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Abstract The annual incidence of neuroendocrine

tumours in the Caucasian population ranges from 2.5 to 5

new cases per 100,000 inhabitants. Gastroenteropancreatic

neuroendocrine tumours is a family of neoplasms widely

variable in terms of anatomical location, hormone com-

position, clinical syndromes they cause and in their bio-

logical behaviour. This high complexity and clinical

heterogeneity, together with the known difficulty of pre-

dicting their behaviour from their pathological features, are

reflected in the many classifications that have been devel-

oped over the years in this field. This article reviews the

main tissue and clinical biomarkers and makes recom-

mendations for their use in medical practice. This docu-

ment represents a consensus reached jointly by the Spanish

Society of Medical Oncology (SEOM) and the Spanish

Society of Pathology (SEAP).

Keywords Gastroenteropancreatic neuroendocrine

tumours � Biomarkers � Ki-67 � Guidelines �
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Introduction

Neuroendocrine tumours (NETs) are a group of cancers of

great clinical, biochemical and biological heterogeneity.

Although they share a number of common histopatholo-

gical features, they arise from neuroendocrine cells in

diverse anatomical sites, including ganglia and paragan-

glia, endocrine glands (pituitary, parathyroid, thyroid,

adrenal, and pancreas), skin and numerous organs con-

taining dispersed cells (digestive tract, biliary tract, lung

and bronchi, thymus, urogenital system). Also, unlike other
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solid tumours, they can synthesise and excrete various

polypeptide hormones that cause specific clinical syn-

dromes in 20–30 % of cases, classified as ‘‘functioning

tumours’’. However, most are clinically silent until late

stages of the disease [1, 2].

Although NETs have traditionally been regarded as

indolent tumours, their clinical behaviour is often unpre-

dictable and can sometimes be very aggressive (e.g. poorly

differentiated carcinomas and/or those tumours with high

proliferative index). The wide range of classifications

proposed for these tumours, based on their embryological

or anatomical origin, morphological and histological fea-

tures, biochemical profile and/or clinical behaviour, clearly

illustrates their high complexity and diverse nature. All this

underscores the need to elaborate consensus guidelines to

help standardise the criteria for diagnosing and treating this

neoplastic disease, particularly since its relatively low

incidence makes clinical management highly variable as it

is generally based on low evidence levels.

In this context, the aim of this document was to offer

clear, concise guidelines to provide the clinician with

practical recommendations on using tissue and serum

biomarkers in the diagnosis and treatment of neuroendo-

crine tumours of gastroenteropancreatic origin (GEP-

NETs). These clinical practice guidelines have been

elaborated by various specialists in medical oncology and

pathology as a joint initiative of the Spanish Society of

Medical Oncology (SEOM) and the Spanish Society of

Pathology (SEAP).

Epidemiology of NETs of the digestive tract

and pancreas

The incidence of NETs in the Caucasian population ranges

from 2.5 to 5 new cases per 100,000 inhabitants annually

[3, 4]. This incidence has risen considerably in the past few

decades, probably due to major advances in diagnostic

techniques and greater clinical awareness. The recent

development of new effective drugs in this context has

certainly contributed to it [5].

About two-thirds of NETs are of gastrointestinal or

pancreatic origin (GEP-NETs), and among these the most

common site of origin is the small intestine. Although

GEP-NETs represent only 2 % of all gastrointestinal

tumours, the fact that they have a better prognosis than

epithelial cancers makes their relative prevalence much

higher, being the second most prevalent gastrointestinal

malignancy after colorectal adenocarcinoma. These

tumours are diagnosed at a younger age than carcinomas,

usually during the fifth decade. NETs can be sporadic or

may develop in the context of various syndromes entailing

hereditary predisposition, such as multiple endocrine

neoplasia type 1 (MEN-1) or von Hippel-Lindau (VHL)

disease. In this case, age at diagnosis may be 15 years

younger.

According to data from the United States Surveillance,

Epidemiology and End Results (SEER) population reg-

istry, 49 % of GEP-NETs are diagnosed at localised

stages, whereas 27 % display metastatic disease at pre-

sentation (64 % pancreatic vs. 30 % ileal; 50 % poorly

differentiated tumours vs. 21 % well-differentiated

tumours) [3, 4]. These numbers, however, vary greatly

from one registry to another, and the overall incidence of

metastasis at diagnosis is generally far higher in Euro-

pean databases (44–73 %). Nevertheless, the incidence

may be overestimated due to the inherent bias caused by

the high number of advanced stages at referral centres,

which are the main source of information for most of

these registries [6, 7].

According to SEER data, the 5-year overall survival rate

is 60–70 %, with the best prognosis for rectal tumours

(88 %) and worst for pancreatic ones (37 %). Again, these

numbers differ from those seen in our setting, although

European registries are generally hospital-based rather than

population-based. Also, the prognosis of NETs depends on

many factors, the most important being the primary tumour

site, the stage of disease spread, the grade of histopathol-

ogical differentiation and the cellular proliferative index of

the tumour. The distribution of these variables in each

series may therefore have a considerable influence on the

survival rates reported.

Pathology issues

Pathology-based classification

NETs are uncommon heterogeneous neoplasms character-

ised by their ability to secrete glycopeptide hormones and

active amines. Of the 15 types of neuroendocrine cells

described in the gastroenteropancreatic tract, 9 have been

identified in NETs. GEP-NETs vary considerably in their

hormone composition, in the syndromes they cause, and in

their biological behaviour. This high complexity and bio-

logical heterogeneity, together with the acknowledged

difficulty of predicting their behaviour from their patho-

logical features, are reflected in the various classifications

of GEP-NETs developed during the last century [8, 9].

Initially, Oberndorfer termed these tumours ‘‘carcinoid’’

in 1907. Then Williams and Sandler, in 1963, classified

them based on their embryological origin and anatomical

site in foregut, midgut or hindgut tumours. Last, a new

classification by Capella, Heitz, Solcia et al. in the 1990s

[10, 11] formed the basis for the general classification

of GEP-NETs, and the particular pancreatic NETs,
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respectively, published by the World Health Organisation

(WHO) in 2000 and 2004.

