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Neuroendocrine carcinomas are rare and aggressive malignancies, often diagnosed at advanced stages, leading to
poor prognosis. Platinum-based chemotherapy is the standard first-line treatment for advanced neuroendocrine
carcinomas; however after achieving response no consensus exists on maintenance therapies and the results are
inconsistent. This review examines the role of maintenance therapy following response to first-line chemo-
therapy in gastroenteropancreatic neuroendocrine carcinomas. We identified limited supporting evidence, pri-

marily from phase II trials and case reports, that suggested maintenance therapy could be considered for
prolonging progression-free survival, balancing toxicity, and maintaining quality of life. Nevertheless, pro-
spective studies are needed to validate its clinical efficacy.

Introduction

Neuroendocrine carcinomas (NECs) are a rare and diverse group of
neuroendocrine neoplasms characterized by poor differentiation,
aggressive nature, and propensity for early and widespread metastasis
[1]. Based on morphology, NECs are classified into small-cell and large-
cell types. Additionally, they can be categorized by their primary site,
either as pulmonary NECs or extrapulmonary NECs (EP-NECs) [1-3].
EP-NECs account for 8.7% of all NEC cases [4]. Among EP-NECs, gas-
troenteropancreatic (GEP) NECs are the most prevalent, comprising
37% of cases, with 64% originating in the colon, rectum, or anus, and
23% in the pancreas [5].

At diagnosis, up to 85% of GEP-NEC patients present an advanced-
stage disease, for which systemic chemotherapy (ChT) is the current
standard of care [6]. Treatment strategies in GEP-NECs are largely based
on the management of small-cell lung cancer (SCLC) due to their similar
histology and clinical behavior [7]. The first-line treatment for advanced
GEP-NEC patients is based on the combination of etoposide and plat-
inum (EP) or irinotecan and platinum (IP) for four to six cycles [8,9].
Retrospective studies have shown response rates to platinum-based ChT

between 31-67%, with most initial responders experiencing progression
within 4 to 6 months and a median survival of 11-12 months [10-12].
Approximately 30% of patients, primarily those with colorectal NEC,
show no response to ChT [10,12]. Despite ongoing efforts to improve
outcomes through immunotherapy and targeted therapies, no second-
line treatment has emerged, and overall benefits remain limited [13].

For NEC patients who respond to first-line ChT, there is significant
uncertainty regarding the optimal treatment strategy. Oncologists must
decide whether to continue with maintenance therapy (MT), first line
ChT or observation. MT is a treatment strategy that aims to prolong the
benefits of initial response to ChT by delaying disease progression in
cases where a curative treatment is not possible [14]. MT can be
delivered either by continuing with one or all components of first-line
regimens (continuous MT) or by introducing a new non-cross-resistant
agent in an alternating or sequential fashion to prevent progression
(switch MT or sequential therapy), while minimizing toxicity[15,16]. By
delaying the need for second-line ChT, MT seeks to maintain quality of
life without compromising survival. Fig. 1 illustrates the differences
between traditional ChT schemas and a conceptual scheme for MT in
metastatic GEP-NEC.
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Given the limited benefits of second-line treatments in GEP-NECs,
there is a growing need to explore the evidence supporting continued
therapy after an initial positive response to first-line ChT. While MT is a
well-established strategy in ovarian, lung, and colorectal cancers, its
application in GEP-NECs remains relatively unexplored [15-18]. This
literature review aims to evaluate the existing evidence on MT in GEP-
NECs, focusing on its potential impact on patient outcomes and cur-
rent standards of care.

Methods

Search strategy

We conducted a comprehensive literature review by searching
PubMed for prospective and retrospective studies, case reports, and re-
view articles published from July 2017 to November 2024, the period
following the release of the updated WHO pathology classification of
poorly differentiated NECs. The search aimed to identify studies inves-
tigating the role of MT following first-line platinum-based ChT in GEP-
NECs. We used the following search terms: “neuroendocrine carci-

noma”, “chemotherapy”, and “maintenance therapy”.

