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Synopsis:
A liquid biopsy (NETest) genomic biomarker for neuroendocrine tumors is 100% accurate for tumor diagnosis and after R0 resection at POD30 predicts residual disease and recurrence with 94% accuracy.



Abstract 

Introduction: Surgery is the only cure for neuroendocrine tumors (NET). R0-resection is critical for successful tumor removal. Early residual disease detection is key for optimal management. Both imaging and current biomarkers are ineffective post-surgery. NETest, a multigene blood biomarker, identifies NETs with >90% accuracy. We hypothesized that surgery would decrease NETest levels and that elevated scores post-surgery would predict recurrence. 
Methods: Multicenter evaluation of surgically-treated primary NETs (n=153). Blood sampling at D0 and POD30. Follow-up including CT/MRI. mRNA quantification by PCR (NETest score: 0-100; normal<20). Statistics: Mann-Whitney U-test, Chi2, Kaplan-Meier survival, AUROC. Mean±SEM.
Results: NET-cohort (n=153): 57 pancreatic, 62 small bowel, 27 lung, 4 duodenal, 3 gastric.
Surgery: R0 (n=102), R1and R2 (n=51). Follow-up: mean 14 months (range 3-68).
Preop 153/153 NETest-positive (68±28).
R0 Cohort: POD30 levels decreased from 62±28 to 22±20 (p<0.0001). 30% (31/102) remained elevated: 28% lung, 29% pancreas, 27% small bowel and 1/3 gastric.
Recurrence: By 18 months, 25/31 (81%) with POD30 NETest>20 had image-identifiable recurrence. NETest>20 predicted recurrence with 100% sensitivity and correlated (Chi2=17.1, p<0.0001) with residual disease. AUROC analysis identified AUC=0.97 (p<0.0001) for recurrence-prediction. 
[bookmark: _Hlk59435462]R1 (n=29) and R2 (n=22) Cohorts: Score decreased (R1:74±28 to 45±24, p=0.0012; R2:72±24 to 60±28, p=NS). At POD30, 100% were elevated despite surgery (p<0.0001). 
Conclusion: Pre-op NETest accurately identified all NETs (100%). All resections decreased NETest levels. POD30 NETest>20 predicted radiologically-recurrent disease with 94% accuracy and 100% sensitivity. R0-resection appears ineffective in ~30%. NET mRNA blood levels provide early objective genomic identification of residual disease and may facilitate management. 



