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Background:
The NETest is a multigenomic neuroendocrine-specific blood biomarker diagnostic for neuroendocrine tumors (NETs). We compared its accuracy to Chromogranin A (CgA) and assessed its utility in surgery. 

Methods: 
Using STROBE guidelines 1,652 NETs and 317 non-NET individuals were evaluated. In 922 NETs NETest and CgA tests were compared. Surgery on 599 resulted in 186 “cured”. Biomarkers were assessed pre and POD30 (n=122) with 18 months follow up. Disease status defined by RECIST 1.1. NETest by qPCR (ULN: 20), CgA (EuroDiagnostica, ULN: 108ng/mL). Statistics: AUROC analyses, and McNemar’s Chi2 test. Mean±SEM.

Results:
Diagnosis: Controls: NETest 2%, CgA 5%. Non-NET disease, 14% vs 21% respectively. In NETs accuracy of NETest was 87% vs CgA 44%. Overall NETest was (9x) more accurate than CgA (p<0.0001). 
Resection: Pre surgery NETest was elevated in 100% vs CgA 40%.
R0 (n=69) caused a significant (p<0.0001) decrease (61±4 to 22±2); 50 (72%) were normalized by POD30 vs CgA, 133±25 to 88±9 (16%). All of the (19) (28%) with POD30 elevated NETest recurred by 18 months. Elevated CgA occurred in 2 (11%). NETest was 100% accurate for predicting recurrent disease.
R1 (n=28) significantly decreased NETest (71±5 to 44±5, p=0.006). All were elevated at POD30. CgA was elevated in 16%.
R2 (n=25) significantly decreased NETest: (75±5 to 60±5, p=0.04). All were elevated at POD30. CgA was elevated in 36%. 

Conclusion:
NETest is a significantly more accurate diagnostic than CgA. Decrease in NETest level reflects resection extent. Postoperative elevated levels accurately (100%) predict recurrence. CgA had negligible clinical utility.


INTRODUCTION
The management of neuroendocrine tumor (NET) disease is complex since symptoms are protean and diagnosis is usually at a late stage with metastatic disease evident 1. Tools to identify disease recurrence and progress are limited comprising imaging and biomarkers. Imaging is complex, expensive and involves radiation exposure hence repetition is problematic. Blood biomarkers in NET disease represent secretory products and are therefore not effective for all tumors since up to 50% exhibit no secretory product 2. Furthermore, as propounded by Hanahan et al., in their seminal descriptions of the hallmarks of cancer, secretory products have little influence on the biological drivers of cancer such as growth, invasion and metastasis 3. 
Specific agents such as insulin, gastrin and serotonin are of some value in diagnosis and assessing disease progress but a relatively small percentage of NETs produce these secretory analytes 2. Furthermore, a secretory product is a monoanalyte and therefore provides information only pertinent to secretory activity not the biology of a tumor. In general, monoanalytes detect specific tumors though CgA has been proposed as a monoanalyte that is effective at detecting all NET disease 4. This assertion has become controversial and both publications and guidelines now consider CgA to have limited efficacy as a NET biomarker 1, 5-8. 
More recently, novel biomarker strategies that are based upon multianalyte assessment using transcriptome analysis and ctDNA have been proposed to be more effective 2, 8, 9. They capture diverse molecular information relevant to the oncogenic drivers of individual tumors and when used as a liquid biopsy (LQB) provide real time information on the biological and clinical evolution of a tumor 10. LQB has become the norm in other oncological disciplines and provided a useful basis for defining tumor status and assessing therapeutic efficacy e.g., minimal residual disease (MRD) in neuroblastoma 11. 
In this manuscript, we describe our experience with a multigenomic liquid biopsy specifically developed for NET disease (NETest) (Figure 1) and compare it with the currently used pan-NET monoanalyte biomarker chromogranin A (CgA).

