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Opinion statement

Over the years, there have been significant advances in systemic treatments for metastatic
pancreatic neuroendocrine tumors (panNETs). Despite these advancements, uncertainty
remains regarding how to best sequence available therapies. For well-differentiated and
metastatic panNETs that are somatostatin receptor (SSTR) avid on functional imaging,
first-line therapy typically consists of somatostatin analogs (SSAs), given their favorable
toxicity profile and overall low burden for patients. When progression of disease is
observed on an SSA, multiple treatment options are available, including the targeted
agents everolimus and sunitinib, peptide receptor radionuclide therapy (PRRT), as well as
chemotherapy, with the latter often preferred for those panNETs of heavy tumor burden,
higher grade, and/or more aggressive behavior clinically and/or radiographically. Here, we
review panNET classification, currently available systemic treatments, therapy sequencing,
and areas of active investigation to further our treatments for the disease.
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Introduction

Neuroendocrine tumors (NETs) represent a heteroge-
neous group of cancers originating from the diffuse
neuroendocrine cell system throughout the body, and
most commonly arise from either the lung or gastroin-
testinal tract [1]. PanNETs comprise of those NETs orig-
inating in the pancreas, and are the second most com-
mon tumor arising from the pancreas, representing 1-
2% of all pancreatic cancers [2, 3]. PanNETs have the
potential to secrete hormones (insulin, gastrin, gluca-
gon, vasoactive intestinal peptide, somatostatin) that
can sometimes lead to debilitating symptoms for pa-
tients. In the presence of metastases, treatment of

Pathology

panNETs is with palliative intent, and while survival
for patients with metastatic and progressive panNETs
can be measured on the order of years, most patients
will die of the disease [4-6].

Many systemic treatments have become available for
metastatic panNETs over the years. Most of these thera-
pies have been discovered through the rigorous comple-
tion of phase III clinical trials, providing level one evi-
dence of support for use in the disease. The current
treatment landscape for metastatic panNETs is diverse,
and includes somatostatin analogs (SSAs), targeted
agents, chemotherapy, and radiolabeled therapies.

PanNETs are classified according to the 2017 World Health Organization
(WHO) dlassification for pancreatic neuroendocrine neoplasms (NENs) [7ee].
The WHO pathologic classification remains the most significant prognostic tool
for the treating clinician, offering important information to help predict tumor
behavior and guide treatment selection for patients.

Consistent with the 2010 WHO criteria, in the 2017 classification, pancreatic
NENSs are stratified by both differentiation (well or poorly differentiated) and
grade (grade 1, low; grade 2, intermediate; grade 3, high), classified by prolifer-
ative index measured by Ki-67 and/or mitotic count [8]. Importantly, however,
the 2017 updates recognize the heterogeneity of grade 3 pancreatic NENSs,
including well-differentiated NETs and poorly differentiated neuroendocrine
carcinomas (NECs) within the grade 3 category as distinct disease subtypes [8].
Changes in the WHO dlassification schema for pancreatic NENs evolved from our
understanding of distinct treatment responses as well as clinical outcomes for
pancreatic primary grade 3 NETs in comparison to grade 3 NECs [9-13].

Genetic basis of panNETs

Some panNETs develop in the setting of inherited, autosomal dominant, genetic
disorders (multiple endocrine neoplasia type 1, von Hippel-Lindau disease,
neurofibromatosis 1, tuberous sclerosis complex) [14]. The majority of panNETs,
however, develop sporadically. In recent years, there have been significant ad-
vances in our understanding of the genetic basis of sporadic panNETs.

In one of the earliest efforts, whole exome sequencing was performed
in 10 nonfamilial panNETs, and the most commonly mutated genes in
these 10 tumor samples were screened in an additional 58 tumor
specimens [15]. In the tested tumors, an increased number of mutations
were identified in chromatin remodeling genes (MEN1, DAXX, ATRX), as
well as along the mammalian target of rapamycin (mTOR) pathway
(particularly in PTEN, TSC2, and PIK3CA).
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Subsequently, whole genome sequencing was performed in 102 primary
panNETs [16e]. In this investigation, a larger than anticipated germline contri-
bution was identified, with previously unreported germline mutations noted in
the DNA repair genes MUTYH, CHEK2, and BRCA2. Additionally, somatic
point and gene fusion mutations were observed along four main pathways
(chromatin remodeling, DNA damage repair, mTOR, and telomere mainte-
nance), in line with the prior findings from whole exome sequencing.

