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Abstract: This study aimed to evaluate the optimal extent of lymphadenectomy in patients with
nonfunctioning pancreatic neuroendocrine neoplasms. We retrospectively analyzed the
clinicopathological data of patients with nonfunctioning pancreatic neuroendocrine neoplasms who
underwent surgical resection. We investigated the frequency of metastases at each lymph node
station according to tumor location and analyzed the factors contributing to poor overall survival
(OS) and disease-free survival (DFS). Overall, data of 84 patients were analyzed. For pancreatic head
tumors, metastases at stations 8, 13, and 17 were found in one (3.1%), four (12.5%), and three (9.3%)
patients, respectively. However, none of the other stations showed metastases. For pancreatic body
and tail tumors, only metastases at station 11 were found in two (5.1%) patients. Additionally,
multivariate DFS and OS analyses showed that lymph node metastasis was the only independent
prognostic factor. Lymph node metastasis was found near the primary tumor and was the only
independent factor of poor prognosis in patients with nonfunctioning pancreatic neuroendocrine
neoplasms after undergoing curative surgery. Peri-pancreatic lymphadenectomy might be
recommended for nonfunctioning pancreatic neuroendocrine neoplasms.

Keywords: lymph node dissection; nonfunctioning pancreatic neuroendocrine neoplasms; surgical
resection

1. Introduction

Approximately 2%-3% of pancreatic tumors are classified as pancreatic neuroendocrine
neoplasms (PNENSs) [1]. Although PNENs rarely occur, their detection rate has dramatically
increased over the last three decades owing to the proliferation of high-quality imaging techniques
[1]. Additionally, nonfunctioning PNENs (NF-PNENSs) represent the vast majority of these lesions
and are characterized by various degrees of aggressiveness, including both slow-growing tumors
with indolent biological behavior and aggressive neoplasms presenting at an advanced stage with
local invasion and/or distant metastases [2]. Surgery is the mainstay for the curative treatment of
localized NF-PNENSs [3-5]. The National Comprehensive Cancer Network (NCCN) guidelines and
the Japanese Neuroendocrine Tumor Society (JNETS) recommend resection with lymph node (LN)
dissection for tumors measuring >2 cm in size. Resection with LN dissection can also be considered
for tumors measuring 1-2 cm in size [6,7]. However, only a few studies have reported the frequency
of LN metastasis (LNM) at each station [8,9], and the optimal extent of lymphadenectomy for NE-
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PNENs remains unclear. Therefore, this study aimed to evaluate the optimal extent of
lymphadenectomy in NF-PNENSs.

2. Materials and Methods

2.1. Study design

Samples from patients with NF-PNENs have been routinely collected since April 1993 at our
institution. Therefore, the clinical data of eligible patients were collected via a retrospective review of
medical records dating from April 1993 to December 2022. NF-PNENSs are tumors that do not induce
hormone excess-related symptoms, which are commonly observed in PNENs [3]. Patients with
functioning PNENs and multiple endocrine neoplasia and those who underwent reduction surgery
for liver metastases were excluded. Asymptomatic tumors were defined as tumors that were
incidentally diagnosed during clinical investigation without causing any tumor-related symptoms.
Data on patients’ characteristics, surgery type, imaging findings, and pathological test results were
obtained from the hospital’s electronic medical records. The main pancreatic duct diameter was
measured using preoperative computed tomography (CT). The histopathological parameters, tumor
size, R status, LNM status, lymphatic invasion status, venous invasion status, perineural invasion
status, Ki-67 index, and tumor grade were evaluated. Furthermore, the tumors were classified as
neuroendocrine tumor (NET) grade (G)1, NET G2, NET G3, or neuroendocrine carcinoma (NEC)
based on the 2017 World Health Organization (WHO) classification guidelines. NET G1 was defined
as a well-differentiated tumor with a mitotic count of less than 2 per 10 high-power fields (HPF)
and/or a Ki-67 index of less than 3, NET G2 as a well-differentiated tumor with a mitotic count of 2—
20 per 10 HPF and/or a Ki-67 index between 3% and 20%, and NET G3 as a well-differentiated tumor
with a mitotic count of more than 20 per 10 HPF and/or a Ki-67 index of greater than 20%. NEC was
defined as a poorly differentiated carcinoma. This study was approved by the Ethics Review Board
of Hiroshima University Hospital (identification number: E-2254), and the requirement for informed
consent was waived owing to the retrospective nature of the study. All procedures were performed
in accordance with the ethical standards of the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

