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Abstract 
Background: In gastroenteropancreatic (GEP) high-grade 
neuroendocrine neoplasms (H-NENs), Ki-67 threshold of 
55% defines three prognosis subclasses: neuroendocrine tu
mor (NET) G3, neuroendocrine carcinoma (NEC) <55%, and 
NEC ~55%. We investigateci whether the molecular profiling 
of H-NENs differs among these subcategories and evaluated 
potential therapeutic targets, including PD-L 1. Methods: In 
GEP-NEN patients, we eva luated: (i) 55% threshold for Ki-67 
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labeling index for further stratifying NEC and (ii) immunore
activity and gene mutations by immunohistochemistry and 
targeted next-generation sequencing (T-NGS). Resu/ts: Fif
teen NETs G3 and 39 NECs were identified. Ki-67 labeling in
dex was <55% in 9 NECs and ~55% in 30 NECs. Gene muta
tions by NGS ( TPSJ, 32.9%; KRAS, 5.5%; BRAF, 4.1 %) were de
tected in 46.6% NENs, significantly enriched in NEC ~55% 
(76.7%) compared to NEC <55% (55.6%) or NET (20.0%). PD
L 1 staining in tumor-infiltrating lymphocytes was observed 
in NEC ~55% (36.7%; p = 0.03). Median 05 was 4.3 years in 
NET G3, 1.8 years in NEC <55%, and 0.7 years in NEC ~ 55% (p 
< 0.0001 ); it was 2.3 years with NGS wild-type, 0.7 years with 
~ 1 mutation (p < 0.0001), 0.8 years in PD-L 1-positive pa
tients, and 1.7 years in PD-L 1-negative subjects (p = 0.0004). 
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In multivariate analysis, only the proposed subclassification 
approach yielded statistically significant differences be
tween groups (NEC <55% vs. NET G3, HR 14.1, 95% Cl 2.2-
89.8, p = 0.005; NEC ~ 55% vs. NET G3, HR 25.8, 95% Cl 3.9-
169, p = 0.0007). Condusions: These findings identify NEC 
~55% as a biologically and prognostically distinct subtype 
and pave the way for more personalized treatment. 

© 2019 S. Karger AG, Basel 

lntroduction 

Gastroenteropancreatic neuroendocrine neoplasms 
(GEP-NENs) are a heterogeneous group of tumors. Their 
classification is based on morphology, well-differentiated 
(WD) or poorly differentiated (PD), and on their prolif
erative ability, measured bythe mitotic index and/or Ki-67 
labeling index [1-3]. Based on that, the 2010 World Health 
Organization (WHO) classification identified three cate
gories: neuroendocrine turnar (NET) grade (G)l (WD 
and Ki-67 labeling index :'.5:2%), NET G2 (WD and Ki-67 
labeling index 3-20%), and neuroendocrine carcinoma 
(NEC) (PD and Ki-67 labeling index >20%) [3]. 

According to several reports indicating that NEC cat
egory is more heterogeneous than expected [ 4- 17] first in 
2017 [l] then in 2019 [18], WHO modified the NEN clas
sification, dividing NEC into two subcategories: NETs G3 
(WD and Ki-67 labeling index >20%) and NECs (PD and 
Ki-67 labeling index > 20%) [ 1, 17]. The diagnostic group 
of NET G3 initially figured only in the pancreatic NET 
classification; at present, it is considered relevant for the 
whole gastrointestinal system [18, 19]. 

The European Neuroendocrine Turnar Society (EN
ETS) guidelines consider both NET G3 and NEC as high
grade GEP NENs (H-NENs), although highlighting the 
heterogeneity of this group and importance of discrimi
nating these entities (NET G3 and NEC) [19]. 

This approach has already been reflected in tumor-re
porting protocols according to the College of American 
Pathologists (CAP protocols) [20] . 

The evaluation of turnar morphology and/or Ki-67 la
beling index, however, is not always reproducible across 
different pathologists [21]. Thus, immunohistochemical 
(IHC) and molecular characteristics of the disease were 
proposed as an aid for proper stratification of GEP-NEN 
groups [7, 8, 22- 24]. The IHC features of PD disease in
clude p53 overexpression, low expression of somatostatin 
receptors (at least types 2A and 5) and inversely propor
tional expression of Rbl or pl6 [23]. At the level of ge
netic alterations, PD NENs showed mutations in TP53, 

NGS and IHC Dissect GEP- NENs Clinica! 
Outcome 

KRAS, and BRAF, while WD disease presented mutations 
in MENI, ATRX-DAXX, P!Jk/AKnmTOR, and TGF-/J 
pathways, absent in PD NENs [25-27]. 

The prognosis and subsequent therapeutic approach 
to GEP-NENs are driven according to WHO classes: (i) 
NECs show poor prognosis and usually are treated by 
platinum-based chemotherapy (PBC) regimens derived 
from those used for the treatment of small cell lung cancer 
[8, 9, 28]; (ii) NETs G3 are associated with intermediate 
prognosis with a propensity for early metastases [4, 5], 
andare treated with systemic non-PBC [4, 6, 9, 11-14, 
19]. Having investigated a different group of patients, we 
reported earlier that in H-NEN s the threshold of 55% for 
a Ki-67 labeling index allows a refinement of prognosis 
estimation; particularly, NETs G 3 were associated with a 
median overall survival (mOS) of 24.5 months, whereas 
NECs with a Ki-67 labeling index of <55% (NEC <55%) 
had a mOS of 12.9 months, and NECs with a Ki-67 label
ing index ~55% (NEC ~55%) were associated with amOS 
of 5.3 months [22]. Of note, this prognostic difference is 
also shared by mixed neoplasms, mix ed adeno-NECs in 
which Ki-67 labeling index ~55%, restricted to the NEC 
component, is associated with the worst prognosis [28]. 

