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Abstract
Purpose of Review The field of neuroendocrine oncology has changed much since the time of Oberndorfer first described 
and coined the term carcinoid. The purpose of this review is to summarize recent findings and highlight clinically relevant 
updates in the management of NENs, particularly those that are practice changing.
Recent Findings Neuroendocrine tumors (NETs) have replaced carcinoid tumor, for the most part. The classification of 
neuroendocrine neoplasms (NENs) improved, and the epidemiological understanding of this disease group also expanded 
with global collaborations and maturation of large tumor registries. Clarity in the utility of some NET biomarkers continues 
to be evolving. Knowledge of molecular drivers of tumorigenesis increases, and scientific/technological advancements lead 
the way to multiple drug approvals for the treatment of advanced NETs.
Summary The incidence and prevalence of NENs continue to increase, and patients are living longer. Better understanding 
of molecular drivers and further understanding of the role of immunotherapy in NENs will further elevate the level of care 
and transform care for all patients with NENs.
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Introduction

Siegfried Oberndorfer was credited with the introduction 
of the term carcinoid in 1907 [1] to describe their “can-
cer-like” nature, and Andre Gosset and Pierre Masson in 
1914 were acknowledged to identify the endocrine nature 
of these tumors [2, 3]. Neuroendocrine neoplasms (NENs) 
are a group of epithelial neoplastic proliferation, with heter-
ogenous spectrum ranging from indolent well-differentiated 
neuroendocrine tumors (NETs) to very aggressive poorly 
differentiated neuroendocrine carcinomas (NECs), origi-
nating from neuroendocrine cells that can exist anywhere 
in the body. Despite the diversity in tissue origin, all these 
tumors typically share common morphological and immu-
nophenotypical features, including cellular function, growth 

pattern, and expression of neuroendocrine markers. More 
densely distributed in the gastrointestinal tract and bron-
chopulmonary systems, neuroendocrine cells are uncommon 
cells that function as part of both the nervous and endocrine 
systems. Characterized by amine and neuropeptide hormone 
production with dense vesicles, these neuroendocrine cells 
are specialized to receive neuronal inputs and consequen-
tially release message peptides into circulation for regula-
tion and modulation of cellular proliferation, growth, and 
development [4]. The neuroendocrine system includes the 
endocrine glands (pituitary, parathyroid, adrenal medulla), 
the endocrine islet tissue embedded within the glandular 
tissue (of thyroid and pancreas), and scattered cells in the 
exocrine parenchyma (of digestive and respiratory tracts) 
[5]. To appreciate the diversity of NEN spectrum, recall that 
lung carcinoid tumor, paraganglioma/pheochromocytoma, 
and medullary thyroid carcinoma, like the classically recog-
nized carcinoid tumor of the small bowel, are all neoplasms 
originating from neuroendocrine cells [6, 7].

NENs are typically divided into indolent neuroendocrine 
tumors (NETs) and aggressive neuroendocrine carcinomas 
(NECs). The most common NENs are in the gastrointesti-
nal and respiratory systems. Knowledge of molecular driv-
ers of tumorigenesis increases, and scientific/technological 
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advancements were added to the accuracy of molecular clas-
sification and led the way to multiple drug approvals for 
the treatment of advanced NENs. Once considered without 
treatment option and rare cancer groups managed with nihil-
istic approach, NENs are now manage in specialized NENs 
clinical programs or centers with focused research agendas. 
In this review, we will highlight the clinically relevant and 
impactful advancements in the past two decades, including 
classification, epidemiologic knowledge, and diagnostic and 
therapeutic options.

Classification

Progress has been made, but the classification of NENs 
remains complex and obfuscated by frequent debates and 
revisions. Foundational classification of NEN is based on 
the World Health Organization (WHO) nomenclature, and 
guideline development and translation into clinical practice 
are led by European organizations, particularly the Euro-
pean Neuroendocrine Tumor Society (ENETS). NEN was 
proposed to replace carcinoid tumor in the early 2000s, with 
incomplete penetration. Successful and functional transfor-
mation of terminology was symbolic in the USA with the 
current National Comprehensive Cancer Network (NCCN) 
[8] and North American Neuroendocrine Tumor Society 
(NANETS) [9], incorporating and recognizing treatment of 
adrenal NENs under NENs. Carcinoid tumor still defines 
certain NENs in the bronchopulmonary system, and health-
care providers still use carcinoid tumor when referring to 
indolent small bowel/intestine NETs. NENs are managed 
by different disease-focus specialty groups with their own 
classifications. Bronchopulmonary NENs (lung-NENs or 
L-NENs), usually managed by thoracic cancer specialists, 
are categorized as typical carcinoid tumor, atypical carci-
noid tumor, small-cell lung carcinoma, and large-cell lung 
carcinoma [6, 10]. Gastrointestinal system NENs (GI-NENs) 
include pancreatic NENs (P-NENs) and extra-pancreatic 
such as small intestine NENs (SI-NENs). These NENs are 
frequently managed by gastrointestinal cancer specialists; 
they are categorized by either by embryonic origins of the 
primary sites (foregut, midgut, and hindgut) [11] or by his-
tologic features [12]. More widely accepted, GI-NENs are 
classified by the World Health Organization (WHO) 2019 
histological categories [12]: NETs grade 1 through grade 
3, neuroendocrine carcinoma small-cell type (SCNEC) and 
large-cell type (LCNEC), mixed neuroendocrine–nonneu-
roendocrine neoplasm (MiNEN), and poorly differentiated 
neuroendocrine carcinoma (PDNEC).

