Curr. Treat. Options in Oncol. (2020) 21: 96
DOI 10.1007/s11864-020-00794-0

Neuroendocrine Cancers (JR Strosberg, Section Editor)

Targeted Therapies

in the Management

of Well-Differentiated
Digestive and Lung
Neuroendocrine Neoplasms

Namrata Vijayvergia, MD* ™ ©
Awvind Dasari, MD, MS?

Address

“1Department of Hematology,/Oncology, Fox Chase Cancer Center, Philadelphia,
PA, 19111, USA

Email: Namrata.Vijayvergia@fccc.edu

2Department of Gastrointestinal Medical Oncology, University of Texas MD Ander-
son Cancer Center, Houston, TX, 77030, USA

Published online: 7 October 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

This article is part of the Topical Collection on Neuroendocrine Cancers
Keywords Targeted therapy - NETs - Neuroendocrine - Recent advances

Opinion statement

Ongoing advances in our understanding of neuroendocrine tumor (NET) biology, genetics,
and immunology, will continue to expand the availability of targeted therapies, thus
improving the outcomes of patients. Well-differentiated neuroendocrine tumors (NETSs)
are grouped into pancreatic and non-pancreatic NETs (includes GI and thoracic NETs) for
treatment considerations (Fig. 1). For panNETs, initial therapy is driven by the need of
radiographic response, and targeted agents are typically reserved for second and third line
based on the toxicity profile. Treatment options for non-pancreatic NETs are also
expanding and while SSAs are the typical first-line option, everolimus and PRRT both
remain approved therapies for future lines, and VEGF TKIs are showing promising results in
research settings. Sequencing these agents and best time to incorporate peptide receptor
radio therapy into the management algorithm remains an unmet need.

Check for
updates
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Introduction

Neuroendocrine neoplasms (NENs) are rare diverse can-
cers; they have recently gained significant interest as a
result of their increased incidence: the age-adjusted inci-
dence has increased over six times in the last four de-
cades (1.09 per 100,000 in 1973 to 6.98 per 100,000 by
2012), per a recent SEER data analysis [1]. The majority
originate in the gastrointestinal tract (55%) and
bronchopulmonary system (30%) [1¢]. Because of their
indolent course, they are often diagnosed at an advanced
stage, particularly if they are localized in the small intes-
tine or pancreas [2].

While most NENs are relatively slow growing; their
histologic grade and differentiation are closely correlat-
ed with their clinical behavior. NEN classification

systems are based on proliferative indices and continue
to evolve [3, 4] (Table 1). For instance, the recent WHO
Digestive NEN classification system subdivides G3 tu-
mors into poorly differentiated neuroendocrine carcino-
mas and well-differentiated, high-grade neuroendocrine
tumors (NETs); their differences are highlighted in
Table 1 [5, 6ee]. At the same time, evidence-based med-
icine has changed the treatment landscape in the last
decade. This review summarizes the established treat-
ment options for well-differentiated, advanced gastroin-
testinal, pancreatic, and lung NETs, with a focus on
targeted therapies, recent efforts to improve outcomes,
and novel approaches.

Biological features of NETs and novel therapeutic targets

Although NETs that arise in primary sites outside of the pancreas have limited
mutations in common oncogenic pathways, several such pathways nevertheless
demonstrate increased activity; these pathways have guided the development of
targeted therapy (Fig. 1) [7].

Several growth-promoting targets are expressed in NET cells, such as platelet-
derived growth factors (PDGFR « and (), vascular endothelial growth factor
(VEGF), insulin-like growth factor 1, and tumor growth factor 3 [8-12]. Many
different targeted agents against these and other targets have been explored;
however, few drugs have advanced to randomized controlled phase III trials.
Anti-VEGF (sunitinib) and anti-mTOR (everolimus) drugs represent the only
current FDA-approved targeted options for NETs.

