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Abstract

Neuroendocrine neoplasms (NENs) constitute a heterogeneous group of tumors. In this review, we
summarize the results of various clinical trials that have been conducted to investigate the efficacy
and safety of various therapeutic options for NENs. Based on the encouraging results obtained from
these trials, various therapeutic options have been established for the treatment of NENs, including
somatostatin analogs (SSAs), molecularly targeted drugs and cytotoxic agents. In addition, peptide
receptor radionucleotide therapy has recently been evaluated for the treatment of various NENs.
We also discuss the approach for selecting the appropriate drugs and sequence of treatment with
the various drug classes, as recommended by different treatment guidelines. Finally, we discuss
the scope for future research in this field, especially into the merits of combination therapy with
molecularly targeted drugs plus SSAs, along with ongoing studies.
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Introduction While NENSs cover a broad spectrum, they have been roughly divided

Research on evidence-based therapies for unresectable gastroen-
teropancreatic neuroendocrine neoplasms (GEP-NENSs) had fallen
behind; however, since 2010, several randomized controlled clinical
trials of various therapies have been conducted. Based on the promis-
ing results of these trials, multiple therapeutic options are now avail-
able for GEP-NEN:S. In this review, we discuss the progress in medical
as well as other modalities of therapy for unresectable/recurrent GEP-
NEN:Ss.

Epidemiology

Neuroendocrine neoplasm (NEN) is a general term that is used
to refer to neoplasms that arise from the neuroendocrine cells (1).

© The Author(s) 2021. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

into two types: neuroendocrine tumors (NETs) and neuroendocrine
carcinomas (NECs) (2). Gastrointestinal NENs are broadly divided
based on their site of origin, as foregut, midgut or hindgut NENG.
According to the Surveillance, Epidemiology and End Results (SEER)
database in the USA, foregut (41%) and midgut (26%) NENs
account for the majority of gastrointestinal NENs, with hindgut
NENSs accounting for only 19% of all gastrointestinal NENs; in
the remaining 13 %, the primary tumor site remained unknown (3).
According to the national cancer registry in Japan, a total of 6735
individuals were diagnosed with GEP-NEN in Japan in 2016 (4).
Annual onset incidence was 0.70/100 000 for pancreatic NEN and
2.84/100 000 for gastrointestinal NEN. In contrast with USA, there
was little frequency of the ileum NET (only 1% of total GEP-NENs)
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(4). Thus, hindgut gastrointestinal NENs appear to be far more
common, and midgut NENs far less common, in Japan than in the
USA (5).

Gastrointestinal NENGs are further divided into pancreatic NENs
and NENs of the gastrointestinal tract, both of which are currently
classified according to the 2019 WHO Classification of Tumors of
the Digestive System, Sth ed. (2).

Standard and promising therapies for
unresectable/recurrent GEP-NETs and NECs

As stated above, since 2010, numerous randomized controlled
clinical trials of various therapies for NETs have reported encour-
aging results, and multiple therapeutic options are now available
for NETs (Table 1). Three major classes of drugs have been
demonstrated to show promising antitumor effects against GEP-
NETs: somatostatin analogs [SSAs; e.g. lanreotide and octreotide
long-acting release (LAR)] (6, 7), molecularly targeted drugs (e.g.
everolimus and sunitinib) and cytotoxic agents [e.g. streptozotocin
(STZ)]. In Japan, octreotide LAR is covered by insurance only for
NETs of the gastrointestinal tract, while sunitinib is covered by
insurance only for pancreatic NETs. In the West, peptide receptor
radionuclide therapy (PRRT) and Temozolomide are also used for
the treatment of GEP and pancreatic NETs, respectively (8). In
addition, immune checkpoint inhibitors (ICIs) have recently attracted
attention as potentially beneficial agents for the treatment of GEP-
NETs.

Somatostatin analogs

NETs have been shown to express somatostatin receptors (SSTRs)
2 and 5 (9-11), which serve as the therapeutic targets for certain
SSAs. SSA was originally used for symptom control which was
caused by functional pancreatic NET or Carcinoid syndrome with
the majority of patients displaying a midgut primary. Although
SSAs were developed primarily for symptomatic control of NETs
(antisecretory effect), SSA were also evaluated for antiproliferatice
effects in GEP-NET.

The direct antitumor effects of SSTR agonists include SSTR
activation, phosphatidylinositol-3-kinase (PI3K)/mammalian target
of rapamycin (mTOR) pathway inhibition and downregulation of
the mitogen-activated protein kinase (MAPK) pathway (12-14). In
addition, some of the indirect effects of this class of drugs include
inhibition of angiogenesis, alterations of the tumor immunity and
suppression of growth factors (14, 15).

