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Plasma Pancreastatin Predicts the Outcome
of Surgical Cytoreduction in Neuroendocrine

Tumors of the Small Bowel
Eugene A. Woltering, MD, FACS,*†‡ Brianne A. Voros, MS,*†‡ David T. Beyer, BS,*†‡

Ramcharan Thiagarajan, MBBS, FACS,*†‡ Robert A. Ramirez, DO, FACP,*‡
Gregg Mamikunian, MS,§ and J. Philip Boudreaux, MD, FACS*†‡

Objectives: Elevated pancreastatin (PST) levels have been shown to be
associatedwith poor prognosis in small bowel neuroendocrine tumors (NETs).
We hypothesized that plasma PST levels that remain elevated following surgi-
cal cytoreduction portend a poor prognosis in well-differentiated small
bowel NETs.
Methods: Patients diagnosed with small bowel NETs who underwent
surgical cytoreduction at our institution were identified. Demographics,
histopathologic characteristics, and biochemical data were collected. Only
patients who had serial preoperative PST (PreopPST) and postoperative
PST (PostopPST) levels were included in this study. Patients were sorted
into groups by PST level to assess their response to surgical cytoreduction
(group 1, PreopPST/PostopPST normal; group 2, PreopPST elevated/
PostopPST normal; group 3, PreopPST/PostopPST elevated). Survival
rates were calculated from the date of surgery.
Results: PreopPSTand PostopPST levels were collected from 300 patients.
Patients in groups 1 (n = 74) and 2 (n = 81) had a significant survival advantage
comparedwith patients in group3 (n =145) (P<0.0001).Kaplan-Meier 5- and
10-year survival rates were as follows: group 1: 93% and 82%; group 2: 91%
and 65%; and group 3: 58% and 34%, respectively.
Conclusions: Serial monitoring of plasma PST is useful in predicting
long-term survival following surgical cytoreduction and can be helpful to
identify patients who have a poor prognosis.

Key Words: cytoreduction, neuroendocrine tumor, pancreastatin,
small bowel carcinoid, surgery, survival
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N euroendocrine tumors (NETs) are a heterogeneous group of
neoplasmsmost commonly found in the respiratory and gas-

trointestinal tract. Neuroendocrine tumors are rare, slow-growing
tumors that vary in their prognosis based on the location of the pri-
mary tumor.1–4 The only curative treatment option for patients
with NETs of the small bowel is surgical resection of the primary
tumor and all associated metastatic disease. Previous studies have
reported numerous benefits associated with surgical cytoreduction

in small bowel NETs, including symptom improvement, manage-
ment of disease progression, and increased overall survival.5–10

Because of the functional nature of NETs, serial measure-
ments of biomarkers in plasma, serum, and urine are an integral
part of preoperative and postoperative assessment of patients with
small bowel NETs.11–16 These relatively low-cost tests are easy to
perform and can provide substantial information about the
patient's disease state. Minute changes in tumor volume as well
as changes in tumor behavior may be detectable through these
biochemical alterations.16–18 Changes in biomarkers may be ob-
served months prior to detection of tumor progression on imaging
modalities, changes in histologic behavior, or changes in severity
of symptoms.18–20 Because the timing of initiation of therapy is
critical to its effectiveness, early detection of recurrence is critical
if one is to improve a patient's outcome.

