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a b s t r a c t 

Background: Pancreatic neuroendocrine neoplasms are a heterogenous group of rare tumors whose nat- 

ural history remains poorly defined. Accurate prognostication of pancreatic neuroendocrine neoplasms 

is essential for guiding clinical decisions. This paper aims to summarize all the commonly utilized and 

recently proposed prognostication systems for pancreatic neuroendocrine neoplasms published in the lit- 

erature to date. 

Methods: A systematic review of Pubmed, Scopus, and Embase databases, of the period from January 1, 

20 0 0–November 29, 2016, was conducted to identify all published articles reporting on prognostication 

systems of pancreatic neuroendocrine neoplasms. 

Results: A total of 23 articles were included in our review, and a total of 25 classification systems were 

identified. There were 2 modifications of the World Health Organization 2004 criteria, 4 modifications of 

the World Health Organization 2010 criteria, 2 modifications of the American Joint Committee on Cancer 

2010 staging system, 3 modifications of the European Neuroendocrine Tumor Society 2006 tumor, node, 

metastasis staging system, 7 novel categorial classification systems, and 2 novel proposed continuous 

classifications. The most commonly included variables included age, size of tumor, presence of distant 

and lymph node metastases, Ki-67 index, and mitotic count. 

Conclusion: Numerous prognostication systems have been proposed for pancreatic neuroendocrine neo- 

plasms, of which the most commonly used systems presently include the World Health Organization 2010 

criteria and the two tumor, node, metastasis staging systems by the European Neuroendocrine Tumor So- 

ciety and the American Joint Commission on Cancer. However, prognostication systems for pancreatic 

neuroendocrine neoplasms continue to evolve with time as more prognostication factors are identified. 

More validation and comparative studies are needed to identify the most effective prognostication sys- 

tem. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Pancreatic neuroendocrine neoplasms (PNENs) are a rare entity

and comprise less than 2% of all pancreatic neoplasms. 1,2 The clin-

ical incidence for PNENs is reported to be less than 0.25 to 1 in

10 0,0 0 0 in the United States, 2 although the incidence of PNENs has

been increasing in recent years with the increasing widespread use
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f cross-sectional imaging, resulting in the increased detection of

ncidentalomas. 3,4 PNENs are widely heterogenous tumors and may

ary in their presentation and prognosis. Although most are likely

o be benign and indolent tumors, some PNENs follow a more ag-

ressive course. Despite effort s to elucidate prognostic factors, the

atural history and prognosis of PNENs have remained poorly de-

ned and difficult to predict. 

The clinical presentation of PNENs may be largely classified

nto functional and nonfunctional tumors. Functional tumors in-

lude insulinomas, gastrinomas, somatostatinomas, glucagonomas,

nd VIP-omas. Insulinomas follow the most benign course: 10% of

nsulinomas have metastatic potential in comparison with 50% of
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omatostatinomas. 5 Furthermore, 5-year survival rates for insulino-

as have been reported to be as high as 97% in comparison with

0% for nonfunctioning tumors. 6 

At present, surgery remains the only curative mode of treat-

ent for PNENs and is the treatment of choice for most tumors in

urgically fit patients, with good life expectancy. 7–9 However, de-

pite advances in surgical techniques, pancreatic surgeries remain

ssociated with high morbidity rates. 10 This presents a clinical

ilemma because PNENs may follow a long and indolent course.

ence, accurate prognostication of PNENs is crucial to guide clini-

al decisions regarding treatment plans and for clinicians to coun-

el patients appropriately. 

Numerous studies have been conducted to identify prognostic

actors for PNENs, and commonly recognized factors include tumor

ize, presence of metastases, lymph node status, tumor margins,

nd tumor characteristics. 11 Many prognostication systems have

een suggested for prognosticating PNENs based on various com-

inations of prognostic factors, although there remains a lack of

onsensus with regard to the most effective prognostication sys-

em for classifying PNENs. In the face of numerous prognostica-

ion systems, there is potential for confusion and communication

ifficulties when various systems are utilized. This systematic re-

iew aims to summarize all the commonly utilized and recently

roposed prognostication systems for PNENs published in the lit-

rature to date. 

ethods 

A literature review was performed using the Pubmed, Sco-

us, and Embase databases, of the period from January 1, 20 0 0–

ovember 29, 2016, to identify all published articles report-

ng on prognostication systems of PNENs. The key words used

n the search include (“pancreatic neuroendocrine” or “pancre-

tic endocrine”) AND (“staging” OR “grading” OR “classification”

R “prognos ∗”). Key references of shortlisted articles were also

earched manually to identify additional relevant articles. The

earch results were obtained (by R.T. and T. Teo), and final inclu-

ion was discussed with senior author (B.K.G.). This study was con-

ucted in accordance with the Preferred Reporting Items for Sys-

ematic Reviews and Meta-Analyses (PRISMA) guidelines. 

nclusion and exclusion criteria 

The inclusion criteria for this study included the following: (1)

nglish language articles, (2) full-text articles, (3) articles validat-

ng or proposing new prognostication systems for PNENs, and (4)

ultivariate analysis of prognostic indicators of mortality. The ex-

lusion criteria included the following: (1) abstracts, letters, edito-

ials, expert opinions, reviews, and case reports; (2) articles writ-

en in languages other than English; (3) articles only looking at

ecurrence-free survival; (4) articles evaluating gastroenteropancre-

tic neuroendocrine tumors as a whole; (5) animal studies; and (6)

verlapping studies. Only the most recent study for a single center

as included for overlapping studies. 

ata extraction and statistical analysis 

Data from full-text articles were extracted and included

rognostication method, score calculation, study cohort, validation

ohort, variables used, results of comparison with other prognosti-

ation systems, and year published. No statistical analysis was re-

uired for this study 

esults 

The Pubmed search yielded 427 results, the Embase search

ielded 1,527 results, and the Scopus search returned 1,105 results
 Fig. 1 ). A total of 12 additional studies were identified from the

eference list of studies (1,438 duplicate articles were excluded,

nd 1,633 articles underwent abstract review). A total of 1,546 arti-

les were excluded via study types (including case reports, review

rticles, and conference abstracts). Finally, 87 articles were selected

or full-text review and 23 articles were eventually included in our

tudy, which are summarized in Table 1 . 

ummary of clinical prognostication systems 

A total of 25 classification systems were described, of which 22

ere categorical and 3 were continuous systems. These included

he following: 

