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BACKGROUND: Digestive high-grade neuroendocrine neoplasms (HG-NEN) are rare and classified as neuroendocrine carcinomas
(NEC) or neuroendocrine tumours G3 (NET G3), and differ in clinical and molecular characteristics, response to treatment and
prognosis.

METHODS: Prospective multicenter study registering clinical data on patients with digestive HG-NEN. Treatment outcome in
patients with advanced disease was compared after centralized pathological re-evaluation.

RESULTS: 427 NEC and 117 NET G3 received palliative chemotherapy. Immediate progression rate was 41% and 24%, progression-
free survival (PFS) 3.4 m and 7.4 m, overall survival (OS) 7.4 m and 21.8 m for NEC and NET G3, respectively. Significant factors for OS
in NEC were performance status (PS), Ki-67 > 55%, alkaline phosphatase (ALP), age, sex and for PFS colorectal primary and PS. NEC
Ki-67 < 55% had similar OS comparing treatment. Significant factors for OS in NET G3 were platinum-based treatment, PS, age and
ALP, and for PFS platinum-based treatment.

CONCLUSIONS: Survival was shorter than expected in this unique population-based cohort of advanced digestive HG-NEN, likely
due to inclusion of elderly and patients with poor PS. Several novel prognostic factors were identified for NEC and NET G3. An initial

sub-effective platinum-based treatment for NET G3 could not be compensated by later-line treatment.
British Journal of Cancer (2025) 133:316-324; https://doi.org/10.1038/541416-025-03054-w

INTRODUCTION

Digestive neuroendocrine neoplasms (NEN) are a rare and
biologically heterogeneous group of tumours. In the past, high-
grade (HG) NEN, defined by Ki-67 index >20%, were all classified
as neuroendocrine carcinoma. The 2019 WHO classification of
digestive tumours separated these tumours into two different
disease entities: well-differentiated neuroendocrine tumours with
a Ki-67 > 20% (NET G3) and poorly differentiated neuroendocrine
carcinomas (NEC) [1]. NET G3 and NEC differ in clinical and

molecular characteristics, response to treatment and prognosis
[2-6].

Due to few clinical studies on digestive NEC, treatment has
been extrapolated from small-cell lung cancer with cisplatin or
carboplatin with etoposide as the established first-line palliative
chemotherapy [2, 7]. However, the benefit is limited as up to 30%
of patients experience immediate disease progression and median
overall survival (OS) is only 11-12 months (m) [2, 5, 8-12].
The retrospective NORDIC NEC study showed that cases with a
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Ki-67 < 55% had a lower response rate (RR) to platinum/etoposide
but a longer survival, however this study did not separate
between NEC and NET G3 [8]. The optimal treatment for patients
with NEC with Ki-67 <55% remains uncertain. Limited data exist
on predictive factors for response to platinum/etoposide treat-
ment in NEC, although some prognostic factors have been
identified in retrospective studies [2, 13].

As NET G3 has been defined as late as in 2017 for pancreas and
2019 for the Gl-tract, limited data exist. NET G3 seems to
constitute 12-18% of all digestive HG-NEN [4-6]. The classification
is important as OS for metastatic NET G3 has been reported to be
31-41 m and thus far better than for NEC [4, 14-19]. First- line
treatment for metastatic NET G3 has mostly been temozolomide-
based regimens or FOLFOX, except for aggressive cases (e.g. cases
with Ki-67 > 55%) [4, 15-20]. Peptide receptor radionucleotide
therapy (PRRT) was recently established as a treatment option for
NET G3 [21, 22]. Data on predictive or prognostic factors for NET
G3 are lacking.

NORDIC NEC 2 was a multi-centre prospective observational
study collecting clinical data and biological samples from patients
with digestive HG-NEN. The cohort was population-based as all
patients in the uptake area were treated at the study center,
providing real-world data on treatment of this disease. Cases were
later pathologically re-classified into NET G3 and NEC. Molecular
tumour data on sub-cohorts have been the focus of prior
publications [3, 23-25]. Here we present the clinical analysis of
the full cohort of 737 patients, constituting the largest study of
patients with digestive HG-NEN.

METHODS

Patients diagnosed with HG-NEN with a digestive primary or unknown
primary with a predominance of abdominal metastases (digestive primary
suspected) were prospectively included during 2013-2017 from nine
Scandinavian hospitals providing all oncological treatments of patients
with HG-NEN within their region. Clinical data were registered prospec-
tively and transferred to the NORDIC NEC Registry. Cancer pain, weight loss
and anorexia were registered at baseline according to National Cancer
Institute (NCl) Grading Criteria. Mixed neuroendocrine non-neuroendocrine
neoplasms (MiNEN) were included in the registry, but not in the current
study. Minimum follow-up time was >5 years. RR was reported according
to RECIST v1.1. Patients with reported end of treatment due to clinical
progression within 2 months of first course of chemotherapy and without
radiological evaluation (all with an early death), were considered to have
progressive disease as best response to treatment. Patients were enrolled
prior to the formal introduction of NET G3 among digestive HG-NEN [1].
Available tumour sections stained by hematoxylin/eosin, synaptophysin,
chromogranin A and Ki-67 were scanned digitally, blinded and re-
evaluated according to the 2019 WHO classification in 2021-22 by three
experienced NEN pathologists, all three evaluating every case. Initial
ambiguous morphological cases were discussed and decided on in a
consensus meeting.