Chromogranin A (CgA) has previously been used as the
“universal” biomarker to evaluate response to treatment and sur-
veillance for tumor progression in small bowel NETs.21–23 How-
ever, falsely elevated CgA levels are common in the general
population and can be attributed to other medical conditions, such
as atrophic gastritis, pernicious anemia, and renal failure. Intermit-
tent and/or chronic elevation of CgA levels can also be induced by
the use of proton-pump inhibitors (PPIs). Because PPIs are one of
the most commonly used over-the-counter medications, chronic
PPI use may complicate ruling out the differential diagnosis be-
tween NET and chronic PPI use.21,24,25 While CgA is considered
a general biomarker of NETs, it is not specific to NETs of the
small bowel. Serotonin may be produced in substantial quantities
in patients with small bowel NETs, but measurement of circulat-
ing levels is complex and rarely used in clinical practice. Addi-
tionally, 5-hydroxyindoleacetic acid, a metabolite of serotonin,
can be measured in urine or plasma but provides little clinical
value when considered alone. Pancreastatin (PST), a posttransla-
tional fragment of CgA, has shown to be a useful biomarker for
small bowel NETs. Previous studies have shown that elevated PST
levels are associated with worse overall survival and can be used as
an indicator of hepatic metastasis in small bowel NETs.18,25–28 Little
is known about the effect of surgical cytoreduction on changes in
biomarker levels and the relationship to prognosis. Based on our
experience, we hypothesized that elevated PST levels following sur-
gical cytoreduction predict a poor prognosis in well-differentiated
small bowel NETs.

MATERIALS AND METHODS

Data Collection
This study was approved by the institutional review boards at

Louisiana State University Health Sciences Center–New Orleans
and Ochsner Clinic Foundation. Clinical data from all patients eval-
uated by the New Orleans Louisiana Neuroendocrine Tumors
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Specialists were entered into a web-based patient database
(VELOS, Inc, Fremont, Calif ). Data from patients seen prior to
December 2007 were entered into the database retrospectively
and prospectively after December 2007. The database was queried
for patients diagnosed with NETs of the ileum, jejunum, or small
intestine, not otherwise specified. Only patientswho underwent sur-
gical cytoreduction at our institution were included. Patients with
multiple primary malignancies were excluded from our study.

Patient demographics, tumor characteristics, operative char-
acteristics, and biochemical data were collected from our database
and supplemented by medical record review. Plasma PST levels
for all patients were analyzed by a single laboratory (Inter Science
Institute, Inglewood, Calif ) using a reference range of up to
135 pg/mL as the upper limit of normal. Only patients who had
serial preoperative PST (PreopPST) and postoperative PST
(PostopPST) levels were included in this study. Preoperative
PST levels were collected no more than 60 days prior to surgery.
Postoperative PST levels were collected within 6 months of sur-
gery. Patients entered biochemical surveillance 6 months status
post surgical cytoreduction and were monitored with serial PST
levels at 3- to 6-month intervals.

Primary Outcomes
Preoperative PSTand PostopPST levels were measured numer-

ically (in pg/mL) and categorically (normal vs elevated). Patients
were sorted into 3 groups to assess their response to surgical
cytoreduction. Group 1 included patients with normal PreopPST
and PostopPST levels. Group 2 included patients with an elevated
PreopPST level and a normal PostopPST level. Group 3 included
patients who had a normal or elevated PreopPST level and an el-
evated PostopPST level.

Biochemical surveillance time was measured from the date
of surgery to the date of the most recent PST level or date of the
patient's death. Patients were considered to be lost to biochemical
surveillance if their most recent PST levelwas collected more than
3 years from the end of the study (before January 1, 2015) or the
date of the patient's death. Patients in groups 1 and 2 were moni-
tored for biochemical recurrence defined as elevated PST levels at
3 or more consecutive clinic visits. Time to biochemical recurrence
was measured from date of surgery to date of the first elevated PST
level. Patients in group 3 were monitored for biochemical normali-
zation defined as normal PST levels at 3 or more consecutive clinic
visits. The period of biochemical normalization wasmeasured from
the date of first normal PST level to the date of the most recent
PST level.

Survival time was calculated from the date of surgery to either
the date of the patient's death or the end of the study (December 31,
2017). The date of death was confirmed using multiple methods.
Prior to 2014, the Social Security Death Index from the US Social
Security Administration was used to verify the date of death (http://
ssdi.rootsweb.ancestry.com). From 2014 to 2017, the date of death
was verified using cancer registries, obituaries, clinic notification
by family members, or hospital records. Follow-up time was mea-
sured from the date of surgery to the date of death or end of the
study. Death due to all causes was used as the outcome parameter.
Patients who were alive at the end of the study (December 31,
2017) were treated as censored data points.

