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Abstract
Neuroendocrine neoplasms (NENs) arise from cells of neuro-
nal and endocrine differentiation. While they are a rare en-
tity, an increasing proportion of patients with NEN present 
with metastatic disease and no evident primary site using 
routine imaging or histopathology. NENs of unknown pri-
mary site have a poorer prognosis, often due to the chal-
lenge of selecting appropriate evidence-based manage-
ment. We review the available literature and guidelines for 
the management of NENs of unknown primary site including 
clinical features, biochemical tests, histopathology, imaging, 
surgical exploration and localised and systemic treatments. 
We also discuss novel molecular techniques currently under 
investigation to aid primary site identification.

© 2019 S. Karger AG, Basel

Introduction

Neuroendocrine neoplasms (NENs) are rare tumours 
with cells that share markers of both endocrine and neu-
ronal differentiation, including secretory granules and 
hormone production. Age-adjusted incidence is increas-
ing and is 6.98 per 100,000 in the United States [1] and 
8.84 per 100,000 in the United Kingdom [2]. Although 
originally thought to be indolent tumours by comparison 
to adenocarcinomas [3], grade 3 (G3) tumours can be 
highly aggressive, resulting in widespread metastases and 
poor prognosis [1, 4, 5]. The primary site of origin cannot 
be identified by routine imaging or histopathology in 12–
22% of cases [1, 6]. This leads to uncertainty as to which 
is the most effective treatment approach. We review the 
literature on NENs of unknown primary, focussing on 
current clinical diagnostic methods for primary site iden-
tification and novel approaches to utilising molecular pa-
thology. 
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Epidemiology

Recent analysis of the Surveillance, Epidemiology, and 
End Results (SEER) data on NENs [1] showed an age-
adjusted incidence of 0.84 per 100,000 population for 
NEN of unknown primary in the United States with a ris-
ing incidence in NENs overall. Comparison to analysis of 
2004 SEER data by Yao et al. [7], shows that the incidence 
of unknown primary NEN has also increased (from 0.74 
per 100,000), while its relative contribution to the total 
NEN diagnoses has reduced, due to increased diagnostic 
rates of small localized tumours of known primary.

NENs of unknown primary account for 12–22% of pa-
tients diagnosed with NEN [1] and < 5% of cancers of un-
known primary (CUP) [8]. CUP has an incidence of 4.1 
per 100,000 population per year in the United States [9]. 
Therefore NEN of unknown primary are a rare entity, but 
it is imperative to identify the primary site if possible giv-
en differing treatment options and outlook for intestinal, 
pancreatic and bronchial NENs. 

A study using the National Cancer Registry of Spain 
[10] demonstrates the difficulties of studying the epide-
miology of unknown primary NENs. In this study, 9% of 
patients were classified as having metastatic NEN of un-
known primary, while 20% overall had their primary site 
as unknown or not registered. Unknown primary NEN 
can become a catch-all category for incomplete data in 
large studies, rather than a distinct diagnostic entity, sub-
sequently skewing results.

Prognosis

Multivariate analysis by Dasari et al. [1] using the 
SEER registry data showed that median overall survival 
(mOS) for unknown primary was the lowest for any re-
gional NEN site at 33 months. It also confirmed the pri-
mary site, histological grade and stage as significant fac-
tors for prognosis, although hazard ratios for “unknown” 
as a primary site were not given. 

Catena et al. [11] showed an mOS of 48 months for 
their unknown primary NEN cohort and suggest that in 
the presence of liver metastases and NEN, unknown pri-
mary site is a poor prognostic factor. In a study of gastro-
enteropancreatic (GEP), NENs in the Spanish Cancer 
registry [10] mOS was 6.5 years (78 months) for NENs of 
unknown primary site and 4.2 years (50.4 months) for the 
subset with metastatic disease, compared with 12.1 years 
for all GEP NENs. The unknown primary site represented 
the poorest site-specific prognosis. Notably Ki67 and di-

agnosis stage were the only independent prognostic vari-
ables in multivariate analysis, and all unknown primary 
NENs in this study were diagnosed with distant metasta-
ses. 