Statistics

Patient and tumour characteristics were analysed using descriptive
statistics. Categorical variables were presented as frequences, proportions
and percentages, and continuous variables as median/means and ranges,
as appropriate. Groups comparisons were performed by x2-test for
categorical and Wilcoxon- or Student's t-test for continuous variables.
Progression-free survival (PFS) was calculated from the start of first-line
chemotherapy to the date of progression, date of death or last known
follow-up; OS from start of first-line chemotherapy to date of death or last
follow-up. PFS and OS were analysed using the Kaplan-Meier method.
Comparisons between groups were performed using the log-rank test or
Breslow test. A p-value of less than 0.05 was considered significant.
Variables with a p-value <0.10 in univariate analyses or assumed of
particular potential clinical value were included in multivariate models.
Multivariate Cox analysis was done for adjusted models as well as
unadjusted models for all predictors in the model. Elevated laboratory
values were strongly associated to each other and separate analyses
performed to select the most significant laboratory value for the MVA.
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Analyses were performed using IBM SPSS statistics version 29.0. Figures
were created with R software version 4.4.2. lllustrations were created with
biorender.com.

RESULTS

861 patients were prospectively included in the registry. Initial
screening of case report forms excluded 58 cases due to other
histologic cancer diagnoses than digestive HG-NEN (Fig. S1).
Appendix primaries were excluded as few are true HG-NEN and a
separation from aggressive goblet cell adenocarcinomas due to
nomenclature issues is difficult [26]. Excluding 66 known MiNEN
cases resulted in a digestive HG-NEN cohort of 737 cases.
Digitalized sections from 498 cases were re-classified centrally.
In addition, all remaining cases with a Ki-67 <60% except six
cases, were re-evaluated locally. Pathological re-evaluation
excluded another 37 cases (Fig. S1). Most Copenhagen cases
(n = 145) were not re-classified as all cases had been re-evaluated
at study inclusion by a NEN expert pathologist. After reclassifica-
tion, 700 cases were identified as digestive HG-NEN cases: 564
NEC, 134 NET G3 and two with ambiguous morphology. 119 NEC
patients (21%) presented with initially localized disease, 66 had
recurrence. 14 NET G3 patients (10%) presented with initially
localized disease, eight had recurrence. Twenty-six NET G3 cases
(19%) had information of a prior diagnosis of NET G1-2 (23%
among pancreatic cases), but none with a family history of NET.

Patient characteristics and treatment
Main patient characteristics are shown in Table S1/Table 1. Most
NEC patients (511/564) had or developed non-resectable
advanced disease: 497 metastatic and 14 locally advanced. Almost
all NET G3 patients (128/134) had or developed non-resectable
advanced disease: 126 metastatic and two locally advanced.
Pancreatic primary tumour was seen in 46% of NET G3. Median Ki-
67 was 90% for NEC and 30% for NET G3. 12% of NEC and 84% of
NET G3 had Ki-67 < 55%. PS 0 was seen in only 23% of NEC. Brain
metastases at diagnosis of metastatic disease were rare for NEC
(2%) and not seen in NET G3 but evolved in 41 NEC patients (10%)
and two NET G3 patients (2%). Almost all patients evaluated by
FDG-PET had significant tumour uptake. A high uptake on
somatostatin receptor imaging (SRI) was seen for 39% of NEC,
although only performed in 1/5 of NEC cases and 1/3 of NEC with
an SRl uptake had Ki-67 < 55%. A high uptake on SRI was usually
present for NET G3 (80%). Symptom burden at diagnosis of
advanced disease was substantial for both NEC and NET G3, and
most patients had cancer pain, weight loss and anorexia (Table
S2). Reason for death was progressive NEN in the vast majority
(>90%), fatal treatment toxicity was registered for six NEC (1.4%)
and two NET G3 (2.1%) patients. OS in patients not receiving
palliative chemotherapy was 1.9 m for NEC (n = 84) and 2.1 m for
NET G3 (n = 9). Main reasons for not receiving chemotherapy were
poor PS (60%), old age (11%) and patient’s choice (11%).
Palliative first-line chemotherapy was given to 427 NEC (83%
platinum/etoposide) and 117 NET G3 (56% temozolomide-based,
38% platinum/etoposide). RR was similar, 31% for NEC and 27%
for NET G3. Immediate progression at or prior to first radiological
evaluation (PD) was observed in 41% of NEC and 24% of NET G3
(Table 2), corresponding to a disease control rate (DCR) of 59% for
NEC and 76% for NET G3. First-line treatment was stopped due to
toxicity in 9% for NEC and 13% for NET G3. PFS was twice as long
for NET G3 compared to NEC: 74 m (95%Cl 55-9.2) vs 3.4m
(2.8-3.9) (Fig. 1a). OS was three times longer for NET G3 compared
to NEC, 21.8 m (17.2-26.3) vs 7.4 m (6.3-8.4) (Fig. 1b). In two cases
PFS/OS could not be calculated, one case missing start date of
chemotherapy and one case missing PFS/OS date. Three- and five-
year survival were 5% and 2% for NEC vs. 32% and 10% for NET
G3. A Ki-67 value of 55% separated two prognostic groups
within both NEC and NET G3 (Fig. 1c, d). NET G3 patients with
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Table 1. Selected characteristics of 544 patients with metastatic/
advanced digestive HG-NEN treated with chemotherapy (Full details in
Table S1).

