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Abstract

Poorly differentiated neuroendocrine carcinomas (NECs) are rare malignancies with a

dismal prognosis, few therapeutic options, and a lack of predictive factors. We

describe a large series of extra-pulmonary (EP) NEC patients from a neuroendocrine

neoplasm (NEN) referral center, aiming to improve the clinical management of these

diseases. Medical records of patients with histological diagnosis of pure histology EP-

NEC, discussed at the NEN-dedicated multidisciplinary team (MDT) between October

2018 and August 2022, were included. Demographic features, tumor characteristics,

molecular profile, treatments, and responses to treatments were collected. Among

1594 NEN diagnoses discussed at the MDT during the study period, 377 were NECs;

the final population consisted of 173 patients, mostly presenting with advanced dis-

ease and often with a gastroenteropancreatic tract primary tumor. Molecular profiling

was available for 52 patients (30%). The most frequent alterations occurred in TP53

and KRAS. One of 25 patients tested for microsatellite instability was confirmed MSI-

h; one of 52 patients tested had a high tumor mutational burden (TMB = 19). Median

overall survival (OS) was 15.4 months (95% confidence interval [CI]: 13.2–18.5). Most

patients with advanced disease received a first-line chemotherapy (136/153

[88.9%]), often platinum plus etoposide (111/136 patients [82%]). The overall

response rate (ORR) to first-line was 40%. Median progression-free survival (PFS)

was 5.7 months (95% CI: 4.4–6.4). Forty-two percent and 18% of patients received

second- and third-line therapy, respectively. No significant difference was seen when
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stratifying OS and PFS by Ki-67 groups and tumor cell morphology, whereas perfor-

mance status and presence of metastases were significantly related to OS. In this

single-center retrospective large series of EP-NECs, almost half of the patients

showed a tumor response to first-line chemotherapy. No relevant correlation was

found with primary site, tumor cell morphology, or Ki-67. The proportion of patients

receiving subsequent lines, along with the mOS, confirms the aggressiveness of this

disease. Molecular profiling was performed only fragmentarily, with limited practical

applicability. Efforts shall be made in the future to implement these investigations.
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extra-pulmonary, neuroendocrine carcinoma (NEC), poorly differentiated

1 | INTRODUCTION

Neuroendocrine neoplasms (NENs) are rare and heterogeneous

malignancies.1–3 In accordance with the 2022 WHO classification of

the gastro-entero-pancreatic (GEP) tract, NENs are distinguished

based on morphology into well-differentiated tumors (also known as

NETs) and poorly differentiated (also known as carcinomas or neuro-

endocrine carcinoma [NECs]). They are further classified based on the

proliferation index, expressed by Ki67 and/or mitotic index (MI), and

divided into Grade (G) 1 (Ki-67 ≤2%, MI <2 mitoses/2 mm2), G2 (Ki-

67 3–20, MI 2–20 mitoses/2 mm2), and G3 (Ki-67 >20%, MI >20

mitoses/2 mm2).4 Neuroendocrine tumors most frequently arise

within the GEP district, but can potentially develop in most epithelial

organs of the body.2 NECs develop almost always in the lung as small

cell lung cancer (SCLC); extra-pulmonary (EP) NECs arise from the

GEP tract for the majority (2/3 of cases), and another third is repre-

sented by the unknown primary (UP).3

The value of Ki-67 of 55% has been reported as a threshold

separating two categories of EP-NECs with different responses to

platinum-based chemotherapy, as suggested by the NORDIC NEC

study and other multiple small-cohort studies.5–9 However, results

are conflicting, and other studies did not confirm prognostic value

for this cut-off.10 Additionally, to refine patients' stratification, the

GI-NEC score has been proposed, using five variables: presence of

liver metastases, alkaline phosphatase (ALK), lactate dehydroge-

nase, Eastern Cooperative Oncology Group performance status

(ECOG PS), and Ki67.11 This tool was able to identify patients at

worse prognosis, but still is not recommended by guidelines nor

frequently used in clinical practice. Relapses are frequent and usu-

ally early even after a radical surgery ± perioperative

chemotherapy ± radiotherapy. However, the vast majority of EP-

NEC patients present distant metastases at diagnosis: for those

patients, systemic chemotherapy is the conventional option.6,12

First-line chemotherapy with platinum (cisplatin or carboplatin) and

etoposide yielded a median progression-free survival (mPFS) of

only 4 months and OS of 11 months.13 A second-line therapy has

induced a mPFS of 2.5 months (range 1.2–6.0), and mOS of

7.6 months (range 3.2–22).14 Fluoropyrimidines-based

combinations are the preferred second-line regimens, but the evi-

dence is limited and not conclusive.15–17

Given the poor prognosis, paucity of therapeutic options, and lack

of absolute evidence, we describe the clinical and pathological charac-

teristics as well as outcomes of a large population-based cohort from

a NEN-referral Cancer Center to improve clinical management in this

therapy-orphan clinical context.

