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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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АННОТАЦИЯ
Нейроэндокринные опухоли желудочно-кишечного тракта и лёгких представляют собой редкую, но клинически 
значимую группу новообразований, характеризующихся гетерогенным течением и разнообразием клинических про-
явлений. В статье систематизированы современные алгоритмы ведения пациентов с учётом последних рекоменда-
ций и научных достижений. Значительное внимание уделено эпидемиологическим тенденциям: рост заболеваемо-
сти нейроэндокринными опухолями за последние десятилетия (в 6,4 раза в США с 1973 по 2012 гг.), преобладание 
гастроэнтеропанкреатических (62–70%) и бронхолёгочных (25%) локализаций. Особый акцент сделан на ключевых 
клинических аспектах, включая гормонально-активные формы (карциноидный синдром, гастриномы, инсулиномы) 
и их осложнения (карциноидная болезнь сердца, кризы). В настоящей статье рассмотрены современные подхо-
ды к диагностике, лечению и мониторингу таких пациентов с учётом последних рекомендаций и научных данных. 
Особое внимание уделено молекулярно-генетическим исследованиям, позволяющим улучшить стратификацию ри-
сков и персонализацию терапии. В разделе лечения детально проанализированы хирургические методы (резекция, 
трансплантация печени), лекарственная терапия (аналоги соматостатина, телотристат, таргетные препараты —  
сунитиниб, эверолимус), химиотерапия и пептидная рецепторная радионуклидная терапия. Приведены результаты 
ключевых исследований. Отдельно освещены сложности ранней диагностики, необходимость мультидисциплинар-
ного подхода и персонализации лечения. Подчёркнуты перспективы применения новых биомаркеров и методов 
визуализации, а также важность диспансерного наблюдения (интервалы обследования, стратегия «watch and wait» 
для малых опухолей). Обсуждаются сложности ранней диагностики, необходимость комплексной оценки опухоле-
вого процесса и перспективы дальнейших исследований для оптимизации стратегий лечения.

Ключевые слова: нейроэндокринные опухоли; эпидемиология; диагностика; лечение; тераностика; послеопера-
ционное наблюдение.
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BACKGROUND
Neuroendocrine tumors (NETs) are heterogeneous 

tumors that differ in grade, molecular genetic 
characterist ics, and cl inical course: from low-
grade NETs to  h igh-grade neuroendocr ine 
carc inomas (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  d iagnost ic  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 NETs.

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 

systematic reviews that were relevant for routine 
cl inical practice.  Overall ,  the review included 
87 publications.

DISCUSSION

Epidemiology of Neuroendocrine Tumors
NETs account  for  approx imate ly  0 .5% of 

a l l  newly d iagnosed mal ignancies  [5] .  Despi te 
their  low prevalence,  the incidence of  NETs is 
increasing across al l  s i tes,  stages,  and grades. 
According to the largest populat ion-based study 
in patients with NETs, which used the data from 
the SEER database,  the incidence rate of  NETs 
in  the Uni ted States increased 6.4-fold  f rom 
1973 (1 .09 per  100,000  populat ion)  to  2012 
(6.98 per  100,000  populat ion)  [5] .  The h ighest 
and lowest  age-adjusted inc idence rates were 
reported in  pat ients  aged over  65 (2 .53 per 
100,000  populat ion in 2012) and under 50 (1.75 
per 100,000  populat ion) ,  respect ively.  However, 
a signif icant increase in the incidence since 1973 
was reported in al l  age groups  [5] .  The general 
population shows comparable incidence of NETs in 
males and females;  however,  according to some 
studies,  gastroenteropancreat ic  and pulmonary 
NETs are sl ightly 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 (OS)  [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-NETs). 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 OS in  the general  populat ion of 
patients with NETs was 112 months (9.3 years) [5]. 
G1 NETs had bet ter  median OS (16.2   years) 
compared with G2 and G3 NETs (8.3  years and 
10  months,  respect ively) .  Local ized NETs had 
bet ter  median OS (>30  years)  compared wi th 
reg ional  NETs (10.2   years)  and d istant  NETs 
(12  months) .  NETs in  the rectum (24.6  years) 
and appendix (>30.0  years)  had the best median 
OS among primary site groups, whereas NETs in 
the pancreas (3.6  years) and lung (5.5  years) had 
the worst  median OS  [5] .  Another study showed 
better survival  rates in pat ients with NETs,  with 
median OS 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 
pat ients with NETs also varies signif icantly.  For 
example, the 5-year OS for typical carcinoids (G1 
and G2 NETs) was 75%–100% for localized tumors 
and 30%–60% for  local ly  advanced tumors and 
distant metastases  [10].  Large-cell  and small-cell 
lung cancers are extremely aggressive diseases. 
The 5-year OS for small-cell  lung cancer  (SCLC) 
and large-cel l  lung carc inoma (LCLC)  is  ≤5% 
and 15%–57%, respect ively;  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 NETs, 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, 
resul t ing in  character ist ic  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 gastrointest inal  and 
bronchopulmonary F-NETs are reported in 3%–13% 

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 s ignif icantly more prevalent 
in  pancreat ic  and smal l  in test ine NETs (40%, 
especially in NETs with l iver metastases), followed 
by bronchopulmonary NETs and large intest ine 
and rectal NETs (13% and 10%, respectively)  [9]. 
CS  is  typ ica l ly  present  in  pu lmonary  NETs 
wi th  l iver  metastases  [10] .  CS is  caused by 
overproduction of biologically act ive substances, 
pr imari ly  serotonin,  by NETs.  However,  there is 
evidence that  other vasoact ive substances,  such 
as prostaglandins,  substance P,  neurokin in  A, 
bradykin in ,  and h istamine,  have a  s ign i f icant 
impact on CS symptoms  [5].  Typical symptoms of 
CS include diarrhea (78%),  hot  f lashes and skin 
f lushing (78%), asthma-like symptoms (12%), and 
hyperkeratosis or hyperpigmentation (1%) [10].  In 
recent years, there has been evidence of cognit ive 
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 
pat ients  [12] .  Overproduct ion of  serotonin in CS 
act ivates f ibroblasts,  causing f ibrosis  of  heart 
valves (pr imari ly  t r icuspid and pulmonic)   [12] . 
This results in chronic r ight heart fai lure (HF).  As 
CHD progresses, patients may develop restrict ive 
cardiomyopathy and arrythmias,  including atr ial 
f ibr i l lat ion.  CHD secondary to poorly  control led 
CS is associated with an unfavorable prognosis. 
In an observational cohort study, the median OS in 
untreated patients with CHD was 11  months  [12]. 
Carcinoid crisis is another potential  complication 
of CS. I t  is caused by interventions during biopsy, 
tumor resect ion,  embol izat ion,  and anesthesia, 
resul t ing in  a  sudden,  s ign i f icant  re lease of 
vasoact ive  substances  and  a  charac ter is t i c 
c l in ical  presentat ion with severe skin f lushing, 
hemodynamic  ins tab i l i t y ,  bronchospasm,  and 
arrythmias [13]. The risk of intraoperative carcinoid 
cr is is  is  s igni f icant ly  h igher in  gastrointest inal 
NETs, part icularly NETs in the small  intestine and 
with l iver  metastases  [13] .  Preoperat ive use of 
somatostat in analogs is  a common strategy for 
carc inoid cr is is  prevent ion;  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 (as ide  f rom pancreat ic 
NETs with carc inoid syndrome)  [14] .  The most 
prevalent of these are gastrinomas, insulinomas, 
g l u c a g o n o m a s ,  V I P o m a s  ( V e r n e r – M o r r i s o n 
syndrome) ,  ACTH-produc ing  tumors  (ec top ic 
ACTH syndrome) ,  and somatostat inomas  [14] . 
These hormonal disorders have a dist inct cl inical 
presentat ion,  d i f fer  in  terms of  d iagnosis  and 
treatment strategy, and, l ike NETs with carcinoid 
syndrome, require cont inuous symptom control 
(Supplement  1).

