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ABSTRACT

Neuroendocrine tumors (NETs) of the gastrointestinal tract and lungs are rare yet clinically significant neoplasms
characterized by heterogeneous progression and diverse manifestations. This article systematizes current management
strategies based on the latest recommendations and scientific advances. Epidemiological trends are a key focus,
including an increase in NET incidence rates over the past few decades (6.4 times in the USA from 1973 to 2012) and the
predominance of gastroenteropancreatic NETs (62—70%) and bronchopulmonary NETs (25%). The following key clinical
aspects are highlighted, including hormonally active conditions (carcinoid syndrome, gastrinomas, insulinomas) and their
complications (carcinoid heart disease and crises). Current approaches to diagnose, treatment, and monitoring of NETs
are discussed using recent guidelines and scientific data. Molecular genetic testing is emphasized because of its ability to
improve risk stratification and personalize treatment. The following treatment options are discussed: surgery (resection,
liver transplantation); pharmacotherapy (somatostatin analogues, telotristat, and targeted therapies such as sunitinib and
everolimus); chemotherapy; peptide receptor radionuclide therapy. The key study outcomes are presented. The article also
addresses challenges in early diagnosis and the need for a multidisciplinary approach and personalized treatment. Promising
areas of using novel biomarkers and imaging techniques are mentioned, and the importance of follow-up is emphasized,
including follow-up intervals and watch and wait strategies for small tumors. The article discusses the challenges of
early diagnosis and the importance of thorough tumor evaluations and explores prospects for further research to optimize
treatment strategies.
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AHHOTALMUA

Helipo3HO0KPUHHbBIE ONYXONM JKenyA0YHO-KULLIEYHOrO TpaKTa U NEFKUX NpefcTaBnsioT coboi pefKylo, HO KIMHUYECKH
3HauMMylo rpynny HoBoobpa3oBaHWiA, XapaKTepU3YIOLLMXCA FeTEPOreHHBIM TeYEHUEM U pa3HoobpasueM KIMHUYECKUX Npo-
ABNEHU. B cTaTbe cucTeMaTU3upoBaHbl COBPEMEHHbIE aNrOPUTMbI BeeHUs MALMEHTOB C YY4ETOM NOCNeAHUX PEKOMEHA-
LM M HAyYHBIX LOCTUEHMIA. 3HAUNTENbHOE BHUMaHWE YAENEeHO 3NMAEMUONIOTMYECKUM TEHAEHLMAM: pocT 3aboneBaeMo-
CTM HelpO3HAOKPUHHLIMM OMYX0NAMM 3a NocneaHue pecstunetus (B 6,4 pasa B CLUA ¢ 1973 no 2012 rr.), npeobnapaxue
racTposHTeponaHkpeatudeckux (62—70%) u bpoHxonérounblx (25%) nokanusaumin. OcoBbii aKUEHT caenaH Ha KiloyeBblX
K/IMHUYECKUX acreKTaX, BKIoYas ropMOHaNbHO-aKTUBHbIE GOPMbI (KApLUMHOMAHBIA CUHAPOM, FaCTPUHOMBI, MHCYNIMHOMBI)
M X OCNOXHEHUA (KapuuHompHas bonesHb cepAua, Kpusbl). B HacTosLien cTaTbe pacCMOTpeHbl COBpPEMEHHbIE MOAX0-
Obl K IMarHOCTUKE, NIEYEHUIO U MOHUTOPUHIY TaKWUX MaLMEHTOB C YYETOM NOCNELHUX PEKOMEHALMA N HAY4HbIX JaHHBIX.
Ocoboe BHUMaHMWe yAeNIEHO MOJIEKYNSAPHO-TEHETUYECKWUM UCCIIeS0BaHNUAM, NO3BONSIOLLMM YAYYLLMTL CTPaTU(UKALMIO pu-
CKOB U NepcoHanu3aumio Tepanuu. B paspene neyeHns AeTanbHO NPoaHaNU3MpPOBaHbl XUPYpPrudeckue MeToasl (peseKums,
TpaHCNNaHTaUMa MeyeHu), SeKapcTBeHHas Tepanus (aHanoru coMaTocTaTuHa, TENOTPUCTAT, TapreTHble npenapaTbl —
CYHWUTWHWO, 3BEPOAIMMYC), XMMMOTEpPANUA U NENTULHAA PELLENTOPHas paauoHYKNMaHas Tepanus. [puBeseHbl pesynbTathl
KIloYeBbIX UcCneAoBaHui. OTAeNbHO 0CBELLEHbI CIIOXHOCTM paHHel AUarHOCTUKM, He0BX0AMMOCTb MYNbTUAUCLMIIUHAP-
HOro MofX0Aa M MepcoHanu3auuu nedyenus. Nof4YEpKHYTHI NepCneKTUBLI NMPUMEHEHNS HOBbIX BUOMapKepoB M MeTof0B
BM3Yyanu3aLuK, a TaKKe BaXXHOCTb AMCNaHCcepHOro HabnwoaeHus (MHTepBansl 0bcnenoBaHus, ctpaterus «watch and wait»
Ans Manbix onyxonei). 06cyaaloTcA CNOXHOCTU paHHER AWMArHOCTUKU, He0DX0AUMOCTb KOMMIEKCHOW OLEHKM onyXosie-
BOr0 MpoLecca U NepcnexTUBbI AaNbHENLWMUX UCCeL0BAHUI 418 ONTUMM3ALUK CTPATErNA NEYEHMS.

KnioueBbie cnoea: HEVIPOSH}J,OKPMHHbIe onyxonu; annaeMnonorua; ANarHoCTuKa; nevyeHue; TepaHoCTUKa; nocieonepa-
LIMOHHOE HabnopaeHue.
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BACKGROUND

Neuroendocrine tumors (NETs) are heterogeneous
tumors that differ in grade, molecular genetic
characteristics, and clinical course: from low-
grade NETs to high-grade neuroendocrine
carcinomas (NECs) [1]. NETs develop from
diffuse neuroendocrine system cells. Therefore,
these neoplasms can be found in any organ, but
gastrointestinal and bronchopulmonary NETs are
the most prevalent [2]. NETs are defined by potential
overproduction of biologically active amines and
peptide hormones, resulting in a distinct clinical
presentation characterized by carcinoid syndrome
and hormonal disorders caused by insulinoma,
gastrinoma, glucagonoma, and other hormone-active
NETs [1, 3]. Despite their indolent behavior, NETs can
cause significant morbidity, because their clinical
presentation may mimic other diseases, leading to
delayed diagnosis and untimely or inappropriate
treatment [4].

The growing number of diagnostic tests,
including molecular genetic tests, and treatment
options necessitates a multidisciplinary approach to
managing patients with NETs. The prognosis in these
patients varies significantly depending on the primary
tumor site, grade, stage, and molecular genetic
characteristics; therefore, patients with NETs must
be treated in specialized centers. This review focuses
on existing management algorithms for patients
with the most prevalent NETs (gastrointestinal and
pulmonary).

The work aimed to summarize modern
approaches to the diagnosis and treatment of
gastrointestinal and pulmonary NETSs.

SEARCH METHODOLOGY

Methods

The work was based on review and research
articles available in the online research libraries
PubMed and NCBI. The search period was 1992
to 2024. The following search terms were used:
neuroendocrine tumors (161 thousand sources),
neuroendocrine cancer (45 thousand sources),
treatment of neuroendocrine tumors (100 thousand
sources), diagnosis of neuroendocrine tumors
(100 thousand sources), drug care of neuroendocrine
tumors (2 thousand sources), and local care of
neuroendocrine tumors (1.6 thousand sources).
We assessed review articles on the diagnosis and
treatment of low-grade NETs (G1, G2, and G3) and
NECs. Moreover, the review included the findings of
phase 2 and 3 clinical studies, meta analyses, and
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systematic reviews that were relevant for routine
clinical practice. Overall, the review included
87 publications.

DISCUSSION

Epidemiology of Neuroendocrine Tumors

NETs account for approximately 0.5% of
all newly diagnosed malignancies [5]. Despite
their low prevalence, the incidence of NETs is
increasing across all sites, stages, and grades.
According to the largest population-based study
in patients with NETs, which used the data from
the SEER database, the incidence rate of NETs
in the United States increased 6.4-fold from
1973 (1.09 per 100,000 population) to 2012
(6.98 per 100,000 population) [5]. The highest
and lowest age-adjusted incidence rates were
reported in patients aged over 65 (2.53 per
100,000 population in 2012) and under 50 (1.75
per 100,000 population), respectively. However,
a significant increase in the incidence since 1973
was reported in all age groups [5]. The general
population shows comparable incidence of NETs in
males and females; however, according to some
studies, gastroenteropancreatic and pulmonary
NETs are slightly more prevalent in females (52%-
58% of cases) [6, 7].

