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Abstract

Background—Tumor biomarkers (TBMs) reflect disease burden and correlate with survival for
small bowel neuroendocrine tumors (SBNETS). This study sought to determine the performance of
chromogranin A (CgA), pancreastatin (PST), neurokinin A (NKA), and serotonin (5HT) during
follow-up assessment of resected SBNETS.

Methods—An institutional database identified patients undergoing surgery for SBNETS. Tumor
biomarker levels were assessed as categorical (normal vs elevated) and continuous variables for
association with progression-free survival (PFS) and overall survival (OS) via the Kaplan-Meier
method with Cox multivariable models adjusted for confounders. Sensitivity, specificity, and
predictive values of TBM levels in identifying imaging-confirmed progression were calculated.

Results—In 218 patients (44 % female, 92 % node+, 73 % metastatic, 97 % G1 or G2), higher
levels of CgA, PST, NKA, and 5HT correlated with higher-grade and metastatic disease at
presentation (p < 0.05). Elevated pre- and postoperative CgA, PST, and NKA correlated with
lower PFS and OS (p < 0.05; median follow-up period, 49.6 months). Normal CgA, PST, and
NKA were present in respectively 20.3 %, 16.9 %, and 72.6 % of the patients with progression,
whereas elevated levels were present in respectively 69.5 %, 24.8 %, and 1.3 % of the patients
without progression. Using TBMs to determine progression showed superiority of PST (78.9 %
accuracy) over CgA (63.3 % accuracy) or CgA and PST together (60.3 % accuracy).
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Conclusion—Although specific for progression, NKA was rarely elevated, limiting its
usefulness. Pre- and postoperative PST and CgA correlated with disease burden and survival, with
PST providing better discrimination of outcomes. During the follow-up period, use of PST most
accurately detected progression. These results suggest that PST should replace CgA for SBNET
surveillance.

Introduction

Small bowel neuroendocrine tumors (SBNETS) are increasing in incidence and currently are
the most common tumors of the small intestine.1-2 The utility of tumor biomarkers (TBMs)
in diagnosing and monitoring SBNETS remains a contested issue. Biomarkers may be
clinically valuable because they can provide information regarding individual prognosis,
response to treatment, and recurrence or progression, which inform clinical decision-making
and treatment. Although imaging and treatment of SBNETSs have evolved greatly in the past
decade, guidelines regarding tumor biomarkers remain largely unchanged. Expert consensus
guidelines recommend evaluating chromogranin A (CgA) in surveillance regimens for
recurrence or progression.3=> Introduced as a TBM for NETs in the 1980s,6 CgA remains
one of the most consistently monitored TBMs in NETS.

Despite its widespread use, limitations of CgA include low sensitivity and specificity, 7 lack
of standardization between assays,8 and lack of consensus regarding reference ranges. In
detecting imaging-confirmed disease progression, CgA has a reported sensitivity of 71 %
and a reported specificity 50 %.2 The lack of specificity is due to a high rate of false
positives because CgA is released from normal neuroendocrine tissuel® and elevated with
some medications and diseases such as non-neuroendocrine neoplasias, congestive heart
failure, and inflammatory diseases.”-%-11 Renal dysfunction can cause a rise of CgA levels to
those seen in NETS, with worsening dysfunction leading to higher CgA levels!2. Proton-
pump inhibitor (PPI1) use is a common cause of elevated CgA levels, and even a short course
of PPIs can cause a 2.5-fold increase in CgA levels.13

Other TBMs used to monitor patients with SBNETS include neurokinin A (NKA), serotonin
(5HT), and pancreastatin (PST). Neuron-specific enolase is less commonly monitored
because it is highly variable, provides little prognostic information, and has lower sensitivity
and specificity in determining recurrence.14 Pancreastatin, a cleavage product of CgA,10:15 js
of interest as a higher-quality biomarker because it is more sensitive and specific than CgA
in detecting progression and predicting survival.16-20

This study sought to compare the prognostic value, sensitivity, and specificity of CgA, PST,
NKA, and 5-HT in the follow-up evaluation of surgically treated patients with SBNETS.

