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Review Article

Differentiation Versus Grade for Pancreatic
Neuroendocrine Neoplasms

Guido Rindi, MD, PhD; Frediano Inzani, MD, PhD

o Context.—Pancreatic neuroendocrine neoplasia (panNEN)
is a tumor disease with distinctive morphology and often
poses diagnostic challenges.

Objective.—To present and discuss the current diagnos-
tic criteria of PanNEN.

Data Sources.—PanNENs are classified by the World
Health Organization (WHO) criteria into well-differentiated
neuroendocrine tumor (panNET) and poorly differentiated
neuroendocrine carcinoma (panNEC) of large or small cell
type. panNETs are graded as G1-G3 on the basis of their pro-
liferation capacity by mitotic count and/or Ki-67 proliferation
index. Differentiation and grading are overlapping tools essen-
tially directed to the definition of tumor cell resemblance to
the normal cell counterpart (differentiation) and its prolifera-
tion capacity (grading). Both tools aim at defining the panNEN
malignant potential, and ultimately the overall and event-free
survival. The 2 panNEN families mirror different molecular
backgrounds. The panNET genotype consistently displays
mutation/copy number variation of DAXX (death domain

he current World Health Organization (WHO) classifi-

cation of neuroendocrine neoplasm of the pancreas
(panNEN) entails the assessment of cell differentiation by
morphology and of cell proliferation by grading."™ In this
article the definition and significance of both differentiation
and grading in panNEN will be introduced while integrat-
ing such concepts with current molecular evidence. In addi-
tion, the pitfalls and problems inherent in these diagnostic
tools will be discussed. Four points will be discussed:
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associated protein), ATRX (ATRX chromatin remodeler), and
MENT (menin 1) genes, while in panNEC the usual cancer
drivers TP53 (tumor protein 53), RBT (RB transcriptional core-
pressor 1), and KRAS (KRAS proto-oncogene, GTPase) genes
are mutated/abnormal. The more subtle differences measured
by grade in panNET G1-G3 reflect a progressive gene disor-
der, with G3 often involving TP53. This rare genetic setting is
usually associated with a difficult differential diagnosis
between panNET G3 and panNEC. Immunohistochemistry for
the informative genes DAXX, ATRX, TP53, RB1, P16 (cyclin-
dependent kinase inhibitor 2A), and SST, (somatostatin recep-
tor 2) are the key to separating panNETG3 and panNEC; how-
ever, molecular investigation is often required and decisive.
Nonetheless, ambiguous cases may remain unresolved.

Conclusions.—The WHO diagnostic criteria for panNEN
are simple and effective tools for a clinically meaningful
patient stratification. Areas of uncertainty remain and deserve
further investigation.

(Arch Pathol Lab Med. doi: 10.5858/arpa.2024-0410-RA)

differentiation definition, grading definition, and molecular
pathology features and problems.

DIFFERENTIATION

Two definitions of cell differentiation easily accessible on
the Web are as follows: (1) “the process in which a stem cell
changes from one type to a differentiated one”®; (2) “the
evolutive mechanism(s) from visibly undifferentiated pre-
cursor cell to stable and persistent states of cell differentia-
tion.”® Although differently defined, both these definitions
deliver the concept that differentiation is a plastic phenom-
enon of the cell life, describing its journey toward complete
maturation and “adult” status. As such what we see on his-
tology preparations is the photograph of a cell frozen by fix-
ation at a specific evolutive step. In each cell population, it
is expected that different evolutive steps are captured. This
phenomenon takes place during development and is
repeated continuously during adult life to maintain organ
cell homeostasis, that is, the normal number of adult cells
and ultimately organ trophism and function.

Adult cell status is variably defined for cells according to
their different function, and in the pancreas, namely the
ductal cell, the exocrine secretory cell, and the islet neuro-
endocrine (NE) cell. The mechanism through which a given
cell acquires a specific cell type/adult status is defined as cell
specification.