NET G3 NEC n =427 Missing NET
n=117 G3/NEC

Age median 64 (30-82) 68 (24-89)
(range)
Age >75 years 14 (12%) 88 (21%)
Male sex 63 (54%) 260 (61%)
ECOG PS 0 49 (43%) 110 (26%) 3/6

1 49 (43%) 195 (46%)

2 13 (12%) 92 (22%)

3 3 23 (5%)

4 0 1
Primary tumour
Esophagus 2 57 (13%)
Gastric 1 37 (9%)
Pancreas 54 (46%) 65 (15%)
Cholangio/ 0 8 (2%)
gallbladder
Small intestinal 18 (15%) 8 (2%)
Colon 8 (7%) 85 (20%)
Rectum 6 (5%) 79 (19%)
Unknown abd 28 (24%) 85 (20%)
met®
Other 0 3
Metastatic site
Liver 113 (97%) 322 (75%)
Bone 23 (20%) 75 (18%)
Brain 0 5 (1%)
SRI uptake 2 liver 57 (81%) 40 (35%) 47/325
FDG-PET uptake 57 (95%) 150 (98%) 57/274
Ki-67 median 30% 89%
<55% 100 (85%) 53 (12%)
>55% 17 (15%) 374 88%)
CgA staining 100 (87%) 190 (48%) 2/31
Strong
Small-cell 144 (35%) 24 amb
morphology
Large-cell 263 (65%)
morphology
ALP elevated 63 (57%) 242(58%) 7/10
LDH elevated 41 (41%) 206 (53%) 18/39

Percentages calculated without missing cases.

SRI somatostatin receptor imaging, ALP alkaline phosphatase, LDH lactate
dehydrogenase, CgA chromogranin A, amb ambiguous, abd abdominal.
2Suspected digestive primary.

Ki-67 = 55% had a similar initial survival as NEC patients (Fig. S2).
PFS and OS for patients treated with palliative chemotherapy are
shown in Table 2/54.

NEC

PS was strongly correlated with no benefit of first-line chemother-
apy (immediate progression/PD for PS 0: 29%, PS 2: 49%, PS 3:
71%) and to OS with 11.2 m for PS 0 vs 1.2 m for PS 3 (Fig. 2a). OS
was identical comparing platinum/etoposide treatment with other
treatments for NEC (Fig. S3). Similar PFS and OS were found

Table 2. First-line chemotherapy, PFS and OS for NEC and NET G3

patients with advanced disease (See Table S4 for additional results).
NEC NET G3

n 427 17

Treatment

Cisplatin/etoposide 61 5

Carboplatin/etoposide 292 40

Temozolomide/ 19 28

capecitabine

Temozolomide alone 10 9

Temozolomide/ 8 28

everolimus®

Oxaliplatin-based 16 4

Other 21°

Best response®

CR 8 (2%) 1 (1%)

PR 119 (31%) 28 (26%)

SD 102 (26%) 53 (49%)

PD 158 (41%) 26 (24%)

NA/NE 40 9

PFS 34m 74 m (5.5-9.2 m)
(2.8-3.9m)

(0} 74m 21.8m
(6.3-8.4m) (17.2-26.3 m)

OSPS O 11.2m 28.7 m (21.5-35.8)
(8.9-13.4)

OS PS 1 8.0m (6.4-9.6) 19.4 m (12.6-26.2)

OS PS 2 5.2m (4.0-6.4) 54m (0-14.4)

OS PS 3 1.2m (0.8-1.6)

OS Ki-67 < 55% 7.6m (3.5-11.8) 23.7 m (18.7-28.8)

OS Ki-67 =2 55% 74 m (6.2-8.5) 8.0m (1.2-14.7)

OS Age < 70 8.3 m (6.8-9.9) 28.7 m (20.1-37.3)

OS Age 70-75 6.4m (5.0-7.8) 13.6 m (5.5-21.7)

OS Age > 75 6.4m (4.5-8.3) 17.5m (5.2-29.8)

OS ALP normal 9.2 m (7.8-10.6) 33.6 m (19.0-48.1)

OS ALP elevated 6.3m (5.2-7.4) 13.6 m (7.6-19.6)

3-year OS 5% 32%

5-year OS 2% 10%

Median PFS/OS (95%Cl).

NA/NE not accessed/not evaluable, PS performance status, ALP alkaline
phosphatase.

?Phase Il study [16].

betoposide mono = 8, capecitabine mono = 5.

“RR calculated according to evaluable cases, 5 NET G3 and 47 NEC included
as PD with only clinical PD and early death.

comparing NEC patients with Ki-67 < 55% treated with platinum/
etoposide vs temozolomide-based regimens (Fig. 2b). Concerning
primary tumor site, PFS and OS were shortest for colorectal
primaries (24 m and 6.7 m) and unknown primaries (3.5m and
5.8m), whereas other primary sites had a similar survival
(Table S4). Patients with elevated ALP had a shorter survival
(Fig. 2c). NEC cases with SRl uptake (n = 43) had PFS 4.8 m and OS
13.1 m. OS correlated with response to first-line therapy, 20.6 m
(8.9-32.3) after complete response (CR), 11.7 m (10.3-13) for partial
response (PR) and 99m (8.6-11.1) for stable disease (SD).
Reintroduction of platinum/etoposide was done in 54 NEC
patients, response evaluation was available for 47 patients
with one CR, 12 PR, 10SD and 24 PD as best response (RR 28%,
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100%
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—+ Ki—67 > 55%: 7.4 m (95% Cl 6.2-8.5)
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Log rank p = 0.006
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50%

25%

0%
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No. at risk
- 53 36

= 373 244

23 17 14 14 9 9 8 7 6 4 3
136 68 38 24 17 15 12 8 8 6 6

Progression-free survival and overall survival in NET G3 and NEC. Progression-free survival (PFS) (a) and overall survival (OS) (b) in

NET G3 and NEC patients given first-line chemotherapy and OS according to Ki-67 index in NET G3 (c) and NEC (d).