Statistical Analysis
Statistical analyses were performed using MedCalc Statisti-

cal Software version 18.2.1 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2018). Mean (SD) OS, median
OS, and 5- and 10-year OS rates were calculated using the Kaplan-

Meier method.29 Median OS is expressed with a 95% confidence in-
terval (CI). Censored survival curves were generated usingMedCalc.
For all univariate Kaplan-Meier survival analyses, statistical signifi-
cance was determined by log-rank test. P < 0.05 was considered sta-
tistically significant.Multivariate analyses using theCox proportional
hazards model were used to identify individual factors associated
with prognosis. All factors that proved to be statistically signifi-
cant in univariate analysis (determined in the Results section)
were included as covariates in this model.

RESULTS

Patient Characteristics
Records of 516 patients with small bowelNETswho underwent

surgical cytoreduction at our institution between July 2006 and
November 2015 were reviewed. Preoperative PSTand PostopPST
levels were available for 300 patients (300/516 [58%]) who were
included in our study. Median age at diagnosis was 57 years
(95% CI, 54–58 years).

At initial presentation to our clinic, 60% of patients (181/300)
displayed symptoms consistent with carcinoid syndrome, and 22%
(65/300) of patients reported regular use of PPIs for symptom con-
trol. Prior to surgical cytoreduction, somatostatin analog (SSA)
therapy was initiated in 87% of patients (260/300). These patients
included 171 patients with carcinoid syndrome who were treated
for symptom management and 72 patients who were asymptom-
atic but were treated prophylactically based on the known antitu-
mor effects of SSAs in NETs.30,31

Most patients in our cohort had hepatic and extrahepatic me-
tastases prior to surgical cytoreduction (150/300 [50%]). Metasta-
tic diseasewas confined to the liver in 89 patients (89/300 [30%]),
whereas an additional 19 patients (19/300 [6%]) had extrahepatic
metastasis without liver involvement. The remaining 42 patients
(42/300 [14%]) had no metastatic disease or metastatic disease
confined to the regional lymph nodes. Median time from the date
of initial diagnosis to the date of surgical cytoreduction was
10 months (95% CI, 7–13 months). Demographic and pathologic
characteristics for our entire cohort are shown in Table 1.

Preoperative PST levels were elevated in the majority of pa-
tients in our study (224/300 [75%]). Median PreopPST level in these
patients was 519 pg/mL (95% CI, 393–619 pg/mL) ranging from
140 to 21,124 pg/mL. Most patients (129/224 [58%]) with elevated
PreopPST levels had hepatic and extrahepatic disease prior to surgical
cytoreduction, whereas 71 patients (71/224 [32%]) had metastatic
disease confined to the liver. Postoperative PST levels were elevated
in 145 patients (145/300 [48%]). Median PostopPST level in this
group was 395 pg/mL (95% CI, 320–468 pg/mL) ranging from
139 to 15,725 pg/mL. In 76 patients with normal PreopPST
levels, only 2 patients (2/76, 3%]) had elevated PostopPST levels.

Response to Surgical Cytoreduction
Group 1 included 74 patients (74/300 [25%]) who had normal

PreopPSTand PostopPST levels. Group 2 included 81 patients (81/
300 [27%]) who had an elevated PreopPST level but had a normal
PostopPST level following surgical cytoreduction. Median percent
decrease of PST level in group 2 was 72% (95% CI, 68%–76%).
Group 3 included 145 patients (145/300 [48%]) who had a normal
(n = 2) or elevated (n = 143) PreopPST level and an elevated
PostopPST level despite undergoing surgical cytoreduction. Me-
dian percent decrease of PST level in group 3 was 35% (95%
CI, 20%–44%).
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Biochemical Surveillance

