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Abstract

Background: Malignant potential of small (<20 mm) nonfunctional pancreatic neuroendocrine tumors
(sNF-PNET) is difficult to predict and management remain controversial. The aim of this study was to
assess the prognosis of sporadic nonmetastatic SNF-PNETs.

Methods: Patients were identified from databases of 16 centers. Outcomes and risk factors for
recurrence were identified by uni- and multivariate analyses.

Results: sNF-PNET was resected in 210 patients, and 66% (n = 138) were asymptomatic. Median age
was 60 years, median tumor size was 15 mm, parenchyma-sparing surgery was performed in 42%.
Postoperative mortality was 0.5% (n = 1), severe morbidity rate was 14.3% (n = 30), and 14 of 132
patients (10.6%) with harvested lymph nodes had metastatic lymph nodes. Tumor size, presence of
biliary or pancreatic duct dilatation, and WHO grade 2—-3 were independently associated with recurrence.
Patients with tumors sized <10 mm were disease free at last follow-up. The 1-, 3- and 5-year disease-
free survival rates for patients with tumors sized 11-20 mm on preoperative imaging were 95.1%, 91.0%,
and 87.3%, respectively.

Conclusions: In sNF-PNETs, the presence of biliary or pancreatic duct dilatation or WHO grade 2-3
advocate for surgical treatment. In the remaining patients, a wait-and-see policy might be considered.
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Introduction

Pancreatic neuroendocrine neoplasms are rare and heterogeneous
neoplasms with variable malignant potential."” With the wide-
spread use of cross-sectional imaging, asymptomatic nonfunc-
tional pancreatic neuroendocrine tumors are now diagnosed with
increasing frequency.” Surgical resection is the only potential cure
for these tumors, and has long been advocated for all lesions.
However, since pancreatic surgery carries a high risk of morbidity
and mortality,"” the benefit/risk balance need to be carefully
weighted. Small (<2 cm) sporadic nonfunctional pancreatic
neuroendocrine tumors (NF-PNETs) have been suggested as
good candidates for surveillance.” "' However, all surgical series
agree that about 10—15% of small NF-PNETs have malignant
potential with lymph node metastasis on pathologic specimens or
12715 1t is unclear how to preoperatively predict
malignant behavior of small NF-PNETs and how to select patients

later recurrence.

for surgery or a surveillance strategy.

The aim of this European multicentric study was to assess
postoperative outcome and risk factors for recurrence of resected
sporadic small (<20 mm) NF-PNETs.

Methods

Inclusion criteria and data collection

Patients undergoing surgery between 1999 and 2014 were
identified from pancreatic surgical databases of 16 European
participating centers. Inclusion criterias were patients with (i)
histopathologically proven pancreatic neuroendocrine tumors
(PNET), (ii) nonfunctional tumor as defined by the ENETS
guideline (nonfunctional status defined by the absence of a

hormone hypersecretion syndrome'®

), (iii) with largest diameter
of 20 mm or below on preoperative cross-sectional imaging and
(iv) completely resected (i.e. RO/R1) (by pancreas sparing or
standard resection). Exclusion criterias were (i) recurrence of
preoperatively resected PNET, (ii) PNET presenting with syn-
chronous metastasis, (iii) PNET from proven genetic origin
(Multiple Endocrine Neoplasia type 1, Von Hippel Lindau Dis-
ease), (iv) PNET with macroscopically incomplete (R2) resection
and (v) duodenal/ampullary neuroendocrine tumors. De-
mographic, radiographic, pathologic, postoperative, and follow-
up data were obtained from each center’s databases with addi-
tional retrospective medical record review performed when
necessary. Data were recorded in a preformatted data collection
sheet. Minimum preoperative work-up included at least an
abdominal computed tomography scan before surgery, magnetic
resonance imaging, endoscopic ultrasonography and/or so-
matostatin receptor imaging, depending on the clinical situation
and according to each attending discretion.

Postoperative course and follow-up

Postoperative mortality included all deaths occurring before hos-
pital discharge or within 90-days. Morbidity included all compli-
cations following surgery until discharge and/or readmission, and
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was graded according to the Clavien-Dindo classification.'” Post-
operative pancreatic fistula was defined according to the Interna-
tional Study Group of Pancreatic Surgery (ISGPS).'® Follow-up
was based on clinical, radiological, and laboratory assessments,
and updated on outpatient evaluation, routine postoperative visits,
and/or correspondence. Pancreatic lesions were graded according
to the 2010 World Health Organization classification.'” Follow-up
information was available for all patients.

