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Abstract

BACKGROUND

Although PNENs generally have a better prognosis than pancreatic cancas, some
PNENSs display malignant behavior including lymph node (LN) metastasis. Complete
tumor resection can be the only potentially curative treatment for patients with
resectable PNENs. However, the indications for LN dissection are still controversial.
Over the last decade, minimally invasive surgery such as laparoscopic pancreatic

surgery (LPS) has been increasingly performed for pancreatic tumors including PNENS.

AIM
To investigate the risk factors for LN metastasis in PNENs and to select appropriate

patients for limited surgery by LPS.

METHODS




From April 2001 to December 2019, 92 patients underwent pancreatic resection for
PNENs at Kumamoto University Hospital. Finally, 82 patients were enrolled in this
study. Using perioperative factors, we examined the predictive factors for LN

metastasis in PNENSs.

RESULTS

Among the 82 patients, the percentage of LN metastasis according to the pathological
findings waEZ% (10/82 cases). The median tumor size was 12 mm (range: 5-90 mm).
The median tumor size in the LN-positive group (37 mm) was significantly larger than
that in the LN-negative group (12 mm) (P = 0.0001). Multivariate analyses revealed that
larger tumor size (= 20 mm) was an independent risk factor for LN metastasis (odds
ratio 16.8, P = 0.0062). In patients with small tumors (< 10 mm), LN metastasis was not

found.

CONCLUSION
Larger tumor size (= 20 mm) is an independent risk factor for LN metastasis in PNENSs.
In smaller PNENs (< 10 mm), we may be able to choose limited surgery without LN

dissection.

INTRODUCTION

Pancreatic neuroendocrine neoplasms (PNENSs) are relatively rare and represent 1%-2%
of all pancreatic neoplasmslll. Although patients with PNENs generally have better
prognosis than those with pancreatic cancers, some PNENs display malignant behayior
including local invasion, lymph node (LN) metastasis, and distant metastasisl. The
natural history of PNENSs is not fully understood because of their relative rarity, and
therefore, it is difficult to predict the malignant potential of PNENSs precisely.

Complete tumor resection can be the only potentially curative treatment for

patients with resectable PNENs. However, optimal surgical management procedures




have not yet been established®%]. Especially, the indications for LN dissection are still
controversial, especially in early PNENs. This is partly caused by the difficulty of
predicting LN metastasis. Therefore, it is important to establish appropriate indications
for LN dissection to treat PNENSs.

Over the last decade, minimally invasive surgery such as laparoscopic
pancreatic surgery (LPS) has been increasingly performed for pancreatic tumors
including PNENSs!>7]. Non-comparative studies have shown that LPS for pancreatic
tumors is safe and equivalently effective to open pancreatic surgery (OPS)[310l. In well-
selected groups of patients with pancreatic lesions, LPS provides good peri and post
operative outcomes, such as reduced intraoperative blood loss, and postoperative pain
and length of postoperative day(®'®13l. As a limited type of LPS, laparoscopic spleen-
preserving distal pancreatectomy and excisional resection for PNENs has also been
performed in selected cases!” 1415, However, the indications for limited surgery by LPS
for patients with PNENs remain unclear.

The aims of this study are to investigate the risk factors for LN metastasis in

PNENSs and to select appropriate patients for limited LPS.

MATERIALS AND METHODS
Study cohort

From April 2001 to December 2019, 92 patients underwent pancreatic resection for
PNENs at Kumamoto University Hospital. Of them, 10 patients (11%) were excluded
from this analysis because of distant metastases and coexisting tumors other than
PNENSs. Finally, 82 patients were enrolled in this study. The patients were identified
retrospectively from a prospectively maintained database, and additional data were
obtained by reviewing each patient’s medical records. Written informed consent was
obtained from all patients before treatment, and this study was approved by the

Institutional Review Board of Kumamoto University (number 1291).

Treatment strategy




Before treatment, all patients underwent routine diagnostic laboratory tests and
imaging modalities including enhanced computed tomography (CT), magnetic
resonance imaging (MRI), and endoscopic ultrasound (EUS). The final diagnoses were
confirmed pathologically using resected specimens. Tumors were classified as
functional PNENs according to the clinical signs and symptoms of hormonal excess and
increased levels of corresponding serum peptides and hormones. Tumors were
classified as non-functional if they were not associated with distinct clinical
manifestations or hormonal alterations'®l. Surgical procedures were selected based on
each tumor’s location and extent and the patient's general condition. Pancreatic

resection was considered the first-choice treatment for patients with PNENSs.

Postoperative workup

After treatment, all of the patients underwent regular follow-up examinations including
routine laboratory tests and imaging studies including EUS, CT, or MRI to detect any
pancreatic recurrence or distant metastasis, as described previously[l7l. When tumor
recurrence was confirmed, various treatment modalities were selected, including repeat
surgery, chemotherapy, or a combination of these methods, according to tumor location

and patient condition.

