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Abstract

Introduction: The absence of a reliable, universal biomarker is a significant limitation 
in neuroendocrine neoplasia (NEN) management. We prospectively evaluated two CgA 
assays, (NEOLISA, EuroDiagnostica) and (CgA ELISA, Demeditec Diagnostics (DD)) and 
compared the results to the NETest.
Methods: NEN cohort (n = 258): pancreatic, n = 67; small intestine, n = 40; appendiceal,  
n = 10; rectal, n = 45; duodenal, n = 9; gastric, n = 44; lung, n = 43. Image-positive disease 
(IPD) (n = 123), image & histology- negative (IND) (n = 106), and image-negative and 
histology positive (n = 29). CgA metrics: NEOLISA, ULN: 108 ng/mL, DD: ULN:  
99 ng/mL. Data mean ± s.e.m. NETest: qRT-PCR – multianalyte analyses, ULN: 20.  
All samples de-identified and assessed blinded. Statistics: Mann–Whitney U-test, Pearson 
correlation and McNemar-test.
Results: CgA positive in 53/258 (NEOLISA), 32 (DD) and NETest-positive in 157/258.  
In image- positive disease (IPD, n = 123), NEOLISA-positive: 33% and DD: 19%. NETest-
positive: 122/123 (99%; McNemar’s Chi2= 79–97, P < 0.0001). NEOLISA was more accurate 
than DD (P = 0.0003). In image- negative disease (IND), CgA was NEOLISA-positive 
(11%), DD (8%), P = NS, and NETest (33%). CgA assays could not distinguish progressive 
(PD) from stable disease (SD) or localized from metastatic disease (MD). NETest was 
significantly higher in PD (47 ± 5) than SD (29 ± 1, P = 0.0009). NETest levels in MD (35 ± 2) 
were elevated vs localized disease (24 ± 1.3, P = 0.008).
Conclusions: NETest, a multigenomic mRNA biomarker, was ~99% accurate in the 
identification of NEN disease. The CgA assays detected NEN disease in 19–33%. 
Multigenomic blood analysis using NETest is more accurate than CgA and should be 
considered the biomarker standard of care.

Introduction

Neuroendocrine neoplasms (NENs) constitute a 
heterogeneous group of neoplasia whose diagnosis is 
established by symptomology, biomarkers, multimodal 
imaging and histopathology (1). Diagnosis is difficult since 
symptomatology is protean and often evanescent while 
functional imaging requires sophisticated technology and 

is expensive and not widely available. Tissue pathology 
involves invasive biopsy and provides a random, one-time 
assessment of a heterogeneous neoplasm (2). Given these 
limitations, there remains a critical unmet need to identify 
an accurate circulating general NEN tumour biomarker. 
This would facilitate diagnosis, establish recurrence or 
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residual disease after surgery, enable accurate monitoring 
of disease progression, evaluate response to therapy and 
refine prognosis (2). Although CgA in blood has been 
considered ‘effective’ for more than four decades, it is now 
known to have significant limitations in clinical utility 
due to assay variability, non-specific elevations and low 
specificity (1). At a scientific level, this reflects the fact 
that CgA is a secretory protein (monoanalyte) which does 
not capture the panoply of diverse regulatory genomic 
mechanisms that define tumour biology ‘the hallmarks 
of cancer’ (3). In terms of biometrics, CgA does not meet 
the minimum NIH criteria for a clinical biomarker and is 
regarded by the National Comprehensive Cancer Network 
(NCCN) as a Type III biomarker (negligible utility) (4).

The introduction of radioimmunoassays for various 
peptide hormones in the mid-1960s enabled the 
identification of secretory NEN for example, gastrinoma, 
insulinoma, etc. The first RIA for CgA in plasma was 
established in 1984 (5) and was proposed as a potential 
general biomarker for NENs. Initial studies were 
enthusiastic in supporting CgA since it exhibited the 
widest distribution amongst the chromogranin family 
and was ubiquitous in neuroendocrine tissues (6). Based 
upon its biological role in exocytosis and its co-secretion 
with bioactive peptides and amines in the neurosecretory 
granules, it was considered an effective tissue and 
circulating marker of either functional, or non-functional 
NENs (7). CgA is a valuable immunohistochemical marker 
in NEN (8). The initial surge of support for its clinical utility 
in blood has, in the last decade, waned significantly as 
assay variabilities, non-specific elevations and correlation 
with disease status proved difficult to validate (9, 10, 11).

A critical feature of a clinical biomarker is the 
requirement to provide reproducible and robust 
measurement (1). Currently, no international standard 
for CgA assay and its measurement has been recognized. 
A variety of different assays for intact CgA and cleavage 
products are available (12). These include enzyme linked 
immunosorbent assay (ELISA), IRMA, or RIA, and more 
recently an immunofluorescent assay based on Time-
Resolved Amplified Cryptate Emission (TRACE) (9). The 
variety of assays reflect the presence of several CgA-related 
peptides and the recognition that CgA is differentially 
processed in diverse neuroendocrine cells/tissue (12). 
Similarly, the disparate methodology of individual CgA 
assays, or antibodies (monoclonal vs polyclonal) that 
detect different epitopes of the protein surface, affect the 
individual assay metrics (9). Clinical interpretation has 
been confounded by both differences in assay detection 
of NENs, varied levels from individual tumour sites (1, 7, 

9, 10, 11, 12, 13) and the variations related to extent of 
tumour burden (13, 14, 15) or tumour grade (16).

