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Simple Summary: Cytotoxic chemotherapy is a standard therapy for patients with poorly differenti-
ated neuroendocrine carcinomas, however, its role in patients with well differentiated neuroendocrine
tumors is less defined. In this review, we describe the data supporting many of the chemotherapy reg-
imens which have been tested in patients with well differentiated neuroendocrine tumors, specifically
focusing on the impact of tumor features (e.g., primary tumor origin, grade and DNA damage repair
defects) on chemosensitivity, and discuss future directions for chemotherapy as a combinatorial
treatment modality for patients with this disease.

Abstract: The role for cytotoxic chemotherapy in patients with well-differentiated neuroendocrine
tumors (NETs) remains debated. Compared to patients with poorly differentiated neuroendocrine
carcinomas (NECs) where chemotherapy is utilized ubiquitously, chemotherapy may play a more
select role in patients with certain types of NETs (e.g., pancreatic tumors, higher grade tumors, and
tumors possessing DNA damage repair defects). The primary types of chemotherapy that have
been tested in patients with NETs include alkylating agent- and platinum agent-based combinations.
Across regimens, chemotherapy appears to elicit greater antitumor activity in patients with pancreatic
or grade 3 NETs. The role for chemotherapy in lower grade extra-pancreatic NETs remains undefined.
Furthermore, while chemotherapy has demonstrated clinically meaningful benefit for patients in the
systemic setting, its role in the adjuvant or neoadjuvant setting is as-of-yet undetermined. Finally,
efforts to combine chemotherapy with targeted therapy and peptide receptor radionuclide therapy
are ongoing, in hopes of improving the cytoreductive treatment options for patients with NETs.
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1. Introduction

Neuroendocrine neoplasms (NENs) are heterogenous tumors whose incidence and
prevalence continues to rise steadily [1]. Most NENs are well-differentiated neuroendocrine
tumors (NETs), while the minority are poorly differentiated neuroendocrine carcinomas
(NECs) [2,3]. Targeted therapies and somatostatin receptor-focused treatments are a staple
of systemic therapy for patients with NETs, while cytotoxic chemotherapy is an established
systemic treatment for NECs [4–9]. The role for chemotherapy in the treatment of NETs
is much more nuanced and relevant for select tumor subsets. One reason the role for
chemotherapy in NETs is less defined is that these tumors are often slowly proliferating;
chemotherapy tends to be most effective against rapidly proliferating malignant cells [10].
Furthermore, the chemotherapy regimens that seem to demonstrate antitumor activity
in NETs are different from the chemotherapy regimens (e.g., platinum etoposide doublet
and platinum topoisomerase 1 inhibitor doublet) utilized for NECs [11–14]. In this review,
we describe the data behind the chemotherapy regimens that have been tested in the
systemic setting in patients with NETs, specifically focusing on the impact of tumor features
(e.g., primary tumor origin, grade, and DNA damage repair defects) on chemosensitivity.
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We also discuss the possible role for chemotherapy in the adjuvant or neoadjuvant setting
and as a combinatorial addition to existing systemic therapies for patients with this disease.

2. Literature Review

The PubMed database was queried with the search terms “chemotherapy for neu-
roendocrine tumors” or “chemotherapy in neuroendocrine tumors” to identify studies of
chemotherapy in NETs. The search findings were limited to full-text articles published
within the last 10 years with the understanding that important publications outside of this
window would be captured by the included review articles. Identified studies that included
only patients with poorly differentiated NECs were excluded. The reference listings from
the key review articles identified were perused to identify other publications that may not
have been identified from the original search. The American Society of Clinical Oncology
Meeting Library was also queried using the following search terms “FOLFOX neuroen-
docrine tumors,” “CAPOX neuroendocrine tumors,” “CAPTEM neuroendocrine tumors,”
“alkylating therapy neuroendocrine tumors,” “platinum chemotherapy neuroendocrine
tumors”, and “chemotherapy neuroendocrine tumors” to identify unpublished studies
describing the experience of chemotherapy in patients with NETs. The search was limited
to abstracts published within the last 10 years. Identified studies that included only patients
with poorly differentiated NECs were excluded.

3. Current Evidence for Chemotherapy in the Systemic Setting
3.1. Alkylating Agents
3.1.1. Streptozocin-Based Regimens
Pancreatic NETs

Streptozocin is an antibiotic derived from the Gram-positive bacterium Streptomyces,
which demonstrated toxicity against pancreatic cells in animal models [15]. The initial
studies with streptozocin in patients with pancreatic NETs demonstrated antitumor activity;
however, interpreting these studies is challenging given the outdated response criteria that
was used for tumor assessments and a significant nausea and vomiting burden patients
experienced (as the trials preceded the advent of modern antiemetics) [16]. Combination
therapy with streptozocin plus fluorouracil became the treatment standard for patients
with advanced pancreatic NETs after demonstrating superior antitumor activity compared
to streptozocin monotherapy.

More than a decade later, streptozocin plus doxorubicin was compared against strep-
tozocin plus fluorouracil [17]. In this study, 105 patients with metastatic or unresectable
pancreatic NETs were randomized in a 1:1:1 fashion to streptozocin plus fluorouracil
(500 mg/m2 intravenously (IV) D1-D5 for each drug every 6 weeks), streptozocin plus
doxorubicin (streptozocin 500 mg/m2 IV D1-D5 and doxorubicin 50 mg/m2 IV D1 and D22
every 6 weeks) or chlorozotocin (150 mg/m2 IV D1 every 7 weeks). The ORR was superior
with streptozocin plus doxorubicin compared to streptozocin plus fluorouracil (69% vs.
45%, p = 0.05) and chlorozotocin (69% vs. 30%, p = 0.002). The median OS in patients
treated with streptozocin plus doxorubicin was significantly longer than patients treated
with streptozocin plus fluorouracil or chlorozotocin (2.2 years vs. 1.4 years vs. 1.5 years,
p-value not provided). With regards to adverse events, more than 80% of patients in both
streptozocin combination arms experienced vomiting.