What is known of cell specification in the NE pancreas
derives from embryogenesis studies. The cell-type specification
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takes place at certain embryonic days defined as primary (e8.5—
12.5), secondary (€12.5-16.5), and tertiary (e16.5—postnatal); the
latter indicates its continuous function after embryogenesis in
adult life.” A cohort of transcription factor genes dictates the
cell-type specification from the multipotent progenitor cell along
different secretory lineage routes via complex interactions.”””
Key transcription factor genes include NEUROG3 (neurogenin
3) for all 4 pancreas NE cell types, ARX (aristaless related
homeobox) for alpha cell, and PDX1 (pancreatic and duodenal
homeobox 1) for beta cell, with NOTCH (notch receptor) and
HEST (hes family bHLH transcription factor 1) playing a broader
role at earlier development steps.”~ The interaction between
transcription factor genes is extremely complex, only partially
understood and dissected, and entails both the activation or
blockage of several other transcription factor genes including
INSM1 (INSM transcriptional repressor 1) and ISL1 (ISL LIM
homeobox 1).~*

The above-described complex phenomena normally take
place in the pancreas for cell type homeostasis but also when
regeneration/adaptation occurs following injury, in the physio-
logical condition of pregnancy, or under the pathologic pres-
sure induced by obesity and diabetes.”® It is still not clear
where in the NE pancreas compartment this powerful cell res-
ervoir lies and whether the so-called NE stem cell exists, since
no robust evidence supports the proposed theory of either
ductal or islet cell origin of NE cells. For sure the phenom-
ena of islet cell self-replication and islet cell conversion
have been demonstrated and are currently accepted, indi-
cating that a cell with an acquired adult phenotype may
indeed rescue its replication capacity.’® Similarly, trans-
forming events may unlock uncontrolled proliferation
capacity in mature NE cells. Indeed, experimental evidence
in genetically engineered mice models indicate that direct-
ing powerful transforming reported genes in pancreatic
NE cells results in transformation within islets and multi-
ple instances of tumor development.''

The minimal requirements to meet the definition of an NE
cell of epithelial lineage entail the demonstration of cytokera-
tin(s) (CK][s]) and the presence of the 2 regulated pathways
of secretion associated with large dense core vesicles
(LDCVs, hormone-storing) and small synaptic-like vesicles
(SSVs, small mediator—storing). LDCVs and SSVs contain
several antigens and respectively chromogranin-A (CgA)
and synaptophysin (Syn), two antigens of use in daily
pathology practice as general markers of NE differentia-
tion.’® In addition, the insulinoma-associated 1 (INSM1)
transcriptional repressor gene recently proved to be
expressed in normal and tumor NE cells as a novel pow-
erful NE marker."* Overall, the minimal immunopheno-
type required for the definition of an NE cell of epithelial
lineage is the positive demonstration of CK(s), chromog-
ranin A and synaptophysin expression in the cytoplasm,
and of INSM1 in the nucleus.*™

This holds true also for transformed, neuroendocrine
tumor (NET) cells of epithelial lineage. However, the phe-
notype of epithelial NET cells may vary significantly
depending on their cytologic features, that is, whether they
are like the normal islet counterpart or display severe and
significant atypia. Of note, the absence of CK(s) expression
in NE tumor cells points to a diagnosis of paraganglioma, a
NEN of nerve lineage.**

PanNENs composed of NET cells like their normal coun-
terpart by cytology and by cell-to-cell organization (islet-
like, organoid structure) are considered to be well
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differentiated and defined NETs (Figure 1, A through E).
PanNENs composed of cells with severe cell atypia and
solid or loose structure are defined as neuroendocrine carci-
noma (NEC) of small or large cell (SC, LC) types (Figure 2,
A through E).

In summary, differentiation in PanNEN defines a neopla-
sia of epithelial lineage displaying the standard epithelial
NET immunoprofile (CK*/CgA*/Syn™/INSM17), with NET
or NEC of SC/LC-type morphology.