Table 1. Classification of digestive NENs (WHO 2019)

Differentiation Ki67 index (%) Mitotic index (per 10 high-power fields)
Well-differentiated NENs, grade

1 <3 <2

2 3-20 2-20

3 >20 >20
Poorly differentiated NENs

Neuroendocrine carcinoma grade 3 >20 >20

Small cell

Large cell

Mixed neuroendocrine-non-neuroendocrine neoplasm
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Fig. 1. Treatment of well differentiated NETs.

PRRT: Peptide Receptor Radio Therapy
CAPTEM: Capecitabine Temozolomide

VEGF pathway

NETs have a key role in angiogenesis, as suggested by clinical observations that
they are vascular tumors. VEGF overexpression has been demonstrated in
carcinoid and pancreatic NETs (panNETs) [13, 14] and carcinoid cell lines
[15, 16]. In addition, panNETs showed widespread expression of VEGF receptor
(VEGFR)-2 and -3, in addition to PDGFR « and P and stem cell factor receptor
(c-kit) [17-19]. Preclinical data also suggest that activation of mesenchymal-
epithelial transition factor (MET) leads to the growth of NETs and thus provides
a potential therapeutic target [20-22]; MET overexpression in panNETs is
associated with poor overall survival (OS) [23]. Furthermore, treatment with
an anti-VEGF antibody or sunitinib has been shown to be associated with
activation of MET and metastatic spread in a transgenic mouse model of
spontaneous panNETs [22].

PI3K/mTOR pathway
- 0000000000000

Mammalian target of rapamycin (mTOR) is a conserved serine/threonine pro-
tein kinase and is a member of the family of phosphoinositide-3 (PI3)-related
kinases [24]. Aberrant signaling through the mTOR pathway has also been
implicated in neuroendocrine tumorigenesis [25]. Some NETs are part of
familial cancer syndromes that are associated with aberrations of the mTOR
pathway (neurofibromatosis type 1, tuberous sclerosis). In addition, a whole
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VEGF inhibitors

exome sequencing analysis identified somatic mutations in the mTOR pathway
genes in 15% of panNET cases [26]. Studies have also demonstrated that the
expression of mTOR and its downstream targets are associated with clinical
outcome, especially in small intestinal NETs, whereas overexpression of mTOR
or its activated downstream products has been associated with higher grade and
shorter survival duration [27].

Table 2 provides a summary of the major randomized studies that used
targeted therapies in well-differentiated NETs.

mTOR inhibitors

Sunitinib is a small orally active multi-targeted TKI that blocks the VEGF
receptor, as well as PDGFR B, KIT, and RET [28]. In a phase II study, 107
patients with advanced NET received 50 mg of sunitinib for 4 weeks, followed
by a 2-week break [29]. The objective response rate (ORR) was 16.7% in
patients with panNETs compared with 2.4% in those with carcinoids, which
suggests that there are biological differences between the two cohorts. Unfortu-
nately, grade 3 fatigue was noted in 24.3% of patients.

Based on these results, a phase I1I double-blind, placebo-controlled trial was
conducted in patients with low-to-intermediate-grade panNETs. Patients were
randomly assigned to receive either 37.5 mg of sunitinib daily (lower dose than
phase II because of reported grade 3 fatigue with a higher dose) or a placebo.
This study was designed to enroll 340 patients but was stopped prematurely
after an early, unplanned analysis of 171 patients demonstrated worse out-
comes (death and serious adverse events) in the placebo arm. The PFS duration
favored the experimental arm, with a median of 11.4 months compared with
5.5 months in the placebo group (hazard ratio [HR] = 0.42; 95% confidence
interval [CI]=0.26-0.66; P<0.001). Based on these results, sunitinib was
approved for the treatment of patients with unresectable or metastatic progres-
sive, well-differentiated panNETs. The most common adverse events were
diarrhea, nausea, asthenia, vomiting, and fatigue (all incidences >30%),
palmar-plantar erythrodysesthesia (23%), and hypertension (26%). The most
common grade 3 or 4 adverse events were neutropenia (12%) and hypertension
(10%). The premature closure of the study prompted the FDA's request for a
post-approval study.

