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ABSTRACT

TheWHO definition of the 3 classes of well differentiated endocrine tumor, well dif-
ferentiated endocrine carcinoma and poorly differentiated carcinoma, allows an ef-
ficient general classification of GEP NETs fitting European Union (EU) current clini-
cal use. The ENETS grading and TNM staging systems are complementary tools al-
lowing to improve patients’ stratification, and their adoption is strongly recom-
mended. However, the prognostic value of these tools is still under investigation and
more data are needed to support their usefulness at all gut sites and in perspective
series. Similarly, the four classes system adopted by the WHO for the endocrine tu-
mors of the lung allows a prognostically effective stratification of patients. A com-
mon grading system is advocated for lung and GEP NETS. Free full text available at
www.tumorionline.it

Introduction

Neuroendocrine tumors (NETs) of the digestive tract are known to originate from
cells with endocrine differentiation of the diffuse neuroendocrine system (DNES).
Since the discovery of the enterochromaffin (EC) cells in late 19th century, 14 en-
docrine cell types of the gastrointestinal (GI) tract have been identified, assigned a
specific name and characterized by electron microscopy and immunoistochemistry
techniques as producing a wide range of hormones and bioactive molecules and dis-
playing a type-specific regional distribution.While some of these cells are present in
all portions of the GI tract, others are confined to specific regions, for example cells
producing serotonin are distributed from pancreas to large intestine, while those se-
creting histamine can be found only in the corpus fundus of the stomach, and this dis-
tribution is strongly related to the specific function of these cells in different parts of
the digestive tract1. Since endocrine tumor cells are largely similar in phenotype and
distribution to their normal counterpart, this complexity is reflected on gastroen-
teropancreatic endocrine tumors (GEP NETs). Traditional classification of these tu-
mor entities identified 9 tumor counterparts for the 14 normal DES cells, which were
referred to as ‘carcinoids’ because of their less malignant behaviour as compared to
the very aggressive small cell carcinoma which present a unique, poorly differentiat-
ed cell type and is quite ubiquitous2. TheWorld Health Organization (WHO) Classifi-
cation of 20003 abandoned this nomenclature recognizing the site-dependent cell
heterogeneity of GEP-NETs and the necessity to regard them as different neoplasms.
Today the term “carcinoid” is usually referred to the serotonin-producing GEP-NETs
of the ileum or appendix leading to carcinoid syndrome, while the other tumor types
are termed “neuroendocrine tumors” followed by their primary location, e.g. neu-
roendocrine lung, gastric, duodenal, pancreatic, colonic or rectal tumor. The classifi-
cation of GEP-NETs proposed by theWHO in 2000 integrated and extended previous-
ly proposed categorizations by taking into account the morphological and clinico-
pathological heterogeneity according to tumor anatomical location. Specifically, the
WHO identified 5 general categories: well differentiated endocrine tumor; well differ-
entiated endocrine carcinoma; poorly differentiated endocrine (small cell) carcino-
ma; mixed exocrine-endocrine tumor; tumor-like lesion. Conceptually, this classifi-
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NETs. However, while for PDECs a poor prognosis is
warranted, predicting the behaviour of well-differenti-
ated neoplasms is often problematic. In well-differenti-
ated neoplasms, three categories can be defined ac-
cording to theWHO system at the time of diagnosis: be-
nign behaviour tumors or tumors with potentially be-
nign course; uncertain behaviour tumors or tumors
with potentially low grade malignant course; and carci-
nomas with low grademalignant course. Thus, theWHO
classification has a major limitation in the incapacity to
discriminate true benign behaviour from low-gradema-
lignant behaviour of well-differentiated NETs8.
In the attempt to integrate theWHO classification and

