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Abstract. This review aimed to highlight the characteristics
and surgical treatments of tumours, and answer questions
regarding the assessment of gastrointestinal neuroendocrine
neoplasms (NENs) and optimal therapy. NENs comprise tumours
that can produce hormones and cause a secretory syndrome. The
diagnostic method and accuracy differ depending on the site of
occurrence; hence, the relevant scientific society has created
NEN treatment guidelines for each organ. Gastroenteric
pancreatic (GEP) NENs have been unified and classified
together according to the 2019 World Health Organization
classification. Treatment is based on complete tumour resection,
and when metastatic or primary lesions cannot be completely
resected, lesions and symptoms are treated. Except for surgery
for NENs, chemotherapy, molecularly targeted drugs,
transarterial chemoembolization, etc., have also been confirmed
as treatments. GEP NEN treatment methods will continue to
advance and change because of surgery and other advances in
treatment and diagnostic methods.

Neuroendocrine neoplasms (NENs) are rare heterogeneous
tumours that develop from the nervous system and endocrine
cells (1-5). NEN refers to neuroendocrine tumours (NETs) in
a broad sense; however, NETs include well-differentiated
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NETs and poorly differentiated invasive neuroendocrine
cancer (NEC). NET including NEC, is often expressed as
NET and is confusing. NEN occurs in all organs throughout
the body but is mainly seen in the digestive system, pancreas,
and lungs (5). It presents with hormone production and an
array of progressive symptoms in the developing organ.
Recently, it has been reported that the incidence of NEN is
increasing and that the site of occurrence varies depending on
the region (2, 6-8). The incidence of NEN varies because of
differences in the survey periods and countries where the
national surveys were conducted. The prevalence in the United
States (US), which has the largest database, is estimated to be
103,312; cases. The prevalence of gastroenteropancreatic
(GEP)-NEN, which has the highest incidence based on site, is
reportedly 3.56 cases per 100,000 (6, 8). NEN was first
reported by Oberndorfer as a carcinoid in 1907 (9). Progress
related to NEN in pathological research, such as
immunohistochemical staining and the analysis of genetic
information, increased the molecular biological knowledge of
NEN (10), consequently advancing its treatment (11). NEN
was not uniform at the different sites of occurrence and was
evaluated and classified by organ (5). The unified NEN tissue
classification for the entire digestive system was developed
according to the 2019 World Health Organization (WHO)
classification (5, 12-15). Currently, researchers are analysing
the entire properties of NEN based on this classification (16).
WHO-classified G1 NET is considered to have a high degree
of differentiation and slow growth; however, even tumours <1
cm in size metastasize (17). Biological and genomic
differences depending on the NEN grade and site of
occurrence have been found (4). The 2019 WHO classification
also considers the clinicopathological differences between
NET and NEC. In studies on NET expression, there are
molecular differences between differentiated NETs and NECs
(4). Mutations in DAXX and ATRX have been confirmed for
multiple endocrine neoplasia (MEN) type 1 (MENI), and
mutations in 7P53 or RBI have been confirmed for NEC (4,
10, 14). Radical treatment requires complete tumour removal,
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and resection is an effective and important part of treatment
(18). Regarding the treatment of metastases such as lymph
node and liver metastases, treatment aims to prolong prognosis
and treat hormone-producing symptoms; surgery, drug therapy,
endovascular treatment, efc., and novel treatment approaches
have been developed, with consistently improving treatment
results (1). This study reviews the latest findings on GEP-
NEN treated by gastroenterologists, along with the latest
trends in organ-specific surgical treatment for the
aforementioned tumour.

Epidemiology

The incidence of GEP-NEN is steadily increasing in Asia,
Europe, and most notably, North America. It frequently
occurs in the small intestine and rectum in North America,
the rectum and pancreas in Asia, and the small intestine and
pancreas in Europe, and its incidence is biased. The reported
worldwide incidence of GEP-NEN per capita is 2.5-8.35%
of 100,000 people (6). The differences mentioned above can
be attributed to a combination of factors, including country-
specific ~ statistics, test accuracy/consultation rates,
environmental factors, and biological differences. According
to US statistics, the incidence is the highest in individuals
aged =70 years, while the highest rate of increase (4-5%) is
seen between 40 and 74 years of age (6).

