NEUROENDOCRINE TUMOURS
OF THE UTERUS

W Glenn McCluggage
Belfast, United Kingdom



TO DISCUSS

WHO 2014 Classification of neuroendocrine
tumours in female genital tract and changes
from prior classification

Advantages of new classification
Pathological features in various sites

Molecular study on endometrial
neuroendocrine carcinomas



NEUROENDOCRINE NEOPLASMS OF
FEMALE GENITAL TRACT

Uncommon or rare at all sites in female genital
tract

Ovary- most are clinically “benign” carcinoids
arising in teratomas

Cervix (more common), endometrium- most are
high grade neuroendocrine carcinomas (often
associated with other tumour types which may
be overgrown or not sampled)

WHO 2014- cervix, endometrium, vulva and
vagina classification was updated (not ovary)



CERVICAL NEUROENDOCRINE
NEOPLASMS (WHO 2003)

typical carcinoid
atypical carcinoid

small cell neuroendocrine carcinoma (most
common)

large cell neuroendocrine carcinoma



CERVICAL NEUROENDOCRINE
NEOPLASMS (WHO 2014)

low grade neuroendocrine tumour (carcinoid
and atypical carcinoid)

high grade neuroendocrine carcinoma (small
cell and large cell neuroendocrine carcinoma)

| advise to use both terminologies at present

also category of adenocarcinoma admixed
with neuroendocrine carcinoma



ADVANTAGES OF WHO 2014 SYSTEM

* similar to scheme used for pancreatic and
gastrointestinal neuroendocrine tumours

* hopefully will lead to harmonisation of
terminology at all body sites

* small cell and large cell neuroendocrine
carcinoma; both aggressive and should be
treated similarly; morphological overlap and
admixtures



CERVIX- TYPICAL AND ATYPICAL
CARCINOID

* very rare

e ? ever occur (occasional reports but some not
convincing)



CERVICAL NEUROENDOCRINE
CARCINOMAS

often young females

SCNEC/LCNEC (can be morphological overlap and
occasionally admixtures)

usually HPV associated neoplasms (HPV18 > 16) (may
be useful in ascertaining site of origin)

significant association with premalignant/malignant
glandular lesions (more uncommonly squamous
lesions)



Small Cell Neuroendocrine Carcinoma
(SCNEC)

* not small cell carcinoma (get small cell variant
of squamous carcinoma)
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LARGER CELLS AND APOTOTIC BODIES










——— o

chromoegranin



Large Cell Neuroendocrine Carcinoma
(LCNEC)

insular, trabecular, pseudoglandular, rosettes,
solid growth patterns

more than scant cytoplasm
often extensive necrosis

may see eosinophilic cytoplasmic granules

may get nuclear palisading

need immunohistochemical evidence of
neuroendocrine differentiation












ADMIXTURE OF SCNEC AND LCNEC
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ASSOCIATION BETWEEN CERVICAL NEUROENDOCRINE
CARCINOMA AND AIS/ADENOCARCINOMA

* AIS/ADENOCARCINOMA found in some cases
(probably under-recognised since often only
punch biopsy)



NEUROENDOCRINE MARKERS IN CERVICAL

NEUROENDOCRINE CARCINOMAS (AJSP
2010;34:525-532)

52% chromogranin positive (most specific)
90% CD56 positive (most sensitive)

90% synaptophysin positive (most sensitive)
43% PGP9.5 positive



CHROMOGRANIN




TTF1

71% of cervical neuroendocrine carcinomas
positive (85% SCNEC; 50% LCNEC)

immunoreactivity often diffuse

of no value in distinction from a pulmonary
metastasis






ENDOMETRIUM

Similar comments to cervix

Typical and atypical carcinoid- very rare (?
ever occur)

SCNECs and LCNECs occur but overlap and
best to classify as HIGH GRADE
NEUROENDOCRINE CARCINOMA

Sometimes associated with another tumour
type (most commonly endometrioid)