2 | METHODS

Cases of NEC patients discussed between October 2018 and August

2022 within the NET multidisciplinary team (MDT) of the European

Institute of Oncology (IEO) in Milan, which is an ENETS-certified Cen-

ter of Excellence (CoE), were retrieved by the IEO NET CoE database.

Patients may have been treated at this Institute itself or treated else-

where and discussed by the IEO MDT. Both pathological diagnoses

made on specimens obtained at IEO and external pathological diagno-

ses have been included; for these latter cases, an internal revision was

performed according to the patient's consent and availability of tissue.

All the pathological diagnoses made or revised in our Institution were

made by the internal NEN-dedicated pathologist. A structured patho-

logical revision was not planned. The diagnosis was made in accor-

dance with the latest WHO classification available at the time of data

collection.4 Ki-67 was assessed using the mouse monoclonal anti-

human Ki-67 antigen (Dako Agilent—Omnis) clone MIB-1. The Ki-67

proliferation index value was determined by counting at least 500 cells

in the regions of highest labeling (hotspots), which are identified under

scanning magnification, according to the recommendations of the

WHO Classification.4 When different ki67 values were available for

the same patient, the higher was reported. As part of a protocol active

in our Institute (Ref. NCT06400654; these data will be included in

another publication), some of the patients were evaluated with an in-

house next-generation sequencing (NGS) (Ion Torrent S5), assessing

mutational status of 26 tumor genes (EGFR, MET, ALK, RET, KRAS,

NRAS, HRAS, BRAF, KIT, PDGFR α/β, GNAQ, GNA11, PIK3CA, AKT1,

MAP2K1, MAP2K2, TP53, ERBB2, SMAD4, PTEN, STK11, CTNNB1,

NOTCH1, POLE, ESR1).
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Primaries other than lung, thymus, thyroid, adrenal gland/para-

ganglia, and skin were selected. Mixed neuroendocrine non-

neuroendocrine neoplasms (MiNENs) were excluded. Patients were

classified according to disease stage at initial diagnosis. For the pur-

poses of this analysis, cases with locally advanced unresectable dis-

ease were grouped with those presenting with stage IV disease, as

both were managed with systemic. Locally advanced unresectable dis-

ease was defined as either extensive regional lymph node involve-

ment not amenable to radical surgery or tumor invasion into adjacent

critical structures that precluded complete resection, as determined

by multidisciplinary evaluation. Patients may have received therapies

at the IEO Institute or elsewhere. Radiological and clinical assess-

ments were performed according to clinical practice.

Continuous data were reported as median and ranges or as

median and interquartile ranges (IQR). Categorical data were reported

as counts and percentages. Demographic features, tumor characteris-

tics, molecular profile, treatments, and best response after treatments

were collected; RR and PFS were obtained based on radiological and

clinical reports. The OS was estimated for the entire cohort (i.e., every

stage of disease and every primary site included) and for the local-

ized/locally advanced cohort from NEN diagnosis until death or last

contact. Among patients with distant metastases, the OS was esti-

mated from the diagnosis of advanced disease.

PFS was estimated among patients with localized/locally

advanced disease, those with advanced disease treated with first-line

therapy, and those treated with second-line therapy, from the start of

first- and second-line therapy, respectively, until cancer progression,

death, or last contact. Patients not deceased during the observation

period were censored at the time of their last contact if lost to follow-

up or still alive. OS and PFS were estimated using the Kaplan–Meier

method. The log-rank test was used to assess differences between

groups (sites of primary tumor, Ki-67 groups, morphologies). The asso-

ciation between several factors and death was evaluated using uni-

variable Cox proportional hazards regression models. Variables with

p < 0.05 in univariable analysis were included in a multivariable model.

All reported p-values were two-sided, with p-value less than 0.05 con-

sidered statistically significant. All analyses were performed with the

statistical software SAS 9.4 (SAS Institute, Cary, NC, USA).