Introduction
Neuroendocrine tumors (NETs) represent a diverse group of neoplasia that generally arise in the gastro-entero-pancreatic system (GEP NET) 1, 2. Although originally considered rare, improvement in diagnostic strategies has resulted in an apparent increase in incidence 3. Since a substantial number exhibit relatively indolent behavior, their prevalence is high (>35/100,000); they therefore constitute a substantial health economic burden 4, 5.
Although NETs exhibit a spectrum of behavior from benign to aggressive 1, 2, their diagnosis is usually late due to the protean nature of their symptomatology and a general lack of awareness. Early identification is precluded since symptoms are prosaic (flushing, sweating, diarrhea, bronchospasm) and often dismissed for years 1. In addition, further delay in identification is consequent upon the absence of an effective universal biomarker and the fact that sophisticated imaging (68gallium (68Ga) labelled DOTA-peptides targeting somatostatin receptors (SSR), e.g. 68Ga-DOTATOC ([DOTA-Phe-Tyr3]-octreotide), or 68Ga-DOTATATE ([DOTA-Tyr3]-octreotate) or 68Ga-DOTANOC ([DOTA,1-Nal(3)]-octreotide) etc: 68Ga-SSR-PET/CT) is relatively insensitive for small volume/microscopic disease and may be confounded by post-surgical inflammation 2, 6, 7. In the past, the blood biomarker CgA was considered of value. However, numerous recent publications have criticized its value based upon poor technical performance, insensitivity and lack of reproducibility 8-11. As a result, the early and accurate identification of NETs and their metastases both pre-and post-operatively has limitations both at a biomarker and imaging level 8.
The majority of NETs are operated upon either to preempt primary-induced local symptomatology (bowel obstruction or bleeding) or in an attempt to decrease syndromic events by diminishing tumor burden and concomitantly the secretion of the bioactive amines and peptides. Overall, the goal is to prolong survival. Resection of the primary en bloc remains the only strategy for cure although en bloc resection with loco-regional lymph node dissection and resectable metastases is considered to have value although is not always curative.
R0 resection is the fundamental basis for long-term cure but most resections are R1/R2 since up to 80% may exhibit metastatic disease at diagnosis 1, 2. The management of NET disease post-R0 surgery depends, to a large extent, on the ability to identify residual disease at an early time-point in order to provide additional therapy 12, 13. The longer the delay, the greater the increase in tumor burden and the likelihood of less effective subsequent therapy. 
Since post-operative anatomical imaging is difficult to interpret due to surgical changes and inflammatory healing-related events 2, 6, the identification of post-operative recurrence may take up to a year or even more. The use of molecular imaging is also problematic for many months post-operatively since somatostatin receptors are overexpressed in the lymphocytes within the healing tissue resulting in “false” positives at 68Ga-SSR-PET/CT 7, 14.
An ideal strategy would be a biomarker that demonstrated evidence of residual disease at an early time point after surgery15-18. CgA is a monoanalyte secretory protein and is positive in only 50-60% of tumors 8, 16. It is elevated by surgery, anesthesia and stress and hence is not reliable as a tumor marker 10, 11, 16. As a consequence, alternative multi-analyte genomic strategies have been developed to identify the molecular signature of a NET in blood. The NETest comprises a 51 gene liquid biopsy that defines NET disease with an accuracy of ~95% and has been demonstrated to have clinical utility in diagnosis, monitoring disease progression and defining therapeutic efficacy 15, 19-22. 
The purpose of this study was to assess if residual disease could be identified early after surgery using a sensitive and specific genomic biomarker of NET disease. We considered that early identification of residual disease would stratify patients in terms of the extent of the follow-up needed and facilitate the early introduction of therapy when disease burden was low. To assess the efficacy of the NETest, we evaluated a cohort of patients with R0 resection and a separate group of those with R1/2 resection to assess the diagnostic and predictive accuracy of the NET-specific genomic assay as guide to patient post-operative tumor management. 

Methods
Study type: We established a prospective, multicenter study at Milan, London, New Haven, Turin, and Silesia. A cohort of gastroenteropancreatic (GEP) and bronchopulmonary (BP) NETs (n=153) undergoing surgery over a 60-month period (1/2/2013-6/10/2018) were evaluated. All patients including treatment-naïve or those with previous treatments e.g., somatostatin analogue therapy, were included. Local ethics approvals were obtained at each of the centers (Yale University School of Medicine, Imperial College London, Royal Free Hospital London, Ospedale San Raffaele Milan, University of Turin and the Medical University of Silesia. No inclusion criteria were used other than the agreement by a tumor board for surgery. Patients with MEN-1 were specifically excluded. 
Resection status: This was assessed using a combination of pathological and clinical assessments. For R0: this was defined as a resection without any microscopic evidence of residual disease; R1: resection with microscopic margin involvement; R2: palliative resection with macroscopic residual disease. For analysis, we compared R0 to R1and R2. While the latter are considered two separate surgical entities, they are grouped since they characterize patients with known (macroscopic or microscopic) disease.
Blood collection/send-out: Peripheral whole blood samples (1 ml) were collected in EDTA tubes, mixed, and stored on ice 23. Samples were collected one day prior to surgery or on the operation day prior to induction of anesthesia and at post-operative day 30 (POD30). All samples were de-identified and shipped to a clinically certified US laboratory (Wren Laboratories CL-0704, CLIA 07D2081388, NYSDOH PFI: 9138) for NETest measurement. Assay was blinded for patient and location. De-identified results were provided electronically to individual institutions.
Patients were followed up per standard US and European surgical management guidelines 24, 25 with CT/MRI at 3-6, 12 and 18 months. Additional imaging, e.g., 68Ga-SSR-PET/CT, and follow-up evaluation was at the discretion the multidisciplinary NET team of each center. Radiological recurrence was defined as identification of disease by imaging after a R0 resection. Patients who underwent an R1 resection were not included in the determination of recurrence.
NETest measurement: Details of the PCR methodology, mathematical analysis and validation have been published in detail 23, 26. The procedure comprises a 2-step protocol (RNA isolation/cDNA production and qPCR) from EDTA-collected whole blood. Transcripts (mRNA) were isolated from EDTA-collected whole blood samples (mini blood kit, Qiagen, Valencia CA) and real-time PCR performed on pre-spotted plates 27. Target transcript levels were normalized and quantified versus a population control. Final results are expressed as an activity index (NETest score) from 0-100%. NETest-positive: >20 22. 
Statistics: Descriptive statistics and intergroup analyses were undertaken using 2-tailed non-parametric tests (Mann-Whitney U test), Kruskal-Wallis (Dunn’s multiple comparison testing), 2-tailed Chi-square (with Yates correction), Kaplan-Meier survival analysis (R0 cohort only) and area under the receiver operative curve (AUROC) analysis. Follow-up times were evaluated for all (n=102) R0 patients and time to recurrence identified. No recurrence was censored as “0”, recurrence was censored as “1”. Disease free survival (DFS) (months) was defined as the time to radiological recurrence. We calculated the median DFS for those with negative NETest (at POD30) and compared it to the mDFS of those with positive NETests (POD30). Hazard ratios (HR) were calculated for a positive NETest. Evaluations were also undertaken for individual staging data e.g., T-classification, Nodal status and M-status as well as grade. HR were calculated from the Kaplan-Meier curves. Separately, we undertook a Cox-proportional hazard regression analysis to evaluate which factor, a positive POD30 NETest, grade (G1 or G2) and individual T, N or M status were associated with recurrence. All data are presented as mean±SD and in addition, (median [interquartile range]) is provided. A p<0.05 was considered significant. Statistical analyses were performed using Prism 9.0 for Windows (GraphPad Software, La Jolla, CA, www.graphpad.com) and MedCalc Statistical Software version v19.6 (MedCalc Software bvba, Ostend, Belgium; www.medcalc.org; 2013).