In the oncology field, the recognition of the limitations 
of tissue biopsy, monoanalyte biomarkers and the 
complexities of imaging have resulted in a shift of focus to 
the development of ‘liquid biopsies’. This strategy provides 
real-time, multidimensional genomic information about 
the tumour and avoids repetitive, invasive random biopsy 
of a heterogeneous neoplasm. Liquid biopsy can assess 
multianalyte genomic biomarkers in the blood and can 
be used to provide a detailed assessment of the molecular 
biological status of an individual tumour in real-time 
(17). The implementation of such tools have proven to 
be of substantial clinical utility in breast, lung, colon and 
prostate cancer (18, 19, 20). In the neuroendocrine field, 
this concept has been investigated using a novel multigene 
mRNA test (NETest) blood test (21). Synchronous 
multigenomic quantification involves the mathematical 
algorithmic analysis of a series of 14 specific ‘omic clusters’ 
that are defined by 51 separate genes. This measurement 
captures the biology of an individual neuroendocrine 
tumour (NET) and defines the evolution of the tumour 
and the effect of therapy on it (21). Numerous clinical 
studies (n = 25) and an independent meta-analysis have 
demonstrated the NETest has an overall accuracy of >90% 
(22, 23, 24, 25, 26, 27) and provides real-time information 
that identifies residual tumour, progression or response to 
therapy (26, 27, 28, 29, 30, 31, 32). Furthermore, direct 
head-to-head comparison studies indicate that not only is 
it significantly more accurate than CgA but that the NETest 
detects lesions up to a year prior to their identification by 
imaging (31, 33).

To objectively assess the continuing concerns about 
the CgA accuracy as a NEN biomarker, we sought to 
perform a comparative analysis of CgA measurements and 
investigate their performance vs a multigenomic liquid 
biopsy strategy, the NETest. CgA measurements were 
undertaken using two separate CgA assays (NEOLISA, 
EuroDiagnostica, IBL-America, CLIA-certified laboratory, 
and CgA ELISA, Demeditec Diagnostics, Germany) 
performed independently in two clinically certified 
laboratories: one in North America, and one European – 
in an ENETS Center of Excellence.

Materials and methods

Institutional (Medical University of Silesia) Ethics 
Committee approved the study protocol. All study 
participants provided written consent.
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Cohorts

The study cohort comprised 258 NENs, including 
gastroenteropancreatic (GEP) NENs (n = 215): pancreatic, 
PNENs, n = 67; small intestine (midgut), SINENs, 
n = 40; rectal, RNENs, n = 45; gastric, GNENs, n = 44; 
appendiceal, ANENs, n = 10; duodenal, DNENs, n = 9, and 
bronchopulmonary carcinoids (BPC, n = 43). The cohort 
was grouped into image-positive disease (IPD, n = 123), 
and image-negative disease (IND, n = 135) based on 
evidence vs no evidence of disease on anatomical and/or 
functional imaging. Amongst IND, there were 29 GEPNENs 
positive on histology (biopsy or a resection margin), these 
comprised GNENs Type 1 (n = 20), and RNENs (n = 9). 
The majority of the cohort was well-differentiated (NETs) 
(92.5% PNENs, 100% SINENs, 89% DNENs, 95% GNENs, 
100% RNENs, and all lung NENs, Table 1).

Methods

Strategy
We examined circulating CgA levels using two different 
ELISA assays (NEOLISA, EuroDiagnostica, IBL-America, 
CLIA-certified laboratory, and CgA ELISA, Demeditec 
Diagnostics GmbH (DD), Germany). CgA results for the 
entire study cohort (n = 258) were compared with the 
NETest measurement evaluated at the same time-point. 
Assay sensitivity was assessed to detect image-positive 
or microscopic disease and specificity in the disease-free 
cohort. Histological and radiological parameters were 
established by the independent analysis of an expert 
radiologist and dedicated neuroendocrine pathologist. 
The determination provided: no evidence of disease on 
imaging (image-negative disease) and no evidence of 
tumour by histological assessment. Diagnostic metrics 
(accuracy, sensitivity, specificity) were calculated. 
Intergroup analyses were undertaken using two-tailed 
non-parametric tests (Mann-Whitney U-test). Pearson 
correlation was used for assessment of concordance 
between the CgA assays.

Sample collection
Plasma/serum for CgA measurement  Peripheral blood 
samples were collected in S-Monovette K3-EDTA tubes and 
centrifuged per standard protocol to obtain plasma for 
NEOLISA CgA evaluation and in S-Monovette serum tubes 
with clot activator to obtain serum for DD CgA evaluation.  
Plasma samples for the NEOLISA measurements were 
frozen (at −80°C) within 30 min of collection and sent 

frozen in batches, on dry ice, to Wren Laboratories, Bran-
ford, Connecticut, USA. All samples were de-identified  
and anonymized prior to transport. Test analysis data 
were provided in numeric coded form to the Medical 
University of Silesia and the blinded data independently 
evaluated by the study authors. Serum samples for the DD 
measurements were frozen and stored at −30°C within 
30 min of collection until the in-house CgA assay mea-
surement in the ENETS CoE clinical (hospital) laboratory 
as a part of the standard clinical work-up. Samples were  
collected at the same time as for NEOLISA measurements.

