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Introduction: The European Neuroendocrine Tumor Society, ENETS, reports variables of
prognostic significance in pancreatic neuroendocrine tumors (PNET). However, studies
have short follow-ups, and the optimal treatment remains controversial. We aimed to
determine overall survival (OS), progression-free survival (PFS) after conservative
treatment, and recurrence-free survival (RFS) after surgery and further to find predictors
of aggressive PNET behavior to support treatment decisions.

Methods: 174 patients with PNET treated at Aarhus University Hospital from 2011 to
2021 were included in a retrospective cohort study. Patients were divided into surgically
resected (SUR, n=91) and medically or conservatively treated (MED, n=83). Variables
were tested in univariate and multivariate survival analysis. Median follow-up time was 3.4
years in the MED group and 4.5 years in the SUR group.

Results: The 5-year OS was 95% and 65% for the SUR and MED groups, respectively.
The 5-year RFS in the SUR group was 80% whereas the 5-year PFS in the MED group
was 41%. Larger tumor size, Ki67 index, tumor grade, and stage were predictive of
shorter OS, RFS, and PFS. Further, chromogranin A was a predictor of OS. Larger tumor
size was associated with higher stage and grade. Only 1 of 28 patients with stage 1
disease and size <2 cm developed progression on a watch-and-wait strategy during a
median follow-up of 36 months.

Conclusion: This study supported the ENETS staging and grading system to be useful to
predict OS, PFS, and RFS in PNET. Further, our data support that small, localized, low-
grade PNETS can be followed with active surveillance.
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INTRODUCTION

Pancreatic neuroendocrine tumors (PNETSs) are rare tumors,
constituting 1%-2% of all pancreatic cancers and up to 10% of all
NETs (1-3). The incidence has increased in the past 30 years and
there has been a significant improvement in survival (3-6).
PNETs are classified as functioning (F)- or non-functioning
(NF) according to the potential hormone production. NF-
PNETs comprise at least 70% and are discovered either
incidentally or due to symptoms as a sign of advanced disease (7, 8).

Primary investigation of newly discovered tumors involves
staging and grading. The European Neuroendocrine Tumor
Society (ENETS) has proposed a staging system, which is
widely recognized to predict survival (9). Micro-radical surgery
is considered the only curative treatment and is associated with
increased overall survival (OS). However, the management is
complex, and the benefits of surgery must be weighed against the
relatively high risk of perioperative morbidity (3, 10-12). Surgery
is considered in early-stage disease but is often contraindicated in
widely metastatic disease or in patients with a poor performance
status (13, 14).

The incidental detection of asymptomatic PNETs is
increasing along with the availability and sensitivity of imaging
techniques. These pancreatic incidentalomas (PI) are small and
resectable but often have indolent biology. Therefore, well-
differentiated PNETs <2 cm are often managed conservatively
(10, 15). However, approximately 10% of tumors <2 cm have
lymph node involvement (16, 17), and a meta-analysis suggested
a survival benefit for surgery even in smaller tumors (18).

Thus, our study aimed to investigate tumor characteristics in
patients with PNETs related to both prognosis and
aggressiveness based on the ENETS guidelines. Further, we
wished to perform a subgroup analysis of localized PNETS <2
cm to test the current guidelines recommending a watch-and-
wait strategy in small PNETS (19).

METHODS

In this single-center retrospective study, we identified 174
patients with PNET referred to Aarhus ENETS NET center of

excellence from 2011 to September 2021. Ninety-one were
surgically resected (SUR group) and 83 were medically treated
and/or actively followed with a watchful wait strategy (MED
group) according to the ENETS guidelines (19). The study was
approved as a quality assurance project by The Central Denmark
Region Committees on Health Research Ethics. Diagnosis was
based on histology or somatostatin receptor-based imaging.
See Figure 1.

Data were collected from the online record system, Electronic
Patient Journal, in 2021 through the unique Civil Personal
Registration numbers, given to all Danish citizens and
residents (20). It was managed using REDCap electronic data
capture tools (21) hosted at Aarhus University.

Patient and tumor characteristics, scan results, pathology, and
biochemistry at diagnosis were collected. Tumors were staged
according to the ENETS TNM-system (9) and graded based on
the Ki67 index at diagnosis into grades 1 (<3%), 2 (3%-20%), and
3 (=20%) as per 2019 WHO classification (22). Grade 3
comprised both well-differentiated NET-G3 and poorly
differentiated neuroendocrine carcinomas, NEC-G3 (10, 11).