Octreotide LAR. Four publications have reported the results of com-
parison of octreotide LAR vs. placebo/no treatment; these include
reports of two prospective studies, including a randomized, double-
blind, placebo-controlled trial of octreotide LAR for the control of
tumor growth in patients with metastatic midgut NETs (PROMID)
(6, 16) and two retrospective studies from the SEER database (17,
18). In the PROMID trial, 85 patients with functionally active or
inactive metastatic well-differentiated midgut NETs received either
long-acting octreotide or placebo (6). The median time-to-tumor
progression (TTP) was 14.3 months in the long-acting octreotide
group (n = 42) as compared with 6.0 months in the placebo group
(n = 43) (hazard ratio [HR], 0.34; 95% confidence interval [CI],
0.20-0.59; P = 0.000072). After 6 months of treatment, the response
was classified as ‘stable disease’ in 66.7% of patients in the long-
acting octreotide group vs. 37.2% of patients in the placebo group
(6). Rinke et al. (16) reported that the final median overall survival

times (OS) in the long-acting octreotide and placebo groups in
the PROMID trial were 84.7 and 83.7 months, respectively (HR,
0.83; 95% CI, 0.47-1.46; P = 0.51). There was a trend toward
improved survival in patients with a low hepatic tumor load (HTL)
receiving long-acting octreotide vs. placebo (median not reached vs.
87.2 months; HR, 0.59; 95% CI, 0.29-1.2; P = 0.142). Crossover
of a majority of patients of the placebo group to the long-acting
octreotide group may have confounded the results pertaining to the
0S (16).

One prospective study examined the patients who had received
30 mg of standard-dose long-acting octreotide every 28 days vs. those
of the same patients after they were switched to 30 mg of long-acting
octreotide administered every 21 days. The shorter dose interval was
associated with a longer TTP (30 vs. 9 months; P < 0.0001), and
93% of the patients on the 21-day schedule were rated as having
stable disease (19).

Lanreotide. The CLARINET study (7) evaluated the SSA lanreotide
in patients with advanced, grade 1 or 2 (G1/G2) differentiated, non-
functioning, SSTR-positive NETs [diagnosed as moderately differ-
entiated to well-differentiated, pancreatic, gastrointestinal tract or
unknown-origin NETs with a Ki-67 labeling index (LI) of <10%]
and documented the disease progression status. The primary end-
point was the progression-free survival (PFS). The PFS was signif-
icantly prolonged in the lanreotide group as compared with the
placebo group (median PFS not reached in the lanreotide group vs.
18.0 months in the placebo group; HR, 0.47; 95% CI, 0.3-0.73;
P < 0.001). A subgroup analysis of patients with pancreatic NETs
also showed improvement of the PFS in the drug treatment arm,
indicating the effectiveness of lanreotide (median PFS not reached
in the lanreotide group vs. 12.1 months in the placebo group; HR,
0.58; 95% CI, 0.32-1.04).

Recently, an open-label extension study of CLARINET (20)
was reported. In this study, 88 patients with stable disease were
selected; 41 were continued on treatment with lanreotide, while
47 were switched from placebo to lanreotide (120 mg/28 days).
The results of this study showed a clear prolongation of the PFS
(32.8 vs. 18 months) for those in the placebo group reported in the
CLARINET study (7). Ito et al. (21) reported that long-term safety
and efficacy of lanreotide was confirmed by phase II open-label
extension study in Japanese patients.

The ELECT study was a phase III study of the efficacy and safety
of lanreotide for the treatment of carcinoid syndrome in patients
with NETs (22); a total of 150 patients with carcinoid syndrome
were randomized to lanreotide (120 mg) or placebo administered
every 4 weeks, with access to octreotide rescue. The results revealed
that lanreotide treatment was associated with a 15% lower need
for rescues (P = 0.036) and reduced the frequency of diarrhea and
flushing by 76 and 73 %, respectively. These results demonstrated the
effectiveness of lanreotide in controlling the symptoms of carcinoid
syndrome (22).

An observational retrospective-prospective analysis was con-
ducted to investigate the usefulness of SSAs as first-line treatment
for GEP-NETs, which identified primary pancreatic tumor, distant
extrahepatic metastasis and non-resection of the primary tumor
as predictors of a negative response to SSAs (23). Another study
identified tumor Ki67 LI <5%, tumor stability and HTL <25%
as predictors of a positive response to SSAs (24). The response to
octreotide LAR in the PROMID study was higher in patients in
whom the primary tumor had been resected and the HTL was <10%
(6). In summary, SSAs are invaluable as front-line therapy for both
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functioning and non-functioning GEP-NETs, especially in patients
with indolent tumors and a low HTL (25).

Molecularly targeted drugs

Targeted agents have been introduced in the therapeutic landscape
for pancreatic NETs. Considering the high expression levels of vas-
cular endothelial growth factor receptors (VEGFR), platelet-derived
growth factor receptors o and B and stem cell factor receptor (c-kit)
in pancreatic NETs, antiangiogenic agents such as sunitinib (26, 27),
pazopanib (28, 29), cabozantinib (30), lenvatinib (31) and surufa-
tinib (32) have been investigated for their effectiveness in patients
with pancreatic NETs and been demonstrated to show significant
antitumor activity (33). Among these, sunitinib and surufatinib have
been evaluated in phase III studies.