In  Zol l inger–El l ison syndrome (gastr inoma) , 
symptoms are  caused  by  overproduct ion  o f 
hydrochloric  acid due to ectopic gastr in secret ion 
by  NETs (pept ic  u lcers  and gastroesophageal 
ref lux d isease accompanied by severe d iarrhea; 
symptoms associated with tumor growth,  such as 
bleeding,  pain,  and jaundice,  are only  observed 
at  la ter  s tages)   [14] .  Insul inoma is  pr imar i ly 
character ized by s igns of  neuroglycopenia  (90% 
of al l  cases),  such as confusion,  coma, and visual 
impairment ,  as  wel l  as  s igns  of  sympathet ic 
hyperact iv i ty ,  such  as  t remor ,  hyperh idros is , 
tachycard ia ,  weakness,  and polyphagia .  These 
symptoms become more severe when hungry or on 
exert ion  [14] .  This requires dif ferent ial  d iagnosis 
between postprand ia l  hypoglycemia ,  which  is 
caused by previous surgical  treatment of  obesity, 
and fast ing hypoglycemia,  which is  observed in 
insul inoma  [14] .  V IPomas are character ized by 
watery  d iarrhea  resul t ing  in  dehydrat ion  and 
hypokalemia;  excessive secret ion of  vasoact ive 
in tes t ina l  pep t ide  (V IP )  i s  assoc ia ted  w i th 
hyperglycemia,  hypochlorhydria,  and hot f lashes, 
with an incidence of 20% to 50% [14].  Glucagonoma 
is characterized by necrolyt ic  migratory erythema 
(55%–90%),  weight loss (60%–90%),  and diabetes 
mel l i tus  or  impaired g lucose to lerance (30%–
90%)  [14] .  Glucagonomas frequent ly  present  as 
large tumors (>5  cm),  wi th  l iver  metastases in 
50%–80% of patients [14].  Somatostatinoma is one 
of  the least  studied NETs,  with typical  symptoms 
including diabetes mell itus, gall  bladder disorders, 
s tea tor rhea ,  and  we igh t  loss .  The  major i t y 
o f  repor ted  cases  o f  somatos ta t inoma lack  
a typical  cl in ical  presentat ion.  Typical  symptoms 
of somatostatinoma are virtually always present in 
primary pancreatic NETs, but are infrequent in NETs 
of  other organs,  such as the small  intest ine  [14] . 
NETs wi th  ACTH overproduct ion cause Cushing 
syndrome,  pr imar i ly  in  the  thymus and lungs 
(40%–60%) ;  th is  syndrome has been reported 
in  both typical  and atypical  carc inoids  [15] .  The 

c l in ica l  s igns  of  ec top ic  ACTH syndrome are 
typ ica l  o f  Cush ing  syndrome,  inc lud ing  moon 
face,  abdominal  obesi ty ,  s tr iate  atrophy of  the 
skin,  muscle atrophy,  asthenia,  hypokalemia,  and 
hyperglycemia  [15] .

There are several  heredi tary  syndromes 
associated with NETs, primarily with pancreatic 
tumors; these include multiple endocrine neoplasia 
(MEN1), 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]. 
Zoll inger–Ell ison 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 MEN1; 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 cl inical practice to confirm neuroendocrine 
d i f f e ren t i a t i on  and  de te rmine  NET  g rade . 
Convent ional  neuroendocr ine  markers  inc lude 
neurosecretory granule proteins, chromogranin A 
(CgA) and synaptophysin (Syn)  [17].  Chromogranin 
A  i s  cons idered  a  more  spec i f i c  marker , 
whereas synaptophysin is  more sensi t ive  [17] . 
During di f ferent ial  d iagnosis between NETs and 
NECs,  low-grade tumors  show more in tense 
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 th i rd 
key IHC marker,  in addit ion to CgA and Syn,  for 
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primary thoracic NETs; however, this marker lacks 
specif icity in gastrointestinal NETs  [10,  17].  CD56 
expression is signif icantly higher in lung tumors, 
especially atypical carcinoids and thymic tumors; 
however, there is evidence of increased expression 
in both small-cel l  and large-cel l  NECs in other 
s i tes  [17] .  CD56 can be a valuable d iagnost ic 
marker for primary foci  in metastasis of unknown 
origin in morphologically confirmed NETs  [17].

Insu l inoma-assoc ia ted  pro te in   1  ( INSM1) 
i s  a  wel l -va l ida ted  t ranscr ip t ion  fac tor  o f 
neuroendocrine differentiation that has only recently 
been evaluated for diagnostic use. The diagnostic 
value of  INSM1 was f irst  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 
signif icantly more frequently detected in atypical 
lung carcinoid tumors and small-cell  lung cancer 
compared to  convent ional  markers (CgA,  Syn, 
and CD56)  [18] .  In  pancreat ic  NETs,  INSM1 can 
have higher sensit iv i ty  and specif ic i ty  than CgA 
and Syn  [18] .  Research f indings have faci l i tated  
a wider use of INSM1 as an immunohistochemical 
marker  of  NETs  [18] .  Somatostat in  receptors 
(SSTRs)  can be expressed in  almost  al l  NETs, 
par t icular ly  in  gastroenteropancreat ic  tumors. 
There are f ive types of SSTRs, the most signif icant 
of  which are SSTR 2A and 5  [19] .  IHC staining 
is  the standard technique for  detect ing SSTR 
expression.  Somatostat in analogs are the basis 
of NET treatment;  therefore, the identif icat ion of 
SSTRs is mandatory.  SSTR expression in NETs is 
heterogeneous and depends on tumor grade. For 
example,  i t  amounts to 54%–100% in G1 and G2 
NETs versus 4.8%–63% in G3 NETs, depending on 
the SSTR type [19].  I t  is advisable to use addit ional 
IHC markers in NETs with metastasis of unknown 
origin. Positive staining for CDX2, TTF1, and islet-1 
( ISL-1) indicates a pr imary focus in the midgut, 
lung, and pancreas, respectively  [20].

