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Abstract
Background: There is a substantial unmet clinical need for 
an accurate and effective blood biomarker for neuroendo-
crine neoplasms (NEN). We therefore evaluated, under real-
world conditions in an ENETS Center of Excellence (CoE), the 
clinical utility of the NETest as a liquid biopsy and compared 
its utility with chromogranin A (CgA) measurement. Meth-
ods: The cohorts were: gastroenteropancreatic NEN (GEP
NEN; n = 253), bronchopulmonary NEN (BPNEN; n = 64), thy-
mic NEN (n = 1), colon cancer (n = 37), non-small-cell lung 
cancer (NSCLC; n = 63), benign lung disease (n = 59), and 
controls (n = 86). In the GEPNEN group, 164 (65%) had im-

age-positive disease (IPD, n = 135) or were image-negative 
but resection-margin/biopsy-positive (n = 29), and were 
graded as G1 (n = 106), G2 (n = 49), G3 (n = 7), or no data  
(n = 2). The remainder (n = 71) had no evidence of disease 
(NED). In the BPNEN group, 43/64 (67%) had IPD. Histology 
revealed typical carcinoids (TC, n = 14), atypical carcinoids 
(AC, n = 14), small-cell lung cancer (SCLC, n = 11), and large-
cell neuroendocrine carcinoma (LCNEC, n = 4). Disease status 
(stable or progressive) was evaluated according to RECIST 
v1.1. Blood sampling involved NETest (n = 563) and NETest/
CgA analysis matched samples (n = 178). NETest was per-
formed by PCR (on a scale of 0–100), with a score ≥20 reflect-
ing a disease-positive status and > 40 reflecting progressive 
disease. CgA positivity was determined by ELISA. Samples 
were deidentified and measurements blinded. The Kruskal-
Wallis, Mann-Whitney U, and McNemar tests, and the area 
under the curve (AUC) of the receiver-operating characteris-
tics (ROC) were used in the statistical analysis. Results: In the 
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GEPNEN group, NETest was significantly higher (34.4 ± 1.8,  
p < 0.0001) in disease-positive patients than in patients with 
NED (10.5 ± 1, p < 0.0001), colon cancer patients (18 ± 4, p < 
0.0004), and controls (7 ± 0.5, p < 0.0001). Sensitivity for de-
tecting disease compared to controls was 89% and specific-
ity was 94%. NETest levels were increased in G2 vs. G1 (39 ± 
3 vs. 32 ± 2, p = 0.02) and correlated with stage (localized: 26 
± 2 vs. regional/distant: 40 ± 3, p = 0.0002) and progression 
(55 ± 5 vs. 34 ± 2 in stable disease, p = 0.0005). In the BPNEN 
group, diagnostic sensitivity was 100% and levels were sig-
nificantly higher in patients with bronchopulmonary carci-
noids (BPC; 30 ± 1.3) who had IPD than in controls (7 ± 0.5,  
p < 0.0001), patients with NED (24.1 ± 1.3, p < 0.005), and 
NSCLC patients (17 ± 3, p = 0.0001). NETest levels were high-
er in patients with poorly differentiated BPNEN (LCNEC + 
SCLC; 59 ± 7) than in those with BPC (30 ± 1.3, p = 0.0005) or 
progressive disease (57.8 ± 7), compared to those with stable 
disease (29.4 ± 1, p < 0.0001). The AUC for differentiating dis-
ease from controls was 0.87 in the GEPNEN group and 0.99 
in BPC patients (p < 0.0001). Matched CgA analysis was per-
formed in 178 patients. In the GEPNEN group (n = 135), NE-
Test was significantly more accurate for detecting disease 
(99%) than CgA positivity (53%; McNemar test χ2 = 87, p < 
0.0001). In the BPNEN group (n = 43), NETest was significant-
ly more accurate for disease detection (100%) than CgA pos-
itivity (26%; McNemar’s test χ2 = 30, p < 0.0001). Conclu-
sions: The NETest is an accurate diagnostic for GEPNEN and 
BPNEN. It exhibits tumor biology correlation with grading, 
staging, and progression. CgA as a biomarker is significantly 
less accurate than NETest. The NETest has substantial clinical 
utility that can facilitate patient management.

© 2020 S. Karger AG, Basel

Introduction

It is an unfortunate reality that neuroendocrine tumor 
(NET) disease is an underserved division of oncology due 
to its relatively low incidence and the limited number of 
therapeutic strategies that have been developed for its 
treatment [1]. In general, NETs are difficult to manage 
since they are usually identified late in their natural his-
tory and thus present the challenges associated with treat-
ing metastatic disease [2, 3]. This reflects the fact that 
most symptomatology is only evident once disease spread 
has occurred and the common complaints are often dis-
missed as being nonneoplastic in origin [4]. 

Given the fact that advanced disease is the most com-
mon scenario for NET clinical management, the need for 
a tool to better define the biology of the disease and the 

precise status of the tumor and its metastases is an impor-
tant unmet need [5]. Similarly, the identification of effec-
tive therapy preadministration and the accurate monitor-
ing of disease response and status are critical goals in 
assuring judicious patient management [5]. Broadly 
speaking, there are 3 strategies that can be used to accom-
plish this. First is clinical assessment which is useful, but 
inefficient given the subtlety and sporadic nature of the 
symptoms and the subjective nature of the art [6]. Second 
is imaging which can be highly effective for localizing dis-
ease, but has limitations for identifying progress due to 
the often indolent nature of the disease and the reality 
that sophisticated technology is expensive and not widely 
available [7, 8]. Third is the detection of sophisticated and 
sensitive blood biomarkers that can provide tumor-relat-
ed information in real-time, aid in assessing numerous 
biological aspects of the disease, and are precise enough 
to define alterations at a molecular level [5]. 

In the last decade, there have been substantial advanc-
es in imaging techniques and NET disease can now be 
assessed effectively both anatomically, i.e., with comput-
ed tomography (CT) or magnetic resonance imaging 
(MRI), and functionally, i.e., with 68Ga-SSA positron 
emission tomography combined with CT (PET/CT) or 
18F-FDG PET/CT [9]. Despite such innovations, there are 
nevertheless still limitations in the identification of early 
disease progress and in-depth assessment of the biologi-
cal status of a tumor. Advances in the development of 
metabolically specific isotopes, sophisticated mathemati-
cal analysis of voxel counts, and the use of techniques 
such as deep neural learning will, in the future, amplify 
image-derived information [10]. Currently, imaging 
studies cannot be serially undertaken to monitor a disease 
due to health economic costs, radiation exposure, and the 
relative unavailability of sophisticated technology [11].