The need for standardised systems of stratification and

management of patients affected by these neoplasms led

the European Neuroendocrine Tumour Society (ENETS) to

elaborate some guidelines for the diagnosis and treatment

of these tumours. These guidelines proposed for the first

time the TNM classification for NETs, which are specific to

each organ or site of origin, some of which differ somewhat

from the TNM classification subsequently suggested by the

American Joint Committee on Cancer (AJCC) (i.e. pan-

creas or appendix) (Table 1). ENETS also proposed a

standardised grading system based on Ki-67 proliferative

index or mitotic index, by which GEP-NETs are classified

into three grades (Table 2) [12].

When a sample shows morphological features of a NET-

like tumour, the first step is to demonstrate its neuroen-

docrine nature using chromogranin A or synaptophysin

immunostaining. Then, the proliferative activity should be

established either by counting mitoses in 50 high-power

fields (HPFs), and selecting the highest areas, or ‘‘hot spot’’

areas, i.e., 10 of the most active HPFs (mitoses per 10

HPFs) or, preferably, by determining the Ki-67 prolifera-

tive index using the MIB-1 antibody on 2,000 cells in areas

of greatest immunostaining (e.g. counting 20 sets of 100

cells) (Table 2). This grading system has been incorporated

into the latest WHO classification, dated 2010, which is the

currently used version (Table 3).

It should be noted that some controversy exists con-

cerning on which tumours are considered as ‘‘poorly dif-

ferentiated neuroendocrine carcinomas’’ (NEC). In the

current classification, this category includes both NETs

with well-differentiated morphology that meet G3 prolif-

eration criteria (mitosis and Ki-67) and small-cell and

large-cell NECs. Some authors believe that these two

tumour subtypes differ in their biology and clinical

behaviour. In this respect, molecular studies have shown

that the profile of NETs differs completely from that found

in NECs [13] and that whereas a G1 or G2 NET may

progress to a G3 NET, progression to a NEC is rare.

Essential neuroendocrine tissue markers

The demonstration of neuroendocrine differentiation using

immunohistochemical markers is a great help in the diag-

nosis of NETs. The recommended markers are chromogr-

anin A and synaptophysin, which should be used in the

great majority of NETs, including biopsies of metastatic

tumours (Table 4) [12, 14]. However, it should be noted

that there is disagreement as to whether they should be

used in all cases or only in those with unusual or poorly

differentiated morphological features [12]. The use of other

neuroendocrine markers such as chromogranin B, CD56

(N-CAM) or CD57 (LEU7) is not generally recommended,

given their low levels of sensitivity and/or specificity [14],

although they are optional in cases in which one of the

main markers (chromogranin A or synaptophysin) is

negative.

The proliferation rate in NETs provides relevant

prognostic information, and most grading systems that

divide NETs into low, intermediate or high grades are

based on this parameter [15–17]. The cell proliferation

rate can be assessed by counting mitotic figures (usually

as mitoses per 10 HPFs or per 2 mm2), or by estimating

what percentage of nuclei are stained with the cellular

proliferation marker Ki-67. The WHO classification of

lung and thymus NETs is based on counting mitoses,

whereas the system for NETs of the gastrointestinal tract

proposed by ENETS, and adopted in the new WHO

classification, recommends using either the mitotic count

or the Ki-67 proliferation rate [14–16]. Quantification by

Ki-67 has become an essential component of the pathol-

ogy report on NETs and is included in the protocols

issued by the College of American Pathologists, with cut-

off points of 2 and 20 % for grade 2 and grade 3,

respectively [6, 14].

Quantification of the proliferative index using the Ki-67

antibody should be done as precisely as possible in the

areas of greatest proliferative activity (‘‘hot spots’’) as the

choice of these areas is the most important source of var-

iation between different observers. Another source of error

is the inclusion of non-neoplastic positive cells, such as

lymphocytes and stromal elements, in the quantification

[18]. Once these potential problems have been considered,

the choice of quantification method to be used must be

made. The simplest method is a rough ‘‘eyeballed’’ esti-

mate of individual cells, although most authors regard this

as highly subjective and imprecise [18]. Automated sys-

tems have also been proposed, although they also have

some disadvantages, as they can count non-neoplastic

elements or haemosiderin, besides that they do not solve

the problem of choosing which area of the tumour to be

counted. Moreover, the automated systems are expensive

and not always available for daily clinical practice. The

most effective method is a cell-by-cell count, either on the

computer screen or on a print-out of the image captured, of

2,000 cells in hot spot areas that show highest immuno-

staining. This is a highly reproducible fast option (esti-

mated time, 6 min) that only requires a digital camera

connected to a computer [18, 19].

In summary, Ki-67 provides a precise, reliable method

for quantifying the proliferation rate, provided painstaking

methods are used to supplement or replace the counting of

mitotic figures (Fig. 1).
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Table 1 TNM classification (ENETS vs. AJCC)

TNM proposed by ENETS AJCCTNM (7th Edition)

Pancreas Pancreas

Tx: Primary tumour cannot be assessed Tx: Primary tumour cannot be assessed

T0: No evidence of primary tumour T0: No evidence of primary tumour

T1: Tumour confined to pancreas \2 cm Tis: Carcinoma in situ

T2: Tumour confined to pancreas 2–4 cm T1: Tumour confined to pancreas B2 cm

T3: Tumour confined to pancreas[4 cm or invading duodenum or bile duct T2: Tumour confined to pancreas [2 cm

T4: Tumour invading adjacent organs (stomach, spleen, colon, adrenal

gland) or wall of large vessels (coeliac trunk or SMA)

T3: Tumour not confined to pancreas, but not involving coeliac

trunk or SMA

T4: Tumour invading coeliac trunk or SMA

Appendix Appendix

Tx: Primary tumour cannot be assessed Tx: Primary tumour cannot be assessed

T0: No evidence of primary tumour T0: No evidence of primary tumour

T1: Tumour B1 cm invading submucosa and muscularispropria T1: Tumour B2 cm

T2: Tumour B2 cm invading submucosa and muscularispropria and/or

minimally (B3 mm) invading subserosa/mesoappendix

T2: Tumour [2–4 cm; caecum

T3: Tumour [2 cm and/or invading subserosa/mesoappendix [3 mm T3: Tumour [4 cm; ileum

