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Nivolumab plus platinum-doublet
chemotherapy in treatment-naive patients
with advanced grade 3 Neuroendocrine
Neoplasms of gastroenteropancreatic or
unknown origin: The multicenter phase 2
NICE-NEC trial (GETNE-T1913)

A list of authors and their affiliations appears at the end of the paper

The prognosis of patients with advanced high-grade (G3) digestive neu-
roendocrine neoplasms (NENs) is rather poor. The addition of immune
checkpoint inhibition to platinum-based chemotherapymay improve survival.
NICE-NEC (NCT03980925) is a single-arm, phase II trial that recruited che-
motherapy-naive, unresectable advanced or metastatic G3 NENs of gastro-
enteropancreatic (GEP) or unknown origin. Patients received nivolumab
360mg intravenously (iv) on day 1, carboplatin AUC 5 iv on day 1, and eto-
poside 100mg/m2/d iv on days 1–3, every 3weeks for up to six cycles, followed
by nivolumab 480mg every 4weeks for up to 24months, disease progression,
death or unacceptable toxicity. The primary endpoint was the 12-month
overall survival (OS) rate (H0 50%, H1 72%, β 80%, α 5%). Secondary endpoints
were objective response rate (ORR), duration of response (DoR), progression-
free survival (PFS), and safety. From 2019 to 2021, 37 patients were enrolled.
The most common primary sites were the pancreas (37.8%), stomach (16.2%)
and colon (10.8%). Twenty-five patients (67.6%) were poorly differentiated
carcinomas (NECs) and/or had a Ki67 index >55%. The ORR was 56.8%. Median
PFS was 5.7 months (95%CI: 5.1-9) and median OS 13.9 months (95%CI: 8.3-Not
reached), with a 12-monthOS rate of 54.1% (95%CI: 40.2-72.8) that did notmeet
the primary endpoint. However, 37.6% of patients were long-term survivors
(>2 years). The safety profile was consistent with previous reports. There was
one treatment-related death. Nivolumab plus platinum-based chemotherapy
was associated with prolonged survival in over one-third of chemonaïve
patients with G3 GEP-NENs, with a manageable safety profile.

High-grade neuroendocrine neoplasms (NENs) are rare and aggres-
sive tumors with a very poor prognosis. Over 90% originate in the
lung and only 3% are of gastroenteropancreatic (GEP) origin1,2. The
current standard of care still follows the treatment paradigm of
small-cell lung cancer (SCLC), a far more common G3 NEN, although

emerging molecular and clinical data increasingly question this
approach3. Platinum-based chemotherapy (cisplatin or carboplatin
and etoposide [EP]) is the standard first-line treatment for these
patients, with objective response rates (ORR) of ~ 30% and a median
overall survival (OS) of ~ 11 months1–4. The development of more
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effective treatment strategies is, therefore, highly needed for these
patients.

The immune system plays a pivotal role in cancer prevention,
development, and progression, and immune checkpoint inhibition
(ICI) has changed the treatment paradigmofmany cancer types over
the past decade, including some high-gradeNENs such asMerkel cell
carcinoma (MCC)5 or SCLC6,7. Nevertheless, the role of immu-
notherapy remains controversial in G3 digestive NENs. Single-agent
ICI with PD-1 or PD-L1 blockade is mostly ineffective in molecularly
unselected, heavily pretreated patients with advanced GEP neu-
roendocrine carcinomas (NECs) (ORR < 8%, progression-free survi-
val [PFS] 1.8-4 months, OS 5.1-7 months), with the only exception of
toripalimab, that reported an ORR of 20% in G3 NENs primarily of
GEP origin8. ORR was significantly higher in patients with the high
mutational burden (TMB-H) or PD-L1 expression ≥10%, and about
one-third of responders harbored ARID1A mutations8. In line with
these observations, pembrolizumab also demonstrated efficacy in
patients with TMB-H NENs9. Of note, TMB and PD-L1 expression, and
other associated features predictive of response to immunotherapy,
such as tumor-infiltrating lymphocytes, are significantly higher in
high-grade NENs10–13.

Dual PD-1 and CTLA-4 blockade have demonstrated increased
efficacy compared with single-agent ICI in several tumor types,
although more modest activity in pretreated G3 GEP NENs14,15. How-
ever, despite this modest activity, a subset of patients with pretreated
G3 GEP NENs may achieve long-term survival14.

On the other hand, emerging evidence suggests that che-
motherapy may be synergistic with ICI as it induces an immunogenic
cell death that can prime antitumor immunity within an immuno-
suppressive microenvironment16–18. This has been demonstrated in
chemotherapy-naive patients with advanced SCLC, as the addition of
atezolizumab or durvalumab to platinum-based chemotherapy has
demonstrated improved survival and is now the standard of care as
first-line therapy6,7.

Here, we show the results of a phase II clinical trial that evaluated
the efficacy and safety of nivolumab and carboplatin-etoposide in 37
patients with chemonaïve unresectable advanced or metastatic G3
NENs of GEP or unknown origin. The primary endpoint (12-month OS
rate) was not met, but the combination was associated with an ORR of
56.8% and prolonged survival (>2 years) in over one-third of patients
with a manageable safety profile.