DCR 49%). Results of the univariate analyses (UVA) and MVA for PFS
and OS are shown in Tables S5-S6. After MVA, significant factors for
inferior OS were poor PS, Ki-67 > 55%, elevated ALP, older age and
male sex (Table 3). We could not identify a specific age cut-off for
inferior survival (Fig. S4). A sensitivity analyses showed no effect of
platinum vs non-platinum in the MVA. Significant factors for inferior
PFS were poor PS and colorectal or unknown primary site. For later-
line treatment see Table S3. Second-line chemotherapy was given
10 217 (51%) NEC patients with RR 14%, DCR 31%, PFS 2.1 m (95% Cl
1.8-2.3m) and OS 44 m (3.7-5.2 m).

NET G3

Patients with NET G3 were further analyzed according to Ki-
67 < 55%. For cases with Ki-67 <55%, first-line platinum-based
treatment yielded a much worse outcome than first-line
temozolomide-based treatment. PFS and OS for first-line treat-
ment of NET G3 with platinum-etoposide chemotherapy was
3.5m (95%Cl 3.1-4.0) and 14.3 m (3.9-24.7) compared to 10.4m
(5.9-15.0) and 22.5 m (19.3-25.7) with temozolomide/capecitabine
and 12.5m (7.5-17.5) and 31.4 m (26.4-36.4) with temozolomide/
everolimus (Fig. 3a, b). UVA and MVA for PFS and OS are shown in
Tables S7-S8. After MVA, the significant factors for inferior OS
were treatment with platinum/etoposide, poor PS, older age and
elevated ALP (Table 3 and Fig. S5). PS and ALP level were strong
prognostic factors (Fig. 3¢, d). Survival seemed shorter for patients
>70 years of age (Fig. S6). For PFS, treatment with platinum/
etoposide was significantly inferior and PS borderline significant
(p =0.057). Concerning primary tumor site, PFS and OS for
pancreatic primaries were 7.7 m and 21.4m compared to 8.7 m
and 37.5m for small intestinal primaries, however, confidence
intervals were overlapping (Table S4). Second-line treatment was
given to 78 (67%) NET G3 patients with RR 13%, DCR 67%, PFS 6 m
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(95% Cl 3-9m) and OS 14 m (4.5-23.4 m). PRRT was given to 27
NET G3 patients (23%), mainly in second-line (n = 17), only one in
first-line. PFS was 3.7 m (0.9-6.4) and OS 11.1m (7.3-14.9) from
start of second-line chemotherapy, compared to PFS 173 m
(8.9-25.8) and OS 28.0m (18.8-37.1) from start of second-line
PRRT. PFS was 154m (10-20.8) after PRRT concerning all
treatment lines. Overall OS from start of first-line treatment was
46.2 m (41.4-51.0) in patients given PRRT at some time compared
to 15.7 m (12.7-18.7) if PRRT was not given.

DISCUSSION

This large prospective cohort differs from previous published
studies as a centralized pathological re-evaluation was done. The
study excluded MINEN and synaptophysin staining adenocarci-
noma cases and including only digestive primaries, hence
resulting in a large and separate digestive NEC and NET G3
cohort. Furthermore, our analyses were only done on patients with
advanced disease. The cohort is population-based as all patients in
the uptake area were treated at the study center. It therefore
included many elderly patients and patients with poor PS
providing real-world data.

NEC

The primary tumour site was mainly colon, rectum, pancreas and
oesophagus, consistent with previous western studies [27]. Few
patients had tumours with Ki-67 <55%, illustrating that this
subgroup is infrequent and when found should be re-evaluated
concerning a possible NET G3 [14]. A novel observation was that
most patients had marked symptomatic disease at diagnosis. Brain
metastases were infrequent at diagnosis supporting no role for
routine brain imaging [2], however, 10% later developed brain
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Fig. 2 Overall survival in NEC. Overall survival (OS) in NEC patients given first-line chemotherapy according to (a) performance status, (b)
first-line chemotherapy regimen when Ki-67 < 55% and (c) alkaline phosphatase (ALP) level.

metastasis. In agreement with others [10, 12], almost all cases
were positive on FDG-PET. SRI uptake was surprisingly frequent,
but SRI was likely performed in selected patients. The main reason
for not receiving chemotherapy was poor PS and given the
frequent rapid decline in PS seen in these patients, rapid referral
for consideration of palliative chemotherapy is important. OS was
only 1.9 m for patients not receiving chemotherapy, close to the
1 m seen in NORDIC NEC [8].

Most patients with advanced NEC received first-line treatment
with platinum/etoposide. Since NORDIC NEC there has been a
strong shift towards using carboplatin rather than cisplatin, due to
results showing a similar benefit [8] and better tolerability. Prior
studies have shown RR 30-50%, PFS 4-6m and OS 11-12m
[5, 8-11, 28]. We found a similar RR (34%) but shorter PFS (3.4 m)
and OS (7.4m), likely due to the population-based approach
including many patients with poor PS and elderly patients.
Looking at our patients with PS 0, OS was 11.2 m. In contrast to
other cancers where immediate disease progression on first-line
treatment in metastatic disease is rare (<10-15%), we observed
primary resistance to therapy in 40% of digestive NEC [5, 8, 10, 28].
There have been attempts to improve first-line treatment,
however, two recent Asian randomized trials comparing cispla-
tin/etoposide vs irinotecan/cisplatin in metastatic digestive NEC
(mainly upper GI) found no differences in outcome [11, 28].
Adding nivolumab to first-line platinum/etoposide in a phase Il
study on digestive NEC led to an OS of 13.9m [29]. The
combination of carboplatin and nab-paclitaxel may be an active
first-line treatment for NEC, but this needs further confirmation

[30]. Data for FOLFOX or FOLFIRINOX in digestive NEC are limited
and restricted to a few case series [31], and results from a
phase Il trial comparing FOLFIRINOX vs platinum/etoposide
(NTC04325425) is awaited. This study should also clarify if NEC
should be considered a chemo-resistant disease rather than a
platinum/etoposide resistant disease, which will have conse-
quences when exploring new treatment options. Molecular
profiling can have the potential to improve patient selection
and further studies of molecular factors predicting resistance to
chemotherapy are warranted [23, 32]. Our results confirm the lack
of progress in treatment for advanced digestive NEC in the last
two decades, and even in recent phase II-ll studies with selected
study patients, OS is still only 11-13m [11, 28, 29].