Despite the cytotoxicity of streptozocin-based regimens, the regimens were much
less-favored compared to other treatments until the advent of modern antiemetics. Sev-
eral ongoing studies are exploring streptozocin combinations in patients with pancreatic
NETs. The SEQTOR study (NCT02246127) is a randomized phase III study that is assess-
ing whether streptozocin plus fluorouracil followed by everolimus upon progression or
everolimus followed by streptozocin plus fluorouracil upon progression is the optimal
sequence in patients with pancreatic NETs. The BETTER-2 study (NCT03351296) is a
randomized phase II study comparing streptozocin plus fluorouracil +- bevacizumab or
capecitabine plus temozolomide +- bevacizumab in patients with pancreatic NETs.
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Extra-Pancreatic NETs

Streptozocin-based regimens have also been tested in patients with extra-pancreatic
NETs, which were (and, at times, still are) referred to as carcinoid tumors. A summary of
several studies with the agent in patients with extra-pancreatic NETs is presented in Table 1.
Relative to the results of studies presented in patients with pancreatic NETs, patients with
extra-pancreatic NETs treated with streptozocin-based regimens demonstrated lower ORR
and shorter survival times.

Table 1. A summary of prospective studies with streptozocin in patients with extra-pancreatic NETs.

Study Phase Regimen N Key Findings *

Moertel et al. [18] NS STZ + 5-FU 42 ORR 33%

Cyclo + 5-FU 47 ORR 33%

Engstrom et al. [19] II/III STZ + 5-FU 80 ORR 22%, OS 16 m

DOX 81 ORR 21%, OS 12 m

Bukowski et al. [20] II STZ + DOX + 5-FU + cyclo 56 ORR 31%

STZ + 5-FU + cyclo 9 ORR 22%, OS 10.8 m

Sun et al. [21] II/III STZ + 5-FU 27 ORR 16%, OS 24.3 m

DOX + 5-FU 25 ORR 15.9%, OS 15.7 m

Dahan et al. [22] III STZ + 5-FU 64 ** PFS 5.5 m, OS 30.4 m

Interferon α PFS 14.1 m, OS 44 m

* All times to event endpoints are reported as median values unless otherwise stated. ORR was not uniformly evaluated by RECIST criteria
in these studies. ** A total of 6 patients in this trial possessed pancreatic NETs. None of the PFS and OS differences between the arms were
statistically significant. Abbreviations: STZ, streptozocin; 5-FU, fluorouracil; cyclo, cyclophosphamide; DOX, doxorubicin; ORR, overall
response rate; m, months; OS, overall survival; PFS, progression-free survival; NS, not specified; +, plus.

3.1.2. Dacarbazine-Based Regimens
Pancreatic NETs

Small retrospective experiences suggested the antitumor activity of dacarbazine in
patients with advanced pretreated predominantly pancreatic NETs [23,24]. Based upon
this activity, patients with pancreatic NETs were treated with dacarbazine (850 mg/m2

IV D1 every 4 weeks) in the phase II E6282 trial [25]. Of the 50 response eligible patients,
28 (56%) were systemic therapy naïve. The ORR (by the WHO criteria) was 33%, however,
differed based upon the prior treatment received. The ORR in treatment-naïve patients
and pretreated patients was 50% and 13.6%, respectively. The median response duration in
patients was 10 months, and the median OS was 19.3 months. A total of 16 patients (30%)
experienced grade 3/4 toxicities, 5 patients experienced grade 4 hematologic toxicities, 3 ex-
perienced grade 4 nonhematologic toxicities, and 7 patients experienced grade 3 vomiting.

A larger retrospective study analyzed the outcome of 50 patients with pancreatic
NETs treated with dacarbazine (650 mg/m2 IV D1 every 4 weeks) [26]. Of this cohort, 32%
achieved a partial response. The median progression-free survival (PFS) of patients with
pancreatic NETs was 10 months, while it was 6 months for patients with nonpancreatic
NETs (p = 0.65).

Dacarbazine is a prodrug that shares the same active metabolite (5-(3-methyltriazen-
1-yl) with temozolomide [27]. Given the oral administration and better tolerability of
temozolomide, this agent has replaced dacarbazine as a treatment option for patients with
NETs. Although the efficacy of dacarbazine vs. temozolomide-based regimens has not
been compared in the context of a trial, the two regimens were compared in a retrospective
study [28]. A total of 247 patients (82.3% possessed pancreatic NETs, 78.9% with grade
1/2 NETs) were treated with either dacarbazine plus fluorouracil or capecitabine plus
temozolomide. The patient distribution was not balanced, as 94 and 153 patients were
treated with the former and latter regimens, respectively. There was no difference in the
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ORR (38.3% vs. 39.2%, p = 0.59) or median PFS (p = 0.86). Interestingly, the temozolomide-
based regimen was associated with higher rates of grade 3/4 adverse events compared
to the dacarbazine-based regimen (24.7% vs. 8.5%, p = 0.002), as well as a higher risk of
progression (hazard ratio (HR) 1.65, p = 0.004). While there were inherent limitations to this
analysis, it does suggest that dacarbazine-based combination regimens may have similar
activity to temozolomide-based regimens, particularly in patients with pancreatic NETs.

Extra-Pancreatic NETs

A small prospective phase II study tested dacarbazine (250 mg/m2 IV D1-D5 every
4 to 5 weeks) in patients with extra-pancreatic NETs [29]. The median time to tumor
progression was 4.5 months, while the median OS was 11.75 months. In a subsequent
phase II study, dacarbazine (400 mg/m2 IV D1 and D2) was combined with fluorouracil
(1 g/m2 IV D1 and D2) and leucovorin (200 mg/m2 IV D1 and D2) in 21-day cycles [30].
Of the 18 patients, nine possessed nonpancreatic NETs; only one patient experienced a
partial response. The efficacy of the treatment was deemed to be insufficient in patients
with nonpancreatic NETs.

3.1.3. Temozolomide-Based Regimens

Temozolomide is an oral alkylating agent with improved blood–brain barrier penetra-
tion compared to other agents of its class [31]. The agent was tested in the monotherapy
setting in an unselected group patients with well-differentiated NETs [32]. In this retro-
spective study of 36 patients with metastatic or unresectable disease, the patients received
temozolomide (150–200 per os (PO) mg/m2 D1-D5 every 28 days); 24 patients possessed
extra-pancreatic NETs, while 12 patients possessed pancreatic NETs. Of these patients,
15% (four of the five responders possessed lung NETs) experienced a PR. The median time
to progression was 7 months for all patients. No significant difference in the antitumor
response was observed between patients with O6-methylguanine-DNA methyltransferase
(MGMT) deficiency or intact MGMT expression. The patients experienced grade 3/4
thrombocytopenia, fatigue, and anemia in 14%, 6%, and 3% of the cases, respectively. No
cases of grade 3/4 nausea or vomiting were observed.