Selection criteria
We applied the PICO criteria to define the eligibility criteria: (1)

Population: patients diagnosed with advanced GEP-NECs; (2) Interven-
tion: MT following first-line platinum-based ChT regimens; (3)

A

Carboplatin/etoposide

or cisplatin/irinotecan*
Non-responders
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Comparison: no MT or other MT; (4) Outcome: Overall survival (OS),
progression-free survival (PFS), and quality of life. Studies including
patients with neuroendocrine tumors G3 were excluded.

Study selection

The initial search yielded 32 results. Additionally, we identified one
case report and three phase II trials through a supplementary manual
search. From 36 records, 10 met the inclusion criteria on relevance to
our research question. The study selection process is represented in a
flowchart adapted from PRISMA (Preferred reporting Items for Sys-
tematic Reviews and Meta-analyses) guidelines (Fig. 2). We searched
additional references from selected articles and clinical practice guide-
lines from the European Society for Medical Oncology (ESMO), Euro-
pean Neuroendocrine Tumor Society (ENETS) and The North American
Neuroendocrine Tumor Society (NANETS). A detailed description of the
search query is provided in the Supplementary Appendix.

Results

Maintenance therapy (MT) in GEP-NECs beyond first-line treatment. A
concise overview of key evidence

The studies selected for this review explored various strategies,
including simplified ChT regimens, immunotherapy, and targeted
therapies. The results, summarized in Table 1, highlight both the po-
tential benefits and the limitations of MT in prolonging PFS and OS.

Second line or

for 4-6 cycles (PD)

Other regimens™*

Carboplatin/etoposide
or cisplatin/irinotecan*
for 4-6 cycles

Initial responders

best supportive care

MTB
Molecular testing

(CR, PR, SD) Cumulative toxicities
Other regimens** Patient preferences
A4
Monochemotherapy Target therapy alone

(with one of the
1st line components)

or in combination
with ChT

Immunotherapy Observation

Abbreviations: GEP-NEC (gastroenteropancreatic neuroendocrine carcinoma); MTB (multidisciplinary tumor board); PD (progression disease); CR (complete
response); PR (partial response); SD (stable disease); ChT (chemotherapy); * Alternative option; **According to MTB discussion

Fig. 1. The flowchart illustrates the selection process for the literature review.
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Fig. 2. Current management of advanced gastroenteropancreatic neuroendocrine carcinoma (GEP-NEC) after first-line chemotherapy in non-responders,
compared to a conceptual scheme for the maintenance strategy in patients who are initial responders. (A) Current management of advanced GEP-NEC after
first-line chemotherapy in non-responders: According to ENETS guidelines, first-line treatment for advanced GEP-NEC consists of 4 to 6 cycles of chemotherapy with
carboplatin plus etoposide, with cisplatin plus irinotecan as an alternative option. Other regimens should be discussed in a multidisciplinary tumor board (MTB).
Upon disease progression, second-line treatment or best supportive care are recommended. (B) Conceptual scheme for the maintenance strategy in patients who are
initial responders: For patients who achieve an initial response (complete response [CR], partial response [PR], or stable disease [SD]) to first-line treatment, a
maintenance strategy should be determined on a case-by-case basis by the MTB. Treatment decisions should incorporate molecular testing, cumulative toxicities and
patient preferences. Maintenance options may include monochemotherapy, target therapy (alone or in combination with chemotherapy), immunotherapy or

observation.

Chemotherapy as MT

The use of ChT as MT in managing GEP-NECs remains a subject of
ongoing research, with treatment strategies often extrapolated from
extensive-stage SCLC [19]. In SCLC, MT has shown inconsistent results,
with some studies suggesting a survival advantage for MT with ChT and
interferon-alpha, although further studies are needed to confirm its
clinical impact [15]. MT with thoracic radiotherapy and prophylactic
cranial irradiation has also been considered for initial responders in
SCLC patients [19]. In addition, limited evidence suggests that etoposide
capsules as MT significantly prolong the PFS in patients with extensive
SCLC who responded to etoposide plus platinum (EP) [20,21]. However,
we found no robust evidence supporting the use of MT for SCLC in the
context of GEP-NECs.