Statistical analyses

Values are expressed as median (interquartile), or percentage, as
appropriate. Fisher exact test was used to compare differences in
discrete or categorical variables, the Mann—Whitney U-test for
continuous variables and the Wilcoxon rank-sum test was used for
paired continuous variables. Disease-free survival (DFS) (time
from surgery to time of first radiological evidence of local, regional,
or distant relapse, or death due to any cause) and overall survival
(time from surgery until death, regardless of cause) were estimated
by the method of Kaplan—Meier, and the log-rank test was used to
compare survival curves. The Hazard ratio (HR) and its 95%
confidence interval (CI) were estimated using Cox’s proportional
hazards regression model in a uni- and multivariate analysis. Pa-
tients were censored as of their last follow-up visit if they were alive
and/or disease-free throughout the study period. All tests were
two-sided. For all tests, statistical significance was defined by
P < 0.05. Data were analyzed with SPSS 21 (IBM, Armonk, USA).

Results

Patients and tumors characteristics

Overall, 210 patients fulfilling the inclusion criteria were eligible
and included in the analyses. Patient characteristics are shown in
Table 1. Although all patients had presumed sporadic tumors,
five patients (2.4%) had multiple lesions.

Surgical procedure and postoperative course

Formal resection (pancreaticoduodenectomy or distal pancrea-
tectomy) was performed in 121 patients and the remaining 89
underwent parenchyma-sparing surgery (enucleation or central
pancreatectomy) (Table 2). Major complication (Clavien-Dindo
grade > 3) occurred in 31 patients and the fistula rate was 40.5%
(n = 85), including clinically relevant (grade B or C) in 16.7%
(n = 35). The 90-day postoperative mortality rate was 0.5%
(n = 1). Risk for postoperative pancreatic fistula was greatest in
parenchyma-sparing surgery but no differences regarding mor-
tality, overall complications, delayed gastric emptying, or post-
operative hemorrhage were observed (Table 3).

Tumor pathology

The median tumor size on pathological examination was 15 mm
and significantly different (p = 0.04) from the one measure on
preoperative imaging (Table 2). The median size discrepancy
compared to preoperative radiological evaluation was 2 (1-5)
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Table 1 Basic characteristics of the 210 included patients with
nonfunctional pancreatic neuroendocrine tumors

Variable Median (IQR) or

percentage (n)

Age (years) 60 (55-68)
Male 45% (95)
Symptoms
None 65.7% (138)
Pain 20.9% (44)
Jaundice 3.8% (8)
Pancreatitis 2.4% (5)
Weight loss 3.3% (7)
Nonspecific 3.3% (7)
Preoperative radiological
tumor characteristics
Size on cross-sectional 15 (11-19)
imaging (mm)
Location
Head 30% (63)
Body 38.6% (81)
Tail 31.4% (66)
Multiple lesions 2.4% (5)
Suspicion of nodal involvement® 3.8% (6)

2 0n 156 patients with available data.

mm. In 6.1% (n = 13) of cases, the size of the tumors were more
than 5 mm smaller in the pathological analysis, while 10.5%
tumors (n = 22) were more than 5 mm larger in the pathological
analysis compared to preoperative cross-sectional imaging.
While the radiological measurement was <20 mm in all tumors,
9.6% (n = 20) of the tumors were larger than 20 mm in the
pathological analysis.

In almost two thirds of patients (62.9%; n = 132), lymph
nodes were present and analyzed with the specimen. When
present, a median of six nodes (3—14) were analyzed. In pa-
tients with lymphadenectomy, 10.2% (14 out of 132 patient
with lymphadenectomy) had metastatic lymph nodes. The
corresponding rates of metastatic lymph nodes were 23% (6
patients with metastatic lymph nodes/26 patients with
harvested lymph nodes/27 patient total) for pancreaticoduo-
denectomy, 4% (3/69/94) for distal pancreatectomy, 31% (4/
13/19) for central pancreatectomy, and 4% (1/24/70) enucle-
ation. 3% (n = 4) of WHO 2010 grade 1, 16% (n = 6) of grade
2, and 100% (n = 1) of grade 3 tumors had metastatic lymph
nodes. An R1 resection was considered to have been performed
in 23 (11%) of tumors, all but three of these following
parenchyma-sparing surgery.