Results
Patient demographics: One hundred and fifty-three patients were included (Table 1). The median age was 58 (range: 19-84) with a gender ratio M:F 74:79. The mean time since diagnosis was 20 months (range 1-68). Disease types included small bowel (n=62), pancreas (n=57) and lung (n=27). The remainder were from other GI sites [n=7, including stomach (3), duodenum (4)]. WHO grading distribution for GEP-NET was: Grade I: n=74, Grade II: n=50, Grade III: n=2; for bronchial NET (BPNET), 10 were atypical carcinoids and 17 typical carcinoids. TNM classification was: T1: n=46, T2: n=49, T3: n=37, T4: n=21; N0: n=54, N1: n=93, Nx: n=6; M0: n=103, M1: n=42, Mx: n=8. The majority were treatment naïve before surgery (n=116) or received somatostatin analogue (SSA) therapy (n=30).
The surgical cohort comprised R0 (n=102, none had liver metastases), R1 (n=29) and R2 (n=22). The mean follow-up time was 14 months (range: 3-68). All patients had CT or MRI per protocol. Eighty-five (56%) also underwent 68Ga-SSR-PET/CT.

Pre-surgery NETest: The NETest was positive in 153/153 (100%) of samples. Mean levels in the cohort were 68±28 (80 [33.3-93]) (Figure 1A). Values from the different tumor types are provided in Figure 1B. Levels were significantly elevated (p=0.017) in T4: 79±24 (87 [74-98]) versus T1: 57±29 (40 [27-87]) tumors. N1-staged tumors had higher scores 67±28 (80 [33-87]) than N0-staged tumors 54±28 (40 [27-80]) (p=0.035). Metastatic disease was associated with significantly (p=0.0063) elevated NETest levels (M1: 71±25 (80 [47-90]) vs. M0: 56±29 (40 [27-87])). An AUROC analysis identified the NETest score >46.7 to exhibit an AUC of 0.643, p=0.004, for detecting distant metastasis. The Youden index J was 0.3012, the sensitivity was 78% and specificity, 53%.

