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Neuroendocrine tumours (NETs) are rare tumours with their 

clinical behaviour depending on the location of the primary 

and grade of diff erentiation. Recently, a number of ran-

domised studies have been published focussing on pancre-

atic NETs which have demonstrated the effi  cacy of new 

therapeutic approaches including thyrosin-kinase inhibition 

and targetting the mTOR pathway. Th e objective of this re-

view is to briefl y sum up systemic treatment options in well 

diff erentiated pancreatic neuroendocrine tumours which are 

currently available. 
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treatment.

Introduction

Pancreatic neuroendocrine tumours are rare, accounting for 

about 1–2% of all pancreatic neoplasms, with an apparently 

increasing prevalence and incidence over the last three dec-

ades [1]. In 2010, the WHO has established a new staging and 

grading system for neuroendocrine tumours originating at 

gastroenteropancreatic sites. Neuroendocrine tumours are 

currently divided into well diff erentiated neuroendodrine tu-

mours, grade 1 or 2 [G1, G2] and poorly diff erentiated carci-

nomas, grade 3 [G3] characterised by a completely diff erent 

clinical behaviour [2]. 

Neuroendocrine tumours (NETs) are graded with re-

spect to the microscopical appearance and the proliferation 

index, using mitoses per high powerfi eld and/or the Ki 67 

staining index. [3] Neuroendocrine tumours show a heterog-

enous clinical course depending on the location of the pri-

mary tumour (pancreas versus gastrointestinal tract NET) 

and histological grading with diff erent response patterns to 

various treatment strategies. Due to the rarity and heteroge-

neity of pancreatic NETs only a limited number of prospec-

tive, randomised trials are available, which nevertheless have 

led to advances in understanding and management in recent 

months. In this article, we will briefl y summarise recom-

mended treatment options for well diff erentiated neuroen-

docrine tumours (G1 and G2) of the pancreas.

Up to 60% of pancreatic NETs present at an advanced 

stage with a median survival of 23 months for metastatic dis-

ease as opposed to patients with localised disease who show 

a median overall survival of 124 months [4]. Th is is most prob-

ably due to the possibility of radical surgery, which is the only 

potentially curative treatment option. In patients with hepatic 

metastases, the role of resection of the pancreatic primary is 

controversely discussed in the literature. While retrospective 

data have suggested a marginal benefi t, this has not yet been 

substantiated by prospective controlled trials and the trend 

might have been due to a selection bias [5]. 

Systemic treatment in advanced stage 
pancreatic neuroendocrine tumours

Somatostatin analogues

Somatostatin analogues (SST-A) have clearly demonstrated 

their impressive potential to control symptoms caused by ec-

topic peptide/hormone secretion (sometimes termed “carci-

noid syndrome”), i.e. fl ush and/or diarrhoea. Pancreatic 

NETs are non-functioning in the majority of patients, with a 

negative impact for non-functioning tumours in terms of 

overall survival having been reported in the literature [6], 

probably refl ecting more intensive work-up and thus poten-

tial earlier detection in patients with peptide/hormone-in-

duced symptoms.

While their use in an attempt to control symptoms is 

clearly established, there are currently no data to suggest an 

antiproliferative eff ect of SST-A in pancreatic NETs, either 

alone or in combination with Interferon-alpha. Currently, a 

large randomised study (CLARINET) including 200 patients 

is being performed to compare the use of the SST-A lanre-

otide versus placebo in non-functioning NETs including 

those of pancreatic origin [7].

Chemotherapeutic agents and new drugs

As opposed to intestinal NETs, pancreatic NETs have been 

shown to be susceptible to systemic treatment (including 

chemotherapy and targeted agents) to a certain extent. 
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 Recently, two drugs have been approved for treatment of this 

rare malignancy as a result of phase III studies. 