METHODS: 
Study Design: This is a prospective, cross-sectional study, including 1,652 consecutive gastroenteropancreatic and lung NETS enrolled over a five-year period (10/1/2015-9/30/2020) (Table 1). Data were collected (Western Institutional Review Board Ethics Protocol #20150174) and evaluated per the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines 12. Primary outcomes included a NET diagnosis and response to surgical treatment. Variables evaluated included image detection of disease (image-positive [IPD] vs. image-negative [IND] by CT/MRI or 68Ga-SSA-studies), biomarker assessment (NETest and CgA measurements [levels and whether elevated or normal]) and surgical outcomes (“cured” or no evidence of disease (NED) or evidence of residual disease).
Surgical data: Biomarkers were evaluated in the 599 NETs who had undergone surgery. In a subset (n=122), two blood samples were available (pre- and post-surgery). In this group, disease status was assessed by imaging (CT/MRI or 68Ga-SSA-studies) and patients followed for a mean of 18 months. Surgery included R0 (n=69), R1 (n=28) and R2 (n=25) resections (Figure 1).
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Figure 1. Schema of study design and biomarker evaluation. The study comprised two components. Left (black circles) a diagnostic evaluation for each biomarker versus controls, benign disease and non-NET neoplasia. On the right (red circles) a surgical evaluation of biomarker performance. Values were assessed in those considered NED compared to IPD. In a sub-cohort (red circles) tested pre-surgery and 30 days post-surgery, biomarkers were evaluated to assess residual disease and to predict recurrence (R0 cohort only).
NED = no evidence of disease (by imaging). IPD = image-positive (detectable) disease.

Blood collection/send-out: Peripheral whole blood samples (3 ml) were collected in EDTA tubes, mixed, and stored on ice 13. Plasma samples were collected for CgA measurement. Samples were shipped to Wren Laboratories, a clinically certified laboratory (CL-0704, CLIA 07D2081388, NYSDOH PFI: 9138) for NETest and CgA measurements. All blood tubes were deidentified.
NETest measurement: Details of the PCR methodology, mathematical analysis and validation have been published 13-15. In brief, NET target transcripts (mRNA) are isolated from whole blood, real-time PCR performed and gene expression evaluated using multi-algorithmic artificial intelligence-based analyses 13-15. Final results are expressed as an activity index from 0-100 13-15. 
CgA measurement: Plasma samples were measured using the NEOLISA TM kit (EuroDiagnostica). The ULN is 108ng/mL.
Statistical analysis: All statistical analyses were performed using Prism 9.0 for Windows (GraphPad Software 9.0.0, La Jolla, CA, www.graphpad.com) and MedCalc Statistical Software version v19.6 (MedCalc Software bvba, Ostend, Belgium; www.medcalc.org; 2013). 
As a diagnostic, we compared those with a positive biomarker score (NETest>20, CgA>108ng/mL) to a negative score. We undertook two separate analyses: area under the receiver operator curve (AUROC) and diagnostic metrics evaluation (including Odd’s Ratios (OR)). Diagnostic output includes calculation for all NETs vs. comparators and NETs with image-detectable disease vs. comparators. In addition, a head-to-head comparison using McNemar’s testing was performed. In discussing biomarker outcomes, concordant refers to whether both biomarkers are elevated/decreased or normal; while discordant refers to one biomarker elevated and the other normal.
For the surgical follow-up, we examined both levels of the biomarkers as well as the proportion of positive (elevated) and negative (normal) scores pre- and post-surgery.
All data are presented as mean±SEM and where appropriate [95% confidence intervals (CI)] are included. A p<0.05 was considered significant. 

RESULTS
Biomarker collection: We collected and reviewed the details of 1,652 subjects with a diagnosis of a NET. Overall, 922 (56%) also had a CgA measurement at the same time-point. 

Diagnostic value: To evaluate the diagnostic value of the two biomarkers, we examined both biomarkers accuracy for NETs (n=922), controls (n=105), benign diseases (n=99) and other neoplasia (n=112). A post-surgery subgroup (n=146) had no evidence of disease. We consequently evaluated both biomarkers in all NETs (n=922) and in those with image-evidence of disease (n=776). 
In the entire group (n=922), 710 (77%) were NETest-positive while 367 (41%) were CgA-positive. In the disease-positive group (n=776), 665 (86%) were NETest-positive and 344 (44%) were CgA-positive (Figure 2).
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Figure 2. NETest and CgA positivity in NETs, controls, benign disease and non-NET neoplasia. NETest (red) was positive in 86% of NETs (n=922), 2% of controls, 20% of benign disease and 28% of non-NET neoplasia. CgA (blue) was positive in NETs (44%), controls (5%), benign disease (33%) and non-Net neoplasia (24%).  
C = Chromogranin A. N = NETest

