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Nöroendokrin tümörler, tüm malignitelerin %1-2’sini oluflturan, oldukça yavafl büyüyen tümörlerdir. Nöroendokrin tümörlerin bü-
yük bir k›sm› Dünya Sa¤l›k Örgütü Grup 2 iyi differansiye endokrin karsinomlard›r, fakat baz› tümörler agresif seyirli olabilir. En
s›k görülenler gastroenteropankreatik-nöroendokrin tümörler, daha sonra bronkopulmoner nöroendokrin tümörler ve daha az s›kl›k-
ta görülen lokalizasyonlar ise overler, testisler ve hepatobiliyer sistemdir. Kitle etkisi veya malign tümör ile iliflkili semptomlar içe-
ren fonksiyon görmeyen (hormon inaktif) tümörler olabilir veya spesifik klinik sendromlara neden olan otonom olarak spesifik hor-

Neuroendocrine tumors, 1-2% of all malignancies, are relatively slow-growing neoplasms. The majority of neuroendocrine tumors
belong to the World Health Organization Group 2 with well-differentiated endocrine carcinomas, but some tumors can be aggressi-
ve. The most common are gastroenteropancreatic-neuroendocrine tumors, followed by bronchopulmonary neuroendocrine tumors;
less frequent locations are the ovaries, testis and hepatobiliary locations. They can be either non-functioning tumors with symptoms
related to mass effects and malignant tumor disease or functioning tumors with specific hormones/neuropeptides autonomously sec-
reted to induce specific clinical syndromes. Localized neuroendocrine tumors are less frequent than metastatic ones; in fact, up to
75% of patients with small bowel neuroendocrine tumors and 30-85% of pancreatic neuroendocrine tumors present with liver me-
tastases either at the time of diagnosis or during the course of the disease. The predominant metastatic site is the liver, which is the
best prognostic marker of survival regardless of the primary site. If surgical resection or interventional therapies of the hepatic tu-
mor burden are not feasible, or if the metastases are not confined to the liver, systemic treatment remains the only option. None of
the systemic therapies is liver-specific, but rather acts on all metastatic sites. The lack of prospective studies comparing different tre-
atment modalities in homogeneous cohorts of patients makes the best treatment strategy poorly defined. Standard systemic therapy
options are somatostatin analogues (octreotide and lanreotide), interferon–α and chemotherapy. Somatostatin analogues not only
control symptoms related to functioning tumors but tumor growth as well. Because of the studies challenging its efficacy, as well as
the potential for side effects, the more widespread acceptance of interferon-α in the treatment of metastatic neuroendocrine tumors
has been limited. Well-differentiated neuroendocrine tumors do not show high sensitivity to chemotherapy because of their low mi-
totic rates, high levels of antiapoptotic protein bcl-2 and increased expression of the multi-drug resistant gene. Traditional chemot-
herapeutic agents are streptozotocin in combination with 5-fluorouracil or doxorubicin, or to some extent dacarbazine. Temozolomi-
de, capecitabine and oxaliplatin, as monoagents or in combination therapy, show efficacy in phase II trials. Patients with poorly dif-
ferentiated neuroendocrine tumor, regardless of the primary tumor localization, are candidates for cisplatin and etoposide chemot-
herapy regimen. Peptide receptor radionuclide therapy is reported to be an effective treatment option for patients with good perfor-
mance status and high somatostatin-receptor scintigraphy uptake as well as without major liver involvement. Basic fibroblast
growth factor, vascular endothelial growth factor, platelet-derived growth factor, transforming growth factor alpha and beta, insu-
lin-like growth factor type 1, epidermal growth factor, stem cell factor (c-kit), and corresponding receptors have been shown to be ex-
pressed in Neuroendocrine tumors. Current phase II-III clinical trials with molecular-targeted therapies revealed promising agents
such as everolimus (RAD001), an oral mTOR inhibitor, and sunitinib malate (SU-11248), an oral multitargeted tyrosine kinase in-
hibitor against vascular endothelial growth factor receptors, platelet-derived growth factor receptors, c-kit receptors, glial cell line-
derived neurotrophic factor, and FMS-like tyrosine kinase-3 (Flt 3), which were approved for the treatment of advanced pancreatic
neuroendocrine tumors. Ongoing clinical trials with bevacizumab, a humanized monoclonal antibody against vascular endothelial
growth factor, will further define the role of angiogenesis inhibitors in advanced intestinal neuroendocrine tumors. Various further
novel strategies of targeted therapy and microRNA-regulated pathways in neuroendocrine tumors are under development. 
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REVIEW