A subsequent prospective study tested the combination of temozolomide (150 mg/m2

PO D1-D7 every other week) and thalidomide (50–400 mg PO daily) in 29 patients with
advanced NETs [33]. The primary endpoint of the study was the ORR. Of the treated
patients, 15 (52%) possessed extra-pancreatic NETs, 11 (38%) possessed pancreatic NETs,
and 3 (10%) possessed parangliomas/pheochromocytomas. The ORR for all the patients
was 25%, with five of the seven responding patients possessing pancreatic NETs. The
median duration of the response was 13.5 months, and the median PFS was not reached.
Grade 3/4 adverse events were quite rare, with 7, 7 6, 6, and 3% of patients experiencing
anemia, fatigue, neutropenia, nausea/vomiting, and thrombocytopenia.

The combination of temozolomide (150 mg/m2 PO D1-D7 and D15-D21) plus beva-
cizumab (5 mg/kg IV D1 and D15) every 28 days was tested in a phase II study in patients
with advanced NETs [34]. The primary endpoint of the study was the ORR. A total of
34 patients (56% with extra-pancreatic NETs and 44% with pancreatic NETs) were treated.
The ORR of the entire cohort was 15% with all the responses occurring in patients with
pancreatic NETs. The median PFS for all the patients was 11 months, with a median PFS of
14.3 months for the patients with pancreatic NETs and 7.3 months in the patients with extra-
pancreatic NETs. Grade 3/4 thrombocytopenia, nausea/vomiting, fatigue, neutropenia,
and proteinuria were observed in 18, 15, 6, 6, and 3% of the patients, respectively. Based on
the signal of the activity seen in pancreatic NETs, other temozolomide-based combinations
were explored in this tumor group.

The combination of capecitabine plus temozolomide is perhaps the temozolomide
combination with the strongest preclinical rationale. Capecitabine, along with other flu-
oropyrimidines, is thought to deplete MGMT, the enzyme responsible for repairing the
DNA damage created by temozolomide [35] (Figure 1).
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Figure 1. A depiction of the mechanism of action of capecitabine plus temozolomide in a neuroen-
docrine tumor. Temozolomide adds a methyl group to the O6 position of guanine, resulting in
mismatched bases and cell death. The MGMT enzyme typically transfers methyl groups from the O6

position of guanine to its cysteine residue; however, this is inhibited by capecitabine. The figure was
created in Biorender. Abbreviations: M, methyl group; CAPTEM, capecitabine plus temozolomide;
G, guanine; C, cytosine.

The largest retrospective experience to date in patients with well-differentiated NETs
treated with capecitabine plus temozolomide was recently published [36]. From a total
of 462 patients treated with capecitabine plus temozolomide between 2008 and 2019, 79%
possessed well-differentiated NETs. Patients with pancreatic NETs comprised the majority
(71.4%) of the included patients in the analysis. The ORR was significantly longer in
patients with pancreatic NETs compared to those with extra-pancreatic NETs (51.5% vs.
31.8%, p < 0.001). The median PFS (23 months vs. 10 months, p < 0.001) and OS (62 vs.
28 months, p < 0.001) were significantly longer in patients with pancreatic NETs compared
to those with extra-pancreatic NETs. Grade 3/4 thrombocytopenia, neutropenia, and
lymphopenia were observed in 7%, 3%, and 2% of the patients, respectively. A total of three
patients, all who received prior peptide receptor radionuclide therapy (PRRT), developed
myelodysplastic syndrome (MDS).

Pancreatic NETs

A retrospective analysis explored the antitumor activity of capecitabine (750 mg/m2

PO BID D1-D14) plus temozolomide (200 mg/m2 PO QD D10-D14) every 28 days in
chemotherapy-naïve patients with pancreatic NETs [37]. Ondansetron was taken before
temozolomide. Among the 30 treated patients, 83% possessed grade 1/2 tumors. The
documented ORR was 70%. The median PFS was 18 months, while the median OS was
not reached. With regards to toxicity, only 12% of the patients experienced grade 3/4
adverse events. Another large retrospective analysis explored the activity of capecitabine
(750 mg/m2 PO BID D1-D14) plus temozolomide (150–200 mg/m2 PO QD D10-D14) in
100 patients with well-differentiated advanced pancreatic NETs (median Ki-67 11%) [38].
The patients received a mean number of 7 ± 4.5 cycles with a median PFS of 21.4 months.
The ORR was 51%, and the median OS in the patients treated with the combination was
75.2 months.
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A prospective phase II study assessed the activity of capecitabine (750 mg/m2 PO BID
D1-D14) plus temozolomide (150–200 PO QD mg/m2 D10-D14) every 28 days in patients
with well-differentiated NETs [39]. Of the 11 patients with pancreatic NETs, the ORR and
DCR were 36 and 91%, respectively. The median PFS for these patients was >20 months,
while the median OS was >24.4 months. ECOG 2211 was a randomized phase II study
that compared the antitumor activity of capecitabine (750 mg/m2 PO BID D1-D14) plus
temozolomide (200 mg/m2 PO QD D10-D14) vs. temozolomide (200 mg/m2 PO QD D1-D5)
monotherapy in 144 patients with advanced grade 1/2 pancreatic NETs [40]. The primary
endpoint of the study was PFS. The median PFS was 22.7 months in the combination arm
vs. 14.4 months in the temozolomide monotherapy arm (HR 0.58, p = 0.02). The median OS
was not reached in the combination arm vs. 38 months in the temozolomide monotherapy
arm (HR 0.41, p = 0.012). No significant difference in the ORR was observed between
the two arms (p = 0.47). No difference in the PFS or OS was observed based upon the
tumor grade, suggesting that patients with both grade 1 and grade 2 tumors benefited.
With regards to toxicity, 44% of the patients in the combination arm experienced grade
3/4 adverse events compared to 22% of the patients in the temozolomide monotherapy
arm (p = 0.007). The most common grade 3/4 adverse events in the combination arm were
neutropenia (13%), thrombocytopenia (8%), nausea (8%), vomiting (8%), and diarrhea
(8%). The correlative endpoints of exploring the outcomes in patients based upon MGMT
expression (by immunohistochemistry and promoter methylation) remain pending.

