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Abstract

Objective: Up to now, serial NETest measurements in individuals assessing the disease 
course of gastroenteropancreatic neuroendocrine tumors (GEPNETs) at long-term 
follow-up and treatment response were not studied.
Design: The study was a longitudinal validation study of serial NETest measurements – a 
blood-based gene expression signature – in 132 patients with GEPNETs on therapy or 
watch-and-wait strategy.
Methods: Serial samples were collected during 46 (range: 6–71) months of follow-up. 
NETest scores were compared with Response Evaluation Criteria in Solid Tumors version 
1.1-defined treatment response (e.g. no evidence of disease (NED), stable disease (SD) or 
progressive disease (PD)).
Results: Consecutive NETest scores fluctuated substantially (range: 0–100) over time 
in individuals with SD (n = 28) and NED (n = 30). Follow-up samples were significantly 
higher in SD (samples 3–5) and NED subgroups (samples 2–5) compared with baseline 
results, without changes in imaging. In 82% of untreated patients with PD, consecutive 
NETest scores consistently remained high. In patients undergoing systemic treatment, 
the median pre-treatment NETest score in treatment-responders was 76.5 (n = 22) vs 
33 (n = 12) in non-responders (P = 0.001). Patients with low pre-treatment scores had 21 
months reduced progression-free survival (10 vs 31 months; P = 0.01). The accuracy of 
the NETest for treatment response prediction was 0.73 (P = 0.009).
Conclusion: In patients not undergoing treatment, consecutive low NETest scores are 
associated with indolent behavior. Patients who develop PD exhibit elevated scores. 
Elevated results have important predictive value for treatment responsiveness and could 
be used for individualizing decisions on systemic therapy. The clinical value of follow-up 
NETest scores for patients who choose to watch and wait requires further study.

Introduction

Neuroendocrine tumors (NETs) are malignant neoplasms 
originating from neuroendocrine cells and can occur 
throughout the body. Gastroenteropancreatic NETs 
(GEPNETs) are the most prevalent subgroup. Both incidence 

and survival have increased over the past decades, most 
likely because of improvements in diagnostic techniques 
and disease awareness (1, 2, 3). GEPNETs are grouped based 
on their shared neuroendocrine markers and proteins, 
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such as chromogranin and synaptophysin, but are very 
diverse in differentiation, secretion, proliferation and 
molecular profile, leading to a wide spectrum of clinical 
behavior (4, 5).

As a consequence of this heterogeneity, prediction of 
the course of disease in an individual patient is difficult. The 
absence of accurate markers that identify early changes in 
disease status, predict efficacy of therapy or detect minimal 
residual disease in individual patients forces clinicians to 
fall back on regular, pre-defined screening intervals for 
all patients (6). Multiple nomograms for NETs of various 
origins (rectal, small intestine, gastric, enteropancreatic) 
have been developed to predict treatment efficacy or overall 
survival but a measure of the underlying tumor biology 
that reflects tumor development remains elusive (7, 8, 9, 
10, 11). As a result, modern management in GEPNETs is far 
from individualized.

Currently, tumor aggressiveness is estimated based on 
histopathological parameters, including differentiation 
and tumor grade (12). Re-evaluation of tumor 
aggressiveness and the expected disease course is mostly 
based on PET/CT or anatomical imaging since repeated 
tumor tissue collection is invasive and harmful. As a 
result, histopathology and imaging, mainly 68-gallium 
DOTA-peptide PET/CT (DOTA-PET/CT), are used for risk 
stratification. Consequently, DOTA-PET/CT is currently 
one of the few diagnostics in NET disease with a strong 
impact on clinical management. Its diagnostic sensitivity 
is superior to anatomical imaging, leading to better 
disease staging (e.g. primary tumor/bone metastasis) and 
subsequently change of management while somatostatin 
receptor expression can be used to select patients for 
peptide receptor radionuclide therapy (PRRT) (13, 14, 
15, 16). Changes in surveillance and treatment strategies 
in individual patients are mostly based on retrospective 
observations including observed tumor growth and 
symptom evolution. The next step toward personalized 
medicine is an aggregation of imaging, evaluating changes 
in tumor load and measures of tumor biology that can 
predict tumor behavior. Such an aggregation could 
theoretically lead to a more timely intervention.

An emerging and promising predictive biomarker, the 
NETest, measures gene expression of 51 target genes that 
are involved in NET biology (17). Circulating transcripts 
are quantified and gene expression is interrogated by 
mathematical algorithms to create a tumor activity score 
that indicates stable disease (SD) or progressive disease (PD) 
(18). In an independent, cross-sectional validation study, 
the NETest reliably predicted SD and was the strongest 
predictor of PD in a large group of GEPNETs (19).

To date, no studies on consecutive NETest 
measurements in individual patients at long-term 
follow-up have been published. Therefore, the aim of 
the present study was to evaluate whether serial NETest 
measurements reflect disease evolution over time in 
individual patients and to assess the predictive value of 
therapy outcomes.

Methods

Population

Patients with histological confirmation of well-
differentiated sporadic GEPNETs (according to the World 
Health Organization 2017 grading system) were recruited 
between March 2014 and March 2017 at the Netherlands 
Cancer Institute (Amsterdam, The Netherlands), an ENETS 
Center of Excellence (20). The study was approved by 
Netherlands Cancer Institute local ethics committee, and 
written informed consent from all subjects was obtained. 
Inclusion criteria were a minimum of two samples per 
patient with simultaneous imaging evaluation and at 
least 6 months of follow-up. Patients were followed and 
treated according to ENETS guidelines. At inclusion and 
during outpatient clinic visits, samples (6 mL of whole 
blood in EDTA tubes) were collected in combination with 
radiological imaging studies and samples were stored as 
previously described (19, 21). Follow-up samples were 
collected until January 2019.