• The original World Health Organization (WHO) criteria in

20 0 0, 12 the revised WHO classification in 2004, 13 and its re-

visions by Schmitt et al. 14 in 2007 and by La Rosa et al. 15 in

2009 15 

• The WHO 2010 classification system, 16 which was modified

from the European Neuroendocrine Tumor Society (ENETS)

grading system, 17,18 and its subsequent revisions by Scarpa

et al., 19 Hamilton et al., 20 Ricci et al., 21 and Kaltenborn et al. 22 

• The American Joint Commission on Cancer (AJCC) 6th edition 

1 

and the 7th edition of the tumor, tumor, node, and metastasis

(TNM) staging system 

23 and its subsequent revisions by Martin

et al. 24 and by Qadan et al. 25 

• The ENETS TNM staging system 

17,18 and its revisions by Scarpa

et al., 19 Luo et al., 26 and Ye et al. 27 

In addition, various studies have proposed novel classification

ystems in a bid to improve prognostication for PNENs, most

f which have not undergone external validation and are not

idely utilized—the Bilimoria score in 2008, 28 the Memorial Sloan-

ettering Cancer Center (MSKCC) grading and staging criteria, 29 the

hang immunohistochemistry grading system proposed in 2009, 30 

he Botsis criteria in 2010, 31 the Zhang histopathologic grading sys-

em in 2011, 32 the Kaltenborn 3-year survival score, 22 and the Ye

rading system in 2016. 27 Ellison et al. 33 and Ye et al. 27 each pro-

osed a continuous system with nomograms in 2014 and 2016,

espectively. The most commonly included variables included age,

ize of tumor, presence of distant and lymph node metastases, and

roliferation index in the form of mitotic count or Ki67 index.

able 2 summarizes the current available prognostication systems

or assessing prognosis of PNENs. 

istorical development of the prognostication systems 

In 1995, Capella et al. 34 recommended the first prognostication

ystem for lung, pancreatic, and intestinal neuroendocrine tumors

ased on consensus expert opinion. Tumors were evaluated based

n predominant cell type; degree of differentiation; presence of

linical syndrome; tumor size; and presence of local, vascular, and

istant metastases; and divided into four groups: benign, unknown

otential, low malignancy, and high malignancy. Numerous studies

ave since validated this classification system and demonstrated its

sefulness in prognostication. 35–37 This system formed the basis of

he WHO classification in 20 0 0 (that included all Gastroenteropan-

reatic neuroendocrine neoplasms (GEP-NENs)) and 2004 (that in-

luded only PNENs). Importantly, in addition to size of tumors, the

HO 2004 revised classification included proliferation activity (as

etermined by mitotic count or Ki67 index) as a criterion to dis-

inguish between benign and uncertain behavior PNENs. 

In 2002, MSKCC 

38 developed a nomogram to predict the

isease-specific survival of patients and modified it again in

007. 29 The group defined staging based on tumor size ( > 2 cm)

nd the presence of metastases and defined grading based on mi-

otic rate and presence of necrosis. Subsequently, in 2006, ENETS
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Table 1 

Shortlisted articles and their proposed prognostication system. 

Number Author/year Prognostication system Variables included Remarks 

Classification systems 

1 Solcia et al. 20 0 0 12 WHO 20 0 0 Predominant cell type, degree of 

differentiation, presence of clinical 

syndrome, tumor size, presence of 

local and angioinvasion, presence 

of distant metastases 

Formulated based on consensus opinion, modified from the Capella classification proposed 

in 1995 

2 Heitz et al. 2004 13 WHO 2004 Tumor invasion, size, mitotic count, 

Ki-67 index, presence of 

angioinvasion or perineural 

invasion, presence of distant 

metastases 

Formulated based on consensus opinion, modified from the WHO 20 0 0 and the Capella 

classification proposed in 1995 

3 Rindi et al. 2006 17,18 ENETS TNM Tumor size and invasion, lymph 

nodes, metastases 

Formulated based on consensus opinion, modified from the WHO 20 0 0 and the Capella 

classification proposed in 1995 

4 Rindi et al. 2006 17,18 / 

Bosman et al. 2010 16 

ENETS Grading/ WHO 2010 Ki-67 index, mitotic count Adapted from the ENETS grading system proposed in 2006, formulated based on 

consensus opinion of 62 experts 

5 Bilimoria et al. 2007 1 AJCC 6th edition Tumor size and invasion, lymph 

nodes, metastases 

Validated use of AJCC 6th edition classification for exocrine pancreatic tumors on PNENs; 

based on 4,793 patients from the National Cancer Database 

6 Schmitt et al. 2007 14 Schmitt modified WHO 

2004 criteria 

Tumor size, number of mitosis, 

Ki-67 index, presence of 

angioinvasion, presence of gross 

local invasion, presence of 

metastases and CK-19 index 

Adapted from the WHO 2004 criteria based on a single institution of 216 patients; no 

external validation 

7 Bilimoria et al. 2008 28 Bilimoria score Age, grade, and presence of distant 

metastases 

Formulated based on 3,851 patients from the National Cancer Database; externally 

validated by Goh et al. 2 

8 Ferrone et al. 2007 29 MSKCC criteria Grading: tumor mitotic count 

(mitoses/50hpf) and necrosis 

Staging: size and presence of 

metastases/ nodal metastases 

Formulated based on a prospective database of 183 patients; externally validated by Goh 

et al. 2 and Botsis et al. 31 

9 La Rosa et al. 2009 15 La Rosa grading criteria WHO 20 0 0 criteria, tumor 

differentiation and mitotic count 

Formulated based on a single institution database of 155 patients 

10 Zhang et al. 2009 30 Zhang 

immunohistochemistry 

grading system 

KIT and CK expression Formulated based on a single institution database of 97 patients; no external validation 

11 Edge et al. 2010 23 AJCC 7th edition Tumor size and invasion, lymph 

nodes, metastases 

Adapted from AJCC 6th edition TNM classification for exocrine pancreatic tumors 

12 Botsis et al. 2010 31 Botsis criteria Presence of distant metastases, 

elevated AST, age at diagnosis > 60 

years, presence of 

perineural/lymphovascular invasion 

Formulated based on a single institution database of 98 patients; no external validation 

( continued on next page ) 
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Table 1 ( continued ) 

Number Author/year Prognostication system Variables included Remarks 

13 Scarpa et al. 2010 19 Scarpa modified TNM 

staging 

Tumor size and invasion, presence 

of distant metastases, lymph nodes 

Formulated based on a single institution database of 274 patients; modified TNM criteria 

not externally validated 

Scarpa modified Ki-67 

grading criteria 

Ki-67 index Externally validated by Martin-Perez et al., 42 Khan et al., 39 Bettini et al., Panzuto et al., 40 

and Rindi et al. 