Karaci¤er metastazlar› olan nöroendokrin tümörlerde sistemik tedavi



INTRODUCTION

It is reported that neuroendocrine tumors (NETs)
have increased in the last 30 years (1-2% of all ma-
lignancies) according to the SEER (United States
Surveillance Epidemiology and End Results) data-
base in 2004 (2.5-5 patients per 100,000) (1,2). In
another epidemiologic study, the SEER and Nor-
wegian Registry of Cancer (NRC) were compared,
and the overall Caucasian SEER NET incidence
was 4.44, compared with 3.24 in the NRC, and Af-
rican Americans exhibited a remarkably high ove-
rall NET incidence of 6.50 (3). These epidemiologic
observations can be due to increased awareness of
the disease, widespread use of advanced diagnos-
tic techniques or true changes in incidence.

In Japan, overall prevalence of GastroEnteroPan-
creatic (GEP)-NET in 2005 was 2.23 patients per
100,000 population (95% confidence interval (CI):
1.93-2.76) per year, and the incidence of pancrea-
tic NETs (PNET) in 2005 was estimated to be 1.01
per 100,000 population per year (95%CI: 0.88-
1.25). As the incidence of PNET in the United Sta-
tes (US) has been reported to be about 0.32 per ye-
ar per 100,000 population, these tumors seem to
develop about three times more frequently in Ja-
pan compared to that in the US (4). 

The incidence of PNETs is <1 in 100,000 in Asian
and European population-based studies.

There is a need for epidemiologic data of NETs in
Turkey; case reports or case series related with
treatment outcomes, imaging or prognostic factors
are the ones most reported (5-7).

Although the majority of tumors are malignant,
they are relatively slow-growing neoplasms.
World Health Organization (WHO) and tumor no-
de metastasis staging systems of the European
Neuroendocrine Tumor Society (ENETS) and
American Joint Committee on Cancer (AJCC) ha-
ve provided the new classification systems. The
majority of NETs belong to WHO group 2 with
well-differentiated NETs, but some tumors can be
aggressive (neuroendocrine carcinomas –G3) (Tab-
le 1) (8-10).     

The most common ones are GEP-NETs (66%), fol-
lowed by bronchopulmonary NETs (31%), and less
frequent locations are the ovaries, testis and hepa-
tobiliary locations. They are defined as either non-
functioning tumors with symptoms related to
mass effects and malignant tumor disease or func-
tioning tumors with specific hormones/neuropepti-
des autonomously secreted to induce specific clini-
cal syndromes. The tumor cells also have the abi-
lity to take up amine precursors and/or express so-
matostatin receptors (SSTRs or ssts). NETs can
develop either in a sporadic form or as a compo-

DEM‹RKAN  et al.