The most prevalent primary NET sites are the
gastroenteropancreatic system (62%-70% of cases)
and the bronchopulmonary system (approximately
25% of cases) [1, 2]. Moreover, these sites are
associated with the most significant increase in
incidence: 15-fold for gastric NETs, 9-fold for rectal
NETs, and 4-fold for pulmonary NETs [5]. According
to researchers, an increase in the incidence of
NETs is primarily associated with a wider use of
endoscopy and improved imaging quality. Improved
diagnosis has resulted in a significant increase in the
incidence of G1 NETs, which accounted for 51% of all
confirmed NETs in 2012, whereas G2 and G3 NETs
accounted for 16.4% and 32.6%, respectively [5].
Detection rates of locoregional NETs have increased
in recent decades, accounting for approximately
72% of all cases. However, the proportion of
patients with metastatic disease has remained
constant over time, likely owing to earlier diagnosis
of asymptomatic NETs and the effect of modern
treatment algorithms on overall survival (0S) [5].
A large SEER-based cohort study, which assessed
gastroenteropancreatic NETs (GEP-NETs) as the
most prevalent, also showed a significant increase
in incidence rates between 1975 and 2015 across all
stages, sites, and grades [9]. The most significant
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increase was observed for localized stages (G1
GEP-NETSs). In terms of the primary site, the largest
increase in incidence rates was reported for gastric
and rectal NETs [9]. These data are consistent with
the findings of earlier population-based studies in
the United States and other countries [5, 7]. The most
prevalent GEP-NET sites were NETs of the rectum
and small intestine (28.6% and 28.1%, respectively),
whereas NETs of the stomach, large intestine, and
appendix were the least prevalent (9.2%, 9.2%, and
8.5%, respectively) [6].

The median 0S in the general population of
patients with NETs was 112 months (9.3 years) [5].
G1 NETs had better median 0S (16.2 years)
compared with G2 and G3 NETs (8.3 years and
10 months, respectively). Localized NETs had
better median 0S (>30 years) compared with
regional NETs (10.2 years) and distant NETs
(12 months). NETs in the rectum (24.6 years)
and appendix (>30.0 years) had the best median
0S among primary site groups, whereas NETs in
the pancreas (3.6 years) and lung (5.5 years) had
the worst median 0S [5]. Another study showed
better survival rates in patients with NETs, with
median 0S of 63 months; however, these results
were inferior to other GEP-NETs [6]. The survival
rate in gastric NETs ranges from 9 to 100 months
depending on the stage [6, 7]. The prognosis in
patients with NETs also varies significantly. For
example, the 5-year 0S for typical carcinoids (G1
and G2 NETs) was 75%—100% for localized tumors
and 30%-60% for locally advanced tumors and
distant metastases [10]. Large-cell and small-cell
lung cancers are extremely aggressive diseases.
The 5-year 0S for small-cell lung cancer (SCLC)
and large-cell lung carcinoma (LCLC) is <5%
and 15%-57%, respectively; other studies show
comparable values for SCLC and LCLC [5, 7].

Clinical Aspects of Hormone-Active
Neuroendocrine Tumors

When selecting a treatment strategy for patients
with NETSs, it is essential not only to control tumor
growth, but also to reduce symptoms. NETs develop
from diffuse neuroendocrine system cells that are
found in all organs and secrete biologically active
substances. Therefore, NETs produce biological
amines, peptide hormones, and neuropeptides,
resulting in characteristic ectopic hormone
syndromes [8]. Regarding the most prevalent
primary NET sites, hormone-active or functioning
NETs (F-NETs) are more frequently found in the
pancreas (30%), whereas gastrointestinal and
bronchopulmonary F-NETs are reported in 3%-13%
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of cases and less than 5% of cases, respectively [8].

Carcinoid syndrome (CS) is the most common
hormonal disorder in NETs, with an incidence of
1.7% to 18.7% and a 72% increase between 2000
and 2011 [5]. CS is significantly more prevalent
in pancreatic and small intestine NETs (40%,
especially in NETs with liver metastases), followed
by bronchopulmonary NETs and large intestine
and rectal NETs (13% and 10%, respectively) [9].
CS is typically present in pulmonary NETs
with liver metastases [10]. CS is caused by
overproduction of biologically active substances,
primarily serotonin, by NETs. However, there is
evidence that other vasoactive substances, such
as prostaglandins, substance P, neurokinin A,
bradykinin, and histamine, have a significant
impact on CS symptoms [5]. Typical symptoms of
CS include diarrhea (78%), hot flashes and skin
flushing (78%), asthma-like symptoms (12%), and
hyperkeratosis or hyperpigmentation (1%) [10]. In
recent years, there has been evidence of cognitive
impairments such as slowed thinking, aggressive
behavior, and speech impairment [11]. Carcinoid
heart disease (CHD) is reported in approximately
20%-40% of cases, primarily in patients with long-
term CS without adequate symptom control [5].
CHD is the leading cause of death in these
patients [12]. Overproduction of serotonin in CS
activates fibroblasts, causing fibrosis of heart
valves (primarily tricuspid and pulmonic) [12].
This results in chronic right heart failure (HF). As
CHD progresses, patients may develop restrictive
cardiomyopathy and arrythmias, including atrial
fibrillation. CHD secondary to poorly controlled
CS is associated with an unfavorable prognosis.
In an observational cohort study, the median 0S in
untreated patients with CHD was 11 months [12].
Carcinoid crisis is another potential complication
of CS. It is caused by interventions during biopsy,
tumor resection, embolization, and anesthesia,
resulting in a sudden, significant release of
vasoactive substances and a characteristic
clinical presentation with severe skin flushing,
hemodynamic instability, bronchospasm, and
arrythmias [13]. The risk of intraoperative carcinoid
crisis is significantly higher in gastrointestinal
NETs, particularly NETs in the small intestine and
with liver metastases [13]. Preoperative use of
somatostatin analogs is a common strategy for
carcinoid crisis prevention; however, a pooled
analysis of three large studies did not confirm the
efficacy of this approach, necessitating research of
other prevention strategies [13].

Some hormonal disorders secondary to F-NETs
are more common in pancreatic tumors and much
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less frequently reported for other tumor sites. There
are eight most well-studied hormonal disorders
secondary to F-NETs (aside from pancreatic
NETs with carcinoid syndrome) [14]. The most
prevalent of these are gastrinomas, insulinomas,
glucagonomas, VIPomas (Verner—Morrison
syndrome), ACTH-producing tumors (ectopic
ACTH syndrome), and somatostatinomas [14].
These hormonal disorders have a distinct clinical
presentation, differ in terms of diagnosis and
treatment strategy, and, like NETs with carcinoid
syndrome, require continuous symptom control
(Supplement 1).

In Zollinger-Ellison syndrome (gastrinoma),
symptoms are caused by overproduction of
hydrochloric acid due to ectopic gastrin secretion
by NETs (peptic ulcers and gastroesophageal
reflux disease accompanied by severe diarrhea;
symptoms associated with tumor growth, such as
bleeding, pain, and jaundice, are only observed
at later stages) [14]. Insulinoma is primarily
characterized by signs of neuroglycopenia (90%
of all cases), such as confusion, coma, and visual
impairment, as well as signs of sympathetic
hyperactivity, such as tremor, hyperhidrosis,
tachycardia, weakness, and polyphagia. These
symptoms become more severe when hungry or on
exertion [14]. This requires differential diagnosis
between postprandial hypoglycemia, which is
caused by previous surgical treatment of obesity,
and fasting hypoglycemia, which is observed in
insulinoma [14]. VIPomas are characterized by
watery diarrhea resulting in dehydration and
hypokalemia; excessive secretion of vasoactive
intestinal peptide (VIP) is associated with
hyperglycemia, hypochlorhydria, and hot flashes,
with an incidence of 20% to 50% [14]. Glucagonoma
is characterized by necrolytic migratory erythema
(55%-90%), weight loss (60%-90%), and diabetes
mellitus or impaired glucose tolerance (30%-
90%) [14]. Glucagonomas frequently present as
large tumors (>5 cm), with liver metastases in
50%-80% of patients [14]. Somatostatinoma is one
of the least studied NETs, with typical symptoms
including diabetes mellitus, gall bladder disorders,
steatorrhea, and weight loss. The majority
of reported cases of somatostatinoma lack
a typical clinical presentation. Typical symptoms
of somatostatinoma are virtually always present in
primary pancreatic NETs, but are infrequent in NETs
of other organs, such as the small intestine [14].
NETs with ACTH overproduction cause Cushing
syndrome, primarily in the thymus and lungs
(40%-60%); this syndrome has been reported
in both typical and atypical carcinoids [15]. The
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clinical signs of ectopic ACTH syndrome are
typical of Cushing syndrome, including moon
face, abdominal obesity, striate atrophy of the
skin, muscle atrophy, asthenia, hypokalemia, and
hyperglycemia [15].