METHODS

In this single-institution, retrospective study, clinical data from all patients undergoing
surgical resection for duodenal, jejunal, and ileal SBNETS between 1999 and 2019 were
analyzed under an institutional review board-approved protocol. Demographic data, survival
outcomes from date of surgery, and TBM levels (CgA, PST, NKA, and 5HT) from before
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and after surgery, as well as during long-term follow-up evaluation, were recorded. Data for
98 patients in a previous report were updated.16

A single surgeon performed all the procedures for cure or palliation of disease. Most
operations involved resection of the primary tumor and mesenteric nodes with or without
retroperitoneal nodes, hepatic cytoreduction where possible, and cholecystectomy in most
cases.16:21.22 patients with metastatic disease were treated intraoperatively with an
octreotide drip at 100 pg/h, which was weaned during 24 h postoperatively. Tumor grade
was determined by the Ki-67 proliferation index in whole sections from tumors.

Patients generally were followed by TBM measurement and computed tomography (CT)
scan every 6 months for the first 2 years postoperatively, with the frequency of further
follow-up assessment determined by disease status (usually continuing every 6 months for
patients with progression or persistent disease). Biochemical response was defined as a
reduction in biomarker levels of 50 % or more from the preoperative level.17:21.23
Progression was recorded on the date that imaging showed new or increasing size of
metastatic lesions or on the date of death from any cause.

The normal ranges for markers were per laboratory reference ranges as follows: CgA (<95
ng/mL), 5HT (<200 ng/mL) (both CgA and 5HT from ARUP Laboratories, Salt Lake City,
UT, USA), PST (<135 pg/mL), and NKA (<40 pg/mL) (both PST and NKA from
Interscience Institute, Inglewood, CA, USA).

Progression-free survival (PFS) and overall survival (OS) were calculated by the Kaplan-
Meier method. Tumor biomarkers were assessed for association with PFS and OS, as both
categorical (normal vs elevated above the reference range) and continuous variables, with
Cox multivariable models adjusted for confounders.24 Continuous laboratory values were
log-transformed to account for skew. Values reported as less than a lower limit of detection
were assigned a value half the range (e.g. <10 was recorded as 5).

The median follow-up was determined using the reverse Kaplan-Meier method.25
Sensitivity, specificity, and predictive values of TBM levels in identifying imaging-
confirmed progression were calculated. Calculations used TBM values at the last follow-up
visit for patients without progression. Fisher’s exact test or Wilcoxon rank-sum test was
used to compare patient characteristics. Paired (i.e., pre- and postsurgery) laboratory values
were compared via Wilcoxon sign-rank tests, with significance set at a p value lower than
0.05. Analyses were performed using R version 3.6.2 (Vienna, Austria).

Surgical resection of SBNETs was performed for 218 patients, and 95 (44 %) of these
patients were women. The median age at surgery was 62 years (range, 28-84 years), and
most of the patients were in their sixth or seventh decade (interquartile range [IQR], 54.7—
70.7 years). Most of the patients had nodal involvement (92 %) and distant metastasis (73
%) at the time of surgery. The highest grade from any tumor source (primary, node, or liver
metastases) was recorded for 212 patients. Grade 1 (G1) tumors were present in 52.4 %, G2
in 44.3 %, and G3 in 3.3 % of the patients.
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The median follow-up period was 49.6 months (95 % confidence interval [Cl], 42.3-59.6
months). During this time, 101 of the patients progressed, and 57 patients died. The median
PFS from surgery was 49.2 months (95 % Cl, 33.6-82.8 months), and the median OS was
118.8 months (95 % CI, 90-160.8 months).