Performance status (PS) is an important factor for OS in NEC
[8, 10, 13, 14]. Our data shows that chemotherapy should not be
given to NEC patients with PS 3 as these patients have a similar
poor survival as untreated patients, whereas patients with PS 2
might benefit. In our cohort including a large fraction of elderly,
we found a shorter OS with older age which has not been shown
previously. We could, however, not identify an age cut-off for
shorter survival and the minor numerical difference suggests that
high age per se should not preclude patients from chemotherapy.
Ki-67 has been shown to be a prognostic factor in some studies
[6, 8, 33], however, not in all [10]. In our study Ki-67 < 55% was
prognostic and predicted survival in NEC, however, short-time
survival was similar. This was in contrast to NET G3 where Ki-
67 <55% had a better short-time survival but similar long-time
survival. For NEC with Ki-67 <55%, our data indicate a similar
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2.14, 5.80 <0.001

0.007 3,53

1.18, 2.84

1,83
HR hazard ratio, C/ confidence interval, ALP alkaline phosphatase, UNL upper normal limit, CRC colorectal, PS performance status, Ref reference.

Platinum/ etoposide treatment

H. Sorbye et al.

benefit using platinum/etoposide vs temozolomide-based treat-
ment. However, numbers were limited and patients not rando-
mized, so the optimal treatment is still to be determined for this
subgroup. Female sex was a favorable prognostic factor. Previous
studies have shown a similar general gender-related OS difference
in NEN [34-36] as in most other cancer types for unknown
reasons. Elevated ALP and lactate dehydrogenase (LDH) have
been reported to be prognostic factors for shorter OS in
metastatic NEC [8, 9, 13, 14, 37]. In the present cohort elevated
levels of ALP, LDH, CRP and leucocytes had prognostic value,
however, ALP was the strongest factor and significant in the MVA.
Little is known about factors affecting PFS in digestive NEC. We
found that colorectal primary predicted for short PFS, however,
not for OS suggesting that colorectal NEC are relatively resistant to
carboplatin/etoposide but may respond to subsequent therapy.
Similar findings were presented in another cohort where colon
NEC had a significantly shorter PFS compared to other primary
digestive sites but with no effect on OS and independent of BRAF
mutation status [32]. Taken together it must be questioned if
platinum/etoposide should be the preferred first-line treatment
for colorectal NEC.

NET G3
Our study adds significantly to the limited prior data on NET G3.
NET G3 represented 20% of high-grade digestive NEN, previous
studies report an incidence of 10-20% [4-6, 38]. Most NET G3
primaries were pancreatic. Pancreatic NET G3 was almost as
frequent as pancreatic NEC among high-grade pancreatic NEN
cases, which is important to have in mind at diagnosis of a high-
grade pancreatic NEN [14, 39]. 90% of NET G3 presented with
metastatic disease. Patients with metastatic disease were usually
symptomatic with cancer pain, weight loss or anorexia. Median Ki-
67 was 30% as in prior studies [4], only 16% had Ki-67 > 55%.
Almost all NET G3 had FDG-PET uptake. SRI uptake was seen in
80% of cases, showing that PRRT could be a treatment option for
most NET G3 [21, 22]. Treatment for metastatic NET G3 varied in
our cohort. As NET G3 was not an established disease entity at the
time of the study, many cases were treated as having NEC.
Patients were mainly treated with temozolomide-based treatment
or platinum/etoposide. This provides a unique opportunity to
compare results of first-line treatments for NET G3 with Ki-
67 < 55%. First-line platinum/etoposide to NET G3 with Ki-
67 <55% leads to a much shorter PFS and OS compared to
temozolomide-based treatment. Our study shows that when using
first-line chemotherapy for NET G3 with Ki-67 <55%, the best
chemotherapy schedule must be used initially as later lines of
treatments could not compensate for sub-optimal first-line
chemotherapy. This emphasizes the importance of the initial
pathological work-up separating NET G3 from NEC. A specialist
NET pathologist review is crucial to ensure all patients tumors get
an optimal pathology review, however, separating NET G3 from
NEC can be difficult even among NET experts [14]. Our study
confirms prior studies indicating that platinum/etoposide is an
inferior treatment for NET G3 [5, 14, 17, 19]. In our cohort, PFS and
OS after temozolomide-based treatment seems shorter than in
prior retrospective studies [15, 17-19, 38], likely due to its
population-based inclusion of elderly patients and patients with
worse prognostic factors such as PS. The NETTER-2 trial demon-
strated major PFS superiority of PRRT versus somatostatin analog
therapy as first-line treatment for the NET G3 subgroup [40]. PRRT
can now be considered as a potential first-line treatment for
somatostatin receptor positive NET G3 patients, but whether it
should be the first-line standard of care for all NET G3 patients
with Ki-67 < 55% is still not clarified [22]. The overall PFS (15.4 m)
and OS (46.2 m) for NET G3 patients receiving PRRT in our study
supports PRRT as an important treatment option for NET G3.
Few if any prognostic factors have previously been identified for
NET G3. We found that in addition to platinum-based treatment,
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Fig. 3 Progression-free survival and overall survival in NET G3. Overall survival (OS) (a) and progression-free survival (PFS) (b) in NET G3
with Ki-67 <55% according to first-line chemotherapy regimen and OS in NET G3 according to performance status (c) and alkaline

phosphatase (ALP) level (d).