A viable alternative strategy is the development of ge-
nomic tumor biomarkers in the blood, which provide a re-
al-time, infinitely repeatable surrogate of tumor status and 
response to therapy. The classical method in the past was 
tissue biopsy and direct tumor sampling, which has signifi-
cant limitations including random and heterogeneous sam-
pling, invasiveness and morbidity, and restrictions in terms 
of repetition [12]. The alternative, i.e., sampling blood to 
evaluate tumor biomarkers, although attractive, has been 
somewhat ineffective because the monoanalyte biomarkers 
measured (insulin, gastrin, serotonin, etc.,) are secretory 
markers (monoanalytes) that do not provide information 
regarding the molecular biology of the tumor [13, 14]. Such 
markers do not assess the so-called “hallmarks of neoplasia” 
proposed by Hanahan and Weinberg [15]. Similarly, the 
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use of the general secretory amine, chromogranin A (CgA), 
as a biomarker, has proved to have limited efficacy in the 
diagnosis and management of NETs [16–19]. Measuring 
the secretory parameter of a tumor cell provides little infor-
mation about tumor proliferation, growth factor regula-
tion, metabolic function, treatment efficacy, and the iden-
tification of druggable targets [15].

In the field of oncology, recognition of the limitations 
of monoanalyte biomarkers and the complexities of im-
aging has resulted in a shift of focus to the development 
of “liquid biopsies.” This technique, to assess multiana-
lyte genomic biomarkers in the blood, can be used to pro-
vide a detailed assessment of tumor status in real-time 
[12]. In breast, lung, colon, and prostate cancer, such 
tools have proven to be of substantial clinical utility [20–
24]. This strategy has recently been utilized in NET dis-
ease with the development of a multigene mRNA test 
(NETest) of the blood. This strategy involves the mathe-
matical algorithmic analysis of a series of specific “omic 
clusters” that capture the biology of a NET [25, 26]. Nu-
merous clinical studies and an independent meta-analy-
sis have demonstrated that the NETest has an overall ac-
curacy of > 90% [25, 27–33] and provides real-time infor-
mation that identifies residual tumor and progression or 
response to therapy [27, 31–39]. Direct comparison stud-
ies indicate that it is significantly more accurate than CgA 
positivity and that it detects lesions prior to their identi-
fication on imaging [26, 39]. 

At a NET Center of Excellence (CoE), we undertook 
to prospectively evaluate the clinical utility of the NETest 
under real-world conditions. Our goals were to assess ac-
curacy as an in vitro diagnostic and compare it with our 
usual CoE-based assessment strategies which include im-
age-derived information and the biomarker CgA. Over-
all, our purpose was to determine if a multianalyte ge-
nomic assessment of NET disease provided reliable infor-
mation useful for clinical management.

Material and Methods

Cohorts
The study overall assessed 563 individuals with one of the fol-

lowing conditions (Table 1):
•	 Gastroenteropancreatic neuroendocrine neoplasms (GEP-

NENs, n = 253): pancreatic (PNEN, n = 83), ileal/jejunal, i.e., 
small intestinal (SINEN, n = 54), duodenal (DNEN, n = 12), 
gastric (GNEN, n = 46), rectal (RNEN, n = 46), or appendiceal 
(ANEN, n = 12)

•	 Lung or bronchopulmonary neuroendocrine neoplasms (BP-
NENs, n = 64): bronchopulmonary carcinoids (BPC, n = 49; 
either typical carcinoids [TC], n = 30 or atypical carcinoids 

[AC], n = 19), large-cell neuroendocrine carcinoma (LCNEC, 
n = 4), small-cell lung cancer (SCLC, n = 11); and single thymic 
NET (n = 1). 
As comparators, we evaluated:

•	 Colon cancers: adenocarcinoma (ACC, n = 37)
•	 Non-small-cell lung cancers (NSCLCs, n = 63): ACC (n = 37), 

squamous-cell carcinoma (SCC, n = 20), large-cell carcinoma 
(LCC, n = 2), or not otherwise specified (NOS, n = 4)

•	 Idiopathic pulmonary fibrosis (IPF, n = 50)
•	 Chronic obstructive pulmonary disease (COPD, n = 9).

The control group (n = 86) comprised family members of the 
hospital personnel, and nonaffected family members of the pa-
tients attending the Endocrinology Department. All controls indi-
cated they were asymptomatic and in good health and none exhib-
ited or identified any known malignancy at the time of blood draw 
(Table 1). 

The NETest was evaluated in the entire cohort (n = 563) and 
CgA measurement was undertaken in 496 individuals. For matched 
analyses, we used samples taken from patients with image-positive 
disease (IPD) (n = 178, including 135 GEPNENs and 43 BPNENs).

Methods
Strategy
We examined circulating NETest levels and CgA positivity in 

the NET cohort and compared these to controls and nonneuroen-
docrine disease of the bowel (colon cancer) or lung (NSCLC, IPF, 
and COPD). The diagnostic accuracy and metrics, i.e., the area 
under the curve (AUC) of the receiver-operating characteristics 
(ROC), i.e. AUROC, and the sensitivity and specificity for the NE-
Test and CgA measurement were calculated. Separately, we as-
sessed the agreement of the NETest with imaging (a correlation 
between NETest positivity and image-detectable disease) or histol-
ogy when image-negative but with evidence of microscopic disease 
(a positive resection margin or biopsy). Disease-positive (DP) re-
fers to image-positive, or histology-positive even if image-nega-
tive; disease-negative (i.e., no evidence of disease [NED]) refers to 
when there is no disease detectable on imaging and no evidence of 
histology-positive resection margins or biopsy. 

Sample Collection
Blood for NETest Measurement. Peripheral blood samples (3 

mL) were collected in EDTA tubes, mixed, and stored on ice. 
Tubes were deidentified and anonymously coded and stored at 
–80  ° C within 2 h of collection [40]. Deidentified blood samples 
were sent to a central laboratory (Wren Laboratories, CT, USA). 
Test analysis data were provided in numeric coded form to the 
Medical University of Silesia and the blinded data were indepen-
dently evaluated by the study authors.

Plasma for CgA Measurement. Plasma samples were collected 
as per standard protocol for CgA measurement using the NEOLI-
SA TM kit (EuroDiagnostica), ULN: 108 μg/L. Samples were sent 
deidentified (as above) to Wren Laboratories for measurement. 
Blinded data were provided to the study authors for independent 
evaluation.

Radiological Evaluation of NET Disease
Disease Extent Was Determined by: anatomical imaging, CT or 

MRI, and/or functional 68Ga-DOTA-TATE PET/CT were per-
formed in well-differentiated NETs or 18F-FDG PET/CT in G2/
G3 NENs. Image assessment was undertaken by specialized radi-
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ologists who were part of the ENETS CoE. IPD was defined as 
positive on CT/MRI (anatomical) and/or 68Ga-DOTA-TATE/18F-
FDG PET/CT (functional). Image-negative disease (IND) was de-
fined as negative on anatomical (CT/MRI) and/or functional 68Ga-
DOTA-TATE PET/CT in well-differentiated tumors. 