Measurements

Details on NETest (PCR methodology, mathematical 
analysis and validation) and selection of imaging studies 
have been described in our previous validation study (19). 
In brief, the NETest comprises a two-step protocol (RNA 
isolation/cDNA synthesis followed by qPCR) to determine 
gene expression of 51 target genes (17). Transcript levels 
were normalized and quantified vs a population control. 
Four mathematical algorithms with integration of relevant 
gene clusters generate a disease activity score ranging from 0 
to 100 (18). The NETest was performed at Wren Laboratories 
(Branford, CT, USA). Baseline and follow-up samples were 
sent in separate anonymized batches between October 
2015 and April 2020. The upper limit of normal (ULN) has 
previously been set at 20 (21); SD is defined as ≤40, and PD 
as an activity score > 40 with 41–79 as intermediate tumor 
activity and scores ≥80 as high tumor activity. According 
to our previous validation study, the highest accuracy for 
the NETest to predict the disease status was +12 months, 
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meaning a NETest sample reflected Response Evaluation 
Criteria in Solid Tumors (RECIST)-defined disease status 
best when drawn a year before radiological evaluation. 
Therefore, we applied this time period in our study.

The disease status was defined by RECIST version 1.1 
(RECISTv1.1). All anatomical imaging procedures during 
patient follow-up were assessed by two independent 
senior radiologists, who were blinded to biomarker results. 
Outcomes of functional imaging (DOTA-PET/CT) were 
used in cases where conventional radiological imaging was 
not available. Anatomical imaging always followed DOTA-
PET/CT so RECIST could be applied. New lesions had to be 
confirmed on consecutive imaging to avoid false-positive 
outcomes.

No evidence of disease (NED) was defined as negative 
consecutive imaging results (minimum two) after surgery 
with curative intent to avoid false-negative findings.

To evaluate the accuracy of the NETest to reflect tumor 
behavior over time, consecutive NETest outcomes were 
compared with disease status over time (PD, SD or NED) 
in the subgroup of patients not receiving any treatment 
during the study period.

Patients receiving systemic therapy (e.g. PRRT, 
chemotherapy) were selected for our treatment subgroup 
analyses. They were classified as treatment-responders 
if they had at least 1-year progression-free survival (PFS) 
(SD or partial response (PR) according to RECISTv1.1). 
Patients with PR were grouped together with patients with 
SD in all analyses (SD group). In patients who underwent 
multiple systemic treatments during follow-up, only one 
intervention was selected for evaluation of the NETest 
predictive value for treatment efficacy because multiple 
measurements within the same patient could introduce 
bias. In patients receiving multiple treatments, the 
selection of which intervention to analyze was based on 
the availability of NETest samples pre- and post-treatment.

Statistical analysis

Analyses included two-tailed nonparametric tests (Mann–
Whitney U test, Wilcoxon signed-rank test), chi-square test, 
Spearman correlation, receiver operating characteristics 
analysis and Kaplan–Meier curves with log-rank tests 
(PFS). A linear regression with a continuous autoregressive 
residual covariance (i.e. GEE type) matrix to correct for 
multiple measurements per patient was conducted in 
patients without treatment and ongoing SD to evaluate a 
possible relation between sample score and the time since 
diagnosis. Predictive values are described by area under 
the receiver operating characteristic curve (AUROC), 

sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) for the originally described 
cutoffs. Statistical analyses are performed using Statistical 
Package for the Social Sciences (SPSS) 25. Figures were 
created with SPSS, Microsoft Excel and Rstudio version 
4.1.1 (package ggplot2). P < 0.05 was considered statistically 
significant. Clinical characteristics and NETest scores are 
presented as mean ± s.d. or median with range according 
to the distribution of data, respectively (Kolmogorov–
Smirnov test).

The predefined primary outcomes of the study were: (i) 
the ability of longitudinal NETest outcomes to predict the 
evolving disease status according to RECISTv1.1 and (ii) the 
association between serial intra-individual NETest samples 
and the RECISTv1.1-defined disease status. The secondary 
outcome was the utility of the NETest to predict the PFS of 
patients after treatment. PFS was calculated as the length of 
time between the baseline measurement and the first date 
patients were considered to have PD.

Results

Of the 182 eligible patients, 132 were enrolled in the study 
(Fig. 1). Clinical characteristics of the study population are 
illustrated in Table 1. A total of 632 samples were collected 
in 132 patients with a median of 4 samples per patient 
(range: 2–12) in an average of 46 months of follow-up (6–71 
months). CT was the most common imaging modality 
used (n = 533), followed by DOTA-PET/CT (n = 118) and MRI 
(n = 71). During follow-up, 70 patients (53%) developed PD, 
39 patients (30%) had SD of whom 11 (28%) received new 
treatment during this study and 23 patients had NED. The 
distribution of the disease status in our population at the 
end of the study is illustrated in Table 2.

Reproducibility of value to predict disease status 
after 12 months

The median NETest level for our total study population 
(n = 132) at baseline was 33 (range: 7–100). The ability 
of the baseline NETest to predict SD and PD up to 1 year 
of follow-up was good. In contrast, the serial NETest 
measurements taken during follow-up did not predict 
disease status at 1 year after the sample was drawn. 
Specifically, the NETest AUROC of the baseline sample was 
0.74 (95% CI 0.64–0.83; P < 0.001), while the AUROC of the 
first follow-up sample was 0.55 (95% CI 0.43–0.67; P = 0.39; 
n = 132) and the AUROC of the second follow-up sample 
was 0.45 (95% CI 0.34–0.56; P = 0.38; n = 108).
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Reflection of disease status over time in patients 
not receiving any treatment

In the 28 patients with SD during total follow-up (median 
59 (20-68) months), the median NETest score at baseline 
was 27. A total of 75% had NETest scores ≤40. The median 
NETest scores of follow-up samples 2–6 were: 33 (n = 28; 

P = 0.27), 47 (n = 26; P = 0.03), 80 (n = 23; P = 0.003), 83.5 
(n = 12; P = 0.006) and 27 (n = 6; P = 0.6), respectively. No 
significant correlation was found between the serial NETest 
scores. The linear regression showed no relevant influence 
of follow-up time (time between diagnosis and sample 
collection) in test outcomes (estimate: 0.08 increase in 
score per month; 95% CI −0.054 to 0.219 P = 0.17). In all 
but one of the patients, at least one NETest score suggested 
the presence of high tumor activity (≥80). A total of 71% 
had multiple NETest scores above the ULN for SD.

