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Abstract

[bookmark: _Hlk69741444]Introduction: Identification of residual disease after neuroendocrine tumor (NET) resection is critical for management. Post-surgery imaging is insensitive, expensive and current biomarkers ineffective. We evaluated whether the NETest, a multigene liquid biopsy blood biomarker, correlated with surgical resection and could predict recurrence. Data were compared to CgA.
Methods: Multicenter evaluation of NET resections over 24 months (n=103): 47 pancreastic, 26 small bowel, 26 lung, 2 appendix, 1 duodenum, 1  stomach gastric. Surgery: R0 (83), R1/R2 (20). 1ml blood collected at D0 and POD30. Transcript quantification by PCR (NETest score: normal: <20), CgA by NeoLISA (normal<108ng/mL). Standard-of-care (SoC) follow-up costs were calculated and compared to POD30 NETest-stratification approach. Analyses: Wilcoxon-paired test, Chi2-test.
Results:
D0 biomarkers: NETest: 103/103 (100%)-positive. CgA: 23/103 (22%)-positive. Chi2=78, p<0.0001.
POD30: R0: NETest decreased 59±28 to 26±23 (p<0.0001); 36% (30/83) remained elevated. CgA: decrease was not significant. In the R1/R2 group NETest decreased but 100% remained elevated. CgA levels did not decrease.
Elevated POD30 NETest were present in 30 of the R0 group and 25 (83%) subsequently exhibited radiological recurrences. Normal score R0s (n=53) did not develop recurrence (Chi2=56, p<0.0001). Recurrence prediction with an elevated score was 94% accurate. CgA had no predictive value. Cost evaluation: Using the NETest to stratify postoperative imaging resulted in a cost savings of 42%.
Conclusion: NETest diagnosis is more accurate than CgA (100% vs. 22%). Surgery significantly decreased NETest. Elevated POD30 NETest predicted recurrence with 94% accuracy. Post-surgical POD30 NETest follow-up stratification decreased costs by 42%. CgA had no surgical utility.


Introduction
Neuroendocrine tumor (NET) disease has proved difficult to manage since its original description in 1907, by Oberndorfer, who initially considered it to be a “benign cancer” (Kkarzinoide) of the small bowel1. A key issue in determining poor outcome was protean symptomatology with tardy diagnosis and advanced disease, all of which limited curative surgical resection options2. Although clinical awareness of the disease and its prosaic symptomatology has increased, symptoms are a late manifestation and there is no effective pan-NET biomarker3. Similarly, both anatomic imaging and somatostatin receptor expression scintigraphy have limitations in residual disease detection4. 
With the advent of an earlier diagnosis, the option of curative surgery has increased substantially. Prior to 1991  assessment of the SEER database noted that that >50%  of lesions were metastatic and curative surgery was not feasible5. The advance of histopathological diagnosis and more sophisticated imaging has resulted in earlier diagnosis with increasing numbers of patients eligible for R0 surgery. In the past, the majority of R0 surgery for NETs had been for appendiceal carcinoids discovered serendipitously for acute appendicitis6. A smaller percentage were identified as the unexpected causes of small bowel obstruction or a mass in the pancreas7. SEER18 identifies at least 1,500 cases annually present with local regional disease and are subjected to curative surgery8. 
Since NETs are often indolent and many patients survive for a substantial (5-10years) time, follow-up represents a very significant clinical and financial component of their management. This becomes a particular issue in individuals who have undergone R0 surgery. Long-term postoperative management is focused on the identification of recurrent disease. This comprises clinic visits, biomarker evaluation and imaging9. Clinical signs and symptoms are of limited value except in tumors that are overtly symptomatic e.g. insulinoma, gastrinoma, glucagonoma, VIPoma or serotonin secreting lesions10. In these situations, of the corresponding tumor biomarkers have been effectively used. However, such functional tumors represent a minority of NETs (<5%) and monoanalyte secretory biomarkers have a relatively limited clinical utility. Most NETs are non-functional and both in these and the functional tumors, the pan-NET biomarker, Chromogranin A (CgA), has long been considered effective for diagnosis and management. More recently, reports identify it is of minimal value due to problems with assay reproducibility, overall sensitivity and limited clinical applicability11. Despite the fact that most guidelines do not support its usage, it is widely used and reimbursed by Medicare and insurance carriers12. Attention has now focused on development of multianalyte biomarkers that measure the biological genomic drivers of neoplasia rather than monoanalyte secretory products13. The NETest is a novel, multigenomic, blood biomarker with well-demonstrated accuracy metrics as reported in numerous studies and a recent meta-analysis (Figure 1)14-16. 
In this study, we investigated whether the NETest could identify residual or recurrent disease after a NET resection. We then compared this to the utility of CgA. Lastly, we sought identify if this liquid biopsy strategy could stratify patient follow-up after surgery and decrease the use of imaging with subsequent healthcare economic benefits.


