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3.1  Classifications at Present

3.1.1  Gastroenteropancreatic 
Neuroendocrine Neoplasms 
(GEP-NENs): World Health 
Organization (WHO) 2019 
Rules (Fig. 3.1a)

The highest percentage of neuroendocrine neo-
plasms (NENs) arise in gastroenteropancreatic 
(GEP) system [1]. GEP-NENs represent a hetero-
geneous tumor group described by variable bio-
logical and clinical characteristics. Histological 
grading drives GEP-NEN’s clinical outcome and 
therapeutic strategy.

GEP-NENs grading is given by their mor-
phological features and proliferative activity 
evaluation. In contrast to ordinary carcinomas 
where “grade (G)” represents the histological 
parameter based on histologic resemblance 
between neoplastic cells and their normal coun-
terpart, GEP- NENs grading has to be consid-
ered properly a prognostic parameter; when G 
increases, GEP- NENs patients clinical outcome 
became poorer. Since 2010, WHO classifica-
tions defined rigid rules to define the GEP-NENs 
grading system [2].

3.1.1.1  Current WHO 2019 
Classification Classes

GEP-NENs 2019 WHO classification (hereinaf-
ter called simply WHO 2019) defines the follow-
ing prognostic categories, since 2017 associated 
only to pancreatic NENs [3, 4] (Fig. 3.1a):

 A. Well-Differentiated Neuroendocrine Tumor 
(NET).
 – NET G1: well-differentiated neuroendo-

crine tumor, Ki-67 index <3%, and/or 
mitotic count <2/2  mm2 or 10 higher 
power fields (HPF);

 – NET G2: well-differentiated neuroendo-
crine tumor, Ki-67 index 3–20%, and/or 
mitotic count 2–20/2 mm2 or 10 HPF;

 – NET G3: well-differentiated neuroendo-
crine tumor, Ki-67 index >20%, and/or 
mitotic count >20/2 mm2 or 10 HPF.

 B. Poorly Differentiated Neuroendocrine 
Carcinoma (NEC).

Poorly differentiated neuroendocrine car-
cinoma, Ki-67 index >20%, and/or mitotic 
count >20/ 2 mm2 or 10 HPF. Further distin-
guished in:
 – Large cells NEC;
 – Small cells NEC.

The importance of separating NEC 
according to the neoplastic cells size fea-
tures takes origin from bronchopulmonary 
NEC and so we will discuss it in para-
graph 2.
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Fig. 3.1 (a) The World Health Organization (WHO) 2019 
classification distinguishes gastro-entero-pancreatic neu-
roendocrine neoplasms (GEP-NENs) on the basis of mor-
phological aspects (well differentiated and poorly 
differentiated) and the cyto-proliferative activity of the 
tumor, expressed as grading (G). The G is based on the 
proliferative index of the tumor (number of mitoses on 10 
high-magnification fields—HPF, High Power Field, with a 
minimum magnification of 40×) or as a value of Ki-67 
(immunohistochemical parameter obtained by measuring 
the percentage of MIB-1 antibody positive cells out of 
2000 cells, evaluated in the area of greatest nuclear label-
ing). Based on the assessment of the mitotic count and the 
proliferation index with Ki-67, the G of the GEP-NENs is 
defined: neuroendocrine tumor (NET) G1, NET G2, NET 
G3, and neuroendocrine carcinoma (NEC). The proposed 
cut-off to distinguish NET G1 from NET G2 is 2 mito-
sis/10 HPF and 3% Ki-67 index. The category of NET G3, 
characterized by well-differentiated neoplasms but with a 
Ki-67 proliferative index >20%, includes NENs character-
ized by high proliferative activity, but well-differentiated 
morphology, typical of NETs. Finally, a mitotic count 
>20/10 HPF and a Ki-67 index >20%, but with poorly dif-
ferentiated morphology, define the NECs. The aforemen-

tioned principles, initially proposed in the WHO 2010 
classification, were partially modified in the WHO 2017 
classification which concerned only the pancreatic site 
(pancreatic NENs). The result of the changes made to the 
WHO 2010 classification in the 2017 version for the pan-
creatic site alone has been condensed, incorporated, and 
extended to the entire GEP system in the WHO 2019 clas-
sification. (b) The terminology to be used to describe lung 
NENs (LU-NENs) is that contained in the WHO classifi-
cation, 2015 edition, which identifies four morphological 
variants: typical carcinoid (CT), atypical carcinoid (CA), 
large cell neuroendocrine carcinoma (LCNEC), and small 
cell lung carcinoma (SCLC). CT and CA have well- 
differentiated morphology, whereas LCNEC and SCLC 
poorly differentiated. Based on the assessment of the 
mitotic count and presence/absence of necrosis, the G of 
the LU-NENs is defined: CT, CA, LCNEC, and SCLC. The 
proposed cut-off to distinguish CT from AC is <2 mito-
sis/10 HPF and absence of necrosis. The category of 
poorly differentiated is defined by a mitotic count >10/10 
HPF and presence of necrosis. Cytological features such 
as cell size, nuclear morphology, and architecture are 
additional characteristics useful to distinguish between 
LCNEC and SCLC
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 C. Mixed Neuroendocrine–Non-neuroendocrine 
Neoplasm (MiNEN).