14 Martin et al. 2011 24 Martin staging criteria Tumor size and invasion, grade, 

presence of distant metastases or 

lymph node metastases 

Formulated based on 6,447 patients from the SEER series and 300 patients from a 

prospective database; no external validation 

15 Zhang et al. 2011 32 Zhang histopathologic 

grading 

Mitotic count, presence of necrosis 

and infiltrating borders 

Formulated based on a single institution database of 97 patients; no external validation 

16 Hamilton et al. 2012 20 Hamilton (modified Ki-67) 

criteria 

Ki-67 index Formulated based on asingle institution database of 140 patients; no external validation 

17 Ricci et al. 2014 (21) Ricci modified WHO 2010 Ki-67 index Formulated based on a single institution database of 64 patients 

18 Qadan et al. 2014 25 Qadan modified TNM 

staging 

Size, presence of distant 

metastases, lymph nodes 

Formulated based on 1,202 patients from the SEER database; no external validation 

19 Kaltenborn et al. 2016 22 Kaltenborn mortality after 

surgery score 

Ki-67 index, pr-operative platelet 

count 

Formulated based on a single institution database of 41 patients; no external validation 

Kaltenborn observed 3-year 

survival score 

Preoperative platelet count, 

minimal distance of resection 

margin from tumor in millimeters, 

number of positive lymph nodes, 

histologic tumor infiltration 

20 Ye et al. 2016 27 Ye grading system Functional status and mitotic count Formulated based on a single institution database of 78 patients; no external validation 

21 Luo et al. 2016 26 Luo (modified TNM) 

criteria 

Tumor size and invasion, lymph 

nodes, metastases 

Formulated based on 2,529 patients from the SEER series and 1,143 patients from a 

multicentric series; no external validation 

Nomograms 

1 Ellison et al. 2014 33 Ellison nomogram Ki-67 index, age at surgery ( > 63 

versus < 63 years), sex 

Formulated based on a single institution database of 326 patients; no external validation 

2 Ye et al. 2016 27 Ye grading nomogram Functional status and mitotic count Formulated based on a single institution database of 78 patients; no external validation 

Ye modified ENETS 

nomogram 

Tumor size and invasion, nodal 

status, mitotic count, functional 

status, and mitotic count 
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Table 2 

List of proposed prognostication systems for PNENs. 

Capella  Group 1- Well differentiated endocrine tumour; benign behaviour: confined to pancreas; non angioinvasive; <20mm in size; functioning or nonfunctioning 
Group 2- well differentiated endocrine tumour; uncertain behaviour: confined to pancreas; angioinvasive or >20mm in size; functioning or non functioning 
Group 3- well differentiated endocrine carcinoma; low group malignant carcinoma, with group local involvement or metastases; functioning or nonfunctioning 
Group 3- poorly differentiated endocrine carcinoma; high group malignant carcinoma (small to intermediate cells) 

WHO 2004  Well differentiated endocrine tumour with benign behaviour 
- Confined to pancreas, <2cm in diameter, ≤2 mitoses/ 10hpf, ≤2 Ki-67 positive cells, no angioinvasion or perineural invasion 
Well differentiated endocrine tumour with uncertain behaviour 
- Confined to pancreas and ≥1 of the following features: 2cm in diameter, >2 mitoses/ 10hpf, >2 Ki-67 positive cells, angioinvasion, perineural invasion 
Well differentiated endocrine carcinoma, low grade malignancy
- Macroscopic local invasion or metastases 
Poorly differentiated endocrine carcinoma, high grade malignancy
- >10 mitoses/ 10 hpf

WHO 2010/ ENETS 
grading  

ENETS grading system: WHO 2010 classification: 
G1: <2 mitoses/10 hpf and <2% Ki67 index Well differentiated pancreatic neuroendocrine tumours 
G2: 2-20 mitoses/10 hpf or 2- 20 Ki67 index • G1: <2 mitoses/10 hpf and <2% Ki67 index
G3- >20 mitoses/10 hpf or >20% Ki67 • G2: 2-20 mitoses/10 hpf or 2- 20 Ki67 index

Poorly differentiated pancreatic neuroendocrine carcinomas 
• G3: >20 mitoses/10 hpf or >20% Ki67
Mixed adenoneuroendocrine carcinomas
• G3 tumours containing non-neuroendocrine components 

AJCC TNM 7th Edition T1- T<2cm, confined to pancreas N0- Regional nodes not involved M0- Distant metastases absent 
T2- T> 2cm, confined to pancreas N1- Regional nodes involved M1- Distant metastases present 
T3- Tumour extends beyond pancreas, but does not involve superior mesenteric artery 
or coeliac axis NX-Regional nodes not assessed 

T4- Tumour involves superior mesenteric artery or coeliac axis 

Stage IA- T1 N0 M0
Stage IB- T2 N0 M0
Stage IIA- T3 N0 M0
Stage IIB- T1/2/3 N1 M0
Stage III- T4 any N M0
Stage IV- any T any N M1

ENETS TNM T1- T<2cm, limited to pancreas N0- Regional nodes not involved M0- Distant metastases absent 
T2- T as 2-4 cm, limited to pancreas N1- Regional nodes involved M1- Distant metastases present 
T3- T>4cm, but limited to pancreas or invading duodenum or bile duct NX-Regional nodes not assessed 
T4- Tumour invading adjacent organs (stomach, spleen, colon, adrenal gland) or walls of
large vessels (superior mesenteric artery or coeliac axis)

Stage I- T1 N0 M0
Stage IIA- T2 N0 M0
Stage IIB- T3 N0 M0
Stage IIIA- T4 N0 M0
Stage IIIB- any T N1 M0
Stage IV- any T any N M1

Bilimoria score Age Grade Distant metastases 
0: <55 0: well/ moderately differentiated 0: none 
1: 55- 75 1: poorly differentiated 1: liver 
2: >75 3: other distant metastases
Score 1: 04
Score 2: 1-2
Score 3: ≥3

Luo modified TNM 
criteria

T1- T<2cm, limited to pancreas N0- Regional nodes not involved M0- Distant metastases absent 
T2- T as 2-4 cm, limited to pancreas N1- Regional nodes involved M1- Distant metastases present 
T3- T>4cm, but limited to pancreas or invading duodenum or bile duct NX-Regional nodes not assessed 
T4- Tumour invading adjacent organs (stomach, spleen, colon, adrenal gland) or walls of 
large vessels (superior mesenteric artery or coeliac axis)

Stage IA- T1 N0 M0
Stage IB- T2 N0 M0
Stage IIA- T3 N0 M0
Stage IIB- T1/2/3 N1 M0
Stage III- T4 any N M0
Stage IV- any T any N M1

MSKCC criteria Staging 
I: Tumour size <2 cm 
II: Tumour size ≥2cm
III: Presence of distant metastases or regional nodal disease 
Grade 
Low grade: no evidence of necrosis, <2 mitoses/ 50 hpf
Intermediate grade: necrosis or ≥2 mitoses/ 50 hpf

Schmitt modified WHO 
2004 criteria 

I (no relapse/ no death of disease): WHO 2004 well-differentiated tumour with benign behaviour and CK 19 +/-
II (relapse/ no death of disease): WHO 2004 well-differentiated tumour with uncertain behaviour and CK 19 -
III (relapse/ death of disease): WHO 2004 well-differentiated tumour with uncertain behaviour and CK 19 + or well differentiated endocrine carcinoma and CK 19 +/-
IV (rapid progress/ death of disease): WHO 2004 poorly differentiated endocrine carcinoma and CK 19 +/-