Methodology
Study type: Prospective, multicenter study with cohort inclusion comprising Milan (n=28), London (n=27), Turin (n=26), Silesia (n=13) and New Haven (n=9). Subjects (n=103) included gastroenteropancreatic (GEP) and bronchopulmonary (BP) NETs that underwent surgery and had a pre-operative (D0) and post-operative (POD30) biomarker assessments. Local ethics approvals were obtained (Ospedale San Raffaele Milan, University of Turin, Imperial College London, Royal Free Hospital London, the Medical University of Silesia and the Yale University School of Medicine). 
Resection status: Assessment was based upon pathological and clinical surgical criteria for R0/R1/R2. R0: resection without any microscopic evidence of residual disease; R1: resection with identifiable microscopic margin involvement; R2: palliative resection with demonstrable macroscopic residual disease. 
Blood collection/Transfer: Peripheral whole blood samples (3 ml) were saved in EDTA tubes, mixed, and stored on ice17. Plasma samples were collected for CgA. Samples were acquired at two time points. A pre-surgical sample collected one day prior to surgery or on the day prior to induction of anesthesia (D0); a second sample at post-operative day 30 (POD30). Samples were stored at -80°C until shipped to Wren Laboratories, a clinically certified laboratory (CL-0704, CLIA:07D2081388, NYSDOH PFI:9138) for NETest and CgA measurements. All samples were de-identified prior to shipment and assays undertaken blinded. De-identified results were provided electronically to each individual institution.
NETest measurement: Specifics of the PCR methodology, mathematical analysis and validation have been previously published18, 19. The procedure comprises a 2-step protocol (RNA isolation/cDNA production and qPCR) from whole blood. Transcripts (mRNA) are isolated (mini-blood kit, Qiagen, Valencia CA) and real-time PCR performed on pre-spotted plates20. Target transcript levels are normalized and quantified. NETest results are expressed as an activity index scaled from 0-100%. NETest-positive: >2016. 
CgA measurement: Plasma samples were measured using the NEOLISA kit (EuroDiagnostica). ULN>108ng/mL21.
Patient Follow-up: Follow-up per standard US and European surgical management guidelines10, 22 with visits and imaging (CT/MRI) at 3 or 6 monthly intervals. Additional imaging, e.g., 68Ga-SSR-PET/CT, and follow-up evaluation was at the clinical discretion (per guidelines) of 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.
Cost evaluations: Costs for surgical follow-up were calculated based on standard guidelines10, 22. Two models were evaluated, a standard-of-care (SoC) evaluation where costs were calculated based on the anticipated follow-up per NCCN/ENETS recommendations10, 22. An example is 4x/year consultation and imaging (CT/MRI), 1x/year 68Ga-PET-CT for a non-functional T4N1 PNET9. In the second model, the POD30 NETest was used to stratify follow-up. In those with an elevated NETest, the SoC approach was used. For those with a normal POD30 NETest (score<20), a once-year consultation/imaging (CT/MRI and 68Ga-PET-CT if in guidelines) evaluation protocol was used. Costs were based on the “average” cost in the USA (www.honorhealth.com). These included consultation ($500), blood draw ($90), biomarker (CgA) measurement ($170), NETest $500 and imaging (CT [$1,160], MRI [$1,342] and 68Ga-PET-CT [$5,575])16. 	Comment by Frilling, Andrea: use uniform abbreviation for PET/CT - see above - 68 Ga SSR-PET/CT 
Two tumors (a gastric NET that recurred and a duodenal NET) were excluded from analysis based on the small sample size. We focused on lung (n=25), pancreas (n=42) and small bowel (n=14). There were 24 recurrences (in the 81 R0) over the 24-month follow-up period. The total cost of SoC was compared to the total cost of a NETest-modified protocol and thereafter individual costs were calculated as well as the costs of detecting a recurrence23. All values are provided in USD. 
Recurrence analysis: Follow-up times were evaluated for all (n=83) R0 patients and time to radiological-recurrence determined. No recurrence was censored as “0”, recurrence was censored as “1”. Recurrence-free survival (RFS) (months) was defined as the time to radiological-recurrence. The median RFS for those with negative NETest (at POD30) was compared to the mRFS of those with positive NETests (POD30). Hazard ratios (HR) were calculated. 
Statistics: We used 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. 
All data are presented as mean±SEM. 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 three patients were included (Table 1). The median age was 59 years (range:26-84) with a gender ratio M:F=50:63. Sites included lung (n=26), pancreas (n=47), small bowel (n=26), appendix (n=2), stomach (n=1) and duodenum (n=1). WHO grading (GEP-NET) was: Grade I: n=44, Grade II: n=30, Grade III: n=3. For BPNETs, 9 were atypical carcinoids and 17 typical carcinoids. TNM classification: T1: n=33, T2: n=39, T3: n=25, T4: n=6; N0: n=47, N1: n=53, Nx: n=3; M0: n=91, M1: n=12. The surgical cohort comprised R0 (n=83), R1 (n=11) and R2 (n=9). Median follow-up time was 20 months (range: 3-24).