Blood for NETest measurement Peripheral blood 
samples (3 mL) were collected in EDTA tubes, mixed, and 
stored on ice. Tubes were de-identified and anonymously 
coded and stored at −80°C within 2 h of collection 
(34). De-identified blood samples were sent to a central  
laboratory (Wren Laboratories, Branford, Connecticut, 
USA). Test analysis data were provided in numeric coded 
form to the Medical University of Silesia and the blinded 
data independently evaluated by the study authors.

Radiological evaluation of NEN disease
Disease extent was determined by anatomical imaging: 
CT or MRI, and/or functional: 68Ga-DOTA-TATE PET/CT 
in well-differentiated NETs or 18F-FDG PET/CT in G2/G3  
NENs. Gastric and rectal NENs were also assessed 
endoscopically (by gastroscopy or colonoscopy), and by 
endoscopic ultrasound (EUS). IPD was defined as either 
CT or MRI or 68Ga-DOTA-TATE/18F-FDG PET/CT-positive. 
IND was anatomical (CT/MRI), endoscopic/EUS and/or 
functional 68Ga-DOTA-TATE PET/CT negative.

Disease status Progressive disease was defined based on 
anatomical imaging and RECIST 1.1 criteria. Parameters 
were at least a 20% increase in the sum of diameters of 
the target lesions (min. 5 mm) measured on anatomical  
imaging (CT) or detection of new lesions by imaging of  
the same modality when subsequently performed (35). 
The time interval of follow-up was a median of 7.5 months 
(range: 1.5–17 months).

Histological diagnosis
All NEN patients had histologically confirmed NEN disease, 
reported by an independent expert NEN pathologist in 
accordance with the WHO 2017 and TNM 8th edition 
classifications for NENs (36, 37, 38). All biopsy specimens 
were evaluated (H and E, immunohistochemistry) and 
reviewed by the same CoE pathologist.
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Biomarker measurement
CgA measurement  NEOLISA TM kit (EuroDiagnos-
tica) is an ELISA for detection of CgA in human plasma 
or serum. The measurement was performed in accordance  
with the assay manual. Principle of the assay: In a sepa-
rate dilution plate samples, calibrators and controls are 
diluted five times in diluent. The diluted material is 
transferred to the microtiter wells and incubated at room 
temperature for 60 min. During this first incubation, a 
MAB captures the CgA to the well surface. After washing  
to remove unbound material a second, horseradish  
peroxidase (HRP) labelled MAB is added to detect CgA 
bound to the well. After incubation for 30 min, the wells 
are washed and a colour substrate (chromogenic tetra-
methylbenzidine (TMB) solution) added and re-incubated.  
The colour development was stopped using 0.5M 
H2SO4 after 15 min and the colour measured in a  
spectrophotometer (450 nm). The colour is directly  
proportional to the amount of CgA bound to the well and 
the amount of CgA determined by comparison with the 
calibrator sample colour development. ULN: 108 ng/mL. 
Measuring range: 10–1450) ng/mL.

Demeditec diagnostics (Germany, DD-Assay) is an 
ELISA for the quantitative determination of human 
CgA in serum. The measurement was performed in 
accordance with the assay manual. Principle of the 
assay: In the initial step, CgA in the sample binds to 
CgA-specific antibodies fixed to a 96-well microtiter 
plate. After incubation and following washing steps, 
a sandwich is formed by adding CgA antibodies 
conjugated to horseradish peroxidase. After incubation 
the wells are thoroughly washed, and the complex 
bound to the solid phase is detected by using TMB as 
a substrate. The reaction is monitored at 450 nm. the 
CgA concentrations in the samples are determined 
by comparison with a pre-set standard curve. ULN:  
99 ng/mL. Measuring range: 7.4–700 ng/mL.

NETest measurement Details of the PCR methodology,  
mathematical analysis and validation have been pub-
lished in detail (30, 34). Assays were undertaken 
using de-identified samples in a central USA clinically 
and Federal Government certified laboratory (Wren  
Laboratories CL-0704, CLIA 07D2081388). In brief, mRNA 
was isolated from EDTA-collected whole blood samples 
(mini blood kit, Qiagen) and real-time PCR performed on  
pre-spotted plates (39). Target transcript levels are nor-
malized and quantified vs a population control (30, 
34, 39). Final results are expressed as an activity index 

(NETest score) from 0 to 100 (30, 34, 39). Normal score 
cut-off: 20.

Statistical analysis
The sample size needed to detect significant differences 
in CgA levels per assay (from previously published 
mean ± s.e.m., using a power of 0.8 and α = 0.05) was 
calculated to be a minimum of 210 individuals. Intergroup 
analyses were undertaken using two-tailed non-parametric 
tests (Mann-Whitney U- test), Pearson correlation to 
evaluate concordance between the CgA assays output and 
McNemar-test to compare the different assays with each 
other. MedCalc statistical calculator was used to calculate 
the diagnostic accuracy, sensitivity and specificity. Prism 
8.4.2 for Windows (GraphPad Software, www.graphpad.
com) was utilized. Statistical significance was defined at a 
P value < 0.05. Data are mean ± s.e.m.