2.2. Surgical procedures

The operative techniques used in all patients were selected according to the tumor location and
size based on the preoperative imaging findings and Ki-67 index of the tumor harvested via
endoscopic ultrasound-guided fine-needle aspiration. The standard surgeries performed were
pancreaticoduodenectomy, distal pancreatectomy, or total pancreatectomy with regional LN
dissection, were selected according to the International Study Group on Pancreatic Surgery (ISGPS)
consensus statement [10]. For some tumors measuring <10 mm in size, located at the pancreatic body
or tail with a preoperative Ki-67 index of <3%, parenchyma-sparing resection (PSR) with LN
dissection, including enucleation, spleen-preserving distal pancreatectomy (SPDP), and middle
pancreatectomy (MP), was indicated. The extent of lymphadenectomy in PSR was determined based
on the tumor characteristics. Surgically resected specimens were examined pathologically. The
retrieved regional LNs were fixed in formalin, embedded with paraffin, sliced into 3-pm sections,
and stained with hematoxylin and eosin. Two experienced pathologists determined the presence of
LNM. All pathological findings were confirmed by the chief pathologist.

2.3. LN stations

With regard to LNM, the location and number of harvested LN’ at the LN station were recorded.
The location of LNs was classified according to the ISGPS consensus statement [10]: suprapyloric LNs
(station 5), infrapyloric LNs (station 6), LNs along the left gastric artery (station 7), LNs along the
common hepatic artery (station 8), LNs around the celiac artery (station 9), LNs at the splenic hilum
(station 10), LNs along the splenic artery (station 11), LNs along the liver hilum (station 12), LNs on
the posterior aspect of the head of the pancreas (station 13), LNs along the superior mesenteric artery
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(station 14), LNs on the anterior surface of the head of the pancreas (station 17), and LNs along the
inferior margin of the pancreas (station 18).

2.4. Frequency of LNM at each station according to the tumor site

The number of patients with LNM at each station and the number of metastasized LNs in the
retrieved LNs at each station were evaluated according to the tumor location. The number of patients
with LNM was calculated as the number of patients with LNM at the station divided by the number
of patients with LNs detected in the resected specimen at the station based on the location [9,11]. A
patient was regarded as having LNM if any number of metastasized LNs was detected in the resected
specimen. The number of metastasized LNs in retrieved LNs was calculated as the total number of
metastasized LNs at the station divided by the total number of harvested LNs at the station based on
the location [11].

2.5. Postoperative follow-up

All patients underwent follow-up blood tests and CT every 3-6 months. Recurrence was
confirmed based on the imaging findings. The failure event for overall survival (OS) was defined as
death from any cause. Survival time was measured from the date of surgery to the date of death or
the last follow-up evaluation. Disease-free survival (DFS) was calculated from the time of surgery to
the time of the first radiographic evidence of recurrence or death from any cause. The recurrence
patterns were classified based on the site of initial recurrence.

2.6. Statistical analysis

The associations between categorical variables were evaluated using the x? test. The Kaplan—
Meier method with log-rank tests was used for performing univariate survival analysis. The factors
considered significant in the univariate analysis were entered into the multivariate analysis using the
Cox proportional hazards model to estimate the hazard ratios (HRs). A P value of <0.05 was
considered significant. All statistical analyses were performed using the JMP statistical software
version 15 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Patient demographics and clinicopathological characteristics