There are several hereditary syndromes
associated with NETs, primarily with pancreatic
tumors; these include multiple endocrine neoplasia
(MENT), von Hippel-Lindau disease (VHL), von
Recklinghausen syndrome (VRH), neurofibromatosis
type I, and tuberous sclerosis [14]. Hereditary
NETs have a more aggressive course and a higher
incidence of liver metastases than other low-grade
NETs [14]. Pancreatic F-NETs with typical hormonal
disorders are relatively common in MEN1, accounting
for 54% of all cases of hormone-active F-NETs [14].
Zollinger—Ellison syndrome is associated with
hereditary MEN1 in 20%-25% of cases, necessitating
special care in the management of these patients,
including a mandatory geneticist consultation [14].
In this case, gastrinoma symptoms appear on
average 10 years earlier and can be relatively mild,
frequently going unnoticed [14]. Recent studies have
reported NETs in extrapancreatic MEN1 (pulmonary,
thymic, or gastric) [14, 16]. According to some
studies, up to 31% of pulmonary NETs are associated
with hereditary MENT; previously, it was believed
that their incidence did not exceed 5%, with a less
favorable prognosis [14]. It was thought that 98%
of all pancreatic NETs in von Hippel-Lindau disease
are non-functioning. It was later found that the
proportion of patients with these symptoms can
reach 36% [14].

Immunohistochemistry and
Molecular Genetic Testing
of Neuroendocrine Tumors

Immunohistochemical markers of NETs

Immunohistochemistry (IHC) staining is used in
routine clinical practice to confirm neuroendocrine
differentiation and determine NET grade.
Conventional neuroendocrine markers include
neurosecretory granule proteins, chromogranin A
(CgA) and synaptophysin (Syn) [17]. Chromogranin
A is considered a more specific marker,
whereas synaptophysin is more sensitive [17].
During differential diagnosis between NETs and
NECs, low-grade tumors show more intense
immunoexpression and staining for CgA and Syn,
whereas NECs show diffuse expression of Syn and
focal staining for CgA [10]. Neural cell adhesion
molecule (NCAM, CD56) is used as the third
key IHC marker, in addition to CgA and Syn, for

45



46

REVIEWS

primary thoracic NETs; however, this marker lacks
specificity in gastrointestinal NETs [10, 17]. CD56
expression is significantly higher in lung tumors,
especially atypical carcinoids and thymic tumors;
however, there is evidence of increased expression
in both small-cell and large-cell NECs in other
sites [17]. CD56 can be a valuable diagnostic
marker for primary foci in metastasis of unknown
origin in morphologically confirmed NETs [17].

Insulinoma-associated protein 1 (INSM1)
is a well-validated transcription factor of
neuroendocrine differentiation that has only recently
been evaluated for diagnostic use. The diagnostic
value of INSM1 was first demonstrated in 2015,
when it was found to be detectable by IHC staining
in 88.3% of neuroendocrine tumor samples [18].
Further studies showed that INSM1 expression is
significantly more frequently detected in atypical
lung carcinoid tumors and small-cell lung cancer
compared to conventional markers (CgA, Syn,
and CD56) [18]. In pancreatic NETs, INSM1 can
have higher sensitivity and specificity than CgA
and Syn [18]. Research findings have facilitated
a wider use of INSM1 as an immunohistochemical
marker of NETs [18]. Somatostatin receptors
(SSTRs) can be expressed in almost all NETs,
particularly in gastroenteropancreatic tumors.
There are five types of SSTRs, the most significant
of which are SSTR 2A and 5 [19]. IHC staining
is the standard technique for detecting SSTR
expression. Somatostatin analogs are the basis
of NET treatment; therefore, the identification of
SSTRs is mandatory. SSTR expression in NETs is
heterogeneous and depends on tumor grade. For
example, it amounts to 54%-100% in G1 and G2
NETs versus 4.8%—63% in G3 NETs, depending on
the SSTR type [19]. It is advisable to use additional
IHC markers in NETs with metastasis of unknown
origin. Positive staining for CDX2, TTF1, and islet-1
(ISL-1) indicates a primary focus in the midgut,
lung, and pancreas, respectively [20].

Ki-67 is a valuable tool for assessing the
proportion of proliferating cells in a tumor. It is
determined based on IHC staining using the MIB-1
antibody. Ki-67 can be calculated both manually and
automatically [21]. Ki-67 is a prognostic factor for
determining the tumor grade. In NETs, Ki-67, along
with mitotic index, is the key parameter of tumor
classification. A discordance between grade as
determined by Ki-67 and mitotic index is observed
in up to one-third of NETs, more frequently in
biopsy samples than surgical samples (62% vs
38%) [21]. In the majority of these cases (87%),
higher Ki-67 values are reported, which correlates
with lower survival rates [21]. Several studies
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suggest that in case of a discordance between
grade as determined by Ki-67 and mitotic index,
the NET grade should be determined using a larger
value, which is typically Ki-67 [21]. The World
Health Organization (WHO) included a subgroup of
low-grade G3 NETs in the classification of NETs
for pancreatic tumors in 2017 and for all NETs
in 2022, based on the accumulating evidence of
differences in prognosis [22]. Ki-67 was one of
the first diagnostic tools to distinguish between
G3 NETs and NECs. The threshold of 55% for
Ki-67 is optimal for distinguishing between G3
NETs (<55%) and NECs (>55%) [22].

Molecular genetic
characteristics of NETs

G3 NETs are currently considered a separate
subgroup of low-grade NETs. Despite increased
proliferative activity relative to G1 and G2 NETs,
this group significantly differs from NECs in
terms of clinical course and has a more favorable
prognosis. The median OS for 63 NETs is 55 months
versus 16 months for NECs [23]. According to the
WHO classification criteria for NETs, Ki-67 >20%
is used for G3 NETs and NECs [22]. The threshold
of 55% for Ki-67, which is used to distinguish
between G3 NETs and NECs, does not allow for
an accurate assessment of tumor grade [23].
Additional molecular markers are actively used to
improve the differential diagnosis between G3 NETs
and NECs. A large meta-analysis of pancreatic
NETs showed that MEN1 (DAXX/ATRX) mutations
are relatively common [23]. MENT1 inactivation
has been reported in 71% of G3 pancreatic NETSs,
and DAXX/ATRX inactivation in 60% [23]. Local
loss of heterozygosity in the MEN1 is common in
typical carcinoids (up to 35% of cases) and can be
a valuable marker for differential diagnosis with
atypical carcinoids [24]. These genetic disorders
are currently detected by IHC staining and are
used in routine clinical practice to diagnose G3
NETs. There is conflicting data on how these
mutations affect survival. However, a large
meta-analysis of 78 studies conducted in 2021
showed that DAXX/ATRX mutations have a negative
impact on progression-free survival (PFS). There
were no significant differences in 0S [25]. All
primary NETs are characterized by Rb1 and p53
knockdown [25, 26]. Moreover, Rb1 and p53
determination is advisable in patients with SCLC
transformed EGFR mutant non-small cell lung
cancer following treatment with tyrosine kinase
inhibitors [27]. SCLC transformation is reported in
4%-15% of patients with resistance to first- and
second-generation EGFR inhibitors [28]. Given
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the evidence of histological transformation on
osimertinib therapy, determination of Rb1 and p53
mutations in non-small cell lung cancer can serve
as a predictor of resistance to tyrosine kinase
inhibitors [29].

Biomarkers in Blood and Urine

Considering the limited diagnostic value
of histological samples and difficulties with
morphology-based differential diagnosis of
NETs, there is a need for reproducible laboratory
biomarkers. They can be a useful diagnostic tool
for assessing long-term prognosis and predicting
response to therapy and the risk of relapse.