Additional efforts have assessed a role for real-time sequencing in the clinic
setting. The benefits of prospective next-generation sequencing (NGS) in
predicting tumor biology and characterizing genomic evolution in the routine
clinic setting were recently assessed in 96 tumor samples from 80 patients with
metastatic panNETs [17]. In this study, somatic alterations were identified in
95% of patients, with the most commonly altered genes, consistent with prior
findings, being MEN1 (56%), DAXX (40%), ATRX (25%), and TSC2 (25%). In
this analysis, sequencing of pre- and post-treatment samples revealed progres-
sion in tumor grade as well as clonal evolution in panNETs, and germline
alterations were also observed in high-penetrance autosomal dominant cancer
susceptibility genes (MEN1, TSC2, and VHL).

Somatostatin analogs

The majority (80%) of well-differentiated NETs express SSTRs, most commonly
subtype 2, on their surface. These tumors are SSTR avid on functional imaging
(octreoscan or gallium-68 dotatate PET/CT).

In the setting of SSTR avidity, SSAs (octreotide and lanreotide) are
typically considered for first-line for treatment of advanced and progres-
sive panNETs. Support for a role for SSAs in cytostatic control was
provided through two phase III randomized, double blind, placebo
controlled studies: PROMID and CLARINET.

In the PROMID study, 85 patients with well-differentiated, function-
ing and nonfunctioning, metastatic midgut NETs were randomly
assigned, 42 to receive octreotide long-acting-release (LAR) and 43 to
receive placebo intramuscularly monthly with a primary endpoint of
progression-free survival (PFS) [18]. At 6 months, 66.7% of octreotide
recipients and 37.2% of placebo recipients had stable disease with a
significant difference in median time to tumor progression (14.3 and
6 months, respectively, p<0.001).

The CLARINET study demonstrated a similar benefit of prolonged
PFS with use of the SSA lanreotide [19]. In CLARINET, 204 patients
with advanced, well-differentiated or moderately differentiated, nonfunc-
tioning, low or intermediate grade enteropancreatic NETs were randomly
assigned, 101 to receive lanreotide and 103 to receive placebo monthly.
At 24 months, 65.1% of lanreotide recipients and 33% of placebo
recipients were estimated to be progression free (median PFS not
reached versus 18 months, hazard ratio [HR] 0.47; p<0.001).

Taken together, the findings from PROMID and CLARINET were aligned in
affirming clinically relevant antiproliferative effects with SSA’s in patients with
NETs. Based on these findings, the National Comprehensive Cancer Network
(NCCN) guidelines recommend use of either octreotide LAR or lanreotide in
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Targeted therapies

the first-line for relief of symptoms (in the setting of hormone release) as well as
for tumor control in patients with SSTR avid NETs [20, 21].

Sunitinib

Given the highly vascular nature of panNETs, targeted therapies that inhibit
angiogenesis have been investigated as treatments for the disease. Sunitinib, a
multi-targeted receptor tyrosine kinase inhibitor that blocks VEGEFR as well as
PDGFR, and everolimus, an mTOR inhibitor, both have demonstrable activity
and are approved for the treatment of advanced panNETs.

Everolimus

The efficacy of sunitinib for advanced panNETs was demonstrated in a
randomized, multinational, phase III study, in which 171 patients with
advanced and well-differentiated panNETs were randomized to receive
best supportive care with either daily sunitinib or placebo [22]. The
study was stopped early after more serious adverse events and deaths
were observed in the placebo group with PFS favoring sunitinib (median
PFS 11.4 months in the sunitinib arm versus 5.5 months in the placebo
arm; HR 0.42; p<0.001). A notable difference was also seen in objective
overall response (9.3% in the sunitinib arm and 0% in the placebo
arm). These findings led to the US Food and Drug Administration
(FDA) approval of sunitinib in panNETs. In a more recent analysis, a
five-year overall survival (OS) difference of 9.5 months was confirmed
for the sunitinib arm versus the placebo arm in the aforementioned
study [23e].

Chemotherapy

A role for and FDA approval of everolimus in the treatment of panNETs
were established through the phase III RADIANT-3 study [24]. In RADI-
ANT-3, 410 patients with advanced, progressive panNETs were randomly
assigned to receive daily everolimus (207 patients) or placebo (203
patients) in conjunction with best supportive care. In this study, treat-
ment with everolimus was associated with an improvement in median
PFS by 6.4 months (11 months versus 4.6 months; HR 0.35; p<0.001)
and response rate (5% versus 2%) when compared with placebo. In a
more recent analysis, those patients randomly assigned to everolimus
had a median OS of 44 months, the longest OS reported in a phase III
study for this population [25e]. Crossover from placebo to open label
everolimus was allowed at disease progression and 172 patients (85%)
initially randomized to the placebo arm did crossover to receive evero-
limus, with a 37.7-month OS reported for the placebo cohort.