Molecular classification, agnostic of primary site of dis-
ease, is not yet possible but strides toward better genomically 
and molecularly understanding, and classification has been 
made in the past two decades. Growing genomic evidence 

indicates that NETs and NECs are unrelated neoplasms. 
Seminal works presented in the past decade demonstrated 
distinct genomic differences are especially noted in NENs 
of the pancreas. For aggressive NECs, genetic mutations are 
noted in tumor protein-53 (TP53), retinoblastoma 1 (RB1), 
and less commonly in other carcinoma-related genes, such as 
retrovirus-associated DNA sequences isolated from Kirsten 
murine sarcoma viruses (KRAS), cyclin-dependent kinase 
inhibitor 2A (CDKN2A or p16), B cell lymphoma 2 (Bcl-
2), and small molecules against decapentaplegic homolog 4 
or deleted-in-pancreatic-cancer-4 (SMAD4/DPC4) [13, 14]. 
Defining mutations in indolent NETs are multiple endocrine 
type 1 (MEN), death-domain-associated protein (DAXX), 
and alpha-thalassemia/intellectual disability syndrome 
X-linked (ATRX) genes, which are completely absent in pan-
creatic NECs [15•]. Additional discoveries from genomic 
analysis of sporadic cases of pancreatic NETs (P-NETs) 
include frequent alteration of the adenine DNA glycosylase 
activity of 14 human MutY homolog (MUTYH), cell cycle 
checkpoint kinase 2 (CHEK2), and breast cancer type 2 
(BRCA2). Overall, current genetic findings of P-NETs sug-
gest four pathways: (1) DNA damage repair, (2) chromatin 
remodeling, (3) telomere maintenance, and (4) mechanis-
tic target of rapamycin (mTOR) signaling activation [16]. 
Genomic comparisons between P-NETs and extra-pancreatic 
NETs suggest that there are more differences than similari-
ties between them [17]. Achieved by different mechanisms 
and with different modulation effects, the mTOR pathway 
and cell cycle dysregulation remain the common features 
of both small intestine NETs (SI-NETs) and P-NETs [18]. 
Familial forms of SI-NETs have been recently discovered 
but segregated with different mutations in inositol polyphos-
phate multikinase (IPMK), 8-oxyguanine DNA glycosylase 
(OGG1), and MUTYH [17]. Conflicting reports of genomic 
changes in SI-NETS further confirm the low frequency of 
driver mutations and main chromosomal alterations [17, 19], 
and overall findings suggest the molecular landscape of SI-
NETs appears to be characterized more by chromosomal 
alterations and gene methylation than by mutations. The first 
integrative analysis of cyclin-dependent kinase inhibitor 1B 
(CDKN1B) mutational status, copy and number alterations, 
and methylome analysis in 97 SI-NETs, Karpathakis et al. 
[20], proposed the existence of three molecular subtypes of 
SI-NETs: group 1, those characterized by chromosome 18 
copy loss including all with CDKN1B mutation; group 2, 
those without specific mutations; and group 3, those har-
boring multiple copy gains at chromosome 4, 5, 14, and 
20. These three groups display different methylation profiles 
and associate with different progression-free-survival after 
resection (not reach, 56 months, and 21 months, respec-
tively) [20], where those SI-NETs with chromosome 14 copy 
gains being the worse [20, 21].
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Epidemiology

NENs are mostly sporadic in origin, but nearly 5% [11] 
can be associated with hereditary syndromes, such as 
multiple endocrine neoplasia type 1 and 2A (MEN-1 and 
MEN-2A) [22, 23], von Hippel–Lindau (VHL) disease 
[24], tuberous sclerosis type 2 (TSC-2 or Bourneville’s 
disease) [25], and neurofibromatosis type 1 (NF-1 or Von 
Recklinghausen’s disease) [26]. The hereditary NENs are 
characteristically multifocal, appear one to two decades 
earlier than sporadic NENs, and have different natural his-
tory of disease than expected sporadic counterpart [27]. 
In some circumstances, the risk of metastatic disease is 
low, and therefore, longer observation can be the preferred 
approach over early surgical intervention. Genetic screen-
ing and counseling for contributing hereditary etiologies 
should be particularly done in individuals diagnosed with 
adrenal cortical carcinoma, paraganglioma/pheochromo-
cytoma, gastrinoma or multifocal pancreatic NETs, para-
thyroid adenoma or primary hyperparathyroidism before 
age 30, multiple parathyroid adenomas, recurrent primary 
hyperparathyroidism, and medullary thyroid cancer in the 
setting or multiglandular involvement with consideration 
for all patients age 40 or younger with lung, thymic, pan-
creatic, or gastric NETs [8].