Measuring CgA levels in serum and
5-hydroxyindoleacetic acid (5-HIAA; terminal
metabolite of serotonin) levels in urine is

a conventional laboratory diagnosis method in
NETs [30]. CgA is superior to 5-HIAA, because its
levels do not depend on serotonin secretion [30].
The sensitivity and specificity of CgA are 73%
and 95%, respectively [30]. CgA levels correlate
with the objective response to treatment in
gastrointestinal and pulmonary NETs. A decrease
in CgA level was shown to correlate with improved
PFS and 0S [30]. However, the production of this
marker is associated with the functional activity of
tumors. A decrease in CgA level on treatment with
somatostatin analogs likely reflects antisecretory
rather than antiproliferative effects [31]. Moreover,
more recent studies show that CgA levels are
not a reliable marker in the majority of patients
with NETs of the colon and rectum, considering
that CgA is rarely elevated in these patients, does
not reflect tumor burden, and does not predict
survival [31]. Furthermore, CgA elevation may
be caused by some chronic diseases, including
atrophic gastritis, chronic kidney disease, and
inflammatory bowel disease, as well as therapy
with proton pump inhibitors [31].

The 24-hour urinary 5-HIAA has a sensitivity
of 70%-90% and a specificity of up to 100% in
CS, as well as a high diagnostic value in NETs of
the jejunum and ileum [31]. Given its prognostic
value, 5-HIAA is frequently used as a factor
when assessing therapeutic options in CS [5]. In
patients with CHD, 5-HIAA >300 pmol/24 h is an
independent predictor of CHD progression [32].
Moreover, 5-HIAA influences 0S in NETs of the
small intestine. High 5-HIAA levels (>10 x upper
limit of normal) are associated with reduced
0S, whereas low 5-HIAA levels are associated
with improved 0S [32]. One disadvantage of the
5-HIAA urine test is that it requires 24-hour urine
collection, which is time-consuming and prone to
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preanalytical errors. This issue can be addressed
by measuring plasma 5-HIAA levels; however,
this method is costly, limiting its use in routine
clinical practice [3, 32]. Moreover, 5-HIAA levels
in urine are highly dependent on the diet: foods
rich in tryptophan (precursor of serotonin), such
as bananas, legumes, coffee, chocolate, avocado,
nuts, fish, cheese, and wine, as well as some
drugs (glucocorticosteroids and antidepressants),
may cause overestimation or false-positive
results [3, 32]. Plasma serotonin measurement has
long been one of the easiest and most accessible
diagnostic tools in CS. Serotonin levels are routinely
determined along with 5-HIAA levels in urine;
however, this method has the same limitations as
the 5-HIAA urine test. However, clinical signs of
NETs are absent despite high 5-HIAA and serotonin
levels in 12%-26% of cases [32].

Neuron specific enolase (NSE) s
a reliable serum tumor marker in patients with
gastroenteropancreatic NETs and SCLC [33].
NSE is elevated in 30%-50% of patients with
gastrointestinal NETs. Its sensitivity and specificity
for gastrointestinal NETs are 38% and 73%,
respectively [33]. Elevated NSE levels in patients
with gastrointestinal NETs had a significant impact
on median 0S. Normal NSE levels, NSE 1-3 x upper
limit of normal (ULN), and NSE >3 x ULN
corresponded to median 0S of 161.8 months,
72.5 months, and 27.8 months, respectively [33].
Furthermore, there is a correlation between tumor
burden, response to treatment, and NSE levels in
SCLC [34].

Pancreatic polypeptide (PP), which is normally
secreted by pancreatic islet cells, is a secondary
tumor marker in pancreatic NETs due to its limited
sensitivity and specificity. Elevated PP levels are
reported in approximately 45% of patients [34].
Some studies indicate that PP levels elevated
by >50% are associated with the progression of
NETs [32].

There are more specific serological markers that
can be used to diagnose rare hormonal disorders in
F-NETs. These include insulin, glucagon, vasoactive
intestinal peptide (VIP), gastrin, and somatostatin,
which are 100% specific for pancreatic F-NETs with
distinct clinical syndromes [35].

Imaging Diagnostics

Endoscopic examinations

Endoscopic examinations are successfully used
to diagnose NETs as a minimally invasive, efficient,
and cost-effective diagnostic and therapeutic
option. Advancements in endoscopy have resulted
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in an increased incidence of NETs, owing to
earlier detection of asymptomatic tumors [5].
Modern high-resolution endoscopes for narrow-
band imaging (NBI) have significantly improved
imaging sensitivity and specificity. Endoscopic
ultrasound (EUS) is an advanced technique
that enables minimally invasive diagnostic and
therapeutic interventions in conditions that usually
require a conventional surgical intervention.

Upper and lower gastrointestinal tract
endoscopy and colonoscopy are useful for
detecting primary tumor sites and obtaining
biopsy samples. Moreover, they help to rule out
concomitant malignancies that are reported in 20%
of patients with NETs, which is more common than
in the general population [7]. Bronchoscopy is a
valuable diagnostic tool for determining primary
tumor sites and performing biopsies, given
that approximately 75% of pulmonary NETs are
centrally located [10].

Endoscopic ultrasound (EUS) is becoming a
valuable diagnostic tool for assessing primary
tumor invasiveness and size [36]. EUS was
found to be effective in pancreatic tumors. The
sensitivity and specificity of EUS are 87.2% and
98%, respectively [36]. A meta-analysis conducted
in 2015 showed that EUS improves the overall
detection rate of pancreatic NETs by 25% after other
modalities are attempted. It is especially valuable
in smaller pancreatic F-NETs [37]. A prospective,
observational study that assessed lymph node
involvement in non-functioning pancreatic NETs
found that EUS had a specificity of up to 98%,
outperforming 68Ga-DOTA-TOC PET [38]. EUS-
guided fine-needle aspiration biopsy is a preferable
diagnosis method in pancreatic tumors, enabling
cytology tests with a sensitivity and specificity
of 80%-90% and up to 96%, respectively, and a
high concordance of Ki-67 and mitotic index with
histological samples [37]. In other gastrointestinal
NETs, EUS is also the preferred approach for
assessing locally advanced tumors and obtaining
histology and cytology samples. Several studies
found that EUS was not inferior to mucosal
incision-assisted biopsy for tissue acquisition in
upper gastrointestinal NETs [39]. The diagnostic
value of EUS is limited in subepithelial lesions in
upper gastrointestinal NETs; moreover, EUS is not
an optimal technique in gastric and small intestine
NETs, requiring a multimodal approach [40]. EUS
has a high specificity for assessing submillimeter
bronchial wall invasion in NETs and can be used
for monitoring both before and after endobronchial
resection. Furthermore, EUS can be useful for
assessing lymph node involvement [38].
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X-ray and ultrasound examinations

Computed tomography (CT) and magnetic
resonance imaging (MRI) are frequently used
for initial imaging and staging of NETs [41].
Ultrasound (US) examinations are primarily used
to make the initial diagnosis of liver metastases
and abdominal lymph node involvement, as well
as in pancreatic tumors. Contrast-enhanced US
can be more effective when CT and MRI findings
are uncertain, with a sensitivity and specificity of
86% and 92%, respectively, for pancreatic NETs,
liver metastases, and mesenteric lymph node
involvement [41].

Spiral CT was routinely used for many
years; however, multidetector tomographs have
lately become increasingly available, reducing
examination time and producing high-quality
3D images [41]. Given that NETs are typically
hypervascularized, contrast-enhanced CT
produces more accurate images. According to the
European Neuroendocrine Tumor Society (ENETS)
Consensus Guidelines for the Standards of Care
in Neuroendocrine Tumors (2017), the average
sensitivity and specificity of contrast-enhanced
CT are 73% and 96%, respectively. However,
the findings vary significantly across NET sites.
In lymph node involvement, the sensitivity
and specificity are 60%-70% and 87%-100%,
respectively [41]. Disadvantages of CT examinations
include the inability to distinguish between liver
and lymph node metastasis in NETs and other
malignancies, as well as low sensitivity in bone
metastases [41]. MRI outperforms CT in abdominal
and bone examinations [41]. MRl more effectively
detects liver metastases in NETs than CT, owing
to the ability to visualize smaller lesions [41]. The
precise sensitivity and specificity ranges for MRI
have not been defined; published data indicate
a sensitivity of 70%-95% for pancreatic NETs,
gastrinomas, and liver metastases [41].