Imaging confirming SD at least 12 months after the 
last NETest sample was available in 25 of 28 (89%) patients. 
Figure 2 illustrates the serial NETest scores in each of those 
25 individuals.

Sixteen patients developed PD during follow-up but 
did not receive any treatment because of limited tumor 
load or as a result of shared decision-making. The median 

Figure 1
Study enrolment schematic. Of 182 eligible patients, a total of 132 were 
enrolled in the study for evaluation of serial NETest measurements. 
Fifteen patients did not have more than 6 months of follow-up with at 
least 2 consecutive imaging procedures. Twenty-one patients did not have 
a second NETest measurement during follow-up. Thirteen additional 
patients were excluded because tumor lesions could not reliably be 
measured during follow-up (according to RECIST v1.1). One patient 
developed a second malignancy with distant metastasis and was 
therefore excluded.

Table 1 Baseline characteristics.

Patients 132
Age (range) 62 (25–81)
Mortality (%) 23 (17%)
Primary tumor
 Small bowel 91 (69%)
 Pancreatic 19 (14%)
 Unknown origin 9 (7%)
 Appendiceal 5 (4%)
 Colorectal 4 (3%)
 Gastric/duodenal 4 (3%)
Tumor grade
 Grade 1 92 (70%)
 Grade 2 37 (28%)
 Grade 3 2 (2%)
 Missing 1 (1%)
Tumor stage
 No evidence of disease 30 (23%)
 Stage IV 102 (77%)
Samples per patient 4 (2–12)
 NETest samples < 6 months before treatment 34
 NETest samples < 6 months after treatment 40

Table 2 The disease status during follow-up. If no 
progression was observed during the entire surveillance, a 
patient is classified as SD. Thirty patients had no evidence of 
disease at baseline, 7 had a recurrence of disease and thus 
were classified as PD and 23 had no evidence of disease at 
final follow-up.

Disease status Treatment No treatment Total

PD 53 17 70
SD 11 28 39
NED 0 23 23
Total 64 68 132

NED, no evidence of disease; PD, progressive disease; SD, stable disease.
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follow-up in this group was 47.5 (range: 15–66) months. 
The median time to progression was 24.5 (range: 0–62) 
months. In 12 patients, a NETest score in the year prior 
to PD (median time between sample and progression: 1.5 
months) was available. The median NETest score was 80 
(range: 13–93) with 10/12 (83%) NETest outcomes showing 
elevated tumor activity (1/10 intermediate tumor activity 
and 9/10 with high tumor activity). After PD on imaging 
was concluded, 17 samples were collected in absence of 
any treatment and 14/17 NETest outcomes (82%) showed 
intermediate- to high tumor activity scores reflecting 
ongoing progression (Fig. 3).

Thirty patients had NED on imaging at baseline after 
surgery with curative intent. The median study follow-up 
was 47 (range: 19–68) months. The median time between 
surgery and the last study visit was 79 (42–148) months. 
The average scan frequency was 5 (range: 2–7) times. In 
the majority of patients (83%), NED was confirmed with 
68Ga-DOTA PET-CT in addition to anatomical imaging. A 
total of 7 (23%) patients had a recurrence of the disease 
during follow-up. All 30 patients showed NETest outcomes 
above the threshold of 20 at some moment during 
follow-up, suggesting residual disease. Ninety-one percent 
of all patients with NED at final follow-up had NETest 
scores indicating intermediate (2/23) or high (19/23) tumor 
activity. Follow-up samples showed significantly higher 

scores compared with baseline in the no recurrence group 
(sample 1: 27 vs median 80 (P = 0.004), 80 (P = 0.002), 80 
(P = 0.008) and 76.5 (P = 0.027) for sample 2–5, respectively). 
No significant differences were found in consecutive NETest 
outcomes between patients with recurrence or continuous 
NED during the study period (Fig. 4).

Prediction and reflection of treatment efficacy

A total of 49 patients had NETest samples that were suitable 
for the evaluation of systemic treatment efficacy. Nine 
patients had only a single NETest sample collected <6 
months before the start of treatment and no post-treatment 
sample. A total of 15 patients had only a single sample <6 
months after the start of treatment and in 25 patients both 
pre- and post-treatment samples were available. In 42 out of 
49 (86%) patients, a new therapy was initiated because of PD 
according to RECIST v1.1, and in the remaining 7 patients 
(14%), new treatment was initiated because of refractory 
symptoms or clinical progression. A total of 25 patients 
received PRRT (51%); 16 started somatostatin analogs 
(33%), 4 started chemotherapy with capecitabine and 
temozolomide (8%), 3 patients received everolimus (6%) 
and 1 patient received sunitinib (2%). Treatment response 
was defined as PFS ≥ 12 months after treatment initiation. 
A total of 34 patients showed response to treatment (69%). 

Figure 2
Consecutive NETest scores in patients with stable disease. Each line represents the fluctuations in NETest activity score over time in patients with stable 
disease, defined by RECIST v1.1. All patients illustrated had at least 12 months of follow-up with imaging after the last NETest sample to confirm stable 
disease. The black diamonds represent the median score for each time period.
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The median TTP after the start of treatment was 20 months 
(2–66 months).

Significant differences were observed in pre-treatment 
NETest categories between responders and non-responders 
(P = 0.02). Most responders had an elevated pre-treatment 
NETest score (18% had an intermediate (40–80) and 55% 
high (>80) activity score). Only 27% of the treatment 
responders had a low tumor activity score (<40) in contrast 

to 92% of all non-responders. The median pre-treatment 
NETest score in responders to systemic therapy was 76.5 
(13–100; n = 22) vs 33 (27–47; n =  12) in non-responders 
(P  = 0.001). The accuracy (AUROC) to predict treatment 
response by pre-treatment samples was 0.73 (P = 0.009). 
Elevated NETest scores (>40) predicted tumor response 
in 94% (PPV), and low NETest scores (≤40) predicted 
treatment failure in 65% (NPV).