428

mon/nöropeptid salg›layan fonksiyon gören tümörler olabilirler. Lokalize nöroendokrin tümörler metastatik olanlardan daha nadir-
dir, asl›nda incebarsak nöroendokrin tümörlerin yaklafl›k olarak %75’inde ve pankreas nöroendokrin tümörlerin %30-85’inde tan›
an›nda veya hastal›k seyri s›ras›nda karaci¤er metastaz› mevcuttur. Ana metastatik bölge, primer bölgeden ba¤›ms›z olarak sa¤ka-
l›m›n en fazla belirleyicisi olan karaci¤erdir. E¤er cerrahi rezeksiyon veya hepatik tümöre giriflimsel tedaviler uygulanam›yorsa, ve-
ya matastazlar karaci¤er ile s›n›rl› de¤ilse sistemik tedavi tek seçenektir. Hiçbir cerrahi tedavi karaci¤ere spesifik de¤ildir, fakat tüm
metastatik bölgelere etki eder. Homojen hasta gruplar›nda farkl› tedavi modellerini karfl›laflt›ran prospektif çal›flmalar›n olmamas›,
en iyi tedavi stratejisinin tan›mlanmamas›na neden olmaktad›r. Standart sistemik tedavi seçenekleri somatostatin analoglar› (octre-
otide ve lanreotide), interferon-α ve kemoterapidir. Somatostatin analoglar› sadece fonksiyon gören tümörlerle iliflkili semptomlar›n
kontrolünde de¤il fakat tümör büyümesini de kontrol ederler. Etkinli¤i ile ilgili çeliflkili çal›flmalar ayn› zamanda potansiyel yan et-
ki profili, metastatik nöroendokrin tümörlerin tedavisinde interferon-α’n›n daha yayg›n kullan›m›n› s›n›rlam›flt›r. ‹yi differansiye
nöroendokrin tümörler, düflük mitotik indeks, antiapoptotik protein bcl-2 ve artm›fl çoklu ilaç direnç ekpresyonu nedeniyle kemotera-
piye fazla duyarl›l›k göstermezler. Geleneksel kemoterapi ajanlar›, 5-florourasil veya doksorubisin veya bir ölçüde dakarbazindir.
Faz II çal›flmalarda, tek ajan veya kombine tedavi olarak, temozolamid, kapesitabin, veya okzaliplatin etkinlik göstermektedir. Kö-
tü differansiye nöroendokrin tümörlü hastalar, primer tümor lokalizasyonundan ba¤›ms›z olarak sisplatin ve etoposid kemoterapi
rejimine adayd›rlar. Peptid reseptör radyonüklid tedavi, iyi performans durumu ve yüksek somatostatin reseptör sintigrafi tutulu-
mu olan ayn› zamanda yayg›n karaci¤er metastaz› olmayan hastalar için etkili bir tedavi seçene¤i olarak bildirilmektedir. Temel fib-
roblast büyüme faktörü, vasküler endotelial büyüme faktörü, trombosit derive büyüme faktörü, transforme büyüme faktörü alfa ve
beta, insülin benzeri büyüme faktörü 1, epidermal büyüme faktörü, kök hücre faktörü (c-kit) ve bunlara karfl›l›k gelen reseptörlerin
nöroendokrin tümörlerde eksprese oldu¤u gösterilmifltir. Moleküler hedefe yönelik tedavilerle yap›lan güncel faz II-III çal›flmalar; ile-
ri evre pankreatik nöroendokrin tümör tedavisinde kullan›m› onaylanan oral bir mTOR inhibitörü olan everolimus (RAD001) ve vas-
küler endotelial büyüme faktörü, trombosit derive büyüme faktörü, c-kit reseptörleri, glial hücre dizisinden köken alan nörotropik
faktör ve FMS-benzeri tirozin kinaz-3 (Flt-3) inhibitörü olan oral kullan›lan sunitinib malate (SU-11248) gibi ajanlar› belirlemifltir.
Vasküler endotelial büyüme faktörüne karfl› gelifltirilmifl humanize bir monoklonal antikor olan bevacizumab ile devam etmekte olan
klinik çal›flmalar, ileri evre intestinal nöroendokrin tümörlerde angiogenesis inhibitörlerinin rolünü daha iyi tan›mlayacakt›r. Nö-
roendokrin tümörlerde mikroRNA ile regüle yolaklar ve hedefe yönelik tedavilerle ilgili farkl› yeni stratejiler gelifltirilmektedir.

Anahtar kelimeler: Nöroendokrin tümör, karaci¤er metastaz›, kemoterapi, hedefe yönelik tedavi, biyolojik ajanlar, peptid resep-
tör radyonüklid tedavi



nent of inherited endocrine tumor susceptibility
syndromes such as multiple endocrine neoplasia
(MEN), von Hippel-Lindau syndrome (VHL) and
neurofibromatosis-type 1 (NF-1) (11,12).

Secretory markers are important for the biochemi-
cal diagnosis of “functioning NETs”. A breakdown
product of serotonin, 5-HIAA (5-hydroxyindoleace-
tic acid) can be measured in a urine sample obtai-
ned over 24 hours (h). Although elevated urinary
5-HIAA levels are highly specific for NETs, they
are not particularly sensitive.  The use of 5-HIAA
levels is not limited only by false-positives; they
are also generally elevated almost solely in pati-
ents who have primary midgut (jejunum, ileum,
appendix, and proximal colon) NETs, and are not
useful for either foregut (lungs, thymus, stomach,
and duodenum) or hindgut (distal colon and rec-
tum) NETs. For detection of tumors with low sero-
tonin production or those lacking DOPA decar-
boxylase, measurement of platelet and urine sero-
tonin, respectively, has been recommended, but it
is not widely applied in clinical practice. Other cir-
culating non-specific peptide markers for NET
with lower clinical relevance are synaptophysin,
neuron–specific enolase (NSE), pancreatic poly-
peptide, human chorionic gonadotropin, parath-
yroid hormone-related protein, or calcitonin
(11,13-15).   