Post-surgery NETest:
R0 Cohort (n=102): Preoperative levels decreased from 62±28 (70 [33.3-93]) to 22±20 (20: [7-27]) on post-operative day 30 (POD30) (p<0.0001, Figure 2A). At POD30, 30% (31/102) were elevated. This comprised lung (n=7), pancreas (n=11), small bowel (n=12) and gastric (n=1).
R1 Cohort (n=29): In this cohort with residual microscopic disease, NETest scores decreased from 74±28 (87 [37-93]) to 45±24 (33 [27-65], p=0.0012) (Figure 2B). At POD30, 29/29 (100%) were positive (p<0.0001). 
R2 Cohort (n=22): In this cohort with known residual disease at surgery, NETest scores decreased from 72±25 (88 [60-88]) to 60±28 (63 [32-87], p=NS) (Figure 2B). At POD30, 22/22 (100%) were positive (p<0.0001). 
At POD30, a positive (elevated) NETest score correlated highly with microscopic (R1 resection) or macroscopic (R2 resection) evidence of residual disease (Chi2=17.1, p<0.0001).

R0 Recurrence: At 18 months, image-identifiable recurrence was evident in 25/31 (81%) with elevated POD30 NETest scores. These included: loco-regional (n=17), liver (n=6), bone (n=1) and lung (n=1). An example of nodal recurrence in a G2 panNET, recurrence is illustrated in Figure 3. Residual disease was evident in 19/24 (79%) of GEP-NETs and 6/7 (86%) lung NETs (Figure 4A). Recurrence was typically identified by the primary follow-up modality CT/MRI (n=21). Recurrences in the other 4 patients were identified by 68Ga-SSR-PET/CT. No significant differences in demographics is evident between the 25 that recurred and the 6 that, as yet, have no image-detectable recurrence at 12.7±5.2 months (Table 2). The latter comprised 4 PNET (3G1, 1G2), 1 small bowel NET (G1) and 1 lung NET (TC). The majority (5/8, 63%) were N0 (3 were N1). 
An analysis of the entire R0 cohort (n=102) using Kaplan-Meier survival analysis identified that a POD30 NETest >20 was associated with a significantly (p<0.0001) shorter time to recurrence. The mDFS for the entire R0 cohort was 54 months. The mDFS for those with elevated levels was 12 months compared to mDFS not reached in those with normal NETest scores (Figure 4B). The Hazard Ratio (HR) for an elevated NETest and radiological determination of disease recurrence was 106 (95% CI: 41-273). Individual HR for clinical factors including TNM staging and grade ranged from 1.23 to 1.99. Using Cox-proportional modeling, a positive NETest was the strongest factor associated with recurrence (Table 3). The beta value was 16.47.
An AUROC analysis identified an AUC of 0.97±0.02 (p<0.0001) for prediction of residual disease/recurrence (Figure 5A). The overall accuracy of a NETest score at POD30 for predicting recurrence was 94% (Figure 5B). The sensitivity was 100% and specificity was 92%. 