The coexistence of neuroendocrine and 
non- neuroendocrine components in the same 
neoplasm is a rare but a well-known phenom-
enon in the digestive system.

WHO 2019 described this phenomenon as 
“mixed neuroendocrine–non-neuroendocrine 
neoplasm (MiNEN)” using the same term just 
proposed by 2017 WHO pancreatic neoplasm 
classifications [5]. In more details, MiNENs 
represent mixed neoplasms composed by the 
association between well or poorly neuroen-
docrine and other (non-neuroendocrine) neo-
plasms only when each counterpart covers at 
least 30% (≥30%) within the whole neoplasm 
[6, 7]. MiNENs enclose the previous mixed 

neoplasm categories: mixed adeno- 
neuroendocrine tumor (MANET) [8] and 
mixed adeno-neuroendocrine carcinoma 
(MANEC) [2, 9, 10].

MANET and MANEC are discussed exten-
sively in further paragraph “From MANEC to 
MiNEN.”

3.1.1.2  GEP-NENs Morphological 
Examination Rules

NETs (Fig.  3.2a) are composed by neoplastic 
cells, uniform in size and features, arranged in 
trabecular, organoid, gyriform, or ribbon archi-
tecture, and cytoplasm is intensively and dif-
fusely (100% of neoplastic cells) stained by 
general neuroendocrine markers [Synaptophysin 
(Syn) and Chromogranin A (CgA)] because it is 

Well Differentiated Neuroendocrine Tumour (NET)
a

b Poorly Differentiated Neuroendocrine Carcinoma (NEC)

Synaptophysin Chromogranin-A

Synaptophysin Chromogranin-A

Fig. 3.2 The identification of the neuroendocrine pheno-
type involves the use of immunohistochemical markers 
capable of defining the neuroendocrine nature of the neo-
plasm: Chromogranin A (CgA) and Synaptophysin (Syn). 

(a) NETs show intense positivity for Syn and CgA. (b) 
NECs preserve positivity for Syn but may show reduced 
expression of CgA
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rich in secretory granules. Nuclear chromatin is 
regular with inconspicuous nucleoli, without 
atypia. Mitoses are uncommon or at least rare.

NEC’s cells (Fig. 3.2b), if small cell (SC) or if 
large cell (LC) (see Table 3.1), arranged in solid 
growth pattern, show pleomorphic and highly 
atypical nuclei rich in mitotic figures intermin-
gled by abundant nonischemic necrosis that may 
be focal (punctate or spot) or diffuse (geographic 
or map). Syn and CgA positivity confirmed at 
immunohistochemistry (IHC) analysis are man-
datory; even if Syn staining has to be maintained 
in whole neoplasm, CgA expression usually in 
the highest grade tumors. Criteria for distinguish-
ing SC from LC and NETs from NECs are deeply 
listed in Table 3.1 [11, 12, 18–20].

3.1.1.3  Proliferative Indices: Mitotic 
Index (MI) and Ki-67 Labeling 
Index (Ki-67 LI)

 – Mitotic index (MI): Understood as the number 
of mitoses on 10 high-magnification fields 
[high power field (HPF), with minimum mag-
nification 40×] corresponding to a tumoral 
area of 2 mm2 [2].

 – Ki-67 labeling index (LI): An immunohisto-
chemical parameter obtained by measuring 

the percentage of Ki-67 (MIB-1 antibody) 
nuclear positivity in tumoral cells out of 500–
2000 cells (corresponding to a tumoral area of 
2  mm2), evaluated in the area of greatest 
nuclear marking, the so called hot spot [2].

Some tips and tricks are useful to properly 
define the tumoral area where proliferative indi-
ces will be evaluated. The aforesaid 2 mm2 has to 
be searched in the so-called specimen’s “hot- 
spots” in depth areas where at panoramic (larger 
microscopic fields) observation the higher pro-
portion of stained nuclei and/or mitotic figures 
could be detected. According to WHO classifica-
tion since 2010, the aforesaid 2 mm2 areas could 
be properly covered by 10 high power optical 
microscopic field (HPF) at 40× magnification 
considering that each HPF could be sized at 
0.5 mm [2]. Of note, HPF real size in the current 
microscopes available is not uniform covering a 
range between 0.096 and 0.31 mm2. As conclud-
ing remark considering 10 HPF, according to 
WHO, could not be precisely reproducible in 
daily practice, otherwise could be better to con-
sider HPF final number according to the specific 
microscope considering that each manufacturer 
should indicate the HPF size in mm2 [21].

