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mOd ificatio n Iength and this increase is creating challenges for clinical management. We performed whole-genome sequencing of 102 primary
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The diagnosis of pancreatic neuroendocrine tumours (PanNETs) is increasing owing to more sensitive detection methods,

PanNETs and defined the genomic events that characterize their pathogenesis. Here we describe the mutational signatures

D A XX they harbour, including a deficiency in G:C > T:A base excision repair due to inactivation of MUTYH, which encodes a DNA
glycosylase. Clinically sporadic PanNETSs contain a larger-than-expected proportion of germline mutations, including

previously unreported mutations in the DNA repair genes MUTYH, CHEK2 and BRCA2. Together with mutations in MEN1

53% and VHL, these mutations occur in 17% of patients. Somatic mutations, including point mutations and gene fusions, were
commonly found in genes involved in four main pathways: chromatin remodelling, DNA damage repair, activation of

mTOR signalling (including previously undescribed EWSRI gene fusions), and telomere maintenance. In addition, our
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Poorly Differentiated Neuroendocrine Carcinomas
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Poorly Differentiated Neuroendocrine Carcinomas
Am ] Surg Pathol 2012 Cancer 2003
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Ki-67: The Prognosis Pillar

virchows Arch (1996) 429:323-333 © Springer-Verlag 1996
IGINAL ARTICLE MR
Stefano La Rosa - Fausto Sessa - Carlo Capella

Cristina Riva - Biagio Eugenio Leone High Resolution Allelot f N f ti 1P ti
Cristina Riva - Biaglo Eugenio Leone f g 2 ype of Nonfunctional Pancreatic
itherine Klersy - Guido Rindi - Enrico Solcia ) X Endocrine Tumors: Identification of Two Molecular Subgroups

Prognostic criteria in nonfunctioning pancreatic endocrine tumours ‘ with Clinical Implications

Gildas Rigaud, Edoardo Missiaglia, Patrick S. Moore, et al.

Cancer Res 2001;61:285-292.
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Table 6.01 2017 WHO classification and grading of pancreatic neuroendocrine necplasms (PanNENSs)

Classification/grade Ki-67 proliferation index® Mitotic index®
Well-differentiated PanNENs: pancreatic neuroendocrine tumours {PanNETs)
PanNET G1 < 3% <2

PanNET G2 3-20% 2-20
PanNET G3 = 20% > 20
Poorly differentiated PanNENs: pancreatic rieuroendocrine carcinomas (PanNECsj
PanNEC {G3) > 20% > 20
Small cell type
Large cell type
Mixed neuroendocrine—-non-neuroendocrine neoplasm

@ The Ki-67 proliferation index is based on the evaluation of 2 500 cells in areas of higher nuclear labelling (so-
called hotspots). The mtotic index is based on the evaluation of mitoses in 50 high-power fields (HPF; 0.2 mm?
each) in areas of higher density, and is expressed as mitoses per 10 high-power fields (2. 0 mm?). The final
grade is determined based on whichaver index (Ki-87 or mitotic) places the umour in the highest grade

mtegnty For assessing Ki-67, casual visual estimation (eyeballing) is not recommended; manual counting
uamg wlnlad images is advocated {2267).
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ENETS Consensus Guidelines for Standard of Care in Neuroendocrine
Tumours: Surgery for Small Intestinal and Pancreatic Neuroendocrine

Tumours
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Consensus guidelines update for the management of functional
p-NETs (F-p-NETs) and non-functional p-NETs (NF-p-NETSs)

M Falconi®', B Eriksson®’, G Kaltsas®’, DK Bartsch®, J Capdevila®, M Caplin', B Kos-
Kudla9, D Kwekkeboom", G Rindi, G Kloppel, N Reed, R Kianmanesh', RT Jensen™, and
all other Vienna Consensus Conference participants”

| CLINICAL EVALUATION & DIAGNOSTICS

- CLINICAL PRESENTATION
- BIOLOGY

= Chromogranin A, PP
RESECTABLE

-IMAGING
NO DISTANT METASTASES

-CT/MRI
» EUS (+/- EUS-guided biopsy)

- STOATOSTATIN RECEPTOR
IMAGING

- Somatostatin receptor
scintigrophy (e.q.,
Octreoscan®) or Gallium-68-
Pet/CT

UNRESECTABLE (or
resectable DISTANT
METASTASES)

TREATMENT

Tumor=2cm

Option 1. Surveillance.

