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Most Frequent Diagnostic Errors In

Neuroendocrine Neoplasia

A Mistaking a nomeuroendocrine carcinoma (typically a
solid adenocarcinoma) for a neuroendocrine carcinom:

I Nonneuroendocrine carcinoma with occult NE diff
I SMARCAdeficient carcinoma

A Most diagnoses of NET G3 are incorrect
I NECAdCAwith occult NHIf, acinar cell caCC

A Failing to initially recognize NET

I CK7/CK2@ouble negativity equated with broaspectrum
keratin-negativity

I Varied morphologiese(, spindle cell)
A Mistaking parapheofor NET

I Should demonstrate broadpectrum epithelial marker+
A Mistaking small, crushed NET for NEC

I Kr67 is mandatory in all NET/NEC
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My Most Frequent Diagnostic Challeng

A High-grade neuroendocrine neoplasm with
ambiguous morphology
(le, 1Is It NET G3 or large cell NEC?)
i p53, Rh CXCR4
I SSTR2, some NET SOQO [HC

A Demonstrating broagpectrum epithelial
marker+ in a NEC

I May need to use multiple broaspectrum epithelial
markers (includingepCAN

I Rb, TTH or ASCL1



These are the Diagnostic Question

Als it a NET (vs LG epithelial neo or PARA/PHEO)?

I Broadspectrum epithelial marker+
I CgAand/or Syn ALWAYS diffusely, strongly positive

Als it a NEC (vs nédEC or small round blue cell
tumor)?
I Broadspectrum epithelial marker+
I CgAand/or Syn only occ. mesktrong, multifocaldiffuse

I Other support: dotlike keratin, INSMinsmd, Rb loss,
TTF1/ASCL1+, CXCR4+, SSTR2+, POU2F3+ (15%)
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Diagnostic Questions Continued

Alsita NET G3 or a NEC?
I p53, Rb, SSTR2, CXCR4, NET SOO

ANET Site of Origin?

I Markers of midgut, pancreatic, lung, and rectal origin

A NEC Site of Origin?
I TTF1 (viscera), CK20 (skin)



WHOQO 2022 Classification of Endocrine
and Neuroendocrine Tumors
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ICD-0 coding of Endocrine and neurcendocrine tumours
Abstract Introduction to Endocrine and Neuroendocrine tumours
In this review, we detail the changes and the relevant features that are applied to neurcendocrine neoplasms (NENs) in the
2022 WHO Classification of Endocrine and Neuroendocrine Tumors. Using a question-and-answer approach, we discuss the
of the that distingui: neuronal i from epithelial which are divided .
into well-differentiated neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcinomas (NECs). The 2. Pituitary gland
criteria for these distinctions based on differentiation are outlined. NETs are generally (but not always) graded as G1, G2, and
G3 based on proliferation, whereas NECs are by definition high grade; the importance of Ki67 as a tool for classification and
grading is emphasized. The clinical relevance of proper classification is explained, and the importance of hormonal fun
is examined, including eutopic and ectopic hormone production. The tools available to pathologists for accurate classification
include the conventional biomarkers of neur crine lineage and di , synaptophysin, chromog;
and wmzmm.miu recq.:mr» (SSTRs), but also include transcription factors [l_u[ can identify the site nl't ginof a ||1e(a.T[auic 4 Para.l herId g Iands
lesion of unknown primary site. as well as hormones, enzymes, and keratins that play a role in functional and structural
correlation. The recognition of highly proliferative, well-differentiated NETs has resulted in the need for biomarkers that
can distinguish these G3 NETs from NECs, including stains to determine expression of SSTRs and those that can indicate
the unique molecular pathogenetic alterations that underlie the distinction, for example, global loss of RB and aberrant p53 5. Adrenal gland
in pancreatic NECs compared with loss of ATRX, DAXX, and menin in pancreatic NETs. Other differential diagnoses are
discussed with recommendations for biomarkers that can assist in correct classification, including the distinctions between
epithelial and non-epithelial NENs that have allowed reclassification of epithelial NETs in the spine, in the duodenum, and in 6. Tumours of the adrenal medulla and extra-adrenal paraganglia
he first two may be composite tumors elements, and as this feature is integral to the
duodenal lesion, it is now classified as composite gangliocytoma/neuroma and neuroendoerine mor (COGNET). The many
other aspects ﬂfdiﬁ_ereuuul Jiagum_i» flre detailed with for bi that |::m. istinguish NENs from non- 7. Neuroendocrine pancreas
neuroendocrine lesions that can mimic their morphology. The concepts of mixed neuroendocrine and non-neuroendocrine
(MiNEN) and amphicrine tumors are clarified with information about how to approach such lesions in routine practice
Theranostic biomarkers that assist patient management are reviewed. Given the significant proportion of NENs that are . .
associated with germline mutations that predispose o this disease, we explain the role of the pathologist in identifying 8. Neuroendocrine neoplasms, non-endocrine organs

precursor lesions and applying molecular immunchistochemistry 1o guide genetic testing.