Ki-67 is  a  valuable tool  for  assessing the 
proport ion of prol iferating cells in a tumor. I t  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 
classi f icat ion.  A discordance between grade as 
determined by Ki-67 and mitotic index is observed 
in up to one-third of  NETs,  more frequently  in 
b iopsy samples than surgical  samples (62% vs 
38%)  [21].  In the majori ty of  these cases (87%), 
higher Ki-67 values are reported, which correlates 
with lower survival  rates  [21] .  Several  studies 

suggest  that  in  case of  a discordance between 
grade as determined by Ki-67 and mitot ic index, 
the NET grade should be determined using a larger 
value,  which is  typical ly  Ki-67  [21] .  The World 
Health Organization (WHO) included a subgroup of 
low-grade G3 NETs in the classif icat ion of  NETs 
for pancreat ic  tumors in 2017 and for al l  NETs 
in 2022,  based on the accumulat ing evidence of 
di f ferences in prognosis  [22] .  Ki-67 was one of 
the f irst  diagnost ic  tools to dist inguish between 
G3 NETs and NECs.  The threshold of  55% for  
Ki-67 is  opt imal  for  d ist inguishing 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 relat ive to G1 and G2 NETs, 
th is  group s igni f icant ly  d i f fers  f rom NECs in 
terms of cl inical course and has a more favorable 
prognosis. The median OS for G3 NETs is 55 months 
versus 16  months for NECs  [23].  According to the 
WHO classif icat ion 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 dist inguish 
between G3 NETs and NECs,  does not al low for 
an accurate  assessment  of  tumor grade  [23] . 
Addit ional molecular markers are actively used to 
improve the differential diagnosis between G3 NETs 
and NECs.  A large meta-analysis  of  pancreat ic 
NETs showed that  MEN1 (DAXX/ATRX )  mutat ions 
are relat ively  common  [23] .  MEN1 inact ivat ion 
has been reported in 71% of G3 pancreatic NETs, 
and DAXX/ATRX  inact ivat ion 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 current ly  detected by IHC stain ing and are 
used in rout ine cl in ical  pract ice to diagnose G3 
NETs.  There is  conf l ic t ing data on how these 
mutat ions  af fect  surv iva l .  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 s igni f icant  d i f ferences in  OS  [25] .  Al l 
pr imary NETs are characterized by Rb1 and p53 
knockdown  [25,   26] .  Moreover ,  Rb1 and p53 
determination is advisable in pat ients with SCLC 
transformed EGFR mutant  non-small  cel l  lung 
cancer fol lowing treatment with tyrosine kinase 
inhibitors  [27].  SCLC transformation is reported in 
4%–15% of patients with resistance to f irst- and 
second-generat ion EGFR inhib i tors   [28] .  G iven 
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the evidence of  h istological  t ransformat ion 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
Cons ider ing  the  l imi ted  d iagnost i c  va lue 

of  h is to log ica l  samples  and d i f f icu l t ies  wi th 
morpho logy-based  d i f fe ren t ia l  d iagnos is  o f 
NETs, there is a need for reproducible laboratory 
biomarkers. They can be a useful diagnostic tool 
for assessing long-term prognosis and predict ing 
response to therapy and the r isk of relapse.

M e a s u r i n g  C g A  l e v e l s  i n  s e r u m  a n d 
5-hydroxy indoleacet ic  ac id  (5-HIAA;  terminal 
metabol i te  o f  seroton in )  leve ls  in  ur ine  is  
a  convent ional  laboratory d iagnosis  method in 
NETs  [30].  CgA is superior to 5-HIAA, because its 
levels do not depend on serotonin secretion  [30]. 
The sensi t iv i ty  and speci f ic i ty  of  CgA are 73% 
and 95%, respect ively  [30] .  CgA levels correlate 
wi th  the  object ive  response to  t reatment  in 
gastrointestinal and pulmonary NETs. A decrease 
in CgA level was shown to correlate with improved 
PFS and OS  [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 l ikely reflects antisecretory 
rather than antiproliferative effects [31]. Moreover, 
more recent  studies show that  CgA levels are 
not a rel iable marker in the majority of patients 
with NETs of  the colon and rectum, considering 
that CgA is rarely elevated in these patients,  does 
not  ref lect  tumor burden,  and does not  predict 
surv ival   [31] .  Furthermore,  CgA elevat ion may 
be caused by some chronic d iseases,  including 
atrophic  gastr i t is ,  chronic  k idney d isease,  and 
inf lammatory bowel disease,  as well  as therapy 
with proton pump inhibitors  [31].

The 24-hour ur inary 5-HIAA has a sensit iv i ty 
of  70%–90% and a specif ic i ty  of  up to 100% in 
CS, as well  as a high diagnostic value in NETs of 
the jejunum and i leum  [31].  Given i ts prognostic 
value,  5-HIAA is  f requent ly  used as a  factor 
when assessing therapeutic options in CS  [5] .  In 
patients with CHD, 5-HIAA >300  μmol/24  h is an 
independent  predictor  of  CHD progression  [32] . 
Moreover,  5-HIAA inf luences OS in NETs of  the 
small  intestine. High 5-HIAA levels (>10  ×  upper 
l imi t  of  normal)  are  associated wi th  reduced 
OS,  whereas low 5-HIAA levels are associated 
with improved OS  [32] .  One disadvantage of  the 
5-HIAA urine test is that i t  requires 24-hour urine 
collection, which is t ime-consuming and prone to 

preanalyt ical errors. This issue can be addressed 
by measur ing plasma 5-HIAA levels ;  however, 
this method is costly,  l imit ing i ts use in rout ine 
cl inical practice  [3,   32].  Moreover,  5-HIAA levels 
in ur ine are highly dependent on the diet :  foods 
r ich in tryptophan (precursor of  serotonin),  such 
as bananas, legumes, coffee, chocolate, avocado, 
nuts,  f ish,  cheese,  and wine,  as well  as some 
drugs (glucocorticosteroids and antidepressants), 
may  cause  overest imat ion  or  fa lse-pos i t i ve 
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  ur ine; 
however, this method has the same l imitat ions as 
the 5-HIAA urine test.  However, cl inical signs of 
NETs are absent despite high 5-HIAA and serotonin 
levels in 12%–26% of cases  [32].

