
Clinical Medicine Reviews in Oncology 2011:3 71–77

doi: 10.4137/CMRO.S7198

This article is available from http://www.la-press.com.

© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Clinical Medicine Reviews in Oncology

S h O R T  R e v i e w

Clinical Medicine Reviews in Oncology 2011:3 71

Sunitinib Efficacy in Advanced Pancreatic Neuroendocrine 
Tumors

Mohamed Abdulla¹ and emad Shash²
¹Department of Clinical Oncology and Nuclear Medicine, Kasr Al Aini Medical School, Cairo University, egypt. 
²Department of Medical Oncology, National Cancer institute, Cairo University, egypt. 
Corresponding author email: emad.shash@oncologyclinic.org

Abstract: Pancreatic neuroendocrine tumors (PNETs) are relatively rare and generally considered to follow an indolent course. 
 However poorly differentiated or metastatic PNETs can also behave in an aggressive manner with a 5-year survival as low as 30% in 
non-functioning PNETs. Many therapeutic agents have been tested in the treatment of NET including Interferon alfa, streptozocin or 
temozolomide-based combination chemotherapy with an objective response of 10%–30%. Moreover these agents are less effective 
in patients with advanced carcinoid tumors and their prolonged use is often associated with added toxicity. A number of other signal-
ing pathways have also been implicated in neuroendocrine tumors, which also express platelet-derived growth factor (PDGF), PDGF 
receptor (PDGFR), insulin-like growth factor-1, insulin-like growth factor receptor, basic fibroblast growth factor, transforming growth 
factor, epidermal growth factor receptor, and stem-cell factor receptor.
Sunitinib malate (SUTENT®; Pfizer Oncology) is a small molecule kinase inhibitor with activity against a number of tyrosine kinase 
receptors, including VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-α, PDGFR-β, stem-cell factor receptor, glial cell line derived  neurotrophic 
factor receptor and FMS-like tyrosine kinase-3.
This review will present data regarding sunitinib progress in PNET, demonstrating its effectiveness and the emerging hope it may pro-
vide for such a disease with limited treatment options.
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Introduction
Pancreatic neuroendocrine tumors (PNETs) are 
 relatively rare and generally considered to follow an 
indolent course. However, poorly differentiated or 
metastatic PNETs can also behave in an aggressive 
manner with a 5-year survival as low as 30% in non-
functioning PNETs.1 The most common presentation 
is the carcinoid syndrome, which is associated with 
high serotonin levels, episodic flushing, diarrhea, and 
right-sided valvular heart disease.2,3 When neuroen-
docrine tumors are diagnosed at an early stage, sur-
gical resection is often curative.4 However palliative 
options for patients with advanced neuroendocrine 
tumors are limited.

Approximately 90% of neuroendocrine tumors 
express somatostatin receptors.5 Although somatostatin 
analogs are effective in ameliorating hormonal secretion 
symptoms, they rarely result in tumor regression.6,7

Many therapeutic agents have been tested in the 
treatment of NET including interferon alfa, strepto-
zocin or temozolomide-based combination chemo-
therapy with an objective response of 10%–30%.8–12 
Moreover, these agents are less effective in patients 
with advanced carcinoid tumors and their prolonged 
use is often associated with greater toxicity.13

The highly vascular nature of neuroendocrine 
tumors led to initial interest in angiogenesis inhibi-
tion as a treatment modality.14 Overexpression of 
vascular endothelial growth factor (VEGF), together 
with VEGF receptor (VEGFR) subtypes, has been 
observed in both carcinoid and pancreatic endocrine 
tumors, suggesting that autocrine activation of the 
VEGF pathway may promote tumor growth.15–17

A number of other signaling pathways have also 
been implicated in neuroendocrine tumors, which 
also express platelet-derived growth factor (PDGF), 
PDGF receptor (PDGFR), insulin-like growth 
 factor-1,  insulin-like growth factor receptor, basic 
fibroblast growth factor, transforming growth fac-
tor, epidermal growth factor receptor, and stem-cell 
 factor receptor.18–26

Sunitinib malate (SUTENT®; Pfizer Oncology) 
is a small molecule kinase inhibitor with activ-
ity against a number of tyrosine kinase recep-
tors, including  VEGFR-1, VEGFR-2, VEGFR-3, 
PDGFR-α, PDGFR-β, stem-cell factor receptor, glial 
cell  line-derived  neurotrophic factor receptor and 
 FMS-like tyrosine kinase-3.27–30