Molecular imaging

NETs are frequently small, with low metabolic
rates, limiting the use of conventional imaging
techniques (CT, MRI, US), which fail to accurately
assess the tumor grade, size, and biological
activity [41]. The expression of various types of
SSTRs on NET cells has provided a molecular
basis for radiodiagnosis. The most common
SSTR imaging methods include 68Ga-labeled
somatostatin analogs (primarily octreotide)
and positron emission tomography/computed
tomography (PET/CT) with a chelator (DOTA) and
various peptide SSTR agonists (TOC, NOC, TATE),
or single-photon emission computed tomography
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(SPECT) with 99mTc-tektrotyd (previously, with
111In-octreoscan) [42].

SSTR scintigraphy (SPECT with tektrotyd)
provides significant advantages compared to
conventional cross-sectional imaging (CT, MRI).
A retrospective analysis found that SPECT with
tektrotyd had an accuracy, sensitivity, and specificity
of 83.3%, 82%-94%, and 88%-96%, respectively.
Positive scintigraphy findings were associated with
a more favorable prognosis; moreover, this method
can be useful for identifying patients eligible for
somatostatin analog therapy and peptide receptor
radionuclide therapy (PRRT) [43]. Octreoscan is
now used much less frequently than tektrotyd.
Indirect comparisons show that tektrotyd has
a higher sensitivity (~80%) in low-grade NETs.
Moreover, tektrotyd uses an isotope produced in
a generator (in contrast to octreoscan, which uses
an isotope produced in a reactor), which increases
accessibility and convenience of use [44].

SSTR PET/CT with 68Ga-DOTA-NOC/TATE/TOC is
increasingly used as the most sensitive molecular
imaging method for NETs [45]. Several studies found
that SSTR PET/CT is superior to SPECT with 99mTc-
tektrotyd and 111In-octreoscan, which is significant
for small tumors when detecting submillimeter
bone, liver, and lymph node metastases, as well
as for tumors with a low density of SSTRs [46].
Moreover, SSTR PET/CT determines NET sites
more accurately. Significant advantages of SSTR
PET/CT over SSTR SPECT include higher spatial
resolution and the possibility to identify patients
eligible for PRRT with lutetium oxodotreotide
(68Ga-DOTA-TATE) [46]. The specificity of SSTR PET/
CT approaches 100% [46]. One significant advantage
of molecular SSTR imaging (SPECT, PET/CT) is the
high concordance of results with IHC findings,
which is useful in small tumors with insufficient
biopsy sample size when assessing eligibility for
somatostatin analog therapy and PRRT [46].

Treatment Algorithms

Surgical treatment

Surgical treatment of NETs is planned taking into
account several factors, such as the primary tumor
site, grade, lymph node involvement, functional
activity, and the presence of hereditary syndrome.
Given the heterogeneity of tumor biology, it is
difficult to establish standardized indications for
surgical treatment.

Surgical resection of the affected organ is the
preferred approach for local NET treatment in the
majority of cases [47, 48]. In most non-functioning
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gastrointestinal NETs, resection should be
considered in G2 and G3 primary tumors measuring
>2 c¢cm. However, the size of G1 extrapancreatic
NETs that require resection is still debated [47, 48].
The scope of optimal surgical treatment depends
on the primary NET site. In bronchopulmonary
NETs, anatomic resection (lobectomy or
bilobectomy) is recommended. The outcomes of
organ-sparing surgeries are comparable to those
of pneumonectomy, with a significantly reduced
incidence of postoperative complications and
severity of respiratory failure [48]. Atypical lung
resection, such as segmentectomy and wedge
resection, is significantly less commonly used in
real-world practice. There are currently no large
prospective comparative studies of atypical and
anatomic resection. A single-center, retrospective
study found that atypical resection is only
recommended for typical carcinoids measuring
<1 cm [48]. Ipsilateral lymph node involvement
is reported in 11.6% of typical carcinoids (TCs)
and 64.3% of atypical carcinoids (ACs). This is
associated with an unfavorable prognosis. The
5-year 0S for TCs and ACs was 90.1% and 22.2%,
respectively, whereas in the absence of lymph
node involvement, it was 100% for both TCs
and ACs [48]. Therefore, preventive mediastinal
lymphadenectomy is more advisable in ACs [48].

Surgical resection with regional
lymphadenectomy remains the primary local
treatment method in pancreatic NETs. It is

recommended in both F-NETs (except for
insulinomas) and non-functioning NETs (NF-NETs)
measuring 2 cm, given the increased risk of regional
and distant metastases [41, 47]. Furthermore,
resection of smaller tumors is indicated in cases
when the major pancreatic duct, gall bladder,
or lymph nodes are affected [47]. The goals of
surgical treatment depend on several factors,
including the functional status. For example, partial
tumor resection sufficient for symptom control is
considered clinical success in F-NETs, whereas
NF-NETs require total resection [49]. Depending on
the tumor location in the pancreas, resection may
involve enucleation, central pancreatectomy, distal
pancreatectomy with or without splenectomy, or
pancreaticoduodenectomy (Whipple procedure).
Organ-sparing surgeries (enucleation and central
pancreatectomy) reduce the risk of chronic
pancreatic insufficiency; however, they do not
allow for adequate lymphadenectomy [49].

In a SEER-based retrospective study, the
median 0S in patients with resected NF-NETs
measuring >2 c¢cm was 114 months, compared
to 35 months in the group that did not receive
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surgical treatment [50]. The need for surgical
treatment of pancreatic NETs measuring <2 cm
remains debatable. In these cases, the European
Neuroendocrine Tumor Society (ENETS) and the
American Society of Clinical Oncology (ASCO)
recommend the “watch and wait” strategy [49, 51].
The efficacy of this strategy has been demonstrated
in both sporadic NF-NETs and MENT; however,
the recommendations are frequently based on
retrospective studies alone [49, 51]. A systematic
review of 9 studies found that the “watch and wait”
strategy resulted in continued tumor growth in
22% of patients with NF-NETs and 52% of patients
with MEN1. Surgical resection was required in
12% and 25% of patients, respectively. However,
survival rates in this subgroup were comparable,
indicating that the “watch and wait” strategy is
safe for these patients [52]. There are studies
where surgical resection of high-grade tumors
is justified; however, the authors do not specify
the grade of such pancreatic NETs [4]. According
to some studies, pancreatic NF-NETs measuring
<2 c¢cm have a median Ki-67 of 1%, indicating
a more favorable course of the disease [4]. A novel
treatment strategy for this patient population is
based on morphological and immunohistochemical
examination findings. In small G3 pancreatic
NF-NETs, surgical resection is required, given the
more aggressive tumor biology [21]. Minimally
invasive endoscopic treatment of pancreatic
NETs, such as radiofrequency ablation (RFA) and
EUS-guided ethanol ablation, can outperform the
“watch and wait” strategy in tumors measuring
>1 cm to <2 cm, with a complete response rate of
60%-100%. However, these methods are currently
not commonly used in routine practice [21].
Moreover, RFA can be a viable alternative for older
patients who are not eligible for surgical resection.
Despite high progression rates in patients who
received RFA, survival rates were comparable [49].
Endoscopic mucosal resection and endoscopic
submucosal dissection are widely regarded as the
best surgical treatments in gastrointestinal NETs
measuring <2 cm [49].

Liver metastases in NETs are reported in 50%-—
75% of cases in the general population [53]. Surgical
treatment consists of curative resection, palliative
cytoreductive resection, and transplantation. Curative
resection of metastases is feasible in only 7%-15%
of patients [53]. Resectability of metastases depends
on both technical-anatomic considerations and tumor
biology, with no clearly defined criteria [53]. Hepatic
resection could be offered to patients who fulfil the
following criteria: resectable primary tumor (along
with any possible lymph node involvement), absence
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of CHD, and a sufficient amount of unaffected liver
tissue (at least 30%-40%) [53].

According to a Cochrane review, the 5-year
and 10-year 0S in patients with NETs after total
resection is 61%-70% and 35%, respectively,
making resection preferable to other approaches
(RFA or transarterial chemoembolization [TACE]).
There is insufficient data to compare these
treatment options with surgical resection [54].
A systematic review of 30 studies found that hepatic
resection was not superior to other local treatment
modalities [53]. Surgical resection of metastases is
justified when RO resection is possible. However,
patients frequently receive additional local
therapy (RFA or TACE) or systemic biotherapy with
somatostatin analogs, chemotherapy, or targeted
therapy, which affects survival rates; therefore,
such data must be interpreted with caution [53].
RFA or TACE in addition to surgical treatment may
increase the 5-year 0S to 72%. However, there are
no large comparative studies of such combination
therapies; moreover, these findings are comparable
to survival rates in patients with surgical resection
alone [53, 54].

