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Abstract
Background While observation of T1(≤2cm) nonfunctioning pancreatic neuroendocrine tumors (NF-PanNETs) is an accepted
practice, an ill-defined subgroup of patients with T1 tumors develops metastases. This study aimed to identify those patients via
clinical factors.
Methods Patients from the Surveillance, Epidemiology, and End Results (SEER) registry who were diagnosed with NF-PanNET
with size ≤2cm between 1998 and 2014 and who underwent primary tumor resection were identified. Binary logistic regression
analyses were performed to evaluate factors associated with pathological nodal and systemic metastatic disease.
Results A total of 612 patients with T1 NF-PanNETs were identified. Of those, 72 (11.7%) developed nodal metastasis and 35
(5.7%) distant metastasis (M1). In the multivariable analysis, tumor location in the pancreatic body (OR 1.903, p=0.03) (OR
1.407, p=0.038) or tail (OR 1.258, p=0.04) (OR 1.612, p=0.021); tumor grade III–IV (OR 2.042, p=0.022) (OR 5.379, p≤0.001);
and younger age (OR 0.963, p=0.01) (OR 0.919, p=0.009) were associatedwith nodal metastases and the presence ofM1 disease,
respectively.
Conclusion While the low metastatic potential of ≤2cm NF-PanNET implies watchful waiting to be an appropriate strategy for
most patients, the increased risk of metastatic disease in younger patients with high grade (III–IV) body/tail tumors suggests
individualized risk stratification to be optimal.

Keywords Pancreatic neuroendocrine tumor . Outcomes . Small tumors . Survival

Introduction

The incidence of small PanNETs (T1, size ≤2 cm) has signif-
icantly increased in the past few decades due to improvement

in diagnostic techniques, frequency of imaging,
1

and possibly
a true rise in the incidence of small PanNETs.

2, 3 In this con-
text, patients with asymptomatic T1 tumors are generally ob-
served due to their presumed low risk of metastasis.

4

However, a limited study reported that 7.7% (3/39) of small
PanNETs ≤2 cm developed recurrence or metastatic disease
and patients eventually die of metastatic progression.

4

Moreover, metastatic progression has been observed even in
small PanNETs with otherwise low-risk features such as low-
grade histology and no other invasive characteristics.

4–7 To
this end, a recent collaborative study of 501 surgical resected
PanNETs demonstrated that 5% of patients with T1 N0 dis-
ease experienced recurrence after resection.

6

Due to the overall rarity and heterogeneity of PanNETs,
accurate survival prediction and risk stratification have proven
to be challenging. Further, the absence of a consistent genetic
profile of PanNETs associated with metastatic progression
further complicates risk stratification.

8

While the apoptotic
regulator DAXX (25%), the chromatin modifier ATRX
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(40%),
9

and the mTOR signaling pathway (14%)
9, 10 have been

implicated in conferring biologic behavior, these alterations
have not been found to be reliable PanNET biomarkers.

11

Some progress has been made recently with epigenomes and
transcriptomes that partially resemble islet α and β cells.
Transcription factors ARX and PDX1 specify these normal
cells. A recent study demonstrated that relapses in NF-
PanNET occurred in patients with ARX+PDX1- tumors and,
within this subtype, in cases with alternative lengthening of
telomeres.

12

Further, a different study showed that within the
2% of small PanNETs that developed distant metastases, each
case harbored loss or deletion of at least 1 of DAXX/ATRX,
H3K36me3, ARID1A, and CDKN2A markers.

13

As these data
matures and in the absence of consistent clinically applicable
biomarkers, clinical prognosticators remain of critical
importance.

A frequently used clinical predictor for metastatic progres-
sion in patients with localized PanNET is tumor size.

14

However, while there is consensus that resection of
PanNETs greater than 2cm is the optimal approach in many
patients, there is scarce evidence guiding clinical decision-
making for tumors less than 2cm.

15

There have been several
consensus recommendations addressing the issue of manage-
ment of T1 NF-PanNETs. The European Neuroendocrine
Tumor Society (ENETS)

16

and NCCN Clinical Practice
Guidelines for Neuroendocrine and Adrenal Tumors

17

suggest
that patients with tumors ≤2 cm may be selectively observed.
This recommendation is stronger for PanNETs <1 cm that are
incidentally identified and are of low grade. Observation is
also suggested by the North American Neuroendocrine
Tumor Society (NANETS), which has recommended an ob-
servation period without a plan for immediate surgical resec-
tion for tumors measuring < 1 cm and selective observation
for patients with tumors 1–2 cm in size.

