
Ther Adv Med Oncol

(2011) 4(1) 9–18

DOI: 10.1177/ 
1758834011428147

© The Author(s), 2011.  
Reprints and permissions:  
http://www.sagepub.co.uk/ 
journalsPermissions.nav

Therapeutic Advances in Medical Oncology	 Review

http://tam.sagepub.com	 9

Introduction
Pancreatic neuroendocrine tumors (PNETs) are 
uncommon malignancies that arise from endo-
crine cells located in the endocrine tissues of the 
pancreas [Arnold, 2005]. These tumors express 
synaptophysin and chromogranin, detected by 
immunohistochemistry. PNETs are heterogeneous 
and are classified according to their degree of 
differentiation (well-differentiated/low-grade ver-
sus poorly differentiated/high-grade) [Kloppel and 
Anlauf, 2005; Ballian et al. 2009]. Depending on 
the degree of differentiation, these tumors display 
different biological features [Couvelard et al. 2009] 
and clinical behavior (Figure 1). The degree of dif-
ferentiation plays an important role in the thera-
peutic approaches of PNETs. The chemosensitivity 
of grade 1–2 tumors is different from that of grade 
3 tumors. High-grade PNETs have a high prolif-
eration rate as reflected by the high expression of 
Ki67 (MIBI). Treatment of poorly-differentiated/
high-grade PNETs consists mainly of cisplatin–
etoposide (VePeside) combination chemotherapy 
[Moertel et al. 1991]. High-grade tumors are 

initially chemosensitive; however, they almost 
always display further acquired resistance to 
chemotherapy, yielding an unfavorable outcome. 
Conversely, sensitivity of advanced/metastatic well-
differentiated PNETs to cytotoxic systemic chem-
otherapy appears to be unpredictable. Thus, the 
treatment of advanced well-differentiated PNETs 
has not been very well defined and no standard 
active treatment has been really satisfactory.

Well-differentiated PNETs, with a more indolent 
clinical behavior, seem to primarily depend on 
tumor vascularization, as demonstrated by their 
high level of microvessel density [Couvelard et al. 
2005]. These tumors are highly vascularized and 
show high expression of vascular endothelial growth 
factor (VEGF), vascular endothelial growth factor 
receptor 1 and 2 (VEGFR-1, VEGFR-2), and 
platelet-derived growth factor receptors (PDGFR-a 
and PDGFR-b). To date, long-acting somatostatin 
analogs (octreotide or lanreotide) have been the 
best treatment to achieve symptomatic benefit. 
There is evidence of tumor control in carcinoid 
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midgut tumors in the recent placebo-controlled, 
randomized PROMID trial with octreotide [Rinke 
et al. 2009]; however, no patients with PNETs were 
included in the PROMID trial so it is unknown 
whether somatostatin analogs have antitumor activ-
ity in this disease.

For localized disease, surgery remains the mainstay 
of curative treatment for patients with resectable 
well-differentiated PNETs [Eriksson et al. 2009]. 
However, most patients with PNETs are not ame-
nable to curative resection because of multiple 
hepatic, lung, or bone metastasis at the time of pri-
mary diagnosis or recurrences. Chemoembolization, 
radiofrequency ablation, or percutaneous ethanol 
injection are locoregional treatments that may offer 
palliative benefits for patients with metastasis lim-
ited to the liver [Yao et al. 2001; Knigge et al. 2008]. 
For patients with bulky liver involvement, rapid 
tumor progression, or extrahepatic spread, chemo-
therapy has been offered as a palliative approach to 
delay tumor-related symptoms [Vilar et al. 2007].

Cancer cell proliferation is highly variable in well-
differentiated PNETs as reflected by variable 
mitotic indexes and various levels of Ki67 expres-
sion. Variability in cancer cell proliferation may 
have accounted for the inconsistent results using 
chemotherapy in well-differentiated PNETs. A 
trend towards a better benefit from using chemo-
therapy was observed in patients with tumors 

with high mitotic index. So far, the only chemo-
therapy approved for use in PNETs is streptozo-
tocin, a DNA alkylating agent with high toxicity 
for islet cells. Other drugs approved in the treat-
ment of PNET are doxorubicin and 5-fluoroura-
cil, which have been combined with streptozotocin, 
and demonstrated encouraging results in clinical 
trials [Moertel et al. 1980, 1992; Kouvaraki et al. 
2004]. The initially reported response rates of up 
to 69% with doxorubicin–streptozotocin combi-
nation have recently been challenged in clinical 
trials using modern imaging techniques and effi-
cacy criteria, suggesting that the magnitude of 
clinical benefit using streptozotocin-based chem-
otherapy may have been previously overestimated 
[Heng and Saltz, 1999; McCollum et al. 2004]. 
Thus, new treatment options were urgently 
needed for unresectable, advanced and highly 
metastatic well-differentiated PNETs.