Sunitinib. SUN1111 was a phase III randomized study conducted
to investigate the efficacy of sunitinib (27). The results showed
improved PFS in the drug treatment arm as compared with the
placebo arm (11.4 vs. 5.5 months; HR, 0.42; 95% CI, 0.26-0.66),
based on which sunitinib was approved by regulatory agencies for the
treatment of pancreatic NETs. Long-term data indicated positive, but
statistically non-significant survival effects (34). Subsequent long-
term survival analysis reported a median OS of 38.6 months for the
sunitinib treatment arm vs. 29.1 months for the placebo arm (HR
0.73; P = 0.09) with a lack of statistical significance attributed to
substantial crossover from placebo to sunitinib arm upon progres-
sion (34).

A phase II trial to assess the efficacy of sunitinib was also
conducted in Japan (35). The clinical benefit rate, which was the
primary endpoint of this trial, was 75%. Although the median PFS
was not reached, the PFS rates at 6 and 12 months were 91 and 71%,
respectively, demonstrating the efficacy of sunitinib also in Japanese
patients.

Surufatinib. Surufatinib is an orally active, potent, selective inhibitor
of VEGFR-1, -2 and -3, fibroblast growth factor receptor (FGFR)-1
and colony-stimulating factor-1 receptor (CSF-1R). Based on these
observations, two randomized, double-blind, placebo-controlled
phase III studies recently investigated the safety and efficacy of
surufatinib in Chinese patients with well-differentiated, progressive,
advanced pancreatic (SANET-p trial) (32) and extrapancreatic
(SANET-ep trial) NETs (36). Both studies showed an improvement of
the PFS in the surufatinib arm (SANET-p trial: 10.9 vs. 3.7 months;
HR, 0.49; 95% CI, 0.32-0.76; SANET-ep trial: 9.2 vs. 3.8 months;
HR, 0.33; 95% CI, 0.22-0.50). Both trials met the early termination
criteria at the time of the interim analysis and were terminated
on the recommendation of the Independent Data Monitoring
Committee. Therefore, surufatinib is expected to become a useful
addition to the treatment armamentarium available for patients with
well-differentiated NETs as the option of the second line or later,
regardless of the specific origin.

Everolimus. Excessive activation of the mTOR pathway is known to
be involved in the development and progression of pancreatic NETs.
Therefore, the efficacy/safety of everolimus, a rapamycin analog
mTOR inhibitor, has been investigated in patients with pancreatic
NETs, based on preclinical data (37). The results of RADIANT-3, a
phase III randomized controlled clinical trial, showed that the use
of everolimus had a favorable impact on the median PFS (11.4 vs.
5.4 months; HR, 0.35; P < 0.0001) as compared with placebo in

patients with advanced pancreatic NETs (38). The median OS was
44.0 months in the treatment arm vs. 37.7 months in the placebo
arm (HR, 0.94; 95% CI, 0.73-1.20), and the difference was not
statistically significant (39). This lack of a significant difference was
probably due to the crossing over of 84.7% of the patients to the
treatment arm from the placebo arm.

RADIANT-4, a randomized controlled phase III trial of
everolimus for NETs of the gastrointestinal tract (foregut/midgut/
hindgut) and lung, with the same study design as the RADIANT-
3 trial (40), showed a significantly prolonged median PFS in
the everolimus arm as compared with the placebo arm (11.0 vs.
3.9 months; HR, 0.48; 95% CI, 0.35-0.67, P < 0.001). A subgroup
analysis for midgut NETs also showed a favorable trend in the
everolimus arm (median PFS, 8.11 vs. 1.94 months; HR, 0.27; 95%
CI,0.15-0.51) (41). The HR of everolimus treatment for rectal NETs
was 0.17 (95% CI, 0.00-0.38), the highest efficacy ever reported
until now for everolimus.

Currently, everolimus is widely used for the treatment of GEP-
NETs. However, it is generally recommended that treatment with
everolimus be initiated only in patients with progressive or symp-
tomatic disease, due to the indolent nature of many NETs and the
inclusion criteria of the RADIANT trials considering the documented
progression (42). The optimal sequence of use of the available
treatment options remains undefined.

Cytotoxic agents

Chemotherapy using cytotoxic agents for the treatment of pancre-
atic NETs has been adopted for a long time. Alkylating agents,
prototypes of which are streptozotocin (STZ) and temozolomide,
are proactively used as anticancer agents in patients with pancre-
atic NETs.

Streptozotocin. STZ is taken up into the cells via glucose transporter
2 (GLUT2) and cause alkylation of DNA and suppression of tumor
growth by inhibiting DNA synthesis (43). The major sites of GLUT2
expression are the pancreatic B-cells (endocrine cells), small intestine,
liver and kidneys (44). This suggests that STZ may be expected to
exert an antitumor effect not only on pancreatic NETs but also on
NETs of the gastrointestinal tract.

Moertel et al. (45) reported that a combination of STZ plus
S-fluorouracil (5-FU) was superior to 5-FU monotherapy in 84
patients with advanced islet carcinoma, with response rates (RRs)
in the two treatment arms of 63 and 36%, respectively. In addition,
the MST was also significantly prolonged (26 vs. 16.4 months).
However, no statistically significant improvement of the PFS was
observed. A phase III study of STZ + 5-FU and STZ + doxorubicin
or chlorozotocin monotherapy was reported in 1992. This study
showed that treatment with STZ + doxorubicin yielded a higher
RR (69 vs. 54%) and a significant improvement of the OS (2.2 vs.
1.4 years) (46). However, subsequent retrospective studies failed to
reproduce the effect of STZ + doxorubicin (47, 48). In addition,
due to the risk of cardiotoxicity and other adverse drug reactions
associated with doxorubicin, opinion is divided regarding the clinical
usefulness of STZ + doxorubicin (49). Recently, it was reported
from one study that STZ + 5-FU was more favorable for use than
STZ + doxorubicin because of its more acceptable toxicity profile
(50).

