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Epidemiology
Gastro-enteropancreatic neuroendocrine tumours
(GEP NETs) have an incidence between 2.5 and 4 per
100,000 population per year, an incidence that has
been increasing over the years in the UK. They have
traditionally been classified according to their
localisation, foregut, midgut or hindgut, with ~10%
secreting biologically active hormones. The majority
are malignant, with a slowly progressive course.
Liver metastases are frequent, and may cause the
carcinoid syndrome, whereas some 20-30% of NETs
present with distant metastases at diagnosis. In the
UK, the 5-year relative survival rate is 42.5% (56.9%
for well-differentiated and 7.7% for small-cell
carcinoma). Patients with midgut NETs have a better
prognosis, while the presence of hepatic metastases
results in a 5-year survival rate of 56% from the
diagnosis of liver metastases. The new WHO
classification (2010) recognises grade 1 and grade 2
NETs, and grade 3 neuroendocrine carcinoma, which
should now be used alongside a TNM classification. 

Therapy of gastro-enteropancreatic tumours
Resection of the primary tumour or palliative
therapies to reduce secondary liver lesions (partial
hepatectomy, radiofrequency ablation, selective
artery embolisation or chemoembolisation) may
prolong survival and induce partial or radiological
and clinical responses in 83% and 62% of patients,
respectively. There is, however, no effective curative
therapy when complete resection is impossible. 

Standard cytotoxic chemotherapy is only weakly
effective, especially for midgut tumours, and data on
the efficacy of interferon-α are controversial. More
recently, temozolomide alone or in combination with
thalidomide in patients with advanced malignant
neuroendocrine tumours (previously treated) has
shown an improved response, with stabilisation of
disease for the majority and some partial responses,
leading to improved survival.

The use of somatostatin analogues (SSA), based on
the expression of somatostatin receptors in the majority
of GEP NETs, is effective in controlling clinical
symptoms related to hormonal secretion in >60% of
patients, and reduction of biochemical markers in up to
59% of patients. SSA alone or in combination with
interferon-α has resulted in tumour mass reduction in
a minority of patients, but in tumour stabilisation in
about half of the patients with midgut tumours. 

Radionuclide therapy with 131I-MIBG or 90Y-
DOTA-Lanreotide, or embolisation with 90Y-labeled
microspheres, can achieve variable responses: cure
rates of 3-16%, partial responses of 17-84%, with
disease stabilisation in 23-63%, and improvement of
symptoms in up to 80%.

Recent therapeutic prospects

Somatostatin analogues
The first placebo-controlled phase-IIIb prospective
randomised PROMID study showed that octreotide
LAR prolongs the time to tumour progression (14.3

versus six months) in patients with metastatic well-
differentiated (functional and non-functional)
neuroendocrine midgut tumours. Stable disease was
observed at six months in 66.7% of patients (versus
37.2% on placebo), with greater benefit to patients
with limited  hepatic involvement (<10%) [1]. A
trial of lanreotide autogel as an anti-tumour agent for
non-functioning pancreatic neuroendocrine tumours
(PNETs) – the CLARINET study – is nearing
conclusion. 

A new SSA, SOM230 (pasireotide), with broader
affinity for somatostatin receptors sstr 1, 2, 3 and 5,
has been used in a phase-II trial in patients with
metastatic GEP NETs presenting carcinoid-related
symptoms resistant to octreotide LAR (an SSA with
affinity for sstr 2 and 5). Control of symptoms was
obtained in 27% of patients; 20% had stable disease
(SD) at 6 months, and 5% progressive disease (PD)
[2]. Lanreotide autogel is an alternative long-acting
SSA that can be self-injected.

There is also considerable interest in a serotonin
synthesis inhibitor as a novel treatment for the
carcinoid syndrome; it may also decrease mesenteric
and cardiac valvular fibrosis, with some early results
looking promising.  

Systemic chemotherapy
Temozolomide, an oral alkylating agent, in
combination with capecitabine as first-line
chemotherapy in patients with metastatic pancreatic
well-moderately differentiated PNETs, achieved an
excellent and durable response. The radiographic
partial objective response rate (ORR) was 70% of
patients, with a median progression free survival
(PFS) of 18 months, and two-year survival rate of
92% [3]. However, the number of patients treated
was small, and larger trials are awaited. 

Peptide receptor radioligand therapy
Recent trials with peptide receptor radioligand
therapy (PRRT) have shown improved efficiency in
the treatment of advanced GEP NETs. 

