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Background: International guidelines suggest a watchful strategy for small nonfunctioning pancreatic
neuroendocrine tumors. The aim of this study was to evaluate the management and indications for
surgery in patients with asymptomatic nonfunctioning pancreatic neuroendocrine tumors <2 cm.
Methods: Patients with asymptomatic, incidental, sporadic nonfunctioning pancreatic neuroendocrine
tumors <2 cm without nodal or distant metastases were included (2012—2016). A comparison between
active surveillance and surgery groups was performed.
Results: Of the 101 included patients, 72% underwent active surveillanc and 28% were surgically treated.
Patients submitted to surgery were significantly younger (53 vs 60 years, P = .013), had a higher inci-
dence of positive '8F-fluorodeoxyglucose positron emission tomography (18% vs 50%, P = .003), and a
higher incidence of cytologically determined G2 tumor (0% vs 14%, P = .008). Conservatively managed
patients had a significantly smaller tumor size (12 vs 16 mm, P =.0001). The main reasons determining
surgical choice were as follows: patient’s preference (32%), positive ®F-fluorodeoxyglucose positron
emission tomography (21.5%), main pancreatic duct dilation (17.5%), cytologically determined G2 tumor
(14.5%), and young age (14.5%). At a median follow-up of 40 months, all of the 73 patients conservatively
managed were alive, with no evidence of distant metastases and none underwent surgery. Only 5 pa-
tients had a tumor growth >20%.
Conclusion: One-third of patients with asymptomatic small nonfunctioning pancreatic neuroendocrine
tumors <2 cm underwent surgery. Patient’s preference, initial tumor size, and young age were the main
determinants of surgical indication. Preoperative diagnostic workup, including '8F-fluorodeoxyglucose
positron emission tomography and cytologic grading, seems to be poorly accurate in determining ma-
lignant features in these small lesions.

© 2019 Elsevier Inc. All rights reserved.

Background

Pancreatic neuroendocrine tumors (PanNETs) are rare neo-
plasms representing the 1% to 2% of all pancreatic tumors."? Despite
their rarity, the incidence of PanNETs has steadily risen in the past
decade, from 0.4 to 0.8 per 100,000 inhabitants.> This growth of
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incidence is mainly attributable to the increasing number of small
sporadic incidentalomas, as shown in a recent retrospective pop-
ulation analysis that reported a doubling of the proportion of
PanNETs <2 cm during the past 22 years.” This rise could for the
most part be related to the widespread use of cross-sectional im-
aging, which brought an overdiagnosis of small, asymptomatic and
nonfunctioning PanNETs (NF-PanNETs). It has been shown that
most of NF-PanNETs <2 cm are likely to be benign lesions, with a
low tendency to progression when incidentally discovered.”~’ As a
consequence, considering the high morbidity and the long-term
functional impairment after pancreatic resections, a routine sur-
gical indication for these small lesions has been challenged.?
Several series have demonstrated the feasibility and the safety of
an active surveillance management for NF-PanNETs with a
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maximum diameter <2 cm.>®~> Consequently, in these cases a
watchful strategy has been suggested by the European Neuroen-
docrine Tumor Society (ENETS)'4!> and by the National Compre-
hensive Cancer Network.'®

Nevertheless, these guidelines suggested weighing the
risk—benefit ratio of a surgical approach of NF-PanNET <2 cm, but
no recommendations were provided regarding initial diagnostic
assessment and how to deal with challenging situations. In
particular, it may be difficult to manage these small lesions when
they occur in young patients or when they are associated with
preoperative radiologic or histologic worrisome features.

Moreover, several issues need still to be addressed to overcome
some skepticism concerning this conservative attitude.””~" In
particular, data regarding the natural history and the long-term
evolution of these lesions are still lacking, with no recognized
features that can predict a malignant behavior. Hence, it is unclear
whether a conservative approach can be offered to all patients and
whether it can be adequately implemented.

The primary outcome of the present study was the evaluation of
the management and indications for surgery in patients with
asymptomatic NF-PanNETs <2 cm. The secondary outcomes were
to analyze the value of the findings obtained by an extensive initial
diagnostic workup and to evaluate the tumor growth during the
follow-up period among patients who underwent active
surveillance.

Methods
Study design

The present study was a retrospective cohort study and was
conducted at San Raffaele Scientific Institute, Milan, Italy following
the STrengthening the Reporting of OBservational studies in
Epidemiology statement (STROBE) guidelines.?? All the patients
diagnosed with NF-PanNET from January 2012 to December 2016
were retrospectively screened. Inclusion criteria were as follows:
age >18 years, diagnosis of NF-PanNET proven with either a posi-
tive fine needle aspiration (FNA) obtained by endoscopic ultra-
sound (EUS) or with a positive 58Gallium (®8Ga) positron emission
tomography (PET), absence of tumor-related symptoms, radiologic
tumor size <2 cm, and absence of nodal or distant metastasis after
the diagnostic workup. Patients with functioning forms were
excluded, as were those with inherited syndromes.