significant factors for short OS were poor PS, older age and
elevated ALP. The OS for patients with PS 2 was surprisingly low,
only 5.4 m and similar to NEC PS 2 patients. Survival was shorter in
elderly patients, however OS was still 17.5 m for patients above 75
years indicating benefit of treatment for elderly patients. The
impact of elevated ALP on treatment outcome for NET G3 was
strikingly large and patients with elevated ALP might be a
subgroup needing a different treatment strategy. The few cases of
NET G3 with a Ki-67 = 55% had a short OS resembling NEC, which
supports that the Ki-67 value seems more important than
morphology when considering treatment for these cases [20].
The NETTER-2 trial included only NET G3 with Ki-67 <55% [21],
and PRRT should probably not be given as first-line treatment for
NET G3 with a Ki-67 > 55% [22]. The three- and five-year survival
rates of 32% and 10% seem marked lower than for NET G2
[41, 42], highlighting the more aggressive nature of NET G3.

Limitations

This is a large digestive HG-NEN cohort however some subgroups
have limited numbers. As disease characteristics and treatment
might differ according to primary site, further data on different
primary digestive sites are needed. Patients were included on a
population basis however it is not known how many eligible
patients were not included. Treatment and inclusion of patients
were based on old pathological classifications. Results of

comparisons according to treatment strata should be interpreted
with care as patients were not randomized and selection bias
cannot be excluded. Predictive or prognostic molecular factors
were not analyzed in this study.

CONCLUSIONS

This large prospective population-based multicenter study adds a
substantial amount of new data for advanced digestive NEC and
NET G3, relevant for the clinicians when selecting treatment and
considering the prognosis for the patient. Our study highlights the
clinical differences between NET G3 and NEC, emphasizing the
importance of differentiating NET G3 from NEC during the initial
pathological work-up. Treating NET G3 as NEC initially leads to a
poorer survival outcome. The short OS of 7.4 m and 3-year survival
of 5% demonstrate that metastatic digestive NEC is one of the most
aggressive cancers with an unmet need for improved treatment.

DATA AVAILABILITY

All relevant data related to this study are included within the article or in the
supplementary materials. Further data will be provided upon reasonable request to
the corresponding author.

British Journal of Cancer (2025) 133:316-324



REFERENCES

1.

20.

21.

Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al. The
2019 WHO classification of tumours of the digestive system. Histopathology.
2020;76:182-8.

. Sorbye H, Grande E, Pavel M, Tesselaar M, Fazio N, Reed NS, et al. European

Neuroendocrine Tumor Society (ENETS) 2023 guidance paper for digestive
neuroendocrine carcinoma. J Neuroendocrinol. 2023;35:e13249.

. Venizelos A, Elvebakken H, Perren A, Nikolaienko O, Deng W, Lothe IMB, et al. The

molecular characteristics of high-grade gastroenteropancreatic neuroendocrine
neoplasms. Endocr-Relat Cancer. 2021;29:1-14.

. Donadio MD, Brito AB, Riechelmann RP. A systematic review of therapeutic

strategies in gastroenteropancreatic grade 3 neuroendocrine tumors. Ther Adv
Med Oncol. 2023;15:17588359231156218.

. Heetfeld M, Chougnet CN, Olsen IH, Rinke A, Borbath I, Crespo G, et al. Char-

acteristics and treatment of patients with G3 gastroenteropancreatic neu-
roendocrine neoplasms. Endocr-Relat cancer. 2015;22:657-64.

. Milione M, Maisonneuve P, Spada F, Pellegrinelli A, Spaggiari P, Albarello L, et al.

The clinicopathologic heterogeneity of grade 3 gastroenteropancreatic neu-
roendocrine neoplasms: morphological differentiation and proliferation identify
different prognostic categories. Neuroendocrinology. 2017;104:85-93.

. Eads JR, Halfdanarson TR, Asmis T, Bellizzi AM, Bergsland EK, Dasari A, et al. Expert

consensus practice recommendations of the North American Neuroendocrine
Tumor Society for the management of high grade gastroenteropancreatic
and gynecologic neuroendocrine neoplasms. Endocr-Relat cancer. 2023;30:
€220206.

. Sorbye H, Welin S, Langer SW, Vestermark LW, Holt N, Osterlund P, et al. Pre-

dictive and prognostic factors for treatment and survival in 305 patients with
advanced gastrointestinal neuroendocrine carcinoma (WHO G3): the NORDIC
NEC study. Ann Oncol Off J Eur Soc Med Oncol. 2013;24:152-60.

. Yamaguchi T, Machida N, Morizane C, Kasuga A, Takahashi H, Sudo K, et al.

Multicenter retrospective analysis of systemic chemotherapy for advanced neu-
roendocrine carcinoma of the digestive system. Cancer Sci. 2014;105:1176-81.

. Walter T, Tougeron D, Baudin E, Le Malicot K, Lecomte T, Malka D, et al. Poorly

differentiated gastro-entero-pancreatic neuroendocrine carcinomas: Are they
really heterogeneous? Insights from the FFCD-GTE national cohort. Eur J Cancer.
2017;79:158-65.

. Morizane C, Machida N, Honma Y, Okusaka T, Boku N, Kato K, et al. Effectiveness

of etoposide and cisplatin vs irinotecan and cisplatin therapy for patients with
advanced neuroendocrine carcinoma of the digestive system: the TOPIC-NEC
phase 3 randomized clinical trial. JAMA Oncol. 2022;8:1447-55.