3 | RESULTS

Among 1594 patients with histological or cytological diagnosis of

NEN discussed at the MDT between October 2018 and August 2022,

we extracted 377 (24%) NEC diagnosed between 2013 and 2022.

Based on our selection criteria, the final population consisted of

173 patients (a flow-chart was reported in Figure 1). Baseline charac-

teristics are listed in Table 1. Among primary sites, GEP represented

the majority (80 patients, 46%). One hundred and fifty-three patients

(88%) had distant metastases, and 80% of them were synchronous.

Radical surgery with curative intent was performed in 32 cases (64%

of the cohort with localized/locally advanced disease), whereas radical

surgery with no curative intent (addressing the primary tumor and

every documented metastasis) was performed in 3 patients (2% of the

metastatic cohort). Surgery with only palliative intent (to resolve intes-

tinal obstruction or pain or other acute symptoms) was performed in

24 patients (13.9% of the entire cohort).

Neoadjuvant chemotherapy (NACT) was given in 14 patients (8%

of the entire cohort, 56% of the localized/locally advanced cohort);

71% of these were eventually radically resected. Adjuvant chemother-

apy was given in 13 patients (7.5% of the entire cohort, 26% of the

localized/locally advanced cohort), 38% of them also receiving NACT.

Details are shown in Table 2.

First pathological diagnosis of NEC was made at IEO by the inter-

nal NEN-referral Pathologist in 21 cases (12%); additionally, a NEC

diagnosis derived from the IEO NEN-referral Pathologist review of

external samples was done in 73 cases (42%), and 18 (10%) patients

with an external diagnosis underwent a second biopsy at IEO (see

Supplementary 1 in the Supporting Information); in conclusion, in 36%

of cases a pathological evaluation by the IEO-dedicated Pathologist

was not performed. An NGS panel on tumor tissue was available in

52 patients (30% of the total cohort); the most frequently used panel

(47%) was an in-house customized Oncomine Assay of 26 genes

(listed in Section 2). FoundationOne CDx was used in 19% of cases.

The most frequent alterations occurred in TP53 and KRAS, both in

28% of cases. Other alterations regarded PIK3CA, APC, PTEN,

CDKN2A, NF2, and BRAF. Of the 25 patients tested for microsatellite

instability, only 1 patient (4%) was confirmed MSI-h (affected by a

colon NEC); out of the 52 patients tested, 1 had a high tumor muta-

tional burden (TMB = 19), and 1 had PD-L1 TPS 10%.

The median follow-up was 13.2 months (IQR: 7.5–24.0); at data

collection, 137 patients (79.2%) were deceased, while 36 (20.8%)

patients were censored; of these, 18 (10.4%) were still alive, and

18 (10.4%) were lost at follow-up. First-line chemotherapy was given

to 88.9% of the metastatic patients; in five of them, treatment was

stopped after just one cycle due to rapid deterioration of clinical con-

ditions. Notably, 29 out of 50 patients with localized/locally advanced

disease (58%) received a first-line treatment later in their history due

to distant progression.

No chemotherapy was done in 11% of metastatic patients due to

their poor PS. The vast majority of patients received platinum-based

chemotherapy (Table 3). There was a 40.5% overall response rate

(ORR) and a mPFS of 5.7 months (95% confidence interval [CI]: 4.4–

6.4) (Figure 2). The PFS was not significantly different according to

primary site, proliferation index, and tumor cell morphology

(Figure 3A–C).

Notably, five patients achieved a radiological complete response

(CR): (a) two of them had a single distant metastatic lesion of UP-NEC,

which was resected after induction chemotherapy; (b) one had a

locally advanced unresectable gastric NEC; (c) one had a metastatic

bladder NEC showing CR after 4 cycles of cisplatin-etoposide and

progressed after 7 months; (d) one had an advanced prostatic NEC

developed on a previous prostatic adenocarcinoma, treated with

platinum-etoposide plus atezolizumab, and radiotherapy after achiev-

ing radiological CR; at data collection, the patient was alive after

13.7 months since the start of first-line treatment and still receiving

BENINI ET AL. 3 of 13
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maintenance with atezolizumab–abiraterone–luteinising hormone-

releasing hormone analogue. Among 52 patients tested for molecular

profiling, 3 received biomarker-oriented treatment: (a) one, with a

pancreatic NEC, was treated with a CDK4-6 inhibitor (palbociclib) as

second-line therapy based on a CDKN2 mutation—on the basis of the

European Society for Medical Oncology (ESMO) Scale for Clinical

Actionability of Molecular Targets (ESCAT),18 considered an ESCAT

4—with progressive disease (PD) as best overall response (BOR);