In total, 113 patients with PNENs underwent surgical resection at the Hiroshima University
Hospital between January 1993 and December 2022. A flow diagram of the patient enrollment process
is shown in Figure 1. Of these 113 patients, 26 (23 [20%] with functioning PNENs and 3 [3%] with
multiple endocrine neoplasia) were excluded. Three (3%) patients who underwent reduction surgery
for liver metastases were also excluded. Therefore, only 84 patients with NF-PNENSs after curative
surgery (RO or R1 resection) were eligible for inclusion in this study. The demographic and
clinicopathological characteristics of these patients are presented in Table 1. The median age was 71.2
years, and 49 (59%) patients were men. Thirty-two (38%), 20 (24%), and 32 (38%) patients had tumors
in the pancreatic head, body, and tail, respectively. Fifty-nine (70%) patients underwent standard
surgery with LN dissection, whereas 25 (30%) underwent PSR. Of the patients who underwent PSR,
24 underwent MP or SPDP with LN dissection. In addition, one patient underwent enucleation with
station 8 LN sampling. Notably, none of the patients who underwent PSR developed LNM. Ten (12%)
patients developed LNM. LNM was found in eight patients with tumors measuring >20 mm in size,
and two patients with tumors measuring >15 mm and <20 mm in size; meanwhile, no LNM was
found in patients with tumors measuring <15 mm in size. Based on the WHO classification, 48 (57%),
32 (39%), and 3 (4%) patients had NET G1, G2, and G3 tumors, respectively, whereas none of the
patients had NEC.
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| Patients with pancreatic neuroendocrine neoplasms who underwent surgical treatment(N= 113) |

(N=23)

>| Excluded; number of patients with functioning tumor

| Patients with non-functioning pancreatic neuroendocrine neoplasms who underwent curative resection (N = 90) |

_—)l Excluded; number of patients with multiple endocrineneoplasia type-1(N=3)

I Patients with non-functioning pancreatic neuroendocrine neoplasms(N= 87)

surgery (N=3)

>| Excluded; number of patients with liver metastasis who underwent cytoreduction

| Data availablefor analysis (N=84) |

Figure 1. Flow diagram of the patient enrollment process. Of the 113 patients, 23 (20%) and 3 (3%)
with functional PNENs and multiple endocrine neoplasia, respectively, were excluded. Three (3%)

patients who underwent reduction surgery for liver metastases were also excluded. Ultimately, only

84 patients with NF-PNENSs after curative surgery were eligible for inclusion in this study.

PNEN, pancreatic neuroendocrine neoplasm; NF-PNEN, nonfunctioning pancreatic

neuroendocrine neoplasm

Table 1. Demographic data, clinicopathological characteristics, and pathological factors of patients

with NF-PNENs who underwent curative surgery (n = 84).

Variable
Age, median (IQR), years 71.2 (39-82)
Sex
Male/female 49 (58%)/35 (42%)

BMI, median (IQR), kg/m?
Tumor location
Head/body/tail
Procedure
Standard surgery
PD/DP/TP
PSR
MP/SPDP/enucleation
Main pancreatic duct, median (IQR), mm
Pathological tumor diameter, median (IQR), mm
RO rate
RO/R1/R2
Lymph node metastasis
Yes/no
Lymphatic invasion
Yes/no
Venous invasion
Yes/no
Perineural invasion
Yes/no
Ki-67 (%), median (IQR)
WHO classification

22.8 (15.7-32.6)
32 (38%)/20 (24%)/32 (38%)
59 (71%)
32 (38%)/27(33%)/0 (0%)
25 (29%)
12 (14%)/12 (14%)/1 (1%)
2.0 (1-13)
10.0 (3-90)
79 (94%)/5 (6%)/0 (0%)
10 (12%)/74 (88%)
11 (14%)/66 (86%)

19 (25%)/58 (75%)

17 (20%)/66 (80%)
1.3 (0-50)
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G1/G2/G3
Follow-up, median (IQR), months

48 (57%)/32 (38%)/3 (5%)
58.1 (range, 0.5-275.3)
BMI, body mass index; DP, distal pancreatectomy; IQR, interquartile range; MP, middle pancreatectomy; NF-

PNENs, nonfunctioning pancreatic neuroendocrine neoplasms; PD, pancreaticoduodenectomy; PSR,
parenchyma-sparing resection; SPDP, spleen-preserving distal pancreatectomy; TP, total pancreatectomy;
WHO, World Health Organization

3.2. Frequency of LNM at each station according to the tumor site

The frequency of LNM at each LN station according to the tumor location is presented in Table
2. With regard to the numbers of patients with LNM, metastases at stations 8, 13, and 17 were found
in one (3.1%), four (12.5%), and three (9.3%) patients with pancreatic head tumors, respectively.
However, LNM at any of the other stations was not observed. For pancreatic body and tail tumors,
only metastasis at station 11 was found in two (5.1%) patients. Notably, none of the patients had LNM
at any of the other stations. With regard to the numbers of metastasized LNs in retrieved LN at each
station, in patients with pancreatic head tumors, one (2.0%), seven (9.8%), and three (3.6%)
metastasized LNs were found in the retrieved LNs at stations 8, 13, and 17, respectively. In patients
with pancreatic body and tail tumors, three (2.2%) metastasized LNs were found in the retrieved LNs
at station 11.