Tumor Biomarker Levels

The different tumor biomarkers had varying rates of preoperative elevation above their
reference ranges. Only 35 of 163 patients had elevated NKA (21.5 %), whereas PST, CgA,
and 5HT were elevated in respectively 73.9 %, 77.3, % and 86.3 % of the patients.

To determine correlation of TBMs with known indicators of aggressive disease, preoperative
CgA, PST, NKA, and 5HT were tested for univariate association with tumor grade as well as
nodal and distant metastases (Table 1). The patients with G1 disease had a lower median
preoperative PST than the patients with G2 or G3 disease (p < 0.01). Lower median PST
values also were associated with negative nodal status (o= 0.04) and absence of distant
metastasis (p < 0.01). In comparison, the median CgA levels did not differ between the
patients with and without nodal metastasis (o= 0.7). Lower CgA levels were associated with
lower grade and absence of metastasis (p < 0.01 for both). Like PST, lower NKA and 5HT
levels were associated with lower-grade disease, negative nodal status, and no distant
metastases. These results suggest that PST, NKA, and 5HT levels correlate with grade and
extent of disease at presentation.

Tumor Biomarker Levels and Survival

To determine the prognostic value of tumor biomarkers, PST, CgA, NKA, and 5HT were
tested as categorical variables (elevated above reference range vs normal) for univariate
association with PFS and OS (Table 2, Fig. 1). Elevated preoperative PST was significantly
associated with lower PFS (median, 31.0 vs 141.1 months; p < 0.01) and OS (median, 85.1
months vs not reached, p< 0.01). Elevated preoperative CgA also was associated with lower
PFS (median, 39.7 vs 98.1 months; p < 0.01) and OS (median, 87.8 months vs not reached;
p=10.01). Elevated NKA was associated with lower PFS and OS, but elevated 5HT was not
associated with a statistically significant difference in PFS or OS.

Postoperative laboratory values were similarly tested as categorical variables for univariate
association with PFS or OS (Table 3, Fig. 2). The median time between surgery and
postoperative evaluation of TBMs was 3.6 months (IQR, 1.8-6.1 months). Biomarker levels
were less commonly elevated after surgery. Postoperative PST, CgA, NKA, and 5HT were
elevated above reference ranges in respectively 45.0 %, 57.8 %, 12.0 %, and 74.1 % of the
patients. The postoperative levels of TBMs were significantly lower than the preoperative
levels (p < 0.01 for all). Among the patients with high preoperative TBM levels, the median
postoperative values were 60.3 % (PST) to 36.4 % (NKA) lower, whereas 8.8 % (PST) to
14.4 % (CgA) of the patients’ postoperative TBM levels were higher than their preoperative
levels. Elevated postoperative PST was associated with significantly lower PFS (median,
20.6 vs 130.9 months; p < 0.01) and OS (median, 77.6 months vs not reached; p < 0.01).
Elevated postoperative CgA also was associated with lower PFS (median, 34.5 vs 98.1
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months; p< 0.01) and OS (median, 89.4 vs 125.4 months; p = 0.03). These results indicate
that elevated PST, CgA, and NKA levels are associated with worse PFS and OS.

In addition to the classification of TBM as elevated or normal, the degree of TBM elevation
also may provide prognostic information. To determine the association between the degree
of TBM elevation and the risk of progression or death, TBMs were analyzed as continuous
variables. The tumor biomarkers were log,-transformed due to skew, and hazard ratios
(HRs) reflect the change in risk associated with a doubling of the TBM level. For every
doubling of preoperative PST, the risk of progression increased by more than 40 % (HR,
1.41; 95 % CI, 1.28-1.55; p< 0.01), and the risk of death increased by 50 % (HR, 1.50; 95
% Cl, 1.31-1.73; p< 0.01). The HRs were similar for postoperative PST (progression HR,
1.4; 95 % Cl, 1.29-1.52) and death (HR, 1.48; 95 % Cl, 1.31-1.55) (p < 0.01 for both).