Prospective studies assessing the optimal duration of therapy for capecitabine plus
temozolomide have not been conducted. The retrospective analyses done to data have
reported heterogenous findings. Several studies suggested that the maximal time to
response occurs within 4–6 months of starting therapy [36]; however, whether to continue
capecitabine plus temozolomide indefinitely or for a finite period of time varies based on
the practice patterns of individual NET specialists.

Extra-Pancreatic NETs

A number of retrospective analyses have assessed the activity of capecitabine plus
temozolomide in patients with extra-pancreatic NETs and are summarized in Table 2.

Table 2. A summary of retrospective studies in patients with extra-pancreatic NETs treated with capecitabine plus temozolomide.

Study N PTO of Patients
Included

Tumor Grades
Included

Median CAPTEM
Exposure Key Findings *

Thomas et al. [40] 69 Mixed G1,G2 and G3 9.5 cycles 9% ORR, 71% DCR, PFS 11 m, OS 38 m

Crespo et al. [41] 19 Mixed G1 and G2 8 cycles 36.8% ORR, 94.7% DCR, PFS 15.3 m, OS 41.6 m

Chatzellis et al. [42] 49 Mixed G1,G2 and G3 12.1 cycles
16.3% ORR, 53% DCR, PFS of GI NETs 6.4 m,
OS of GI NETs 13.4 m, PFS of lung/thymic

NETs NR, OS of lung/thymic NETs NR

Al-Toubah et al. [36] 132 Mixed G1, G2 and G3 8 cycles 31.8% ORR, PFS 10 m, OS 28 m

Al-Toubah et al. [43] 20 Lung Only 70% TC, 25% AC,
5% NOS 7.5 months 30% ORR, 85% DCR, PFS 14, OS 68 m

Papaxoinis et al. [44] 33 Lung Only 61% AC, 30% TC,
9% NOS 6 cycles 18.2% ORR, 75.8% DCR, PFS 9 m,

OS 30.4 months

Chauhan et al. [45] 12 Unknown Primary G1,G2 and G3 6 cycles PFS of G2 NETs 10.8 m, PFS of G3 NETs 7 m

* All times to event endpoints are reported as median values unless otherwise stated. Abbreviations: PTO, primary tumor origin; ORR,
objective response rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival; CAPTEM, capecitabine plus
temozolomide; TC, typical carcinoid; AC, atypical carcinoid; m, months; G, grade; NR, not reached.

Of these studies, the ones focusing specifically on patients with lung NETs are dis-
cussed in the following paragraphs. A study by Al-Toubah et al. explored the activity
of capecitabine (750 mg/m2 PO BID D1-D14) plus temozolomide (200 mg/m2 PO QD
D10-D14) in patients with lung NETs [43]. The average starting dose of capecitabine was
558 mg/m2 BID, while the average starting dose of temozolomide was 170 mg/m2 after
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the dose modifications. Of the 20 included patients, 70% possessed typical lung NETs,
25% possessed atypical lung NETs, and 5% possessed an undefined tumor differentiation
pattern. The ORR and DCR in the patients were 30 and 85%, respectively. The median PFS
and OS in the patients were 13 and 68 months, respectively. Only one instance of grade 3
abdominal pain and two instances of grade 4 thrombocytopenia were noted.

Another study explored the activity of capecitabine (750 mg/m2 PO BID D1-D14)
plus temozolomide (200 mg/m2 PO QD D10-D14) in patients with lung NETs [44]. In
this study of 33 patients, 61% possessed atypical lung NETs, 30% typical lung NETs, and
9% possessed a lung NET NOS. The ORR was 18.2%, the median PFS was 9 months, and
the median OS was 30.4 months. The results from both these studies suggest a role for
capecitabine plus temozolomide in patients with lung NETs.

From the collection of studies presented and others published in the existing litera-
ture [46], it appears that capecitabine plus temozolomide appears to elicit greater tumor
cytoreduction and more prolonged tumor suppression in pancreatic NETs compared to
nonpancreatic NETs. There are no studies with the regimen indicating an appreciable
objective response rate in midgut NETs.

Outcomes Based upon MGMT Status

The MGMT enzyme is responsible for repairing the DNA damage from temozolo-
mide (and other alkylating agents) primarily by removing the methyl group from the O6

position, which restores the DNA of affected cells into a normal conformation [47]. Based
upon this mechanistic rationale, it has been hypothesized that patients with NETs with
MGMT deficiency should be more sensitive to alkylating agent-based therapy compared
to patients with NETs with intact MGMT. The clinical data supporting this hypothesis
have been inconsistent. Some of the studies demonstrating contrasting results between
MGMT expression and the alkylating agent-based therapy response are discussed in the
subsequent sections.

A retrospective analysis assessed MGMT expression (by immunohistochemistry) in
archival NET specimens and compared the prevalence of MGMT deficiency in pancreatic
NETs and extra-pancreatic NETs [48]. Of the 37 pancreatic NET specimens, 51% were
MGMT-deficient, while, among the 60 extra-pancreatic NET specimens, 0% were MGMT-
deficient. In a second part of the study, the treatment outcomes in NET patients who had
previously received temozolomide were assessed based upon the prevalence of MGMT
loss from archival tissue. Among 21 patients with archival tissue available, five patients
possessed tumors with MGMT deficiency while 16 patients possessed tumors with intact
MGMT expression. Patients with MGMT-deficient tumors demonstrated a significantly
improved ORR compared to patients with tumors with intact MGMT expression (80%
vs. 0%, p = 0.001). Patients with MGMT-deficient tumors also demonstrated improved
median PFS (19.2 months vs. 9.3 months) and median OS (NR vs. 19.1 months) compared
to patients with tumors with intact MGMT expression, though these differences were not
statistically significant.

Other studies exploring the association between MGMT deficiency in tumors and
temozolomide responsiveness have assessed the MGMT expression status by promoter
methylation assays [49,50]. The larger retrospective analysis assessed the outcomes in
95 patients with NETs treated with temozolomide-based regimen. Of these patients, 43,
30, and 22 patients possessed pancreatic, other, and lung primary tumors, respectively.
Twenty-eight patients possessed tumors with MGMT promoter methylation (expression
loss), while 67 patients possessed tumors without promoter methylation (expression intact).
Patients with tumors with MGMT expression loss experienced a significantly improved
ORR (51.8% vs. 17.7%, p = 0.001) and PFS (21 months vs. 8 months, p = 0.017) compared to
patients with intact MGMT expression.