Results
Patients
Between 2019 and 2021, 38 patients were enrolled in the study. All
patients received the study treatment and were evaluable for safety.
Out of these, 37 (97.4%) met the eligibility criteria for study entry and
were evaluated for efficacy. One patient (2.6%) with a non-
neuroendocrine neoplasm was withdrawn from the study and was
only considered for safety assessment.

The main patient characteristics are summarized in Table 1. The
most common primary tumor sites were the pancreas (N = 15, 40.5%),
stomach (N = 6, 16.2%), and colon (N = 4, 10.8%), followed by esopha-
gus, small bowel and rectum (N= 2; 5.4% each). Six patients had
unknown primaries (16.2%). The majority were poorly differentiated
NECs (N = 25, 67.6%), had aKi-67 index greater than55% (N = 25, 67.6%),
were stage IV at diagnosis (N = 35, 94.6%), had ≥ 2 metastatic sites
(N = 27, 73%), an Eastern Cooperative Oncology Group (ECOG) per-
formance status of 1-2 (N = 26, 70.3%) and elevated baseline chromo-
granin A (N = 27, 73%) or enolase (N = 21, 56.8%). PD-L1 expression
couldbe assessed in 35 cases andwaspositive in two (5.4%overall, 5.7%
of assessed cases), one per CPS (10%) and TPS (1%) and the other one
only per TPS (1%). Microsatellite instability was present in 1 of 14 eva-
luable patients (2,7% overall, 7,1% of assessed patients).

All patients had discontinued the study treatment at the time of
the final analysis, 2 (5.4%) due to treatment completion (2 years) as
scheduled and 35 (94.6%) prematurely. The primary reason for study
discontinuation was disease progression, which occurred in 29
patients (78.4%). Three patients (8.1%) died during treatment due to
disease progression, and one (2.7%) experienced a treatment-related
death. Two patients (5.4%) discontinued the study treatment at the
investigator’s discretion.

Table 1 | Baseline characteristics of the study population

Characteristics G3 NENs G3 NETs NECs
N = 37 N = 12 N = 25

Age, years Median (range) 61 (28–84) 58 (38–78) 61 (28–84)

Gender, n (%) Male 25 (67.6) 9 (75.0) 16 (64.0)

Female 12 (32.4) 3 (25.0) 9 (36.0)

ECOG PS, n (%) 0 11 (29.7) 3 (25.0) 8 (32.0)

1 22 (59.5) 9 (75.0) 13 (52.0)

2 4 (10.8) 0 (0.0) 4 (16.0)

Stage at diagnosis,
n (%)

I 1 (2.7) 1 (8.3) 0 (0.0)

III 1 (2.7) 0 (0.0) 1 (4.0)

IV 35 (94.6) 11 (91.7) 24 (96.0)

Differentiation, n (%) NET 12 (32.4) – –

NEC 25 (67.6) – –

Ki 67, n (%) 21–55% 12 (32.4) 8 (66.0) 4 (16.0)

>55% 25 (67.6) 4 (33.3) 21 (84.0)

Primary site, n (%) Esophageal 2 (5.4) 0 (0.0) 2 (8.0)

Gastric 6 (16.2) 1 (8.3) 5 (20.0)

Pancreatic 15 (40.5) 6 (50.0) 9 (36.0)

Colonic 4 (10.8) 1 (8.3) 3 (12.0)

Rectal 2 (5.4) 0 (0.0) 2 (8.0)

Small intestine 2 (5.3) 2 (16.7) 0 (0.0)

Unknown 6 (16.2) 2 (16.7) 4 (16.0)

Metastatic sites
number, n (%)

1 10 (27.0) 5 (41.7) 5 (20.0)

≥2 27 (73.0) 7 (58.3) 20 (80.0)

Metastasis sites, n (%) Liver 31 (83.8) 11 (91.7) 20 (80.0)

Lung 9 (24.3) 2 (16.7) 7 (28.0)

Lymph nodes 18 (48.6) 2 (16.7) 16 (64.0)

Bone 10 (27.0) 4 (33.3) 6 (24.0)

Previous surgery,
n (%)

Yes 6 (16.2) 4 (33.3) 2 (8.0)

No 30 (81.1) 8 (66.7) 22 (88.0)

Unknown 1 (2.7) 0 (0.0) 1 (4.0)

CgA, n (%) <2x ULN 7 (18.9) 0 (0.0) 7 (28.0)

≥2x ULN 27 (73.0) 11 (91.7) 16 (64.0)

Unknown 3 (8.1) 1 (8.3) 2 (8.0)

Enolase, n (%) <2x ULN 13 (35.1) 4 (33.3) 9 (36.0)

≥2x ULN 21 (56.8) 8 (66.7) 13 (52.0)

Unknown 3 (8.1) 0 (0.0) 3 (12.0)

LDH, n (%) <2x ULN 9 (24.3) 8 (66.7) 20 (80.0)

≥2x ULN 28 (75.7) 4 (33.3) 5 (20.0)

PD-L1; n (%) Positive 2 (5.4) 2 (16.7) 0 (0.0)

Negative 31 (83.8) 10 (83.3) 21 (84.0)

Unknown 4 (10.8) 0 (0.0) 4 (16.0)

MSI; n (%) Positive 1 (2.7) 1 (8.3) 0 (0.0)

Negative 13 (35.1) 4 (33.3) 9 (36.0)