Definitions of outcomes

The management of patients with an incidental diagnosis of NF-
PanNET <2 cm was based on the ENETS guidelines,'*!® although
several criteria were also considered. A specific protocol was not
adopted but, generally, the presence of the following criteria was
defined as mandatory indications for surgical intervention in pa-
tients deemed fit for surgery: tumor growth more than 2 cm during
follow-up, occurence of symptoms directly related to the neo-
plasms, radiologic evidence of main pancreatic duct (MPD) dilata-
tion, lymph nodes enlargement, nearby organs or main
peripancreatic vessels infiltration, a strong '®F-fluorodeoxyglucose
positron emission tomography (*®F-FDG PET) positivity, and age
<50 years. Relative indications for surgery included a weak ®F-FDG
PET positivity, a tumor size >1.5 cm, and age >50 years and <70
years. In the presence of relative indications for surgery, risks and
benefits of a pancreatic resection were carefully weighed, with the
patients who were eventually operated on or not, according to their
preferences. Initial diagnostic workup always included at least one
high-quality imaging examination (computed tomography [CT] or
magnetic resonance imaging [MRI]), and it was always completed

either with ®3Ga PET or EUS with FNA. Combined '8F-FDG and ®8Ga/
PET was routinely performed except for those patients who were
referred to our institution having already had a %8Ga PET. Also EUS
with FNA was not repeated in those patients who had a prior
cytologic diagnosis.

A standard pancreatic resection (pancreaticoduodenectomy or
distal pancreatectomy) was routinely proposed in the presence of a
dilated MPD or when nearby structures were involved. In the
remaining cases, the feasibility of an atypical resection (enucleation
or middle pancreatectomy) was routinely evaluated because of the
negligible risk of nodal metastases in NF-PanNET <2 cm. Enucle-
ation was also excluded when the lesion appeared to be located <3
mm from the MPD.?! In the case of atypical resection (enucleation
or middle pancreatectomy), nodal sampling was only performed in
the presence of suspected lymph nodes. A minimally invasive
approach, including laparoscopic distal pancreatectomy and lapa-
roscopic enucleation, was progressively implemented beginning
in 2014.

In the active surveillance group, patients were monitored with a
follow-up schedule consisting of an MRI or a CT every 12 months
alternated with an abdominal ultrasound (US) every 6 months. If no
tumor progression was detected in the first 2 years, only a CT or an
MRI was then performed on a yearly basis.

Data collection

Demographic variables, clinical presentation, radiologic fea-
tures, perioperative and pathologic variables, and follow-up re-
cords were retrospectively reviewed from an electronic database.
At the final histology, tumors were classified according to the cur-
rent ENETS tumor node metastasis classification.’” The status of
surgical margins was classified into the following: RO (no residual
tumor) and R1 (microscopic residual tumor). The Ki67 index was
assessed in the surgical specimen by MIB1 antibody staining and
evaluated by measuring the percentage of cells with positive nu-
clear staining after the count of 2,000 cells in the area of the highest
nuclear labelling.>®> Tumor grade was classified according to the
latest World Health Organization classification into two categories:
NF-PanNET G1 (Ki67 < 3%) and NF-PanNET G2 (Ki67 3%—20%).2>
None of the patients had a diagnosis of NF-PanNET G3 or NF-
PanNEC G3. The Clavien-Dindo grading system was used to assess
the severity of postoperative complications.”* Pancreatic fistula,
postoperative haemorrhage, and delayed gastric emptying were
defined following the International Study Group on Pancreatic
Surgery classifications.>> %’ For both groups, the follow-up was
updated with routine clinical visits and high-quality imaging
(usually MR) a minimum of every 12 months, irrespective of
pathologic findings in the surgical group. Endocrine and exocrine
pancreatic insufficiency were respectively defined as the appear-
ance or worsening of postoperative diabetes and the requirement
of pancreatic enzyme supplementation therapy to relieve
maldigestion-related symptoms.

Statistical analysis

Continuous data were reported as median and interquartile
range (IQR). Categorical data, number, and percentage (%) were
displayed. The study population was divided in two groups,
including patients submitted to active surveillance or surgery,
respectively. The comparison between the two groups was per-
formed using the Mann-Whitney U test for continuous variables.
Qualitative data were compared by the 2 test or the Fisher exact
test, when appropriate. Multiple logistic regression analysis was
used to identify the independent predictors of surgical manage-
ment. Statistical analyses were performed in SPSS 25.0 for Mac
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Table I

Comparison of demographic, clinical, and radiological characteristics between patients diagnosed with
nonfunctioning pancreatic neuroendocrine tumors (NF-PanNETs) <2 cm who underwent active surveillance and

those submitted to surgery

Variable Active surveillance Surgery Overall P value
n=73(%) n =28 (%) n =101 (%)
Sex

Male 36 (49) 10 (36) 46 (45.5)