T4: Tumour invading peritoneum or other organs T4: Tumour perforating peritoneum or invading other organs or

structures

Stomach Stomach

Tx: Primary tumour cannot be assessed Tx: Primary tumour cannot be assessed

T0: No evidence of primary tumour T0: No evidence of primary tumour

Tis: Tumour in situ/dysplasia (\0.5 mm) Tis: \0.5 mm confined to mucosa

T1: Tumour B1 cm invading lamina propria or submucosa T1: Tumour B1 cm invading lamina propria or submucosa

T2: Tumour [1 cm or invading muscularispropria or subserosa T2: Tumour [1 cm or invading muscularispropria

T3: Tumour penetrating serosa T3: Tumour invading subserosa

T4: Tumour invading adjacent structures T4: Tumour perforating serosa or invading adjacent structures

Small intestine Small intestine

Tx: Primary tumour cannot be assessed Tx: Primary tumour cannot be assessed

T0: No evidence of primary tumour T0: No evidence of primary tumour

T1: Tumour B1 cm invading lamina propria or submucosa T1: Tumour B1 cm invading lamina propria or submucosa

T2: Tumour [1 cm or invading muscularispropria T2: Tumour [1 cm or invading muscularispropria

T3: (a) Duodenum, ampulla, proximal jejunum: invading pancreas or

retroperitoneum; (b) Distal jejunum and ileum: tumour invading subserosa

T3: (a) Ampulla, duodenum: invading pancreas or

retroperitoneum; (b) Jejunum, ileum: tumour invading

subserosa

T4: Tumour invading peritoneum or other organs T4: Tumour perforating serosa or invading adjacent structures

Large intestine Large Intestine

Tx: Primary tumour cannot be assessed Tx: Primary tumour cannot be assessed

T0: No evidence of primary tumour T0: No evidence of primary tumour

T1: Tumour invading mucosa or submucosa: T1a: \1 cm; T1b: 1–2 cm T1: Tumour B1 cm invading lamina propria or submucosa

T2: Tumour [2 cm or invading muscularispropria T2: Tumour [1 cm or invading muscularispropria

T3: Tumour invading subserosa or pericolonic/perirectal fat T3: Tumour invading subserosa

T4: Tumour perforating visceral peritoneum or invading other organs or

structures

T4: Tumour perforating serosa or invading adjacent structures

Large intestine Appendiceal carcinoid

Stage IA T1aN0M0 Stage I T1N0M0

Stage IB T1bN0M0

Stage IIA T2N0M0 Stage II T2,T3N0M0

Stage IIB T3N0M0

Stage IIIA T4N0M0 Stage III T4N0M0

Stage IIIB T1-4N1M0 T1-4N1M0
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Optional neuroendocrine tissue markers

The use of additional neuroendocrine markers, such as

chromogranin B, CD56 (N-CAM) and CD57 (LEU7), is

advisable in cases of NETs with atypical morphology,

although it should be noted that these are not specific

markers. Neuron-specific enolase (NSE) is not advisable

in any case. Most well-differentiated NETs express

cytokeratins 8 and 18 (CK8 and CK18) and are detected

by the Cam 5.2 antibody. Some tumours are positive for

CK7 and CK20. Although 70 % of NETs are p53-positive

by gene mutation, p53 staining provides no further

information [14]. Annenkov et al. [20] used alpha-

methylacyl-coenzyme A racemase to distinguish grade 1

gastric NETs (negative) from grade 2 NETs and carci-

nomas, which are often positive. As regarding the cellular

proliferation rate, some authors have shown geminin to be

a more precise marker of cell proliferation index than Ki-

67. Geminin expression is confined to S phase, G2 and

early M phase of the cell cycle. In pancreatic NETs the

geminin expression level was associated with disease-free

survival after curative resection and was a prognostic

predictor [21].

Peptide hormones and amines

Staining with peptide hormones, such as insulin or gluca-

gon, should only be used in special cases, such as MEN-1

with multiple pancreatic tumours in which the functionality

of a tumour needs to be demonstrated. In other NETs,

functionality is defined by symptoms and serology [14].

Table 4 Essential tissue biomarkers

Marker Indications

Chromogranin A Diagnosis of neuroendocrine

neoplasm

Synaptophysin Diagnosis of neuroendocrine

neoplasm

Ki-67 Grading of neuroendocrine

neoplasm and prognosis

Table 2 Grading method for GEP-NETs proposed by ENETS

Grade Number of

mitoses/10 HPF

Ki-67 index (%)

G1 1 B2

G2 2–20 3–20

G3* [20 [20

Ki-67 (using MIB-1 antibody): % of 2,000 cells in areas of greatest

nuclear staining

ENETS European Neuroendocrine Tumour Society, GEP-NET gas-

troenteropancreatic neuroendocrine tumour, HPF high-power field

(1 HPF = 2 mm2); at least 40 fields should be counted in areas of

greatest mitotic density

* NETs that are morphologically well-differentiated but have a Ki-67

index [20 % are classed as G3

Table 3 2010 WHO classification for NETs of the digestive system

2010 WHO Classification

1. Well-differentiated NETs*

G1 NET: Ki-67 B2 % and/or mitotic index \2 9 10 HPF

G2 NET: Ki-67 3–20 % and/or mitotic index 2–20 9 10 HPF

2. Poorly differentiated NECs*

G3 NEC, large- or small-cell (Ki-67[20 % and/or mitotic index

[20 9 10 HPF)

3. Mixed adenoneuroendocrine carcinoma

4. Hyperplastic and preneoplastic lesions

* If Ki-67 index and mitotic index are inconsistent, choose the highest

grade

HPF high-power field, NEC neuroendocrine carcinoma, NET neuro-

endocrine tumour, WHO World Health Organisation

Table 1 continued

TNM proposed by ENETS AJCCTNM (7th Edition)