There are limited research on the use of
liver transplantation as a treatment option.
Transplantation was mostly assessed in small
studies in patients with gastrointestinal NETs;
therefore, it is not recommended for routine
practice, but can be considered in patients over
50 years with isolated liver metastases and Ki-67
<5% who are not eligible for resection [53].

Drug Therapy

Somatostatin analogs

Long-acting somatostatin analogs (SSAs)
(octreotide and lanreotide) are used as first-
line therapy for the treatment and control of CS
symptoms in tumors with SSTR type 2 or 5. SSAs
can also improve symptoms of other hormonal
disorders associated with NETs, such as Zollinger—
Ellison syndrome [55]. A meta-analysis conducted
in 2019 showed comparable efficacy of octreotide
and lanreotide in improving CS symptoms, with
symptom control rates of 65%-69% and 69%-72%
for diarrhea and hot flashes, respectively [55].
Moreover, SSAs significantly reduce the risk of
CHD [55].

SSAs can ensure long-term control of CS
symptoms; however, many patients experience
progression of symptoms. In these cases, SSAs
treatment switching, dose escalation, and
shorter intervals between doses can be effective.
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A retrospective analysis found that escalating
a standard octreotide dose (30 mg) to 40-60 mg
in refractory CS provided control of the main
symptoms (diarrhea, hot flashes, bronchial spasm,
and abdominal pain) in 66%-70% cases, with
a dose of 40 mg sufficient for many patients [56].
In patients who experienced disease progression
when receiving octreotide every 28 days, switching
to a dosing interval of every 21 days provided
complete or partial control of symptoms in 40% and
60% of cases, respectively [57]. Similar findings
were reported when escalating octreotide doses
to 40-60 mg [56]. In addition to antisecretory
action, several randomized studies demonstrated
antiproliferative effects of SSAs.

The randomized, placebo controlled clinical
study PROMID assessed the antineoplastic activity
of octreotide LAR 30 mg every 28 days in patients
with metastatic midgut NETs (small intestine and
appendix) [58]. The study included patients with
Ki-67 <2%; therefore, all study participants had G1
NETs [58]. The median progression-free survival
(mPFS) (primary endpoint) was 14.3 months for
octreotide and 6 months for placebo [58]. An
updated analysis of long-term outcomes conducted
in 2017 found no significant benefits of octreotide
for 0S in the general population; the median 0S
was 84.7 months for octreotide and 83.7 months
for placebo [58]. In the low-tumor-load subgroup
(<10%), there was an improvement in 0S (median
not reached vs 87.2 months) in the octreotide
group; however, the difference was not significant.
In the high-tumor-load subgroup, no superiority of
octreotide was found [58].

CLARINET, a randomized, placebo-controlled
clinical study that assessed the antineoplastic
effect of lanreotide, included a larger patient cohort
than the PROMID study [59]. In addition to patients
with midgut NETs, the study included patients with
hindgut (large intestine and rectum) and pancreatic
NETs. The study included 200 patients with Ki-67
<10%, in contrast to PROMID, where Ki-67 was
<2% [59]. The study met its primary endpoint, with
median PFS not achieved in the lanreotide group
versus 18 months in the placebo group; the PFS at
24 months was 65.1% and 33.0%, respectively [59].
Moreover, lanreotide demonstrated significant
superiority in all key subgroups (G1 NETs, G2
NETs, and hepatic tumor load [<25% or >25%]).
However, there were no significant differences in
the group of patients with hindgut NETs, which is
likely due to the imbalance between the groups
and the small sample size [59]. Lanreotide was
associated with more gastrointestinal adverse
events than placebo (50% vs 25%). The most
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common study drug-related adverse events were
hyperglycemia and cholelithiasis; however, they
were not considered serious [59]. Octreotide and
lanreotide therapy results in stable disease in
the majority of cases (50%-60% of cases), with
an objective response rate (ORR) of <10% [60].
There are no large comparative studies on the
antineoplastic activity of octreotide and lanreotide.
A retrospective comparative study in patients with
G1 and G2 small intestine and pancreatic NETs
with Ki-67 <10% found no significant differences
between octreotide and lanreotide in terms of
PFS (median PFS: 29.8 months and 36 months,
respectively) [61]. Another study also showed
no superiority of lanreotide over octreotide
in pancreatic NETs [61]. These findings were
consistent with previous retrospective studies. The
authors concluded that octreotide and lanreotide
have comparable efficacy and can be used
interchangeably; however, the findings should be
interpreted with caution, given the retrospective
design of the studies [61]. Based on the findings
of retrospective studies, the ENETS and European
Society for Medical Oncology (ESMO) guidelines
recommend using octreotide and lanreotide as
monotherapy in G1 and G2 gastroenteropancreatic
NETs with Ki-67 <10% [49]. The phase 2 study
CLARINET-FORTE found that high doses of
lanreotide (120 mg every 14 days) can be effective
in patients with pancreatic and midgut NETs with
Ki-67 <10% who experienced disease progression
on standard doses of lanreotide [62]. Lanreotide
is currently being studied as an antineoplastic
drug for patients with Ki-67 <14% [63]. The
antineoplastic effect of SSAs in pulmonary NETs
has not been assessed individually. However,
the ENETS guidelines recommend considering
SSAs in indolent TCs [64]. The phase 2 study
ATLANT showed that lanreotide and temozolomide
combination therapy can be effective in thoracic
NETs [65]. This study primarily included patients
with pulmonary NETs (90%); of these, 20% had
TCs, 52% had ACs, and 10% had thymic NETs [65].
The study met its primary endpoint: the disease
control rate at 9 months was 35.0% [65]. Another
therapeutic option is pasireotide, a synthetic
somatostatin analog with increased affinity for
somatostatin receptors (SSTR1, SSTR2, SSTR3,
and SSTR5). It is currently being studied as NET
therapy, especially in patients with resistance to
octreotide or lanreotide. In a phase 3 randomized
study (2015), pasireotide was not inferior to
octreotide in terms of symptom control and tumor
stabilization in metastatic gastrointestinal NETs,
with more pronounced CgA inhibition in some
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patients [66]. Another study (2016) demonstrated
the efficacy of pasireotide in progressive NETs
not responding to first-generation somatostatin
analogs, with the median time to progression of
11 months [67]. However, the use of pasireotide is
limited by the high incidence of hyperglycemia (up
to 60% of cases), which requires treatment [68].
Pasireotide has not been officially approved for the
treatment of NETs; however, it may be considered
as a second-line therapy in tumors with preserved
SSTR expression (especially SSTR5). The 2020
guidelines of the North American Neuroendocrine
Tumor Society (NANETS) emphasize that further
research is required to assess the role of
pasireotide in the treatment of NETs [69].

Interferons

The efficacy of interferon alpha-2b in the
control of CS symptoms was first demonstrated in
1983 [70]. The standard dose of interferon in NETs
is 3-9 MU subcutaneously, three to seven times/
week [70]. The majority of efficacy studies of
interferon were conducted between 1982 and 2005,
highlighting a tendency toward combination use
with SSAs or other biologicals and reduced routine
use of interferon as monotherapy [70]. Subjective
improvements on interferon alpha therapy are
reported in approximately 60%-70% of patients
with CS. Furthermore, its antineoplastic activity
has been demonstrated. The mean ORR is 11%, with
tumor stabilization in 39% of patients [70]. When
compared with chemotherapy (streptozotocin plus
5-fluorouracil), the median 0S was >80 months in the
interferon group and 8 months in the chemotherapy
group [71]. Notably, the therapy is frequently
associated with side effects such as flu-like
symptoms, fever, and asthenia, which may result in
treatment interruption [71]. In prospective studies,
adding interferon to octreotide and lanreotide did
not improve the PFS or treatment outcomes [71].
Currently, interferon alfa is not widely used. It can
be prescribed in combination with SSAs in patients
refractory to SSAs for symptom control, or alone
in tumors without SSTRs, where the use of SSAs is
impossible [71].