Preoperatively, the HR for progression was 1.28 (95 % CI, 1.18-1.39) for CgA, 1.27 (95 %
Cl, 1.12-1.44) for NKA, and 1.29 (95 % CI, 1.10-1.52) for serotonin (5HT) (p < 0.01 for
all). Preoperatively, the HR for death was 1.27 (95 % Cl, 1.14-1.41) for CgA, 1.37 (95 %
Cl, 1.14-1.65) for NKA, and1.33 (95 % ClI, 1.05-1.70; p = 0.02) for serotonin (5HT) (p <
0.01 unless otherwise specified).

Postoperatively, the HR for progression was 1.28 (95 % CI, 1.17-1.39) for CgA, 1.28 (95 %
Cl, 1.13-1.46) for NKA, and 1.44 (95 % Cl, 1.23-1.67) for serotonin (5HT) (p < 0.01 for
all). Posoperatively, the HR for death was 1.37 (95 % Cl, 1.21-1.54) for doubling of CgA,
1.41 (95 % CI, 1.17-1.69) for doubling of NKA, and 1.45 (95 % ClI, 1.18-1.78) for doubling
of serotonin (5HT) (p < 0.01 for all). These findings suggest that higher elevations of pre-
and postoperative PST, CgA, NKA, and 5HT are associated with increased risk of
progression and death. Each TBM then was analyzed individually as a continuous variable
in separate multivariable models. After correction for age, metastases, node-positive disease,
and grade, the higher levels of preoperative CgA, PST, and NKA remained independently
associated significantly with diminished OS (CgA. p=0.01; PST and NKA, < 0.01) and
PFS (p< 0.01 for all). Preoperative 5SHT was not independently predictive of either PFS or
OS in this model. We sought to compare TBMs in a unified multivariable model.

However, all TBMs could not be simultaneously included in a valid model due to
insufficient events and collinearity of information. As a result, we created an optimal
multivariable model using reverse stepwise selection (Table 4). With this procedure, we
determined which TBM carried the most predictive power by including all TBMs in a model
and then subtracting the biomarker with the greatest p value until only biomarkers
significantly associated with the outcome remained. Models were created for PFS and OS
using pre- and postoperative TBM levels. In each case, after stepwise selection, only PST
remained in the model (o values <0.01 for all PST), suggesting that addition of other
biomarkers did not provide significantly improved survival information beyond that carried
by PST.

Having determined that pre- and postoperative PST and CgA provide prognostic
information, we sought to determine whether the normalization of PST and CgA after
surgical treatment provides prognostic information. The patients with elevated preoperative
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PST (n7=124) and CgA (n= 140) were considered (Fig. 3). These patients were stratified by
postoperative TBM levels (normal vs continued elevation), and OS and PFS were
determined. The patients whose PST normalized postoperatively (7= 48) had a significantly
longer OS (median not reached vs 76.6 months; p< 0.01), PFS (median not reached vs 20.9
months; p< 0.01), 5-year OS (94 % vs 70 %; p < 0.01), and 5-year PFS (65 % vs 16 %; p<
0.01).<AQ6> Normalization of CgA predicted longer PFS (median, 82.7 vs 31.8 months; p
< 0.01), but not OS (median, 119.0 vs 77.6 months; p= 0.10).

Most of the patients with elevated preoperative PST failed to normalize postoperatively, but
the majority still had substantial drops in postoperative PST. Biochemical response has been
defined previously as a postoperative decrease in TBM level by at least 50 %.2123 To
determine whether a biochemical response in PST predicted improved survival, we
considered the patients who had elevated preoperative PST and experienced a biochemical
response postoperatively (n= 78). These patients had a significantly longer 5-year OS than
the patients who did not normalize or experience a biochemical response (94 % vs 58 %; p<
0.01). A large difference also was observed in the 5-year PFS between the patients with and
without a biochemical response (44 % vs 19 %; p < 0.01). This demonstrated that even if
PST does not normalize after surgery, a reduction of 50 % or more portends improved
survival. Biochemical response in CgA was less informative. Among the 65 patients with a
biochemical response in CgA, neither PFS nor OS differed from those for the 75 patients
without a response (5-year PFS, 40 % vs 43 %; p = 0.6; 5-year OS, 88 % vs 66 %; p=0.1).