In a large prospective trial, patients with
metastatic carcinoid tumours refractory to octreotide
were treated with 90Y-Edotreotide.  The median PFS
was 16.3 months and overall survival 26.9 months;
the median PFS was longer in patients with
symptomatic response compared to non-responders
(18.2 versus 7.9 months), whereas, 74.4% patients
achieved objective tumour response or SD in
asymptomatic patients before treatment (17.0
months) [4]. Encouraging results were also observed
in patients with advanced inoperable GEP NETs
treated with 90Yttrium-DOTATOC or 177Lutetium-
DOTATOC. All patients reported a symptomatic
response and marked reduction of biochemical
parameters [5]. The radiologic responses were
complete response (CR) in five patients, PR in 11
patients, SD in 42 (61.8%) patients, and PD in 10
patients, with better responses in pancreatic NETs.
The median PFS was 29 months [5]. 

In a small retrospective study, PRRT (90Yttrium-
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DOTATOC or 177Lutetium-DOTATOC/
DOTATATE – concomitant SSA therapy in
the majority of patients) showed promising
results in patients with advanced malignant
gastrinomas [6]. The radiologic responses
were CR in 1 patient, PR in five patients, SD
in five patients (45%), with anti-tumour
effect persisting for a median of 14 months;

four patients (36%) with PD died – the time
to progression (TTP) was 11 months [6]. 

Molecular targeting agents for endocrine
cancer
Due to the overexpression of different
components and/or the aberrant activation
of several signalling pathways in GEP NETs

(IGF-1R, EGFR, VEGF, VEGFR, FGFR,
mTOR), and with the advent of molecular
targeted cancer therapies, a specific targeted
and more powerful approach to the treatment
of these endocrine tumours seems to be the
ideal basis for future therapies. More
efficacious therapeutic approaches arise as
combinations of conventional chemotherapy

Table 1. Main clinical trials (Phase II and III) with molecular targeted therapies for GEP NETs

TKI agent Mechanism of I Study phase Type of tumour, Response to therapy
action of TK number of patients (in evaluable patients) Reference

Imatinib EGFR inhibitor Phase II Advanced carcinoid PR 3.7%; SD 63%; PD 33.3%; (7)
(concurrent OLAR) tumours* (n = 27) PFS 24 weeks; OS 36 mo  

(median PFS 5.9 mo)

Gefitinib EGFR inhibitor Phase II Progressive metastatic PR 6.8%, SD 37.3%, PFS 64% (8) 
NETs (carcinoid 57, carcinoid and 13% PNET at
PNETs 39) 6 mo

Sorafenib BRAF, VEGFR2 Phase II Metastatic NETs PR 20%, SD 29.3% (9)
and PDGFRbeta (carcinoid 50, PNET 43) 
inhibitor

•Sunitinib VEGFRs and •Phase II •Advanced NETs •PNET:ORR (PR) 16.7%;  (10)
PDGFRs inhibitor (carcinoid* 41, PNETs 66) SD 68%; PD 7.6%, TTP 7.7 mo

Carcinoid*: ORR (PR) 2.4%; 
SD 83%; PD 2.4%, TTP 10.2 mo

•Sunitinib •Phase III, •PNETs  •PFS 11.4 months vs. 5.5 months (11)
versus placebo randomised well-differentiated placebo; ORR 9.3% vs. 0% placebo;
(concurrent OLAR) (n = 171) SD 63% vs. 60% placebo;

deaths 10% vs. 25% placebo

Bevacizumab Monoclonal anti Phase II Metastatic NETs St I: BO: PR 18%, SD 77%, (12)
+ OLAR (BO) vs. VEGF antibody randomised, (n = 44) PD 5%, PFS 95% at 18 weeks;
OLAR + pegIFN cross-over at OpegI: PR 5%, SD 68%,
(OpegI) (Stage I) 18 weeks for PD 27%,  PFS 68% at 18 weeks

PD all pts
Bevacizumab St II:overall median PFS 14.4 mo, 
+ OLAR + pegIFN 1-yr, 2-yr, 3-yr OS rates 93%, 
(BOpegI) (Stage II) 67% and 56%

Bevacizumab Monoclonal anti Phase II Metastatic carcinoid Median PFS 11.3 mo (13)
+ 2ME2 VEGF antibody prospective tumours (n = 31) Radiologic response 0%: 
(concurrent OLAR) tumour reduction 68%