The prognostic role of Ki-67 labeling index ~55% has 
already been validated in severa! studies [6, 9, 12, 14, 28] 
and included in ENETS guidelines since 2016 [19], thus 
recognizing it as a highly reproducible and powerful tool 
in GEP-NENs. 

The aim of this study was to verify if the molecular and 
IHC profiles of the H-NENs were distinctive in the above
mentioned three categories NET G3, NEC <55%, and 
NEC ~55%. 

Moreover, considering the Jack of tailored NEC treat
ments and the heterogeneity of the response rate to stan
dard chemotherapy, we aimed to search for new potential 
therapeutic targets, including the expression of PD-Ll, a 
promising recently described NEC biomarker [ 4, 5, 29, 
30]. 

Materials and Methods 

Case Selection and Study Design 
In order to study H-NENs, between 2015 and 2017, the surgical 

pathology and clinica! databases of INT (an Excellence Centre for 
the therapy ofNENs) were retrospectively searched, and patients 
with one of the following diagnoses were selected: "neuroendo
crine neoplasm," "NET," and "NEC." 

Exclusion criteria were: (i) cases with MIXED neuroendocrine 
and non-neuroendocrine components; (ii) cases with inadequate 
materiai for next-generation sequencing (NGS) analysis; (iii) not 
GEP origin. 
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Table 1. Characteristics of patients with neuroendocrine neoplasms of pancreatic and extrapancreatic origin by 
progn ostic score 

Characteristics Tota! NETG3 NEC <55% NEC;;::55% pvalue* 
(n = 54) (n = 15) (n= 9) (n = 30) 

Age 
<50 years 11 (20.4%) 4 (26.7%) 3 (33.3%) 4 (13.3%) 
50-59 years 15 (27.8%) 3 (20.0%) 1 (1 1.1%) 11 (36.7%) 
60-69 years 21 (38.9%) 6 (40.0%) 3 (33.3%) 12 (40.0%) 
70+ years 7 (1 3.0%) 2 (13.3%) 2 (22.2%) 3 (10.0%) 0.55 

Sex 
Male 35 (64.8%) 8 (53.3%) 6 (66.7%) 21 (70.0%) 
Female 19 (35.2%) 7 (46.7%) 3 (33.3%) 9 (30.0%) 0.29 

Site 
Colon 26 (48.2%) 4 (26.7%) 4 (44.4%) 18 (60.0%) 
Pancreas 17(31.5%) 11 (73.3%) 3 (33.3%) 3 (10.0%) 
Sto mach 11 (20.4%) o (0.0%) 2 (22.2%) 9 (30.0%) <0.0001 

Clinica! stage 
Locai or locally advanced 16 (29.6%) 3 (20.0%) 3 (33.3%) 10 (33.3%) 
Metastatic 38 (70.4%) 12 (80.0%) 6 (66.7%) 20 (66.7%) 0.39 

UICC 
I- II 2 (3.7%) o (0.0%) 1 (1 1.1%) 1 (3.3%) 
III 15 (27.8%) 4 (26.7%) 2 (22.2%) 9 (30.0%) 
IV 37 (68.5%) 11 (73.3%) 6 (66.7%) 20 (66.7%) 0.62 

Primary tumor surgery 
Yes 38 (70.4%) 12 (80.0%) 6 (66.7%) 20 (66.7%) 
No 16 (29.6%) 3 (20.0%) 3 (33.3%) 10 (33.3%) 0.39 

Neoadjuvant treatment 
Yes 12 (22.2%) 3 (20.0%) 2 (22.2%) 7 (23.3%) 
No 42 (77.8%) 12 (80.0%) 7 (77.8%) 23 (76.7%) 0.80 

Adjuvant treatment 
Yes 12 (22.2%) 3 (20.0%) 1 (1 1.1%) 8 (26.7%) 
No 42 (77.8%) 12 (80.0%) 8 (88.9%) 22 (73.3%) 0.53 

NGS 
WT 23 (42.6%) 12 (80.0%) 4 (44.4%) 7 (23.3%) 
Mutated 31 (57.4%) 3 (20.0%) 5 (55.6%) 23 (76.7%) 0.0004 
Absent 18 (33.3%) 5 (33.3%) 4 (44.4%) 9 (30.0%) 
Present 36 (66.7%) 10 (66.7%) 5 (55.6%) 21 (70.0%) 0.74 

Mutationst 
AT M 2 (3.7%) l (6.7%) 1 (1 1.1%) o (0.0%) 0.20 
VHL l ( l.9%) l (6.7%) o (0.0%) o (0.0%) 0.14 
CTNNBl 2 (3.7%) o (0.0%) 1 (11.1%) 1 (3.3%) 0.72 
APC 2 (3.7%) o (0.0%) o (0.0%) 2 (6.7%) 0.24 
TP53 23 (42.6%) o (0.0%) l (l l.1%) 22 (73.3%) <0.0001 
STKll 1 (1.9%) o (0.0%) l (1 1.1%) o (0.0%) 0.75 
KRAS 4 (7.4%) o (0.0%) l (1 1.1%) 3 (10.0%) 0.26 
NRAS 2 (3.7%) o (0.0%) o (0.0%) 2 (6.7%) 0.24 
GNAS l (1.9%) o (0.0%) o (0.0%) l (3.3%) 0.41 
SMARCB l l ( l.9%) o (0.0%) o (0.0%) l (3.3%) 0.41 
RBl l ( l.9%) o (0.0%) o (0.0%) 1 (3.3%) 0.41 
FGFR3 l ( l.9%) o (0.0%) 1 (11.1%) o (0.0%) 0.75 
IDHl 2 (3.7%) 1 (6.7%) o (0.0%) l (3.3%) 0.65 
BRAF 3 (5.6%) o (0.0%) o (0.0%) 3 (10.0%) 0.14 
FBXW7 2 (3.7%) o (0.0%) o (0.0%) 2 (6.7%) 0.24 
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Table 1 (continued) 