With the uniformed application of the International Clas-
sification of Diseases for Oncology (ICD-O) [28] and with 
maturity of expanded tumor various registries [29•, 30–33], 
the classification of NENs is becoming more transparent and 
universal which in turn produce more accurate and consist-
ent epidemiologic descriptions. Composite literature review 
to evaluate the global trends of incidence of NETs, Leoncini 
et al. [34] conclude an increase in the incidence of NENs as 
a worldwide phenomenon, affecting most anatomic sites and 
involving both low-grade (NETs) and high-grade (NECs). 
Notable increase in NEN incidence is found in Canada (5.86 
per 100 000 from 2.46 per 100 000), the Netherlands (4.76 
per 100 000 from 3.57 per 100 000), Norway (4.06 per 100 
000 from 2.35 per 100 000), and Taiwan (1.51 per 100 000 
from 0.30 per 100 000) [34]. Retrospective analyses of sin-
gle-institution database and national tumor registries from 
Asia confirm increasing incidence of NENs but also suggest 
epidemiologic variations among different types of GI-NETs. 
Specifically, the rectum (> 55%) [35, 36] is the most com-
mon, and the small intestine (< 10%) [37, 38] is the least 
frequent primary sites of NETs among populations in Asian 
countries. Detailed understanding of the current epidemio-
logical trends of NENs can be gleaned further from data 
from the US largest tumor registry program, Surveillance, 
Epidemiology, and End Results (SEER).

According to American Society of Clinical Oncol-
ogy (ASCO) Cancer.Net website (https:// www. cancer. 

net/ cancer- types/ neuro endoc rine- tumors/ stati stics, AP 
accessed 09/29/2021), it is estimated that more than 12 
000 people in the USA are diagnosed with NETs each 
year, and approximately, 175 000 people are living with 
this diagnosis. Adapted by various sources [29•, 39], these 
NENs made up less than 0.7% of all new neoplasms in 
the USA annually. NENs of the gastrointestinal system 
(GI-NENs), of bronchopulmonary/lung (L-NENs), and 
unknown primary were 61%, 25%, and 14%, respectively 
[11]. The distribution among GI-NENS were 33% small 
intestine (SI-NENs, including cecum), 30% rectum, 13% 
pancreas (P-NENs), 11% stomach, 8% appendiceal, and 
5% colon [11]. The incidence of high-grade NENs is lower 
than those of low-grade NENs (10–20% vs. 80–90%) [40]. 
With continued updates in classification of NENs, these 
epidemiological data are evolving. Analyses of US SEER 
database (1973 to 2012) have noted a trend to increas-
ing incidence among high-grade NENs or NECs (10.52 
per 100 000 from 2.54 per 100 000, 4.1-fold increase) 
[34]. Consistent with its previous analysis in 2007 [41], 
the overall incidence and prevalence of NENs in the USA 
are steadily increasing [29•]. Dasari et al. [29•] report the 
increase of the annual age-adjusted incidence of NENs 
from 1.09 per 100,000 persons in 1973 to 6.98 per 100,000 
persons in 2012, with the most dramatic rise in incidence 
was noted in patients 65 years or older with a more than 
eightfold rise to 25.3 per 100,000 persons. The increase 
in the incidence from 1973 to 2012 occurred across all 
primary sites, stages, and grades, with the highest inci-
dences were GEP-NETs (3.56 per 100 000 persons) and 
lung NETs (1.49 per 100 000 persons) [29•]. Among 
grade groups, prevalence increases the most in grade 1 
(G1) NETs, and among sites, prevalence was highest in 
the rectum, followed by the lung and small intestine [29•]. 
The age-, sex-, and race-adjusted 20-year limited dura-
tion prevalence for the US population for January 1, 2014, 
was estimated to be 171,321 [29•], which is significantly 
higher than the previously reported prevalence of 103,312 
in 2004 [41].

The median OS time for patients with NENs is 9.3 years 
[29•], with statistically significant differences noted among 
different stages and sites of primary disease [29•]. Multivari-
ate analyses of the population also reproducibly confirmed 
grade, age, stage, and site as independent predictors of sur-
vival [29•, 41]. Evaluating for 5-year mortality hazard rates, 
Dasari et al. [29•] found patients with G2 (HR, 1.76; 95% 
CI, 1.59–1.94) and G3 (HR, 5.26; 95% CI, 4.85–5.71) had 
worse OS than did those with G1. Among all NENs, local-
ized stage had better median OS (> 30 years) compared with 
regional (10.2 years) and distant stage (12 months) [29•]. 
Additionally, NENs in the appendix (> 30 years) and rectum 
(24.6 years) had the best median OS among site groups, 
while the lung (5.5 years) and pancreas (3.6 years) had the 
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worst median OS. Among distant indolent (G1/G2) NETs, 
best median OS is associated with the small intestine (SI-
NETs, 8.58 years) compared to worse median OS associ-
ated with the pancreas (P-NETs, 5.0 years) and the lung 
(L-NETs, 2.0 years) [29•].

Findings are clear; both incidence and prevalence of 
NENs have phenomologically increased. The incidence 
increase is postulated to multiple attributable factors, 
including increased rate of imaging, improved imagining 
techniques, detection of early-stage disease, stage migration, 
and higher public awareness about NENs [11, 29•, 42], with-
out any one definitive or clear causal factor. Among NENs, 
incidence congruently correlates with prevalence. Evidence 
reveal the overall survival (OS) rate for all NENs diagnosed 
in 2000–2004 period improved when compared to those 
diagnosed in 2009–2012 period [29•]. Patients with distant 
P-NETs experience the biggest improvement in OS [29•]. 
As will be discussed later, within the time period of 2009 
to 2021, distant P-NET cohort also receives the most FDA-
approved systemic therapy, compared to any other NENs. 
With more NENs being diagnosed, increased survival dura-
tions. and more available therapeutic options, researchers 
logically posit the attributing factors for the increasing 
incidence are also the same possible explanation for the 
increased prevalence of NENs.