15

Therefore, since tumor biology, molecular markers, and
clinical features of T1 NF-PanNETs associated with meta-
static spread remain ill-defined, this population-based ret-
rospective study aims at identifying clinical and pathologic
factors associated with metastatic progression of NF-
PanNETs ≤2 cm. Hence, the hypothesis of this study is that
while generally PanNETs ≤2cm are at low risk for metastases,
a subgroup of PanNET are at increased risk for metastatic
progression and can be identified by clinical-pathologic char-
acteristic. This high-risk subgroup may benefit from surgical
resection.

Patients and Methods

The Surveillance, Epidemiology, and End Results (SEER)
database was queried to identify patients with resected pan-
creatic neuroendocrine tumors (PanNETs) diagnosed between
1998 and 2014. PanNET were classified according to the

International Classification of Diseases for Oncology, Third
Edition (ICD-O3) codes: islet cell carcinoma (8150), carci-
noid (8240), enterochromaffin cell carcinoid (8241),
enterochromaffin-like cell tumors (8242), goblet cell carci-
noid (8243), composite carcinoid (8244), adenocarcinoid
(8245), neuroendocrine carcinoma (8246), and atypical carci-
noid (8249). Patients with potentially functioning PanNETs
were not included due to the differences in biology and clin-
ical management of functioning tumors compared to nonfunc-
tional tumors.

8, 18 According to institutional protocol, this na-
tional database study is exempt from institutional review
board approval. A waiver of informed consent and a waiver
of authorization are requested in this retrospective database
review.

Inclusion criteria were patient age over 18, tumor size
≤2 cm, known location (head, body, tail) in the pancreas,
known histologic grade, single focus, known nodal status,
number of lymph nodes dissected, and complete overall
survival and follow-up data. In the SEER database for
solid tumor cancers, a four-grade system is utilized:
Grade I, also called well-differentiated; Grade II, also
called moderately differentiated; Grade III, also called
poorly differentiated; and Grade IV, also called undiffer-
entiated or anaplastic. Elements of the WHO grading for
neuroendocrine neoplasms, including mitotic rates and
Ki67, are not available in the SEER dataset.

Outcome Measurement

The primary outcome measure was to identify the risk factors
associated with development of nodal and M1 disease.
Secondary outcome measures were disease-specific survival
(DSS) and overall survival (OS). DSS was defined as a net
survival measure representing survival to death attributable to
the primary cancer in the absence of other causes of death
from the time of resection and overall survival (OS) defined
as a net survival measure representing survival to any cause of
death from the time of resection.

Statistical Analyses

Binary logistic regression analyses were performed to analyze
factors associated with nodal and systemic metastasis in the
entire cohort. Factors included in the analyses were age and
tumor size as continuous variables. Tumor size, nodal status
(N0, N1, NX), sex (male, female), histological grade (I, II, III,
and IV), and location in pancreas (head, body/tail, overlap-
ping, not specified) were analyzed as categorical variables.
Categorical variables were compared withχ2 or Fisher’s exact
test where appropriate. Continuous variables were analyzed
using the Wilcoxon rank sum test. Kaplan-Meier survival
analyses and log-rank tests were performed to assess the im-
pact of nodal status on DSS and OS. Nodal status was
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determined by number of lymph nodes dissected and number
of positive lymph nodes recorded in the SEER database (N0,
node negative, or N1, node positive). When no lymph nodes
were retrieved, or no nodes were found in the pathology spec-
imen, the lymph node status was defined as NX. Mean sur-
vival with 95% confidence interval was recorded. Cox pro-
portional hazard regression was used to determine the impact
of potential confounders on outcomes. SPSS 21 (IBM corp.
Armonk, NY) was used for all statistical analyses. A p value
of 0.05 was selected to reject the null hypothesis.

Results

We identified a total of 612 patients who underwent resection
for a pancreatic neuroendocrine tumor measuring 2 cm or less
and who had complete data (CONSORT diagram,
Supplementary Figure 1). Mean age was 55 years (range,
19–85); 294 (48%) were woman. Seventy-two (11.7%) had
nodal metastasis (N1), and 35 (5.7%) had M1 disease. Four
hundred fifty-one (73.6%) patients had grade I–II disease.
Most of the patients had a pancreatic tumor in the head (265,
43.1%). Patient demographic characteristics are presented in
Table 1.