A large retrospective analysis specifically assessed potential biomarkers of the re-
sponse for capecitabine plus temozolomide in 143 patients with pancreatic NETs [51]. Of
these patients, 115 possessed grade 1/2 tumors, and 52 possessed archival tissue avail-
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able for MGMT expression by immunohistochemistry. A total of 15 patients possessed
MGMT-deficient tumors while 37 patients possessed MGMT expression intact tumors. No
difference in the ORR (p = 0.66), PFS (p = 0.25), or OS (p = 0.4) was observed in patients
based upon the tumor MGMT status. At this juncture, the pending correlative analyses
from the prospective randomized phase II ECOG 2211 study may best reveal the true
association between the tumor MGMT expression status and response to temozolomide.

Other Candidate DNA Damage Repair Defects

Apart from MGMT deficiency, no other DNA damage repair defects have been tar-
geted clinically in patients with NETs. Some other possible candidates include the tumor
suppressor PTEN and mismatch repair proteins (MLH1, MSH2, MSH6, and PMS2). PTEN,
apart from its role in controlling cellular proliferation and apoptosis, stimulates several
pathways of DNA repair, including homologous recombination, nonhomologous end
joining, and nucleotide excision repair [52]. Preclinical studies in other tumor types such
as glioblastoma suggest that PTEN deficiency may sensitize tumors to temozolomide
and other alkylating agents [53]. Mismatch repair (MMR) deficiency can occur through a
variety of mechanisms, including promoter methylation and loss of expression. Several
retrospective tissue-based studies have suggested that pancreatic NETs demonstrate MMR
deficiency in 15–36% of cases [54,55]. Whether MMR deficiency may predict chemosensitiv-
ity in NETs remains to be determined. From other tumor types, while it is associated with
immunotherapy responsiveness, it has been associated with the chemotherapy refractory
status [56,57].

3.2. Platinum Agents
3.2.1. Oxaliplatin Based-Regimens

Oxaliplatin, rather than cisplatin or carboplatin, is the platinum agent that has demon-
strated meaningful activity in patients with well-differentiated NETs.

The oxaliplatin combination regimen that has been most tested in patients with NETs
is fluorouracil plus oxaliplatin (FOLFOX) or capecitabine plus oxaliplatin (CAPOX). The
DNA-damaging mechanism of action of platinum agents is described in Figure 2.
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Pancreatic NETs

A retrospective single-institution analysis explored the antitumor activity of FOLFOX
(unspecified dose schedule) in 31 patients with pancreatic NET that progressed on prior
therapy with capecitabine plus temozolomide [58]. Of these patients, 25 received FOLFOX,
while six received FOLFOX plus bevacizumab, an anti-vascular endothelial growth factor
(VEGF)-A monoclonal antibody. The patients were heavily pretreated with a median of
three prior treatment lines. With regards to the tumor grade, 61, 19, and 20% possessed
grade 1/2, grade 3, and not otherwise defined tumors, respectively. The ORR was 45%, the
median PFS was 6 months, and the median OS was 16 months (from the study treatment
onset) in the patients. No statistically significant difference in the outcomes was observed
between patients who received FOLFOX alone or in combination with bevacizumab. With
regards to toxicities, grade 3 neuropathy, hepatic encephalopathy, neutropenia, fatigue,
and hypoglycemia occurred in 6.5, 6.5, 3, 3, and 3% of the patients, respectively.

Another retrospective analysis explored the antitumor activity of FOLFOX (modified
FOLFOX-6 regimen with oxaliplatin 85 mg/m2 IV D1, leucovorin 100 mg/m2 IV D1, bolus
fluorouracil 400 mg/m2 IV D1, and fluorouracil 2400 mg/m2 IV as a continuous infusion
over 46 h every 14 days) in 48 patients with advanced well-differentiated NETs [59]. Of
these patients, 33 possessed pancreatic NETs. The patients possessed grade 1/2 and grade
3 tumors in 69 and 31% of the cases, respectively. Of the patients with pancreatic NETs,
61% were treated with FOLFOX in the first-line setting. The patients received a median
of six cycles of treatment with an ORR of 33%, DCR of 81.8%, median PFS of 12.6 months
(total population not separated by the primary tumor site), and median OS of 29.4 months
(total population not separated by the primary tumor site).

The largest retrospective experience of patients with well-differentiated NETs treated
with FOLFOX reported to date included 88 patients with pancreatic NETs [60]. The ORR in
these patients was 31%, the median PFS was 9 months, and the median OS was 30 months.
Among the patients with pancreatic NETs, those with insulinomas demonstrated the
longest median PFS (22 months).

There was a pooled analysis of two prospective phase II studies of FOLFOX (modified
FOLFOX-6 regimen) plus bevacizumab (5 mg/kg IV D1) every 14 days or CAPOX (oxali-
platin 130 mg/m2 IV D1 and capecitabine 850 mg/m2 PO BID D1-D14) plus bevacizumab
(7.5 mg/kg IV D1) every 21 days in patients with NETs [61]. Of the 36 patients in the
FOLFOX trial, 12 possessed pancreatic NETs. The ORR in these patients was 41.7%, and the
DCR was 100%. Of the 40 patients in the CAPOX trial, 16 possessed pancreatic NETs. The
ORR was 18.8%, while the DCR was 87.5%. The median PFS of the patients with pancreatic
NETs in the FOLFOX and CAPOX arms was 21 months and 15.7 months, respectively. The
median OS of the patients with pancreatic NETs in the FOLFOX and CAPOX arms was
31 and 38 months, respectively.

Extra-Pancreatic NETs

In the aforementioned retrospective experience, 37, 13, 7, and 4 patients with small
intestinal, unknown primary, gastric, and rectal NETs, respectively, were treated with
FOLFOX [60]. The ORR in the patients with small intestinal, unknown primary, gastric,
and rectal NETs was 13, 38, 14, and 25%, respectively. The median PFS in the patients
with small intestinal, unknown primary, gastric, and rectal NETs was 9 months, 6 months,
14 months, and 4 months, respectively. The median OS in the patients with small intestinal,
unknown primary, gastric, and rectal NETs was 28 months, 15 months, 31 months, and
25 months, respectively.