Controls (n=106): In the control group, 2 (2%) were NETest-positive, while 5 (5%) were CgA-positive (Figure 2). The diagnostic metrics for determining NETs vs. controls is included in Table 2. AUROCs were 0.9 (all NETs vs. controls) and 0.95 (NETs with disease vs. controls) for the NETest. For CgA, the values were significantly lower (p<0.0001) - 0.66 and 0.70 - respectively. The diagnostic accuracy of the NETest in those with disease was 87% vs. 51% for CgA (Figure 3). 
[image: ]
Figure 3: Schema of NETest and diagnostic AUC metric. 
3A. The NETest is a gene expression assay that measures 51 NET marker mRNAs in blood using real-time PCR. The assay utilizes multi-algorithmic analysis to quantify tumor-related expression of gene clusters including proliferation, metabolism, metastasis and pro-survival signaling pathways. The output is a score scaled 0-100 that represents the risk of NET disease. A normal score is <20, stable disease is related to scores 21-40, progressive disease: 41-100. Abnormally elevated scores >80 are associated with treatment failure. The assay has >90% sensitivity and specificity for a NET diagnosis.
3B. Area under the curve analysis of the NETest in NETs versus controls. The NETest exhibits and AUC>0.95 while Chromogranin A (CgA) is <0.7.

Benign disease (n=99): In the benign disease group, 20 (20%) were NETest-positive, while 33 (33%) were CgA-positive (Figure 2). AUROCs were 0.79 and 0.85 for the NETest compared to 0.52 and 0.56 for CgA (p<0.0001). The diagnostic accuracy of the NETest for NET disease was 85% vs. 47% for CgA.
Non-NET neoplasia (n=112): In this group, 31 (28%) were NETest-positive, while 27 (24%) were CgA-positive (Figure 2). AUROCs were 0.72 and 0.77 for the NETest compared to 0.53 and 0.57 for CgA (p<0.0001). The diagnostic accuracy of the NETest in those with NET disease was 83% vs. 47% for CgA. 
McNemar’s testing: This was undertaken to evaluate the comparative diagnostic value of NETest and CgA. In the NET disease group, the NETest was significantly more accurate than CgA for disease diagnosis (Chi2=253, p<0.0001, OR: 8.6 [6.3-12.2]). In benign disease (COPD, GERD, pancreatitis, IPF), CgA was more accurate than the NETest for disease detection (Chi2=5.0, p=0.026, OR: 0.38 [0.15-0.9]). Neither biomarker was accurate in the identification of non-NET neoplasia (NSCLC, pancreatic cancers: Chi2=0.17, p=NS) or controls (Chi2=0.57, p=NS). 

Surgery and Biomarkers: 
Effect of surgery on biomarkers: Overall, 599 (65%) of NETs underwent surgery. On the basis of image-positivity and negativity, 186 were considered “cured” and 413 assessed as incomplete resection.
NETest: In those considered surgical cures (n=186), NETest scores were normal (18.5±1.2) (ULN <20) and in 58 (31%) NETest levels were elevated. In those who underwent surgery and were image-positive (n=413), NETest scores were 46±1.2 (p<0.0001). A total of 356 (86%) were NETest-positive.
CgA: In the surgical “cures”, levels were 95±12ng/mL; 35 (19%) were CgA-positive. In those with image evidence of disease, levels were 588±130ng/mL (p<0.0001). Overall, 165 (40%) were CgA-positive.

“Cured” (n=186): Eight (4%) were both NETest/CgA-positive while 101 (54%) were both NETest/CgA-negative. In the discordant group, 27 were only CgA+ while 50 were only NETest+.
Residual disease (n=413): One hundred and forty (34%) were both NETest/CgA-positive while 32 (8%) were both NETest/CgA-negative. In the discordant group, 25 were only CgA+ while 216 were only NETest+. A McNemar’s test identified the NETest was significantly more accurate than CgA for detecting residual disease (Chi2=149.8, p<0.0001, OR = 8.64 [5.7-13.65]).