Historically, the islet-cell toxin streptozotocin has been 

used in the treatment of pancreatic NETs, and good activity 

with objective response rates up to 69% for the combination 

of streptozotocin 500 mg/m2 i.v. day 1–5 and doxorubicin 

50 mg/m2 i.v. day 1 has been reported [8]. While older trials 

have used either radiological criteria or a decrease in tumour 

markers for defi ning response to therapy, more recent studies 

have assessed this combination relying on objective defi ni-

tions of response by applying RECIST criteria. Side eff ects of 

streptozotocin-based chemotherapy were predictable and 

well manageable with respective supportive therapy includ-

ing hydration and antiemetics, and consisted mostly of mu-

cositis, diarrhoea neutropenia and fatigue in up to 19% of 

patients. In a cohort of 84 patients treated with streptozotocin,  

doxorubicin and fl uorouracil outside of a clinical trial, a pro-

gression free survival (PFS) of 18 months was achieved and 

the overall median survival was 37 months [9], which com-

pares favourably to time to progression seen in trials of tar-

geted therapies.

Promising results were published with the combination 

of two oral chemotherapeutic agents (which are both not yet 

registered in this indication), i.e. capecitabine 750 mg/m2 

twice daily, day 1–14 plus temozolomide 200 mg/m2 once 

daily, day 10–14. In this retrospective analysis, 30 patients 

were included and a high objective response rate (assessed in 

a blinded way according to RECIST criteria by a radiologist 

and a medical oncologist) of 70% (partial response) with a 

median PFS of 18 months was documented. Toxicities were 

moderate and only 12% grade 3 and 4 toxicities were ob-

served. Although the authors have cautioned that this is a ret-

rospective analysis, these data appear nevertheless promising 

and deserve further study [10].

Another systemic treatment option which has become 

available quite recently is the multikinase-inhibitor sunitinib. 

Based on the results of a phase III study comparing sunitinib 

at a dose of 37.5 mg daily versus placebo, sunitinib has been 

approved for treatment of pancreatic NETs. Th e study was ter-

minated early after including 171 patients, 86 of whom re-

ceived sunitinib and 85 placebo. As opposed to previous 

studies in NETs (which are sometimes prone to spontaneous 

stabilisation even in the absence of treatment), radiologically 

verifi ed demonstration of progressive disease within 12 

months before study entry was required. As expected, the ob-

jective response rate was relatively low at 9.3% (vs. 0% in the 

placebo arm), but the principal endpoint progression free 

survival (PFS) was statistically signifi cant with 11.4 months in 

the sunitinib arm versus 5.5 months in the placebo group. 

Side eff ects were not only and predominately diarrhoea in the 

treatment arm, but also vomiting, nausea, asthenia fatigue, 

neutropenia, stomatitis and dysgeusia were reported. Inter-

estingly, fatigue, vomiting and asthenia were also commonly 

seen in the placebo group [11]. For an overview of the medi-

cation discussed in literature see Table 1. 

Th e largest randomised trial in pancreatic NETs to date 

has compared the m-TOR inhibitor everolimus versus place-

bo in 410 patients with documented disease progression 

within the last 12 months. In total, 207 patients received 

everolimus at a dose of 10 mg daily and 203 were given pla-

cebo, and additional therapy with octreotide for symptom 

control was allowed. Th e PFS was again statistically signifi -

cant at 11.0 vs. 4.6 months, which appears comparable to the 

data obtained with the use of sunitinib. At time of analysis, 

there have not been enough events to assess the median over-

all survival, and the potential cross-over after progression 

makes it virtually impossible to assess OS (as was also the 

case in the trial with sunitinib). Moderate drug related side 

eff ects including stomatitis, rash, diarrhoea, fatigue and in-

fection were commonly observed in the treatment group. 

Grade III and IV toxicities were more frequent in the treat-

ment group than in the placebo-arm (Anemia 6% vs. 0%, Hy-

perglycemia 5% vs. 2%), but were manageable in these 

patients. As with sunitinib, however, the rate of objective re-

sponses was low (5% versus 2% in the placebo arm, again un-

derscoring the potential for spontaneous growth arrest in 

these tumours). Th erefore, relevant tumour shrinkages are 

not to be expected, and both agents do not appear suitable for 

potential neo-adjuvant approaches. In addition, the approval 

for both sunitnib and everolimus strictly requires document-

ed progression before administration of the drugs [12].