(b) one patient, with an UP-NEC, received a combination of BRAF

inhibitor plus MEK inhibitor (dabrafenib plus trametinib) for a BRAF

V600E mutation (ESCAT 1C19), with PD as BOR; (c) one had a

TMB = 19 (ESCAT 1C)20: the patient had an UP-NEC and received

a combination of anti-CTL4 plus anti-PD1 (namely ipilimumab plus

nivolumab) as second-line therapy in a clinical trial; no follow-up data

were available for this patient. The only case of MSI high (ESCAT 1C)

in our cohort was affected by colonic NEC and received standard che-

motherapy at another center when relapsed after surgery; the patient

was lost to follow-up, and it was impossible to obtain updates about

the response to chemotherapy or whether immunotherapy was ever

started.

Second-line chemotherapy was administered to 64 patients

(41.8% of those with advanced disease), mostly with

fluoropyrimidine-based regimens, showing a 14% partial response

(PR) (no CR obtained) and 4 months mPFS (95% CI: 3.3–5.6)

(Supplementaries 2 and 3 in Supporting Information). Only 18%

received a third-line chemotherapy, which was fluoropyrimidine-

based in 17 patients (63%). A PD was detected at the first restaging in

48% of the cases. In the entire population, mOS was 15.4 months

(95% CI: 13.2–18.5) with an estimated OS rate at 12 months of

60.3% (95% CI: 52.3–67.3) (Figure 4). The OS curves stratified by pri-

mary site, proliferation index and cell morphology are shown in

Figure 5A–C. The mOS among patients with distant metastases, and

calculated from the diagnosis of advanced disease, was 12.7 months

(95% CI: 10.2–15.4) (Figure 6). Among GEP-NEC patients with distant

metastases, the estimated mOS was 14.7 months (95% CI: 10.1–17.8)

(see Figure 7). We specifically assess survival outcomes in patients

F IGURE 1 Flow chart of patients selected and included in the study. GEP, gastroenteropancreatic; Gyn, gynecological tract; H&N, head and
neck; MiNEN, mixed neuroendocrine/non-neuroendocrine neoplasms; NET-TB, tumor board for neuroendocrine neoplasms.
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presenting with localized/locally advanced disease at diagnosis. In this

subgroup of patients, median PFS was (95% CI) 5.7 months (3.1–8.2)

and median OS (95% CI) was 25.1 months (18.8–35.3) (Figures 8 and

9). Moreover, PFS to first-line treatment for patients with initially

localized/locally advanced disease was similar to the general popula-

tion (Figure 8).

The analysis evaluating the entire population for the association

between primary site, ECOG PS, Ki-67, morphology, and presence of

metastases with OS was reported in Table 4. In univariate analysis,

poor ECOG PS and presence of distant metastases were both associ-

ated with death: Hazard Ratio (HR) ECOG PS 1 versus 0 = 1.63 (95%

CI: 1.13–2.36, p = 0.009); HR ECOG PS ≥2 versus 0 = 7.64 (95% CI:

4.49–13.0, p < 0.001); HR presence versus absence of distant

metastases = 4.44 (95% CI: 2.26–8.74, p < 0.001). These results were

confirmed in the multivariate model including ECOG PS and presence

of metastases.

4 | DISCUSSION

Treatment of advanced EP-NEC patients is based on the historical

experience on SCLC by proposing a first-line platinum-based chemo-

therapy with a “one size fits all” strategy regardless primary

sites.21,22 However, recent data suggest that NEC arising in different

anatomical sites may be related to distinct pathogenetic pathways,

influenced by peculiar local microenvironment and acting risk fac-

tors; as a result, the genomic landscape would be different.23,24 It

seems probable that specific primary sites deserve different medical

treatments.

This retrospective single-center study confirms that EP-NECs

represent poor prognosis malignancies and that platinum/etoposide is

the most commonly utilized regimen in advanced disease regardless

of primary sites. We are aware of the several limitations of our study,

including its retrospective design, the heterogeneity of the tumor pop-

ulation in terms of primary site and tumor stage, relatively short

follow-up (i.e., 13.2 months for the entire cohort, including patients

with localized/locally advanced carcinomas that would require a dedi-

cated follow-up), data fragmentation since many patients received

therapy elsewhere (in particular, no central revision of radiological

assessments was possible, and relevant prognostic score as the GI-

NEC was not evaluable), the absence of a structured central pathology

TABLE 1 Patient and tumor characteristics.