Botsis criteria Presence of distant metastases- 1 point 
Elevated AST- 1.25 points 
Age at diagnosis over 60- 1.5 points 
Presence of perineural/ lymphovascular invasion- 2 points 
Low risk: 0-1.5
Intermediate risk: 2-3.5
High risk: >3.5

Martin staging criteria T1- T<3cm, localised to 
pancreas G1- GI (low grade)/ GII (medium grade) M0- No distant/ lymph node metastases

T2- T >3cm, localised 
to pancreas G2- GIII (high-grade)/ GIV (dedifferentiated) M1- presence of distant metastasis/ lymph 

node metastases 
T3- T extending to 
adjacent organs and 
vessels 

( continued on next page ) 
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Table 2 ( continued ) 

Stage I: T1-2, G1, M0
Stage II: T1-2, G2, M0
Stage III: T3G2M0 or Tany, G1, M1
Stage IV: Tany, G2, M1

Hamilton criteria G1: Ki 67 index <5% 
G2: Ki 67 index 5- 9% 
G3: Ki 67 index >9%

Zhang 
histopathological 
grading 

Absence of necrosis= 0 Absence of infiltrating border= 0 Mitotic count 0/50 hpf= 0
Presence of necrosis= 1 Presence of infiltrating border= 1 Mitotic count 1-3/50 hpf=1

Mitotic count ≥4/ 50 hpf= 2

Grade 1: score 0 or 1
Grade 2: score 2
Grade 3: score 3 or 4

Zhang 
immunohistochemistry 
grading system

Low risk: (KIT-/ CK-)
Intermediate risk: (KIT-/ CK+)
High risk: (KIT+/ CK+)

Scarpa criteria Modified TNM
T1- T<2cm, limited to pancreas N0- Regional nodes not involved M0- Distant metastases absent 
T2- T as 2-4 cm, limited to pancreas N1- Regional nodes involved M1- Distant metastases present 
T3- T>4cm, excluding the infiltration of duodenum or bile duct NX-Regional nodes not assessed 
T4- Tumour invasion of any adjacent structure, including duodenum and bile duct
Tumour invasion into duodenum or bile duct may be clinical (jaundice or duodenal 
bleeding due to infiltration) or radiological (dilation of pancreatic or bile duct)

Stage I- T1 N0 M0
Stage IIA- T2 N0 M0
Stage IIB- T3 N0 M0
Stage IIIA- T4 N0 M0
Stage IIIB- any T N1 M0
Stage IV- any T any N M1
Modified Ki-67 grading
G1: Ki 67 index <5% 
G2: Ki 67 index 5- 20% 
G3: Ki 67 index >20%

Kaltenborn Observed 
3-year survival score Ki-67/platelet-mortality score= 1.125 x Ki-67 - 0.140 x preoperative platelet count
Kaltenborn Mortality 
after surgery score 

Survival probability over 3 years in %= Exp(Y)/(1+Exp(Y)), with Y=-12.492+(0.054 x preoperative platelet count in thousand/ml) + (0.112 x minimal distance of the 
resection margin
from the tumor in mm) + (-1.574 x number of positive lymph nodes) + (2.292 x histological tumor infiltration, if yes= 1; if no= 0)

Kaltenborn Tumour 
recurrence risk score

Risk in %=Exp(Y)/(1+Exp(Y)), with Y=-4.360 + (0.015 x tumor diameter in cm) + (0.010 x preoperative platelet count in thousand/ μl) + (1.077 x distant metastases, if 
yes=1; if no= 0)+(-0.026 x Ki-67 positive cells in %) + (-1.086 x upper abdominal pain, if yes=1; if no=0)

Ricci modified WHO 
2010 criteria 

G1: <2% Ki67 index 
G2a: 2-5% Ki-67 index
G2b: 5- 20% Ki-67 index 
G3: >20% Ki-67 index

Qadan TNM staging T1= 0-1 cm N0- Regional nodes not involved M0- Distant metastases absent 
T2= 1.1-2 cm N1- Regional nodes involved M1- Distant metastases present 
T3= 2.1- 4 cm NX-Regional nodes not assessed 
T4= >4 cm 

Stage I- T1N1 T1N0 
Stage II- T2N0 T2N1 T3N0 
Stage III- T3N1 T4N0 T4N1
Stage IV- any tumour with distant mets (M1) 

Ye grading system Low grade: Functioning and ≤20 mitoses/10HPF
High grade: Non-functioning +/- > 20 mitoses/10HPF

Ellison nomogram

Ye grading nomogram 

( continued on next page ) 
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Table 2 ( continued ) 

Ye modified ENETS nomogram
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developed and published a separate grading and staging system,

which was based on the consensus statement of 62 experts. The

ENETS grading and staging system has become one of the most

popular and commonly utilized systems today. This was the first

classification system that considered the distinctive growth pattern

of these tumors from other GEP-NENs, and the grading system was

based solely on mitotic count and Ki67 index. 

In 2007, Bilimoria et al. 1 first validated the use of the AJCC TNM

staging system for pancreatic adenocarcinomas on PNENs and fur-

ther derived a simplified postresection prognostic score based on

836 patients in 2008, 28 which utilized age, grade, and presence

of distant metastases to stratify PNENs. The points were summed
Fig. 1. PRISMA flow diagram of res
nto a raw score that was divided into 3 groups. The 5-year sur-

ival rates were observed to be significantly different between the

 prognostic score categories, and the concordance index for the

rognostic score (0.63) was found to be comparable with that for

he AJCC 6th edition pancreatic adenocarcinoma staging system. In

009, La Rosa et al. 15 proposed an alternative model based on the

HO 20 0 0 classification, suggesting that high-grade cancers may

e separated from intermediate-grade cancers by the presence of a

igh-proliferative rate ( > 10 mitoses/10 HPF) or a poorly differenti-

ted histologic feature, which was essentially similar to the WHO

004 classification. Also in 2009, Zhang et al. 30 proposed a novel

mmunohistochemistry classification system based on KIT and CK
ults of the literature search. 
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xpression: low risk (KIT–/CK–), intermediate risk (KIT–/CK + ), and

igh risk (KIT + /CK + ). It was reported that survival, metastasis,

nd recurrence rates were significantly different among the three

roups. 