NETest and surgical management: Of the 599 who underwent surgery, 122 (20%) had a follow-up blood sample at POD30. Surgical resections comprised R0 in 69 (57%), R1 (n=28; 23%) and 25 (20%) underwent R2 surgery. Of the 122, all (100%) had an elevated NETest preoperatively compared to CgA, 34 (28%) (p<0.0001). 
R0 Group (n=69): All had elevated NETest levels prior to surgery (61±4) and post-surgery levels significantly decreased to 22±2 (p<0.0001) (Figure 4A). At POD30, 50/69 (72%) exhibited a negative NETest consistent with complete disease removal (Figure 4B). Prior to surgery, CgA was positive in 18/69 (26%). Post-resection, CgA decreased (133±25 to 88±9) but this did not attain significance (Figure 4C). Post-surgery, 14 (20%) were positive (Figure 4D). After surgery, CgA levels normalized in 11/69 (16%).
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Figure 4. NETest and CgA levels pre-and post-surgery in R0, R1, and R2 cohorts. Pre surgery (green), post-surgery (red). 
4A. NETest levels were elevated in all prior to surgery. NETest levels were significantly reduced by surgery. 
4B. Post-surgical R0 levels were significantly (*p<0.0001) decreased versus R1 and R2, while R1 levels were decreased compared to R2 (**p<0.02). NETest normalized in 72% of R0 but remained elevated in all R1 and R2 resections. 
4C. CgA levels were not significantly reduced by surgery 
4D. No alterations in levels were noted in any cohort post-surgery.
Pre-Sx = pre-surgery, POD30 = post-operative day 30. ULN = upper limit of normal.
ULN (NETest) = 20, ULN (CgA) = 108ng/mL.

R1 (n=28): All were NETest-positive pre-surgery. NETest levels decreased significantly after resection from 71±5 to 44±5 (p=0.006) but remained elevated consistent with evidence of residual disease. CgA remained unchanged (152±50 to 183±93). Twenty-one percent were CgA-positive pre-surgery and 14% post-surgery. Three in total (11%) exhibited elevated CgA consistent with disease.
R2 (n=25): All samples were NETest-positive pre-surgery. NETest levels significantly decreased post-resection from 75±5 to 60±5 (p=0.04) but remained elevated consistent with residual disease. CgA remained unchanged (282±132 to 281±149). Forty percent were positive pre-surgery and 36% post-surgery. Nine (36%) exhibited elevated CgA consistent with residual disease.

Assessment of biomarker alterations.
An evaluation of the variations in NETest and CgA in each of the three groups identified the NETest was overall accurate in 103/122 (84%). For CgA, the accuracy was 34 (28%) (Chi2=77, p<0.0001). McNemar’s testing identified the NETest was significantly more accurate than CgA for diagnosing NET disease before surgery (McNemar’s Chi2=85, p<0.0001). The NETest was 5x more accurate than CgA for evaluating response to resection (disease removal versus residual disease) (McNemar’s Chi2=30.9, p<0.0001, OR: 5.0 [2.7-10.2]).

Relationship to disease recurrence.
All patients with residual disease (R1 or R2) (n=53) exhibited elevated NETest scores at POD30 (Table 3). Thirteen (25%) exhibited an elevated CgA. 

The NETest accurately detected residual disease compared to CgA (Chi2=61, p<0.0001). In the R0 group, 19 (28%) exhibited an elevated NETest while 14 (20%) had an elevated CgA. To assess the clinical relevance of an elevated post-surgical NETest, we followed all patients for 18 months with standard imaging (CT/MRI or 68Ga-PET-CT). All 19 individuals who exhibited elevated NETest-levels post-surgery developed image-detectable recurrent disease. In the CgA-positive cohort, only 2 developed disease recurrence. An elevated NETest was 100% accurate (19/19) for predicting subsequent tumor recurrence while CgA was 14% accurate. In the R0 cohort, the predictive metrics for the NETest was 100% sensitivity (82.4-100%) and 100% specificity (92.9-100%). For CgA, these metrics were sensitivity 11% (1-33%) and specificity 76% (62-87%).