Outcome

Patients were followed until the time of death or until the end of
follow-up on September 25, 2021. Median follow-up time was 3.4
years in the MED group and 4.5 years in the SUR group. The
primary endpoints were OS, progression-free survival (PES) in the
MED group, and recurrence-free survival (RFS) in the SUR group.

Statistical Analysis

Data were analyzed using Stata 17 (StataCorp, College Station, TX
USA). OS was time from diagnosis to death; PFS was time from
diagnosis to progression, determined as clinical progression at a
multidisciplinary NET tumor board meeting; and RFS was time
from surgery to recurrence, or until the end of follow-up. Patients
followed for less than 3, 5, and 10 years were censored in the
respective survival analysis. OS, PES, and RFS were calculated with
Kaplan-Meier methodology, and log-rank tests compared
categorical variables across subgroups. Cox proportional hazard
models were used to estimate HR with 95% confidence interval for
all significant variables in a univariate analysis and finally in a
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FIGURE 1 | The flowchart of the study. MED, group of patients treated medically or with watchful wait; SUR, surgically treated group.
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multivariate analysis to identify independent predictors. Subgroups
and association in-between variables were compared using simple t-
tests. P-values <0.05 were considered statistically significant.

RESULTS

Of 174 patients, 48% were females and the average age was 65.8 +
12 and 54.7 £ 13 in the MED and SUR group, respectively.
Clinicopathological characteristics are summarized in Table 1.

In the overall MED group, 53% experienced progression and
29% died of PNET. In the SUR group, 16% had recurrence and
6% died of PNET. The 5-year OS was 65% in the MED group
versus 95% in the SUR group (p < 0.05). Due to selection bias, the
MED and SUR groups are not directly comparable. The MED
group had more advanced disease, more co-morbidities, and
higher age (Table 1).

Predictors of OS and PFS in the
MED Group

The 83 patients in the MED group comprised 20 patients who
received no initial treatment. The mean tumor size was 1.3 + 10
cm. Further, the group comprised 63 patients, medically treated
from the time of diagnosis. The mean tumor size was 4.6 + 4 cm.

The 3-, 5-, and 10-year OS was 77%, 65%, and 38%, and the 3-,
5-, and 10-year PFS was 54%, 41%, and 33%, respectively (Figure 2).

F-PNET, Chromogranin A (CgA) >200pmol/L, high Ki67
index, G3-NEC, lymph node positivity, and tumor stage IV were

significant negative predictors of OS (Tables 2, 3). CgA, Ki67
index, and tumor stage IV were also significant in the
multivariate analysis (p < 0.05).

Incidental discovery, size > 2 cm, a higher Ki67 index, G2/
G3-NET, G3-NEC, local infiltration, lymph node positivity,
and tumor stages III and IV were significant negative
predictors of PES (Tables 2, 3). In the multivariate analysis,
tumor stage IV, Ki67 index, and G3-NEC were significant
(p < 0.05).

Predictors of OS and RFS in the

SUR Group

In the SUR group, the 3-, 5-, and 10-year OS were 99%, 95%, and
87%, and the 3-, 5-, and 10-year RES was 85%, 80%, and 80%,
respectively (Figure 2).

Ductus dilatation, high Ki67 index, and G3-NEC were
significant negative predictors of OS (Tables 2, 3). In the
multivariate analysis, G3-NEC was significant (p < 0.05).

Size > 2 cm, Ki67 index, G2-NET, G3-NEC, local infiltration,
lymph node positivity, and tumor stages III and IV were
significant negative predictors of RFS (Tables 2, 3). In the
multivariate analysis, tumor stage IV and lymph node
positivity remained significant (p < 0.05).

Correlation Between Tumor Size, Stage,
and Grade

Larger tumor size was related to lymph node positivity,
metastatic disease, and higher grade (p < 0.05, Table 4).

TABLE 1 | Clinicopathological data in 174 patients with pancreatic neuroendocrine tumors divided into surgically treated (SUR group, n=91) and medically treated or

non-treated (MED group, n = 83).