Characteristics Tota) NETG3 NEC<55% NEC~55% pvalue* 
(n = 54) (n = 15) (n = 9) (n = 30) 

PD-Ll§ 
Absent 41 (75.9%) 13 (86.7%) 9 (100%) 19 (63.3%) 
Present 13 (24.1%) 2 (13.3%) o (0.0%) 11 (36.7%) 0.05 

MMR 
Stable 23 (42.6%) 11 (73.3%) 3 (33.3%) 9 (30.0%) 
Unstable 31 (57.4%) 4 (26.7%) 6 (66.7%) 21 (70.0%) 0.02 

rnctt 

p 16 (present) 4 (7.4%) 1 (6.7%) 1 (11.1%) 2 (6.7%) 0.95 
Rbl (absent) 40 (74.1%) 9 (60.0%) 5 (55.6%) 26 (86.7%) 0.04 
SSTR2A ( 0- 1) 34 (63.0%) 2 (13.3%) 4 (44.4%) 28 (93.3%) <0.0001 
SSTR5 (0- 1) 32 (59.3%) 2 (13.3%) 3 (33.3%) 27 (90.0%) <0.0001 
p53 ( overexpressed) 20 (37.0%) o (0.0%) 1 (11.1%) 19 (63.3%) <0.0001 

NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; G, tumor grading; n, number of patients; 
UICC, Union for International Cancer Contrai; NGS, next-generation sequencing; WT, wild type; PD-Ll, pro-
grammed death ligand; MMR, DNA mismatch repair; IHC, immunohistochemistry. * pvalue based on the Fish-
er exact test. t No mutations in the HER2 genes found. § PD-Ll staining only in microenvironment cells. tt p53 
present or SSTR2A (score 0- 1) or SSTRS (score 0-1). 

Selected cases were studied applying tumor grading (G) ac
cording to WHO 2010 and WHO 2017 [ l , 17], and tumor staging 
(TNM) according to the Union for International Cancer Contro)/ 
American Joint Committee on Cancer (UICC/ AJCC) 8th edition 
(31]. 

A number of the patients included in the study had undergone 
different systemic treatment schemes which are described in detail 
in supplementary materials and summarized in online supplemen
tary Table 1 (see www.karger.com/doi/10.1159/000503722 for all 
online suppl. materiai). 

The group ofNET G 1 and G2, described in online supplemen
tary Table 2, were analyzed separately and used as a reference in 
order to verify if molecular and IHC profiles ofNET G3 go in line 
with the profiles of other WD tumors. 

Targeted Next-Generation Sequencing 
Formalin-fixed paraffin-embedded 5-µm cut sections were 

manually microdissected to isolate the highest possible percentage 
of neoplastic cells. 

Targeted NGS (T-NGS) was performed using the Ion Am
pliSeq ™ Cancer Hotspot Pane) (Thermo Fisher) that amplifies 207 
amplicons covering about 2,800 COSMIC mutations from 50 on
cogenes and tumor suppressor genes commonly mutated in hu
man cancers. 

This is a commercially available pane) widely used for investiga
tion of various tumors; therefore, it is easily reproducible and gives 
a plenty of data particularly targeting most of the mutations de
scribed in H-NENs that were the main focus of this study [15] . In 
addition, this pane) includes a number of genes, not previously re
ported to be altered in H-NENs but common in other gastrointes
tinal tumors and interesting in terms of analyzing possible shared 
molecular pathways. For the details ofDNA extraction, quantifica
tion, and library preparation, see supplementary materiai. 

NGS and IHC Dissect GEP- NENs Clinica! 
Outcome 

Raw sequencing data were processed using Torrent Suite Soft
ware™ (version 5.8.0); the variant calling from sequencing data 
was generated by Variant Caller plugin. The resulting variants 
were annotated using Ensemble Variant Effect Predictor pipeline, 
Ion ReporterrM analysis software version 5.6, Clin Var database, 
COSMIC database, and dbSNP database. Variants with a MAF val
ue greater than 0.01in1 ,000 genomes combined population were 
considered as SNP and thus excluded. The filtered variants were 
examined using the Integrative Genomic Viewer IGV tool [32]. 

lmmunohistochemistry 
The investigation of IHC profile included: (i) synaptophysin 

and chromogranin A (generai neuroendocrine markers) in order 
to confirm the diagnosis ofNEN; (ii) Ki-67 labeling index calcula
tion, using the MIB antibody as a percentage of positive cells in 
500- 2,000 tumor cells counted in areas of strongest nuclear label
ing ("hot spots") for defining the grade [l, 2, 18]; (iii) p53, Rbl, 
pl6, somatostatin receptor 2A (SSTR2A), somatostatin receptor 5 
(SSTR5), PD-Ll, and MMR proteins (MLHl, MSH2, MSH6, 
PMS2) using the antibodies listed in online supplementary Table 
3. p53 staining was evaluated as "negative for mutational pattern" 
in case of variable low/moderate expression in a minority of cells. 
Overexpression in a majority of cells and complete loss ofIHC ex
pression were evaluated as "positive for mutational pattern." The 
cases with low percentage ofhighly intensive nuclear staining were 
described as a distinct category. 

