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Abstract: Treatment options for neuroendocrine tumors (NETs) and carcinomas (NECs) are expanding.
Early-phase studies have shown preliminary evidence of the antitumor activity of alpha-emitting
peptide receptor radionuclide therapy (PRRT), and novel radiopeptides incorporating somatostatin
receptor antagonists (rather than agonists) have been developed. Several tyrosine kinase inhibitors
(TKIs) with antiangiogenic potential have been evaluated in patients with NETs, including lenvatinib,
axitinib, cabozantinib and pazopanib. Recently, two phase 3 clinical trials have demonstrated
the efficacy and safety of surufatinib, an inhibitor of vascular endothelial growth factor receptor
(VEGFR)-1, -2, -3, fibroblast growth factor receptor (FGFR)-1 and colony stimulating factor-1 receptor
(CSF-1R), in patients with pancreatic and extra-pancreatic NETs. Multiple clinical trials of combination
immunotherapy have been recently completed, but interpretation of the results is hampered by small
samples sizes and discordant outcomes. This review summarizes recent data on emerging treatments
for neuroendocrine neoplasms.

Keywords: neuroendocrine neoplasms; neuroendocrine tumors; neuroendocrine carcinomas;
surufatinib; lenvatinib; axitinib; immunotherapy; peptide receptor radionuclide therapy (PRRT)

1. Introduction

Neuroendocrine tumors (NETs) are heterogeneous neoplasms arising in secretory cells of the
diffuse neuroendocrine system. They are characterized by a relatively indolent growth and the ability to
secrete biogenic amines and peptide hormones [1]. Gastroenteropancreatic NETs (GEP-NETs) include
NETs of the gastrointestinal tract (GI-NETs) and pancreatic NETs (panNETs), and can be subdivided in
well-differentiated (low-, intermediate- or high-grade) tumors and poorly differentiated carcinomas
(NECs), according to their morphology and proliferative activity [2].

Recent years have seen a surge of research on treatments for advanced GEP-NETs, and the
therapeutic landscape of these malignancies has expanded considerably. Somatostatin analogs (SSAs)
have demonstrated both antisecretory and antitumor efficacy [3,4]. Peptide receptor radionuclide
therapy (PRRT) with 177Lutetium (Lu)-DOTATATE was associated with significant prolongation of
progression-free survival (PFS) in patients with progressive midgut NETs [5,6]. The mTOR inhibitor
everolimus has shown antitumor activity against NETs regardless of their primary site [7,8], and the
tyrosine kinase inhibitor (TKI) sunitinib has been approved for panNETs [9]. The clinical benefit of
chemotherapy with temozolomide and capecitabine has been recently demonstrated in a randomized
trial [10], and multiple retrospective series [11] have reported the efficacy of liver-directed therapies for
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controlling tumor growth. However, despite these advances, metastatic NETs remain incurable and
new effective treatments are warranted.

Several clinical trials are currently enrolling NET patients. Given the pivotal role of somatostatin
receptors (SSTRs) in NET biology and the impressive results observed with 177Lu-DOTATATE,
innovative PRRT strategies encompassing the use of alpha-emitting radiolabeled somatostatin analogs
(SSAs) or radiolabeled SSTR antagonists are being actively investigated. A variety of new TKIs with
antiangiogenic properties are also being tested to target the aberrant vascularization of NETs. Multiple
clinical trials of immunotherapeutic agents, alone or in combination, are underway to evaluate the
role of immune checkpoint blockade in NETs. In this review, we summarize the most recent advances
of clinical research in the NET field, focusing on the clinical efficacy and toxicity of new emerging
systemic treatments for patients with advanced GEP-NETs.

2. Innovative PRRT Strategies

PRRT is a form of systemic radiotherapy that allows targeted delivery of radionuclides to tumor
cells expressing high levels of SSTRs [12]. For many years, evidence of the antitumor activity of
PRRT in patients with NETs was derived only from early phase studies using SSAs radiolabeled
with 90Yttrium (90Y) or 177Lu, but the randomized, phase 3 NETTER-1 trial [5] has recently provided
high-level evidence of the activity and safety of this form of treatment. The NETTER-1 trial investigated
177Lu-DOTATATE versus high-dose octreotide long-acting repeatable (LAR) (60 mg/28 days) in patients
with advanced, OctreoScan-positive midgut NETs who progressed on standard-dose octreotide LAR.
After a median follow-up of 14 months, 177Lu-DOTATATE resulted in a 79% reduction in risk of
progression or death compared with the control group (p < 0.0001; hazard ratio: 0.21; 95% confidence
interval (CI), 0.13–0.33).

Radiolabeled peptides used for PRRT consist of a radionuclide isotope, a carrier molecule
(generally derived from the SSA octreotide), and a chelator that binds them stabilizing the resulting
complex [12]. Innovative PRRT radiopeptides incorporate different radionuclides or different carriers,
and their clinical development is underway. The most relevant characteristics of a radioisotope are
the path length and the linear energy transfer (LET). Although a longer path length may be useful for
treating large volume tumors, damage to surrounding healthy tissue may occur. The LET measures
the ionizing density and, hence, the molecular damage of a particle per unit length. Particles with high
LET provide more severe and less reparable cell damage than those with low LET [13]. Both 177Lu
and 90Y are β-emitting particles, meaning that they release negatively charged electrons trough the
β-decay process. These particles are characterized by relatively long path length (up to 12 mm) and
low LET (0.2 keV/µm), thus producing single strand DNA damage which is influenced by the cell
cycle phase [14]. To maximize the therapeutic effects of PRRT while reducing its off-tumor toxicities,
α-emitters have been developed. The α-emitters release positively charged particles (two neutrons
and two protons) through the alpha decay process. These particles have a high LET and a short-range
(between 40 and 100 µm), resulting in severe DNA damage irrespective of the cell cycle phase and
oxygen concentration, with minimal radiotoxicity to the surrounding tissue [15].

Among emerging α-emitters, 225Ac-DOTATATE, 213Bi-DOTATOC and 212Pb-DOTAMTATE have
shown promising results in early clinical studies. 225Actinium (225Ac) is a pure α-emitter with a
half-life of 10 days. In a first-in-human study, 225Ac was tested in 10 patients with NETs progressing
after β-emitting PRRT, with evidence of safety and tolerability [16]. A subsequent study prospectively
investigated 225Ac-DOTATATE in 32 patients with SSTR-positive GEP-NET who received at least two
prior lines of systemic treatment including 177Lu-DOTATATE [17]. The treatment schedule consisted
of 100 kBq (2.7 µCi)/kg of 255Ac-DOTATATE at 8-week intervals up to a cumulative dose of 55,500 kBq
(1.5 mCi). After a median follow-up of 8 months, there were no deaths or progressive events in
the 24 patients assessable for response. Among them, 15 patients exhibited a partial response and
9 stable disease by Response Evaluation Criteria in Solid Tumors (RECIST) 1.1. The most common
adverse events associated with the investigational treatment were loss of appetite, nausea and vomiting.
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These toxicities may have been related to the amino acid infusion rather than the treatment itself,
as commonly observed in patients receiving β-emitters.