Bevacizumab Monoclonal anti Phase II Advanced NETs (n = 34) Biochem response: reduction (14)
+ temozolomide VEGF antibody prospective (carcinoid 16, PNET 18) > 50% in 36% PNETs,
(concurrent OLAR) 0% carcinoids; radiol response NA

Bevacizumab Monoclonal anti Phase II  Metastatic or unresectable PR23%, SD 71%, PD 6% (15)
+ capecitabine VEGF antibody prospective NETs (n=31 evaluable) Median PFS 13.7 mo,
+ oxaliplatinum 1-year PFS 52%

MK-0646 IGF-1R inhibitor Phase II Metastatic well- SD 20% for > 6 mo (16)
prospective differentiated NETs

(carcinoid 15, PNETs 10)

Temsirolimus mTOR inhibitor Phase II Advanced progressive PNET:PR 6.7% and CT:  (17)
NETs (carcinoid+ PR 4.8%; TTP 6 mo; 
PNET, n=37) 1-year OSR 71.5%  

(median PFS 6 mo)

Everolimus + OLAR mTOR inhibitor Phase II NETs low/intermediate PR 22%; SD 70%; PD 8% (18)
(carcinoid 30, PNETs 30) Median overall PFS 15 mo

Everolimus (E) vs. mTOR inhibitor Phase II Metastatic PNETs E: PR 9.6%, SD 67.8%, (19)
everolimus+OLAR (n = 160) PD 13.9%, overall median
(EO) PFS 9.7 mo

EO: PR 4.4%, SD 80%, PD 0%, 
overall median PFS 16.7 mo

Everolimus vs. mTOR inhibitor Phase III Advanced PNET Median PFS 11.0 mo (20)
placebo (concurrent randomised (n = 410) vs. 4.6 mo placebo
OLAR) At 18 mo: 34% pts alive and 

PFS vs. 9% placebo

Everolimus + OLAR mTOR inhibitor Phase III Advanced NET (well & E+O: median PFS 16.4 mo, (21)
vs. placebo + OLAR randomised moderately differentiated) P+O: median PFS 11..3 mo

(n = 429)

[PFS progression free survival; PR partial response; CR complete response; SD stable disease; PD progressive disease; OS overall survival; ORR overall objective
response rate; OLAR octreotide LAR; pegIFN pegylated interferon; NETs neuroendocrine tumours; GEP NETs gastroenteropancreatic neuroendocrine tumours;
PNETs pancreatic neuroendocrine tumours]
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and/or molecular targeted agents. Table 1
summarises the current phase-II and phase-
III clinical trials with tyrosine kinase
inhibitors (TKIs).

EGFR inhibitors
Gefitinib or imatinib, EGFR inhibitors, have
shown only modest responses as
monotherapy in advanced GEP NETs. The
radiologic and biochemical response to
imatinib consists mainly of stable disease (up
to six months), but a larger proportion of
patients have progressive disease [7]. A
phase-II trial with gefitinib in 96 patients with
islet cell carcinoma and carcinoid showed
preliminary results of PR in three patients, SD
in 14% and 30% of patients, respectively [8].

Anti-angiogenic therapy
Although the results with sorafenib
monotherapy in GEP NETs are limited [9],
other anti-angiogenic agents seem to have
greater efficacy. The anti-tumour activity of
sunitinib (ORR and SD) was more obvious in
PNETs compared to malignant carcinoids,
with limited median TTP, but similar
survival rates (81 and 83%)  [10]. A large
multicentre, randomised, placebo-controlled
phase-III clinical trial with sunitinib
continuous daily regimen (prior therapies
allowed) in patients with advanced PNETs
confirmed the previously observed benefits
[11]. There was an improvement of PFS to
11.4 months (versus 5.5 months), with a
probability of PFS of 71.3% at six months for
sunitinib versus 43.2% for placebo, and an
ORR of 9.3% versus 0% favouring sunitib
[11]. The study was discontinued early as
patients given placebo had more adverse
events and deaths, with shorter PFS.

A comparison of the combination of
bevacizumab and octreotide LAR with
pegylated interferon and octreotide LAR
favoured the first approach. A greater objective
response (PR + SD) rate (96% versus 73%)
and higher 18-weeks PFS (95% versus 68%),
with reduction of tumour blood flow seen with
functional CT that did not correlate with the
tumour response [12], was found. Joint
treatment with bevacizumab and 2-
methoxyestradiol, both exerting anti-
angiogenic effects, of pretreated patients with
metastatic carcinoid tumours resulted in
prolonged PFS time, although no significant
radiologic tumour reduction was detected [13].

