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Abstract. Pancreatic neuroendocrine tumor (PNET) cases
are increasing; however, the treatment indication and proce‑
dure remain unestablished. The present study evaluated
the indication, feasibility and safety of laparoscopic distal
pancreatectomy (LDP) with our technique for PNET. A total
of 13 patients with insulinoma and nonfunctional PNET
<2 cm in diameter who underwent LDP and 13 patients
with any size of PNET who underwent open distal pancre‑
atectomy (ODP) between October 2009 and June 2019
were retrospectively reviewed and compared. The median
age of patients was 45 (33‑61) years, and 14 (54%) patients
were male. The median follow‑up periods were 70 months
for the LDP group and 46 months for the ODP group. The
tumor diameter of the patients who underwent LDP for
PNET was 18±9 mm compared with 37±25 mm for those
who underwent ODP. The operation time, estimated blood
loss, and complication were 290.2±115 vs. 337±131 min
(P= 0.338), 122±172 vs. 649±693 ml (P= 0.019) and
31 vs. 54% (P=0.234), respectively. Pancreatic fistula
developed in 8% of patients who underwent LDP compared
with 31% who underwent ODP (P=0.131). Notably, the post‑
operative hospitalization period was significantly shorter
in the LDP group (11±7 vs. 21±13 days; P=0.022). Tumor
grade of 2017 World Health Organization classification
(G1/G2/G3/NEC/unknown) was 9/2/0/0/2 for the LDP group
compared with 5/5/0/3/0 for the ODP group. Furthermore,
lymph node metastasis was detected in only 1 patient who
underwent ODP, for whom the maximum tumor diameter
was 70 mm and was classified as G2. In addition, 2 patients
in the ODP group developed postoperative lung and liver
metastases. LDP for PNETs of <2 cm in selected patients
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can be safely performed; however, the extent of lymph node
dissection needs to be clarified.
Introduction
Pancreatic neuroendocrine tumor (PNET) arising from neuro‑
endocrine cells throughout the body of pancreas is rare cancer.
This type of cancer accounts for 1‑3% of all pancreatic cancer
and ~85% of the cases are designated as nonfunctional tumors
which do not secrete clinically significant hormones, whereas
15% of the cases are known as functional PNET which secrete
hormones leading to clinical symptoms (1). However, the inci‑
dence of PNET has been increasing by ~1,000 new patients
every year (2). A total of 3,379 patients received treatment for
PNET, and the annual prevalence of PNET in 2010 is estimated
to be 2.69 per 100,000 population, which is ~1.2 times higher
than that in 2005 according to a nationwide epidemiological
survey in Japan (3). Overall they have a better prognosis
than common pancreatic cancers, and 5‑year survival rate of
localized and resected tumors is ~55% (1). However, 5‑year
survival rate of unresectable tumors is only ~15% (1,2). The
National Comprehensive Cancer Network guideline, as well
as the European Neuroendocrine Tumor Society (ENETS)
guideline, recommends the resection of all locoregional PNET
cases (4,5).
The newest version of the World Health Organization
classification system established in 2017 are classified
as well‑differentiated tumors or poorly differentiated
tumors, with grading based on the mitotic count and/or
the Ki‑67 labeling index. PNETs with well‑differentiated
histology include those of grade 1 (G1) and grade 2 (G2)
as well as a new subset of grade 3 (G3). Poorly differenti‑
ated pancreatic neuroendocrine carcinomas are those with
G3 histology called as pancreatic neuroendocrine carci‑
noma (PNEC) (1).
Laparoscopic distal pancreatectomy (LDP) has been
covered by insurance since 2012 in Japan. LDP with lymph
node dissection just around pancreas has been one of the
treatment options for insulinoma and nonfunctional PNET of
<2 cm in our hospital because insulinoma are almost benign
and nonfunctional PNET of <2 cm have a small risk of lymph
node metastases (6‑13).
LDP with lymph node dissection just around pancreas
appears to be technically simple procedure enough to
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innovate the laparoscopic pancreatectomy for young
surgeon and institution with less experience of this proce‑
dure.
We, therefore, hypothesized that LDP with lymph node
dissection just around the pancreas would provide a safe and
good short‑term outcome for insulinoma and nonfunctional
PNET of <2 cm.
Patients and methods
Patient selection. We identified patients from our
prospectively maintained database in Department of
Hepato‑Biliary‑Pancreatic Surgery at Jikei University
Hospital between Oct, 2009 and Jun, 2019. Twenty‑six
patients with PNET who underwent distal pancreatectomy
were analyzed. We performed a retrospective review of
these patients who were histologically diagnosed with
PNET. Preoperative diagnosis and size determination were
performed using CT, MRI, somatostatin scintigraphy, and
endoscopic ultrasound (EUS) with or without guided fine
needle aspiration (FNA), and tumor function was deter‑
mined by various hormone tests and SASI tests. Pathological
findings and tumor grade were based on the World
Health Organization Classification 2017 for Pancreatic
Neuroendocrine Neoplasms. The medical records were
analyzed retrospectively for patient age, gender, performance
status (PS), Body mass index (BMI), Tumor size, WHO
grade, function, operation time, estimated intraoperative
blood loss, blood transfusion, residual tumor, lymph node
metastasis, complications (such as hemorrhage, pancreatic
fistula, intra‑abdominal abscess, and surgical site infection)
as well as postoperative hospitalization period among the
patients in the two groups i.e., those who underwent lapa‑
roscopic surgery and those who underwent open surgery.
The PS was classified as per the classification system by The
American Society of Anesthesiologist (ASA).
Treatment. Patients with insulinoma or nonfunctional PNET of
<2 cm underwent LDP with lymph node dissection just around
the pancreas. Patients who displayed other kinds of PNET or
those with nonfunctional PNET >2 cm underwent open distal
pancreatectomy (ODP) with systematic lymph node dissection.
All procedures were performed by hepato‑biliary‑pancreatic
surgeons of our department. Later, patients had an imaging
study and blood tests performed every 3 months for 5 years in
follow‑up clinic.
LDP technique. Under general endotracheal anesthesia,
patients were placed in a supine position. In laparoscopic
pancreatectomy, an umbilical scope trocar and four trocars
(two 12 mm and two 5 mm trocars) were utilized. The
surgical field was prepared by placing the table in a reverse
Trendelenburg position, which was slightly rotated to the
bottom right. Then, the greater omentum was opened toward
the craniad of the spleen with a dissection of the left gastro‑
epiploic and the short gastric vessels through the greater
curvature and toward the caudad of the spleen with a dissec‑
tion of the splenicocolic ligament to prevent injuring the
transverse colon. Next, the retroperitoneum was dissected
below and lateral of the spleen. The posterior stomach wall