Sunitinib antitumor activity was reported in patients 
with renal cell carcinoma (RCC) and GI stromal 
tumors (GIST) and subsequent trials in both RCC and 
GIST confirmed antitumor activity and safety in these 
tumor types.31–34 This led to approval by the US Food 
and Drug Administration (FDA) in January 2006 and 
the European Medicines Agency (EMEA) in October 
2006 for use in advanced RCC patients as a first line 
of therapy and in GIST patients after disease progres-
sion on, or intolerance to, imatinib therapy. (http://
www.fda.gov and http://www.ema.europa.eu).

This review will present the data regarding suni-
tinib progress in PNET demonstrating its effective-
ness and the emerging hope it may provide for such a 
disease with limited treatment options.

Natural History of the Disease
PNETs have long been considered to be rare as far 
as pancreatic neoplasms are concerned. Surveillance, 
Epidemiology and End Results (SEER) data reports 
an incidence of 1.4%, with a far better overall prog-
nosis and long term survival as compared to cancer 
arising from the exocrine pancreas.35 Interestingly, 
autopsy studies suggest that although not clinically 
apparent, the incidence may actually be higher; up 
to 10%.36

A recent epidemiological study reports a greater 
prevalence of neuroendocrine tumors than previ-
ously reported. Using SEER data from 1973–2004, 
a significant increase in age-adjusted incidence was 
found: 1.09 per 100,000 inhabitants in 1973 to 5.25 
per 100,000 inhabitants in 2004 (Fig. 1). For those 
tumors which originate in the pancreas, the incidence 
was reported to be 0.32 per 100,000 from 2000–2004, 
with a median age of 60 years at diagnosis. These 
tumors are generally felt to be more slow-growing 
and indolent than other malignancies, but in the anal-
ysis only 14% of patients presented with localized 
disease, 22% with regional involvement and 64% 
with distant metastases.37

Standard medical therapy aims to treat symptoms 
of these tumors with somatostatin analogues or inter-
feron alpha. Somatostatin analogues result not only 
in the palliation of symptoms, thereby improving the 
quality of life.38 Therefore, octreotide remains the 
mainstay of treatment for these tumors. In addition 
Streptozosin, adriamycin, 5-FU and dacarbazine have 
been used both as single agents and in combination, 
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with streptozosin/doxorubicin as the recommended 
regimen.39

Well-differentiated PNETs have been found to 
have a poor response to chemotherapy as compared 
to poorly differentiated tumors. This is thought to be 
related to low mitotic rates (the majority of patients 
with a Ki-67 of less than 2% in the PROMID study), 
high levels of bcl-2 and higher expression of the 
multidrug resistance gene.40 A study of cisplatin/ 
etoposide was associated with a 67% response rate 
for poorly-differentiated tumors with little activity in 
well-differentiated tumors, making this an option for 
those less differentiated cases.41

Temozolomide has been also studied as an 
option based on the activity seen with dacarbazine, 
as they both share an active metabolite. Responses 
have been reported for PNET tumors with lower 
levels of O-6-methylguanine- DNA methyltrans-
ferase (MGMT) expression with one study describ-
ing  deficiency of MGMT expression in 51% of 
 pancreatic  neuroendocrine tumor samples, and 34% 

of these demonstrating a partial or complete response 
to  temozolomide based regimens.42

Sunitinib in PNETs: The Rationale 
and the Efficacy
As previously mentioned PNETs have increased 
expression of several receptors, including those for 
EGF, PDGF, insulin-like growth factor (IGF)-1 and 
VEGF. In the RIP1-Tag2 transgenic mouse model 
of pancreatic islet cell carcinoma, sunitinib reduced 
tumor burden and increased median animal sur-
vival (18.8–24 weeks) by inhibiting the prolifera-
tion of VEGFR-dependent endothelial cells and by 
reducing the PDGFR-dependent pericyte coverage 
(P value = , 0.05).43

Among three patients with advanced neuroendo-
crine tumors who entered in the phase I trials primar-
ily referred for tumor progression after several lines 
of chemotherapy, one exhibited an impressive partial 
response and two others experienced sustained tumor 
stabilizations.44 This potential efficacy has paved 
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Figure 1. incidence per 100,000 for neuroendocrine tumors using SeeR data.
Adapted with permission from American Society of Clinical Oncology. © 2008. All rights reserved.37
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the way for the investigation of sunitinb in PNETs 
(Table 1).