MED groupn = 83 SUR groupn = 91

Patients, females, n (%)

Age at diagnosis, mean + SD, Range
Charlson score of comorbidities, mean = SD
F-PNET, n (%)

Insulin

Incidentaloma n (%)

CgA (pmol/L), mean = SD

Tumor diameter (cm), mean = SD
Ductus dilatation on scan, n (%)
Ki67 index (%), mean = SD

Tumor grade, n (%)

NET-G1 (<3%)

NET-G2 (3-20%)

NET-G3 (>20%)

NEC-G3

Tumor infiltration, n (%)

Lymph node positivity, n (%)

Tumor stage, n (%)

1 (TINOMO)

11 (T2-3NOMO)

11l (TANOMO/TaN1M0)

IV (TaNaM1)
Recurrence/progression, n (%)
Death due to PNET, n(%)

Follow-up time (years), mean (range)

40 (48) 43 (47)
65.8 + 12 (14;85) 54.7 + 13* (22;81)
23+3 09+ 1*

6(7) 20 (22)*
1(1) 15 (17)
56 (68) 49 (54)
866.0 + 3397 163.3 + 157
3.7+4 3+24
14 (17) 9 (10)
12.3+19 10.7 + 21
30 (36) 55 (60)*
22 (27) 20 (22)
4(5) 4(4)
8(10) 6(7)
17 (21) 9 (10)*
36 (43) 20 (22)*
31 (37) 42 (46)
42) 26 (29)*
10 (12) 16 (18)
37 (45) 78y
40 (48) 15 (17)
24 (29) 5 (6)*
3.4 (0.1-11) 4.5 (0.2-11)

*p < 0.05, statistically significant t-test when comparing the baseline characteristics of the MED group to the SUR group "sign/ﬁcam‘ difference between the equality of survivor function in a
log-rank test. CgA, Chromogranin A; F, functioning;, NEC, neuroendocrine carcinoma; PNET, pancreatic neuroendocrine tumor.
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FIGURE 2 | Survival graphs on 174 patients with a primary PNET diagnosis. (A) Overall survival in the MED and SUR groups, (B) progression-free survival in the
MED group, (C) recurrence-free survival in the SUR group. MED, group of patients treated medically or with watchful wait; OS, overall survival; PFS, progression-free
survival; PNET, pancreatic neuroendocrine tumor; RFS, recurrence-free survival; SUR, group of surgically treated patients.

Subgroups

The frequency of lymph node positivity was 25% in PI versus
47% in symptomatic tumors (p < 0.05). The mean Ki67 index
was 8% in PI and 16% in symptomatic tumors (p < 0.05). No

other variables differed in the two groups. Overall, the F- and
NE-PNET groups were identical, except that the patients with F-
PNET were younger at diagnosis (54 years) compared to patients
with NF-PNET (61 years) (p < 0.05).

TABLE 2 | Univariate analysis on determinants of mortality and 5-year survival (%) in 174 patients with pancreatic neuroendocrine tumors divided into surgically treated

(SUR group, n = 91) and medically treated or non-treated (MED group, n = 83).

PFS OS (MED) RFS OS(SUR)

Overall survival 41 65 80 95"
Age

<55 37 68 71 97

>55 42 65 90 92
Sex

Male 50 68 72 90*

Female 31 63 88 100
Incidentaloma 54* 74 85 93

Symptomatic 22 54 77 96
F-PNET 44 33" 75 100

NF-PNET 17 70 90 93
Size

<20mm 61 83 97 100

>20mm 35* 62 68* 91
DD 47 51 60 97

No DD 47 73 81 71
CgA (pmol/l).

<200 53 78 75 92

>200 24 50" 67 100
Grade

NET-G1 (<3) 56 65 92 100

NET-G2 (3-20) 24 68* 48* 89"

NET-G3 (>20%) 14* 100" 60* 100

NEC-G3 0* 8" 23* 58*
Tumor infiltration 29* 57 37* 100

Localized 44 67 84 91
NO 77 91 94 97

N1 11> 48* 49* 87
Tumor stage

1 95 100 98 100

[} 100 100 79 92

1} 52 70* 43* 93

v I 46* 55* 83

“D < 0.05, comparing 5-year survivals within the variable categories in a log-rank test *p < 0.05, comparing the overall 5-year survivals in the MED and SUR groups. CgA, Chromogranin A;
DD, ductus dilatation; F, functioning; NEC, neuroendocrine carcinoma; NF, non-functioning; OS, overall survival; PFS, progression-free survival; PNET, pancreatic neuroendocrine tumor;
RFS, recurrence-free survival.
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TABLE 3 | Kaplan-Meier survival analysis in 174 patients with pancreatic neuroendocrine tumors divided into surgically treated (SUR group, n = 91) and medically

treated or non-treated (MED group, n = 83).