Table 2. Frequency of LNM at each station according to the tumor site

Pancreatic head (n = 32) Pancreatic body and tail (n = 52)

Number of patients Total number of Number of patients

Total number of

with LNM/number metastasized with LNM/number .
. . . . metastasized
of patients with LNs LNs/total of patients with
. . LNs/total number
detected in the number of LNs detected in the
. . of harvested LNs
resected specimen harvested LNs resected specimen

5 ta;“’“ 0/26 (0%) 0/38 (0%) NA NA
Stagon 0/30 (0%) 0/42 (0%) NA NA
Station

- 0/4 (0%) 0/7 (0%) 0/29 (0%) 0/39 (0%)
Station

8 1/32 (3.1%) 1/51 (2.0%) 0/37 (0%) 0/52 (0%)
Station

9 0/2 (0%) 0/4 (0%) 0/19 (0%) 0/28 (0%)
Stalt(l)on NA NA 0/29 (0%) 0/44 (0%)
Station

1 NA NA 2/39 (5.1%) 3/132 (2.2%)
5 talt;m 0/27 (0%) 0/38 (0%) NA NA
Stalt;"n 4/32 (12.5%) 7/71 (9.8%) NA NA
Station

0/30 (0%) 0/72 (0%) 0/23 (0%) 0/ 36 (0%)

14
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6
Stalt;Orl 3/32 (9.3%) 3/82 (3.6%) NA A
Stalt;on NA NA 0/37 (0%) 0/52 (0%)

LNM, lymph node metastasis; LN, lymph node; NA, not available

3.3 Survival analysis

The median postoperative follow-up time for all 84 patients was 58.1 months (range, 0.5-275.3
months). The 5-year OS and DFS rates were 90.7% and 86.8%, respectively (Figure 2). The results of
the univariate and multivariate analyses of clinicopathological factors influencing DFS and OS are
presented in Table 3. Pathological tumor size (> 20 mm) (P < 0.001), margin (R1) (P < 0.001), LNM
status (P < 0.001), venous invasion status (P < 0.001), and tumor grade (=G2) (P = 0.002) were
significantly associated with poorer DFS. In the multivariate analysis, the presence of LNM (HR,
14.06; 95% confidence interval [CI], 1.16-169.9; P = 0.012) was the only independent predictor of poor
DFS. The main pancreatic duct diameter (=5 mm) (P = 0.001), margin (R1) (P = 0.018), LNM status (P
< 0.001), venous invasion status (P < 0.001), and tumor grade (2G2) (P = 0.027) were significantly
associated with poorer OS. In the multivariate analysis, the presence of LNM (HR, 108.5; 95% CI,
1.94-6046; P = 0.005) was the only independent predictor of poor OS. Eight (9%) patients showed
recurrence on imaging. Recurrence frequently occurred in the liver (n = 7), followed by the
peritoneum (n = 1). None of the patients experienced local recurrence. Six of the eight (75%) patients
had LNM. All eight patients with recurrence had G2 or G3 disease, although the tumor grade (=G2)
was not independently associated with poor DFS. Here, we considered risk factors for the most frequent
recurrence, which was recurrence in the liver. Pathological tumor size (>20 mm) (P = 0.002), presence of
LNM (P < 0.001), presence of venous invasion (P < 0.001), and tumor grade (>G2) (P = 0.002) were
significantly associated with recurrence in the liver. In the multivariate analysis, the presence of LNM
(odds ratio, 17.8; 95% CI, 1.20-263.97; P = 0.036) was the only independent risk factor for recurrence
in the liver.