Results

Study cohort

Image-positive disease (n = 123)
101 GEPNENs (42 PNENs, 29 SINENs, 7 DNENs, 15 GNENs 
Type 1, 1 GNEN Type 3, 7 RNENs), and 22 BPC (Table 1).

Image-negative disease with no evidence of positive 
histology (biopsy or resection margin) (n = 106) 
85 GEPNENs (25 PNENs, 11 PNENs, 2 DNENs, 17 GNENs 
Type 1, 2 GNECs, 18 RNENs, 10 ANENs), and 21 BPC.

Image-negative disease with positive histology 
(biopsy or resection margin) (n = 29)
9 GNENs Type 1, and 20 RNENs.

CgA assay concordance

In all patients (n = 258), NEOLISA assay CgA levels were 
significantly (P < 0.0001) higher (98.6 ± 11 ng/mL)  
than the DD-assay (76 ± 8 ng/mL) (Figs 1A and 2). 
The assays exhibited an acceptable concordance 
in output (Pearson r = 0.84, P < 0.0001) (Fig. 1B), 
however there were 12% (n = 32) discordant results 
(Fig. 1C): 22 in IPD, 5 in IND, and 5 in microscopic 
disease. The discordant results comprised: in IPD, 
NEOLISA-positive and DD-negative (n = 20), NEOLISA-
negative and DD-positive (n = 2); in IND, there were  
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NEOLISA-positive/DD-negative (n = 4), and DD-positive/ 
NEOLISA-negative (n = 1); and in microscopic disease, 
all five discordant cases were NEOLISA-positive and 
DD-negative. Overall, the NEOLISA assay detected more 
CgA-positive samples.

Relationship to disease detection

CgA and image-positive disease (n = 123) 
CgA-positives were detected in 41/123 (33%, NEOLISA) vs 
23 (19%, DD-assay). McNemar’s Chi2 = 13.1, P = 0.0003 OR: 
0.1 (95% CI 0. 0.1–0.41). The NEOLISA was significantly 
more accurate for detecting NEN disease (Table 2).

CgA and image-negative disease with no evidence of 
disease on histology (n = 106) 
GEPNENs (n = 85)  NEOLISA was true negative (nega-
tive in subjects without the disease) in 74 (87%) and DD 
in 77 (91%). The majority (63.6–75%) of false positives 
(positive test in non-detectable disease) were associated 
with gastric NETs, 7/11 (63.6%) for NEOLISA, and 6/8 
(75%) for DD assay. The remainder of false positives for 
NEOLISA were: PNENs, n = 2, RNEN, n = 1, ANEN, n = 1; 
for DD: PNEN, n = 1, and SINEN, n = 1 (Table 2).

BPC (n = 21)  NEOLISA and DD were both true negative 
in 20/21 (95%).

Figure 1
Concordance between the CgA Assays (NEOLISA 
and Demeditec diagnostics). (A) In the entire 
cohort (n = 258), NEOLISA assay CgA levels were 
significantly (P < 0.0001) higher (98.6 ± 11 ng/mL) 
than the DD-assay (76 ± 8 ng/mL). (B) The assays 
exhibited a concordance of r = 0.84 (Pearson,  
P < 0.0001). (C) There were 12% (n = 32) 
discordant results with the NEOLISA assay 
detecting more CgA-positive samples. The 
majority of the discordant results comprised IPD.

Figure 2
Distribution of CgA measurements of NEOLISA 
and DD assays compared to imaging. In 
image-positive disease, CgA levels were 
significantly elevated in the NEOLISA (139 ± 22) 
compared to the DD-assay (102 ± 15, P < 0.0016). 
The accuracy for disease detection ranged 
between 19and 31%. In image-negative disease, 
CgA levels were significantly elevated in the 
NEOLISA (56 ± 4.5) vs the DD-assay (P < 0.0011). 
The overall accuracy for IND ranged 89–92%. 
Individual accuracies for R0 were 94–95% while 
they were 14–31% for R1 disease.
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CgA and image-negative but histology-positive group 
(microscopic disease or R1)
This group comprised 20 RNENs and 9 GNENs Type 
1 which were image-negative but positive on biopsy 
(GNENs, n = 4), or had a positive resection margin 
(GNENs, n = 5; RNENs, n = 20).

CgA-positives were detected in 7/9 (78%) GNENs Type 
1, and 2/20 (10%) RNENs by NEOLISA; 4/9 (44%) GNENs 
Type 1, and 0/20 (0%) RNENs by DD assay and 9/9 (100%) 
GNENs Type 1 (Table 3).

In image-negative disease, CgA levels were significantly 
elevated in the NEOLISA (56 ± 4.5) vs the DD-assay 
(P < 0.0011). The overall accuracy for IND ranged from 89 
to 92%. Individual accuracies for R0 were 94–95% while 
they were 14–31% for R1 disease.

Comparison with the NETest Data

Overall, the NETest was positive in 122/123 (99%; 
McNemar’s Chi2 = 79–97, P < 0.0001 vs NEOLISA and 
DD-assay).