213Bismuth (213Bi) is a mixed α/β-emitter with a half-life of 46 min. In a first-in-human study [18]
enrolling 7 patients with NET liver metastases progressing on treatment with 90Y/177Lu-DOTATOC,
the intra-arterial administration of 213Bi-DOTATOC into the hepatic artery produced one complete
response, two partial responses and three stable diseases according to RECIST criteria. The side
effects of 213Bi-DOTATOC included moderate chronic kidney toxicity and mild acute hematologic
toxicity. 212Lead (212Pb) emits α particles of potential therapeutic interest following its decay to
sTable 208Pb. In murine models of NETs, a combination of 5-flurouracil and 212Pb-DOTAMTATE
induced complete responses in approximately 80% of the tested animals [19]. On this basis, a phase
1 dose-escalation study of 212Pb-DOTAMTATE has been initiated with a target accrual of 50 patients
with advanced SSTR-positive NETs (NCT03466216). In a preliminary analysis of 16 treated patients,
212Pb-DOTAMTATE demonstrated a favorable safety profile. Among six patients who received the
highest dose escalation, the objective response rate (ORR) was 83%, with one complete response and
five partial responses (three of them classified as near complete responses) [20].

Despite minimal or no internalization of the antagonist-receptor complex into tumor cells,
SSTR antagonists may have several advantages as compared with SSTR agonists in the design of PRRT
radiopeptides. First, antagonists may bind SSTRs in both their active and inactive conformations,
thus occupying more binding sites than agonists. Second, antagonists show a lower dissociation rate
than agonists. As result, antagonists tend to show higher tumor uptake and higher tumor retention
when compared to SSTR agonists [21]. 177Lu-DOTA-JR11, also named 177Lu-Satoreotide Tetraxetan,
is a radiolabeled SSTR antagonist and has been tested in a phase 1 trial [22] of 20 patients with
well-differentiated, SSTR-positive, heavily pre-treated NET. Patients first underwent a dosimetry
study to determine the therapeutic activity that could be safely administered. Then, they received
this activity split into two equal cycles delivered 3 months apart. Overall, six patients received one
cycle of 177Lu-DOTA-JR11, while two cycles were administered in the remaining 14 patients. Grade 4
hematologic toxicities occurred in four out of the seven patients who first received 177Lu-DOTA-JR11,
probably as result of the high affinity of the radiopeptide to SSTRs expressed within the bone marrow.
The study protocol was therefore modified to limit the cumulative absorbed bone marrow dose to 1 Gy.
Overall, 177Lu-DOTA-JR11 resulted in an ORR of 45% (5% complete response; 40% partial response),
with stable disease in the 40% of the cohort. A median PFS of 21 months was reported. Another
phase 1/2 study has recently assessed the safety of different dosages of 177Lu-DOTA-JR11 in a total of
35 patients with progressive, low-to-intermediate grade NETs [23]. Grade 3 or worse treatment-related
hematologic adverse events were observed in 12 patients (34%), while treatment discontinuation was
reported in 6 patients. The disease control rate (DCR) at 12 months was 90%. Table 1 summarizes
the efficacy results of clinical trials evaluating alpha-emitters or somatostatin-receptor antagonists in
patients with NETs.

Table 1. Clinical trials of PRRT with alpha-emitters or somatostatin antagonists in patients with NETs.

Therapeutic Agent Dosage and Schedule Patient
Population

Number of
Patients
Enrolled

Objective
Responses *
(RECIST 1.1)

Reference

225Ac-DOTATATE
Systemic infusion every

8 weeks
(100 kBq/kg of body weight)

Advanced
GEP-NETs
stable or

progressing on
177Lu-DOTATATE

32
ORR: 62%

(62% PR; 38%
SD)

[17]

213Bi-DOTATOC

Intra-arterial or systemic
infusion every 8 weeks

(first cycle: 1GBq; second
cycle: 1.5 GBq; third cycle:
2–4 GBq; fourth cycle: as

available from the generator)

Advanced
NETs with liver

metastases
progressing on
90Y/177Lu-DOTATOC

therapy

7
ORR: 50%

(17% CR; 33%
PR; 50% SD)

[18]
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Table 1. Cont.

Therapeutic Agent Dosage and Schedule Patient
Population

Number of
Patients
Enrolled

Objective
Responses *
(RECIST 1.1)

Reference

212Pb-DOTAMTATE
Systemic infusion every

8 weeks
(3+3 dose escalation design)

Advanced
SSTR+ NETs 50

ORR at highest
dose cohort:

83%
(1 CR; 5 PR)

[20]

177Lu-DOTA-JR11

Systemic infusion every
12 weeks

(cumulative absorbed bone
marrow dose up to 1 Gy)

Advanced,
well-differentiated,

SSTR+ NETs
20

ORR: 45%
(5% CR; 40%

PR)
[22]

* Among evaluable patients. NET: neuroendocrine tumor; RECIST: Response Evaluation Criteria in Solid Tumors;
ORR: objective response rate; SD: stable disease; CR: complete response; PR: partial response; SSTR+: somatostatin
receptor positive; PRRT: peptide receptor radionuclide therapy.

3. New Antiangiogenic Agents

NETs are among the most vascularized cancers, with an intratumoral vessel density 10-fold higher
as compared with many other carcinomas [24]. This is not particularly surprising, as a high vascular
supply is required for the physiologic functions of normal endocrine tissue. As result of the aberrant
activation of the hypoxia-inducible factor-1α (HIF-1α) transcriptional program, NETs overexpress
proangiogenic factors including vascular endothelial growth factor (VEGF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), semaphorins and angiopoietins, as well as their cognate
receptors [24]. Multiple TKIs with antiangiogenic properties are currently under clinical investigation
in patients with advanced GEP-NETs. Among them, surufatinib, lenvatinib, axitinib, cabozantinib and
pazopanib have shown promising efficacy in phase 2 or 3 clinical trials.

Surufatinib is an orally active, potent, selective inhibitor of vascular endothelial growth factor
receptor (VEGFR)-1, -2, -3, fibroblast growth factor receptor (FGFR)-1 and colony stimulating factor-1
receptor (CSF-1R) (Figure 1). Since the activation of FGFR-1 and CSF-1R has been described as one
of the main determinants of acquired resistance to VEGFR inhibitors, surufatinib has the potential
to overcome resistance to first-generation TKIs including sunitinib [25]. Surufatinib has been tested
at a dosage of 300 mg once daily in a single-arm, multicenter, phase 1b/2 trial of 81 patients with
low-to-intermediate grade advanced NETs [26]. A median PFS of 21.2 months and 13.4 months was
reported in 42 patients with panNETs and 39 patients with extrapancreatic NETs, respectively. The ORR
was 19% and 15% in the pancreatic and extrapancreatic NET cohorts, and hypertension, proteinuria,
hyperuricemia, hypertriglyceridemia and diarrhea were the most frequent treatment-related grade 3
or worse adverse events. Based on these results, two randomized, double-blind, placebo-controlled,
phase 3 studies recently investigated the safety and efficacy of surufatinib in Chinese patients with
well-differentiated, progressive, advanced pancreatic (SANET-p trial) and extrapancreatic NETs
(SANET-ep trial). Both trials have been terminated at their pre-planned interim analysis after meeting
the primary endpoint of improved PFS. The SANET-ep trial [27] randomized 198 patients with
extrapancreatic NETs to receive surufatinib or placebo in a 2:1 ratio. The majority of the enrolled
patients (84%) had G2 tumors. The investigator-assessed median PFS was 9.2 vs. 3.8 months in the
surufatinib and placebo arms respectively (hazard ratio (HR) = 0.33, 95% CI 0.22–0.5; p < 0.0001).
The results of the SANET-p trial [28] have been recently disclosed. The study randomized 172 patients
with panNETs to receive surufatinib or placebo in a 2:1 ratio. The investigator-assessed median PFS
were 10.9 and 3.7 months in the surufatinib and placebo arm respectively (HR: 0.49, 95% CI 0.32–0.75;
p = 0.001), in the presence of an investigator-assessed ORR of 19% in the investigational arm. It remains
unclear whether the therapeutic index of surufatinib is substantially improved compared to the TKI
sunitinib, which is already approved for panNETs, or whether surufatinib is active in patients who are
refractory to sunitinib.
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Figure 1. Molecular targets of novel tyrosine kinase inhibitors (TKIs) in neuroendocrine tumors (NETs).
FGFR: fibroblast growth factor receptor; CSF-1R: colony stimulating factor 1 receptor; VEGFR: vascular
endothelial growth factor receptor; PDGFR: platelet-derived growth factor.