Overall survival Disease-fressurvival
y % T
= L o
e o
] o
E w2
O g @
= 40 4 & 40 4
a &
I L
2 ¥
0 a 0
T T T T T T T T 1 T T T T T T T T . ,
12 24 36 43 &0 0 12 24 36 43 60
51 v 5) Time after surgery (months)
R Time after surgery (menths) o ger | )
Numberatrisk
84 76 71 62 56 48 & 75 (=] 58 51 44

Figure 2. a) OS of eligible patients (n = 84). The 5-year OS was 90.7%. b) The DFS of eligible patients
(n = 84). The 5-year DFS was 86.8%.

DFS, disease-free survival; OS, overall survival
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Tumor location E
Head 32 (38%) 85.7 NA 0.884 76.3 NA 0.183 3
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0.34— =
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No 66 (86%) 86.0 NA
Venous invasion
Yes 19 (25%) 51.6 NA
No 58 (75%) 97.9 NA
Perineural invasion
Yes 17 (20%) 83.0 NA
No 66 (80%) 87.6 NA
WHO classification of specimens
G1 48 (58%) 72.3 NA
G2, G3 35 (42%) 50.0 NA

<0.001

0.704

0.002

3.1 021448 0.357
1.0

1.0
8.04 0.83-779 0.076

95.7

87.4

97.4

85.5
87.9

86.4
60.2

NA

1134

NA

NA
NA

NA
NA

0.019-
.001 1.01
<0.00 0 5174
1.0
0.952
0.027 1.0
0.043-
371 313.0

0.995

0.560

CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; OS, overall survival; NA, not available; WHO, World Health Organization
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4. Discussion

The NCCN and JNETS guidelines recommend resection with LN dissection for patients with
tumors measuring >2 cm in size and resection with LN dissection for tumors measuring 1-2 cm in
size [6,7]. The optimal extent of lymphadenectomy in NF-PNENs based on tumor location
nevertheless remains unclear. In this study, metastases at stations 8, 13, and 17 were found in patients
with pancreatic head tumors, and none of the patients had LNM at other stations. In patients with
pancreatic body and tail tumors, only metastasis at station 11 was found. A few recent studies have
reported the frequency of LNM to each station and found metastasis at station 14 in addition to
stations near the primary tumor in patients with resected NF-PNENs [8,9]. However, the current
study reported the absence of metastasis at station 14. Masui et al. [8] reported the frequency of LNM
to each station according to the tumor location in patients with resected NF-PNENs with tumors
measuring <20 mm in size; moreover, metastases were also found at station 14 in addition to the
stations near the primary tumor that developed in the pancreatic uncus and body. Takagi et al. [9]
reported the prognostic value of the regional LN station according to the tumor location in patients
with resected NF-PNENSs; they found metastases at stations 8, 13, 14, and 17 among patients with
pancreatic head tumors and metastasis at station 11 in those with pancreatic body or tail tumors.

Our results identified LNM as a predictor of poor prognosis in PNENSs, concurring with the
findings of previous studies [12-14]. Tan et al. [14] investigated the predictors of recurrence in
patients with well-differentiated NF-PNENSs after curative surgery and reported that LNM is most
strongly associated with recurrence and that recurrence is seven times more frequent in patients with
LNM than in those without LNM [9]. In terms of the predictors of poor OS, Fischer et al. [13] reported
that tumor grade G3, the presence of distant metastasis, and the presence of LNM are independent
predictors of poor OS in patients with PNENs after surgical resection [13]. Tumor size, margin, tumor
grade, perineural invasion status, and microvascular invasion status are poor prognostic factors [15—-
20] but were not associated with poor prognosis in our study. Therefore, the prognostic value of these
factors remains contested [15].

Although recurrence in the liver is considered the most frequent type of recurrence [14,21-23],
no studies have investigated the risk factors for recurrence in the liver in patients with NF-PNENS.
In this study, only LNM was independently associated with recurrence in the liver. LNM might
therefore be a systemic factor because recurrence in the liver has a hematogenous spread.
Additionally, no previous study has evaluated the effect of adjuvant treatment in patients with well-
differentiated NF-PNENSs after curative surgery. The NANETS, NCCN, and JNETS NET guidelines
currently do not recommend systemic treatment for patients with well-differentiated NF-PNENs
after curative surgery [6,7,24]. However, some systemic treatments might be required for patients
with well-differentiated NF-PNENs who exhibit high-risk factors for systemic recurrences, such as
LNM, to control occult micrometastasis and prevent distant metastasis.