Stage IV Any TNM1 Stage IV Any TNM1

Other Sites Carcinoid at other sites in the GI tract

Stage I T1N0M0 Stage I T1N0M0

Stage IIA T2N0M0 Stage IIA T2N0M0

Stage IIB T3N0M0 Stage IIB T3N0M0

Stage IIIA T4N0M0 Stage IIIA T4N0M0

Stage IIIB T1-4N1M0 Stage IIIB T1-4N1M0

Stage IV Any TNM1 Stage IV Any TNM1

Small/large-cell enteric NECs: stage as carcinomas

Pancreatic/pulmonary NETs: stage as carcinomas

AJCC American Joint Committee on Cancer, ENETS European Neuroendocrine Tumour Society, GI gastrointestinal, NEC neuroendocrine

carcinoma, NET neuroendocrine tumour, SMA superior mesenteric artery
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Markers used for differential diagnosis

Given the different therapeutic strategies for metastatic

NETs of pancreatic or intestinal origin, immunohisto-

chemistry can help identify the organ in which the primary

tumour is located when it is not clinically obvious. Testing

positive for TTF-1, CK7 or ASH1 suggests a bronchopul-

monary origin, although some gastrointestinal NETs may

also be positive. Expression of PDX-1 and CDX-2 points to

a pancreatic and intestinal site, but these markers are not

pathognomonic, as some pulmonary NETs express CDX-2.

PDX-1 and ISI-1 increase the likelihood of a pancreatic

origin, but do not exclude it if negative. It should be

stressed that cadherin 17 (CDH17) is more specific for

gastrointestinal origin than CDX-2 [22].

It is better to use antibody panels, rather than just one or

two markers, because of their lack of specificity. Chan

et al. [23] proposed an immunohistochemical panel

including CDX-2, PDX-1, TTF-1 and CK7 to distinguish

between gastrointestinal, pancreatic and bronchopulmo-

nary primary tumours. Some colorectal NETs are negative

for all markers [14, 24].

Markers of diagnostic and prognostic interest

Haematopoietic stem cell markers such as CD117, PAX-5

and CD34 are positive in 54, 18 and 8 %, respectively.

CD117 is a poor prognostic marker associated with vas-

cular invasion. Testing positive for CD117 is not associated

with activating mutations in the c-KIT gene, which would

explain the inefficacy of imatinib in treating these tumours

[22]. In pancreatic tumours other markers of aggressive-

ness are CK19, cyclooxygenase-2, p27, and CD99 [22, 25].

Fifteen per cent of NETs show a CpG island methylator

phenotype (CIMP) and microsatellite instability (MSI).

These tumours are associated with a better prognosis and

Fig. 1 Illustrative examples of gastroenteropancreatic neuroendo-

crine tumours: G1 well-differentiated neuroendocrine tumour, hae-

matoxylin and eosin (a) and Ki-67-MIB-1 (b); G2 well-differentiated

neuroendocrine tumour, haematoxylin and eosin (c) and Ki-67-MIB-1

(d); G3 neuroendocrine carcinoma, haematoxylin and eosin (e, g) and

Ki-67-MIB-1 (f, h); mixed adenoneuroendocrine carcinoma, haema-

toxylin and eosin (I) and chromogranin A (j)
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do not express CD117, hMLH1 or hMSH2. They tend to be

large-cell tumours with peritumoral lymphoid collections

and no vascular invasion [22]. Markers associated with

therapeutic response include somatostatin receptor sub-

types, MGMT, VEGFR, pIGFR and members of the mTOR

pathway. However, the relationship between immuno-

staining and therapeutic response is currently undergoing

validation. High expression levels of AKT phosphorylated

at Ser473 and ribosomal protein S6 phosphorylated at

Ser240 and Ser244 are associated with short time to pro-

gression in patients treated with somatostatin analogues

[26, 27].

The NOTCH1 signalling pathway influences the growth

and differentiation of gastrointestinal, pancreatic and pul-

monary NETs, acting as a tumour suppressor gene.

NOTCH1 gene and protein expression are variables

dependent on the site of the primary tumour in gastroin-

testinal NETs, being 100 % positive in rectal tumours,

34 % positive in pancreatic tumours and negative in ileal

tumours [28]. The NOTCH1 target, HES1, is expressed in

64 % of rectal NETs and 10 % of pancreatic NETs, and is

negative in ileal tumours.

It is important to stress that the PAX-8R1 antibody is not

a pancreatic neuroendocrine marker. Studies describing a

positive antigen–antibody reaction with PAX-8 used a

polyclonal antibody that possesses cross-reactivity with the

N-terminal region of PAX-5 and PAX-6 [29].

Sample types, pre-test and test factors, internal

and external controls

Sample types

The types of samples depend on the procedure performed

to obtain them. They may come from small biopsies,

obtained by endoscopy, endoscopic ultrasound or fine-

needle aspiration or from resection specimens.

Pre-test factors

Endoscopic specimens and those obtained by image-guided

techniques should be fixed immediately in 10 % buffered

formaldehyde, for \24 h. Resection specimens should be

sent fresh to the pathology department as soon as possible.

It is advisable to obtain macroscopic photographs for

clinical/radiological/pathological correlation of staging,

and to take frozen samples of tumour and normal tissue for

possible subsequent use. Fixing in 10 % buffered formal-

dehyde should be carried out for 24–48 h. It is advisable to

section the specimen to ensure that the whole tumour is

properly fixed. Fragments fixed in the best conditions and

adequately representative of the tumour should be chosen,

avoiding any that were frozen during intra-operative

assessment. Sections should not be stored at room tem-

perature for longer than 14 days, and it is advisable to

cover the section with layers of paraffin [30–33].

Test factors

The use of antigen retrieval systems and pre-validated

antibodies is recommended. For Ki-67, the most suitable

antibody is MIB-1.

Internal and external controls

It is essential to use positive and negative internal controls

in each staining run. It is also important to assess intrinsic

controls in the accompanying normal tissue. It is advisable

for laboratories in charge of conducting biomarker tests to

take part in quality control programmes, such as the one set

up by the SEAP.

Pathology report

According to the WHO [17], the minimal data that should

be contained in a pathology report on NETs of the digestive

tract and pancreas must include the following items:

Gross examination

Specimens should be described according to the estab-

lished protocols for each organ, including:

• Specific site of origin of the lesion, i.e. oesophagus,

stomach, duodenum, ampulla, jejunum, ileum, caecum,

ascending, transverse, and descending colon, sigmoid

colon, rectum, anus or pancreas.