Clinical Manifestations

NEN is characterized by its expression as a malignant
tumour due to proliferation, metastasis, and symptoms
resulting from endocrine function. NENs are often non-
functional. However, it is known that the symptoms of
functional NENs differ depending on the type of hormone
produced and that the frequency of occurrence varies
depending on the site of origin of the primary tumour (7).
Serotonin is produced in patients with carcinoid syndrome,
diarrhoea, flushing of the skin, asthma-like attacks, oedema,
and signs of right heart failure development (19).
Insulinomas induce hypoglycaemic attacks when insulin is
produced from the pancreas, and glucagonomas produced by
the pancreas cause necrolytic migratory erythema, weight
loss, and diabetes. Gastrinomas cause recurrent peptic ulcers
due to Zollinger-Ellison syndrome, which results from
gastrin produced by tumours of the stomach, small intestine,
pancreas, and papilla of Vater. Somatostatinoma is caused by
tumours of the small intestine, pancreas, and papilla of Vater,
and somatostatin causes hypochlorhydria, steatorrhea, and
diabetes (7, 20). It has been reported that mesenteric fibrosis
occurs most often in small bowel (SB) NENs and is observed
in approximately half of the cases involving small NENs.
NEN-derived fibrosis-promoting factors accelerate the
remodelling of the extracellular matrix and contribute to the
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development of heart valves and/or mesenteric fibrosis (21).
In patients with NEN, the severity of progression at the time
of discovery differs depending on the site of occurrence;
therefore, comparison by organ does not indicate the nature
of the tumour by site. However, it has been reported that the
disease-specific survival rate for gastrointestinal NENs is the
worst for lesions involving the oesophagus and best for
lesions involving the appendix (22).

Diagnosis

Immunohistochemistry for neuroendocrine markers is
important for the diagnosis and treatment of NENs. The
pathological features of NENs are characterized by the
expression of general neuroendocrine markers and the
production of peptide hormones and/or biogenic amines.
Common NEN markers include synaptophysin and
chromogranin A, with the former being generally more
sensitive and the latter being considered more specific (23, 24).
Plasma chromogranin A is the most commonly used biomarker
for treatment evaluation and occurs in both functional and non-
functional NENs (19, 24). Blood chromogranin A and neuron-
specific enolase concentration is also considered effective in
determining treatment (25-27). Moreover, the expression of
somatostatin receptors is usually used for the diagnosis and
treatment of NEN and NETs (24, 28-30). NENs have a
common phenotype, but the prognosis, aggressiveness, and
response to treatment differ depending on the origin,
morphology, function, molecular profile, type, and site (16, 31,
32). Research is progressing in many areas such as the
expression of 4F2, which is known as the heavy chain of L-
type amino acid transporter 1 (33). The WHO classification has
been revised to study the characteristics of NET (14, 15).
While interpreting the literature, it is necessary to consider that
there is a change in distribution due to changes in tumour grade
(32). Ki-67 staining is very important for NET grade
classification and has been adopted in the WHO classification.
All GEP-NENSs were classified into well-differentiated NETS,
poorly differentiated neuroendocrine carcinomas, and mixed
endocrine/non-endocrine neoplasms. Well-differentiated NETs
were classified into grades 1,2, and 3 (G1, G2, and G3) based
on the mitotic rate and Ki-67 index (G1, mitotic rate of <2 per
10 high-power fields and/or Ki67 index of <3%; G2, mitotic
rate of 2 to 20 per 10 high-power fields and/or Ki67 index of
3 to 20%; and G3, mitotic rate of >20 per 10 high-power fields
and/or Ki67 index of >20%). Neuroendocrine carcinomas were
classified as small- or large-cell types. Mixed endocrine/non-
endocrine neoplasms consisted of a neuroendocrine component
or a non-neuroendocrine component, such as an
adenocarcinoma (12, 13). Fluorodeoxyglucose PET/CT and
%8Ga- tetraazacyclododecanetetraacetic acid-DPhel-Tyr3-
octeorate (DOTATATE) PET/CT are useful for diagnosing
localization and metastasis (34).
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Treatment