In the recently reported phase IV clinical trial, 61 treatment-naive and 45
previously treated patients with progressive panNETs were treated with suniti-
nib [30]. The median PFS duration was 13.2 months (95% CI=10.9-16.7),
and the ORR was 24.5%. The median OS duration, although not yet mature,
was 37.8 months at the time of the final report. The treatment-related toxicities
reported by > 20% of patients in this trial were neutropenia, diarrhea, leukope-
nia, fatigue, hand-foot syndrome, hypertension, abdominal pain, dysgeusia,
and nausea. The most common grade 3 and 4 toxicities were neutropenia
(22%) and diarrhea (9%) [30].

Everolimus binds to FKBP-12, resulting in the formation of an inhibitory
complex with mTOR complex 1 (mTORC1); it is FDA approved for the
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treatment of all well-differentiated panNETs as well as non-functioning non-
panNETs [31]. In a phase II study of everolimus plus octreotide in 30 patients
with advanced gastrointestinal NETs, the ORR was 17% [32]. Guided by early
data, the RADIANT-2 trial randomly assigned 429 patients with progressive,
functional, and advanced gastrointestinal NETs to octreotide LAR, with or
without everolimus (10 mg daily) [33]. Combined therapy was associated with
a prolongation in median PFS duration, but it missed the bar for statistical
significance (16.4 versus 11.3 months; HR=0.77; 95% CI=0.59-1.0). It was
postulated that the primary outcome results were affected by imbalances be-
tween the study groups, with important prognostic variables (e.g., disease site
and performance status) and informed censoring that favored the control
group. A later analysis found that everolimus had a significant PFS benefit after
adjusting for randomization imbalances (HR for progression = 0.62; 95% CI =
0.51-0.87; P=0.003) [34]. In the final analysis, there was no significant differ-
ence in OS between the two groups (HR for death =1.17; 95% CI =0.92-1.49)
[35]; however, crossover to the active drug was allowed, potentially obscuring
any meaningful survival benefit.

A further demonstration of the benefits of everolimus in non-panNETs
comes from the RADIANT-4 trial, a phase III study in which 302 patients with
advanced, non-functional lung cancer or gastrointestinal NETs (lung=30%,
ileum = 24%, and rectum = 13%) were randomly assigned to everolimus or
placebo [36e¢]. Everolimus was associated with a significant improvement in
the median PFS duration, the primary endpoint (11 versus 3.9 months; HR =
0.48; 95% CI=0.35-0.67). The ORR was low in both groups, but the disease
control rate was 81% for everolimus compared with 64% for placebo. The
adverse events included stomatitis, diarrhea, peripheral edema, fatigue, and
rash. The most frequent grade 3 or 4 toxicities were diarrhea (7%), stomatitis
(9%), and anemia (5%). In the most recent update, at a median follow-up of
33 months, everolimus reduced the risk of death, but the difference was not
statistically significant (2-year survival rate, 77% versus 62%; HR =0.73; 95%
CI=0.48-1.11) [37]. HRQOL was maintained, with no relevant differences
noted between the everolimus and placebo groups [38].

Everolimus was independently investigated in panNETs in the RADIANT-3
trial. This was a randomized, double-blind, placebo-controlled phase III study
that evaluated the efficacy of everolimus in 410 patients with low- to
intermediate-grade panNETs [39]. Median PFS durations of 11 versus
4.6 months (HR=0.35; 95% CI=0.27-0.45; P<0.001) were observed in the
everolimus and placebo arms, respectively. The OS durations were comparable
between the two groups (44.0 and 37.7 months; HR=0.94; 95% CI=0.73-
1.20; P=10.30) because of crossover to the active agent at disease progression.
An exploratory analysis to correct for crossover suggested survival rates of 82%
and 75% at 12 months and 67% and 55.6% at 24 months for the everolimus
and placebo arms, respectively (HR = 0.60; 95% CI = 0.09-3.95) [40].

