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Neuroendocrine tumors (NETs) are a group of malignancies arising from neuroendocrine cells and frequently originate in the gastro-
intestinal tract and pancreas. Although curative resection is the main treatment for localized disease, systemic therapy is needed for
relapsed or metastatic/unresectable gastroenteropancreatic NETs (GEP-NETs). Although there are several NET treatment guidelines
from various countries, the geographical discrepancies between patient clinical characteristics, the regulatory approval status for
therapeutic agents, and medical practices necessitate specific guidelines for Korean patients. We here provide a consensus review of
the diagnosis, staging and systemic treatment of Korean GEP-NET patients. Systemic therapy options and the current Korean expert
consensus on these treatments, including somatostatin analogs, targeted therapies such as everolimus and sunitinib, peptide recep-
tor radionuclide treatments, and cytotoxic chemotherapies are addressed.
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Introduction

Neuroendocrine tumors (NETs) are a rare, heterogeneous
group of malignancies originating from the neuroendocrine
cells of various organs. NETs are classified based on their
embryonic origin as foregut (bronchial, gastric, duodenal,
pancreatic), midgut (ileal, jejunal, cecal, proximal colonic), or
hindgut (distal colonic, rectal). More than 50% of NETs arise
in the gastrointestinal tract and pancreas [1,2]. Although they
are a relatively uncommon tumor, constituting approximate-
ly 2% of all neoplasms, the incidence and prevalence of NETs
has increased substantially over the past three decades [1,3].
Data from population-based registries in the United States
indicate that 51% of NETSs originate from the gastrointestinal
tract, 27% from the lungs, and 6% from the pancreas [2]. There
are reported regional and ethnic differences in the distribu-
tion of primary NET sites [1-5]. While lung and jejunal/ileal
NETs are more common in Caucasian patients compared to
other ethnic populations [3], the incidence of hindgut (espe-
cially rectal) NETs is higher in Asian patients, including those
from Korea and Japan [2,5-7]. A previous multicenter analy-

sis by the Gastrointestinal Pathology Study Group of Korean
Society of Pathologists, comprising 4,951 pathology reports
from 29 Korean hospitals, has indicated that the most com-
mon primary site of a gastroenteropancreatic (GEP)-NET in
Korean patients is the rectum (48.0%), followed by the stom-
ach (14.6%), pancreas (8.7%), colon (7.9%), and small intes-
tine (7.7%) [5]. A previous Korean single-center retrospective
study, which included a total of 371 NETs (including those
of lung origin) treated between 1996 and 2007, reported that
the hindgut (38.3%) was the most common site of origin, fol-
lowed by the pancreas (16.2%), foregut (13.5%) and midgut
(4.9%) [6].

Clinically, NETs are regarded as functional if they are asso-
ciated with symptoms of hormonal hypersecretion, but non-
functional if they have no hormone-related clinical features
[3]. The manifestation of any GEP-NETs can include non-spe-
cific symptoms such as pain, nausea and vomiting, and, in
some cases, anemia due to intestinal blood loss. Pain may be
due to local tumor invasion, bowel obstruction, or mesenteric
ischemia. The most advanced GEP-NETs are non-functioning
and usually present with a mass effect of the primary tumor

Correspondence: Myung-Ah Lee

Division of Medical Oncology, Department of Internal Medicine, Seoul St. Mary’s
Hospital, Catholic Cancer Research Institute, College of Medicine,

The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 06591, Korea
Tel: 82-2-2258-6044 Fax: 82-2-599-3589 E-mail: angelamd@catholic.ac.kr

| https://www.e-crtorg |

Co-correspondence: Baek-Yeol Ryoo

Department of Oncology, Asan Medical Center, University of Ulsan College of
Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea

Tel: 82-2-3010-3211 Fax: 82-2-3010-6961 E-mail: ryooby@amc.seoul.kr

Received November 23, 2020 Accepted December 28, 2020
Published Online December 29, 2020