By comparison with other CUPs, NENs of unknown 
primary are often thought of as having a favourable prog-
nosis, along with extragonadal germ cell tumours in men 
and axillary metastases in women [8].

However, although survival rates for NENs are high, 
and will likely improve with advances in therapy, un-
known primary site continues to represent a poor prog-
nostic factor, particularly given that these tumours are 
diagnosed at an advanced stage. Improved identification 
of primary site by both traditional and novel methods will 
enable better evidence-based management, resulting in 
improved outcomes.

Histology

Histological grading in neuroendocrine tumours ac-
cording to the World Health Organisation (WHO) [4, 12, 
13] varies according to the tissue of origin. For GEP, NEN 
well-differentiated neuroendocrine tumours (WDNET) 
are classified as grade 1 to G3, whereas poorly differenti-
ated neuroendocrine carcinoma (PDNEC) are G3 by def-
inition and include small or large cell types according to 
morphology. Mixed neuroendocrine-non-neuroendo-
crine neoplasms may also be found and may be referred 
to as mixed adenoneuroendocrine carcinomas in preced-
ing classification systems. Bronchial and thymic WD-
NETs are divided into typical or atypical subtypes, while 
NECs are also divided into small and large cell types. 
These classifications, according to necrosis, mitoses and 
Ki67 are presented in Table 1. However, it should be not-
ed that the 2017 classification for pancreatic NEN [13] is 
already being widely applied for GEP, while an updated 
WHO classification for non-pancreatic gastrointestinal 
(GI) NEN is expected in 2019.

Studies have given conflicting evidence as to the pro-
portions of WDNETs and PDNECs in the unknown pri-
mary cohort. Catena et al. [11] performed a retrospective 
analysis of NENs of unknown primary at their centre and 
found 69.5% to be well differentiated and 4% to be poor-
ly differentiated, with the remaining unclassifiable. How-
ever, it should be noted that this study was performed 
using the previous WHO classification. A retrospective 
analysis of 22 GEP NENs of unknown primary referred 
to a surgical clinic [14] found them all to be “low grade” 
and with an identifiable primary at surgical debulking. 
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This is likely to be a highly biased sample, given that a 
lower grade and stage of tumour is likely to be referred for 
surgical management.

Determining that a CUP is a NEN of unknown pri-
mary may rely on immunohistochemical (IHC) stains as 
well as cellular morphology. These include chromo-
granin, synaptophysin, protein gene product 9.5 and 
CD56 [15]. IHC may also help to determine the primary 
site, and those which are routinely used can be found in 
Table 2 [16]. CDX2 is a useful marker of intestinal NEN 
[17, 18]. However, as a transcription factor associated 
with GI differentiation [19], it is also found in gastrin-
positive pancreatic NENs [20] and colorectal adenocarci-
noma [21].

In the case of WDNETs, Thyroid Transcription Factor 
1 (TTF1) positivity may suggest a bronchial primary, as it 
is present in 43% of cases [18]. However, it is not specific 
in PDNECs, as it is also present in 50% of small cell tu-
mours at other sites [22]. It is also positive in thyroid tu-
mours, as it plays a role in the development of thyroid and 
respiratory development [23]. Transcription factor PDX-
1 and secretory protein NESP-55 have been used in com-
bination to identify pancreatic NENs by IHC [24] with a 
sensitivity of 30–40%. The finding of dual positivity of 
PDX-1 and NESP-55 staining and negativity for TTF1 
and CDX-2 staining is 97% specific for pancreatic NEN 
[24]. Chan et al. [91] used a similar panel, through substi-
tuting NESP-55 for protein keratin 7 (CK7). CK7 was 
found to have greater sensitivity though less specificity 

for bronchial NENs. PAX-8 and Isl-1 can be used as 
markers for both pancreatic and rectal NEN [25, 26]. Se-
rotonin has utility in identifying tumours of EC cells orig-
inating in the ileum or appendix [27]. There is no consen-

Table 1. Comparative Classification of bronchial, pancreatic and other GI NENs according to most recent WHO 
publications 