In combination with a different
chemotherapy regimen, bevacizumab showed
promising activity in patients with advanced
NETs (carcinoids and PNETs). The trial with
concurrent temozolomide is ongoing [14], as
is another phase-II trial with capecitabine and
oxaliplatinum in metastatic or unresectable
NETs [15]. Preliminary results are promising,
with higher objective response (PR) 23%, and
mainly SD (71%), with median PFS 13.7
months and 1-year PFS of 52% [15].

IGF-1R inhibitor
A phase-II trial with MK-6046, an IGF-1R
inhibitor, showed limited anti-tumour
activity in patients with well-differentiated
NETs, with SD in 20% of patients for six

months or longer [16]. This trial was
discontinued as this compound was
insufficiently efficacious as a monotherapy.

mTOR inhibitors
Temsirolimus, a mTOR inhibitor blocking
the IGF-1R and Akt signalling, has given
poor response rates [17], everolimus
(RAD001), used in combination with SSA in
advanced low-intermediate grade NETs,
produced a PR in 22% of patients with SD in
70%, with a median overall PFS of 15
months [18]. Everolimus and octreotide
showed greater efficacy than everolimus
alone in patients with metastatic PNETs
after failure of systemic chemotherapy, the
median overall PFS being longer (16.7
versus 9.7 months and no PD) [19].

A large multicentre randomised placebo-
controlled phase-III clinical trial RADIANT-3
demonstrated prolongation of the
progression-free survival (11.4 months
versus 4.6 months for placebo) by
everolimus in patients with advanced
pancreatic low to intermediate grade
progressing NETs [20]. Estimates for PFS
and patients alive at 18 months were 34%
and 9%, respectively, but the median overall
survival was not reached [20]. According to
RECIST criteria, tumours shrank in 64%
versus 21% with placebo [20]. 

A randomised double-blind phase-III
study RADIANT-2 with everolimus
combined with octreotide LAR versus
placebo and octreotide LAR in patients with
advanced progressive well-moderately
differentiated NETs reported superior
efficacy, prolonging PFS by 5.1 months (16.4
versus 11.3 months), with a 23% reduction
in the risk of disease progression [21].
However, the statistical significance
depended on whether there was local or
central assessment of tumour, and the study
remains under analysis. 

Conclusions and future challenges
Targeted therapies used in combinations
between TKIs or with standard agents
(systemic chemotherapy, somatostatin
analogues) seem to be the best hope for
therapy in these tumours. Several clinical
trials assessing the therapeutic effects of
different novel TKIs, often combined with
somatostatin analogues for the treatment of
GEP NETs, are ongoing. The drug-related
adverse effects are relatively well tolerated,
but dose adjustment may be required.

Both sunitinib and everolimus are now
likely to be part of the therapeutic
armamentarium for progressive NETs,
especially PNETs. Everolimus can be used
concurrently with octreotide LAR.

It is also important to determine the
therapeutic benefits of TKIs used as
neoadjuvant therapy, and effects of the
sequential or continuous use of these agents
in the long-term. However, it is
disappointing that any benefits seen with
these agents seem to be limited in time.  It
is possible that tumour escape might be
prevented by combination therapy, either
with several targeted agents or with

chemotherapy and/or radionuclide therapy.
It may be some time before we can truly see
long-term remissions. 

One issue that needs to be addressed in
future clinical trials is the extremely
elevated costs of these therapies, which will
have to be considered in balance with their
therapeutic benefits and improvement in the
quality of life. A new quality of life
assessment tool specifically designed for
NETs should soon be available. All these
major challenges will play a determinant
role in future therapeutic trends. n

Key points
• GEP NETs are malignant tumours

characterised by slow
progression, but once there are
advanced metastases, severe
comorbidities can result, e.g.
mesenteric fibrosis and carcinoid
heart disease.

• Patients with functionally active
or inactive GEP NETs would
benefit from somatostatin
analogue therapy for controlling
clinical symptoms, but also for
reducing tumour growth and
metastases.

• Octreotide LAR will only increase
progression-free survival in
‘midgut’ NETs.

• Temozolomide as single agent or
in combination with capecitabine
in patients with advanced PNETs
has proved to be efficacious.

• Proven therapeutic efficacy has
been reported for sunitinib in
advanced progressive well-
differentiated PNETs, and for
everolimus in advanced
progressive well-moderately
differentiated PNETs and low-
intermediate grade NETs.
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