to overcome the difficulties encountered in its practical
application, in 2006 and 2007 the European Neuroen-
docrine Tumor Society (ENETS) proposed a new set of
criteria for the grading and staging of GEP NETs9,10. The
concept underlying these working proposals is that all
GEP-NETs probably have a malignant potential, but
since their biologic behaviour differs from tumor type to
tumor type, their malignancy can be better defined on
the basis of the grade and stage of the disease. The pro-
posed grading and staging systems were established at
two Consensus Conferences held in Frascati (Rome), or-
ganized by the ENETS and based on the ENETS guide-
lines on the diagnosis and treatment of digestive
NETs11. Specifically, the grading system is based on mi-
totic count and Ki67 index and defines three tumor cat-
egories as follows: G1, <2 mitoses per 2 mm2 (10 high-
power fields, HPF, 40×magnification) and/or Ki-67 in-
dex ≤2%; G2, 2–20 mitoses per 2 mm2 and/or Ki-67 in-
dex between 3% (intended as >2%) and 20%; G3 with 21
or more mitoses per 2 mm2 and/or Ki-67 index >20%
(Table 1).

Table 1 - Grading proposal for midgut, hindgut and foregut
(neuro)endocrine tumors

Grade Mitotic count (10HPF)* Ki-67 index (%)**

G1 <2 ≤2
G2 2-20 3-20
G3 >20 >20

*10HPF (High Power Field) = 2 mm2, at least 40 fields (at 40x magni-
fication) evaluated in areas of highest mitotic density; **MIB1 anti-
body; % of 2000 tumor cells in areas of highest nuclear labelling.

The G1 and G2 well-differentiated NETs usually dis-
play diffuse and intense expression of the two general
immunohistochemical neuroendocrine markers, chro-
mogranin A and synaptophysin. Punctate necrosis is
per se indicative of a more aggressive tumor and points
to a G2 or G3 status, which is then determined by the
mitotic count and the proliferation fraction. G3 indi-
cates a poorly differentiated neuroendocrine carcinoma
with high mitotic counts/Ki-67 index, fields of necrosis,

cation comprises twomajor categories according to his-
tology and tumor cell differentiation: well differentiated
endocrine neoplasms, including tumor (carcinoid) and
carcinoma (malignant/atypical carcinoid), and poorly
differentiated endocrine carcinoma, including small
and intermediate cell carcinoma. Well differentiated
neoplasms typically show an organoid architecture,
mild cellular atypia and an indolent behaviour, express
the whole set of general markers of endocrine differen-
tiation, first of all chromogranin A, and display abun-
dant large dense core vesicles with variable hormone
content. Poorly differentiated carcinomas generally
present as large solid structures with marked cellular
atypia and extensive necrotic areas, and as a rule display
few large dense core vesicles and related markers but
widely express, synaptophisin, neuron-specific enolase
(NSE) and protein gene product 9.5 (PGP9.5). Several
publications have recently focused on the application of
theWHO classification system and proved its effective-
ness, supporting the concept that the different en-
docrine tumor types also differ in their clinical behavior.
In a population-based study conducted in England and
Wales, Lepage et al.4 evaluated survival data relative to
4104 patients diagnosed with malignant digestive en-
docrine tumors (MDETs) in the period from 1986 to
1999. Interestingly, the authors found that the 5-year
survival rate was 56.8% for well-differentiated tumors,
compared to only 5.2% for small cell tumors (P <0.0001).
This result points out to the significant difference be-
tween well-differentiated and poorly-differentiated tu-
mors in terms of clinical behaviour, with this differing
behaviour which corresponds to a net separation of sur-
vival curves for the two classes of tumors4.
Furthermore, several more recent studies conducted

at single institutions demonstrated the clinical rele-
vance of theWHO classification into the three classes of
well-differentiated endocrine tumors (WDETs), well-
differentiated endocrine carcinomas (WDECs) and
poorly-differentiated carcinomas (PDECs). Among
these, Pape et al.5 evaluated retrospectively 202 patients
with gastric (n = 48), duodenal (n = 23) and pancreatic
(n = 131) NETs; Fisher et al.6 assessed 166 cases of pan-
creatic NETs and Ekeblad et al.7 evaluated 241 cases of
pancreatic NETs. In all these studies, statistical signifi-
cant differences in survival were maintained between
WDETs, WDECs and PDECs, with both WDECs and
PDECs which showed significantly shorter survival
compared withWDETs.