Variable Level N = 173 (%)

Sex Male 103 (59.5)

Female 70 (40.5)

Site of primary tumor GEP 80 (46.2)

Anus 3

Colon 19

Duodenum 4

Esophagus 5

Ileum 3

Pancreas 18

Rectum 14

Stomach 10

Biliary tract 4

Gynecological 17 (9.8)

Cervix 11

Ovary 3

Uterus 3

GU 24 (13.9)

Prostate 9

Bladder 15

Other 7 (4.0)

Breast 2

Head and neck 5

Unknown 45 (26.0)

Age at NEN diagnosis,

median (min–max)

64 (28–88)

ECOG PS at NEN diagnosis 0 80 (46.2)

1 67 (38.7)

≥2 26 (15.0)

Ki-67 at NEN diagnosis Median (min–max) 80 (25–100)

≤55% 13 (8.6)

>55% 138 (91.4)

Unknown 22

Tumor cell morphology Small cell 52 (30%)

Large cell 74 (42.8%)

NOS 47 (27.2%)

Stage Localized 25 (14.5)

Locally advanced 25 (14.5)

Distant metastatic 123 (71.1)

Distant metastases timing Synchronous 123 (71.1)

Metachronous 30 (17.3)

No distant met 20 (11.6)

Site of distant metastasesa Liver 108 (70.6)

Liver only 33 (21.6)

Extra liver only 45 (29.4)

Extra regional node 84 (54.9)

Bone 40 (26.1)

Lung 29 (19.0)

(Continues)

TABLE 1 (Continued)

Variable Level N = 173 (%)

Peritoneum 24 (15.7)

CNS 10 (6.5)

Abbreviations: CNS, central nervous system; ECOG PS, Eastern

Cooperative Oncology Group performance status; GEP,

gastroenteropancreatic; GU, genitourinary tract; NEN, neuroendocrine

neoplasm; NOS, not otherwise specified.
aThe percentages refer to the 153 patients with metastases. The sum

exceeds 100%, because a patient can have more than one site of distant

metastasis.
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review (although most histological diagnoses were done or confirmed

by the IEO NEN-referral pathologist), and the lack of Rb and p53 sta-

tus for the entire cohort. In fact, up to 36% of the cases had no patho-

logical revision confirming an external diagnosis of NEC, and Rb/p53

status was not available in many cases: given the dramatic implica-

tions in terms of prognosis and treatment, it is highly recommended

that ideally every suspected NEC be confirmed by a referral Pathology

Unit, following templates for synoptic reporting created by dedicated

Societies.25 This is particularly important considering the well-

recognized diagnostic challenges in differentiating large cell NEC from

well-differentiated G3 NETs, which may require integration of mor-

phological, immunohistochemical, and molecular features to ensure

accurate classification.

A potential strength of our analysis is the relatively large number

of patients, considering the paucity of literature and the rarity of the

disease, the management in a modern treatment era, and their evalua-

tion at a NEN-referral center.6,26

The 40.5% ORR observed is consistent with that from other

reports: a meta-analysis of 19 studies of 987 patients with advanced

GEP-NEC treated with first-line platinum-etoposide reported an ORR

of 44.4% (95% CI: 35.9–53.0%).27,28 Notably, in the NORDIC NEC

trial, the ORR for platinum/etoposide as first-line was lower (31%),

potentially due to the higher proportion of GEP-NEC with <55% Ki-

67 (46% vs. 8.6% of our study).6 However, considering that in our

series only half of the patients had a GEP-NEC, whereas both the

meta-analysis and NORDIC NEC study included exclusively GEP-

NECs, this comparison should be taken with caution due to the differ-

ences among the populations examined in these studies.

Among patients with advanced disease, the GEP-NEC cohort,

which was the largest in our study, had a mOS of 14.7 months. This is

higher compared with the 11 months mOS of the NORDIC NEC

study.6 Moreover, these data from the NORDIC series regarded only

patients treated with chemotherapy (mOS for the cohort not receiving

chemotherapy was only 1 month [95% CI: 0.3–1.8 m]), whereas ours

also included those who did not receive chemotherapy due to poor

ECOG PS. This difference may be explained by the better PS of

patients in our cohort compared to those of the NORDIC (ECOS PS

0–1, 85%, and 74%, respectively), reinforcing the concept that a

prompt diagnosis and referral to a dedicated Center are crucial, as

long as a multidisciplinary approach to treat the patient the best,

granting all the support to prevent a quick PS deterioration. A role for

palliative care may be advocated in this context as well.