DISCUSSION
In this well-powered, prospective, real world study, we demonstrate that a blood-based, multigenomic signature (NETest) is significantly more accurate than the standard of care, CgA, for the diagnosis and surgical management of NETs. The NETest was 9x more accurate than CgA as a diagnostic and was significantly correlated (OR = 8.6) with image-based detection of disease. NETest was effective as a marker of residual disease (100% sensitivity) and could be used to accurately (100%) predict recurrence following R0. In contrast, CgA had no clinical value.
Study strengths include the large number of NETs, the diverse group of NET types (stomach, duodenum, pancreas, small bowel, appendix, colon, rectum, CUP s and lung), a matched biomarker evaluation in ~1,000 patients, standardized biomarker measurement (undertaken in a CLIA-approved molecular genomics validated laboratory) and a precisely followed surgical sub-cohort. Potential limitations are the heterogeneity in imaging studies and no centralized pathological review but these reflect the real-world conditions of this type of study. Overall, the prospective study design and reporting per standardized approach 12 provides an amply powered, real-world assessment of the clinical material encountered in NET treatment centers.
As a diagnostic, the NETest was unequivocally more accurate than CgA. Overall, the NETest exhibited a significantly higher diagnostic accuracy for NETs vs. controls (87%), benign diseases (85%) or non-NET neoplasia (83%) than CgA (51%, 47% and 47%, respectively). The AUROCS for NETest were 0.95 (vs. controls), 0.85 (vs. benign disease) and 0.77 (vs. non-NET neoplasia). For CgA these were 0.70, 0.56 and 0.57, respectively. The increased accuracy was independent of the comparator group. The NETest was identified as most useful for identifying NET disease (OR~9) indicative of it being 9x more effective than CgA in NET diagnosis. Of note, CgA was ~2.5x more effective than the NETest for the identification of a benign diseases e.g., COPD, GERD etc. This is consistent with CgA release in these diseases (often as a consequence of proton pump inhibitor therapy or related to neuroendocrine cell hyperplasia). This probably reflects G-and ECL cell hyperplasia that occurs with proton pump inhibitor usage and the pulmonary neuroendocrine cell hyperplasia noted in COPD) 16, 17. 
A consideration in measuring biomarker efficacy is the limitation of metric precision imposed by a biomarker with a low positive rate. Thus, an accurate assessment of CgA, which is elevated in ~50% of NETs is of concern. While the actual or true positive metric is correct in terms of sensitivity, the substantial false negative rate (~50%) introduces a significant bias into the calculation of an effective diagnostic metric. CgA specificity is therefore misleadingly elevated and provides spurious information that may have adverse clinical consequences. False negatives using the NETest are rare (<10%) with a resultant high sensitivity 18 and robust accuracy calculation metrics. 
An interesting observation is that the sensitivity of the NETest enabled the identification of neuroendocrine-like differentiation (NELD) in non-NET neoplasia. The NELD phenomenon has become more appreciated in recent reports 19-22 and is considered of clinical and therapeutic relevance in some cancers such as lung and prostate 23, 24. In this study ~30% of non-NET neoplasia exhibited low elevated (19±1) NETest scores. This is consistent with other studies which identified a NETest positive rate ranging from 31-41% in NSCLC 14, 25, 26 to 33-46% in colon cancer 25, 27. The positive rate is consistent with recent observations that neuroendocrine differentiation is becoming a well-recognized feature in diverse neoplasia 19, 20. Gene expression profiling identifies that ~4% of all neoplasia, irrespective of type, exhibit a neuroendocrine genotype 19. Tumors as diverse as NSCLC or bladder cancers express a neuroendocrine signature which has been reported in up to 30% 19, 20. The signature is widely considered a negative prognostic 19. The presence of this neuroendocrine genotype is supported by immunohistochemical evaluation with CgA. Up to 30% of NSCLC exhibit CgA-immuno-positivity 23 and 18% of colorectal cancer cases are CgA-positive at a tumor tissue level 28. Given the sensitivity of a multigenomic, neuroendocrine-specific signature, our results are therefore consistent with the NETest detecting the neuroendocrine genotype in blood. From a clinical perspective, it is not common to have to identify or differentiate a colon adenocarcinoma from a NET. Nevertheless, awareness of NELD genotypic features in a colon cancer may be helpful in identifying adenocarcinomas with NET features, and have implications in terms of therapeutic outcome and prognosis 19, 23. 
A substantial component of our study is represented by the surgical cohort which comprised two-thirds (599/922) of NETs. This provided us an opportunity to evaluate the effect of surgery on the NETest (i.e., compare those considered to exhibit no evidence of disease vs. residual disease). In addition, it provided the possibility of more specifically evaluating the R0 cohort to determine whether the NETest had any predictive future value and might influence surgical follow-up. The latter question was of interest since most surgical guidelines have proposed CgA and imaging as tools to detect recurrence 29. We considered it relevant to assess if a blood-based NET-specific molecular signature would be more accurate. 