The sensitivities and specificities of TBMs in predicting imaging-confirmed progression at
any time during the follow-up period were calculated. Elevated postoperative PST was more
sensitive (83.1 %) and specific (65.7 %) in determining disease progression than CgA
(sensitivity, 76.7 %; specificity, 52.3 %), although the difference did not reach statistical
significance. Although very specific (98.7 %), NKA was insensitive (27.4 %) for
determining progression. By comparison, PST was less likely to be falsely elevated than
CgA (false-positive rate, 24.8 % vs. 69.5 %, p < 0.01). The rates of falsely normal markers
were similar for PST and CgA (false-negative rate, 16.9 % vs 20.3 %; p = 0.35). The overall
accuracy of PST was higher (78.9 %), whereas the accuracy of CgA was 63.3 % (p < 0.01).
Using both PST and CgA to determine progression resulted in lower accuracy than using
either alone (60.3 %). Thus, PST more accurately identified progression than CgA alone or
even CgA and PST together.

DISCUSSION

This study found that higher PST levels correlate with more advanced SBNET disease.
Elevated pre- and postoperative PST levels independently predicted decreased OS and PFS
for the patients who underwent surgical cytoreduction. For the patients who had elevated
preoperative PST, postoperative normalization or biochemical response predicted longer OS
and PFS than for the patients whose PST levels failed to normalize or respond
biochemically.

Postoperative normalization of CgA predicted improved PFS, but not OS. For detecting
progression, PST was more sensitive and specific, with lower false-positive and false-
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negative rates than CgA. Of the biomarkers evaluated, PST was the most accurate,
classifying patients accurately as they progressed more often than CgA alone or CgA and
PST. Elevated 5HT did not correlate with survival, and NKA was too seldom elevated to be
useful for most patients. Thus, although its overall accuracy of about 80 % for detecting
progression was insufficient for PST to be recommended as the sole determinant of
progression, particularly when imaging is excellent and remains the gold standard, the
association of higher PST with more advanced disease and worse outcomes makes
consistently increasing PST a reasonable criterion for therapy escalation. Additionally, for
clinical trial inclusion, the large difference in 5-year PFS between the patients with and
those without elevated PST suggests that consideration of patients’ PST levels could identify
high-risk patients most likely to benefit from and demonstrate the effects of novel therapies.

Although the levels of PST, CgA, and NKA correlated with survival outcomes after
adjustment for grade, nodal status, and age, CgA and NKA were less informative than PST,
and neither were independently associated with survival after consideration of PST.

In the multivariable model, node-positive status was not independently associated
significantly with PFS or OS, and the presence of distant metastasis was not associated with
OS. This likely was due to the high rate of metastases in our patient group (92 % had nodal
and 73 % had liver metastases), and to the fact that most of the patients who had distant
metastases also had positive nodes, rendering these factors less informative in the
multivariable analysis. This finding also demonstrated the power of PST as an indicator of
disease extent and survival because metastases and node-positive status are not significant
after consideration of PST.