Unknown 23 (34.3) 7 (58.3) 16 (64.0)

CGAChromogranin A, ECOGPS EasternCooperative OncologyGroup Performance Status, LDH
lactate dehydrogenase, MSImicrosatellite instability, NEC neuroendocrine carcinoma, NET
neuroendocrine tumor, PD-L1 programmed death ligand 1.
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Treatment efficacy
With a median follow-up of 29.8 months (range: 22.2–37.5+) in alive
patients, themedian OSwas 13.9months (95% CI: 8.3-NR) and the OS
rates at 6, 12 and 24 months were 78.4% (95% CI: 66.2–92.8), 54.1%
(95% CI: 40.2–72.8) and 37.6% (95% CI: 24.8–57.1), respectively
(Fig. 1A). The primary endpoint (12-m OS rate) was thus not met. OS
did not significantly differ by tumor differentiation or Ki-67 index,
although the median OS was notably higher for G3 neuroendocrine
tumors (NETs) versus NECs (23.3 vs. 13.9 months, HR: 1.37; 95% CI:
0.5–3.5), and for Ki-67 ≤ 55 versus >55% (17.6 vs. 11.7 months, HR:
0.97; 95% CI: 0.4–2.4) (Supplementary Fig. 1). The patient with MSI
tumor had long survival, being alive at data cut-off with an OS of
33.6+ months. The patient with CPS/TPS PD-L1 positive tumor was
alive and had a survival of 22.8 months, while the patient PD-L1
positive per TPS only died after 2.2 months due to PD.

Multivariable analysis showed that tumor location was sig-
nificantly associated with survival. OS was better for non-colorectal
versus colorectal NENs (HR 0.34; 95% CI: 0.12-0.95) (Fig. 1B and
supplementary Fig. 2).

The median PFS was 5.7 months (95% CI: 5.1–9) and the PFS rates
at 6 and 12 months were 43.2% (95% CI: 29.9–62.6) and 21.6% (95% CI:
11.7–39.9), respectively (Fig. 1C). The median PFS was 5.7 months (95%
CI: 4.2–not reached [NR]) and 5.7 months (95% CI: 4.9–9.3) for NETs

and NECs; and 5.4 months (95% CI: 2.7-NR) and 5.9 months (95% CI:
5.1–9.3) for Ki-67 ≤ 55 and >55%, respectively (Supplementary Fig. 2).

Multivariable cox regression analysis revealed high baseline chro-
mogranin A (CgA) levels were associated with a lower risk of progres-
sion (HR: 0.26, 95% CI: 0.09–0.72) (Fig. 1D and supplementary Fig. 4).

Among the 37 patients evaluable for efficacy, ORR was 56.8% and
disease control rate (DCR) 83.8% (Fig. 2A). Twenty-onepatients (56.8%)
had partial response (PR), 10 (27.0%) had stable disease (SD), and 3
(7.9%) had progressive disease (PD) as their best response. Three
patients who died due to disease progression before the first tumor
assessment were not evaluated for response but were considered as
treatment failures and included in the denominator for all ORR and
DCR calculations. Twenty-four patients (64.9%) experienced a reduc-
tion in tumor size from baseline, with sustained response for more
than 12months infive patients (13.5%) (Fig. 2B).Oneof the twopatients
with PD-L1-positive tumors and the patient with MSI tumor had sus-
tained response. Characteristics of patients with long-term responses
are detailed in Table 2. The median duration of response (DoR) was
6.4 months (range: 1.5–27.7+). ORR significantly differed by primary
tumor site, with colorectal NENs having the worst ORR (ORR 16.7% vs
64.5%; p =0.02) (Fig. 2C). ORR did not significantly differ by tumor
differentiation or Ki-67 index, although ORR was numerically higher in
patients with Ki-67 > 55% (ORR 64% vs 41.7%) and in NECs versus NETs
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Fig. 1 | PFS andOSof patientswith high-gradeNENs ofGEPorUKorigin treated
with nivolumab, carboplatin, and etoposide. A KaplanMeier showing the OS for
the full dataset (n = 37). The red line shows the estimated survival proportion and
the shadow area the 95% CI. The red dashed lines indicate the 50% survival prob-
ability point estimate. BMultivariable analysis to find potential baseline prognostic
factors for OS. The forest plot shows the hazard ratio of each subgroup and its 95%
CI. C Kaplan-Meier showing the PFS for the full dataset.DMultivariable analysis to

find potential baseline prognostic factors for PFS. The forest plot shows the hazard
ratio of each subgroup and its 95%CI. Multivariable analyses were performed using
the Cox model and are exploratory. Significance tests are two-sided. Source data
are provided as a SourceData file. CGA chromogranin A,CI confidence interval, Diff
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HR hazard ratio, OS overall survival, PFS progression-free survival.
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(60% vs 50%) (Fig. 2D, E). Patients with baseline CgA levels >2-times the
upper limit of normal (2xULN) showed higher ORR rates (63% vs.
28.6%), although this difference was not statistically significant.

Subgroup analysis to explore potential signs of differential effi-
cacy in terms of OS, PFS, and ORR by most relevant clinical features,
including age, sex, performance status, tumor differentiation, Ki-67
range, plasma levels of tumor markers, tumor location, MSI status,

PDL1 expression, were preplanned although the study was not pow-
ered for formal comparisons.