Table 3.1 Morphological features of NENs [11–17]

Features WD (NET)
PD large 
cells (NEC)

PD small 
cells (NEC)

A. NEN’s architectural features
     − Typical architecture with an organoid growth pattern Present Absent Absent
     − Nodular or solid architecture with rosette formation or palisading Absent Present Absent
B. NEN’s cytological features
     − Low nuclear-to- cytoplasmic ratio Present Present Absent
     − High nuclear- to- cytoplasmic ratio Absent Absent Present
     − Abundant eosinophilic or amphophilic cytoplasm Present Absent Absent
     − Large amounts of cytoplasm often basophilic Absent Present Absent
     − Ovoid nuclei and/or salt and pepper chromatin Present Absent Absent
     − Nuclear atypia Rare Present Present
     − Nuclear pleomorphism Rare Present Absent
     − Obvious nucleoli Absent Present Absent
     − Large-size tumor cells* Absent Present Absent
C. Tumor necrosis Rare Present Present
D. Small-cell typical features as definite for LU-NECs Absent Absent Present

Note. NEN neuroendocrine neoplasm, WD well differentiated, NET neuroendocrine tumor, PD poorly differentiated, 
NEC neuroendocrine carcinoma, LU-NEC lung neuroendocrine carcinoma. * by convention larger than three lympho-
cytes. Table modified by Fazio N, Milione M. Heterogeneity of grade 3 gastroenteropancreatic neuroendocrine carcino-
mas: New insights and treatment implications. Cancer treatment reviews. 2016; 50:61–7 (courtesy of Elsevier) [12]
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MI is the quantitative expression of M phase’s 
cell cycle. The M phase is the shortest of the cell 
cycle and is therefore very fleeting. As a result, 
MI underestimates proliferating cells; otherwise 
Ki-67, a nuclear antigen expressed in prolifera-
tive cells (both S and M phases), has been proven 
as the powerful independent tool in predicting 
NENs clinical outcome [22–28].

3.1.2  Lung Neuroendocrine 
Neoplasms (LU-NENs) WHO 
2015 Rules (Fig. 3.1b)

Lung neuroendocrine neoplasms (LU-NENs) 
represent a heterogeneous group of tumors show-
ing different morphological features and clinical 
aggressiveness. According to 2015 WHO classi-
fication, LU-NENs are distinguished in four mor-
phological and prognostic categories namely 

typical carcinoid (TC) and atypical carcinoid 
(AC), well-differentiated NENs, respectively, 
large-cell neuroendocrine carcinoma (LCNEC) 
and small-cell lung carcinoma (SCLC), still 
called microcitoma (Fig. 3.1b), poorly differenti-
ated NENs, respectively [29, 30]. LU-NENs clas-
sification, similarly to GEP-NENs, considered as 
main skill the distinction between well or poorly 
differentiated NENs, using tumoral cells prolif-
eration, exclusively identified by mitotic index, 
and necrosis assessment (Fig. 3.1b).

Different past terminologies are not recom-
mended, deeply “carcinoma” and/or “malignant 
carcinoid,” to collectively indicate TC and AC 
have to be carefully avoided because they could 
lead to inappropriate treatments [30].

Among the main well and poorly differenti-
ated LU-NENs classes, differential diagnosis is 
based on the presence/absence of necrosis and 
the mitotic index (MI) per 2 mm2 (Fig. 3.3). In 

Typical carcinoid (a)

Atypical carcinoid (b)

Large-cell neuroendocrine carcinoma (c)

Small-cell carcinoma (d)

A tumor with carcinoid morphology and <2 mitoses per 2 mm2 (10 HPF),
    lacking necrosis and ≥ 0.5 cm

A tumor with carcinoid morphology with 2-10 mitoses per 2 mm2

     (10HPF) OR necrosis (often punctate)

A tumor with a neuroendocrine morphology (organoid nesting,
    palisading, rosettes, trabeculae)

High mitotic rate: ≥ 11 per 2 mm2 (10 HPF), median of 70 per 2 mm2

    (10 HPF)

Necrosis (often large zones)

Cytologic features of a non small-cell lung carcinoma (NSCLC): large-cell
    size, low nuclear to cytoplasmic ratio, vesicular or fine chromatin, and/
    or frequent nucleoli. Some tumors have fine nuclear chromatin and lack
    nucleoli, but qualify as NSCLS because of large cell size and abundant
    cytoplasm.

Low Grade

High Grade
W.D. Travis. Annals of Oncology. 2010

Neuroendocrine Tumor (NET)
Well Differentiated morphology

Neuroendocrine Tumor (NET)
Poorly Differentiated morphology

CARCINOIDS

CARCINOMAS

LU-NENs Classification
a

b

c

d

a

b

c

d

Positive immunohistochemical staining for one or more NE markers
    (other than neuron-specific enolase) and /or neuroendocrine granules by
    electron microscopy.

Small size (generally less than the diameter of three small resting
    lymphocytes)

Scant cytoplasm

Nuclei: finely granular nuclear chromatin, absent or faint nucleoli
High mitotic rate (≥11 per mm2 , median of 80 per 2 mm2)2

