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Abstract
Intro Chromogranin A (CgA) may be prognostic for patients with neuroendocrine tumors; however, the clinical utility of this test
is unclear.
Methods Patients undergoing resection for pancreatic neuroendocrine tumors (pNET) were selected from the eight institutions of
the US Neuroendocrine Tumor Study Group database. Cox regression was used to identify pre-operative variables that predicted
recurrence-free survival (RFS), and those with p < 0.1 were included in a risk score. The risk score was tested in a unique subset
of the overall cohort.
Results In the entire cohort of 287 patients, median follow-up time was 37 months, and 5-year RFS was 73%. Cox regression
analysis identified four variables for inclusion in the risk score: CgA > 5x ULN (HR 4.3, p = 0.01), tumor grade 2/3 (HR 3.7, p =
0.01), resection for recurrent disease (HR 6.2, p < 0.01), and tumor size > 4 cm (HR 4.5, p = 0.1). Each variable was assigned 1
point. Risk-score testing in the unique validation cohort of 63 patients revealed a 95% negative predictive value for recurrence in
patients with zero points.
Discussion This simple pre-operative risk scoring system resulted in a high degree of specificity for identifying patients at low-
risk for tumor recurrence. This test can be utilized pre-operatively to aid informed decision-making.
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Introduction

Pancreatic neuroendocrine tumors (pNET) are rare neoplasms
of the pancreas arising from islet of Langerhans cells. These
tumors can be subdivided into functional or non-functional
tumors, based on secretion of endocrine hormones including
gastrin, insulin, glucagon, or vasoactive-intestinal peptide
(VIP). Surgical resection offers the only potential curative
therapy, and generally, patients have a favorable prognosis,
even in the setting of metastatic or recurrent tumors if all
disease sites can be resected. [1–3]

Despite excellent long-term survival, regional and distant
recurrence after pNET resection is common, occurring in 25%
of all patients, and often necessitates additional interventions,
surgeries, and treatments. [4–6] Most prior studies that
assessed risk factors for recurrence have largely focused on
pathologic features such as lymph node involvement or peri-
neural invasion. [1, 4, 6–8] While pathologic risk factors are
useful in determining prognosis, the need for adjuvant thera-
py, and frequency of post-operative surveillance, they are not
available to help guide pre-operative decision-making.
Specifically, pre-operative risk stratification would be useful
to guide surgical planning (e.g., resection vs. enucleation),
determine utility of additional pre-operative imaging (e.g.,
somatostatin-receptor-based imaging), and to guide decisions
regarding neoadjuvant therapies.

Approximately, 70% of pNET tumors are hyper-secretors
of the peptide chromogranin A (CgA), which can be readily
measured in serum blood samples. [9] Previous studies have
suggested that CgA levels may have prognostic value for pa-
tients with neuroendocrine tumors. [10–12] However, these
results are not consistent across all studies, and the clinical
utility of pre-operative CgA measurement is unclear. [13]

Due to a lack of data and poor understanding of pre-
operative risk factors for recurrence after resection for
pNET, this study sought to evaluate patient risk for recurrence
based on chromogranin A and other pre-operative variables in
order to aid decision-making regarding pre-operative imaging,
neoadjuvant therapy, and surgical approach.

Methods

Data Source

The study sample consists of patients from the United States
Neuroendocrine Tumor Study Group (US-NETSG) database.
This database consists of pooled data obtained from retrospec-
tive chart review from eight academic, tertiary care institutions
across the USA. Each institution granted IRB approval for this
study.

Patient Population

Adult patients ≥ 18 years old who underwent curative-intent
resection of non-functional or functional pNET between
January 2000 and July 2016 were included. Patients with syn-
chronous metastases or tumor recurrence were included if the
intent of surgery was curative, namely resection of all disease
sites.