The patients with extra-pancreatic NETs from the FOLFOX or CAPOX plus beva-
cizumab prospective studies demonstrated the following outcomes [61]. Of the 36 patients
in the FOLFOX trial, 22 possessed extra-pancreatic NETs. The ORR in these patients was
18.2%, while the DCR was 90.9%. Of the 40 patients in the CAPOX trial, 20 possessed
extra-pancreatic NETs. The ORR in these patients was 5%, while the DCR was 65%. The
median PFS of the patients with extra-pancreatic NETs in the FOLFOX and CAPOX arms
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was 19.3 months and 19.1 months, respectively. The median OS of the patients with extra-
pancreatic NETs in the FOLFOX and CAPOX arms was 33.1 and 42.2 months, respectively.

Oxaliplatin-based regimens appear to elicit less tumor cytoreduction in nonpancreatic
NETs compared to pancreatic NETs. The duration of the antitumor response, however,
appears to be more similar between the tumor types than seen with alkylating agent-
based regimens.

3.3. Chemotherapy in Grade 3 NETs
3.3.1. Cisplatin or Carboplatin-Based Regimens

Grade 3 well-differentiated NETs are a relatively new pathologic entity that only
recently were defined as a separate tumor category [62,63]. The majority of grade 3 NETs
arise in the pancreas, stomach, or colorectum [64]. Given the heterogeneous behavior of
these tumors, a significant degree of uncertainty exists about the optimal chemotherapy
regimens for this tumor type. Platinum doublet chemotherapy with cisplatin or carboplatin
plus etoposide is a staple of therapy for the patients with poorly differentiated grade 3
NECs; however, the activity of the regimen(s) in patients with well-differentiated NETs
is less clear [11,12,64–68]. An ongoing randomized phase II study is comparing platinum
etoposide doublet chemotherapy vs. capecitabine plus temozolomide in patients with
grade 3 NENs (including NETs and non-small cell NECs) (NCT02595424). This trial may
answer whether platinum-based chemotherapy regimens are most active in patients with
NECs or may play a role in the treatment of patients with NETs as well. Currently, there
is more data for alkylating agents or oxaliplatin-based regimens in patients with grade 3
NETs. The data behind these regimens will be discussed in the following sections.

3.3.2. Alkylating Agent-Based Regimens

A retrospective analysis explored the outcomes in patients with grade 3 pancreatic
NENs [69]. Of the 45 included patients, 16 possessed well-differentiated NETs. The
ORR and DCR in the patients with NETs treated with alkylating agents was 50 and 75%,
respectively. The ORR and DCR in the patients with NETs treated with platinum-based
therapy was 10 and 60%, respectively.

Another retrospective study explored the activity of capecitabine plus temozolomide
in patients with grade 3 NENs [69]. Of the 32 included patients, 20 possessed gastroen-
teropancreatic NETs (Ki-67 index range 20–54%), while 12 possessed gastroenteropancreatic
NECs (median Ki-67 index ≥ 55%). The predominant primary tumor locations for the
patients were the pancreas (40.6%), colorectum (18.7%), and stomach (15.6%). The majority
(75%) of patients received the therapy in the second-line and beyond setting. The median
PFS in the NET group was significantly higher than in the NEC group (15.3 months vs.
3.3 months, HR 0.18, p < 0.001). The median OS in the NET group was also significantly
higher in the NET group than in the NEC group (22 months vs. 4.6 months, HR 0.25,
p = 0.0178). The ORR and DCR in the patients with NETs treated with the regimen was
50% and 70%, respectively. The ORR and DCR in the patients with NECS treated with the
regimen was 8.3% and 33%, respectively.

A large multicenter retrospective analysis explored the activity of temozolomide-based
regimens (92% capecitabine plus temozolomide and 8% temozolomide) in the patients with
grade 3 gastroenteropancreatic NENs (75% of the pancreatic primary origin) [70]. Of the
118 patients (75% with pancreatic primary tumors), 56 possessed well-differentiated NETs,
21 possessed tumors of undefined histology, and 41 possessed poorly differentiated NECs.
The patients treated with capecitabine plus temozolomide vs. temozolomide monotherapy
had a significantly longer time to treatment failure (TTF) (5.7 months vs. 1 month, p = 0.02).
the patients with well-differentiated NETs had a significantly improved ORR compared
to the patients with poorly differentiated NECs (52% vs. 26%, p = 0.02). The patients
with well-differentiated NETs also experienced a significantly longer OS compared to the
patients with poorly differentiated NECs (30.1 months vs. 12.8 months, p = 0.008).
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A prospective phase II trial explored the activity of capecitabine plus temozolomide
in the patients with grade 3 gastroenteropancreatic NENs (Ki-67 < 55%) (43.3% pancreatic
primary origin) [71]. Of the 30 patients in the full analysis, seven were noted by a post hoc
central pathology review to actually possess grade 3 NECs. The ORR was 30%, while the
DCR was 76.7%. The ORR varied by the Ki-67 index, as patients with a Ki-67 < 30%, Ki-67
30–55%, and >55% experienced ORRs of 18.2%, 50%, and 0%, respectively. The median PFS
was 5.9 months, and the median OS was NR. The PFS and OS also varied by the Ki-67 index,
as patients with a Ki-67 index < 30% demonstrated a median PFS and OS of 16.5 months
and NR, respectively, patients with a Ki-67 index of 30–55% experienced a median PFS and
OS of 6.8 months and NR, respectively, and patients with a Ki-67 index > 55% experienced
a median PFS and OS of 2.7 months and 5.7 months, respectively. The median PFS was
longer in patients who received the regimen in a first-line setting compared to a later-line
setting; however, this difference was not statistically significant (16.5 months vs. 4.6 months,
p = 0.425).

3.3.3. Oxaliplatin-Based Regimens

A retrospective multicenter analysis assessed the effectiveness of various first-line
systemic therapies in 131 patients with grade 3 gastroenteropancreatic NETs (median Ki-67
30%; 70% with primary pancreatic tumors) [72]. Of the included patients, 36 received
FOLFOX, 21 received temozolomide-based therapy, and 34 patients received platinum
etoposide doublet therapy. The ORR and DCR was the highest for the patients who
received FOLFOX at 52.8 and 80.6%, respectively. In comparison, the ORR and DCR were
28.6 and 66.7%, respectively, in patients who received temozolomide-based therapy. The
median PFS in patients receiving first-line FOLFOX and temozolomide-based regimens was
6.2 months and 12 months, respectively. Of the included patients, 89 received second-line
therapy. The median PFS in patients receiving second-line therapy with FOLFOX and
temozolomide-based regimens was 13.9 months and 8.9 months, respectively. Though
this study suggests that the optimal use of FOLFOX may be in the second-line setting for
post-temozolomide-based therapy, prospective studies need to be conducted to determine
the optimal chemotherapy sequencing.

