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Summary
Neuroendocrine tumors (NETs) describe a heterogeneous group of tumors with a wide range of morphologic, functional, and
behavioral characteristics. These tumors are generally slow growing and behave in an indolent fashion. However, they have the
potential to spread, primarily to the liver and when they do, they can be life threatening and difficult to treat with current modalities.
A subset of NETs, the pancreatic neuroendocrine tumors (pNET) represent a small percentage of all pancreatic tumors (1.3%) but
their incidence is rising. Prior to 2011, the only approved agent for unresectable pNETs was streptozocin (often used in combination
with doxorubicin) but the efficacy of this drug was questionable. In 2011, the landscape of treatment for pNET was changed with the
approval of the first new agents in 20 years, sunitinib and everolimus, that demonstrated improvement in time to progression in
patients with progressive pNET. Sunitinib is a multikinase inhibitor and everolimus is an inhibitor of the mammalian target of
rapamycin (mTOR) pathway. These drugs were approved by the Food and Drug Administration (FDA) on the basis of separate large
randomized placebo-controlled trials. Data from these two trials and an additional phase III trial looking at everolimus in other
neuroendocrine tumors has generated intense interest in this challenging disease. At the 2012 American Society of Clinical
Oncology (ASCO) Gastrointestinal Cancers Symposium, several researchers presented updated data regarding the risk stratification,
treatment, and outcome for patients with pNET in the new era of targeted therapy. Choti et al. (Abstract #187) reviewed
demographic data from a large set of patients who presented to National Comprehensive Cancer Network (NCCN) sites with
neuroendocrine tumors. Casciano et al. (Abstract #226) and Signorovitch et al. (Abstract #237) presented post-approval analysis of
the relative role of everolimus and sunitinib in the treatment of pNET. Alistar et al. (Abstract #166) explored predictive biomarkers
in pNET, and Yao et al. (Abstract #157) conducted multivariate analysis of patients treated with everolimus in the phase III,
RADIANT-2 trial which included the identification of relevant biomarkers. Hobday et al. (Abstract #260) and Bergsland et al.
(Abstract #285) reported phase II data from two clinical trials looking at novel targeted combinations for the treatment of pNET.
Finally the role of treatment for poorly differentiated NETs (including pNETs) remains ill-defined and Yamaguchi et al. (Abstract
#274) presented a report reviewing the experience at 23 centers in Japan in treating this population. The authors review and
summarize these abstracts in this article.