The AJCC subsequently introduced a staging system for PNENs

n 2010 based on the TNM staging system for its exocrine coun-

erpart. The criteria used in the definition of T stages was differ-

nt from that used in the ENETS staging criteria, which led to the

xistence of two parallel TNM staging systems that used identi-

al terminology and referred to different extents of disease. WHO

ncorporated the ENETS grading system into its 2010 classifica-

ion system, and this incorporation led to a unified grading ap-

roach to all GEP-NENs. According to the WHO 2010 classification,

here were three classes of PNENs—the well-differentiated PNENs

nown as pancreatic neuroendocrine tumors, the poorly differenti-

ted PNENs known as pancreatic neuroendocrine carcinoma, and

he mixed adenoneuroendocrine tumors. The well-differentiated

ancreatic neuroendocrine tumors were further classified into G1

nd G2 tumors based on their Ki-67 index and mitotic activity. In

he same year, Scarpa et al. 19 proposed several modifications to the

NETS staging and grading system based on a study of 274 surgi-

ally treated PNENs. Cutoff points of 5% and 20% were used for

i-67 grading because they were found to have provided the most

fficient prognostication on multivariate and Cox model of survival

nalysis. The following modifications were applied to the T staging

riteria: (1) T3 was defined only by tumor dimensions; (2) T4 was

efined as the presence of tumor invasion of any adjacent struc-

ure, including duodenum and bile duct; and (3) duodenal and

ile duct involvement was assessed via clinical means (presence

f jaundice/duodenal bleeding) and radiologic means (dilatation of

ancreatic or bile duct size), in addition to the usual histopatho-

ogic means. 

Also in 2010, Botsis et al. 31 developed yet another prognostic

odel based on a cohort of 98 patients. The risk score looked at

ge, presence of perineural or lymphovascular invasion, elevated

spartate transaminase (AST), and distant metastases, and classi-

ed PNENs into low, intermediate, and high-risk groups. In 2011,

hang et al. 32 suggested a new 3-tier grading system based on a

istopathologic score calculated from number of mitoses, presence

f tumor necrosis, and infiltrating tumor border, and found that it

as able to discriminate recurrence, survival, functional status, and

umor metastasis rates among the 3 groups. Martin et al. 24 pro-

osed a new 4-tier staging system based on age, size, grade, and

umor metastases in 2011. T1 tumors were defined as ≤3cm and

ocalized to the pancreas, T2 tumors > 3cm and localized to the

ancreas, and T3 tumors included all that extended to adjacent or-

ans and vessels. G1 tumors were defined as well differentiated or

oderately differentiated tumors, and G2 tumors as poor or un-

ifferentiated tumors. The stages were then regrouped as follows:

tage I (T1–2, G1, M0), stage II (T1–2, G2, M0), stage III (T3G2M0,

any G1, M1), and stage IV (Tany, G2, M1). 

In 2012, Hamilton et al. 20 conducted a study on 140 patients

ho were surgically treated for PNENs and suggested cutoff points

f 5% and 9% for Ki-67 index. The study reported that this pro-

osed stratification was able to prognosticate the tumors into 3

isk groups with statistical significance and optimized determina-

ion of risk of recurrence. Similarly in 2014, Ricci et al. 21 proposed

ividing G2 tumors into 2 subcategories: tumors with Ki-67 index

%–5% and tumors with Ki-67 index 5%–20%. This was based on

 study of 64 surgically resected tumors and was found to im-

rove prognostication. In 2014, Qadan et al. 25 conducted a study

n 1,202 patients from the Surveillance, Epidemiology, and End Re-

ults (SEER) database, evaluating the efficacy of the AJCC system,

nd proposed a novel TNM system that reportedly had superior

rognostication ability. T stage in the novel TNM system was based

n size alone: tumors ranging between 0.1 and 1.0 cm were T1,

etween 1.1 and 2.0 cm were T2, between 2.0 and 4.0 cm were
3, and greater than 4.0 cm were T4. TNM combinations were re-

rouped as well, such that T1N1 and T1N0 tumors were classified

s stage I tumors; T2N0, T2N1, and T3N0 were classified as stage

I tumors; and T3N1, T3N0, and T4N1 were classified as stage III

umors. Any tumors with distant metastases were stage IV tumors.

he team found that their proposed staging system improved dis-

riminatory ability between stages and homogeneity within stages.

n the same year, Ellison et al. 33 published another nomogram

ased on a single-center cohort of 326 nonfunctional, surgically re-

ected PNENs. The nomogram utilized a cutoff age of 63 years, sex,

nd a continuous Ki67 index to provide a 5-year overall survival

ate for PNENs. 

More recently, Luo et al. 26 conducted a study using the SEER

egistry ( n = 2,529) and a multicentric series ( n = 1,143) and pro-

osed a modified staging system in 2016. The parameters used to

efine T, N, M were upheld, while the AJCC definition for each

ndividual stage was adopted (ie, stage I, II, III, I; Table 2 ). The

tudy found that the survival curves were well separated by stage

ith the modified staging system and provided a better prognos-

ication compared with the AJCC 2010 system. In the same year,

 study was conducted by Ye et al. 27 on 78 patients. They found

hat mitotic grade and functional status were predictive of survival

ates on multivariate analysis. A prognostic nomogram was pro-

osed based on these two factors and was reported to correlate

trongly with survival. In addition, the study incorporated the AJCC,

NETS, and WHO classification system with nonfunctional status

nd mitotic grades, and found that the regrouped nomograms had

 better predictive value than the premise systems based on the

oncordance index. 

With recent studies reporting on the importance of thrombo-

ytes in tumor recurrence and survival, Kaltenborn et al. 22 con-

ucted a study on 41 patients with malignant PNENs with the

ntention of investigating the clinical relevance of preoperative

latelet count in PNENs. Three preoperative scores were proposed,

ith the endpoints of tumor recurrence risk, 3-year survival rate,

nd mortality rate after surgery. Notably, the prognostic model de-

eloped to predict the 3-year survival rate was the most statisti-

ally robust model and was based on preoperative platelet count,

inimal resection distance, number of positive lymph nodes, and

resence of tumor infiltration. This prognostic model has yet to be

xternally validated. 

omparison between prognostication systems 

A total of 9 studies attempted to compare their proposed prog-

ostication systems with other available models, which are sum-

arized in Table 3 . Ferrone et al., 29 who proposed the MSKCC stag-

ng and grading system in 2007, found that their prognostication

ystem was superior to WHO 2004 in predicting outcome. Despite

nly including 2 prognostic factors in their staging system, it was

ound that their staging system alone was comparable with WHO

004, with the additional benefits of being simpler and more re-

roducible (CI, 0.71 versus 0.72). The prognostic accuracy of the

ystem was improved when combined with the grading criteria (CI

.76). 

La Rosa et al. 15 found that their proposed alternative WHO clas-

ification system (which was essentially similar to WHO 2004) was

uperior to the WHO 20 0 0 classification system according to the

arrell’s C index (0.83 versus 0.82), which was further improved

hen combined with ENETS TNM staging system to further strat-

fy the intermediate grade cancers (Harrell’s C = 0.87). The study

owever, failed to prove the superiority of its classification sys-

em over the ENETS TNM staging system (Harrell’s C = 0.87), and

o definitive conclusion could be reached on the best combination

f parameters to determine prognosis. 