GRADING

Two definitions of grading accessible on the Web are as
follows: (1) “a measure of the cell appearance in tumors
and other neoplasms”?’; (2) “the degree of tissue differenti-
ation or to an ensemble of tissue features that have been
found to be a good predictor of the aggressiveness of the
tumor.”'® Both definitions indicate that grading is a tool to
assess the aggressiveness of a given neoplasm. The current
WHO grading of digestive NEN including panNEN is based
on proliferation and entails the measurement of mitosis/
2 mm’ and Ki-67% (Table)."” While NETs are graded,
NECs are by definition high grade (G3).* Necrosis, consid-
ered for grading of NETs at other sites, is not part of the
current grading system of panNETs, although its presence
is recognized as a sign of histologic aggressiveness.'” This
system proved effective in defining patients’ risk in pan-
NEN, predicting both overall and event-free survival.'®

In summary, grading is a tool to measure the prolifera-
tion capacity in panNEN. While the differentiation status at
morphology may effectively separate NET and NEC (diag-
nostic/prognostic step 1) for NET only—proliferation
measured by Ki-67/MIB-1 and/or mitotic count may
define the NET-associated risk, ultimately predicting
prognosis (diagnostic/prognostic step 2). The application
of digital techniques for Ki-67 determination in panNET
has been explored with promising results, especially in
view of potential artificial intelligence (Al) applications in
the near future.” Nonetheless, such a technique has not
yet entered the methodology currently recommended by
the WHO.

Molecular Pathology and Clinical Significance

Both differentiation and grading flag the molecular
events taking place in the transformed NE cell. The recog-
nized genetic landscape of panNET presents characteristic
and recurrent gene features firstly defined and well delin-
eated by Scarpa et al*® in 2017. In general, the panNET dis-
plays low copy number variations and low mutational
burden, with variable penetrance, including mutation of
MENT (menin 1), DAXX (death domain associated protein),
and ATRX (ATRX chromatin remodeler) genes. Other genes
that may be mutated in panNET include MUTYH (mutY
DNA glycosylase), PTEN (phosphatase and tensin homo-
log), TSC1-2 (TSC complex subunit 1/2). Of note, the
abnormal gene function may result from other mechanisms
including copy number variation rather than mutation. The
application of genotyping in panNET consistently proved
the above-defined genetic landscape, in addition to being
tentatively used to associate genotype end clinical pheno-
type. The assessment of panNET genotype by tumor DNA
sequencing proved useful in predicting the clinical behavior
in different study cohorts. As an example, in a series of 87
panNETs less than 3 cm in size, copy number alterations
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separated the panNET in 3 groups with different metastatic
potential (group 1: metastasis 75%, with G2, DAXX/ATRX";
group 2: metastasis 42%, low gene abnormalities; group 3:
metastasis 35%, MENT1 loss).”" In addition, the expected low
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Figure 1. Well-differentiated neuroendocrine
neoplasia (NEN), neuroendocrine tumor (NET)
of the pancreas (panNET). The features
observed in the normal islet (A) are also
observed in panNETs (B) with organoid, islet-
like structure and usually mild atypia if any.
PanNET cells consistently express the NEN
family markers chromogranin A (C) and syn-
aptophysin (D) in the cytoplasm and insulin-
oma-associated 1 (INSM1) in the nucleus
(E) (hematoxylin-eosin, original magnification X
400 [A and BJ; original magnification X400 [C
through EJ).

copy number variation and “usual” mutant status involving
ATRX/DAXX/MEN1 (ADM) observed in a series of 80 patients
with panNET evolved and acquired a hypermutation condi-
tion after alkylating agent treatment in 67% of cases, with