Copyright © 2021 by the Korean Cancer Association 291

€ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2020.1233&domain=pdf&date_stamp=2021-04-15

Cancer Res Treat. 2021;53(2):291-300

Table 1. Summary of prior large-randomized trials of different GEP-NET treatments

TRt el No. of Response Progression-free Hazard ratio
patients rate (%) survival (mo) (95% CI)

PROMID? [9] Midgut NET
Octreotide 42 - 14.3 0.34 (0.20-0.59)
Placebo 43 - 6.0

CLARINET [10] GEP-NETs
Lanreotide 101 - Not reached 0.47 (0.30-0.73)
Placebo 103 - 18.0

RADIANT-3 [11] Pancreatic NET
Everolimus 204 5 11.0 0.35 (0.27-0.45)
Placebo 203 2 4.6

RADIANT-4 [12] Lung and GI NETs
Everolimus 205 2 11.0 0.48 (0.35-0.67)
Placebo 97 1 3.9

Raymond et al. [13] Pancreatic NET
Sunitinib 86 9.3 114 0.42 (0.26-0.66)
Placebo 85 0 55

NETTER-1 [14] Midgut NET
77Lu-DOTATATE 116 18 Not reached 0.21 (0.13-0.33)
High-dose octreotide 113 3 8.4

Kunz et al. [15] Pancreatic NET
CAPTEM 72 33.3 22.7 0.58 (0.36-0.93)
Temozolomide 72 27.8 14.4

CAPTEM, capecitabine plus temozolomide; CI, confidence interval; GEP, gastroenteropancreatic; GI, gastrointestinal; NET, neuroendocrine
tumor. TTP (time to progression) was used instead of progression-free survival in this trial.

Table 2. Evidence-based landscape of the treatment strategies for gastroenteropancreatic neuroendocrine tumors

""Lu-DOTATATE [14]

Sunitinib [13] Everolimus [12]

Octreotide LAR [9] Lanreotide [10]

Differentiation
SSTR positive (@) (@)
Disease status Treatment-naive Stable
Origin site

Stomach

Pancreas O

Small intestine appendix O O

Large intestine rectum (@)

Well-differentiated

O
Progressive Progressive Progressive
O
@) O
O O
O

DOTATATE, DOTA-octreotate; oxodotreotide, DOTA-(Tyr3)-octreotate, and DOTA-0-Tyr3-Octreotate; SSTR, somatostatin receptor.

or metastases (usually in the liver) [2,6].

Surgery or endoscopic resection are curative treatments for
resectable NETSs, but a significant proportion of patients show
a recurrence after curative-intent resection, and up to 20%-
28% of patients present with metastatic disease at the time
of diagnosis [2,6-8]. In a previous retrospective report from a
Korean tertiary referral institution, 8.1% and 18.1% of patients
had locally advanced and metastatic disease at the time of
diagnosis, which is comparable to the epidemiology data

292 CANCER RESEARCH AND TREATMENT

from other countries [6]. Systemic therapy is the mainstay of
clinical management in these cases. Although various types
of systemic therapy, including somatostatin analogs (SSAs),
targeted therapy, peptide receptor radionuclide therapy
(PRRT), and cytotoxic chemotherapy, have been evaluated
and approved for the management of advanced GEP-NETs
(Tables 1 and 2), few randomized trials to date have com-
pared the outcomes of each treatment option. This has made
decision-making for individual patients more difficult. An
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expansion of the treatment landscape for advanced GEP-
NETs brings with it the challenges of selecting the optimal
first-line agent and of deciding an appropriate sequence of
regimens. A paucity of biological, molecular, and genomic
information, and an absence of data from rigorous trials, lim-
its the validity of many publications detailing the manage-
ment of this disease. Because most of the current GEP-NET
management strategies are based on a synthesis of experi-
ences, local practice patterns, or archaic concepts, there are
many aspects of GEP-NET therapies that remain unclear and
controversial.