In order to assess risk for tumor recurrence, patients
were excluded if they underwent an R2 resection, with
exception given to patients undergoing a planned two or
three staged operation where curative intent resection of
all disease sites was eventually obtained. In order to as-
sess predictive value of chromogranin A, patients without
pre-operative measurement of chromogranin A were ex-
cluded. Chromogranin A levels can be falsely elevated by
proton pump inhibitor (PPI) use and impaired renal func-
tion. [14–16] Therefore, to assess predictive value of CgA,
patients were also excluded if they were on pre-operative
antacid therapy, dialysis, had acute renal failure at time of
operation, or had baseline creatinine > 1.5 mg/dL.

Chromogranin A Testing

For the eight institutions in this study, serum specimens for
chromogranin A testing were sent to one of three locations: (1)
Mayo Clinic Laboratory (Rochester, MN, USA), (2) Quest
Diagnostics Nichols Institute (San Juan Capistrano, CA,
USA), or (3) Associated Regional and University
Pathologist (ARUP) Laboratories, (Salt Lake City, UT,
USA). The normal reference range for CgA varied between
these three laboratories, and varied over time within each lab-
oratory (See Supplemental Table 1). This fact precluded the
ability to analyze serum CgA levels as a continuous variable,
and thus, three categories were created as follows to allow
comparisons between patients: within normal range, 1–5x up-
per limit normal (ULN), and > 5x ULN. This methodology
was consistent with prior studies. [10, 11, 17] Each patient’s
CgA value was coded into these categories using the CgA
reference range corresponding to the appropriate reference
lab and date of surgery.

Survival Analysis

Survival was measured from the time of resection until
last clinical follow-up, death from any cause (overall sur-
vival), or radiographic or pathologic evidence of tumor
recurrence (recurrence-free survival). Evidence of recur-
rence was obtained by searching provider notes, radiology
reports, and pathology reports occurring after the date of
surgery at both the index institution, and outside institu-
tions when available. Tumor grade and tumor size used
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for survival analysis were obtained from the final pathol-
ogy report. Survival curves were generated for the overall
cohort using the Kaplan–Meier method. Survival curves
were then compared across the three patient groups based
on chromogranin A levels using the log-rank test, with
significance defined as p < 0.05.

Recurrence Risk-Score Development

A stratified random sample aimed at sampling 75% of the
patient cohort was selected for the risk-score creation patient
subset, with the remaining 25% of patients used for risk-score
validation. Strata for randomization included variables of an-
ticipated clinical relevance including CgA level, tumor grade,
recurrent versus primary tumor, functional versus non-
functional tumors, and presence of multifocal tumors (either
primary or metastatic).

In the risk-score creation cohort, Cox proportional haz-
ards modeling was carried out to identify independent
associations with RFS, and variables with p < 0.1 were
selected for inclusion in the risk score to predict tumor
recurrence. To assess ability of risk score to discriminate
probability of RFS, Kaplan–Meier Survival curves were
compared according to total risk-score points for patients
in both the risk-score creation cohort and risk-score vali-
dation cohort. Next, to assess predictive value of the risk
score among unique patients, logistic regression was car-
ried out in the risk-score validation cohort, and area under
the receiver operating characteristics (ROC) curve was
determined. To assess for the possibility of this confirma-
tion bias, the frequency of post-operative surveillance im-
aging and length of follow-up were compared between the
different risk-score groups.

Given that patients with poorly differentiated or high-grade
tumors, recurrent disease, and metastatic disease inherently
represent a higher-risk subset, Cox proportional hazards
modeling was repeated after excluding these patients. After
these exclusions, only 181 patients remained with data on
tumor grade, and there were 16 recurrences. Therefore, a sin-
gle Cox model was used for the entire cohort, rather than
stratifying into two groups for a second risk-score creation
and validation.