Scarpa et al. 19 found that their modified ENETS staging system

mproved the system’s prognostication ability by assigning a pro-
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Table 3 

Comparison of prognostication systems. 

Authors/year Country Sample size Comparison Systems compared Best Results Remarks 

Ferrone et al. 

2007 29 

United States 183 2 systems MSKCC criteria versus 

WHO 2004 

MSKCC criteria MKSCC combined staging and grading 

criteria is superior to MSCC staging 

alone, which is superior to WHO 2004 

(CI 0.76 vs 0.72 vs 0.71) 

Patients with primary 

well-differentiated PNEN that 

had undergone resection 

La Rosa et al. 

2009 15 

Italy 155 3 systems Alternative La Rosa 

(WHO 2004), WHO 

20 0 0, ENETS TNM 

No best criteria 

determined 

Proposed alternative WHO classification 

(essentially WHO 2004) was superior 

to WHO 20 0 0, which is further 

improved when combined with ENETS 

TNM staging; did not prove superiority 

of its classification system over ENETS 

TNM staging system however 

Based on 155 patients with all 

histologic subtypes of PNENs, 

operated with the intention to 

cure 

Botsis et al. 2010 31 United States 98 4 systems Botsis criteria, MSKCC 

criteria, ENETS TNM, 

WHO 2004 

Botsis criteria Botsis criteria is superior to WHO 

2004, which is superior to MSKCC 

grading, which is superior to ENETS 

TNM staging (CI 0.93 vs 0.72 vs 0.60 vs 

0.59) 

All patients diagnosed with 

PNENs 

Scarpa et al. 2010 19 Italy 274 5 systems Modified ENETS TNM, 

modified Ki-67 grading, 

WHO 2010, AJCC TNM, 

ENETS TNM 

No best criteria 

determined 

Modified ENETS with Ki-67 grading to 

stratify same stage disease was 

superior to both ENETS and AJCC TNM 

Modified Ki-67 cutoff rates to 5% and 

20% were superior to the original 

cutoff rates of 2% and 20% 

Based on 274 patients with 

histologically diagnosed 

pancreatic endocrine tumors 

who were operated on 

Rindi et al. 2012 7 8 European centres in 

Germany, Switzerland, Italy, 

United Kingdom, 

Netherlands 

1,072 2 systems ENETS TNM versus 

AJCC TNM 

ENETS TNM Both criteria were independent 

predictors of survival rates 

Based on 1,072 patients who 

had undergone previous 

surgery for their cancer and for 

which at least 2 years of 

follow-up was available 

• AJCC staging showed large 95% CI 

for each stage, indicating inaccurate 

predictive ability; most patients in 

stage I and the rest equally distributed 

in stage II, III and IV 

• ENETS TNM was able to distribute 

patients into 4 statistically significant 

and equally populated risk groups 

Ellison et al. 2014 33 United States 326 3 systems ENETS TNM, AJCC TNM, 

Ellison prognostic 

nomogram 

Ellison prognostic 

nomogram 

No significant difference in prognostic 

strength among the three, but Ellison 

prognostic nomogram has the 

additional benefit of including only 

Ki-67 as a measured variable and is 

more parsimonious 

326 sporadic, nonfunctional, 

surgically resected PanNET 

patients 

• AJCC: predictive ability of 68% and 

mean absolute errors in calibration of 

0.0142 

( continued on next page ) 
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Table 3 ( continued ) 

Authors/year Country Sample size Comparison Systems compared Best Results Remarks 

• ENETS: predictive ability of 68%, 

and mean absolute error of 0.0172, 

respectively 

• Ellison nomogram: predictive 

ability of 74%, mean absolute error of 

0.0277 

Qadan et al. 2014 25 United States (SEER 

database) 

1,202 2 systems AJCC TNM versus 

Qadan TNM 

Qadan TNM Qadan TNM reported statistically 

significant difference between different 

disease stages ( P < .0 0 01 between 

stage II and III, P = .008 between stage 

III and IV), and no significant difference 

between individual cases within each 

disease stage 

Based on patients who were 

identified to undergo surgical 

resection with curative intent 

Ricci et al. 2014 21 Italy 64 4 systems WHO 20 0 0, WHO 2010, 

ENETS TNM, modified 

WHO 2010 

No best criteria 

determined 

Modified WHO 2010 is superior to 

ENETS TNM staging, which is superior 

to WHO 2010 WHO 20 0 0 is superior to 

WHO 2010 criteria 

Based on 64 patients with R0 

resection 

Yang et al. 2015 84 China 120 2 systems ENETS TNM versus 

AJCC TNM 

ENETS TNM No notable difference between stage I 

and stage II in both systems; difference 

only observed between stage I and III 

and IV ENETS had advantage of 

statistically significant advantage 

between stage III and IV that AJCC did 

not demonstrate 

Based on 145 surgically treated 

and histologically diagnosed 

patients 

Luo et al. 2016 26 China and United States 1,143 (mul- 

ticentric 

China 

series); 

2529 (SEER 

registry) 

3 systems AJCC TNM, ENETS TNM, 

Luo TNM 

Luo TNM Luo TNM prognosticates PNENs best 

into distinct groups with different 

survival rates; ENETS had better 

distribution across different stages, and 

AJCC had better prognostication 

Based on SEER database and 8 

Chinese centers; included all 

patients with pathologically 

confirmed PNENs 

Ye et al. 2016 27 China and United States 78 6 systems Modified WHO, AJCC 

and ENETS against their 

respective counterparts 

Modified ENETS 

TNM 

Modified WHO 2010, AJCC, and ENETS 

staging was superior to their original 

counterpart, but modified ENETS was 

the best among the three (CI 0.73 vs 

0.605 vs 0.576) 

Included all PNENs that 

underwent surgery 
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portional risk of death according to stage of disease, and the intro-

duction of clinicoradiologic parameters allowed the system to be

used without the need for surgical exploration. Furthermore, the

addition of Ki-67 grading to stratify same-stage disease increased

the power of predicting disease-related mortality by 10%. Compar-

ison was made against the AJCC staging criteria as well and found

to be more effective in prognosticating 5-year survival rates. The

study further reported that modifying Ki67 cutoff levels to 5% and

20% allowed better differentiation between G1 and G2 tumors. Sev-

eral other studies similarly demonstrated the superiority of this cu-

off level. 39–42 

Botsis et al. 31 found that their proposed prognostic score based

on age, presence of perineural or lymphovascular invasion, distant

metastases, and AST was superior to the WHO 2004, ENETS stag-

ing, and MSKCC grading system in stratifying patients according to

concordance index (0.93 vs 0.72 vs 0.59 vs 0.60, respectively). Ricci

et al. 21 also found that categorizing G2 tumors into 2 subcategories

based on their proposed modified WHO 2010 system was superior

to the ENETS TNM staging system in predicting tumor recurrence.