With the exception of SSTR2A, all markers were considered 
positive regardless of the number of positive cells. SSTR2A was as
sessed according to Volante et al. [33] (positive: 2+, 3+; negative: 
O, l + score). Cases with the expression of ali MMR proteins were 
labelled as positive, and cases lacking the expression of at least one 
of these proteins were evaluated as MMR negative. PD-Ll was 
evaluated separately in neoplastic cells and intratumoral and peri-
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tumoral lymphocytes. A 1 % cut-off was used for PD-Ll expression 
(although ali cases evaluated as positive showed expression in >5% 
lymphocytes). In order to assess the reproducibility of the Ki-67 
labeling index, three expert pathologists independently evaluated 
the samples (online suppi. Table 4). 

Evaluation ef Proliferative Cut-0.ffs 
The receiver operating characteristic curve with the respective 

area under the curve was drawn to illustrate the prognostic ability 
of Ki-67 labeling index to determine 18-month mortality, set as a 
binary endpoint, and to select the optimal cut-off that maximizes 
the predictive value ofKi-67 labeling index (online suppi. Fig. 1). 

Statistica/ Analysis 
Data were analyzed by descriptive statistics. Differences in fre

quencies were assessed with the x2 or the Fisher's exact test. In
terobserver agreement for the evaluation of Ki-67 labeling index 
was analyzed using kappa statistics and Bland-Altman plots. The 
primary study endpoint was the correlation of OS with primary 
tumor site, tumor stage at diagnosis, and NEN differentiation (WD 
GEP-NENs vs. PD GEP-NENs) according to parameters defined 
in other solid tumors. 

OS was assessed from the date of diagnosis to the date of death 
or last follow-up. Survival curves were drawn according to the Ka
plan-Meier method, and differences between groups were assessed 
with the log-rank test. The proportions of patients surviving at dif
ferent time points are presented. Univariate and multivariate Cox 
proportional hazard regression analysis was used to assess the 
prognostic significance of various clinica! and histopathological 
characteristics. Data analysis was performed using the SAS soft
ware (version 9.4, Cary, NC, USA). All tests were two-sided, and 
p < 0.05 was considered statistically significant. 

Results 

Clinicopathological Features 
A total of 150 candidate cases were identified and, af

ter a pathological revision ( detailed in the online suppl. 
materials), 54 H-NENs were selected consisting of 15 
NETs G3 (Fig. la, d, g) and 39 NECs (Table l; Fig. lb, c, 
e, f, h, i). 

A high level of concordance in Ki-67 assessment be
tween the pathologists (M.M., A.P., and G.P.) involved in 

Fig. 1. a-e Hematoxylin and eosin (HE), well-differentiated fea
tures in a, poorly differentiated features in both band e; at the HE 
leve!, the distinction between the two different prognostic catego
ries NEC <55% and NEC 2:::55% is not achievable. d-f Synaptophy
sin intense and diffuse cytoplasmic staining confirms the nature of 
neuroendocrine neoplasms irrespective of each prognostic catego
ry. g-i Ki-67/MIB-l labeling index showing marked differences 
between <55% (G-H) and 2:::55% cases. j-1 Strong and intense 
membrane and cytoplasmic staining for somatostatin receptor 2a 
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DOI: I 0.11 59/000503722 

its evaluation was reached, with Kappa statistics ranging 
from 0.87 to 0.96 (online suppi. Fig. 2). 

In line with the existing data, also in the present series, 
the best cut-off for Ki-67 labeling index in predicting 
NEC patients' survival was 55% (online suppi. Fig. 1). 

Applying Ki-67 labeling index at 55%, NECs were sub
divided into 9 NECs <55% (Fig. lh) and 30 NECs :<:::55% 
(Fig. li). 

Table 1 summarizes the main clinicopathological fea
tures of the 54 H-NEN patients enrolled in the study (at 
the moment of diagnosis). Of those, 35 (64.8%) patients 
were males and 19 females (35.2%) with a male:female 
ratio of 1:8. The mean age was 58.5 years. A total of 16 
samples (29.6%) were represented by tissue from the pri
mary tumor, while 38 (70.4%) by a specimen of liver me
tastases from unresectable primary GEP-NENs. 

The colon was the most frequent primary site for NECs 
(22 cases out of 39 NECs): 4 cases ofNECs <55% and 18 
of NECs :<::: 55%. A total of 11 cases were located in the 
stomach (2 NECs <55% and 9 NECs :<:::55%) and 6 cases 
in the pancreas (3 NECs <55% and 3 NECs :<:::55%). Inter
estingly, among the 15 NETs G3, 11 were located in the 
pancreas, whereas the remaining 4 cases were tumors 
from the colon (Table 1). 