Results

Patient and Tumor Characteristics

A total of 287 patients underwent curative intent resection
for primary or recurrent pNET and met inclusion and ex-
clusion criteria. Patient demographics and tumor features
are represented in Table 1. The majority of patients (n =
257, 90%) had non-functional tumors and most also had

isolated primary tumors of the pancreas (n = 250, 86%).
Twenty patients had synchronous liver metastases, and 17
had local or distant recurrence of a pancreas primary tu-
mor. All patients were treated with curative intent surgery
of all disease sites. One hundred thirteen (39%) patients
had elevated CgA levels, but only a small proportion of
these patients (n = 27, 9%) had significant elevation to
above five times the upper limit of normal for the assay.

Table 1 Demographics and tumor characteristics

n = 287

Age, median (IQR) 58 (47–66)

Gender (% female) 149 (52%)

Race, n (%)

Caucasian 225 (79%)

African-American 15 (5%)

Asian 20 (7%)

Other/unknown 27 (9%)

ASA class (n = 281)

1–2 140 (50%)

3 138 (49%)

4 3 (1%)

Genetic syndrome

MEN-1 20 (7%)

vHL, NF, other 4 (1%)

Tumor functionality

Non-functional 257 (90%)

Insulinoma 19 (7%)

Glucagonoma 5 (2%)

Other 6 (2%)

Tumor location

Pancreas only 250 (86%)

Pancreas + synchronous mets. 20 (7%)

Locally recurrent 9 (3%)

Metastatic recurrent 8 (3%)

Tumor size, median (IQR) 2.4 cm (1.5–4.0)

Tumor grade (n = 230)

Low grade (G1) 155 (67%)

Intermediate grade (G2) 67 (29%)

High grade (G3) 8 (3%)

Pre-operative CgA

Normal 176 (61%)

1–5x ULN 85 (30%)

> 5x ULN 26 (9%)

Final resection margin (n = 285)

R0 235 (82%)

R1 50 (18%)

MEN-1multiple endocrine neoplasia type 1, vHL von-Hippel Lindau, NF
Neurofibromatosis, mets. metastases, CgA chromogranin A, ULN upper
limit of normal
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Surgical Procedures

For patients undergoing resection of their pancreatic tumor,
distal pancreatectomy was the most common operation per-
formed (n = 158), followed by pancreaticoduodenectomy
(n = 82), and enucleation (n = 26). Eight patients underwent
central pancreatectomy, and six underwent total pancreatec-
tomy. Twenty-five patients were treated for synchronous or
recurrent liver metastases. These surgeries included wedge
resections (n = 14), one or two segment hepatectomy (n =
10), or major hepatectomy of ≥ 3 segments (n = 5). Three of
these patients had additional intra-operative ablations
performed.

Survival and Recurrence

Median follow-up time was 37 months (IQR 15–62 months);
there were 17 observed deaths, and 55 patients (19%) experi-
enced tumor recurrence. For all 287 patients, 5-year overall
survival (OS) was 92%, and 5-year recurrence-free survival
(RFS) was 73%. Marked elevations of CgA were associated
with significantly worse OS and RFS. For patients with CgA
> 5x ULN, 5-year OS was 75% compared to 91% for CgA 1–
5x ULN, and 96% in those with normal CgA levels (p =
0.003). In addition, 5-year RFS was 54% for those with
CgA > 5x ULN compared to those with mild elevation or
normal CgA and 70% and 77% for those with mild elevation
or normal CgA, respectively (Fig. 1; p = 0.03).

Risk-Score Creation

A stratified random sample (n = 224) of the overall cohort was
selected for risk-score creation, with the remaining patients
(n = 63) used for risk-score validation. In the risk-score crea-
tion cohort, Cox PH modeling was carried out to identify
independent associations with RFS; results are depicted in
Table 2. Using a cutoff of p < 0.1, four variables met criteria
for inclusion in the risk score, including (1) tumor grade 2 or 3,
(2) CgA > 5x upper limit of normal, (3) surgery for tumor
recurrence, and (4) tumor size ≥ 4.0 cm. Given the wide over-
lap of 95% confidence intervals for these four variables
(Table 2), and to create a simplified risk-score system, each
of the four variables was assigned 1 point, for an overall risk-
score range of 0–4 points.