Lenvatinib is an oral TKI that selectively targets VEGFR-1, -2, -3, FGFR-1, -2, -3, -4, platelet-derived
growth factor receptor α (PDGFRα), KIT and RET. The drug has been approved by the Food and
Drug Administration (FDA) for patients with differentiated thyroid cancer, renal cell carcinoma,
hepatocellular carcinoma and endometrial cancer. The phase 2 TALENT study [29] investigated
lenvatinib 24 mg daily in 55 patients with panNETs and 56 patients with gastrointestinal NETs.
All patients had progressive disease according to RECIST criteria, and prior therapy with targeted
agents was mandatory for enrollment in the panNET cohort. By central radiology review, an ORR
of 42% and 16% has been preliminarily reported in the panNET and gastrointestinal NET cohorts,
respectively. After a median follow-up of 19 months, the median PFS was 15 months for either patient
cohort. Hypertension, fatigue and diarrhea were the most frequent G3/4 treatment-emergent adverse
events, with 10% of patients discontinuing the treatment due to toxicity.

Axitinib is a TKI with picomolar potency against VEGFR-1, -2 and -3. Such an inhibitory potency
is up to 450 times higher than that of first-generation TKIs targeting VEGFRs. At present, the drug
is approved for the treatment of advanced renal cell carcinoma. An open-label, phase 2 study [30]
investigated axitinib 5 mg twice daily in 30 patients with progressive, advanced, low-to-intermediate
grade NET of extra-pancreatic origin. After a median follow-up of 29 months, a median PFS of
27 months was reported. Grade 3/4 hypertension was recorded in the 63% of the cohort, leading to
treatment discontinuation in one fifth of enrolled patients. The double-blind, phase 2/3 AXINET trial
(NCT01744249) has randomized 255 patients with advanced, low-to-intermediate grade, progressive,
non-pancreatic NETs to receive axitinib plus octreotide LAR or placebo plus octreotide LAR. The study
results are still pending, and their release is expected in the next few months.

Cabozantinib is an orally active, potent inhibitor of MET, VEGFR2, KIT, RET, AXL, TIE2 and FLT3.
Based on preclinical findings showing the ability of the drug to inhibit the viability and migration
of NET cells [31], cabozantinib was investigated in a phase 2 study [32] enrolling 20 patients with
panNETs and 41 patients with non-pancreatic NETs. All patients had well-differentiated tumors and
progressive disease according to RECIST 1.1 criteria. Based on preliminary results, the drug was
associated with an ORR of 15% in either cohort. A median PFS of 22 and 31 months was recorded in
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the pancreatic and non-pancreatic subgroup respectively. Grade 3/4 toxicities included hypertension,
hypophosphatemia, diarrhea, lymphopenia, thrombocytopenia and fatigue. The phase 3 CABINET
trial is currently underway in the US to assess the efficacy of cabozantinib 60 mg daily in patients with
advanced progressive NET (NCT03375320).

Pazopanib is an oral TKI targeting VEGFR -1, -2, -3, FGFR-1, -3, -4, PDGFR-α and -β and c-KIT.
The multi-center, open-label, phase 2 PAZONET trial [33] evaluated pazopanib in 44 patients with
advanced, progressive, well-differentiated NETs. The study documented a median PFS of 9 months,
with a clinical benefit rate (complete response + partial response + stable disease by RECIST 1.0 criteria)
of 73%, 60% and 25% in patients who received prior TKIs, mTOR inhibitors or both respectively.
The most common grade 3/4 toxicities of pazopanib included diarrhea, fatigue and hypertension,
and drug dosage reductions were needed in the 21% of enrolled patients. More recently, pazopanib
has been investigated in the multi-center, phase 2 Alliance A021202 study [34]. The trial randomized
171 patients with low-to-intermediate, progressive, extrapancreatic NETs to receive pazopanib or
placebo. After a median follow-up of 31 months, a median PFS of 12 and 8 months was recorded in
patients treated with pazopanib or placebo respectively (HR: 0.53; p = 0.0005). The rate of grade 3 or
worse toxicities deemed to be related to pazopanib was 61%, with hypertension, fatigue, diarrhea
and transaminases elevation reported to be the most common adverse events. Table 2 provides an
overview of ongoing clinical trials of TKIs under clinical scrutiny in patients with NET.

Table 2. Ongoing clinical trials of TKIs in patients with NETs.

Therapeutic
Regimen Molecular Target(s) Clinical

Phase Patient Population Sample
Size

Primary
Outcome Identifier

Cabozantinib c-MET, VEGFR2, AXL,
KIT, TIE2, FLT3, RET III Advanced progressive

NETs 395 PFS NCT03375320

Axitinib +
Octreotide LAR

vs. Placebo +
Octreotide LAR

VEGFR 1-3 II/III
Advanced, progressive,

G1/G2 NETs of
extra-pancreatic origin

255 PFS NCT01744249

Lenvatinib +
Everolimus

VEGFR 1-3, FGFR 1-4,
IT, RET, PDGFR-alpha II Advanced progressive

carcinoid tumors 32 ORR NCT03950609

Nintedanib
VEGFR 1-3, PDGFR-α

and -β, FGFR 1-3, FLT3,
SRC

II Advanced, G1/G2 NETs of
extra-pancreatic origin 30 PFS NCT02399215

Famitinib c-KIT, VEGFR2-3,
PDGFR, FLT1, FLT3 II Advanced, G1/G2

GEP-NETs 53 ORR NCT01994213

Regorafenib VEGFR 1-3, PDGFRβ,
KIT, RET, RAF-1 II Advanced, progressive

carcinoid or panNET 48 PFS NCT02259725

Anlotinib
VEGFR2/3, FGFR1-4,

PDGFR-α and -β, c-KIT,
RET

II G3 advanced GEP-NETs 60 PFS NCT03457844

Pazopanib +
temozolomide

VEGFR 1-3, PDGFR-α
and -β, c-KIT I/II Advanced panNETs 29 MTD NCT01465659

Evofosfamide
(TH-302) +
Sunitinib

DNA + VEGFR-1-3,
PDGFR-α and -β, c-KIT,

FLT-3, CSF1R
II Advanced, G1/G2,

treatment-naïve panNETs 43 ORR NCT02402062

Abbreviations: AXL: AXL receptor tyrosine kinase; c-KIT: V-Kit Hardy-Zuckerman 4 feline sarcoma viral oncogene
homolog; c-MET: MET proto-oncogene, receptor tyrosine kinase; CSF1R: colony stimulating factor 1 receptor; GEP:
gastroenteropancreatic; FGFR: fibroblast growth factor receptor; FLT3: Fms related tyrosine kinase 3; MTD: maximum
tolerated dose; NET: neuroendocrine tumor; ORR: objective response rate; panNET: pancreatic neuroendocrine
tumor; PDGFR: platelet-derived growth factor receptor; PFS: progression-free survival; RAF: v-raf murine sarcoma
viral oncogene homolog B1; RET: Ret proto-oncogene; SRC: SRC proto-oncogene, non-receptor tyrosine kinase;
TIE2: tyrosine kinase with immunoglobulin and epidermal growth factor homology domains 2; VEGFR: vascular
endothelial growth factor receptor.