What Did We Know Before the 2012 ASCO
Gastrointestinal Cancers Symposium?
Neuroendocrine tumors (NETs) consist of a diverse
group of tumors composed of cells showing
neuroendocrine cell differentiation (secretory granules),
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a subset of which can be further classified by their
dominant secretory products. Although it was thought
that the neuroendocrine cells that give rise to NETs
migrated from the neural crest to the gut endoderm, it
is now apparent that enteropancreatic neuroendocrine
cells originate from multipotent stem cells that give
rise to all epithelial cell types in the gastrointestinal
tract and pancreas [1]. NETs show heterogeneity in
morphologic, functional and clinical features [2]. Due
to the non-uniform nature of this disease reflected by
large differences in survival rates with regard to
primary tumor site, histologic degree of differentiation
and cell type of tumor, it has been challenging to
understand the true natural history of NETs. A
confounding issue has been the lack of uniform
pathological classification or staging system for NETs.
At the ASCO GI Cancers Symposium in 2012, several
members of the National Comprehensive Cancer
Network (NCCN) presented data on the distribution of
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these tumors at their institutions. In Abstract #187 [3],
Choti et al. describe preliminary results from a newly
formed database of all adult patients admitted to 7
NCCN institutions with neuroendocrine tumors
between the years of 2004 and 2007. They identified
2,542 patients; the majority was diagnosed with
carcinoid (51%), the next largest group was diagnosed
with pNET (27%). In this sample 53% of patients were
women and the median age of diagnosis was 55 years.
Use of this database and other national databases will
help improve our understanding of the incidence and
natural history of this disease.
A subset of NETs involving the pancreas previously
termed islet cell tumors or islet cell carcinomas are
designated pancreatic NETs (pNETs). Although pNET
represent a small percentage of all pancreatic tumors
(1.3%), the prevalence of these tumors is significant
(9.9% of all pancreatic tumors) and the incidence is
increasing [4]. The incidence of pNETs is significantly
underestimated in tumor registries including the
Surveillance, Epidemiology and End Results (SEER)
program which include only malignant neoplasms.
Criteria for assessing malignant behavior in pNET
include invasion of adjacent organs, regional or distant
metastases in addition to tumor mitotic index. In
tertiary oncology centers, the majority of patients with
malignant pNETs represent advanced stage tumors
with approximately 65% of patients presenting with
unresectable or metastatic disease [5]. Prior to 2011,
the only approved agent for unresectable disease was
streptozocin which was approved prior to 1984 after
demonstrating some efficacy in studies in the 1980’s
(either alone [6] or in combination with doxorubicin
[7]). Further studies have questioned the efficacy of
streptozocin [8] and there had not been any new drugs
approved in the last 20 years. As a result patients with
unresectable pNETs have a poor prognosis. The
median survival time for patients with distant
metastatic disease is 24 months [5]; the 5-year survival
rate of patients with metastatic disease is 30 to 40% [9]
and has not changed for 20 years. Several inherited
syndromes associated with pNETs including multiple
endocrine neoplasia type 1 (MEN1), von HippelLindau disease (vHL), neurofibromatosis 1 (NF1), and
the tuberous sclerosis complex are associated with
mutations in well-studied oncogenes and tumor
suppressor genes that predispose to pNETs, and
therefore it is rational to develop therapies targeting
these pathways [10]. Unfortunately the underlying
genetic abnormalities in these syndromes are relevant
in only a subset of the sporadic pNETs [11]. Molecular
profiling of pNETs is a critical first step in
understanding aberrant regulation of key pathways
involved in the initiation and progression of these
tumors and defining clinically relevant molecular
subgroups that may respond differentially to various
targeted treatment protocols. Jiao et al. [12] found the
most frequently mutated genes in sporadic pNETs
involve proteins involved in chromatin remodeling. In
a series of 68 pNETs somatic inactivating mutations in

MEN1, which encodes menin, a component of a
histone methyltransferase complex involved 44%
(30/68), and mutations in genes encoding either of the
two subunits of a transcription/chromatin remodeling
complex consisting of death-domain-associated protein
(DAXX) and alpha thalassemia/mental retardation
syndrome X-linked (ATRX) involved 43% (29/68).
Mutations in the MEN1 and DAXX/ATRX genes were
associated with better prognosis. In addition mutations
in genes in the mammalian target of rapamycin
(mTOR) pathway were identified in 14% of the tumors.
A global gene expression analysis of pNETs revealed
that at least two important genes in the mTOR
pathway, (TSC2 and PTEN) were downregulated in
85% of primary tumors [13, 14]. Aberrant expression
of several tyrosine kinase receptors and overexpression
of vascular endothelial growth factor (VEGF) have also
been noted in pNET [14]. Utilizing this preclinical
data, two targeted agents demonstrated prolongation of
progression-free survival in advanced pNET and were
approved for this indication in 2011. In the RAD001 in
Advanced Neuroendocrine Tumors (RADIANT)-3
trial, an inhibitor of the mTOR pathway, everolimus
was superior to placebo in prolonging progression-free
survival in patients with unresectable, advanced pNET
from 4.6 to 11.0 months [15]. Another phase III trial
looked at the multi-kinase inhibitor, sunitinib, in
unresectable pNET and found an improvement in
progression-free survival from 5.5 to 11.4 months
when compared to placebo [16].
What We Learned at the 2012 ASCO Gastrointestinal Cancers Symposium
Post Approval Updates Regarding Therapy with
Sunitinib and Everolimus: Refining the Use of
Everolimus for Neuroendocrine Tumors
Both sunitinib and everolimus were approved by the
Food and Drug Administration (FDA) in 2011 for the
treatment of progressive pNET. Both agents were
compared to placebo in their respective phase III trials
and each showed a significant improvement in the
primary outcome of progression-free survival (Table
1). These novel agents have not been evaluated in a
direct comparison but post-hoc analysis has been
performed comparing the data obtained from these two
independent trials. Casciano et al. (Abstract #226 [17])
conducted a cost-effectiveness analysis using a
simulated cohort of advanced, progressive pNET
patients. The analysis included the cost of the antitumor therapies, other drugs to control symptoms and
post-progression therapy in addition to costs associated
with physician services, testing, and hospitalization.
The model took into account the frequency of adverse
events among those who experienced stable disease on
either regimen. Using this indirect comparison, the
authors estimated that everolimus is associated with an
increased cost compared to sunitinib ($12,673 per
patient) but that this was associated with a gain in
quality adjusted life years (QALYs) of 0.304 years.
This results in a cost-effectiveness ratio of $41,702 per
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Table 1. Phase II clinical trials compared to recent phase III data in pancreatic neuroendocrine tumors (pNETs).
Clinical trial/agent

