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Background: The lack of an accurate blood biomarker in neuroendocrine tumor (NET) disease has hindered
management. The advance of genomic medicine and the development of molecular biomarkers has provided a
strategydliquid biopsydto facilitate real-time management. We reviewed the role of a blood mRNA-based NET
biomarker, the NETest, as an in vitro diagnostic (IVD).
Patients and methods: A systematic review of the literature using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines was undertaken. The methodological quality was evaluated using the QUADAS2 tool. We identiﬁed ten original scientiﬁc papers that met the inclusion criteria. These were assessed by qualitative
analysis and thereafter meta-analysis. Data were pooled and a median [95% conﬁdence interval (CI)] diagnostic
odds ratio (DOR), positive likelihood ratio (þLR), and negative likelihood ratio (LR) were calculated. For the metaanalysis, a generic inverse variance method was undertaken using the accuracy and area under the curve (AUC) data.
Results: The ten studies exhibited moderate to high methodological quality. They evaluated NETest usage both as
a diagnostic and as a monitoring tool. The meta-analysis identiﬁed the diagnostic accuracy of the NETest to be
95%e96% with a mean DOR of 5 853, þLR of 195, and LR of 0.06. The NETest was 84.5%e85.5% accurate
in differentiating stable disease from progressive disease. As a marker of natural history, the accuracy was
91.5%e97.8%. As an interventional/response biomarker, the accuracy was 93.7%e97.4%. The pooled AUC for
the NETest was 0.954  0.005, with a z-statistic of 175.06 (P < 0.001).
Conclusions: The NETest is an accurate biomarker suitable for clinical use in NET disease management. The metaanalysis supports the utility of the NETest as an IVD to establish a diagnosis and monitor therapeutic efﬁcacy. The
use of this as a biomarker provides information relevant to NET management consistent with observations regarding
utility of liquid biopsies in other oncological disciplines.
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INTRODUCTION
A major factor in facilitating the management of disease is
the ability to understand, on a real-time basis, its natural
course and the effect of therapy upon it.1 The three key
methods for assessing disease status are clinical assessment, imaging, and biomarkers.1e3 A clinical review has
signiﬁcant accuracy limitations and is often only effective
once changes are substantial. Imaging is complex, requires
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sophisticated technology, and often fails to detect early
changes in disease status. Furthermore, imaging involves
repetitive exposure to radiation and can be costly. Both
clinical and imaging strategies require subjective interpretation, are operator-dependent, and have high intraobserver variability.4 Blood biomarkers are simpler to
evaluate since measurements are objective and information
can be acquired on a real-time basis by the relatively
innocuous process of venipuncture.1e3 The latter is substantially different from tissue biomarker assessment, which
represents a one-time invasive random evaluation of disease status in tumors that are often heterogeneous.5,6 In
the evolving landscape of scientiﬁc advances that offer
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powerful tools to facilitate disease management, the
development of molecular biomarkers and the application
of genomic medicine, for example multianalyte blood biomarkers to neuroendocrine tumor (NET) disease, will
represent a major advance likely to substantially improve its
clinical management.5,7
In general, biomarkers encompass all tools and technologies that facilitate the prediction and diagnosis of disease
and assess progression, regression, and treatment outcome.
Information can be derived from but not limited to tissue,
body ﬂuids, and imaging.8 While most biomarkers represent
the cell surface or secreted proteins, discovery pipelines
now focus on molecular (genetic/RNA) targets that provide
multilevel data that deﬁne cell behavior.9
The US National Cancer Institute convened a NET summit
meeting in 2007 to prioritize key research areas and clinical
issues necessary to advance the ﬁeld.10 Of the ten recommendations, one was to develop tumor and plasma markers
to facilitate early diagnosis and augment information
necessary to monitor disease management.10 The extended
delay, typically several years, associated with a NET diagnosis11 limits treatment effectiveness since tumor burden is
often advanced. In addition, the absence of sensitive and
speciﬁc biomarkers results in the inaccurate monitoring of
disease progression and the imprecise evaluation of treatment responses.12 This principally reﬂects the overreliance