N e u r o n  s p e c i f i c  e n o l a s e  ( N S E )  i s  
a  rel iable serum tumor marker in pat ients with 
gastroenteropancreat ic  NETs  and  SCLC  [33] . 
NSE is  e levated in  30%–50% of  pat ients  with 
gastrointestinal NETs. Its sensitivity and specificity 
for  gastro intest inal  NETs are  38% and 73%, 
respectively  [33].  Elevated NSE levels in patients 
with gastrointestinal NETs had a signif icant impact 
on median OS. Normal NSE levels, NSE 1–3 × upper 
l imi t  o f  normal  (ULN) ,  and NSE >3  ×   ULN 
corresponded to  median OS 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 i ts l imited 
sensit ivity and specif icity.  Elevated PP levels are 
reported in approximately 45% of  pat ients  [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 
dist inct cl inical syndromes  [35].

Imaging Diagnostics

Endoscopic examinations
Endoscopic examinations are successfully used 

to diagnose NETs as a minimally invasive, efficient, 
and cost-ef fect ive  d iagnost ic  and therapeut ic 
option. Advancements in endoscopy have resulted 
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in  an increased inc idence of  NETs,  owing to 
ear l ier  detect ion of  asymptomat ic  tumors  [5] . 
Modern high-resolut ion endoscopes for  narrow-
band imaging (NBI)  have s ignif icant ly  improved 
imaging sensi t iv i ty  and speci f ic i ty .  Endoscopic 
u l t rasound   (EUS)  i s  an  advanced  techn ique 
that  enables minimally  invasive d iagnost ic  and 
therapeutic interventions in condit ions that usually 
require a conventional surgical intervention.

U p p e r  a n d  l o w e r  g a s t r o i n t e s t i n a l  t r a c t 
endoscopy  and  co lonoscopy  are  use fu l  fo r 
detec t ing  pr imary  tumor  s i tes  and  obta in ing 
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  populat ion  [7] .  Bronchoscopy is a 
valuable diagnost ic  tool  for determining pr imary 
tumor  s i tes  and  per forming  b iops ies ,  g iven 
that  approximately  75% of  pulmonary NETs are 
central ly  located  [10] .

Endoscopic  ul trasound (EUS)  is  becoming a 
valuable d iagnost ic  tool  for  assessing pr imary 
tumor  invas iveness  and s ize   [36] .  EUS was 
found to be effect ive in pancreat ic  tumors.  The 
sensit iv i ty  and specif ic i ty  of  EUS are 87.2% and 
98%, respectively  [36].  A meta-analysis conducted 
in  2015 showed that  EUS improves the overal l 
detection rate of pancreatic NETs by 25% after other 
modalit ies are attempted. I t  is especially valuable 
in smaller pancreatic F-NETs  [37].  A prospective, 
observat ional  study that  assessed lymph node 
involvement in  non-funct ioning pancreat ic  NETs 
found that  EUS had a specif ic i ty  of  up to 98%, 
outperforming 68Ga-DOTA-TOC PET  [38] .  EUS-
guided fine-needle aspiration biopsy is a preferable 
diagnosis method in pancreatic tumors,  enabl ing 
cytology tests with a sensit iv i ty  and specif ic i ty 
of  80%–90% and up to 96%, respect ively,  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  in fer ior  to  mucosal 
incision-assisted biopsy for t issue acquisit ion in 
upper gastrointest inal  NETs  [39] .  The diagnost ic 
value of EUS is l imited in subepithelial  lesions in 
upper gastrointestinal NETs; moreover,  EUS is not 
an optimal technique in gastric and small  intestine 
NETs, requiring a mult imodal approach  [40].  EUS 
has a high specif icity for assessing submill imeter 
bronchial wall  invasion in NETs and can be used 
for monitoring both before and after endobronchial 
resect ion.  Furthermore,  EUS can be useful  for 
assessing lymph node involvement  [38].

X-ray and ultrasound examinations
Computed  tomography  (CT )  and  magnet ic 

resonance imaging (MRI)  are  f requent ly  used 
for  in i t ia l  imaging and staging of  NETs  [41] . 
Ultrasound  (US) examinat ions are pr imari ly  used 
to make the init ial  diagnosis of l iver metastases 
and abdominal  lymph node involvement,  as well 
as in  pancreat ic  tumors.  Contrast-enhanced US 
can be more effect ive when CT and MRI f indings 
are uncertain,  with a sensit ivity and specif icity of 
86% and 92%, respect ively,  for pancreat ic NETs, 
l iver  metastases,  and mesenter ic  lymph node 
involvement  [41].

Sp i ra l  CT  was  rout ine ly  used  for  many 
years;  however,  mult idetector  tomographs have 
lately  become increasingly  avai lable,  reducing 
examinat ion  t ime and produc ing  h igh-qual i ty 
3D images  [41] .  G iven that  NETs are typical ly 
h y p e r v a s c u l a r i z e d ,  c o n t r a s t - e n h a n c e d  C T 
produces more accurate images. According to the 
European Neuroendocrine Tumor Society  (ENETS) 
Consensus Guidel ines for the Standards of  Care 
in  Neuroendocr ine Tumors (2017) ,  the average 
sensi t iv i ty  and speci f ic i ty  of  contrast-enhanced 
CT are  73% and 96%,  respect ively .  However, 
the f indings vary signif icantly across NET si tes. 
In  l ymph node  invo lvement ,  the  sens i t i v i t y 
and spec i f ic i ty  are  60%–70% and 87%–100%, 
respectively [41]. Disadvantages of CT examinations 
include the inabi l i ty  to dist inguish between l iver 
and lymph node metastasis  in  NETs and other 
malignancies,  as well  as low sensit iv i ty  in bone 
metastases  [41].  MRI outperforms CT in abdominal 
and bone examinations  [41].  MRI more effectively 
detects l iver metastases in NETs than CT, owing 
to the abil i ty to visualize smaller lesions  [41].  The 
precise sensit ivity and specif icity ranges for MRI 
have not  been def ined;  publ ished data indicate 
a sensi t iv i ty  of  70%–95% for  pancreat ic  NETs, 
gastrinomas, and l iver metastases  [41].