In 256 patients (256/300 [85%]) who were routinely moni-
tored with serial PST levels, median biochemical surveillance time
was 49 months (4.1 years; 95% CI, 45–55 months). Biochemical
recurrence was observed in 15% of group 1 patients (10/66) and
41% of group 2 patients (29/71).Median time to biochemical recur-
rence was 24 months (2 years; 95% CI, 13–27 months).
Pancreastatin levels remained elevated in these patients until the
end of our study or until their death. Biochemical normalization
was observed in 10% of patients (13/119) in group 3. Pancreastatin
levels remained normal in these patients until the end of the study or
their death. Median period of biochemical normalization was
27 months (2.3 years; 95% CI, 13–68 months). During our study,

44 patients (44/300 [15%]) were noncompliant with serial monitor-
ing of their PST levels and were lost to biochemical surveillance.

Survival Analysis
The mortality rate for our entire cohort was 30% (91/300).

Mean OS was 101 (SD, 3) months (8.4 [0.3] years). Median OS
was not reached. Kaplan-Meier 5- and 10-year OS rates for all pa-
tients were 75% and 53%, respectively.

Survival was significantly worse in patients with elevated
PreopPST levels as comparedwith patients with normal PreopPST
levels (P < 0.01) (Fig. 1). Mean OS in patients with elevated
PreopPST levels was 94 (SD, 4) months (7.8 years) versus 122
(SD, 4) months (10.2 years) in patients with normal PreopPST levels.
Median OS was 106 months (8.8 years; 95% CI, 88–113 months) in
patients with elevated PreopPST but was not reached in patients
with normal PreopPST. Kaplan-Meier 5- and 10-year OS rates
were 93% and 81%, respectively, in patients with normal
PreopPST versus 69% and 44%, respectively, in patients with el-
evated PreopPST levels (P < 0.01) (Fig. 1).

A significant survival advantagewas observed in patients with
normal PostopPST levels compared with patients with elevated
PostopPST levels. Mean OS in patients with elevated PostopPST
levels was 81 (SD, 4) months (6.8 years) versus 121 (SD, 3) months
(10.1 years) in patients with normal PostopPST levels. Median OS
was 77months (6.4 years; 95%CI, 57–102months) in patients with
elevated PostopPST levels but was not reached in patients with nor-
mal PostopPST. Kaplan-Meier 5- and 10-year OS rates were 58%
and 34%, respectively, in patients with elevated PostopPST levels
and were significantly worse than 92% and 74%, respectively, in
patients with normal PostopPST (P < 0.01).

Patients in groups 1 and 2 (normal PostopPST) had a signifi-
cant survival advantage comparedwith patients in group 3 (elevated
PostopPST) (P < 0.01; Fig. 1). Mean OS was 124 (SD, 4) months
(10.3 years) in group 1 and 118 (SD, 5) months (9.8 years) in group
2. Median OS was not reached in groups 1 and 2. Kaplan-Meier 5-
and 10-year OS rates for group 1 were 93% and 82%, respectively,
and 91% and 65%, respectively, for group 2. Half of the patients
(72/144) in group 3 who had elevated PostopPST levels despite sur-
gical cytoreduction died during this study. Mean OS was 81 (SD,
4) months (6.8 years) with a median OS of 77 months (6.4 years;
95% CI, 57–102 months). Kaplan-Meier 5- and 10-year OS rates
for group 3 were 58% and 34%, respectively.

In 137 patients in groups 1 and 2 who underwent long-term
biochemical surveillance, subset analysis was performed to evalu-
ate the effect of biochemical recurrence on survival. Survival was
significantly worse in 39 patients (39/137 [28%]) who had a bio-
chemical recurrence compared with 98 patients (98/137 [72%])
whose PST levels remained normal for the duration of our study
(P < 0.01; Fig. 2). Mean OS in patients whose PST levels remained
normal was 126 (SD, 3) months with Kaplan-Meier 5- and 10-year
survival rates of 97% and 88%, respectively. Mean OS in patients who
had a biochemical recurrence was 105 (SD, 8) months with Kaplan-
Meier 5- and 10-year survival rates of 76% and 59%, respectively.