Comparison between the original ENETS TNM staging and WHO

2010 criteria had initially found ENETS TNM to be superior (HR

of 5.2; 95% CI 1.8–14.8; P = .002; Harrell’s C = 0.82). In addition,

the study reported that WHO 20 0 0 was superior to WHO 2010 in

stratifying patients with an HR of 7.1 (95% CI 0.8–55; P = .064; Har-

rell’s C = 0.85). The group subsequently conducted another study

on 120 patients, 43 comparing among 4 models: (1) original Ki-67

cutoffs; (2) increasing Ki-67 cutoff to 5% and 20%; (3) modified Ki-

67 categories in which G2 consists of 2 subgroups (2%–5% versus

5%–20%); and (4) continuous Ki-67 index. It was found that model

3 had the best predictive power among the 4 proposed models (c

index = 0.799; c index = 0.814, P = .012; c index = 0.865, P = .015; c

index = 0.848, P = .013, respectively). 

Ellison et al. 33 made a comparison between their proposed

nomogram and the AJCC and ENETS staging system and found that

there was no significant difference among the AJCC, ENETS, and

their proposed nomogram in both discrimination and calibration

ability. Their proposed nomogram had the additional benefit of in-

cluding only Ki67 as the measured variable and was found to be

more parsimonious than the other two. 

Qadan et al. 25 found that the AJCC classification system was

unable to differentiate the 5-year survival rates for PNENs among

various stages and suggested that their proposed prognostication

system was superior in terms of homogeneity and discriminatory

effect. Unlike the AJCC system, there was reported statistically sig-

nificant differences among disease stages ( P < .0 0 01 between stage

II and III, P = .008 between stage III and IV), and no significant dif-

ference between individual cases within each disease stage. 

Luo et al. 26 found that the ENETS staging classification had a

better distribution of PNENs across various stages compared with

AJCC, although the ENETS staging system did not provide a good

stratification in prognostication. The study reported that ENETS

stage I and IIA had similar prognoses, and stage IIIB paradoxically

had a better prognosis than stage IIIA patients. The proposed clas-

sification that maintained the ENETS TNM definition but adopted

AJCC staging definition was reported to prognosticate PNENs bet-

ter into distinct groups with various survival rates. Ye et al. 27 re-

ported that their three proposed modified WHO, AJCC, and ENETS

classification systems were superior to their original counterpart,

of which the modified ENETS staging system had the highest con-

cordance index (0.73 vs 0.605 vs 0.576), suggesting that it had the

highest predictive value. 

Hence, not surprisingly with these discordant and varied

findings, there remains a lack of consensus regarding the best

prognostication system for PNENs despite the multitude of studies

published pertaining to this issue. At present, the WHO 2010,

AJCC, and ENETS criteria are the most commonly used systems

and have the most substantial evidence supporting their use. 
dvantages and limitations of the commonly used prognostication 

ystems 

The WHO 20 0 0/20 04 criteria was one of the most widely

tilized and generally accepted system in the prognosticating of

NENs. 2,7 , 10,14 , 15,19 , 29–31 , 35–38 , 40,41 , 44–56 Although it had been heav-

ly criticized to be based on expert opinion rather than on pub-

ished data, 57 its utility was subsequently extensively validated by

umerous studies. 19–31 Nonetheless, it was associated with several

imitations. 11 First, the system utilized a mixture of staging and

rading criteria and depended heavily on detailed and laborious

athologic examination, which made its application cumbersome.

he multiple grading parameters, although presumed to be made

ore accurate because of its inclusion of well-accepted prognostic

actors, made it difficult to reproduce among various pathologists

nd institutions. Second, it was limited in its ability to distinguish

etween benign and malignant PNENs because deaths occurred in

umors belonging in the benign category as well. 35 Third, some

roups found that the criteria failed to demonstrate any difference

mong well-differentiated tumors with benign and undefined be-

avior and suggested that there was limited utility of the unde-

ned group. 2,29 . 37,41 Fourth, well-differentiated endocrine carcino-

as with metastases varied greatly in their progression rate and

eeded more clearly defined criteria to assess their prognosis. 10 

These limitations were addressed in the ENETS grading sys-

em proposed in 2006, which was subsequently adapted as the

HO 2010 classification system. This prognostication system in-

roduced several nomenclature changes and was subsequently

alidated in various studies to be a strong predictor of sur-

ival. 7,10 , 19,20 , 27,33 , 39,42 , 47,48 , 55 , 58–75 Despite this, there were several

roblems pertinent to this prognostication system as well. First,

rading was determined based either on mitotic count or Ki-67

ndex. Although the grading system recommends that both prolif-

rative measures should be determined and the higher grade as-

igned, most institutions utilized only Ki-67 index because deter-

ination of mitotic count is often less consistently reproducible

nd more technically difficult. 39 Khan et al. 39 demonstrated that,

espite the correlation between Ki-67 index and mitotic count,

here was a 44% discordance in PNENs when using these indices

o assign grade. This lack of concordance may result in different

rades being assigned depending on the indices used. The study

urther demonstrated that Ki-67 was more clinically useful in prog-

osticating patients when subjected to multivariate analysis. Mc-

all et al. 61 similarly demonstrated this and concluded that grade

iscordant tumors (where Ki-67 indicates a higher grade) often

ave more aggressive histopathologic features and worse prognos-

ic outcomes. Second, several studies have shown that, although G3

s an independent factor for prognosis, the WHO 2010 classification

ystem often fails to demonstrate a significant difference between

1 and G2 tumors. 7,9 , 19,39 The distinction between G1 and G2 tu-

ors is based on a subtle distinction in the Ki-67 index, which

ay be unable to accurately prognosticate patients. Scarpa et al. 19 

nd Khan et al. 39 have suggested raising the cutoff point to 5% for

1 and G2 tumors and have demonstrated that this cutoff point

rognosticates PNEN tumors more effectively. 19,39 , 42 Ricci et al. 21 

imilarly found that the prognostication power of WHO 2010 was

mproved when G2 tumors were split into two subgroups (Ki-67

%–5% and 5%–20%). 