Most often, chemotherapy is considered for treatment of panNETs in the
setting of a heavy tumor burden, high grade disease, and/or an aggres-
sive behavior pattern. The role for chemotherapy in the management of
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panNETs has been examined in several single and combination-drug
studies. Chemotherapy agents that have been investigated and common-
ly used in the treatment of panNETs include alkylating agents as well as
platinum-based chemotherapy regimens.

Alkylating agents

Alkylating agents investigated in advanced panNETs include streptozocin,
dacarbazine, as well as temozolomide. The earliest evidence for use of alkylating
agents in the management of panNETs came from a case report describing relief
of hormonal symptoms as well as cytostatic control in a patient with
insulinoma treated with streptozocin [26]. A randomized study through the
Eastern Cooperative Oncology Group (ECOG) later demonstrated notable
activity with use of streptozocin; however, it was appreciated that streptozocin
therapy was associated with significant nausea and vomiting, compromising
both quality of life (QOL) and compliance to therapy [27]. Follow-up retro-
spective efforts demonstrated mixed findings with regard to a role for treatment
with streptozocin in the disease [28, 29].

The alkylating agent dacarbazine was first studied in carcinoid tumors, with
both tumor shrinkage as well as improvement in QOL noted [30, 31]. A role for
use of dacarbazine in the treatment of panNETs came from a phase II ECOG
study (E6282) which included 50 patients. A response rate of 34% was ob-
served in the treated cohort; however, notable adverse events were seen [32].

Temozolomide was investigated as a therapy for panNETs in an effort to
identify a less toxic alternative to dacarbazine [33]. Notable phase II data has
demonstrated a role for both single-agent temozolomide, as well as temozolo-
mide in combination with capecitabine (CAPETEM), in the treatment of met-
astatic panNETs [34-38]. The most notable toxicity with temozolomide con-
taining regimens is myelosuppression; given the potential myelosuppressive
effects of this drug, these studies illustrated the need to carefully monitor blood
counts during the course of treatment.

The question regarding the benefit of single versus combination temozolo-
mide therapy was recently addressed in the first prospective randomized trial of
temozolomide alone versus CAPETEM conducted by ECOG (E2211) [39e]. In
this study, 144 patients with advanced low or intermediate grade panNETs who
had disease progression were enrolled into this two arm, phase II trial, and were
randomized to receive temozolomide alone or CAPETEM. Median PFS in the
temozolomide and CAPETEM arms were 14.4 months and 22.7 months, re-
spectively. Median OS in the temozolomide arm was 38 months and not yet
reached in the CAPETEM arm. Data review is ongoing at this time but
CAPETEM was associated with significantly improved PFS (HR 0.58 p=
0.023) and OS (HR 0.41; p=0.012) compared with temozolomide alone.

Platinum agents

Chemotherapy regimens incorporating platinum drugs have been investigated
in panNETs, with these efforts demonstrating that the benefit of cisplatin and
carboplatin-based regimens may be limited to those patients with higher grade
tumors [40, 41]. In the largest retrospective study, which included 305 advanced
gastrointestinal NENSs, it was concluded that tumors with Ki-67 < 55% were less
responsive to platinum-based chemotherapy; however importantly, patients
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with tumors of Ki-67 <55% did still experience longer survival, speaking to a
varying biology within the high grade cohort of NENs [9].

Oxaliplatin-based regimens have also been investigated and show some
activity in advanced panNETs. Two prospective phase II studies suggested
antitumor activity based on radiographic responses and prolonged disease
stability in previously progressing NETs [42]. One study evaluated treatment
with oxaliplatin, leucovorin, and 5-flurouracil (FOLFOX) plus bevacizumab
every 14 days in progressing and advanced carcinoid, panNETs, and poorly
differentiated NECs; 12 panNET patients were eligible for response assessment
with a response rate at twelve cycles of 41.7% (5/12) and median PFS of
21 months. The second study evaluated advanced NET patients treated with
oxaliplatin and capecitabine plus bevacizumab for four 21-day cycles with the
option to continue bevacizumab plus or minus capecitabine thereafter; 40
patients were eligible for response assessment with a response rate of 18%
and a median PFS of 16.7 months.

Peptide receptor radionuclide therapy

Peptide receptor radionuclide therapy (PRRT) targets and treats NETs with
radiolabeled SSAs. In PRRT, a radioisotope is attached to an SSA via a chelator
allowing for the systemic delivery of targeted radiation to tumors [43]. When
the radiolabeled SSA binds to the surface of the tumor, targeted radiation is
emitted resulting in cytotoxicity [44]. Given the mechanism of action, it is well
recognized and has been demonstrated that SSTR expression on functional
imaging predicts response to PRRT [45, 46].