Figure 3
Consecutive NETest scores in patients with PD and no intervention. Each line represents the serial outcomes of the NETest over time in patients with PD 
at a certain time point during this study. (A) NETest results of patients in whom PD was concluded in between samples PD is indicated by a cross). (B) 
Patients who had PD after the last sample was drawn (dashed line with diamond).
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There was no difference between post-treatment 
NETest scores in responders compared with non-
responders to systemic treatment (median 80 in both 
groups; P = 0.634). No other notable differences were 
observed between the two groups in post-treatment NETest 
scores. A median increase of 46 (range: 0 to +73) in NETest 
score was observed in non-responders compared with a 
median 3.5 score difference in pre- and post-treatment 
scores in responders (range: −27 to +66; P = 0.04). Changes 
in NETest outcomes are plotted against the response to 
treatment in each individual in Fig. 5.

Patients with NETest scores indicating low tumor 
activity (0–40) prior to treatment had a reduced median PFS 
compared to those with intermediate (40–80) or high (>80) 
NETest scores (10 vs 31 months; log rank 0.01; Fig. 6). No 
differences were observed between post-treatment scores.

Co-morbidity

Seventy-six patients had no other disease besides a 
NET, whereas 56 had a comorbidity: cardiovascular 
disease (n = 15), diabetes (n = 11), secondary malignancy 
(n = 6) and OSAS (n = 6) were the most frequent. No 
significant differences were observed between patients 
with comorbidity and patients with no other disease  
than GEPNET.

Discussion

This is the first study assessing the predictive and 
prognostic value of serial measurements of an emerging 
molecular biomarker – the NETest – in a large population 

of patients with GEPNETs. To evaluate whether 
consecutive scores reflected tumor behavior over years of 
follow-up, NETest outcomes were studied only in patients 
not undergoing any treatment. Fluctuations in NETest 
outcomes were observed in patients with SD according to 
RECIST v1.1; these fluctuations were likewise observed in 
patients with NED. In contrast, in patients with PD, the 
vast majority had corresponding elevated test outcomes 
and only 5/29 samples (17%) were in the low range. These 
results collectively point toward a high NPV but a low PPV. 
In other words, the discriminative value of elevated NETest 
results confirms disease presence, but there is limited data 
to support future disease progress. Samples that exhibit 
lower tumor activity strongly indicate indolent tumor 
behavior. These metrics are in line with our and other 
previous cross-sectional studies, but the reproducibility 
of NETest scores in individuals has not been studied 
before since long-term data on repeated NETest samples 
(>1 year) were missing (19, 22, 23, 24). AUROC analysis of 
consecutive samples showed a shift in test accuracy during 
years of disease evolution and a decrease in predictive 
value, putting the NETest role as follow-up marker into a 
new perspective.

Fluctuations in NETest scores played a role in decreased 
test performance, and these changes in individuals could 
be the result of test characteristics or tumor characteristics. 
The NETest output is based on circulating mRNA, but there 
is conflicting data on the utility of mRNA as the basis for 
liquid biopsy techniques. mRNA in peripheral blood is 
considered less reliable because of instability due to RNAses, 
the low abundance of RNA and the ‘contamination’ of 
RNA from normal tissue cells in the peripheral blood 
(25), all factors which can influence test outcomes. 

Figure 4
NETest scores in patients with NED over time. The changes in median NETest activity scores in patients with no evidence of disease at baseline. The solid 
line represents patients with no evidence of disease at the final visit. Seven patients had recurrence (dashed line).
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Figure 5
Treatment response and changes in NETest scores: Changes in NETest results in each individual vs treatment initiation. The gray box indicates low tumor 
activity scores (0–40%). The red line illustrates the difference in median pre- and post-treatment scores. (A) Patients with progression within 12 months 
after treatment initiation (non-responders) showed a significant rise in NETest score (P = 0.005). (B) Patients with a minimum of 12 months progression-
free survival (responders) illustrated comparable pre- and post-treatment NETest outcome (P = 0.37).
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However, evidence supports the counterargument that 
the majority of mRNA is protected in extracellular vesicles, 
and changes in RNA abundance in plasma extracellular 
vesicles are proven to be cancer-related (26). Whether 
analytical problems are a factor in the fluctuations we 
observed could not be evaluated in our independent 
validation study. ‘Time’ seemed not a contributing factor. 
Our linear regression estimated an increase of 1 point 
per year in NETest scores. Although the power for this 
mixed procedure is possibly too low because of the small 
sample size, the clinical relevance of 1 point increase in 
NETest score per year is negligible. Theoretically, gene 
expression levels among individuals might be influenced 
(increased) by non-cancer and patient-specific factors, 
which is substantiated by our results in patients with NED. 
When compared with patients with NED, NET-specific 
characteristics probably play a larger role in the NETest 
variability in individuals with SD. The tumor micro-
environment is a complex ecosystem in which cancer 
cells interact with a diverse range of immune, stromal 
and endothelial cells, constantly shaping and changing 
the molecular biology of a tumor (27). Inter-tumoral 
and intra-tumoral heterogeneity is recognized in many 
solid tumors, creating obstacles in the identification and 
development of new biomarkers (28, 29). A recent paper by 
Childs and coworkers demonstrated significant intra- and 
inter-patient genomic heterogeneity in circulating tumor 
cells from NETs (29). Their findings provide evidence on a 
molecular level for the heterogeneous clinical entity that 
is already well-recognized. Small active clones within a 

tumor can possibly drive NETest scores while tumor load 
on imaging remains stable.

A question that remains unanswered is: Do we need 
to change clinical management when a patient presents 
with high NETest scores while subgroup data illustrate 
that NETest tumor activity does not necessarily lead to an 
increase in tumor load as assessed by radiological follow-up? 
Guidance based on tumor load may be an outdated way of 
thinking, but we need further research to demonstrate that 
change in management based on elevated tumor activity 
will ultimately lead to patient benefit. Collectively, our 
findings illustrate that the high variation in NETest levels 
among individuals without treatment or with NED needs 
further study before the clinical utility of blood-based gene 
expression signatures – as marker for disease activity in 
tumor surveillance – can be advised.