. Sorbye H, Baudin E, Borbath I, Caplin M, Chen J, Cwikla JB, et al. Unmet needs in

high-grade gastroenteropancreatic neuroendocrine neoplasms (WHO G3). Neu-
roendocrinology. 2019;108:54-62.

. Lamarca A, Walter T, Pavel M, Borbath |, Freis P, Nunez B, et al. Design and validation

of the GI-NEC score to prognosticate overall survival in patients with high-grade
gastrointestinal neuroendocrine carcinomas. J Natl Cancer Institute. 2017;109.

. Elvebakken H, Perren A, Scoazec JY, Tang LH, Federspiel B, Klimstra DS, et al. A

consensus-developed morphological re-evaluation of 196 high-grade gastro-
enteropancreatic neuroendocrine neoplasms and its clinical correlations. Neu-
roendocrinology. 2021;111:883-94.

. Spada F, Maisonneuve P, Fumagalli C, Marconcini R, Gelsomino F, Antonuzzo L,

et al. Temozolomide alone or in combination with capecitabine in patients with
advanced neuroendocrine neoplasms: an Italian multicenter real-world analysis.
Endocrine. 2021;72:268-78.

. Morken S, Langer SW, Sundlov A, Vestermark LW, Ladekarl M, Hjortland GO, et al.

Phase Il study of everolimus and temozolomide as first-line treatment in meta-
static high-grade gastroenteropancreatic neuroendocrine neoplasms. Br J Cancer.
2023;129:1930-9.

. Apostolidis L, Dal Buono A, Merola E, Jann H, Jager D, Wiedenmann B, et al.

Multicenter analysis of treatment outcomes for systemic therapy in well differ-
entiated grade 3 neuroendocrine tumors (NET G3). Cancers. 2021;13:1936.

. Chan DL, Bergsland EK, Chan JA, Gadgil R, Halfdanarson TR, Hornbacker K, et al.

Temozolomide in grade 3 gastroenteropancreatic neuroendocrine neoplasms: a
multicenter retrospective review. Oncologist. 2021;26:950-5.

. de Mestier L, Lamarca A, Hernando J, Zandee W, Alonso-Gordoa T, Perrier M, et al.

Treatment outcomes of advanced digestive well-differentiated grade 3 NETs.
Endocr-Relat cancer. 2021;28:549-61.

NCCN. Neuroendocrin and adrenal tumors. NCCN Clinical Practice Guidelines in Oncology.
2019: https://www.nccn.org/professionals/physician_gls/defaultaspxi#neuroendocrine.
Singh S, Halperin D, Myrehaug S, Herrmann K, Pavel M, Kunz PL. et al.[177)Lu] Lu-
DOTA-TATE plus long-acting octreotide versus high-dose long-acting octreotide
for the treatment of newly diagnosed, advanced grade 2-3, well-differentiated,
gastroenteropancreatic neuroendocrine tumours (NETTER-2): an open-label,
randomised, phase 3 study.Lancet. 2024;403:2807-17.

British Journal of Cancer (2025) 133:316-324

H. Sorbye et al.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

Sorbye H, Kong G, Grozinsky-Glasberg S, Strosberg J. PRRT in high-grade diges-
tive neuroendocrine neoplasms (NET G3 and NEC). J Neuroendocrinol.
2024;37:213443.

Elvebakken H, Venizelos A, Perren A, Couvelard A, Lothe IMB, Hjortland GO, et al.
Treatment outcome according to genetic tumour alterations and clinical char-
acteristics in digestive high-grade neuroendocrine neoplasms. Br J Cancer.
2024;131:676-84.

Knappskog S, Grob T, Venizelos A, Amstutz U, Hjortland GO, Lothe IM, et al.
Mutation spectrum in liquid versus solid biopsies from patients with advanced
gastroenteropancreatic neuroendocrine carcinoma. JCO Precis Oncol.
2023;7:2200336.

Venizelos A, Sorbye H, Elvebakken H, Perren A, Lothe IMB, Couvelard A, et al.
Germline pathogenic variants in patients with high-grade gastroenteropancreatic
neuroendocrine neoplasms. Endocr-Relat cancer. 2023;30:¢230057.

Mohamed A, Wu S, Hamid M, Mahipal A, Cjakrabarti S, Bajor D, et al. Management
of appendix neuroendocrine neoplasms: insights on the current guidelines.
Cancers. 2022;15:295.

Dasari A, Mehta K, Byers LA, Sorbye H, Yao JC. Comparative study of lung and
extrapulmonary poorly differentiated neuroendocrine carcinomas: A SEER data-
base analysis of 162,983 cases. Cancer. 2018;124:807-15.

Zhang P, Li J, Li J, Zhang X, Zhou J, Wang X, et al. Etoposide and cisplatin versus
irinotecan and cisplatin as the first-line therapy for patients with advanced,
poorly differentiated gastroenteropancreatic neuroendocrine carcinoma: a ran-
domized phase 2 study. Cancer. 2020;126:2086-92.

Riesco-Martinez MC, Capdevila J, Alonso V, Jimenez-Fonseca P, Teule A, Grande E,
et al. Nivolumab plus platinum-doublet chemotherapy in treatment-naive
patients with advanced grade 3 neuroendocrine neoplasms of gastro-
enteropancreatic or unknown origin: the multicenter phase 2 NICE-NEC trial
(GETNE-T1913). Nat Commun. 2024;15:6753.