Factors Associated with N1 Disease

Among the 72 patients with nodal metastases, the mean age
was 55 years (range 19–85); 33 were woman (45.4%), 9 pa-
tients (13.2%) also had distant metastatic disease, and 22 pa-
tients (31%) had grade III–IV disease. Tumor location in the
body (odds ratio [OR] 1.903; 95% confidence interval [CI]
1.155–3.148; p=0.030) or tail (OR 1.258; 95% CI 1.009–

2.623; p=0.040) of pancreas, histological grade III–IV (OR
2.042; 95% CI 1.106–3.768; p=0.022), and age (OR 0.963;
95% CI 0.936–0.991; p=0.010) were associated with the pres-
ence of nodal metastases (Table 2). In histological grade I–II
PanNETs, tumor location in the tail (odds ratio [OR] 1.460;
95% confidence interval [CI] 1.02–2.87; p=0.040) and youn-
ger age (OR 0.981; 95% CI 0.963–0.999; p=0.040) were as-
sociated with the presence of nodal metastases. In both co-
horts, tumor size when modeled as a continuous variable was
not associated with the presence of nodal metastases.

Factors Associated with M1 Disease

Among the 35 patients with nodal metastases, the mean age
was 53 years (range 22–84); 18 were woman (51.4%).
Eighteen patients (51.4%) had grade III–IV disease. Patient
age (OR 0.919; 95% CI 0.863–0.979; p=0.009), tumor loca-
tion in the body (OR 1.407; 95% CI 1.105–2.006; p=0.038)
and tail (OR 1.612; 95% CI 1.074–2.420; p=0.021) of pancre-
as, and histological grade III–IV (OR 5.379; 95% CI 2.083–
13.891; p<0.001) were associated with the presence of M1
disease (Table 2). In the sub analysis of the histological grade
I-II patients. Tumor location in the tail (odds ratio [OR] 1.541;
95% confidence interval [CI] 1.05–2.10; p=0.033) and age
(OR 0.921; 95% CI 0.88–0.961; p=0.012) were associated
with the presence of M1 disease.

Disease-Specific Survival and Overall Survival

The mean DSS among all patients was 141.022 months (95%
CI, 133.4–148.5). Mean OS was 142.186 months (95% CI,
134.6–149.7). Cox multivariate regression models demon-
strated that age (OS hazard ratio [HR] 1.045 95% CI

Table 1 Patient demographic and
characteristics Total All cohort N1 disease M1 disease

612 100 72 11.7 35 5.7

Age (mean, range) 54.6 19–85 55.1 19–85 52.7 22–84

Sex (female) 294 48 33 45.4 18 51.4

Tumor size, mm (mean, range) 14.4 3–20 15.2 3–20 17.4 3–20

N 1 disease 72 11.7 20 56.8

M 1 disease 35 5.7 9 13.2

Grade

I–II 451 73.6 50 69.1 17 47.3

III–IV 161 26.4 22 30.9 18 51.4

Location

Head 265 43.1 32 44.7 16 45.7

Body 145 23.8 18 24.9 8 21.6

Tail 202 33.0 22 30.2 11 31.1

Data is presented by number and percentage, unless otherwise indicated
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[1.023–1.067], p=0.001, DSS HR 1.047 95% CI [1.018–
1.076], p=0.001), woman (OS HR 0.749 95% CI [0.531–
0.968], p=0.007, DSS HR 0.635 95% CI [0.407–0.863],
p=0.006), grade I–II disease (OS HR 0.328 95% CI [0.158–
0.497], p<0.001, DSS HR 0.252 95% CI [0.102–0.402],
p<0.001), and N1 disease (OS HR 2.269 95% CI [1.161–
3.773], p<0.001; DSS HR 3.529 95% CI [1.375–5.682], p=
0.005) were significant factors affecting overall survival and
disease-specific survival (Supplementary Table 2). Using the
same Cox multivariate regression for histological grade I–II,
only age (OS HR 1.076 95% CI [1.031–1.0123], p=0.001,
DSS HR 1.029 95% CI [1.003–1.055], p=0.028) and N1 dis-
ease (OS HR 1.011 95% CI [1.005–1.018], p=0.001; DSS HR
2.603 95% CI [1.248–5.432], p= 0.011) were significant fac-
tors affecting overall survival and disease-specific survival.
Tumor size was only significant for OS (HR 1.012 95% CI
[1.003–1.012], p=0.001).

The presence of regional lymph node spread was associat-
ed with reduced DSS and OS. Mean DSS was 151.5 months
for patients with T1N0M0 disease and 125.6 months for those
with T1N1M0 disease (log-rank test, p=0.002) (Fig. 1a).
Mean OS was 148.2 months for patients with T1N0 disease
and 120.5 months for those with T1N1 disease (log-rank test,
p=0.002) (Table 3) (Fig. 1b). As expected, presence of distant
metastasis was associated with worse survival. Patients with
T1 Nany M1 disease had a mean DSS of 94.7 months, com-
pared with 139.7 months for patients with T1NanyM0 disease
(log-rank test, p<0.001) (Supplementary Figure 2A); mean
OS was 98.1 months in patients with T1 Nany M1disease ver-
sus 148.2 months for T1NanyM0 disease (log-rank test,
p<0.001) (Supplementary Figure 2B), respectively.