In Japan, STZ is frequently used not only daily regimen but also
weekly regimen (51, 52). This has an advantage to be able to give
treatment in an outpatient. There are still unanswered questions
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regarding the optimal sequence of use of the drug classes and impact
of the O6-methylguanine-DNA methyltransferase (MGMT) status
as a biomarker for the treatment response to STZ. The currently
ongoing SEQTOR trial is evaluating the optimal sequence of use of
STZ + 5-FU and everolimus for the treatment of pancreatic NETs,
and further prospective data are expected (NCT02246127). A recent
report showed a high concordance between negative expression of
MGMT and response to STZ treatment, suggesting that MGMT
expression could indeed be a potential biomarker of the response
to STZ treatment (53).

As for the outcomes of streptozocin treatment for NETs of
the gastrointestinal tract, in 2005, the results for a randomized
controlled trial of STZ + 5-FU vs. doxorubicin+5FU in patients with
gastrointestinal tract NETs (54) showed that STZ + 5-FU yielded
a significantly longer MST (24.3 vs. 15.7 months; P = 0.0267).
However, due to the wide range of primary sites (small intestine,
rectum, pancreas, lung, multiple organs, unknown, other) and the
absence of subgroup analyses, the National Comprehensive Cancer
Network (NCCN) guidelines and ENETS guidelines (55) maintain
that STZ + 5-FU shows poor efficacy against NETs of the gastroin-
testinal tract.

Temozolomide. The orally administered alkylator-, temozolomide-
and temozolomide-based therapies have been widely used for the
treatment of pancreatic NETs in the West. The most promising
results have been reported for the combination of temozolomide
plus capecitabine. In a randomized phase II trial (E2211 study)
conducted by Kunz et al. in 2018 ASCO Annual Meeting (56),
temozolomide + capecitabine (CAPTEM) was compared with temo-
zolomide monotherapy in patients with pancreatic NET-G1/G2.
Although there were imbalances and lack of stratification by tumor
grade, the study demonstrated for the first time that the combination
(CAPTEM) was generally active and more effective than temozolo-
mide monotherapy (median PFS 22.7 vs. 14.4 months; HR, 0.58;
95% CI, 0.36-0.93, P = 0.023) (56). This median PFS of CAPTEM
(22.7 months) showed much longer than that of Molecularly targeted
drugs (Everolimus and sunitinib; 11.4 months). Consistent with PFS
data, the median OS was 38 months in patients receiving temo-
zolomide monotherapy, while it was not reached in patients treated
with CAPTEM, which was significantly longer than temozolomide
monotherapy [HR 0.58 (95% CI, 0.36-0.93), P = 0.023]. In addi-
tion, this study showed a higher RR (temozolomide monotherapy
27.8% vs. CAPTEM 33.3%; P = 0.47), compared with conventional
standard treatment.

Another potential strategy of interest is combining cytotoxic
agents with PRRT. In a prospective phase II single-center study of
30 patients with pancreatic NET-G1/G2, PRRT (four doses of '7’Lu-
Dotatate) in combination with CAPTEM (14 days of chemotherapy
every 8 weeks during PRRT) yielded an objective RR of 80%, with a
median PFS of 48 months (57). Although CAPTEM is expected to be
an important treatment strategy for pancreatic NETs going forward,
it still remains to be approved in Japan. In addition, there are still
unanswered questions, including those on the optimal line of use and
impact of MGMT-methylation status as a biomarker of the treatment
response (42).

Treatment for NET-G3

The WHO pathological classification was revised based on the 2017
WHO classification, and pancreatic NEN-G3 (NEC in the 2010
WHO classification) was classified into pancreatic NET-G3 and

pancreatic NEC. The NORDIC NEC study (58) showed significantly
inferior platinum-based regimens treatment RRs with a Ki67 LI of
<55% vs. higher grade tumors (15 vs. 42%), despite the better OS.
In addition, the Japanese pancreatic NEN-G3 study, a multicenter
retrospective case series involving 70 patients with pancreatic NENS,
revealed that pancreatic NET-G3 showed some differences in clini-
copathological features, such as lower values of the Ki67 LI, absence
of KRAS mutations, loss of immunostaining for the retinoblastoma
(Rb) protein (Rb loss) and absence of response to platinum-based
regimens as compared with pancreatic NEC (51.3 vs.0%; P < 0.001)
(59). There are no available prospective treatment data for NET-
G3. Based on the available data, STZ + 5-FU and CAPTEM appear
to be effective treatment options and are currently preferred for
patients with advanced pancreatic NET-G3 (42, 60). There are some
phase2 clinical trails targeting mainly NET-G3, single arm evel-
oimus (EVINEC:NCT02113800), single arm Cabozantinib (CABO-
NEN: NCT04524208) and carboplatin or Cisplatin+etoposide vs.
Capecitabine+Temozolomide (NCT02595424). By results of these
clinical trails, the actual situation of NET-G3 is expected to be
found more.