Generally, surgery is the basis of treatment for localized
NENSs (18, 35), but systemic treatment should be considered
for metastatic lesions (4, 36). In patients with GEP-NEN,
lymph node metastasis is known to affect the survival curve,
and extensive lymph node metastases are considered to
require aggressive treatment in addition to surgery (37, 38).
Surgical resection of the primary lesion reduces the risk of
tumour-specific mortality, but surgical resection of metastatic
sites has been reported to have no survival benefit (22).
Treatment of G3 NET has not been clarified, but is
considered to be between that of G1/G2 NET and NEC (18,
39). The European and US guidelines recommend surgical
resection for localized NETs without distant metastases (18,
36). Chemotherapy is performed as a multidisciplinary
treatment combined with surgery and radiation therapy in
unresectable cases (4), and is generally performed using a
combination of drugs such as carboplatin, etoposide, folic
acid, 5-fluorouracil, and oxaliplatin (40). Studies have
developed various drugs and administration methods that
prolong survival and are being compared and examined (41).
Intra-arterial ~ therapy (IAT) includes transarterial
embolization, transarterial chemoembolization,
radioembolization. IAT is mainly used to treat liver
metastases and can be performed on unresectable metastatic
liver lesions with proven efficacy (42, 43). There is no
randomized control study comparing IAT and hepatectomy,
but a study has reported that there is no difference in
treatment results for asymptomatic liver metastasis being
treated as an NEN liver metastasis compared to surgical
resection (44). In patients with G3 NET and those with NEC,
the European Neuroendocrine Tumor Society (ENETS)
recommends the multidisciplinary treatment of radical
surgery combined with systemic chemotherapy and
radiotherapy when there is a possibility of complete resection
due to localized lesions (18). Most patients with G3 NET
and NEC have been reported to present with metastatic
disease and overall poor survival, and chemotherapy has
been demonstrated to improve survival (39, 45, 46).
Treatment for metastatic lesions includes surgical
intervention by chemoembolization, radiofrequency ablation,
and biological therapy, in addition to somatostatin analogues,
peptide receptor radionuclide therapy (47-49), and
immunotherapy (11, 34, 50). 17T u-DOTATATE is effective
for peptide receptor radionuclide therapy, with particularly
enhanced effectiveness against well-differentiated NETs (47).
Immunosuppressive mammalian targets of rapamycin
(mTOR) inhibitors have been shown to be effective against
advanced NENs; however, everolimus is associated with
resistance, and a third-generation mTOR inhibitor is being
developed (51). Regarding symptomatic NET syndrome, the
treatment method is selected based on the hormone
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produced, site, metastasis, etc. (14). Especially in this field,
new drugs and administration methods have been developed
and are effective (40).

Endoscopic Resection

Increased use of gastrointestinal fiberscopy has increased the
detection rate of NENs in the upper gastrointestinal tract (52).
NETs <1 cm in the stomach, duodenum, pancreas, appendix,
and rectum are considered to be early stage, and intramucosal
ly0 and vO tumours <1 cm in size in the stomach, duodenum,
and rectum are considered indications for endoscopic
treatment. However, small intestinal NETs are not early stage,
even if they are <1 cm in size, and lymph node dissection is
required (53). Indications for endoscopic tumour resection
were defined for each organ. In many cases, NETs cannot be
completely excised by conventional snare polypectomy, and
endoscopic membrane dissection using a cap or ligation
device or endoscopic submucosal resection is recommended
depending on the endoscopist’s skill (53, 54).

