

4.2. Insulinoma: Wide Therapeutic Experience Without an Established Sequence
Insulinoma had the largest evidence base and the widest range of treatments, but the 

apparent density of this literature should not be mistaken for comparative certainty [1,31,54]. 
Diazoxide has been used for decades and remains a guideline-endorsed first-line supportive 
treatment, yet its evidence is spread across small observational series with different popula-
tions, doses and outcome definitions. Somatostatin analogs were also frequently reported, 
although their effect depends on tumor receptor biology and is not uniformly favorable. 
More recent series describe everolimus [45,48] and PRRT [46] in malignant insulinoma, of-
ten with rapid improvement in hypoglycemia, but hormonal benefit and antitumor activity 
were usually assessed together, and treatment choice was strongly influenced by disease 
stage and prior therapy.

The variable effect of somatostatin analogs in insulinoma has both biological and 
clinical importance. Octreotide can suppress tumor insulin secretion when the relevant so-
matostatin receptors are expressed, as shown by the relationship between response, receptor 
imaging and sst2A expression in the Vezzosi study [35]. Octreotide also inhibits glucagon 
and growth hormone, which weakens counter-regulatory responses. If suppression of 
tumor insulin secretion is insufficient, this imbalance can worsen hypoglycemia, and such 
deterioration was described in a two-patient report outside the quantitative corpus [83]. 
These observations support supervised initiation with short-acting octreotide and close 
glucose monitoring before a long-acting formulation is started. They do not establish where 
octreotide stands in relation to diazoxide, everolimus or PRRT.

4.3. Gastrinoma/Zollinger–Ellison Syndrome: Mature Practice, Selectively Sparse Evidence
Gastrinoma/ZES shows why a sparse evidence map does not imply an ineffective or 

clinically uncertain treatment. Potent acid suppression transformed the natural history of 
hormone-related morbidity and is firmly established in practice [1,84,85], yet only four eli-
gible studies were mapped to acid suppression [5,18,53,67]. This gap comes partly from the 
review question, since many ZES cohorts include duodenal, pancreatic and occult primaries 
and seldom report pancreatic-site and syndrome-control outcomes separately [5,67]. Much 
of the foundational experience also predates trial registration, tumor grading and standard-
ized outcome reporting. The map identifies the limited pancreatic-primary evidence that 
can be extracted, and it does not question the established ability of proton-pump inhibitors 
to control acid hypersecretion [1,5,84,85].
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4.4. VIPoma, Glucagonoma and the Ultra-Rare Syndromes
The VIPoma and glucagonoma studies rely mainly on retrospective specialist-center 

or national-network series [30,40,63,66,70]. Somatostatin analogs were the most frequent 
syndrome-directed treatment; PRRT, chemotherapy, everolimus and sunitinib appeared 
chiefly in advanced disease and were often given with both antisecretory and antitumor 
intent [4,63,70,77]. The update materially changed the ultra-rare part of the map: four 
eligible studies now describe PTHrP-mediated hypercalcemia [26,42,50,51], and two de-
scribe the combined ectopic ACTH/CRH category (both ACTH-secreting) [68,73]. Ectopic 
GHRH secretion [47] and somatostatinoma [24] remain supported by one study each, while 
calcitoninoma and pancreatic carcinoid syndrome have no eligible primary study under the 
review definition. In the largest glucagonoma cohort (n = 38) clinically defined antisecre-
tory responses were reported across several selected treatments, but small treatment-specific 
denominators do not support comparative ranking [70]. Harmonized prospective registries 
and prespecified functioning subgroups within collaborative studies are more plausible 
than conventional syndrome-specific randomized trials for these populations.

The broad therapy classes used in the main heatmap are not a complete clinical for-
mulary. Several syndrome-specific measures were kept at record level under targeted 
or other syndrome-directed therapy. They include steroidogenesis inhibitors for ectopic 
ACTH secretion [1,68], glucocorticoids in selected refractory hypoglycemia [1,86], and 
pasireotide in selected insulinomas resistant to conventional somatostatin analogs [87]. 
They are displayed in Supplementary Files S2 and S3 and were not expanded into extra 
columns, which would have obscured the main syndrome-by-class map. Their appearance 
in guidance or in the case-level literature does not imply comparative evidence within the 
eligible primary corpus.

4.5. Defining Syndrome Control
The lack of a common definition of syndrome control runs through the whole corpus 

and is a modifiable source of research waste. Future studies should report, at minimum, 
the culprit hormone where this is biologically appropriate; a prespecified clinical or phys-
iological endpoint linked to that hormone; the amount of supportive therapy required; 
time to response; durability; recurrence or crisis; adverse effects; and tumor response as a 
separate domain [1,88]. Syndrome-specific measures will still be needed, such as glucose 
exposure in insulinoma, acid output or validated acid-control criteria in ZES [5,84], and 
stool volume and electrolyte requirements in VIPoma [1,63]. A shared framework would 
let those measures be interpreted consistently. A core outcome set should keep biochemical, 
physiological, symptomatic, supportive-care and antitumor outcomes apart, and should 
not collapse them into a single response label [88].

4.6. Why the Evidence Remains Uneven
Several features of the field explain what we found. The syndromes are rare, referral 

is concentrated in a small number of centers, and biologically varied tumors are treated 
at different stages with combinations of syndrome-directed and tumor-directed drugs [1]. 
Much of the literature predates the modern WHO classification and was indexed under 
older disease or drug terms [89]. Successful supportive treatments may also have reduced 
the perceived need for comparative trials, while antitumor development programs usu-
ally treated hormonal outcomes as exploratory or did not report functioning subgroups 
separately [8,9]. The result is a body of literature in which accepted practice, biological 
plausibility and primary syndrome-control evidence do not always match.