Female 37 (51) 18 (64) 55 (54.5) .268
Age, years’ 61 (52.5; 71) 53.5 (41.5; 66) 59 (49; 69) 013
Incidental diagnosis

Nonspecific symptoms 30 (41) 14 (50) 44 (43.5)

Follow-up of other diseases 26 (36) 11 (39) 37 (36.6) 480

Other causes 17 (23) 3(11) 20(19.8)

Largest radiologic diameter, mm" 12 (10;15) 16 (14;20) 13 (10;16) < .0001
First-line imaging

Transabdominal ultrasound 38 (52) 14 (50) 52 (51.4)

Computed tomography 23 (32) 8(29) 31(30.7)

Magnetic resonance imaging 9(12) 6(21) 15 (14.8) 712

Endoscopic ultrasound 3(4) 0(0) 3(2.9)

Location in the pancreas

Head 29 (40) 11 (39) 40 (39.6)

Body 31 (42) 10 (36) 41 (40.6)

Tail 10 (14) 7 (25) 17 (16.9) .503

Multifocal 3(4) 0(0) 3(2.9)

Lesion morphology

Solid 65 (89) 25(89) 90 (89.2)

Cystic 6(8) 1(4) 7 (6.9) 484

Solid cystic 2(3) 2(7) 4(3.9)

MPD dilatation

No 73 (100) 22 (79) 95 (94.1)

Yes 0(0) 6(21) 6(5.9) < .0001
Follow-up from diagnosis, months” 40 (23;52) 37 (27;59) 38 (25;52) .601

" Expressed as median (interquartile range [IQR]).

 Severe episode of diarrhea, renal lithiasis, hypertransaminasemia, thrombophlebitis, GGT increase, syncope,

and cutaneous rash.

software (SPSS Inc, Chicago, IL, USA). P values <.05 were considered
significant.

Results
Management of patients with incidental NF-PanNETs <2 cm

Overall, 101 patients diagnosed with NF-PanNETs <2 cm were
included in the study. Among these, 73 patients (72%) underwent
active surveillanc, whereas in the remaining 28 cases (28%) an
upfront pancreatic resection was performed.

A comparison of demographic, clinical, and radiologic charac-
teristics is reported in Table I. Patients undergoing pancreatic
resection were significantly younger than those conservatively
managed (median 53.5 years [IQR 41.5; 66 years] vs 61 years [IQR
52.5; 71 years], P = .013). Patients who were conservatively
managed had a significantly smaller tumor size compared with
those surgically treated (median 12 mm [10; 15 mm] vs 16 mm [14;
20 mm], P = .0001). A dilatation of the MPD was observed in 6
cases, all belonging to the surgery group (P =.001). On multivariate
analysis, factors independently associated with the risk of under-
going surgery were the radiologic diameter (odds ratio [OR]: 0.942,
confidence interval [CI]: 0.899; 0.968, P =.01) and the age at the
time of diagnosis (OR: 1.306, CI 1.106; 1.543, P =.002).

Prognostic implications of initial diagnostic workup

A positive '8F-FDG PET was significantly more frequent in pa-
tients treated with an operative management (P =.003; Table II). All
patients (n = 4) with a cytologically determined G2 tumor under-
went surgery (P =.008), and among these 4 patients, only 1 had a

G2 neoplasm confirmed at the final histology on surgical specimen.
The remaining 3 patients were downgraded to G1.

The reasons determining the surgical management were pa-
tients’ preferences (n = 9, 32%), the presence of strong positivity at
I8E_FDG PET (n = 6, 21.5%), the presence of MPD dilatation (n = 5,
17.5%), a cytologically determined G2 tumor (n = 4, 14.5%; Ki67
range 4%—8%), and a young age (36—41 years, n = 4, 14.5%). In the
surgical group, the preoperative diagnosis of NF-PanNET was ob-
tained only by a combination of morphologic and functional im-
aging (%8Ga PET positivity) in 7 patients. In these 7 patients, a
definitive cytologic diagnosis was not possible in 6 patients. In 1
patient, the FNA revealed a suspected pancreatic cancer not
confirmed by the final histologic report. Perioperative details and
pathologic features of patients who underwent surgery are sum-
marized in Tables Il and IV. Malignant pathologic features were
found only in 3 patients after surgery. Nodal metastases were re-
ported in only 2 patients. Both of them also had an NF-PanNET-G2
with microvascular and perineural invasion and associated MPD
dilatation that was detected preoperatively. Microvascular invasion
was found also in another patient who underwent surgery, with the
presence of a positive ®F-FDG PET (SUV = 17). Among the cases
with a positive F-FDG PET (n = 14), only 5 had at least 1 pathologic
feature of aggressiveness, such as a G2 tumor (n = 5), microvascular
invasion (n = 3), perineural invasion (n = 1), or nodal metastasis
(n=1).