was then fixed to the abdominal wall to enable viewing of
the omental bursa and pancreas. The superior mesenteric
vein was identified from the colic vein, and the pancreas
was tunneled right above the portal vein. Thereafter, the
splenic artery was isolated and ligated first (artery‑first
technique), followed by transecting the pancreas right
above the portal vein with a triple‑row stapler. The partial
pancreatectomy site, particularly on the left side merely
above the portal vein, was then transected. Subsequently,
the retropancreatic plane on the Toldt's fascia was dissected
from the caudad to the craniad of the pancreas; the lymph
nodes were also dissected around the pancreas and spleen.
After the complete resection of the specimen containing the
body and tail of the pancreas and spleen, it was removed
using an endobag through the umbilical wound with or
without prolongation. After the hemostasis and injury
were reviewed, a drain was positioned around the pancreas
stump. (shown in Fig. 1).
Statistical analysis. Data is expressed as mean ± standard
deviation (SD). Differences in the continuous data were
compared using Student's t‑test. Differences between other
characteristics with small sample sizes were tested using
chi‑square test or Fisher's exact test. P‑values were considered
statistically significant when <0.05. All statistical tests were
performed using the SPSS software package (v 23.0).
Results
Patient characteristics. Thirteen patients who underwent
LDP and 13 patients who underwent ODP were identified.
Table I shows the patient characteristics, such as their age,
gender, and BMI, which were found to be comparable between
the LDP and ODP groups. Patients were primarily with low
PS scores (1; 77%) in LDP group and patients were with low
PS scores (1; 54%) in OP group with no statistical differ‑
ence. Tumor diameter in LDP group tended to be smaller
than that in the ODP group as an indication of laparoscopic
surgery. According to WHO grade, eleven patients of G1 and
two patients of G2 in LDP group, and five patients of G1,
five patients of G2, and three patients of pancreatic neuro‑
endocrine carcinoma (PNEC) in ODP group were classified.
Two patients with insulinoma include LDP group and 1 patient
with gastrinoma were included in the ODP group. Tumor func‑
tion in all patients was diagnosed by preoperative hormonal
tests. They did not exhibit lymph node enlargement in preop‑
erative diagnostic imaging.
Surgical factors and postoperative outcomes. As shown in
Table II, Distal pancreatectomy required 290.2±114.6 and
337.3±130.7 min to be performed in the LDP and ODP groups,
respectively, with no statistical difference. Of note, the esti‑
mated blood loss in the LDP and ODP groups was 122.3±171.8
and 649.2±692.6 ml, respectively, which was statistically
significant. Meanwhile, requirement for blood transfusion
and residual tumor was very similar among the two groups.
Regarding complications, SSI in LDP group trended to be
fewer than that in ODP group, with no statistical difference,
and the overall complications were found to be similar.
Postoperative hospitalization periods were statistically longer
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Figure 1. Technique of laparoscopic distal pancreatectomy. (A) Insulinoma, somatostatin receptor scintigraphy. The white arrow indicates the tumor.
(B) Nonfunctional neuroendocrine tumor <2 cm. The white arrow indicates the tumor. (C) First dissection of the splenic artery. (D) Taping and dissection of the
pancreas. (E) Encirclement and dissection of the splenic vein. (F) Abruption of the pancreas on the Toldt's Fascia. (G) After pancreatectomy. The white arrow
indicates the cut end of the splenic artery. The black arrow indicates the cut end of the splenic vein. (H) After pancreatectomy (preserving the Gerota's fascia).