0S (MED)
HR (95% CI)

PFS
HR (95% CI)

0S (SUR)
HR (95% CI)

RFS
HR (95% CI)

Incidentaloma

F-PNET 2.8 (1.03;7.7)
Tumor size
>20mm
Ductus dilatation
CgA>200 2.9 (1.2;7.4)
Ki67 index** 1.02 (1.01;1.03)*
Grade
NET-G2 (3-20) 1.2 (0.5;3.2)
NET-G3 (>20)
NEC-G3 (>20) 6.5 (2.2;19.2)*

Tumor infiltration

0.3 (0.2;0.6)*

3.1 (1.3;7.3)

1.03 (1.02;1.085)*

12.2 (2.0;,73.0)*

1.1 (1.02;1.08)*

9.0 (1.2:68.7)"

1.02 (1.01;1.04)*

3.1 (1.4,6.9)" 3.1 (0.2;50) 9.3 (2.4:36.5)"
4.6(1.2;17.8)" 14.5 (0.9:233.5) 5.0 (0.5:48.3)
16.0 (5.5:46.3)" 23.3 (2.1;260.6)" 20.4 (4.5;93.3)"
2.1 (1.1;4.0" 3.7 (1.2;11.6)

Lymph node involvement

N1 5.0 (1.7;14.7)*
Tumor stage

[} 0.0 (-)

n 0.0 (-)

v 8.5e+9 (2.5e+9;2.1e+10)*

11.1 (4.5;27.3)"

11.4 (1.3;101.9)"
48.4 (6.6;355.6)"

8.1 (2.4:26.7)"

0.0 () 6.9 (0.8:61.3)
24.8 (3.0;202.5)"
22,1 (2.3;212.4)

*p < 0.05, statistically significant Hazard Ratio when comparing within categories **continuous variable. CgA, Chromogranin A; Cl, confidence interval; F, functioning; HR, hazard ratio;
NEC, neuroendocrine carcinoma; NF, non-functioning; OS, overall survival; PFS, progression-free survival; PNET, pancreatic neuroendocrine tumor; RFS, recurrence free survival.

Insulinomas and Repeated Analysis

After Exclusion

The SUR group comprised 15 insulinomas, and among these,
there were no deaths. Only one patient experienced progression.
Insulinomas have an excellent prognosis and all analyses were
repeated after exclusion of these. Ki67 index and NEC-G3 were
still significant predictors of survival in the non-insulinoma SUR
group (p < 0.05). Ki67, G1- and NEC-G3, tumor infiltration,
lymph node positivity, and tumor stage were still predictors of
recurrence (p < 0.05). The 5-year OS and RFS in the non-
insulinoma SUR group were reduced to 94% and 76%, respectively.

Tumors <2 cm

Fifty-nine patients with tumors <2 cm had localized G1 disease;
31 in the SUR group and 28 in the MED group. All 28 patients in
the MED group were followed with a watch-and-wait strategy,
and the group comprised 16 patients who were followed without
treatment and 12 patients who were followed on Somatostatin

TABLE 4 | The significance of mean tumor size on tumor grade and stage in
pancreatic neuroendocrine tumors.

Mean size (cm)

Lymph node positive 5

Lymph node negative 2.4
Stage IV 4.9
Stage I-lll 2.9*
G3 5.9
G1/G2 3.5%
Infiltration 6.9
Local 2.7*

*p < 0.05, significant difference in size when comparing predictors of aggressive tumor
behavior.

Analogues. During a median follow-up of 36 months only one in
28 patients in the MED group experienced progression while 1 in
31 patients in the SUR group experienced recurrence during a
median follow-up of 56.5 months. The SUR and MED groups
differed in age, PI, and F-PNET (Table 5).

DISCUSSION

This large single-center cross-sectional study from an ENETS
center of excellence demonstrated that high TNM-stage is a
significant predictor of both RFS in surgically treated patients
and PFS and OS in patients treated medically or with no
treatment. This is in agreement with previous studies
demonstrating that stage IV disease is the strongest predictor
of a poor prognosis regardless of any other variable (23-25). We
further demonstrated that high tumor grade is a strong, negative
predictor of OS. Both tumor stage and grade are widely used for
prognostic assessment, and the ENETS classification system for
PNET has been evaluated previously (23, 25-29). In line with
Ekeblad et al. and Scarpa et al. (23, 26), we found no significant
difference between stage I and II disease (Table 2). This was also
the case for G1 and G2 tumors and this may be caused by type 2
error. Meanwhile, Ki67 was a significant predictor of OS both in
the MED and in the SUR groups. This is supported by Panzuto
et al. (30) who also found that an increase in the Ki67 index was
associated with poorer survival.