• Tumour size, given as the largest diameter of the

tumour.

• Extent of invasion: for tumours of the digestive tract,

the level of invasion should be stated in the same terms

used for exocrine tumours (lamina propria, muscularis

mucosae, submucosa, muscularis propria, subserosa,

serosa or adjacent tissues).

• Distance from the tumour to the surgical margin, stating

whether margins are negative, positive or very close.

Remarks Other guidelines consider it necessary to

include the following findings:

• Number of tumour lesions and number, site and size of

regional lymph nodes [14, 34, 35]. Mark the most

critical surgical margins with ink [34], take largest

measurements of the tumour in three dimensions [6],

note the presence of non-ischaemic tumour necrosis

[14, 35] and record the degree of mesoappendiceal

involvement (limited vs. extensive) [14].
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• In pancreatic tumours, it should be stated whether there

is extrapancreatic spread or invasion of the bile duct,

duodenum or ampulla [14].

• In endoscopic biopsies, clinical information should

include the site and size of lesions [35].

• Other optional findings: distance of the tumour to the

surgical margin, stated in millimetres, when\0.5 cm [14].

Microscopic examination

This examination should include the number of mitoses

and the Ki-67 index. The number of mitoses is expressed

per 10 HPFs, usually corresponding to an area of 2 mm2,

and the Ki-67 index is given as a percentage, after exam-

ining 2,000 cells. These measurements should be obtained

in several places in the most active areas.

Remarks

• It is advisable to perform the mitotic count in 50 HPFs,

even though it is subsequently expressed per 10 HPFs,

as some guidelines recommend counting this amount of

fields [14, 35].

• To calculate the Ki-67 proliferative index, 2,000

tumour cells should be counted [34, 35]. When this is

not feasible, e.g. in small biopsies, an ‘‘eyeballed’’

estimate is acceptable [14]. If the mitotic rate and Ki-67

proliferative index are inconsistent, the highest grade

should be chosen [35]. It is worth noting, however, that

in some series tumours with mitoses in the G2 range

(\20/10 HPF) but a Ki-67 index in the G3 range

([20 %) have a better prognosis than G3 NECs with

poorly differentiated NEC morphology or mitotic rate

and Ki-67 index consistently within the grade 3 range.

In needle biopsies, the Ki-67 index should be inter-

preted with caution. A recent study found that a certain

percentage of G2 tumours might have been misinter-

preted as G1, simply because tumour heterogeneity

meant that the biopsy did not reflect the areas of

greatest proliferation [36].

Other guidelines consider it necessary to include the

following findings:

• The existence of vascular and/or perineural invasion

[14, 34, 35], the ratio of involved lymph nodes to total

lymph nodes [14, 34, 35], the status of surgical margins

[14, 34, 35] and local spread of the lesion, specifying

whether there is invasion of the capsule and wall of the

digestive tract [35].

• The use of endothelial markers to confirm the presence

of vascular invasion is optional and only recommended

in cases of high histological suspicion [14].

• There is disagreement about the use of general

immunohistochemical markers, such as synaptophysin

and chromogranin A [14, 34, 35] and about the

inclusion in reports of architectural patterns, the

presence of oncocytic cells, clear cells, gland forma-

tion, degenerative nuclear atypia and abnormalities or

proliferative changes in tissue adjacent to the tumour

(i.e. neuroendocrine hyperplasia in type 1 or 2 gastric

NETs, pancreatic microadenomas in MEN-1, etc.) [34,

35]. Guidelines that regard the use of general neuro-

endocrine immunohistochemical markers as optional

consider it necessary when examining poorly differen-

tiated tumours and metastatic lesions [14].

• For biopsies of metastatic tumours of unknown origin,

in addition to the generic neuroendocrine markers, the

immunohistochemical test panel should include tissue

markers that point to a specific site, such as TTF-1 for

lung, CDX-2 for intestine or pancreas and ISI-1 for

pancreas. When interpreting these results, it must be

remarked that negative findings with these markers do

not rule out the site under investigation [14] and that

TTF-1 may be positive in extrapulmonary NETs.

• When assessing immunohistochemical stains, issues to

bear in mind are the non-specificity of synaptophysin

(positive in lesions of the adrenal cortex) and the

peculiarities of chromogranin A staining (negative in

rectal NETs and little or none in NECs) [34]. The

diagnosis of NETs should be based on at least

demonstrating one of the two neuroendocrine markers

(synaptophysin and chromogranin A). If any of these

are negative, the use of less specific markers, such as

NSE, CD56, PGP9.5, CD57 and chromogranin B, is

optional and may be considered [35]. Likewise, it is not

essential to use CKs or p53, despite the fact that CK19

expression in pancreatic tumours has been said to entail

an adverse prognosis [14].

• Specific hormone markers for certain endocrine cell

types found in the digestive tract and pancreas are

optional and only recommended for use in certain

circumstances, such as confirming the existence of a

specific hormonal syndrome, identifying the cell line-

age of gangliocytic paragangliomas, or in lymph-node

or liver metastases of well-differentiated NETs of

unknown primary. In the latter case, clues can be

obtained about the possible primary origin of the lesion,

e.g. the presence of serotonin points to an origin in the

terminal ileum, the presence of gastrin suggests the

duodenum or pancreas and the presence of glucagon

points to the pancreas [34].

• Also considered optional are immunostaining for

somatostatin receptors, such as SSTR2, because this

is useful for diagnosis and therapy [34], immunostain-

ing with vascular markers to identify angio-invasion

[14, 34], and the use of immunohistochemical markers

potentially helpful for therapy (MGMT, VEGFR and
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mTOR) or for assessing biological aggressiveness

(EGFR, HGF, CD44), as these have not been validated

to justify their routine use [14].

• If metastases have been resected, the site, number and

dimensions of the largest lesion should be stated, as

well as the percentage of organ involved [14].