4. Immunotherapeutic Agents

In recent years, multiple investigations have been carried out to characterize the immune
microenvironment of NETs [35]. Immune cells including B and T cells, NK cells, mast cells, macrophages
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and dendritic cells have been reported to infiltrate NETs. Overall, the extent of tumor infiltration by
immune cells appears to be higher in panNETs as compared with midgut NETs and higher in NECs
compared to well-differentiated tumors [24], consistent with the mutational burden of these distinct
tumor entities. The expression of programed death-ligand 1 (PD-L1) and programmed death 1 (PD-1)
appears quite heterogeneous across different studies.

Multiple phase 2 trials have recently investigated single-agent or combination therapy with
immune checkpoint inhibitors in patients with NETs or NECs, but the evidence of efficacy is inconsistent
across studies (Table 3). The multi-cohort, phase 1b KEYNOTE-028 basket trial [36] evaluated the
safety and efficacy of the PD-1 inhibitor pembrolizumab in patients with PD-L1-positive, advanced
tumors including 41 patients with heavily pretreated, well- or moderately differentiated NETs. Overall,
the ORR was 10%, with response durations ranging between 6.9 and 17.6 months. Seventy-one percent
of patients experienced stable disease by RECIST 1.1. criteria. The subsequent phase 2 KEYNOTE-158
study [37] investigated pembrolizumab 200 mg every 3 weeks in 107 patients with well-differentiated,
progressive NETs arising in the lung, appendix, small intestine, colon, rectum or pancreas. At study
entry, 40% of patients had received at least 3 prior lines of treatment, while 16% of them had
PD-L1-positive tumors. After a median follow-up of 24 months, the ORR by independent central
review was 3.7% with 3 and 1 partial responses recorded in patients with pancreatic and rectal NETs
respectively. All responding patients had PD-L1-negative tumors. The median PFS was 4.1 months,
while the median overall survival (OS) was 24.2 months. Grade 3 or worse treatment-related adverse
events occurred in the 21.5% of patients. The role of the tumor mutational burden (TMB) in predicting
the efficacy of immunotherapy has been recently analyzed across the different cohorts included in the
KEYNOTE-158 basket study. Among 87/107 NET patients with available TMB evaluation, 82 had a low
TMB while 5 had a high TMB. Two objective responses (40%) were recorded in the group of patients
with TMB-high tumors, whereas only one response out of 82 (1.2%) was reported in the TMB-low
group [38]. Single-agent pembrolizumab has been also tested in two independent phase 2 trials
that cumulatively enrolled 29 patients with high-grade neuroendocrine neoplasms who progressed
on prior platinum-based chemotherapy [39]. The ORR was 3.4%, with stable disease in 20.7% of
cases. The median PFS was 8.9 weeks, with no significant differences between the PD-L1 positive and
negative groups.

Spartalizumab, a humanized mAb against PD-1, was investigated in 116 patients with progressive,
non-functioning, well or poorly differentiated neuroendocrine neoplasms [40]. The ORR, assessed per
RECIST 1.1 criteria by independent central radiology review, was 7.4% in well-differentiated NETs
of GEP or pulmonary origin and 4.8% in GEP-NECs. Of interest, the subgroup of patients with lung
NETs exhibited an ORR of 20%.

The PD-L1 inhibitor avelumab was tested in a phase 2 study [41] of 29 patients with G3 NETs
or NECs of any origin excluding small cell lung cancer and Merkel cell carcinoma progressing after
first-line chemotherapy. After 8 weeks of treatment, the DCR (partial response + stable disease
according to irRECIST criteria) was 32%, with a mean duration of response among responders of
20 weeks. Treatment-related adverse events were mainly mild or moderate and occurred in the 38% of
the cohort.

The dual blockade of PD-1 and cytotoxic T-lymphocyte antigen 4 (CTLA-4) was recently
investigated in patients with NET. The phase 2 DART SWOG 1609 basket trial [42] tested ipilimumab
1 mg/kg every 6 weeks in combination with nivolumab 240 mg every 2 weeks in 32 patients with any
grade, extra-pancreatic neuroendocrine neoplasms. Overall, the ORR was 25%, with one complete
response and seven partial responses. All objective responses were recorded among patients with
high-grade tumors, and in this subgroup of patients the ORR was 44% vs. 0% in patients with
low-to-intermediate tumors. In the overall cohort, the 6-month PFS was 31%, and median OS was
11 months. In another phase 2 trial [43], 29 patients with any grade, advanced NETs received
ipilimumab at 1 mg/kg every three weeks for four doses and nivolumab at 3 mg/kg, followed by
nivolumab 3 mg/kg every two weeks for up to 96 weeks. At the time of data cut-off, the ORR was
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24%, with objective responses observed in the 43% and 33% of patients with panNETs and atypical
pulmonary carcinoids respectively. The median PFS was 4.8 months, with a median OS of 14.8 months.
Grade 3 or worse immune-related toxicities were reported in the 34% of patients. The multi-cohort,
phase 2 DUNE trial [44] has investigated the efficacy of PD-L1 and CTLA-4 blockade by durvalumab
and tremelimumab in patients with progressive NETs of GEP and lung origin. A total of 123 patients
were enrolled in four different cohorts: typical/atypical pulmonary carcinoids, low-to-intermediate
grade gastrointestinal NETs, low-to-intermediate grade panNETs, and high-grade GEP neuroendocrine
neoplasms. After a median follow-up of 10.8 months, the ORR by iRECIST criteria was 7.4%, 0%, 6.3%
and 9.1% in the four cohorts respectively. Most frequent grade 3 or worse treatment-related adverse
events were liver toxicity, diarrhea, fatigue and vomiting.

Table 3. Clinical trials of immunotherapy in patients with NETs.

Therapeutic
Agent Dosage and Schedule Patient Population Number of

Patients

Objective
Responses

(RECIST 1.1)
Reference

Pembrolizumab 10 mg/kg every 2 weeks Advanced PD-L1+

carcinoids or panNETs 41
ORR: 12%

(carcinoids); 6.3%
(panNETs)

[36]

Pembrolizumab 200 mg every 3 weeks Advanced,
well-differentiated NETs 107 ORR: 3.7% [37]

Pembrolizumab 200 mg every 3 weeks

Advanced G3 NETs/NECs
(Ki-67 > 20%) progressing

on platinum-based
chemotherapy

29 ORR: 3.4% [39]

Spartalizumab 400 mg every 4 weeks
Advanced

thoracic/GEP-NETs and
GEP-NECs

116 ORR: 7.4% (NETs);
4.8% (NECs) [40]

Avelumab 10 mg/kg every 2 weeks Advanced G3 NECs 29 ORR: 6.9% (by
irRECIST criteria) [41]

Ipilimumab and
Nivolumab

Ipilimumab 1 mg/kg every
6 weeks; Nivolumab

240 mg every 2 weeks

Advanced, any grade
NETs (excluding panNETs) 32 ORR: 25% [42]

Ipilimumab and
Nivolumab

Ipilimumab 1 mg/Kg every
3 weeks for four doses and

Nivolumab 3 mg/Kg,
followed by Nivolumab

3 mg/Kg every 2 weeks for
up to 96 weeks

Advanced, any grade
NETs 29 ORR: 24% [43]

Durvalumab
and

Tremelimumab

Durvalumab 1500 mg
every 4 weeks for

12 months,
and Tremelimumab 75 mg

every 4 weeks up to 4
doses/cycles

Cohort 1: well-moderately
differentiated lung NETs

Cohort 2: G1/G2
gastrointestinal NETs;

Cohort 3: G1/2 panNETs
Cohort 4: G3 GEP-NENs

126

ORR: 7.4% (cohort 1);
0% (cohort 2); 6.3%

(cohort 3); 9.1%
(cohort 4)

(by irRECIST criteria)

[44]

+: positive; irRECIST: immune-related RECIST; NET: neuroendocrine tumor; ORR: objective response
rate; PD: progressive disease; GEP: gastroenteropancreatic; NEC: neuroendocrine carcinoma; NENs:
neuroendocrine neoplasms.