Frequent necrosis often in large zones

Fig. 3.3 Criteria for diagnosis of lung neuroendocrine 
neoplasms (LU-NENs). Terminologies used in the past 
are not recommended, indeed should be carefully avoided, 
in particular the use of the term “carcinoma” to collec-
tively indicate typical carcinoid (CT) and atypical carci-
noid (CA) or that of “malignant carcinoid,” because they 
could lead to inappropriate therapeutic treatments or not 
be consistent with the classification criteria. Based on the 

morphological and immunophenotypic similarities 
between the neoplastic cells of CT (A) and CA (B) and the 
normal cellular counterpart of the diffuse NE system of 
the respiratory system, they represent a group of well- 
differentiated tumors (NETs) as opposed to large cell neu-
roendocrine carcinoma (C) and small cell carcinoma (D) 
which are poorly differentiated carcinomas
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more details, TC does not show necrosis and MI 
is <2 mitosis per 2 mm2, while AC group shows 
necrosis, even if focal and/or MI between 2 and 
10 per 2 mm2 finally poorly differentiated carci-
nomas must have >10 mitosis per 2  mm2 and 
extensive necrotic areas [30]. Cytological fea-
tures such as cell size, nuclear morphology, and 
architecture are additional characteristics useful 
to distinguish between LCNEC and SCLC, but 
not between AC and TC that, according to their 
common well-differentiated morphology, always 
share similar cyto-architectural features [30]. 
LU-NENs, confirmation is given by immunohis-
tochemical markers such as CgA, Syn, and 
NCAM/CD56 [30]. WHO indicated CgA and 
Syn as reliable neuroendocrine markers (Fig. 3.4), 
NCAM/CD56, cell adhesion molecule, as helpful 
but not mandatory marker [29] and neuron- 
specific enolase, has been not recommended, 
because it lacked reproducibility [30].

LU-NENs WHO classification considered 
Ki-67 LI (%) (expressed as the percentual of 
positive tumor cells) only as additional parame-
ter, in contrast European Neuroendocrine Tumor 

Society (ENETS) required Ki-67 for adequate 
diagnostic and prognostic LU-NENs assessment 
[31]. Deeply according to WHO, the main diag-
nostic Ki-67 role is still limited to: (1) distinguish 
the TC and AC from the high-grade LCNEC and 
SCLC [32], with a practical cutoff point of 25% 
to operate this distinction [29, 32]; (2) distinguish 
TC and AC from poorly differentiated NECs, in 
particular SCLC, in limited diagnostic material 
(cytology and biopsies) [33].

Even if Ki-67 role in LU-NENs prognostic 
stratification remains controversial, an intriguing 
proposal for LU-NENs “classification” has 
recently advanced. It has been based on the inte-
gration of three parameters: (1) Ki-67 labeling 
index evaluation, (2) necrosis assessment, and (3) 
MI, each of these categorized by three different 
“cutoffs” leading to the identification of three 
LU-NENs prognostic categories (G1, G2, and 
G3). These levels are indicated as follows: level 1 
(G1) (2  mitoses, Ki-67 <4%, tumor necrosis 
absent), level 2 (G2) (>2–47 mitoses, Ki-67 4–25, 
tumor necrosis <10%), and level 3 (G3) 
(>47 mitoses, Ki-67 >25, tumor necrosis >10%) 

Neuroendocrine Tumor (NET)
Typical carcinoid

Atypical carcinoid

HE Syn CgA Ki-67 Syn CgA Ki-67HE

HE Syn CgA Ki-67 Syn CgA Ki-67HE

Small cell lung carcinoma

Neuroendocrine Carcinoma (NEC)
Large cell carcinoma

LU-NENs Classification

Fig. 3.4 Immunohistochemical criteria for the diagnosis 
of lung neuroendocrine neoplasms (LU-NENs). 
Chromogranin A (CgA) and synaptophysin (Syn) are the 
most helpful neuroendocrine lung tumors immunohisto-
chemical markers. A low proliferation rate is seen in typi-

cal carcinoid by Ki-67 staining compared with atypical 
carcinoid where it is usually between 5% and 20%. Large 
cell neuroendocrine carcinoma and small cell carcinoma 
have very high proliferation rates (Ki-67 proliferative 
index >20%) and CgA weakly stains the tumor cells

M. Milione et al.
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[34, 35]. In depth, G1 (well-differentiated, 
low-grade) tumors are those that show at least 
two of three parameters at level 1, G2 (well-
differentiated, intermediate-grade) tumors are 
identified by two of three parameters at level 2, 
and finally G3 (poorly differentiated, high-grade) 
tumors are characterized by at least two out of 
three parameters at level 3. Thus, tumors G1 
include all TC and a fraction of AC, G2 tumors 
include most of AC but also some SCLC and 
LCNEC, and G3 tumors add up most of SCLC 
and LCNEC but even a small fraction of AC. This 
subdivision is in line with the literature data that 
see AC and LCNEC as somewhat heterogeneous 
categories of tumors from the behavioral point of 
view and a fraction of SCLC characterized by 
long survival. However, this proposal must be 
confirmed by independent and prospective vali-
dation studies [35, 36].

In conclusion even if the WHO includes only 
MI and assessment of necrosis [30], the ENETS 
in consensus statement on best practices for pul-
monary neuroendocrine tumors noted that tumor 
grading based on a combination of Ki-67, mitotic 
rate, and necrosis may be of clinical importance 
but lacks validation [31]. According to recent evi-
dences, a major role for Ki-67 also in LU-NENs 
classifications is requested [29, 37].

3.1.3  TNM in GEP- and LU-NENs

NENs are malignant tumors and consequently 
should be staged according to a site-specific stag-
ing system (TNM). NENs spread equally via 
blood or lymphatic system, and metastasis repre-
sents the most important prognostic determinant 
after grading. Lymph nodes represent the main 
GEP-NENs metastatic site followed by liver, 
lung, peritoneum, and pancreas.