Surgical Therapy

Localized lesions that can be completely resected are indicated
for surgical treatment (11, 18, 55). According to the
Surveillance, Epidemiology, and End Results database, which
collects statistical data on cancer in the US, 52.4% of patients
with NEN had a localized stage, 20.1% had a regional stage,
and 27.4% had a distant stage (56). Localized GEP-NEN is
indicated for surgery, and in cases where lymph node metastasis
is possible, it is indicated for lesion resection with lymph node
dissection (57). Among patients with metastatic NEN, excision
of the primary lesion has been reported to improve prognosis in
the group with low-grade NET (15). Treatment for G3 NET and
NEC is unclear. The National comprehensive cancer network
(NCCN) recommended that radical surgery + adjuvant
chemotherapy for resectable lesions, locoregional radiation
therapy + chemotherapy for locoregional unresectable, and
radiotherapy for chemotherapy and radiotherapy for selected
sites of distant metastases (18, 38). Regarding liver metastasis,
there are cases in which it is localized and can be completely
resected, and there are surgeries aimed at tumour de-bulking.
The indications for hepatectomy are described below.
Prophylactic cholecystectomy is not indicated as a concomitant
surgical treatment because the incidence of cholelithiasis due to
the administration of octreotide after NET is high, but the
frequency of symptomatic cholelithiasis is low (58, 59).

Surgical Procedures for GEP-NEN

Oesophagus. Oesophageal NEN is the rarest and reportedly
accounts for 0.05% of all GEP-NENs (60). This tumour is
often diagnosed at an advanced stage with nausea being the
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most common symptom, followed by weight loss and loss of
appetite (60, 61). Because there are few cases, there is no
clear treatment algorithm (61). In patients with NEC, there
is a report that survival was improved by surgery depending
on the stage (61-64). A previous study reported that the
prognosis was significantly improved by the combined
administration of chemotherapy (65). Chemotherapy,
radiation therapy, and surgical therapy alone do not produce
good results; therefore, in any case, multidisciplinary
treatment is appropriate. Complete resection may be possible
for well-differentiated and localized lesions, and endoscopic
resection or surgery should be considered (63). Unlike other
sites, endoscopic resection has no indication criteria. Surgical
treatment may include transthoracic esophagectomy without
minimally invasive radical lymph node dissection in the
middle and lower oesophagus and transthoracic
oesophagectomy in the upper oesophagus (61). Lymph node
dissection needs to be examined in each case from the
viewpoint of the magnitude and effect of surgical invasion.
A study reported good results after oesophagectomy alone
for small-cell NEC (63); however, another study (66)
obtained good results with chemoradiotherapy and
chemotherapy depending on the case. Surgical treatment
should be considered in the localized stage (12, 62, 67).

Stomach. The algorithm for treating gastric NEN was
selected based on whether the tumour was NEC or NET. If
it was NET, it was further classified according to the Rindi
classification (68) and subdivided according to the size and
depth of invasion by type. According to Rindi’s classification
of gastric NET, type I is caused by hypergastrinemia
associated with atrophic gastritis, type II is caused by
hypergastrinemia associated with MEN1 and Zollinger-
Ellison syndrome, and type III is caused by sporadic and
non-gastrin-independent tumours (69). Type I comprises 70-
80% of gastric NETs and is reported to occur frequently in
the body of the stomach and comprise a large proportion of
Gl NETs (69, 70). In patients with this type, a tumour
diameter <1 cm, no infiltration of the muscularis propria, and
no lymph node metastasis are indicated for endoscopic
resection or follow-up. Gastrectomy and lymph node
dissection are required if the tumour diameter is =1 c¢m or if
infiltration of the muscularis propria is observed. For large
numbers of tumours (=5), local, partial, or total gastrectomy
is recommended (19, 70, 71). No evaluation has been made
regarding pyloric resection to reduce gastrin (18). Type II
accounts for 5-6% of the gastric corpus, has many small
NETG1/G2 lesions in the body of the stomach, and has a 10-
20% chance of lymph node metastasis (69). The surgical
policy is the same as for type I, but treatment for coexisting
gastrinoma and MEN1-related diseases is added (19, 71).
Type I tumours include NET and NEC, accounting for 14-
25% of all gastric NETs, and are generally sporadic and
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often infiltrate the muscular layer (70). Surgery for type III
tumours involves extensive gastrectomy and lymph node
dissection if there is no distant metastasis (19). NEC-related
surgical indications do not exist in cases in which locally
advanced resection is impossible, and multidisciplinary
treatment is recommended.