GEPNENs
NEOLISA was true positive (positive in subjects with 
confirmed disease) in 36/101 (36%), DD in 21/101 (21%), 
and the NETest in 100/101 (99%). The false negative 
results (negative tests in subjects with the disease), were 
most common (79%) in DD (80/101), 64% (65/101) in 
NEOLISA, and only 1% (1/101) in the NETest (Fig. 3).

BPC
NEOLISA was true positive in 5/22 (23%), DD in 2/22 
(9%), and the NETest in all (100%). The false negative 
results were most common (91%) in DD (20/22), 77% 
(17/22) in NEOLISA. There were no false negatives using 
the NETest (Fig. 3).

Diagnostic accuracy NETest vs CgA assays

Diagnostic accuracy in the NEN (GEPNEN+BPC) cohort 
was: 58% for NEOLISA, and 51% for DD compared to 
84% for NETest. The metrics are included in Table 4. The 
NETest was significantly more accurate than NEOLISA 
(Chi2 = 32.2, P < 0.0001) and the DD-assay (Chi2 = 49.0, 
P < 0.0001). The NETest has a higher sensitivity (99%) to 
detect disease in image-detectable NENs than CgA (18 or 
32%). In the absence of image-detectable disease, NETest 
specificity is spuriously lower than CgA since the NETest 
is known to be positive in image-negative microscopic 
disease (40). Thus, in low burden disease CgA can be 
falsely negative since it is less sensitive than the NETest 
for detection of microscopic disease. The overall accuracy 
analysis related to imaging, demonstrates the NETest is 
significantly more accurate (84%) as a diagnostic than 
CgA (51 or 57%). 

Table 3 Assay positivity in microscopic disease (image-negative 
but histology positive).

Assay Site

Image negative disease but histology 
positive (R1) (n = 29)

Total
True 

positive
False 

negative Acc.

NEOLISA GNEN Type 1 9 7 2 78% (7/9)
RNEN 20 2 18 10% (2/20)

DD GNEN Type 1 9 4 5 44% (4/9)
RNEN 20 0 20 0% (0/20)

NETest GNEN Type 1 9 9 0 100% (9/9)
RNEN 20 4 16 20% (4/20)

Acc., accuracy; GNEN, gastric NEN; RNEN, rectal NEN.

Figure 3
Comparison between the NETest and CgA assays for disease detection. In 
GEP-NENs (n = 101) test accuracy: NEOLISA 36%, DD 21% and NETest 99%. 
In BPC (n = 22) test accuracy, NEOLISA 23%, DD 9% and NETest 100%  
*P < 0.0001 vs either CgA assay. GEP-NEN, gastroenteropancreatic NEN; 
BPC, bronchopulmonary carcinoids.

Table 4 The NETest and CgA assays metrics in image-detectable 
disease demonstrate the limitations of imaging and CgA in the 
detection of biochemical recurrence.

Sensitivity (95% CI) Specificity (95% CI) Accuracy (95% CI)

NETest 99% 96–100%) 65% (55–74%) 84% (88–88%)
NEOLISA  32% (24–41%) 89% (81–94%) 57% (51–64%)
DD-assay  18% (12–26%) 92% (85–96%) 51% (44–58%)
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Disease burden NETest vs CgA

Assay levels in disease positive (macroscopic or 
microscopic disease) between clinical stages of the disease 
were analysed.

(A) � Localized disease (n = 68) including image-positive,  
n = 39 (GEPNENs, n = 33, BPC, n = 6); and microscopic 
GEPNETs (RNENs, n = 20, GNENs T1, n = 9).

(B) � Regional metastatic (n = 24, GEPNENs, n = 16, BPC, 
n = 8).

(C) � Distant metastatic (n = 60, GEPNENs, n = 52, BPC, 
n = 8).

NEOLISA levels were not different between localized, 
regional or distant metastatic stage (142 ± 30 vs 82 ± 24 
vs 133 ± 30, P = 0.67). For DD, levels in localized stage 
were significantly higher than in regional metastatic stage 
(100.5 ± 18 vs 69 ± 28, P = 0.02) but not different to distant 
metastatic levels (101.7 ± 22, P = 0.19). NETest levels for 
localized disease (24 ± 1.3) were significantly lower than 
regional metastatic (30 ± 1.5) and distant metastatic 
(37 ± 3), or combined metastatic disease (35 ± 2) P = 0.015, 
P = 0.026, P = 0.008 respectively). Number of image-
positive BPC (n = 22, localized, n = 6, regional metastatic, 
n = 8, distant metastatic, n = 8), was insufficient for a 
separate analysis in lung NENs.

Tumour grade NETest vs CgA

In the disease positive group (n = 152), image-positive 
NENs comprised the following: NETs G1, n = 61, NETs G2, 
n = 32, NENs G3, n = 5 (including three NECs, two NETs), 
microscopic disease, NETs G1, n = 28, NETs G2, n = 1.

Levels between grades G1–G3 were compared. Neither 
of the CgA assays (NEOLISA, P = 0.48, DD; ANOVA, 
P = 0.45) identified a difference. Using the NETest, G2 levels 
(35 ± 3.5) were significantly higher than in G1 (27 ± 1.8, 
P = 0.012). The number of NENs G3 was insufficient for 
adequately powered statistical analysis, but levels were 
higher (48 ± 12) than for G1 or G2.