Brooks et al. showed that surgery in PNET is an independent
predictor of OS (31). Our findings support these data as we
demonstrated a higher 5-year OS after surgery (95% versus 65%).
However, our study is non-randomized and retrospective, and
the selection of the patients biases our results. Surgery was
performed in younger patients with lower grade and stage
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TABLE 5 | Clinicopathological data in 59 patients with stage | pancreatic neuroendocrine tumors <2 cm divided into surgically treated (SUR group, n = 31) and

medically treated or non-treated (MED group, n = 28).

MED group n =28

SUR group n =31

Gender, female, n (%)

Age at diagnosis, mean = SD
Incidentaloma n (%)

F-PNET, n (%)

Tumor diameter (cm), mean = SD
Ki67 index (%), mean = SD

CgA (pmol/L), mean = SD
Recurrence/progression, n (%)
Death due to PNET, n (%)

16 (57) 12 (39)
67 + 14 57 +10*
26 (93) 16 (52)*

0(0) 13 (41)*
13+04 14+05
11+03 09+05

205 + 372 148 = 203

1) 19
1) 19

*p < 0.05, statistically significant t-test when comparing the baseline characteristics of the MED group to the SUR group. CgA, Chromogranin A; F, functioning;, PNET, pancreatic

neuroendocrine tumor.

tumors and results should be interpreted with caution and with
this selection bias in mind. F- and NF-PNETSs are suggested to
differ in aggressiveness and hence have a different prognosis (7,
23,25, 26, 28). We were unable to demonstrate this. Insulinomas
have an excellent prognosis after surgery, and we therefore, tried
to exclude these and repeat all analyses. The 5-year OS remained
excellent in the SUR group and only minor changes in the RES
were observed.

A recent meta-analysis demonstrated that post-surgery
recurrence was higher in patients with high grade tumors,
lymph node involvement, or vascular invasion (32). This is in
accordance with our study, demonstrating that patients with
higher stage and grade have a decreased REFS after surgery and
therefore warrant closer follow-up.

In agreement with previous literature, PIs had a more
indolent behavior compared to those that were symptomatic at
diagnosis. The PFS in our study was longer, and they were more
likely to be lymph node negative and have a low grade. This coheres
with the fact that they are discovered early (8, 10, 16, 17, 24).

Tumors <2 cm

The 2016 ENETS Consensus Guidelines (19) suggest a
conservative approach in non-metastatic, NF-tumors <2 cm.
Our findings support that tumor size is a predictor of
aggressive behavior. We demonstrated that larger tumor size
was predictive of both higher stage and grade but also the
presence of lymph node metastasis. Smaller size was also
associated with lower RFS after surgery (Table 3). This all
agrees with previous studies (23, 25-27, 32).

Betinni et al. found that tumors <2 cm predicted a non-
indolent behavior and therefore advocated against surgery (29).
Kuo et al. and Haynes et al. put this into perspective and
demonstrated that the natural history is variable and the
course difficult to predict (4, 16). Overall, they showed that PI
can display aggressive behavior despite small size. Further, a
meta-analysis from 2017 demonstrated survival benefits in
tumors <2 cm (18).

In our study, 59 patients had stage I tumors <2 cm and 53%
underwent surgery. The SUR group comprised more functioning
tumors and younger patients than the MED group. Only 3% of
the resected tumors <2 cm showed recurrence. This supports a
recent study from Sallinen et al. who demonstrated an excellent

disease-free survival after surgery (33). As long-term results after
surgery are excellent, the outcome of non-operative management
of tumors <2 cm is of paramount interest. The 28 patients in the
MED group were followed with a watch-and-wait strategy. Only
one patient (3%) experienced progression. Although the total
number is limited, our findings support a conservative approach
in accordance with the 2016 ENETS Consensus Guidelines (19).

In conclusion, in this large cohort of PNETs we demonstrated
that high TNM-stage, tumor grade, Ki67 index, size, CgA, and
symptomatic discovery are negative prognostic predictors of
survival. Further, the surgically treated group had the highest
survival, and we support the guidelines recommending surgery
when predictors of aggressive tumor behavior are present.
Further, we believe that a watch-and-wait strategy with active
surveillance can be followed in patients with low grade, low stage
NF-PNET <2 c¢cm (19).