There are currently several published guidelines for GEP-
NET management such as those of the European Neuroendo-
crine Tumor Society (ENETS), North American Neuroendo-
crine Tumor Society (NANETS), European Society of Medical
Oncology (ESMO), and National Comprehensive Cancer
Network (NCCN). Nevertheless, the geographical discrep-
ancies between GEP-NET patient clinical characteristics, the
regulatory approval status for therapeutic agents, and medi-
cal practices to treat these cancers, necessitate specific guide-
lines for Korean patients [2-5]. This present review discusses
current consensus statements along with key aspects of the
management of Korean GEP-NET patients.

Diagnostic Work-ups

1. Pathological diagnosis

The current pathologic assessments used to determine the
appropriate therapeutic approaches for GEP-NET patients
follow the recently revised World Health Organization clas-
sification for neuroendocrine neoplasms (Table 3) [16,17].
Although both mitotic counts and Ki-67 expression are key
indicators for the determination of NET grade, Ki-67 has
been regarded as a more reliable indicator for systemic ther-
apy. GEP-NETs of grade 1-2 have been traditionally referred
to as well-differentiated NETs and the revised World Health
Organization (WHO) classification now includes NET grade
3 in this category.

2. Biochemical markers

Depending on the primary tumor sites or patient symp-
toms, measurement of the serum levels of gastrin glucagon,
insulin, vasoactive intestinal peptide, chromogranin-A, and
urine 5-hydroxyindoleacetic acid should be considered
However, these biomarkers are not conclusive indicators for
the diagnosis of a GEP-NET [18].

3. Functional imaging
In addition to computed tomography (CT) and magnetic
resonance imaging, functional imaging studies using radi-

Table 3. Revised WHO classification of GEP-NETs [16,17]
Ki-67 index (%) Mitotic index

Well-differentiated NENs

NET grade 1 <3 <2/10 HPF

NET grade 2 3-20 2-20/10 HPF

NET grade 3 >20 >20/10 HPF
Poorly differentiated NENs

NEC grade 3 > 20 >20/10 HPF

GEP, gastroenteropancreatic; HPF, high-power field; NEC, neu-
roendocrine carcinoma; NEN, neuroendocrine neoplasm; NET,
neuroendocrine tumor; WHO, World Health Organization.

olabeled SSAs have a role in detecting the primary tumor
site for GEP-NETs that was not revealed using convention-
al endoscopic or imaging studies. Radiolabeled SSAs also
provide information on the biologic features of GEP-NETs
by measuring somatostatin receptor (SSTR) expression.
Although ™In-octreotide has been used for diagnostic or
staging evaluations, with a reported sensitivity of 61%-
96%, this modality has several key limitations as follows: (1)
reduced sensitivity in smaller lesions and in lesions exhibit-
ing low receptor density; (2) requirement for a 2-day imaging
protocol; and (3) potential interference by co-administration
of therapeutic SSAs [19].

Novel SSTR-targeting functional imaging techniques use
%Ga-DOTA-conjugated radiotracers (*Ga-DOTA-TOC, %Ga-
DOTA-TATE, %Ga-DOTA-NOC, etc.) [19-21]. These impro-
ve both the detection sensitivity and patient convenience
(only 2 hours is required to complete these tests), as well
as a lower radiation dose and biliary excretion due to ear-
lier imaging after radiotracer administration. Furthermore,
these modalities are capable of quantifying the uptake of
radiolabeled agents. Previous studies have shown that these
gallium-based functional imaging methods are sensitive and
deliver complementary information that is very useful for
therapeutic decision-making [20,22]. ®Ga-DOTA-TOC posi-
tron emission tomography (PET)/CT is available for use in
Korea but is not currently reimbursed by the national health
insurance system [23].