Most MT strategies aim to simplify the first-line multiagent ChT
regimens. In GEP-NECs, combinations such as EP or irinotecan plus
platinum (IP) can be reduced to a single-agent therapy like irinotecan or
platinum alone. This reduction helps eliminate cumulative toxicity
while potentially delaying therapeutic resistance. Such strategies allow
for additional treatment options to be preserved for later lines of ther-
apy. However, the evidence supporting this approach is limited, pri-
marily consisting of a phase II trial and a case report.

Irinotecan, which is associated with less hematological toxicity than
cisplatin in first-line regimens, was investigated in a phase II trial
involving 66 patients with advanced, recurrent or metastatic GEP-NECs

[22]. This study compared EP and IP regimens, each administered for six
cycles or until disease progression or unacceptable toxicity. Between
33% and 48.5% of patients completed six cycles with the EP and IP
treatment, respectively. Among those treated with IP, 68.75% of re-
sponders received irinotecan as MT, with a median maintenance dura-
tion of 2.8 months (range 0.7-6.3 months). Although no significant
differences in response rates (42.4% in both arms), OS (11.3 months vs
10.2 months), or PFS (6.4 months vs 5.8 months) were observed be-
tween the EP and IP arms, there was a trend toward improved objective
response rate in patients with large cell morphology (30% vs 14.3%).
Furthermore, IP was less toxic in terms of grade 3/4 neutropenia
compared to EP (12.1% vs 45.4%). This study suggests that irinotecan
may offer a potential role in MT for patients with large-cell GEP-NECs,
particularly given its reduced hematological toxicity. However, further
randomized trials, including assessments of quality of life and bio-
markers, are necessary to identify the subgroup of patients who would
benefit the most.

Carboplatin monotherapy has been explored in a limited context.
Elm’hadi et al. [23] reported a case of a 49-year-old woman diagnosed
with an advanced small cell NEC of the gallbladder, which metastasized
to the liver and exhibited a Ki-67 level of 90%. After achieving a partial
response (PR) to carboplatin and etoposide (two cycles), the patient
continued carboplatin monotherapy based on a decision by the multi-
disciplinary team. She tolerated the therapy well and maintained disease
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Table 1
Summary of literature review on the role of maintenance therapy after first line chemotherapy in metastatic gastroenteropancreatic neuroendocrine carcinoma (GEP-
NEQ).
Authors Study Number Primary Site Morphology First-line Maintenance Response Main toxicity (%) Median PFS Median OS
Design of GEP- (%) (%) Treatment Therapy Type (months) (months)
NEC
Patients

Elm’hadi Case 1 Gallbladder Small cell Carboplatin Carboplatin PR Thrombocytopenia 16 18
et al. report and etoposide monotherapy G3
[23] (2 cycles) (11 cycles)

Zhangetal.  Phase EP arm: Pancreas Small cell EP (6 cycles) Irinotecan plus Both arms ~ Hematological G3: EP: 6.4 vs EP: 11.3 vs
[22] I 33, IP (6.1% vs (57.6% vs vs IP (6 cycles) cisplatin: ORR: EP vs with IP arm 1P: 5.8 IP: 10.2

arm: 33 15.2%), 39.4%), large Irinotecan 42.4%; (45.4% vs 12.1%;
oesophagus cell (27.3% maintenance large cell P=0.002). Non-
(30.3% vs vs 48.5%) NEC ORR: hematological G1-2:
9.1%, MiNEC 30% vs EP vs IP arm (18.2%
stomach (9.1% vs 14.3% vs 54.5%)

(27.3% vs 6.1%)
33.3%), uncertain
duodenum (6.1% vs
(3% vs9.1%), 6.1%)
small

intestine (3%

vs 6.1%),

colorectum

(15.2% vs

18.2%),

unknown

primary

(15.2% vs

9.1%)