3. Thyroid gland

Keywords Grade 3 neur tumor -} rine tumor - WHO elassification - Neuroendocrine carcinoma - 9. Mesenchymal and stromal tumours
MiINEN - Amphicrine carcinoma - PRRT - Biomarkers - CoGNET - Cauda equina cring tumor - i .
Inherited neuroendocrine neoplasia - Biomarkers - INSM1 - Pancreas - Merkel cell carcing

tumor - Medullary thyroid carcinoma - L cell - Middle ear neuroendocrine tumor 10 Haematolym ph0|d tumours

na - Pituitary neuroendocrine

Introduction
11. Germ cell tumours
The unique morphologic and clinical features of neuroen-
docrine neoplasia have attracted the attention of patholo-
Extended awthor information available on the last page of the article gists, surgeons, and physicians for more than a century. 12. Metastasis

) Springer
13. Genetic tumour syndromes
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WHOQO 2022 Classification of Endocrine
and Neuroendocrine Tumors

A Includes neuroendocrine neoplasms of remdocrine organs
(previously onlypancNETMTC, angitNET among NETS)

A Pancreatic neuroendocrine lesions <0.5 cm:
neuroendocrinemicroadenoma#, neuroendocrinemicrotumor

A Gangliocytiparaganglioma, compositegangliocytoma/neuroma and
neuroendocrine tumorQoGNE)T

A Cauda equinparaganglioma, caudaequina neuroendocrine tumor
Aa{ldFYyRINR 2F OrNBYUR{ELISNEDBEHY Y
A Twotiered grading system for medullary thyroid carcinoma

i low-grade (all of the following): <®its/2mm?2, no necrosis, KB7 P1<5%

i higha NI RS 6 yeé 2 F mits/BnSn2 fiezrbsisH@& A yED Y
A Diagnosis oMiNENdepends on identification of two morphologically

distinct components (rather than arbitrary 30% cutoff)
AwWSAYUNRRdAzOGAZ2Y 2F (GKS GSNXY al Y
At KS2OKNRBY20e02Yl GRSY2USRé (2
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Type IV and V Gastric NETs

Human Molecular Genetics, 2015, Vol. 24, No. 10 2914-2922

doi: 10,1093/ hmg/ddvosd
Advance Access Publication Date: 11 February 2015
OXFORD al Article

ORIGINAL ARTICLE
Exome sequencing identifies ATP4A gene as responsible
of an atypical familial type I gastric neuroendocrine tumour

Oriol Calvete’?, Jose Reyes*, Sheila Zufiga®, Beatriz Paumard-Hernandez?,
Victoria Fernandez!, Luis Bujanda®, Maria S. Rodriguez-Pinilla’, Jose Palacios?,
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Valencia 46980, Spain, ®Department of Gastroenterology, Hospital Donostia/Instituto Biodonostia, Biomedical
Research Center, and CIBEREHD, Universidad del Pais Vasco, San Sebastian 20080, Spain, "Pathology Department,
Fundacién Jiménez Diaz, Madrid 28040, Spain, ®*Pathology Department, Hospital Ramén y Cajal. Madrid 28034,
Spain, *Genetics Depanmem Hospital Universitario Son Espases, Majorca 07120, Spain, *°Centre for Genomic
Medicine, Uni of and Central University Hospital NHS Foundation Trust,

Manchester M13 9WL, UK and *'Dx of G: Institute of Tr: i Medicine, University
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Abstract

Gastric neuroendocrine tumours (NETS) arise from enterochromaffin-like cells, which are located in oxyntic glands within the
stomach. Type I tumours represent 70-80% of gastric NETs and are associated with hypergasmnaemla chronic atrophic
gastritis and . Gastrin the end 1 of Most type | gastric NETs are
sporadic, have a good prognosis and their genetic basis are unknown. We performed an exome sequencing study in a family
with parents and 10 children, five of whom d by type I gastric NET. Atypical clinical traits included
an earlier age of onset (around 30 years), (three had nodal i requiring total and one an

deficiency rather than anaemia. We identified a homozygous missense mutation in
the 14th exon of me ATP4A gene (c.2107C>T), which encodes the proton pump responsible for acid secretion by gastric parietal
cells. The amino acid p.Arg703Cys is highly conserved across species and originates a change of one of the transmembrane
<domains that avoids the liberation of protons from cells . This i ith the ia that was observed
in the affected individuals. No germline or somatic mutations in the ATP4A gene were found in sporadic gastric NET patients.
Based on the results of this large family, it seems that this atypical form of gastric NET has an earlier age of onset, behaves more
aggressively and has atypical clinical traits that differentiated from other studied cases.