Based on data from the abovementioned studies, everolimus has been
approved for the treatment of advanced panNETs and non-functional carci-
noids [41ee]. It is however listed under NCCN guidelines for all NETs, with a
caveat suggesting lack of efficacy data in functional tumors [41ee]. No predic-
tive biomarkers are currently available for everolimus. The side effects of evero-
limus include stomatitis, diarrhea, fatigue, infection, rash, cytopenias, and
atypical infections. The incidence and severity of the most common adverse
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event, stomatitis, can be markedly reduced by the prophylactic use of dexa-
methasone oral solution (0.5 mg/5 ml, swished for 2 min and spit out; 4 times
daily for 8 weeks). This was demonstrated in the SWISH trial that enrolled
breast cancer patients being treated with everolimus (>grade II=2% versus
33%; no stomatitis = 79% versus 39% compared to historical controls) [42].

Combination and other approaches

Bevacizumab is a humanized monoclonal antibody that binds to circulating
VEGF-A, and has been explored in the management of NETs. Its activity was
studied in a randomized phase II trial in which 44 patients with advanced
carcinoids were assigned to 18 weeks of bevacizumab or pegylated IFNa-2b
[43], followed by combination therapy with bevacizumab plus interferon. The
ORR was 18% in the bevacizumab arm and no responses were noted in the
interferon arm; the 18-week PFS rates were 95% versus 68% for the
bevacizumab vs the interferon arms. These results led to a large randomized
study of octreotide plus bevacizumab versus octreotide plus interferon in 427
patients with progressive, advanced carcinoids [44e]. Although the
bevacizumab arm had a higher ORR (12% versus 4%), there was no improve-
ment in the primary endpoint of median PFS (16.6 months in the bevacizumab
arm versus 15.4 months in the interferon arm [HR = 0.93; 95% CI = 0.73-1.18;
P=0.55]) [44e].

These and other studies have shown that interferon is an active drug in
patients with NETs. Immune stimulation, angiogenesis inhibition, and the
induction of cell cycle arrest are postulated mechanisms for its anti-secretory
and anti-proliferative effects in GEP-NETs. However, its use is limited by its
adverse effects: influenza-like symptoms, depression, and myelosuppression
[45, 46].

There was initial interest in combination therapies using mTOR inhibitors,
somatostatin analogs, and various VEGF-targeted therapies in NETs. However,
their limited benefits and/or cumulative side effect profiles as discussed below
have halted their further development.

The phase II COOPERATE-2 study in which 160 patients with advanced
panNETs were randomly assigned to receive everolimus plus pasireotide (a
somatostatin analogue with greater affinity to the somatostatin receptors 1, 3,
and 5) versus everolimus [47e]. Despite an improvement in the ORR (20%
versus 6%), the combination did not confer a PFS benefit compared to evero-
limus alone (HR=0.991; 95% CI = 0.64-1.54), thus limiting its clinical utility.
The glycemic complication rates were also significantly higher with the combi-
nation (grade 3 or 4 fasting hyperglycemia: 37% versus 11%; diabetes mellitus:
26% versus 7%).

The LUNA trial was a prospective randomized phase II study with three arms
(everolimus versus pasireotide versus everolimus plus pasireotide) in 124
patients with advanced, well-differentiated carcinoids of lung and thymus
origin [48e]. The adverse event profile was in line with the reported toxicities
from the individual drugs. However, there was one death in the everolimus
group and two deaths in the combination group; both suspected to be related to
everolimus treatment. The primary endpoint (disease control rate at 9 weeks)
was met in all three arms. No one approach was found to be significantly more
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effective (39.0% in the long-acting pasireotide arm, 33.3% in the everolimus
arm, and 58.5% in the combination arm).

CALGB 80701 was a randomized phase II study that compared the combi-
nation of everolimus and bevacizumab to everolimus alone in 150 patients
with advanced, progressive panNETs [49]. The primary endpoint, PFS, was
marginally improved in the combination arm, per the pre-specified statistical
cut-off of P<0.15 (16.7 months versus 14 months; HR=0.80; P=0.12). The
ORR was also improved significantly with the addition of everolimus (31%
versus 12%; P=0.005). However, the toxicities were notable, with 81% of
patients on the combination arm reporting grade 3 and 4 adverse events
(compared to 49% in the everolimus arm). Grade 3 and 4 hypertension (38%
versus 8%), proteinuria (16% versus 1%), diarrhea (11% versus 1%), and
hypophosphatemia (10% versus 1%) were more common in the combination
arm. Even though the study met its primary endpoint, the higher type 1 error
rate and the significantly higher toxicity rate made it a less promising approach.