Multiple radioisotopes have been investigated in PRRT. The initial first-
generation radionuclide used was gamma-emitting ' ' 'Indium, which had short
particle ranges of Auger electrons and weak therapeutic (cytotoxic) effects [47].
Next-generation radionuclides included beta-emitting *°Yttrium (°°Y) and
"""Lutetium ('““Lu), both which have intermediate particle ranges, killing
neighboring tumor cells and offering improved cytotoxic effects [48].

Several studies have demonstrated a role for PRRT in the treatment of
advanced and metastatic panNETs, with the most notable observed toxicities
with PRRT being suppression of the blood counts and nephrotoxicity [49]. The
largest efforts have utilized 1771 u-based radiolabeled SSAs, with results demon-
strating a benefit in reduction of tumor size, survival, as well as QOL [48, 50]. In
alarge study of 504 advanced NETs treated with four cycles of ' ”"Lu-DOTATATE
at 6- to 10-week intervals, the median OS observed from treatment start was
46 months (128 months from diagnosis), with a survival benefit of 40 to
72 months from time of diagnosis when compared with historical controls
[51]. In an even larger study, the efficacy, survival, and toxicity results were
reported in a group of over 1200 patients treated at Erasmus Medical Center
since the year 2000 with '”“Lu-DOTATATE infusion for four treatments at 8-
week intervals [52]. In the treated cohort, an objective response rate of 39% was
observed with 43% of patients achieving stable disease. PFS and OS were
29 months and 63 months, respectively. Long-term toxicities were primarily
hematologic, and included acute leukemia in 4 patients (0.7%) and
myelodysplastic syndrome in 9 patients (1.5%).
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The phase III NETTER-1 trial is the only prospective, randomized trial
of PRRT [53ee]. In NETTER-1, 229 patients with progressive, well-
differentiated metastatic midgut NETs were randomized in a 1:1 ratio
to receive either '”“Lu-DOTATATE (116 patients) for four infusions every
8 weeks plus octreotide LAR or octreotide LAR alone (113 patients). At
the time of primary analysis, the PFS at 20 months was 65.2% and
10.8% in the '""Lu-DOTATATE group and control group, respectively.
The observed overall response rate was 18% in the '"“Lu-DOTATATE
group versus 3% in the control group, and at the time of analysis, there
were 14 deaths in the '"Lu-DOTATATE group versus 26 deaths in the
control group. Grade 3/4 toxicities observed in the '’“Lu-DOTATATE
group included neutropenia (1%), thrombocytopenia (2%), and lym-
phopenia (9%). The data from NETTER-1, as well as that from Erasmus
Medical Center, led to the 2018 FDA approval of '"/Lu-DOTATATE for
the treatment of advanced gastroenteropancreatic NETs [52, 53ee].

Future directions

There are many avenues of ongoing investigation for the treatment of advanced
panNETs. In recent years, immunotherapy has been studied while interest in and
investigation into immunotherapy has been quite extensive; unfortunately, little
activity has been demonstrated from this class of drugs to date [54-56]. Addi-
tional investigation of cabozantinib, a targeted agent that inhibits the tyrosine
kinase receptors MET, VEGFR2, AXL, and RET, has offered promising data; in a
phase II study of cabozantinib, which included both advanced panNETs and
carcinoid tumors, many who had progressed on prior therapy, a 15% response
rate and PFS of 21.8 months were noted in the treated cohort of panNETs [57,
58]. Based on these results, investigation of cabozantinib in NETs has expanded,
with the phase III CABINET trial (ALLIANCE A021602) underway and actively
accruing patients. The CABINET study includes patients with advanced NETs that
have progressed on everolimus, with this cohort randomized to treatment with
either cabozantinib or placebo. Areas of ongoing investigation in PRRT include
studies of somatostatin antagonists well as intraarterial PRRT [59, 60].

In addition, there are ongoing studies attempting to clarify sequencing of the
available therapies. These include SEQTOR (NCT02246127), a randomized
and prospective study evaluating the efficacy and safety of chemotherapy
(fluorouracil and streptozotocin) followed by everolimus versus everolimus
followed by chemotherapy in progressive, advanced panNETs, as well as COM-
PETE (NCT03049189), a randomized and prospective study evaluating the
efficacy and safety of PRRT ('”“Lu-DOTATOC) versus everolimus in advanced
and progressive GEP-NETs that are SSTR avid.
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