Alfieris Phase 19 Small NR Capecitabine, Pazopanib plus  ORR: Leukopenia G3 Responders Responders:
et al. I intestine oxaliplatin, capecitabine 47.4% (3 (15.8%), (CR+PR): 30.5 versus
(2020) (31.6%), irinotecan and CR, 6 PR) neutropenia G3 18 vs non- SD/PD: 14

cecum bevacizumab (15.8%), diarrhea responders
(21.1%), (6 cycles) G3 (15.8%), hand (SD+PD): 5
appendix foot G3 (15.8%)

(31.6%),

colon

(15.7%)

Kang et al. Case 1 Pancreas Small cell Irinotecan Nivolumab (30  CR Hepatitis G2 NR 48
[26] report plus months)

nivolumab (8
cycles)
Levy et al. Phase 25 Colorectum NR Cisplatin plus Everolimus ORR: Hematological G3-4 6 8.7
[31] I (28.1%), everolimus 58.9% (36%) and renal G3-
pancreas (up to 6 (CR: 4 (21%)
(15.4%), cycles) 2.6%, PR:
oesophagus 56.4%,
(10.3%), SD:
stomach 23.1%)
(7.7%),
appendix
(1%)

Keaneetal. Case 1 Pancreas NR EP (6 cycles) Olaparib (17 CR Fatigue and 17 26
[36] report plus months) peripheral

atezolizumab neuropathy
(added after 3
cycles)

Antonuzzo Phase 15 Pancreas NR Platinum- Everolimus vs SD: 65% Mucositis/ 11.8vs 1.8 38.3 vs 38.2
et al. I (35%), other based (38%), observation vs 33%, stomatitis G3
[34] 17%) non platinum- PR: 35% (27.7%),

based (62%) vs 67% neutropenia
(27.7%)

M.C. Phase 25 Oesophagus NR Nivolumab Nivolumab (up  PR: 60% Neutropenia G3 5.7 139
Riesco I (8%), gastric plus to 24 months), (39.5%), febrile
Martinez (20%), carboplatin PD, death or neutropenia
et al. pancreas and etoposide unacceptable (10.5%), anemia
[25] (36%), colon (up to 6 toxicity (7.9%), fatigue

(12%), cycles) (7.9%) and
rectum (8%), thrombocytopenia
unknown (5.2%)

primary

(16%)

Lie et al. Case 1 Gallbladder NR Tislelizumab Tislelizumab CR None NR 10
(2024) report plus EP (8

cycles)

(continued on next page)
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Authors Study Number Primary Site Morphology First-line Maintenance Response Main toxicity (%) Median PFS Median OS
Design of GEP- (%) (%) Treatment Therapy Type (months) (months)
NEC
Patients
McKinley Case 1 Pancreas Large cell Carboplatin Selpercatininb PD Diarrhea G1, NR NR
etal. report and etoposide (2 months) hepatitis G1
[35] (4 cycles)

Abreviatures: GEP (gastroenteropancreatic); NEC (neuroendocrine carcinoma);EPNEC (extrapulmonary neuroendocrine carcinoma); EP (etoposide plus cisplatin); IP
(irinotecan plus cisplatin); EPNEC (extrapulmonary neuroendocrine carcinoma); CR (complete response); PR (partial response); SD (stable disease); G3 (grade 3); PFS

(progression free survival); OS (overall survival); ORR (objective response rate).

stability through 11 cycles, until the appearance of thrombocytopenia.
Five months later, she experienced disease progression, and she received
irinotecan as a second-line treatment. She died 18 months after initia-
tion of medical treatment due to hepatocellular insufficiency. Despite
the limited evidence, this case emphasizes the importance of individu-
alized decision-making, guided by multidisciplinary tumor boards.

Overall, evidence on ChT MT in GEP-NECs after response to first line
treatment is very limited. However, it suggests manageable toxicities
and a potential benefit according to the histology. Further prospectives
studies, including assessment of efficacy and patient-reported toxicity,
are needed.

