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Ⅰ Introduction

for some of the non-functional pancreatic neuroendo
crine tumors, although conditional. There have also

Neuroendocrine neoplasms (NEN) were previously

been changes to surgical treatments, including the

classified under the disease concept vaguely referred

addition of surgical indications to the newly proposed

to as carcinoids. The term carcinoids were removed

G3 NET. Given the differences between the National

from the 2000 World Health Organization (WHO)

Comprehensive Cancer Network (NCCN) guidelines2）

classification of pancreatic and gastrointestinal tract

and the European Neuroendocrine Tumor Society

diseases and the disease concept of neuroendocrine

(ENET) guidelines3）, this article provides a review of

tumors (NET) was defined. In the 2010 WHO classifi

surgical treatments for pancreatic NEN (pNEN).

cation, tissue grading was reconsidered using the Ki67 index and mitotic count, which represents mitotic

Ⅱ Pancreatic Neuroendocrine Neoplasms (pNEN)

cell patterns that correlate with clinical symptoms.

The generic term for neuroendocrine tumors of

Moreover, the notation in the 2017 WHO classifica

the pancreas is pNEN. For pNEN, the degree of differ

tion of gastrointestinal and pancreatic neuroendo

entiation is first evaluated pathologically. Well-differ

crine tumors was changed from NET to NEN. New

entiated tumors are classified as pancreatic neuro

concepts were also proposed, including the reclassi

endocrine tumors (pNET), and poorly-differentiated tu‑

fication of neuroendocrine carcinomas (NEC) into

mors as pancreatic neuroendocrine carcinomas (pNEC).

well-differentiated G3 NET and poorly-differentiated

Within pNET, tumors are divided into functional

NEC. This was accompanied by a revision of the

pancreatic endocrine tumors with clinical manifesta

Clinical Practice Guidelines for Gastroenteropancre

tions of excess hormone production of tumors and

atic Neuroendocrine Neoplasms (GEP-NEN) 2019 in

non-functional pancreatic endocrine tumors without

1）

(hereinafter, Japan NeuroEndocrine Tumor

clinical manifestations. Mixed neuroendocrine-non-

Society ; JNETS Guidelines, 2nd Edition). An obser

neuroendocrine neoplasms (MiNEN) were defined as

vation approach was included as a treatment option

tumors where the same tumor contains at least 30%

Japan

each of pNEN and another epithelial tumor (Fig. 1).
＊
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Functional Pancreatic Neuroendocrine Tumor ;
F-pNET

Treatment concepts for F-pNETs have two objec
tives : (1) improving hormonal symptoms through
235
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Fig. 1

Concept of pNEN

tumor resection (occasionally reducing the dose), and

arterial secretagogue injection (SASI) testing with

(2) radical resection of the tumor.

calcium be performed preoperatively. If tumors can

Insulinoma : This condition triggers hypoglycemic

not be identified intraoperatively without SASI tests,

symptoms, as represented by the triad of Whipple

intraoperative ultrasonography may be helpful. How

symptoms that are caused by excessive secretions of

ever, there is still a possibility that tumors may not

insulin. Many patients experience some interference

be detected. Resection of the pancreas is not recom

in their daily life due to chronic high insulin status.

mended if SASI tests are not performed preopera

Surgical treatment is indicated when the diagnosis is

tively, the location of the intraoperative tumor (or

confirmed, and surgery is recommended in all of

even if it can be identified as a tumor) is not under

1）
-3）

the guidelines

. Approximately 90 ％ of insulinomas

stood, or the culprit site is unclear. After abdominal

are benign tumors and are likely to be cured by sur

closure, SASI tests must be performed to identify

4）
5）

gery

. There are some differences in the interpre

the culprit site and map the extent of resection. If

tations in each of the guidelines. In the 2nd edition

the lesions cannot be confirmed to be tumors, lesions

of the JNETS guidelines, enucleation is recommend

causing hyperinsulinemia, such as minute insulinoma,

ed for tumors without distant metastases, without

hyperplasia of the islets of Langerhans, and non-

invasive findings, and that are distant from the main

insulinoma pancreatogenous hypoglycemia syndrome

6）
7）

. If damage to the main pancreatic

(NIPHS), may be identified within the resected spec

duct is suspected, a procedure that preserves the

imen8）9）. Standard pancreatectomy with lympha

pancreas as much as possible (including partial pan

denectomy is recommended for invasive findings,

createctomy, segmentectomy, distal pancreatectomy

multiple lesions, lesions with dilated pancreatic ducts,

with/without spleen preservation) may be selected.