Sunitinib in phase ii trial: the potential role
Based on the above-mentioned results; Kulke et al 
Performed a multicentre phase II study in which 107 
patients (carcinoid n = 41; pancreatic n = 66) were 
enrolled at 8 centres in the United States between 
March 2003 and November 2005 in order to assess 
the safety and efficacy of sunitinib in patients with 
advanced neuroendocrine tumors. Eligible patients 
(treatment with prior chemotherapy, embolization, 
or radiotherapy was permitted and patients receiving 
stable doses of somatostatin analogs were allowed to 
continue receiving these treatments) with carcinoid 
and pancreatic endocrine tumors received repeated 
6-week treatment cycles of sunitinib administered at 
an oral dose of 50 mg once daily for 4 weeks, fol-
lowed by 2 weeks off treatment. However, patients 
who had prior treatment with VEGF pathway inhibi-
tors, known brain metastases, a history of cardiac 
arrhythmias, or evidence of myocardial ischemia or 

 cerebro-vascular accident within 12 months were 
excluded.45  Radiologic response was chosen as a pri-
mary end point of the study and patients were also 
observed for time to response/progression, survival, 
toxicity, reported outcomes and drug exposure levels.

The results of this study showed that: overall 
objective response rate (ORR) in pancreatic endo-
crine tumor patients was 16.7% (11 of 66 patients), 
and 68% (45 of 66 patients) had stable disease (SD). 
Among the carcinoid patients, ORR was 2.4% (one 
of 41 patients), and 83% (34 of 41 patients) had SD. 
Median time to tumor progression was 7.7 months 
in pancreatic neuroendocrine tumor patients and 
10.2 months in carcinoid patients. One-year survival 
rate was 81.1% in pancreatic neuroendocrine tumor 
patients and 83.4% in carcinoid patients.45

In both populations no significant differences 
from baseline in patient-reported quality of life or 
fatigue were observed during treatment. The toxicity 
profile of sunitinib in this study was similar to that 
observed in trials of sunitinib in other disease types. 
The most common treatment-related  toxicities were 

Table 1. Selected clinical trials investigating sunitinib in pancreatic neuroendocrine tumors.

Trial Phase Study group Enrolment status Primary outcome
NCT01121562* Phase ii Progressive Advanced/ 

metastatic well-differentiated 
pancreatic neuroendocrine 
tumors

Ongoing, but not 
recruiting participants

Clinical benefit response rate is 
defined as the percent of patients 
with CR, PR or SD with time to 
treatment failure 24 weeks 
according to the ReCiST 
guidelines, relative to the total 
analysis population

NCT00428597* Phase iii Patients with progressive 
advanced/metastatic well- 
differentiated pancreatic islet 
cell tumors

Terminated Progression free survival (PFS)

NCT00434109* Phase ii Sunitinib malate following 
hepatic artery embolization 
for metastatic gastrointestinal 
neuroendocrine tumors

Ongoing, but not 
recruiting participants

Progression-free survival rate at 
12 months after first embolization

NCT01215578* Phase ii Patients with poorly- 
differentiated advanced/ 
inoperable NeURO- 
endocrine tumors

Currently recruiting 
participants

Predictive molecular markers of 
response to sunitinib

NCT00444795* Phase iv well-differentiated advanced 
and/or metastatic pancreatic 
neuroendocrine carcinoma

enrolling participants 
by invitation only

To monitor use in real practice 
including adverse events on 
SUTeNeT capsules (sunitinib 
malate)

NCT00813423* Phase i Patients with advanced 
solid tumors that have not 
responded to chemotherapy

Currently recruiting 
participants

Studying the side effects and 
best dose of sunitinib when given 
together with hydroxychloroquine

Note: *www.clinicaltrials.gov (last accessed April 2011).
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 constitutional (fatigue and anorexia) or GI (diarrhea 
and nausea). Hypertension, a toxicity also observed 
with other inhibitors of the VEGF pathway, was 
observed in 15.9% of the patient population. It is worth 
noting that hypertension was more common in carci-
noid patients than in patients with PNETs (19.7% vs 
9.8%, respectively), a finding possibly related to con-
current secretion of vasoactive neuropeptides in some 
carcinoid patients. A higher incidence of grade III 
leucopenia in PNETs patients than in patients with 
carcinoid cancers (18.2% v 7.3%, respectively) may 
be attributable to the greater number of PNET patients 
who had received prior systemic therapy, including 
cytoxic chemotherapy.45