4. Expert opinion

Every patient diagnosed with a GEP-NET should be clas-
sified according to the revised WHO classification. As SSTR-
targeting imaging may provide vital complementary infor-
mation and thus influence therapeutic management, this
procedure is recommended for newly diagnosed GEP-NET
cases.
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Somatostatin Analogs

Octreotide LAR produced significantly improved progres-
sion-free survival (PFS) compared to a placebo in patients
with an advanced midgut NET in the randomized phase
III PROMID trial (n=85, 14.3 months vs. 6.0 months; hazard
ratio [HR], 0.34; 95% confidence interval [CI], 0.20 to 0.59)
[9]. In the phase III CLARINET trial, lanreotide autogel
was associated with a superior PFS in advanced GEP-NET
patients (median not reached vs. 18.0 months; HR, 0.47; 95%
CI, 0.30 to 0.73) [10]. Because of their excellent tolerability,
even as long-term treatments, and proven clinical outcomes
in both randomized trials and real-world clinical settings
[24], these SSAs are recommended as initial treatment
options. Although an assessment of SSTR positivity using
SSTR-based imaging is generally recommended prior to SSA
therapies, it may not be available in all hospitals. There have
however been few prospective data for the effectiveness of
SSAs in GEP-NET patients with a relatively high Ki-67 index
(> 10%) and high tumor volumes. The PROMID study for
octreotide LAR included a patient cohort with a Ki-67 < 2% in
95% of the cases and with hepatic tumor involvement < 10%
in 75% of the study population. The CLARINET study for
lanreotide autogel enrolled patients with a Ki-67 < 10% and
hepatic tumor involvement < 25% in 67% of the cases [9,10].
Other systemic therapeutic options such as targeted therapy
or cytotoxic chemotherapy could be used for patients with
a high Ki-67 index or high tumor volumes, but SSAs should
not be precluded in these cases given their favorable toxicity
profiles. ®Ga-based SSTR-targeting PET/CT may be helpful
in predicting the efficacy outcomes of SSA treatments [23,25].

1. Expert opinion

Octreotide LAR is recommended for advanced midgut
NETs and lanreotide autogel is recommended for advanced
GEP-NETs and NETs of unknown primary origin, believed
to be of GEP origin from imaging studies. Considering their
favorable tolerability and proven clinical outcomes in rand-
omized phase III trials, long-acting SSAs including octreo-
tide LAR and lanreiotide autogel are generally recommend-
ed as a first-line therapy for unresectable or metastatic grade
1-2 GEP-NETs with a low or intermediate tumor volume. In
Korea, octreotide LAR and lanreotide autogel are approved
for use, and reimbursed through the national insurance sys-
tem, for the management of advanced midgut NETs, and
GEP-NETs or NETs of unknown primary origin, believed to
be of GEP origin, respectively. Pretreatment assessments of
SSTR-based imaging are recommended for the prediction of
the efficacy of SSAs.
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Targeted Therapy

Targeted therapies have been investigated for the man-
agement of unresectable or metastatic GEP-NETs. Despite
extensive prior analysis, however, no single dominant driver
mutation has emerged for GEP-NETs. Mammalian target of
rapamycin (mTOR) inhibitors and anti-angiogenic agents
have been mainly investigated as targeted therapies for these
cancers and have shown promising clinical outcomes.

1. Everolimus

As somatic mutations in mTOR pathways such as TSC2,
PTEN, PIK3CA, NF1, or IRS1 have been identified in pan-
creatic NETSs, inhibiting mTOR pathways has been suggested
as a potential therapeutic strategy for advanced GEP-NETs
[26]. Based on the preliminary data for everolimus, includ-
ing RADIANT-1 [27,28], large-randomized trials of this drug
have been conducted for the management of advanced and
progressive well-differentiated GEP-NETs.