Chemotherapy and immunotherapy as MT

In GEP-NECs, immunotherapy has emerged as a potential MT option,
particularly immune checkpoint inhibitors (ICIs), which are being tested
in combination with ChT in the first-line setting. Preclinical studies have
revealed a high tumor mutational burden (TMB) and high expression of
programmed death receptor-1 ligand (PD-L1) in NECs, suggesting po-
tential immunogenicity and responsiveness to ICIs [24]. Although the
evidence supporting ICIs as MT following first-line ChT plus ICIs is
limited, it remains promising, based on a phase II and two case reports.
Nivolumab (human IgG4 monoclonal antibody against PD-1) and tisle-
lizumab (an anti-human monoclonal antibody against PD-1) have been
explored in this context [25-27].

The NICE-NEC phase II trial involved 25 patients with metastatic or
locally advanced unresectable GEP-NEC. Patients received nivolumab
along with up to six cycles of platinum-based ChT, followed by nivolu-
mab as MT for up to 24 months. The median OS and PFS was 13.9
months and 5.7 months, respectively [25]. Although the response rates
and OS seem to be higher than with standard first-line ChT, further
comparative studies and toxicity and quality-of-life assessments are
needed. An ongoing trial is investigating a combination of ChT and ICIs,
followed by camrelizumab as MT in GEP-NECs [28].

Case reports offer additional insights into ICI use as MT. Kang et al.
presented a case of a 59-year-old male patient with small cell NEC and a
Ki-67 index of 60%. Following pancreatectomy and six cycles of adju-
vant ChT with EP, the disease progressed within three months. After
next-generation sequencing (NGS) revealed a TMB of 18.9 mutations/
Mb and microsatellite stability, the patient was treated with irinotecan
and nivolumab, followed by nivolumab as MT. This resulted in a durable
disease-free status for two and a half years, with treatment halted due to
grade 2 hepatitis. The patient remained disease-free at four years follow-
up [26]. Another case reported a 52-year-old woman with advanced
gallbladder-NEC and liver metastasis, who achieved a complete
response after eight cycles of tislelizumab plus EP ChT, followed by MT
with tislelizumab. She remained in CR for over 10 months with no major
side effects [27].

Although limited, these cases suggest that combining ChT with ICI-
based MT can result in durable responses with low toxicity. Addition-
ally, biomarkers like TMB may help identify GEP-NEC patients who are
likely to benefit from ICI treatments.

Chemotherapy +/- targeted therapies as MT
Up to 66 % of metastatic GEP-NEC cases display potentially

targetable mutations, such as in the case of colorectal NEC, where 49%
of patients have BRAF V60OE mutation [24]. Although the BRAF/MEK
inhibitor combination (dabrafenib plus trametinib) is typically used
after first-line progression [29], other less common mutations (KRAS
G12C, RET, HRAS, and NTRK fusions) could potentially be targeted with
therapies. However, the use of targeted therapies as MT in GEP-NEC
remains under-investigated.

Tyrosine kinase inhibitors (TKIs), which target multiple pathways
involved in tumor growth and angiogenesis, have shown promise in MT
settings. For instance, a phase II study investigated the combination of
pazopanib (a multi-targeted receptor TKI) and capecitabine (oral fluo-
ropiridimidine) as MT in 19 patients with high-grade poorly differenti-
ated GEP-NECs. Patients who had responded or achieved stable disease
(SD) after six cycles of capecitabine (CP), oxaliplatin, irinotecan, and
bevacizumab (CAPOXIRI-BEV) received MT with pazopanib and CP. The
objective response rate (ORR) was 47.4% (3 complete responses and 6
partial responses). The median PFS was 13 months, and the median OS
was 29 months. Responders had significantly better OS (30.5 months)
compared to those with SD or disease progression (14 months) [30]. This
suggests that pazopanib-based MT may provide additional benefits for
patients who respond well to initial ChT, but biomarkers are needed to
predict treatment response.