[bookmark: OLE_LINK1]Pre-Operative Biomarker Evaluation: The NETest was elevated (positive) in 103/103 (100%). Median levels were 73 (27-100) (Figure 2A). Values for the individual resection cohorts were R0: 61 (27-100), R1: 87 (40-100) and R2: 87 (33-100). CgA was elevated in 23/103 (22%). Median levels were 117 (16-1174) (Figure 2B). Values for the resection cohorts were R0: 55 (16-1158), R1: 67 (35-156) and R2: 75 (40-158). NETest was significantly more accurate than CgA as a diagnostic (Chi2=127.5, p<0.0001).

Effect of Surgery: All surgical resection types reduced NETest levels. In R0, levels were significantly (p<0.0001) reduced; 53/83 (64%) were normalized (Figure 3A). In R1, levels significantly (p<0.001) decreased to 27 (27-100) and in R2 (p<0.02) to 33 (27-73). No R1 and R2 resections normalized NETest levels. 
Surgical resection reduced CgA levels from 59 (16-632) pre-operatively to 58 (9-474); this was not significant (Figure 3B). Assessment of efficacy as a biomarker was limited since only 23/103 patients had elevated pre-surgery CgA levels. 
The effectiveness of CgA as a surgical biomarker was 14/103 (14%). The effectiveness of the NETest as a surgical biomarker was 73/103 (71%). The NETest was significantly more accurate than CgA (Chi2=66.93, p<0.0001).

Outcome of elevated POD30 scores: In R1 and R2, 20/20 (100%) with residual disease exhibited elevated NETest scores. In contrast, CgA was positive in 5/20 (25%, Chi2=20.9, p<0.0001).
In 30 R0 patients, an elevated NETest was evident suggesting the presence of residual “microscopic” disease. We followed all R0 patients either to the time of recurrence or to 24 months. Radiological evidence of recurrence developed in 25/30 (83%). Kaplan-Meier survival analysis identified the median RFS to be 11.5 months (Figure 4A). No patient with a normal NETest level (0/58) developed radiological recurrence. The HR for an elevated POD30 NETest was 0.016 (95% CI: 0.006-0.04). The predictive accuracy of the NETest was 94.3% (95% CI: 87.2-98.1%), the sensitivity: 100% (86.3-100%) and specificity: 92.1% (82.4-97.4%) (Figure 4B).
CgA was elevated in 3/25 (12%) who subsequently developed recurrence. Kaplan-Meier analysis identified no relationship between CgA levels and post-operative recurrence (Figure 4C). The predictive accuracy of CgA was 56.6% (45.3-67.5%), sensitivity: 12% (2.6-31.2%) and specificity: 75.9% (62.8-86.1%) (Figure 4D).