Tissue of origin WDNETs NECs

Bronchial (2015) Typical Atypical Large cell Small cell
Necrosis No None/focal/punctate Yes Yes
Mitoses/mm2 <2 2–10 >10 >10
Ki67, % ≤5 ≤20 40–80 50–100

Pancreatic (2017) G1 G2 G3 Large cell Small cell
Mitoses/HPF <2 2–20 >20 >20 >20
Ki67 ≤2 3–20 >20 >20 >20

Other GI (2010) G1 G2 Large cell Small cell
Mitoses/10 HPF <2 2–10 >20 >20
Ki67 ≤2 3–20 >20 >20

Note that for gastroenteropancreatic NEN, NECs are poorly differentiated by definition and known as PD-
NEC.

GI, gastrointestinal; WHO, World Health Organisation; WDNETs, well-differentiated neuroendocrine tu-
mours; NEC, neuroendocrine carcinoma; HPF, high power field; NEN, neuroendocrine neoplasm. 

Table 2. Summary of histopathological markers used to identify 
NEN primary site

Marker NENs demonstrating positive staining

CDX2 Gastrin-positive pancreatic
Small intestinal

Ck7 Bronchial
Isl-1 Pancreatic

Rectal
NESP-55 Pancreatic
PAX-6, PAX-8 Pancreatic

Duodenal
Rectal

PDX-1 Pancreatic
Progesterone receptor Pancreatic
Serotonin Appendiceal

Ileal
TTF-1 Bronchial

Small-cell NECs of other sites

NEN, neuroendocrine neoplasm; CDX2, caudal type homeo-
box 2; Ck7, cytokeratin 7; Isl-1, ISL LIM homeobox 1; NESP-55, 
neuroendocrine secretory protein 55; PAX, paired box protein; 
PDX-1, pancreatic and duodenal homeobox 1; TTF1, thyroid tran-
scription factor 1; NEC, neuroendocrine carcinoma.
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sus recommendation in current guidelines with regards 
to IHC panels to NEN subtype classification [28, 29], al-
though several combination panels have been suggested 
[24, 30]. 

Localising the Primary

Clinical Features
Both functioning and non-functioning NENs may 

present with symptoms related to the site of primary tu-
mour or metastases that help localisation. These include 
pain (including liver capsule pain) or obstructive symp-
toms from pressure on vessels, airways, GI tract or biliary 
system. Fatigue and shortness of breath may result from 
anaemia as a result of bleeding anywhere along the GI 
tract. Bronchial NENs may cause chest symptoms, in-
cluding recurrent infection, haemoptysis or dyspnoea 
[31].

In the case of functioning NENs, it is often easier to 
determine the primary site (typically pancreas or small 
bowel) particularly if the relevant gut hormone is identi-

fied. Table 3 lists the symptoms of the most common 
types. When a functioning tumour releases vasoactive 
substances that bypass first-pass metabolism, for exam-
ple, in the case of liver metastases, this can result in car-
cinoid syndrome [32]. This is most common in small 
bowel NENs and rarer in unknown primary NENs [11]. 
Symptoms include palpitations, flushing, sweating and 
diarrhoea [33]. Bronchial NENs occasionally produce ad-
renocorticotropic hormone, resulting in Cushing’s syn-
drome [12].

Biochemical Tests
Secretion of chromogranin A into blood is fairly ubiq-

uitous across NENs [34] and is therefore unlikely to be of 
assistance in determining the primary site once a histo-
logical diagnosis is made. 24-h urinary 5-hydroxyindole-
acetic acid, a break-down product of serotonin is more 
commonly raised in small intestinal NENs with high lev-
els associated with metastatic disease [35]. 