Treatment for NEC

Studies have shown that NEC responds well to platinum-based
regimens, and platinum-based chemotherapy is now recommended
for small-cell lung carcinomas (54, 60). However, the only exist-
ing studies on the effects of platinum-based drugs against NEC
are small-scale retrospective studies. In Japan, a phase III clinical
trial (JCOG1213) is being conducted to compare the efficacy of
irinotecan + cisplatin and etoposide + cisplatin for pancreatic and
other NECs (jRCTs031180005). Platinum-based drugs are highly
effective in cases of pancreatic NEC with KRAS mutations and Rb
loss; therefore, KRAS mutations and Rb loss were determined as
predictors of the efficacy of platinum-based drugs in patients with
pancreatic NEC (61). Patients with pancreatic NEC show varied
outcomes of treatment with platinum-based regimens. In the future, it
would be useful to classify pancreatic NEC into more detailed distinct
groups based on immunohistochemical and genetic findings.

Immune checkpoint inhibitors

ICIs have been demonstrated to be effective against melanoma
(61, 62) and non-small-cell lung cancer (63) and so on. Emerging
evidence has shown the possibility of targeting the tumor immune
microenvironment as novel therapeutic option for NENs (64, 65).
Besides PD-L1/L2 expression has been identified in GEP-NETs (66),
in metastatic GEP-NENS, the expression of PD-L1 is associated with
high-grade NET (67) and has both predictive and prognostic value
for survival of patients (66, 68). Besides, the expression of PD-L1 has
been reported in around 100% of well-differentiated G3 GEP-NETs
(69).

The KEYNOTE-028 study is a phase Ib study that examined
the safety and efficacy of the anti-PD-1 inhibitor, pembrolizumab,
in patients with PD-L1-positive (>1%) solid tumors. This study
included 16 patients with pancreatic NETs. However, pem-
brolizumab was found to exert limited efficacy, with an RR of 6%,
PFS of 4.5 months and OS time of 21.0 months (70). In addition,
in the KEYNOTE-158 study, a phase II basket trial conducted to
examine the efficacy of pembrolizumab in patients with advanced
solid cancers (71). Among the 107 patients with NETs in this study,
40 had pancreatic NETs. The RR was only 3.7%, median PFS was
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Table 2. Outcomes of PRRT in pancreatic NET

Author/year (ref) Radiopharmaceutical Study type No. of panNET ORR mPFS months mOS months
patients (95% CI) (95% CI)

Baum et al. 2016 (68) 177Lu-PRRT (36%), °Y-PRRT  Retrospective 384 NS 20 (17-23) 44 (38-50)
(15%) or both (49%)

Campana et al. 2013 (69)  *°Y-DOTATOC or Retrospective 45 31% 23 NS
177Lu-DOTATATE

Pfeifer et al. 2011 (70) OY-DOTATOC (77%), Retrospective 21 33% 27 NR
177Lu-DOTATOC or both (23%)

Dumont et al. 2015 (72)  ?°Y-DOTATOC (80%) or Prospective 36 33% NS 40
0Y-DOTATOC &
177Lu-DOTATOC (20%)

Hoérsch et al. 2016 (73) 177Lu-PRRT (54%), “°Y-PRRT Retrospective 172 NS 39 (29-49) 53 (37-69)
(17%), both (29%)

Bertani et al. 2016 (74) OY-DOTATOC (37%), Prospective 90 26% 36 (24-44) 75 (64-104)
177Lu-DOTATATE (28 %), both
(35%)

Kunikowska et al. 2017 Y-DOTATATE & Prospective 19 NS 30 79

(73) 177Lu-DOTATATE

Sharma et al. 2017 (75) 9OY-PRRT (83%), '””Lu-PRRT Retrospective 35 NS NS 37 (18-48)

(15%)

panNET, pancreatic neuroendocrine tumor; ORR, overall response rate; mPFS, median progression-free survival; mOS, median overall survival; NS, not stated;

NR, not reached; CI, confidence interval.

4.1 months, and a median OS time was 24.2 months. In addition,
grade 3-5 adverse events occurred in 20.6% of the patients.

Some phase II studies of ICI for GEP-NET were published.
Spartalizumab, PD-1 monoclonal antibody, was evaluated in patients
with well-differentiated NET G1/2 and GEP-NEC. The ORR was
7.4% in the NET group (thoracic, 16.7%; gastrointestinal, 3.1%;
pancreatic, 3.0%), which was below the predefined success criterion
of >10%, and 4.8% (95% CI: 0.1, 23.8) in the GEP-NEC group.
The efficacy of spartalizumab was limited in GEO-NET population;
however, the results in the thoracic cohort are encouraging and
warrant further investigation (72).