Molecular imaging
NETs are frequently small,  with low metabolic 

rates,  l imit ing the use of  convent ional  imaging 
techniques (CT, MRI,  US),  which fai l  to accurately 
assess the tumor grade,  s ize,  and b io logical 
act iv i ty   [41] .  The expression of  various types of 
SSTRs on NET cel ls  has provided a molecular 
bas is  for  rad iod iagnos is .  The  most  common 
SSTR imaging methods inc lude 68Ga-labeled 
somatos ta t in  ana logs  (p r imar i l y  oc t reo t ide ) 
and  pos i t ron  emiss ion  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 sc in t igraphy  (SPECT wi th  tektro tyd) 
prov ides  s ign i f icant  advantages compared to 
convent ional  cross-sect ional  imaging (CT,  MRI) . 
A retrospect ive 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 el igible for 
somatostatin analog therapy and peptide receptor 
radionucl ide therapy (PRRT)  [43] .  Octreoscan is 
now used much less frequently  than tektrotyd. 
Ind irect  compar isons show that  tektrotyd has 
a higher sensi t iv i ty  (~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 
accessibil i ty and convenience of use  [44].

SSTR PET/CT with 68Ga-DOTA-NOC/TATE/TOC is 
increasingly used as the most sensit ive 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 detect ing submil l imeter 
bone, l iver,  and lymph node metastases, as well 
as for tumors with a low density of  SSTRs  [46]. 
Moreover ,  SSTR PET/CT determines NET s i tes 
more accurately.  Signif icant advantages of  SSTR 
PET/CT over SSTR SPECT include higher spat ial 
resolution and the possibil i ty to identify patients 
e l ig ib le  for  PRRT with  lutet ium oxodotreot ide 
(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 f indings, 
which is useful in small tumors with insuff icient 
biopsy sample size when assessing eligibil i ty 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 
si te,  grade,  lymph node involvement,  funct ional 
activity,  and the presence of hereditary syndrome. 
Given the heterogeneity  of  tumor biology,  i t  is 
diff icult  to establ ish standardized indicat ions 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 

gas t ro in tes t ina l  NETs ,  resec t ion  shou ld  be 
considered in G2 and G3 primary tumors measuring 
>2  cm. However,  the size of  G1 extrapancreat ic 
NETs that require resection is stil l  debated [47, 48]. 
The scope of optimal surgical treatment depends 
on the pr imary NET s i te .  In  bronchopulmonary 
N E T s ,  a n a t o m i c  r e s e c t i o n  ( l o b e c t o m y  o r 
bi lobectomy) is  recommended.  The outcomes of 
organ-sparing surgeries are comparable to those 
of  pneumonectomy, with a s ignif icantly  reduced 
inc idence of  postoperat ive  compl icat ions  and 
severity of respiratory fai lure  [48].  Atypical lung 
resect ion,  such as segmentectomy and wedge 
resection, is signif icantly less commonly used in 
real-world practice. There are currently no large 
prospect ive comparat ive studies of  atypical  and 
anatomic resection. A single-center,  retrospective 
s tudy  found that  a typ ica l  resect ion  is  on ly 
recommended for  typical  carc inoids measur ing 
≤1  cm  [48] .  Ipsi lateral  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 OS for TCs and ACs was 90.1% and 22.2%, 
respect ively,  whereas in  the absence of  lymph 
node involvement ,  i t  was 100% for  both TCs 
and ACs  [48] .  Therefore,  prevent ive mediast inal 
lymphadenectomy is more advisable in ACs  [48].

S u r g i c a l  r e s e c t i o n  w i t h  r e g i o n a l 
lymphadenectomy remains  the  pr imary  loca l 
t reatment  method in  pancreat ic  NETs.  I t  i s 
recommended  in  bo th  F-NETs  (excep t  fo r 
insulinomas) and non-functioning NETs (NF-NETs) 
measuring ≥2 cm, given the increased risk of regional 
and d istant  metastases  [41,   47] .  Furthermore, 
resection of smaller tumors is indicated in cases 
when the major  pancreat ic  duct ,  gal l  b ladder, 
or  lymph nodes are affected  [47] .  The goals of 
surgical  t reatment  depend on several  factors, 
including the functional status. For example, partial 
tumor resection suff icient for symptom control is 
considered cl in ical  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 
pancreat icoduodenectomy (Whipple  procedure) . 
Organ-sparing surgeries (enucleation and central 
pancreatectomy)  reduce  the  r isk  o f  chron ic 
pancreat ic  insuff ic iency;  however,  they do not 
allow for adequate lymphadenectomy  [49].

In  a  SEER-based retrospect ive  s tudy,  the 
median OS in  pat ients  with  resected NF-NETs 
measur ing >2  cm was 114  months,  compared 
to 35  months in the group that  did not  receive 
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surgical  t reatment   [50] .  The need for  surgical 
treatment of  pancreat ic  NETs measuring <2  cm 
remains debatable.  In these cases, the European 
Neuroendocr ine Tumor Society  (ENETS) and the 
American Society  of  C l in ical  Oncology (ASCO) 
recommend the “watch and wait”  strategy [49, 51]. 
The efficacy of this strategy has been demonstrated 
in  both sporadic  NF-NETs and MEN1;  however, 
the recommendat ions are frequent ly  based on 
retrospective studies alone  [49,  51].  A systematic 
review of 9 studies found that the “watch and wait” 
strategy resulted in  cont inued tumor growth in 
22% of patients with NF-NETs and 52% of patients 
with MEN1.  Surgical  resect ion was required in 
12% and 25% of patients,  respectively.  However, 
survival rates in this subgroup were comparable, 
indicat ing that  the “watch and wait”  strategy is 
safe for  these pat ients  [52] .  There are studies 
where surgical  resect ion of  h igh-grade tumors 
is just i f ied;  however,  the authors do not specify 
the grade of such pancreatic NETs  [4].  According 
to some studies,  pancreat ic  NF-NETs measuring 
<2  cm have a median Ki-67 of  1%,  indicat ing  
a more favorable course of the disease [4].  A novel 
treatment strategy for this pat ient  populat ion is 
based on morphological and immunohistochemical 
examinat ion f ind ings.  In  smal l  G3 pancreat ic  
NF-NETs, surgical resection is required, given the 
more aggressive tumor b iology  [21] .  Minimally 
invas ive  endoscop ic  t reatment  o f  pancreat ic 
NETs, such as radiofrequency ablat ion (RFA) and 
EUS-guided ethanol ablat ion, 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  rout ine  pract ice   [21] . 
Moreover, RFA can be a viable alternative for older 
patients who are not eligible for surgical resection. 
Despite high progression rates in  pat ients who 
received RFA, survival rates were comparable [49]. 
Endoscopic  mucosal  resect ion 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 

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 OS in patients with NETs after total 
resect ion is  61%–70% and 35%,  respect ively , 
making resection preferable to other approaches 
(RFA or transarterial  chemoembolizat ion [TACE]). 
There  is  insuf f ic ient  data  to  compare these 
treatment  opt ions with surgical  resect ion  [54] .  
A systematic review of 30 studies found that hepatic 
resection was not superior to other local treatment 
modalit ies [53]. Surgical resection of metastases is 
justif ied when R0 resection is possible.  However, 
pa t ien ts  f requent ly  rece ive  add i t iona l  loca l 
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 addit ion to surgical treatment may 
increase the 5-year OS 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  l imi ted research on the use of 
l i ver  t ransplantat ion  as  a  t reatment  opt ion . 
Transplantat ion was mostly  assessed in  small 
studies in  pat ients with gastrointest inal  NETs; 
therefore,  i t  is  not  recommended for  rout ine 
pract ice,  but  can be considered in pat ients over 
50  years with isolated l iver metastases and Ki-67 
<5% who are not el igible for resection  [53].