Along similar lines, the toxicity of combining mTOR inhibitors with VEGF
TKIs has hampered their development in clinical trials. A phase I study of
sorafenib with everolimus in patients with advanced NETs resulted in a signif-
icant toxicity burden (thrombocytopenia, hand-foot skin reaction, and rash or
allergic reaction), which precluded its further development [50]. Similarly, the
combination of sorafenib and bevacizumab was accompanied by an unfavor-
able safety profile, despite some activity in a phase II study [51].

Emerging targeted agents

Multiple other novel TKIs have been evaluated in advanced NETs in phase II
and I1I trials with promising results but not approved by regulatory bodies.

Surufatinib

Surufatinib is a small molecule inhibitor that targets VEGF receptors, FGFR 1,
and colony-stimulating factor 1 receptor. In a phase I study, surufatinib dem-
onstrated antitumor activity in hepatocellular carcinoma and NETs, which are
both highly vascularized tumors [52]. The results of a phase Ib/II multicenter
study of surufatinib in advanced, well-differentiated NETs (n = 81; 42 panNETs
and 39 GINETs and lung NETs) were encouraging [53e¢]. In the panNET and
extra-panNET cohorts, the ORRs were 19% in and 15%, the disease control rates
were 91% and 92%, and the median PFS durations were 21.2 months (95%
CI=15.9-24.8 months) and 13.4 months (95% CI=7.6-19.3 months), re-
spectively. The most common grade > 3 toxicities were in line with those of
other VEGF-targeted therapies. Biomarker analyses suggested that higher serum
VEGFR-2 levels and lower basic FGF levels at the baseline were associated with a
longer median PFS duration, although this analysis was retrospective.

Based on these encouraging results, two phase III randomized studies were
conducted in panNET and non-panNET patients in China. SANET-ep was a
double-blind, multi-center phase III trial that randomly assigned patients with
progressive, advanced extra-panNETs in a 2:1 fashion to receive surufatinib
versus placebo [54]. The primary endpoint of the study was PFS duration. The
study was stopped at the interim analysis as the primary endpoint had been met
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after 198 patients had been enrolled. The primary sites were the gastrointestinal
tract (47.0%) and lungs (11.6%). The majority of patients (84%) had patho-
logical grade 2 disease. The investigator-assessed median PFS duration was
longer in the surufatinib arm (9.2 versus 3.8 months; HR=0.33; 95% CI=
0.22-0.5; P <0.0001). The most common (=5%) grade 3 or higher adverse
events were hypertension (36.4% in the surufatinib arm versus 13.2% in the
placebo arm), proteinuria (19.4% versus 0%), and anemia (7.0% versus 2.9%).

A recent press release from the Chi-Med group reported encouraging results
from the SANET-p study [55]. In this phase III study, 195 Chinese patients with
low- or intermediate-grade advanced panNETs were randomly assigned, ina 2:1
fashion, to receive either 300 mg of oral surufatinib daily or placebo on a 28-
day cycle. Prior VEFF therapy was not permitted on this study. The primary
endpoint of PFS was met at the time of the interim analysis, and the study was
closed to further accrual [56]. More details of the study and results are eagerly
awaited (NCT02589821). Based on the results of these two studies, surufatinib
is under review for approval in China. To establish the safety and efficacy of this
novel targeted agent in the American population, a dose escalation /expansion
study was conducted, where the maximum tolerated dose as well the recom-
mended phase II dose was 300 mg, similar to previous data [57]. Thirty-two
patients with gastroentero-pancreatic NETs (GEPNETs), who had previously
received at least one targeted agent, were enrolled and ORR of 9.4% was
observed (only in panNETs). Toxicity profile was consistent with available
phase III data from China where most common adverse events reported were
hypertension, fatigue, diarrhea, proteinuria and nausea. Additionally, pharma-
cokinetic and dose exposure data was consistent with results from large ran-
domized phase 3 trials.