An important limitation of this study was that imaging 
was used as reference standard for disease presence. 
Most patients had at least 1 68Ga-DOTA PET-CT with a 
reported sensitivity of 91–95% (30), but the sensitivity of 
CT-imaging – our most frequent used modality – varies 
between 58 and 92% (31). It is debatable whether 6 years 
of follow-up is enough to assure that our NED patients 
were truly cured from such indolent tumors. It is therefore 
important to further follow up with these patients given 
that imaging is not 100% reliable in excluding residual 
disease. Imaging is the only non-invasive tool available 
to detect residual disease and prove the NETest predictive 
accuracy. Time is therefore the only other ‘diagnostic’ to 
confirm these outcomes. Although CT and MRI are proven 

Figure 6
Progression-free survival after treatment 
initiation. Median PFS was significantly reduced in 
patients with low NETest scores prior to 
treatment initiation compared with patients with 
intermediate/high NETest scores (10 vs 31 
months; P = 0.01).
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to be accurate and interchangeable imaging techniques 
in predicting pathological tumor size for pancreatic NETs 
(32, 33), biological tumor activity does not necessarily 
lead to a significant (20%) increase in tumor size in short 
term. Other outcome measures possibly better reflecting 
tumor activity, like SUVMAX on PET/CT, were not taken into 
account. This means that the NETest activity scores are 
only related to an increase in tumor size or new lesions on 
imaging in this study. With that being the case, the absence 
of other widely accepted criteria for disease activity or 
treatment response for GEPNETS makes RECIST the best 
accepted outcome currently available.

The high accuracy of the NETest for predicting treatment 
response is the second remarkable finding. Elevated NETest 
scores were associated with a good response to treatment 
in the majority of patients. Patients with low NETest scores 
before the start of systemic treatment had 21 months reduced 
(10 vs 31 months) overall PFS when compared with patients 
with an elevated pre-treatment NETest score. These data 
suggest that the NETest comprises a genomic signature that – 
measured in advance – predicts response to systemic therapy. 
Currently, no other biomarker has this predictive value in 
GEPNETs (34). We hypothesize that an elevated NETest score 
prior to treatment indicates increased expression levels 
of genes involved in these neoplastic processes, making 
these tumors more vulnerable to treatment. In other 
malignancies, like breast cancer, gene expression signatures 
derived from tumor tissue already guide individualization of 
treatment and have proven valuable (35). Blood-based gene 
signatures are now emerging in different malignancies and 
non-malignant diseases and some have proven to predict 
treatment resistance as well (36, 37, 38, 39, 40, 41), although 
extensive validation in daily practice is required.

The new insights from this study illustrate the necessity 
to use imaging studies in patients on a watch-and-wait 
strategy. However, the absence of a reliable biomarker that 
can predict treatment outcomes in GEPNETs is a gap in 
current surveillance strategies that could be filled by the 
NETest. Based on our results, pre-treatment samples could 
guide the timing of the next line of treatment. This means 
that integration of genomic data within our imaging-
based surveillance programs could help to individualize 
management. Nevertheless, our results regarding the 
predictive value need to be confirmed in future studies since 
they are not completely in line with previous studies that 
evaluated the correlation between the NETest and treatment 
response (42, 43). Although Bodei and coworkers found 
significant changes in NETest scores that reflected treatment 
response, changes in NETest scores were mostly driven by 
a decline in scores post-treatment. In the present study, 

significant changes in NETest results were also observed 
(+46 in non-responders vs +3.5 in responders), but this 
outcome is largely based on the differences in pre-treatment 
samples between responders and non-responders.

To conclude, during years of follow-up, the present 
study found fluctuating consecutive scores in individuals 
with RECIST defined SD, which is consistent with the 
concept of inter- and intra-tumoral genomic variability. 
Samples demonstrating low tumor activity indicate 
indolent tumor behavior. Patients who develop PD exhibit 
elevated scores. Elevated results have important predictive 
value for treatment responsiveness and could be used 
for individualizing decisions on systemic therapy, but 
validation is needed. The clinical value of elevated scores 
in the watch-and-wait group needs further study, elevated 
levels presumably cannot be disregarded in terms of their 
clinical implications.

The NETest remains a promising molecular tool 
with important values, novel to NET surveillance. 
Implementation of the molecular assay within our regular 
imaging-based screening intervals can be a useful addition 
to the clinical armamentarium for a large subgroup of 
GEPNET patients.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of the research reported.

Funding
This work did not receive any specific grant from any funding agency in the 
public, commercial or not-for-profit sector.

Author contribution statement
M Tesselaar and G D Valk: authors share senior authorship.

Acknowledgements
We would like to thank Wren laboratories for measuring our blinded NETest 
samples, free of charge. We also would like to thank Rachel Giles for proof 
reading the manuscript, Carla Pieterman, for her help in configuring some 
figures and Peter Zuithoff for his contributing as statistical expert at the 
UMC Utrecht Julius Center.

References
 1 Fraenkel M, Kim M, Faggiano A, De Herder WW, Valk GD & Knowledge 

NETwork. Incidence of gastroenteropancreatic neuroendocrine 
tumours: a systematic review of the literature. Endocrine-Related Cancer 
2014 21 R153–R163. (https://doi.org/10.1530/ERC-13-0125)

 2 Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, Shih T & Yao JC. 
Trends in the incidence, prevalence, and survival outcomes in patients 
with neuroendocrine tumors in the United States. JAMA Oncology 2017 
3 1335–1342. (https://doi.org/10.1001/jamaoncol.2017.0589)

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0146

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 12/07/2022 01:55:32PM
via free access

https://doi.org/10.1530/ERC-13-0125
https://doi.org/10.1001/jamaoncol.2017.0589
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0146
https://ec.bioscientifica.com


M J C van Treijen et al. e22014611:10

 3 Sackstein PE, O’Neil DS, Neugut AI, Chabot J & Fojo T. Epidemiologic 
trends in neuroendocrine tumors: an examination of incidence rates 
and survival of specific patient subgroups over the past 20 years. 
Seminars in Oncology 2018 45 249–258. (https://doi.org/10.1053/j.
seminoncol.2018.07.001)

 4 Klöppel G. Classification and pathology of gastroenteropancreatic 
neuroendocrine neoplasms. Endocrine-Related Cancer 2011 18 
(Supplement 1) S1–16. (https://doi.org/10.1530/ERC-11-0013)