Surgery and active surveillance outcomes

Among 28 patients who underwent upfront surgery, severe
post-operative complications (Clavien-Dindo = III) occurred in 5
patients (24%), with no reported surgery-related mortality. The
most frequent complication was postoperative significant
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Table II

Comparison of diagnostic findings between patients diagnosed with nonfunctioning pancreatic neuro-
endocrine tumors (NF-PanNET) <2 cm who underwent active surveillance and those submitted to surgery

Variable Active surveillance n = 73 (%) Surgery n = 28 (%) P value

68-Gallium PET
Negative 5(7) 2(7)
Positive 46 (63) 17 (60) 1.000
Not performed 22 (30) 9(32)

18F-FDG PET
Negative 16 (22) 2(7)
Positive 13 (18) 14 (50) .003
Not performed 44 (60) 12 (43)

FNA
Diagnostic for NET 35 (48) 12 (43)
Undetermined/misdiagnosed 9(12) 7 (25) 329
Not performed 29 (40) 9(32)

Cytologic grading?®
G1 20 (27) 5(18)
G2 0(0) 4(14) .008
Not performed 53(73) 19 (68)

Table III Table IV

Postoperative outcomes characteristics of patients
diagnosed with nonfunctioning pancreatic neuro-
endocrine tumors (NF-PanNETs) < 2 cm who un-
derwent surgery (n = 28)

Variable n (%)
Surgical procedure
Pancreaticoduodenectomy 5(18)
Distal pancreatectomy 12 (42)
Open” 8(67)
Laparoscopic’ 4(33)
Enucleation 10 (36)
Open' 7 (70)
Laparoscopic' 3(30)
Middle pancreatectomy 1(4)
Complication severity*
Grade [—Grade II 16 (76)
Grade III 5(24)

Surgical complication

Pancreatic fistula®® 17 (61)
Biochemical leak 10
Grade B 7

PPH grade A%° 1(

DGE syndrome grade A%’ 2(

Chile leak 3(10.5)

Abdominal fluid collection 7(
Length of hospital stay, days 9(
Readmission

No 20 (71)

Yes 8(29)
Exocrine pancreatic insufficiency

No 20 (71)

Yes 8(29)
Endocrine pancreatic insufficiency

No 25 (89)

Yes 3(11)

PPH, postoperative haemorrhage; DGE, delayed
gastric emptying.

" Percentage calculated on patients who under-
went distal pacreatomy.

 Percentage calculated on patients who under-
went enucleation.

 Expressed as median (interquartile range [IQR]).

pancreatic fistula (n = 7, 25%). At a median follow-up of 37 months
(IQR 27; 59 months), no patients developed local recurrence or
distant metastases after surgery. After a median follow-up of 40
months (IQR 23; 52 months), in the 73 patients who underwent
active surveillance, no distant metastases or nodal metastases
occurred. No patients underwent surgery during follow-up, and
only 1 patient died for reasons unrelated to the presence of NF-

Pathologic outcomes diagnosed with nonfunctioning
pancreatic neuroendocrine tumors (NF-PanNETs) <2
cm who underwent surgery (n = 28)

Variable n (%)
PanNET largest diameter, mm’ 15.5 (14; 20)
PanNET grade?®
G1 22(79)
G2 6(21)
T stage??
T1 26 (93)
T2 2(7)
N stage??
Nx 6(21)
NO 20(72)
N1 2(8)
Resection margin
RO 28 (100)
R1 0(0)
Microvascular invasion
No 25(89)
Yes 3(11)
Perineural invasion
No 26 (93)
Yes 2(7)
Necrosis
No 28 (100)
Yes 0(0)

" Expressed as median (interquartile range [IQR]).

PanNET. The NF-PanNET growth characteristics are summarized
in Table V. In most of the subjects, the tumor radiologic diameter
remained either stable (n = 55, 75%) or had a limited growth <20%
(n = 13,18%). Only in 5 cases (7%), tumor diameter increased more
than 20% (Figure). Only 2 cases (1 with a tumor growth <20% and 1
with a tumor growth >20%) had a final tumor diameter greater
than 20 mm, but surgical treatment was not offered to them
because of the presence of relevant comorbidities and advanced
age. The remaining 4 patients with a tumor diameter increase of
>20% had a final tumor size between 14 mm and 19 mm, and they
are still continuing active surveillance. Median tumor radiologic
diameter at the last follow-up was 13 mm (IQR 10; 15.5 mm)
compared with 12 mm (IQR 10; 15 mm) at baseline (P < .0001).

Discussion

In the present study the majority of patients affected by
asymptomatic NF-PanNETs <2 cm were safely observed, although a



S. Partelli et al. / Surgery 166 (2019) 157—163 161

Table V

Characteristics of nonfunctioning pancreatic neuroendo-
crine tumor (NF-PanNET) growth over follow-up time in
73 patients who underwent active surveillance

Variable Median (IQR)
Largest radiologic diameter, mm"

Baseline 12 (10; 15)

Follow-up 13 (10; 15.5)
Tumor growth'

No tumor growth 55 (75)

<20% 13 (18)

>20% 5(7)
Follow-up, months 40 (23; 52)
Overall tumor growth

mm 1(1;4)

% 10.5 (7.4; 35.4)
Tumor growth per year

mm 0.6(03;1)

% 4.6(2.8;9.2)
“ P <.0001.