For PNETS related with specific clinical syndro-
mes, markers for insulinomas, gastrinomas, glu-
cagonomas, and VIPomas include insulin/proinsu-
lin C-peptide, gastrin, glucagon, and vasoactive
intestinal polypeptide (VIP) levels, respectively. A
common marker for many types of GEP-NETs is
chromogranin A (CGA), a soluble secretory glycop-
rotein localized in neuroendocrine cell vesicles. Le-
vels of circulating CGA are especially useful for
non-functioning tumors, which constitute approxi-
mately 70-90% of GEP-NETs (16). 

Localized NETs are less frequent than metastatic
ones; in fact, up to 75% of patients with small bo-
wel NETs and 30-85% of PNETs  present with li-

ver metastases either at the time of diagnosis or
during the course of the disease (1,11,17). 

The predominant metastatic site in patients with
NET is the liver (75%), which is the best prognos-
tic marker of survival regardless of the primary si-
te (11,18-20).  

Imaging of Liver Metastases

Assessment of the location and extent of disease is
crucial for management. Conventional radiology
(transabdominal ultrasonography (US), computed
tomography (CT), and magnetic resonance ima-
ging (MRI)); selective angiography with or witho-
ut hormonal sampling; and nuclear imaging (so-
matostatin-receptor scintigraphy (SRS) (octreoti-
de scan-111 In-DTPAOC), bone scintigraphy and
positron emission tomography (PET)/CT) are com-
monly used imaging modalities. DOTA-d-Phe(1)-
Tyr(3)-Octreotide (DOTATOC) or DOTA-1-Nal3-
Octreotide (DOTANOC) are highly specific and
more sensitive radiopharmaceuticals with high af-
finity to SSTR-2 and SSTR-2, -3, and -5, respecti-
vely. Labelling of DOTATOC or DOTANOC with
the positron emitter gallium-68 (68Ga) (68Ga-
DOTATOC or 68Ga-DOTANOC) increases the di-
agnostic sensitivity of PET imaging (18,21-27). Pa-
tients with negative 68Ga-DOTATOC or 68Ga-
DOTANOC PET/CT results or those with elevated
plasma serotonin levels, serotonin and catechola-
mine precursors 18 F-dihydroxy-phenyl-alanine
and 11 C-5-hydroxy-tryptophan, respectively, as
tracers are recommended (28). However, for the
routine clinical practice of the new imaging tech-
nologies, more clinical data are still needed.  

All imaging modalities can frequently fail to de-
tect small liver metastases (i.e., tumors <0.5 cm in
diameter), underestimating the true disease ex-
tent, and give little prognostic information. 

Three morphologic patterns of liver metastases
have been defined: single metastasis of any size
(type I); isolated metastatic bulk accompanied by
smaller deposits, with both liver lobes always in-
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WHO 2000
1. Well-differentiated endocrine tumor 

2. Well-differentiated endocrine carcinoma 

3. Poorly differentiated endocrine carcinoma/small cell carci-
noma 

4. Mixed exocrine-endocrine carcinoma 

5. Tumor-like lesions

WHO 2010
1. Neuroendocrine tumor (NET) G1 (carcinoid)

NET G2 (carcinoid) (If the Ki67 index exceeds 20%, it can
be G3)

2. Neuroendocrine carcinoma G3 large or small cell type

3. Mixed adenoneuroendocrine carcinoma 

4. Hyperplastic and preneoplastic lesions

Table 1. WHO classification of gastroenteropancreatic neuroendocrine tumors (8)



volved (Type II); and disseminated metastatic
spread with both liver lobes always involved, a
single lesion of varying size, and virtually no nor-
mal liver parenchyma (Type III). The three growth
types reflect a different grade of aggressiveness of
the disease (G1-3) (11,14,29). 