Telotristat

Telotristat is a small molecule inhibitor of
tryptophan hydroxylase that Llimits serotonin
biosynthesis. It is a relatively new biotherapy
option in CS refractory to SSAs". In 2017, the FDA
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approved telotristat at a dose of 250 mg three
times daily in combination with SSAs for the
treatment of CS-associated diarrhea refractory to
octreotide and lanreotide, based on the findings of
the phase 3 study TELESTAR. The study included
patients with low-grade NETs and CS, experiencing
=4 bowel movements per day while on SSAs, with
urinary 5-HIAA levels above the upper limit of
normal. The patients were randomized to receive
telotristat 250 mg or 500 mg three times daily
or placebo while continuing their baseline SSA
therapy. The primary endpoint was a reduction
in bowel movement frequency from baseline on
week 12; moreover, changes in 5-HIAA levels
were assessed. Telotristat significantly reduced
bowel movement frequency (by =30%) in 44% and
42% of patients in 250 mg and 500 mg groups,
respectively, compared to placebo. Urinary 5-HIAA
levels decreased by =30% in 78% of patients who
received telotristat at any dose, indicating effective
tryptophan hydroxylase inhibition. The most
common adverse events were nausea and elevated
gamma-glutamyltransferase levels; however, they
were manageable and did not result in treatment
discontinuation. Patients from the TELESTAR study
are currently included in the OLE period, where
they receive telotristat 500 mg three times daily.
The TELESTAR study previously raised concerns
that telotristat may cause depression by inhibiting
serotonin synthesis. In the 500 mg group, the
incidence of depression was higher than in the
250 mg group. However, the randomized phase 3
study TELECAST, which assessed the safety of
telotristat, did not confirm these findings [72].
The incidence of depression was higher in the
placebo group. However, the interim OLE analysis
at week 12 showed that telotristat 500 mg caused
depression in 11.9% of cases compared to 4%
during the 12-week double-blind treatment period,
indicating that the duration of telotristat therapy
influences the risk of depression [72].

Given the impact of telotristat on serotonin
biosynthesis, its efficacy in other symptoms
of refractory CS was assessed. Telotristat is
hypothesized to have a protective effect in
CHD; moreover, studies on its potential use for
postoperative prevention of carcinoid crisis are
ongoing [3, 13, 73]. TELEHEART, a randomized
phase 3 study assessing the effect of telotristat
in combination with SSA in CHD in patients with
metastatic NETs, has been conducted since 2021.
The primary endpoint is a decrease in NT-proBNP
after 6 months of therapy; the primary analysis
is planned for 2025 (ClinicalTrials.gov, study
ID: NCT04810091). Another study assessing the
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efficacy of telotristat in perioperative prevention
of carcinoid crisis was terminated due to a lack of
funding (ClinicalTrials.gov, study ID: NCT04672876).

Furthermore, antiproliferative effects
of telotristat are assessed. TELEACE was
a retrospective, single-center chart review study
in patients who received telotristat for at least
6 months [71]. The study found that telotristat had
an effect on tumor size in patients with G1 and G2
NETs and Ki-67 <20%, regardless of SSA therapy.
The mean reduction in tumor size was 8.5%; tumor
stabilization after 6-9 months of treatment was
reported in 81%-97% of patients [74]. Given that
the study was retrospective and had numerous
limitations, further prospective randomized studies
are required to assess the antineoplastic effect
of telotristat.

Targeted therapy

Several targeted therapy drugs approved for
antitumor therapy in NETs are currently available.
Everolimus and sunitinib, the first targeted therapy
drugs with confirmed efficacy, were approved as
a second-line therapy in combination with SSAs in
G1 and G2 NETs and alone as a first-line therapy
in NETs with Ki-67 >10% to <20% or in tumors
without SSTRs, where the use of an SSA alone is
impossible [35].

Sunitinib, a multikinase inhibitor, is the first
targeted therapy drug that has been approved for
the treatment of advanced low-grade pancreatic
NETs based on phase 3 study findings [75]. The
study included 171 patients who previously
received at least one line of antitumor therapy
(primarily chemotherapy) [75]. In 2009, the study
was terminated early due to high mortality rates
and serious side effects in the placebo group [75].
Sunitinib demonstrated significant advantages,
with median PFS of 11.4 months compared to
5.5 months in the placebo group [75]. The ORR was
9.3%. A subgroup analysis showed no superiority of
sunitinib in terms of PFS in several key subgroups
(Ki-67 >5% and extrahepatic metastases), making
the use of sunitinib debatable in these patient
populations [75]. The median 0S in the updated
analysis in 2017 was 38.6 months in the sunitinib
group and 29.1 months in the placebo group,
despite the apparent superiority of sunitinib. The
difference was not significant, which could be
explained by a crossover from placebo to sunitinib
in 69% of patients due to disease progression or
after study termination [75].

The efficacy of everolimus, an m-TOR inhibitor,
in progressive NETs, was assessed in a series of
phase 2 and 3 studies (RADIANT). The antineoplastic
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effect of everolimus 5 mg/day and 10 mg/day
for 28 days was first demonstrated in the phase
2 study RADIANT-1 [75]. In contrast to the efficacy
study, RADIANT-1 included patients with pancreatic
and small intestine NETs. The mean Ki-67 was also
higher (3%-20%) [76]. The ORR for everolimus was
20%; tumor stabilization was reported in 70% of
patients. The PFS after 6 and 12 months was 80%
and 59%, respectively, in all patients [76]. The
promising results of the phase 2 study prompted
the phase 3 study RADIANT-2, which assessed
a combination of everolimus 10 mg and octreotide
in progressive gastrointestinal NETs [77]. The study
did not meet its primary PFS endpoint, despite the
numerically higher median PFS for everolimus
and octreotide compared to octreotide alone (16.4
months vs 11.3 months). Poor study outcomes
could be explained by switching from placebo to
everolimus in case of disease progression [77].
The phase 3 study RADIANT-3 assessed the
efficacy of everolimus in progressive pancreatic
NETs. The study met its primary PFS endpoint;
the median PFS was 11 months in the everolimus
group and 4.6 months in the placebo group [78].
A pooled analysis of the phase 3 sunitinib study
and RADIANT-3 (everolimus) showed comparable
efficacy of these drugs in low-grade metastatic
pancreatic NETs. Sunitinib and everolimus reduced
the risk of disease progression by 58% and 65%,
respectively. However, the differences were not
significant, with comparable PFS and 0S [79]. The
phase 3 study RADIANT-4 assessed everolimus
10 mg as monotherapy. The study included
treatment-experienced patients, primarily with
low-grade small intestine and pulmonary NETs.
The proportion of patients with G2 NETs was up
to 40%; switching from placebo to everolimus in
case of disease progression was not allowed [80].
Everolimus significantly improved PFS (median:
11 months for everolimus vs 3.9 months for
placebo). Everolimus reduced the risk of disease
progression or fatal outcome by 52% [80]. A pooled
analysis of RADIANT-3 and RADIANT-4 data showed
that everolimus can be used as targeted therapy in
a wide range of G1 and G2 gastrointestinal and
pulmonary NETs.

Pazopanib, both alone and in combination with
SSAs, demonstrated promising antineoplastic effects
in progressive gastrointestinal NETs in phase 2
studies [81]. In a phase 2 study that assessed the
efficacy of pazopanib in gastrointestinal NETs, the
ORR was 18.9%, with tumor stabilization in 56.8% of
patients. The median PFS was 9.1 months, whereas
the median 0S was not reached [81]. Notably, this
study included patients with more aggressive
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NETs than in sunitinib and everolimus studies. The
proportion of patients with G2 and G3 NETs was 43%
and 35%, respectively [82]. A pooled analysis of
phase 2 pazopanib studies in NETs showed a disease
control rate of 91.3%; median PFS and 0S were
11.6 months and 24.4 months, respectively [82].
Previous therapy, including targeted therapy, did not
reduce the efficacy of pazopanib. Moreover, adding
an SSA resulted in a synergistic effect, improving
the disease control rate [82]. Therefore, pazopanib
is a promising treatment option for patients with
disease progression on previous chemotherapy or
targeted therapy, as well as patients with G2 and
G3 NETs. However, phase 3 studies are required to
test these hypotheses.

Belzutifan is a first-in-class oral hypoxia-
inducible factor 2-alpha (HIF-2a) inhibitor. In 2021,
the FDA approved belzutifan for patients with von
Hippel-Lindau disease who require therapy for
associated renal cell carcinoma, central nervous
system hemangioblastomas, or pancreatic NETs [83].
The drug was approved for this indication based on
the phase 2 study MK-6482-004. According to a
subgroup analysis, the ORR in patients with pancreatic
NETs was 83%, whereas the median duration of
response was not reached [83]. Belzutifan is the only
effective therapeutic option for these patients, apart
from surgical treatment, with a significantly lower
risk of complications [83].