Duodenum. Most duodenal NENs are non-functional. NEC is
reported to comprise 1.8% of NENs (72). It has been reported
that the lymph node metastasis of duodenal NEN is determined
by tumour diameter, and prognosis is affected by grade (73).
Endoscopic resection was indicated for groups without lymph
node metastasis (52, 70, 72). Duodenal G1 NETs with a
maximum endoscopic diameter of <10 mm that are confined to
the mucosal and submucosal layers can be resected
endoscopically. If the tumour diameter is 10-20 mm, the
treatment method, i.e., endoscopic resection or resection with
lymph node dissection, will be decided by individual
consultation. Well-differentiated duodenal NETs >20 mm in
diameter, those with lymph node metastasis, and those with
vascular infiltration, localized sporadic gastrinomas, localized
poorly differentiated NETSs, and NEC are indications for surgery
with lymph node dissection (52, 72, 74, 75). Approximately 25%
of duodenal gastrinomas are MEN1, which cannot be cured by
surgery alone. MENI is a disease that causes multiple adenomas
or hyperplasia, mainly parathyroid tumours, pancreatic
gastrointestinal endocrine tumours, and pituitary adenomas.
Gastrinoma is common among pancreatic gastrointestinal
endocrine tumours with the occurrence of Zollinger-Ellison
syndrome (gastric acid hypersecretion, refractory/recurrent
gastroduodenal ulcers). Therefore, Zollinger-Ellison syndrome
in patients with MEN1 can be effectively treated with the
administration of long-term proton pump inhibitors (75, 76).
Moreover, duodenal NENs with hyperparathyroidism require
appropriate treatment and surgical resection. NETS located in the
papilla of Vater cause obstructive jaundice if they are large or
remain asymptomatic if they are small. Although there is no
control study on early papilla NET, those over 2 cm in diameter
are subjected to pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy. It has been reported that well-
differentiated NETs <2 cm in diameter without lymph node
metastasis can be resected endoscopically (72), and, depending
on the case, removal by local resection with lymph node
dissection or lymph node picking is recommended (70).