For patients in the risk-score development cohort, we next
tested for associations between chromogranin A and other risk
factors in the final risk-score system that may indicate redun-
dancy. Average tumor size was significantly larger in patients
with markedly elevated CgA levels (5.2 cm vs. 2.8 cm for
normal CgA and 4.0 for CgA 1–5x ULN, p < 0.01;
Supplemental Table 2). There was not a significant association
between chromogranin level and tumor grade. Patients with
significant elevations of CgAwere more likely to have recur-
rent disease or synchronous metastases compared to patients
with mild elevation or normal CgA (Supplemental Table 2).
However, out of 23 patients with CgA > 5x ULN, 11 had
small tumors less than 4 cm, 9 had low-grade tumors, and
15 had primary tumors only. This indicated that marked ele-
vations of CgA were often present without other high-risk
features in the risk-score model, and inclusion of CgA was
not redundant with the other risk factors.

Within the risk-score development cohort, patient stratifi-
cation into low-risk (0 points, n = 111), intermediate-risk (1
point, n = 71), and high-risk (≥ 2 points, n = 42) groups result-
ed in significant survival discrimination between groups (5-
year RFS for low risk 96%, intermediate 63%, and high-risk
39%, p < 0.001; Fig. 2, upper portion). Repeating this survival
analysis within the unique validation cohort revealed similar
trends, with 5-year RFS of 96% for low risk, 62% for inter-
mediate risk, and 0% for high risk (p < 0.001; Fig. 2, lower
portion). Risk-score testing in the unique validation cohort of
63 patients resulted in an area under ROC curve of 0.78
(Fig. 3) with 92% specificity, 37% sensitivity, negative pre-
dictive value of 87%, positive predictive value of 50%, and
overall accuracy of 83%. Among the subset of patients who
were low risk for tumor recurrence (risk score of 0 points), the
NPVof the risk score for tumor recurrence was 95%.

Imaging surveillance every 3–6 months was more common
in patients with higher-risk score (69% for 2–4 points vs. 61%
for 1 point vs. 39% for 0 points, p < 0.01), while annual sur-
veillance was more common for low-risk patients. There were
not substantial differences in the proportion of patients getting
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Recurrence-Free Survival by Chromogranin A Level

Fig. 1 Kaplan–Meier recurrence-free survival stratified by chromogranin
A level. Kaplan–Meier recurrence-free survival (RFS) curves for patients
with normal chromogranin A (CgA) (solid line), mildly elevated CgA to
1–5x upper limit of normal (ULN) (dashed line), and those with marked
CgA elevation to > 5x ULN (dotted line). Significantly worse 5-year
survival seen for markedly elevated CgA with 5-year RFS was 54%,
compared to 70% and 77% for CgA 1–5x ULN and CgA normal,
respectively
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no surveillance, which were 19%, 12%, and 16% for low,
intermediate, and high-risk patients, respectively. The mean
length of follow-up did not differ significantly according to
risk score, and was 42 months for low risk, 38 months for
intermediate risk, and 44 months for high risk (p = 0.42).

Finally, patients at high risk for recurrence were excluded
and a Cox model for RFS was repeated among only those
patients with non-metastatic, well-differentiated primary pan-
creatic tumors. This analysis revealed that only tumor size >
4 cm (HR 8.5 [1.4–52.6], p = 0.02), and tumor grade 2 (HR
6.7 [2.1—21.1], p < 0.001) were significantly associated with
worse survival. Chromogranin A level, patient age, presence
of genetic syndrome, and functional tumors were not signifi-
cantly associated with survival.