Diagnosis

Biomarkers have tremendous value in clinical practice and 
medical industries such as biotechnology (both pharmaceuti-
cal and diagnostic), but there is significant confusion about 
the fundamental concepts. Biomarkers as molecular, histo-
logic, radiologic, or physiologic characteristics are repro-
ducibly and reliably measured as indicators of normal bio-
logical or pathogenic processes or responses to an exposure 
or intervention [43]. The diagnosis of NENs is made with 
tissue, and radiologic imaging is used to evaluate extend of 
disease (staging) and assess response to therapy, as well as 
to localize primary site of disease, while serologic biomark-
ers aid predicting disease course. Advances in diagnostic 
options include the development of NETest™ and functional 
imaging for NENs and have pave the way toward improved 
management of patients with NENs.

By immunochemistry, all NETs typically stain positive 
for synaptophysin or chromogranin, while NECs stain nega-
tive, while organ-specific immunochemical staining profile 
helps to delineate primary site origin. In addition to several 
genomic alterations such as TP53 and RB1, proliferative 
index using Ki67 and mitoses per high power field (HPF) 
are used in the current classification to distinguish NETs 
from NECs. Because of the heterogeneity of NENs, tra-
ditional biomarkers such as protein co-secretory product 

chromogranin-A (CgA) and urinary degradatory amine 
5-hydroxyindoleacetic acid (5-HIAA) have limited value 
and applicability as predictive or prognostic markers [44]. 
To overcome the limitations of traditional biomarkers, the 
NET-related transcript-based evaluations test (NETest™) 
was developed. Tumor transcripts can be detected in the 
blood circulation and measured by quantitative reverse tran-
scriptase polymerase chain reaction (qRT-PCR). NETest™ 
is a RNA-based multianalyte algorithmic assay compositely 
measuring 51 different biologically relevant transcripts 
involved in gastroenteropancreatic (GEP-NENs) prolifera-
tion, signaling, and secretion, as well as genes reported to 
have a defined association with tumor initiation and metas-
tases [45, 46]. The assay gives a single readout; a cutoff 
score ≤ 40% to suggest stable disease, and ≥ 80% is consid-
ered NENs with high activity. Available data suggest that 
high activity levels for NETest™ are superior to traditional 
NEN biomarkers, for the diagnosis and prediction of dis-
ease natural history and therapeutic efficacy of somatostatin 
receptor-targeted therapy [47]. Despite available evidence, 
the optimal and uniformed application of NETest™ into 
clinical practice remains undetermined.

Expanding options in radiological techniques to workup 
clinical symptoms and signs have contributed to earlier and 
increased diagnoses of NENs. Computed tomography (CT) 
and magnetic resonance imaging (MRI) establish the foun-
dation of anatomical characterization and evaluation of dis-
ease involvement and extent. Unlike anatomical or structural 
imaging, functional imaging is designed to physiologically 
examine and measure qualitatively and/or quantitatively 
changes in metabolism, blood flow, chemical or cellular 
composition, and receptor density. Using tracers or probes 
analogous to chemical compounds, like glucose or receptor 
binding ligands, bound to radioactive isotopes, functional 
imaging is vital in managing cancer patients.

Somotastatin receptor (SSR) scintigraphy using 111In-
indium-pentetreotide, commonly known as octreoscan 
with or without single-photon emission computed tomog-
raphy (SPECT), was the only available functional imaging 
modality for NENs for decades. Octreoscan has been used 
to localizing primary, staging, and predicting response to 
somatostatin analogs. Now positron emission tomography 
(PET) with 68 Ga-gallium-labeled-somatostatin analogs 
(SSAs such as  DOTA0-Tyr3-octreotate [DOTA-TATE] or 
 DOTA0-Phen1-Tyr3 octreotide [DOTA-TOC]), 18F-fluoro-
deoxyglucose-dihydroxyphenylalanine (18F-DOPA), and 
11C-carbon-5-hydroxytryptophan (11C-5-HTP) is available 
to assist with evaluation and decision-making in the manage-
ment of NENs. Because of the large variability and heteroge-
neity of NENs, from proliferation rate (Ki67), SSR subtype 
profile, and clinical aggressivity, no one radiologic modality 
is entirely effective, but these advanced functional imag-
ing improve sensitivity and specificity of NEN detection 
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to ~ 80–90% [48]. PET with radioactive-labeled somatostatin 
analog is available for commercial and clinical use, whereas 
the others (18F-DOPA and 11C-5-HTP) are only available 
to research centers. Comparison studies between 68 Ga-
SSA-labeled-PET and standard imaging techniques (CT, 
octreoscan) have consistently demonstrated the superiority 
in the detection of NEN primary tumors and metastases. 
PET with 68 Ga-gallium-dotatate (Netspot™) in 2016 and 
later PET with 64Cu-copper-dotatate (Detectnet™) in 2020 
have been approved for use in patients with somatostatin 
receptor positive NENs. For all practical purpose, except 
in limited resource healthcare systems, functional imaging 
with SSA-labeled-PET has replaced octreoscan for patients, 
because of their superior detection, therapeutic prediction, 
and increased access with FDA approval.

Therapy

The focus of the review on therapeutic advances will be 
systemic anti-neoplastic therapy for patients with advanced 
NENs, particularly GEP-NETs. Complete surgical resec-
tion remains closely associated with the chance for cure and 
durable disease control, among patients with localized and 
regional NENs. Among unresectable and metastatic NENs, 
expected outcomes and treatment options are considerably 
different between histologic grade and primary site.