Two phase II studies explored the use of everolimus as MT after first-
line ChT. The first study investigated the combination of everolimus and
cisplatin as MT. This study included 39 patients with advanced EP-NEC,
64% of whom had GEP-NECs. The response rate was 58.9% with three
patients (8%) achieving durable responses beyond 12 months. The
median PFS was 6 months, the median OS was 8.7 months, and the most
common grade 3/4 toxicities were hematological and renal [31]. Given
its synergistic antitumor activity with cisplatin, everolimus could be a
viable MT option, offering similar efficacy to traditional cytotoxic reg-
imens while potentially improving quality of life due to the absence of
alopecia and other side effects [32,33]. The second study assessed the
efficacy and safety of everolimus alone as MT in metastatic GEP-NEC.
The MAVERIC study, was a randomized phase II trial presented as
poster at the ESMO Congress 2023, included 30 patients (20 were ran-
domized to everolimus and 10 to observation). Fifty-two percent of
patients had a diagnosis of GEP-NEC, mainly represented by pancreas
origin, and 48% had large cellNEC. The median PFS was 11.8 months
with everolimus and 1.8 in the control arm. Median OS was 38.3 and
38.2 months for the experimental and control arms, respectively. In the
experimental arm, grade 3 adverse events occurred in 55% of patients,
most commonly mucositis/stomatitis (27.7%) and neutropenia (27.7%).
This study suggests a potential role for everolimus as a MT following
first-line ChT in selected patients with metastatic GEP-NEC. However,
homogeneous prospective studies are warranted to validate this hy-
pothesis [34].

McKinley et al. (2024) reported a case of a patient diagnosed with
advanced large-cell pancreatic NEC. NGS of the tumor and blood showed
a RET gene fusion. He was initially treated with four cycles of carbo-
platin and etoposide. Following this induction therapy, selpercatinib
was administered as MT. However, after two months, a computed to-
mography scan revealed disease progression. Mild adverse events,
including grade 1 hepatitis and diarrhea, were observed during
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treatment [35]. This case highlights the need for further research to
better identify patients who could benefit from targeted therapies as part
of their treatment strategies.

Lastly, olaparib, a PARP inhibitor, was used as MT in a male patient
with advanced pancreatic NEC. Genomic analysis demonstrated a
germline pathogenic variant in BRCA2 with somatic loss-of-
heterozygosity of the BRCA2 wild-type allele. After responding well to
platinum-based ChT and atezolizumab, the patient received MT with
olaparib, achieving systemic control for 17 months before developing
brain metastases. He received post-operative stereotactic radiation twice
[36]. Although the patient eventually succumbed 26 months after the
initial diagnosis, this case highlights the potential of precision therapies,
such as Olaparib, in specific genetic subtypes of GEP-NEC. It also sup-
ports the consideration of comprehensive genomic profiling in the
management of patients with rare tumor types. Additionally, it un-
derscores the importance of considering treatment paradigms from
other malignancies with shared genomic features when randomized data
is scarce in rare tumors.

Targeted therapies demonstrate durable responses post-initial
treatment, emphasizing the importance of early molecular profiling
for informed decision-making. Further investigation of predictive bio-
markers is crucial to optimize patient selection and treatment outcomes
in this setting.

Conclusions

The current guidelines do not offer a standard approach to mainte-
nance treatment for patients who respond to first-line chemotherapy.
Our literature review did not uncover robust evidence supporting the
use of MT following response to first-line platinum-based ChT in
advanced GEP-NECs. While we identified promising case studies show-
casing MT strategies, several limitations were noted. First, we did not
search other databases, potentially underestimating the number of
relevant articles. Second, most available evidence largely comes from
case reports or phase II studies, which do not provide a comprehensive
understanding of MT efficacy. Third, due to the rarity of GEP-NECs,
many studies involve highly heterogeneous populations, limiting the
generalizability of the findings. Given these limitations, the role of MT in
advanced GEP-NECs after response to first-line treatment remains to be
elucidated. To better address the needs of this underrepresented popu-
lation, further prospective studies are essential. Until then, we recom-
mend a case-by-case approach to treatment decision-making, ideally
involving a multidisciplinary tumor board, to consider cumulative tox-
icities, quality of life, patient preferences, and molecular testing results.
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