G1, low G2, Asymptomatic, maink
in the head, no radiological signs
SIPIIOUS for nm‘.gr.gmy patent
factors {personal wishes, age, co
morbidities ..);

Option 2. Surgery

G2, symptoms, patient wishes

Tumor>2c¢m

Surgery "

FOLLOW-UP

¢ EUS, MRI(or CT)every6to12*
months
No change, survelllance
Increase in size (»0.5 cm) or final
@>2¢m, surgery

| | \
/. :
o Survelllance depending on final

* pathology

s

¢+ See section on treatment for

advanced disease

[ ] A ”‘ n e N,
) WA | a0ty

(e.2., intra-operative US, intraoperati
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Figure 1. Distribution of Ki67, primary tumor size, presence of liver metastases and main outcome

of 80 consecutive patients with pNENs who underwent pancreatic resection.

| 80 RESECTED pNENs

3 I | l |

>

r:n‘ 45 35 38 42

3 MO M1 <2cm >2cm

m

2 ! }

(] 30 (66.7%) 15(33.3%) 16 (45.7%) 15 (42.9%) 4 (11.4%) 26 (68.4%) [| 12(31.6%) || 19 (45.2%) || 23 (54.8%)
Ki67<3% Ki67 3-20% Ki67 <3% Ki67 3-20% Ki67 >20% MO M1 MO M1

o 3y/5y PFS 83%164% 53%/27% 35%/18% 0%/0% 77%I68% 25%17% 66%/37% 0%/0%

CS) (median, mths) [ (145.7) (57.1) (21.6) (7.7) (145.7) (12.2) (55.3) (21.6)

o

% 3y/5y OS 96%/77% 77%/58% 86%/81% 0%/0% 94%/76% 58%/46% 83%/64% 86%/86%

@ |(median, mths) (145.7) (not reached) (not reached) (29.4) (145.7) (40.0) (82.3) (not reached

M1 patients had a significantly lower PFS as compared to MO patients (multivariable p=0.0008); W
had significantly better PFS than the ones with Ki67 23% (multivariable p=0.01); there were no significant differences in

accoraing to tumor size cm or =2 cm (multivariable p=0.

SURGICAL ONCOLOGY

t progression-
NEN)

Table 2. Univariable and multivariable analysis of risk factors associated with cancer progression

Univariable analysis

Multivariable analysis

Reduced model

Giovanni Centonze °, Jorgelina Coppa ¢,
Oleksandra Lanhazo , Giancarlo Pruner

Stage Il vs. | (ENETS/AJCC)
Stage IV vs. I-11l (ENETS/AJCC)

0.003 -
0.001 -

4.18 (1.60-10.9)
5.24 (1.88-14.6)

N=80 N=76

HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
Body/tail vs. head 1.18 (0.64-2.18) 0.60 1.09 (0.54-2.23) 0.81
>2 cmvs. <2 cm 1.58 (0.88-2.84) 0.12 1.18 (0.58-2.39) 0.66
Multifocal vs. unifocal 0.53 (0.13-2.19) 0.38 0.80 (0.19-3.49) 0.77
Ki-67 23% vs. <3% 2.57 (1.43-4.61) 0.002 2.97 (1.26-7.02) 0.01 2.09 (1.16-3.76) 0.01
Parenchymal invasion . 1.11-4.4 . 1.4 .58-3.5 0.44
Vascular invasion 1.53 (0.86-2.75) 0.15 0.62 (0.28-1.37) 0.24
Perineural invasion 1.98 (1.11-3.53) 0.02 1.32 (0.60-2.92) 0.49
Necrosis of primary tumor 1.52 (0.71-3.26) 0.28 0.53 (0.21-1.35) 0.18
Lymph node metastases 1.90 (1.07-3.36) 0.03 0.94 (0.45-1.97) 0.86
Liver metastases 3.63 (1.98-6.64 <.0001 3.60(1.70-7.61 0.0008 3.20 (1.74-5.91) 0.0002
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Figure 4. Concordance (weighted Kappa) and intra-class correlation among different pathologists
on pre-surgical pNEN biopsy and post-surgical pathology of the same tumor.