Imaging Modalities. For radiological assessment, anatomical 
and functional imaging modalities were utilized. Anatomical im-
aging comprised multiphase CT with administration of iodine 
contrast with a 16-slice LightSpeed CT scanner, or multiphase 
MRI with a 1.5-T MRI scanner (both from General Electrics, USA) 
with injection of gadolinium contrast (slice thickness 4–6 mm) 
and T1/T2 sequences being obtained. Functional imaging was per-
formed with hybrid PET/CT scanners with administration of 
68Ga-DOTA-TATE in well-differentiated NETs or 18F-FDG in 
higher-grade (poorly and well-differentiated) tumors.

Endoscopy. Assessment of GNENs and RNENs (gastroscopy or 
colonoscopy, respectively) was performed by endoscopy. 

Disease Status. Progressive disease was defined based on ana-
tomical imaging and the RECIST v1.1 criteria. Parameters were an 
at least 20% increase in the sum of diameters of the target lesions 
(min 5 mm) measured on anatomical imaging (CT) or the detec-
tion of new lesions by imaging of the same modality when subse-
quently performed [41]. 

Histological Diagnosis
All NEN patients had histologically confirmed NEN disease, 

reported by an independent expert NEN pathologist (W.Z.) in ac-
cordance with the WHO 2017 and TNM 8th edition classification 
of NENs [42–45]. All biopsy specimens were evaluated (by H&E 
staining or immunohistochemistry) and reviewed by the same pa-
thologist. 

NETest
Details of the PCR methodology, mathematical analysis, and 

validation have been published in detail. In brief, they comprise a 
2-step protocol (RNA isolation/cDNA production and qPCR) 
from EDTA-collected whole blood [34, 37, 40]. Assays are under-

taken using deidentified samples in a central USA clinically and 
federally certified laboratory (Wren Laboratories CL-0704, CLIA 
07D2081388). Transcripts (mRNA) are isolated from the samples 
(Blood Mini Kit, Qiagen, Valencia, CA, USA) and real-time PCR 
performed on prespotted plates [46]. Target transcript levels are 
normalized and quantified versus a population control, and final 
results are expressed as an activity index (NETest score) on a scale 
of 0–100 (normal score cut-off: 20) [34, 37, 40, 46].

Statistical Analysis
The required total sample size (NETs and controls, power 0.8 and 

α = 0.05) to attain significant differences in NETest scores (from pre-
viously published means ± SD) was calculated to be a minimum of 
11 individuals in each group. Intergroup analyses were undertaken 
using 2-tailed nonparametric tests (the Mann-Whitney U test), or 
Kruskal-Wallis multiple testing with Dunn’s correction or χ2 (with 
Yates correction). AUROC analysis was used to determine the diag-
nostic accuracy of the NETest [47–49]. Metrics calculated included 
sensitivity and specificity. Prism v7.0 for Windows (GraphPad Soft-
ware, La Jolla, CA, USA) and MedCalc statistical software v16.2.1 
(Ostend, Belgium) were utilized. Statistical significance was defined 
as a p value < 0.05 and data expressed as means ± SEM. 

Results

Cohort demographics and clinical information are 
shown in Table 1. The majority of the NEN cohort was 
well-differentiated, consisting of 244/253 GEPNENs 
(96%) and 49/64 BPNENs (77%).

NETest
Diagnostic Utility in GEPNENs
NETest levels in all (i.e., IPD and IND as a single co-

hort) GEPNENs (26 ± 1.4) were significantly higher than 
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Fig. 1. NETest levels in GEPNENs and controls. a NETest in disease-positive (DP) GEPNENs, GEPNENs with 
no evidence of disease (NED), and controls. Kruskal-Wallis (KW) statistic 190.7, p < 0.0001. NETest ULN: 20%. 
Mean ± SEM. b The AUROC for NETest in GEPNENs and controls: AUC 0.87 (95% CI 0.83–0.9, p < 0.0001).  
c The AUROC for GEPNEN DP and GEPNEN NED: AUC 0.87 (95% CI 0.82–0.91, p < 0.0001).
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in controls (7 ± 0.5, p < 0.0001) (Fig. 1a). NETest levels in 
DP GEPNENs (n = 164), as defined by image-positive  
(n = 135) and image-negative but resection margin/biop-
sy-positive (microscopic disease) GEPNENs (n = 29), 
were significantly higher (34.4 ± 1.8) than in NED cases 
on either imaging or histology (10.5 ± 1, p < 0.0001), or 
in controls (7 ± 0.5, p < 0.0001; Fig. 1a). NETest was pos-
itive in significantly more DP GEPNENs (146/164) than 
in controls (5/86)( Fisher’s test: p < 0.0001, χ2 = 160). The 
AUROC for differentiating GEPNENs from controls was 
0.87 (95% CI 0.83–0.9; p < 0.0001; Fig. 1b). Accuracy for 
detecting DP cases compared to controls was 91%, sensi-
tivity was 89%, and specificity was 94%. The AUROC for 
differentiating DP from NED cases was 0.87 (95% CI 
0.82–0.91; p < 0.0001; Fig. 1c).

Relationship between NETest and Evidence of 
Disease on Imaging and Histology
IPD was present in 135 GEPNENs, i.e., in 58/83 PNENs, 

43/54 SINENs, 10/12 DNENs, 16/46 GNENs, and 8/46 
RNENs; all ANENs (n = 12) were image-negative.

First, we evaluated the NETest levels in DP and NED 
GEPNENs (Fig. 2a). NETest levels were significantly high-

er in DP cases than in NED cases in PNENs (DP [n = 58] 
41 ± 3.2 vs. NED [n = 25] 8.5 ± 2.2, p < 0.0001), SINENs 
(DP [n = 43] 37 ± 3.8 vs. NED [n = 11] 10 ± 2, p < 0.0001), 
GNENs (DP [n = 25] 28 ± 1.5 vs. NED [n = 21] 16 ± 2.5, 
p = 0.0006), and RNENs (DP [n = 28] 20.2 ± 2.9 vs. NED 
[n = 18] 7 ± 1, p = 0.0002). We did not, however, identify 
a difference in DNENs (DP [n = 10] 40 ± 7.2 vs. NED  
[n = 2] 16.7 ± 10, p = 0.23). All ANENs were NED cases. 