on monoanalyte biomarkers that deﬁne cell/tumor secretory activity and provide minimal information about the
metabolic, proliferative, and metastatic components that
are critical regulators of tumor evolution.
The National Institute of Health (NIH) has classiﬁed biomarkers into three broad categories based on validation and
clinical usage.13 This comprises type 0 markers, ‘indicators
of the natural history of disease’, which correlate with
diagnosis, prognosis, and outcome; their relationship with
disease can be indirect. Type I ‘capture the effects of an
intervention in accordance with the mechanism of action of
the drug’ and reﬂects the general efﬁcacy of treatment
through linkage to the speciﬁc mechanism being exploited.
Type II markers are used as surrogates for clinical endpoints,
the term reﬂecting patient health, functionality, or survival.
A blood-based multianalyte gene transcript (mRNA)
biomarker developed for NETs is the in vitro diagnostic (IVD)
NETest (supplementary material and supplementary
Figure S1, available at Annals of Oncology online).14,15 Per
the Food and Drug Administration (FDA) deﬁnition, an IVD
is any ‘reagent, instrument, and/or system intended for use
in diagnosis of disease or other conditions, including a
determination of the state of health, in order to cure,
mitigate, treat, or prevent disease or its sequelae.’16 The
multigene assay was designed speciﬁcally for NET disease
and proposed as a multianalyte algorithmic biomarker tool
for gastroenteropancreatic (GEP) and bronchopulmonary
NET management. Its principal clinical utility is to monitor
disease progress and assess prognosis.7 It therefore functions both as type 0 and type II biomarkers. Early studies
provided a score between 0 and 814,17,18 with a prediction
of whether a sample was a NET or not. Thereafter, the
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machine-learned output was ampliﬁed by inclusion of information from speciﬁc gene clusters or ‘omes’ proposed as
hallmarks of NET cancer.15,19 This quotient provides a score
between 0 and 100 that is segregated into broad clinically
relevant categories of normal, low, and high risk.15 The
category risk assignment was derived empirically from
clinical databases of patients with variable progression
status.7,15
The genomic validity of this transcriptome-based algorithm-analyzed assay has been independently conﬁrmed in
a multi-center NIH-funded study.20 The gene expression
proﬁles of 10 244 tumors encompassing 32 different types
of neoplasia, including NETs, and normal samples from The
Cancer Genome Atlas database were evaluated.20 The results identiﬁed that the NETest gene signature accurately
captured the NET genotype.20 The same study demonstrated the gene expression proﬁle was not detectable in
hematologic-derived cells, particularly ‘white blood cells’,
which constitute the predominant source of blood-derived
mRNA. Any detectable circulating levels therefore must be
derived from the tumor.
Public domain assessment of the assay and its use as
an IVD is supported by a substantial body of
literature.5,14,15,17,18 Despite positive academic assessment
and numerous peer-reviewed publications, adoption of the
assay by the neuroendocrine oncological community has
been slow. Although numerous published studies demonstrate superiority over monoanalyte biomarkers [Chromogranin A (CgA)], the NETest has not yet been included in
society guidelines, which remains controversial given the
clear scientiﬁc evidence of its superiority. Obviously the NET
ﬁeld requires the best available tools to optimize the
management of patients.
In 2014, a state-of-the-art Delphic conference with a
focus on the status of NET biomarkers identiﬁed that
‘circulating multianalyte biomarkers provide the highest
sensitivity and speciﬁcity necessary for minimum disease
detection and that this type of biomarker had sufﬁcient
information to predict treatment effectiveness and prognosis’, and concluded that ‘trials measuring multianalytes
(e.g. neuroendocrine gene transcripts) should also identify
how such information can optimize the management of
patients with neuroendocrine tumours’.1 We reviewed the
literature in the 5 years since this meeting to investigate
whether these initial considerations about the NETest
have been borne out by clinical usage. The overall aim was
to determine if current biomarkers should be replaced
with the NETest to advance the management of NET
patients.
METHODS
A systematic review of the literature based on the recommendations of systematic reviews and meta-analyses outlined by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)21 and by the
Cochrane Diagnostic Test Accuracy Working Group22 was
undertaken (May 2019) using the term ‘NETest’. No other
https://doi.org/10.1016/j.annonc.2019.11.003
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Screening