Table I. Patient characteristics.
Factor
Age, yearsa
Sex, n (male:female)
ASA score, n (1:2)
BMI, kg/m2
Tumor diameter, mm
WHO grade, n
(G1:2:3:NEC)b
Function, n (yes:no)

LDP
(n=13)

ODP
(n=13)

P‑value

47.9±11.0
7:6
10:3
23.1±4.0
19.9±9.9
11:2:0:0

50.2±15.8
7:6
7:6
23.6±4.6
35.0±25.0
5:5:0:3

0.670
>0.999
0.205
0.806
0.060
0.154

2:11

1:12

0.500

Mean ± SD; b2 unknown cases. ASA, The American Society of
Anesthesiologist; WHO, World Health Organization; NEC, neuroen‑
docrine carcinoma; LDP, laparoscopic distal pancreatectomy; ODP,
open distal pancreatectomy.
a

in the ODP group than that in the LDP group. This was also
a feature of the laparoscopic procedure which is described in
Table III.
We found that only one patient from the ODP group
had developed metastases of the dissected lymph node, as
described in Table IV. This patient, who had been diagnosed
with gastrinoma, underwent partial pancreatectomy with
systematic lymph node dissection. Pathological findings
showed that it was a 6 mm G1 gastrinoma, and she displayed
no recurrence after surgery for the next 3 years.
Further, two patients from the ODP group, developed recur‑
rence of PNET, are described in Table IV. These were male
patients in their 40s and had been diagnosed with nonfunctional
PNET, and they underwent distal pancreatectomy with lymph
node dissection. Pathological findings discovered PNETs of
41 and 20 mm in the two patients. Further, a recurrence of liver
metastases was detected at 1 and 21 months, respectively, after
surgery in the two patients.
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Table II. Surgical and pathological factors.
Factor

LDP (n=13)

ODP (n=13)

P‑value

Operation time, mina
Estimated blood loss, mla
Blood transfusion, n (no:yes)
Residual tumor, n (R0:R1)
Lymph node metastasis, n (no:yes)

290.2±114.6
122.3±171.8
13:0
13:0
13:0

337.3±130.7
649.2±692.6
12:1
12:1
12:1

0.338
0.019
0.500
0.500
0.500

Mean ± SD. R0, no residual tumor; R1, microscopic residual tumor; LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy.

a

Table III. Complications and postoperative hospital stay.
Factor

LDP (n=13)

ODP (n=13)

P‑value

4 (31)
0 (0)
1 (8)
2 (15)
2 (15)
10.7±7.4

7 (54)
0 (0)
4 (31)
2 (15)
6 (46)
20.9±12.7

0.234
‑
0.161
>0.999
0.101
0.022

Overall complication, n (%)
Hemorrhage, n (%)
Pancreatic fistula, n (%)
Intraabdominal abscess, n (%)
Surgical site infection, n (%)
Postoperative hospital stay, daysa

Mean ± SD. LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy.

a

Table IV. Metastatic case and recurrent cases.
		