There are also biochemical markers, which may be 
used to identify NEN primary site, but the sensitivity and 
specificity of each vary according to the tissue type, and 

Table 3. Functional NEN types with relevant symptoms and blood markers ULN

Tumour Symptoms Blood markers

May resolve with eating
Insulinoma Dizziness

Confusion
Drowsiness
Sweating

Insulin <3.0 mU/L
Pro-insulin ≥5.0 pmol/L
C-peptide ≥0.6 ng/mL
Plasma blood glucose <3.0 mmol/L

Zollinger-Ellison Syndrome
Gastrinoma Abdominal pain

Diarrhoea
Reflux symptoms
Peptic ulceration

Fasting serum gastrin >10× ULN

Verner-Morrison Syndrome
VIPoma Watery diarrhoea

Dehydration
Hyperkalaemia 

Vasoactive intestinal peptide >100 pg/mL

Glucagonoma Diarrhoea
Steathorrhoea
Weight loss
Glucose intolerance

Plasma glucagon >1,000 pg/mL

Somatostatinoma Weight loss
Gallstones
Diarrhoea

Fasting plasma somatostatin >30 pg/mL

ULN, upper limit of normal; NEN, neuroendocrine neoplasm.



NENs of Unknown Primary Site 567Neuroendocrinology 2020;110:563–573
DOI: 10.1159/000504370

particular functional tumours can originate in > 1 organ. 
Raised serum gastrin may suggest a duodenal primary, 
occurring in 60–80% of cases, with the remaining in the 
pancreas [36]. Neurokinin A may be raised in distal small 
bowel and large bowel NENs. Pancreatic polypeptide may 
be a marker of non-functioning pancreatic and rectal 
NENs [37]. Functioning pancreatic NENs may be identi-
fied from circulating gut hormones. Those commonly 
used are listed in Table 3. Rarely pancreatic NENs have 
been known to secrete parathyroid hormone-related pro-
tein, renin, luteinising hormone, erythropoietin, insulin-
like growth factor, neurotensin, ghrelin and cholecysto-
kinin. Up to 10% of VIPomas may be adrenal or paragan-
glionic, and 44% of somatostatinomas are found in the 
small bowel [36].

Imaging
For patients with biopsy proven NEN, without an ob-

vious primary site, NCCN Guidelines [28] recommend 
computerised tomography (CT) of the chest and multi-
phasic CT or magnetic resonance imaging (MRI) of the 
abdomen and pelvis. Should this not be diagnostic, oth- 
er recommended investigations to be considered are  
somatostatin receptor scintigraphy (SRS) or gallium-68 
(Ga-68) DOTA-peptide positron emission tomography 
(PET)/CT, endoscopic ultrasound (EUS), upper GI en-
doscopy and/or colonoscopy. In cases of poorly differen-
tiated NEN, Fluorodeoxyglucose (FDG) PET/CT and 
brain imaging are also recommended. The role of MRI is 
mainly for localisation of metastases, particularly in the 
liver, rather than in localisation of a primary tumour [38].

UK guidelines [39] advocate the use of Ga-68 DOTA-
peptide PET/CT in all cases of unknown primary and Eu-
ropean guidelines [40, 41] also recommend that this mo-
dality replaces SRS due to improved image quality. Ret-
rospective studies have found sensitivities ranging from 7 
to 76% for CT scan and 2–57% for SRS [6, 42–44]. Cross-
sectional imaging studies may not identify the primary 
directly, but mesenteric lymphadenopathy may indicate 
an occult small bowel primary as it has been found to be 
present in up to half of such cases [45]. CT enteroclysis is 
of particular utility in small bowel NENs with 1 study re-
porting sensitivity of 100% and specificity of 96.2% a co-
hort of 44 patients with suspected GI carcinoid [46].

Sensitivity of endoscopic studies is difficult to inter-
pret from small cohorts, as the different modalities (colo-
noscopy, upper GI endoscopy or EUS) are focussed to-
wards specific subtypes (e.g., EUS and pancreatic prima-
ry), the numbers of which will vary within the unknown 
cohort of the study. Bartlett et al. [44] report a sensitivity 

of 60% for EUS and 50% for capsule endoscopy. Wang et 
al. [6] report the sensitivities of colonoscopy in diagnos-
ing ileal and colonic NENs to be 61 and 87% respectively. 