ENETS grading and TNM staging working
proposals for GEP NETs

The WHO classification of 2000 has largely demon-
strated its prognostic efficacy and reproducibility in
clinical practice and is currently at the basis of all cur-
rent therapeutic algorithms for the management of
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Classification of lung neuroendocrine tumors

With regard to lung NETs, their classification was im-
plemented before the GEP NETs system. On the basis of
the WHO general categories of well-differentiated neu-
roendocrine neoplasm and poorly-differentiated en-
docrine carcinoma, lung NETs can be subdivided into
four classes: tumor (carcinoid), carcinoma (malig-
nant/atypical carcinoid), large cell neuroendocrine car-
cinoma and small/intermediate cell carcinoma. More
specifically, lung NETs represents a spectrum of prolif-
erations that can be classified into a four-step system
including typical carcinoid (≥0.5 cm in size, <2mitosis/2
mm2), atypical carcinoid (≥0.5 cm, presence of focal
necrosis, 2-10 mitosis/2 mm2), large cell neuroen-
docrine carcinoma and small cell carcinoma. Also this
system, which was developed by Travis et al.13 in 2004
on the basis of clinically relevant data, demonstrated its
prognostic effectiveness in providing a clear separation
of typical carcinoids from atypical carcinoids, which in
fact are two clearly distinct diseases with very different
prognosis, and of typical and atypical carcinoids from
large cell and small cell carcinoma. These data are ro-
bust and well-consolidated, as demonstrated by the
study of Righi et al. on 218 malignant cases showing a
clear difference in survival for all these tumor classes14.
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and coworkers8, but this proposal is under investigation
and awaits validation in further studies. So far, the
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spective studies on a total of about 929 cases and also in
a recent prospective study on 297 patients, and has
proved to be an effective and independent predictor of
survival in the foregut. In the aforementioned study by
Pape et al.5 on 202 GEP-NETs, the majority of which
pancreatic, the proposed grading system was able to
differentiate significantly between cellular proliferation
rate according to Ki-67, with Cox regression analysis
which confirmed an increased risk of reduced survival
for patients with grade 2 or 3 NETs compared to grade 1
NETs.
The ENETS staging system was developed on the ba-

sis of the well-known tumor-node-metastasis (TNM)
format as working template. For tumor sizes, the limits
indicated for T1 andT2 are those defined tumors of “be-
nign behaviour” and “uncertain behaviour”, respective-
ly, according to theWHO site-specific clinico-patholog-
ical correlations, while deeply invasive and large tumors
are included in the T3 and T4 categories, taking into ac-
count site-specific features. Lymph-node (N) and dis-
tant metastasis (M) were defined as absent (respective-
ly N0 or M0) or present (respectively N1 or M1). Accord-
ingly, a staging systemwas defined as follows: stage I for
T1 NETs with limited growth, stage II for larger or more
invasive T2 or T3 tumors in absence of metastases, stage
III for tumors invading the surrounding structures
(stage IIIA) or with regional node metastases (IIIB) and
stage IV implying the presence of distant metastases9.
Table 2 shows the ENETS TNM/staging proposal for the
endocrine tumors of the pancreas, which so far has
demonstrated to be a valid and powerful tool for the
prognostic stratification of GEP NETs.
The new classification system was tested in five retro-

spective series of about one thousand cases providing a
clear separation of all stages in some of them12, a sepa-
ration of stage I and II from stage III and IV only5,6 or
more complex separation in others7, but always demon-
strating its effectiveness as predictor of survival.

Table 2 - Proposal for a TNM classification and disease staging
for endocrine tumors of the pancreas

TNM (Tumor - Node - Metastases)

T-primary tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor limited to the pancreas and size <2 cm
T2 Tumor limited to the pancreas and size 2-4 cm
T3 Tumor limited to the pancreas and size >4 cm or

invading duodenum or bile duct
T4 Tumor invading adjacent organs (stomach,

spleen, colon, adrenal gland) or the wall of large
vessels (celiac axis or superior mesenteric artery).
For any T, add (m) for multiple tumors

N – regional lymph nodes
NX Regional lymph node cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

M – distant metastaes
MX Distant metastasis cannot be assessed
M0 No distant metastases
M1 Distant metastases
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