This study has some limitations. First, this was a single-center retrospective study with a
relatively small sample size owing to the rarity of the disease; thus, bias was unavoidable. Second,
the optimal extent of lymphadenectomy might be different for body and tail tumors; therefore, a
separate evaluation of the frequency of LNM at each station in patients with body and tail tumors is
required. In this study, only the frequency of LNM for body and tail tumors was evaluated, owing to
the small number of patients with LNM at each station. Third, the frequency of LNM might be
overestimated because the extent of lymphadenectomy in PSR was determined based on the tumor
characteristics.

5. Conclusions

LNM was found near the primary tumor and was the only independent factor of poor prognosis
in patients with NF-PNENSs after curative surgery. The peri-pancreatic lymphadenectomy might be
suitable for patients with NF-PNENs. However, future multicenter studies with a larger sample size
are required to further elucidate the optimal extent of lymphadenectomy in patients with NF-PNENSs.


https://doi.org/10.20944/preprints202310.0611.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2023 doi:10.20944/preprints202310.0611.v1

10

Author Contributions: Conceptualization, R.S., K.U,, T.S,, KO, KB, TH, YM, M.S, YI, KA. and S.T;
methodology, R.S., K.U,, T.S,, K.O. and S.T ; validation, R.S., K. U. and S.T.; formal analysis, R.S., K.U,, T.S., K.O,,
KB, T.H,YM, MS, YI. KA. and S.T,; investigation, R.S., KU, T.S, K.O., KB, TH,, YM, M.S, Y.I. KA. and
S.T.; data curation, R.S.,, KU, T.S,, KO, KB.,, TH.,, YM.,, M.S,, Y.I, KA. and S.T.; writing—original draft
preparation, R.S. and K.U.; writing—review and editing, R.S., K.U,, T.S,, KO,, K.B.,, TH, YM, M.S, Y.I, KA.
and S.T.; supervision, K.U. and S.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the Declaration of Helsinki, and
approved by the Hiroshima University Hospital ethics committee (approval No. E-2254. 11. 2020).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this study.

Data Availability Statement: The data presented in this study are available from the corresponding author upon
reasonable request. The data are not publicly available due to privacy issues.

Acknowledgments: The authors would like to thank Editage (www.editage.jp) for providing English language
editing assistance.

Conflicts of Interest: The authors declare no conflict of interests.

References

1.  Kuo, EJ.; Salem, R.R. Population-level analysis of pancreatic neuroendocrine tumors 2 cm or less in size.
Ann. Surg. Oncol. 2013, 20, 2815-2821. https://doi.org/10.1245/s10434-013-3005-7.

2. Sandvik, O.M,; Sereide, K.; Gudlaugsson, E.; Kvaley, ].T.; Sereide, J.A. Epidemiology and classification of
gastroenteropancreatic neuroendocrine neoplasms using current coding criteria. Br. J. Surg. 2016, 103, 226~
232. https://doi.org/10.1002/bjs.10034.

3. Falconi, M,; Bartsch, D.K,; Eriksson, B.; Kloppel, G.; Lopes, ].M.; O’Connor, J.M.; Salazar, R.; Taal, B.G,;
Vullierme, M.P.; O’'Toole, D.; 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. https://doi.org/10.1159/000335587.

4. Howe, ].R.; Merchant, N.B.; Conrad, C.; Keutgen, X.M.; Hallet, J.; Drebin, ].A.; Minter, R.M.; Lairmore, T.C,;
Tseng, ].F.; Zeh, H.]J; et al. The North American Neuroendocrine Tumor Society consensus paper on the
surgical management of pancreatic neuroendocrine tumors. Pancreas. 2020, 49, 1-33.
https://doi.org/10.1097/MPA.0000000000001454.

5. Partelli, S.; Bartsch, D.K,; Capdevila, ].; Chen, J.; Knigge, U.; Niederle, B.; Nieveen van Dijkum, E.].M.; Pape,
U.F.; Pascher, A.; Ramage, J.; et al. ENETS Consensus Guidelines for standard of care in neuroendocrine
tumours: surgery for small intestinal and pancreatic neuroendocrine tumours. Neuroendocrinology. 2017,
105, 255-265. https://doi.org/10.1159/000464292.