Kulke et al concluded that treatment with suni-
tinib resulted in objective tumor responses in patients 
with pancreatic neuroendocrine tumors. Sunitinib 
may also be associated with an antitumor effect in 
carcinoid tumors, but this could not be clearly deter-
mined in this non-randomized study. Further inves-
tigation of sunitinib in the randomized setting or in 
combination with other agents is warranted in these 
diseases.

Sunitinib in phase iii trial: the proved 
efficacy
It was evident that the promising results from the 
phase II trial conducted by Kulke et al had set the 
fundamental basis for the launching of a larger phase 
III randomized trial.

A large phase randomized, double-blind placebo 
controlled phase III trial was launched to evaluate 
the efficacy and safety of sunitinib vs. placebo in 
patients with advanced well differentiated PNETs 
who had a disease progression within 12 months 
prior to  enrolment.46 Patients meeting the eligibil-
ity criteria were enrolled between June 2007 and 
April 2009. Median PFS was 11.4 months in patients 
receiving sunitinib vs. 5.5 months in the placebo arm 
(P = 0.0001). The objective response rate with suni-
tinib was 9.3% (95% CI: 3.2% to 15.4%), including 
2 complete responses and 6 partial responses, vs. 0% 
in the placebo arm (P = 0.0066). Overall survival was 
improved with sunitinib (HR: 0.409; P = 0.0204). The 
trial enrolled 171 patients with well- differentiated 
PNETs with disease progression in the prior year and 
they were randomized to receive sunitinib 37.5 mg/day 
(86 patients) or placebo (85 patients). Overall, 95% 

of patients had distant metastases, 89% had prior 
surgery, and about half received prior chemotherapy 
(52% in the sunitinib arm, 59% in the placebo arm).

Approximately 25% of patients received prior 
somatostatin analogs (24% sunitinib arm, 22% pla-
cebo arm). In this study, 49% of patients had function-
ing tumors. Because the study was terminated early, 
median overall survival was not reached. However, 
median progression free survival was found to be sig-
nificantly longer in the group treated with sunitinib 
(11.4 months versus 5.5 months) with fewer adverse 
events (leucopenia, hand and foot syndrome, hyper-
tension and neutropenia ranging from 6%–12% in the 
sunitinib-treated arm).46

In the same trial, the investigators tried to assess 
the patient reported tolerability of the sunitinib arm 
by using a quality of life questionnaire. Overall, 73 
out of 86 patients in the sunitinib group and 71 out of 
85 patients in the placebo group were evaluable. Data 
were obtained on day 1 of every 4 week cycle, and 
data from the first 10 cycles were analyzed. Although 
diarrhea and insomnia seemed to be statistically worse 
in the treatment group, quality of life scores did not 
show clinical or statistically significant  differences. 
Thus, sunitinib appears to be a viable treatment option 
in terms of patient tolerability.47

A sub group analysis was performed in order to 
determine whether there are certain patient charac-
teristics, which might predict a better response to 
sunitinib therapy. The parameters evaluated were age 
(less than 65 years versus more than, or equal to, 65 
years), race (caucasian or not), gender, performance 
status (Eastern Cooperative Oncology Group (ECOG) 
0 compared to 1 and 2), number of sites of metastatic 
disease (2 or less versus 3 or more), and time from 
diagnosis to enrolment in study (more than 3 years 
versus 3 or less). All groups benefited in terms of 
progression free survival. Prior therapy did not have 
an effect on response to treatment. For the analysis, 
72 patients had Ki-67 values available, and for those 
with Ki-67 index equal to, or less than 5%, there was 
a progression-free survival improvement with a haz-
ard ratio (HR) of 0.378 (P = 0.0259).48

Conclusion
It is likely that sunitinib (SUTENT®; Pfizer) dem-
onstrates efficacy in PNETs thereby leading to the 
conclusion that sunitinib is a viable treatment option 
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in all patients with advanced well-differentiated 
 pancreatic neuroendocrine tumors. It is evident 
that sunitinib will pave the way for further trials 
in other neuroendocrine tumor types such as car-
cinoids, poorly-differentiated neuroendocrine dis-
eases, and several other endocrine tumors which are 
dependent on VEGF/VEGFR for angiogenesis. With 
other distinct mechanisms of action, such as mTOR 
inhibitors, which are currently being investigated 
in phase III trials, multiple medical options to con-
trol tumor growth and metastasis will be offered to 
patients in a disease that was thought to have limited  
choices.