At present, two different TNM systems work 
as NENs staging systems in more details:

 1. The Union for International Cancer Control 
and the American Joint Committee on 
Cancer (UICC/AJCC) have published TNM 

classification (eighth edition) that have been 
applied to well-differentiated NETs (Grade 1 
and 2) of the gastrointestinal tract, including 
the pancreas. Whereas, poorly differentiated 
(Grade 3) NECs are excluded and should be 
classified according to criteria for classify-
ing carcinomas at the respective site [20, 38].

 2. Based on clinical, surgical, and imaging data, 
European Neuroendocrine Tumor Society 
(ENETS) has published TNM staging recom-
mendations that have been applied to all grades 
of NENs [39, 40]. Information on the presence 
or absence of metastasis has to be available as 
a minimum requirement for ENETS staging 
[39, 40].

ENETS staging system introduced differ-
ent staging rules in comparison to UICC/
AJCC (eighth edition) in gastric, appendicu-
lar, and pancreatic locations [40, 41] staging 
of pancreatic NENs (PanNENs) according to 
ENETS staging stratify better than UICC/
AJCC into prognostically significant groups, 
whereas UICC/AJCC has been proved better 
in appendix NEN’s patients clinical outcome 
prediction [42]. It is advisable to apply both 
schemes.

ENETS system applies to gastrointestinal 
NENs of foregut, midgut, and hindgut. 
Foregut NETs are further divided into three 
groups: (a) gastric NENs; (b) duodenum, 
ampulla, and proximal jejunum NENs; and (c) 
PanNENs. Midgut and hindgut NENs cate-
gory include lower jejunum/ileum, appendix, 
and colon/rectum. ENETS staging criteria use 
stage 0 only for the stomach because this is 
the only anatomic site where T is defined. 
Stage I includes the T1 NENs with limited 
growth. Stage II applies to the tumors larger in 
size or more invasive, either T2 or T3, but 
always in the absence of metastasis. Stage III 
includes tumors with invasion into surround-
ing structures but without lymph node metas-
tasis (stage IIIA) and tumors of any AJCC T 
stages (T1, T2, T3, and T4) in the presence of 
regional node metastasis (stage IIIB). Stage 
IV includes tumors of any AJCC T stage and 
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of any AJCC N stage (N0 or N1) with the 
presence of distal metastasis (M1) at the time 
of initial diagnosis [39, 40].

LU-NENs staging currently is represented by 
the TNM UICC/AJCC system, eighth edition, 
and should be classified according to criteria for 
carcinoma of the lung [38]. For carcinoids, how-
ever, the descriptive categories and the impact of 
multicentricity will have to be better defined, to 
better adhere to the biological reality of these 
neoplasms. For example, many multiple carci-
noids, TC or AC, are multicentric synchronous 
primitive neoplasms rather than intrapulmonary 
metastases, especially if born in diffuse idio-
pathic pulmonary neuroendocrine cell hyperpla-
sia. For SCLCs, the use of terms such as 
“extended disease” and “limited disease” is dis-
couraged, the latter being, in turn, diversifiable 

into subgroups with different prognosis accord-
ing to the TNM system [43, 44].

3.2  Moving to 2017/2019 GEP 
Classifications

3.2.1  NET G3 History (Fig. 3.5)

The term well-differentiated neuroendocrine 
tumor (NET) G3 is a neologism used for the first 
time by a French group [13], and then later also 
by other authors [14, 45, 46], that means GEP-
NEN with a well-differentiated (WD) morphol-
ogy and a Ki-67 higher than 20%. NETs G3, until 
2017 WHO classification was enclosed in NEC 
G3 covered 10–20% of all GEP NECs [12, 14, 
46]. Compared to the latter, NET G3 patients 
were younger, the primary tumor site was espe-

Spectrum of High Grade Fastroenteropancreatic Neoplasm
(H-NENs) future perspectives?

Ki-67 > 20%

Ki-67 20-55%

WD morphology

Good prognosis
Intermediate prognosis
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NO RESPONSE

Microenvironment not
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Chemotherapy

NET G3 NEC < 55% NEC ≥ 55%

PD morphology PD morphology

Ki-67 20-55% Ki-67 ≥ 55%
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F. L. Vélayoudom-Céphise, ERC 2013
O. Basturk, Mod Pathol 2013
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M. Milione, Endocr Relat Cancer 2018
A. Busico, Neuroendocrinology 2019

Fig. 3.5 Classification of high-grade gastro-entero- 
pancreatic neuroendocrine neoplasms (H-NENs) accord-
ing to scientific literature. The prognostic categories 
neuroendocrine tumor (NET) G3 and neuroendocrine car-
cinoma (NEC) <55% and NEC ≥55% are defined by the 
contextual application of the morphological characteriza-

tion and the quantitative evaluation of the proliferation, 
mainly through Ki-67, of the neoplastic cells. Therefore, 
the three categories of H-NENs show important differ-
ences between them both in prognostic terms and in terms 
of therapeutic approach
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cially the pancreas, and the overall survival was 
significantly better than the NECs [14, 47]. When 
gastrointestinal (GI) NETs G3 were analyzed 
separately, as it happened for pancreatic (Pan) 
NETs G3, a great difference was detected with 
the respective NECs (both GI and Pan); it came 
to light that colorectal locations, such as the pan-
creas, have a poor prognosis [12, 14–17].