Target

Study design

Population

Everolimus vs. placebo
Yao, et al.
RADIANT-3 [15]

mTOR

Phase III,
placebo
controlled,
randomized

410 patients with
advanced pNET;
207 received
everolimus

Response

Toxicity

Overall response rate in treatment arm: Stomatitis (7%) and
4.8% (10 of 207)
fatigue (7%) were most
common
grade 3 toxicities
Median progression-free survival:
11.0 vs. 4.6 months (P<0.001)
Median overall survival: not reached

Sunitinib vs. placebo
Raymond, et al.
Protocol A6181111 [16]

VEGF,
other
kinases

Phase III,
placebo
controlled,
randomized

171 patients with
Overall response rate in treatment arm: Neutropenia (12%) and
advanced pNET;
9.3% (8 patients)
hypertension (10%) were
86 received sunitinib Median progression-free survival [18]: the most common grade 3
toxicities
11.4 vs. 5.5 months (P<0.0001)
Overall survival:
30.5 vs. 24.4 months (P NS)

Temsirolimus plus bevacizumab mTOR and Phase II,
25 patients with pNET
Hobday, et al.
VEGF
multi-center, (of planned 50 patients)
(Abstract #260 [20])
single arm

Overall response rate:
44.0% (11 of 25)

Trial is ongoing, toxicity
was not excessive among
the first 35 patients

Everolimus plus erlotinib
mTOR and Phase II,
Advanced carcinoid
No response in carcinoid group.
Excessive toxicity in
Bergsland, et al.
EGFR
single arm
(n=9); pNET (n=8)
Data pending for pNET
initial dose, dose has been
(Abstract #285 [21])
modified
EGFR: epidermal growth factor receptor; mTOR: mammalian target of rapamycin; NS: non significant; VEGF: vascular endothelial growth factor

QALY which is generally an accepted expense in other
oncology drugs.
In the phase III trials (summarized in Table 1), each
agent demonstrated an improvement in progressionfree survival. In the sunitinib trial [16], data was
initially reported on a limited number of deaths (9 in
the sunitinib arm and 21 in the placebo arm) and
reflected an improvement in overall survival with
sunitinib treatment compared to placebo (hazard ratio
(HR) for death was 0.41; 95% CI, 0.19 to 0.89;
P=0.02); however, the median overall survival was not
reached. Updated analysis of events through June 2010
was presented at the ASCO Annual Meeting in 2011
[18] and this revealed a median overall survival of 30.5
months in the sunitinib arm versus 24.4 months in the
placebo arm which resulted in a non-significant hazard
ration of 0.737 (95% CI, 0.465-1.168; P=0.19).
Signorovitch et al. (Abstract #237 [19]) utilized
individual patient data from the RADIANT-3
(everolimus) and A6181111 (sunitinib) trials to match
patients and compare the outcomes of these trials to
each other. The authors matched the patients in the two
clinical trials by excluding patients from RADIANT-3
who would not qualify for the A6181111 trial (15
patients with worse performance status) and weighting
the patients to match the baseline characteristics of
A6181111. After adjusting for this matching, treatment
with everolimus was associated with a statistically
significant improvement in overall survival compared
to the placebo arm of A6181111 (HR for death was
0.61; 95% CI, 0.38-0.98; P=0.04). While there are
obvious limitations with this type of post-hoc analysis,
the observation is intriguing. No significant difference
was seen between the everolimus and sunitinib treated
cohorts when these trials were compared.
Novel Therapeutic Combinations for the Management
of pNET
With the recent success of the targeted agents,
everolimus and sunitinib in prolonging progression-