6. Shah, M.H.; Goldner, W.S.; Halfdanarson, T.R.; Bergsland, E.; Berlin, J.D.; Halperin, D.; et al. NCCN
Guidelines Insights: Neuroendocrine and Adrenal Tumors, version 2.2018. J. Natl Compr. Canc. Netw., 2018; Vol.
16; pp. 693-702.

7. Ito, T; Masui, T.; Komoto, I; Doi, R.; Osamura, R.Y.; Sakurai, A.; Ikeda, M.; Takano, K.; Igarashi, H,;
Shimatsu, A.; et al. JNETS clinical practice guidelines for gastroenteropancreatic neuroendocrine
neoplasms: diagnosis, treatment, and follow-up: a synopsis. J. Gastroenterol. 2021, 56, 1033-1044.
https://doi.org/10.1007/s00535-021-01827-7.

8. Masui, T.; Sato, A.; Nakano, K.; Uchida, Y.; Yogo, A.; Anazawa, T.; Nagai, K.; Kawaguchi, Y.; Takaori, K,;
Uemoto, S. Predictive value of the Ki67 index for lymph node metastasis of small non-functioning
pancreatic neuroendocrine neoplasms. Surg. Today. 2019, 49, 593-600. https://doi.org/10.1007/s00595-019-
01779-9.

9. Takagi, K; Umeda, Y.; Yoshida, R.; Yoshida, K.; Fuji, T., Kumano, K.; Yasui, K;; Yagi, T.; Fujiwara, T.
Prognostic value of the regional lymph node station in pancreatic neuroendocrine tumor. Anticancer Res.
2022, 42, 2797-2801. https://doi.org/10.21873/anticanres.15760.

10. Tol, J.A.,; Gouma, D.J.; Bassi, C.; Dervenis, C.; Montorsi, M.; Adham, M.; Andrén-Sandberg, A.; Asbun, H.]J.;
Bockhorn, M.; Biichler, M.W.; et al. Definition of a standard lymphadenectomy in surgery for pancreatic
ductal adenocarcinoma: a consensus statement by the International Study Group on Pancreatic Surgery
(ISGPS). Surgery. 2014, 156, 591-600. https://doi.org/10.1016/j.surg.2014.06.016.

11.  Seo, S.; Uemura, K.; Sumiyoshi, T.; Kondo, N.; Okada, K.; Otsuka, H.; Murakami, Y.; Takahashi, S. Optimal
lymph-node dissection for pancreatic tail cancer. Surg. Today. 2022, 52, 1307-1312.
https://doi.org/10.1007/s00595-022-02463-1.

12. Tanaka, M.; Heckler, M.; Mihaljevic, A.L.; Probst, P.; Klaiber, U.; Heger, U.; Schimmack, S.; Biichler, MW ;
Hackert, T. Systematic review and metaanalysis of lymph node metastases of resected pancreatic
neuroendocrine tumors. Ann. Surg. Oncol. 2021, 28, 1614-1624. https://doi.org/10.1245/510434-020-08850-7.



https://doi.org/10.20944/preprints202310.0611.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2023 doi:10.20944/preprints202310.0611.v1

11

13. Fischer, L.; Bergmann, F.; Schimmack, S.; Hinz, U.; Prief, S.; Miiller-Stich, B.P.; Werner, J.; Hackert, T.;
Biichler, M.W. Outcome of surgery for pancreatic neuroendocrine neoplasms. Br. J. Surg. 2014, 101, 1405
1412. https://doi.org/10.1002/bjs.9603.

14. Tan, Q.Q.; Wang, X,; Yang, L.; Chen, Y.H.; Tan, C.L.; Zhu, X.M.; Ke, N.W.; Liu, X.B. Analysis of recurrence
after resection of well-differentiated non-functioning pancreatic neuroendocrine tumors. Medicine. 2020,
99, €20324. https://doi.org/10.1097/MD.0000000000020324.

15.  Andreasi, V.; Ricci, C; Partelli, S.; Guarneri, G.; Ingaldi, C.; Muffatti, F.; Crippa, S.; Casadei, R.; Falconi, M.
Predictors of disease recurrence after curative surgery for nonfunctioning pancreatic neuroendocrine
neoplasms (NF-PanNENSs): a systematic review and meta-analysis. ]. Endocrinol. Invest. 2022, 45, 705-718.
https://doi.org/10.1007/s40618-021-01705-2.