Everolimus has also been shown to be feasible and ac-

tive after cytotoxic therapy. Recent data, however, have sug-

gested that the eff ect of everolimus might be augmented by 

concomitant administration of SST-A. A non-randomised 

evaluation has included 160 patients who were treated with 

everolimus 10 mg daily. Patients who had been on octreotide 

for at least 3 months before study entry received the combi-

nation of both everolimus and octreotide. Th e response rate 

was 9.6% vs. 4.4% and the PFS  was 9.7 months vs. 16.7 months. 

Tab. 1: Current systemic treatment option for pancreatic NETs

Reference Treatment No of 
patients

Response 
rate

Median OS Median PFS

Moertel et al. 1992 Streptozotocin + doxorubicin/
Streptozotocin + fluorouracil

105 69%* 
45%*

2.2 years
1.4 years

20 months/
6.9 months

Kouvaraki et al. 2004 Streptozotocin + doxorubicin + 
fluorouracil

84 39 % 37 months 18 months

Strosberg et al. 2011 Capecitabine/temozolomide 30 70% – 18 months

Raymond et al. 2011 Sunitinib/placebo 171 9.3%/0% – 11.4 months/5.5 months

Yao et al (Radiant 3) 2011 Everolimus/placebo 410 5%/2% – 11.0 months/4.6 months

Yao et al. 2010 Everolimus/ + octreotide 160 9.6%/4.4% 24.9 months/– 9.7 months/16.7 months

*response not according to RECIST criteria.
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Side eff ects were moderate including stomatitis, diarrhea, 

rash, fatigue, nausea and asthenia. Th ese data suggest that 

the combination of everolimus and SST-A might be benefi -

cial; however, this was a stratifi ed patient cohort and not a 

randomised trial [13]. 

Conclusion

Pancreatic neuroendocrine tumours are often diagnosed at 

an advanced stage, but as localised surgery is the only cura-

tive treatment option so far, radical surgery should be per-

formed whenever possible. However, it should again be 

emphasised that surgical resection should be performed in 

high volume centers with large experience in managing such 

patients in order to minimise perioperative complications. 

Resection of the primary in the presence of metastatic disease 

is not universally recommended (as opposed to intestinal 

NETs) and should be considered on an individual basis [3]. 

Despite increasing data from prospective randomised 

trials in advanced pancreatic NETs no clear treatment algo-

rithm to favour one treatment option over the other is estab-

lished which is refl ected in the American and European 

NET-guidelines. [14, 15]. Th e use of SST-A in patients with 

symptoms is clearly recommended, however, in asympto-

matic patients no benefi t could be demonstrated so far. Al-

though there is some evidence that everolimus is eff ective 

after treatment failure of streptozotocin based treatment regi-

mens, application of streptozotocin-based regimens as fi rst 

line therapy depends on the experience of the respective 

center with this drug.

Th ere is common consensus that neoadjuvant or adju-

vant strategies cannot be recommended in daily clinical prac-

tice, as the induction of an objective tumour response is 

exceedingly rare using novel agents and has not been clearly 

studied in this setting with conventional streptozotocin-

based therapies. Th e recently published data with capecitab-

ine and temozolomide require further verifi cation in a 

prospective study.

It needs to be strongly emphasised that therapy is only 

recommended after documented progression in otherwise 

asymptomatic patients, because pancreatic NETs might show 

spontaneous stable disease for a prolonged period of time 

even without any treatment and due to the potential side ef-

fects of various treatment strategies.

In summary, new systemic treatment approaches have 

become approved in the last year, but it should be mentioned 

that the choice of therapy should be based on individual fea-

tures (i.e. expected side eff ects and comorbidities).
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