Discussion
In this study, we report that the NETest accurately (100%) identified neuroendocrine tumor disease pre-operatively. The NETest levels were significantly decreased by both R1 and R0 surgery. Furthermore, elevated NETest levels after surgery were associated with the demonstration of residual microscopic or macroscopic disease. In the R0 cohort, an elevated post-operative NETest reliably and accurately (94%) predicted the radiological recurrence of disease within 12 months of surgery. An evaluation of clinical and pathological factors determined that the NETest was the most robust (HR = 106) predictor of recurrence. 
It is of note that a number of studies have identified that despite R0 resections, recurrent disease occurs in up to 12-40% of NETs 28, 29. Currently, factors considered important in predicting recurrence include organ origin e.g., pancreas, grade, evidence of nodal disease and tumor size 30. Unfortunately, patients at the greatest risk of recurrence have not been clearly defined. Guidelines are limited and up to 67-85% of practitioners either do not follow guidelines or consider them of limited value 30. Typically, surgical follow-up includes CT/MRI imaging and biochemical measurements in the hope of finding residual or recurrent disease 30.
[bookmark: _Hlk59436345]The biomarker most widely used is CgA. In recent times, however, it has become apparent that ~50% of NETs do not have increased CgA levels and that the different assays are both unreliable and incomparable 8-11. Since CgA is spuriously increased by many diseases, medications and especially post-operative stress, most guidelines have now discouraged its usage as a blood biomarker 31. Non-CgA markers like pancreastatin or neurokinin A have little to no utility, are not included in the guidelines and their use, unlike the NETest, have been actively discouraged 31. In specific tumors e.g., PNETs, that overtly secrete a product (insulin, gastrin, glucagon, VIP etc) there is value in using the specific secretory biomarkers especially if pre-operative values have been established 32. These lesions, however, represent <2% of all NETs and the use of secretory these biomarkers is only of value in a small percentage of NETs. In terms of imaging, in the immediate post-operative phase, anatomical imaging is difficult to interpret and the use of somatostatin receptor PET imaging not possible due to inflammatory and healing tissue responses which obfuscate the ability to detect residual disease 7. Imaging at later time points e.g., >3 months POD may reduce the possibility of misinterpretation although surgery-induced artefact renders radiological interpretation difficult even with the most experienced judgement. Identification using molecular imaging such as 68Ga-SSR-PET/CT depends on a combination of somatostatin receptor expression levels and the size of the residual disease. It can be negative when disease is microscopic 33, 34. There are also the well-known limits of disease detection e.g., cannot detect microscopic disease and burden requires >2-3mm diameter for detection 14. 
Early identification of residual disease in NETs therefore remains challenging. In other cancers e.g., pancreatic adenocarcinomas, detection of specific mutations in ctDNA after resection predicts clinical relapse and a poorer outcome 35. Indeed, circulating mutations can be detected ~6 months earlier than radiological recurrence in pancreatic adenocarcinomas. In NETs, however, the absence of mutational targets in ctDNA 2, 36, makes such an approach unlikely to be effective. Thus, in NETs the identification of circulating tumor-derived nucleic acids provides a basis for suggesting that these could represent a sensitive and accurate target to detect residual disease.
The NETest represents a new type of blood biomarker in that it is a multianalyte measurement that captures 51 separate genes that specifically identify neuroendocrine neoplasia. Previous markers are monoanalytes and measure only a single secretory product of a tumor (e.g. CgA). They do not capture the multiple regulatory genes that define the molecular biological behavior of a NET and comprise the hallmarks of cancer 37. The NETest has been demonstrated to be significantly more effective than CgA in numerous clinical studies 19, 26, 34 and most recently in a meta-analysis 22. Furthermore, the NETest has been shown to identify microscopic tumor foci, undetectable with anatomical and molecular imaging (68Ga-SSR-PET/CT) 33. Similarly, the NETest has been demonstrated to identify disease progression/recurrence 12-18 months prior to identification of imaging abnormality 19, 38. Moreover, surgery reduces NETest levels and previous publications have suggested that measuring levels should have utility for defining surgical efficacy 15, 26, 39.