 Expressed as number (%).
+ Calculated on patients who had tumor growth.
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Figure. Nonfunctioning pancreatic neuroendocrine tumors (NF-PanNETs) growth over
follow-up time in 73 patients who underwent active surveillance (blue: no growth,
pink: growth <20%, red: growth >20%).

significant fraction of them underwent upfront surgery at the time
of diagnosis.

The increasing occurrence of small, asymptomatic, NF-PanNETSs
and the demonstration of their relatively indolent behavior initi-
ated a reconsideration of a routine surgical treatment of these en-
tities. In 2012, Lee et al® reported that small NF-PanNETs exhibit
minimal or no growth over a long-term period and that nonoper-
ative management for these entities could be feasible and safe.
Moreover, a nonoperative approach was advocated by the ENETS
guidelines in the same year, suggesting an intensive 3-month
follow-up for the first year and a 6-month observation up to 3
years after diagnosis. Since then, several other studies confirmed
that a wait-and-see approach may be safely recommended, at least
in a fraction of this group of patients.>%13

On the other hand, this watchful attitude was challenged by
other authors who supported a more aggressive management
because of the measurable risk of malignant features that could
be present even among small NF-PanNETs.!” ' A recent meta-
analysis'” highlighted that for every 5 patients followed up, 1
additional patient with N1 NF-PanNET would remain incorrectly
followed.

Surprisingly, in the present experience one-third of the entire
cohort of patients who had a diagnosis of incidentally discovered
NF-PanNET <2 cm underwent surgery even though the manage-
ment was based on the ENETS guidelines. This rate is consistent
with that reported elsewhere.” ! Recently, Sadot et al'! reported
that, among 104 patients with small, asymptomatic PanNET who
underwent observation, no patient developed evidence of metas-
tases or died from disease. Nevertheless, it should be pointed out
that all these studies considered earlier periods of recruitment as
compared with the current series. More recently, a multicentrer
study demonstrated that observation is yet not a well-accepted
option among German surgeons.”® Of note, in this study?® only
patients with PanNETs who underwent surgery between 2013 and
2017 were considered and the authors reported that one-third of
these patients had a lesion <2 cm and were mostly asymptomatic.
There are several reasons behind a surgical attitude toward these
small, asymptomatic tumors despite evidence seeming to demon-
strate their indolent behavior.

In the present series two important reasons for taking a sur-
gical approach were the initial tumor size and the patients’ age at
the time of diagnosis. Patients who underwent surgery had larger
tumors and were significantly younger compared with those who
underwent surveillance. A possible explanation is that the natural
history in the long-term period of these small lesions remains
unknown. The majority of the published series reported a period
of observation shorter than 5 years, and no reliable predictors of
tumor progression have been demonstrated so far. Therefore, it is
unclear whether the growth of small NF-PanNETs can be
considered time dependent. Undoubtedly, the lack of robust data
about the natural history of these tumors affected the confidence
in conservative management also from a patients’ perspective. Of
note, one-third of patients who had a relative indication for
surgery preferred to avoid a conservative treatment and they
underwent pancreatic resection. This is consistent with Sadot
et al'! who observed that in the 30% of patients who underwent
subsequent surgery during observation for small NF-PanNET, the
main indication was patients’ preference. Another factor that
likely contributed to the high rate of surgical resection was the
extensive use of diagnostic procedures such as EUS+FNA and 8F-
FDG-PET, which in different cases oriented the management to-
ward a more aggressive attitude. In particular, all the patients
who were referred to our group with a measurable hyper-
vascularized nodule detected at morphologic imaging who had
not undergone functional imaging were investigated with a
combined 8Ga and '8F-FDG-PET or with an EUS+FNA. In nearly
half of the cases, the final diagnosis was obtained by a cytologic
evaluation, although it was possible to determine the value of
Ki67 only in one-third of them. The cytologic diagnosis of a NF-
PanNET G2 was determinant for a surgical approach in 4 pa-
tients. Notably, in only 1 case the final histologic report confirmed
the cytologic tumor grading, whereas the remaining 3 tumors
were eventually reclassified as G1. This result demonstrates that
cytologically determined tumor grading should be taken
extremely cautiously in these small neoplasms. On the other
hand, other studies have demonstrated a good concordance be-
tween cytologic and histologic evaluation of Ki67.2>>C Recently,
Milione et al*' reported that Ki67 is a powerful prognostic marker
irrespective of the primary tumor size, demonstrating also that
Ki67 can be assessed on presurgical biopsies with a high
concordance rate with respect to surgical specimens. Moreover,
the authors suggest that a presurgical evaluation of Ki67 should
be included in the algorithm guiding clinical decision on resection
of NF-PanNETs smaller than 2 cm. Nevertheless, in the study by
Milione et al,®! only 5 patients with pT1 NF-PanNET had a Ki67
>3%. Moreover, it should be also pointed out that in the present
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series, a Ki67 measurement was feasible only in half of the per-
formed FNA. This demonstrates that the possibility to obtain
preoperatively a reliable assessment of tumor grading in such
small lesions has to be questioned.