and positive lymph node metastases. For the most

Less invasive laparoscopic surgery is also an option

part, surgical method selection is the same as de

at some medical institutions. Even if the tumor can

scribed in the NCCN guidelines. Somatostatin recep

not be identified intraoperatively, surgery should be

tor scintigraphy (SRS) or positron emission tomogra

pancreatic duct

performed on that assumption. The recommendation

phy/computed tomography (PET/CT) or PET/magnet-

is that not only diagnostic imaging but also selective

ic resonance imaging (MRI) is also recommended
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Fig. 2

Surgical treatment algorithm for insulinoma

preoperatively2）. In addition to resection, the ENET

5.6 ％ of instances arise outside the pancreas and

guidelines introduce endoscopic ultrasonography (EUS)-

duodenum18）, systemic evaluation such as with SRS is

guided ethanol injection and CT-guided radiofrequency

required prior to surgery. Surgical procedures are

10）
-12）

ablation (RFA)

(Fig. 2). For insulinomas, treatment

almost identical to those described in the 2nd edition

is difficult since whether or not the hyperinsulinemia

of the JNETS guidelines and the NCCN guidelines,

improves intraoperatively even after the resection of

and evaluations are performed depending on the

tumors is not known. Based on this finding as well,

location, the presence or absence of invasion, and the

confirming the localization of culprit lesions preoper

number of tumors. If neither pancreas or duodenum

atively by SASI tests provides reassurance. Although

are invaded, enucleation and partial resection are

not mentioned in the guidelines, there have been re

chosen ; however, lymphadenectomy is required for

ports of increases in glucose from continuous intra

all procedures. Moreover, in patients with invasion or

13）

or an insulin/glucose

multiple lesions, pancreaticoduodenectomy, total duo

ratio of 0.3 or less as being a guide for resection of

denectomy, distal pancreatectomy, and central pan

operative glucose monitoring
14）

createctomy are considered. However, the ENET

culprit lesions .

Gastrinoma : Refractory peptic ulcers and reflux

guidelines do not recommend extensive surgery,

esophagitis due to gastric hyperacidity are observ

such as pancreaticoduodenectomy, in gastrinomas

ed since the condition presents with the so-called

complicated with multiple endocrine neoplasia

Zollinger-Ellison syndrome (ZES). Gastrinoma is a

type 1 (MEN1). The reason for this is that ZES can

highly malignant tumor with a high rate of lymph

be controlled with pharmacotherapy19）20）and there is a

node metastases. Resection of the primary lesion and

possibility of numerous early and late complications

15）
16）

lymphadenectomy are necessary

. Surgery is the

with pancreaticoduodenectomy. This point signifi

only treatment method that can be expected to lead

cantly differs from the 2nd edition of the JNETS

to a cure. Gastrinomas are often seen within the gas

guidelines. Total pancreatectomy should be avoided

trinoma triangle comprising the duodenum and pan

for patients with glucagonoma associated with MEN,

creas and adjacent lymph nodes17）. However, since

but the recommendation is that curative outcomes are
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Fig. 3

Surgical treatment algorithm for gastrinoma

focused on when selecting the procedure21）22） (Fig. 3).

of the JNETS guidelines, the recommendation is to

Rare functional pancreatic NET : In addition to

follow-up patients with tumors less than 1 cm in

insulinoma and gastrinomas, there are rare F-pNET,

diameter and no incidental findings of metastases or

such as glucagonomas, vasoactive intestinal peptide

invasion every 6 to 12 months and to consider sur

(VIP) omas, somatostatinomas, growth hormone

gery if the tumor grows larger24）25）. Follow-up is

releasing factor (GRF) omas, pancreatic polypeptide

included as an option other than surgery for tumors

(PP) omas, adrenocorticotropic hormone (ACTH)

less than 1 cm in the NCCN guidelines2） and for

omas, and parathyroid hormone (PTH) omas. All of

tumors 2 cm or less in the ENETS guidelines3）. Since

these tumors are highly malignant and are associat

highly invasive procedures such as pancreaticoduo

23）

ed with poor prognoses . Surgery is the only cura

denectomy are an option, particularly when the

tive treatment. Lymph node metastases are frequent

tumor is located in the head of the pancreas, follow-

in all of these tumors, and standard pancreatectomy

up may be selected if preferred after providing a

with lymphadenectomy is recommended. Although

thorough explanation to the patient. Naturally, if

these tumors are often large, spleen-preserving dis

such a course is taken, there must be no imaging

tal pancreatectomy and partial pancreatectomy or

findings that are suggestive of malignancies. There is

enucleation should be performed to preserve organ

also a need to determine whether follow-up is appro

function in small tumors less than 2 cm. Lymph

priate considering age and whether the patient has

adenectomy should not be omitted.

any complications. Standard pancreatectomy and

Ⅳ

Non-functional Pancreatic Neuroendocrine
Tumor ; NF-pNET

regional lymphadenectomy are also indisputably indi
cated for large tumors 2 cm or more in diameter.
However, for small tumors less than 2 cm, various