Pazopanib exerts anti-tumor and anti-angiogenic effects by targeting VEGFR-1, -
2, and -3; PDGFR « and B; FGFGR-1, -2, and -3; and c-Kit [58]. It was approved
by the FDA as a treatment for metastatic renal cell carcinoma and advanced soft
tissue sarcoma. Data from clinical trials suggest that pazopanib has anti-tumor
activity in advanced NENS.

A multicenter, single-arm, phase II study evaluated patients with advanced,
well-differentiated pancreatic or extra-panNENs who received 800 mg of
pazopanib orally once a day plus octreotide LAR [59]. Fifty-two patients were
enrolled, with an ORR of 21.9% (7 of 32) in patients with panNETs. The
median PFS durations were 14.4 and 12.2 months for panNET and extra-
panNET patients, respectively. Treatment was generally well tolerated. The most
frequently observed toxic effects were fatigue (75%), nausea (63%), diarrhea
(63%), and hypertension (54%).

Another phase 11 study of pazopanib from Spain enrolled 44 patients with
advanced NETs (18 pancreatic, 15 gastrointestinal, five pulmonary, and six
other or unknown) who had experienced disease progression on prior therapies
[60]. The disease control rate at 6 months was 59.5% (four partial responses
and 21 stable disease), with a median PFS duration of 9.5 months. Pazopanib
had higher activity in patients with panNETs, and its benefit was similar in
patients who had been previously treated with TKIs and those who had been
treated with mTOR inhibitors (73% and 60%, respectively).
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Alliance A021202 was a multicenter, randomized, double-blind, phase II
study of pazopanib (800 mg/day) versus placebo in progressive non-pancreatic
GEPNETs [61]. Of 171 accrued patients, most (66%) had small bowel primary
tumors, and the majority (87%) were on concurrent somatostatin analogs. The
median PFS duration in patients receiving pazopanib (n = 97) was 11.6 months
compared with 8.5 months in those receiving placebo (n=74; HR=0.53; P=
0.0005). There was no improvement in OS duration; however, crossover at
disease progression (1 =49) most likely confounded the OS endpoint.

Cabozantinib is a TKI that is known to influence tumor growth, metastasis, and
angiogenesis through inhibition of multiple tyrosine kinases including MET,
VEGFR-2, AXL, and RET [62]. The clinical activity of cabozantinib in patients
with NETs was evaluated in a phase II study that included patients with
advanced panNETs and carcinoid tumors, many of whom had experienced
tumor progression on prior therapy [63]. Radiographic responses were observed
in 3 of 20 (15%) patients with panNETs and 6 of 41 (15%) patients with
carcinoid tumors. The PES was 21.8 months in patients with panNETs and
31.4 months in patients with carcinoid tumors. Treatment-related adverse
events that were associated with cabozantinib in NET patients were similar to
those that had been reported in other diseases. Grade 3 and 4 toxicities included
hypertension (13%), hypophosphatemia (11%), diarrhea (10%), lymphope-
nia (7%), thrombocytopenia (5%), fatigue (5%), and increased lipase or am-
ylase (8%). Unexpected toxicities included heart failure and autoimmune
hemolytic anemia, each in one patient. Based on these encouraging results,
the Alliance cooperative group (A021602) is evaluating the efficacy of
cabozantinib compared with placebo in patients with advanced NETs in the
ongoing randomized phase III CABINET trial (NCT03375320).

Axitinib is a selective inhibitor of VEGFR-1, -2, and -3 that is clinically indicated
in the management of renal cell carcinoma. In pre-clinical studies, axitinib
induces growth inhibition in pancreatic endocrine cell lines and causes a
reduction in tumor vasculature, with widespread hypoxia and significant mTOR
pathway activation, leading to resistance [64, 65].