Traditionally, advanced NECs are managed with cyto-
toxic systemic therapy, and management of NETs is limited 
to either observation or symptomatic control with somato-
statin analogs (SSAs, octreotide long-acting release [LAR], 
or lanreotide depot). Robust randomized clinical studies in 
NENs were traditionally lacking, especially for cytotoxic 
systemic chemotherapy. For example, among patients with 
P-NETs, treatment with streptozocin-based combination 
chemotherapy [49, 50] was supported by results based on 
combined biochemical and radiologic response criteria not 
standardized response evaluation criteria in solid tumors 
(RECIST). Because it is cumbersome to administer and 
associated with moderate side effects, streptozocin usage 
has been essentially supplanted by temozolomide, an oral 
alkylating anti-neoplastic agent. While evidence suggests 
moderate activity in NETs in both small prospective and 
large retrospective studies [51–53], the adaptation of oral 
temozolomide plus capecitabine for patients with P-NETs 
was based largely on retrospective efficacy data [54] and 
without comparison to streptozocin-based regimens [55]. 
Among patients with extra-pulmonary NECs, such as 
small-cell or large-cell, cytotoxic treatment with platinum-
based chemotherapy was supported by borrowed evidence 
from clinical studies for small-cell carcinoma of the lung 
(SCLC) [56–58]. Hence, for many decades, the management 

of NENs particularly for GEP-NENs had been either bor-
rowed or based on limited clinical evidence.

Both improved understanding of molecular drivers for 
NENs and supported by results from robust randomized 
clinical studies lead the way to multiple systemic treatment 
options. Interestingly, the most dramatic expansion of FDA-
approved therapeutic options is for patients with GEP-NETs. 
Thematically, three molecular targets postulated to drive 
tumorigenesis, somatostatin receptor, vascular endothelial 
growth factor (VEGF), and mechanistic target of rapamycin 
(mTOR) were the focus of drug development for GEP-NETs. 
Table 1 summarizes outcomes from these pivotal studies.

Nearly 80% of NETs express somatostatin receptors [59]. 
Because SSAs octreotide and lanreotide bind to somatosta-
tin receptors on the tumor cells, these modified long-acting 
analogs of endogenous somatostatin are highly effective in 
inhibiting the release of serotonin and other vasoactive sub-
stances. Symptom functional NETs and carcinoid syndrome 
such as flushing and diarrhea are significantly improved 
in over 80% with SSAs [60]. Turning the focus of target-
ing somatostatin receptors for tumor control, two pivotal 
randomized phase 3 studies with SSAs have demonstrated 
improved time-to-tumor progression (TTP) with octreo-
tide LAR (14.3 vs. 6.0 months, hazard ratio [HR] = 0.34; 
95% CI, 0.20 to 0.59) [61•] and prolonged progression-free 
survival (PFS) with lanreotide depot (median not reached 
vs. 18.0 months, HR = 0.47; 95% CI, 0.30 to 0.73) [62•], 
when compared with placebo. Peptide receptor radioligand 
therapy (PRRT) has been widely used in European cent-
ers to treat advanced somatostatin receptor positive NETs, 
but no prospective randomized clinical studies were done 
to detect true outcomes. NETTER-1 was a multicenter ran-
domized phase 3 study, designed to evaluate PFS between 
treatment with lutetium 177Lu-dotatate, a radiolabeled SSA 
along with 30 mg octreotide LAR compared to control with 
60 mg octreotide LAR, in patients with somatostatin recep-
tor positive advanced SI-NETs. Treatment with lutetium 
177Lu-dotatate results in statistically significant improved 
median PFS when compared to control arm (median not 
reached vs. 8.5 months; HR = 0.21; 95% CI, 0.13 to 0.32) 
[63•]. In 2018, the FDA-approved lutetium 177Lu-dotatate 
was for all patients with GEP-NETs, based largely from the 
results of NETTER-1 [63•] and the subset analysis (n = 360) 
of 1214 patients treated at ERASMUS Medical Center [64].

NETs, characterized by a high vascular supply and a 
strong expression of vascular endothelial growth factor 
A (VEGF-A), are attractive indication for targeted drug 
development of anti-angiogenic therapy. Bevacizumab, a 
monoclonal antibody (MAb) given intravenously, inhibits 
VEGF-A to slow the growth of new blood vessels. Con-
ceptually, bevacizumab is a great choice for drug develop-
ment in NETs, targeting angiogenesis. Despite initial dem-
onstration of activity in phase 2 study [65], larger phase 
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Table 1  Selected pivotal trials of systemic treatments for advanced gastroenteropancreatic neuroendocrine tumors (GEP-NETs)

Reference (study type) Disease Treatment(s) N ORR Median PFS Median OS

Peptide receptor radionuclide therapy
NETTER-1/Strosberg 

2017 [63•] (randomized 
phase 3)

Midgut-NETs Lutetium Lu-177 + 30 mg 
octreotide LAR

116 18% NR at 20 months 48.0 months (p value, NS)

60 mg octreotide LAR 113 3% 8.4 months (p 
value < 0.001)

36.3 months

Horsch 2016 [88] (multi-
center retrospective)

WD-NETs Lutetium Lu-177 243 – 40 months –
Yttrium Y-90 77 – 27 months –
Lutetium Lu-177 + yttrium 