Targeted Next-Generation Sequencing 
Overall, 31 of 54 (57.4%) GEP-NENs showed gene 

mutations by T-NGS, mainly represented by TP53 
(42.6%), KRAS (7.4%), and BRAF (5.6%) mutations 
(Table l; Fig. 2). In addition, PIK3CA, ATM, CTNNBJ, 
APC, NRAS, IDHJ, FBXW7sporadic mutations (3.7%), 
and VHL, STKJ l , GNAS, SMARCBJ, RBJ and FGFR3 
individuai mutations (1.9%) were observed (Table l ; 
Fig. 2). Gene mutations were significantly enriched in 
NECs :<:::55% (23/30, 76.7%;p = 0.0004) affecting TP53 
(73.3%), KRAS (10.0%), BRAF (10.0%), APC/NRAS/ 
FBXW7 ( 6. 7% ), and CTNNBI/GNAS/SMARCBI/RBI/ 
IDHJ (3.3%) genes (Fig. 2). Pive of 9 (55.6%) NECs < 
55% showed a single mutation in A TM, CTNNBJ, 

(SSTR2A) in NET G3 (j); weak, prevalently cytoplasmic staining 
in NEC <55% (k); absence of both cytoplasmic and membrane 
positivity in NEC 2:::55% (I). m-o p53 IHC results showing exactly 
reversed pattern compared to SSTR2A: negativity for mutational 
pattern ofIHC expression in NET G3 (m), rare nuclei with inten
sive staining in NEC <55% (n), virtually all nuclei intensively 
stained in NEC 2:::55% (o) so diffusely and intensively that the p53 
reported picture resembles the Ki-67 staining for the same catego
ry. Scale bars = 50 µm. x200. 

(For figure see next page.) 
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Fig. 2. Genomic alterations in gastro-entero-pancreatic neuroendocrine neoplasms (GEP-NENs). Ki-67 labeling 
index and somatic mutations are annotated for each patient grouped by different tumor grade. Somatic muta
tions are classified into hotspot (red), non-hotspot missense (yellow), in-frame insertion (violet), in-frame dele
tion (light blue), frameshift variant (green), and stop codon (blue). Genes have been grouped into two main 
functional categories according to their function. 
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Table 2. Univariate and multivariable analysis (based on selected variables) ofoverall survival of patients with neuroendocrine neoplasms 
of pancreatic and extrapancreatic origin 

Variable Categories Univariate pvalue Adjusted for site pvalue Multivariable pvalue 
HR (95% CI) HR (95% CI) HR (95% CI) 

Age 50-59 vs. <50 years 1.92 (0.77-4.76) 0.16 
60- 69 vs. <50 years 1.53 (0.62- 3.79) 0.35 
70+ vs. <50 years 1.11 (0.32-3.81) 0.87 

Sex female vs. male 0.66 (0.33-1.31) 0.23 
Site pancreas vs. colon 0.29 (0.12-0.70) 0.01 1.18 (0.42-3.23) 0.76 1.43 (0.42-4.84) 0.56 

stomach vs. colon 1.65 (0.78-3.47) 0.19 1.33 (0.63- 2.81) 0.46 1.25 (0.58-2.67) 0.57 
New prognostic classes NET G3 VS. NEC <55% 0.17 (0.04-0.71) 0.02 0.16 (0.03-0.78) 0.02 0.15 (0.03-0.89) 0.04 

NEC ~55% VS. NEC 
<55% 3.32 (1.24- 8.88) 0.02 3.43 (1.26- 9.37) 0.02 1.46 (0.38-5.60) 0.58 

Clinica) stage metastatic vs. other 0.77 (0.39- 1.52) 0.46 
uree IV VS. I-III 0.88 (0.45-1.74) 0.72 
Primary tumor surgery yes vs. no 0.78 (0.41- 1.49) 0.45 
Neoadjuvant therapy yes vs. no 0.71 (0.31- 1.63) 0.42 
Adjuvant therapy yes vs. no 1.39 (0.67-2.85) 0.37 
PD-Ll§ present vs. absent 3.78 (1.71-8.35) 0.001 1.95 (0.85-4.46) 0.12 
MMR unstable vs. stable 1.85 (0.97-3.53) 0.06 

pl6 present vs. absent 1.57 (0.37- 6.67) 0.54 
Rbl absent vs. present 2.36 (1.08-5.19) 0.03 1.28 (0.47-3.50) 0.63 
SSTR2A 0- 1 VS.2-3 4.62 (2.02- 10.6) 0.0003 
SSTR5 0- 1 VS. 2-3 6.55 (2.66-16.1) <0.0001 
p53 present vs. absent 4.33 (2.12-8.86) <0.0001 
p53 or SSTR2A/st overexpressed or 

0- 1 vs. other 8.92 (2.71-29.3) 0.0003 1.68 (0.33-8.50) 0.53 

NGstt mutated vs. WT 2.52 (1.30- 4.89) 0.006 
ATM mutated vs. WT 
VHL mutated vs. WT 
CTNNB l mutated vs. WT 1.50 (0.36- 6.31) 0.58 
APC mutated vs. WT 2.69 (0.62-11.7) 0.19 
TP53 mutated vs. WT 5.91 (2.78-12.6) <0.0001 
STKll mutated vs. WT 
KRAS mutated vs. WT 2. 11 (0.73-6.14) 0.17 
NRAS mutated vs. WT 3.33 (0.76-14.7) 0.11 
GNAS mutated vs. WT 2.81 (0.37-21.3) 0.32 
SMARCBl mutated vs. WT 2.81 (0.37- 21.3) 0.32 
RBl mutated vs. WT 2.81 (0.37- 21.3) 0.32 
FGFR3 mutated vs. WT 
IDHl mutated vs. WT 0.85 (0.20-3.58) 0.74 
BRAF mutated vs. WT 4.22 ( 1.23-14.5) 0.02 
FBXW7 mutated vs. WT 2.75 (0.65-11.7) 0.17 
TP53 or BRAF mutated vs. WT 6.83 (3.16- 14.8) <0.0001 2.12 (0.85-5.32) 0.11 

HR, hazard ratio; NET, neuroendocrine tumor; G, tumor grading; NEC, neuroendocrine carcinoma; UICC, Union for Internation-
al Cancer Contro!; PD-Ll , programmed death ligand l ; MMR, DNA mismatch repair; NGS, next-generation sequencing. § PD-Ll stain-
ing only in microenvironment cells. t p53 present or SSTR2A (score 0- 1) or SSTR5 (score 0-1). tt No mutations in the PIK3CA or HER2 
genes found. 