Figure 2. Poorly differentiated neuroendo-
crine neoplasia (NEN), neuroendocrine carci-
noma (NEC) of the pancreas (panNEC).
PanNECs are poorly differentiated carcino-
mas, usually displaying solid structure with
necrosis, either in single-cell or in large areas
(geographical chart necrosis), are composed
of severely atypical cells, either small with
scarce cytoplasm and large nuclei ([A], small
cell type, SC-NEC), or large with abundant
eosinophilic cytoplasm ([B], large cell type,
LC-NEC). PanNEC cells consistently express
the NEN family markers chromogranin A
(C) and synaptophysin (D) in the cytoplasm
and Insulinoma-associated 1 (INSM1) in
the nucleus (E) (hematoxylin-eosin, original
magnification X400 [A and B]; original mag-
nification, X400 [C through E]).
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Differentiation and Grading Features of Pure
Neuroendocrine Neoplasia

Grading (Proliferation)

Differentiation Mitotic  Ki-67
Definition (Morphology) Grade Count® Index’
NET Well differentiated G1 <2 <3
Well differentiated G2 2-20 3-20
Well differentiated G3 >20 >20
NEC Poorly differentiated ~ G3€ >20 >20

Abbreviations: G, grade; NEC, neuroendocrine carcinoma; NET: neu-
roendocrine tumor.

*In areas of 2 mm?.

b Percentage of positive cells stained with Ki-67 clone MIB-1 in areas
of highest nuclear labelling (hot spot).

¢ Grade not assessed in NEC."™

novel mutation in key cancer driver genes including TP53
(tumor protein 53).2 On the same scale, expanding the
genetic analysis to RNA sequencing and DNA methylation in
a cohort of 64 panNETs showed that the frequent ADM muta-
tion status was associated with worse survival, distinct gene
expression and methylation profile, and alpha-cell profile.”
Gene expression profiling further provided prognostic stratifi-
cation in a series of duodenopancreatic NENs, confirming a
worse survival rate in association with a pancreatic alpha cell
signature.* Finally, in a series of 29 panNETs, gene expression
profiles and LINE-1 methylation status correlated with Ki-67
WHO grade, with gene expression profiles clustering by grade
and not by case, with a profound transcriptome change char-
acterizing the switch from G1/G2 to G3.” Overall, panNETs
display a consistent gene “anatomy,” with gene expression
profiles aligning with grade and adverse prognosis as a prom-
ising area of further investigation.

Similar to NEC at other sites and well known for
decades,”® panNEC shows alterations in key cancer driver

Figure 3. A case of difficult pancreatic neu-
roendocrine tumor (panNET) GC3 diagnosis.
The diagnosis of this case proved difficult
because the only available sample showed
poorly preserved histology with diffuse arti-
facts. Although necrosis was evident, tumor
cells showed relatively regular nuclei and
ample cytoplasm (A and B), wide expression
of chromogranin A (C), somatostatin receptor
type 2 (S5T,) (D), with relatively high Ki-67
proliferation index (E). Based also on ATRX
(ATRX chromatin remodeler) retention and
partial DAXX (death domain associated pro-
tein) loss, the diagnosis of panNET G3 was
favored and subsequently confirmed by the
presence of TSC1 (TSC complex subunit 1):
c.891T>A p.(Y297*) mutation and low tumor
mutational burden (2.4 muts/mb) in the
absence of TP53 (tumor protein p53), RB1
(RB transcriptional corepressor 1), and other
classical cancer driver genes with next-generation
sequencing (NGS) analysis of 500 genes
(hematoxylin-eosin, original magnification X 400
[A and B]; original magnification X400 [C
through EJ).
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genes including TP53. Extensive, recent data obtained by
whole genome sequencing/whole exome sequencing as well
as gene expression profiling in a large cohort of digestive
NECs, including 29 from pancreas, showed that panNECs
(TP53/RB[RB transcriptional coexpression 1]/KRAS [KRAS proto-
oncogene, GTPase] abnormal/mutant) are similar but different
from NECs from other gastrointestinal sites (TP53/RB abnor-
mal/mutant); as largely expected, panNECs are different from
panNETs (ADM mutant), and panNECs may cluster into
“ductal” and “acinar” types by expression profiling.”’