In 119 patients in group 3 who underwent long-term bio-
chemical surveillance, subset analysis was performed to evaluate
the effect of biochemical normalization on survival. A significant
survival advantage was observed in 13 patients (13/119 [11%])
with biochemical normalization compared with 106 patients
(106/119 [89%]) whose PST levels remained elevated (P < 0.05;
Fig. 3). Mean OS in patients who had biochemical normalization
of their PST levelswas 97 (SD, 11)monthswithKaplan-Meier 5- and
10-year survival rates of 75% and 75%, respectively. Mean OS in pa-
tients whose PST levels remained elevated was 67 (SD, 5) months

TABLE 1. Demographic and Histopathologic Characteristics of
the Study Cohort (n = 300)

Characteristic n (%)

Sex
Female 159 (53)
Male 141 (47)

Age at diagnosis, y
18–44 48 (16)
45–54 90 (30)
55–64 101 (34)
65–74 53 (18)
≥75 8 (2)

Race/ethnicity
White 258 (86)
African American 34 (11)
Other/unknown 8 (3)

Primary tumor site
Ileum 248 (82)
Jejunum 9 (3)
Small intestine, NOS 45 (15)

Primary tumor size, cm
<1 37 (12)
1–2 149 (50)
>2 74 (25)
Unknown 40 (13)

Location of metastatic disease
No metastatic disease 8 (3)
Regional lymph node metastasis only 34 (11)
Confined to liver 89 (30)
Extrahepatic (at least 1 site) only* 19 (6)
Both hepatic and extrahepatic metastases 150 (50)

Prognostic stage group†

I/II 4 (1)
III 39 (13)
IV 257 (86)

Data are presented as number of patients with each characteristic with
percentages in parentheses unless specified otherwise.

*Extrahepatic sites included lung, pancreas, ovary, uterus, peritoneum,
bone, or other distant lymph nodes without metastatic disease in liver.

†Histologic grades and prognostic stage groups were determined ac-
cording to the eighth edition of the American Joint Committee on Cancer's
Cancer Staging Manual.

NOS indicates not otherwise specified.
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FIGURE 1. Kaplan-Meier survival stratified by PST level (n = 300). A, Preoperative PST level (PreopPST). Patients with elevated
PreopPST levels (N = 224) had significantlyworse survival than patientswith normal PreopPST levels (n = 76) (P < 0.01). Kaplan-Meier 5- and
10-year survival rates in patients with elevated PreopPST were 69% and 44%, respectively, compared with 93% and 81%, respectively, in
patients with normal PreopPST. B, Postoperative PST level (PostopPST). Patients with elevated PostopPST levels (n = 145) had significantly
worse survival than patients with normal PostopPST levels (n = 155) (P < 0.01). Kaplan-Meier 5- and 10-year survival rates were 58%and 34%,
respectively, in patients with elevated PostopPST levels compared with 92% and 74%, respectively, in patients with normal PostopPST. C,
PreopPST versus PostopPST level group (n = 300). Patients in group 3 had significantly worse survival than patients in group 1 (P < 0.01) and
group 2 (P < 0.01). Kaplan-Meier 5- and 10-year survival rates in group 3 patients (n = 145) were 58% and 33%, respectively, compared
with 93% and 83%, respectively, in group 1 patients (n = 74) and 91% and 65%, respectively, in group 2 patients (n = 81).
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with Kaplan-Meier 5- and 10-year survival rates of 45% and
25%, respectively.

Multivariate analysis confirmed PostopPST level as the only
independent prognostic indicator of OS for small bowel NETs
(P < 0.01). Table 2 summarizes the results of our survival analysis.

DISCUSSION
In this study, we evaluated the utility of plasma PST levels for

predicting prognosis following surgical cytoreduction in patients
with small bowel NETs. We found that patients with normal
PreopPST levels had a significant survival advantage compared

with patients with elevated PreopPST levels (93% vs 69%). Sim-
ilarly, patients with normal PostopPST levels had a better outcome
compared with patients with elevated PostopPST levels (92% vs
58%). In patients whose PST levels normalized postoperatively
(group 2), survival was comparable to patients whose PST levels
were continuously normal (group 1). Additionally, patients in
groups 1 and 2 (normal PostopPST) showed better 5-year OS rates
compared with patients in group 3 (elevated PostopPST) (93%
and 91% vs 58%).