COMBINED ENDOMETRIOID

ENDOMETRIUM-

CA AND NEUROENDOCRINE CA




VULVA AND VAGINA

Neuroendocrine carcinomas very rare

Similar comments pertain to cervix and
endometrium- same classification

Always need to exclude metastasis
Also get Merkel cell carcinomas in vulva



OVARY

Terminology not updated and different than other sites in female genital
tract

Unlike other sites in female genital tract- no separate category of
neuroendocrine tumours

Carcinoid most common (classified in category of monodermal teratomas
and somatic type tumours arising in a dermoid cyst) (well differentiated
neuroendocrine tumour listed as a synonym) (rarely arise in other
tumours- Brenner, YST, Sertoli Leydig cell tumour)

Small cell carcinoma of pulmonary type (this is a small cell neuroendocrine
carcinoma)- POOR TERM

small cell carcinoma of hypercalcaemic type is not a neuroendocrine
carcinoma

No category of large cell neuroendocrine carcinoma (but they do occur)



NEUROENDOCRINE CARCINOMAS OF
OVARY

Similar comments pertain to cervix and
endometrial tumours

SCNEC and LCNEC occur but often overlap

Sometimes occur in association with another
tumour type- especially endometrioid

Rarely arise in teratomas

Need to exclude secondary if no other tumour
type
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Molecular classification of endometrial
carcinomas
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Molecular classification of endometrial
carcinomas
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Molecular Classification of
Endometrial Carcinomas

e Since the TCGA publication, other studies have looked at:
— Undifferentiated/dedifferentiated uterine carcinoma

* 11% POLE-mutated, 45% MSI, 11% TP53-mutated/CN-H, 28% CN-
L/NSMP

— Uterine clear cell carcinoma

* 6% POLE-mutated, 13% MSI, 34% TP53-mutated/CN-H, 47% CN-
L/NSMP

* No studies to date have looked at neuroendocrine carcinomas of the
endometrium in the context of TCGA classification
Modern Pathology (2016) 29, 1390-1398

J Pathol 2017; 243: 230-241
Human Pathology (2018) 72, 100-106



Neuroendocrine Carcinomas of the Endometrium:
Clinicopathologic Features

High grade neuroendocrine carcinomas (NEC) of the endometrium are
uncommon tumors, accounting for <1% of all endometrial carcinomas

Can be difficult diagnosis to make- criteria not well established
Majority are associated with adenocarcinoma (endometrioid>serous)
Often presents at late stage with aggressive disease

— However largest series of endometrial NEC had 28% 5 year survival

Am J Surg Pathol. 2016;40:577-86.




Neuroendocrine Carcinomas of the
Endometrium: Diagnosis

e 2014 WHO terminology in uterine corpus NEC:
— Small cell NEC (SCNEC)
e Resembles SCNEC of the lung

* Poor cohesion, condensed chromatin, high N:C ratio, nuclear moulding,
abundant mitoses/apoptoticbodies

— Large cell NEC (LCNEC)
* Nested, trabecular, or corded architecture
* Peripheral palisading of nuclei
* Large cells with vesicular or hyperchromatic nuclei and prominent
nucleoli

* Abundant mitoses, extensive geographic or “comedo-type” necrosis
common



Neuroendocrine Carcinomas of the
Endometrium: Immunohistochemistry

* Positive for at least one neuroendocrine marker in at least 10% of tumor cells
(synaptophysin, chromogranin, CD56)

* ARBITRARY FIGURE

Am J Surg Pathol. 2016 May;40(5):577-86.




Neuroendocrine Carcinomas of the
Endometrium: Immunohistochemistry

*  Positive for at least one neuroendocrine marker in at least 10% of tumor cells (synaptophysin,
chromogranin, CD56)IN APPROPRIATEMORPHOLOGICAL CONTEXT

*  Keratins usually positive at least focally

*  May show loss of MMR proteins (MLH1/PMS2) by IHC in up to 44%

Am J Surg Pathol. 2016;40:577-86.