The advantages of PST as a tumor biomarker may derive from its smaller structure and more
specific function. It is a post-translational proteolytic peptide product of CgA, a larger
prohomone found throughout the neuroendocrine and central nervous systems.10:1526 The
CgA-derived peptides have many functions, including regulation of metabolism,
catecholamine release, calcium levels, blood pressure, reproductive hormones, and immune
response to infections.1 As such, CgA is elevated in benign and malignant endocrine
diseases, cardiovascular disease, renal insufficiency, auto-immune disorders, gastritis, and
non-neuroendocrine neoplasias, including cancers of the pancreas, lung, prostate, ovary, and
breast.11 The role of PST is more specific in regulating metabolism, and its circulating
plasma levels are 100-fold lower than CgA levels.2”28 The levels of PST are not affected by
PP1 use, which is significant because 20 % of patients with gastroenteropancreatic NETs
take PPIs.229 The radioimmunoassay for PST is specific for its carboxy-terminal, with
minimal cross-reactivity to CgA, and the two assays are comparable in price.1627 As a
biomarker, PST is thus more informative and less plagued by the imprecision of CgA.

The limitations of this study were its retrospective nature and the small number of deaths,
which limited the ability to calculate OS and to include all TBMs in the multivariable model.
Additionally, we did not routinely check 24-h urinary 5-hydroxyindoleacetic acid (5-HIAA)
levels, which is a longstanding practice in many centers. A 24-h urine collection is more
cumbersome and less practical than blood tests. We did not routinely require that our
patients avoid serotonin-rich foods before blood testing, which limits the utility of SHT.
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The subjects in this study were unique in that most of them presented with advanced disease,
all underwent resection of primary tumor and regional lymph nodes, and hepatic
cytoreduction was performed at a high rate. The high rate of progression allowed us to study
the value of changing marker levels in relation to progression.

Another strength of this study was the direct comparison of multiple commonly tested
TBMs in a large sample of patients with long follow-up times. Our results confirmed
previous findings that PST is more sensitive and specific than CgA in detecting progression,
and that elevated PST levels portend shorter survival in surgically treated SBNETs.19:20
Other studies have found that PST also predicts survival for patients treated with
somatostatin analogue therapy and transarterial chemoembolization.17:30

Not all centers routinely follow TBMs.# Some centers question the accuracy of TBMs and
their role in clinical decision-making. Other centers advocate assays targeting circulating
tumor mRNA, such as the NETest (Wren Laboratories, Branford, CT, USA), as a more
accurate alternative to monoanalyte biomarkers. The NETest is a multianalyte algorithmic
real-time quantitative reverse transcription polymerase chain reaction (qQRT-PCR) test for 51
NET marker genes.31:32

A recent publication reported the the NETest is about 85 % accurate in identifying
progression.33 Our study found that PST has a comparable accuracy of 78.8 % in
differentiating stable from progressive disease. The NETest is not widely used, and to date
has not been recommended in various follow-up guidelines.34 The NETest is more expensive
than a PST assay (=$500 vs $225 per test), although the exact price for the former has not
been determined to date. Other biomarkers, such as circulating tumor cells and miRNA
assays, are being studied but do not yet have practical clinical applications.3®

The current study suggests that monoanalyte TBMs still have value in clinical decision-
making, and it may not be time to abandon them. The National Comprehensive Cancer
Network (NCCN) guidelines recommend routinely checking CgA levels in surveillance of
SBNET patients, but our results support routine evaluation of PST instead of CgA in
SBNET surveillance. Levels of PST reflect the extent of disease at presentation and provide
more substantial prognostic information than CgA. Tumor biomarkers are a useful adjunct to
imaging (CT, MRI, and/or 88Ga-DOTATATE), and we use these two complementary
methods to help confirm progression at our clinic. If progression occurs during current
therapy (or observation), it generally is our practice to consider changing therapy. In many
instances, progression may appear minimal or equivocal on imaging, and correlating the
degree of change on scans with trends in TBMs can be extremely helpful in deciding when
to increase the dose of somatostatin analogues, initiate everolimus, pursue embolotherapy, or
treat with peptide receptor radionuclide therapy. Patients with elevated postoperative PST
levels and those who do not achieve significant biochemical response after tumor resection/
cytoreduction also are identified as at increased risk of progression, and therefore may
benefit from increased monitoring or earlier consideration of additional therapies.
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with elevated preoperative CgA had decreased (a) PFS (median PFS, 39.7 vs 98.1 months; p
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and (d) OS (median OS, 85.1 months vs not reached, p < 0.01). CgA, chromogranin A; PST,
pancreastatin; PFS, progression-free survival; OS, overall survival
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FIG. 2.