The search process illustrates the retrieval challenge. Eligible reports were found 
through guideline-reference reconciliation, targeted syndrome-by-drug searches, backward 
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citation checking and the 2026 date-sliced PubMed and clinical-series update (Supplemen-
tary File S1). The update retrieved studies whose titles or abstracts emphasized clinical 
characteristics rather than a named drug (Supplementary File S1, Table S1.8). In ultra-rare 
disease, these complementary routes help address indexing and terminology failures. Fu-
ture updates should retain known-item reconciliation, use historical and current disease 
terminology and preserve source-specific export and deduplication counts.

These findings support a research agenda that is both realistic and clinically specific 
(Table 4). International NET networks should give priority to prospective syndrome reg-
istries, a minimum reporting dataset, and a core outcome set that keeps hormonal benefit 
separate from antitumor benefit [90]. Multicenter observational cohorts, registry-embedded 
studies, adaptive designs and functioning subgroups nested within basket trials are likely 
to be more feasible than conventional syndrome-specific randomized trials [91]. Whatever 
the design, studies should report pancreatic-primary outcomes separately, record treatment 
sequence and concurrent therapy, and describe tumor grade, disease extent, biochemical 
response, clinical response, durability and toxicity for the eligible functioning subgroup [1].

Table 4. Evidence gaps, challenges and possible ways forward.

Evidence Gap Challenge Possible Way Forward

45 of 80 syndrome-by-therapy cells 
empty; two syndromes with no eligible 

primary study

Rarity; evidence spread across 
syndromes and five decades

Syndrome-specific prospective 
registries through 

established networks
No randomized trial of syndrome 

control; mostly single-cohort 
retrospective studies and case series

Small numbers prevent 
conventional trials

Pragmatic multicenter cohorts; 
adaptive or basket designs

No agreed definition of syndrome 
control; heterogeneous 

outcome measures

Hormonal, symptomatic and 
supportive endpoints used 

interchangeably

Develop and adopt a core outcome 
set for functioning pan-NET

Treatment line reported in 63%; 
tumor-grade criterion met in 38%

Retrospective, single-center 
practice

Minimum reporting dataset applied 
at journal level

Evidence concentrated in a small 
number of countries Few centers, little data sharing International consortia and 

shared databases

4.7. Strengths and Limitations
This review covered all ten ENETS-recognized syndromes, treated acid suppression as 

syndrome-directed therapy, kept syndrome control separate from tumor response and used 
a syndrome-by-therapy framework that makes concentration and absence visible. Eligibility 
and charting rules were explicit, including the minimum subgroup size, biochemical-
response definition and subgroup-specific tumor-grade criterion. The 2026 update ad-
dressed the earlier broad-export truncation by date-sliced reruns and added a clinical-series 
arm. The frozen dataset, adjudication trail, PMID evidence index, contextual inventory 
and reproducibility materials allow each reported count and mapped cell to be traced to 
source reports.

The findings must be read within the limits of a scoping review [14]. We did not per-
form formal risk-of-bias or certainty assessment and cannot rank comparative effectiveness. 
A populated map cell shows that a syndrome–therapy combination has been reported, not 
that the treatment is uniformly beneficial or preferable. Classification required judgment 
when pancreatic patients were embedded in mixed cohorts. Possible overlap between several 
historical or institutionally related cohorts was recorded. Patient numbers were not summed 
across reports, but possible repeated representation may still affect report-level study counts 
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and map cells; the conservative sensitivity analysis is reported in Supplementary File S3. 
Forward-citation searching was not performed. The exact final strings, duplicate counts and 
source-specific yields from the original search could not be recovered and were not imputed; 
the 2026 update is reported separately with complete export accounting. Reports that the 
team could not assess in full text or language were retained contextually or excluded with a 
documented reason. Publication bias and incomplete reporting remain likely, especially in 
ultra-rare syndromes. The final update included PTHrP, calcitonin, carcinoid-syndrome, 
islet-cell and apudoma terminology and a treatment-term-free clinical-series arm. Even 
so, absence in calcitoninoma and pancreatic carcinoid syndrome remains conditional on 
retrieval and on the requirement for an attributable medical syndrome-control outcome in 
at least three pancreatic-primary patients.

5. Conclusions
Medical control of functioning pancreatic NET syndromes rests on a clinically influen-

tial but uneven body of literature. Evidence is concentrated in insulinoma, gastrinoma/ZES 
and somatostatin-analog experience; 45 of 80 syndrome-by-therapy combinations remain 
empty, and we identified no eligible primary study for calcitoninoma or pancreatic carci-
noid syndrome under the prespecified criteria; this should not be interpreted as absence of 
clinical experience. The update shows that targeted retrieval can materially alter the map 
for ultra-rare syndromes, particularly PTHrP-mediated hypercalcemia and ectopic ACTH 
secretion. Even where reports are numerous, variable definitions and incomplete clinical 
description prevent reliable comparison or sequencing. Future studies should separate 
hormonal, physiological, symptomatic, supportive-care and antitumor outcomes, report 
treatment sequence and tumor biology for the functioning pancreatic subgroup and use 
international prospective networks to address the remaining gaps.
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