TP53, STKJ l, or KRAS (Fig. 2). Among NETs, muta
tions occurred in 15.8% ofGl-2 and 20.0% ofG3; in
terestingly, PIKJCA mutations segregated with NETs 
G l -2 (Fig. 2). 

NGS and IHC Dissect GEP- NENs Clinica! 
Outcome 

IHCMarkers 
The distribution of IHC markers is reported in Table 

1. All investigated markers showed strong evidence for 
heterogeneous expression. NETs G3 showed strong 
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Fig. 3. Overall survival of patients with neuroendocrine neoplasms 
of pancreatic and extrapancreatic origin by prognostic category. 
NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; 
G, turnar grading. 

(score 2+/3+) expression of SSTR2A/SSTR5 (Fig. lj) in 
more than half of all cases, presence of nuclear Rbl and 
negativity far mutational pattern of p53 expression ( only 
one positive case). No significant difference between IHC 
profile in NET G3 and in NET Gl-2 was detected. NEC 
<55% profile was distinguishable by a lower expression of 
SSTR2A/SSTR5 (Fig. lk), presence of some cells with 
highly intensive p53 staining (Fig. ln), and markedly re
duced Rbl expression (Table 1). NEC ~55% is character
ized by virtual absence of Rbl and SSTR2A/SSTR5 stain
ing (Fig. 11) and the mutational pattern of p53 IHC ex
pression (Table l; Fig. lo). 

PD-Ll expression was restricted to intra- and peritu
moral lymphocytes of 14 GEP-NENs (19.2%) and was ab
sent in turnar cells. N otably, PD-Ll expression was main
ly observed in NECs ~55% (11/30 = 36.7%;p= 0.05) (Ta
ble l; online suppi. Fig. 3). 

Survival Analysis 
mOS was 4.3 years for NET G3 patients, 1.8 years for 

the NEC <55% group, and 0.7 years for NEC ~55% pa
tients (p = 0.0001, log-rank test) (Fig. 3). In Kaplan-Mei
er analysis, the 55% cut-off for the Ki-67 labeling index 
was statistically correlateci with OS (p < 0.0001). 

Table 2 summarizes the results of univariate and mul
tivariate analysis. In univariate analysis, turnar site (pan-
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creatic vs. colon), NEC <55% or NEC ~55% versus NET 
G3, the presence of at least one mutation and mutation of 
TP53 and/or BRAF, loss of IHC expression of Rbl, SS
TR2A, SSTR5, p53, and PD-Ll were predictive of shorter 
survival (p < 0.05) (Fig. 4; online suppi. Fig. 4). 

SSTR2A(O-l vs.2-3; hazardratìo [HR] 4.62,95%con
fidence interval [CI] 2.02-10.6,p = 0.0003), SSTR5 (0- 1 
VS. 2-3; HR 6.55, 95% CI 2.66-16.l, p < 0.0001), p53 
(present vs. absent overexpression; HR 4.33, 95% CI 
2.12-8.86, p < 0.0001) and Rbl (absent vs. present; HR 
2.36, 95% CI 1.08-5.19,p = 0.03) and p53 or SSTR2/5A 
(present or 0- 1 vs. other; HR 8.92, 95% CI 2.71- 29.3,p= 
0.0003) were associateci with OS at univariate analysis 
(Table 2). No correlation was detected only for p16 in 
univariate analysis (Table 2). 

However, only the presence ofNET G3 or NEC ~55% 
versus NEC <55% was a prognostic factor after adjust
ment for turnar site (NET G3 vs. NEC <55%; HR 0.16, 
95% CI 0.03-0.78, p = 0.02; NEC ~55% VS. NEC <55%; 
HR 3.43, 95% CI 1.26-9.37,p= 0.02) (Table 2). 

In analyses stratified by turnar grade, no single vari
able was statistically significantly associateci with OS 
(data not shown). 

Discussion 

This single institution retrospective seri es of H-NEN s 
showed that the molecular and IHC profiles of NET G3, 
NEC <55%, and NEC ~55% were different from each oth
er. Furthermore, NETs G3 showed a distinct molecular 
profile compared with both NEC groups. This highlights 
that using only the 55% cut-off far Ki-67 labeling index 
to stratify all H-NENs will not reliably reflect the biologi
ca! characteristics of this group. 