In this review, we focus on the mechanism of 
action of sunitinib on PNET angiogenesis and the 
recent clinical evidence of benefit of sunitinib in 
patients with advanced/metastatic PNET (Box 1).

Role of angiogenesis in PNETs
As mentioned above, vascularization has been 
shown to play a role in the development of PNETs 
[Couvelard et al. 2005]. These tumors have a 
well-developed vasculature, mainly dependent on 
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Figure 1.  Therapeutic algorithm for patients with well-differentiated and poorly differentiated pancreatic 
neuroendocrine tumors.
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VEGF endocrine and paracrine secretion, sug-
gesting a possible role for angiogenesis inhibitors 
in their treatment [Casanovas et al. 2005; Inoue  
et al. 2002]. Well-differentiated PNETs seem  
to express higher levels of hypoxia inducible fac-
tor (HIF-1a), VEGF, and microvessel density 
than poorly differentiated PNETs. HIF-1a is 
mainly responsible of inducing VEGF in hypoxic  
condition. These data suggest a major role of 
tumor angiogenesis in the development and 
maintenance of PNETs [Couvelard et al. 2005]. 
Biological data suggest that higher levels of angi-
ogenesis can be observed in tumors with a low  
level of cancer cell proliferation, as measured by 
Ki67 expression [Couvelard et al. 2005]. Further
more, immunohistochemical analysis of tissue 
from malignant well-differentiated PNETs, shows 
widespread expression of PDGFR-α, PDGFR-β, 
stem cell factor receptor (c-KIT), VEGFR-2 and 
VEGFR-3, and epidermal growth factor receptor 
(EGFR) [Couvelard et al. 2005; Casanovas et al. 
2005; Inoue et al. 2002]. Considering that VEGFR 
plays a major role in endothelial cell survival and 
that PDGFR plays a similar function in pericytes, 
both VEGFR and PDGFR were considered as 
potential targets for therapeutic interventions in 
well-differentiated PNETs.

Clinical trials in PNETs
During the last decade, many targeted therapies 
blocking biological targets involved in the devel-
opment of malignancy have been developed, and 

showed significant clinical improvements in the 
treatment of various malignancies. Consistent 
preclinical data on cell signaling pathways 
involved in endocrine tumors led to the identifica-
tion of several drug targets, providing a rationale 
for clinical investigations of targeted therapies in 
well-differentiated PNETs. Owing to the rarity of 
these tumors, until recently clinical experiences 
with novel anticancer agents in PNETs derived 
primarily from noncontrolled phase II studies 
with limited number of patients. The lack of con-
trol group and selection bias that are frequently 
associated with small phase II trials often led to 
inconsistent results, and made it difficult to assess 
the benefit derived from novel therapies in 
patients with PNETs.

Efforts have been made recently to design coop-
erative trials, allowing large randomized studies to 
be performed in these rare tumors. This approach 
has generated more robust data and allowed for 
encouraging progress. For example, Zhang and 
colleagues demonstrated that in patients with 
PNETs, elevated expression of VEGF correlates 
with decreased progression-free survival (PFS) 
and the proportion of patients developing metas-
tasis [Zhang et al. 2007].

