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Neuroendocrine tumors (NETs) arise from the diffuse neuroendocrine system and demonstrate a great diversity in
their clinical course with unpredictable and variable outcomes hidden in an overall favorable survival rate, and thus
a substantial time to detect changes in disease status. This variability in prognosis combined with delayed diagnosis
of NETs often restricts treatment effectiveness. The absence of adequately sensitive and specific biomarkers obviates
the need for novel markers that could be used for early diagnosis, prognostication and real-time monitoring of
disease progression and treatment response [1].

The general limitation of currently used markers is that they are secretory monoanalyte biomarkers, which lack
sensitivity, specificity and predictive ability. Chromogranin A (CgA) is a general marker for NETs, which can also be
found elevated in various inflammatory conditions, such as inflammatory bowel disease and rheumatoid arthritis,
as well as essential hypertension, chronic heart failure, impaired renal function, pregnancy, steroid treatment or
glucocorticoid excess, liver disease, hyperparathyroidism, chronic atrophic gastritis and finally treatment with
proton-pump inhibitors (PPI) [1,2]. Moreover, CgA is elevated in other non-neuroendocrine neoplastic tumors,
such as pancreatic adenocarcinoma, prostate carcinoma and small-cell lung carcinoma. Additionally, there is a lack
of standardization of concentrations between different laboratories and even within commercial tests for CgA and
other monoanalyte biomarkers, so that the results may exhibit wide variations being difficult to interpret [2].

Thus, CgA is a nonspecific (10–35% specificity) and moderately sensitive marker (60–90% sensitivity) [2].
Nevertheless, it has been proven to be an independent prognostic factor for NETs, associated to tumor burden,
recurrence and treatment response [3]. As it is correlated with tumor burden, CgA tends to be higher in metastatic
disease, thus its efficacy in detection of earlier stages of the disease is rather questionable. However, it is more
frequently elevated in well-differentiated tumors compared with poorly differentiated ones, and treatment with
somatostatin analogs (SSA) seems to reduce the correlation between CgA and tumor burden [3].

Pancreastatin is a polypeptide product of CgA, which has been investigated as a candidate biomarker with clinical
significance [4]. This marker has been reported to have greater sensitivity and sensitivity than its precursor CgA,
and it is not affected by PPI treatment. However, when compared with CgA, pancreastatin does not correlate with
tumor burden and aggressiveness. Moreover, pancreastatin levels are found elevated in patients with diabetes or
hyperparathyroidism, and can also be affected by certain medications [4].

Neuron-specific enolase has also been investigated and found to be a potential marker for NETs, mostly for
poorly differentiated ones; however, it is not used in clinical practice as it cannot differentiate between different
subtypes of NETs and it is generally outperformed by CgA [3].

The 5-HIAA is the breakdown product of serotonin; it is measured in urine and found elevated if the tumor
burden is high enough in patients with metastatic small intestine (SI)-NETs [5]. Additionally, there are several
medications, including somatostatin analogs or types of food, and malabsorptive conditions that interfere with
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urine 5-HIAA levels. In SI-NETs, 5-HIAA levels demonstrate a high specificity over 90%, but a rather low sensitivity
around 60–70% with some correlation to overall survival in patients with metastatic disease [6,7].

Monoanalyte markers in serum for specific types of functional gastroenteropancreatic (GEP-NETs) are currently
utilized in clinical practice and are considered effective indicators of tumoral activity. These secretory biomarkers,
namely insulin and proinsulin for insulinoma, gastrin and progastrin for gastrinoma, glucagon for glucagonoma
and vasoactive intestinal peptide (VIP) for VIPoma, address only a subset of patients with NETs, approximately
3–5% of all NETs [8].

A number of monoanalyte markers, such as tachykinins neurokinin A, pancreatic polypeptide, N-terminal
probrain natriuretic peptide, CTGF and progastrin-releasing peptide, have also been investigated and generally
demonstrated disappointing metrics for diagnosis, prognostication and monitoring of NET disease [8,9].

There are no specific markers to date for bronchopulmonary NETs, even if these tumors express CgA, serotonin,
neuron-specific enolase and gastrin-releasing peptide [10]. The currently used markers for GEP-NETs are inadequate
for bronchopulmonary NETs, both in terms of diagnosis and follow-up [11].

Circulating tumor cells (CTCs) are a relative new biomarker for neoplasia, based on the measurement of cellular
expression of the epithelial cell adhesion marker [12]. The role of CTC has been investigated in colorectal, breast and
prostate cancers with promising results as a prognostic marker of progression-free and overall survival. However,
in patients with GEP-NETs, only a minority of cases, up to 43% for SI-NETs, had detectable CTCs with some
correlation to tumor burden in the liver but no correlation to grade and prognosis. Additionally, there was no
correlation observed between CTC levels in patients with NETs and treatment response [12,13].