Long-term outcome

After a median follow-up of 36 months (16—64), the median
disease-free survival was not reached, and the 1-, 3- and 5-year
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Table 2 Surgical procedure, postoperative course and pathological
characteristics of nonfunctional pancreatic neuroendocrine tumors

Median (IQR) or
percentage (n)

Variable

Type of surgery

Pancreaticoduodenectomy 12.8% (27)
Median pancreatectomy 9% (19)
Distal pancreatectomy 44.8% (94)
Enucleation 33.3% (70)
Complications
Clavien-Dindo 1-2 41.3% (85)
Clavien-Dindo 3 12.6% (26)
Clavien-Dindo 4 1.9% (4)
Clavien-Dindo 5 0.5% (1)
Length of hospital stay® (days) 9 (6-13)
Size on pathology (mm) 15 (10-18)

WHO 2010 grade

Grade 1 81% (162)
Grade 2 18.5% (37)
Grade 3 0.5% (1)

Lymph nodes

Patients with examined
lymph nodes on specimen

62.9% (132)

Lymph nodes examined/patient 6 (3-14)

Patients with positive lymph 10.6% (14)

node on pathology

WHO - World Health Organization.
2 0n 157 patients with available data.

disease-free survival rates were 96.4% (+1.3%), 93.5%
(£1.9%), 93.5% (£1.9%), respectively (Fig. la). Overall 5.9%
(n = 11) of patients developed tumor recurrence at a median
time of 8 (6—28) months. The most common site of recurrence
was liver (n = 5), followed by lymph nodes (n = 2) and lung
(n = 2). There was one local recurrence and one recurrence in
multiple sites. Four of the 11 patients (36%) with recurrence
underwent metastasectomy, of whom two (50%) remained free
of disease during the follow-up. Disease-free survival was similar
in patients who underwent pancreas-sparing pancreatectomy
compared to formal resection (Fig. 2).

The median overall survival was not reached, and the 1-, 3-
and 5-year overall survival rates were 99.0% (£0.7%), 97.5%
(£1.3%), and 96.2% (+1.8%) respectively. Only one patient, with
a grade 3 tumor, died of metastatic PNET during follow-up. The
cause of death was unrelated to PNET in three patients, and
unknown in one patient.

Results of the univariate and multivariate Cox proportional
hazards models are shown in Table 4 for both preoperative and
postoperative parameters. Tumor size, and the presence of biliary
or pancreatic duct dilatation on preoperative computed to-
mography (CT) were independent predictors of recurrence on
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Table 3 Complications by the type of operation in 210 patients with nonfunctional pancreatic neuroendocrine tumors

Pancreaticoduodenectomy, Distal Median Enucleation, p
n =27 pancreatectomy, pancreatectomy, n=170
n =94 n =19
Pancreatic fistula
Grade A 2 (7%) 17 (18%) 6 (32%) 25 (36%) 0.006
Grade B 2 (7%) 11 (12%) 3 (16%) 7 (10%)
Grade C 2 (7%) 3 (3%) 7 (10%)
Total 6 (22%) 31 (33%) 9 (47%) 39 (56%)
Hemorrhage
Grade A 0 1 (1%) 0 4 (6%) 0.18
Grade B 2 (7%) 1 (1%) 0 1 (1%)
Grade C 1 (4%) 1 (1%) 1 (5%) 2 (3%)
Total 3 (11%) 3 (3%) 1 (5%) 7 (10%)
Delayed gastric
emptying
Grade A 1 (4%) 3 (3%) 1 (5%) 3 (4%) 0.30
Grade B 2 (7%) 0 1 (1%)
Grade C 0 0 1 (1%)
Total 3 (11%) 3 (3%) 1 (5%) 5 (7%)
Clavien-Dindo > 3 3 (11%) 10 (11%) 3 (16%) 14 (20%) 0.29
30-day mortality 0 0 1 (5%) 0 0.09

multivariate analysis, Pathological tumor size and WHO 2010
grade were independent predictors of recurrence among pa-
rameters that were accessible postoperatively.