Second, we evaluated the agreement between the NE-
Test and disease status based on imaging and histology re-
sults. An examination of the relationship between a positive 
NETest score and disease detection (by imaging and/or his-
tology) was 100% for PNENs, DNENs, and GNENs, and 
95% for SINENs (41/43). Agreement was 43% for RNENs 
(12/28; Fig. 2b; online suppl. Table 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000508106). 

In IND cases, where there was no evidence of positive 
resection margins (NED), the NETest agreement was 88% 
for PNENs (22/25), 82% (9/11) for SINENs, 100% for RN-
ENs (18/18), 75% for ANENs (9/12), and 62% for GNENs 
(13/21). One of the 2 DNENs had a positive NETest. In 
IPD cases, the NETest was positive in 146/164 (89%) DP 
GEPNENs and negative in 72/89 (81%) NED GEPNENs 
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Fig. 2. Comparison and accuracy for disease detection using NE-
Test levels by GEPNEN site and disease extent identified by imag-
ing and histology. a NETest levels in disease-positive (DP) cases 
versus those with no evidence of disease (NED) were significantly 
higher in PNENs (p < 0.0001), SINENs (p < 0.0001), GNENs (p = 
0.0006), and RNENs (p = 0.0002), but not DNENs (p = 0.23). AN-
ENs all had NED. b Accuracy for detecting PNEN, DNEN, and 
GNEN was 100%, but 42% for RNEN. Disease accuracy for non-

detectable disease ranged from 50% (DNEN) to 100% (RNEN). 
Accuracy of NETest in IPD was 89% (146/164) and for IND it was 
81% (72/89). NETest overall accuracy of disease identification was 
86%. NETest ULN: 20%. Mean ± SEM. ColonCA, colon cancer; 
GEPNEN, gastroenteropancreatic NEN; PNEN, pancreatic NEN; 
SINEN, small-intestine NEN; DNEN, duodenal NEN; GNEN, gas-
tric NEN; ANEN, appendiceal NEN; RNEN, rectal NEN; ND, no 
data.
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(χ2 = 120, p < 0.0001). The overall agreement of the NE-
Test with any detectable disease (imaging or histology) 
was 86% (218/253). The diagnostic metrics for the NETest 
were accuracy 86%, sensitivity 89%, and specificity 81%. 

In the control group, 5/86 individuals were NETest pos-
itive (94% agreement, 7 ± 0.5); in colon cancer (n = 37), 17 
tested positive for the NETest (54% agreement, 18 ± 3.5; 
online suppl. Table 1). All colon cancer patients had disease 
at the time of blood collection for the NETest (Table 1). 

Analysis by Disease Stage and Grade
We next evaluated whether NETest levels correlated 

with disease stage and grade in DP subjects (n = 164).

Stage
We first evaluated the cohort as a group (n = 164). Dis-

ease was localized in 68 patients, 28 had regional metas-
tases, and 68 exhibited distant metastases. The Kruskal-
Wallis analysis with Dunn’s correction identified signifi-
cant differences in NETest levels across these 3 stages 

(Kruskal-Wallis statistic 14.6, p = 0.0007). Specifically, 
regional disease (40.5 ± 4.2, p = 0.0016) and distant meta-
static (40.4 ± 3.2, p = 0.0061) disease had significantly 
higher NETest scores than localized disease (26 ± 1.8; 
Fig. 3a). Comparing localized disease with any metastatic 
disease revealed that the NETest level was significantly 
elevated in patients with metastases (40 ± 2.6, p = 0.0002).

We next evaluated individual sites. In the case of 
PNENs, 17 were localized, 11 had regional metastases, 
and 30 exhibited distant metastases. NETest levels were 
similar in these 3 stages (36.9 ± 4.8, 39.4 ± 6, and 44.4 ± 
5, respectively, p = 0.84). In SINENs, NETest levels in re-
gional (n = 11, 36 ± 7) and distant metastatic (n = 32, 37 
± 4.6) disease were similar (p = 0.8). In DNENs, NETest 
levels were significantly higher in regional (n = 5, 54.7 ± 
10.4) than localized (n = 5, 25 ± 4, p = 0.032) disease. In 
RNENs, NETest levels in distant metastases were higher 
(n = 6, 37.7 ± 7.8) than in localized disease (n = 21, 14.9 ± 
2.1, p = 0.0015), and there was only 1 patient with region-
al metastasis (NETest 26.7%). 
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Fig. 3. Comparison of NETest levels in GEPNENs between stage and grade. a GEPNENs: NETest levels were sig-
nificantly different between L, mR, and mD disease (KW statistic 14.6, p = 0.0007). b Significant differences were 
identified in NETest levels based on grade (KW statistic 8.7, p = 0.013) and especially between grade 1 (G1) and 
G2 tumors (p < 0.02). NETest ULN: 20%. Mean ± SEM. G3 (n = 7): 4 well-differentiated (3 PNENs and 1 GNET 
type 3), and 3 poorly differentiated PNENs. GNET, gastric neuroendocrine tumor; L, localized; mR, regional 
metastatic; mD, distant metastatic. 
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Grade
We first evaluated the cohort as a group (n = 164), as-

signing patients a disease grade (G) of G1 (n = 106), G2 
(n = 49), G3 (n = 7; 4 well-differentiated NETs [3 PNENs 
and 1 GNEN type 3] and 3 poorly differentiated PNENs), 
or no data (n = 2; one received diagnosis in 1997 and the 
other had tumor biopsy material that was nonevaluable 
for grading). The Kruskal-Wallis analysis with Dunn’s 
correction identified significant differences in NETest 
levels between the grades (Kruskal-Wallis statistic 8.7,  
p = 0.013). Specifically, G2 disease (39 ± 3.2, p = 0.019) 
had significantly higher NETest scores than G1 disease 
(32 ± 2.2; Fig. 3b). There were too few G3 samples for an 
accurate statistical analysis, but levels were the highest  
(44 ± 9).

We next evaluated individual sites. For PNENs, NE-
Test levels in G1 (40 ± 6) and G2 (42 ± 4.4) disease were 
similar (p = 0.39). This may have reflected the aggressive 
biology of well-differentiated PNENs irrespective of 
grade. For SINENs, there was no significant difference 
between G1 (39.8 ± 4.8) and G2 (28.5 ± 5, p = 0.35), but 
numbers were low. There were also insufficient numbers 
in the other subcohorts (DNENs, GNENs, and RNENs) 
for formal statistical analyses.

Diagnostic Utility in BPC and Poorly Differentiated 
Lung NENs
NETest levels in all BPC (IPD and IND; 27 ± 1) were 

significantly higher than in controls (7 ± 0.5, p < 0.0001). 
Twenty-eight (14 TC and 14 AC) BPC were identified as 
IPD and 21 (16 TC and 5 AC) as IND. NETest levels in 
IPD (30 ± 1.3) were significantly higher than in NED cas-
es (24.1 ± 1.3, p = 0.0049) and controls (7 ± 0.5, p < 0.0001; 
Fig. 4a, online suppl. Table 1).