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

SK: conceptualization, methodology, formal analysis,
investigation, resources, writing - original draft, writing -
review and editing. GD: conceptualization, methodology,
writing - review and editing, supervision, project
administration. HG: conceptualization, methodology, writing -
review and editing, supervision. NH: writing - review and
editing. PK-N: methodology, writing — review and editing. AK:
methodology, writing - review and editing. All authors
contributed to the article and approved the submitted version.

ACKNOWLEDGMENTS

The content of the manuscript has previously appeared in a
thesis by SK.

Frontiers in Endocrinology | www.frontiersin.org

June 2022 | Volume 13 | Article 925632


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Krogh et al.

PNET Progression, Recurrence and Survival

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Frilling A, Akerstrém G, Falconi M, Pavel M, Ramos J, Modlin IM, et al.
Neuroendocrine Tumor Disease: An Evolving Landscape. Endocr Relat
Cancer (2012) 19(5):163-85. doi: 10.1530/ERC-12-0024

. Yao JC, Eisner MP, Leary C, Dogohoy C, Phan A, Evans DB, et al. Population-

Based Study of Islet Cell Carcinoma. Ann Surg Oncol (2007) 14(12):3492-500.
doi: 10.1245/5s10434-007-9566-6

. Franko J, Feng W, Yip L, Genovese E, Moser AJM. Non-Functional

Neuroendocrine Carcinoma of the Pancreas: Incidence, Tumor Biology,
and Outcomes in 2,158 Patients. | Gastrointest Surg (2010) 14:541-8. doi:
10.1007/s11605-009-1115-0

. Kuo EJ, Salem BS, Salem RR. Population-Level Analysis of Pancreatic

Neuroendocrine Tumors 2 Cm or Less in Size. Ann Surg Oncol (2013)
20:2815-21. doi: 10.1245/s10434-013-3005-7

. Halfdarnarson TR, Rabe KG, Rubin J, Peterson GM. Pancreatic Neuroendocrine

Tumors (PNETSs): Incidence, Prognosis and Recent Trend Toward Improved
Survival. Ann Oncol (2008) 19:1727-33. doi: 10.1093/annonc/mdn351

. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Yao JC, et al. Trends in the

Incidence, Prevalence, and Survival Outcomes in Patients With
Neuroendocrine Tumors in the United States. JAMA Oncol (2017) 3
(10):1335-42. doi: 10.1001/jamaoncol.2017.0589

. Wang SE, Su CH, Kuo Y], Shyr YM, Li AFY, Lee CH, et al. Comparison of Functional

and Nonfunctional Neuroendocrine Tumors in the Pancreas and Peripancreatic
Region. Pancreas (2011) 40:253-9. doi: 10.1097/MPA.0b013e3181f94cc4

. Cheema A, Weber J, Strosberg JR. Incidental Detection of Pancreatic

Neuroendocrine Tumors: An Analysis of Incidence and Outcomes. Ann
Surg Oncol (2012) 19:2932-6. doi: 10.1245/510434-012-2285-7

. Rindi G. The ENETS Guidelines: The New TNM Classification System.

Tumori (2010) 96:806-9. doi: 10.1177/030089161009600532

Lee LC, Grant CS, Salomao DR, Fletcher JG, Takahashi N, Huebner M, et al.
Small, Nonfunctioning, Asymptomatic Pancreatic Neuroendocrine Tumors
(PNETs): Role for Nonoperative Management. Surgery (2012) 152(6):965-74.
doi: 10.1016/j.5urg.2012.08.038

Smith JK, Ng SC, Hill JS, Simons JP, Arous EJ, McDade TP, et al.
Complications After Pancreatectomy for Neuroendocrine Tumors: A
National Study. J Surg Res (2010) 163:63-8. doi: 10.1016/j.js5.2010.04.017
Hill JS, McPhee JT, McDade TP, Zhou Z, Sullivan ME, Tseng JF, et al.
Pancreatic Neuroendocrine Tumors: The Impact of Surgical Resection on
Survival. Am Cancer Soc (2009) 115(4):741-51. doi: 10.1002/cncr.24065
Donahue TR, Reber HA. Surgical Management of Pancreatic Cancer—
Pancreaticoduodenectomy. Semin Oncol (2015) 42:98-109. doi: 10.1053/
j.seminoncol.2014.12.009

Parikh PY, Lillemoe KD. Surgical Management of Pancreatic Cancer—Distal
Pancreatectomy. Sermin Oncol (2015) 42:110-22. doi: 10.1053/j.seminoncol.2014.12.010
Fathi AH, Romanyshyn J, Barati M, Choudhury U, Chen A, Sosa JA.
Predicting Aggressive Behavior in Nonfunctional Pancreatic
Neuroendocrine Tumors With Emphasis on Tumor Size Significance and
Survival Trends: A Population-Based Analysis of 1787 Patients. Am Surgeon
(2020) 86(5):458-66. doi: 10.1177/0003134820919730