Y-90
130 – 50 months –

Brabander 2017 [89] (mul-
ticenter retrospective)

LGI-NETs Lutetium Lu-177 443 39% 29 months 63 months

Targeted systemic therapy
SANET-p/Xu 2020 [73•] 

(randomized phase 3)
P-NETs Surufatinib 300 mg 113 10.9 months (p 

value = 0.0011)
–

Placebo 59 3.7 months –
SANET-ep/Xu 2020 [74•] 

(randomized phase 3)
Extra-P-NETs Surufatinib 300 mg 129 9.2 months (p 

value < 0.0001)
–

Placebo 69 3.8 months –
Raymond 2011 [72•] (ran-

domized phase 3)
P-NETs Sunitinib 37.5 mg 86 9% 11.4 months (p 

value < 0.001)
–

BSC (placebo) 85 0% 5.5 months –
SWOG-S0518/Yao 2017 

[66] (randomized phase 
3)

Midgut-NETs Bevacizumab + 30 mg 
octreotide LAR

214 12% 16.6 months (p value, NS) –

Interferon + 30 mg octreo-
tide LAR

213 4% 15.4 months –

RADIANT 2/Pavel 2011 
[79] (randomized phase 
3)

Midgut-NETs Everolimus 10 mg + 30 mg 
octreotide LAR

216 2% 16.4 months (p value, NS) –

Placebo + 30 mg octreotide 
LAR

213 2% 11.3 months –

RADIANT 3/Yao 2011 
[80•] (randomized phase 
3)

P-NETs Everolimus 10 mg 207 5% 11.4 months (p 
value < 0.001)

–

BSC (placebo) 203 2% 5.4 months –
RADIANT 4/Yao 2016 

[81•] (randomized phase 
3)

LGI-NETs Everolimus 10 mg + BSC 205 2% 11.0 months (p 
value < 0.00001)

–

placebo + BSC 97 1% 3.9 months –
CLARINET/Caplin 2014 

[62•] (randomized phase 
3)

GEP-NETs 120 mg lanreotide depot 101 NR at 24 months –
Placebo 103 18.0 months (p 

value < 0.001)
–

PROMID/Rinke 2009 
[61•] (randomized phase 
3)

Midgut-NETs 30 mg octreotide LAR 42 2% 14.3 months* (p 
value = 0.000072)

84.7 months (p value, NS)

Placebo 43 2% 6.0 months* 83.7 months
Cytotoxic systemic therapy
Moertel 1980 [49] (rand-

omized phase 3)
P-NETs Strepozocin + 5FU 42 63% – 26.0 months (p value, NS)

Streptozocin 42 36% – 16.5 months
Moertel 1992 [50] (rand-

omized phase 3)
P-NETs Streptozocin + doxorubicin 36 69% – 26.4 months (p 

value < 0.004)
Streptozocin + 5 FU 33 45% – 16.8 months
Chlorozotocin 33 30% – 18.0 months

ECOG E1281/Sun 2005 
[90] (randomized phase 
2/3)

Midgut-NETs 5FU + doxorubicin 73 16% 4.5 months 15.7 months
5FU + streptozocin 73 16% 4.3 months 24.3 months (p value = 0.03)

Cives 2016 [54] (1 institu-
tion, retrospective)

P-NETs Capecitabine + temozo-
lomide

143 54% – –
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3 randomized study comparing bevacizumab plus octreo-
tide LAR to bevacizumab plus interferon in patients with 
L-NETs and SI-NETs failed to demonstrate superior efficacy 
over the control arm [66]. Several small-molecule tyrosine 
kinase inhibitors (TKIs) that target angiogenic VEGF recep-
tor (VEGFR), including sorafenib [67], sunitinib [68], pazo-
panib [69], lenvatinib [70], and carbozantinib [71] have been 
evaluated in phase 2 studies for patients with either P-NETs 
or SI-NETs. All of these agents demonstrated moderate anti-
tumor activity, with more activity seen among patients with 
P-NETs compared to those with SI-NETs (overall response 
rate [ORR] 2–16% vs. 9–44%). In the latest non-randomized, 
phase 2 study of VEGF/VEGFR targeted therapy (TALENT 
trial), 111 patients with advanced GEP-NETS treated with 
lenvatinib had ORR 29.9% (95% CI, 21.6 to 39.6); ORRs 
were 44.2% among P-NET and 16.4% among GI-NET [70]. 
At present, only sunitinib went on to phase 3 registrational 
study involving 171 patients with P-NETs. Results dem-
onstrated a prolonged median PFS for those treated with 
sunitinib compare placebo (11.4 months vs. 5.5 months; 
HR = 0.42; 95% CI, 0.26 to 0.66) [72•]. Sunitinib, being 
FDA-approved, is the only targeted therapy against angio-
genesis to treat patients with P-NETs. Results from suru-
fatinib in advanced neuroendocrine tumor for pancreatic 
(SANET-p) [73•] and extra-pancreatic (SANET-ep) [74•] 
further confirm the role of small-molecule inhibitors of 
angiogenesis in treating patients with GEP-NETs. Among 
patients with extra-pancreatic NETs, median PFS was 
superior with surufatinib compared to placebo (9.2 months 
vs. 3.8 months; HR = 0.33; 95% CI, 0.22 to 0.50) [74•]. 
Similar benefit in median PFS was found among patients 
with P-NETs treated with surufatinib compared to placebo 
(10.9 months vs. 3.7 months; HR = 0.49; 95% CI, 0.32 to 
0.76) [73•]. Surufatinib results have been submitted for con-
sideration of FDA approval.