free survival in pNET, several studies are ongoing to
identify potential improvements to this regimen. There
were few objective responses in the relevant clinical
trials and efforts are underway to find active
combinations that result in better tumor response rates.
Hobday et al. (Abstract #260 [20]) reported data from
an interim analysis of an ongoing phase II trial looking
at the combination of an mTOR inhibitor,
temsirolimus, and a monoclonal antibody to VEGF,
bevacizumab, in progressive pNET. This trial was
based on preclinical data that suggests that both of
these pathways are upregulated in pNETs and that
combined blockade may enhance tumor response. All
patients had well or moderately differentiated
progressive pNET, performance status (PS) of 0 or 1,
and no prior exposure to either targeted agent. This
interim analysis was planned after enrollment of 25 of
the total 50 patients. Among the first 25 patients,
partial response was documented in 44% of patients
(11 of 25) which compares favorably to the 10%
response rate seen in the phase III trial of everolimus
alone and warrants continuation of this study. Toxicity
data was also reported from the first 35 enrolled
patients and demonstrated that the regimen was well
tolerated; this study is continuing to accrue patients.
Another phase II trial was reported by Bergsland et al.
(Abstract #285 [21]) and looked at the combination of
the mTOR inhibitor everolimus, with a small molecule
inhibitor of the epidermal growth factor receptor
(EGFR), erlotinib. Based on preclinical data this
combination is also thought to lead to enhanced tumor
response compared to either individual agent. The
study included patients with well to moderately
differentiated NETs and it was divided between
patients with low-grade carcinoids (n=9) and pNET
(n=8). The initial dose utilized was everolimus 5 mg
daily and erlotinib 150 mg daily; however 3 of the first
7 patients experienced grade 3 toxicity (stomatitis)
requiring a dose reduction of erlotinib to 100 mg daily.
Ten additional patients have been treated at this dose
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level with only one grade 3 toxicity (10%) to date.
Among the 9 patients with carcinoid there were no
objective responses and enrollment to this cohort has
been stopped. The efficacy analysis of the pNET cohort
has not yet been reported.
Identifying Biomarkers in pNET
The heterogeneity of neuroendocrine tumors is well
described. There is a need to identify prognostic
biomarkers and to identify characteristics that may
predict response to therapy. Yao et al. (Abstract #157
[22]) presented data from a multivariate analysis of the
large randomized, phase III, RADIANT-2 trial. In this
trial, 429 patients with neuroendocrine tumors of
diverse sites including a small number of pNETs (6%)
were treated with long acting octreotide in addition to
either everolimus or placebo. Treatment with
everolimus was associated with a prolongation in
progression-free survival compared to placebo. In this
abstract the authors reviewed many variables in this
study and identified several prognostic factors. Nonelevated levels of chromogranin A (CgA) or the
serotonin metabolite 5-hydroxyindoleacetic acid (5HIAA) were associated with increased time to
progression. Other important factors were the presence
of liver metastasis or a primary site in the lung, which
were associated with shortened time to progression. On
multivariate analysis, non-elevated level of CgA at
baseline was associated with reduced rate of
progression (HR: 0.47; P<0.001), as was patient
functional status with patients who are ambulatory and
active (World Health Organization (WHO) PS
(performance status) of 1 or 0) demonstrating a
reduced rate of progression compared to those with
more limitations (WHO PS of 2) (HR: 0.69; P=0.006).
Bone involvement and lung as a primary site were
associated with increased rates of progression (HR:
1.52; P=0.02 and HR: 1.55, respectively; P=0.04).
A retrospective study reported by Alistar et al.
(Abstract #166 [23]) looked at a series of 142 patients
who underwent surgical resection of a pNET between
1980 and 2011. The authors looked at serum levels of
CgA and serotonin in the post-operative period in these
patients to determine if these markers predict survival.
There was no correlation between normal serum levels
and survival among the 27 patients who had CgA
measured in the immediate post-operative period (0-3
months). However, in the 30 patients who had CgA
measured in the late post-operative period (3-12
months), there was a non-significant trend to
improvement in survival among those who had a
normal CgA level (P=0.14 for survival). Serotonin
levels were not found to correlate with survival in this
patient population when measured in the post-operative
period.
Discussion
NETs are increasing in incidence. Perhaps in part the
increased incidence is due to improvements in
diagnostic imaging with detection of smaller lesions in