Systemic Treatment of Liver Metastases    

If surgical resection or interventional therapies of
the hepatic tumor burden are not feasible, or if the
metastases are not confined to the liver, systemic
treatment remains the only option. The choice of
therapeutic option depends on the biological beha-
vior of the tumor according to clinical or histopat-
hological parameters, such as grading and prolife-
ration index (Ki67). Furthermore, the localization
of the primary tumor (foregut, midgut, hindgut)
has to be taken into account. None of the systemic
therapies is liver-specific, but rather acts on all
metastatic sites. 

In metastatic disease, multiple therapeutic appro-
aches are possible. In these cases, the goal is to
improve quality of life and to extend survival. Me-
dical treatment can control the associated symp-
toms and signs of the specific tumors and shrink
the tumor mass. 

The lack of prospective studies comparing diffe-
rent treatment modalities in homogeneous cohorts
of patients makes the best treatment strategy po-
orly defined. Two recent Cochrane reviews on the
optimal management of liver metastases of GEP-
NETs did not reveal any evidence for existence of
optimal therapeutic strategies (30-47). 

Standard Medical Therapies

Biotherapy

Somatostatin Analogues

More than 80% of NETs express SSTRs located on
the cell membrane (Table 2).

Long-acting somatostatin (SST) analogues (octre-
otide and lanreotide) are used frequently to con-

trol hormone-related symptoms and, although the-
ir anti-neoplastic activity has not been widely stu-
died and the available data are discordant, it se-
ems to result prevalently in tumor stabilization.
The analogues bind with high affinity to sst2 and
sst5 and with a lower affinity to sst3. Two long-ac-
ting formulations administered every four weeks
are available (octreotide-LAR and lanreotide auto-
gel) (48-53). 

A few patients who fail to respond or cease to res-
pond to standard SST analogues seem to have a
response to higher doses of these drugs. 

To clarify the issue of tumor growth control, the
PROMID study (Placebo-Controlled, Double-
Blind, Prospective Randomized Study of the Effect
of Octreotide LAR in the control of tumor growth
in patients with Metastatic Neuroendocrine Mid-
gut Tumors) was published in 2009. This placebo-
controlled study included 85 out of 162 planned
treatment-naive metastatic well-differentiated
midgut carcinoids (95.3% of cases with low Ki67
<2%). Not only did octreotide-LAR significantly
lengthen the time to progression (TTP) compared
with placebo (15.6 versus 5.9 months,
p=0.000072), but stable disease (SD) was achieved
in 66.7% and 37.2% of patients with octreotide-
LAR and placebo, respectively, as well. It was ef-
fective in both functioning and non-functioning tu-
mors. Patients with a tumor burden in the liver of
less than 10% and the primary tumor resected be-
nefited the most (median 72 months versus 27.1
months, p=0.0001) (54).

Novel somatostatin analogues, SOM230 or pasire-
otide, have high affinity to sst1, sst2, sst3, and
sst5 (30-40 times higher binding affinity to sst1
and sst5 than octreotide and lanreotide). Ongoing
clinical trials will show their clinical efficacy
(48,55). 

Interferon (IFN)–αα

Leukocyte IFN can stimulate T-lymphocyte functi-
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Tumor SSTR1 SSTR2 SSTR3 SSTR4 SSTR5
All 68 86 46 93 57

Insulinoma 33 100 33 100 67

Gastrinoma 33 50 17 83 50

Glucagonoma 67 100 67 67 67

VIPoma 100 100 100 100 100

N-F 80 100 40 100 60

SSTR: Somatostatin receptor. VIP: Vasoactive intestinal polypeptide. N-F: Non-functioning.

Table 2. Somatostatin receptors in neuroendocrine gastroenteropancreatic tumors [%] (48,49)



on and control the secretion of tumor products. It
was first used in patients with carcinoid syndrome
in 1983. Patients with carcinoid syndrome who
may be resistant to somatostatin analogues alone
have been reported to benefit from combination
therapy with IFN-α for control of symptoms. In
2003, the International Lanreotide and Interferon
Alpha Study Group published a prospective rando-
mized multicenter trial on the antiproliferative ef-
fect of lanreotide, IFN-α and their combination for
therapy of 80 patients with metastatic GEP-NETs
(midgut and foregut). No significant difference in
the overall survival but apparent disease stabili-
zation in a higher proportion of patients (28%,
26%, and 18% for lanreotide, IFN-α and combined
therapy, respectively) suggested that they had a
cytostatic effect. Because of the studies challen-
ging its efficacy, as well as the risk of side effects
including myelosuppression, fatigue, depression,
and alteration of thyroid function, the more wides-
pread acceptance of IFN-α in the treatment of me-
tastatic NETs has been limited (56-61).       