Functional imaging represents another important tool for
assessing the grading of NF-PanNETs. In particular, ®8Ga-PET is
usually positive in the presence of well-differentiated lesions,
whereas '8F-FDG-PET is more accurate for detecting the presence of
high-grade NF-PanNET-NEC.>? Although the diagnostic value of
combined ®3Ga-PET and '8F-FDG-PET has been established in pa-
tients affected by metastatic PanNET, it is unknown which is the
value of a dual-tracer imaging in the presence of small and localized
tumors. In the current study, the presence of a '®F-FDG-PET positive
NF-PanNET was an important determinant for a surgical approach.
Nevertheless, only one-third of patients with an 8F-FDG-PET
positivity had at least one histologic feature of aggressiveness. On
the contrary, the presence of MPD dilatation was often associated
with malignant features at histologic examination. Although this
represents a rare condition, it has to be promptly recognized
because it is usually associated with a high risk of malignant
behavior.>>34 This so-called “sclerosing variant” has distinct path-
ologic features and biomarker expression profiles that are usually
associated with more advanced stages.>® Notably, the only two
patients with nodal metastases at final pathologic exam also had an
MPD dilated that represented the main indication for surgery. This
finding also confirms that the risk of nodal involvement in an NF-
PanNET smaller than 2 cm is extremely rare in the absence of
preoperative worrisome features. From a surgical standpoint, a
lymphadenectomy in the presence of small NF-PanNET is probably
not necessary except when clear signs of local invasiveness are
present.

A last interesting finding is related to the group of patients who
were managed with an active surveillance. The present study
corroborated other results®?~ !> regarding the low rate of tumor
growth and the safety of a conservative attitude in these patients.
This was not the only element in favor of a wait-and-see strategy.
The rate of pancreatic fistula after surgery was relatively high in the
present series, thus confirming that the operative risk in these
patients should be carefully weighed. Indeed, NF-PanNETs are
frequently associated with a soft pancreatic texture and a small
main pancreatic duct.

The strength of the present study is the relatively large cohort of
patients collected in a single institution. This allowed a higher
standardization of the initial diagnostic workup as well as a defined
protocol of follow-up. Moreover, our group had elsewhere
demonstrated the feasibility and the safety of observing asymp-
tomatic NF-PanNET <2 cm,'? and active surveillance was adopted
as the treatment of choice in these cases. Of note, 5 patients who
had a significant tumor growth during observation did not undergo
subsequent surgery. This may be related to several reasons, such as
comorbidities, slow growth rate over time, and patients’ prefer-
ences. Moreover, because of the relatively short period of follow-up
of the present and earlier reports,>?~ '3 firm conclusions regarding
the extent and the duration of surveillance cannot be drawn. For
this reason, an active surveillance is necessary to recognize in a
timely fashion a significant increase of NF-PanNET and it cannot be
interrupted in any patients until robust data on the natural history
of these lesions are available. In this setting, the ongoing prospec-
tive observational study Asymptomatic Small Pancreatic Endocrine
Neoplasm (ASPEN-www.clinicaltrials.gov/ct2/show/NCT03084770)
will provide stronger evidences regarding the long-term outcome
of this type of lesions.

The present study has several limitations. First, it is limited by its
retrospective nature with inherited biases. In particular, the reason
behind a surgical approach may have been influenced by several

factors that could have not been well recognized retrospectively.
Second, the relatively short follow-up period does not allow for any
speculations regarding the natural history of small NF-PanNETs
when observed. Finally, not all the patients received the same
initial workup because some of them had been diagnosed in other
institutions.

In conclusion, an active surveillance of small, asymptomatic, NF-
PanNETs is safe; however, routine conservative management is still
difficult to be systematically offered to all the patients. An extensive
diagnostic workup, including functional imaging and cytologic
assessment, is associated with a high risk of false-positive findings
and therefore should be avoided. Therefore, patients with an
asymptomatic NF-PanNET <2 cm who can be safely observed
should not routinely undergo EUS+FNA or '®F-FDG-PET. Because of
the good outcomes of a watchful strategy, clinicians should adhere
more firmly to the guidelines and not allow factors, such as age and
patient’s preference, to influence the decision whether to proceed
with surgical resection.

Conflict of interest

The authors have indicated that they have no conflict of interest
regarding the content of this article.

References

1. Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors: Pancreatic
endocrine tumors. Gastroenterology. 2008;135:1469—-1492.

2. Franko J, Feng W, Yip L, Genovese E, Moser AJ. Non-functional neuroendocrine
carcinoma of the pancreas: Incidence, tumor biology, and outcomes in 2,158
patients. J Gastrointest Surg. 2010;14:541—-548.