Acknowledgement
We would like to thank Mr. William Russell-Edu for 
his help and assistance.

Disclosure
This manuscript has been read and approved by all 
authors. This paper is unique and is not under con-
sideration by any other publication and has not been 
published elsewhere. The authors and peer review-
ers of this paper report no conflicts of interest. The 
authors confirm that they have permission to repro-
duce any copyrighted material.

References
 1. Halfdanarson TR, Rabe KG, Rubin J, Petersen GM. Pancreatic  neuroendocrine 

tumors (PNETs): incidence, prognosis and recent trend toward improved 
survival. Ann Oncol. 2008;19:1727–33. [PMID 18515795].

 2. Feldman J, O’Dorisio T. Role of neuropeptides and serotonin in the  diagnosis 
of carcinoid tumors. Am J Med. 1986;81(Suppl 6B):41–8.

 3. Moller JE, Connolly HM, Rubin J, et al. Factors associated with progression 
of carcinoid heart disease. N Engl J Med. 2003;348:1005–15.

 4. Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid 
tumors. Cancer. 2003;97:934–59.

 5. Reubi J, Kvols L, Waser B, et al. Detection of somatostatin receptors in 
surgical and percutaneous needle biopsy samples of carcinoids and islet cell 
carcinomas. Cancer Res. 1990;50:5969–77.

 6. Oberg K, Kvols L, Caplin M. Consensus report on the use of somatostatin 
analogs for the management of neuroendocrine tumors of the gastroentero-
pancreatic system. Ann Oncol. 2004;15:966–73.

 7. Saltz L, Trochanowski B, Buckley M, et al. Octreotide as an  antineoplastic 
agent in the treatment of functional and nonfunctional neuroendocrine 
tumors. Cancer. 1993;72:244–8.

 8. Oberg K, Eriksson B. The role of interferons in the management of  carcinoid 
tumors. Acta Oncol. 1991;30:519–22.

 9. Kouvaraki M, Ajani J, Hoff P, et al. Fluorouracil, doxorubicin, and 
 streptozocin in the treatment of patients with locally advanced and meta-
static pancreatic endocrine carcinomas. J Clin Oncol. 2004;22:4762–71.

 10. Kulke MH, Stuart K, Enzinger PC, et al. Phase II study of temozolo-
mide and thalidomide in patients with metastatic neuroendocrine tumors. 
J Clin Oncol. 2006;24:401–6.

 11. Delaunoit T, Neczyporenko F, Rubin J, et al. Medical management of pan-
creatic neuroendocrine tumors. Am J Gastroenterol. 2008;103:475–83.

 12. Vilar E, Salazar R, Pérez-García J, et al. Chemotherapy and role of the 
 proliferation marker Ki-67 in digestive neuroendocrine tumors. Endocr Relat 
Cancer. 2007;14:221–32.

 13. Sun W, Lipsitz S, Catalano P, et al. Phase II/III study of doxorubicin with 
fluorouracil compared with streptozocin with fluorouracil or dacarbazine in 
the treatment of advanced carcinoid tumors: Eastern Cooperative Oncology 
Group Study E1281. J Clin Oncol. 2005;23:4897–904.

 14. Turner HE, Harris AL, Melmed S, et al. Angiogenesis in endocrine tumors. 
Endocr Rev. 2003;24:600–32.

 15. Terris B, Scoazec JY, Rubbia L. Expression of vascular endothelial growth 
factor in digestive neuroendocrine tumors. Histopathology. 1998;32: 
133–8.

 16. La Rosa S, Uccella S, Finzi G, et al. Localization of vascular endothelial growth 
factor and its receptors in digestive endocrine tumors: Correlation with micro 
vessel density and clinicopathologic features. Hum Pathol. 2003;34:18–27.

 17. Christofori G, Naik P, Hanahan D. Vascular endothelial growth factor and 
its receptors, flt-1 and flk-1, are expressed in normal pancreatic islets and 
throughout islet cell tumorigenesis. Mol Endocrinol. 1995;9:1760–70.