Currently, phase II studies are under way to investigate the effi-
cacy of ICIs in patients with advanced NETs: Avelumab for metastat-
ic/unresectable well-differentiated NET-G2/G3 (NCT03278379),
avelumab for progressive NEC after chemotherapy (NCT03352934),
durvalumab and tremelimumab for GEP-NEN-G3 (NCT03095274)
(73) and pembrolizumab for metastatic NETs
(NCT02939651).

In addition, normalizing blood vessels with angiogenesis

high-grade

inhibitors have recently been demonstrated to improve the immune
responses to tumors and thus boost the effect of ICIs. Therefore,
the combination of ICIs plus angiogenesis inhibitors is increasingly
attracting attention. For example, combination immunotherapy with
Ipilimumab and Nivolumab was administrated for Rare Cancers in
CA209-538 Clinical Trial. Of this study, 29 patients with advanced
NENS received treatment of this study. The objective RR of showed
24% with a CBR of 72% and demonstrated significant clinical
activity in subgroups of patients with advanced NETs (74). In
addition, combined atezolizumab plus bevacizumab therapy has been
attempted for the treatment of NETs (73). Similarly, cabozantinib
and atezolizumab have also been used for the treatment of advanced
and progressive NETs (NCT04400474).

Some evidence suggests that tumor mutation burden (TMB)
may be a useful biomarker to select patients who could respond
to immunotherapy, independently from the microsatellite instability

status of the tumor (64). According to the subanalysis of the
Keynote158 study, this tendency is thought to be similar for GEP-
NET (75). Also, it is reported that high-grade NET was significantly
higher in TMB when we divide GEP-NEN into high grade and low
grade in the recent study (9.5 mut/MB vs. 5.1, P < 0.0001) (67).

Peptide receptor radionucleotide therapy

PRRT, using radiolabeled SSAs, is an effective and well-tolerated
treatment modality that extends the concept of targeting SSRs
in NETs (76). The superior efficacy of PRRT ('””Lu-Dotatate) to
octreotide LAR 60 mg (high dose) was demonstrated in a prospective
phase III study (NETTER-1 trial) in patients with advanced well-
differentiated midgut NETs. The PFS was clearly favorable, with an
estimated PFS at 20 months of 65.2% in the PRRT group vs. 10.8%
in the control group (HR, 0.21; 95% CI, 0.13-0.33), suggesting a
new standard for patients in this setting.

Although the NETTER-1 trial was conducted in patients with
midgut NETs, PRRT has also been reported to be effective against
pancreatic NETs. A total of 8 studies (2 prospective, 6 retrospective)
have reported the effectiveness of PRRT against pancreatic NETs
(8, 77-84) (Table 2). The reported median PFS ranged from 20 to
39 months, and the median OS times ranged from 37 to 79 months.
It is worthy of note that no significant difference in the median
PFS or OS was found when the treatment outcomes for pancreatic
NETs and NETs at other sites were compared. It should also be
noted that these studies were quite heterogeneous in terms of the
treatments used in previous lines of therapy as well as in terms
of whether the patients had progressive disease during treatment
(85). Thus, PRRT appears to be effective not only against midgut
NETs, but also against pancreatic NETs, and has therefore been
approved for the treatment of NETs by the United States Food
and Drug Administration. However, PRRT is not yet approved in
Japan.

PRRT is an established treatment for NET-G1/G2, with an
increased uptake on SSTR imaging (SRI). However, there is promising
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evidence to support the effectiveness of PRRT against SRI-positive
G3 tumors (86, 87). A review of four studies conducted to determine
the efficacy of PRRT against NEN-G3 revealed promising RRs (31—
41%) and disease control rates (69-78%) in three of the studies.
The median PFS (11-16 months) and survival (22-46 months) times
were the best in patients with tumors showing a Ki-67 LI of <55%
(86, 87). These results suggest that PRRT could be considered for
patients with increased uptake on SRI, both those with NET-G3 and
those with NEC with a Ki67 LI of <55% (86).

The NETTER-2 trial (NCT03972488) is an ongoing phase III,
randomized study of '""Lu-Dotatate with 30-mg octreotide LAR
vs. 60-mg octreotide LAR for first-line treatment of advanced
GEP-NET-G2/G3. Another study of interest is the COMPETE trial
(NCT03049189), which is a phase III, randomized trial investigating
the effect of PRRT (!”’Lu-DOTATOC) vs. everolimus for first-line
treatment of advanced GEP-NETs (all grades included).

Radiotherapy has been shown to increase the tumor antigenicity
as well as increase antigen presentation, which, in turn, can enhance
T-cell destruction in tumor cells (88). Therefore, investigation
of the efficacy of PRRT in combination with immunotherapy
may be warranted in the future (85). In addition, PRRT plus
cytotoxic agents or PRRT plus targeted therapy are expected to
be examined in future prospective studies that will draw great
attention.