Drug Therapy

Somatostatin analogs
Long-ac t ing  somatos ta t in  ana logs  (SSAs) 

(octreot ide and lanreot ide)  are used as f i rst-
l ine 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 Zoll inger–
Ell ison syndrome  [55].  A meta-analysis conducted 
in 2019 showed comparable eff icacy of octreotide 
and lanreot ide in  improving CS symptoms, with 
symptom control rates of 65%–69% and 69%–72% 
for diarrhea and hot  f lashes,  respect ively  [55] . 
Moreover,  SSAs signif icantly  reduce the r isk of 
CHD  [55].

SSAs can ensure long-term control  of  CS 
symptoms;  however,  many pat ients  exper ience 
progression of  symptoms. In these cases,  SSAs 
t rea tment  swi tch ing ,  dose  esca la t ion ,  and 
shorter intervals between doses can be effective.  
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A retrospect ive analys is  found that  escalat ing  
a standard octreotide dose (30  mg) to 40–60  mg 
in  refractory CS provided control  of  the main 
symptoms (diarrhea, hot f lashes, bronchial spasm, 
and abdominal  pa in)  in  66%–70% cases,  wi th  
a dose of 40  mg suff icient 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,  respect ively  [57] .  Similar f indings 
were reported when escalat ing octreot ide doses 
to 40–60  mg  [56] .  In  addi t ion to ant isecretory 
act ion, several randomized studies demonstrated 
antiprol iferative effects of SSAs.

The randomized,  p lacebo control led c l in ical 
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 pat ients with 
Ki-67 ≤2%; therefore, all  study participants had G1 
NETs  [58].  The median progression-free survival 
(mPFS) (pr imary endpoint)  was 14.3  months for 
octreot ide and 6  months for  placebo  [58] .  An 
updated analysis of long-term outcomes conducted 
in 2017 found no signif icant benefits of octreotide 
for OS in the general  populat ion;  the median OS 
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 OS (median 
not  reached vs 87.2  months)  in  the octreot ide 
group; however, the difference was not signif icant. 
In the high-tumor-load subgroup, no superiority of 
octreotide was found  [58].

CLARINET,  a  randomized,  placebo-control led 
c l in ical  study that  assessed the ant ineoplast ic 
effect of lanreotide, included a larger patient cohort 
than the PROMID study  [59].  In addit ion 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 i ts 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 ,  lanreot ide  demonstrated s ign i f icant 
super ior i ty  in  al l  key subgroups (G1 NETs,  G2 
NETs,  and hepat ic  tumor load [<25% or >25%]) . 
However, there were no signif icant differences in 
the group of patients with hindgut NETs, which is 
l ikely due to the imbalance between the groups 
and the small  sample size  [59] .  Lanreot ide was 
associated with  more gastro intest inal  adverse 
events than placebo (50% vs 25%).  The most 

common study drug–related adverse events were 
hyperglycemia and cholel i th iasis;  however,  they 
were not considered serious  [59].  Octreotide and 
lanreot ide therapy results  in  stable d isease in 
the majori ty  of  cases (50%–60% of cases),  with 
an object ive response rate (ORR) of  <10%  [60] . 
There are no large comparat ive studies on the 
antineoplastic activity of octreotide and lanreotide. 
A retrospective comparative study in patients with 
G1 and G2 small  intest ine and pancreat ic  NETs 
with Ki-67 ≤10% found no signif icant differences 
between octreot ide and lanreot ide in  terms of 
PFS (median PFS:  29.8  months and 36  months, 
respect ively)   [61] .  Another  study also showed 
no  super ior i ty  o f  lanreot ide  over  oct reot ide 
in  pancreat ic  NETs  [61] .  These f ind ings were 
consistent with previous retrospective studies. The 
authors concluded that octreotide and lanreotide 
have  comparable  e f f icacy  and  can  be  used 
interchangeably;  however, the f indings should be 
interpreted with caut ion,  given the retrospect ive 
design of the studies  [61].  Based on the f indings 
of retrospective studies, the ENETS and European 
Society for  Medical  Oncology (ESMO) guidel ines 
recommend using octreot ide and lanreot ide as 
monotherapy in G1 and G2 gastroenteropancreatic 
NETs with Ki-67 <10%  [49] .  The phase  2 study 
CLARINET-FORTE found  that  h igh  doses  o f 
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  current ly  being studied as an ant ineoplast ic 
drug for  pat ients  wi th  Ki-67 ≤14%  [63] .  The 
ant ineoplast ic effect  of  SSAs in pulmonary NETs 
has not  been assessed indiv idual ly .  However, 
the  ENETS guidel ines recommend consider ing 
SSAs in  indolent  TCs [64] .  The phase  2 study 
ATLANT showed that lanreotide and temozolomide 
combinat ion therapy can be effect ive 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 i ts  pr imary endpoint :  the disease 
control rate at 9  months was 35.0%  [65].  Another 
therapeut ic  opt ion is  pas ireot ide,  a  synthet ic 
somatostat in  analog with increased aff in i ty  for 
somatostat in  receptors (SSTR1,  SSTR2,  SSTR3, 
and SSTR5).  I t  is currently being studied as NET 
therapy, especially in patients with resistance to 
octreotide or lanreotide. In a phase  3 randomized 
study (2015) ,  pas ireot ide was not  infer ior  to 
octreotide in terms of symptom control and tumor 
stabi l izat ion in metastat ic  gastrointest inal  NETs, 
wi th  more pronounced CgA inhib i t ion in  some 
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patients  [66].  Another study (2016) demonstrated 
the eff icacy of  pasireot ide in  progressive NETs 
not  responding to f i rst-generat ion somatostat in 
analogs, with the median t ime to progression of 
11 months  [67].  However, the use of pasireotide is 
l imited 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, i t  may be considered 
as a second-line therapy in tumors with preserved 
SSTR expression (especial ly  SSTR5) .  The 2020 
guidelines of the North American Neuroendocrine 
Tumor Society (NANETS) emphasize that  further 
research  is  requ ired  to  assess  the  ro le  of 
pasireotide in the treatment of NETs  [69].