Mitotic index (MI) was considered inferior to 
Ki-67 LI to define NET G3 [12]. A possible 
explanation is that mitoses are related to a shorter 
phase (M phase) of the cell cycle than the Ki-67 
antigen, present in the nucleus in all phases of the 
cell cycle, while it is absent in phase G0 (growth).

Although all authors agree that NET G3 
Ki-67 should be above 20%, a precise upper 
limit was not defined, with variable reported val-
ues: 55% in Italian study, 60% in French, and 
70% in the European study [12]. In the studies 
that compare GEP-NET G3 to NEC, median 
Ki-67 (range) was 30 [13–17, 26–70] in NET G3 
compared to 80 (25–100) in NEC [14, 46, 48]. A 
possible explanation could be related to the 
absence of reproducibility of study method: only 
Italian group selected case after a centralized 
pathologist revision, only the Nordic Group and 
Italian studies performing a specific analysis to 
find a threshold for Ki-67, showed that the 55% 
threshold works well from the prognostic point 
of view [14, 48], otherwise other groups reported 
descriptive statistics to evaluate of Ki-67 identi-
fied WD NETs with Ki-67 > 55%. Probably, in 
these rare conditions, WD NETs could have a 
component mixed of poorly differentiated (PD) 
NECs, and the Ki-67 could be evaluated as the 
median of the whole neoplasm, resulting in a 
Ki-67 >55% [49]. Therefore, in these particular 
cases, it would be more appropriate to evaluate 
Ki-67 separately in WD and PD areas, assigning 
two different values [12].

Over the years, given the previous WHO 2010 
classification, NET G3 patients have been treated 
similarly to NEC even in the absence of sufficient 
information that these are clinically very differ-
ent malignancies. Several retrospective studies 
showed that NETs G3 are less sensitive to 
platinum- based chemotherapy, cisplatin or 
carboplatin plus etoposide, than NEC.  This is 

probably due to the fact that prognosis NET G3 is 
more related to the WD morphology of the tumor 
rather than the Ki-67 value, considering NETs 
G3 closer to NETs G2 than to NECs. In addition, 
positive responses to chemotherapy have been 
reported in patients NET G3 undergoing a com-
bination of oxaliplatin with fluoropyrimidines, 
based on clinical evidence that oxaliplatin shows 
synergy with chemotherapeutic treatments poten-
tially active both in G2 and in G3 NENs [50–53]. 
However, even if much rare, NETs G3 with Ki-67 
index above 55% should be evaluated with par-
ticular consideration in terms of progression, 
prognosis, and behavior versus the traditional 
protocol, [54] and cisplatin or carboplatin plus 
etoposide regimen may be considered.

In clinical practice, identifying a PanNET G3 
is perhaps more important of a GI NET G3, since 
molecular targeted agents, sunitinib and everoli-
mus, are approved in well/moderately differenti-
ated PanNET regardless of Ki-67 value.

Regarding the use of treatment with immune 
checkpoint inhibitors targeting PD-L1 or PD-1, 
NETs G3 have a cold immune microenvironment 
with few tumor infiltrating lymphocytes and the 
lower expression of PD-L1 compared to NECs. 
Likewise, NET G3s have a lower mutation bur-
den than NECs, not making so them a potential 
target for immune checkpoint inhibitors [26, 
55–57].

As concluding remark, it is important for cli-
nicians that pathologists report both information 
on tumor morphology and the value of Ki-67.

3.2.2  Ki-67 New CutOff (Fig. 3.5)

Only about 5% of all GEP-NENs belongs to the 
G3 category [42], anyhow the distinction 
between NET G3 and NEC G3 is clinically and 
prognostically significant, and it is associated 
with adverse prognosis, good response to plati-
num-based chemotherapy (PBC), and insuffi-
cient response to temozolomide chemotherapy 
[12–15, 28, 45–47, 58–60]. Since 2011, several 
studies specifically investigating large series of 
GEP-NENs G3 have been published, including 
about 800 patients [12].
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Category G3 with Ki-67 >20% is extremely 
heterogeneous and the broad interval (Ki-67 
between 21% and 100%) include a spectrum of 
different neoplasms, with several responses to 
therapy [12–15, 28, 45–47, 58–60]. Median 
Ki-67  in poorly differentiated (PD) was 80% 
(range 25–100) and in well-differentiated (WD) 
30% (range 21–70). Hence the ENETS, in the 
context of G3 category, proposed that the divi-
sion of high-grade NENs (H-NENs) into three 
categories (NET G3, NEC <55%, and NEC 
≥55%) in addition to a prognostic value also has 
therapeutic implications [42]. On the one hand, 
the prognostic role of the 55% threshold (Ki-67 
value) into NECs has been already validated in 
different studies, and it has also included into 
ENETS guidelines since 2016. From these evi-
dences, we can consider the spectrum of high- 
grade NENs (H-NENs) in three prognostic 
categories NET G3, NEC <55%, and NEC 
≥55%, respectively, with good, intermediate, and 
worst prognosis [14, 24, 28, 42, 48, 49, 61]. In 
fact, from the study of several cohorts of patients 
with high-grade and PD lesions (PD NECs), a 
remarkable heterogeneity emerged from a molec-
ular, prognostic, and therapeutic response point 
of view. For example, an Italian study has shown 
that for these lesions (PD NECs), the 55% thresh-
old for the fraction of Ki-67-positive tumor cells 
(Ki-67 value or Ki-67 labeling index) allows a 
better stratification of the prognosis estimate; in 
particular, NECs with Ki-67 value <55% (NEC 
<55%) were associated with a median overall 
survival (mOS) of 12.9 months, whereas NECs 
with Ki-67 value ≥55% (NEC ≥55%) an mOS of 
5.3 months [14]. On the other hand, for NET G3, 
a therapeutic approach similar to that used for 
category G2 is often considered, debating bio-
logical therapies, chemotherapy, peptide receptor 
radionuclide therapy, and liver-directed treat-
ments within a multidisciplinary team. In GEP- 
NENs G3, chemotherapy represents the most 
common therapeutic approach. Although these 
neoplasms appear relatively chemosensitive, 
their prognosis is poor. The most frequently pro-
posed therapy is PBC possibly combined with 
etoposide. It has been seen that an alkylating- 