Previous studies support the prognostic importance associ-
ated with plasma PST levels in small bowel NETs. Calhoun et al13

FIGURE 2. Kaplan-Meier survival stratified by biochemical recurrence status in groups 1 and 2 patients (n = 137). Survival was
significantly worse in patients who had a biochemical recurrence (n = 39) than patients whose PST levels remained normal (n = 98)
(P < 0.01). Kaplan-Meier 5- and 10-year survival rates in patients whose PST levels remained normal were 97% and 88%, respectively.
Kaplan-Meier 5- and 10-year survival rates in patients who had a biochemical recurrence were 76% and 59%, respectively.

FIGURE 3. Kaplan-Meier survival stratified by biochemical normalization status in group 3 patients (n = 119). A significant survival advantage
was observed in patients with biochemical normalization (n = 13) compared with patients whose PST levels remained elevated (n = 106)
(P < 0.05). Mean OS in patients who had biochemical normalization of their PST levels was 97 (SD, 11) months with Kaplan-Meier 5- and
10-year survival rates of 75% and 75%, respectively. Mean OS in patients whose PST levels remained elevated was 67 (SD, 5) months with
Kaplan-Meier 5- and 10-year survival rates of 45% and 25%, respectively.
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examined the serum peptide profiles in 31 patients with NETs.
The only peptide that was elevated in the majority (81%) of their
cohort was PST. Metastatic disease was identified in 88% of pa-
tients with elevated PST levels. A recent study by Sherman and
colleagues28 evaluated a panel of biomarkers (CgA, serotonin, PST,
and neurokinin A) in 98 patients with small bowel NETs who
underwent surgery at their institution. In 52 patients with small bowel
NETs, elevated PreopPSTandPostopPST levelswere shown to be in-
dependent predictors of poor progression-free survival and OS.

Our study supports the use of serial monitoring of PST levels
in patients with small bowel NETs. Biochemical recurrencewas ob-
served in 15% of group 1 and 41% of group 2 patients with a me-
dian time to biochemical recurrence of 24 months. Survival was
significantly worse in groups 1 and 2 patients who had a biochem-
ical recurrence compared with patients whose PST levels remained
normal. Additionally, a significant survival benefit was associated
with biochemical normalization in group 3 patients compared with
patients whose PST levels remained elevated. Through frequent
evaluation of patients with small bowel NETs using biomarkers, phy-
sicians can have an objective measure to assess response to surgical
cytoreduction. Furthermore, these biomarkers can assist clinicians in
identifying patients in which they may need to consider additional
therapies. Our practice is to use all available therapeutic modalities
as appropriate to reduce circulating levels of PST. These therapies
may include SSA therapy, cytoreductive surgery, chemotherapy, bi-
ologic response modifiers, radioembolization using yttrium-90 mi-
crospheres, bland embolization, transarterial chemoembolization,
peptide receptor radionuclide therapy with lutetium-177, and/or ra-
dioactive iodine-131-metaiodobenzylguanidine therapy.

We recognize that limitations exist within our study. We
conducted a retrospective review of a prospectively collected
database of biochemical data at a single-institution. Therefore,
our data could not be randomized, and entry-level bias could
not be avoided. In an attempt to homogenize our cohort, we only
included patients with small bowel NETs who underwent surgical
cytoreduction at our institution. Biochemical data were also
standardized by including only PreopPST and PostopPST levels
from a single laboratory. Another limitation of our study is that
death due to all causes was used as the outcome for survival analysis.

Our study demonstrates that plasma PST levels accurately
predict survival and can be used to evaluate patients prior to and
following surgical cytoreduction. In patients whose PST levels re-
main elevated despite surgical cytoreduction, physicians should
consider additional therapies to improve outcomes in patients with
small bowel NETs.
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