Through interacting with several proteins to form mul-
tiprotein complexes, mTOR complex 1 (mTORC1) and 
mTOR complex 2 (mTORC2), mTOR regulates key cell 
functions involved in cell survival, proliferation, and 
metabolism [75]. Two important observations support the 
importance of mTOR pathways in the tumorigenesis of 

NETs. Firstly, pathogenic mutations of genes associated 
with hereditary syndromes predisposing NETs encode for 
proteins that lie upstream from mTOR. Loss of function 
due to inactivating mutations of neurofibromatosis type 
1 (NF-1) and tuberous sclerosis (TSC1 and TSC2) genes 
leads to mTOR activation in NET patients [76]. The sec-
ond observation came from genomic analysis of sporadic 
pancreatic NETs, identifying somatic mutations in genes 
[15•] and components of genes [77] involved in the mTOR 
pathway. Targeting mTOR pathway for drug development in 
NETs has proven to be very successful. Everolimus, an oral 
mTOR inhibitor, was evaluated in four clinical studies, the 
RAD-001 (everolimus) In Advanced Neuroendocrine Tumor 
(RADIANT) studies. RADIANT-1 evaluated two doses of 
everolimus (5 mg and 10 mg) plus octreotide LAR in 150 
patients with SI- and P-NETs, demonstrating 20% overall 
response rate (ORR) and 15.0 months PFS [78]. RADI-
ANT-2 evaluated the combination of everolimus (10 mg) 
plus octreotide LAR compared to octreotide LAR alone in 
429 patients with SI-NETs. Primary endpoint of RADI-
ANT-2 (median PFS) did not reach statistical significance 
(16.4 months vs. 11.3 months; HR = 0.77; 95% CI, 0.59 to 
1.00) [79]. RADIANT-3 showed treatment with everolimus 
prolonged median PFS in patients with advanced P-NETs 
when compared to placebo (11.0 months vs. 4.6 months; 
HR = 0.35; 95% CI 0.27 to 0.45) [80•]. RADIANT-4 dem-
onstrated treatment with everolimus improved median PFS 
in patients with advanced gastrointestinal (GI)-NETs and 
L-NETs when compared to placebo arm (14.0 months vs. 
5.5 months; HR = 0.39; 95% CI 0.28 to 0.54) [81•]. Results 
collected from all four RADIANT studies were successful 
in obtaining FDA approval of everolimus for patients with 
advanced P-NETs and GI- and L-NETs.

With multiple approved systemic therapeutic options, 
ranging from cytotoxic chemotherapy, targeted small mol-
ecules targeting VEGF/VEGFR and mTOR and PRRT, 
sequencing of systemic therapy requires continued elucida-
tion. Because streptozocin-based chemotherapy is still foun-
dationally used in many parts of Europe to treat advanced 
P-NETs, further understanding on the efficacy of this combi-
nation compared to presently approved everolimus is needed. 

Table 1  (continued)

Reference (study type) Disease Treatment(s) N ORR Median PFS Median OS

ECOG E2211/Kunz 2018 
[55] (randomized phase 
2)

P-NETs Temozolimide 72 – 14.4 months 38.0 months

Temozolomide + capecit-
abine

72 – 22.7 months (p 
value = 0.023)

NR at 29 months

NETs, neuroendocrine tumors. WD-NETS, well-differentiated (G1/G2) NETs. LGI-NETS, lung and GI NETs. P-NETs, pancreatic NETs. GEP-
NETs, gastroenteropancreatic NETs. N, total number of patients on study/being analyzed. ORR, objective response rate. PFS, progression-free 
survival. OS, overall survival. 95CI, 95% confidence interval. NS, not significant. NR, not reached. 5FU, 5-fluorouracil. BSC, best supportive 
care. LAR, long-acting release.
*Time-to-tumor progression (TTP) are reported.
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Efficacy and safety of frontline everolimus versus combina-
tion cytotoxic chemotherapy streptozocin and 5-flurouracil 
(STZ-5FU) in patients with advanced P-NETs are being 
evaluated in ongoing phase 3 randomized study (SEQTOR 
trial, ClinicalTrials.gov identifier, NCT02246127). The 
results are anticipated to provide further clarification on 
the role of combination chemotherapy versus oral targeted 
therapy for this patient cohort. Furthermore, studies such as 
SEQTOR are keys to studying patients who have a longer 
life expectancy and whose quality of life can be altered by 
the sequence of treatment.

The combination of scientific and technological advances 
and regulatory government reforms and incentives, along 
with robust commercial incentives, has come together in a 
perfect storm, fueling the momentous era of drug develop-
ments. Tremendous scientific advancements and accessibil-
ity of next-generation sequencing (NSG) have paved the way 
to genomic characterization of many neoplastic processes, 
identification of novel oncogenic targets, and the develop-
ment of new targeted therapies. Concurrently, reforms in 
orphan disease designation and expedited drug approval 
processes by FDA regulatory agency have revolutionarily 
brought forth many novel and targeted cancer therapy in the 
past two decades. Representative of this paradigm shift in 
cancer treatment and drug development are two momentous 
transformations: (1) immunotherapies and (2) tissue/tumor-
agnostic treatments.