Case
Sex

Age,			
years
Functional or not
Grade

Metastatic case on surgical specimen
by pathological findings
1
Female
50
Gastrinoma
Recurrent cases
1
Male
43
Non functional
2
Male
41
Non functional

Tumor
size, mm

Procedure (positive		
LN/harvest LN)
DFS, months

Site of
recurrence

G1

6

ODP (1/12)

30

No relapse

NEC
NEC

41
20

ODP (0/8)
ODP (0/17)

1
21

Liver and lung
Liver

DFS, disease‑free survival; LN, lymph node; NEC, neuroendocrine carcinoma; ODP, open distal pancreatectomy.

Discussion
Recently, laparoscopic surgery and robotic surgery are
increasingly being performed in some developed countries on
patients with various gastrointestinal and pancreatic NETs.
Although there have been very few reports that study the
safety and long‑term prognosis of laparoscopic surgery for
NET in the gastrointestinal tract, conventional laparoscopic
surgery that is performed for esophageal, gastric and colon
cancer, and which requires systemic lymph node dissection,
has achieved results comparable to open surgery. Based on
these results, it is now considered that NET can be safely
performed (14‑16). In our analysis, LDP performed for PNET
with small tumor size (<2 mm) was comparable to the results
of the ODP; therefore, partial resection was performed in

many cases. Furthermore, in situations where the surgical
technique was similar, LDP tended to result in significantly
less bleeding and shorter operation times than that with open
surgery. However, this was not true when the tumor diam‑
eter was extremely large. The postoperative complications
were not different between the two groups; however, the
postoperative hospitalization period was significantly shorter
in the LDP group. Of note, some of the previous studies on
low malignant tumor also demonstrated that LDP shows
perioperative outcomes and long‑term prognosis that is either
equal or better than that in ODP (17‑19). From the results of
this study and others, we believe that LDP appears to be safe
and minimally invasive and may become more common in
patients with PNET who do not require systemic lymphad‑
enectomy or vascular resection.
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In this context, it is essential to discussion the lymph node
metastasis and lymph node dissection of PNET. It is noteworthy
that lymph node metastasis is seldom identified because
>90% of insulinomas are benign (20). Therefore, enucleation
without lymph node dissection is recommended if it has no
malignant findings and can be performed safely without
damage to the main pancreatic duct (6‑8). On the other hand,
distal pancreatectomy is recommended when it is in close prox‑
imity to the main pancreatic duct. In addition, other functional
NETs have high malignancy and poor prognosis (21‑29). Of
note, despite the rate of lymph node metastasis in gastrinoma
being as high as 60% or even higher, improvement of prognosis
by dissection has been reported (30,31). Even in our data, one
patient with gastrinoma which was just only 6 mm G1 tumor
underwent partial pancreatectomy and lymph node dissection
with long‑term disease‑free survival despite lymph node metas‑
tasis being found by pathology. Recently, there are some reports
that it is safe to follow‑up small nonfunctional NET with a
tumor diameter of <2 cm (9‑13). On the other hand, lymph node
metastasis has been reported even when the tumor diameter is
<1 cm (32‑34). However, this includes the poorly differentiated
tumors and requires careful attention in their interpretation. In
our data, one patient who relapsed had a high grade NEC tumor
with a diameter of 20 mm. Further, lymph node metastasis of G1
PNET of <1 cm has been reported to be extremely low (32‑34).
However, in such cases, the tumor size is either too small or
FNA is too difficult, which results in the PNET grade not being
diagnosed before surgery. Furthermore, PNEC resection results
and postoperative prognostic factors have remained unreported,
and the surgical indication for PNEC is still unclear from the
guidelines. Two cases were found to have recurrence though
distal pancreatectomy with numerous lymph nodes around the
pancreas was performed (Table IV). Therefore, we could not
mention to the lymph node dissection for PNEC.
Hence, laparoscopic pancreatectomy with lymphadenec‑
tomy around the pancreas, which is a minimally invasive
procedure, could be the standard procedure, and an effective
surgical technique for this approach is required for low‑malig‑
nancy PNET. In other words, insulinoma and nonfunctional
PNET <2 cm are good indications of laparoscopic pancreatec‑
tomy with lymph node dissection around the pancreas, and
introducing laparoscopic pancreatectomy to an inexperienced
institution is a good opportunity.
Our report has the limitations of being a retrospective
analysis of a single institution and involving a relatively small
sample size. However, the strength of the analysis is that these
are valuable individual findings of rare cancer.
In conclusion, although LDP has not sufficiently examined
and accumulated evidence on long‑term treatment results, it is
clearly minimally invasive. In particular, it is considered to be
one of the important treatment options in such a PNET region
in which various range of malignancy for selected patients.
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