Idenﬁcaon

terms were utilized as we focused only on assays thus
named. Ovid, Medline (PubMed.gov), and Embase were
evaluated. The search was undertaken without any ﬁlter. No
language restriction was applied. The reference lists of the
included manuscripts were also reviewed to ensure all the
relevant studies were enrolled.
Twenty-three studies, of which 10 had appropriate
NETest data for evaluation, were identiﬁed (Figure 1,
Table 1). Samples included both GEP- and bronchopulmonary NETs and sample sizes of the individual studies ranged
from 19 to 253 patients (supplementary Table S1, available
at Annals of Oncology online). All studies included sufﬁcient data to determine accuracy, sensitivity, and speciﬁcity
and absolute numbers (true positive, false positive, true
negative, and false negative) were reported or derivable
from the published material. The methodological quality of

Inclusion criteria. Qualitave and quantave synthesis:
NETest biomarker. Studies which included the NETest as an
in vitro diagnosc biomarker for the management of
neuroendocrine tumors/neoplasia
 records idenﬁed through PubMed search
( May ) using the term “NETest”. No records
were idenﬁed using Embase or Ovid ( May )

 duplicates removed

 records screened

 full text arcles assessed for eligibility

Eligibility

 records excluded
 case report
insuﬃcient data for analyses
 review arcles
 non-NET paper

 eligible studies

 eligible studies had reference list checked
 addional studies were idenﬁed

Included

 studies included in qualitave synthesis
 registry study
gastroenteropancreac NETS
bronchopulmonary NETs

 aggregate NETest evaluaons included in quantave
synthesis (meta-analysis)
diagnosc
disease status
 type  biomarker
type II biomarker

Figure 1. PRISMA ﬂow diagram.
a
This included two surgical studies63,64 and three studies that did not use the
NETest 0e100 score.17,47,52
b
This study focused on paragangliomas and pheochromocytomas.
c
One study focused on the NETest in bronchopulmonary NETs, the second
included an abstract30 presented as ASCO-GI, January 2019.
d
One study36 included patients with both gastroenteropancreatic and bronchopulmonary NETs.
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each of the studies was evaluated using the QUADAS-2
tool23; all 10 were identiﬁed to exhibit moderate to high
methodological quality. Some studies evaluated multiple
uses of the NETest, for example, as a diagnostic and
monitoring tool. These were evaluated separately (see
below).
In order to provide an unbiased review, a meta-analysis
based upon Cochrane methodology was undertaken
following the construction of 2  2 tables.24 The diagnostic
accuracy, sensitivity, and speciﬁcity were calculated and
standard errors were derived from 95% conﬁdence intervals
(supplementary material and Table S2, available at Annals
of Oncology online). Diagnostic odds ratios (DOR), the
positive likelihood ratio (þLR), and the negative likelihood
ratio (LR) were calculated. Data from the different studies
were pooled and mean [95% conﬁdence interval (CI); median] DOR, þLR, and LR are presented. The area under the
curves (AUCs) were also calculated for each of the different
studies.
For the meta-analysis, a generic inverse variance method
was undertaken using the accuracy, sensitivity, speciﬁcity,
and AUC data. We evaluated both random and ﬁxed models
and presented both. Cochran’s Q-test and the Higgins’
I-squared test were calculated for each of the two models
(both are presented) (supplementary material and Table S3,
available at Annals of Oncology online).25 MedCalc statistical software version 16.2.1 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2017) and meta4diag R package26 were utilized.
Four areas of clinical utility were examined:
(i) Diagnostic: this included six studies27e32; the cut-off
for diagnosis was 20.
(ii) Disease status: to deﬁne disease status as either stable
or progressive at the time of the blood draw, six
studies included NETest data that could be used to
differentiate these two disease states.27,28,31e34
(iii) Natural history marker of NET disease: this corresponds to the NIH classiﬁcation of a type 0 biomarker
as ‘indicators of the natural history of disease’.13 Two
are published33,34; we speciﬁcally evaluated the clinical
value of two cut-offs.
 First, whether values 40 represented stable disease per category output.
 Second, whether an increase in NETest to >40 was
indicative of progressive disease.
(iv) The utility of the NETest as a response or interventional biomarker to therapies is equivalent to the
NIH classiﬁcation of a type II biomarker. These are
used as surrogates for clinical endpoints and typically
reﬂect progression free survival (PFS).13 Four studies
were identiﬁed31,33,35,36; three studies examined the
efﬁcacy of somatostatin analogs and one, peptide receptor radionuclide therapy (PRRT). We examined
 First, whether a decrease in the NETest to 40 was
associated with disease stabilization;
 Second, whether scores of 41e100 were associated
with treatment ‘failure’.
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Table 1. List of NETest studies included in the meta-analysis
No.

Author (reference)