Discussion

In this study of patients with pNET, a novel risk scoring system
based on variables available pre-operatively was generated.
These variables included (1) substantial elevation of
chromogranin A level to > 5x the upper limit of normal, (2)
intermediate-grade or high-grade tumor (3) large tumor >
4.0 cm, and (4) presence of a recurrent tumor. Risk-

stratification for tumor recurrence using this risk-scoring system
resulted in high degree of ability to discriminate recurrence-free
survival (RFS), with 5-year RFS rates of 39%, 63%, or 96%
depending on risk-score group. While the risk-score model did
not performwell in positively predicting recurrence, the negative
predictive value of having 0 points was 95%, giving clinicians
confidence in identifying the majority of pNET patients whowill
be at a very low risk for tumor recurrence.

The risk score created in this study could be broadly ap-
plied to any patient with a pNET undergoing curative intent
resection, including those with synchronous metastases or re-
current tumors. A sensitivity analysis of the subset of low-risk
patients was carried out examining only those with primary
well-differentiated tumors. In this subset, only tumor size >
4 cm and tumor grade 2 were significantly associated with
recurrence. This analysis was limited by a small sample size,
and given the favorable prognosis of patients with well-
differentiated tumors, there were only a small number of re-
currence events, both of which decrease the ability to find
statistically significant results in the multivariable model.
However, this sensitivity analysis suggests that chromogranin
Amay havemore prognostic value in patients with high-grade
tumors, metastases, or those being treated for recurrence, and
may not informative in patients who are otherwise low risk.

Table 2 Cox proportional
hazards modeling for recurrence
free survival in risk-score creation
cohort and risk-score point
assignment

HR [95% CI] p value Risk-score points

Age (< 50 reference)

50–59 0.85 [0.22–3.18] 0.81

60–69 1.09 [0.34–3.48] 0.89

> 70 0.74 [0.20–2.73] 0.66

Tumor functionality

Non-functional Reference

Functional 1.27 [0.41–3.94] 0.68

Tumor grade

Low grade (G1) Reference

G2 or G3 3.67 [1.34—10.00] 0.01 1 Point

Chromogranin A

Normal Reference

1–5x ULN 0.62 [0.20–1.95] 0.41

> 5x ULN 4.25 [1.38—13.08] 0.01 1 Point

Tumor category

Pancreatic primary only Reference

Pancreas + synchronous mets. 1.10 [0.29—4.23] 0.89

Local or distant recurrence 6.22 [2.05—18.83] < 0.01 1 Point

Tumor size

< 1.5 cm Reference

1.5–2.4 cm 1.61 [0.24—10.83] 0.63

2.5–3.9 cm 3.65 [0.59—22.62] 0.16

≥ 4.0 cm 4.51 [0.68—29.87] 0.11 1 Point

ULN upper limit of normal; mets. metastases
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This study differs from many prior reports on pNET pa-
tients that generated recurrence risk scoring systems in that the
current study analyzed only variables available pre-operative-
ly, while most previous studies incorporated post-operative
pathologic variables. [4–8, 18–20] Two prior studies have ex-
amined pre-operative risk factors. Postlewait and colleagues
analyzed 187 patients and found that male gender, tumor size
>2 cm, and tumor location in the head or uncinate process
were associated with lymph node metastases, which in turn
predicted worse disease-free survival. [21] In a small study of
21 patients, Nanno et al. found that CgA and tumor grade were
predictive of tumor recurrence, consistent with results from
this study. [22] While we did not find that gender or tumor
location predicted recurrence, the results from these two
smaller studies are consistent with this study in that both tu-
mor size and grade are associated with worse outcomes.

Bilimoria and colleagues reported on a large national sam-
ple of over 3000 patients, and developed a prognostic risk
score for overall survival based on factors of age, tumor grade,
and presence of metastases. [1] While these factors are known
pre-operatively, the multivariable analysis used to create the
risk-score model incorporated the type of resection and sever-
al pathologic outcomes, thereby confounding ability to inter-
pret this as a true pre-operative risk score. Furthermore, the
endpoint of the study was overall survival, rather than
recurrence.