Diagnosis

In order to make the pathological diagnosis, the following

procedures must be carried out:

• Classification of the lesions. The latest WHO clas-

sification (2010) [17] establishes two main categories,

i.e. NET and NEC. Nevertheless, because of the

recent change in terminology, the former terminology

or another more classical terminology can optionally

be added in brackets with the corresponding

reference.

• Tumour grade. This is based on the ENETS criteria, i.e.

mitotic index and/or Ki-67 proliferative index.

• TNM stage. Stages vary depending on the tumour site.

The system used should be specified (ENETS and/or

AJCC) as there are certain important differences

between the two main staging systems (Table 1).

• Type of cellularity and functionality. This should only

be stated for clinical/pathological correlation. The

suffix -OMA preceded by the hormone name should

only apply to tumours with a clinical syndrome related

to hormone overproduction. If the only evidence of

hormone secretion comes from immunostaining, the

wording used should be ‘‘NET with immunohistochem-

ical demonstration of (specific hormone)’’.

• If the tumour has a mixed morphological phenotype

with neuroendocrine and glandular epithelial structures,

the extent of these should be specified. If one of them

exceeds 30 % of the entire lesion, the term mixed

adenoneuroendocrine carcinoma (MANEC) should be

used [17, 35]. Combinations with squamous cell

carcinoma or adenomas are very uncommon [35].

Remarks

• No NET should be reported as benign, other than that in

exceptional circumstances such as the subset of

pancreatic or gastric tumours measuring\0.5 mm [14].

• The main differences between the staging systems

proposed by ENETS and the AJCC/Union for Interna-

tional Cancer Control (UICC) concern two main issues,

i.e. the type of lesions included (the AJCC/UICC

classification does not consider NECs) and the T-defin-

ing criteria at some specific sites, such as the pancreas

and the appendix (Table 1) [16].

Clinical issues

Diagnostic serum biomarkers

General biomarkers

Chromogranin A is currently the most widespread serum

biomarker for the diagnosis of GEP-NETs (Table 5). This

is because it is co-secreted with other hormones by neu-

roendocrine cells, and this property persists when these

cells become neoplastic. Chromogranin A has a diagnostic

sensitivity of 60 % when all grades and stages of GEP-

NETs are taken into consideration.

Various methods of testing for chromogranin A exist,

the most sensitive and specific being radioimmunoassay

(RIA) and ELISA [37]. However, proton pump inhibitor

treatment, atrophic gastritis, inflammatory bowel disease,

stress, essential arterial hypertension and kidney, heart or

liver failure can raise Chromogranin A levels (false posi-

tives). Elevated chromogranin A can also occur in other

malignant tumours of non-neuroendocrine lineage [37].

Chromogranin A levels tend to be correlated with

tumour volume and the clinical course of the disease, and

these markers are also useful for monitoring response to

various treatment strategies [38]. NSE is another non-

specific biomarker that can be raised in neuroendocrine

tumours with a high tumour burden, poor histological dif-

ferentiation or a high rate of cell death [38].

Specific biomarkers

For pancreatic NETs, pancreatic polypeptide may be useful

for the early detection of NETs of pancreatic origin in the

context of MEN-1, although this is controversial because of

its low sensitivity (75 %). In the absence of a clinical

syndrome to warrant it, serum tests for an extensive set of

hormones are not indicated in non-functioning NETs. In

contrast, functioning pancreatic tumours should be tested

for specific biomarkers such as VIP, glucagon, somato-

statin, GHRH or ACTH, as indicated by the patient’s

clinical features [9, 39, 40].

With regard to intestinal NETs, endocrine tumours of

the jejunum and ileum produce serotonin, but because of

the hepatic first-pass effect this secretion only gives rise to

carcinoid syndrome in patients who have developed liver

metastases. Quantification of the urinary excretion of the

principal metabolite of serotonin, 5-hydroxyindoleacetic

acid (5-HIAA), is 73 % sensitive and 100 % specific for

detecting the presence of an advanced NET of midgut

origin [40, 41]. Duodenal tumours should be tested selec-

tively for serum gastrin, somatostatin, 24-hour urinary

5-HIAA, GHRH and urinary cortisol, depending on the
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patient’s symptoms. Patients with MEN-1 should be tested

for somatostatin, gastrin, chromogranin A, prolactin, glu-

cagon, insulin, parathyroid hormone, plasma glucose and

ionic calcium [42].

For tumours of colorectal origin, chromogranin A may

be raised and could reflect tumour burden [40]. However,

5-HIAA is generally negative. Acid phosphatase levels

may be elevated in tumours that test positive for prostate-

specific acid phosphatase [43]. Levels of chorionic

b-gonadotrophin may also be elevated [44].

A diagnosis of insulinoma can be established using six

criteria [45], which include blood glucose levels (\40 mg/dl),

insulin levels (C6 lU/l), C-peptide levels (C200 pmol/l),

proinsulin levels (C5 pmol/l), b-hydroxybutyrate levels (B2.7

mmol/l) and absence of sulfonylurea in plasma and urine.

The diagnosis of gastrinoma is based on the existence of

hypergastrinaemia ([100 pg/ml) in the presence of fasting

hypersecretion of gastric acid. Whenever possible, proton

pump inhibitors should be discontinued for at least a week

and H2-blockers for 3 days before this test is performed. A

gastrin value of over 1,000 pg/ml is highly suggestive of

gastrinoma. However, 0.5 % of patients have normal serum

gastrin levels. If fasting gastrin is elevated in the tenfold

range and gastric pH is\2, a basal acid output (BAO) test

should be done. Eighty-five per cent of patients with no

history of gastric surgery will have a BAO of over

15 mEq/h [46]. Provocation tests, such as the secretin test,

should be reserved for dubious cases, e.g. in patients with

insufficiently high gastrin and acid hypersecretion.

Prognostic biomarkers

Chromogranin A

Chromogranin A is often elevated in GEP-NETs, with a

sensitivity of 64–100 % and a specificity of 85 %, and the

proportion of patients with elevated chromogranin A is

higher the greater the extent of the disease. Thus, 73 % of

patients with metastatic involvement compared with 26 %

of those with localised disease have raised serum chro-

mogranin A (p \ 0.01), although this varies depending on

the NET phenotype [47, 48]. Higher levels of chromogra-

nin A have been described in gastrinomas, NETs of ileal

origin and GEP-NETs associated with MEN-1.