The RADIANT-3 trial was a randomized phase 3 trial com-
paring everolimus at a 10 mg/day dose with a placebo for
treating advanced pancreatic NETs. A total of 410 patients
were included and the primary endpoint was the PFS deter-
mined by Response Evaluation Criteria in Solid Tumor.
Everolimus significantly improved the median PFS to 11.0
months compared to 4.6 months obtained with the placebo
(HR, 0.35; 95% ClI, 0.27 to 0.45) [11]. A role for everolimus
in treating advanced non-functioning NETs of the lung or
of gastrointestinal origin was investigated in the RADI-
ANT-4 trial. In that subsequent randomized phase 3 trial,
302 patients were randomized 2:1 to either an everolimus
or placebo arm. Patients receiving everolimus showed a sig-
nificantly improved median PFS compared with those with
placebo (11.0 months vs. 3.9 months; HR, 0.48; 95% CI, 0.35 to
0.67) [12]. Clinical efficacy of everolimus for grade 1-2 GEP-
NETs were also proven in Korean patients [29,30]. Although
everolimus in combination with octreotide LAR produced
an improved PFS (median, 16.4 months vs. 11.3 months;
HR, 0.77; one-sided p=0.026) compared to octreotide LAR
in patients with grade 1-2 tumors with carcinoid syndrome
(RADIANT-2 trial), that study failed to meet its primary
endpoint from a statistical standpoint (PFS with one-sided
p=0.025) [31].

The safety profiles of everolimus have been well investigat-
ed across multiple cancer types and no new adverse events
specific for GEP-NETs have been described. Stomatitis is the
most frequent complication of this drug and has been report-
ed to arise at a rate of 40%-64% for all grades and at 3%-19%
for grade 3-4[11,12,32,33]. Hyperglycemia (overall, 10%-13%;
grade 3-4, 3%-5%) is also a common adverse event associated
with everolimus treatments and requires meticulous moni-
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toring if patients are under management for subclinical or
overt diabetes mellitus. Severe non-infectious pneumonitis
is uncommon among GEP-NET cases (grade 3-4, 1%-2%) but
may be life-threatening. Despite the increased toxicities from
everolimus regimens compared to a placebo, no significant
impairment to quality of life was documented in the RADI-
ANT-4 trial [34].

2. Sunitinib

Although multiple anti-angiogenic agents, including suni-
tinib, sorafenib, bevacizumab, and pazopanib, have been
investigated in prospective clinical trials for advanced GEP-
NETs [35-42], sunitinib is the only agent for which clinical
outcomes have been evaluated in the randomized phase
3 trial for pancreatic NET [13,36]. This trial was originally
designed to include 340 patients and randomize these
patients into sunitinib or placebo arms at a 1:1 ratio [13]. That
study was terminated at an early stage howeverbecause of the
superior outcomes observed for sunitinib in the interim anal-
ysis. The sunitinib group showed a better PFS (median, 11.4
months) compared to the placebo group (5.5 months; HR,
0.42; 95% CI, 0.26 to 0.66). The most frequent adverse events
with sunitinib were diarrhea (59%), nausea (43%), vomiting
(34%), and fatigue (32%).

3. Expert opinion

Everolimus is currently recommended for advanced grade
1-2 GEP-NETSs, and sunitinib for advanced grade 1-2 pancre-
atic NET. Everolimus and sunitinib are both approved and
reimbursed under the national insurance scheme in Korea
for these indications and Korean prospective and retrospec-
tive studies support the findings from prior global phase 3
trials [29,30]. Considering the patient population included in
the previous prospective trials and the accompanying tox-
icities, everolimus and sunitinib are generally recommended
for progressive disease. However, for patients with SSTR-
negative tumors, high tumor volumes, or Ki-67 > 10%, these
agents could be used as an initial treatment.

Peptide Receptor Radionuclide Therapy

PRRT is a radiolabeled SSA therapy and has shown con-
siderable promise for the treatment of advanced, well-differ-
entiated NETs, the majority of which express high levels of
SSTRs to which SSAs bind [43]. Initial efficacy was observed
with *Y-DOTAO-Tyr3-octreotide (**Y-DOTATOC) and "Lu-
DOTAO-Tyr3-octreotate (7’Lu-DOTATATE) [44-46]. ""Lu-
tetium is a beta- and gamma-emitting radionuclide with
a maximum particle range of 2 mm and a half-life of 160
hours. Although ""Lu-based PRRT has shown promising

efficacy in data published from Europe, there had been no
evidence of this from previous randomized trials until the
NETTER-1 trial [44-46].