"Present address: Roche Pharmaceutical Research and Early Development
Germany,

Received: November 13, 2014. Revised and Accepted: February , 2015

© The Author 2015. Published by Oxford University Press. All rights reserved. For Permissians, please email: journals permissions@oup.com
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Gastric neuroendocrine tumours from long-term proton
pump inhibitor users are indolent tumours with good
prognosis
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'Department of Pathology. Microbiology and Immunology,
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Trinh VQ-H. Shi C & Ma C.

(2020) Histopathalogy 77, §65-876. https://doi.org/10.1111/his 14220
Gastric neuroendocrine tumours from long-term proton pump inhibitor users are indolent

tumours with good prognosis

Aims: Proton pump inhibitors (PPIs) are among the
most widely used medications in the United States. Most
PPI users have persistent hypergastrinaemia during
treatment. However, gastric neurcendocrine tumours
diagnosed in long-term PPI users are rarely reported.
Their clinicopathological features and prognosis are not
characterised. It remains unclear whether or not they
can be classified as Type IIT sporadic tamours

Methods and results: We retrospectively characterised
66 gastric neurcendocrine tumours from patients
without atrophic gastritis and gastrinoma from two
tertiary care medical centres. including 38 tumours
in patients who had used PPIs for at least 1 year and
28 tumours from patients without long-term PPI use
(control group. Type I tumours). Compared to con-
trols, tumours from long-term PPI users tended to be
in the pT1-2 caiegory (98% versus 79%, P = (0.09)

Keywaords: proton pump inhibitor, hyperga

trinaemia, enterochromaffin-like cell hyperpl:

and less often invaded the serosa (3% versus 18%.
P = 0.08) or lymphovascular spaces (11% versus
32%. P = 0.06). Using Kaplan-Meler analysis, long-
term PPI users had significantly longer overall sur-
vival than controls (P = 0.035). While three control
patients developed distant metastasis and seven died,
long-term PPI users were without distant metastasis
(P = 0.06) or death (P=0.002) during follow-up.
However. five long-term PPI users developed addi-
tional gasiric neuroendocrine tumour(s). while none
of the controls did (P = 0.07).

Conclusions: Our results show that gastric neuroen-
docrine tumours of long-term PPI users are probably
less aggressive compared to Type 11 sporadic tumours
and have an indolent disease course. Our findings sup-
port the classification of gasiric neuroendocrine
tumours in long-term PP1 users as a separate subtype.

gastritls, pernicious anaemia. multiple endocrine neoplasia type 1. Zollinger-Ellison syndrome

Introduction

Gastric neurcendocrine tumours account for nearly
2% of all gastric malignancies reported in the United

Address for correspondence: © Ma, University of Pittsburgh, Depart-
ment of Pathology, Presbyterian Hospital, 200 Lothrop Sireet.
Room A-610, Pittshurgh, PA 15213, USA. e-mail: mae2@upen-
m-w tment of Pathology. Duke University Medical Center, Durham,
NC. USA

© 2020 Jobn Wiley & Sans Lid.

States.! Their incidence has increased 15-fold in the
past several decades and continues to rise.” These
tumours demonstrate diverse clinical and histopatho-
logical features that are associated with unigue
underlying pathophysiology. and have been classified
broadly into three subtypes.*® Both Types I and II
tumours are enterochromaflin-like (ECL) cell tumours
in association with chronic hypergastrinaemia and
cell hyperplasia.’® Type I tumours are diagnosed
in patients with chronic atrophic gastritis, most often

g 1
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Dichotomous Tumor Biology

A Prognosis ‘% P

ibo9¢cY GI22REZT QGitkeNdpdndentS T &
i b9/ Y (&d® ddian survival for extensive stage disease
6-12 mo); Merkel cell more favorable, esp. for limited stage

A Welldifferentiated A neuroenc
A Poorly differentiatedd neuroer

Therapy (Extensiv&tageD2)