Impact of NETest on Healthcare Costs: 
In this analysis of follow-up in the R0 cohort, we focused on the 81 predominant NET subtypes lung (n=25), pancreas (n=42) and small bowel (n=14) excluding two, a gastric NET that recurred and the duodenal NET. A total of 24 (30%) recurrences occurred in the 81 R0 resections over the 24-month follow-up period. The cost breakdown is included in Table 3. 
Using a SoC approach, an estimated USD1,987,000, would be spent with a per patient cost of USD24,500 and a cost/recurrence detection of USD82,800 (Figure 5). A post-follow-up stratification strategy based on the NETest was estimated to cost USD1,144,000. This translates into a per patient cost of USD14,100 and cost/recurrence of USD47,700.


DISCUSSION
It is currently considered that 3-50% of lung, pancreas and small bowel NETs will recur after R0 surgery during a 10-year follow-up9. Guidelines have been formulated to standardize post-operative management and include clinic visits, biomarker evaluation and imaging to detect recurrences10, 12. One of the limitations in follow-up is that there is no strategy for stratification of patients following surgery – particularly in the R0 group – who are presumed cured. Thus, in general, all patients receive the same investigations. The availability of a liquid biopsy strategy to stratify individuals likely to recur would facilitate personalized follow-up protocols.
Our results identified the NETest was significantly more accurate than CgA as a pre-operative biomarker (NET diagnostic) and, unlike CgA, was significantly reduced by surgery and correlated with the type of surgery undertaken (R0 vs. R1 vs. R2). Moreover, an early NETest measurement had value as a stratification biomarker for follow-up based upon an overall value of 94% accuracy in predicting recurrence. It may also reduce the costs of follow-up.
Our study has several strengths. It is the first study to examine the utility of novel multigenomic biomarker in comparison to the standard-of-care monoanalyte, CgA, in a large cohort of NET surgical resections. It is prospective, multicentric and includes four certified centers of NET excellence. The principal strength is the demonstration that a multigenomic liquid biopsy can predict the efficacy of R0 surgery with >90% accuracy. The study also provides evidence that CgA is not a reliable NET biomarker. In contrast, multianalyte liquid biopsies provide real-time, post-operative information as to disease status and can facilitate post-operative management stratification. The limitations are the follow-up of only 24 months and that the R0 recurrence group is relatively small (n=25). Nevertheless, we were able to effectively demonstrate the predictive utility of the blood molecular marker over this time period and assess a simple model of cost-effectiveness if used as a follow-up stratification marker. We acknowledge that although a prospective, cost-evaluation study would be required to formally validate the health economic implications of the NETest, it seems likely that an objective assessment of the efficacy of surgery at POD30 will be of benefit.
The NETest was 100% accurate as a diagnostic in the pre-operative setting. This was similar to the accuracy (90-100%) identified in previous studies16, 24. In contrast, CgA was elevated in 22%. Although CgA is currently included in the NCCN guidelines, measurements are considered controversial due to methodological problems and the limitations of the clinical utility of a monoanalyte secretory product12. Most guidelines classify it at a category 3 level and do not recommend its usage13. Based upon the data in this study, it appears that CgA has limited clinical utility.
In the R1/R2 groups, the NETest was post-operatively elevated in all 20 surgeries with documented microscopic or macroscopic disease. Post-surgery NETest elevation occurred irrespective of grade, stage or tumor type consistent with its efficacy as a pan-NET diagnostic marker. In the R0 group, the NETest was normal in 64% (n=58) post operatively. None of this group recurred within the 2-year follow-up. An elevated NETest was noted in 30/83, and 25 (83%) of this group exhibited image-proven recurrence within 2 years. The overall accuracy of recurrence prediction was 94%. NETest metrics all exceed the 80% value identified by the NIH as the minimum for an effective biomarker25. 
Of note, 5 patients with elevated NETest did not recur during the 24-month period. All 5 patients continue to be followed. These included two typical lung carcinoids (a T1N0M0 and a T1N1M0), two PNETS (a non-functional G1 T1N0M0 and a functional G2 T1N0M0) and a small bowel NET (G1, T1N1M0). Both tumors that exhibited nodal metastases (small bowel and lung) had the highest POD30 NETest levels (47 and 40, respectively). We anticipate that they will recur before the other 3 patients (POD30 scores: 27, 33 and 33, respectively). 