An area that remains a source of debate is the detection and management of minimal residual NET disease. Detecting MRD disease is now commonly undertaken in other neoplasia and molecular tools provide a rational and sensitive approach for this. Microscopic disease detection or MRD using e.g., blood-PCR is considered standard of care in several other solid tumors e.g., neuroblastoma (detection of 7 target genes) 30 and hematological malignancies e.g., AML 31. In the current study, we were able to assess the value of the NETest as a detector of MRD in those considered a “surgical cure”. Of the 599 surgical patients, 31% (186) were considered NED. Fifty-eight (31%) of these were NETest-positive and 4% were both NETest/CgA-positive. Molecular evidence of disease therefore may be evident in ~35% of surgical “cures”. We suggest that these patients exhibit NET MRD and that the NETest would provide the molecular tool of choice for identification and evaluation.
The study allowed us the opportunity to evaluate the role of the NETest in both MRD as known macroscopic residual disease post-surgery. We had access to follow-up biomarker (two time points: pre-surgery and POD30) and clinical data from 97 (52%) of the 186 patients considered to be NED. This group comprised 69 R0, 28 R1 patients and 25 R2 patients who, by definition, had residual disease. All surgical patients were NETest-positive before surgery compared to 28% with an elevated CgA. Surgery, whether R0/R1/R2, decreased NETest levels in all patients. This is consistent with two previous studies 14, 32 and identifies the tumor as the source of the circulating genomic biomarker signature. In comparison, CgA levels were not significantly reduced by surgery.
In the R0 cohort, the decrease in NETest was more significant than in either R1 or R2 suggesting that extent of resection correlated with subsequent blood levels. Post-operative NETest levels in R1 were also noted to be significantly lower than in R2, further supporting the proposal that the volume of tumor removed has a relationship to the NETest levels. This is also consistent with the detection of residual disease (none versus microscopic versus macroscopic). Indeed, all R2 patients were NETest-positive. Of significance was the observation that all R1 patients were also NETest-positive further supporting the proposal that the NETest accurately detects MRD after surgery. CgA, in contrast, was only positive in 11% of R1 and in 36% of R2. These observations highlight the accuracy and especially the sensitivity of multianalyte (genomic) and PCR-based technology in the identification of MRD as opposed to mononanalyte (CgA) measurement using an ELISA strategy. Overall, the NETest was 5x more accurate than CgA for monitoring the impact of surgery on disease.
Of considerable interest was the observation that only 72% of the R0 cohort were NETest-negative at POD30. This persistent elevation in NETest levels despite complete resection (R0) inclined us to consider that if the NETest was an accurate marker of microscopic disease, that 28% (19 patients) would have residual disease. Based upon the current tools and standards available for post-operative follow-up, we anticipated this would manifest as a radiological recurrence. To examine this hypothesis, we followed these patients using standard imaging (CT/MRI) and 68Ga-PET-CT. At 18 months, all 19 (100%) demonstrated image-detectable disease. In contrast, only 2 (11%) who developed radiological recurrence had elevated CgA at POD30. Conversely, the same follow-up of the 50 patients with a normal POD30 NETest revealed that none developed image-detectable disease. In this group of 50, 12 had elevated CgA but none exhibited any evidence of disease. Overall, the NETest was 100% accurate for predicting future disease compared to 14% for CgA. Our interpretation of these data is that the NETest is accurate for detecting MRD which may only become image-apparent in 12-18 months.
In 2020, the ESMO guidelines noted the NETest may have clinical utility as a marker for achieving a complete surgical removal 1. Our current study confirms this notation and demonstrates, in addition, that a post-operative NETest accurately predicts future recurrent disease. In contrast, the guideline recommended biomarker for surgical follow-up CgA 29, has little if any value for the management of disease. In our study, the NETest was ~9x more effective than CgA for detecting residual disease (CgA elevated in only 40%). Based on these data, we believe that multianalyte molecular detection of NET disease is significantly more effective than monoanalyte biochemical detection of tumor and suggests that the NETest would have a useful role in surgical follow-up and management. 
The early and accurate prediction and identification of residual or recurrent disease after surgery remains an important unmet need. Current guideline recommendations supporting the use of CgA require reconsideration. Our study also demonstrates that the NETest has utility in defining surgical efficacy at a molecular level in blood and can be a useful adjunct to pathological evaluation. We suggest that this biomarker would provide an accurate and real-time tool to facilitate the surgical management of NETs.
Our study, in a large and diverse NET cohort, demonstrated that the NETest provides an accurate, non-invasive strategy to evaluate disease status in real-time. It also has important utility for assessing surgical treatment efficacy. While the question of how to or whether to treat disease not detectable by imaging remains to be answered it seems likely that, in the future, minimum residual disease will become the target of earlier therapeutic intervention in an attempt to improve outcome. In other types of neoplasia such as neuroblastoma and hematological malignancies, PCR-based MRD evaluation has become the standard of care 11. Similarly, molecular tools to predict radiological recurrence in other cancers such as breast, colon and pancreatic adenocarcinoma, are also commonly used 33-35. Our data suggest that the NETest could function in an analogous fashion in neuroendocrine tumor disease and provide benefit in terms of clinical utility and health economic benefit.
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Table 1. NET patient (n=922) demographics