Sunitinib
Sunitinib is an anti-angiogenic agent approved for 
the treatment of advanced renal cell carcinoma 
(RCC) and imatinib-resistant or intolerant gastro-
intestinal stromal tumors (GISTs). Sunitinib (suni-
tinib malate; SU11248; SUTENT; Pfizer Inc, New 
York, NY) is an indol derivative: C22H27FN4O2 
that displays stability and solubility. Sunitinib is as 
an oral multi-targeted tyrosine kinase inhibitor 
(TKI) with antitumor and anti-angiogenic activi-
ties. It has been identified as a potent inhibitor of 
VEGFR-1, VEGFR-2, VEGFR-3, KIT (stem-cell 
factor [SCF] receptor), PDGFR-a and PDGFR-b 
in both biochemical and cellular assays (Figure 2) 
[Abrams et al. 2003a; Mendel et al. 2003]. All of 
these receptors are involved in the angiogenesis of 
well-differentiated PNETs. In vitro, sunitinib inhib-
ited growth of cell lines driven by VEGF, SCF, and 
PDGF and induced apoptosis of human umbilical 
vein endothelial cells. In addition sunitinib inhibits 
fms-like tyrosine kinase 3, colony-stimulating fac-
tor-1 receptor (CSF-1R), and glial cell line derived 
neurotrophic factor receptor (rearranged during 
transfection RET), providing rationale for evalua-
tion of sunitinib in PNETs [Mendel et al. 2003; 
Faivre et al. 2007].

Box 1. Search terms used to compile information 
for this review article.

Information for this review was compiled by 
searching PubMed and MEDLINE databases 
for articles published until May 2011. Only 
articles published in English were considered. 
The search terms used included ‘pancreatic 
neuroendocrine tumor’ in association with 
the search terms: ‘angiogenesis’, ‘VEGFR’, 
‘PDGFR’, ‘sunitinib’, ‘everolimus’, ‘bevacizumab’, 
‘mTOR inhibitors’, ‘rapamycin’, ‘rapalogues’, 
‘temozolomide’, ‘streptozotocin’, ‘somatostatin 
analogs’, ‘IGF1-R inhibitor’, ‘natural product’, 
‘metastatic’, ‘clinical trial’, ‘islet cell carcinomas’, 
‘carcinoid tumors’, ‘targeted therapy’, ‘cytotoxic 
therapy’, ‘and ‘prognosis’. Full articles were 
obtained and references were checked for 
additional material and references when 
appropriate. Selected articles from a personal 
collection were also considered.



Therapeutic Advances in Medical Oncology 4 (1)

12	 http://tam.sagepub.com

Additional data on sunitinib in the RIP1-Tag2 
transgenic mouse model of pancreatic islet cell 
tumors demonstrated a 75% reduction in the den-
sity of endothelial cells and a 63% reduction in 
pericyte coverage of tumor vessels as a result of the 
inhibition of VEGFR and PDGFR, respectively 
(Figure 3) [Pietras and Hanahan, 2005; Couvelard 
et al. 2005]. The magnitude of the effect was 
greater than when VEGFR or PDGFR was inhib-
ited alone, suggesting a potential for greater thera-
peutic benefit when both of the receptor families 
are inhibited concurrently [Yao et al. 2006]. In the 
RIP1-Tag2 transgenic mouse model of pancreatic 
islet cell carcinoma, sunitinib reduced tumor bur-
den and increased animal survival by inhibiting the 
proliferation of VEGFR-dependent endothelial 
cell and by reducing the PDGFR-dependent peri-
cyte coverage [Pietras and Hanahan, 2005].

Biological and pharmacological effects of 
sunitinib
Sunitinib exhibited dose- and time-dependent 
antitumor activity in mice, potently repressing  

the growth of a broad variety of human tumor 
xenografts [Mendel et al. 2003; Murray et al. 
2003; Abrams et al. 2003b; Morimoto et al. 2004; 
Yee et al. 2004]. In vivo, sunitinib caused bone 
marrow depletion and effects in the pancreas  
in rats and monkeys, as well as adrenal toxicity  
in rat (microhemorrhages). In monkeys, a slight 
increase in arterial blood pressure and QT inter-
val were reported at higher doses. In vitro metabo-
lism studies demonstrated that sunitinib was 
primarily metabolized by cytochrome CYP3A4, 
resulting in the formation of a major, pharmaco-
logically active N-desethyl metabolite, SU012662. 
This metabolite was shown to be equipotent to 
the parent compound in biochemical tyrosine 
kinase and cellular proliferation assays, acting 
toward VEGFR, PDGFR, and KIT [Baratte et al. 
2004]. Radiolabeled orally administrated suni-
tinib in preclinical species was primarily excreted 
in the feces (rat >71% and monkey >84%).