TABLE 2 Treatments stratified by stage at diagnosis.

Variable Level

Stage at NEN diagnosis, N (%)

Localized
(N = 25)

Locally advanced
(N = 25)

Advanced
(N = 123)

Surgery with radical intenta No 7 (28) 11 (44) 120 (98)

Yes 18 (72) 14 (56) 3 (2) ª

Palliative surgery No 21 (84) 22 (88) 106 (86)

Yes 4 (16) 3 (12) 17 (14)

Neoadjuvant therapy No 21 (84) 15 (60) NA

Yes 4 (16) 10 (40) 0 (0)

Adjuvant therapy No 17 (68) 20 (80) NA

Yes 8 (32) 5 (20) 0 (0)

Multimodal therapy (surgery +

chemotherapy + radiotherapy)

No 24 (96) 22 (88) 0 (0)

Yes 1 (4) 3 (12) 0 (0)

Abbreviation: NEN, neuroendocrine neoplasm.
aThose patients with advanced disease (hence often not receiving radical intent surgey).

TABLE 3 Outcomes and variables associated with first-line
chemotherapy, N = 136 (88.9% of metastatic patients).

Variable Level
N = 136
(%)

More than one cycle of

first-line chemotherapy

No 5 (3.7)

Yes 131

(96.3)

Type of first line Platinum + VP16 111

(81.6)

Fluoropyrimidine-based

combinations

6 (4.4)

Other 19 (14.0)

Best overall response after

first line

PD 50 (41.3)

SD 22 (18.2)

PR 44 (36.4)

CR 5 (4.1)

Unknown 15

Months of first line, median

(min–max)

4 (0–14)

Unknown 18

Abbreviations: CR, complete response; fluoropyrimidine based, FOLFOX/

FOLFIRI; PD, progressive disease; Platinum, cisplatin or carboplatin; PR,

partial response; SD, stable disease; VP16, etoposide.
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In our study, patients with UP-NEC tended to have a worse prog-

nosis (mOS of 13.2 months) compared to the GEP-NEC cohort; in the

NORDIC NEC study, UP-NEC had a mOS of 11 months (8.4–13.6). It

is still not defined whether UP-NEC differs or not from NEC with

known primary sites, in terms of molecular and clinical behavior. In

retrospective series, UP-NEC had worse survival compared to NEC

136 100 65 38 21
Number of subjects at risk

0 3 6 9 12

Months from start of 1st line treatment

0.00

0.25

0.50

0.75

1.00

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al

Events 
3-mo PFS 
(95% CI) 

6-mo PFS 
(95% CI) 

9-mo PFS 
(95% CI) 

12-mo PFS 
(95% CI) 

Median PFS in 
months (95% CI) 

124 / 136 (91.2%) 74.2 (66.0-80.7) 49.0 (40.3-57.1) 30.6 (23.0-38.6) 18.5 (12.4-25.7) 5.7 (4.4-6.4) 

F IGURE 2 Progression-free survival among patients with advanced disease who received at least 1 cycle of first-line therapy (N = 136).

(A) (B) (C)

F IGURE 3 Progression-free survival among patients with first-line treatment, divided by site of primary tumor (A), Ki-67 at NEN diagnosis (B),
and morphology (C). NEN, neuroendocrine neoplasm.
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arising from small intestinal, pancreatic, and appendicular primaries,

but apparently better OS than pulmonary and colorectal NECs.3,29

In our study, 88.9%, 41.8%, and 20.0% of patients with advanced

disease (regardless of the primary site) received a first-, second-, and

third-line therapy, respectively; the low proportion of patients capable

of undergoing subsequent lines due to clinical deterioration prompts

the start of the first line as soon as possible, and the effort to find

more efficacious first-line regimens. A possible strategy is to intensify

173 140 92 63 43 29 23
Number of subjects at risk
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Months from NEC diagnosis
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Deaths 6-mo OS 
(95% CI) 

12-mo OS 
(95% CI) 

24-mo OS 
(95% CI) 

36-mo OS 
(95% CI) 

Median OS in 
months (95% 

CI) 
137 / 173 

(79.2%) 
81.9 (75.2-86.9) 60.3 (52.3-67.3) 31.2 (23.9-38.7) 18.1 (12.2-25.0) 15.4 (13.2-18.5) 

F IGURE 4 Overall survival in the
entire population (median FU [IQR] in
months: 13.2 (7.5–24.0), N = 173). IQR,
interquartile range.