NETest was positive in significantly more DP BPC 
(28/28) than in controls (5/86; χ2 = 87, p < 0.0001). The 
AUROC for differentiating DP BPC from controls was 
0.99 (95% CI 0.95–0.99; p < 0.0001; Fig. 4b). The sensitiv-
ity for detecting IPD compared to controls was 100% and 
the specificity was 94%. In the IND BPC group, 19/21 
were NETest-positive (online suppl. Table 1). The AU-
ROC for differentiating these patients from DP patients 
was 0.72 (95% CI 0.6–0.84; p = 0.0012).

In the poorly differentiated lung tumor group, all 15 
poorly differentiated NENs (SCLC, n = 11; LCNEC, n = 
4), were NETest-positive. Levels were significantly higher 
(59 ± 7) than in controls (7 ± 0.5, p < 0.0001). NETest ac-
curacy for the poorly differentiated NEN group was 95%, 
with a sensitivity of 100% and a specificity of 94%. The 
AUROC was 0.99 (p < 0.0001).
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Fig. 4. NETest levels in BPC. a NETest levels in disease-positive (DP) BPC (n = 28) vs. BPC with no evidence of 
disease (NED) and controls. KW statistic 90.3, p < 0.0001. NETest ULN: 20%. Mean ± SEM. b The AUROC for 
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Analysis of Lung Neuroendocrine Neoplasms by Stage 
and Grade 
Stage
There were 43 BPNENs with IPD (28 BPC, 4 LCNECs, 

and 11 SCLCs). In this group, levels between stages were 
not different (p = 0.5; Fig. 5a; localized 39 ± 6.5 [n = 13: 
10 BPC, 1 LCNECs, and 2 SCLCs]; regional metastatic 37 
± 5 [n = 14: 10 BPC, 1 LCNEC, and 3 SCLCs]; distant 
metastatic 43 ± 6 [n = 16: 8 BPC, 2 LCNECs, and 6 
SCLCs]). In the localized group, the 2 highest NETest 
scores of 93 and 87 were in progressive SCLCs. A sub-
analysis identified no differences between stages for ei-
ther TC (p = 0.25) or AC (p = 0.86). 

Grade
We compared the 28 BPC with IPD (TC/AC) and  

the 15 poorly differentiated/high-grade neoplasms (4 
LCNECs and 11 SCLCs). A significant difference in 
NETest levels was noted between 14 TC cases (30 ± 1.7), 
14 AC cases (30 ± 2), 11 SCLC cases (56 ± 8), and 4 
LCNEC cases (68 ± 16.5) (Kruskal-Wallis statistic 11.5, 
p = 0.009; Fig.  5b). Moreover, comparing BPC as a 
group (30 ± 1.3; n = 28) with LCNEC and SCLC re-
vealed significantly elevated NETest levels in the poor-
ly differentiated cohort (59 ± 7; p = 0.0005, Mann-
Whitney U test; n = 15).
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Fig. 5. Comparison of NETest levels in lung NENs by disease stage 
and grade. a NETest levels were not different between L, mR, and 
mD disease (p < 0.05). # In the localized group, the 2 highest NE-
Test scores (93 and 87) were in progressive SCLCs. b NETest levels 
were significantly (p = 0.0005) higher in poorly differentiated BP-
NENs (LCNEC, n = 4, and SCLC, n = 11, 59 ± 7) than in well-dif-

ferentiated BPC (TC, n = 14, and AC, n = 14; 30 ± 1). NETest ULN: 
20%. Mean ± SEM. TC, typical carcinoid; AC, atypical carcinoid; 
LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell 
lung cancer; L, localized; mR, regional metastatic; mD, distant 
metastatic.
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Fig. 6. Comparison of NETest levels in lung NENs versus malig-
nant and nonmalignant lung diseases. NETest levels in NEN were 
significantly elevated compared to in NSCLC, COPD, and IPF. 
KW statistic 38, p < 0.0001. NETest ULN: 20%. Mean ± SEM.  
* p < 0.0001 versus other malignant and nonmalignant diseases.  
# p = 0.0004 vs. other lung diseases. BPNEN, bronchopulmonary 
neuroendocrine neoplasm; NSCLC, non-small-cell lung cancer; 
COPD, chronic obstructive pulmonary disease; IPF, interstitial 
pulmonary fibrosis.
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NENs versus NSCLCs and Benign Diseases
We then compared NETest levels in BPNENs with 

IPD (n = 43; 28 BPC, 11 SCLC, 4 LCNEC) and other non-
neuroendocrine lung cancers (NSCLC, n = 63), and be-
nign lung diseases (COPD [n = 9] and IPF [n = 50]). 
BPNEN NETest levels (40 ± 3) were significantly higher 
than in NSCLCs (17 ± 3, p < 0.0001) and benign lung dis-

eases (COPD: 12 ± 5, p = 0.0004; IPF: 18 ± 4, p < 0.0001; 
Fig. 6). All BPNENs were NETest-positive (100%) com-
pared to 41% of NSCLCs (26/63), 33% of COPD cases 
(3/9), and 36% of IPF cases (18/50). The NETest was sig-
nificantly more accurate for BPNEN than other benign 
and malignant lung pathologies (χ2 = 28.5–42; p < 0.0001). 

NETest Levels in Stable versus Progressive Disease
In the GEPNENs with IPD (n = 135), 109 were stable and 

26 were progressive (RECIST v1.1).  NETest levels for pro-
gressive disease (55 ± 5.5) were higher than in stable disease 
(33.6 ± 2, p = 0.0005; Fig. 7a). In the BPNEN cohort, 27 were 
stable while 16 were progressive (4 BPC, 3 LCNECs, and 9 
SCLCs). Levels were elevated in progressive (57.8 ± 7) com-
pared to stable (29.4 ± 1, p < 0.0001) disease (Fig. 7b). 

Comparing the Diagnostic Accuracy of NETest and  
CgA Measurement in GEPNENs and BPNENs with  
IPD
GEPNENs
NETest and CgA data are included in online supple-

mentary Tables 1 and 2 and in Figure 8. The NETest ac-
curately identified 99% of GEPNENs with IPD (133/135), 
while CgA was only positive in 37% (50/135). NETest di-
agnostic accuracy for detecting IPD compared to controls 
was 97%, sensitivity was 99%, and specificity was 94%. In 
the CgA analysis, the diagnostic accuracy, sensitivity and 
specificity were 53, 37, and 96%, respectively. The McNe-
mar analysis identified significantly better performance 
by the NETest than CgA measurement (χ2 = 87, p < 
0.0001; online suppl. Table 3). 