Pharmacokinetic/pharmacodynamic data from ani-
mal studies showed that target plasma concentra-
tions of sunitinib plus SU012662 capable of 
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Figure 2.  Mechanism of action of sunitinib in endothelial cells expressing the vascular endothelial growth 
factor receptors (VEGFRs). (A) The binding of vascular endothelial growth factors (VEGFs) to VEGFR leads to the 
dimerization of VEGFR and the activation of the intracellular kinase domain of VEGFR. The activation of VEGFR 
requires the presence of adenosine triphosphate (ATP). (B) Sunitinib penetrates into the cytoplasm of cells and 
enters into competition with ATP for the VEGFR ATP-binding pocket. In the presence of sunitinib, the activated 
VEGFR can no longer activate its intracellular kinase domain, preventing further downstream cell signaling.
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inhibiting PDGFR-ß and VEGFR-2 phosphoryla-
tion were established in the range 50–100 ηg/ml 
[Mendel et al. 2003; Murray et al. 2003; Abrams et al. 
2003b]. Interestingly, those data were consistent 
with those observed in patients with acute myeloid 
leukemia in whom exposure to sunitinib led to a sus-
tained inhibition of FLT3 phosphorylation in blast 
cells [O’Farrell et al. 2003]. Although initial studies 
were planned to provide continuous administration, 
the 4 weeks on, 2 weeks off schedule was selected at 
the request of the health authorities to allow patients 
to recover from potential bone marrow and adrenal 
toxicity observed in animal models. As a result of this 
requirement, the clinical development of sunitinib 
was made primarily using the discontinued 4 weeks 
on, 2 weeks off schedule. Further clinical develop-
ment using continuous daily administration showed 
a safe toxicity profile. Since preclinical data in the 
RIP-TAG model suggested that increased invasive-
ness was possible when VEGFR2 inhibition was 
interrupted, the continuous schedule rather than the 
intermittent schedule was selected in the phase III 
trial that led to the approval of sunitinib in PNETs 
[Pàez-Ribes et al. 2009].

Safety of sunitinib
Most of the past experiences of sunitinib used the 
discontinued schedule. The phase I study showed 

that the maximum tolerated dose (MTD) of suni-
tinib was 75 mg and that the recommended dose 
was 50 mg/day, 4 weeks on, 2 weeks off schedule 
[Faivre et al. 2006]. Hypertension and asthenia 
appear to be the most common adverse effects 
with sunitinib (as well as other TKIs) [Faivre et al. 
2006; Willett et al. 2004; Yang et al. 2003; Ahmad 
and Eisen, 2004]. Hypertension usually requires 
standard antihypertensive therapy (or dose reduc-
tion), and treatment discontinuation is less fre-
quently necessary. A decrease in left ventricular 
ejection fraction is a rare but potentially life-threat-
ening complication. A phase I study with sunitinib 
2 weeks on, 1 week off in 12 patients with solid 
tumors showed that five patients presented asymp-
tomatic grade 2 decreases in the left ventricular 
ejection fraction [Britten et al. 2008]. Other adverse 
events are skin toxicity, consisting of dry skin, 
edema, and hand–foot syndrome with/without bul-
lous lesions, observed only at doses ≥75 mg/day 
that may require treatment discontinuation for a 
few days and/or dose reduction [Faivre et al. 2006]. 
The most consistent pathological changes are der-
mal vascular modifications with slight endothelial 
changes in grade 1–2 hand–foot syndrome and 
more pronounced vascular alterations with scat-
tered keratinocyte necrosis and intraepidermal 
cleavage in grade 3 hand–foot syndrome and 
peribullous lesions [Faivre et al. 2006].
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Figure 3.  Sunitinib inhibits vascular endothelial growth factor receptor (VEGFR) in endothelial cells and 
platelet-derived growth factor receptor (PDGFR) in pericytes resulting in the inhibition of angiogenesis in 
pancreatic neuroendocrine tumors (PNETs). Somatosatin receptors that act mainly in tumor cells can be 
used with sunitinib. AKT, protein kinase B; mTOR, mammalian target of rapamycin; PI3K, phosphoinositide 
3-kinase; SSR, somatostatin receptor.
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Sunitinib induces endothelial cell apoptosis in 
vitro and in animal tumor models and pathologic 
changes observed in the skin toxicity suggest that 
dermal vessel alteration and apoptosis might be 
due to direct anti-VEGFR and/or anti-PDGFR 
effects of sunitinib on dermal endothelial cells. 
Consistent with the effects of sunitinib on der-
mal endothelial cells, asymptomatic sublingual 
splinter hemorrhages was observed in several 
patients associated in one case with thrombocy-
topenia suggesting microangiopathy [Rouffiac  
et al. 2004; Robert et al. 2005]. Thrombosis  
has been reported in several other trials of drugs 
that target VEGF and VEGFRs, and was also 
observed with sunitinib [Osusky et al. 2004; 
Marx et al. 2002].