Safety
The median duration of treatment was 3.5 months (95% CI: 3-3.7) for
platinum-based chemotherapy and 4.4 months (95% CI: 3.8-7.1) for
nivolumab. Twenty-three patients (57%) received 6 cycles of

Best ORR*, n (%) N = 37
PR 21 (56.8)
SD 10 (27.0)
PD 3 (7.9)
NE 3 (7.9)

* According to RECIST 1.1
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Fig. 2 | Efficacy of Nivolumab, Carboplatin and Etoposide asfirst-line treatment
of highgrade NENs of GEP or UK origin. A Waterfall plot showing objective
response rate (ORR) and the percentage of maximum change from baseline tumor
size for each patient (n = 37). B Spider plot showing the evolution of relative tumor
size from the first dose of study treatment until the last tumor evaluation (n = 37).
Asterisk sign indicates PD-L1 positivity, lined plotted columns indicate MSI, dotted
plotted columns MSS. Maximum change in tumor size, shown as percentage from
baseline, and ORR rates analyzed by subgroups clustered according to baseline
characteristics such as primary tumor site (C), Ki-67 proliferation index (D), or

tumor differentiation (E). Three patients, one MSS and two unknown died due to
disease progression before the first tumor assessment were not evaluated for
response. Exploratory subgroup analyses were performed using Fisher’s Exact Test
(C) and Pearson’s Chi-squared test (D and E). Significance tests are two-sided.
Source data are provided as a Source Data file. DCR disease control rate, EG eso-
phageal and gastric, NE not evaluable, NEC neuroendocrine carcinoma, NET neu-
roendocrine tumor,ORRobjective response rate, PDprogressive disease, PRpartial
response, RECIST Response Evaluation Criteria In Solid Tumors, SD stable disease,
SI small intestine, UK unknown.
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chemotherapy as scheduled. Two patients (5.4%) completed
24 months of nivolumab maintenance therapy.

Grade ≥3 toxicities occurred in 23 (60.5%) patients (Fig. 3, Sup-
plementary Tables 1 and 2). The most frequent grade ≥ 3 treatment-
related adverse events were neutropenia (39.5%), febrile neutropenia
(10.5%), anemia (7.9%), fatigue (7.9%) and thrombopenia (5.2%)
(Fig. 3A). Most toxicities emerged and were more severe during the
induction phase (Fig. 3B). The majority of immune-mediated adverse
events were G1-2 (Supplementary Table 1). One patient (2.6%)

experienced grade 3 ALT increase and one patient had a grade 3 acute
kidney injury considered immune-related; both resolved without
sequelae. Therewas one treatment-relateddeath,whichoccurred after
the first cycle of therapy in the induction phase. The event was a grade
4 pancytopenia and esophageal mucositis, bacteremia due to Escher-
ichia Coli, septic shock and severe upper gastrointestinal bleeding that
led to a fatal outcome.

Discussion
This phase II study evaluated the combination of an ICI and standard
first-line chemotherapy in high-grade GEP NENs. Nivolumab in com-
bination with carboplatin and etoposide achieved an ORR of 56.8%, a
DCR of 83.8%, and a median survival of 13.9 months3,19–22. Responses
were profound and durable, with about one-third of responses main-
tained beyond 12 months and a 2-year OS rate of 37.6%. Although the
primary endpoint of this trial was not met (1-year OS rate of 72%), the
high proportion of long-term survivors is in our opinion particularly
encouraging considering that our cohort was mostly composed of
patients with multiple adverse prognostic features, such as poor his-
tological differentiation (68%), Ki-67 index > 55% (66%), stage IV at
diagnosis (95%), ≥ 2 metastatic sites (74%), poor performance status
(10.8% ECOG 2) and high baseline enolase levels (63%). In addition, our
cohort had a low prevalence of molecular alterations predictive of
response to immunotherapy, such as positive PD-L1 or MSI, and the
majority presented liver involvement at study entry, which can co-opt
immune tolerancemechanisms to induce immunotherapy resistance23.

The standard of care for patients with advanced or metastatic G3
GEP NENs is systemic chemotherapy. Cisplatin or carboplatin in com-
bination with etoposide are the most widely used regimens, that yield
ORR of 31%, DCR of 64%, and a median survival of 11 months, as
reported in one of the benchmark studies, the NORDIC NEC19.
Response to chemotherapy was lower in G3-low GEP NENs (ORR 15%
versus 42% in NENs with Ki67 21–55% versus ≥ 55%), although they had
better survival compared to G3-high GEP NENs (14 versus 10 months,
respectively). More recently, two randomized Asian trials that com-
pared the combination of cisplatin and etoposide with cisplatin and
irinotecan, showed similar efficacy for both regimens, with somewhat
higher ORR (53-63%) than those reported in the NORDIC NEC study,
but no improvement in OS (10.2–12.5 months)20,21 and a low rate of
long-term survivors (2-year OS rate ≤ 20%). Another recent rando-
mized trial in a Western population (ECOG ACRIN EA2142) compared
platinum and etoposide versus CAPTEM in non-small cell G3GEP-NENs
(includingNETs andNECs). This trial was closed for futility, concluding
that CAPTEMwasnot associatedwith increased efficacy. It reported an
ORR of 22%, a median PFS of 5.4 months, and a median OS of
10.6 months for the carboplatin and etoposide combination22. In this
context, the results of our study combining ICI with first-line platinum-
based chemotherapy are encouraging. However, it should be noted
that different proportions of relevant prognostic features in study
populations, particularly regarding tumor differentiation, Ki-67 index
or primary tumor site, limit comparisons with benchmark studies.