Lung NENs
The NETest accurately identified NENs with IPD in 

100% of the patients, while CgA was positive in only 26% 
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Fig. 7. NETest levels in stable versus pro-
gressive disease as radiologically (RECIST 
v1.1) assessed. a In GEPNENs (n = 135) 
NETest levels were significantly higher (p = 
0.0005) in subjects with progressive disease 
(PD) than in those with stable disease (SD). 
b In BPNENs (n = 43), NETest levels were 
significantly higher (p < 0.0001) in PD than 
SD. NETest ULN: 20%. Mean ± SEM.
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analysis) in both GEPNENs (n = 135) and BPNENs (n = 43).
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(11/43; Fig.  8). NETest diagnostic accuracy, sensitivity, 
and specificity for detecting lung NENs compared to con-
trols was 96, 100, and 94%, respectively. For CgA, the di-
agnostic accuracy, sensitivity, and specificity were 64, 25, 
and 96%, respectively. The McNemar analysis identified 
a significantly better performance for the NETest than for 
CgA measurement (χ2 = 30, p < 0.0001; online suppl. Ta-
ble 3). 

Discussion

Over 2 years, we undertook a large-scale evaluation of 
the NETest in 563 subjects including 318 with either GE-
PNEN or BPNEN, 100 with other cancers, 86 controls, 
and 59 subjects with nonmalignant diseases. Our data 
demonstrate that the NETest is an effective diagnostic for 
both GEPNEN and BPNEN with an accuracy of > 90%. 
Furthermore, we identified that a positive NETest score 
(≥20) was significantly associated (86–100%) with the de-
tection of disease using either standard imaging modali-
ties or positive histology. It was evident that NETest score 
correlated with grade and disease extent in GEPNENs, 
and with grade in BPNENs. Of particular note was the 
observation that NETest levels correlated with disease 
progression (RECIST v1.1) as identified by imaging. Fi-
nally, in a matched sample analysis of 178 GEPNEN (n = 
135) and BPNEN (n = 43) patients with IPD, we deter-
mined that the NETest was significantly more accurate 
than CgA measurement (99 vs. 34%, respectively) in di-
agnosing NENs.

The strengths of our study include the large number of 
patients enrolled at a single center, and the availability of 
imaging and surgical histology data for all patients. In ad-
dition, we were able to correlate clinical data with blood 
biomarker data. Furthermore, the study included other 
cancers and nonmalignant diseases as comparators for 
the substantial cohorts of GEP- and BP-derived tumors.

Our study does have some limitations. These include 
the relatively low numbers of DNENs, ANENs, and 
LCNECs, the incomplete functional imaging data on all 
patients, the absence of a centralized review of histology, 
and a paucity of G3 neoplasia. Nevertheless, these groups 
are rare even within an uncommon tumor type and did 
not influence the conclusions for the 2 main groups, GE-
PNEN and BPC, while the histological diagnosis was re-
viewed by an expert pathologist in every NEN patient. As 
we undertook a “real-world”, single-center study, central-
ized histological review and functional imaging at every 
blood collection were not feasible. An ENETS CoE is, we 

feel, able to provide a fair assessment of “real-life” patient 
management. The majority of tumors were G1/G2, and 
we plan to evaluate the NETest in G3 NENs in a separate 
study. 

GEPNENs
Our evaluation of the NETest in GEPNENs (n = 253) 

found the assay to be accurate (91%) and have a high sen-
sitivity (89%) and specificity (94%) for detecting NETs 
compared to 86 controls. This is consistent with previous 
observations in a similarly large case-control study by van 
Treijen et al. [29]. In their study of 140 GEPNETs and 113 
controls, they identified an overall accuracy of 81%, with 
a sensitivity and specificity of 89 and 72%, respectively. 
The 2 studies have similar accuracy and sensitivity, con-
sistent with the NETest accurately diagnosing GEPNENs. 
These data were confirmed in a recently published meta-
analysis by Oberg et al. [33] that reported an overall diag-
nostic accuracy of 95–96%.

We also evaluated the utility of the NETest in individu-
als with and without macroscopic and microscopic evi-
dence of disease. Our findings demonstrated that the NE-
Test had high accuracy (86%, AUC 0.87) for differentiating 
disease from NED. Separating tumors according to the or-
gan of origin identified elevated NETest levels in DP pan-
creatic, small bowel, gastric, and rectal NENs. Seventeen 
samples were considered NED but had positive NETest 
scores. Three of 25 (12%) PNENs with NED were NETest-
positive. These were all untreated after surgery; 1 was a G2, 
2 were G1, and 2 of the 3 were large tumors (T3 and T4, 
respectively), while 1 had a history of lymph node metasta-
ses. Two SINENs with NED were NETest-positive; both 
were untreated after surgery and 1 was a T3 tumor. Eight 
GNENs with NED were NETest-positive. This may have 
reflected the fact that 5 were G2, 1 was G3, and 1 had a his-
tory of lymph node metastasis. Of note, no RNENs with 
NED were NETest-positive. We identified that 3 ANENs 
were NETest-positive; 2 patients had G2 tumors and only 
1 had had a right hemicolectomy. In addition, 1 duodenal 
NEN was NED but was NETest-positive. This was a T3 tu-
mor with a Ki-67 level of 60% and currently remains un-
treated. Overall, we consider that the most likely explana-
tion for the positive scores in these 17 individuals was re-
sidual disease not yet identifiable on imaging. Previous 
reports have documented that image identification of dis-
ease may lag 1–2 years behind NETest identification [34, 
40]. We are currently closely following up these patients to 
facilitate assessment of the disease recurrence.

The lower overall accuracy for NED (80%) reflects the 
preponderance of positive NETest scores in GNENs. 
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These lesions are well known to exhibit widespread gas-
tric mucosal neuroendocrine cell transformation before 
manifesting as focal nodularity or tumors [50]. Subjects 
would therefore be anticipated to be NETest-positive, ir-
respective of tumor removal, given the fact that type I/II 
gastric carcinoids represent an enterochromaffin-like 
(ECL) cell transformation field defect in the parietal cell 
mucosa [50]. The NETest therefore detects molecular ev-
idence of ECL cell neoplastic transformation not identifi-
able on endoscopy, imaging, or random biopsy. Indeed, 
this recapitulates what is known about the natural history 
of this disease.