Stable vs progressive disease status NETest vs CgA

In the image-positive cohort (n = 123 subjects), 25 were 
progressive (GEPNENs, n = 21 including PNENs, n = 14, 
SINENs, n = 2, RNENs, n = 3, DNENs, n = 2, and 4 BPC). 
Radiological stable disease was identified in 98/123.

Neither CgA assay identified a difference between 
PD and SD: NEOLISA- PD: 87 ± 16.5 vs SD 151 ± 26.8 
(P = 0.61); DD- PD: 93 ± 33 vs SD 104.5 ± 17.5 (P = 0.76). 

Overall, similar proportions of subjects irrespective of 
disease status (PD or SD) exhibited an elevated CgA >2× 
ULN (10–14%, P = NS). NETest levels in PD (47 ± 5) were 
significantly higher than in SD (29 ± 1), P = 0.0009. 
In contrast to CgA, a higher proportion of PD (52%) 
exhibited an elevated NETest (>40 or 2× ULN) than SD 
(20%, Chi2 = 9.4, P = 0.002, Fig. 4).

Discussion

Biomarkers of oncological disease are well-recognized 
as important adjunctive parameters in the management 
of the therapy of different cancer types. In NET disease, 
secretory markers such as gastrin, insulin, glucagon and 
VIP have proved valuable clinical tools for specific tumours 
(41). Ideally, however, a universal NEN biomarker should 
capture both secretory and non-secretory tumours. The 
introduction of CgA seemed promising. However, despite 
widespread initial enthusiasm, there is now growing 
recognition that CgA has significant clinical limitations 
(9, 10, 42, 43). Concerns range from lack of sensitivity 
to difficulties with different assay systems and the lack of 
standardized values (11, 42, 44). This presumably reflects 
the fact that a secretory protein has little relevance to 
the cellular mechanisms that constitute the hallmarks of 
cancer and define growth, invasion and metastasis (45). 

Figure 4
Stable vs progressive disease status identification. Analysis of percentage 
subjects with assay levels <2× ULN with comparison between PD (n = 25) 
and SD (n = 98). Similar proportions of patients exhibited elevated CgA 
levels irrespective of disease status. For NEOLISA this was 12–14% and for 
DD it was 10–13% (P = NS). For the NETest, significantly more PD exhibited 
elevated levels than SD (Chi2 =9.4, P = 0.002). PD, progressive disease; SD, 
stable disease; ULN, upper limit of normal.
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CgA and NETest therefore represent divergent approaches 
to quantification of NEN disease activity. CgA reflects the 
secretory characteristic of some tumours, while the NETest 
assesses molecular genomic regulators that determine the 
specific biological behaviour of all NETs. 

Given the panoply of problems described with CgA, 
we undertook a prospective evaluation of CgA effectiveness 
in real-world practice. We compared two different CgA 
assays performed in two independent, clinically approved 
laboratories, a CLIA-certified laboratory (USA, NEOLISA 
assay) and a general hospital laboratory at the ENETS Center 
of Excellence (DD assay) to assess diagnostic accuracy and 
clinical utility. We then compared CgA to the NETest.

Our study was performed prospectively in a large NEN 
cohort (n = 258), comprising 83% GEPNENs (n = 214), 
and 17% of BPC (n = 43) to assure adequately powered 
analysis. To ensure rigorous analysis, all samples were 
de-identified and head-to-head comparison of the three 
assays undertaken. All the assays were evaluated using 
biological material obtained at the same blood draw. The 
NEOLISA CgA analysis and NETest assays were undertaken 
blinded at an independent CLIA-certified USA facility on 
processed samples frozen at -80°C.

The strengths of our study include the large number 
of patients enrolled; the head-to-head comparison of two 
commonly used CgA assays undertaken in independent, 
certified institutions and the blinded assessment of their 
efficacy compared to a novel molecular genomic assay 
strategy. Our study has some limitations. In particular, 
the small numbers in some subgroups, such as duodenal, 
appendiceal, NENs G3, limit the ability to derive definitive 
conclusions. A further limitation is that 3% patients 
(8/258) were not available for follow-up. Overall, these 
numbers represent a real-world assessment of the clinical 
material encountered in an ENETS CoE.

CgA levels were measured by two assays. Each assay 
had a different upper limit of normal (108 vs 99 ng/mL)  
and disparate measuring ranges (≤1450 vs 700 ng/mL).  
Although there was an adequate correlation (0.84) 
between the output of the two CgA assays, NEOLISA 
exhibited significantly higher levels than DD consistent 
with known differences in plasma vs serum measurements 
(9). Discordant results were related to IPD. The NEOLISA 
detected 15% more true positive samples than DD but also 
had a higher number of false positive results in disease-
free individuals (3%).

In IPD, NEOLISA exhibited higher sensitivity (33%) 
than DD (19%). Both CgA assays were positive in 21 
individuals (of 123 IPDs), half of which were metastatic. 
Both CgA assays were negative in 80 IPD individuals.  