Surgical specimen
Ki-67 <3% 3-20% >20%
> <3% 18 . :
-8 3-20% 1 14
m
>20% = -

Weighted Kappa
(95% ClI)

0.98 (0.94-1.00)

100 l

10
A Intra-class correlation
1 (g coefficient (95% Cl)

0.989 (0.978-0.994)

0.1
0.1 1 10 100

Surgical specimen




Table S2. Concordance between pathologists and automated system for the evaluation of Ki-67
expression considering all samples, only biopsy samples, or surgical samples

First vs. second pathologist

Ki-67 <3 3-20 >20

<3 30 7 - All samples
3-20 - 29 - Biopsies
>20 - - 4 Surgical

First vs. third pathologist

Ki-67 <3 3-20 >20

<3 35 2 - All samples
3-20 2 27 - Biopsies
>20 - - 4 Surgical

First pathologist vs.

Automated
Ki-67 <3 3-20 >20
<3 36 1 - All samples
3-20 4 25 - Biopsies
>20 - - 4 Surgical

Second vs. third pathologist

Ki-67 <3 3-20 >20

<3 30 - - All samples
3-20 7 29 - Biopsies
>20 - - 4 Surgical

Second pathologist
vs. Automated
Ki-67 <3 3-20 >20

<3 830 - - All samples
3-20 10 26 - Biopsies
>20 - - 4 Surgical

Third pathologist
vs. Automated
Ki-67 <3 3-20 >20

<3 37 - - All samples
3-20 3 26 - Biopsies
>20 - - a Surgical

Weighted Kappa
(95% ClI)

0.94 (0.88-1.00)
0.97 (0.91-1.00)
0.92 (0.83-1.00)

Weighted Kappa
(95% ClI)

0.97 (0.93-1.00)
0.97 (0.91-1.00)
0.97 (0.91-1.00)

Weighted Kappa
(95% CI)

0.95 (0.89-1.00)
0.94 (0.85-1.00)
0.96 (0.90-1.00)

Weighted Kappa
(95% Cl)

0.94 (0.88-1.00)
0.93 (0.84-1.00)
0.95 (0.88-1.00)

Weighted Kappa
(95% ClI)

0.90 (0.81-0.98)
0.90 (0.78-1.00)
0.91 (0.79-1.00)

Weighted Kappa
(95% Cl)

0.97 (0.93-1.00)
0.98 (0.94-1.00)
0.96 (0.90-1.00)

Automated reading Third pathologist Automated reading Third pathologist Second pathologist

Automated reading

100

Ki-67 expression Intra-class correlation
(95% CI)
) 0.993 (0.989-0.996)
':,’/

0.994 (0.988-0.997)
0.992 (0.985-0.996)

1 10 100
First pathologist
Ki-67 expression Intra-class correlation
(95% Cl)
AT 0.991 (0.986-0.995

0.990 (0.980-0.995)

0.994 (0.989-0.997)

1 10 100
First pathologist
Ki-67 expression Intra-class correlation
(95% CI)
(o
x\f’ 0.996 (0.994-0.998)

0.998 (0.997-0.999)
0.994 (0.989-0.997)

1 10 100
First pathologist
Ki-67 expression Intra-class correlation
(95% Cl)
¥
@ 0.994 (0.990-0.996)

0.997 (0.993-0.998)
0.991 (0.982-0.995)

1 10 100
Second pathologist
Ki-67 expression Intra-class correlation
(95% CI)
o
i 0.987 (0.980-0.992)

0.988 (0.976-0.994)

0.987 (0.975-0.993)

1 10 100
Second pathologist
Ki-67 expression Intra-class correlation
(95% Cl)
( $
P 0.988 (0.980-0.992)

0.981 (0.964-0.990)

1 10 100 0.997 (0.993-0.998)
Third pathologist
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Neuroendocrinology. 2018 Oct 9. doi: 10.1159/000494355. [Epub ahead of print]

COMPETITIVE TESTING THE WHO 2010 VS THE WHO 2017 GRADING OF PANCREAS

55: NEUROENDOCRINE NEOPLASIA: DATA FROM A LARGE INTERNATIONAL COHORT STUDY.