1

Kidd et al. 201727

2

Sample
size

NET types

Study type

Study
category

Summary results

Level of
evidence60

50

BP

Retrospective

Diagnostic
research

IIB

Filosso et al. 201828

208

BP

Retrospective

Diagnostic
validation

3

Van Treijen et al. 201929

253

GEP

Case control study

Diagnostic
validation

4

Al Toubah et al. 201930

75

GEP

Case control study

Diagnostic
validation

5

Malczewska et al. 2019a31

201

BP

Case control study

Diagnostic
validation

6

Malczewska et al. 2019b32

184

GEP

Case control study

Diagnostic
validation

7

Liu et al. 201833

100

GEP, BP
& CUP

Prospective
observational
cohort study

Longitudinal
study

8

Pavel et al. 201734

34

GEP

Cross-sectional study

Longitudinal
study

9

Cwikla et al. 201535

28

GEP

Controlled clinical study

Treatment
research

10

Bodei et al. 201636

54

GEP & BP

Controlled clinical study

Treatment
research

Blood measurements accurately diagnosed
bronchopulmonary carcinoids, distinguishing
stable from progressive disease. This marker
panel will have clinical utility as a diagnostic
liquid biopsy able to deﬁne disease activity and
progression in real-time.
Blood NET gene levels accurately identiﬁed
BPNETs (100%) and differentiated these from
controls and benign and malignant lung
disease. Progressive disease could be identiﬁed
and surgical resection veriﬁed. Monitoring NET
transcript levels in blood will facilitate
management by detecting residual tumor and
identifying progressive disease.
The superior sensitivity of the NETest
irrespective of the stage of the disease
emphasizes its potential as a marker of disease
presence in follow up as well as an indicator for
residual disease after surgery.
The sensitivity of the NETest is exceptionally
high in a population of metastatic welldifferentiated NETs. Speciﬁcity within a healthy
population of patients is exceptionally high
when using a normal range of 0% to 20%.
Elevated NETest levels are indicative of lung
neuroendocrine neoplasia. NETest levels
correlate with tumor tissue and imaging and
accurately deﬁne clinical progression.
NETest is an effective diagnostic for PNETs and
SINETs. Elevated NETest is as effective as
imaging in diagnosis and accurately identiﬁes
progression.
Blood NETest is an accurate diagnostic and can
be of use in monitoring disease status and
facilitating management change in both watchand-wait and treatment cohorts.
The NETest correlated with a welldifferentiated GEP-NET clinical status. The
NETest has predictive and prognostic utility for
GEP-NETs identifying clinically actionable
alterations w1 year before image-based
evidence of progression.
NETest values (80% to 100%) were more
accurate and occurred at a signiﬁcantly earlier
time point than CgA and predicted SSA
treatment response.
Blood NET transcript levels accurately
predicted PRRT efﬁcacy.

IIA

IIA

IIA

IIA

IIA

IIA

IIA

IB

IB

BP, bronchopulmonary; CgA, chromogranin A; CUP, carcinoid of unknown primary; GEP, gastroenteropancreatic; IB, randomized prospective controlled trials or prospectiveretrospective trials; IIA, prospective, observational studies; IIB, retrospective data modeling; NET, neuroendocrine tumor; PNET, pancreatic NET; PRRT, peptide receptor radiotherapy; SINET, small intestinal NET.

A total of 18 separate NETest evaluations (diagnostic n ¼
6; disease status n ¼ 6; type 0 n ¼ 2; and type II n ¼ 4)
were available for analysis. Inclusion criteria are included in
Figure 1.
Finally, to check for publication bias, we undertook a
Deeks’ funnel plot asymmetry test, which is an effective
method for detecting and excluding bias.37 The Deeks’ test
evaluates the regression of the lnDOR against 1/O(effective
sample size). A P value <0.05 indicates signiﬁcant asymmetry (or study bias).38
RESULTS
The results of the meta-analysis are included in Figures 2e4
and the diagnostic test utility is included in Table 2.
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Diagnostic
As a diagnostic, the accuracy of the NETest was 95%
(random) to 96% (ﬁxed) (Figure 2A). The sensitivity was
94.4% and 89.4% and the speciﬁcity was 95.4% and 98.7%.
The Q-test ranged between 10.8 and 41.5 (P < 0.0001 to
P ¼ 0.054) and I2 was 54%e88%, which is variably suggestive of heterogeneity. The DOR was 5583 (167e25 580;
median 5319, Table 2, Figure 3). The þLR and LR were 195
(12e986; median 335) and 0.06 (0.02e0.1; median 0.06),
respectively. These data are consistent with a biomarker
demonstrating excellent diagnostic utility. The NETest had
value both as a rule-in (a positive score that is >20 makes a
signiﬁcant contribution to a diagnosis by identifying those
with a NET) and as a rule-out biomarker (subject has a
https://doi.org/10.1016/j.annonc.2019.11.003

205

K. Öberg et al.

Annals of Oncology
A Diagnosc

B Disease status

Kidd ()

Pavel ()

Filosso ()

Kidd ()

Van Treijen ()

Filosso ()

Strosberg ()

Liu ()

Malczewska (a)

Malczewska (a)

Malczewska (b)

Malczewska (b)

Total
(ﬁxed eﬀects)

Total
(ﬁxed eﬀects)

Total
(random eﬀects)

Total
(random eﬀects)



















C Type ‘0’
























Esmate









D Type ‘II’
Cwikla ( )

Pavel ()

Bodei ( )

Liu ()

Liu ()

Malczewska ()

Total
(ﬁxed eﬀects)