The utility of a pre-operative risk score may be most evi-
dent when considering advances in imaging modalities for
neuroendocrine tumors. Most pNET overexpress the somato-
statin receptor (SSR), a feature which is exploited by SSR-
based imaging modalities such as octreotide scintigraphy
(octreotide scans) and newer techniques such as 68Ga-
DOTA-peptide PETscans. [23] Traditional MRI and CTscans
have a sensitivity of only 50–80% for detecting neuroendo-
crine tumors. [24] This contrast with sensitivity of 97% and
specificity of over 92% for 68Ga-DOTA-peptide PET scans,
which also significantly outperforms octreotide scans.
However, SSR-based imaging is expensive, not available at
all centers, and likely not warranted for all patients. The role in
the diagnosis of neuroendocrine tumors is also mostly studies
in patients with metastatic disease, and their utility in patients
with isolated lesions on CT or MRI is unclear. However, pa-
tients at high risk for recurrence may benefit from SSR-based
imaging if these adjunct tests can uncover occult disease not
seen on CT or MRI, thereby potentially allowing a single,
definitive surgery and avoiding recurrence. Further study is
needed to evaluate the role of these tests for patients undergo-
ing resection for pNET.
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Fig. 2 Kaplan–Meier survival curves by pre-operative risk score. One
point in the recurrence risk score given for presence of tumor grade 2/3,
tumor > 4 cm, CgA > 5x upper limit of normal, and recurrent tumor.
Dividing patients into low risk (0 points, solid line), intermediate risk
(1 pt., dashed line), and high risk (2–4 points, dotted line), resulted in
significant recurrence-free survival discrimination between the three
groups in both the develompent cohort (upper portion) and the unique
validation cohort (lower portion)
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Fig. 3 Receiver operating characteristic curve for predicting tumor
recurrence in unique validation cohort using pre-operative risk score.
Stratification of 63 unique patients in validation cohort into low risk (0
points), intermediate risk (1 point), or high risk (2–4 points) revealed high
specificity of risk-score model for predicting patients at low risk for tumor
recurrence after curative intent resection. ROC receiver operating
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656 J Gastrointest Surg (2019) 23:651–658



Knowledge of patients’ recurrence risk pre-operatively
may influence surgical decision-making for the planned resec-
tion, for example, choosing enucleation versus formal resec-
tion. Furthermore, a recent study by Ricci and colleagues
showed that even with radical surgery, subsets of patients with
poor prognostic features such as grade 3 tumors are unlikely to
achieve a cure. [5] Multimodal therapy therefore has a prom-
inent role in these patients, and pre-operative risk stratification
for recurrence may sway providers towards neoadjuvant treat-
ments for a small subset of patients.

This study does have several limitations. First, provider
knowledge of high-risk features may have influenced the fre-
quency or duration of post-operative surveillance, which in
turn increases the chances of detecting recurrence for high-
risk patients. Therefore, there is likely confirmation bias for
patients with the tumor risk factors used in our scoring system,
and the associations between risk score and recurrence may be
an artifact of increased surveillance. Although higher-risk pa-
tients did receive more frequent surveillance, the length of
follow-up was nearly identical for all patients and most pa-
tients received at least annual cross-sectional surveillance im-
aging. These facts likely minimize the potential for confirma-
tion bias. While tumor grade was included in the recurrence
risk score, this information is not always available if biopsies
are not obtained or are non-diagnostic. This study is also sub-
ject to inherent limitations and biases due to its retrospective
nature, and heterogeneity of clinical practices and surgical
techniques across the eight institutions is included.

Conclusion

This novel pre-operative risk scoring system appears to be useful
in predicting patients that are at low risk for recurrence, and can
aid surgeons and clinicians in pre-operative informed decision-
making. This simple risk score does not require a nomogram or
risk calculator, thereby reducing barriers for use and making
integration into a clinical setting straightforward.
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