Haynes AB, Deshpande V, Ingkakul T, Vagefi PA, Szymonifka J, Castillo CF,
et al. Implications of Incidentally Discovered, Nonfunctioning Pancreatic
Endocrine Tumors: Short-Term and Long-Term Patient Outcomes. Arch Surg
(2011) 146(5):534-8. doi: 10.1001/archsurg.2011.102

Birnbaum DJ, Gaujoux S, Cherif R, Dokmak S, Fuks D, Sauvanet A, et al. Sporadic
Nonfunctioning Pancreatic Neuroendocrine Tumors: Prognostic Significance of
Incidental Diagnosis. Surgery (2014) 155:13-21. doi: 10.1016/j.5urg.2013.08.007
Finkelstein P, Sharma R, Picado O, Gadde R, Stuart H, Yakoub J, et al.
Pancreatic Neuroendocrine Tumors (panNETs): Analysis of Overall Survival
of Nonsurgical Management Versus Surgical Resection. ] Gastrointest Surg
(2017) 21(5):855-66. doi: 10.1007/s11605-017-3365-6

Falconi M, Eriksson B, Kaltsas G, Bartsch DK, Capdevila J, Jensen RT, et al.
ENETS Consensus Guidelines Update for the Management of Patients With
Functional Pancreatic Neuroendocrine Tumors and Non-Functional
Pancreatic Neuroendocrine Tumors. Neuroendocrinology (2016) 103:153-
71. doi: 10.1159/000443171

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG, et al. Research
Electronic Data Capture (REDCap) - A Metadata-Driven Methodology and

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Workflow Process for Providing Translational Research Informatics Support.
] BioMed Inform (2009) 42(2):377-81. doi: 10.1016/j.jbi.2008.08.010
Schmidt M, Pedersen L, Serensen HT. The Danish Civil Registration System
as a Tool in Epidemiology. Eur J Epidemiol (2014) 29(8):541-9. doi: 10.1007/
510654-014-9930-3

Nagtegaal I, Odze RD, Klimstra D, Paradis V, Rugge M, Cree IA, et al. The
2019 WHO Classification of Tumours of the Digestive System. Histopathology
(2020) 76:182-8. doi: 10.1111/his.13975

Scarpa A, Mantovani W, Capelli P, Beghelli S, Boninsegna L, Falconi M, et al.
Pancreatic Endocrine Tumors: Improved TNM Staging and Histopathological
Grading Permit a Clinically Efficient Prognostic Stratification of Patients.
Modern Pathol (2010) 23:824-33. doi: 10.1038/modpathol.2010.58

Zhou B, Duan J, Yan S, Zhou J, Zheng S. Prognostic Factors of Long—Term
Outcome in Surgically Resectable Pancreatic Neuroendocrine Tumors: A 12
—Year Experience From a Single Center. Oncol Lett (2017) 13:1157-64. doi:
10.3892/01.2017.5561

Jin K, Luo G, Xu J, Zhang B, Liu C, Yu X, et al. Clinical Outcomes and
Prognostic Factors of Resected Pancreatic Neuroendocrine Neoplasms: A
Single-Center Experience in China. Oncol Lett (2017) 13:3163-8. doi: 10.3892/
0l.2017.5834

Ekeblad S, Skogseid B, Dunder K, Oberg K, Eriksson B. Prognostic Factors and
Survival in 324 Patients With Pancreatic Endocrine Tumor Treated at a Single
Institution. Clin Cancer Res (2008) 14:23. doi: 10.1158/1078-0432.CCR-08-0734
Yang M, Ke N, Zhang Y, Tan C, Tian B, Sutton R, et al. Functional and non-
Functional Pancreatic Neuroendocrine Tumours: ENETS or AJCC TNM Staging
System? Oncotarget (2017) 8(47):82784-95. doi: 10.18632/oncotarget.20007
Benetatos N, Hodson J, Marudanayagam R, Sutcliffe RP, Isaac JR, Roberts KJ,
et al. Prognostic Factors and Survival After Surgical Resection of Pancreatic
Neuroendocrine Tumor With Validation of Established and Modified Staging
Systems. Hepatobiliary Pancreatic Dis Int (2018) 17:169-75. doi: 10.1016/
j.hbpd.2018.03.002