 5 Pedraza-Arévalo S, Gahete MD, Alors-Pérez E, Luque RM & Castaño JP. 
Multilayered heterogeneity as an intrinsic hallmark of neuroendocrine 
tumors. Reviews in Endocrine and Metabolic Disorders 2018 19 179–192. 
(https://doi.org/10.1007/s11154-018-9465-0)

 6 Knigge U, Capdevila J, Bartsch DK, Baudin E, Falkerby J, 
Kianmanesh R, Kos-Kudla B, Niederle B, Nieveen Van Dijkum E, 
O’Toole D, et al. ENETS consensus recommendations for the 
standards of care in neuroendocrine neoplasms: follow-up and 
documentation. Neuroendocrinology 2017 105 310–319. (https://doi.
org/10.1159/000458155)

 7 Zhang S, Tong YX, Zhang XH, Zhang YJ, Xu XS, Xiao AT, Chao TF & 
Gong JP. A novel and validated nomogram to predict overall survival 
for gastric neuroendocrine neoplasms. Journal of Cancer 2019 10 
5944–5954. (https://doi.org/10.7150/jca.35785)

 8 Modlin IM, Gustafsson BI, Pavel M, Svejda B, Lawrence B & Kidd M. 
A nomogram to assess small-intestinal neuroendocrine tumor 
(‘carcinoid’) survival. Neuroendocrinology 2010 92 143–157. (https://doi.
org/10.1159/000319784)

 9 Levy S, van Veenendaal LM, Korse CM, Breekveldt ECH, 
Verbeek WHM, Vriens MR, Kuhlmann KFD, van den Berg JG, Valk GD 
& Tesselaar MET. Survival in patients with neuroendocrine tumours of 
the small intestine: nomogram validation and predictors of survival. 
Journal of Clinical Medicine 2020 9 2502. (https://doi.org/10.3390/
jcm9082502)

 10 Tarquini M, Ambrosio MR, Albertelli M, Souza PB de, Gafà R, 
Gagliardi I, Carnevale A, Franceschetti P & Zatelli MC. A tool to predict 
survival in stage IV entero-pancreatic NEN. Journal of Endocrinological 
Investigation 2021 44 1185–1192. (https://doi.org/10.1007/s40618-020-
01404-4)

 11 Panzuto F, Merola E, Pavel ME, Rinke A, Kump P, Partelli S, 
Rinzivillo M, Rodriguez‐Laval V, Pape UF, Lipp R, et al. Stage IV 
gastro‐entero‐pancreatic neuroendocrine neoplasms: a risk score to 
predict clinical outcome. Oncologist 2017 22 409–415. (https://doi.
org/10.1634/theoncologist.2016-0351)

 12 Alexandraki KI, Spyroglou A, Kykalos S, Daskalakis K, Kyriakopoulos G, 
Sotiropoulos GC, Kaltsas GA & Grossman AB. Changing biological 
behaviour of NETs during the evolution of the disease: progress on 
progression. Endocrine-Related Cancer 2021 28 R121–R140. (https://doi.
org/10.1530/ERC-20-0473)

 13 Calabrò D, Argalia G & Ambrosini V. Role of PET/CT and therapy 
management of pancreatic neuroendocrine tumors. Diagnostics 2020 
10 1059. (https://doi.org/10.3390/diagnostics10121059)

 14 Herrmann K, Czernin J, Wolin EM, Gupta P, Barrio M, Gutierrez A, 
Schiepers C, Mosessian S, Phelps ME & Allen-Auerbach MS. 
Impact of 68Ga-DOTATATE PET/CT on the management of 
neuroendocrine tumors: the referring physician’s perspective. 
Journal of Nuclear Medicine 2015 56 70–75. (https://doi.org/10.2967/
jnumed.114.148247)

 15 Skoura E, Michopoulou S, Mohmaduvesh M, Panagiotidis E, 
Harbi MAl, Toumpanakis C, Almukhailed O, Kayani I, Syed R, 
Navalkissoor S, et al. The impact of 68Ga-DOTATATE PET/CT 
imaging on management of patients with neuroendocrine tumors: 
experience from a National Referral Center in the United Kingdom. 
Journal of Nuclear Medicine 2016 57 34–40. (https://doi.org/10.2967/
jnumed.115.166017)

 16 Hope TA, Bergsland EK, Bozkurt MF, Graham M, Heaney AP, 
Herrmann K, Howe JR, Kulke MH, Kunz PL, Mailman J, et al. 
Appropriate use criteria for somatostatin receptor PET imaging in 

neuroendocrine tumors. Journal of Nuclear Medicine 2018 59 66–74. 
(https://doi.org/10.2967/jnumed.117.202275)

 17 Modlin IM, Drozdov I & Kidd M. The identification of gut 
neuroendocrine tumor disease by multiple synchronous transcript 
analysis in blood. PLoS ONE 2013 8 e63364. (https://doi.org/10.1371/
journal.pone.0063364)

 18 Kidd M, Drozdov I & Modlin I. Blood and tissue neuroendocrine 
tumor gene cluster analysis correlate, define hallmarks and predict 
disease status. Endocrine-Related Cancer 2015 22 561–575. (https://doi.
org/10.1530/ERC-15-0092)

 19 Treijen MJC van, Zee D van der, Heeres BC, Staal FCR, Vriens MR, 
Saveur LJ, Verbeek WHM, Korse CM, Maas M, Valk GD, et al. 
Blood molecular genomic analysis predicts the disease course of 
GEP NET patients: a validation study of the predictive value of 
the NETest®. Neuroendocrinology 2020 111 586–598. (https://doi.
org/10.1159/000509091)

 20 Lloyd RV, Osamura YR, Kloppel G & Rosai J. WHO Classification of 
Tumours of Endocrine Organs, pp. 78–80. WHO Press, 2017.