Table 5 Diagnostic serum biomarkers

Marker General/specific

(tumour)

Diagnostic range* Remarks

Chromogranin A General Suspect if[100 ng/ml Chromogranin A concentration seems to be correlated with

tumour mass in patients with untreated NETs

NSE General \12.5 ng/ml Hard to assess during either diagnosis or follow-up

Pancreatic

polypeptide

General [100 pmol/l Increased chromogranin A sensitivity in both pancreatic NETs

and carcinoids

ACTH, PTHrp,

GHRH

General Depends on laboratory Ectopic secretion in pancreatic tumours, carcinoids of the

foregut and aggressive carcinoids. Cause Cushing’s

syndrome, hypercalcaemia and acromegaly, respectively

5-HIAA Specific (carcinoid) [450 ng/ml urine Measurement requires appropriate diet

Insulin Specific (insulinoma) [6 lIU/ml plasma See text for insulinoma criteria

Proinsulin Specific (insulinoma) [25 pmol/l See text for insulinoma criteria

Glucagon Specific (glucagonoma) [500–1,000 pg/ml Raised in uncontrolled diabetes, fasting, hypoglycaemia, acute

pancreatitis, abdominal surgery, Cushing’s syndrome, kidney

or liver failure, sepsis, trauma, AMI, acromegaly

VIP Specific (VIPoma) [100 ng/l (generally

[900 ng/l)

Intermittent secretion

Gastrin Specific (gastrinoma) [100 ng/l (generally

[1,000 ng/l)

Raised with proton pump inhibitors, H2-blockers, chronic

atrophic gastritis, pernicious anaemia, stomach cancer,

achlorhydria, antral G-cell hyperplasia/hypertrophy,

inflammatory bowel disease, digestive diseases, H. pylori,

post-vagotomy, bowel resection, kidney failure, liver failure

and hypercalcaemia

Somatostatin Specific (somatostatinoma) [160 pg/l May be positive in small-cell lung tumours, medullary thyroid

carcinoma and phaeochromocytoma

5-HIAA 5-hydroxyindoleacetic acid, ACTH adrenocorticotrophic hormone, AMI acute myocardial infarction, GHRH growth hormone-releasing

hormone, NET neuroendocrine tumour, NSE neuron-specific enolase, PTHrp parathyroid hormone-related protein, VIP vasoactive intestinal

peptide

* Always check the range for the laboratory doing the test
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A chromogranin A concentration three times above the

upper limit of normal is associated with shorter survival

time in patients with GEP-NETs, but chromogranin A

levels also vary according to the grade of tumour differ-

entiation. In a study of 63 patients with NETs, the

diagnostic accuracy of chromogranin A was 76 % for

well-differentiated NETs, 68 % for well-differentiated

neuroendocrine carcinomas and 50 % for poorly differen-

tiated tumours [47–50].

Chromogranin A is also a useful marker for assessing

the therapeutic response, provided it is detectable before

the intervention. Reductions in its serum concentration

have been observed after surgery, liver transplantation,

radionuclide therapy and various medical treatments

[38, 47–52].

5-HIAA

Measuring 5-HIAA in 24-h collected urine is the most useful

test for the diagnosis of carcinoid syndrome. It has a sensi-

tivity of[70 % and a specificity of close to 100 % if false

positive elevations caused by the intake of some foods or

drugs are ruled out. In carcinoid tumours of the midgut,

urinary 5-HIAA levels are related to tumour volume and

disease prognosis. Carcinoid tumours of the foregut, mainly

bronchial carcinoids, tend not to produce 5-hydroxytrypto-

phan (5-HTP). However, they sometimes produce an atypi-

cal carcinoid syndrome as a result of histamine secretion by

the tumour. In these cases, testing for histamine and its

metabolites in 24-h urine may be useful for diagnosis and

monitoring of the disease [53].

NSE

NSE is located in the cytoplasm and, unlike chromogranin

A, is not secreted. Its diagnostic sensitivity in GEP-NETs is

low (32–47 %) and similar in carcinoid and pancreatic

tumours (42–47 % and 37–45 %, respectively). Its plasma

concentrations tend to rise in more aggressive tumours (G3,

high tumour burden) and this is associated with a worse

prognosis [49–52].

Ki-67

Various studies confirm the prognostic value of the Ki-67

index, with a higher proliferative index associated with a

lower survival. In fact, the most recent NET classification

systems (ENETS or the WHO classification) include it as a

fundamental part of the assessment and prognostic strati-

fication of these tumours [7, 54, 55]. Evidence also sug-

gests that the higher the proliferative index, the more

chance there is that a tumour will respond to conventional

cytotoxic chemotherapy treatment. Thus, no benefit is

likely to be seen with tumours that have proliferative

indices of \10 %.

Predictive biomarkers

The search for biomarkers predictive of response or resis-

tance to cancer treatments has experienced a boom in the

past few years with the advent of new targeted therapies.

The aim of these predictive biomarkers is to improve

selection of patients most likely to benefit from these

agents and/or to avoid costly, toxic treatments in refractory

patients. This allows to improve the risk/benefit ratio of

these therapies, and to optimise the rational use of available

resources.

Angiogenesis inhibitors

In general, NETs are well-vascularised tumours with high

expression of molecular markers related to angiogenesis

and involved in tumour proliferation and growth [56]. In a

Phase II study evaluating the efficacy of sunitinib treatment

in 109 patients with metastatic NETs, plasma levels of

various soluble proteins related to the angiogenesis process

were analysed: VEGF, sVEGFR2, sVEGFR3 and IL-8. The

greatest clinical benefit was seen in patients with high

baseline levels of sVEGFR2 and VEGF and low baseline

levels of IL-8, and in patients with greater reductions in

sVEGFR2-3 levels and greater increases in IL-8 levels

during treatment [57].