ICI has been incorporated as the standard of care for other high-
gradeNENs (SCLC,MCC), although its use in G3digestiveNENs is still a
matter of debate. Early trials conducted in heavily pretreated popula-
tions showed overall disappointing results. However, they suggest a
potential role in certain molecularly selected subgroups, such as MSI/
dMMR, ARID1A-mutated, or TMB-H tumors8,9,24. Dual PD1/CTLA4
blockade showed promising preliminary activity in small cohorts of
patients with high-grade NENs enrolled in two basket trials (DART
SWOG 1609 andCA209-538)25,26 and is in fact one of the recommended
treatment options in the NCCN guidelines for extrapulmonary NECs
progressed to first-line chemotherapy27. However, clinical trials spe-
cifically conducted in GEP NENs have shownmore modest results. For
instance, the DUNE trial that assessed durvalumab and tremelimumab
in a cohort of G3 GEP NENs progressed to platinum-based first-line

Table 2 | Baselinepatient characteristics are shown for the full
dataset and by the duration of response (DoR <versus
≥12months)

Characteristics G3 NENs DoR< 12m DoR ≥ 12 m
N = 37 N = 32 N = 5

Age, years Median (range) 61 (28–84) 61 (28–84) 60 (44–80)

Gender, n (%) Male 25 (67.6) 22 (68.8) 3 (60.0)

Female 12 (32.4) 10 (31.2) 2 (40.0)

ECOG PS, n (%) 0 11 (29.7) 10 (31.2) 1 (20.0)

1 22 (59.5) 18 (56.2) 4 (80.0)

2 4 (10.8) 4 (12.5) 0 (0.0)

Stage at diagnosis,
n (%)

I 1 (2.7) 1 (3.1) 0 (0.0)

III 1 (2.7) 0 (0.0) 1 (20.0)

IV 35 (94.6) 31 (96.9) 4 (80.0)

Differentiation,
n (%)

NET 12 (32.4) 11 (34.4) 1 (20.0)

NEC 25 (67.6) 21 (65.6) 4 (80.0)

Ki 67, n (%) 21 – 55% 12 (32.4) 11 (34.4) 1 (20.0)

>55% 25 (67.6) 21 (65.6) 4 (80.0)

Primary site, n (%) Esophageal 2 (5.4) 2 (6.2) 0 (0.0)

Gastric 6 (16.2) 4 (12.5) 2 (40.0)

Pancreatic 15 (40.5) 13 (40.6) 2 (40.0)

Colonic 4 (10.8) 4 (12.5) 0 (0.0)

Rectal 2 (5.4) 2 (6.2) 0 (0.0)

Small intestine 2 (5.3) 1 (3.1) 1 (20.0)

Unknown 61 (16.2) 6 (18.8) 0 (0.0)

Metastatic sites
number, n (%)

1 10 (27.0) 8 (25.0) 2 (40.0)

≥2 27 (73.0) 24 (75.0) 3 (60.0)

Metastasis sites,
n (%)

Liver 31 (83.8) 29 (90.6) 2 (40.0)

Lung 9 (24.3) 9 (28.1) 0 (0.0)

Lymph nodes 18 (48.6) 15 (46.9) 3 (60.0)

Bone 10 (27.0) 10 (31.2) 0 (0.0)

Previous surgery,
n (%)

Yes 6 (16.2) 4 (12.5) 2 (40.0)

No 30 (81.1) 27 (84.4) 3 (60.0)

Unknown 1 (2.7) 1 (3.1) 0 (0.0)

CgA, n (%) <2x ULN 7 (18.9) 7 (21.9) 0 (0.0)

≥2x ULN 27 (73.0) 24 (75.0) 3 (60.0)

Unknown 3 (8.1) 1 (3.1) 2 (40.0)

Enolase, n (%) <2x ULN 13 (35.1) 11 (34.3) 2 (40.0)

≥2x ULN 21 (56.8) 19 (59.4) 2 (40.0)

Unknown 3 (8.1) 2 (6.2) 1 (20.0)

LDH, n (%) <2x ULN 9 (24.3) 8 (25.0) 1 (20.0)

≥2x ULN 28 (75.7) 24 (75.0) 4 (80.0)

PD-L1; n (%) Positive 2 (5.4) 2 (6.2) 0 (0.0)

Negative 31 (83.8) 26 (81.3) 5 (100.0)

Unknown 4 (10.8) 4 (12.5) 0 (0.0)

MSI; n (%) Positive 1 (2.7) 0 (0.0) 1 (20.0)

Negative 13 (35.1) 10 (31.3) 3 (60.0)