 21 Treijen MJC Van, Korse CM, Leeuwaarde RS Van, Saveur LJ, Vriens MR, 
Verbeek WHM, Tesselaar MET & Valk GD. Blood transcript profiling 
for the detection of neuroendocrine tumors: results of a large 
independent validation study. Frontiers in Endocrinology 2018 9 740. 
(https://doi.org/10.3389/fendo.2018.00740)

 22 Pavel M, Jann H, Prasad V, Drozdov I, Modlin IM & Kidd M. NET blood 
transcript analysis defines the crossing of the clinical rubicon: when 
stable disease becomes progressive. Neuroendocrinology 2017 104 
170–182. (https://doi.org/10.1159/000446025)

 23 Malczewska A, Witkowska M, Makulik K, Bocian A, Walter A, Pilch-
Kowalczyk J, Zajęcki W, Bodei L, Oberg KE & Kos-Kudła B. Netest liquid 
biopsy is diagnostic of small intestine and pancreatic neuroendocrine 
tumors and correlates with imaging. Endocrine Connections 2019 8 
442–453. (https://doi.org/10.1530/EC-19-0030)

 24 Puliani G, Di VV, Feola T, Sesti F, Centello R, Pandozzi C, Tarsitano MG, 
Verrico M, Lenzi A, Isidori AM, et al. NETest: a systematic review 
focusing on the prognostic and predictive role. Neuroendocrinology 
2022 112 523–536. (https://doi.org/10.1159/000518873)

 25 Junqueira-Neto S, Batista IA, Costa JL & Melo SA. Liquid biopsy 
beyond circulating tumor cells and cell-free DNA. Acta Cytologica 2019 
63 479–488. (https://doi.org/10.1159/000493969)

 26 Yuan T, Huang X, Woodcock M, Du M, Dittmar R, Wang Y, Tsai S, 
Kohli M, Boardman L, Patel T, et al. Plasma extracellular RNA profiles 
in healthy and cancer patients. Scientific Reports 2016 6 19413. (https://
doi.org/10.1038/srep19413)

 27 Li Y, Jin J & Bai F. Cancer biology deciphered by single-cell 
transcriptomic sequencing. Protein and Cell 2022 13 167–179. (https://
doi.org/10.1007/s13238-021-00868-1)

 28 Cui W, Xue H, Geng Y, Zhang J, Liang Y, Tian X & Wang Q. Effect of 
high variation in transcript expression on identifying differentially 
expressed genes in RNA‐seq analysis. Annals of Human Genetics 2021 85 
235–244. (https://doi.org/10.1111/ahg.12441)

 29 Childs A, Steele CD, Vesely C, Rizzo FM, Ensell L, Lowe H, Dhami P, 
Vaikkinen H, Luong TV, Conde L, et al. Whole-genome sequencing 
of single circulating tumor cells from neuroendocrine neoplasms. 
Endocrine-Related Cancer 2021 28 631–644. (https://doi.org/10.1530/
ERC-21-0179)

 30 Treglia G, Castaldi P, Rindi G, Giordano A & Rufini V. Diagnostic 
performance of gallium-68 somatostatin receptor PET and PET/CT in 
patients with thoracic and gastroenteropancreatic neuroendocrine 
tumours: a meta-analysis. Endocrine 2012 42 80–87. (https://doi.
org/10.1007/s12020-012-9631-1)

 31 Półtorak-Szymczak G, Budlewski T, Furmanek MI, Wierzba W, 
Sklinda K, Walecki J & Mruk B. Radiological imaging of gastro-entero-
pancreatic neuroendocrine tumors. The review of current literature 
emphasizing the diagnostic value of chosen imaging methods. 
Frontiers in Oncology 2021 11 670233. (https://doi.org/10.3389/
fonc.2021.670233)

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0146

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 12/07/2022 01:55:32PM
via free access

https://doi.org/10.1053/j.seminoncol.2018.07.001
https://doi.org/10.1053/j.seminoncol.2018.07.001
https://doi.org/10.1530/ERC-11-0013
https://doi.org/10.1007/s11154-018-9465-0
https://doi.org/10.1159/000458155
https://doi.org/10.1159/000458155
https://doi.org/10.7150/jca.35785
https://doi.org/10.1159/000319784
https://doi.org/10.1159/000319784
https://doi.org/10.3390/jcm9082502
https://doi.org/10.3390/jcm9082502
https://doi.org/10.1007/s40618-020-01404-4
https://doi.org/10.1007/s40618-020-01404-4
https://doi.org/10.1634/theoncologist.2016-0351
https://doi.org/10.1634/theoncologist.2016-0351
https://doi.org/10.1530/ERC-20-0473
https://doi.org/10.1530/ERC-20-0473
https://doi.org/10.3390/diagnostics10121059
https://doi.org/10.2967/jnumed.114.148247
https://doi.org/10.2967/jnumed.114.148247
https://doi.org/10.2967/jnumed.115.166017
https://doi.org/10.2967/jnumed.115.166017
https://doi.org/10.2967/jnumed.117.202275
https://doi.org/10.1371/journal.pone.0063364
https://doi.org/10.1371/journal.pone.0063364
https://doi.org/10.1530/ERC-15-0092
https://doi.org/10.1530/ERC-15-0092
https://doi.org/10.1159/000509091
https://doi.org/10.1159/000509091
https://doi.org/10.3389/fendo.2018.00740
https://doi.org/10.1159/000446025
https://doi.org/10.1530/EC-19-0030
https://doi.org/10.1159/000518873
https://doi.org/10.1159/000493969
https://doi.org/10.1038/srep19413
https://doi.org/10.1038/srep19413
https://doi.org/10.1007/s13238-021-00868-1
https://doi.org/10.1007/s13238-021-00868-1
https://doi.org/10.1111/ahg.12441
https://doi.org/10.1530/ERC-21-0179
https://doi.org/10.1530/ERC-21-0179
https://doi.org/10.1007/s12020-012-9631-1
https://doi.org/10.1007/s12020-012-9631-1
https://doi.org/10.3389/fonc.2021.670233
https://doi.org/10.3389/fonc.2021.670233
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0146
https://ec.bioscientifica.com


M J C van Treijen et al. e220146

PB–XX

11:10

 32 Paiella S, Impellizzeri H, Zanolin E, Marchegiani G, Miotto M, 
Malpaga A, de Robertis R, D’Onofrio M, Rusev B, Capelli P, et al. 
Comparison of imaging-based and pathological dimensions in 
pancreatic neuroendocrine tumors. World Journal of Gastroenterology 
2017 23 3092–3098. (https://doi.org/10.3748/wjg.v23.i17.3092)