Survival analysis stratified by the clinical risk factor for
metastatic disease showed that patients with high-risk features
including location in the body and tail and histologic grade

III–IV had worse survival than patients without these features
[DSS mean 109.5 vs. 143.5 months; p=0.031 and OS 106.7
vs. 144.4 months, p=0.037] (Table 3) (Fig. 2).

Discussion

In this population-based study, we found that tumor location
in the body or tail, histologic grade III–IV, and younger age
were associated with presence of nodal and distant metastasis.
Further, DSS and OS were significantly shorter in patients
with N1 disease compared to patients with N0 disease.
These easily identifiable clinical factors (age, tumor location,
and grade) were associated with an increased risk of recur-
rence and death in patients with T1 PanNETs. In the appro-
priate clinical context, this increased risk may prompt stratifi-
cation towards resection rather than observation.

Pancreatic neuroendocrine tumors of ≤2 cm are an increas-
ingly encountered clinical problem. They are often considered
biologically indolent and safe to be observed.

4, 19–21

Nonetheless, our study showed that 17.4% of patients with
NF-T1 PanNETs presented with metastatic disease (N1 or
M1) at time of resection. This implies watchful waiting to be
an appropriate strategy for most patients, but not all.
Identification of at-risk patients is crucial because indiscriminate
resection would lead to overtreatment and unnecessary pancre-
atic resection. Undertreatment would lead to missing the oppor-
tunity of resection while still curable. Undertreatment of NF-T1
PanNETs is a serious concern, because, as reported here, once
metastasized, even small PanNETs are uncurable in most
patients.

In this study of patients with small PanNETs who
underwent resection of the primary tumor, 11.7% of patients
had N1 disease, and 5.7% patient had M1 disease. The impact

Table 2 Factors associated with
nodal and distant metastases Factors associated with N1 status Factors associated with M1 status

OR 95% CI P value OR 95% CI P value

Lower Upper Lower Upper

Age 0.963 0.936 0.991 0.01 0.919 0.863 0.979 0.009

Sex, female 0.674 0.295 1.538 0.348 1.010 0.169 6.027 0.992

Tumor size 1.079 0.973 1.198 0.151 1.069 0.857 1.334 0.554

Grade

I–II Reference 1 Reference 1

III–IV 2.042 1.106 3.768 0.022 5.379 2.083 13.891 <0.001

Location

Head Reference 1 Reference 1

Body 1.903 1.155 3.148 0.03 1.407 1.105 2.006 0.038

Tail 1.258 1.009 2.623 0.04 1.612 1.074 2.420 0.021

OR odds ratio, CI confidence interval
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of metastases on survival of patients with PanNET is an area
of active research. NCCN guidelines for T1 PanNETs do not
recommend routine lymphadenectomy, which seems appro-
priate considering the low frequency of N1 diseases in T1
PanNETs.

17

However, based on this study, N1 disease was
associated with worse DSS and OS. Basing the decision for
lymphadenectomy on only radiographic suspicion may not
suffice, because cross-sectional and nuclear imaging have
been demonstrated to be frequently inaccurate in predicting
metastases preoperatively.

2, 19, 22, 23 Therefore, the present
study aims at providing clinical factors that can aid in con-
junction with imaging in the decision-making for lymphade-
nectomy. This study demonstrates that tumor location in the
body or tail, histologic grade III–IV, and younger age are
associated with nodal and distant metastasis and indeed worse
DSS and OS compared to the rest of the cohort. Therefore, an
individualized treatment approach that includes (a) the clinical
prognosticators identified here, (b) surgical risk, and (c) the

extent of resection may be a superior to indiscriminate watch-
ful waiting for all patients with small NF-PanNET.

The relationship of metastases and histologic grade identi-
fied here is consistent with previous studies. A study from 16
European centers with 210 patients undergoing resection for
T1 NF-PanNETs found 10.6% patients to have lymph node
metastases. Only 3% of patients with WHO grade 1 tumors
had positive nodes, while 16% of grade 2 and 100% of grade 3
tumors had N1 disease. Of those with grade 3, 11 patients
developed recurrence at a median of 8 months.