Ga-68 labelled PET/CT tracers offer improved affinity 
to the somatostatin receptor and superior spatial resolu-
tion compared to traditional SRS [47]. Image acquisition 
is also faster, and radiation exposure is lower [48]. There 
are 3 Ga-68 labelled DOTA-peptides (DOTA-TOC, DO-
TA-NOC, and DOTATATE) with varying affinities for 
different somatostatin receptors [47, 49]. Naswa et al. [50] 
carried out a prospective study using Ga-68-DOTA-NOC 
PET/CT to localise primary tumour in 72 NEN patients. 
They found a sensitivity of 78% though notably all pa-
tients included had primary site eventually identified by 
other means (CT, MRI, endoscopy or histopathology). In 
a study, Ambrosini et al. [51] found that Ga-68-DOTA-
NOC was able to localise 3 out of 4 occult primary NENs. 
In a prospective study of 59 patients with NEN of un-
known primary site, Ga-68-DOTA-NOC PET/CT was 
able to localise the primary 59% of patients [52]. Gabriel 
et al. [53] report a sensitivity of 97% for Ga-68-DOTA-
TOC PET/CT in a cohort that included NENs of previ-
ously unknown primary, though in other studies this has 
been found to be lower [54]. Even in the setting of nega-
tive or low uptake on SRS, Ga-68-DOTOTATE PET/CT 
has been shown to detect up to 74% of NEN lesions [31]. 

FDG-PET has a diagnostic role in NENs of unknown 
primary with a higher proliferation index, as uptake has 
been shown to rise with Ki67 as 68Ga-DOTATATE PET 
uptake reduces [55]. Abgral et al. [56] showed FDG-PET 
to have an 88% sensitivity in detecting the primary in a 
series of NENs with Ki67 > 10%, higher than that of SRS 
in the same study. Given that NENs with a lower prolif-
eration index are more likely to show positivity on PET 
using Ga-68 labelled DOTA-peptides, it would seem log-
ical to use this in combination with FDG-PET. When this 
strategy was employed by Kayani et al. [57], they found a 
combined sensitivity of 92% compared to 82% for 68Ga-
DOTATATE PET/CT alone and 66% 18F-FDG PET/CT. 
Both of these studies were in the setting of known pri-
mary NENs of various sites. Given the association with 
Ki-67, FDG PET/CT also acts to identify more aggressive 
tumours more likely to respond to chemotherapy than 
targeted therapies.

NENs are known to accumulate L-3,4-dihydroxyphe-
nylalanine, leading to the use of 6–18F-fluoro-L-3,4-di-
hydroxyphenylalanine PET for imaging, where it has 
shown particular sensitivity in the detection of skeletal 
lesions [58]. Imperiale et al. [59] utilised 18F-fluoro-
L-3,4-dihydroxyphenylalanine PET in a series of patients 
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with NEN of unknown primary and negative SRS. Sensi-
tivity was 44%, and positivity was associated with higher 
urinary 5-hydroxyindoleacetic acid and serum chromo-
granin A, suggesting a subgroup of patients where this 
imaging modality should be considered more readily.

Surgery for Diagnosis 
Several small studies have suggested that of GEP 

NENs of unknown primary are referred for surgery, a 
small bowel primary is most likely and thus, aggressive 
surgical debulking is recommended [42]. Wang et al. 
[14] report on 22 patients with NEN of unknown pri-
mary referred for surgical exploration, with the primary 
site identified in all cases (19 small intestine and 3 pan-
creatic) and all tumours being low grade. Massimino et 
al. [43] carried out a larger retrospective study of 63 pa-
tients and compared surgical exploration with imaging 
techniques for diagnosis. They found a sensitivity of 79% 
for surgical exploration compared with 6.7% for CT scan 
and 2% for SRS. In 70% of patients, a small bowel pri-
mary was present and in 22% the primary remained oc-
cult, with other sites identified as appendix, pancreas, co-
lon and ovary. These studies are subject to some level of 
referral bias, as patients with unknown primary NEN 
with more extensive disease or poorer performance sta-
tus are less likely to be referred for surgery. However, a 
more recent study by Keck et al. [42] retrospectively re-
viewed the records of 197 patients with liver metastases 
and in situ primary NEN. 92.5% of patients had their 
primary tumour identified pre-operatively, and only 4% 
had occult primaries following both pre-operative diag-
nostic studies and surgery. Although small intestine was 
the most common primary site identified (67.2%), those 
who had imaging or other modalities alone without sur-
gery (due to patient choice or comorbidity precluding 
surgery), were most likely to be diagnosed with pancre-
atic primaries (30/44 patients). This is likely to represent 
a bias in imaging methods, as it is challenging to visualise 
small bowel tumours with conventional cross-sectional 
imaging. 