4. Current Evidence for Chemotherapy in the Adjuvant or Neoadjuvant Setting

There is no prospective randomized data for chemotherapy in the adjuvant or neoadju-
vant setting for patients with well-differentiated NETs. As such, many of the national NET
guideline panels do not currently recommend chemotherapy in these settings for patients
with well-differentiated NETs [73,74]. Several retrospective analyses have explored the
role for adjuvant and neoadjuvant chemotherapy, predominantly in patients with localized
pancreatic NETs, and demonstrated no clear benefit of either approach [75,76].

Other retrospective analyses suggest that neoadjuvant chemotherapy may play a
role in patients with metastatic pancreatic NETs. The first of these was a single center
analysis that assessed the outcomes in 67 patients with liver-limited pancreatic NETs
who underwent R0/R1 resections [77]. Of these patients, 42 possessed grade 1/2 tumors,
4 patients possessed grade 3 disease, and 21 possessed diseases of unspecified grades.
A total of 27 patients received neoadjuvant fluorouracil, doxorubicin, and streptozocin
(fluorouracil 400 mg/m2 IV D1-D5, streptozocin 400 mg/mg IV D1-D5, and doxorubicin
40 mg/mg2 IV D1 every 28 days). The median number of neoadjuvant chemotherapy
cycles administered was four. Among the patients who received neoadjuvant therapy, the
ORR was 63%. Further, 18.5% of the patients initially felt to be unresectable were able to
undergo surgical resection. While the patients treated with neoadjuvant therapy had a
higher proportion of poor prognostic factors (bulkier disease and synchronous disease),
the survival outcomes were the same as the outcomes in the patients treated with surgery
alone. A more recent multicenter study assessed the outcomes in 30 patients with locally
advanced or metastatic pancreatic NETs with resectable disease in the liver; 25 patients
possessed grade 1/2 tumors, while five patients possessed grade 3 tumors [78]. The median
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number of capecitabine plus temozolomide cycles administered was four. The patients
experienced an ORR of 43%, 5-year PFS of 30%, and 5-year OS of 63%.

Adjuvant prospective studies are in development, with one soon-to-be-activated trial
exploring the role of capecitabine plus temozolomide in patients with resected pancreatic
NETs. This remains an area of active clinical investigation.

5. Combinatorial Approaches with Chemotherapy

The number of targeted and theranostic options for patients with NETs have expanded
significantly over the last decade; however, the cytoreductive capacity of these agents
remains quite modest [4–7]. As such, investigators have sought to combine some of these
treatments with chemotherapy to improve their antitumor effect. Several prospective
combination studies are discussed in Table 3 and the subsequent sections.

Table 3. Prospective trials combining chemotherapy with other systemic therapies in patients with NETs.

Study Phase N Regimen Key Findings *

Pavlakis et al. [79] II 75 CAPTEM + 177Lu-dotatate (Pancreatic NETs) 12 m-PFS 76%, ORR 68%

CAPTEM (Pancreatic NETs) 12 m-PFS 67%, ORR 33%

CAPTEM + 177Lu-dotatate (Midgut NETs) 15 m-PFS 90%, ORR 31%
177Lu-dotatate (Midgut NETs) 15 m-PFS 92%, ORR 15%

Claringbold et al. [80] II 33 Capecitabine + 177Lu-dotatate 12 m-PFS 91%, 24 m-PFS 88%

Bhave et al. [81] I/II 28 Temozolomide + Pazopanib (Pancreatic NETs) ORR 25%, DCR 70%, PFS 12.1 m
and OS 36.2 m

Chan et al. [82] I/II 43 Temozolomide + Everolimus ORR 40%, DCR 93%, PFS 15.4 m
and OS NR

Owen et al. [83] II 12 Temozolomide + Nivolumab ORR 25%, DCR 92%

* All times to event endpoints are reported as median values unless otherwise stated. Abbreviations: PFS, progression-free survival; OS,
overall survival; ORR, objective response rate; DCR, disease control rate; m, months; +, plus.

5.1. Chemotherapy plus PRRT

Chemotherapy has been combined with PRRT with Lutetium 177(177Lu)-dotatate in
several studies. A phase II randomized parallel assignment study explored the addition
of capecitabine plus temozolomide plus PRRT vs. capecitabine plus temozolomide in
patients with grade 1/2 pancreatic NETs and capecitabine plus temozolomide plus PRRT
vs. PRRT in patients with grade 1/2 midgut NETs [84]. A total of 75 patients were included
in the study, and the majority of patients received the treatment in the first- or second-line
settings (93.3%). Patients in the combination arms received capecitabine plus temozolo-
mide on its standard D1-D14 dosing schedule, while 177Lu-dotatate (7.8 giga-becquerels
(Gbq)) was administered IV on D10 every 2 months. In patients with pancreatic NETs, the
patients experienced a 12-month PFS of 76 and 67% in the combination and chemother-
apy monotherapy arms, respectively. The ORR in the combination and chemotherapy
monotherapy arms was 68 and 33%, respectively. The rate of treatment-related grade
3/4 adverse events was not significantly different between the arms (44% in the combi-
nation arm and 33% in the chemotherapy alone arm). In the patients with midgut NETs,
the patients experienced a 15-month PFS of 90 and 92% in the combination and PRRT
monotherapy arms, respectively. The ORR in the combination and PRRT monotherapy
arms was 31 and 15%, respectively. The rate of treatment-related grade 3/4 adverse events
were significantly different between the arms (81% in the combination arm and 46% in the
PRRT monotherapy arm). Longer-term follow-up is needed to see if any OS differences
emerge between the arms; however, the ORR in pancreatic NETs is quite striking and may
represent a strategy for patients with bulky disease.

A phase II single-arm study combined capecitabine plus 177Lu-dotatate in patients
with well-differentiated NETs [79]. In this study, 33 patients with advanced disease received
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177Lu-dotatate 7.8 Gbq IV D1 plus capecitabine 1650 mg/m2 PO QD D1-D14 every 8 weeks.
Of the 33 patients, 13 possessed small intestinal NETs, 8 possessed pancreatic NETs, and
12 patients possessed primary tumors of unknown origin. The majority of the patients
(69.7%) received one line of prior systemic therapy. The median PFS and OS for the patients
were not reached at the time of publication. The 12-month and 24-month PFS for the treated
patients was 91% and 88%, respectively.