Statistical analysis

Continuous variables were expressed as median (range). Continuous and categorical
variables were compared using Mann-Whitney U and y? tests, respectively. Survival
analyses were performed using the Kaplan-Meier method, with comparisons using the
log rank test. Overall survival (OS) was calculated from the date of surgery until death
or last follow-up. Variables in which the P value for LN metastasis was < 0.05 in
univariate analysis were subjected to subsequent multivariate analysis by stepwise
backward elimination procedures. All statistical analyses were performed using JMP®
version 13.1 (SAS institute, Cary, NC, United States). All P values were two-sided, and

P <0.05 was considered as statistically significant.




RESULTS
The 82 patients’ demographic and clinical characteristics e summarized in Table 1.
There were 41 male and 41 female patients, with a median age of 59 years (range, 18-81
years). Thirty five patients (43%) had symptoms at the first consultation. Preoperative
contrast-enhanced CT showed that the majority of patients had tumors with hyper
enhanced pattern (72 patients, 88%). Of the 31 patients (38%) who had functional
PNENSs, the most frequent type of functional PNEN was insulinoma (26 patients, 32%),
followed by glucagonoma (2, 2.5%), gastrinoma (2, 2.5%), and VIPoma (1, 1%). There
were 51 patients (62%) who had non-functional PNENSs. Their 2017 WHO classifications
were: G1, 70 (85%); G2, 9 (11%); and G3 or NEC, 3 (4%). Fourteen patients (17%) had
multiple tumors, and the median tumor size was 12 mm (range, 5-90 mm). Among the
82 patients, 23 (28%) received pancreatoduodenectomy (PD), 38 (46%) received distal
pancreatectomy, 2 (2.5%) received PD + DP, and 19 (23%) received enucleation or
partial pancreatectomy.

Among the 82 patients, 10 (12%) were identified as having LN metastasis. The
demographic and clinical characteristics of the 10 patients with LN metastasis were
compared with those of the 72 patients without LN metastasis (Table 1). LN metastases
of PNENs were positively associated with pathological grade: 6%, 44%, and 67% of
cases with LN metastases were classified as G1, G2, and G3/NEC, respectively (P =
0.0009). In the LN metastasis-positive group, tumor size was significantly larger than
that in the negative group (median, 12 vs 37, P = 0.0001). Univariate analysis showed
that the following three factors were related to LN metastasis: tumor size = 20 mm
[Odds Ratio (OR) 31.5, P < 0.0001], WHO 2017 dlassification > G2 (OR 20.1, P = 0.0001),
and non-functional type of PNEN (OR 6.43, P = 0.035). Multivariate logistic regression
analyses revealed that tumor size > 20 mm was an independent risk factor for LN
metastasis (OR 16.8, P = 0.0062) (Table 2).

Figure 1 shows the rate of LN metastasis according to tumor size. The rates of

LN metastasis according to tumor size were as follows: 0% (0/29 cases, < 10 mm group),




3% (1/31 cases, 11 mm-20 mm group), 25% (2/8 cases, 21-30 mm group), 50% (3/6
cases, 31-40 mm group), and 50% (4/8 cases, > 40 mm group) (Figure 1). The median
length of follow-up after surgery was 51.8 months (range, 0.4-224.2). The cumulative OS
rate after surgery for patients with no LN metastasis was significantly higher than that

for those with LN metastasis (P = 0.009) (Figure 2).

DISCUSSION

PNENSs are rare tumorsltl. The oncological history is not yet fully understood due to
their often-lazy course, because it is not easy to find correct diagnosis and treatment.
Furthermore, PNENs have wide variety biological behaviors, such as benign tumors
and malignant statusl'8l. Because of the heterogeneity of PNENS, it is very difficult both
to construct the effective clinical treatment policy systems and to confirm the surgical
method for cure.

Some reports have associated LN metastasis with shorter OS[319-2%, while others
have found that LN status did not affect survivall2629l. LN metastasis is positively
correlated with pathological grade, with 15%-20%, 30%-40%, and > 50% of patients with
LN metastasis classified as G1, G2, and G3, respectively®L In our study, we also
reported that the LN metastasis-positive group of PNENs had poor OS after surgery.
Further, we reported that LN metastases of PNENs are positively associated with
pathological grade, with 6%, 44%, and 67% of patients with LN metastases classified as
G1, G2, and G3/NEC, respectively (P = 0.0009; Table 1). Therefore, patients with
PNENs and LN metastasis have poor prognosis and high malignant potential.
However, previous reports have not clearly shown that to omit LN dissection may
increase the possibility of recurrence. Some previous studies shows that local LN
metastases of PNENs have oncologic effectsP031. A past study related with non-
functional G1 PNENs who underwent surgery of pancreas reported that LN metastases
of PNENSs do not adversely affect oncological outcomes and do not require routine local
lymphadenectomyl32l. Partelli et al reported that a lot of insulinomas (well-

differentiated) and non-functional PNENs located in the distal pancreas are very small,




rarely associated with LN metastases, and there is no radiographic evidence of positive
of LN metastasesl®]. Thus, the significance of LN metastasis in patients with PNENSs is
very complicated, and the indications for regional LN dissection are still controversial.