5. Future Perspectives

The expression of SSTRs on the surface of NET cells is presently targeted by both cold and
radiolabeled somatostatin analogs, but innovative strategies for SSTR therapeutic targeting are
being developed. Given that SSTR agonists are rapidly internalized upon binding to the receptor,
SSTR agonists linked to a toxic payload have the potential to exert cytotoxic effects against NETs.
PEN-221 is a recently developed molecule obtained through the process of conjugation of octreotate
with the microtubule-damaging agent DM1. The maytansinoid conjugate has shown potent antitumor
activity in preclinical studies [45], and a phase 1/2 clinical trial is currently investigating the safety and
efficacy of the drug in patients with advanced, progressive, SSTR2-expressing NETs or NECs. Based on
preliminary findings obtained from the first 21 patients enrolled in the study, PEN-221 has a favorable
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toxicity profile, with fatigue, nausea, diarrhea, vomiting, abdominal pain and decreased appetite as
the most frequent treatment-emergent adverse events. Among the 15 patients evaluable for response,
11 had stable disease after 9 weeks from treatment initiation [46].

Bispecific antibodies against SSTRs constitute another possible strategy to target NETs through
the redirection of T cell cytotoxicity against the tumor. A bispecific antibody targeting SSTR2 and
CD3 (XmAb18087) has been recently developed [47], and its clinical testing is currently underway
(NCT03411915). No objective responses were observed in the 14 patients with well-differentiated GEP-
or pulmonary NETs evaluable according to RECIST 1.1 criteria [48].

CAR T cells directed against SSTR-expressing NET cells are under preclinical development.
Preliminary evidence of their antitumor activity in vitro and in vivo has been recently reported [49].

New therapeutic targets are being intensively explored in patients with NETs. Given the role of
the NTRK signaling pathway in the tumorigenesis, proliferation, and invasiveness of NETs, a phase
1, first-in-human study of the ROS1/NTRK inhibitor taletrectinib has been recently completed [50].
Among the 12 NET patients enrolled, one partial response was observed. The median PFS was
10.2 months, while diarrhea, nausea and vomiting were the most frequent treatment-emergent adverse
events. Based on the preclinical evidence that cyclin-dependent kinase (CDK) inhibition has antitumor
activity against NETs, a phase 2 trial [51] has recently assessed the safety and efficacy of the CDK4/6
inhibitor palbociclib in 21 patients with advanced, low-to-intermediate grade panNETs. After a median
follow-up of 12.4 months, no objective responses were recorded, and median PFS was only 2.6 months.

Oncolytic viruses are increasingly used as an innovative form of cancer immunotherapy,
and evidence of their antitumor activity has been already reported in patients with melanoma
or head and neck cancer. The oncolytic adenovirus AdVince has been designed to use the gene
promoter from human chromogranin A for selective replication in neuroendocrine cells, and preclinical
studies have demonstrated its antitumor activity against NET cells. A phase 1/2 study is currently
evaluating AdVince in patients with liver-dominant NETs of GEP or lung origin (NCT02749331).

6. Conclusions

Our understanding of the molecular events driving NET initiation and progression has improved
substantially over the last two decades, and the treatment landscape of these malignancies has expanded
accordingly, leading to prolonged patient survival. Among promising investigational treatments,
the TKI surufatinib is in the most advanced stage of clinical development, and its use might be approved
in patients with pancreatic and extra-pancreatic NETs in the next few years. While checkpoint inhibitor
monotherapy appears to have limited antitumor activity, future clinical trials testing the dual blockade
of PD-1 and CTLA-4 in patients with NECs may be of interest. In this context, whether combinations
of immunotherapy/chemotherapy or immunotherapy/PRRT may show efficacy is currently unknown,
as it is unclear whether defined treatment sequences (i.e., chemotherapy followed by immunotherapy
or PRRT followed by immunotherapy) might improve outcomes by exploiting the abscopal effect.
Encouraging results have been obtained in early phase clinical trials investigating the next generation
of radiopeptides, and future studies of alpha-emitting agents or radiolabeled SSTR antagonists have
the potential to further advance PRRT strategies.
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Capdevila, J.; Wall, L.; et al. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. N. Engl.
J. Med. 2014, 371, 224–233. [CrossRef] [PubMed]

5. Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao, J.; Chasen, B.; Mittra, E.; Kunz, P.L.; Kulke, M.H.;
Jacene, H.; et al. Phase 3 Trial of 177 Lu-Dotatate for Midgut Neuroendocrine Tumors. N. Engl. J. Med. 2017,
376, 125–135. [CrossRef] [PubMed]

6. Brabander, T.; van der Zwan, W.A.; Teunissen, J.J.M.; Kam, B.L.R.; Feelders, R.A.; de Herder, W.W.; van
Eijck, C.H.J.; Franssen, G.J.H.; Krenning, E.P.; Kwekkeboom, D.J. Long-Term Efficacy, Survival, and Safety of
[177 Lu-DOTA 0,Tyr 3]octreotate in Patients with Gastroenteropancreatic and Bronchial Neuroendocrine
Tumors. Clin. Cancer Res. 2017, 23, 4617–4624. [CrossRef] [PubMed]

7. Yao, J.C.; Shah, M.H.; Ito, T.; Bohas, C.L.; Wolin, E.M.; Van Cutsem, E.; Hobday, T.J.; Okusaka, T.; Capdevila, J.;
de Vries, E.G.; et al. Everolimus for advanced pancreatic neuroendocrine tumors. N. Engl. J. Med. 2011, 364,
514–523. [CrossRef]

8. Yao, J.C.; Fazio, N.; Singh, S.; Buzzoni, R.; Carnaghi, C.; Wolin, E.; Tomasek, J.; Raderer, M.; Lahner, H.;
Voi, M.; et al. Everolimus for the treatment of advanced, non-functional neuroendocrine tumours of the lung
or gastrointestinal tract (RADIANT-4): A randomised, placebo-controlled, phase 3 study. Lancet 2016, 387,
968–977. [CrossRef]

9. Raymond, E.; Dahan, L.; Raoul, J.L.; Bang, Y.J.; Borbath, I.; Lombard-Bohas, C.; Valle, J.; Metrakos, P.;
Smith, D.; Vinik, A.; et al. Sunitinib malate for the treatment of pancreatic neuroendocrine tumors. N. Engl.
J. Med. 2011, 364, 501–513. [CrossRef]

10. Kunz, P.L.; Catalano, P.J.; Nimeiri, H.; Fisher, G.A.; Longacre, T.A.; Suarez, C.J.; Yao, J.C.; Kulke, M.H.;
Hendifar, A.E.; Shanks, J.C.; et al. A randomized study of temozolomide or temozolomide and capecitabine
in patients with advanced pancreatic neuroendocrine tumors: A trial of the ECOG-ACRIN Cancer Research
Group (E2211). J. Clin. Oncol. 2018, 33, 4004. [CrossRef]