Given that the accuracy metrics and the proposal that the liquid biopsy may be of value 15, 26, 39, we specifically sought to validate whether the NETest could provide clinical value in the assessment of the efficacy of NET surgery. Our studies demonstrated that in this cohort of 153 NETs the NETest was 100% accurate in tumor diagnosis. Pre-operative levels were significantly elevated in those with more aggressive tumors (N1 and M1 disease) consistent with previous observations in a series of 317 NETs 34. We also noted that T4 disease had higher levels than T1 (but not T2 or T3 disease). Surgical resection decreased NETest levels in blood. As might be predicted, the R0 group exhibited a far more significant decrease in blood levels. In the RI/R2 group, levels were decreased. This was more so in the R1 cohort than the R2 group. Nevertheless, no individual NETest levels returned to normal. This is consistent with known residual disease after this type of surgery. 
In the R0 group of patients (n=102, none with liver or other distant metastases), NETest levels decreased to normal in 70% (at POD30). Of note, however, despite pathologically confirmed R0 resection (n=102), one third R0 patients (n=31) at POD30 exhibited evidence of molecular residual disease in the blood (NETest >20). Within 18 months, 25 (81%) had image (CT/MRI or 68Ga-SSR-PET/CT) demonstrable disease. However, 6 patients with a NETest >20 by ~13 months mean follow up, had as yet no demonstrable evidence of image-positive recurrence (4 CT/MRI, 2 68Ga-SSR-PET/CT). Further analysis of the R0 group indicated that the mDFS for patients with a NETest level of >20 (n=31) at POD30 was 12 months. In patients that at POD30 exhibited a NETest level of <20 the mDFS was not reached (median follow-up: 12 months, range 3-62). 
In the 6 patients with a NETest >20 but no evidence of image-positive disease at follow up (12.7±5.2 months), 4 were panNETs, one was lung and 1 a small bowel NET. This may reflect that identification by imaging of minimal residual pancreatic disease is often difficult 2, 40. It is likely that further follow up will identify recurrence not yet identifiable by imaging of tumors that are often indolent in their biological behavior. While our study is limited by a relatively short-term follow-up period and the predominant focus on CT/MRI per guidelines for follow-up imaging, it seems likely that the tested hypothesis will be confirmed in studies with extended follow-up. No patient with a normal POD30 NETest level (<20) was identified as having recurred. Overall, therefore elevated NETest levels >20 on POD30 predicted residual disease with 94% accuracy and 100% sensitivity.
[bookmark: _Hlk59435329]Of interest is that the Hazard Ratios associated with recurrence in the R0 group ranged between 1.23 and 1.99 for standard clinical factors. A positive NETest was ~50x more useful than current factors for predicting recurrence. Of note, the Cox model confirmed a positive post-operative NETest as the factor significantly related to recurrence in this cohort. Overall, there is a general an ad-hoc approach to surgical follow-up guidelines and no widely accepted postoperative management approach to stratifying patients for evaluation 30. The postoperative use of the NETest in the current study strongly identifies its role in identifying those who require more stringent follow-up. An elevated NETest at POD30 should provide the presumptive basis of molecular evidence of residual disease. In this group, active 3 monthly clinical follow up and imaging should be undertaken to localize disease with a view to an early initiation of therapeutic intervention. This might allow for consideration of the option of adjuvant therapy. The latter should be determined based upon on the specific clinical criteria of an individual patient, but considerations should include the possible usage of somatostatin analogues though their efficacy is modest at best. Similarly, targeted molecular therapy has an overall ~30% efficacy and is associated with substantial adverse events. A consideration that requires investigation is the use of limited cycle or low dose peptide receptor radiotherapy (PRRT). In particular, it should be noted that genomic assessment of the PPQ (predictive peptide receptor quotient) can identify with 95% accuracy whether a patient will be responsive to PRRT 41, 42. Individuals with normal POD30 NETest levels can be evaluated less rigorously with NETest levels assessed at 6 monthly intervals and imaging at 1 year. The use of the NETest to guide postoperative stratification of NET patients following surgery may have significant health economic implications given the likely diminution of exposure to radiation and the decreased costs of diagnostic isotopic imaging 22, 38. 
Indeed, experimental assessments of NETest detection indices compared to imaging undertaken by spike-in comparison indicate that genomic identification of disease is ~100,000-125,000 times more sensitive 43. In fact, a number of reports demonstrate that changes in blood NETest levels occur one to two years before image alterations in progressive disease19, 38. Thus, additional information provided by an easily acquired (blood sample) genomic biomarker can provide guidance as to the need for further imaging e.g., use of 68Ga-SSR-PET/CT. In this series, the higher the NETest level was on POD30, the greater the trend to an earlier identification by imaging of a recurrence. The fact that this time of identification is not linear probably reflects that the NETest captures not only tumor burden but the molecular biological hallmarks of neuroendocrine tumor disease. Thus, a small residual tumor would be hard to detect on imaging. However, if it exhibited a high level expression of omic clusters that captured the level of malignancy of the lesion the presence of tumor would be genomically evident 44.