W e have shown molecular heterogeneity among the 
different H -NEN classes by using a commercial N GS pan -
el targeting the main genes found mutateci in H-NENs. 
Indeed, gene mutations were significantly enriched in 
NECs ~55% (67.6%) involving mainly the TP53 (73.3%), 
KRAS (10.0%), and BRAF (10.0%) genes (Table 1). Of 
note, only NECs ~ 55% show ed multiple mutations main
ly affecting celi cycle-regulating genes (Fig. 2). In con
trast, neither ofNECs <55% (14.7%) showed more than 
one mutation (11 %) restricted to either of the genes TP53, 
KRAS,ATM, CTNNBJ, or STKJ J genes. Moreover, inves
tigateci genes were found to be mutateci in only 3 cases of 
the NET G3 group (Fig. 2). The role of TP53 alterati on as 
a potent discriminator of NEN behavior goes along with 
the existing data [23]. On the other hand, Rbl mutation, 
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Fig. 4. Overall survival of patients with neuroendocrine neoplasms of pancreatic and extrapancreatic origin ac
cording to selected characteristics. mOS, median overall survival. 

frequently reported to be a common event in PD-NECs 
[27, 34] was found in only one case in the current study. 
This result was discordant with the protein expression 
loss ofRbl. Most of the studies looking at Rbl expression 
in NECs use immunohistochemistry as a tool, and it has 
also been proposed to use the Rbl stain for distinguishing 
the ambiguous cases ofH-NENs [ 12, 35] . The striking dif
ference seen in our data points to the possibility of other 
molecular events (like methylation) affecting Rbl protein 
expression. Epigenetic effects in NECs are documented in 
a number of studies fora number of genes [36], and it 
seems like the mechanisms of Rb 1 downregulation in 
NECs still need to be better understood. 

The pancreas was confirmed to be the most frequent 
primary site for NETs G3 (Table 1), which goes in line 

NGS and IHC Dissect GEP-NENs Clinica! 
Outcome 

with the existing data [9, 16, 17, 23] and in part helps un
derstand the fact that this category recognized by the 
WHO classification is first of all for pancreatic NENs. 

As in our previous series [9], the colon was the most 
common site ofNEC ~55%, by showing at NGS a muta
tional signature similar to that detected in colorectal ad
enocarcinoma [28, 34, 37]. Our results strengthen the 
theory that NEC ~55% and colorectal adenocarcinoma 
could share the molecular profile and thus similar thera
peutic implications may be considered [22, 38, 39]. As
sociation of NEC with conventional adenocarcinoma 
precursors has also been documented and further sup
ports the shared molecular background of these 2 tumors 
[40]. The detection of RAS mutations in patients with 
colorectal carcinoma, in particular KRASand NRAS, may 

Neuroendocrinology 2020; 110:6 16- 629 
DOI: 10.11 59/000503722 

625 

10



a 100 log-rank; p = 0.83 b 100 log-rank; p = 0.02 
"O "O NEC <:55% 
E E 
"' 80 Locai or LA "' 80 
~ ~ 
"' Metastatic "' e: 

60 
e: 

60 ·~ 
Q) 

NEC <55% 
"' 

-~ 
NETG3 a. a. ..... o o 40 40 e e 

o o 
"E 't 
g_ 20 e g_ 20 e 
c.. c.. 

o o 
o 2 3 4 5 months o 2 3 4 5 months 

Median 
Patients who received platinum-containing therapy, % time Patients who received platinum-containing therapy, % 

Median 
time 

Locai or LA 31.2* 37.5 56.3 68.8 75.7 75.7 1.8 months NET G3 20.0* 26.7 46.7 53.3 53.3 53.3 2.0 months 
2.0 months 
1.0 months 

Metastatic 18.4* 39.5 65.8 73.7 73.7 73.7 1.3 months NEC <55% 22.2* 33.3 44.4 55.6 55.6 55.6 

Neo- 1st or 
NEC <:55% 23.3* 46.7 76.7 86.7 90.0 90.0 

Locai or LA adjuvant Adjuvant later line Patients 

n = 16 no no no 4 

yes 5 

yes no 1 

yes 1 

yes no no 1 

yes 1 

yes no 3 

Metastatic Pre-operatively Post-operatively Patients 

n = 38 no no 9 

yes 22 

yes no 5 

yes 2 

Fig. 5. a Time to first platinum-containing therapy according to tumor stage. b Time to first platinum-containing 
therapy according to prognostic category. LA, locally advanced. Asterisk indicates patients who received plati
num-containing neoadjuvant or preoperative first-line therapy. 

have a significant clinica! impact. Currently, only RAS 
wild-type (WT) patients are considered for anti-EGFR 
monoclonal antibodies. We can speculate that EGFR 
monoclonal antibody-based regimens could be taken into 
account for pan RAS WT NEC patients. Again, moving 
to a tailored treatment, NEC ~55% BRAF mutated pa
tients may benefit from BRAF-MEK combination thera
py as previously described [41, 42]. Frequent RAS muta
tions have also been described in pancreatic NECs [40], 
but large-scale studies are lacking due to the rarity of the 
condition. This may once again question the importance 
of tumor site and emphasize the molecular-based ap
proach to NENs. 

By the analysis of the amino acid substitution involv
ing the p53 protein and by the comparison with "The 
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Cancer Genome Atlas" data, we could demonstrate that 
there is no preferential type of TP53 mutations for NEC. 
W e can assume that a wide range of TP53 mutations may 
participate in the pathogenesis of colorectal NECs (online 
suppi. Table 5). 

Further evidence that GEP-NENs are biologically 
heterogeneous was provided by our IHC investigations. 
NETs G 1-2 are exclusively associated with SSTR2A and 
SSTR5 expression coupled with absence of Rb 1 expres
sion and absence of a mutational pattern of p53 expres
sion; NETs G3 gained only nuclear Rbl (not p53) posi
tivity in association with SSTR2A and SSTR5 expres
sion. In NECs, p53 and Rbl/SSTR2/SSTR5 expression 
progressively increased and decreased, respectively, ac
cording to the higher Ki-67 labeling index (Table l; 
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Fig. 1). These results could be useful in supporting a 
morphological distinction between NET G3 from NECs 
(online suppl. Fig. 5) as also reported earlier by Ramage 
et al. [43]. 