Chantrill LA, Ranson D, Chan D, Nagrial A, Pavlakis N, Markman B, et al. NABNEC: A
randomised phase Il study of nab-paclitaxel in combination with carboplatin as
first line treatment of gastrointestinal neuroendocrine carcinomas (GI-NECs). J
Clin Oncol. 2024;42:589.

Borghesani M, Reni A, Lauricella E, Rossi A, Moscarda V, Trevisani E, et al.
Efficacy and toxicity analysis of mFOLFIRINOX in high-grade gastro-
enteropancreatic neuroendocrine neoplasms. J Natl Compr Cancer Netw.
2024;22:e247005.

Elvebakken H, Hjortland GO, Garresori H, Andresen PA, Janssen EAM, Vintermyr
OK, et al. Impact of KRAS and BRAF mutations on treatment efficacy and survival
in high-grade gastroenteropancreatic neuroendocrine neoplasms. J Neu-
roendocrinol. 2023;35:e13256.

Centonze G, Maisonneuve P, Prinzi N, Pusceddu S, Albarello L, Pisa E, et al.
Prognostic factors across poorly differentiated neuroendocrine neoplasms: a
pooled analysis. Neuroendocrinology. 2023;113:457-69.

Boyar Cetinkaya R, Aagnes B, Myklebust TA, Thiis-Evensen E. Survival in neu-
roendocrine neoplasms; A report from a large Norwegian population-based
study. Int J Cancer. 2018;142:1139-47.

Mortagy M, EI Asmar ML, Chandrakumaran K, Ramage J. Sex differences in the
survival of patients with neuroendocrine neoplasms: a comparative study of two
national databases. Cancers. 2024;16:2376.

Abdel-Rahman O, Fazio N. Sex-based differences in prognosis of patients with
gastroenteropancreatic-neuroendocrine neoplasms: a population-based study.
Pancreas. 2021;50:727-31.

Freis P, Graillot E, Rousset P, Hervieu V, Chardon L, Lombard-Bohas C, et al.
Prognostic factors in neuroendocrine carcinoma: biological markers are more
useful than histomorphological markers. Sci Rep. 2017;7:40609.

Liu AJ, Ueberroth BE, McGarrah PW, Buckner Petty SA, Kendi AT, Starr J, et al.
Treatment outcomes of well-differentiated high-grade neuroendocrine tumors.
Oncologist. 2021;26:383-8.

Umetsu SE, Kakar S, Basturk O, Kim GE, Chatterjee D, Wen KW, et al. Integrated
genomic and clinicopathologic approach distinguishes pancreatic grade 3 neu-
roendocrine tumor from neuroendocrine carcinoma and identifies a subset with
molecular overlap. Mod Pathol. 2023;36:100065.

Singh S, Halperin D, Myrehaug S, Herrmann K, Pavel ME, Kunz PL, et al. 211TMO
First-line efficacy of [177Lu]Lu-DOTA-TATE in patients with advanced grade 2 and
grade 3, well-differentiated gastroenteropancreatic neuroendocrine tumors by
tumor grade and primary origin: subgroup analysis of the phase Il NETTER-2
study. Ann Oncol Off J Eur Soc Med Oncol. 2024;35:592-S3.

Ekeblad S, Skogseid B, Dunder K, Oberg K, Eriksson B. Prognostic factors and
survival in 324 patients with pancreatic endocrine tumor treated at a single
institution. Clin Cancer Res Off J Am Assoc Cancer Res. 2008;14:7798-803.
Papantoniou D, Gronberg M, Thiis-Evensen E, Sorbye H, Landerholm K, Welin S,
et al. Treatment efficacy in a metastatic small intestinal neuroendocrine tumour
grade 2 cohort. Endocr-Relat cancer. 2023;30:e220316.

323


https://www.nccn.org/professionals/physician_gls/default.aspx#neuroendocrine

H. Sorbye et al.

324

ACKNOWLEDGEMENTS
We thank R. Eikeland, Dept of Clinical Research, Haukeland University Hospital for
data management.

AUTHOR CONTRIBUTIONS

HS, GOH, LWV, ML, JS, AS, ETJ, UK and SWL proposed and designed the study. HS,
GOH, LWV, ML, JS, AS, ETJ, HG, EH, CK, HE, PF, SM, ET, UK and SWL acquired the data.
AC, IMBL and AP performed the pathological re-evaluation. HS, JA and SM analyzed
the data. HS is responsible for the integrity of the data and the accuracy of the data
analysis. HS, ML and SL drafted the initial manuscript. There was no use of generative
Al and Al-assisted technologies in the writing process. All authors revised the
manuscript and approved the final version.

FUNDING
The study was supported by grants from Nordic Cancer Union, Norwegian Cancer
Society, Western Norway Regional Health Authority, Novartis and Ipsen.

COMPETING INTERESTS
ML achieved an unrestricted grant from Scandion Oncology, Denmark. All other
authors have declared no conflicts of interest.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study was conducted according to the Declaration of Helsinki and approved by
ethics committees in Norway (REK-vest-2012/940), Sweden (REC-Uppsala-Dnr-2012/
285) and Denmark (Region-Hovedstaden-H-4-2012-108). All patients signed written
informed consent.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541416-025-03054-w.

Correspondence and requests for materials should be addressed to Halfdan Sorbye.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025, corrected publication 2025

British Journal of Cancer (2025) 133:316-324


https://doi.org/10.1038/s41416-025-03054-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Characteristics and treatment outcome in a prospective cohort of 639 advanced high-grade digestive neuroendocrine neoplasms (NET G3 and NEC). The NORDIC NEC 2 study
	Introduction
	Methods
	Statistics

	Results
	Patient characteristics and treatment
	NEC
	NET G3

	Discussion
	NEC
	NET G3
	Limitations

	Conclusions
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