Chemotherapy

Recent studies confirm the efficacy of cytostatic
chemotherapy (CT) agents in NETs. One of the
reasons is the recently established subgroup
of G3 gastrointestinal NETs, which are less
aggressive than NECs, but require more intensive
therapy than G1 and G2 NETs. The clinical study
NORDIC NEC investigated the differences in the
biology of G3 NETs and NECs [85]. According to
a retrospective analysis, the G3 NET group included
tumors with Ki-67 20%-55%, which were less
aggressive, but had a lower ORR with platinum-
based CT (15% vs 42% in the NEC group with Ki-
67 >55%). However, this group had a better 0S
(14 months vs 10 months) [84]. A combination
of streptozotocin (STZ) and 5-fluorouracil
(5-FU) was the first CT regimen approved for
low-grade NETs. This combination has proven to
be effective, especially in progressive pancreatic
NETs [85]. The ORR was 69%, with complete
response in 39% of patients and median 0S of
26 months. This CT regimen is associated with
significant gastrointestinal toxicity; however, it
is used as a standard of care [85]. Capecitabine
and temozolomide (CAPTEM) is recommended by
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all recent guidelines as a preferred option in low-
grade NETs. However, most of the data on its
efficacy come from retrospective studies, whereas
only four phase 1-2 studies, which primarily
assessed its use in gastrointestinal NETs, have
been published [86]. The largest systematic review,
which assessed CAPTEM in both gastrointestinal
and pulmonary NETs, reported an ORR of 34.8%.
Complete response was reported in 2.3% of
cases, with tumor stabilization in 40% of patients;
the median PFS was 9.4-12 months [86]. This
systematic review showed significant advantages
of CAPTEM over FOLFOX, platinum/etoposide,
cisplatin, and carboplatin in G3 NETs with Ki-67
20%-55%. Therefore, CAPTEM is the best first-
line therapy option [86]. CAPTEM can be used as
a neoadjuvant therapy in resectable metastatic
NETs. A retrospective analysis found that this
approach results in ORR 43%, median PFS
28.2 months, and 5-year 0S 63%. The mean
Ki-67 for included NETs was 3.5%, indicating
a favorable tumor biology, which must be confirmed
in prospective studies [86]. Oxaliplatin was
significantly superior to cisplatin and carboplatin in
low-grade NETs. Combinations with 5-FU (FOLFOX)
and capecitabine (XELOX and CAPOX) are currently
approved for progressive 62 and G3 gastrointestinal
NETs and typical carcinoids. However, their use is
recommended after progression on CAPTEM [85].

Etoposide plus cisplatin (EP) or etoposide
plus carboplatin (EC), as well as irinotecan plus
cisplatin (IP), are the standard first-line therapy in
metastatic NETs, with ORR 31%-60%, median PFS
5-7 months, and median 0S 12-14 months [85].
Alternatively, the triplet FOLFIRINOX regimen
(5-FU, oxaliplatin, and irinotecan) can be used.
Several retrospective analyses showed objective
response in 46%-70% of patients with NETs, with
median 0S of 18-20 months, which was superior to
historical control data. As a result, a phase 3 study
comparing FOLFIRINOX and EP/EC as a first-line
therapy in NETs was initiated [87].

Peptide Receptor Radionuclide Therapy

Visualization of SSTR expression using 68Ga-
DOTA-TATE/TOC/NOC PET/CT in NETs served as
a foundation for radiotheranostics, where a targeted
ligand labeled with a diagnostic and therapeutic
radionuclide is used as an antineoplastic agent.
The potential therapeutic effect of this approach
was first reported in 1994 [88]. In 2017, the FDA
approved 177Lu-DOTA-TATE as a second-line therapy
for patients with progressive/metastatic G1 and
G2 gastrointestinal NETs expressing SSTRs, based
on the findings of the randomized phase 3 study




HAYYHBIE OB30PHI

NETTER-1 [88]. The study included patients with G1
and G2 metastatic small and large intestine NETSs,
with SSTR expression and Ki-67 <20%, progressing on
SSA therapy [88]. The patients received four 177Lu-
DOTA-TATE courses with an 8-week interval plus
octreotide 30 mg or SSA 60 mg. PFS was the primary
endpoint [88]. Among included patients, 83% had bone
metastases, 66% had lymph node involvement, and
11% had bone and lung metastases. G1 NETs were
observed in 66% and 72% of patients in the PRRT
and SSA groups, respectively [88]. The study met
its primary endpoint. During the primary analysis,
median PFS was not reached for PRRT plus octreotide
and was 8.4 months for octreotide alone. Significant
superiority of '’Lu-DOTA-TATE was demonstrated
in all key clinical subgroups. The risk of disease
progression or fatal outcome was 79% lower in the
PRRT group than in the control group [88]. Objective
response and disease control for >20 months
were reported in 18% and 65% of patients in the
177Lu-DOTA-TATE group, compared to 3% and 10.8%
in the control group [88]. During the final analysis,
the median 0S for PRRT plus SAA and SAA alone
was 48 months and 36.3 months, respectively. The
differences were not significant, likely because
patients from the control group were allowed to
switch to PRRT. Overall, 36% of patients received
177Lu-DOTA-TATE.

In 2024, the results of the randomized phase 3
study NETTER-2 were published. The study compared
the efficacy of a high-dose long-acting SSA alone and
177Lu-DOTA-TATE plus long-acting SSA at standard
doses as a first-line therapy in metastatic 62 and G3
gastrointestinal NETs with Ki-67 >10% to <55% [89].
In contrast to NETTER-1, this study included patients
with small and large intestine NETs, as well as
pancreatic NETs (54%); G2 and G3 NETs were observed
in 66% and 33% of participants, respectively [89]. The
study met its primary endpoint (PFS); the median PFS
was 22.8 months in the PRRT group and 8.5 months
in the SSA group. Improvements in PFS did not
depend on the primary tumor site and grade [89].
The ORR was 43% and 9.3%, respectively; disease
control was achieved in 90.3% of patients in the
177Lu-DOTA-TATE group and 66.7% of patients
in the SAA group [89]. This study was the first
to demonstrate the efficacy of PRRT in G3
gastrointestinal NETs. Notably, combinations of
SSAs and targeted therapy or chemotherapy are
used as a first-line therapy in G2 and G3 NETs,
respectively, in real-world practice. Therefore,
it may be inappropriate to compare PRRT with
SAA monotherapy. However, the PFS observed
in NETTER-2 was superior to historical control
data [89].
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Follow-Up Care in Patients with NETs

Clinical outcomes in patients with localized and
locally advanced low-grade gastrointestinal NETs
after radical resection indicate the long-term risk
of relapse or distant metastases of 50% [21]. There
are currently no prospective studies that assess
treatment strategies. According to the NANETS
Consensus Guidelines (2018), patients must be
followed up for at least 5 years after surgical
treatment [90]. There is currently no consensus
over whether follow-up should continue beyond
10 years. However, it may be recommended in
younger patients or those considered to be at
particularly high risk of disease progression (e.qg.,
numerous involved lymph nodes or radical resection
of liver metastases) [90]. The majority of experts
agreed that radiographic examinations should be
performed every 6 months during the first year,
and then once a year in the absence of recurrence
or progression [90]. Furthermore, follow-up is
recommended in patients with asymptomatic
pancreatic NETs measuring <2 cm, including in
hereditary MEN1 [49, 51]. If the “watch and wait”
strategy is used, a more thorough follow-up is
recommended, with radiographic examinations every
3-4 months. In case of remission, examinations
after the first year of follow-up can be performed
every 6 months [90].

CONCLUSION

NETs are a heterogeneous group of tumors
with varying biology (ranging from indolent to
aggressive course). The current management of
patients with gastrointestinal and pulmonary NETs
involves multi-stage algorithms and requires
a personalized approach, given the wide variety
of available treatment options. The introduction
of SSAs and telotristat has significantly improved
treatment outcomes in CS, delaying its progression
to CHD. Distinguishing between G3 NETs and NECs,
which have different prognoses, has significantly
influenced drug treatment strategies, with a shift
from platinum-based CT to platinum-free regimens
and targeted therapy. PRRT has become another
valuable antitumor therapy option in NETs.

An interdisciplinary approach is essential when
selecting a treatment strategy in this patient
population. Patients with NETs are examined and
treated in reference centers, and the disease is
frequently detected at advanced stages or with
severe manifestations of CS. Raising awareness
of NETs among oncologists and primary care
physicians will facilitate earlier disease detection
and improve treatment outcomes.
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