Tumor can escape the immune surveillance by several 
possible mechanisms, but the most commonly targeted is 
to reverse the cancer inhibition of adaptive immunity by 
blocking T cell checkpoint pathways. Clinical studies 
with monoclonal antibodies (MAbs) developed to inhibit 
the CTLA-4 checkpoint molecule or to inhibit the interac-
tion between PD-1 checkpoint and its ligands (PD-L1 and 

PD-L2) have led to many FDA-approved cancer therapy in 
many different cancers. Table 2 summarizes clinical studies 
that have been done with immunotherapy in patients with 
GEP-NETs. MAbs blocking PD-1, such as spartalizumab 
or pembrolizumab, have resulted in modest ORR, ranging 
4–12% [82–84]. Combination therapy of MAbs blocking 
PD-1 and CTLA-4, nivolumab plus ipilimumab, has dem-
onstrated slightly higher ORR, 25–33% [85, 86]. Early stud-
ies demonstrated encouraging activity of immunotherapies, 
and plans to further confirm their anti-neoplastic activity in 
patients with indolent NETs are continuing.

The FDA made a landmark decision to create a new cate-
gory of cancer therapy, tissue/tumor-agnostic drugs in 2017. 
Being highly selective for specific molecular alterations, tis-
sue/tumor-agnostic drugs are active against multiple differ-
ent subtypes of oncogene-addicted cancers. Three drugs of 
this new tumor-agnostic therapeutic class, pembrolizumab 
for patients with solid tumors with microsatellite instabil-
ity-high (MSI-H) or deficient mismatch repair (dMMR), 
larotrectinib for patients with solid tumors with activat-
ing neurotrophic TRK (NTRK) gene fusions, and entrec-
tinib for patients with solid tumors with activating NTRK 
gene fusions and patients with non-small-cell lung cancer 
(NSCLC) with activating fusion anaplastic lymphoma kinase 
(ALK) or mutation of the proto-oncogene tyrosine protein 
kinase 1 (ROS-1), have received FDA approval in 2017, 
2018, and 2019, respectively. Pembrolizumab is anti-PD-1 
MAb given intravenously, and larotrectinib and entrectinib 
are oral small-molecule inhibitors of pan-tropomyosin recep-
tor tyrosine kinase (pan-TRK). These approved tumor-ago-
nistic drugs further add to the therapeutic armamentarium 
for specific patients with NENs.

As understanding for molecular drivers of tumorigenesis 
of NENs continues to expand, the development of targeted 

Table 2  Clinical trials with novel systemic therapy for locally advanced unresectable, advanced, or metastatic neuroendocrine tumors

MOA, mechanism of action. N, total number of patients on study/being analyzed. ORR, objective response rate. PFS, progression-free survival. 
NETs, neuroendocrine tumors. WD-NETs, well-differentiated NETs. GEP-NECs, gastroenteropancreatic neuroendocrine carcinomas. P-NETs, 
pancreatic NETs. L-NETs, lung/bronchial carcinoid tumors.

Reference MOA Therapeutic agent Disease (N) ORR Median PFS

Yao 2021 [82] Anti-PD1 monoclonal antibody Spartalizumab WD-NETs (95) 7.4% 19.5% at 12 months
GEP-NECs (21) 4.8% 0% at 12 months

KEYNOTE-028/Mehnert 2020 
[84]

Anti-PD1 monoclonal antibody Pembrolizumab Extra P-NETs (25) 12.0% –
P-NETs (16) 6.3% –

KEYNOTE-158/Strosberg 
2020 [83]

Anti-PD1 monoclonal antibody Pembrolizumab WD-NETs (107) 3.7% 4.1 months

CA209-538/Klein 2020 [85] Anti-PD1 monoclonal anti-
body + anti-CTLA-4 mono-
clonal antibody

Nivolumab + ipilimumab P-NETs (7)
Atypical L-NETs (9)

43%
33%

–
–

SWOG 1609-DART/Patel 2020 
[86]

Anti-PD1 monoclonal anti-
body + anti-CTLA-4 mono-
clonal antibody

Nivolumab + ipilimumab Non P-NETs (32) 25% 31% at 6 months
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therapy for NENs will no doubt continue. As this paper is 
being written, the FDA approved belzutifan, an orally availa-
ble hypoxia-inducible factor inhibitor, for the cancers associ-
ated with von Hippel–Lindau (VHL) disease. In an ongoing 
registrational phase 2 study, belzutifan demonstrated ORR 
83% among 12 patients with advanced P-NETs [87].

Summary and Conclusion

A combination of scientific advances, improved disease clas-
sification, and better molecular and epidemiologic under-
standings of NENs, along with successes in targeted drug 
developments in GEP-NETs, has all culminate in transform-
ing the clinical practices and management of patients with 
NENs. Accessible NGS has identified meaningful biomark-
ers and molecular drivers of NENs. Uniformed WHO clas-
sification of NENs and the maturation of large tumor regis-
tries lead to the discovery of a worldwide phenomological 
occurrence, where both incidence and prevalence of NENs 
have been steadily increasing. At present, patients with GEP-
NETs have five FDA-approved therapy for advanced disease, 
along with two functional imaging options to assess specifi-
cally for somatostatin receptor positive disease. The field 
of neuroendocrine oncology has changed a lot in the past 
20 years, and patients with NENs have options and hope, 
and their cancer is no longer a misomer.
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