Unfortunately, the randomised Phase III study that

granted sunitinib approval for the treatment of pancreatic

NETs did not analyse these biomarkers, so the chance to

develop valuable tools to enable better patient selection in

clinical practice was lost. In a recent observational study,

polymorphisms in CYP3A5, VEGF-A and VEGFR2 were

determined in 24 patients with NETs treated with sunitinib

and correlated with the likelihood of developing treatment-

induced toxicity. The results showed that polymorphisms

rs699947 in VEGF-A and rs776746 in CYP3A5 were

predictive factors for greater toxicity and the risk of dose

reduction [58].

mTOR inhibitors

The PI3K-AKT-mTOR pathway plays a major role in the

pathogenesis of NETs. Protein expression and molecular

profiling studies have demonstrated loss of expression of

tuberous sclerosis protein 2 (TSC2) and phosphatidylino-

sitol-3,4,5-trisphosphate 3-phosphatase (PTEN) in 80 % of

pancreatic NETs, as well as mutations in various genes in

the mTOR pathway in 15 % of cases [27, 59]. Although

loss of TSC2 and PTEN gene expression has been linked to

patient prognosis, the correlation between the various
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molecular alterations described and response to inhibitors

of the mTOR pathway has not yet been evaluated in clin-

ical practice.

However, a recently published study analysed mTOR

pathway status in various rapamycin-sensitive and rapa-

mycin-resistant cell lines in murine models of NETs and

breast cancer and in paired biopsies from 19 patients with

NETs treated with everolimus and octreotide. The study

demonstrated that rapamycin-sensitive cell lines more

often harboured mutations in PI3KCA and PTEN and had

greater AKT phosphorylation. Also, patients with high

baseline levels of phosphorylated AKT and a greater

increase in phosphorylated AKT during treatment had

longer progression-free survival and were more likely to

achieve a partial response to treatment [60]. The value of

molecular alterations in PI3KCA/PTEN, as well as baseline

levels and changes in phosphorylated AKT, in predicting

the response to mTOR inhibitors should be validated in

future prospective trials properly designed for that purpose.

MGMT

O6-methylguanine-DNA methyltransferase (MGMT) is an

enzyme that repairs DNA damage induced by alkylating

agents. The absence or low expression of tumour MGMT

as measured by immunohistochemical techniques has been

associated with greater sensitivity to these drugs in the

context of various cancers [61]. In the NET setting, loss of

expression of this enzyme has been observed in approxi-

mately half of tumours of pancreatic origin, but is extre-

mely rare in tumours of intestinal origin. Retrospective

studies suggest that MGMT deficiency is associated with

greater sensitivity to temozolomide treatment [62].

Functional and molecular imaging

Octreotide scan

Octreotide scanning is the standard tool for diagnosis,

localisation, staging and selection of patients eligible for

treatment with somatostatin analogues or radionuclides

[63]. This technique employs the radioactive tracer 111In-

D-Phe-octreotide, which is highly sensitive for detecting

tissue with somatostatin receptors and has a long half-life,

which requires readings to be made 24 and 48 h after its

administration. In patients being treated with somatostatin

analogues, the octreotide scan should be done just before

the next dose is given, to prevent false negatives. On the

other hand, this technique can give rise to false positives in

patients with chronic inflammatory diseases, granuloma-

tosis, haemangiomas, recent surgery, or other malignancies

such as cholangiocarcinoma, lymphoma, breast cancer or

prostate cancer.

Expression of somatostatin receptors, and hence sensi-

tivity to this test, is 80 % in enteric carcinoid tumours and

50–80 % in NETs of pancreatic origin. Within these two

large groups, however, sensitivity varies depending on the

subtype of NET, being over 90 % in NETs of midgut

origin, over 80 % in gastrinomas, 70 % in PPomas, glu-

cagonomas and VIPomas, but less than 50 % in insulino-

mas. The specificity of this technique, however, is close to

100 %, being higher with a combination of octreotide scan,

SPECT and CT scan [64].

MIBG

Scintigraphy with 123I-metaiodobenzylguanidine (MIBG),

a noradrenaline analogue, is the investigation of choice for

phaeochromocytomas or paragangliomas, but is less sen-

sitive in carcinoid tumours, in which it is used when other

tests fail or to decide on the potential indication of MIBG

treatment [65].

PET (HTP, DOPA, 68Ga, FDG)

The existence of a very active amino-acid transporter and

of cell-membrane hormone receptors in NET cells explains

the high affinity of these tumours for radiopharmaceuticals

such as 18F-DOPA and, especially, gallium-68 DOTA

(68Ga-DOTA) [66] and HTP, which are used in positron

emission tomography (PET) and allow the detection of up

to 20–30 % more lesions than with other tests [67]. The

advantages over octreotide scanning include greater spatial

resolution (of up to 3 mm), sensitivity and specificity. They

also have greater ability to detect tumours expressing low

levels of somatostatin receptors, such as insulinomas,

which can be negative in octreotide scans. Moreover, this

technique is more convenient for the patient as additional

visits 24 and 48 h after administration of the radiophar-

maceutical are not required [68]. Poorly differentiated

NECs, with no hormone secretion, tend not to be detected

by either of these techniques (octreotide scan or PET with

HTP, 18F-DOPA or 68Ga-DOTA). However, these tumours,

which generally have a high proliferative index (Ki-67),

tend to show high activity with radiopharmaceuticals such

as 18F-fluorodeoxyglucose (FDG), which is the one most

commonly used in neoplasms of non-neuroendocrine

lineage [69, 70].

Evaluation of familial cancer risk

GEP-NETs tend to be sporadic, but can occasionally

appear in the context of familial cancer syndromes such as

MEN-1 or VHL. A discussion of the criteria and applica-

tions for diagnostic tests in these contexts is beyond the
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scope of these guidelines. However, in the presence of

clinical evidence (young patients, family history, or coex-

istence of other tumours typical of these syndromes) or

suggestive pathology (multiple tumours, islet cell dyspla-

sia, clear cells) it is advisable for molecular tests to begin at

the level of the index cases.

Conclusions

This article includes a discussion of the main clinical and

pathological features of GEP-NETs, together with recom-

mendations for clinicians and pathologists on how to use

current available serum and tissue markers in this context.

It should be stressed that this document reflects the

majority views agreed at the time of writing.
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