Interferons
The eff icacy 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 majori ty  of  eff icacy studies of 
interferon were conducted between 1982 and 2005, 
highl ight ing 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 pat ients 
with CS. Furthermore, i ts antineoplastic act ivi ty 
has been demonstrated. The mean ORR is 11%, with 
tumor stabil ization in 39% of patients  [70].  When 
compared with chemotherapy (streptozotocin plus 
5-fluorouracil), the median OS was >80 months in the 
interferon group and 8 months in the chemotherapy 
group  [71] .  Notably,  the therapy is  frequently 
associated with s ide effects such as f lu-l ike 
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
Telotr istat  is  a  small  molecule inhib i tor  of 

t ryptophan hydroxy lase  that  l imi ts  seroton in 
b iosynthesis .  I t  is  a  relat ively  new biotherapy 
option in CS refractory to SSAs*.  In 2017, the FDA 

*	  medscape.com [Internet]. FDA Approves Xermelo for Carcinoid 
Syndrome Diarrhea, Feb 28, 2017. Available at: https://www.medscape.
com/viewarticle/876454. Accessed on: May 26, 2025.

approved telotr istat  at  a dose of  250  mg three 
t imes dai ly  in  combinat ion with  SSAs for  the 
treatment of CS-associated diarrhea refractory to 
octreotide and lanreotide, based on the f indings 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 
ur inary 5-HIAA levels above the upper l imit  of 
normal.  The patients were randomized to receive 
telotr istat  250  mg or 500  mg three t imes dai ly 
or  placebo whi le cont inuing their  basel ine SSA 
therapy.  The pr imary endpoint  was a reduct ion 
in bowel movement frequency from basel ine on 
week  12;  moreover,  changes in  5-HIAA levels 
were assessed.  Telotr istat  s ignif icantly  reduced 
bowel movement frequency (by ≥30%) in 44% and 
42% of pat ients 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 
t ryptophan hydroxy lase  inh ib i t ion .  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 t imes daily. 
The TELESTAR study previously raised concerns 
that telotristat may cause depression by inhibit ing 
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 
telotr istat ,  d id not  conf irm these f indings  [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 r isk of depression  [72].

Given the impact  of  telotr istat  on serotonin 
b iosynthes is ,  i ts  e f f icacy  in  other  symptoms 
of  refractory  CS was assessed.  Telotr is tat  is 
hypothes ized  to  have  a  protect ive  ef fect  in 
CHD; moreover,  studies on i ts  potent ial  use for 
postoperat ive prevent ion of  carcinoid cr is is  are 
ongoing  [3,   13,   73] .  TELEHEART,  a  randomized 
phase  3 study assessing the effect  of  telotr istat 
in combinat ion with SSA in CHD in pat ients with 
metastatic NETs, has been conducted since 2021. 
The primary endpoint is a decrease in NT-proBNP 
after 6  months of  therapy;  the pr imary analysis 
is  p lanned for  2025 (Cl in icalTr ia ls .gov,  s tudy 
ID:  NCT04810091).  Another study assessing the 

https://www.medscape.com/viewarticle/876454
https://www.medscape.com/viewarticle/876454
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eff icacy of telotr istat  in perioperative prevention 
of carcinoid crisis was terminated due to a lack of 
funding (ClinicalTrials.gov, study ID: NCT04672876).

F u r t h e r m o r e ,  a n t i p r o l i f e r a t i v e  e f f e c t s 
o f  te lo t r i s ta t  a re  assessed .  TELEACE was  
a retrospective, single-center chart review study 
in pat ients who received telotr istat  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 
stabi l izat ion after 6–9  months of  treatment was 
reported in 81%–97% of patients  [74].  Given that 
the study was retrospect ive and had numerous 
l imitations, further prospective randomized studies 
are required to assess the ant ineoplast ic  effect 
of  telotristat.

Targeted therapy
Several  targeted therapy drugs approved for 

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

Sunit in ib,  a mult ikinase inhibi tor,  is  the f irst 
targeted therapy drug that has been approved for 
the treatment of  advanced low-grade pancreat ic 
NETs based on phase  3 study f indings  [75] .  The 
s tudy  inc luded 171  pat ients  who prev iously 
received at  least  one l ine of  ant i tumor therapy 
(primarily chemotherapy)  [75].  In 2009, the study 
was terminated early due to high mortal i ty rates 
and serious side effects in the placebo group  [75]. 
Suni t in ib  demonstrated s igni f icant  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 
sunit inib in terms of PFS in several key subgroups 
(Ki-67  >5% and extrahepatic metastases),  making 
the use of  sunit in ib debatable in  these pat ient 
populat ions  [75] .  The median OS in the updated 
analysis in 2017 was 38.6  months in the sunit inib 
group and 29.1  months in  the placebo group, 
despite the apparent superiority of sunit inib.  The 
di f ference was not  s igni f icant ,  which could be 
explained by a crossover from placebo to sunit inib 
in 69% of patients due to disease progression or 
after study termination  [75].

The eff icacy of everolimus, an m-TOR inhibitor, 
in progressive NETs, was assessed in a series of 
phase 2 and 3 studies (RADIANT). The antineoplastic 

effect  of  everol imus 5  mg/day and 10  mg/day 
for 28  days was f irst demonstrated in the phase  
2 study RADIANT-1  [75].  In contrast to the eff icacy 
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 stabi l izat ion was reported in 70% of 
patients.  The PFS after 6 and 12  months was 80% 
and 59%, respect ively,  in  al l  pat ients  [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 i ts primary PFS endpoint,  despite the 
numerical ly  h igher  median PFS for  everol imus 
and octreotide compared to octreotide alone (16.4 
months vs 11.3  months) .  Poor study outcomes 
could be explained by switching from placebo to 
everol imus in case of  disease progression  [77] . 
The phase  3  s tudy  RADIANT-3 assessed the 
eff icacy of  everol imus in progressive pancreat ic 
NETs.  The study met i ts  pr imary 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 sunit inib study 
and RADIANT-3 (everol imus) showed comparable 
eff icacy of  these drugs in low-grade metastat ic 
pancreatic NETs. Sunit inib and everolimus reduced 
the r isk of disease progression by 58% and 65%, 
respect ively.  However,  the di f ferences were not 
signif icant,  with comparable PFS and OS  [79].  The 
phase  3 study RADIANT-4 assessed everol imus 
10  mg as  monotherapy .  The  s tudy  inc luded 
treatment-exper ienced pat ients ,  pr imar i ly  wi th 
low-grade small  intest ine and pulmonary NETs. 
The proport ion of  pat ients with G2 NETs was up 
to 40%; switching from placebo to everol imus in 
case of disease progression was not allowed  [80]. 
Everol imus signif icant ly  improved PFS (median: 
11  months for  everol imus vs 3.9   months for 
placebo).  Everolimus reduced the r isk 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 gastrointest inal  and 
pulmonary NETs.