Cytotoxic Therapy

Well-differentiated NETs do not show high sensi-
tivity to chemotherapy because of their low mito-
tic rates, high levels of antiapoptotic protein bcl-2
and increased expression of the multi-drug resis-
tant (MDR) gene. Well-differentiated midgut
NETs show low response rates (10-15%) to tradi-
tional chemotherapeutic agents such as streptozo-
tocin in combination with 5-fluorouracil (FU) or
doxorubicin. However, low-to-moderately differen-
tiated PNET trials with streptozotocin plus 5-
FU/doxorubicin or to some extent dacarbazine as a
monoagent have produced objective response rates
(RR) of 39% and 33%, respectively, and an impro-
ved overall survival (OS) (62-70).   

On the basis of the activity of dacarbazine, temo-
zolomide (TMZ), a new oral alkylating agent sha-
ring its active metabolite (methyltriazen-1-yl-imi-
dazole-4-carboxamide) with dacarbazine, has been
studied in phase II trials including patients with
bronchial carcinoids and PNET. Fifteen percent
partial responses (PR) and 53% SD with a median
TTP of 7 months have been reported (71,72). Be-
cause of the in-vitro synergistic effects between
TMZ and capecitabine, combination therapy for
PNET patients as first-line treatment or after a
prior chemotherapy revealed 71% and 59% RR,
respectively (73). Oxaliplatin-based regimens also
have efficacy and may be considered as salvage
chemotherapy in well-differentiated NETs. In a

trial including XELOX protocol, 40 patients, 13
poorly differentiated NETs and 27 well-differen-
tiated NETs, were treated with capecitabine plus
oxaliplatin (74). 30% PR and 48% SD with a medi-
an duration of remission of 20 months and a medi-
an survival of 40 months were achieved. Patients
with poorly differentiated NET, regardless of the
primary tumor localization, are candidates for
cisplatin and etoposide treatment, with reported
RR of 55-80% and a median duration of response
of 8-11 months (75). 

Peptide Receptor Radionuclide Therapy

Peptide receptor radionuclide therapy (PRRT) tar-
gets a molecule to specific receptors located on the
surface of tumor cells. After interacting with the
receptor, the molecule is internalized to deliver
specific and localized radiotherapy for the precise
destruction of tumor cells with little effect on non-
tumorous tissue, but some exposure of renal, blad-
der and bone marrow tissues (20,52,76). Radionuc-
lides linked with a somatostatin analogue (octre-
otide, octreotate and lanreotide) are 90Yttrium
(90Y), 177Lutetium (177Lu), or 111Indium (111In). If the
tumor expresses more SSTRs than the surroun-
ding tissue, the PRRT will be more effective; thus,
SRS can predict the benefit of the treatment (low
and high uptake indicate 20% and 60% chance of
effect on liver metastases, respectively), and also
the best results are observed in patients with good
performance status and without major liver invol-
vement (77). It is reported that RR and response
duration are better with 177Lu-DOTATATE the-
rapy than 90Y-DOTATATE therapy (20,78). Side
effects of PRRT are hematological and/or renal to-
xicity, which are rare and usually mild. For up to
25% of patients with neuroendocrine hepatic me-
tastases, PRRT can be useful (30,79,80).    

Molecular-Targeted Therapies

Basic fibroblast growth factor (bFGF), vascular
endothelial growth factor (VEGF), platelet-deri-
ved growth factor (PDGF), transforming growth
factor alpha and beta (TGF-α,-β), insulin-like
growth factor type 1 (IGF-1), epidermal growth
factor (EGF), stem cell factor (c-kit),  and corres-
ponding receptors have been shown to be expres-
sed in NETs. 

mTOR is a serine/threonine kinase involved in the
regulation of cell growth and death through apop-
tosis. A rationale for targeting this pathway in
GEP-NETs is the recognized relation existing bet-
ween tuberous sclerosis complex (TSC), phospha-
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tase and tensin homolog (PTEN), NF-1, and the
VHL genes and the development of GEP-NETs. In
a recent study, TSC2 and PTEN downregulation
in a large series of PNETs was shown to be a poor
prognostic factor, supporting an important role for
the PI3K/Akt/mTOR pathway and its inhibition in
the treatment of PNETs (81-84). 