Selection of the optimal drug and sequence of
use of the drug classes for pancreatic NETs

In general, the tumor burden and tumor aggressiveness are consid-
ered as the two most important factors for selecting the optimal
treatment agents for patients with pancreatic NETs. The ENETS
(55), ESMO (89) and NCCN guidelines (90) propose the following
algorithm to select the drugs/sequence of use of the drug classes for
patients with pancreatic NETs: when the Ki-67 LI or tumor volume
is low, SSAs may be used first, and if the tumor progresses after this
treatment, molecularly targeted drugs or cytotoxic agents could then
be used. The NCCN guidelines (90) mention that in selected cases,
it may be appropriate to proceed to front-line systemic therapy or
liver-directed therapy prior to or concurrently with octreotide or
lanreotide. No standard therapy has been established yet for NET-
G3, however, despite the limited evidence, the ENETS and ESMO
guidelines recommend the use of STZ + 5-FU and CAPTEM as
first-line therapies for NET-G3 (89, 91). Yao and Phan (92) have
proposed an algorithm for pancreatic NETs based on the pattern of
disease progression and tumor volume. According to this algorithm,
for patients with a relatively small tumor burden and slow disease
progression, SSAs would be selected as the first-line treatment agents.
For those with a relatively large tumor burden and rapid tumor
progression, cytotoxic agents would be selected for achieving tumor
shrinkage.

However, clear criteria have not been established for disease
progression and tumor volume. Thus, there is no clear scientific basis
for determining the sequence of drugs to be used for the treatment of
pancreatic NETs.

Recently, Tkeda et al. (93) proposed a tentative map of optimal
treatment selection for patients with unresectable pancreatic NETs,
based on a discussion by Japanese experts of the results of previ-
ously published studies (Fig. 1). They considered classifying tumors
according to the Ki-67 LI (5, 10 or 20%) and liver metastasis tumor
volumes (10, 25 and 50%). Although this study requires further

10

Molecular-targeted agent

Tumor volume of liver metastases (%)

Ki-67 labeling index (%)

Figure 1. Treatment selection MAP of the first-line systemic treatment
for patients with unresectable pancreatic neuroendocrine tumors. (Per-
mission to reprint from Pancreatology license number 5014700331143).
As the first-line treatment agent, patients in the green, yellow and
red areas would be recommended a somatostatin analog, molecular-
targeted agent and cytotoxic agent, respectively; x-axis shows Ki-67
labeling index (LI) (%) of tumor tissue sample, and y-axis shows tumor
volume (%) of liver metastases which is calculated in the whole liver by
pretreatment CT or MRI.

validation, Ki-67 LI appears to be a promising indicator for therapy
selection.

Selection of the optimal drugs and sequence of
use of the drug classes for GEP-NETs

The ESMO guidelines (91) recommend the following algorithm to
determine the sequence of use of the available drugs for small
intestinal NETs: treatment could be started with SSAs for NET-
G1/G2, SSTR-positive, Ki-67 LI <10% and slow-growing tumors;
if the tumor progresses after this treatment, therapy could be con-
tinued with local treatments, PRRT, or everolimus: for NET-G2,
Ki-67 > 10-15%, or rapidly growing tumors, therapy could be
started with everolimus; for SSTR-negative small-intestinal NETs,
therapy could be started with locoregional treatment options. The
NCCN guidelines (90) state that everolimus, PRRT, local treatments,
interferon «-2b and cytotoxic agents may be considered for tumors
that are resistant to SSAs. However, as for pancreatic NETs, the
NCCN guidelines also mention that in selected cases, it may be
appropriate to proceed to front-line systemic therapy or liver-directed
therapy prior to or concurrently with octreotide or lanreotide.

It must be noted that the ENETS guidelines (55) also state that
the majority of the NETs of the gastrointestinal tract investigated in
phase III studies, the results of which served as the basis for the use
of SSAs were small-intestinal (midgut) NETs; moreover, there is little
scientific evidence to support the efficacy of SSAs against foregut and
hindgut NETs, and hindgut NETs which are prevalent among Asians,
including the Japanese, are often considered to have a relatively poor
prognosis (55). Therefore, new evidence is required for selecting the
optimal drugs and sequence of treatment for hindgut NETs.
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Table 3. Summary of studies on everolimus combined with SSAs

Study Objects Setting Treatment and dose mPFS
RADIANT-1 (86) Pancreatic NET Non-randomized phasellstudy Everolimus plus octreotide LAR ~ 16.7 vs. 9.7 m
vs. everolimus
RADIANT-2 (89) GI-NET (functioning) Randomized phase III study Everolimus plus octreotide LAR ~ 16.0 m
vs. everolimus
EVERLAR (85) GI-NET Single-arm phasellstudy Everolimus plus octreotide LAR ~ 20.3 m
ITMO (86) Pancreas/Gl/lung Single-arm phasellstudy Everolimus plus octreotide LAR ~ 33.6 m
STARTER-NET (88) GEP-NET Randomized phase III study Everolimus vs. everolimus plus Ongoing

lanreotide

SSAs, somatostatin analogs; GI, gastrointestinal; GEP-NET, gastroenteropancreatic neuroendocrine tumor; LAR, long-acting release.

Unresectable or recurrent non functional GEP-NET

Randomization
An assignment adjustment factor: Institution, primary location, and
Ki-67 LI

Arm A

Everolimus monotherapy

Figure 2. STARTER-NET study scheme.