NETTER-1 was a randomized controlled trial comparing
7Lu-DOTATATE plus octreotide LAR (30 mg every 4 weeks)
with high-dose octreotide LAR (60 mg every 4 weeks) in
patients with advanced, SSA-progressed, well-differentiat-
ed (grade 1-2), SSTR-positive, midgut NETs (n=229) [14].
7Lu-DOTATATE, at a dose of 7.4 GBq every 8 weeks for
four cycles, demonstrated an improved PFS (20-month PFS
rates, 65.2% vs. 10.8%; HR, 0.21 [95% CI, 0.13 to 0.33]) and
higher response rates (18% vs. 3%) than high-dose octreo-
tide LAR in SSTR-positive, well-differentiated midgut NET
patients. In January 2018, the Food and Drug Administra-
tion (FDA) of the United States approved "Lu-DOTATATE
(Lutathera), for the treatment of SSTR-positive GEP-NETs on
the basis of the NETTER-1 trial results. The adverse events
arising from PRRT include myelosuppression (leukopenia,
anemia or thrombocytopenia), impaired renal function, and
carcinoid crisis. Although the Korean Ministry of Food and
Drug Safety has not yet approved "Lu-DOTATATE because
of the absence of local clinical trials, it is currently available
through the Korea Orphan & Essential Drug Center. Treat-
ments with "’Lu-DOTATATE are not reimbursed by the
national insurance system in Korea. "’Lu-DOTATATE is
currently under review for approval and reimbursement by
regulatory agency in Korea.

As the NETTER-1 trial only included midgut NET pati-
ents, the efficacy of "’Lu-DOTATATE in patients with pan-
creatic NETs or non-midgut gastrointestinal NETs (i.e., of
foregut and hindgut origin) has not been proven. Ongoing
randomized trials including the COMPETE trial (grade 1-2
GEP-NETs) for Lu-EDOTREOTIDE and NETTER-2 trial
(grade 2-3 GEP-NETs with a Ki-67 of 10%-55%) for ’Lu-
DOTATATE will likely provide data for the outcomes of
Lu-based PRRT in an overall GEP-NET patient cohort.

1. Expert opinion

Lu-DOTATATE is recommended for progressive,
well-differentiated GEP-NETs. While the U.S. FDA has
approved Lutathera for overall GEP-NETs, the pivotal
NETTER-1 trial only investigated midgut NET patients.
Therefore, its use against pancreatic, foregut, or hind-
gut NETs should be cautiously done, and only on the
basis of decisions from qualified multidisciplinary tumor
boards, as there are no data from randomized trials on these
treatments. Considering patient characteristics are differ-
ent between Western and Korean NET patients and pivotal
NETTER-1 trial included only few patients with Asian eth-
nicity, further investigation of the role of PRRT in Korean
GEP-NETs patients are necessary.
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Table 4. Summary of expert opinion

Expert opinion

Diagnosis and staging

GEP-NET should be classified according to the revised WHO classification.

SSTR-targeting imaging is recommended for newly diagnosed GEP-NET patients.

Grade 1 and 2 NET
Stomatostatin analog (SSA)

Octreotide LAR is recommended for advanced midgut NETs and lanreotide autogel is

recommended for advanced GEP-NETs and NETs of unknown primary origin,
believed to be of GEP origin from imaging studjies.

Long-acting SSAs are generally recommended as a first-line therapy for unresectable or
metastatic grade 1-2 GEP-NETs with a low or intermediate tumor volume.

Targeted therapy

Everolimus is recommended for advanced grade 1-2 GEP-NETs, and sunitinib for

advanced grade 1-2 pancreatic NET.
Everolimus and sunitinib are generally recommended for progressive disease.