[bookmark: _Hlk59436663]In conclusion, we consider that in this manuscript we have shown that NETs can be accurately identified with a novel genomic biomarker test. In this series from five different NET centers of excellence, the pre-operative accuracy of the test was 100%. This is consistent with reports from several other centers that have demonstrated the diagnostic accuracy of the NETest to be 90-95% 15, 19-22. In addition, we demonstrated that the NETest can identify in blood that a tumor has been resected and that resection, to a large extent, reflects the diminution of tumor burden. Lastly, we have observed that failure of the NETest to return to normal by POD30 provides early genomic evidence that residual tumor is present, and that recurrence can be predicted with a ~95% likelihood, thus guiding imaging surveillance and facilitating decisions for adjuvant therapy. The NETest therefore fulfills all the criteria of a pan-molecular biomarker that can be used to detect and monitor residual NET disease after surgery. We feel it is likely that early recognition of the likelihood of NET recurrence will not only alter the post-operative stratification of how individual patients are monitored but lead to the early introduction of therapy when disease burden is lower and hence more likely to be effective. 
The NETest is widely available in the USA and Europe. Ordering is via an electronic website portal and results are obtainable within 3-5 working days via electronic transmittal but can be generated overnight if there is clinical urgency. The cost varies depending on test volume usage. A single test is $950 but if used as a quarterly follow-up strategy, is $500. This should be compared to 68Ga-PET imaging with an average cost of ~$5,000, radiation exposure and the requirement for most of a day for a patient. A useful economically valid consideration is the cost of a missed diagnosis or unrecognized recurrence. The cost of late diagnosis and delayed treatment are expensive (ranging from $30,000-$60,000 per patient/year) 4, 45, are associated with decreased outcome and diminution of quality of life. The value (for both patient and clinician) of detecting disease at an early stage is not only of clinical importance but also has a moral and ethical imperative. No commonly used pharmacological agents have been identified that cause false results (PPIs, antihypertensive agents and over the counter agents) 46. To date, extensive investigation has not noted any medical conditions that alter NETest levels in post-operative NET surgical patients, although in few instances, unrelated meningiomas have been identified 47.
Finally, it seems apparent that liquid biopsy using a novel NET-specific multi-genomic measurement, represents a real-time, non-invasive strategy for identification and monitoring of residual/recurrent disease post-surgery. The clinical implications of early disease detection post-surgery warrant further consideration and investigation in terms of both outcome and health care economics.
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Figures and Legends
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Figure 1. Pre-surgical NETest (n=153) patients.
1A. NETest Levels. All 153 were >20 and NET identification was 100%.
1B. Distribution by tumor site. The NETest identified NET in all sites.
Mean±SEM; ULN = upper limit of normal.
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Figure 2. NETest levels in pre and post-surgical R0 and R1/R2 cohorts. NETest ULN: 20.
2A. R0 Cohort (n=102): All patients were NETest positive. All demonstrated a significant decrease in NETest levels at POD30. NETest levels significantly (*p<0.0001) decreased at post-operative day 30 (POD30). Thirty-one (30%) were NETest-positive (>20).
2B. R1 and R2 Cohorts (n=51): NETest levels significantly (**p=0.0012) decreased in the R1 cohort at POD30. No significant differences were noted in the R1 cohort. All (100%) patients with residual disease irrespective of R1 or R2 surgeries, were NETest-positive (>20) pre and post operatively.
Mean±SEM; POD30 = post-operative day 30. Pre-Surg = pre-surgery, ULN = upper limit of normal.
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Figure 3. Image Detectable recurrence in a panNET
A 19-yr old man underwent a pancreaticoduodenectomy for a large, well-differentiated G2 panNET (Ki67 = 18%) ENETS stage IIIB. Pre surgery CT (top left) identified a large lesion ~34mm (red circle). The tumor was somatostatin avid (SUVmax = 34) (top center) and the 18F-FDG-PET/CT (top right) was low (SUVmax = 5). Pre-surgical NETest levels were elevated (27) and at post-operative day 30, the NETest level was 80. An MRI (bottom left) identified nodal recurrence at 4 months (2 red arrows), which was confirmed by 68Ga-SSR-PET/CT (SUVmax=31) (bottom center). The recurrent disease was 18F-FDG-PET/CT-negative () (bottom right).