based or oxaliplatin-based chemotherapy can be 
considered in NECs <55%, whereas therapies 
represented by PBC combined with etoposide in 
NECs ≥55% [13, 14, 46, 48, 61, 62].

From a molecular point of view, it is impres-
sive observing that gene mutations were signifi-
cantly enhanced in NECs ≥55%, involving TP53, 
KRAS, and BRAF genes [28]. In the context of 
H-NENs, the distinction between NET and NEC 
is also important for the study of the tumor micro-
environment and the possible use of immune 
checkpoint inhibitors. We know that expression 
of PD-L1, tumor-infiltrating lymphocytes (TILs), 
tumor mutation burden (TBM), and neoantigen 
load can predict response to immune checkpoint 
blockade. Having said that, WD NETs do not 
seem like good candidates for immunotherapy, at 
least theoretically. Indeed, NETs G1/G2 have a 
cold immune microenvironment with few TILs 
and heterogeneous expression of PD-L1, whereas 
NECs have hot immune microenvironment with 
abundant TILs, a greater expression of PD-L1 
and a high TBM.  Moreover, applying the 55% 
threshold (Ki-67 value) into PD H-NENs, NECs 
≥55% present an extensive mutational load, a 
dense immune infiltration and a higher expres-
sion of PD-L1 than NECs <55%. Therefore, due 
to their immune background, NECs ≥55% seem 
to represent excellent candidates for immuno-
therapy [26, 28, 55–57, 63].

In conclusion, based on growing evidence, the 
Ki-67 proliferative index should be used together 
with morphology, to define the following five cat-
egories: NET G1 (Ki-67 <3%, WD), NET G2 
(Ki-67 3–20%, WD), NET G3 (Ki-67 21–54%, 
WD), NEC G3 (Ki-67 21–54%, PD), and NEC 
G4 (Ki-67 ≥55%, PD) [12].

However, part of the scientific community does 
not fully agree on the 55% threshold [64]. The lat-
ter consider Ki-67 thresholds intrinsically arbi-
trary and not necessarily generalizable between 
tumor types (i.e., NET versus NEC, various sites 
of origin) and outcomes (as prognosis or predic-
tion). In particular, they claim that an absolute 
Ki-67 threshold is not applicable to the distinction 
between NET G3 and NEC.  Therefore, further 
studies are needed to validate this threshold.
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3.2.3  From MANEC to MiNEN 
(Figs. 3.6 and 3.7)

Mixed neuroendocrine–non-neuroendocrine 
neoplasms (MiNENs) are defined by the coexis-
tence in the same neoplasm of two different 
oncotypes: the neuroendocrine type plus the 
non-neuroendocrine type, variously associated 
from a qualitative and quantitative point of view 
[3, 4, 6, 8].

Quantitative Association The 2019 WHO clas-
sification has maintained the “magic” number of 
30%, that it is an arbitrarily defined percentage 
but on which there is wide agreement in the sci-
entific world [3]. A neoplasm is considered mixed 
if at least one of the two “neuroendocrine and 
non-neuroendocrine” components is represented 
in at least 30% of the entire tumor [2].

Given the importance of the number 30%, 
when the presence of a mixed neoplasm on a his-
tological section is suspected, it is necessary to 
ensure that the whole neoplasm has been sampled 

in such a way that this assessment is effectively 
applied to the entire neoplastic extension, the 
partial evaluation of the neoplasm risks underes-
timating and/or overestimating the real extension 
of the two components [4, 9].

There are mixed neoplasms from a morpho-
logical and biological point of view which how-
ever do not respond to the 30% cutoff on which 
currently there are no classification criteria, and 
they are generally described as adenocarcinomas 
with neuroendocrine differentiation (NED) or 
neuroendocrine carcinomas with focal glandular 
differentiation [65–69]. The standard of >2% cut 
is according to the 1% neuroendocrine cell in 
normal mucous [66, 70]. These latter conditions 
are rare, or perhaps not yet studied and under-
stood, and there are no targeted studies so there is 
no scientifically validated information on the 
prognostic weight of the presence of the mixed 
component in these cases compared to the same 
pure tumor.