Progression-free and overall survival based on postoperative CgA and PST levels. The
survival of patients with normal postoperative levels (b/ue solid line) are compared with
those of patients with high levels (elevated above reference range, red dashed lines). Patients
with elevated postoperative CgA had decreased (a) PFS (median PFS, 34.5 vs 98.1 months;
p<0.01) and (b) OS (median OS, 89.4 vs 125.4 months; p = 0.03), and those with elevated
postoperative PST also had decreased (¢) PFS (median PFS, 20.6 vs 130.9 months; p < 0.01)
and (d) OS (median OS, 77.6 months vs not reached; p < 0.01). CgA, chromogranin A; PST,
pancreastatin; PFS, progression-free survival; OS, overall survival
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FIG. 3.

Progression-free and overall survival of patients with preoperatively elevated CgA and PST
levels, as determined by biochemical response (postoperative level <50 % of preoperative
level, solid lines) or normalization of levels (dashed lines). Red lines designate patients
whose postoperative levels remained elevated or who did not achieve biochemical response,
whereas blue lines show those with normalized levels or those achieving a biochemical
response. a PFS improved with normalization of CgA (median PFS, 82.7 vs 31.8 months; p
< 0.01), but not a biochemical response in CgA (5-year PFS, 40 vs 43 %; p=0.60). b OS
did not improve with normalization of CgA (median OS, 119.0 vs 77.6 months; p= 0.10) or
a biochemical response (5-year OS, 88 vs 66 %; p = 0.10). ¢ PFS improved with
normalization of PST (5-year PFS, 65 vs 16 %; p < 0.01) and a biochemical response (5-
year PFS, 44 vs 19 %; p< 0.01). d OS improved with normalization of PST (5-year OS, 94
vs 70 %; p < 0.01) and a biochemical response (5-year OS, 94 vs 58 %; p < 0.01). CgA,
chromogranin A; PST, pancreastatin; PFS, progression-free survival; OS, overall survival
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Association between preoperative tumor biomarker levels and clinicopathologic characteristics of SBNET

. a
disease
PST (n = 199) CgA (n =198) NKA (n = 163) 5HT (n = 205)
Median Median Median Median
(pg/mL) p Value (ng/mL) p Value (pg/mL) p Value (ng/mL) p Value
Grade Gl (n=111) 259 161 14.5 852
— <0.01 <0.01 <0.01 <0.01
G20rG3(n= [ 473 369 23.0 1147
101)
Nodal status | Negative (7=18) | 170 200 5.0 322
s _ 0.04 0.7 0.02 0.045
Positive (7= 392 234 20.0 1016
197)
Metastasis No (n=57) 95.5 97.0 115 395
<0.01 <0.01 <0.01 <0.01
Yes (n=158) 564 289 22.0 1152

SBNET, small bowel neuroendocrine tumor; PST, pancreastatin; CgA, chromogranin A; NKA, neurokinin A; 5HT, serotonin

a - - A . . -
Bold indicates statistical significance (o < 0.05). Higher levels of PST, NKA, and 5HT were associated with increased tumor grade, node-
positivity, and metastases. Higher levels of CgA were associated with increased grade and metastases, but not positive nodal status.
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TABLE 2
Association of preoperative tumor biomarker levels with progression-free survival (PFS) and overall survival
a
(0S)
PST p Value CgA p Value NKA p Value 5HT p Value
; Normal preo| 141.1 (n=52 98.1 (n=45 63.5 (n=128 87.4 (n=28
(’\gqe(;’r:?ﬁsf FS preoe "= | o1 @2 1o ( M oo N
Elevated preop | 31.0 (n=147) 39.7 (n=153) 20.6 (n=35) 50.7 (n=177)
; Normal preop NR (7= 52) NR (7= 45) 94.8 (n=128) NR (7= 28)
(’\gqe(;’r:?ﬁs)os <0.01 0.01 <0.01 0.3
Elevated preop | 85.1 (n=147) 87.8 (n=153) 61.6 (n=35) 106.2 (n=177)