Total
(ﬁxed eﬀects)

Total
(random eﬀects)

Total
(random eﬀects)










Esmate













Figure 2. The clinical utility of the NETest using Forest plot analysis.
NETest utility as a diagnostic (A); the estimated accuracy and 95% conﬁdence intervals (black boxes/lines). NETest utility for differentiating stable and progressive disease
(‘Disease Status’) (B), NETest utility as a type ‘0’ biomarker (C), NETest utility as a type ‘II’ biomarker (D).
The total effects (ﬁxed and random) are represented by grey diamonds. Individual studies are designated by author name. The calculated accuracies range from 85% to
97% (all, P < 0.001).

signiﬁcantly low probability of having the disease if the
score falls within the normal range).
Disease status
The NETest was 84.5% and 85.6% accurate in differentiating stable disease from progressive disease (Figure 2B).
The sensitivity was 79.6% and 83.1% and the speciﬁcity
was 86.3% and 89.4%. The Q was 15e15.2 (P ¼ 0.0097 to
P ¼ 0.011) and I2 66.5%e67% (moderate heterogeneity).
The DOR was 46.3 (3e216; median 30, Figure 3). The þLR
was 9.4 (1.6e35.2; median 7.1) and LR was 0.27 (0.12e
0.54; median 0.28) (Table 2). A low NETest (40) or a
206
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NETest that ranges from 41 to 100 provides signiﬁcant
information for determining clinical status and is consistent
with image-based categorizations. A score 40 can be
used to rule in ‘stable disease’ while a score >40 rules out
stable disease.
Type 0 biomarker
As a marker of natural history, NIH category ‘0’ biomarker,13
the accuracy was 90.2% and 93.6% (Figure 2C). The sensitivity was 96.9% and 99.6% and speciﬁcity was 84.2% and
99.4%. Q was 3.6e18.4 (P < 0.001 to P ¼ 0.07) and I2 is
69.3%e94.6%. The DOR was 5520 (5e22 318; median
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Summary
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Summary
Study type 0 biomarker
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Liu
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32 264.81 (37.12–97 337.96)
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Summary
Study type II biomarker
Cwikla







Boder









14 552.17 (49.74–58 632.56)

Liu









151 609.85 (54.31–374 694.53)









81.99 (4.58–416.50)

Malczewska (b)

4478.53 (7.19–16 647.70)

6595.62 (32.56–32 374.65)

Summary
0

10 000

20 000

30 000

40 000

Figure 3. Forest plot of the diagnostic odds ratio (DOR) for each of the four groups of studies.
Individual studies are included as well as numbers for true positive (TP), false positive (FP), true negative (TN), and false negative (FN). The summary (dark grey
diamonds) and ranges (light grey including the upper and lower estimates). The mean estimated DORs were 5853 (diagnostic), 46.3 (disease status), 5220 (type 0), and
6596 (type II).

16 147, Figure 3), the þLR was 127 (1.4e720, median 163)
and the LR was 0.10 (0.01e0.35, median 0.1, Table 2). A
low NETest (40) or a NETest with a range of 41e100
correlates signiﬁcantly with the natural history of the disease. A score 40 provides information that there is no
evidence of progressive disease while a score >40 strongly
rules out stable disease.
Type II biomarker
As an interventional or response biomarker (NIH type II),
the accuracy was 93.7% and 97.4% (Figure 2D). The sensitivity was 88% and 90.1% and speciﬁcity was 99.6% and
99.7%. The Q was 2.1e8.7 (P ¼ 0.034 to P ¼ 0.54) and I2
was 0%e65.4% (low heterogeneity) and the DOR was 6596
(33e32 375, median 9515, Table 2, Figure 3). The þLR was
588 (7e3073 and median 2501) and the LR was 0.15
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(0.05e0.31, median 0.17). This is consistent with an excellent interventional biomarker as a rule-in (score >40 identiﬁes treatment failure) and a good rule-out (score 40
demonstrates treatment utility) biomarker.
Finally, to evaluate utility as a multilevel NET biomarker,
we undertook a meta-analysis of the AUCs from all individual studies (n ¼ 18). The pooled AUC (ﬁxed model) was
0.954  0.005, with a z-statistic of 175.06 (P < 0.001)
(Figure 4A). Utilizing a random effects model, the pooled
AUC was 0.897  0.02; the z-statistic was 41.73 (P < 0.001).
The Q was 131.5 (P < 0.0001) and the I2 was 87% (95% CI:
81% to 91%).
The individual P values for the slope coefﬁcients derived
from each of the Deeks’ funnel plot asymmetry tests were
0.398e0.647 (Figure 4B), conﬁrming a low likelihood of
publication bias.
https://doi.org/10.1016/j.annonc.2019.11.003
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Figure 4. Pooled area under the curve (AUC) of all individual studies (n [ 18) and Deeks’ plot for bias.
(A) Forest plot summating the estimated accuracy and 95% conﬁdence intervals (black boxes/lines) for each of the individual study AUCs. The total effects (ﬁxed and
random) are represented by grey diamonds. Individual studies are designated by study type [diagnostic, disease status identiﬁcation, natural history (Nat Hx), and
response biomarker].
The calculated AUCs range from 0.9 to 0.95 (all, P < 0.001). (B) Deeks’ funnel plots to evaluate for publication bias. The P values in all cases were >0.39, commensurate
with an absence of bias.