Unknown 23 (34.3) 22 (68.8) 1 (20.0)
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therapy, reported an ORR of 9.1% and a 9-month OS rate of 36.1%28.
Consistent with our study, outcomes did not substantially differ by
tumor differentiation (NET vs. NEC) or Ki-67 index, and about one-
third of patients were long-term survivors. In fact, the G3 GEP NEN
cohort of the DUNE trial surpassed the pre-established OS futility
threshold, which was the primary endpoint. Similar results were
reported in the larger NIPINEC study (GCO-001), a randomized non-
comparative trial that allocated patients with NECs, including 93 with
advanced large-cell lung cancer and 92with GEP, all having progressed
to 1 or 2 prior lines of therapy including platinum-based chemother-
apy, to receive nivolumab or nivolumab plus ipilimumab15. The com-
bination of nivolumaband ipilimumab reached its primary endpoint of
ORRat 8weeks >10%.Dual ICI inducedhigherORR in lungNECs (18.2%)
than inGEPNECs (11.6%).Median PFS (1.9months) andOS (5.8months)
were not encouraging, although further follow-up and molecular
profiling are needed to identify whether a subset of patients may
achieve long-term benefit.

Chemotherapy may improve the immunological effects of ICIs as
it induces an immunogenic cell death, reduces regulatory T-cell
activity, and induces PD-L1 expression, and this synergy has in fact
been demonstrated in the clinical setting6,7. Moreover, chemotherapy
has short-term cytotoxic effects that may slow down tumor growth
and allow enough time for ICI to induce/re-invigorate an effective
antitumor immune response. Results are particularly encouraging in
G3 GEP NENs of non-colorectal origin (ORR 70.8%), although small
numbers and lack of control preclude definitive conclusions. Con-
versely, colorectal NENs showed limited benefit from the combination
of ICI with chemotherapy, with particularly poor outcomes in line with
those reported by Sorbye et al. for first-line platinum/etoposide
treatment in this subgroup of patients29. Other features associated

with increased ORR were increased baseline CgA levels and poor his-
tological differentiation, although these correlations did not reach
statistical significance. CgA levels have been classically associatedwith
poor prognosis in GEP-NETs, mostly as they are related to tumor
bulk30,31. Nevertheless, in the context of G3 NENs its prognostic role is
more complex, as the lack of CgA expression may be associated with
poorly differentiated, more aggressive tumors with a worse outcome.
Consistently, CgA was associated in our study with significantly
improved PFS (median of 5.9 and 3.9 months for CgA ≥2 ULN vs <2
ULN, respectively). More interestingly, CgA may play an immunomo-
dulatory role as it is capable of boosting the innate immune system by
inducingTNFα secretion and is correlatedwith immune cell infiltration
in chronic inflammatory conditions suchas lymphocytic colitis32,33. The
potential interaction of CgA with the regulation of immune response
deserves to be further explored. Regarding tumor differentiation, our
observations and evidence from other trials suggest that NECs obtain
greater benefit from ICIs than NETs, possibly due to the higher muta-
tional burden and enhanced neoantigen presentation of poorly dif-
ferentiated NECs. In fact, 4 out of 5 long-term responders were NECs.
However, a low proportion of PD-L1 expression was observed in our
cohort (2 patients, 5.4%) and all patients with prolonged duration of
response were PD-L1 negative. Similar observations were reported in
the DUNE trail, where no correlation was found between PD-L1
expression and efficacy28.

The addition of nivolumab to standard chemotherapy did not
reveal any safety concerns.Most frequent grade ≥ 3 toxicities primarily
occurred during the induction phase and were mainly associated to
platinum-based chemotherapy (neutropenia (39.5%), febrile neu-
tropenia (10.5%), anemia (7.9%), fatigue (7.9%) and thrombopenia
(5.2%)). Immune-mediated adverse events were generally mild and
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Fig. 3 | Safety profile of nivolumab in combination with carboplatin and eto-
poside. A Treatment-related adverse events encountered in >5% of patients. The
graph represents the worst grade per patient. The percentage of patients experi-
encing an event is depicted (n = 37). B Distribution of toxicities by study phase

(induction versus maintenance phase) from first dose of study treatment until last
follow-up (n = 37 for concomitant phase and n = 24 formaintenance phase). Source
data are provided as a Source Data file.
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manageable. Treatment discontinuation rates were similar to those
reported in previous studies, and primarily resulted from disease
progression.

The main limitation of this trial is the fact that it was a non-
randomized study. The lack of a parallel control group restricts the
ability to directly compare the treatment outcomes with a standard
arm. In addition, the study sample size limits the statistical power to
conduct exploratory clinical or molecular analysis to identify sub-
groups of patients that may obtain a greater benefit, particularly
relevant due to the heterogeneity of the study population in terms of
primary tumor site and tumor differentiation. These limitations
highlight the need for larger, controlled studies to validate our
findings and further investigate the added value of combining an ICI
with standard chemotherapy. Addressing these limitations, the S2101
(NCT05058651) phase II/III trial, currently underway, aims to enroll
189 patients with extrapulmonary NECs. It will specifically evaluate
the impact of adding atezolizumab to standard chemotherapy (car-
boplatin/cisplatin plus etoposide) compared to chemotherapy alone.
This study will help to determine the potential added value of com-
bining ICIs with standard first-line chemotherapy in advanced
extrapulmonary G3 NENs.