The role of miRNAs as potential biomarkers has also been investigated. The miRNA profiles for GEP-NETs in
tumor tissue are dysregulated and distinguishable among NETs of different origin [14,15]. For example, miR-103 and
miR-107 are upregulated in pancreatic NETs, and miR-21 is associated with higher grade and metastatic disease [15].
miR-1290 downregulation in serum can distinguish pancreatic NET from adenocarcinomas [14]. However, there is
a lack of data on the expression of miRNAs in serum and additionally a lack of standardization and implementation
of normalization methods, making the use of miRNAs in clinical practice a challenging future task.

A number of novel biomarkers are currently targeted toward treatment selection and monitoring but most require
tumor tissue biopsies. Ki-67 is being widely used in NETs as a proliferative marker, but with a significant inter- and
intraobserver variability as well as a lack of uniformity throughout the tumor with highest hotspots defining the
tumor grade. No correlation between Ki-67 and treatment response of patients with NETs to chemotherapy has been
reported [16]. Oncotype DX and MammaPrint are novel, biopsy-based biomarker assays that predict tumor behavior
for breast and colon carcinomas, respectively. Similarly for NETs, somatostatin receptor immunohistochemistry
and imaging are being used in order to predict response to treatment with somatostatin analogs and peptide receptor
radionuclide therapy [17].

Multianalyte tests may improve diagnostic sensitivity and specificity by exploring additional biomarkers that
address monoanalyte marker deficits. Multianalyte assays with algorithmic analyses correlate and normalize multiple
sets of variables and are currently used in a broad spectrum of diseases, both malignant and nonmalignant. For
example, FibroSure is used for the diagnosis of hepatitis C, and it is measured in patient blood, replacing liver
biopsy. Additionally, multiple gene tests have been reported as screening tools in patients with ovarian cancer and
chronic lymphocytic leukemia.

Using nucleic acid proximity-based methods, namely proximity ligation assay and its further refinement, prox-
imity extension assay, panels of serum biomarkers have been tested in SI-NET disease [18]. Novel markers identified
were TFF3 and Midkine with a diagnostic ability in early disease stages and additionally DcR3, a marker for liver
metastases. In terms of prognosis, high levels of DcR3 and TFF3 were linked to shorter overall survival [18]. These
new markers may provide a basis for a new set of multianalytes, which remain to be further validated and studied
in respect to their predictive ability.

In the light of contemporary translational research on NETs and the development of novel targeted drugs,
pretreatment markers, which will be exploited as predictive factors of response, are needed. Mutational status in
the PIK3CA/Akt/mTOR pathway has failed to predict response to everolimus treatment, probably due to errors
related to epigenetic changes, thus protein and/or mRNA expression markers in this pathway could be studied
in order to select patients for treatment with mTOR inhibitors. Regarding other targeted novel therapies, IL-8,
sVEGFR-3 and SDF-1α were recently identified as predictors of response to tyrosine kinase inhibitor sunitinib in
a Phase II study [19]. Moreover, O6-methylguanidine-DNA methyltransferase expression is currently evaluated as a
predictor of response to temozolomide treatment.
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A gene biomarker called the ‘NETest’ has been developed recently, comprising a validated circulating ‘fingerprint’
of NETs detected by gene transcript PCR analysis. This NET multianalyte assay with algorithmic analysis biomarker
has been shown to be a more robust method compared with commonly used monoanalytes, with a reported
sensitivity of 98% and a specificity of 97% [20]. The gene transcript PCR analysis is standardized and not affected
by PPI and different types of food. Moreover, it has demonstrated promising results regarding its ability to provide
therapeutically relevant information in terms of monitoring disease progression and treatment response, with the
latter being the best added value of this test compared with monoanalytes. Apart from this, there may be an
additional role of the NETest in clinical practice in the assessment of the completeness of locoregional surgery
as well as the efficacy of resective surgery/ablative methods of metastatic liver disease. The utility of NETest in
non-GEP-NETs and/or mixed epithelial-NETs remains to be further elucidated and is currently being evaluated
in clinical trials.

Conclusion
The most important future task in NET management is the development of multianalyte markers, which, combined
with novel functional imaging, will better address the NET complexity, provide multidimensional information
alongside the development of novel targeted therapies in the era of translational research, replace minimally invasive
procedures and facilitate the implementation of personalized management of patients with NETs.
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