11. D’Souza, D.; Golzarian, J.; Young, S. Interventional Liver-Directed Therapy for Neuroendocrine Metastases:
Current Status and Future Directions. Curr. Treat. Options Oncol. 2020, 21, 52. [CrossRef]

12. Cives, M.; Strosberg, J. Radionuclide Therapy for Neuroendocrine Tumors. Curr. Oncol. Rep. 2017, 19, 9.
[CrossRef] [PubMed]

13. Chatterjee, N.; Walker, G.C. Mechanisms of DNA damage, repair, and mutagenesis. Environ. Mol. Mutagen.
2017, 58, 235–263. [CrossRef] [PubMed]

14. Navalkissoor, S.; Grossman, A. Targeted Alpha Particle Therapy for Neuroendocrine Tumours: The Next
Generation of Peptide Receptor Radionuclide Therapy. Neuroendocrinology 2019, 108, 256–264. [CrossRef]
[PubMed]

15. Dodson, H.; Wheatley, S.P.; Morrison, C.G. Involvement of centrosome amplification in radiation-induced
mitotic catastrophe. Cell Cycle 2007, 6, 364–370. [CrossRef] [PubMed]

16. Zhang, J.; Singh, A.; Kulkarni, H.R.; Schuchardt, C.; Müller, D.; Wester, H.J.; Maina, T.; Rösch, F.;
van der Meulen, N.P.; Müller, C.; et al. From Bench to Bedside-The Bad Berka Experience with First-in-Human
Studies. Semin. Nucl. Med. 2019, 49, 422–437. [CrossRef] [PubMed]

17. Ballal, S.; Yadav, M.P.; Bal, C.; Sahoo, R.K.; Tripathi, M. Broadening horizons with 225Ac-DOTATATE
targeted alpha therapy for gastroenteropancreatic neuroendocrine tumour patients stable or refractory to
177Lu-DOTATATE PRRT: First clinical experience on the efficacy and safety. Eur. J. Nucl. Med. Mol. Imaging
2020, 47, 934–946. [CrossRef]

18. Kratochwil, C.; Giesel, F.L.; Bruchertseifer, F.; Mier, W.; Apostolidis, C.; Boll, R.; Murphy, K.; Haberkorn, U.;
Morgenstern, A. (213)Bi-DOTATOC receptor-targeted alpha-radionuclide therapy induces remission in
neuroendocrine tumours refractory to beta radiation: A first-in-human experience. Eur. J. Nucl. Med.
Mol. Imaging 2014, 41, 2106–2119. [CrossRef]

http://dx.doi.org/10.1200/JCO.2009.22.8510
http://dx.doi.org/10.1056/NEJMoa1316158
http://www.ncbi.nlm.nih.gov/pubmed/25014687
http://dx.doi.org/10.1056/NEJMoa1607427
http://www.ncbi.nlm.nih.gov/pubmed/28076709
http://dx.doi.org/10.1158/1078-0432.CCR-16-2743
http://www.ncbi.nlm.nih.gov/pubmed/28428192
http://dx.doi.org/10.1056/NEJMoa1009290
http://dx.doi.org/10.1016/S0140-6736(15)00817-X
http://dx.doi.org/10.1056/NEJMoa1003825
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.4004
http://dx.doi.org/10.1007/s11864-020-00751-x
http://dx.doi.org/10.1007/s11912-017-0567-8
http://www.ncbi.nlm.nih.gov/pubmed/28220446
http://dx.doi.org/10.1002/em.22087
http://www.ncbi.nlm.nih.gov/pubmed/28485537
http://dx.doi.org/10.1159/000494760
http://www.ncbi.nlm.nih.gov/pubmed/30352433
http://dx.doi.org/10.4161/cc.6.3.3834
http://www.ncbi.nlm.nih.gov/pubmed/17297293
http://dx.doi.org/10.1053/j.semnuclmed.2019.06.002
http://www.ncbi.nlm.nih.gov/pubmed/31470935
http://dx.doi.org/10.1007/s00259-019-04567-2
http://dx.doi.org/10.1007/s00259-014-2857-9


J. Clin. Med. 2020, 9, 3655 11 of 13

19. Stallons, T.A.R.; Saidi, A.; Tworowska, I.; Delpassand, E.S.; Torgue, J.J. Preclinical Investigation of
212Pb-DOTAMTATE for Peptide Receptor Radionuclide Therapy in a Neuroendocrine Tumor Model.
Mol. Cancer Ther. 2019, 18, 1012–1021. [CrossRef]

20. Delpassand, E.S.; Tworowska, I.; Torgue, J.; Esfandiari, R.; Hurt, J.; Núñez, R. 212Pb-AlphaMedixTMTargeted
Alpha Therapy (TAT): A potential breakthrough in treatment of metastatic SSTR expressing NET. Available
online: https://nanets.net/images/research/grant_recipients/2020/C36-193_NANETS_2020_Abstracts_CAT4_
C36.pdf (accessed on 11 November 2020).

21. Bodei, L.; Weber, W.A. Somatostatin receptor imaging of neuroendocrine tumors: From agonists to antagonists.
J. Nucl. Med. 2018, 59, 907–908. [CrossRef]

22. Reidy-Lagunes, D.; Pandit-Taskar, N.; O’Donoghue, J.A.; Krebs, S.; Staton, K.D.; Lyashchenko, S.K.; Lewis, J.S.;
Raj, N.; Gönen, M.; Lohrmann, C.; et al. Phase I Trial of Well-Differentiated Neuroendocrine Tumors (NETs)
with Radiolabeled Somatostatin Antagonist 177Lu-Satoreotide Tetraxetan. Clin. Cancer Res. 2019, 25,
6939–6947. [CrossRef]

23. Nicolas, G.P.; Ansquer, C.; Lenzo, N.P.; Grønbæk, H.; Haug, A.; Navalkissoor, S.; Beauregard, J.; Germann, N.;
McEwan, S.; Wild, D.; et al. An international open-label study on safety and efficacy of 177Lu-satoreotide
tetraxetan in somatostatin receptor positive neuroendocrine tumours (NETs): An interim analysis. Ann. Oncol.
2020, 31, S711–S724. [CrossRef]

24. Cives, M.; Pelle’, E.; Quaresmini, D.; Rizzo, F.M.; Tucci, M.; Silvestris, F. The Tumor Microenvironment
in Neuroendocrine Tumors: Biology and Therapeutic Implications. Neuroendocrinology 2019, 109, 83–99.
[CrossRef] [PubMed]

25. Fazio, N.; Cella, C.A.; Del Re, M.; Laffi, A.; Rubino, M.; Zagami, P.; Spada, F. Pharmacodynamics, clinical
findings and approval status of current and emerging tyrosine-kinase inhibitors for pancreatic neuroendocrine
tumors. Expert Opin. Drug Metab. Toxicol. 2019, 15, 993–1004. [CrossRef] [PubMed]

26. Xu, J.; Li, J.; Bai, C.; Xu, N.; Zhou, Z.; Li, Z.; Zhou, C.; Jia, R.; Lu, M.; Cheng, Y.; et al. Surufatinib in Advanced
Well-Differentiated Neuroendocrine Tumors: A Multicenter, Single-Arm, Open-Label, Phase Ib/II Trial.
Clin. Cancer Res. 2019, 25, 3486–3494. [CrossRef]