Previous studies have focused on the associations of LN metastasis or and/or
prognosis with tumor sizel7.21,34-39], Althougl-EN metastasis has been seen even in
patients with tumors < 10 mm, LN metastasis occurs more often in patients with large
tumors than in those with smaller ones. In our study, there were no cases of LN
metastasis in patients with tumors £ 10 mm. LN metastases of PNENs were positively
associated with tumor size, being present in 0%, 3%, 25%, and 50% of patients with
primary tumors < 10 mm, 11-20 mm, 21-30 mm, and > 30 mm, respectively. If we can
predict the presence of LN metastasis according to tumor size, we can select
approplﬁte patients for limited LPS.

Over the last decade, the use of laparoscopy in pancreatic surgery has increased
significantly, and previously almost all open surgery can now be performed in a
minimally invasive method. In general, these minimally invasive surgery should be
limited to high-volumg_centers with extensive experience in pancreatic surgery with
open surgery. Patients with small-sized PNENSs in the body and tail of the pancreas are
particularly well suited for minimally invasive surgery, and the laparoscopic
procedures gives better result than Opﬁ'l surgical methodl 41, Laparoscopic distal
pancreatectomy have the potential to be superior to the open surgical method in
patients with benign tumors, resulting in less operative bleeding, shorter postoperative
days, and equivalent rates of complications!!3l. According to the review by 11 studies,
which involve 906 PNENs patients, of whom 22% and 78% underwent LPS and OPS,
respectively, it reported that overall complication rate of laparoscopic method was
significantly lower (38% vs 46%, P < 0.001) and the postoperative days in hospital is
shorter (P < 0.001)[40l. LPS is now considered to be a safe approach for PNENs and
should be included in the patient’s surgical equipment. Many surgeons have reported
that the rates of overall complication in small or benign tumors were lower with LPS

than OPS. Although in the cases of patients with malignant PNENs, we need advanced




surgical skills, LPS was not associated with compromised oncologic resection and
provided benefits including reduced postoperative pain, shorter hospital stay, and
shorter postoperative recovery period. Thus, it is important to investigate the risk
factors of LN metastases in PNENs and to select appropriate patients for limited LPS.
Our resﬁts offer certain recommendations in this regard.

However, this study had several limitations, including its retrospective design,
the small number of subjects, and the lack of data on certain pathologic variables
(especially the Ki-67 indices and mitotic rates) for all patients. The number of examined
LNs was not sufficient, and data on the number of positive LNs were not available for

all PNENs. Therefore, further research regarding advanced PNENS is required.

CONCLUSION

In conclusion, larger tumor size (= 20 mm) is an independent risk factor for LN
metastasis in PNENs. In smaller PNENs (£ 10 mm), we may be able to choose limited

surgery without LN dissection.

ARTICLE HIGHLIGHTS

Research background

The indications for lymph node (LN) dissection are still controversial.

Research motivation

Over the last decade, minimally invasive surgery such as laparoscopic pancreatic
surgery (LPS) has been increasingly performed for pancreatic tumors including
pancreatic neuroendocrine neoplasms (PNENSs).

Research objectives

The aim of this study was to investigate the risk factors for LN metastasis in PNENs and

to select appropriate patients for limited surgery by LPS.




Research methods

From April 2001 to December 2019, 92 patients underwent pancreatic resection for
PNENs at Kumamoto University Hospital. Finally, 82 patients were enrolled in this
study. Using perioperative factors, we examined the predictive factors for LN

metastasis in PNENSs.

Research results

Among the 82 patients, the percentage of LN metastasis according to the pathological
findings waEZ% (10/82 cases). The median tumor size was 12 mm (range: 5-90 mm).
The median tumor size in the LN-positive group (37 mm) was significantly larger than
that in the LN-negative group (12 mm) (P = 0.0001). Multivariate analyses revealed that
large tumor size (= 20 mm) was an independent risk factor for LN metastasis (odds ratio

16.8, P = 0.0062). In patients with small tumors (£ 10 mm), LN metastasis was not found.

Research conclusions
Large tumor size (= 20 mm) is an independent risk factor for LN metastasis in PNENSs.
In smaller PNENs (£ 10 mm), we may be able to choose limited surgery without LN

dissection.

Research perspectives
In smaller PNENs (£ 10 mm), we may be able to choose limited surgery without LN

dissection.
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