[image: ]Figure 4. R0 post-surgical NETest scores (x-axis) and disease recurrence (y-axis) evaluated at post-operative day 30 (POD30).
4A. Individual POD30 NETest levels compared to imaging over time. Red dots (n=25) identify elevated NETest levels with image-confirmed recurrence. Blue dots (n=6) are elevated NETest individuals with no evidence of imageable disease, at this time.
4B. Kaplan-Meier survival curves for normal NETest (blue) group vs. elevated NETest levels (red). The median disease free survival (mDFS) of the elevated NETest group (n=31) was 12 months (p<0.0001) compared to mDFS not reached at 72 months in the patient cohort with normal NETest levels at POD 30 (n=71) 
ULN = upper limit of normal.
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Figure 5. NETest predictive metrics for recurrent Disease at post-operative day 30 (POD30)
5A. AUROC analysis of the NETest scores in the R0 group (n=102) identified a significant (p<0.0001) relationship between elevated post-surgical NETest levels and disease recurrence.
5B. The metrics for predicting recurrence were sensitivity (100%), specificity (92%) and overall accuracy 94%.
Dotted line: NIH metrics for acceptable biomarker efficacy.



Tables

Table 1. Patient demographics 
	
	Pancreas
	Small Bowel
	Lung
	Duodenal
	Gastric

	No.
	57
	62
	27
	4
	3

	Age: 
median (range)
	54
(19-79)
	64
(35-77)
	65
(35-85)
	56
(47-67)
	51

	Gender: M/F
	34/23
	29/33
	8/19
	2/2
	1/2

	Grade
· G1
· G2
· G3
· AC
· TC
	
29
27
1*
	
40
22
0
	



10
17
	
3
1
0
	
2
0
1*

	T-stage
· 1
· 2
· 3
· 4
	
25
22
9
1
	
0
20
23
19
	
19
4
3
1
	
0
3
1
0
	
2
0
1
0

	N-stage
· 0
· 1
· x
	
31
23
3**
	
4
58
0
	
20
7
0
	
0
4
0
	
2
1
0

	M-stage
· 0
· 1
· x
	
46
11
0
	
29
33
0
	
25
2
0
	
4
0
0
	
3
0
0

	Previous Tx
· Naïve
· SSA
· Chemo
· PRRT
· Surgery
· ND
	
50
7
0
0
0
0
	
37
19
0
2
1
3
	
26
0
1
0
0
0
	
2
2
0
0
0
0
	
1
2
0
0
0
0

	Surgery:
R0   (n=102)
R1/2 (n=51)
	
45
12
	
29
33
	
26
1
	
0
4
	
2
1

	No. with elevated POD30 NETest that recur
	11
	12
	7
	
	1

	No. that recur
	7
	11
	6
	
	1

	Site of recurrence:
· Local
· Loco-regional
· Liver
· Bone
· Lung
	
0
4
3
0
0
	
0
9
2
0
0
	
0
3
1
1
1
	
	
0
1
0
0
0


AC: atypical carcinoid; Chemo = chemotherapy; ND = no data; Previous Tx = treatments prior to surgery; PRRT = peptide receptor radionuclide therapy; SSA = somatostatin analogues; TC: typical carcinoid
*NET G3
**Three patients underwent limited resection without lymphadenectomy



Table 2. Clinical characteristics and NETest levels of individuals with elevated NETest at postoperative day 30 (POD30)

	
	Recurrence (n=25)
	No Recurrence (n=6)

	p-value

	Follow-up time (months)
	8.5±5.3
	12.7±5.2
	0.065

	Pre-Surgical NETest
	64±28
	69±22
	NS

	NETest POD30
	54±24
	38±6
	NS

	Grade
· G1
· G2
· G3
· TC
· AC
	
10
8
1
5
1
	
4
1
0
1
0
	
NS

	T
· 1
· 2
· 3
· 4
	
5
10
8
2
	
4
1
1
0
	

NS

	N
· 0
· 1
	
9
16
	
5
1
	
0.067

	M
· 0
· 1
	
20
5
	
6
0
	
NS

	Site
· Lung
· Gastric
· Pancreatic
· Small bowel
	
6
1
7
11
	
1
0
4
1
	

0.056





Table 3. Cox Proportional-Hazards Regression analysis for predicting recurrence (n=102)

	Covariate
	
	SE
	Wald
	P
	Exp(b)

	Grade*
	0.1353
	0.2871
	0.2221
	0.6374
	1.145

	T
	0.3473
	0.2379
	2.1312
	0.1443
	1.415

	N
	-0.4173
	0.4428
	0.8880
	0.3460
	0.659

	M
	-0.2465
	1.0727
	0.05279
	0.8183
	0.782

	NETest+
	16.4698
	218.4690
	0.005683
	0.9399
	14,215,028.8


*Grade 3 was excluded from analysis
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