Molecular Features of NEC of Other
Anatomic Sites

Lung (small cell)

— ~95% TP53 alterations

~78% Rb1 alterations

Lung (large cell)

— Some are molecularly similar to small cell carcinoma (TP53, Rb1)

— Some are molecularly similar to other lung adenocarcinomas (TP53, KRAS, STK11, KEAP1, etc)
Prostate (small cell)

— Treatment-related: gain of MYCN and AURKA, TP53 and RB1 alterations

— TMPRSS2-ERG rearrangement
Bladder (small cell)

— Same mutational signature as urothelial carcinomas, with gain of TP53/Rb1 alterations in the
small cell carcinoma component



Molecular features of NEC of Other
Anatomic Sites

e Cervix (small cell): HPV associated

— ATRX and ERRB4 mutations, AKT/mTOR signaling
pathway components, such as NF1, PTEN, RICTOR, and
TSC2

— PIK3CA, KRAS, TP53 less common
e (Gastrointestinal

— Subset MSI, and generally resemble gastrointestinal
adenocarcinomas molecularly



1)

2)

3)

4)

Aims of the study

Characterize the molecular alterations found in endometrial NEC
Classify cases into endometrial TCGA molecular subgroups

Compare molecular alterations of NEC component and adenocarcinoma in cases with
mixed histologies

Correlate clinical and/or histologic features with molecular classification



Methods

e 14 cases of endometrial NEC from 4 institutions
(diagnosed with WHO 2014 criteria):

— Pure (n=4)
— Mixed with endometrioid carcinoma or carcinosarcoma (n=10)

* Massively parallel sequencing (Oncopanel, BWH)

— Complete exonic regions of 447 genes
— Single nucleotide variations (mutations and small insertions/deletions)

— Copy number variations

* Clinical follow-up, histologic, and
immunophenotypic features were also evaluated
when possible

— Synaptophysin, chromogranin, CD56 TTF-1, MMR, PAX8, Rb1



Methods

Cases were categorized using TCGA classification as:
— POLE-ultramutated
* (defined by presence of POLE mutation)
— Microsatellite instability (MSI)

» (defined by molecular signature/pattern of mutations/
immunohistochemistry)

— Copy number high (CN-H)
* (defined by presence of TP53 mutation)

— Copy number low (CN-L) or “no specific molecular profile”

* (defined by absence of POLE mutation, MSI signature and TP53
alterations)



Results

14 cases of endometrial NEC:
— 4 pure NEC (2 SCNEC, 2 LCNEC)
— 10 mixed:
* 9 with endometrioid carcinoma
e 1 with carcinosarcoma

8/10 mixed cases were able to have the individual components macro-dissected and
sequenced

Morphology review:
— 8/14 LCNEC
— 6/14 SCNEC
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Endometrioid Adenocarcinoma and

Mixed Case

N

NEC




Summary of Molecular Results

m MSI
7/14 (50%) cases classified as MSI NS
— 3 LCNEC; 4 SCC (all mixed carcinomas) MP

1/14 cases (7%) POLE-mutated
— LCNEC (mixed endometrioid carcinoma/LCNEC)
2/14 cases CN-H (14%) (TP53 mutated)
— 2 SCNEC (both pure)
4/14 cases CN-L (29%) (no specific molecular profile)
— 4 LCNEC (including both mixed and pure)




Endometrial NEC with POLE
mutation (n=1)

* POLE EDM P286R mutation
* Associated with ultramutation (643 SNVs; 487.95 TMB/Mb)
e Large cell NEC histology admixed with endometrioid carcinoma

Case # Tumor type TMB/Mb Molecular classification Relevant genes altered FIGO Stage

TP53 RB1 ARID1A
1 Mixed LCNEC+EA 487.95 POLE (n=1) PTEN PIK3CA  PIK3R1 1A
CTNNB1



Endometrial NEC with MSI (n=7)

Range of Tumor mutational burden
(TMB/Mb) (10.65-105.65)

— Mean 40.07

Presence of numerous indels
Confirmed with MMR IHC

Mixture of large cell (n=3) and small cell
(n=4) histologies, and all were mixed with
endometrioid carcinoma or
carcinosarcoma

Case# Tumortype TMB/Mb

2A
2B
3A
3B
4A
4B
5A
5B

6A

6B
7A
7B

8

LCNEC
EA
LCNEC
EA
SCNEC
EA
LCNEC
EA

SCNEC

EA
SCNEC
EA

Mixed
SCNEC+CS

10.65
13.69
20.53
31.18
39.52
45.60
51.68
67.64

19.00

24.32
33.44
34.96

105.65

Molecular
classification

MSI (n=7)