3. Dasari A, Shen C, Halperin D, et al. Trends in the incidence, prevalence, and
survival outcomes in patients with neuroendocrine tumors in the United
States. JAMA Oncol. 2017;3:1335—1342.

4. Kuo EJ, Salem RR. Population-level analysis of pancreatic neuroendocrine tu-
mors 2 cm or less in size. Ann Surg Oncol. 2013;20:2815—2821.

5. Sallinen V, Haglund C, Seppanen H. Outcomes of resected nonfunctional
pancreatic neuroendocrine tumors: Do size and symptoms matter? Surgery.
2015;158:1556—1563.

6. Sallinen V, Le Large TYS, Galeev S, et al. Surveillance strategy for small
asymptomatic non-functional pancreatic neuroendocrine tumors—A system-
atic review and meta-analysis. HPB (Oxford). 2017;19:310—320.

7. Regenet N, Carrere N, Boulanger G, et al. Is the 2-cm size cutoff relevant for
small nonfunctioning pancreatic neuroendocrine tumors: A French multicenter
study. Surgery. 2016;159:901—907.

8. Lee LC, Grant CS, Salomao DR. Small, nonfunctioning, asymptomatic pancreatic
neuroendocrine tumors (PNETs): Role for nonoperative management. Surgery.
2012;152:965—-974.

9. Jung ]G, Lee KT, Woo YS, et al. Behavior of small, asymptomatic, nonfunctioning
pancreatic neuroendocrine tumors (NF-PNETs). Medicine (Baltimore). 2015;94:
e983.

10. Rosenberg AM, Friedmann P, Del Rivero ], Libutti SK, Laird AM. Resection
versus expectant management of small incidentally discovered nonfunctional
pancreatic neuroendocrine tumors. Surgery. 2016;159:302—309.

11. Sadot E, Reidy-Lagunes DL, Tang LH, et al. Observation versus resection for
small asymptomatic pancreatic neuroendocrine tumors: A matched case-
control study. Ann Surg Oncol. 2016;23:1361—-1370.

12. Gaujoux S, Partelli S, Maire F, et al. Observational study of natural history of
small sporadic nonfunctioning pancreatic neuroendocrine tumors. J Clin
Endocrinol Metab. 2013;98:4784—4789.

13. Partelli S, Cirocchi R, Crippa S, et al. Systematic review of active surveillance
versus surgical management of asymptomatic small non-functioning pancre-
atic neuroendocrine neoplasms. Br ] Surg. 2017;104:34—41.

14. Falconi M, Bartsch DK, Eriksson B, et al. ENETS consensus guidelines for the
management of patients with digestive neuroendocrine neoplasms of the
digestive system: Well-differentiated pancreatic non-functioning tumors.
Neuroendocrinology. 2012;95:120—134.

15. Falconi M, Eriksson B, Kaltsas G, et al. ENETS consensus guidelines update for
the management of patients with functional pancreatic neuroendocrine tu-
mors and non-functional pancreatic neuroendocrine tumors. Neuroendocri-
nology. 2016;103:153—171.

16. Shah MH, Goldner WS, Halfdanarson TR, et al. NCCN guidelines insights:
Neuroendocrine and adrenal tumors, version 2.2018. ] Natl Compr Canc Netw.
2018;16:693—702.

17. Ricci C, Casadei R, Taffurelli G, et al. Sporadic Small (</=20 mm) Nonfunc-
tioning pancreatic neuroendocrine neoplasm: Is the risk of malignancy


http://www.clinicaltrials.gov/ct2/show/NCT03084770
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref1
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref1
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref1
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref2
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref2
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref2
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref2
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref3
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref3
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref3
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref3
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref4
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref4
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref4
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref5
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref5
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref5
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref5
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref6
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref6
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref6
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref6
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref6
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref7
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref7
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref7
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref7
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref8
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref8
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref8
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref8
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref9
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref9
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref9
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref10
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref10
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref10
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref10
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref11
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref11
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref11
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref11
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref12
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref12
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref12
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref12
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref13
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref13
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref13
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref13
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref14
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref14
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref14
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref14
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref14
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref15
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref15
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref15
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref15
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref15
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref16
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref16
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref16
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref16
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17

18.

19.

20.

21.

22.

23.

24,

25.

26.

S. Partelli et al. / Surgery 166 (2019) 157—163 163

negligible when adopting a more conservative strategy? A systematic review
and meta-analysis. Ann Surg Oncol. 2017;24:2603—2610.

Haynes AB, Deshpande V, Ingkakul T, et al. Implications of incidentally
discovered, nonfunctioning pancreatic endocrine tumors: Short-term and
long-term patient outcomes. Arch Surg. 2011;146:534—538.