Since CgA was elevated in only 22% of patients prior to surgery, evaluation of post-surgery metrics was limited. In the R1/R2 groups with proven post-operative disease, 5/20 had elevated CgA levels. CgA therefore appears to have little utility as a marker of NET disease. In the R0 cohort, CgA at POD30 was elevated in 3 (12%) patients that subsequently recurred. In contrast, 14 (24%) patients that did not recur also had an elevated POD30 CgA. As noted, the accuracy metrics (accuracy 57%, specificity 77%) are biased by the fact that CgA was normal in 78% prior to surgery. Use of CgA in surgical follow-up guidelines therefore requires reconsideration.
The issue of detection of disease following post-surgical resection is a critical issue in terms of long-term outcome. In the current study, CgA was elevated post-operatively in 2/11 (18%) with R1 disease whereas the NETest was elevated in 100% of these tumors, consistent with the ability of a multigenomic biomarker to detect microscopic residual disease. The fact that the NETest is positive in image-negative but biopsy-proven NET liver metastatic disease has been previously reported26. In a separate series14, it was noted to be elevated in ~70% of those with microscopic disease. Taken together, these observations demonstrate the NETest can detect minimal residual disease. While the clinical relevance of a positive post-operative liquid biopsy is important, it is noteworthy that in individuals with a negative NETest, none developed recurrence during the 2-year follow-up period.
While recurrence is commonly considered within the context of either surgical disappointment and/or patient apprehension, cost and resource utilization are a practical reality of our times. Detection of recurrence is time-consuming, uses expensive tools and is mostly based upon experience and empirical strategies often applied in an ad hoc fashion9. Current guidelines focus on biomarker (usually CgA) measurements and imaging at intervals based on a histological assessment of tumor biology and TNM staging10, 12. Thus, an atypical lung NET is followed more aggressively than a typical carcinoid while functional PNETs are followed less aggressively than non-functional NETs. Similarly, larger tumors (T3/T4 with nodal metastases) are usually evaluated more intensively than T1N0 tumors and G2 tumors have more follow-up investigations than G1 tumors9. While previous proposals were based upon best-practice/experiential data, we believe that an objective strategy to better stratify patients for follow-up protocols would provide a rational and more cost-effective method. In this respect, it seems that a non-invasive liquid biopsy that provided an early pan-NET biomarker indication of disease recurrence might have clinical and economic utility.
To evaluate the fiscal implications, we calculated the cost of a standard-of-care (guidelines-based) approach and compared it to the NETest as a post-operative stratification protocol. For some patients (e.g., an atypical lung carcinoid – followed-up 4x/year, standard imaging and biomarkers 4x/year, 68Ga-PET-CT 1/year), the SoC costs would be higher than others (e.g., small bowel NET – followed up 2x/year, standard imaging and biomarkers 2x/year, 68Ga-PET-CT 1x/2 years). On average, the estimated cost was ~USD24,500 per patient for the 2-year follow-up period. Using the NETest stratification protocol, the average cost would be ~USD14,000 per patient, a potential savings of ~42%. The cost to detect a recurrence (standard approach) was calculated to be ~USD83,000. In contrast, this was ~USD48,000 using the NETest-based protocol.	Comment by Frilling, Andrea: see above	Comment by Frilling, Andrea: I am not quite sure but I think that you have mentioned a different assay as you have discussed the paper
Recognizing that our cohort has limitations in the assessment of cost-scaling, we reviewed a broader landscape (SEER database) to assess the US potential healthcare impact. SEER18 reported an annual incidence of 2,518 NETs8 of which ~77% underwent surgery27 . In this group, ~66% have localized or “completely” resectable disease; we projected ~1,280 R0 surgical resections annually8. Using our study data, we estimated that the total costs for a standard-of-care approach would be ~USD31 million for a 24-month follow-up. Using the NETest stratification protocol, we anticipate that the frequency of imaging could be reduced (decreased to once a year or once every two years) in those with molecular confirmation of NED and overall costs would be reduced to ~USD18 million. Such cost savings are largely reflected in the decrease in imaging. A positive NETest would allow for an accurate stratification, with a better focus on when to image (and what modality to use).