In conclusion, this study assessed the addition of ICIs to platinum-
based chemotherapy in chemonaïve patients with advanced or meta-
static G3NENs of GEP or UK origin. Although the primary endpoint (12-
month OS rate) was not met, the high proportion of long-term survi-
vors (37.6%OS rate at 2 years) is encouraging in the context of a highly
aggressive disease. These findings justify further exploration in larger,
randomized trials tomore accurately assess the risk-benefit balance of
combining immunotherapy with platinum-based chemotherapy as a
first-line treatment for patients with high-grade GEP-NENs. Transla-
tional studies will also be crucial to identify predictive biomarkers to
improve the selection of patients who may benefit the most from this
therapeutic strategy.

Methods
Study design and participants
The NICE-NEC trial was a multicenter, single-arm, phase II clinical trial
that recruited patients across 12 centers belonging to the Spanish
Taskforce of Neuroendocrine Tumors (GETNE). Key inclusion criteria
included histologically confirmed, unresectable advanced or meta-
static NENs of GEP or unknown primary origin, G3 (Ki-67 > 20% or
mitotic rate >20 per 10 high-power fields (HPF)), chemotherapy-naive
status, measurable disease, adequate organ function, and an ECOG
performance status of 0-2. Neither sex nor gender were considered to
design the study but sex was registered as a relevant covariable for
univariable and multivariable analysis. Sex was registered by investi-
gators based on biological grounds. Gender was not registered.
Available fresh or archived formalin-fixed, paraffin-embedded tumor
tissue was required in those patients that provided additional (non-
mandatory) consent for translational studies.

Paraganglioma, adrenal, thyroid, parathyroid, or pituitary endo-
crine tumors, and large or small cell NEC of the lung were excluded.
Patients who had previously received ICI, had undergone organ
transplantation,wereon systemic chronic steroid therapy (>10mg/day
prednisone or equivalent) or taking other immunosuppressive agents,
or had received any investigational drug within 28 days prior to the
start of the study treatment were also excluded. Additionally, patients
with a known history or active/chronic infection with hepatitis B or C
virus or human immunodeficiency virus (HIV), or with other significant
infections requiring medication were not eligible for the trial.

The study protocol was approved by the competent authority in
Spain and the Institutional Review Board of Hospital Universitario 12
de Octubre; ref number: 19/291. The first patient was enrolled on
November 4th, 2019 and the last patient on January 26th, 2021. This
study was conducted in accordance with the Declaration of Helsinki

and the International Conference on Harmonization guidelines for
Good Clinical Practice. All participants provided written informed
consent prior to study entry. Patients were not compensated for par-
ticipating in the study. This study was registered at EudraCT (2019-
001546-18) on 2019-Aug-19 andwww.clinicaltrials.gov (NCT03980925;
https://classic.clinicaltrials.gov/ct2/show/NCT03980925) on 2019-
Jun-07.

Treatment schedule
The investigational treatment consisted of an initial induction phaseof
6 cycles of nivolumab and chemotherapy, followed by maintenance
treatment with nivolumab for up to 2 years in the absence of disease
progression, death, unacceptable toxicity or consent withdrawal.
During the induction phase, nivolumab 360mg was administered
intravenously (iv) on day 1, carboplatin AUC= 5 iv on day 1 and eto-
poside 100mg/m2/day iv on days 1-3, every 3 weeks. In the main-
tenance phase nivolumab 480mg was administered iv on day 1, every
4 weeks for up to 2 years.

Study endpoints and procedures
Clinical assessments were performed every 3 weeks during the
induction phase and every 4 weeks thereafter until disease progres-
sion, death, or end of study due to unacceptable toxicity or consent
withdrawal. These included the review of medical history, directed
anamnesis (including adverse events assessment), physical examina-
tion (including ECOG PS, vital signs, height, and weight), laboratory
tests (including tumor markers CgA and enolase), concomitant medi-
cation and treatment compliance. Tumor imaging assessments were
performed by computed tomography (CT) or magnetic resonance
imaging (MRI) scans at baseline, every 8 weeks during the first year,
and every 12weeks thereafter until disease progressionwas confirmed,
or the patients initiated an alternative treatment. CT, or MRI scans
were assessed locally by investigators following both, RECIST 1.1, and
irRECIST 1.1 criteria.

The primary objective of this study was the 12-month OS rate. OS
was determined from the time of the initiation of the study treatment
to the date of death from any cause.

Secondary endpoints included ORR, DCR, DoR, PFS, and safety.
ORR was defined as the percentage of patients who achieved a com-
plete (CR) or PR throughout the study period. DCR was defined as the
percentage of patients achieving CR, PR, or SD. DoRwas defined as the
time elapsed from the date of the first documentation of an objective
response (CRorPR) to the date of progressive disease. PFSwasdefined
as the time elapsed from the first dose of the study treatment until the
date of progressive disease or death, whichever occurred first. Safety
was based on the assessment of AEs, clinical laboratory test results,
vital signs, and physical examinations. AEs and laboratory values were
graded according to the Common Terminology Criteria for Adverse
Events v.5.0 (CTCAE). Pre-planned subgroup analyses were performed
to explore potential signs of differential efficacy by most relevant
clinical features, although the study was not powered for formal
comparisons; therefore, all findings are exploratory in nature.