All patients with <10 mm sized tumors (n = 59) were disease
free at 1-, 3- and 5-year follow-up (Fig. 1b). 10.2% (n = 5) of
tumors below 10 mm in size presented with presence of biliary or
pancreatic duct dilatation on preoperative CT. Patients with
tumors sized 11-20 mm (n = 151) had worse disease-free sur-
vival rates at 1-, 3- and 5-year follow-up being 95.1% (+1.8%),
91.0% (+2.7%), and 87.3% (+4.4%), respectively (Fig. 1¢c). Here,
7.9% (n = 12) of tumors between 11 and 20 mm in size presented
with presence of biliary or pancreatic duct dilatation on preop-
erative CT.

For tumors over 20 mm in size on histopathology (n = 20), the
1-, 3- and 5-year disease-free survival rates were 77.8% (+9.8%),
71.8% (£10.7%), and 71.8% (£10.7%), respectively, and 35% of
them (n = 7) presented with biliary or pancreatic duct dilatation
on preoperative CT. Of tumors causing biliary or pancreatic duct
dilatation (n = 23), 65% (n = 15) were WHO 2010 grade 1, 26%
(n=6) grade 2, 4% (n = 1) grade 3 (grade missing n = 1), and
17% (n = 4) had metastatic lymph nodes.

Behavior of tumors considered at low-risk of
recurrence

Seventy-one patients were considered as low-risk of recurrence
based on the following criteria'': (i) 2 cm or smaller on preop-
erative imaging, (ii) no bile or pancreatic duct dilation, (iii)
sporadic, (iv) asymptomatic, (v) no lymph node or distant
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metastasis in imaging studies, and (vi) WHO 2010 grade 1. The
1-, 3- and 5-year disease-free survival rates in this subgroup were
98.6% (£1.4%), 94% (£3.4%), 94% (+3.4%) respectively. One
patient died of postoperative complications. Two patients
developed disseminated disease, one in the lungs and the other
one in liver at 31 and 51 months after surgery, respectively.

Discussion

If surgery used to be the cornerstone of the management of small
NF-PNET;, this has been recently challenged. Indeed, in view of
the severe and frequent complications of pancreatic surgery and
the natural history of sporadic small NF-PNET <20 mm,
expectant management has recently been proposed as a possible
option.

In the present European multicentric study, including 210
patients with resected (<20 mm) small NF-PNETs, several ob-
servations were made. First, about 7% of tumors presented with
nodal metastasis at the time of resection (11% in patients in
whom lymphadenectomy was performed). Second, overall 5-
year disease-free survival was excellent (approximately 94%),
and most importantly, none of the patients with tumors size
below 10 mm recurred. Third, presence of biliary or pancreatic
duct dilatation, size on preoperative CT, and WHO 2010 grade
were independent predictors of recurrence. The presence of
pancreatic duct involvement was identified recently also in
another series as poor prognostic factor.”’ Fourth, parenchyma-
sparing pancreatectomy carried the highest risk for pancreatic
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Figure 1 Disease-free survival of patients with sporadic small (<2 cm) nonfunctional pancreatic neuroendocrine tumor stratified by a) size on
preoperative imaging, b) symptoms, c) ductal obstruction status, and d) WHO 2010 grade

fistula, but was associated with long-term disease-free survival
similar to formal resection in highly selected patients.

If long-term disease-free survival after curative surgery is
excellent, the results of non-operative management are of para-
mount interest. Two recent systematic reviews have explored the
safety and feasibility of a non-operative management for
asymptomatic small NF-P-NETs.*?' While 22% of sporadic
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tumors showed growth during follow-up, only 12—14% required
resection and no patients developed disseminated disease during
the follow-up period.*”" On the other hand, 52% of MENI-
related tumors showed growth, 25% underwent surgery and
9% developed disseminated disease, indicating that patients with
MENI1-syndrome might need different strategy than patients
with sporadic tumors.® Taken together, these results favor a wait-
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Figure 2 Disease-free survival in patients who underwent pancreas-sparing pancreatectomy compared to formal resection

and-see policy in selected patients with asymptomatic small
sporadic NF-PNET without bile or pancreatic duct obstruction.