Arm B
Everolimus +lanreotide therapy

This randomized phase lll trial in Japan is to confirm the superiority of combined everolimus plus lanreotide therapy over everolimus monotherapy in
patients with unresectable or recurrent gastroenteropancreatic NETs with poor prognostic factors (Ki-67 LI: LI 5-20% or Ki-67 LI < 5% with diffuse liver

metastases).

Further areas of research

The standard treatment for NET-G1/G2 is considered to be
monotherapy with an SSA or molecularly targeted drug, starting
with the less toxic SSAs and switching to molecularly targeted drugs
if the disease progresses after treatment with SSAs (5, 6). However,
it is suggested that alternative front-line systemic therapy or liver-
directed therapy should be considered for more aggressive cases, as
specified in the NCCN guidelines (90). In NETs, the mTOR pathway
is activated; therefore, use of everolimus in combination with SSAs,
which inhibit the PI3K/mTOR pathway, would be expected to yield
a superior antitumor effect to everolimus alone (94-96). In fact, in
expectation of this synergistic effect, trials are being conducted of
combined everolimus plus SSA therapy for pancreatic NETs and
NETs of the gastrointestinal tract (Table 3).

In the RADIANT-1 study (97), which was a non-randomized
phase II study, treatment with everolimus at 10 mg/day plus
octreotide LAR yielded a median PFS of 16.7 months, whereas
that with everolimus at 10 mg/day alone yielded a median PFS
of 9.7 months in patients with metastatic pancreatic NETs. In
the EVERLAR study (98), which was a single-arm phase II study,
treatment with everolimus at 10 mg/day plus octreotide LAR
yielded a median PFS of 20.3 months in patients with advanced,

nonfunctional, well-differentiated gastrointestinal NETs. In the
ITMO study (99), treatment with everolimus at 10 mg/day plus
octreotide LAR yielded a median TTP of 33.6 months in patients
with advanced, well-differentiated gastrointestinal NETs. The phase
III RADIANT-2 trial (100) compared everolimus plus octreotide
LAR with placebo in patients with advanced NETs associated with
carcinoid syndrome. The P value of the improved median PFS was
marginally over the prespecified threshold for statistical significance.

Based on this background, the Japan Clinical Oncology Group
(JCOG) is conducting a multicenter, randomized, controlled, phase III
trial named STARTER-NET (JCOG1901) to confirm the superiority
of combined everolimus plus lanreotide therapy over everolimus
monotherapy for unresectable or recurrent non-functioning GEP-
NETs with poor prognostic factors (Ki-67 LI 5-20% or Ki-67 LI
<5% with diffuse bilobar liver metastases) in terms of the PFS
(JRCT1031200023) (101) (Fig. 2). If this trial proves the superiority
of everolimus plus lanreotide in terms of the PFS, it will lead to
the establishment of a novel standard therapy both in Japan and
elsewhere and enable efficient use of different therapies.

After curative surgery, there is no indication for specific med-
ical treatment (102). Even though there are some known factors
associated with a higher risk for relapse, there is no approved
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strategy at present to improve the outcomes in patients with these
risk factors. Therefore, a discussion of adjuvant treatment(s) for
GEP-NETs is of paramount importance (103). Gao et al. (104)
established risk stratification for recurrence of patients with resected
pancreatic NETs and recommend clinical trials of post-operative
adjuvant treatments in patients with a very high risk of recurrence.
Until date, there is one retrospective study of adjuvant therapy for
resected GEP-NETs using SSAs or cytotoxic agents (105); this study
concluded that adjuvant therapy for resected GEP-NETs is negatively
associated with the RFS and confers no OS benefit. However, this
was a retrospective cohort study, and some selection bias could have
affected the results. Similar results for adjuvant chemotherapy using
streptozotocin +5FU, including the low number of survival events
after resection of liver metastases in patients with digestive tract
NETs, were reported in another retrospective registry-based series, in
which multivariate analysis revealed no improvement of the RFS or
OS (106). Future studies should focus on patient subsets who may
benefit from adjuvant therapy. Additional data regarding time-to-
recurrence and OS of patients with resected NETs will be necessary
to design adequately powered studies in this setting (107). However,
the most promising chemotherapy regimen for the adjuvant setting
still remains unknown.

In addition, there is no known role for systemic treatment in
the neoadjuvant setting for resectable disease or surgical resection
after systemic treatment for unresectable GEP-NETs, the so-called
conversion surgery. In regard to conversion surgery, there are some
reports that cytotoxic neoadjuvant chemotherapy allowed resection
in some cases of highly locally advanced GEP-NETs (108). However,
there are no reports of cases of GEP-NETs with distant metastasis
in which systemic neoadjuvant treatment resulted in conversion to
resectable disease (102). The absence of any regimens for GEP-NETs
that have been shown to elicit high RRs of over 30% may be one of
the reasons. In order to establish conversion surgery as the standard
of care for unresectable GEP-NETs, systemic treatments that can
elicit higher RRs would need to be developed.

Conclusion

NETs constitute a clinically heterogeneous group of tumors and
even experts face challenges in selecting the optimal multidisciplinary
approach. We would like to emphasize the wide spectrum of clinical
behaviors of these tumors, ranging from indolent to aggressive,
so that personalized treatment approaches, based on risk—benefit
evaluation on a per-patient basis, are needed.
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