	Site
	Age
Median (range)
	Gender
(M:F)
	Grade
	Metastases
No.
(%)
	Surgery
	NED
No.
(%)
	IPD
No. (%)

	
	
	
	G1
	G2
	G3
	TC
	AC
	0
	
	
	
	

	Small bowel
(n=300)
	63
(22-83)
	159:141
	174
	83
	5
	
	
	
	259
	221#
	32
	268
(89%)

	Pancreas
(n=256)
	58
(15-87)
	125:91
	85
	130
	19
	
	
	
	173
	125##
	28
	228
(86%)

	Lung
(n=137)
	63
(18-87)
	45:92
	
	
	3
	62
	57
	
	63
	83###
	22
	115
(85%)

	Rectum
(n=65)
	57
(37-81)
	38:27
	48
	15
	1
	
	
	
	42
	14&
	39
	26
(44%)

	Stomach
(n=60)
	58
(28-88)
	19:41
	40
	13
	5
	
	
	
	10
	48&&
	50
	10
(33%)

	CUP
(n=44)
	63
(25-81)
	26:18
	8
	23
	1
	
	
	
	35
	9
	1
	43
(93%)

	Appendix (n=26)
	40
(18-50)
	8:18
	23
	0
	3*
	
	
	0
	3 
(12%)
	26
(100%)
	19
(73%)
	7
(27%)

	Duodenum
(n=25)
	56
(31-81)
	13:12
	14
	5
	1
	
	
	
	17
	16&&&
	3
	22
(83%)

	Colon
(n=10)
	61
(45-71)
	3:7
	4
	6
	0
	
	
	
	10
(100%)
	9
(90%)
	0
(0%)
	10
(100%)

	Others**
(n=14)
	66
(50-77)
	7:7
	3
	7
	3
	
	1
	
	11
	8
	2
	12
(95%)


AC = atypical carcinoid. CUP = carcinoid of unknown primary. NED = no evidence of disease. TC = typical carcinoid.
* all 3 were goblet cell carcinoids
** including ovarian, pituitary, testicular and thymic NETs
# 50 small bowel NETs were included in surgical follow-up (14 R0 [6 developed residual disease], 19R1, 17R2)
## 46 pancreatic NETs were included in surgical follow-up (32 R0 [6 developed residual disease], 7R1, 6R2)
### 23 lung NETs were included in surgical follow-up (22 R0 [6 developed residual disease], 0R1, 1R2)
& 1 rectal NET was included in surgical follow-up (1R2)
&& 1 gastric NET was included in surgical follow-up (1R0 – developed residual disease)
&&& 2 duodenal NETs were included in surgical follow-up (2R1)



Table 2. NETest and CgA Diagnostic metrics 

	
	
	Controls
(n=106)
	
	Benign Diseases
(n=99)#
	
	Non-NET Neoplasia
(n=112)##

	
	
	NETest
	CgA
	
	NETest
	CgA
	
	NETest
	CgA

	All NETs 
(IPD+IND)
(n=922)
	AUROC
	0.9 
(0.87-0.93)
	0.66 
(0.63-0.70)
	
	0.79 
(0.77-0.82)
	0.52 
(0.49-0.55)
	