Everolimus (RAD001), an oral mTOR inhibitor,
has been shown to have activity in GEP-NETs.
Furthermore, octreotide can inhibit IGF-1, which
is an upstream activator of the PI3K/Akt/mTOR
pathway. 

RADIANT-1 (RAD In Advanced Neuroendocrine
Tumor), a phase II trail, studied everolimus for its
activity in patients with advanced well- and mode-
rately differentiated PNETs after failure of a pre-
vious chemotherapy. One hundred and sixty pati-
ents were enrolled and received everolimus 10
mg/day. Patients were stratified as follows: stra-
tum 1 received everolimus alone (115 patients)
and stratum 2 received everolimus and octreotide
LAR (45 patients). Overall RR was 9.6% and 4.4%
and SD was 68% and 80% in stratum 1 and 2, res-
pectively. Median progression-free survival (PFS)
was 16.7 months (95%CI, 11.1 months to NA) in
the combined stratum, and 9.7 months (95%CI,
8.3 to 13.3 months) in single agent stratum. Medi-
an OS in stratum 1 was 24.9 months (95%CI, 20.2
to 27.1 months) and not reached for stratum 2. An
early CGA and NSE response, defined as normali-
zation or ?30% decrease at week 4, significantly
correlated with PFS, suggesting a role of these two
circulating biomarkers as predictors of response
and survival. Although better results were obtai-
ned in stratum 2, it is not possible to conclude that
the combination is better than everolimus alone
due to the design of the study (85). 

In another prospective randomized phase III trial
comparing everolimus 10 mg/day plus octreotide
LAR 30 mg/28 days (216 patients) to placebo plus
octreotide LAR 30 mg/28 days (213 patients) in ad-
vanced carcinoid tumors of various origin (RADI-
ANT-2 Study), the preliminary data revealed that
median PFS was 16.4 months in the combined gro-
up versus 11.3 months in the octreotide LAR gro-
up (hazard ratio (HR) 0.77; 95%CI, 0.59 to 1.00,
p=0.026). The study failed to reach the prespecifi-
ed significance level of p=0.0246 (86). 

RADIANT-3 is a prospective randomized phase III
trial that investigated everolimus 10 mg/day plus
best supportive care (207 patients) versus placebo

plus best supportive care (203 patients) in advan-
ced PNET. There was a 2.4-fold prolongation in
median PFS with 11.0 months in the everolimus
group versus 4.6 months in the placebo group (HR
0.35, p=0.0001) (87). Everolimus has been appro-
ved by the Food and Drug Administration (FDA)
for advanced PNETs.  

Current clinical phase II studies with everolimus
in NETs are sorafenib and everolimus (http://Cli-
nicalTrials.gov/identifier:NCT00942682), bevaci-
zumab and everolimus (http://ClinicalTri-
als.gov/identifier:NCT00607113), and erlotinib
and everolimus (http://ClinicalTrials.gov/identifi-
er:NCT00610129).

Sunitinib malate (SU-11248), an oral multitar-
geted tyrosine kinase inhibitor (TKI), is active
against VEGFRs, PDGFRs, c-kit receptors, glial
cell line-derived neurotrophic factor, and FMS-li-
ke tyrosine kinase-3 (Flt 3). 

In a phase II study, 107 patients with NETS (41
carcinoids and 66 PNETs) and documented tumor
progression received sunitinib 50 mg/day orally
for 2 weeks, followed by 2 weeks off. PR was hig-
her in PNETs (16.7%) than in carcinoids (2.4%),
and SD was observed in 68% and 83%, respecti-
vely. Median TTP was 7.7 months for PNETs and
10.2 months for intestinal NETs (88). 