Pancreas. In patients with pancreatic NENs, the possibility
of radical cure exists only through surgical resection (77).
Moreover, 60-90% of NEN cases are non-functional (57).
Most hormone-producing tumours are insulinomas,
gastrinomas, and, rarely, glucagonomas, VIPomas,
somatostatinomas, and growth hormone-releasing hormone
tumours (78, 79). Pancreatic NETs are classified according
to their functionality or function, and each NET has a
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recommended surgical procedure. For insulinomas,
enucleation or local resection, such as partial resection, is
recommended. In cases of multiple tumours, infiltration into
surrounding  tissues, or lymph node metastasis,
pancreaticoduodenectomy or distal pancreatectomy with
lymph node dissection is recommended (36, 80). Gastrinoma
is a tumour that can be cured only by resection and has a
high metastasis rate (78). To treat pancreatic and duodenal
gastrinomas, pancreaticoduodenectomy or distal
pancreatectomy accompanied by lymph node dissection is
recommended (78, 80-82). In the treatment of insulinomas
and gastrinomas, there is also a guideline that allows
selection of enucleation or partial resection as reduction
surgery in cases where the tumour is located peripherally
(36). Tumour resection is thought to be effective, but as
minimally invasive techniques are widely applied,
enucleation is becoming more common in some areas.
Pancreaticoduodenectomy or distal pancreatectomy is
recommended when partial resection is impossible, such as
when the lesion is in close proximity to the main pancreatic
duct. The purpose of therapy for functional pancreatic NETs
other than insulinoma and gastrinoma is to improve
prognosis and alleviate hormonal symptoms. Surgical
resection is the only curative treatment, but
pancreaticoduodenectomy or distal pancreatectomy with
lymph node dissection is recommended because of the high
likelihood of lymph node metastasis (78, 80, 83). Regarding
the treatment of non-functional pancreatic NETSs, locally
advanced unresectable lesions and metastatic lesions are not
indicated for resection surgery for tumour volume reduction
but rather for multidisciplinary treatment (84). Only surgical
indications for symptom relief are applied for complications
such as intestinal obstruction. In patients with localized non-
functional well-differentiated NET, the possibility of lymph
node metastasis is low in lesions <1 cm, but widespread
metastasis has been reported, and whether lymph node
dissection is needed is unclear (85, 86). Guidelines such as
those of the ENETS conditionally indicate that non-
functional pancreatic NETs <2 cm can be selectively
followed up (78, 84, 87). Moreover, it is reported that
tumours <1.5 cm can be followed up (88). However, there is
no consensus on follow-up as a treatment for non-functional
NETs <2 cm. The North American Neuroendocrine Tumor
Society (NANETS) recommends follow-up for lesions <1
cm, resection for lesions 1-2 cm depending on the case, and
resection for lesions =2 c¢cm (79). According to the NCCN
guidelines, nucleation, pancreaticoduodenectomy, and
pancreatoduodenectomy lymph node dissection are
indicated for localized NETs with a major axis of 2 cm or
less, and follow-up is indicated in the selected case (34),
although pancreatic NEC has unclear indications for surgical
treatment (57, 89), There are also reports that surgical
resection is effective for some localized NEC (89).

+
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lleum and Jejunum. SB-NENs are commonly detected at
advanced stages without specific symptoms; therefore,
metastases are very often already present at the time of
surgery (90). It has been reported that emergency surgery
often leads to a postoperative diagnosis and that the
emergency surgery group has a worse prognosis than the
elective surgery group (91, 92). Surgical treatment is not
standardized for SB-NENs. SB-NEN often occurs in the
ileum, and even tumours with a diameter of <1 c¢cm have a
high rate of lymph node metastasis (93). If resection is
possible, resection of the main lesion and lymph node
dissection are thought to improve prognosis (23, 59, 94). The
surgical procedure for the primary lesion based on the extent
of resection and the extent of lymph node dissection has
been discussed (90, 94). Since one tumour induces the
development of other tumours, it is necessary to consider
malnutrition due to extensive resection, but complete
resection of NEN and optimal lymph node dissections are
thought to help improve prognosis (95, 96). Therefore,
intraoperative palpation is important for the complete
resection of multiple lesions, and laparotomy has been
reported to be more effective than laparoscopic surgery (96).
Regarding liver metastasis, hepatectomy, if possible, is
expected to improve prognosis (97). There are advantages
and disadvantages for the resection of lesions in the presence
of unresectable liver or distant metastases in patients with
SB-NEN (59, 98). In patients with SB-NEN, mesenteric
tumour deposits are considered to affect prognosis along
with liver metastasis, and treatment methods are being
investigated (99). Bioamines and peptides in patients with
SB-NEN can cause mesenteric fibrosis, and corresponding
treatment research is ongoing (21, 95). Treatments other than
surgical treatment for metastatic lesions have been developed
and others are currently under development (49).