DISCUSSION
The premise for this study was based upon the need to
assess whether a multianalyte blood marker for NET disease
exhibited metrics that allowed it to be considered an accurate biomarker suitable for clinical use in NET disease. A
meta-analysis demonstrated that the diagnostic accuracy of
the NETest is extremely high: 95% with a speciﬁcity of
95%e98%. The DOR was 5853 and the þLR was 195, with
a LR of 0.06. These data are consistent with the functional
utility of an IVD to establish a diagnosis and determine
either the presence (rule-in) or absence (rule-out) of a
disease. The low to moderate study heterogeneity (from the
Q and I2 results) supports the utility, since this indicates that
studies were directly comparable.
Contrary to IVDs, screening tests are expected to have a
high sensitivity for the role of identifying potential disease.39 These ‘low-complexity’ tests are studied in asymptomatic but at risk individuals. The NETest is used in
individuals considered to potentially have NET disease or
who have an established diagnosis.7 The Clinical Laboratory
Improvement Amendments (CLIA) and the New York
Department of Health (NYDOH) have accredited the test
and consider it a high complexity testing tool. The accuracy/
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precision metrics from six independent, multi-institutional
studies conﬁrm it as a diagnostic not a screening tool.
The accuracy of the NETest to differentiate progressive
and stable disease at the time of blood draw was w85%
with a speciﬁcity of w90%. The estimated mean DOR was
46.3 and the þLR and LR were 9.4 and 0.28, respectively.
These values are based on the Response Evaluation Criteria
in Solid Tumors (RECIST) classiﬁcation of disease. They surpass the 80% concordance proposed by the NIH40 and
exceed the performance of other NET biomarkers (typically
50% concordance with disease status).7 This raises the
question as to why the NETest is not 100% concordant with
image-based disease status? RECIST criteria are used in
clinical studies to ensure comparability but standard serial
CT/MRI imaging have well-described sensitivity limitations.5
RECIST criteria are well-recognized to not be consistently
accurate, which reﬂects difﬁculties with accurately assessing
indolent disease.4 In addition, CT imaging may even provide
false negative output in comparison to functional imaging
with 68Ga-somatostatin analog (SSA)-PET/CT.41,42 Malczewska et al. in the assessment of 111 individuals reported the
NETest accurately related to functional imaging (98%) than
CT/MRI alone (92%).32 This observation identiﬁed false
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Table 2. Summarized DOR and likelihood ratios for the 10 individual studies in each of the different categories

Diagnostic (n [ 6)
Kidd et al.27
Filosso et al.28
Van Treiijen et al.29
Al Toubah et al.30
Malczewska et al. (a)31
Malczewska et al. (b)32
Mean (95% CI)
Median (range)
Disease status (n [ 6)
Pavel et al.34
Kidd et al.27
Filosso et al.28
Liu et al.33
Malczewska et al. (a)31
Malczewska et al. (b)32
Mean (95% CI)
Median (range)
Type 0 biomarker (n [ 2)
Pavel et al.34
Liu et al.33
Mean (95% CI)
Median (range)
Type II biomarker (n [ 4)
Cwikla et al.35
Bodei et al.36
Liu et al.33
Malczewska et al. (b)32
Mean (95% CI)
Median (range)

DOR

DLR

LLR

202 772
553.6
25.7
230 913
7 641.4
2 996
5 853 (167e25 580)
5 319 (26e230 913)

3 707.1
34.6
3.3
4 247.1
566.7
103.6
195 (12e986)
335 (3e3707)

0.04
0.07
0.14
0.04
0.08
0.05
0.06 (0.02e0.1)
0.06 (0.04e0.14)

10.2
192.3
23.5
36.9
8.9
67.6
46.3 (3e216)
30.2 (8.9e192.3)

2.5
17.8
4.9
9.2
3.3
15.7
9.4 (1.6e35.2)
7.1 (2.5e15.7)

0.34
0.17
0.23
0.28
0.43
0.28
0.27 (0.12e0.54)
0.28 (0.17e0.43)