We separately examined NETest scores in colon can-
cer. Typically, scores were low (18 ± 4, below the upper 
limit of normal of 20) but we did identify that 17 (46%) 
were NETest-positive. This probably represents the fact 
that neuroendocrine differentiation in colon cancer is not 
uncommon. For example, Ogimi et al. [51] histologically 
evaluated 354 curatively resected cases of stage II/III co-
lon cancer and 36 cases of rectal cancer for NET markers 
and identified CgA immunopositivity in 72 cases (18.4%). 
In this study, well-differentiated and moderately differ-
entiated tumors were CgA-positive (20 and 18.7%, re-
spectively). This suggests that neuroendocrine differen-
tiation is a common feature of colon cancer and is consis-
tent with our detection of a neuroendocrine signature in 
the blood. The higher level in our study presumably re-
flected the greater sensitivity of molecular detection of 
neuroendocrine transcripts than that achievable with im-
munohistochemistry. Moreover, recent evidence from 
sequencing data indicates that, although NETs can arise 
de novo, tumors with neuroendocrine features can also 
develop as a result of lineage plasticity in response to the 
alteration in mechanistic molecular-dependencies in-
duced by targeted therapies [52]. This has been described 
in detail in prostate neoplasia [53]. Two of the 17 cases of 
NETest-positive colon cancer had undergone chemo-
therapy. Five (29%) of the 17 NETest-positive cases ex-
hibited a score > 40 which is consistent with progressive 
neuroendocrine disease [39, 33]. While we were unable to 
reevaluate the histology of these samples for neuroendo-
crine features, we consider that these tumors may have a 
neuroendocrine phenotype and will closely evaluate their 
response to standard therapy. We anticipate that those 
with a high NETest level will likely experience treatment 
failure.

In other studies [29, 39] no relationship was identified 
between NETest scores and disease extent (localized vs. 
metastatic) in GEPNENs. In the study by van Treijen et 
al. [29], 94% of subjects had distant metastases; 96% had 

stage IV disease in the study by Liu et al. [39]. These re-
ports led to concerns as to whether the NETest identified 
metastatic spread [54]. In our GEPNEN cohort, 68 had 
localized tumors, 28 had regional metastases, and 68 ex-
hibited distant metastases. This allowed us to examine in 
more detail whether a NETest score might correlate with 
disease extent. We noted that the NETest level was sig-
nificantly elevated (p = 0.0002) in those with any meta-
static disease compared to localized disease, and thus 
conclude that our study has confirmed that there is in-
deed a relationship with metastatic disease. We note that 
there was no difference in scores between regional and 
distant metastatic disease. This suggests to us that the NE-
Test is detecting aggressive (malignant and metastatic) 
disease, or that histopathology may not detect disease at 
sites not evident on imaging and therefore not sampled. 
We predict that, given its sensitivity, a blood-based mo-
lecular test would identify such covert metastasis [11, 55]. 
We identified that 25/96 (26%) subjects with metastases 
had progressive disease whereas only 2/39 (5%) subjects 
with localized disease were clinically regarded as having 
progressive disease (Fisher’s test, p < 0.0045). In addition, 
we noted that PNENs, irrespective of disease extent, ex-
hibited elevated scores. We interpret this to reflect the 
previously well-described more malignant nature of pan-
creatic NEN disease [56]. The elevated scores may there-
fore be consistent with disease progression but also the 
fact that molecular measurements of the various omic 
clusters (that constitute the hallmarks of neoplasia) iden-
tify the mechanistic oncogenic drivers that provide the 
basis for the increased intrinsic malignancy of pancreatic 
NEN disease. 

One other measure of malignancy is grade. Previous 
studies [29, 39], have not identified a relationship be-
tween NETest scores and grade in GEPNENs and this has 
been of concern when using the liquid biopsy approach 
[54]. In van Treijen et al. [29], 99% of subjects were low/
intermediate grade; Liu et al. [39] had a similar finding of 
96%. We specifically evaluated the relationship between 
grade and NETest score in our cohort. There were 106 G1 
subjects (65%), 49 G2 subjects (30%) and 7 G3 subjects 
(4%) (4 NETs and 3 poorly differentiated PNENs). The 
NETest was significantly higher in G2 (39 ± 3.2) than G1 
(32 ± 2.2, p < 0.02) disease, providing a basis for the con-
sideration that the NETest is linked to disease grade. The 
correlation with grade in our study likely reflects the rela-
tive homogeneity of these 2 groups; 87% (68/78) of G1 
tumors and 73% (35/48) of G2 tumors were stable. In the 
7 patients with high-grade disease, the numbers were in-
adequate for viable statistical analysis. We did, however, 
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note that the highest NETest was detected in the high-
grade cohort (44 ± 9). 

A relationship with disease “activity” was further con-
firmed by the identification that NETest scores were sig-
nificantly elevated (p = 0.0005) in those with clinically 
significant or progressive disease. These observations 
confirm those in smaller-scale studies that identified that 
the NETest is a marker of disease status [33, 39, 40]. They 
also extend the value of the proposal that the NETest is a 
marker of grade and metastatic spread. We anticipate that 
larger-scale studies addressing these specific questions 
will likely shed more light on this issue. It does, however, 
seem likely that a multigene analysis to evaluate the dif-
ferent omic clusters that constitute malignancy would 
identify specific tumors that have a propensity for rapid 
or slow growth. This is likely the basis for previous retro-
spective clinical observations that some tumors are indo-
lent and others are aggressive [56, 57].

Some centers (including ours) continue to use CgA for 
NET assessment, although diminished enthusiasm for 
this practice has been expressed in both the ENETS and 
NANETS guidelines [58, 59]. We therefore compared its 
diagnostic utility with the NETest. In a head-to-head 
study of 135 matched blood samples, we identified that 
the NETest was significantly more accurate (p < 0.0001) 
than CgA measurement for the diagnosis of a GEPNEN. 
In patients with any disease (macroscopic or microscop-
ic), both the NETest and CgA were positive in 51 (31%) 
and negative in 15 (9%), the latter including 14 RNENs 
with R1 disease. The NETest was also positive in 95 (58%; 
all CgA-negative) while CgA was only positive in 2 (1%). 
We have interpreted these data to explicitly demonstrate 
that the NETest functions significantly better than CgA 
positivity for detecting GEPNEN disease. Of interest was 
the low utility of both markers in the identification of im-
age-negative but R1 RNENs. This may reflect that there 
are insufficient tumor cells or that they have a very low 
activity and cannot be determined by the assays. This hy-
pothesis is consistent with the indolent biology common 
in low-grade, localized RNENs. It seems likely that RN-
ENs comprise more than one type of disease, much like 
gastric carcinoids. In many cases, they may be the equiv-
alent of type I gastric carcinoids and do not exhibit the 
behavior of classic neoplasia or the field transformation 
in the ECL cells evident in the adjacent gastric mucosa 
[60].