The majority of this group was metastatic (70%, regional: 
21%, distant: 49%). Overall, both CgA assays failed 
to accurately detect metastatic disease irrespective of 
primary site. Seventy percent of the NEOLISA-positive 
but DD-negative were metastatic. CgA measurements 
therefore failed to provide an accurate reflection of NET 
disease. The optimal metrics proposed for NEN biomarkers 
have been recommended to exceed 80% for sensitivity 
(1). In comparison to the 19–33% sensitivity for the CgA 
assays, the NETest sensitivity was 99%.

We next evaluated the assay specificity in the IND 
with no evidence of disease on histology (n = 106). DD 
had the highest specificity (91%), NEOLISA (87%), and the 
NETest (81%) in GEPNENs. The majority (44–75%) of false 
positives were associated with gastric NETs. Of note, all PPI-
treated patients had medication discontinued for at least 
10 days at blood draw; PPIs are therefore not a confounder 
(46). CgA identifies the secretory propensity of the fundic 
ECL cells while the NETest identifies molecular evidence 
of ECL cell neoplastic transformation not identifiable 
by endoscopy or imaging. Random histological biopsy 
is unable to identify molecular alterations that occur 
during the transformation of proliferating ECL cells to 
a neoplastic phenotype (47). The NETest and CgA assay 
therefore accurately recapitulate what is known about the 
natural history of ECL cell neoplastic transformation (48). 

Overall, there were 43 image/histology-negative 
subjects that tested positive for either CgA (n = 12) assay 
and/or the NETest (n = 35). Overall, eight subjects were 
lost to follow-up. Three subjects positive on all three 
assays were GNENs T1, and one of them at 11-month 
FU exhibited a local recurrence. The remaining two (at 
1 year, and 4-months FU) remained radiologically and 
histologically disease- free.

Two GEPNENs (1 PNET, 1 GNET T1) who tested 
NEOLISA/DD-positive but NETest negative, remained 
disease- free at 1.2 ± 1 years. Amongst five NEOLISA-
positive and DD/NETest-negative, three were lost to 
follow-up, the remaining two were image-negative at 
7 ± 5 months. One SINET was DD-positive and NEOLISA/
NETest-negative and remained image-negative at 1.3 
years. A GNET T1 which was NEOLISA/NETest-positive 
and DD -negative, had a recurrence at 2.3 years.

Thirty individuals were NETest-positive only (11 
GEPNENs, and 19 BPC), with 8 borderline positive scores 
of 20, 17 of 27, 2 of 33, 2 of 40, and 1 of 46.7. Five were 
lost to follow-up. FU in the GEPNENs was 1.3 ± 0.9 years; 
one PNET (NETest: 33) had a recurrence in the liver at 2.5 
years FU, and one GNET T1 (NETest: 40) was diagnosed 
with a meningioma. Amongst 19 BPC (1.3 ± 0.6 years FU), 
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two patients (NETest: 20 and 27) developed recurrence 
(at 0.3 and 1.2 years), one (NETest: 40) developed a new 
lesion in the liver at 5-month follow- up. There was one 
patient with DIPNECH confirmed on histology (NETest: 
20). These data are consistent with previous reports 
documenting that image identification of disease may 
lag 1–2 years behind NETest identification of residual/
recurrent tumour (30, 34). We consider that the most 
likely explanation for the positive scores in image- 
negative individuals to represent residual disease not yet 
identifiable by imaging.

NETest-positive cases occurred in 19/21 BPC 
considered disease-free after surgery. CgA was negative in 
95% these cases. Positive cases likely reflect the higher 
sensitivity of the molecular detection of microscopic 
disease not yet identifiable by imaging or by secretory 
markers. Pathology studies report that 50% of resected 
specimens demonstrate tumour deposits despite being 
undetectable by imaging (49, 50). Limits of detection 
for imaging range from 2–4 mm (MRI/ CT) to 4–6 mm 
with 68Ga-SSA PET/CT or 18F-Fluorodeoxyglucose PET/CT)  
(51). There is therefore a delay in tumour detection 
until sufficient tumour volume or adequate level of 
detectable receptor expression is achieved. Since a 5 mm 
lesion comprises 108 tumour cells and a 10 mm lesion at 
least 109 cells, a comparison can be made with NETest 
sensitivity. Spike-in studies (blood with NET tumour 
cells) demonstrate that measurement of circulating 
NET genes identify one tumour cell/millilitre of blood 
(52). By extrapolation, blood gene measurement can 
be considered ~ 120,000 times more sensitive than 
imaging. Thus, micrometastatic disease is more likely 
to be identified by molecular amplification (gene 
expression–PCR) techniques in blood than by imaging 
alone. Consistent with this observation is a report that 
50% of histology-negative nodes from small bowel 
resections are mRNA-positive using PCR approaches (53). 
A recent report documents that 2 mm liver lesions, not 
visible on imaging, were detected by the NETest and their 
presence validated by biopsy (40). Molecular techniques 
(PCR-based) therefore are more sensitive than standard 
approaches to detect microscopic disease and will likely 
detect early metastatic disease and facilitate accurate 
staging. In our study, the NETest detected the highest 
number of microscopic disease cases (45%) compared 
to either CgA assay (14–31%) confirming its utility as 
a marker of microscopic disease. Proof-of-principle for 
the assay is provided by the longitudinal follow-up. 
Three of fourteen NETest-positive but R0-IND GEPNENs 
(two were lost to follow-up) demonstrated a recurrence 

while 3/16 R0-IND BPC (three were lost to follow-up) 
developed recurrences within a time frame between 3 and 
30 months. Only two of the six recurrences were CgA-
positive (one NEOLISA/DD-positive, and one NEOLISA-
positive and DD-negative).