While surgery has the added ability to debulk meta-
static disease, as well as diagnose primary site, it is impor-
tant to acknowledge the associated morbidity and mortal-
ity when making decisions around surgery. In the study 
by Keck et al. [42], only 4.5% of patients had an addition-
al diagnostic value from surgery in terms of primary site 
localisation. Survival data from these retrospective surgi-
cal studies is scarce and difficult to interpret, given the 
inherent bias that exists in selecting patients for surgery 
and debulking their disease.

Molecular Diagnostics

Several studies have utilised molecular methods to 
profile neuroendocrine tumours for both research and di-
agnostics. Over a decade ago, Duerr et al. [60] demon-
strated differences in transcriptional profiles between 
pancreatic and GI NENs, and between pancreatic WD-
NETs and PDNECs. Kaemmerer et al. [61] used RNA ex-
pression profiling to attempt to classify NEN metastases 
as intestinal or pancreatic. They analysed the expression 
of 2 genes, CD302 and PPWD1, by microarray and 
achieved a diagnostic accuracy of 80%. Sensitivity was 
75% for ileal NENs and 38% for pancreatic NENs. Sher-
man et al. [62] performed a similar study for pancreatic 
and small bowel NENs using quantitative polymerase 
chain reaction to measure the expression of 4 genes, 
bombesin-like receptor-3, opioid receptor kappa-1, oxy-
tocin receptor, and secretin receptor. They achieved 
94.1% overall accuracy in their training set and 92.9% ac-
curacy in an independent validation set of liver metasta-
ses. However, these studies used tissue that was preserved 
by freezing and “RNA-later” solution respectively. These 
methods, while common in research, are not used in clin-
ical diagnostic laboratories, therefore limiting the ability 
to translate these studies. Formalin-fixation and embed-
ding in paraffin is the most commonly used method of 
tissue preservation. Kerr et al. [63] were able to utilise a 
92-gene reverse transcription PCR expression assay to 
distinguish between a wide range of subtypes of NEN pre-
served in this way. They achieved 95% accuracy. How-
ever, laser microdissection was used in the samples prep-
aration prior to analysis, therefore limiting translation to 
routine clinical diagnosis.

Compared to other tumour types, NENs have a low 
number of somatic mutations [64–66] whilst epigenetic 
modifications such as promoter methylation are more 
common [67]. Those somatic mutations that do occur 
commonly tend to be in genes associated with epigenetic 
modifications such as chromatin remodelling and meth-
ylation. Pancreatic NENs are known to have frequent 
mutations and loss of expression of chromatin modifiers 
MEN1, DAXX and ATRX [66, 68]. Further, loss of DAXX 
expression is associated with genome-wide methylation 
changes and poorer prognosis [69]. Given the frequency 
of ATRX and DAXX loss in pancreatic NEN, it has also 
been used as a marker for IHC.

Genome-wide DNA methylation analysis, in combi-
nation with sequencing and copy number analysis, has 
also been used to subtype small intestinal NENs [65]. 
Three groups characterised by differences in chromo-
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some 18 loss of heterozygosity, CDKN1B mutations, copy 
number variations and CpG island methylator phenotype 
had significant differences in progression-free survival 
(PFS), which ranged from 21 months to not yet reached 
at 10 years. Karpathakis et al. [70] also showed that small 
intestinal NEN liver metastases demonstrate progressive 
metastasis-related global hypomethylation compared to 
the primary tumour. Further, a panel of 21 epigenetically 
dysregulated genes was found that distinguished small in-
testinal NENs from other tumour types and normal tissue 
in both studies. These genes showed progressive changes 
in methylation and expression levels in liver metastases 
compared to primary tumours [65, 70]. DNA methyla-
tion studies of small intestinal NENs have also demon-
strated significantly increased methylation tumour sup-
pressor genes, RUNX3, TP73, and CHFR [71]. 