The presence of neuroendocrine cells within 
colorectal adenocarcinomas (CR-ADCs) has 
been documented and therefore it is not an 

Mixed (Neuroendocrine + Non Neuroendocrine) GEP Neoplasm

1. MANEC*: Mixed Adeno NEuroendocrine Carcinoms

2. MANET**: Mixed Adeno NEuroendocrine Tumours

3. MiNEN**: Mixed NEuroendocrine Non Neuroendocrine Neoplasm

WHO 2000/2004

Mixed exocrin-endocrine
carcinoma (MEEC)

Mixed adenoneuroendocrin
carcinoma

Mixed neuroendocrine-non-
neuroendocrin neoplasm

* M. Volante, Virchows Arch 2006
* M. Scardoni, Neuroendocrinology 2014
* S. La Rosa, Am J Surg Path 2018

WHO 2010 WHO 2017

Fig. 3.6 The spectrum of mixed (neuroendocrine non- 
neuroendocrine) neuroendocrine neoplasms (MiNENs) in 
real life. Mixed adeno-neuroendocrine tumor (MANET) 

and mixed adeno-neuroendocrine carcinoma (MANEC) 
converge in the new definition of MiNENs
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unexpected data [71, 72]. In fact, up to 41% of 
CR-ADCs can have immunohistochemically 
detectable neuroendocrine cells and the fre-
quency of these neuroendocrine cells appears to 
be dependent on the method of determination 
[73–77]. It has also been seen that poorly differ-
entiated CR-ADC appeared to have more fre-
quent NED [7, 78, 79]. In these poorly 
differentiated ADCs, neuroendocrine cells are 
poorly differentiated (presenting as an oval, 
round, or irregular shape without polarizations) 
and similar to the adjacent non-neuroendocrine 
tumor cells; by contrast well-differentiated ADCs 
include well-differentiated neuroendocrine cells 
(presenting as a pyramid or bar shaped with the 
apex pointing to the cavity of the gland) [74].

Qualitative Association This represents the real 
revolution or novelty of the 2019 WHO classifi-
cation, which has determined the new diagnostic 
category (MiNEN), previously adopted in 2017 

for mixed neuroendocrine neoplasm of the pan-
creas [3, 4, 7].

MiNEN overcomes a problem of clinical and 
nosological practice represented by the previous 
definition of mixed adeno-neuroendocrine carci-
noma (MANEC), which is a neoplasm that 
showed both glandular and neuroendocrine dif-
ferentiation, thus overcoming the problem of 
neoplastic differentiation [2, 8–10].

With the term “MANEC,” it was assumed that 
the two components were both carcinomatous 
and in particular glandular (adenocarcinoma) and 
neuroendocrine (neuroendocrine carcinoma) [8–
10, 24].

If the non-neuroendocrine component is 
restricted to a precursor lesion such as a noninva-
sive carcinoma (i.e., adenoma) the neoplasm has 
to be considered pure NEC [24].

Neoplasm previously treated with neoadju-
vant therapy should not be considered MiNEN 
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Fig. 3.7 Analogous view for mixed (neuroendocrine 
non-neuroendocrine) neuroendocrine neoplasms 
(MiNENs). The classification of gastro-entero-pancreatic 
neuroendocrine neoplasms (GEP-NENs) according to 
WHO 2019 includes all mixed neuroendocrine and non- 
neuroendocrine neoplasms in the new “mixed neuroendo-
crine non-neuroendocrine neoplasm” (MiNEN) category. 

MiNEN combines the category of mixed adeno- 
neuroendocrine carcinoma (MANEC) and the categories 
of the very rare mixed adeno-neuroendocrine tumor 
(MANET). MiNEN always consists of invasive neo-
plasms; on the contrary, the association of “adenoma” and 
“neuroendocrine carcinoma” (NEC) will not produce 
either MiNEN or MANEC but simply NEC and adenoma
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even if the mixed nature of the neoplasm was 
defined on different specimen obtained before the 
aforementioned treatment [24, 80, 81].

The new definition “MiNEN” goes further and 
widens the definition of the two components: 
neuroendocrine and non-neuroendocrine. On the 
one hand, it expands the spectrum of non- 
neuroendocrine lesions, including non-glandular 
histotypes (for example, squamous cell carcino-
mas or acinar cell carcinomas for pancreas) and 
also non-carcinomatous lesions (for example, 
adenomas). On the other hand, the term MiNEN 
includes also well-differentiated neuroendocrine 
neoplasms. Therefore, regardless of the type of 
non-neuroendocrine lesion, there will be two cat-
egories of mixed neoplasms: mixed neoplasms 
with well-differentiated neuroendocrine compo-
nents (mixed adeno-neuroendocrine tumor, 
MANET) and mixed neoplasms with neuroendo-
crine carcinoma (mixed adeno-neuroendocrine 
carcinoma, MANEC). In conclusion, the sum of 
MANET plus MANEC defines the great MiNEN 
galaxy [2–4, 6–10, 24].
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