Relevant genes altered

TP53 (n=4; 3 in EA only)
RB1 (n=6)

ARID1A (n=7)

PTEN (n=6)

PIK3CA (n=4)

PIK3R1 (n=5)

CTNNB1 (n=3)

FIGO
Stage

1B

nci

nc1

ND



Endometrial NEC with Copy Number Low
(No Specific Molecular Profile) n=4

The CN-L cases lacked TP53 and RB1 mutations, had low CNVs, and had SNVs typical of endometrioid
carcinomas:

Molecular

Case # Tumor type TMB/Mb e Relevant genes altered FIGO Stage
classification
9A LCNEC 9.13 -
23 2 e ARID1A (n=4)
10 LCNEC 6.08 = 1B
L ] PTEN (n=2)
11 LCNEC 6.08 CTNNB1 (n=2) I
12A LCNEC 4.56 PIK3CA (n=2) et
12B EA 3.80

All cases had large cell histology, either pure or mixed



Endometrial NEC with TP53 alterations
(CN-H; n=2)

TP53 mutations
RB1 deletions
High numbers of CNVs
One case had high level NKX2-1 (TTF-1)
amplification
— Associated with strong TTF-1 [HC

One case had high level MYC 14
amplification

Case #

13

Both cases were pure small cell
histology

Molecular

Tumor type  TMB/Mb classification

SCNEC 8.36

CN-H (n=2)
SCNEC 4.56

Mean TMB 6.46

FIGO
Relevant genes altered Gl
v
TP53 (n=2)
RB1 DEL (n=2)
NKX2-1 HA (n=1)
MYC HA (n=1) 1B
PIK3CA (n=1)



Comparison of NEC and
Adenocarcinoma in Mixed Cases

The molecular subtype classification was identical across the two components in all
mixed cases

In general, there was a very high concordance of mutations identified between the
two components

— Non-NEC component tended to have slightly higher numbers of mutations,
majority of uncertain significance

* Only true for hypermutated cases

— TP53 mutations, when discordant, tended to be present in the adenocarcinoma
component and not the NEC (75%)



Immunohistochemistry Results

Synaptophysin

Chromogranin

CD56
TTF-1

PAX8
Rb1

12/14 (86%)

13/14 (93%)

4/5 (80%)
2/14 (14%)

12/13 (92%)
6/14 (43%) with Rb1 LOSS

3 cases <25% of cells
1 case neg in adeno, pos in NEC

5 cases <25% of cells
1 case neg in adeno, pos in NEC

All positive cases diffuse

1 weak/focal
1 diffuse NKX2-1 CN amplification

3 focal and/or weak

Includingl subclonal loss



Clinical Outcome

* Very limited analysis: 8 cases had available clinical follow-up data
— 4 patients died of disease

e Distributed between all three non-POLE mutated molecular
groups
* Including one patient who was diagnosed at stage IA (MSI)

— No association with morphologic subtype (LCNEC vs SCNEC)

— No association with molecular subtype



Summary

NEC of the endometrium comprise a molecularly heterogeneous group of tumors
distributed amongst all 4 molecular groups

Half (7/14 of endometrial NEC are hypermutated, the majority of these MSI

— All of the hypermutated cases were mixed NEC + endometrioid
carcinoma/carcinosarcoma

Mixed NEC and other carcinoma subtypes share common mutations, suggesting
these are clonally related rather than “collision” tumors

POLE-mutated and copy number-low endometrial NEC were all of “large cell”
morphology



Conclusions and Future Directions

At the molecular level, NEC of the endometrium more closely resemble other
histologic subtypes of endometrial carcinoma rather than small cell lung carcinoma

Endometrial NEC, particularly large cell type, may represent morphologic variation
in poorly differentiated endometrioid or undifferentiated carcinoma +/-
“neuroendocrine differentiation”

Diagnostic thresholds for endometrial NEC, particularly LCNEC, should be re-visited

Future studies are needed to assess efficacy of small cell carcinoma-directed
therapies in endometrial NEC and endometrial carcinomas with neuroendocrine
differentiation