Pazopanib, both alone and in combination with 
SSAs, demonstrated promising antineoplastic effects 
in progressive gastrointest inal  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 OS was not reached  [81]. Notably, this 
study included pat ients with more aggressive 



DOI: https://doi.org/10.17816/onco642734

54
REVIEWS Russian Journal of OncologyVol. 30 (1) 2025

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 OS 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 f irst-in-class oral hypoxia-
inducible factor 2-alpha (HIF-2α) 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 recent ly  establ ished subgroup 
of  G3 gastro intest inal  NETs,  which  are  less 
aggressive than NECs, but require more intensive 
therapy than G1 and G2 NETs. The cl inical  study 
NORDIC NEC invest igated the di f ferences 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 plat inum-
based CT (15% vs 42% in the NEC group with Ki-
67  >55%).  However,  th is group had a better  OS 
(14  months vs 10  months)   [84] .  A combinat ion 
o f  s t rep tozo toc in  (STZ )  and  5- f luorourac i l  
(5-FU)  was the f i rst  CT regimen approved for 
low-grade NETs. This combination has proven to 
be effective, especially in progressive pancreatic 
NETs  [85] .  The ORR was 69%,  wi th  complete 
response in 39% of  pat ients and median OS of 
26  months.  This CT regimen is  associated with 
s ignif icant  gastrointest inal  toxic i ty ;  however,  i t 
is  used as a standard of  care  [85].  Capecitabine 
and temozolomide (CAPTEM) is  recommended by 

all  recent guidelines as a preferred option in low-
grade NETs.  However,  most  of  the data on i ts 
eff icacy come from retrospective studies, whereas 
only  four  phase  1–2 studies,  which pr imar i ly 
assessed i ts  use in gastrointest inal  NETs,  have 
been published [86]. The largest systematic review, 
which assessed CAPTEM in both gastrointest inal 
and pulmonary NETs, reported an ORR of 34.8%. 
Complete  response was reported in  2 .3% of 
cases, with tumor stabil ization in 40% of patients; 
the median PFS was 9.4–12  months  [86] .  This 
systematic review showed signif icant advantages 
of  CAPTEM over  FOLFOX,  p lat inum/etoposide, 
c isplat in,  and carboplat in in G3 NETs with Ki-67 
20%–55%. Therefore,  CAPTEM is the best  f i rst-
l ine therapy option  [86].  CAPTEM can be used as  
a  neoadjuvant  therapy in  resectable metastat ic 
NETs.  A retrospect ive analysis  found that  th is 
approach  resul ts  in  ORR 43%,  median  PFS 
28.2   months,  and 5-year  OS 63%.  The mean 
Ki-67 for  included NETs was 3.5%,  indicat ing  
a favorable tumor biology, which must be confirmed 
in  prospect ive  s tud ies   [86] .  Oxal ip la t in  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 G2 and G3 gastrointestinal 
NETs and typical carcinoids. However, their use is 
recommended after progression on CAPTEM  [85].

Etoposide p lus  c isplat in  (EP)  or  etoposide 
plus carboplat in (EC),  as well  as ir inotecan plus 
cisplatin ( IP),  are the standard f irst-l ine therapy in 
metastatic NETs, with ORR 31%–60%, median PFS 
5–7  months,  and median OS 12–14  months  [85]. 
A l ternat ive ly ,  the  t r ip let  FOLFIRINOX  reg imen 
(5-FU, oxal iplat in,  and ir inotecan)  can be used. 
Several  retrospect ive analyses showed object ive 
response in 46%–70% of patients with NETs, with 
median OS 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 f irst-l ine 
therapy in NETs was init iated  [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 
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NETTER-1  [88]. The study included patients with G1 
and G2 metastatic small and large intestine NETs, 
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 177Lu-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 OS for PRRT plus SAA and SAA alone 
was 48  months and 36.3  months, respectively. The 
differences were not signif icant, l ikely 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 G2 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  pat ients 
in the SAA group  [89].  This study was the f irst 
to  demonstrate  the ef f icacy of  PRRT in  G3 
gastrointest inal  NETs.  Notably,  combinat ions of 
SSAs and targeted therapy or chemotherapy are 
used as a f irst-l ine therapy in G2 and G3 NETs, 
respect ively,  in  real-world pract ice.  Therefore, 
i t  may be inappropriate to compare PRRT with 
SAA monotherapy.  However,  the PFS observed 
in NETTER-2 was superior to historical  control 
data  [89].

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 Guidel ines (2018),  pat ients must be 
fol lowed up for at  least 5  years after surgical 
treatment  [90].  There is currently no consensus 
over whether fol low-up should continue beyond 
10  years.  However,  i t  may be recommended in 
younger pat ients or those considered to be at 
particularly high risk of disease progression (e.g., 
numerous involved lymph nodes or radical resection 
of l iver metastases)  [90]. The majority of experts 
agreed that radiographic examinations should be 
performed every 6  months during the f irst  year, 
and then once a year in the absence of recurrence 
or progression  [90] .  Furthermore,  fol low-up is 
recommended in  pat ients  wi th  asymptomat ic 
pancreat ic 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 vary ing biology (ranging from indolent  to 
aggressive course) .  The current  management of 
patients with gastrointestinal and pulmonary NETs 
involves mul t i-stage a lgor i thms and requires  
a personal ized approach,  given the wide variety 
of  avai lable treatment opt ions.  The introduct ion 
of SSAs and telotristat has signif icantly improved 
treatment outcomes in CS, delaying its progression 
to CHD. Distinguishing between G3 NETs and NECs, 
which have different prognoses, has signif icantly 
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 interdiscipl inary approach is essential  when 
select ing a  t reatment  strategy in  th is  pat ient 
population. Patients with NETs are examined and 
treated in reference centers,  and the disease is 
frequently  detected at  advanced stages or with 
severe manifestat ions of  CS.  Raising awareness 
of  NETs among oncologists  and pr imary care 
physicians will  facil i tate earl ier disease detection 
and improve treatment outcomes.
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