16. Birnbaum, D.J.; Turrini, O.; Ewald, J.; Barbier, L.; Autret, A.; Hardwigsen, J.; Brunet, C.; Moutardier, V.; Le
Treut, Y.P.; Delpero, J.R. Pancreatic neuroendocrine tumor: a multivariate analysis of factors influencing
survival. Eur. . Surg. Oncol. 2014, 40, 1564-1571. https://doi.org/10.1016/j.ejs0.2014.06.004.

17.  Geng, C.G,; Falconi, M,; Partelli, S.; Muffatti, F.; van Eeden, S.; Doglioni, C.; Kliimpen, H.].; van Eijck, CH.J;
Nieveen van Dijkum, E.J.M. Recurrence of pancreatic neuroendocrine tumors and survival predicted by
Ki67. Ann. Surg. Oncol. 2018, 25, 2467-2474. https://doi.org/10.1245/s10434-018-6518-2.

18. Nanno, Y.; Matsumoto, I.; Zen, Y.; Otani, K;; Uemura, J.; Toyama, H.; Asari, S.; Goto, T.; Ajiki, T.; Okano,
K.; et al. Pancreatic duct involvement in well-differentiated neuroendocrine tumors is an independent poor
prognostic factor. Ann. Surg. Oncol. 2017, 24, 1127-1133. https://doi.org/10.1245/s10434-016-5663-8.

19. Ricci, C,; Partelli, S.; Landoni, L.; Rinzivillo, M.; Ingaldi, C.; Andreasi, V.; Nessi, C.; Muffatti, F.; Fontana,
M.; Tamburrino, D.; et al. Sporadic non-functioning pancreatic neuroendocrine tumours: multicentre
analysis. Br. ]. Surg. 2021, 108, 811-816. https://doi.org/10.1093/bjs/znaal41.

20. Sallinen, V.J.; Le Large, T.Y.S.; Tieftrunk, E.; Galeev, S.; Kovalenko, Z.; Haugvik, S.P.; Antila, A.; Franklin,
O.; Martinez-Moneo, E.; Robinson, S.M.; et al. Prognosis of sporadic resected small (<2 cm) nonfunctional
pancreatic neuroendocrine tumors - a multi-institutional study. HPB (Oxford). 2018, 20, 251-259.
https://doi.org/10.1016/j.hpb.2017.08.034.

21. Lindner, K,; Binte, D.; Hoeppner, J.; Wellner, U.F.; Schulte, D.M.; Schmid, S.M.; Luley, K; Buchmann, I.;
Tharun, L.; Keck, T.; et al. Resection of non-functional pancreatic neuroendocrine neoplasms-a single-center
retrospective outcome analysis. Curr. Oncol. 2021, 28, 3071-3080.
https://doi.org/10.3390/curroncol28040268.

22. Trikalinos, N.A.; Tan, B.R.; Amin, M,; Liu, J.; Govindan, R.; Morgensztern, D. Effect of metastatic site on
survival in patients with neuroendocrine neoplasms (NENs). An analysis of SEER data from 2010 to 2014.
BMC Endocr. Disord. 2020, 20, 44. https://doi.org/10.1186/s12902-020-0525-6.

23. Marchegiani, G.; Landoni, L.; Andrianello, S.; Masini, G.; Cingarlini, S.; D’Onofrio, M.; De Robertis, R.;
Davi, M,; Capelli, P.; Manfrin, E.; et al. Patterns of recurrence after resection for pancreatic neuroendocrine
tumors: who, when, and where? Neuroendocrinology. 2019, 108, 161-171. https://doi.org/10.1159/000495774.

24. Kunz, P.L,; Reidy-Lagunes, D.; Anthony, L.B.; Bertino, E.M.; Brendtro, K.; Chan, J.A.; Chen, H.; Jensen, R.T.;
Kim, MK, Klimstra, D.S.; et al. Consensus guidelines for the management and treatment of
neuroendocrine tumors. Pancreas. 2013, 42, 557-577. https://doi.org/10.1097/MPA.0b013e31828e34a4.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202310.0611.v1