However, for patients with SSTR-negative tumors, high tumor volumes, or Ki-67 > 10%,

these agents could be used as an initial treatment.
PRRT 7Lu-DOTATATE is recommended for progressive, well-differentiated GEP-NETs.
The use of "Lu-DOTATATE against pancreatic, foregut or hindgut NETs should be
cautiously done, and only on the basis of decisions from qualified multidisciplinary
tumor boards, as there are no data from randomized trials.

Cytotoxic chemotherapy

For GEP-NET patients who progress while receiving an approved therapy,

cytotoxic chemotherapy is a feasible option.
CAPTEM has shown promise with high response rates, particularly in pancreatic NET patients,
this regimen could be preferred for patients with high tumor volumes.

Grade 3 NET or NEC

Etoposide plus cisplatin combination chemotherapy is the standard of care for patients

with a grade 3 NEC.

There is no proven standard systemic therapy for grade 3 NET patients.
5-FU-based chemotherapy or etoposide plus cisplatin could be used.

5-FU, 5-fluorouracil; CAPTEM, capecitabine plus temozolomide; GEF, gastroenteropancreatic; NEC, neuroendocrine carcinoma; NET, neu-

roendocrine tumor; PRRT, peptide receptor radionuclide therapy; SSA, somatostatin analog; SSTR, somatostatin receptor; WHO, World

Health Organization.

Cytotoxic Chemotherapy for Grade 1 or Grade
2 GEP-NETs

Although there have been no large-randomized trials to
date for cytotoxic chemotherapy in patients with advanced
grade 1-2 GEP-NETSs, 5-fluorouracil (5-FU) or doxorubicin-
based chemotherapy have been widely used in daily prac-
tice, particularly for progressive tumors [47]. Streptozocin in
combination with 5-FU has been reported to be somewhat
effective against advanced GEP-NETs in several small stud-
ies [48-50], but this drug is not currently available in Korea.

Capecitabine plus temozolomide (CAPTEM) has gained
popularity for the management of progressive GEP-NETs
since this combination showed promising response rates
of 70% in an initial small single-arm study [51,52]. A more
recent randomized trial evaluated CAPTEM in comparison
with temozolomide monotherapy for 144 pancreatic grade
1-2 NETs and reported that this combination regimen may
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be more effective than temozolomide monotherapy. Howev-
er, the response rates for CAPTEM were only 33.3% in that
study, which was somewhat inferior to the previous single-
arm study [15,51].

1. Expert opinion

For GEP-NET patients who progress while receiving an
approved therapy such as SSAs or targeted therapeutics,
cytotoxic chemotherapy is a feasible option. As CAPTEM
has shown promise with high response rates, particularly in
pancreatic NET patients, this regimen could be preferred for
patients with high tumor volumes. CAPTEM is available for
advanced pancreatic NET in Korea but is not reimbursed by
the national insurance scheme.
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| NET G1/2 | NET G3/NEC \
| PancreaticNET | | Midgut NET | | ForequiHindgutNET | | NETG3 | [ NECG3 |
Lanreotide Octreotide/ Lanreotide Etoposide/ Etoposide/
(preferred if Ki-67 < 10%) Lanreotide (preferred if Ki-67 < 10%) Cisplatin Cisplatin
(preferred if 67 < 10%)

v

| Everolimus | [ PRRTif SSTR-positive | |

CAPTEM ~ X
Everolimus ‘ Other cytotoxic

l l

I chemotherapy/
v Clinical trial

| Sunitinib | | Everolimus | | PRATIf SSTR-positive | PRAT if

SSTR-positive
[ PRRT if SSTR-positive | Cytotoxic Cytotoxic ‘
chemotherapy/ chemotherapy/ Other cytotoxic
Clinical trial Clinical trial chematherapy/
v Clinical trial
Cytotoxic
chemotherapy/
Clinical trial

Fig. 1. The recommended approach of systemic therapy for advanced gastroenteropancreatic neuroendocrine tumors (NETs). CAPTEM,
capecitabine plus temozolomide; NEC, neuroendocrine carcinoma; PRRT, peptide receptor radionuclide therapy; SSTR, somatostatin

receptor.