The general implications of the earlier diagnosis of recurrent disease have positive therapeutic implications as judged by investigations in the management of many cancers such as breast, lung and prostate28-31. In NETs, this may initially be less apparent given the relative paucity of effective therapies4. Nevertheless, early diagnosis can be considered as a worthwhile clinical goal with likely improved outcome implications. Since the NETest can accurately identify recurrence and disease progression up to two years before image-evidence (in this and other studies15, 17) it provides an objective criterion for an early “diagnosis” of recurrence. A number of recent studies have demonstrated that NETest has a >90% concordance with imaging14, 16, 24, 32. It thus seems reasonable to suggest that a non-invasive, objectively quantifiable, liquid biopsy may be a more patient-friendly and cost-effective strategy to identify early disease. The investigations of an elevated POD30 NETest level, beyond providing for a more accurate follow-up recurrence stratification protocol, could also allow for an earlier time-point for intervention. While overall survival is considered the surrogate used in treatment intervention evaluation, the long follow-up of NETs identifies the importance of disease progression (i.e., or recurrence or progression free survival [PFS]) as a more appropriate surrogate. Indeed, FDA approval of NET therapeutic interventional agents e.g., PRRT, all focus on PFS and the quality of life (QoL) associated with this metric in NETs33, 34. PFS is now considered a valuable clinical metric to evaluate treatment efficacy35, 36. In our study, the RFS for a positive NETest was 11.5 months. 
In conclusion, a real-time, non-invasive molecular strategy (liquid biopsy) that can be used to determine whether a patient is disease-free after surgery provides an important clinical tool. The NETest is significantly more accurate than CgA and appears to have clinical potential in facilitating the surgical management of NETs. The NETest provides a highly accurate pre-operative diagnostic and post-operatively as a predictor of disease recurrence. This liquid biopsy may have value for stratifying patients for surgical follow-up and could result in a decrease in post-operative management costs. 
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Figures and Legends
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Figure 1: NETest and “omic clusters”
The NETest is a gene expression assay that measures 51 NET marker mRNAs in blood using real-time PCR (left). The assay utilizes multi-algorithmic analysis to quantify tumor-related expression of gene clusters (right). NETest output is a score scaled 0-100 that represents the risk of NET disease. A normal score is <20, stable disease 21-40, progressive disease: 41-100. The assay has >90% accuracy, sensitivity and specificity for a NET diagnosis. The51 NETest genes comprise “14 omes” (right cartoon).
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Figure 2. Diagnostic accuracy of the biomarkers  
2A. Pre-operative (D0) NETest levels. All 103/103 were elevated (>20). The assay accuracy for NET identification was 100%.
2B. Pre-operative (D0) CgA levels. Elevation was evident in 23/103 (>108ng/mL). NET identification was 22%.
Data are presented as median and 95% confidence interval.
Red dotted line = upper limit of normal (ULN).
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Figure 3. Effect of Surgical resection on Blood biomarkers
3A. NETest pre-operative (D0 - white) and post-operative (POD30 - gray) levels in each of the surgical cohorts. Surgery normalized levels in 64% of R0. All R1 and R2 were elevated post-operatively (100%).
3B. CgA pre-operative (D0 - white) and Post-operative (POD30 - gray) levels. Surgery did not significantly decrease post-operative levels.
Data are presented as median and 95% confidence interval.
Red dotted line = upper limit of normal (ULN).
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Figure 4. R0 cohort assessment of elevated post-surgical biomarker levels and radiological recurrence.
4A. An elevated POD30 NETest was associated with a median recurrence free survival of 11.5 months versus not reached for those with a normalized NETest (Kaplan-Meier curve). This was highly significant (Chi2=70.2, p<0.0001). The hazard ratio for an elevated POD30 was 0.016 (0.006-0.04).
4B. NETest predictive metrics were sensitivity 100%, specificity 92% and accuracy 94%. Overall, all metrics >90%.
4C. An elevated POD30 CgA level did not relate to radiological recurrence and no significant association (Chi2=1.17, p=0.28) was evident. The hazard ratio for an elevated POD30 CgA was 0.59 (0.23-1.54).
4D. CgA predictive metrics were sensitivity 12%, specificity 76% and accuracy 57%. These failed to reach the NIH metrics of an 80% threshold for an accurate diagnostic.
Data are presented as median and error.
NIH metric limit for accuracy: Red dotted line.
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Figure 5. Estimated surgical follow-up costs (R0).
5A. The SoC in the 81 R0 patients (1 gastric and 1 duodenum excluded) cost ~USD2 million. A NETest-based stratification was estimated to reduce this by ~USD0.85 million, largely through a reduction in imaging in the NETest-negative cohort.
5B. Average cost of follow-up was USD24,500 USD (SoC) versus USD14,100, if the NETest was used.
5C. The cost of detecting a recurrence was ~42% higher in the SoC evaluated cohort (~USD83,000) than the NETest cohort (~USD48,000).
SoC = Standard-of-Care (based on current NCCN and ENETS guidelines)9, 10, 22. +NETest = follow-up strategy that utilizes a POD30 NETest-based stratification.