 33 Beek DJ Van, Verkooijen HM, Nell S, Bonsing BA, Eijck CH Van, 
Goor H Van, Hoogwater FJH, Nieveen Van Dijkum EJM, Kazemier G, 
Dejong CHC, et al. Reliability and agreement of radiological and 
pathological tumor size in patients with multiple endocrine neoplasia 
type 1-related pancreatic neuroendocrine tumors: results from a 
population-based cohort. Neuroendocrinology 2021 111 705–717. 
(https://doi.org/10.1159/000510514)

 34 Chan DL, Clarke SJ, Diakos CI, Roach PJ, Bailey DL, Singh S & 
Pavlakis N. Prognostic and predictive biomarkers in neuroendocrine 
tumours. Critical Reviews in Oncology/Hematology 2017 113 268–282. 
(https://doi.org/10.1016/j.critrevonc.2017.03.017)

 35 Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge S, 
Pierga JY, Brain E, Causeret S, DeLorenzi M, et al. 70-gene signature as 
an aid to treatment decisions in early-stage breast cancer. New England 
Journal of Medicine 2016 375 717–729. (https://doi.org/10.1056/
NEJMoa1602253)

 36 Miyamoto DT, Lee RJ, Kalinich M, LiCausi JA, Zheng Y, Chen T, 
Milner JD, Emmons E, Ho U, Broderick K, et al. An RNA-based digital 
circulating tumor cell signature is predictive of drug response and 
early dissemination in prostate cancer. Cancer Discovery 2018 8 
288–303. (https://doi.org/10.1158/2159-8290.CD-16-1406)

 37 Friedlander P, Wassmann K, Christenfeld AM, Fisher D, Kyi C, 
Kirkwood JM, Bhardwaj N & Oh WK. Whole-blood RNA transcript-
based models can predict clinical response in two large independent 
clinical studies of patients with advanced melanoma treated with the 
checkpoint inhibitor, tremelimumab. Journal for ImmunoTherapy of 
Cancer 2017 5 67. (https://doi.org/10.1186/s40425-017-0272-z)

 38 Lariviere MJ, Haas NB, Cherkas Y, Nielsen K, Foulk B, Patel J, 
Smirnov D, Vaughn DJ, Amaravadi RK, Savitch SL, et al. Prediction of 
metastatic castrate-resistant prostate cancer response to abiraterone 
or enzalutamide by a baseline blood-based CTC gene expression 
signature. Journal of Clinical Oncology 2019 37 e16529. (https://doi.
org/10.1200/JCO.2019.37.15_suppl.e16529)

 39 Gross ME. Blood-based gene expression profiling in castrate-resistant 
prostate cancer. BMC Medicine 2015 13 219. (https://doi.org/10.1186/
s12916-015-0463-8)

 40 Verweyen EL, Pickering A, Grom AA & Schulert GS. Distinct gene 
expression signatures characterize strong clinical responders versus 
nonresponders to canakinumab in children with systemic juvenile 
idiopathic arthritis. Arthritis and Rheumatology 2021 73 1334–1340. 
(https://doi.org/10.1002/art.41640)

 41 Thomson TM, Lescarbeau RM, Drubin DA, Laifenfeld D, Graaf D 
De, Fryburg DA, Littman B, Deehan R & Hooser A Van. Blood-based 
identification of non-responders to anti-TNF therapy in rheumatoid 
arthritis. BMC Medical Genomics 2015 8 26. (https://doi.org/10.1186/
s12920-015-0100-6)

 42 Bodei L, Kidd M, Modlin IM, Severi S, Drozdov I, Nicolini S, 
Kwekkeboom DJ, Krenning EP, Baum RP & Paganelli G. Measurement 
of circulating transcripts and gene cluster analysis predicts and defines 
therapeutic efficacy of peptide receptor radionuclide therapy (PRRT) 
in neuroendocrine tumors. European Journal of Nuclear Medicine and 
Molecular Imaging 2016 43 839–851. (https://doi.org/10.1007/s00259-
015-3250-z)

 43 Bodei L, Kidd MS, Singh A, Zwan WA van der, Severi S, Drozdov IA, 
Malczewska A, Baum RP, Kwekkeboom DJ, Paganelli G, et al. PRRT 
neuroendocrine tumor response monitored using circulating 
transcript analysis: the NETest. European Journal of Nuclear Medicine and 
Molecular Imaging 2020 47 895–906. (https://doi.org/10.1007/s00259-
019-04601-3)

Received in final form 5 August 2022
Accepted 11 August 2022
Accepted Manuscript published online 11 August 2022

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0146

https://ec.bioscientifica.com © 2022 The authors
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 12/07/2022 01:55:32PM
via free access

https://doi.org/10.3748/wjg.v23.i17.3092
https://doi.org/10.1159/000510514
https://doi.org/10.1016/j.critrevonc.2017.03.017
https://doi.org/10.1056/NEJMoa1602253
https://doi.org/10.1056/NEJMoa1602253
https://doi.org/10.1158/2159-8290.CD-16-1406
https://doi.org/10.1186/s40425-017-0272-z
https://doi.org/10.1200/JCO.2019.37.15_suppl.e16529
https://doi.org/10.1200/JCO.2019.37.15_suppl.e16529
https://doi.org/10.1186/s12916-015-0463-8
https://doi.org/10.1186/s12916-015-0463-8
https://doi.org/10.1002/art.41640
https://doi.org/10.1186/s12920-015-0100-6
https://doi.org/10.1186/s12920-015-0100-6
https://doi.org/10.1007/s00259-015-3250-z
https://doi.org/10.1007/s00259-015-3250-z
https://doi.org/10.1007/s00259-019-04601-3
https://doi.org/10.1007/s00259-019-04601-3
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0146
https://ec.bioscientifica.com

	Abstract
	Introduction
	Methods
	Population
	Measurements
	Statistical analysis

	Results
	Reproducibility of value to predict disease status after 12 months
	Reflection of disease status over time in patients not receiving any treatment
	Prediction and reflection of treatment efficacy
	Co-morbidity

	Discussion
	Declaration of interest
	Funding
	Author contribution statement
	Acknowledgements
	References