27. Xu, J.; Shen, L.; Zhou, Z.; Li, J.; Bai, C.; Chi, Y.; Li, Z.; Xu, N.; Li, E.; Liu, T.; et al. Surufatinib in advanced
extrapancreatic neuroendocrine tumours (SANET-ep): A randomised, double-blind, placebo-controlled,
phase 3 study. Lancet Oncol. 2020. [CrossRef]

28. Xu, J.; Shen, L.; Bai, C.; Wang, W.; Li, J.; Yu, X.; Li, Z.; Li, E.; Yuan, X.; Chi, Y.; et al. Surufatinib in
advanced pancreatic neuroendocrine tumours (SANET-p): A randomised, double-blind, placebo-controlled,
phase 3 study. Lancet Oncol. 2020. [CrossRef]

29. Capdevila, J.; Fazio, N.; Lopez, C.L.; Teule, A.; Valle, J.W.; Tafuto, S.; Custodio, A.B.; Reed, N.; Raderer, M.;
Grande, E.; et al. Final results of the TALENT trial (GETNE1509): A prospective multicohort phase II study
of lenvatinib in patients (pts) with G1/G2 advanced pancreatic (panNETs) and gastrointestinal (giNETs)
neuroendocrine tumors (NETs). J. Clin. Oncol. 2019, 37, 4106. [CrossRef]

30. Strosberg, J.R.; Cives, M.; Hwang, J.; Weber, T.; Nickerson, M.; Atreya, C.E.; Venook, A.; Kelley, R.K.;
Valone, T.; Morse, B.; et al. A phase II study of axitinib in advanced neuroendocrine tumors. Endocr. Relat.
Cancer 2016, 23, 411–418. [CrossRef]

31. Reuther, C.; Heinzle, V.; Spampatti, M.; Vlotides, G.; de Toni, E.; Spöttl, G.; Maurer, J.; Nölting, S.; Göke, B.;
Auernhammer, C.J. Cabozantinib and Tivantinib, but Not INC280, Induce Antiproliferative and Antimigratory
Effects in Human Neuroendocrine Tumor Cells in vitro: Evidence for ‘Off-Target’ Effects Not Mediated by
c-Met Inhibition. Neuroendocrinology 2016, 103, 383–401. [CrossRef]

32. Chan, J.A.; Faris, J.E.; Murphy, J.E.; Blaszkowsky, L.S.; Kwak, E.L.; McCleary, N.J.; Fuchs, C.S.; Meyerhardt, J.A.;
Ng, K.; Zhu, A.X.; et al. Phase II trial of cabozantinib in patients with carcinoid and pancreatic neuroendocrine
tumors (pNET). J. Clin. Oncol. 2017, 35, 228. [CrossRef]

33. Grande, E.; Capdevila, J.; Castellano, D.; Teulé, A.; Durán, I.; Fuster, J.; Sevilla, I.; Escudero, P.; Sastre, J.;
García-Donas, J.; et al. Pazopanib in pretreated advanced neuroendocrine tumors: A phase II, open-label
trial of the Spanish Task Force Group for Neuroendocrine Tumors (GETNE). Ann. Oncol. 2015, 26, 1987–1993.
[CrossRef] [PubMed]

http://dx.doi.org/10.1158/1535-7163.MCT-18-1103
https://nanets.net/images/research/grant_recipients/2020/C36-193_NANETS_2020_Abstracts_CAT4_C36.pdf
https://nanets.net/images/research/grant_recipients/2020/C36-193_NANETS_2020_Abstracts_CAT4_C36.pdf
http://dx.doi.org/10.2967/jnumed.117.205161
http://dx.doi.org/10.1158/1078-0432.CCR-19-1026
http://dx.doi.org/10.1016/j.annonc.2020.08.1373
http://dx.doi.org/10.1159/000497355
http://www.ncbi.nlm.nih.gov/pubmed/30699437
http://dx.doi.org/10.1080/17425255.2019.1700951
http://www.ncbi.nlm.nih.gov/pubmed/31794273
http://dx.doi.org/10.1158/1078-0432.CCR-18-2994
http://dx.doi.org/10.1016/S1470-2045(20)30496-4
http://dx.doi.org/10.1016/S1470-2045(20)30493-9
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.4106
http://dx.doi.org/10.1530/ERC-16-0008
http://dx.doi.org/10.1159/000439431
http://dx.doi.org/10.1200/JCO.2017.35.4_suppl.228
http://dx.doi.org/10.1093/annonc/mdv252
http://www.ncbi.nlm.nih.gov/pubmed/26063633


J. Clin. Med. 2020, 9, 3655 12 of 13

34. Bergsland, E.K.; Mahoney, M.R.; Asmis, T.R.; Hall, N.; Kumthekar, P.; Maitland, M.L.; Niedzwiecki, D.;
Nixon, A.B.; O’Reilly, E.M.; Schwartz, L.H.; et al. Prospective randomized phase II trial of pazopanib versus
placebo in patients with progressive carcinoid tumors (CARC) (Alliance A021202). J. Clin. Oncol. 2019, 37,
4005. [CrossRef]

35. Takkenkamp, T.J.; Jalving, M.; Hoogwater, F.J.H.; Walenkamp, A.M.E. The immune tumour microenvironment
of neuroendocrine tumours and its implications for immune checkpoint inhibitors. Endocr. Relat. Cancer
2020, 27, R329–R343. [CrossRef] [PubMed]

36. Mehnert, J.M.; Bergsland, E.; O’Neil, B.H.; Santoro, A.; Schellens, J.H.M.; Cohen, R.B.; Doi, T.; Ott, P.A.;
Pishvaian, M.J.; Puzanov, I.; et al. Pembrolizumab for the treatment of programMed. death-ligand 1-positive
advanced carcinoid or pancreatic neuroendocrine tumors: Results from the KEYNOTE-028 study. Cancer
2020, 126, 3021–3030. [CrossRef] [PubMed]

37. Strosberg, J.; Mizuno, N.; Doi, T.; Grande, E.; Delord, J.P.; Shapira-Frommer, R.; Bergsland, E.; Shah, M.;
Fakih, M.; Takahashi, S.; et al. Efficacy and Safety of Pembrolizumab in Previously Treated Advanced
Neuroendocrine Tumors: Results from the Phase II KEYNOTE-158 Study. Clin. Cancer Res. 2020, 26,
2124–2130. [CrossRef]

38. Marabelle, A.; Fakih, M.; Lopez, J.; Shah, M.; Shapira-Frommer, R.; Nakagawa, K.; Chung, H.C.; Kindler, H.L.;
Lopez-Martin, J.A.; Miller, W.H., Jr.; et al. Association of tumour mutational burden with outcomes in
patients with advanced solid tumours treated with pembrolizumab: Prospective biomarker analysis of the
multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol. 2020, 21, 1353–1365. [CrossRef]

39. Vijayvergia, N.; Dasari, A.; Deng, M.; Litwin, S.; Al-Toubah, T.; Alpaugh, R.K.; Dotan, E.; Hall, M.J.;
Ross, N.M.; Runyen, M.M.; et al. Pembrolizumab monotherapy in patients with previously treated metastatic
high-grade neuroendocrine neoplasms: Joint analysis of two prospective, non-randomised trials. Br. J.
Cancer 2020, 122, 1309–1314. [CrossRef]

40. Yao, J.C.; Strosberg, J.; Fazio, N.; Pavel, M.E.; Ruszniewski, P.; Bergsland, E.; Li, D.; Tafuto, S.;
Raj, N.; Campana, D.; et al. Activity & safety of spartalizumab (PDR001) in patients (pts) with
advanced neuroendocrine tumors (NET) of pancreatic (Pan), gastrointestinal (GI), or thoracic (T) origin, &
gastroenteropancreatic neuroendocrine carcinoma (GEP NEC) who have progressed on prior treatment (Tx).
Ann. Oncol. 2018, 29, VIII467–VIII468.