However, some patients with small NF-PNET most likely
benefit from surgery. Several clinical or radiological preoperative
factors have been identified earlier to predict poor prognosis of
NE-PNET such as distant metastases, primary tumor size over
2 cm, WHO 2010 grade 2 or 3, or presence of radiological signs
of node involvement.”***’ But tumors below 2 cm in size remain
poorly discriminant. Recently, genetic or transcriptomic markers
have been investigated,”"”” but they are currently not clinically
available, and their clinical relevance still needs to be confirmed.
In the current study, larger size (even when below 2 cm), bile or
pancreatic duct obstruction, and WHO grade 2—3 were identi-
fied as independent risk factors for poor disease-free survival
even after surgery, suggesting that patients with growing tumor,
presence of bile or pancreatic duct dilation, or suspicion/
confirmed WHO grade 2-3 are not good candidates for
surveillance.

Significant discrepancy between preoperative CT measure-
ment and pathology size should also be noted. In the present
experience, in about 10% of the cases in our study the tumor size
was underestimated in the preoperative imaging. This discrep-
ancy has been previously reported regarding pancreatic cancer
tumors and cystic lesion size.”>?” While the correlation between
tumor size and malignancy in NE-PNET is well demonstrated,”®
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other parameters should also be taken into account. Falconi et al.
showed that nonincidental diagnosis of the tumor is an inde-
pendent predictor of malignancy at multivariable analysis,'*® as
well as KI-67 when preoperatively available on FNA.”’ Age
obviously plays a role in selecting patients for surgery versus
surveillance. Younger patients have lower risk of mortality after
surgery and have longer surveillance ahead of them compared to
old patients with possible comorbidities and shorter life-
expectancy. Tumor location as well plays a role in selecting pa-
tients for surgery, and threshold for surgery might be lower
with body/tail lesion that do not
pancreaticoduodenoctemy.

At the moment, there are no tools to predict whose tumor will
grow, cause ductal dilation, or transform into WHO grade 2-3

in patients require

tumor in the future. Thus, the dilemma in treating patients with
small NF-PNET arises from the morbidity and mortality of
pancreatic surgery — the only known curative treatment of these
lesions. The mortality of pancreatic surgery varies between 1%
and 3% in high-volume centers,”””' but increases up to 6-10%
when nationwide data is considered.’””® Additionally, the

34,35
h.>*3° Furthermore,

morbidity of pancreatic surgery remains hig
pancreatic fistula rates are higher in non-adenocarcinoma
tumors, such as PNETs.”® Overall, this indicates that the
benefit-risk balance of pancreatic resection needs to be carefully

weighted. In the present series from several European centers,
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Table 4 Univariate and multivariate analysis of prognostic factors for disease-free survival (DFS)

Variable OR (95% CI)

Preoperatively available parameters

Age (by year) 1.02 (0.97-1.07)

Gender (male) 1.00 (0.32-3.16)

Asymptomatic 0.70 (0.22-2.21)

Location in the head 1.56 (0.49-4.93)

Size (imaging, by mm) 1.29 (1.06-1.56)
(

Bile duct obstruction 6.77 (1.83-25.11)
4.4 (1.20-16.1)

2.49 (0.32-19.3)

Pancreatic duct obstruction
Suspicion of nodal involvement
Postoperatively known parameters

Formal resection 2.70 (0.73-10.02)
0.50 (0.07-3.91)

(

Complications > Clavien-Dindo 3 (
0.27 (0.03-2.36)

(

(

R status

pN1 (vs. pNO or NX)
Size (histology, by mm)
Grade WHO 2010

4.25 (1.14-15.84)
1.20 (1.09-1.33)
6.86 (2.39-19.67)

early results of surgery are nevertheless favorable. The mortality
rate is very low (0.5%). 40% of the patients underwent a
parenchyma-sparing pancreatectomy, which were associated
with higher risk of pancreatic fistula, but excellent long-term
disease-free survival rates in highly selected patients. These
points suggest that the patients were appropriately selected and
that surgeons correctly estimated the risk-benefit balance of their
procedure, excluding patients with high-operative risk and
attempting to limit the functional consequences of surgery.
Whether to proceed with parenchyma-sparing or formal resec-
tion is a delicate decision, and in any case needs to be discussed
with the patient and preferably made as a shared-decision. Pa-
renchyma-sparing resections have higher morbidity, especially
pancreatic fistula, but this morbidity does not transform into
mortality in these patients.”” On the other hand, parenchyma-
sparing surgery yields in better long-term exocrine and endo-
crine function.””