	0.72 
(0.69-0.75)
	0.53 
(0.50-0.56)

	
	Accuracy
	79% (76-81)
	46% (43-49)
	
	77% (75-80)
	42% (39-46)
	
	76% (73-78)
	43% (40-46)

	
	Sensitivity
	77% (74-80)
	40% (37-43)
	
	77% (74-80)
	40% (37-43)
	
	77% (74-80)
	40% (37-43)

	
	Specificity
	95% (89-99)
	98% (93-99)
	
	80% (71-87)
	67% (56-76)
	
	63% (53-72)
	67% (57-75)

	
	
	
	
	
	
	
	
	
	

	NETs
(IPD)
(n=776)*
	AUROC
	0.95 
(0.92-0.98)
	0.70 
(0.66-0.73)**
	
	0.85
(0.82-0.87)
	0.56 
(0.53-0.60)
	
	0.77 
(0.74-0.80)
	0.57 
(0.54-0.60)

	
	Accuracy
	87% (84-89)
	51% (47-54)
	
	85% (83-87)
	47% (44-50)
	
	83% (80-85)
	47% (44-50)

	
	Sensitivity
	86% (83-91)
	44% (41-48)
	
	86% (83-88)
	40% (37-43)
	
	86% (83-88)
	44% (41-48)

	
	Specificity
	95% (89-95)
	98% (93-99)
	
	80% (71-87)
	67% (56-76)
	
	63% (53-72)
	67% (57-75)


AUROC = area under the receive operator curve, CgA = chromogranin A, IND = image-negative disease. IPD = image-positive disease
Values in parentheses reflect the 95% confidence intervals.

*NETest vs. CgA (McNemar’s testing):
NETs with disease: Chi2 = 252.8, p<0.0001, Odd’s ratio: 8.64 (6.27-12.2)
Benign diseases: Chi2 = 4.97, p=0.026, Odd’s ratio: 0.38 (0.15-0.9)
Other neoplasia: Chi2 = 0.17, p=0.68, Odd’s ratio: 1.16 (0.66-2.1)

**NETest vs. CgA (AUROC comparison):
NETs vs. controls: Difference between areas: 0.25±0.02. Z-statistic: 11.69, p<0.0001
NETs vs. benign diseases: Difference between areas: 0.28±0.03. Z-statistic: 9.19, p<0.0001
NETs vs. other neoplasia: Difference between areas: 0.20±0.04. Z-statistic: 5.6, p<0.0001

#This included 1 Crohn’s disease,3polycystic ovarian syndrome, 4 hypertension, 9 chronic obstructive pulmonary disease (COPD), 14 chronic pancreatitis, 18 gastroesophageal reflux disease (GERD), 50 idiopathic pulmonary fibrosis (IPF)

##This included 85 non-small cell lung cancers (NSCLC), 25 pancreatic cancers, 2 liver cancers


[bookmark: _Hlk63701513]Table 3. Relationship of NETest and CgA to Residual Disease and Recurrence Prediction 

	Resection
	No.
	POD0 NETest
	NETest %
Concordance
	POD0
CgA
	CgA % Concordance
	POD30
NETest
	Residual
Disease*
	NETest POD30
Concordance
	POD30
CgA
	CgA POD30
Concordance
	NETest
Accuracy
	CgA
Accuracy

	R0
	69
	69
positive
	100%
	18
positive
	26%
	19
positive 
	19
	19 
positive
(100%)
	14
positive
	2 
positive
(14%)
	100%
	14%

	
	
	0
negative
	
	51
negative
	
	50
negative
	
	
	55
negative
	
	
	

	R1
	28
	28
positive
	100%
	6
positive
	21%
	28
positive
	28
	28 
positive
(100%)
	3
positive
	3
(11%)
	100%
	11%

	
	
	0
negative
	
	22
negative
	
	0
negative
	
	
	25
negative
	
	
	

	R2
	25
	25
positive
	100%
	10
positive
	40%
	25
positive
	25
	25 
positive
(100%)
	9
positive
	9
(36%)
	100%
	36%

	
	
	0
negative
	
	15
negative
	
	0
negative
	
	
	16
negative
	
	
	


*Residual disease identified by R1 or R2 surgery or detected by imaging within 18 months
POD0 = day of operation
POD30 = post-operative day 30
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