Tumou NS . o . o . LY DIFFERENTIATED
Rindi G, Klersy C, Albarello L, Baudin E, Bianchi A, Buchler MW, Caplin M, Couvelard A, Cros J, de Herder WW, Delle Fave G, Doglioni C, Federspiel B,

RN Fischer L, Fusai G, Gavazzi F, Hansen C, Inzani F, Jann H, Komminoth P, Knigge U, Landoni L, La Rosa S, Lawlor R, Luong T, Marinoni |, Panzuto F, Pape UF,
Partelli S, Perren A, Rinzivillo M, Rubini C, Ruszniewski P, Scarpa A, Schmitt AM, Schinzari G, Scoazec JY, Sessa F, Solcia E, Spaggiari P, Toumpanakis C,
Vanoli A, Wiedenmann B, Zamboni G, Zandee W, Zerbi A, Falconi M.

o

Abstract

<br>Background: the World Health Organization (WHQO) and the American Joint Cancer Committee (AJCC) modified the grading of
pancreatic neuroendocrine neoplasms from a three-tiers (WHO-AJCC 2010) to a four-tiers system by introducing the novel category of NET
G3 (WHO-AJCC 2017).

OBJECTIVES: This study aims at validating the WHO-AJCC 2017 and identifying the most effective grading system.

METHOD: 2102 patients were enrolled; entry criteria were i) performed surgery; ii) at least two years of follow-up; iii) observation time up to
2015. Data from 34 variables were collected; grading was assessed and compared for efficacy by statistical means including Kaplan Meier
method, Cox regression analysis, Harrell's C statistics and Royston's explained variation in univariable and multivariable analyses.

RESULTS: At descriptive analysis, the two grading systems demonstrated statistically significant differences for the major category sex but

not for age groups. At Cox regression analysis, both grading systems showed statistically significant differences between grades for OS and
EFS, however no statistically significant difference was observed between the two G3 classes of WHO-AJCC 2017. At multivariable analysis
for the two models fitted to compare efficacy, the two grading systems performed equally well with substantially similar optimal discrimination

and well-explained variation for both OS and EFS. The WHO-AJCC 2017 gradlng szstem retained statlstlcallz S|gn|ﬂcant difference between

the two G3 classes for OS but not for EFS.

N

CONCLUSIONS: the WHO-AJCC 2017 ﬂradinﬁ is at least eﬁuallx Eerformina as the WHO-AJCC 2010 but allows the successful identification
of the most aggressive PanNET subgroup. Grading is confirmed as probably the most powerful tool for patient survival prediction. <br>.

©20188S. Karger AG, Basel.
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Morphology

Well Diferentiated »s Poorly Differentiated

Overall survival
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Hﬁﬁ'{/ﬁ’/f] et al Endocr Relat Cancer Oncol 2015

Table 4 Efficacy of platinum-etoposide first-line chemo-
therapy according to differentiation of Grade 3 neuroendocrine
neoplasms

NET G3 NEC

Number of patients 12 113

OR, N (%) 2@(17) 39 (35)

SD, n (%) 1 (8) 25 (22)

PD, n (%) 6 (50) 30 (27)

NA, n (%) 3 (25) 19 (17)

DCR (%) 3 (33%) 64 (68%)

Median PFS (95% Cl), 2.4 (1.1—3.8) 5.0 (4.0-6.1)
months

Median OS (95% ClI), NR 16.4 (13.4-19.5)
months

OR, objective response; SD, stable disease; PD, progressive disease; NA, not
available; DCR, disease control rate; PFS, progression free survival;
OS, overall survival; NR, not reached.

Ki-67 re-evaluation
new cut off ? 55%?

Milione et al Nenroendocrinology 2016

Type Avs. B Log-rank P<0.0001
Type Avs. C Log-rank P<0.0001
Type Bvs. C Log-rank P=0.0003

NEC Type A

| NEC T

o4, ) ) . . ] i i NEC T
o 72

Patients at risk (n)

Type A

Type B 30

Type C 82

Overall survival (%)

Type A 100
Type B 100
Type C 100

Sorbye et al Annal Oncol 2012

O 6 12 18 24 30 36 42 48 54 60
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Endocr Relat Cancer. 2018 May,25(5):583-593