In the absence of high level evidence, current European or
NCCN guidelines advocate operative strategy for symptomatic
patients and tumors of over 2 cm in size,”*”’ but suggest sur-
veillance as an option in smaller sporadic asymptomatic lesions.
This strategy is in line with this study’s results and also supported
by two recent systematic reviews demonstrating the safety of
surveillance in selected patients.””' However, selecting patients
for surgery versus surveillance needs to be carefully weighted, as
demonstrated by two recent large registry based studies'”'” and a
retrospective series' that have showed that small asymptomatic
NF-PNETs have an unpredictable evolution and that a subset of
them can behave malignant. While patient selection can be
improved by recommending surgery for patients with bile/
pancreatic duct dilation or high KI-67, a few patients will remain
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Multivariate
analysis p-value

Univariate
analysis p-value

OR (95% CI)

0.46

1

0.54

0.45

0.01 1.30 (1.11-1.54) 0.002
0.004 12.1 (3.1-48.1) 0.0004
0.027 7.30 (1.81-29.4) 0.005
0.38

0.14

0.51

0.24

0.031 0.88 (0.15-5.19) 0.887
0.0003 1.16 (1.03-1.30) 0.014
0.0003 4.4 (1.36-14.35) 0.013

having a malignantly behaving tumor. In our material, two out of
71 patients (3%), with tumors consistent with all signs of a
benign lesion, developed disseminated disease after surgery. An
RCT comparing upfront surgery to surveillance would provide
higher level of evidence, but, due to the rarity of the tumors, is
unlikely to be carried out in the near future.

These observations also question the carcinogenesis of PNET.
Whether a G1-G2 sequence exists as an adenoma-carcinoma
sequence for pancreatic adenocarcinoma remain to be formally
demonstrated. It is possible that the majority of PNET never
become clinically relevant, and that the few patients who would
progress can be identified during an initial observation. In this
subgroup of patients, which may represent about 15% of small
NE-PNET, it seems that delayed surgery would not compromise
long-term outcomes.'' However, earlier identification of pro-
gressive tumor would allow prophylactic surgery, and possible
parenchyma sparing procedures. In this setting, systematic FNA
could be helpful at least in order to rule out, G2 or high-G2
tumor, from a surveillance strategy.

The strength of this study is the relatively large cohort stem-
ming from several pancreatic surgery centers in the Europe, and
thus providing better external validity than small single-center
cohorts. Large number of patient allowed for multivariate ana-
lyses, and the detection of the role of pancreatic and bile duct
obstruction on the prognosis of patients with small NF-PNET.

We are, of course, aware of some limitations of the present
study. First, it is limited by its retrospective nature with inherited
biases, such as the absence of standardized preoperative assess-
ment. Second, we have data only on resected patients, and it is
unknown how many patients have been under surveillance
during the same time period in the participating centers. This
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would be of paramount interest, but unfortunately registries are
kept for patients undergoing surgery only. Third, the reason why
exactly these patients underwent surgery instead of surveillance
is unknown, and might be surgeon and/or patient specific.
Finally, the median follow-up in our series was just around 3
years, which might be too short to detect all recurrences.

Further, there was a low proportion of G3 NF-PNETs in our
cohort (n = 1). Most likely reasons for this are: (i) These tumors
usually present with metastases, and metastatic tumors were
excluded in our cohort. (ii) These tumors are rapidly growing
and thus are often diagnosed beyond 2 c¢m, and again excluded
from our cohort.

In conclusion, the postoperative and long-term outcome in
small NF-PNET is excellent for the vast majority of patients.
However, in sporadic small NF-PNET, presence of biliary or
pancreatic duct dilatation on preoperative CT and WHO grade
2-3 are risk factors for aggressive tumor biology, and these pa-
tients, regardless of their tumor size, should undergo formal
pancreatic resection with lymphadenectomy. The remaining
patients are at low-risk of recurrence and a wait-and-see policy
might be considered. As level 1 evidence is difficult, if not
impossible, to obtain, other centers are encouraged to report
their experience treating small NF-PNETs.
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