Third, there have been suggestions that G3 consists of two

istinct groups of tumors with different prognoses; it is found that

rognosis for well-differentiated tumor with Ki- 67 index > 20%

s significantly different from that of tumors with a similar Ki-67

ndex but morphologically poorly differentiated. 42,71 , 76 Despite

urrent recommendations by WHO that grading should be based

olely on proliferation activity, there has been emerging evidence

hat morphological differentiation is relevant as well. In 2015,

ijioka et al. 76 evaluated the survival outcomes of 11 pancreatic
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euroendocrine carcinomas (NEC), according to the WHO 2010

lassification, and proposed that this group of PNENs could be sub-

lassified into well-differentiated and poorly differentiated NECs

he latter was further subdivided into large and small cell types.

he study found that well-differentiated and poorly differentiated

ECs contained tumors that were clinically and molecularly dif-

erent in several aspects and suggested that subcategorizing NECs

ould facilitate more personalized treatment for these tumors.

his finding was echoed by Basturk et al. as well. 77 

Despite the various classification systems proposed, there was

 lack of the TNM staging system for PNEN that is more closely

nalogous with the staging of other solid organ tumors. Rindi

t al. 17 , 18 proposed the first TNM staging criteria for PNENs in

006 which was based on the consensus opinion of 62 experts.

his was subsequently adopted by ENETS. In 2007, Bilimoria et al. 1 

pplied the AJCC 6th edition staging criteria for pancreatic ade-

ocarcinomas to PNENs and demonstrated its utility in stratifying

NENs as well. Subsequently in 2010, AJCC included PNENs in the

th edition of its classification system for the first time. AJCC’s

roposal of the use of a common staging system for two different

athologic disease processes raised questions of whether this

ould be oversimplifying the issue, 25 because PNENs are known

o be indolent tumors in comparison with the aggressive nature of

ancreatic adenocarcinomas. 

The TNM staging systems provided a major leap toward a uni-

orm nomenclature for PNENs because it was intuitive and com-

only recognized as the universal staging system for all cancers.

owever, there is substantial discrepancy between the ENETS and

JCC staging system, in particular in the T staging definitions be-

ween the two. 78 The North American Neuroendocrine Tumor so-

iety published guidelines in the diagnosis and management of

NENs and stated that PNENs may be diagnosed with both ENETS

nd AJCC staging systems, although the system that is being used

hould be clearly indicated. 78 The WHO classification system stated

hat the AJCC system should be utilized to stage PNENs, although

he ENETS TNM system was also mentioned. 78 

Both the AJCC and ENETS TNM staging systems have been ex-

ensively validated 

2,7 , 9,10 , 15,19 , 25–27 , 30,31 , 33,40 , 44 , 46–48 , 51,62 , 65–70 , 72,75 , 

9–83 and shown to be effective in prognosticating PNENs, albeit 

ith certain limitations. Although found to be prognostic of over-

ll survival, studies validating the AJCC staging system were un-

ble to differentiate between stage I and II tumors, and between III

nd IV tumors. 25,33 , 81 Furthermore, AJCC defines stage III tumors as

umors with involvement of the celiac vessels or superior mesen-

eric arteries without distant metastasis, which is of limited utility

n PNENs because these often do not invade major vessels, unlike

ancreatic adenocarcinomas. 26 Hence, most studies only report a

mall number of patients in stage III. In the study by Rindi et al., 7 

nly 5.3% of the study population had stage III disease. Similarly,

n the studies by Strosberg et al. 77 and Luo et al. 18 only 4% and

.2% of patients respectively were classified as stage 3. Similarly,

he ENETS staging system has been found to be able to only differ-

ntiate between high-stage and low-stage tumors, with little utility

n distinguishing between intermediate stage tumors. 10,15 , 19,26 , 31,51 

Despite this, several studies have suggested that the ENETS

taging system is superior to the AJCC system in prognosticating

NENs. Rindi et al. 7 showed in their study that ENETS could per-

ectly allocate PNENs into four risk groups, although this finding

as not replicated in other studies. Yang et al. 84 suggested that

NETS was advantageous over AJCC because their study showed

 statistical difference between stage III and IV tumors, using the

NETS staging system, which was not seen with AJCC. Luo et al. 26 

emonstrated that ENETS distributed PNENs more evenly into var-

ous risk groups. Of note, despite the multiple discrepancies be-

ween the ENETS and AJCC staging systems, 83 it has yet to trans-

ate into significant differences in therapeutic options in clinical

ractice. 78 Five other studies have attempted to modify the TNM

taging system for PNENs, but none of these modified staging sys-
ems have been successfully validated externally. Casadei et al. 53 

ttempted to validated Scarpa et al.’s modified TNM staging sys-

em 

19 in 2012 but found that it was not prognostic of survival rates

n univariate analysis. 

Hochwald et al. 38 proposed a two-tiered classification system

n 2002 and found that it had similar prognostic strength to WHO

004. This was subsequently modified into the MSKCC prognos-

ication system, 29 which was externally validated by Goh et al. 2 

nd Botsis et al. 31 Criticisms of this prognostication system include

versimplification of classification altogether and lack of exter-

al data, proving superiority to other prognostication system, 31 In

008, Bilimoria et al. 28 reported excellent survival discrimination

ith their postresection score based on age, grading, and distant

etastases. To date, the study by Goh et al. 2 was the only external

tudy that attempted to validate this score, but found that it was

nly useful in predicting survival rates and not recurrence rates. 

In addition to the prognostication systems discussed earlier in

his report, multiple studies have attempted to suggest prognosti-

ation systems that have yielded variable results. 22,27 , 30–33 This is

argely attributed to a small study population because of the rar-

ty of PNENs, methodology differences, and a lack of robust multi-

ariate analysis substantiating the development of these prognos-

ication systems. 31 A paucity of external data have validated these

rognostication systems as well, limiting their application in clini-

al practice. 

Currently, the prognostication systems are constantly evolving

s more evidence emerges regarding its use in the classification of

NENs. Of note, the WHO has recently revised its classification sys-

em after 7 years. Some of these changes include raising the cutoff

evels of Ki-67 for G2 tumors to 3% and recognizing that G3 tumors

omprise 2 subsets of well-differentiated and poorly differentiated

umors. 11 The AJCC has also recently made changes to its classi-

cation system in its 8th edition and largely adopted the ENETS

lassification criteria, ameliorating the discrepancy between the 2

taging systems. It is inevitable that these prognostication systems

ill continue to evolve with the identification of newer and novel

rognostic markers. 

Based on current findings in the literature, in our opinion, the

ost important and significant prognostication factors for PNEN

oday would be tumor differentiation (well-differentiated versus

oorly differentiated), Ki-67 or mitotic count, localized primary

umor, presence of nodal involvement, and presence of distant

etastases. Hence, we believe that a system based on these fac-

ors would likely be the most accurate for the prognostication of

NENs. This system could be a combined staging/grading categori-

al system like the current ENETS criteria or an individualized con-

inuous prognostic nomogram that would be more accurate but

ess user friendly. Ideally, a large international multi-institution

tudy involving thousands of patients with long-term follow-up

ould need to be performed to determine the optimal prognos-

ication system for these rare tumors. However, even so, with the

umerous confounding factors, such as the differing treatment reg-

mens adopted today in various countries and institutions for these

umors, it may be difficult—if not impossible—to interpret the re-

ults of such a study. 

In conclusion, numerous prognostication systems have been

roposed for PNEN, of which the most commonly used systems

urrently include the WHO 2010 criteria and the two TNM staging

ystems by ENETS and AJCC. However, prognostication systems for

NENs will continue to evolve with time as novel prognostication

actors are identified. More validation and comparative studies are

eeded to identify the most effective prognostication system today.
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