Betinni R, Partelli S, Boninsegna L, Capelli P, Crippa S, Falconi M, et al. Tumor
Size Correlates With Malignancy in Nonfunctioning Pancreatic Endocrine Tumor.
Surgery (2011) 150(1):75-82. doi: 10.1016/j.surg.2011.02.022

Panzuto F, Boninsegna L, Fazio N, Campana D, Brizzi MP, Falconi M, et al.
Metastatic and Locally Advanced Pancreatic Endocrine Carcinomas: Analysis
of Factors Associated With Disease Progression. J Clin Oncol (2011) 29
(17):2372-7. doi: 10.1200/JCO.2010.33.0688

Brooks JC, Shavelle RM, Vavre-Musser KN. Life Expectancy in Pancreatic
Neuroendocrine Cancer. Clin Res Hepatol Gastroenterol (2019) 43(1):88-97.
doi: 10.1016/j.clinre.2018.08.005

Li Y, Fan G, Yu F, Tian C, Tan H. Meta-Analysis of Prognostic Factors for
Recurrence of Resected Well-Differentiated Pancreatic Neuroendocrine
Tumors. Neuroendocrinology (2021) 111:1231-7. doi: 10.1159/000514047
Sallinen V, Large TYS, Tieftrunk E, Galeev S, Kovalenko Z, Gaujoux S, et al.
Prognosis of Sporadic Resected Small (<2 Cm) Nonfunctional Pancreatic
Neuroendocrine Tumors - a Multi-Institutional Study. HPB (2018) 20
(3):251-9. doi: 10.1016/j.hpb.2017.08.034

Conflict of Interest: HG received research funding from Intercept, Abbvie,
NOVO Nordisk Foundation, Arla, and ADS AIPHIA Development Services
AG. Advisory board at Ipsen and Pfizer. Speaker Norgine Takeda.

GD received research funding from IPSEN, AAA.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Krogh, Gronbeek, Knudsen, Kissmeyer-Nielsen, Hummelshoj and
Dam. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

June 2022 | Volume 13 | Article 925632


https://doi.org/10.1530/ERC-12-0024
https://doi.org/10.1245/s10434-007-9566-6
https://doi.org/10.1007/s11605-009-1115-0
https://doi.org/10.1245/s10434-013-3005-7
https://doi.org/10.1093/annonc/mdn351
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1097/MPA.0b013e3181f94cc4
https://doi.org/10.1245/s10434-012-2285-7
https://doi.org/10.1177/030089161009600532
https://doi.org/10.1016/j.surg.2012.08.038
https://doi.org/10.1016/j.jss.2010.04.017
https://doi.org/10.1002/cncr.24065
https://doi.org/10.1053/j.seminoncol.2014.12.009
https://doi.org/10.1053/j.seminoncol.2014.12.009
https://doi.org/10.1053/j.seminoncol.2014.12.010
https://doi.org/10.1177/0003134820919730
https://doi.org/10.1001/archsurg.2011.102
https://doi.org/10.1016/j.surg.2013.08.007
https://doi.org/10.1007/s11605-017-3365-6
https://doi.org/10.1159/000443171
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1111/his.13975
https://doi.org/10.1038/modpathol.2010.58
https://doi.org/10.3892/ol.2017.5561
https://doi.org/10.3892/ol.2017.5834
https://doi.org/10.3892/ol.2017.5834
https://doi.org/10.1158/1078-0432.CCR-08-0734
https://doi.org/10.18632/oncotarget.20007
https://doi.org/10.1016/j.hbpd.2018.03.002
https://doi.org/10.1016/j.hbpd.2018.03.002
https://doi.org/10.1016/j.surg.2011.02.022
https://doi.org/10.1200/JCO.2010.33.0688
https://doi.org/10.1016/j.clinre.2018.08.005
https://doi.org/10.1159/000514047
https://doi.org/10.1016/j.hpb.2017.08.034
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Predicting Progression, Recurrence, and Survival in Pancreatic Neuroendocrine Tumors: A Single Center Analysis of 174 Patients
	Introduction
	Methods
	Outcome
	Statistical Analysis

	Results
	Predictors of OS and PFS in the MED Group
	Predictors of OS and RFS in the SUR Group
	Correlation Between Tumor Size, Stage, and Grade
	Subgroups
	Insulinomas and Repeated Analysis After Exclusion
	Tumors &le;2 cm

	Discussion
	Tumors &le;2 cm

	Data Availability Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