Systemic Therapy for Grade 3 NET and Neu-
roendocrine Carcinomas of GEP Origin

1. Poorly differentiated grade 3 neuroendocrine carcinomas

Grade 3 neuroendocrine carcinomas (NECs) should be con-
sidered a different disease entity than grade 1-2 NETs. Etopo-
side plus cisplatin is one of most widely used chemotherapy
regimens in patients with a grade 3 NEC. A previous large
retrospective study of 305 grade 3 NETs and NECs revealed
that an etoposide plus cisplatin combination produced a
response rate of 31%, a median PFS of 4 months and a me-
dian overall survival of 12 months [53]. That study indicated
that tumors with a Ki-67 > 55% (likely a grade 3 NEC) were
associated with better response rates (42% vs. 15%) compared
to those with a Ki-67 < 55% (likely a grade 3 NET), while
survival outcomes were found to be better in patients with
Ki-67 < 55% tumors. There is no proven second-line therapy
after a patient has progressed while receiving etoposide plus
cisplatin. Although ENETS guidelines recommend several
cytotoxic chemotherapy regimens, including FOLFOX or
FOLFIRI [8], these treatments have not been tested in rand-
omized trials and not available in Korea. Irinitecan plus cis-
platin was investigated for 18 NET/NEC patients in the sin-
gle-arm phase 2 study based on the promising data on small
cell lung cancer and showed modest activity against NEC
patients [54,55]. Currently, irinotecan plus cisplatin is avail-

able but not reimbursed for the management of advanced
NEC patients in Korea. Although there is no currently
approved targeted therapy or immunotherapy for the man-
agement of advanced grade 3 NEC patients, recent small
phase 2 study showed promising efficacy outcomes with
ipilimumab plus nivolumab for patients with non-pancre-
atic NEC [56].

2. Well-differentiated grade 3 NETs

Grade 3 NETs represent a new disease entity in the recen-
tly revised WHO classification [16,17]. As this entity was
previously included within the grade 3 NEC classification,
no data specific for this patient population are yet avail-
able. As a Nordic group reported less beneficial outcomes
of etoposide plus cisplatin in patients with a Ki-67 < 55%,
there is a consensus that this chemotherapy regimen may
be suboptimal [53]. Although the therapeutic options used
for grade 2 NETs such as everolimus, sunitinib, CAPTEM,
or PRRT are listed as potential management strategies in the
ESMO guideline for well-differentiated grade 3 GEP-NET
patients [57], there is a lack of supporting data from pro-
spective and real-world studies. Future studies are needed
therefore to define the optimal treatment strategies for this
patient subgroup.
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3. Expert opinion

An etoposide plus cisplatin combination chemotherapy is
currently the standard of care for patients with a grade 3
NEC. While the prognosis is better with grade 3 NETs com-
pared to grade 3 NECs, there is no proven standard systemic
therapy for this patient group due to a lack of data. 5-FU-
based chemotherapy or etoposide plus cisplatin could be
used for grade 3 NETs.

Conclusion

GEP-NETs are a heterogeneous disease and yet to be fully
understood in terms of clinical behaviors and biological fea-
tures. The choice of systemic agents and their sequence of
use should be personalized, based on the tumor primary
sites and progression patterns. Recommended therapeutic
approach for the management of Korean GEP-NETs patients
and summary of expert opinion is presented in Table 4 and
Fig. 1. Although this review focused on systemic therapies,
local therapy including liver-directed therapies or palliative

surgeries could be implemented as part of the management
of advanced GEP-NETs. As multiple novel therapies are
now available in daily practice, multidisciplinary approach-
es have become more important in the management of
advanced GEP-NETs.
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