80 69 44 30 21 12 10
48 42 30 20 16 12 9
45 29 18 13 6 5 4
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F IGURE 5 Overall survival of the entire population divided by site of primary tumor (A), Ki-67 at NEN diagnosis (B), and morphology (C).
NEN, neuroendocrine neoplasm.
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153 114 72 46 26 18 15
Number of subjects at risk
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F IGURE 6 Overall survival among patients with distant
metastases, from the diagnosis of advanced disease (N = 153).
Median OS in months (95% CI): 12.7 (10.2–15.4). CI, confidence
interval; OS, overall survival.
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F IGURE 7 Overall survival among GEP patients with distant
metastases, from the diagnosis of metastases (N = 72). Median OS in
months (95% CI): 14.7 (10.1–17.8). CI, confidence interval; GEP,
gastro-entero-pancreatic; OS, overall survival.
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Events 3-mo PFS 
(95% CI) 

6-mo PFS 
(95% CI) 

9-mo PFS 
(95% CI) 

12-mo PFS 
(95% CI) 

25 / 29 (86%) 75.7 (55.7-87.6) 39.7 (21.9-56.9) 31.5 (15.4-49.1) 13.5 (3.6-30.1) 

F IGURE 8 Progression-free survival among localized and locally
advanced patients, treated with first-line chemotherapy after disease
progression (N = 29).
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(95% CI) 

12-mo OS 
(95% CI) 

24-mo OS 
(95% CI) 

36-mo OS 
(95% CI) 

33 / 50 (66%) 100 86.7 (72.6-93.8) 52.4 (36.3-66.3) 33.3 (19.2-48.1) 

F IGURE 9 Overall survival from NEC diagnosis among localized
and locally advanced patients (N = 50). NEC, neuroendocrine
carcinoma.
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the treatment through triplet therapy: small retrospective studies

evaluated the combination of 5-fluorouracil, irinotecan, and

oxaliplatin.30–32 A randomized Phase 2 trial (NTC04325425) is ongo-

ing and may reply to this question; results are expected later this

year.33

Stratifying the OS based on tumor cell morphology, no statistical

difference was evident between small cell (SC), large cell (LC) and not

otherwise specified (NOS), although a trend favoring SC-NEC was seen.

Data in the literature are not conclusive about the question of whether

tumor morphology relates to clinical outcome in NECs.34 A study evalu-

ating a large cohort from the Surveillance, Epidemiology, and End

Results (SEER) database reported a worse survival for SC-NEC com-

pared to LC-NEC, although it was unclear whether biological differ-

ences impacted response to treatment.35 On the other hand, another

study hypothesized a better mOS in SC-NEC, to be related to the

higher sensitivity to platinum-based chemotherapy in SC-NECs. A com-

bination of Ki-67 index plus tumor cell morphology has been proposed

as a prognostic factor to identify subpopulations with different OS, in

particular patients with lower Ki-67/non-small-cell morphology may

perform better.36 Larger multicentric studies may clarify this aspect.

Looking at the locally advanced cohort, it is notable that 56%

remained relapse-free after a radical surgery at data collection, confirm-

ing the impact of an early diagnosis and possibly a multimodal strategy.

Molecular profile was available in 30% of the total population,

and 47% of them were tested with the same in-house panel (with cost

attributed to the study); tumor agnostic markers were not routinely

tested, making data fragmented. We found one patient with an

UP-NEC (2% of all patients with an NGS available, and 8% of the UP-

NECs tested) had a BRAF V600E mutation: no clinical benefit from tar-

geted therapy with anti-BRAF plus anti-MEK inhibitors was observed.

Frequency of BRAF alterations in NEC is various, but is reported

almost exclusively for NEC arising in the colon. Venizelos et al.37

reported up to 20% BRAF mutations in a population of 152 GEP-NECs

with even 49% in colonic; Elvebakken et al.38 found BRAF alterations

in up to 14% of a 77 GEP-NEC series (with one exception, found in a

pancreas, they were all found in colonic NEC, up to 63% of the

cohort); finally, Angerilli et al.39 discovered only one BRAF mutation in

a cohort of 28 GEP-NEC (10% of the colon cases). None of the colon-

NEC tested in this study had a BRAF mutation.