 18. Chaudhry A, Papanicolaou V, Oberg K, et al. Expression of platelet-derived 
growth factor and its receptors in neuroendocrine tumors of the digestive 
system. Cancer Res. 1992;52:1006–12.

 19. Van Gompel JJ, Chen H. Insulin-like growth factor 1 signaling in human 
gastrointestinal carcinoid tumor cells. Surgery. 2004;136:1297–302.

 20. Zhang PJ, Furth EE, Cai X, et al. The role of beta-catenin, TGF beta 3, 
NGF2, FGF2, IGFR2, and BMP4 in the pathogenesis of mesenteric sclero-
sis and angiopathy in midgut carcinoids. Hum Pathol. 2004;35:670–4.

 21. Nilsson O, Wangberg B, Kolby L, et al. Expression of transforming growth 
factor alpha and its receptor in human neuroendocrine tumours. Int J Cancer. 
1995;60:645–51.

 22. Krishnamurthy S, Dayal Y. Immunohistochemical expression of transform-
ing growth factor alpha and epidermal growth factor receptor in gastrointes-
tinal carcinoids. Am J Surg Pathol. 1997;21:327–33.

 23. Koch CA, Gimm O, Vortmeyer AO, et al. Does the expression of c-kit (CD117) 
in neuroendocrine tumors represent a target for therapy? Ann N Y Acad Sci. 
2006;1073:517–26.

 24. Chaudhry A, Oberg K, Gobl A, et al. Expression of transforming growth 
factors beta 1, beta 2, beta 3 in neuroendocrine tumors of the digestive 
 system. Anticancer Res. 1994;14:2085–91.

 25. Chaudhry A, Funa K, Oberg K. Expression of growth factor peptides and 
their receptors in neuroendocrine tumors of the digestive system. Acta 
Oncol. 1993;32:107–14.

 26. Wulbrand U, Wied M, Zofel P, et al. Growth factor receptor expression in 
human gastroenteropancreatic neuroendocrine tumours. Eur J Clin Invest. 
1998;28:1038–49.

 27. Mendel DB, Laird AD, Xin X, et al. In vivo antitumor activity of SU11248, 
a novel tyrosine kinase inhibitor targeting vascular endothelial growth 
factor and platelet-derived growth factor receptors: Determination of a 
 pharmacokinetic/pharmacodynamic relationship. Clin Cancer Res. 2003;9: 
327–37.

 28. Abrams TJ, Lee LB, Murray LJ, et al. SU11248 inhibits KIT and platelet-
derived growth factor receptor beta in preclinical models of human small 
cell lung cancer. Mol Cancer Ther. 2003;2:471–8.

 29. Murray LJ, Abrams TJ, Long KR, et al. SU11248 inhibits tumor growth 
and CSF-1R-dependent osteolysis in an experimental breast cancer bone 
metastasis model. Clin Exp Metastasis. 2003;20:757–66.

 30. O’Farrell AM, Abrams TJ, Yuen HA, et al. SU11248 is a novel FLT3 
tyrosine kinase inhibitor with potent activity in vitro and in vivo. Blood. 
2003;101:3597–605.

 31. Demetri GD, van Oosterom AT, Garrett CR, et al. Efficacy and safety of 
sunitinib in patients with advanced gastrointestinal stromal tumour after fail-
ure of imatinib: A randomised controlled trial. Lancet. 2006;368:1329–38.

 32. Motzer RJ, Michaelson MD, Redman BG, et al. Activity of SU11248, 
a multitargeted inhibitor of vascular endothelial growth factor receptor and 
platelet derived growth factor receptor, in patients with metastatic renal cell 
carcinoma. J Clin Oncol. 2006;24:16–24.

 33. Motzer RJ, Rini BI, Bukowski RM, et al. Sunitinib in patients with  metastatic 
renal cell carcinoma. JAMA. 2006;295:2516–24.

http://www.la-press.com


Sunitinib efficacy in neuroendocrine tumors

Clinical Medicine Reviews in Oncology 2011:3 77

 34. Motzer RJ, Hutson TE, Tomczak P, et al. Sunitinib versus interferon alfa in 
metastatic renal cell carcinoma. N Engl J Med. 2007;356:115–24.