In a prospective randomized phase III study of su-
nitinib versus placebo in advanced PNETs, pati-
ents received either sunitinib 37.5 mg/day (75 pa-
tients) or placebo (79 patients). The trial was hal-
ted prematurely due to more events in the placebo
arm. Sunitinib significantly prolonged PFS with
11.4 months compared with 5.5 months in the pla-
cebo group (HR 0.418, p=0.0001). Although medi-
an OS was not reached, sunitinib was favored by a
HR 0.409 (p=0.0204), but with longer follow-up
there was no statistical difference in OS (89,90).
The FDA and European Medicines Agency (EME-
A) have approved sunitinib for the treatment of
unresectable or metastatic, well-differentiated
PNETs with disease progression in adults (90,91).  

Bevacizumab is a humanized monoclonal anti-
body against VEGF. Neuroendocrine malignancies
are highly vascularized solid tumors. VEGF ex-
pression correlates with a more aggressive tumor
behavior (92,93).

In a randomized phase II trial in advanced carci-
noid tumors, 44 patients with SD on octreotide re-
ceived bevacizumab 15 mg/kg every 3 weeks or we-
ekly pegylated IFN-α2b 0.5 μg/kg during 18 weeks
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(94). The bevacizumab arm showed higher RRs
(18% versus 0%), less disease progression (5% ver-
sus 27%) and longer PFS after 18 weeks (95% ver-
sus 68%). In this study, using a functional CT
scan, a significant decrease in tumor perfusion
was demonstrated in the bevacizumab arm (49%
at day 2 and 28% at week 18). 

A prospective randomized phase III study of beva-
cizumab plus octreotide LAR versus IFN-α plus oc-
treotide LAR in metastatic or locally advanced in-
testinal NETs (http://ClinicalTrials.gov/identifi-
er:NCT00569127), as well as phase II clinical studi-
es of temozolomide plus bevacizumab (http://Clini-
calTrials.gov/identifier:NCT00137774), CAPOX
plus bevacizumab (http://ClinicalTrials.gov/identi-
fier:NCT00398320), FOLFOX plus bevacizumab
(http://ClinicalTrials.gov/identifier:NCT00227617),
and RAD001 plus bevacizumab (http://ClinicalTri-
als.gov/identifier:NCT00607113) are still ongoing
(92-94).      

Various further novel strategies of targeted the-
rapy in NETs are under development. 

MicroRNA-Regulated Pathways

MicroRNAs are small, noncoding RNAs that can
function as gene regulators by posttranscriptional
processing, such as inducing mRNA degradation
or repression of translation. MicroRNAs are usu-
ally downregulated in cancers (95-97).      

While microRNA-133a, -145, -146, -222, -106 are
important in primary NETs, microRNA-183, -488,
-19a+b are important in metastatic NETs (96).
MicroRNA-142-3p, -142-5p, -155, -146a and -483
are upregulated in PNETs as compared to normal
tissue. MicroRNA-210, -431, and -424 are upregu-
lated in metastases as compared with tumors, so
that microRNAs could be used to predict the pro-
bability of metastasis (98,99). Additional studies
are needed to understand microRNA-regulated
pathways and possible therapeutic targets. 

CONCLUSION

Systemic treatment options for a patient with ne-
uroendocrine liver metastases who is not a candi-
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date for surgical resection or interventional thera-
pies because of the hepatic tumor burden or becau-
se of extrahepatic metastases are vast (Figure 1).
The treatment must be tailored specifically to the
patient. Systemic therapies can produce longer li-
fespans as salvage treatment. Although it is hard
to conduct large, randomized-controlled trials be-
cause metastatic NETs are rare tumors, newer
technologies and increased knowledge of path-
ways will enable the development of new treat-
ment options that may improve survival. The use
of prognostic factors for NETs may be helpful for
clinical management and for deciding the approp-

riate treatment for an individual patient (100,
101). 

Evidence-based data on therapeutic sequence
strategies in inoperable metastatic NETs are not
available at present. Consensus recommendations
provided by ENETS (European Neuroendocrine
Tumor Society), NCCN (National Comprehensive
Cancer Network), NANETS (North American Ne-
uroEndocrine Tumor Society), NORDIC Neuroen-
docrine Tumor Group, and ESMO (European Soci-
ety for Medical Oncology) Clinical Practice Guide-
lines  are useful for clinicians in decision-making
(102-106).
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