Given this epigenetic dysregulation in NENs, our 
group recently carried out a study using methylation ar-
ray data to determine NEN tissue-of-origin for pancre-
atic, small intestinal and unknown primary NENs. DNA 
from formalin-fixed paraffinembedded tissue from 76 
pancreatic NEN, 53 small intestinal NEN and 13 NENs of 
unknown primary were analysed on the Illumina 450K 
methylation array. We performed Differentially Methyl-
ated Position analysis for a training subset of 97 pancre-
atic NENs and small intestinal NEN training samples and 
methylation values for these Differentially Methylated 
Positions were used as input for an ensemble learning 
Support Vector Machine training algorithm [72] to create 
the PUnNETS (Prediction of Unknown Neuroendocrine 
Tumour Site) classifier [73]. PUnNETS was then used to 
predict the tissue of origin for 32 validation samples of 
known primary (pancreatic and small intestinal NENs) 
with 100% accuracy. Although it was not possible to know 
the true primary site for the 13 unknown samples, the 
classifier had high confidence scores of > 95% for all pre-
dictions for these samples. This work will be validated 
with a larger independent cohort of NEN subtypes in-
cluding bronchial in order to development a methyla-
tion-based classifier for NENs, similar to those developed 
for CUP [74] and paediatric brain tumours [17].

Treatment

Identification of a primary site for NEN determines 
the evidence-based management pathway for the patient. 
Treatment algorithms, particularly in the metastatic set-
ting, differ according to subtype. Although NEN of un-
known primary site is discussed in several guidelines for 

NEN [28, 39–41], there are no specific recommendations 
for the treatment of this entity. Surgery and/or ablative 
therapies (e.g., radiofrequency ablation, transarterial em-
bolization) offer the only chance of cure [29] or may be 
used to debulk and relieve symptoms. The liver is com-
monly the initial site of metastasis, and a prospective ob-
servational study of liver-directed therapy for isolated 
liver metastases in NEN found mOS figures of 160 months 
for hepatic resection, 123 months for radiofrequency ab-
lation and 84 months for chemo-embolisation compared 
with 70 and 38 months for systemic therapy and observa-
tion respectively [75]. Knowledge of the site of the pri-
mary is important for giving patients accurate prognostic 
information. An observational study of liver-directed 
therapy in metastatic NEN found mOS to be significantly 
longer for small intestinal NEN at 99.5 months compared 
to only 66.1 months for pancreatic NENs [75]. 

Somatostatin analogues octreotide and lanreotide are 
used in multiple NEN subtypes for both symptom control 
in functioning tumours [29] and as for disease control, 
achieving stable disease in up to 60% of WDNETs [76]. 
Their use at diagnosis of metastatic disease is supported 
by the PROMID trial [77] with most experience in intes-
tinal and pancreatic subtypes. The CLARINET study in-
cluded 26 patients with unknown primary NEN, 15 of 
whom received lanreotide with PFS not reached (15 
months for placebo) [78].

Chemotherapy is recommended for treatment of all 
bronchial NENs, pancreatic NENs and all G3 NENs [29, 
79–81]. Use in small intestinal NENs is restricted to high 
disease burden due to the lower response rate of 15% [79, 
82]. Stoyianni et al. [83] performed a systematic review of 
the treatment of NEN of unknown primary. Eight studies 
undertaken between 1988 and 2010 reported mOS in 
where patients treated with chemotherapy and this ranged 
from 12 to 40 months. Twelve studies reported an overall 
response rate to chemotherapy, and this ranged from 0 to 
100%. The studies were heterogeneous for sample size 
and chemotherapy used, given that they were mostly ret-
rospective analyses. However, Hainsworth et al. [8] car-
ried out a prospective phase II trial of paclitaxel, carbo-
platin and etoposide in PDNEC that included 48 patients 
with unknown primary NEN. Of these patients, 55% had 
a partial or complete response, and 31% had stable dis-
ease. PFS and OS were 7.5 and 14.1 months, respectively, 
compared with 10.7 and 15.1 months in the known pri-
mary group. 