29.9
32 265
5 520 (5.2e22 318)
16 147 (30e32 265)

2.96
322.3
127 (1.4e720)
163 (3e322)

0.13
0.07
0. (0.01e0.35)
0.1 (0.07e0.13)

4 478.5
14 552.2
151 609.9
81.99
6 596 (33e32 375)
9 515 (82e151 610)

855.9
1 422.5
4 146.8
10.4
588 (6.8e3073)
2 501 (10.4e4147)

0.24
0.14
0.11
0.21
0.15 (0.05e0.31)
0.17 (0.11e0.24)

DOR, diagnostic odds ratio; þLR, positive likelihood ratio; LR, negative likelihood ratio.

negative CT results and indicated the NETest very accurately
correlated with somatostatin receptor-based functional
disease. These data suggests the NETest not only has utility
as an IVD but may have adjunctive value with somatostatin
receptor-based imaging. Further studies are required to
assess whether a blood test can supplant imaging as a
monitoring tool, potentially reducing health care expenses
as well as limiting radiation exposure.
We identiﬁed two type 0 biomarker studies.33,34 The
accuracy of the biomarker was high (92%e98%) with a
sensitivity >97%, a DOR of 5520, a þLR of 127, and a LR
of 0.1. In our study we assessed if a score 40 identiﬁed
stable disease and whether a score >40 was associated
with progression. Our analysis indicated that the NETest
unequivocally separated stable disease from progression.
The NETest therefore clearly meets the criteria of an NIH
type 0 biomarker as a surrogate for the natural history of
the disease. The NETest also meets the criteria as a
biomarker for disease progression. The very high DOR and
the effective positive and negative likelihood ratio values
conﬁrm that the categories of the NETest (40 versus 40e
100) strongly and signiﬁcantly correlated with the natural
history of the disease over the 12e18 months evaluated.
We also compared the previously used NET biomarker
CgA to assess comparability and to answer the question of
how other NET biomarkers compared to NETest. Metaanalyses have been published for CgA in both GEP- and
bronchopulmonary NETs. In GEP-NETs, the CgA diagnostic
sensitivity was 73% with a 95% speciﬁcity.43 For lung NETs,
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the diagnostic sensitivity was 35% with a speciﬁcity of
94%.44 The inability of CgA to attain acceptable metrics
(sensitivity >80% and speciﬁcity >90%) reﬂects variations
in the different assay methodologies, false negative measurements, as well as numerous non-neuroendocrine conditions or common drugs (proton pump inhibitors [PPIs])
that alter CgA blood levels.45 Although biomarkers such as
pancreastatin and neurokinin A (NKA) have been suggested,
they have been demonstrated to function signiﬁcantly more
poorly than CgA.2,31e33,44,46 Studies involving direct comparisons with the NETest and CgA and pancreastatin and
NKA have reported their metrics are substantially lower
than measuring circulating mRNA.17,18,47 Furthermore, each
of these markers are monoanalytes that capture the
secretory capacity of a NET and do not reﬂect biological
features such as proliferation, metabolism, or growth factor
signaling.15,48
Pharmacodynamic or response biomarkers49 are used to
demonstrate a biological response has occurred in an individual exposed to a treatment. If they are not mechanistically based, they can function as a type II or ‘surrogate’
endpoint marker. Typically, levels that change are used to
provide early evidence that a treatment is having an effect
on a clinical endpoint, for example, PFS. Such a biomarker
provides meaningful information whether an intervention is
biologically effective and may provide a measure of the
durability of response.49 Three studies evaluated the NETest
in the assessment of the effect of somatostatin analogs and
one examined the effect of PRRT on PFS as an endpoint.
https://doi.org/10.1016/j.annonc.2019.11.003
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Using the same strategy as employed for the type
0 biomarker, we examined whether a score 40 identiﬁed
disease stabilization (response to therapy), whereas a score
that increased (>40) was associated with treatment failure.
This tested whether the identiﬁcation of disease progression by an increasing NETest score functioned as a surrogate
marker for treatment failure. Our analysis demonstrated the
accuracy was 94%e97% with a speciﬁcity of 99%. The DOR
was 6596, with a þLR of 588 and a LR of 0.15. These data
strongly support that changes in the NETest can be used as
a biomarker of treatment response. The test can therefore
be regarded as an effective surrogate endpoint for treatment responsiveness.
In the US, the NETest is undertaken at an accredited clinical
laboratory certiﬁed by CLIA (Connecticut, Pennsylvania, Florida, New York, and California) and is NYDOH-accredited.
Similarly, it is available in Europe at a certiﬁed molecular
testing facility in London, UK (HCA Healthcare UK). Validation
evaluation includes conﬁrmation that it measures speciﬁc
target analytes in a highly reproducible fashion (coefﬁcient of
variation <5%). The assay includes external controls, and the
precision/accuracy (inter- and intra-assay metrics) range between 0.4% and 4.8%.50 The assay is positive when spiked