Neither of the CgA assays identified any significant 
differences between disease stages or grades. This differs 
from previous reports where it has been suggested that 
CgA could provide a stratification (13, 14, 15). It seems 
biologically unlikely that a secretory protein level could be 
an effective biomarker of disease extent and proliferative 
activity of a tumour. We have accordingly interpreted 
this as evidence that disease burden may have been a 
confounding variable in such studies. In our study, NETest 
levels correlated effectively with disease stage and higher 
grade (G2 vs G1). 

In terms of disease status, an effective clinical 
biomarker should identify disease progression and 
correlate with it. We therefore compared assays levels 
between radiologically progressive (n = 25) vs stable 
(n = 98). For both CgA assays, levels between PD and 
SD were not different. NETest levels, however, were 
significantly higher in PD than in SD consistent with a 
multigene biomarker that assessed molecular genomic 
regulators of disease activity. These observations of the 
NETest confirm a recent prospective study in an ENETS 
CoE (54), and are consistent with a number of other 
studies that demonstrate that the NETest is an accurate 
marker of disease status (28, 31, 34).

Our study highlights that the different methodology 
of individual CgA assays affect metrics and results obtained 
are often not comparable. Others have identified a 36% 
discordance rate between IRMA and ELISA assays (55). 
Separately, an external quality control study reported a 
five-fold inter-laboratory variation rate between IRMA and 
ELISA results (11) and other reports have noted differences 
in CgA levels between plasma and serum (higher in 
plasma) (9). There are also differences between measuring 
CgA fragments vs the intact molecule and protein folding 
are likely responsible for different antibody recognition 
proteins (6). In this study, we confirm the lack of utility 
of CgA measurement in NEN disease using two standard 
assays (12).

CgA is a monoanalyte assay that captures a one-
dimensional data point as opposed to multianalyte 
assays that measure numerous data points for example, 
transcripts. Hanahan and Weinberg in their two 
seminal publications (2000 and 2011) (3, 56) identified 
that tumours are not homogeneous but represent 
multifactorial biological entities integrated as a neoplastic 
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unit. It is noteworthy that secretion is not considered a 
neoplastic hallmark. Thus many neuroendocrine disease 
assays which measure CgA, insulin, gastrin, serotonin do 
not define the cancer hallmarks. Multianalyte markers, 
in contrast to secretory markers, have the capacity to 
measure multiple biologically relevant cancer hallmarks 
simultaneously for example, Mammaprint. The latter 
is a metastatic breast cancer assay which has prognostic 
utility and is used for treatment stratification (57, 58). 
In multianalyte assays such as the NETest output is a 
score that is based on multi-algorithmic analyses, usually 
machine learning or neural network models (59, 60). 
The NETest is a blood-based equivalent that is based on 
transcriptomic evaluation of NETs per gene discovery. 
The basis of the assay is mRNA isolation from whole 
blood with subsequent cDNA production with target 
genes measured by PCR. Gene expression is evaluated 
using machine learning algorithms and the output scaled 
0–100 based on omic gene expression for example, levels 
of expression of the proliferome, RAS-RAF-signaling axis 
and epigenome (multi-analyte measurements of tumour 
pathobiology). Final results are expressed as an activity 
index (NETest score) from 0 to 100 (30, 34, 39). Cut-off 
points were derived from prospective analyses of receiver 
operator curves (ROC) and correlate with RECIST-defined 
disease stability or progression (28). The normal score 
cut-off is ≤20 while values 21–40% are considered ‘stable’ 
disease and 41–100 reflect ‘progressive disease. Clinical 
superiority was assessed by AUC comparison of the NETest 
(0.95–0.98) vs the monoanalytes CgA (0.67), neurokinin 
A (0.66) and pancreastatin (0.56) (61). We envisage that 
such an approach may in the future evolve to provide 
functions other than as a diagnostic. Thus, identification 
of the functional components of a tumour may enable 
a modified assay to be used as a prognostic (62) or to 
accurately stratify patients for different treatments as ha 
recently been shown for peptide receptor radionuclide 
therapy (PRRT) by Bodei and colleagues (63).

Overall, our study demonstrates that a molecular 
genomic assay that measures NET-specific genes in 
blood is significantly more effective than two clinically 
approved assays of CgA in blood. In contradistinction to 
the NETest, CgA levels were not clinically useful in the 
diagnosis of GEPNEN or BPC and identification of disease 
grade or progress. We are of the opinion that monoanalyte 
biomarkers such as CgA fail to provide multidimensional 
insight into the complex processes inherent in neoplasia. 
This head-to-head comparison of the two monoanalyte 
(CgA) assays vs multianalyte demonstrates the superiority 
of the NETest. Based on our study, we would propose that 

the NETest be included for clinical evaluation of NET 
patients.
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