Tables
[bookmark: _Hlk67313997]
Table 1. Surgical Resection Categories: Patient Demographics (n=103)
	Specifics
	R0
	R1
	R2

	No.
	83
	11
	9

	Age: median (range) years
	59 (27-84)
	50 (26-77)
	60 (41-74)

	Gender: M/F
	39/44
	6/5
	5/4

	Sites:
	
	
	

	Lung
	25
	1
	0

	Pancreas
	42
	3
	2

	Small Bowel
	14
	6
	6

	Appendix
	0
	1
	1

	Stomach
	1
	0
	0

	Duodenum
	1
	0
	0

	Grade:
	
	
	

	G1
	30
	7
	7

	G2
	25
	3
	2

	G3
	3*
	0
	0

	AC
	8
	1
	0

	TC
	17
	0
	0

	Staging
	
	
	

	T
	
	
	

	1
	33
	0
	0

	2
	29
	8
	2

	3
	16
	3
	6

	4
	5
	0
	1

	N
	
	
	

	0
	45
	2
	0

	1
	35
	9
	9

	x
	3**
	0
	0

	M
	
	
	

	0
	79
	8
	4

	1
	4
	3
	5

	NETest (D0) Median (range)
	67 (27-100)
	87 (40-100)
	87 (33-100)

	NETest. No. positive (%)
	83 (100%)
	11 (100%)
	9 (100%)

	CgA (D0) Median (range)
	55 (16-1158)
	67 (35-156)
	75 (40-158)

	CgA: No. positive (%)
	18 (22%)
	2 (18%)
	3 (33%)


[bookmark: _Hlk67314188]AC: atypical carcinoid; TC: typical carcinoid
*NET G3
**Three patients underwent limited resection without lymphadenectomy


[bookmark: _Hlk67315223]Table 2. Clinical characteristics of Tumor recurrence


	Specifics
	Recurrence (n=25)
	No Recurrence 24 months (n=58)

	SITE

	Lung
	6
	19

	Stomach Gastric
	1
	0

	Duodenum
	0
	1

	Pancreastic
	8
	34

	Small bowel
	10
	4

	BIOMARKERS

	Elevated NETest (POD30)
	25
	5

	Elevated CgA (POD30)
	3
	14

	FOLLOW-UP

	Median (range) months
	10(3-21)
	24(24-24)

	GRADE

	G1
	12
	18

	G2
	5
	20

	G3
	2
	1

	TC
	5
	7

	AC
	1
	12

	STAGE

	  T

	1
	5
	28

	2
	10
	19

	3
	6
	10

	4
	4
	1

	  N

	0
	13
	32

	1
	12
	23

	x
	0
	3

	  M

	0
	24
	55

	1
	1
	3






[bookmark: _Hlk67315686]Table 3. NETest Stratification of Post-operative Costs  

	
	Lung
	Pancreas
	Small Bowel
	TOTAL

	No.
	25
	42
	14
	81

	Recurrences
	6
	8
	10
	24

	TTR: median (range)
	6 (4-12)
	13.5 (3-21)
	9 (3-12)
	

	Elevated POD30 NETests
	7
	10
	12
	29

	SoC evaluation
	25
	42
	14
	81

	NETest-positive evaluation
	7
	10
	12
	29*

	NETest-negative evaluation
	18
	32
	2
	53

	SoC (USD)
	519,019
	1,264,093
	203,862
	1,986,973

	NETest Stratification (USD)
	305,511
	680,570
	157,828
	1,143,909

	Cost Saving
	213,508
	583,523
	46,034
	843,064

	Cost Saving (%)
	41.1%
	46.2%
	22.6%
	42.4%


SoC = Standard-of-Care (NCCN/ENETS guidelines); TTR = time to recurrence
*In the 5 with an elevated POD30 NETest that did not recur, follow-up costs were calculated over the full 24-month period.
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