BPNENs
Separately, we evaluated the NETest in BPNENs and 

in other neoplastic and benign disorders of the lung. We 

separated the BPNEN cohort into BPC and poorly differ-
entiated NENs (SCLC and LCNEC). First, we identified 
that the assay was accurate (96%) and had a high sensitiv-
ity (100%) and specificity (94%) for detecting BPC com-
pared to controls. This is consistent with previous obser-
vations by Filosso et al. [37]. In their study of 118 BPC and 
90 controls, they identified an overall accuracy of 95%, a 
sensitivity of 93%, and a specificity of 97%. In our study, 
levels in BPC were elevated in patients with proven dis-
ease (30 ± 1.3). We also evaluated 15 other lung NENs (11 
SCLCs and 4 LCNECs) and identified that all were NE-
Test-positive with a score of 59 ± 7. Filosso et al. [37] 
identified the NETest to be positive in 10 (77%) of 13 
SCLC/LCNECs. In our study, the NETest accurately dif-
ferentiated SCLC/LCNECs from controls (accuracy 95%, 
sensitivity 100%, and specificity 94%). This indicates that 
the NETest could be used not only to diagnose BPC but 
also SCLCs and LCNECs. Overall, we identified the NE-
Test to be positive in 43/43 lung NENs (BPC/SCLCs/
LCNECs), consistent with it accurately detecting lung 
neuroendocrine disease.

Separately, we examined NETest scores in other lung 
diseases. Our data identified that the NETest was positive 
in 33–36% of benign lung diseases (IPF and COPD) but 
had a low expression (12 ± 5 and 18 ± 4, respectively). 
This is consistent with the report by Filosso et al. [37] and 
confirms that low-level neuroendocrine gene upregula-
tion may be a feature of lung diseases. Indeed, an increase 
in neuroendocrine cell proliferation has been reported in 
DIPNECH, which, as an entity, is now considered a sub-
set of peripheral carcinoid tumors with a low malignant 
potential [61]. 

Our finding that 41% of NSCLCs were NETest-posi-
tive provide support for the supposition that lung neopla-
sia is associated with neuroendocrine cell proliferation or 
the presence of a neuroendocrine genotype in the evolu-
tion of certain kinds of cancer, as has been noted for a 
number of other cancers (of the prostate, lung, breast, 
etc.) [62]. Earlier reports identified NETest positivity in 
25/68 (37%) of NSCLCs evaluated [37], consistent with 
data from a large multicenter NIH study of 10,224 tumors 
undertaken by Chen et al. [63]. They demonstrated that 
31% of all lung ACCs were NETest-positive, i.e., the NE-
Test levels and expression of other neuroendocrine 
mRNAs (e.g., CgA and TPH) were high in tumor tissue 
samples. This was confirmed in a separate genomic study 
by the same authors in which they reported that 22% of 
lung ACCs and SCCs shared molecular features with 
NETs and co-clustered with LCNECs [64]. This particu-
lar class of NSCLC shared histological features with 
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LCNECs and was the most undifferentiated of the lung 
cancers evaluated [64]. Six of the NSCLC patients had a 
high NETest level (i.e., > 40). We presume that this re-
flected either a conversion to a neuroendocrine pheno-
type (2 had undergone chemotherapy which has recently 
been identified as being associated with therapeutic resis-
tance in NSCLC [62, 65]), or reflected the underlying bi-
ology of these particular lesions. 

We separately examined the relationship between NE-
Test levels and grade and were able to identify a correla-
tion. Specifically, levels were significantly higher (p = 
0.0005) in SCLC/LCNECs than in well-differentiated 
BPC (no differences between AC and TC, as previously 
determined [37]). When we evaluated disease status, we 
identified that progressive disease was indeed associated 
with a higher NETest score (p = 0.0005) for BPNENs. We 
interpreted this to reflect that the NETest functions as a 
marker of clinical status. This confirms earlier observa-
tions [37]. We next evaluated the relationship between 
the NETest and disease stage (localized vs. regional meta-
static and distant metastatic disease) in a combined co-
hort of well-differentiated carcinoids and highly aggres-
sive LCNECs and SCLCs. No differences were identified 
in the subgroups (p = 0.5), presumably reflecting the het-
erogeneity in the small groups which contained patients 
with poorly differentiated tumors (3/13, 4/14, and 8/16, 
respectively) as well as individuals with progressive dis-
ease (2/13, 4/14, 10/16, respectively). Overall, the lung 
NETest data are broadly comparable to the clinical utility 
evident in GEPNENs and provide evidence that the NE-
Test is a marker of grade and clinical status for BPNENs.

Finally, although CgA is considered ineffective as a 
biomarker in BPNENs [5] and recent studies and meta-
analyses [17] have confirmed its lack of utility, we had the 
opportunity to evaluate whether it was as effective as the 
NETest. Of the 43 BPNEN patients, all were NETest-pos-
itive; however, only 11 (26%) were CgA-positive. Our re-
sults confirm previous observations that CgA measure-
ments are ineffective in lung NENs [5, 17] and that the 
NETest is significantly more effective than CgA positivity 
as a diagnostic for lung NENs [37]. 

Conclusions

Our work validates previous reports that the NETest is 
a useful clinical biomarker for GEPNENs and BPNENs 
(diagnosis and disease status identification). This is con-
sistent with added accuracy provided by a multigene bio-
marker assay compared to a monoanalyte such as CgA. 

The data support the utility of the NETest as a tool to fa-
cilitate clinical management [33]. As a diagnostic, the 
NETest exhibits metrics consistent with the criteria pro-
posed by the NIH for being an optimal biomarker [66]. 
NETest levels correlate with anatomical and functional 
imaging detection of disease and the assay is also effective 
in the detection of microscopic disease. The NETest 
scores correlated with grade, disease extent, and clinical-
ly progressive disease. In contrast, CgA measurement had 
no diagnostic or management utility. 

Overall, our study demonstrated that this multigene 
liquid biopsy for neuroendocrine disease has excellent 
metrics, provides real-time noninvasive assessment, and 
exhibits multilevel correlation with tumor biology. We 
conclude that the NETest biomarker is an effective diag-
nostic, will facilitate clinical management, and be of sig-
nificant clinical utility. In contrast, our analysis found 
CgA to not be effective as a biomarker, consistent with 
other reports available in the literature. Based on our ex-
perience, we believe that the NETest will play an impor-
tant role in NET management and be included in man-
agement strategies for these neoplasms. We anticipate 
that the assay will be used initially at diagnosis to estab-
lish the level of aggression of disease and provide the 
baseline for further comparisons, and thereafter at stan-
dard oncological intervals or at follow-up assessment 
(based on the individualized patient program) to evalu-
ate disease progress and treatment efficacy. This will al-
low for further accumulation of considerable experience 
with the NETest, facilitate the timely detection of disease 
progression/recurrence, the development of early inter-
vention protocols, and the overall optimization of NET 
management. 
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