Cherenfant ], Stocker SJ, Gage MK, et al. Predicting aggressive behavior
in nonfunctioning pancreatic neuroendocrine tumors. Surgery. 2013;154:
783—785.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The
strengthening the reporting of observational studies in epidemiology (STROBE)
statement: Guidelines for reporting observational studies. Int J Surg. 2014;12:
1495—1499.

Heeger K, Falconi M, Partelli S, et al. Increased rate of clinically relevant
pancreatic fistula after deep enucleation of small pancreatic tumors. Langen-
beck’s Arch Surg. 2014;399:315—321.

Rindi G, Kloppel G, Alhman H, et al. TNM staging of foregut (neuro)endocrine
tumors: A consensus proposal including a grading system. Virchows Arch.
2006;449:395—401.

Lloyd RV, Osamura RY, Kloppel GR]. WHO classification of tumours of endocrine
organs. 4th ed. Lyon, France: IARC Press; 2017:10.

Dindo D, Demartines N, Clavien P-A. Classification of surgical complications: A
new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240:205—213.

Bassi C, Marchegiani G, Dervenis C, et al. The 2016 update of the International
Study Group (ISGPS) definition and grading of postoperative pancreatic fistula:
11 years after. Surgery. 2017;161:584—591.

Rajarathinam G, Kannan DG, Vimalraj V, et al. Post pancreaticoduodenectomy
haemorrhage: Outcome prediction based on new ISGPS clinical severity
grading. HPB (Oxford). 2008;10:363—370.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wente MN, Bassi C, Dervenis C, et al. Delayed gastric emptying (DGE) after
pancreatic surgery: A suggested definition by the International Study Group of
Pancreatic Surgery (ISGPS). Surgery. 2007;142:761—768.

Mintziras [, Keck T, Werner J, et al. Implementation of current ENETS guidelines
for surgery of small (</=2 cm) pancreatic neuroendocrine neoplasms in the
German surgical community: An analysis of the prospective DGAV Stu-
DoQ|Pancreas Registry. World J Surg. 2019;43:175—182.

Hasegawa T, Yamao K, Hijioka S, et al. Evaluation of Ki-67 index in EUS-FNA
specimens for the assessment of malignancy risk in pancreatic neuroendo-
crine tumors. Endoscopy. 2014;46:32—38.

Larghi A, Capurso G, Carnuccio A, et al. Ki-67 grading of nonfunctioning
pancreatic neuroendocrine tumors on histologic samples obtained by EUS-
guided fine-needle tissue acquisition: A prospective study. Gastrointest
Endosc. 2012;76:570—-577.

Milione M, Maisonneuve P, Pellegrinelli A, et al. Ki-67 and presence of liver me-
tastases identify different progression-risk classes in pancreatic neuroendocrine
neoplasms (pNEN) undergoing resection. Eur J Surg Oncol. 2019;45:755—760.
Partelli S, Rinzivillo M, Maurizi A, et al. The role of combined Ga-DOTANOC and
(18)FDG PET/CT in the management of patients with pancreatic neuroendo-
crine tumors. Neuroendocrinology. 2014;100:293—299.

Shi C, Siegelman SS, Kawamoto S, et al. Pancreatic duct stenosis secondary to
small endocrine neoplasms: A manifestation of serotonin production? Radi-
ology. 2010;257:107—114.

Massironi S, Partelli S, Petrone MC, et al. Endoscopic ultrasound appearance of
pancreatic serotonin-staining neuroendocrine neoplasms. Pancreatology.
2018;18:792—-798.

Laskaratos F-M, Rombouts K, Caplin M, Toumpanakis C, Thirlwell C, Mandair D.
Neuroendocrine tumors and fibrosis: An unsolved mystery? Cancer. 2017;123:
4770—-4790.


http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref17
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref18
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref18
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref18
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref18
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref19
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref19
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref19
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref19
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref20
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref20
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref20
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref20
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref20
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref21
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref21
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref21
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref21
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref22
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref22
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref22
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref22
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref23
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref23
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref23
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref24
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref24
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref24
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref24
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref25
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref25
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref25
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref25
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref26
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref26
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref26
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref26
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref27
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref27
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref27
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref27
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref28
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref29
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref29
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref29
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref29
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref30
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref30
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref30
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref30
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref30
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref31
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref31
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref31
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref31
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref32
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref32
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref32
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref32
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref33
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref33
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref33
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref33
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref34
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref34
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref34
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref34
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref35
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref35
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref35
http://refhub.elsevier.com/S0039-6060(19)30183-7/sref35

	Management of small asymptomatic nonfunctioning pancreatic neuroendocrine tumors: Limitations to apply guidelines into real ...
	Background
	Methods
	Study design
	Definitions of outcomes
	Data collection
	Statistical analysis

	Results
	Management of patients with incidental NF-PanNETs ≤2 cm
	Prognostic implications of initial diagnostic workup
	Surgery and active surveillance outcomes

	Discussion
	Conflict of interest
	References