Another phase II single-arm study combined capecitabine plus temozolomide plus
177Lu-dotatate in patients with well-differentiated NETs [80]. Of the 35 included patients,
50% possessed tumors of gastroenteropancreatic origin. The patients received 177Lu-
dotatate 7.8 Gbq IV D1 plus capecitabine 1500 mg/m2 PO QD D1-D14 plus temozolomide
200 mg/m2 PO QD D10-D14 every 8 weeks. The ORR was 53% (15% complete response
rate), the median PFS was 31 months, and the median OS was not reached. Neutropenia
(6%), angina (6%), and nausea/vomiting (3%) were the only grade 3 adverse events
reported. The long-term safety of this combination was recently reported with a 7-year
update from the study [85]. A total of 16% of patients experienced persistent hematotoxicity
(defined as a sustained grade ≥ 3 hematologic adverse event beyond the 3-year follow-up),
and 8% of the patients developed MDS or acute myeloid leukemia (AML). The estimated
cumulative incidence of MDS or AML was 11% in this patient cohort.

A recent retrospective study assessed the activity of capecitabine plus 177Lu-dotatate
in the first-line setting in patients with grade 1/2 gastroenteropancreatic NETs [86]. In this
study, 76 patients either received therapy with 177Lu-dotatate (6.0–7.4 Gbq IV D1) plus
capecitabine (1250 mg/m2 PO QD D1-D14) every 8 weeks or octreotide (30 mg intramuscu-
larly (IM)) monthly. The patients receiving the combination therapy exhibited improved
ORR (38% vs. 15%, p = 0.025) and DCR (88% vs. 67%, p = 0.025) compared to the patients
in the octreotide arm. The median PFS in the combination therapy-treated patients was
significantly longer than the median PFS in the patients who received octreotide (54 months
vs. 16 months, p = 0.017). The patients in the combination arm experienced slightly more
grade 3/4 hematologic adverse events (anemia 3% vs. 0%, p < 0.001; leukopenia 3% vs. 0%,
p < 0.001) compared to the patients who received octreotide.

From the presented data above, it is not yet evident in which circumstances chemother-
apy plus PRRT should be utilized for patients. Relatively high rates of hematotoxicity,
particularly MDS, suggest that this approach may be most appropriate for patients with
higher-grade or rapidly proliferative tumors that express high levels of somatostatin recep-
tors. Further long-term follow-ups from ongoing combination chemotherapy plus PRRT
studies need to be reported to truly define the safety profile of such an approach.

5.2. Chemotherapy plus Targeted Therapies

Several studies are exploring the combination of targeted therapies, such as tyrosine
kinase inhibitors, and mTOR pathway inhibitors, with chemotherapy. A phase I/II study
explored the combination of temozolomide plus pazopanib in 28 patients with pretreated
pancreatic NETs [81]. The patients in this study received temozolomide 75–150 mg/m2

PO D1-D7 and D15-D21 and pazopanib 400 mg PO daily; the recommended phase 2 dose
(RP2D) was temozolomide 75 mg/m2 and pazopanib 400 mg. The ORR and DCR were
25% and 70%, respectively. The median PFS and OS were 12.1 months and 36.2 months,
respectively. The most common treatment-related adverse events were hepatic toxicity
(16%), nausea (5%), and fatigue (5%).

Another phase I/II study explored the combination of temozolomide plus everolimus
in patients with pancreatic NETs [82]. The study involved two patient cohorts, one treated
with everolimus 5 mg PO daily and temozolomide 150 mg/m2 PO D1-D7 and D15-D21 and
the other treated with everolimus 10 mg PO daily and temozolomide at the same dosing
schedule. A total of 43 patients were enrolled in the study; 77% of the patients were treated
in the first-line setting. The ORR and DCR were 40% and 93%, respectively. The median
PFS and OS were 15.4 months and NR, respectively. The most common grade 3/4 adverse
events were lymphopenia, hyperglycemia, transaminase elevations, thrombocytopenia,
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and neutropenia, which were observed in 33, 19, 16, 16, and 7%, respectively. The future
drug development plans for each of these combinations remain undefined.

5.3. Chemotherapy plus Immunotherapy

A multi-cohort phase II trial explored the antitumor activity of the combination of
temozolomide with the checkpoint inhibitor nivolumab [83]. The possible synergy between
the agents stems from the ability of temozolomide to increase the activation of antigen-
presenting cells. The patients in the trial were treated with nivolumab 480 mg IV D1
and temozolomide 150 mg/m2 PO D1-D5 every 28 days. Of the 12 patients in the well-
differentiated NET cohort, the ORR and DCR were 25 and 92%, respectively. The three
patients who achieved a partial response all possessed NETs with Ki-67 indexes ≥15%; two
patients possessed grade 3 NETs. The study is ongoing, and the final results may inform
the future development plan for the combination.

Given the previous negative data for immunotherapy in patients with well-differentiated
neuroendocrine tumors, it remains to be seen whether chemoimmunotherapy combinations
will continue to be tested in patients with low-grade, well-differentiated NETs or if the
focus will be on high-grade NETs and poorly differentiated NECs.

6. Conclusions

The role of chemotherapy in patients with well-differentiated NETs remains an area of
active clinical investigation. Patients with pancreatic NETs and grade 3 NETs appear to
be the most chemosensitive; however, patients with ≥grade 2 extra-pancreatic NETs may
also derive benefits from the treatment modality. In patients with pancreatic NETs, the
optimal sequencing of chemotherapy in relation to other available therapies is still an area
of ongoing investigation. The SEQTOR trial, for example, is exploring whether alkylating
agent-based therapy should come before or after everolimus. A soon-to-be-recruiting clini-
cal trial will explore whether capecitabine plus temozolomide should be offered before or
after PRRT. Among the extra-pancreatic primary sites, lung NETs appear to be particularly
sensitive to capecitabine plus temozolomide, whereas evidence supporting chemotherapy
in midgut NETs is almost absent. Thus far, chemotherapy has demonstrated clinically
meaningful antitumor activity in patients with advanced (metastatic or unresectable) dis-
ease; its role in adjuvant or neoadjuvant settings is as-of-yet undefined. Temozolomide-
and oxaliplatin-based regimens are the most commonly utilized chemotherapies; however,
combinations of these regimens with PRRT and targeted therapy are being explored to
increase the number of cytoreductive options that may be available for patients with NETs.
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