NET NEC : . .
. . _ Site dependent A Platinum/ Etoposide
Genomic instability Low High A Octreotide A Chemo for norNE
53 Wild-tvbpe Mutant A PRRT CA native to site
; o A mTORnhibitor A Ant-PDL1 (MCC)
Ao Intact Lost (everolimus)
A TKI (sunitinib)
A Chemo (CAP/TEM)
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Biallelic inactivation of P53and RB1is the Moleculal
Genetic Hallmark of Small Cell Lung Cancer

T Representative Photomicrographs
ARTICLE i PP

PrmTeTT—— 3 i %‘“ H&E c M2B4
Comprehensive genomic profiles -

of small cell lung cancer 2
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Genetics of Large Cell Neuroendocrine Carcinon

SCLdke (40%RBlinactivated), NSCH&e (55%KRAS/STKutant),
and rare carcinoidike (5% MEN1mutant) tumors
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Genetics of Higitisrade GEIRIENS

(152 NEC/29 NET G3):
FrequentTP53(64% mut)RB1(14% mut, 34% CN loss)
alterations in NEC; additional mutations typical of

adenocarcinoma depending on orighCBRAJ-

Cancer

RESEARCH

The molecular characteristics of high-grade
gastroenteropancreatic neuroendocrine
neoplasms
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Abstract

High-grade (HG) gastroenteropancreatic (GEP) neuroendocrine neoplasms (NEN) are Key Words
rare but have a very poor prognosis and represent a severely understudied class of
tumours. Molecular data for HG GEP-NEN are limited, and treatment strategies for the
carcinoma subgroup (HG GEP-NEC) are extrapolated from small-cell lung cancer (SCLC),
After pathological re-evaluation, we analysed DNA from tumours and matched blood
samples from 181 HG GEP-NEN patients; 152 neuroendocrine carcinomas (NEC) and 29
neuroendocrine tumours (NET G3). Based on the sequencing of 360 cancer-related genes,
we assessed mutations and copy number alterations (CNA). For NEC, frequently mutated
genes were TP53 (64%), APC (28%), KRAS (22%) and BRAF (20%). RBT was only mutated in
14%, but CNAs affecting RB1 were seen in 34%. Other frequent copy number losses were
ARIDTA (35%), ESRT (25%) and ATM (31%). Frequent amplifications/gains were found in

MYC (51%) and KDMSA (45%). While these molecular features had limited similarities with
SCLC, we found potentially targetable alterations in 6% of the NEC samples. Mutations
and CNA varied according to primary tumour site with BRAF mutations mainly seen in
colon (49%), and FBXW7 mutations mainly seen in rectal cancers (25%). Eight out of 152
(5.3%) NEC were microsatellite instable (MSl). NET G3 had frequent mutations in MENT

neuroendocrine neoplasms
neurcendocrine carcinoma

high-grade

molecular markers
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Correlations for top16 alterations
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Genetics of NET

CDKN1Bp27) inactivation MENZ1(40%) MEN1(10%)

(5-10%)

Loss of chr 11 and 18  DAXX(20-25%) EIF1AX (9%)

Gain of chr 4,5, 19, 20  ATRX10-15%) ARID1A6-7%)
mTOR pathway (15%; | R RIf2ddmatin

PTENTSCLITSCZ2DEPDQ5 remodelling

PMID: 1. 23676460, 2. 24185511, 3. 28199314, 4. 24670920, 27873319
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Issues with WHO 2010

AGL/IG2ktc T aK2f Sé
ANET G3
AMixed tumors composed of various elements



Tumor Grade (WHO 2010)

Mitotic Rate Operator [ Proliferation

(mitotic figures Index (Ki67%)
per 10 HPF)

G1 (low grade) <2 AND KH 2

G2 (int. grade) 2-20 OR 3-20%

G3 (high grade) >20 OR >20%
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The High-grade (WHO G3) Pancreatic Neuroendocrine
Tumor Category Is Morphologically and Biologically
Heterogenous and Includes Both Well Differentiated

and Poorly Differentiated Neoplasms

Olca Basturk, MD,* Zhaohai Yang, MD, PhD,{ Laura H. Tang, MD, PhD,*
Ralph H. Hruban, MD,} Volkan Adsay, MD,§ Chad M. McCall, MD,}
Alyssa M. Krasinskas, MD,§ Kee-Taek Jang, MD,|| Wendy L. Frankel, MD,*
Serdar Balci, MD,§ Carlie Sigel, MD,* and David S. Klimstra, MD*

Cum. Survival
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..........................

p=0.002

Mitotic G2, K167 G2 PanNET
(n=50)

" Mitotic G2, Ki67 G3 PanNET
I (n=19)

Poorlv differentiated NEC
B (n=42)

PMID: 25723112
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