addition to the incidental diagnosis of asymptomatic
cases [24]. For the group of malignant NET, effective
treatment options will need to be identified through
well designed clinical trials. A collaboration of NCCN
sites is underway [3] to improve our characterization of
these patients. It has been observed that pNETs
represent a significant proportion of NETs and account
for a growing proportion of pancreatic tumors.
Recently two targeted agents have been approved by
the FDA for the treatment of progressive pNET.
Everolimus is an mTOR inhibitor, which inhibits cell
growth, proliferation, and angiogenesis. Sunitinib is a
multi-kinase inhibitor that is thought to have an effect
in pNET through inhibition of VEGF, which plays a
role in angiogenesis in pNET. As summarized above,
several abstracts presented at the 2012 ASCO
Gastrointestinal Cancers Symposium contribute
important information to this field. Though direct
clinical studies do not address the role of sunitinib
versus everolimus in advanced pNET, the costeffectiveness analysis performed by Casciano et al.
(Abstract #226 [17]) suggests that everolimus may
provide an incremental gain in quality adjusted life
years at a reasonable cost ($41,702/QALY). Similar
analysis of the two trials by Signorovitch et al.
(Abstract #237 [19]) suggests that there is no
significant difference in overall or progression-free
survival between the everolimus and sunitinib cohorts
but that everolimus is associated with improved
survival when compared to the placebo arm of the
sunitinib trial. As stated above, such a post-hoc
analysis must be interpreted with caution. Combination
therapy utilizing agents targeting multiple pathways are
ongoing, and interim data from Hobday et al. (Abstract
#260 [20]) finds support for the combination of an
mTOR inhibitor (temsirolimus) with blockade of the
VEGF pathway (bevacizumab). The combination of
everolimus and erlotinib appears to have excessive
toxicity although final analysis in pNET has not been
reported [21]. Analysis of the RADIANT-2 trial
suggests that a non-elevated baseline chromogranin
level is a favorable prognostic indicator, while the
presence of bone involvement or lung as a primary site
is a poor prognostic factor. Finally, an abstract by
Yamaguchi et al. (Abstract #274 [25]) addressed the
role of therapy for the more complicated cases of
poorly differentiated neuroendocrine tumors. These
tumors are more aggressive than carcinoids and pNETs
and the optimal chemotherapeutic regimen is not
known. Phase II data suggests that combination therapy
with cisplatin plus either etoposide [26] or irinotecan
[27] is associated with responses. Yamaguchi et al.
(Abstract #274 [25]) reported on a large series of
patients treated for poorly differentiated NET in 23
centers in Japan. They identified 258 patients who had
high risk tumors; namely poorly differentiated NET
(PDNET), small cell carcinoma, or mixed exocrineendocrine tumors with a PDNET component. All
patients selected had inoperable or recurrent disease
with a primary tumor in the gastrointestinal tract or
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pancreas. The median age at diagnosis was 62 years
and the most common treatment was combination
irinotecan and cisplatin. The response rate to this
regimen was substantial; 51% in the tumors of GI
origin, 39% in those of hepatobiliary/pancreatic origin.
Median overall survival in these two groups was 13.4
and 10.1 months, respectively. Responses were also
seen with the combination of etoposide and cisplatin,
though with this regimen as well overall survival was
longer in tumors of GI origin as compared to
hepatobiliary/ pancreatic origin.
In summary, the abstracts presented at the 2012 ASCO
Gastrointestinal Cancers Symposium highlight the
continued advances in understanding the epidemiology,
prognostic factors, and novel treatments to improve
care of advanced pancreatic neuroendocrine tumors.
With a number of new active agents identified, and
new trials testing logical combinations, the future looks
promising for patients suffering from this rare form of
pancreatic and GI cancer.
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