Our IHC results underlined that one more factor de
termining different behavior of NEC <55% from NEC 
~55% could be heterogeneous PD-Ll expression in in
tra- and peritumoral lymphoid cells. Indeed, PD-Ll 
staining segregates with NEC ~55% (36.7%, p = 0.03) 
(Table 1). Given the higher rate of mutations and the 
higher expression of PD-Ll observed in NEC ~55% 
compared to NEC <5S%, these patients might be consid
ered for immunotherapy, alone or in combination with 
targeted drugs and chemotherapy for management of 
these tumors [ 44]. Ferrata et al. [4S] have looked in more 
detail into PD-Ll expression in NENs of different prima
ries, stating that although PD-Ll expression is low in 
most of NETs, immunotherapeutic approaches are 
promising especially for high-grade NENs. Preliminary 
data from prospective clinica! trials addressing this mat
ter show that monotherapy with immunotherapeutic 
agents, yet promising, is effective only in a small subset 
of patients, and further investigation is needed for testing 
combinations. lt may also be meaningful to revise the 
inclusi on criteria of these clinica! trials to introduce them 
earlier in the disease course. 

This study also confirmed in an independent series 
that the combination of morphological categorization 
and 55% cut-off for the Ki-67 labeling index plays a de
finitive pivotal role in better stratifying H-NEN patients' 
prognosis, as already shown in our previous studies [9, 
28]. Indeed, the multivariate analysis revealed that pa
tients with NEC ~SS% had poor survival compared with 
patients with NEC <SS% and NET G3 (mOS: 0.7 vs. 1.8 
vs. 4.3 years, respectively; p < 0.0001) (Fig. Sa). lt has to 
be highlighted that this threshold cannot replace the 20% 
Ki-67 labeling index threshold for distinguishing WD 
and PD NENs, but should rather be used as an additional 
tool for patient stratification and considering early ag
gressive treatment. Interestingly, although only in uni
variate analysis, the presence of at least one mutation or 
TP53and!or BRAFmutations (p < O.OS), as well as PD-Ll 
expression (p < O.OS) were predictive of shorter survival 
in line with their higher frequency in NEC ~55%, arguing 
that the molecular characterization could be of help in 
properly identifying this group of patients (online suppi. 
Table 1 and Fig. Sa). Thus, even if in routine practice the 
H-NEN classification given by the combined use of mor
phology and Ki-67 labeling index is manda tory, consider
ing its hard reproducibility also across expert NEN pa-

NGS and IHC Dissect GEP-NENs Clinica! 
Outcome 

thologists [19], we proposed an integrated IHC (Rbl in 
first place) and molecular (TPS3 and RAS in first piace) 
approach in arder to improve the proper classification of 
H-NENs applying reproducible and highly sensitive 
methodologies. 

It has to be noted that except for the genes discussed 
above, none of the other genes from a broad pane! used 
for our study showed relevant association with NEN 
types or clinical behavior of tumors. 

The reported therapeutic approach to our series is only 
descriptive. No statistica! correlations can be drawn. PBC 
represented the systemic therapy proposed in the vast 
majority of cases, mainly as first line for metastatic or un
resectable locally advanced/oligometastatic GEP-NECs 
with ~SS%, in line with literature data. In NECs <SS%, 
non-PBC have been reported as potentially more active 
than platinum/etoposide [14, 46]. 

A number oflimitations could have affected the results 
of the current study: the investigated population is rather 
heterogeneous mostly in terms of clinica! characteristics 
and treatments performed. These might have affected the 
survival data along with the mutation profiles investigat
ed. The main limitation of this study is the relatively small 
size and the large heterogeneity of the sample analyzed. 
The analysis of prognostic factors was conducted using 
data from only S4 patients spread into three major prog
nostic groups (NET G3, NEC <55%, and NEC ~SS%) and 
three distinct anatomie sites (colon, pancreas, and stom
ach), resulting in a low statistica! power to detect signifi
cant associations after adjustment for these heteroge
neous categories. We have shown that NET G3, NEC < 
S5%, and NEC ~ SS% have different molecular profiles; 
however, the strong prognostic value of molecular char
acteristics, such as Rbl, p53, or SSTR2A/S, in the whole 
sample decreased drastically and lost statistica! signifi
cance after adjustment for NET /NEC subclasses. Given 
the relative rarity of these tumors, collecting homogenous 
groups of statistically significant sizes seems to be unre
alistic. Currently, as there are no strong data supporting 
recommended clinical approach to these tumors, slightly 
different treatment options might have impacted the out
come. The study represents a single-center experience, 
and the data stili need to be validated preferably in a larg
er group with a better possibility to stratify them into 
more homogenous subgroups. 

In conclusion, our study showed that the molecular 
profile was significantly different in the previously de
fined three categories of H-NEN s, such as NET G3, NEC 
<55%, and NEC ~SS% G3, and this is mostly in line with 
existing data. Considering NEC <5S% and NEC ~5S% 
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as distinct categories in molecular analyses of NENs 
seems to give better understanding of the biology of 
these tumors. 

Overall, categorization based on the Ki-67 labeling in
dex remains the strongest prognostic factor; nevertheless, 
other findings provide a good insight into the molecular 
background affecting the prognosis of PD-NENs, and 
further studies are needed to verify and possibly validate 
these observations. To this aim, we are going to perform 
a large-scale molecular analysis of the previously pub
lished multicentric seri es of H-NEN s. 
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