Appendix. Most appendiceal NENs are found incidentally
after appendectomy (100), and characteristically, tumours
develop at the tip of the appendix (15). Goblet cell
adenocarcinoma, which was previously classified as a mixed
adenoneurocrine carcinoma, is no longer classified as an
NEN in the new 2019 WHO classification and is now treated
as an adenocarcinoma (15). This must be kept in mind when
considering a suitable treatment (101). Appendiceal NEN
develops in relatively young people, and most appendiceal
NENs are G1 or G2 NET (57, 102). It has been reported that
surgery will improve prognosis only if lymph node
metastasis is localized. G2 NET or higher, positive vascular
invasion, and a large tumour diameter increase the possibility
of lymph node metastasis. It has been reported that
additional resection surgery improves prognosis (100, 101).
Some studies have suggested that the cut-off value for
tumour diameter that is an indication for additional surgery
is 1 or 2 cm for G1 and G2 NET (100, 101, 103, 104). As
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additional resections, right hemicolectomy and lymph node
dissection are performed; however, in some cases, they are
excessively invasive (104). NEC is not indicated for surgery
only, but if it is resectable and has a local lesion, surgery
should be performed, followed by chemotherapy and
radiation therapy (11).

Colon/rectum. The diagnosis of colorectal NENs is rapidly
increasing in the US and Asia (6, 105, 106). This is partly due
to the increasing number of endoscopy cases in this area.
Colon and rectal NENs are more likely to be small lesions in
areas where endoscopy is progressing. Treatment for patients
with a lymph node metastasis <1 c¢m in size is selected based
on the results of histopathological findings (17). Indications
for the endoscopic resection of colorectal NENs are a tumour
size <1 cm, no infiltration into the muscularis propria, and no
vascular infiltration (107-110). For cases where there is
infiltration into the muscularis propria, even if it is <1 cm,
when vascular infiltration is observed, when a positive margin
is confirmed after endoscopic resection, or when the tumour
diameter is =1 cm, depending on the possibility of lymph
node metastasis, it is recommended to perform colon or rectal
resection with lymph node dissection (36, 84, 108, 110).
Recent ENETS consensus guidelines indicate that tumours <2
cm with no intrinsic muscular layer infiltration and vascular
infiltration should be endoscopically resected (52, 105, 106,
111, 112). There are no surgical indications for locally
advanced unresectable lesions or metastatic lesions of the
colorectal NEN, and these tumours are indicated for
multidisciplinary treatment (113).

Liver metastasis. For NET liver metastasis, it is necessary to
consider hormone production and residual lesions after
treatment. There are three treatments for liver metastasis.
The first is hepatectomy and cytoreduction surgery, the
second is nonsurgical liver direct therapy, and the third is
systemic therapy. Combined therapy and not monotherapy is
expected to improve prognosis (114). Hepatectomy or
cytoreduction, if feasible, is the first-line treatment for NET
liver metastasis and is reported to be effective in improving
survival and hormone production symptoms. According to
NANETS, hepatectomies were recommended for RO
(without residual tumour) and R1 (possibly without residual
tumour) lesions and were controversial for R2 (with residual
tumour) lesions (59). Cytoreduction has been effective in
more than 90% of lesion resections (59), but a 2018
NANETS consensus conference reported that it was effective
in 70% of lesion resections cases (79). A parenchymal
sparing procedure is recommended for resection based on
NANETS. Enucleation or wedge resection is recommended
if the tumour is present on the surface, and microwave
ablation or radiofrequency ablation is recommended if the
tumour is deep (115). Liver transplantation may have a life-
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prolonging effect on patients with diffuse metastases of
NENSs to the liver. However, owing to the high recurrence
rate, indications are limited (44,116).

Future Aspects

Currently, NEN treatments are being prospectively
investigated. Although it is difficult to select and assign
cases, it is important to proceed with research in order to
obtain strong recommendations in the guidelines (11).
Because the development of new therapeutic agents and
treatment methods has also progressed with good results,

further improvements in treatment outcomes are expected
through basic and clinical studies.

Conclusion

NEN is a rare and heterogeneous tumour, and most previous
analyses of its treatment were retrospective; moreover,
randomized controlled studies are limited. Because of the
variety of lesions among GEP-NENs, even for the same site,
the indications for surgery differ among lesions. It is thought
that advances and changes in GEP treatment methods will
continue because of advances in treatment and diagnostic
methods other than surgery. Therefore, our knowledge
should be updated.
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