PST, pancreastatin; CgA, chromogranin A; NKA, neurokinin A; 5HT, serotonin; preop, preoperative; NR not reached

a - TS . . . .
Bold indicates statistical significance (p < 0.05). Elevated preoperative PST, CgA, and NKA were associated with lower median PFS and OS.

Elevated 5HT was not associated with decreased PFS or OS.
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Association between postoperative tumor biomarker levels and progression-free survival (PFS) and overall

survival (OS)a

TABLE 3

Page 16

PST CoA NKA SHT
di goosrtrgpal 130.9 (n=100) 98.1 (n=81) 89.4 (n=113) 62.1 (7= 50)
%eor:?r?splzs <0.01 <0.01 <0.01 0.2
( ) Elevated 20.6 (7= 82 345 (7= 111 07 (n=15 207 (e 143
postop 6 (n=82) 5(n=111) 7 (n=15) .7 (n=143)
: ?&Z?S | NR (= 100) 125.4 (n=81) 106.2 (1= 113) NR (7= 50)
megr:?r?s;js <0.01 0.03 <0.01 0.1
Elevated 776 (n=82 89.4 (n= 111 318 (n= 15 1062 (e 143
postop 6(n=82) 4(n=111) 8(n=15) 2(n=143)

PST, pancreastatin; CgA, chromogranin A; NKA, neurokinin A; 5HT, serotonin; postop, postoperative

a - - S . . .
Bold indicates statistical significance (p < 0.05). Elevated postoperative PST, CgA, and NKA were associated lower median PFS and OS. Elevated
5HT was not associated with decreased PFS or OS.

Ann Surg Oncol. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Tran et al.

Stepwise-selected multivariable models to determine independently significant variables associated with

TABLE 4

progression-free survival (PFS) and overall survival (OS)a

Preoperative model (n =194) | PFS 0s

Clinical feature HR (CI) pValue | HR (CI) p Value
Age (per year) 1.01 (1.00-1.04) | 0.09 1.05(1.01-1.71) | <0.01
Node-positive 1.05(0.37-2.99) | 0.9 5.50 (0.69-43.8) | 0.1
Metastasis present 4.21 (1.67-10.6) | <0.01 4.09 (0.93-17.9) | 0.06
Low grade 0.54 (0.34-0.84) | <0.01 0.37 (0.19-0.69) | <0.01
Log,-preop PST 1.35 (1.20-1.51) | <0.01 1.43 (1.19-1.71) | <0.01
Postop model (7= 176)

Age (per year) 1.02 (1.00-1.04) | 0.03 1.04 (1.01-1.08) | <0.01
Node-positive 0.82 (0.38-1.78) | 0.6 2.16 (0.59-7.86) | 0.2
Metastasis present 2.23(1.07-4.63) | 0.03 1.33(0.43-4.12) | 0.6
Low grade 0.54 (0.34-0.86) | 0.01 0.41 (0.21-0.81) | <0.01
Log,-postop PST 1.40 (1.27-154) | <0.01 | 1.48 (1.28-1.71) | <0.01

HR, hazard ratio; CI, confidence interval; preop, preoperative; postop, postoperative; PST, pancreastatin

Page 17

a - - I . . .
Bold indicates statistical significance (o < 0.05). Tumor biomarker levels were log2-transformed due to skew. Hazard ratios thus reflect the risk

associated with each doubling of pancreastatin levels.
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