23

Hence, our
study highlights the importance of understanding grade and
differentiation even in small PanNETs. Although biopsy is not
necessarily needed in all patients with small PanNETs, the
lesion should have classic CT or MRI imaging characteristics
of a well-differentiated low-grade PanNET if observation is
recommended. Additionally, if 68Ga-DOTATATE PET/CT is
performed, disease should be strongly avid. As the recent
NANETS Consensus Guidelines for Surveillance and

Table 3 Kaplan-Meier overall and disease-specific survival analyses comparing survival by groups according to high-risk features (nodal metastases,
location in body-tail, grade)

Group Mean survival 95% confidence interval Group Mean survival 95% confidence interval

Lower bound Upper bound Lower bound Upper bound

Overall survival

T1N0 (n=540) 148.231 139.996 156.466 Body-tail, high grade (n=126) 106.660 89.809 123.511

T1N1 (n=72) 130.520 118.525 142.516 All others (n=486) 144.419 136.638 152.200

Overall (n=612) 142.186 134.600 149.771 Overall (n=612) 142.186 134.600 149.771

Log-rank: p=0.002 Log-rank: p=0.037

Disease-specific survival

T1N0 (n=526) 151.510 143.194 159.826 Body-tail, high grade (n=122) 109.547 92.478 126.616

T1N1 (n=69) 125.589 114.081 137.097 All others (n=473) 143.508 135.866 151.151

Overall (n=595) 141.022 133.496 148.548 Overall (n=595) 141.022 133.496 148.548

Log-rank: p=0.002 Log-rank: p=0.031

Fig. 1 Kaplan-Meir Curve
stratified by nodal status of
disease-specific survival (a) and
overall survival (b)
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Medical Management of PanNETs stated, grade III (poorly
differentiated) and grade IV (undifferentiated) neuroendocrine
carcinomas represent a different clinical, pathologic, and ge-
netic entity than well-differentiated lower grade neuroendo-
crine tumors.

24

This is confirmed in this study by the observa-
tion that grade III–IV disease was associated with the highest
risk of nodal and distant metastases.

Previous reports
25, 26 have suggested that size of 1.5cm

should be considered a size cut-off for surgical resection due
to an incrementally increased risk of lymph node metastases.
This finding contrasts with the results of our analysis that did
not show an association between tumor size when modeled as
a continuous variable and presence of nodal metastases. This
difference in result may be due to a larger cohort of patients
(612 vs 249 or 392) analyzed here. In addition, previous stud-
ies dichotomized the continuous variable of tumor size, which
is associated with a loss of information, statistical power,

27

and
inflation of type I error.

28

Therefore, careful consideration of
the risk factors identified here (high histologic grade, tumor
localization in the body or tail of pancreas, younger age) and
growth over time (rather than the absolute size itself) should
guide the decision-making for resections of small PanNET.

While this is the largest population-based study on small
PanNET to date, this study has limitations beyond its retrospec-
tive nature. This is an observational study subject to unmeasured
confounders. Additionally, some degree of selection bias is in-
herent in the analysis of patient whom underwent resection. Not
all patients with small, arterially enhancing pancreatic lesion
undergo biopsy and therefore are not entered into the registry.
SEER represents a surgical cohort, and all patients received
surgical management, possibly underestimating the true denom-
inator. Nonetheless, this large, population-based study did iden-
tify important clinical prognosticators (high histologic grade,
tumor localization in the body or tail of pancreas, and younger
age) for small PanNETs applicable to daily practice. Third,

SEER does not include elements of the WHO grading for neu-
roendocrine neoplasms, including proliferation index (Ki-67),
mitotic rate, and lymphovascular invasion or perineural inva-
sion, which further aid in prognostication.

In summary, this study suggests that individualized
decision-making with the aid of the simple clinical parameters
identified here may be the optimal approach to the manage-
ment of patients with T1 NF-PanNET. PanNETs are a hetero-
geneous group of tumors characterized by clinical features and
ill-defined genetic alterations. While new precise biologic
prognosticators including genetic alterations are being identi-
fied in the future, the clinical parameters identified here can
aid in risk stratification and clinical decision-making, today.

Conclusion

Our results suggest that a well-selected subgroup of young T1
NF-PanNET patients with concern for higher grade histology
as indicated by biopsy, imaging features, or growth may ben-
efit from a surgical approach. Moreover, while recognizing
the limitations of the study cohort investigated here, the sig-
nificant difference in OS/DSS in T1, N1 NF-PanNET sug-
gests that inclusion of a lymphadenectomy should be consid-
ered in select patient when T1 PanNETs are being resected for
purpose of prognostication.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11605-021-04946-x.
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