Targeted agents such as everolimus and sunitinib are 
used in the treatment of NENs with high response rates 
and improved survival [84–86]. Everolimus is also indi-
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cated in intestinal and bronchial NEN but as second-line 
therapy following the publication of the RADIANT-4 
study [85, 87]. This study also included 36 patients with 
NEN of unknown primary site. mPFS was 13.6 months 
with everolimus and 7.5 months with placebo. These fig-
ures were 13.1 and 5.4 months, respectively, for GI NEN. 
The phase II study of sunitinib in advanced NEN [88] in-
cluded only a single patient with unknown primary NEN, 
while the major phase III study of sunitinib was restricted 
to pancreatic NEN [86]. As sunitinib has not shown im-
pressive activity in NEN subtypes other than pancreatic 
[89], it is difficult to justify its use in patients with NEN 
where the primary site cannot be identified.

Conclusion

NEN of unknown primary is a clinically important en-
tity with rising incidence and poorer prognosis compared 
to other NEN subtypes. There are a number of current 
guidelines discussing its diagnosis and management [28, 
29, 39–41], and the topic has also been the subject of re-

view by Alexandraki et al. [30]. From these, and current 
evidence, we suggest a diagnostic algorithm, as shown in 
Figure 1, which aims to be a more step-by-step approach 
than those previously produced [30, 90]. This assumes 
that a patient has been diagnosed with de novo metastat-
ic disease and investigated through a carcinoma of un-
known primary pathway with standard staging CT chest, 
abdomen and pelvis and biopsy confirmation of a neuro-
endocrine tumour by morphology or IHC. If further IHC 
cannot confirm a subtype, then it is suggested to proceed 
straight to Ga-68 DOTA-peptide PET/CT due to its su-
perior detection rate over SRS [47]. If this fails to localise 
the primary then both SRS and multiphase abdominal 
imaging are suggested, the latter to attempt to identify 
small bowel tumours in particular. If the primary site has 
still not been identified, then the order in which further 
tests are carried out will depend on the clinical context. 
For example, if the patient has symptoms of a functional 
tumour, then this would favour a pancreatic primary and 
EUS may be attempted, whereas poorly differentiated tu-
mours are more likely to have a higher level of metabolic 
activity and so FDG-PET may be performed. In reality, it 

Patient has metastatic disease diagnosed by CT/MRI and staging

Multiphasic CT or MRI of the abdomen and pelvis
+

CT enteroclysis

FDG PET/CT
+

MRI brain

Biopsy from metastasis confirms NET from morphology/NET-specific stains on IHC*

IHC to determine subtype (CDX-2, TTF-1, PDX-1, PAX-8, Isl1, NESP55)

Appropriate biochemical test based on symptoms
plus baseline plasma CgA and urinary 5-HIAA

+
Upper GI endoscopy and EUS

+
18F-FDOPA PET (if raised CgA/5-HIAA)

Ga-68 PET/CT

In poorly differentiated tumours

If no primary identified

If functional symptoms

Fig. 1. Suggested diagnostic algorithm for neuroendocrine tumours of unknown primary. * Chromogranin/syn-
aptophysin/PGP9.5/CD56. IHC, immunohistochemistry; SRS, somatostatin receptor scintigraphy; CgA, chro-
mogranin A, 5-HIAA, 5-hydroxyindoleacetic acid; EUS, endoscopic ultrasound; CT, computerised tomography; 
MRI, magnetic resonance imaging; NET, neuroendocrine tumours; PET, positron emission tomography; FDG, 
fluorodeoxyglucose.
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is likely that most of the investigations listed will be re-
quested eventually if the primary has site has still not been 
found. Even if the primary is not located, these tests may 
give additional information to guide treatment. For ex-
ample, the level of SRS-positivity will be indicative of the 
efficacy of the somatostatin analogues for the patient.

Meanwhile, advances continue to be made in histo-
pathological, imaging and molecular diagnostic tech-
niques. Although currently confined to a research setting, 
RNA expression analysis and/or methylation profiling 
may in future enable localisation of the primary tumour. 
This will facilitate better evidence-based management of 
patients, with access to targeted agents and enrolment in 
clinical trials, which will hopefully result in improved sur-
vival outcomes.
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