41. Fottner, C.; Apostolidis, L.; Ferrata, M.; Krug, S.; Michl, P.; Schad, A.; Roth, W.; Jaeger, D.; Galle, P.R.;
Weber, M.M. A phase II, open label, multicenter trial of avelumab in patients with advanced, metastatic
high-grade neuroendocrine carcinomas NEC G3 (WHO 2010) progressive after first-line chemotherapy
(AVENEC). J. Clin. Oncol. 2019, 37, 4103. [CrossRef]

42. Patel, S.P.; Othus, M.; Chae, Y.K.; Giles, F.J.; Hansel, D.E.; Singh, P.P.; Fontaine, A.; Shah, M.H.; Kasi, A.;
Baghdadi, T.A.; et al. A Phase II Basket Trial of Dual Anti-CTLA-4 and Anti-PD-1 Blockade in Rare Tumors
(DART SWOG 1609) in Patients with Nonpancreatic Neuroendocrine Tumors. Clin. Cancer Res. 2020, 26,
2290–2296. [CrossRef]

43. Klein, O.; Kee, D.; Markman, B.; Michael, M.; Underhill, C.; Carlino, M.S.; Jackett, L.; Lum, C.; Scott, C.;
Nagrial, A.; et al. Immunotherapy of Ipilimumab and Nivolumab in Patients with Advanced Neuroendocrine
Tumors: A Subgroup Analysis of the CA209-538 Clinical Trial for Rare Cancers. Clin. Cancer Res. 2020, 26,
4454–4459. [CrossRef] [PubMed]

44. Capdevila, J.; Teule, A.; López, C.; García-Carbonero, R.; Benavent, M.; Custodio, A.; Cubillo, A.; Alonso, V.;
Gordoa, T.A.; Carmona-Bayonas, A.; et al. A multi-cohort phase II study of durvalumab plus tremelimumab
for the treatment of patients (pts) with advanced neuroendocrine neoplasms (NENs) of gastroenteropancreatic
or lung origin: The DUNE trial (GETNE 1601). Ann. Oncol. 2020, 31, S711–S724. [CrossRef]

45. White, B.H.; Whalen, K.; Kriksciukaite, K.; Alargova, R.; Au Yeung, T.; Bazinet, P.; Brockman, A.; DuPont, M.;
Oller, H.; Lemelin, C.A.; et al. Discovery of an SSTR2-Targeting Maytansinoid Conjugate (PEN-221) with
Potent Activity in Vitro and in Vivo. J. Med. Chem. 2019, 62, 2708–2719. [CrossRef] [PubMed]

46. Johnson, M.L.; Meyer, T.; Halperin, D.M.; Fojo, A.T.; Cook, N.; Blaszkowsky, L.S.; Schlechter, B.L.; Yao, J.C.;
Jemiai, Y.; Kriksciukaite, K.; et al. First in human phase 1/2a study of PEN-221 somatostatin analog (SSA)-DM1
conjugate for patients (PTS) with advanced neuroendocrine tumor (NET) or small cell lung cancer (SCLC):
Phase 1 results. J. Clin. Oncol. 2018, 36, 4097. [CrossRef]

http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.4005
http://dx.doi.org/10.1530/ERC-20-0113
http://www.ncbi.nlm.nih.gov/pubmed/32590336
http://dx.doi.org/10.1002/cncr.32883
http://www.ncbi.nlm.nih.gov/pubmed/32320048
http://dx.doi.org/10.1158/1078-0432.CCR-19-3014
http://dx.doi.org/10.1016/S1470-2045(20)30445-9
http://dx.doi.org/10.1038/s41416-020-0775-0
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.4103
http://dx.doi.org/10.1158/1078-0432.CCR-19-3356
http://dx.doi.org/10.1158/1078-0432.CCR-20-0621
http://www.ncbi.nlm.nih.gov/pubmed/32532787
http://dx.doi.org/10.1016/j.annonc.2020.08.1370
http://dx.doi.org/10.1021/acs.jmedchem.8b02036
http://www.ncbi.nlm.nih.gov/pubmed/30735385
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.4097


J. Clin. Med. 2020, 9, 3655 13 of 13

47. Lee, S.H.; Chu, S.Y.; Rashid, R.; Phung, S.; Leung, I.W.; Muchhal, U.S.; Moore, G.L.; Bernett, M.J.; Schubbert, S.;
Ardila, C.; et al. Anti-SSTR2× anti-CD3 bispecific antibody induces potent killing of human tumor cells in vitro
and in mice, and stimulates target-dependent T cell activation in monkeys: A potential immunotherapy for
neuroendocrine tumors. Cancer Res. 2017, 77, 3633.

48. El-Rayes, B.; Pant, S.; Villalobos, V.; Hendifar, A.; Chow, W.A.; Konda, B.; Reilley, M.; Benson, A.; Fisher, G.;
Starr, J.; et al. Preliminary Safety, PK/PD, and Antitumor Activity of XmAb18087, an SSTR2 x CD3
Bispecific Antibody, in Patients with Advanced Neuroendocrine Tumors. Available online: https://nanets.
net/images/research/grant_recipients/2020/C1-111_NANETS_2020_Abstracts_CAT3_C1.pdf (accessed on
11 November 2020).

49. Mandriani, B.; Cives, M.; Pelle’, E.; Quaresmini, D.; Ramello, M.C.; Strosberg, J.; Abate-Daga, D.; Silvestris, F.
Development of Anti-SSTR CAR T Cells for Future Treatment of NETs. Available online: https://www.enets.
org/development-of-anti-sstr-car-t-cells-for-future-treatment-of-nets.html (accessed on 11 November 2020).

50. Papadopoulos, K.P.; Borazanci, E.; Shaw, A.T.; Katayama, R.; Shimizu, Y.; Zhu, V.W.; Sun, T.Y.; Wakelee, H.A.;
Madison, R.; Schrock, A.B.; et al. U.S. Phase I First-in-human Study of Taletrectinib (DS-6051b/AB-106),
a ROS1/TRK Inhibitor, in Patients with Advanced Solid Tumors. Clin. Cancer Res. 2020, 26, 4785–4794.
[CrossRef]

51. Grande, E.; Teulé, A.; Alonso-Gordoa, T.; Jiménez-Fonseca, P.; Benavent, M.; Capdevila, J.; Custodio, A.;
Vera, R.; Munarriz, J.; La Casta, A.; et al. The PALBONET Trial: A Phase II Study of Palbociclib in Metastatic
Grade 1 and 2 Pancreatic Neuroendocrine Tumors (GETNE-1407). Oncologist 2020, 25, 745-e1265. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://nanets.net/images/research/grant_recipients/2020/C1-111_NANETS_2020_Abstracts_CAT3_C1.pdf
https://nanets.net/images/research/grant_recipients/2020/C1-111_NANETS_2020_Abstracts_CAT3_C1.pdf
https://www.enets.org/development-of-anti-sstr-car-t-cells-for-future-treatment-of-nets.html
https://www.enets.org/development-of-anti-sstr-car-t-cells-for-future-treatment-of-nets.html
http://dx.doi.org/10.1158/1078-0432.CCR-20-1630
http://dx.doi.org/10.1634/theoncologist.2020-0033
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Innovative PRRT Strategies 
	New Antiangiogenic Agents 
	Immunotherapeutic Agents 
	Future Perspectives 
	Conclusions 
	References