A recent study showed that exposure to SU5416, 
another multitargeted TKI blocking VEGFR, 
increased the susceptibility of endothelial cells to 
be damaged by cisplatin and gemcitabine [Kuenen 
et al. 2003]. Taken together, these results rein-
forced the hypothesis suggesting that VEGF plays 
a protector role for endothelial cells. Reversible 
hair depigmentation was observed with sunitinib 
at ≥25 mg/day. Persistence of melanocytes associ-
ated with hair follicles indicated that sunitinib  
did not affect the migration and survival of mel-
anocytes. It is known that hair pigmentation is 
dependent on the modulation of tyrosinase-
related protein 1 genes and tyrosinase, related to 
the KIT signaling pathway [Kitamura et al. 2004; 
Hemesath et al. 1998; Botchkareva et al. 2001]. 
Blocking KIT/PDGFR with imatinib mesylate 
induced skin depigmentation but paradoxically 
caused hair repigmentation [Tsao et al. 2003; 
Etienne et al. 2002]. Therefore, the graying effects 
of sunitinib may be related to multiple signaling 
pathways inhibition, including KIT, PDGFR, and 
VEGFR [Moss et al. 2003; Robert et al. 2003]. 
Interestingly, gray hair might be regarded as a 
potential surrogate marker to monitor sunitinib 
observance and biologic effects.

Diarrhea, anorexia, dysgeusia, stomatitis and 
edema are other clinically relevant toxicities. 
Fatigue may in part be related to the develop-
ment of hypothyroidism during sunitinib therapy. 
Thyroid hormone levels should be monitored 
during treatment with sunitinib. The occurrence 
of clinical signs of hypothyroidism might need 
treatment with levothyroxine sodium [Theou-
Anton et al. 2009]. Hematologic toxicity, con-
sisting mostly of mild thrombocytopenia and 
neutropenia usually requires no intervention: 

Faivre and colleagues showed that it resolved dur-
ing the rest period with the 4 weeks on, 2 weeks 
off schedule [Faivre et al. 2006].

Although usually well tolerated, sunitinib needs 
to be administered cautiously with medical follow 
up in patients with cancer to prevent, avoid and 
treat adverse effects in order to improve patient 
compliance. Its established antitumor activity 
requires attempting to maintain the highest toler-
able dose in individual patients. Current oral for-
mulations allow physicians to modulate dosages 
(between 25 and 50 mg/day) and/or schedules (4 
weeks on, 2 weeks off or continuous administra-
tion schedule) to optimize the benefit–risk profile 
of sunitinib in individual patients.

Safety of sunitinib and efficacy in PNETs
During the course of the phase I trial, a strong 
antitumor activity was noticed, reflected by the 
unusually high number of objective responses in 
several tumor types [Faivre et al. 2006]. Tumors 
that responded to sunitinib were mainly those 
where the aforementioned kinases play a major 
role in cell proliferation, tumor development, and 
had highly angiogenic activity. These tumors are 
mostly resistant to classical cytotoxic chemother-
apy agents. First responses were observed in 
RCC, and in imatinib-resistant GIST, leading to 
phase II/III trials that subsequently demonstrated 
the efficacy of sunitinib in those two indications 
[Motzer et al. 2007; Demetri et al. 2006]. As  
a consequence, sunitinib has been approved for 
the first-line treatment of patients with advanced 
RCC and for the treatment of patients with  
GIST after disease progression or intolerance to 
imatinib therapy and demonstrated a high level of 
efficacy with acceptable tolerability using either 
the 50 mg/day oral 4-weeks-on, 2-weeks-off 
schedule or the continuous daily administration 
schedule at a lower dose of 37.5 mg/day.