 35. Key C. Cancer of the pancreas. In: Ries LAG, Young JL, Keel GE,  Eisner MP, 
Lin YD, Horner M-J (editors). Chapter 7. SEER Survival  Monograph: 
 Cancer Survival Among Adults: US SEER Program, 1988–2001, Patient 
and Tumor Characteristics. National Cancer Institute, SEER Program, NIH 
Pub. No. 07-6215, Bethesda, MD; 2007.

 36. Ehehalt F, Saeger H, Schmidt C, Grützmann R. Neuroendocrine tumors of 
the pancreas. Oncologist. 2009;12:456–67. [PMID 19411317].

 37. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, Abdalla EK, et al. 
One hundred years after “carcinoid”: epidemiology of and prognostic fac-
tors for neuroendocrine tumors in 35,825 cases in the United States. J Clin 
Oncol. 2008;26:3063–72. [PMID 18565894].

 38. Rinke A, Müller HH, Schade-Brittinger C, Klose KJ, Barth P, Wied M, 
et al. Placebo-controlled, double-blind, prospective, randomized study on 
the effect of octreotide LAR in the control of tumor growth in patients 
with metastatic neuroendocrine midgut tumors: a report from the PROMID 
Study Group. J Clin Oncol. 2009;27:4656–63. [PMID 19704057].

 39. Moertel CG, Lefkopoulo M, Lipsitz S, Hah RG, Klaassen D. Streptozocin-
doxorubicin, streptozocin-fluorouracil or chlorozotocin in the treatment of 
advanced islet-cell carcinoma. N Engl J Med. 1992;326:519–23. [PMID 
1310159].

 40. Eriksson B. New drugs in neuroendocrine tumors: rising of new therapeutic 
philosophies? Curr Opin Oncol. 2010;22:381–6. [PMID 20473165].

 41. Moertel CG, Kvols LK, O’Connell MJ, Rubin J. Treatment of neuroendo-
crine carcinomas with combined etoposide and cisplatin: Evidence of major 
therapeutic activity in the anaplastic variants of these neoplasms. Cancer. 
1991;68:227–32. [PMID 1712661].

 42. Kulke MH, Hornick JL, Frauenhoffer C, Hooshmand S, Ryan DP, 
 Enzinger PC, et al. O6-methylguanine DNA methyltransferase deficiency 
and response to temozolomide-based therapy in patients with neuroendo-
crine tumors. Clin Cancer Res. 2009;15:338–45. [PMID 19118063].

 43. Pietras K, Hanahan D. A multi targeted, metronomic, and maximum-
 tolerated dose “chemo-switch” regimen is antiangiogenic, producing objec-
tive responses and survival benefit in a mouse model of cancer. J Clin Oncol. 
2005;23:939–52.

 44. Faivre S, Delbaldo C, Vera K, Robert C, Lozahic S, Lassau N, et al. Safety, 
pharmacokinetic, and antitumor activity of SU11248, a novel oral multi tar-
get tyrosine kinase inhibitor, in patients with cancer. J Clin Oncol. 2006;24: 
25–35.

 45. Kulke MH, Lenz HJ, Meropol NJ, Posey J, Ryan DP, Picus J, et al. Activity 
of sunitinib in patients with advanced neuroendocrine tumors. J Clin Oncol. 
2008;26(20):3403–10.

 46. Niccoli P, Raoul J, Bang Y, Borbath I, Lombard-Bohas C, Valle JW, et al. 
Updated safety and efficacy results of the phase III trial of sunitinib (SU) 
versus placebo (PBO) for treatment of pancreatic neuroendocrine tumors 
(NET). J Clin Oncol. 2010;28(15 Suppl):4000.

 47. Vinik A, Bang Y, Raoul J, Valle JW, Metrakos P, Hörsch D, et al. Patient-
reported outcomes (PROs) in patients (pts) with pancreatic neuroendocrine 
tumors (NET) receiving sunitinib (SU) in a phase III trial. J Clin Oncol. 
2010;28(15 Suppl):4003.

 48. Raymond E, Niccoli P, Raoul J, Bang Y, Borbath I, Lombard Bohas C, et al. 
Cox proportional hazard analysis of sunitinib (SU) efficacy across sub-
groups of patients (pts) with progressive pancreatic neuroendocrine tumors 
(NET). J Clin Oncol. 2010;28(15 Suppl):4031.

http://www.la-press.com