PDL1 expression assessment
To assess the expression of PDL1, IHC was performed on whole
formalin-fixed paraffin-embedded tissue specimens (FFPE) freshly cut
tissue sections of 4-μm thickness using an automated stainer (Histo-
core Spectra ST Leyca Biosystems). The primary PDL1 antibody used
was clone 22C3 (Agilent/Dako, PharmDx; Supplementary Table 3). For
optimisation of the PD-L1 staining, samples from PD-L1-positive squa-
mous cell lung carcinoma (SCC) were included as external positive
control.

Thirty-five tumor samples that had at least 50-100 viable cells
were considered adequate for PDL1 expression assessment. Immu-
nostains were evaluated by pathologists blinded to the clinical data.
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PDL1 combined positive score (CPS) was calculated as the proportion
of PDL1-staining cells (tumor cells (TCs) and tumor-infiltrating immune
cells (ICs) with positive membranous staining of any intensity) relative
to all viable tumor cells. PDL1 tumor proportion score (TPS) was cal-
culated as the percentage of viable tumor cells showing partial or
complete membrane staining at any intensity. A TPS/CPS < 1% was
considered negative.

Characterization of mismatch-repair (MMR)/microsatellite
instability (MSI)
MMR/MSI was determined in patients with available extra tumor tissue
(N= 14). Two techniques were used to determine the MMR/MSI status:
Immunohistochemistry (IHC) and polymerase chain reaction (PCR). IHC
staining for MLH1, PMS2, MSH2, andMSH6was performed on formalin-
fixed, paraffin-embedded (FFPE) tumor tissue blocks by standard auto-
mated staining methods performed in each Hospital (Supplementary
Table 3). MMR IHC results were interpreted and reported by clinical
pathologists. For the assessment of MSI status by PCR-based fragment-
sizing test, five microsatellite mononucleotide loci, namely BAT25,
BAT26, NR21, NR24, and MONO27, were analyzed using OncoMate MSI
Dx Analysis System according to the manufacturer’s protocol (REF:
MD3140; https://www.promega.es/products/microsatellite-instability-
msi-testing/clinical-msi-testing-ivd/oncomate-msi-dx-analysis-system/;
Promega Corporation, Madrid, Spain). Briefly, the 5 microsatellite mar-
kerswere amplifiedusing amultiplexfluorescence PCR and subjected to
capillary electrophoresis on SeqStudio Genetic Analyzer (Thermo Fisher
Scientific, Madrid, Spain). MSI was scored when at least 2 of 5 loci were
unstable.

Statistical analysis
Sample size was calculated using a two-sided one arm survival test
(https://stattools.crab.org/Calculators/oneNonParametricSurvival.
htm)34. The study aimed for a statistical power of 80% and an alpha
error of 0.05. The null hypothesis was based on historical controls and
assumed a 12-month OS rate of 50%, while the alternative hypothesis
proposed an OS rate of 72%. The accrual time for patient enrollment
was 18 months, followed by a 12-month follow-up period. Considering
a dropout rate of 10%, afinal sample size of 38 patientswasdetermined
for the study.

Efficacy analysis was based on the full analysis set that included all
enrolled eligible patients. The safety analysis set comprised all patients
who received at least one dose of the study treatment including those
who were ineligible or experienced disease progression or death
before the first on-treatment scan.

Continuous variables were summarized using descriptive statis-
tics (n, mean, standard deviation, range, and median). Frequency
counts, and the percentage of subjects within each category were
provided for categorical data. Response rates were estimated using
95% confidence intervals (CI), or range (minimum tomaximum values)
intervals. Survival or time-to-event endpoints were estimatedusing the
Kaplan–Meier method, and Cox regression analysis to obtain hazard
ratios and CIs. Patients without documented progression or death by
the time of the analysis were censored at the last date of tumor eva-
luation for PFS assessment. For OS assessment, patients without
documented death were censored at the last date of follow-up. All
statistical tests were considered two-tailed, and results with p <0.05
were considered significant. Variables assessed in univariable sub-
group analysis to explore potential signs of differential efficacy by
most relevant clinical features included the following: primary tumor
site, tumor differentiation, Ki-67 index, ECOGperformance status, sex,
age, chromogranin A, neurospecific enolase, and LDH. Multivariable
regression models also assessed these variables to analyze their
potential relationship with efficacy endpoints. To obtain the multi-
variable models, we employed the ‘backward’ stepwise selection
method, systematically eliminating non-significant exploratory

variables until a significant set was achieved. In instances where a
significant set could not be reached, the last two remaining variables
were included for analysis (see supplementary information for further
details). All statistical analyses were performed with R and SPSS (IBM
SPSS Statistics Version 26, Armonk, NY). Figures and tables were
generated using RStudio (Version 1.2.5033 2009-2019 RStudio, Inc.,
Boston, MA, US).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The study protocol is available as Supplementary Note in the Sup-
plementary Information file. The clinical raw data are protected and
are not available due to data privacy laws. The data that support the
findings of this study are available from the corresponding author
upon reasonable request (equivalent purposes to those for which
the patients grant their consent to use the data). Data sharing
requests will be considered on a case-by-case basis in a timely
manner. Response to access requests will be provided within 4
weeks and data will be available for 6 months once access has been
granted. Data will be provided anonymized, with no personal
identifiable data. A Source data has been provided with all relevant
raw data from each figure or table of the main manuscript and
Supplementary Information. The remaining data are available
within the Article, Supplementary Information or Source Data
file. Source data are provided with this paper.
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