samples (NET cell lines) are included in normal blood. It has a
standard operating protocol and has been effectively calibrated between different laboratories [Wren Laboratories,
Branford, USA, and Sarah Cannon Molecular Diagnostics
(HCA), London].51 The assay is stable (>95% correlation between scores and follow-up imaging-based status)33 and its
diagnostic accuracy conﬁrmed as comparable to imaging as a
gold standard.32,33,52 Various studies undertaken over time
(some for as long as 5 years)34 assessing interventions and
natural history, identify that it has biological relevance as a
biomarker. The assay uses a cut-off of 20 (on a scale of 0e100)
to exclude the low-level expression detectable in different
circulating blood cell populations under normal or pathological conditions (supplementary material and Figures S2 and
S3, available at Annals of Oncology online).
Biomarkers are characterized as tools that facilitate
diagnosis, disease prognosis, deﬁne clinical disease status,
predict response to treatment, or indicate the outcome of
treatment.53 An ideal biomarker should possess all these
features. The scientiﬁc power of a biomarker is deﬁned by
its metrics, including sensitivity and speciﬁcity. Sensitivity is
the ability of a test to correctly classify an individual as
‘diseased’ (positive in disease), while speciﬁcity is the ability
to correctly classify an individual as disease-free (negative in
health).54 There is agreement that NET biomarkers should
exceed 90% for speciﬁcity and 80% for sensitivity, negative
predictive value, or positive predictive value (PPV).1 Clearly,
the NETest meets these criteria.
The United States National Cancer Co-operative Network
(NCCN) characterizes CgA as a category 3 biomarker. This is
deﬁned as: ‘Based upon any level of evidence, there is
major NCCN disagreement that the intervention is appropriate.’55 CgA is not accepted as a NET biomarker based on
its metrics. Despite this, CgA remains a component of
published guidelines in Europe and the USA.56,57 One
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reason for this is that until recently a multianalyte genomic
biomarker has not been available for clinical use in NET
disease.
The precedent for the introduction into clinical use of
gene expression-based biomarkers has been established.
Other disciplines such as breast and prostate cancer have
embraced the clinical utility of molecular assays; MammaPrint and Oncotype Dx are two well-known tests.58 They
direct therapy and were included in the American Society
for Clinical Oncology (ASCO) and NCCN guidelines before
deﬁnitive random controlled studies were published.59 Inclusion was based on prospective-retrospective studies
(level of evidence IA and IB60). The NETest has been similarly evaluated (Table 1) and functions in an analogous
fashion to both these assays.
The NETest has the same output and functions in a
similar fashion. It has been reported in a real-world study
that patients in a watch-and-wait program that have a low
NETest score can continue to be monitored without intervention.33 This is akin to breast cancer patients who fall into
a ‘low risk category’ per MammaPrint output and are
cautioned against using chemotherapy.61 In this case, the
score is used as a rule-out. The NETest risk score provides a
comparable strategy for disease monitoring. Since therapeutic agents used for NET disease are relatively ineffective
and very expensive, the health economic rationale as well
as the patient quality of life issues are worthy of
consideration.7,14,15
From an economic standpoint, the NETest has advantages. The identiﬁcation of patients with molecularly stable
disease, 40% of whom required fewer follow-up interventions than using standard imaging procedures, has
obvious clinical and economic implications.33 A blood
biomarker that identiﬁes disease status earlier than imaging and facilitates earlier cessation of an ineffective therapy
also has an obvious cost beneﬁt.62 As an IVD, the NETest
can conﬁrm the diagnosis of a NET and has applications in
monitoring and assessing the prognosis of NET disease. A
meta-analysis conﬁrms this and that the performance
criteria are all >90%. In an evaluation of costs, the positive
impact of the NETest on health care expenditure would be
signiﬁcant. We estimate that $240 million to $1.69 billion
could be saved annually with a further additional reduction
in annual costs of $205 million to $1.1 billion if imaging
was reduced by the biomarker (supplementary material,
Figure S4 and Table S4, available at Annals of Oncology
online). It is likely that the NETest can serve as a noninvasive, easily repeatable investigation that serves as a
real-time guide about the status of an individual NET and
facilitates implementation of optimal care. The adoption of
novel biomarker information that depicts in real-time the
molecular biological status of a tumor would beneﬁt NET
patients and facilitate the advance of the ﬁeld in parallel
with other oncological disciplines.
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