Surgery is the fundamental treatment mentioned

pancreatic resection techniques can be chosen, rang

in all of the guidelines. However, there is no consen

ing from enucleation to standard pancreatectomy,

sus as to whether resection should be performed for

considering such factors as the location of the tumor

all patients with small NF-pNETs. In the 2nd edition

and the main pancreatic duct (Fig. 4). There is, how
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Fig. 4

Surgical treatment algorithm for NF-pNET

ever, no consensus on the extent of lymphadenecto

the prognosis is relatively good. Conversely, the Ki-

my required. The 2nd edition of the JNETS guide

67 index for pNEC (G3) is usually at least 50 ％ and,

lines also states that there is a need to investigate

although platinum-based pharmacotherapies are suc

whether pancreatectomy with lymphadenectomy will

cessful in some cases, survival prognoses are report

lead to improved outcomes and quality of life (QOL)

ed to be extremely poor30）31）. Furthermore, a report

in all patients. This is because while there are nu

on an investigation of gene expression patterns

merous reports of very few nodal metastases in G1

in both groups indicated that the gene expression

26）
-28）

, G1 pNETs less than 1 cm

patterns for pNET G3 were similar to those of pNET

are also reportedly associated with widespread me

G1 and G2, whereas that for pNEC (G3) was similar

pNETs less than 1 cm
29）

tastases . At this point in time, the recommendation

to that of pancreatic ductal carcinoma32）. The two

is to sample the surrounding lymph nodes, even if

tumor types did not show continuity in their devel

limited surgery is performed on NF-pNETs 2 cm or

opment and malignant transformation as tumors,

less.

since the tumors were considered to have developed
Ⅴ

G3 pNET and pNEC

and originated from completely different cells. Prior
to the 2017 WHO classification, NECs (known as

As previously mentioned, well-differentiated tu

pNET G3 and pNEC (G3) from 2017 onwards) were

mors with a Ki-67 index higher than 20 ％ are de

not indicated for surgery and the recommended

fined as pNET G3 and poorly-differentiated tumors

treatment was platinum-based pharmacotherapy.

as pNEC (G3) in the 2017 WHO classification. Within

However, following the 2017 revision of the WHO

conventional NEC, there were groups responding

classification, the JNETS guidelines1） recommenda

differently to pharmacotherapy, and these were di

tions were also updated to state that the treatment

vided in two groups. The Ki-67 index for pNET G3 is

policy for pNET G3 should conform to that of pNET

modestly low, ranging from 20 ％ to 50 ％ , and re

G1/G2. This meant that surgery was added as a

sponse rates to platinum-based anticancer therapy,

treatment option. Nevertheless, the prognoses for

the standard treatment for NEC, are low. However,

pNEC (G3) after resection remain extremely poor,
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even in patients with resectable lesions, and the me

lymphadenectomy were performed38）-40）. Thus, stan

33）
-

dard pancreatectomy with hepatectomy and regional

35）

. Since there have been no reports evaluating the

lymphadenectomy is indicated in pNET patients

outcomes of resection and prognostic factors for

with liver metastases. However, since simultaneous

resection in only pNEC patients, whether surgery

hepato-pancreatectomy is associated with excessive

should be indicated or not and, if so, in which pa

surgical invasiveness, not all patients are eligible

tients has not been clarified.

for this procedure and it should be considered on a

dian overall survival does not exceed 12 months

Ⅵ

pNETs with Metastatic or Recurrent Lesions

case-by-case basis considering the risks41）. Even in
lesions for which curative resection is not feasible,

If resection is feasible without the risk of leaving a

surgery is indicated when improvements in progno

residual lesion, multidisciplinary treatment with re

sis and QOL are desired. In the United States, favor

section as the main treatment is indicated. An analy

able prognosis was reportedly obtained with liver

sis of the vast amount of data in the United States

transplantation42）.

Surveillance Epidemiology and End Results (SEER)

Ⅶ Conclusions

registry revealed that surgical treatment that in
cluded the primary tumor and distant metastases
36）

This article focused on describing surgical options

was associated with improved outcomes . However,

for pNEN. The extent and indications of lymph

most patients require multidisciplinary treatment

adenectomy and the role of hepatectomy in multidis

and surgery alone is not expected to lead to a cure.

ciplinary treatment are controversial. The guidelines

In patients with pNET and liver metastases, recur

reported to date have been mainly from Europe and

rences within 3 years were reportedly associated

the United States, and the accumulation of more data

37）

with more lymph node metastases , and favorable

from Japan is anticipated to lead to the dissemination

overall survival when hepatectomy and regional

of new evidence.
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