Endocrine-Related
Cancer Table 2. Univariate and multivariable analysis for overall survival
Adjusted for site P-value Multivariable 2 P-value Multivariable 3 P-value
RES EARCH HR (95% CI) * HR (95% CI) HR (95% CI)
Site
Colorectal 1.00 1.00 1.00
Gastroesophageal 0.73 (0.50-1.06) 0.10 0.61 (0.39-0.94) 0.02 0.64 (0.43-0.96) 0.03
- - - Pancreatobiliary 0.41 (0.25-0.67) 0.0004 0.54 (0.29-1.03) 0.06 0.58 (0.33-1.04) 0.07
Ki67 proliferativei s
1/11/111A (pN-) 1.00 1.00 1.00
1B (pN+) 2.03 (1.20-3.42) 0.008 1.70 (0.90-3.22) 0.10 1.75 (0.95-3.23) 0.07
- IV ( M+) 1.59 (0.80-3.16) 0.19 08 (0.48-2.40) 0.86 1.09 (0.51-2.31) 0.83
component drives| ~avc:uwoee
Collision 1.00 1.00
Combined 0.90 (0.63-1.28) 0.56 1.07 (0.72-1.61) 0.73 -
Amphicrin/Combined 0.56 (0.33-0.96) 0.04 0.83 (0.45-1.53) o= -
NEC type
Large cells 1.00 1.00
Small cells 1.54 (0.97-2.43) 0.07 1.27(0.77-2.10) 0.35 -
Massimo Milionel, Patrick Maisonneuve?, A ol e
2% NEC component (per 10%) 1.09 (0.96-1.22) 0.18 - -
Alessandro Vanolis, Giovanna Tagliabue7, I MC (2507 Ki67 (=255% vs. <55%) 9.08 (5.13-16.1) <0.0001 8.92 (3.96-20.1) <0.0001 7.83 (4.17-14.7) <0.0001
Aldo Scarpa', Mauro Papotti2, Marco Vola P53 (230% vs. <30%) 1.10 (0.78-1.56) 0.58 - -
. L . . CD117 (positive vs. negative) 1.59 (1.13-2.24) 0.008 1.45 (0.98-2.15) 0.06 1.42 (0.99-2.04) 0.06
Guido Rindi'é, Enrico Solcia%, Stefano LaR SSTR2a (positive vs. negative) 1.21 (0.87-1.68)  0.25 -
Non-NEC component
Ki67 (=255% vs. <55%) 1.81 (1.28-2.54) 0.0007 1.29 (0.87-1.92) 0.20 -
MC (=50/10HPF vs. <50/10HPF) 1.39 (0.91-2.11) 0.13 - -
Nerve infiltration
Present vs. absent 3.20 (1.77-5.77) 0.0001 0.88 (0.42-1.82) 0.72 -
Angioinvasion
Present vs. absent 0.85 (0.54-1.33) 0.47 - -
Budding
Absent 1.00 1.00
Mild/moderate 0.82 (0.53-1.27) 0.37 1.29 (0.72-2.28) 0.39 -
Severe 1.97 (1.31-2.96) 0.001 1.13 (0.65-1.96) 0.67 -
Molecular Analysis™™*
wild type 1.00 1.00 1.00
Mutated 2.36 (1.41-3.97) 0.001 2.22 (1.19-4.15) 0.01 2.68 (1.50-4.81) 0.0009

CD117: tyrosine-protein kinase Kit; Ki67: Ki67 index; M+: Liver metastases; MANEC:

Mixed adeno-neuroendocrine

carcinoma; MC: Mitotic count; N+: Lymph node metastases; NEC: neuroendocrine carcinoma; SSTR2a: somatostatin

receptor 2a.

Multivariable model

2 includes all factors associated with overall survival after single adjustment for tumor site;
Multivariable model 3 retains only variables showing an association (P<0.10) with overall survival.

** Multivariable risk estimates for single gene mutations from alternative model 3: KRAS mutated [n=12; HR=2.69 (1.24-
5.82); P=0.01]; BRAF mutated [n=4; HR=1.81 (0.51-6.39); P=0.36]; TP53 mutated [n=17; HR=2.90 (1.48-5.68); P=0.002].

Malrone M., 1/~ AME-Roma 9 novembre 2018



Endocr Relat Cancer. 2018 May;25(5):583-593

Endocrine-Related
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