One patient in this series with colon-NEC was MSI-high (2% of all

patients with an NGS available, 11% of the colon-NECs tested), but

did not receive a molecular-targeted treatment. Frequency of MSI-

high in NEC is variable, occurring especially in those arising from the

stomach or colorectum, but also in the gynecological tract.40 Angerilli

et al.39 identified only one MSI-H colon-NEC (4.5% of the GEP-NEC

cohort), in line with data from Venizelos (5.3% of the GEP-NEC-

cohort)37 and Elvebakken (4.8% of the GEP-NEC cohort).38

Translating precision medicine into clinical practice, especially for

rare tumors like NECs, is particularly challenging.41 To permit the shift

from the “organ-of-origin based” strategy to the “agnostic biomarker

tailored” paradigm, the availability of biomarkers and matched thera-

pies are essentials. These aspects are still limited in Europe, with

regional differences also within the same country (i.e., Italy)42; the cost

of NGS testing is often covered either by the patient, by pharmaceuti-

cal sponsor or internal protocols. This difficulty in obtaining molecular

data is reflected in our study, with a large cohort of NEC patients,

TABLE 4 Association between tumor and patient characteristics with overall survival in the entire population (N = 173).

Variable Level N Death

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Site of primary tumor GEP 80 62 Ref. — —

Uterus/cervix/ovary 17 14 0.81 0.45–1.45 0.48

GU 24 19 1.01 0.61–1.70 0.96

Other 7 6 1.10 0.48–2.55 0.82

Unknown 45 36

ECOG PS at diagnosis 0 80 57 Ref. — — Ref. — —

1 67 57 1.63 1.13–2.36 0.009 1.45 0.99–2.10 0.051

≥2 26 23 7.64 4.49–13.0 <0.001 8.14 4.67–14.2 <0.001

Ki-67 at NEC diagnosis ≤55% 13 12 Ref. — —

>55% 138 107 0.93 0.51–1.70 0.82

Unknown 22 18

Morphology Small cell 52 44 Ref. — —

Large cell 74 56 1.17 0.79–1.75 0.43

NOS 47 37

Presence of metastases No or regional node 20 9 Ref. — — Ref. — —

Distant 153 128 4.44 2.26–8.74 <0.001 4.44 2.25–8.77 <0.001

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; NEC, neuroendocrine carcinoma; NOS, not

otherwise specified.
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treated in a referral center, still missing of NGS profiling; notably, also

tumor agnostic biomarkers were often not investigated (even when

easier techniques like immunohistochemistry would be available).

Despite the potentiality of targeted therapy being well

established,43,44 in the present series, the few cases with relevant

molecular alterations had small benefits from a targeted therapy.

Indeed, this cohort was not adequate to shed light on the importance

of molecular-driven therapy; data fragmentation may also explain the

low proportion of druggable alterations found in this series compared

with cohorts of EP-NEC larger than ours, where druggable alterations

were found in the majority of patients (up to 66%).37 Real-world data

came from a retrospective study conducted at Gustave Roussy,

exploring the impact of molecular profiling in a large cohort of

114 NENs (33% of which were NEC). A potentially druggable molecu-

lar alteration was identified in 48% of patients, but then only 35%

(17% of the initial population) received a matched therapy. In 58% of

the cases, everolimus was prescribed for a well-differentiated NET;

notably, everolimus is already part of the treatment strategy for this

population. Four NECs (10.5% of the poorly-differentiated cohort)

received a matched treatment: only a heavily pre-treated head and

neck EC, with a high TMB (380 mutations/megabase), treated with an

anti-PDL1 agent, showed benefit.45

5 | CONCLUSION

These data suggest the need for greater effort to define structured

and prospective studies to thoroughly investigate molecular alter-

ations in NEC, on which personalized treatment can be based.

To conclude, our study describes the heterogeneity of patients/

tumor characteristics and clinical management of a large series of EP-

NECs coming to a NEN-referral center. Diagnoses were often con-

firmed according to the last WHO classification available for NECs,

and patients were mostly treated with modern standard of care, mak-

ing this cohort actual and informative also compared to others in the

literature. Outcomes were still unsatisfactory though. New treatments

for NEC are an urgent unmet need, given the dismal prognosis and ris-

ing incidence of these malignancies; NGS profiling shall become part

of the diagnostic flowchart, possibly performed earlier during the dis-

ease to prevent clinical deterioration. This retrospective analysis shall

be considered a hypothesis generating study to be addressed with

prospective studies on larger and homogenous populations.
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