Machine learning/Al application in a large cohort of pan-
NENs compared to gastrointestinal-NENs (356 versus 156)
for which clinicopathologic information and both gene “anat-
omy” and gene expression profiling were available proved
that transcriptomic deconvolution algorithms could effectively
predict NET, NEC, and define a grade distinguishing G3 NET
and NEC, according to grading-independent molecular mech-
anisms.”® Overall, panNECs display a consistent gene “anat-
omy,” with distinctive gene expression profiles as a promising
area of further investigation.

In summary, the molecular pathology of panNEN depicts a
specific and consistent gene “anatomy” of panNET and pan-
NEC, accurately separating the 2 entities with increasing and
more profound genetic defects along their histologic and clini-
cally more aggressive spectrum. Gene expression profiles for
panNET and panNEC do reflect the increased genetic disrup-
tion associated with high grades with promising interpretative
yield by machine learning/Al application.

PROBLEMS/ISSUES

Currently, while the application of the WHO procedure
for panNEN classification using the tools of differentiation
and grading may well separate low-grade (G1, G2) panNET
from NEC, problems exist in separating some high-grade
NETs (NET G3) from NECs. Ideally, the tools provided and
previously discussed should enable us to make this distinc-
tion; however, borderline/ambiguous cases of NET G3 exist

PanNEN Morphology and Crading—Rindi & Inzani



that are classified with low level of efficacy even under expert
eyes” A simple diagnostic multimodal algorithm entailing
immunohistochemistry for DAXX, ATRX, TP53, and RB,
together with regular histology, clinicopathologic information,
and molecular genetics, was proposed and proved effective for
most cases.” The use of somatostatin receptor (SST,) expres-
sion, in addition to the previously mentioned markers, was also
deemed useful together with P16 overexpression.®® The issue
becomes even more pressing in cases where small samples are
the only available material for diagnosis and decision-making.
These cases are made particularly complicated by the poor qual-
ity and amount of tissue available for “conventional” diagnosis
(Figure 3, A through E). In such cases a definitive answer may
be obtained by next-generation sequencing with an extensive
multigene panel so that the classical NET or NEC genetic profile
may emerge. Despite this effective multimodal effort, cases
have been described that remain ambiguous even at the molec-
ular level, indicating an unsolved gray area.”'

In summary, the current problems/issues for panNEN
diagnosis refer to the distinction between G3 NET versus
NEC. Ancillary tests (SSToDAXX/ATRX/P53/Rb/P16) are
needed and usually informative; however, deeper molecular
investigation may be required. In this context, a small
biopsy specimen may be very problematic, though molecu-
lar data may help finalize the diagnosis.

CONCLUSIONS

The current WHO classification provides effective tools to
predict the clinical behavior of panNEN and to direct clinicians
to the best possible patient management. Differentiation solidly
defines NET and NEC by classic morphology and consistent
immunoprofile (CK*/CgA*/Syn*/INSM17/SST,*/7). Grading
by Ki-67(MIB-1) and mitotic count complement this differentia-
tion, defining prognostication for NET and consequent therapy
approaches. Molecular pathology entailing genome/exome
“anatomic” gene profiling consistently confirms the distinction
between NET (ATRX/DAXX/MEN1T mutant genotype) and NEC
(TP53/RB/KRAS mutant genotype). Transcriptomic analysis and
the application of machine learning/Al are promising tools, next
in line on our bench. Still practical diagnostic problems may
remain, usually regarding high-grade G3 cases and the differen-
tial diagnosis of panNET G3 versus panNEC. Most cases may
be resolved by immunohistochemistry for key informative gene
expression (DAXX, ATRX, TP53, RB1, and SST5), although
sometimes requiring deeper molecular investigation. Nonethe-
less, ambiguous cases may sometimes remain unresolved, in
particular for small biopsy samples with poorly preserved tissue
present in limited quantities. Indeed, difficult cases do exist and
likely indicate a gray area of poor understanding.

We are indebted to Sammy Faris, BS, for thorough revision of
the English grammar and usage.
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