Based on preclinical data strongly suggesting the 
dramatic effects of sunitinib in PNETs and angio-
genesis and encouraging evidence of objective 
responses in patients with neuroendocrine tumors 
(NETs) in phase I trials, a multicenter phase II 
trial was launched with sunitinib (50 mg/day,  
4 weeks on and 2 weeks off) in patients with 
NETs, including carcinoids and PNETs [Kulke  
et al. 2008]. In this trial, among 66 patients with 
advanced PNETs, the objective response rate  
was 16.7%, with 56.1% of the patients experienc-
ing tumor stabilization for more than 6 months, 
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leading to a median time to tumor progression of 
7.7 months [Kulke et al. 2008].

These encouraging results set the basis for a large 
international double-blind randomized phase III 
trial comparing 37.5 mg sunitinib continuous 
daily dosing with placebo in patients with well-
differentiated PNETs progressing within 12 
months before the study entry [Raymond et al. 
2009, 2011]. The study was discontinued early, 
after the independent data and safety monitoring 
committee observed more serious adverse events 
and deaths in the placebo group as well as a  
difference in PFS favoring sunitinib. Median  
PFS was 11.4 months in the sunitinib group as  
compared with 5.5 months in the placebo group 
(hazard ratio [HR] for progression or death,  
0.42; 95% confidence interval [CI], 0.26–0.66;  
p < 0.001) [Raymond et al. 2011]. A Cox pro-
portional-hazards analysis of PFS according to 
baseline characteristics favored sunitinib in all 
subgroups studied. The objective response rate 
was 9.3% in the sunitinib group versus 0% in the 
placebo group. At the data cutoff point, 9 deaths 
were reported in the sunitinib group (10%) versus 
21 deaths in the placebo group (25%) (HR for 
death, 0.41; 95% CI 0.19–0.89; p = 0.02). The 
magnitude of benefit in this trial seems to be 
independent of the bulk of the liver involvement 
by the tumor, previous treatments, prior or con-
current use of somatostatin analogs, and the rate 
of expression of Ki67.

The most frequent adverse events in the sunitinib 
group were diarrhea, nausea, vomiting, asthenia, 
and fatigue as in the other trials [Raymond et al. 
2011]. Results from this trial suggest that contin-
uous daily administration of sunitinib at a dose of 
37.5 mg/day improved PFS, overall survival, and 
the objective response rate as compared with pla-
cebo among patients with well-differentiated 
PNETs. In addition, sunitinib has a good safety 
profile using this continuous daily dosing sched-
ule. In this trial, the safety profile (the frequency 
and magnitude of adverse events) was consistent 
with that previously reported in other trials in 
patients with RCC and GIST. Interestingly, the 
quality of life of patients was not affected by the 
use of sunitinib treatment in this phase III trial.

Based on these data, approvals from the US  
Food and Drug Administration and European 
Medicines Agency have been decided for sunitinib 
in advanced well-differentiated PNETs. It is likely 
that the approval of sunitinib in PNETs provides 

new opportunities for the treatment of this patient 
population and will change the standard of care of 
patients with advanced PNETs. Furthermore, it  
is also likely that sunitinib will be used in future 
clinical trials as a control arm for novel anticancer 
agents that will be developed in patients with 
advanced well-differentiated PNETs.

Conclusions
Sunitinib, demonstrating a good safety profile 
and important efficacy in PNETs, has paved the 
way for further trials in other neuroendocrine 
type tumors, such as carcinoids, more poorly dif-
ferentiated neuroendocrine diseases, and several 
other endocrine tumors that depend on VEGF/
VEGFR for angiogenesis. Furthermore, based  
on these data, combinations of sunitinib with 
somatostatin analogs or chemotherapy may be 
further evaluated in future clinical trials. Other 
options may be using sunitinib in the neo- 
adjuvant or adjuvant setting in patients with 
resectable PNETs at earlier stages of tumor devel-
opment. Interestingly, another targeted agent, the 
mTOR (mammalian target of rapamycin) inhibi-
tor, everolimus, also showed promising activity in 
patients with well-differentiated PNETs [Yao  
et al. 2011]. These trials are the first examples 
demonstrating that targeted agents may have 
activity in patients with PNETs.
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