A phase II trial of 5 mg of axitinib twice daily in patients with progressive
advanced low-to-intermediate grade carcinoid tumors enrolled 30 patients [66].
The study reported a median PFS duration of 26.7 months (95% CI=11.4-
35.1 months), with a 12-month PFS rate of 74.5% (+ 10.2). The median OS
duration was 45.3 months (95% CI =24.4-45.3 months). The ORR was low,
with a partial response in 1 of 30 patients (3%) and stable disease in 21 (70%).
Hypertension was the most common toxicity (27 patients [90%]), with grade 3
or 4 hypertension reported in 19 patients (63%); the condition led to treatment
discontinuation in six patients (20%). The authors concluded that axitinib has
an inhibitory effect on tumor growth in patients with advanced, progressive
carcinoid tumors, but the high rate of grade 3 or 4 hypertension may represent
an impediment to its use in unselected patients. The AXINET trial is a phase II/
III study of Octreotide LAR with axitinib or placebo in patients with extra-
panNETs (n = 255) without prior exposure to anti-VEGF therapies. The primary
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endpoint is PFS and the trial has completed accrual, and the results are awaited
(NCT01744249).

Nintedanib

Nintedanib is an oral TKI that targets VEGFR, PDGFR, and FGFR [67, 68]. It has
been approved for the treatment of advanced non-small-cell lung cancer and
idiopathic pulmonary fibrosis. In pre-clinical mouse models of NETs,
prolonged exposure to nintedanib led to strong suppression of angiogenesis,
accompanied by a reduced tumor burden, which translated to significant
prolongation of survival [69]. A phase II study of nintedanib in advanced
non-pancreatic and lung NETs enrolled 30 patients [70]. The median PFS and
OS durations were 11 and 27.6 months, respectively, but the ORR was only 4%
(1 of 30), with stable disease in 83% (20 of 30). The incidence of grade 3
toxicities was 27% (hypertension and decreased appetite). In addition, the
results of recent studies suggest that high-grade diarrhea and dose-dependent
elevated transaminases are possible side effects of therapy [71].

Conclusions

Lenvatinib is an oral TKI that is directed against VEGFR 1-3, FGFR 1-4, PDGFR
a, and RET. It has been approved for the treatment of radioiodine-refractory
differentiated thyroid cancer and hepatocellular cancer.

The TALENT trial was a prospective multicohort phase II study of lenvatinib
in patients with well-differentiated, advanced digestive NETs; it recruited 111
patients (55 with panNETs and 56 with GEPNETSs) [72]. Thirty percent of
patients had received sunitinib previously. The ORR was 29% (42.3% for
panNETs and 16.3% for GEPNETs). With a median follow-up duration of
19 months, the PFS and OS durations were 15.5 months (95% CI =
11.3 months-not reached) and 29.2 months (95% CI =23.2 months-not
reached) for panNETs and 15.4 months (95% CI=11.5-19.4 months) and
not reached for GEPNETS, respectively. The most frequent grade 3 or higher
adverse events were hypertension (22%), fatigue (11%), and diarrhea (11%).
Dose reductions and interruptions were required in 91.8%, with a median dose
of 20 mg daily.

The increasing number of options that are available for the treatment of patients
with advanced NETs are exciting but have also made it challenging to devise
optimal treatment algorithms. We typically place well-differentiated NETs into
two big buckets for treatment considerations, panNETs and non-panNETs
(which includes gastrointestinal and thoracic NETs). In panNETs, initial therapy
is typically driven by the need for radiographic response and if so, cytotoxic
therapy is initiated first. For others, somatostatin analogues form the first line of
therapy; targeted agents are typically reserved for second- and third-line thera-
pies. The sequencing of these agents and the optimal time to incorporate
peptide receptor radiotherapy (PRRT) into the management algorithm remains
an unmet need. Studies such as SEQTOR and COMPETE (Table 2) are actively
enrolling patients to help answer these questions. Treatment options for non-
panNETs are also expanding, and while somatostatin analogues are the typical
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first-line option, everolimus and PRRT are both approved therapies for subse-
quent lines; VEGF TKIs have also shown promising results in research settings.
Further research is also needed to identify reliable biomarkers to help prioritize
effective therapies and avoid overtreatment in patients with very slow-growing,
asymptomatic tumors.
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