Journal
ORIGINAL PAPER JMSofMedicaIScience

Spectrum of neuroendocrine neoplasms
of GIT — a histomorphological study
In a tertiary care centre

Aparna Muralidhar Keywords: neuroendocrine, gastrointestinal

Department of Pathology, Dr Chandramma Dayananda diseases, histopathology, neoplasms
Sagar Institute of Medical Education and Research
(CDSIMER), Harohalli, Kanakapura, Karnataka, India

https://orcid.org/0000-0002-4896-5800 Published: 2023-06-29

Corresponding author: aparnal610@gmail.com . )
How to Cite: Muralidhar A, Mahadevan P. Spectrum of neu-

Pushpa Mahadevan roendocrine neoplasms of GIT — a histomorphological
Department of Pathol Laboratory Servi study in a tertiary care centre. Journal of Medical Science.
epartment ot Fathology, Laboratory services, 2023;92(2);e813. doi:10.20883/medical.e813

VPS Lakeshore Hospital, Kochi, Kerala, India
https://orcid.org/0000-0001-8024-8601

QD O®

© 2023 by the author(s). This is an open access article distributed

DOI: https://doi.org/10.20883/medical.e813 under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of
Medical Sciences

ABSTRACT

Background. Neuroendocrine neoplasms are diverse in terms of sites of origin, functional status, and degrees
of aggressiveness. Since neuroendocrine cells are ubiquitous in the human body, these neoplasms can arise
in different organs, with gastrointestinal tract being most frequently involved. The past few years have seen
a surge in the diagnosis of these neoplasms, which were earlier considered to be rare. Their nomenclature,
classification, and diagnostic criteria are revamped frequently, as new knowledge emerges.

Aim. To study the histopathological spectrum of neuroendocrine neoplasms of gastrointestinal tract and
assess the immunohistochemical expression of neuroendocrine markers in them.

Material and methods. Ours is a descriptive study of the distribution and pathologic characteristics of gas-
trointestinal neuroendocrine neoplasms in a tertiary care hospital in Kerala, over a three year period. Neo-
plasms were categorised based on 2019 updated WHO classification.

Results. Among the 59 cases, we observed a male predominance. (Male to female ratio — 1.8:1). Most patients
were in 6™ and 7" decades of life. Duodenum was most frequently involved followed by rectum and appendix.
NET G2 and G1 constituted the predominant histologic grades (47% and 24% respectively). NEC and MiNEN
were infrequent. All cases were positive for synaptophysin, with variable positivity for chromogranin. Ki67
helped establish the histologic grade. We also came across a rare case of neuroendocrine tumor with coex-
isting mucinous neoplasm in appendix.

Conclusions. With evolving knowledge and advanced imaging modalities, the incidence of these neoplasms
is increasing with time. Histopathology is the mainstay of diagnosis and plays a decisive role in influencing
management protocols and prognosis.

Introduction

dense-core neuroendocrine secretory granules in
Neuroendocrine neoplasms (NENs) are a diverse their cytoplasm. Accumulating evidence over the
group of neoplasms composed of cells containing years has paved way for newer and updated clas-
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sification of these neoplasms. The consensus
meeting held in Lyon, under the auspices of the
WHO Classification of Tumors Group established
a unitary classification system for NENs, that was
published in the 5" edition of 2019 WHO classi-
fication of tumors of the digestive system. Pres-
ently, NENs are categorised as well differentiated
neuroendocrine tumors (NET) and poorly differ-
entiated neuroendocrine carcinomas (NEC).

Most of these neoplasms are neuroendocrine
tumors and possess an indolent disease biology.
10—-20% are neuroendocrine carcinomas, which
are highly proliferative tumors characterized by
rapid disease progression.[1]

These tumors have a diverse spectrum of clin-
ical presentation with variable etiologies, clinical
features, morphologic and genomic findings, and
degree of aggressiveness.

The incidence and prevalence of NETs has
increased substantially over time, with great-
est rates of increase in USA, Canada and Nor-
way.[2] Availability of powerful functional imag-
ing modalities such as endoscopy & ultrasound
guided fine needle biopsies, immunohistochem-
istry for a definitive diagnosis, better awareness
and health care utilisation have contributed to the
global rise in incidence.

Approximately two-thirds of NETs are found in
the gastrointestinal tract, 25% occur in the lungs,
and the remaining cases arise in other endocrine
tissues, such as the thyroid.[3]

However, there are few concise reports which
give the entire spectrum and prevalence of these
tumors in the Gl tract in our geographic area. In
this study, we attempt to put forward our experi-
ence of gastrointestinal NENs.

Materials and methods

This is a two and half year retrospective and six
months prospective study of all gastrointestinal
neuroendocrine neoplasms reported in our hos-
pital from July 2019-June 2022. Approval of insti-
tutional ethics committee was taken.

Clinical data, including gender, age at diagno-
sis, and anatomic locations, were obtained for all
the cases from the hospital database. The cases
were categorised based on 2019 WHO classifica-
tion of tumors of digestive system (see Table 1).

Haematoxylin and eosin (H & E) stained sec-
tions were reviewed and histomorphological fea-
tures were analysed.

Immunohistochemistry with synaptophysin
(Rabbit polyclonal antibody), chromogranin
(Mouse monoclonal antibody), CD56 and Ki 67
cell proliferation index (Mouse monoclonal anti-
body) were performed on fully automated immu-
nostainer (Leica Bondmax) by using poly horse
radish peroxide (HRP) technique. The Ki-67 index
was assessed in areas with highest nuclear label-
ling (hot spot areas). 500—2000 cells were count-
ed manually for assessment.

Socio demographic data and characteristics
of tumors were expressed as number, percentage
and mean value.

Results

A total of 59 cases including biopsies and resec-
tion specimens were studied. Mean age at diag-
nosis was 56.13 years, with an age range of 14 -
82 years. Individuals in 7" and 8™ decades were

Table 1. WHO 2019 Classification and grading criteria for neuroendocrine neoplasms of the gastrointestinal tract [7].

Terminology Differentiation Grade Mitotic rate Ki 67 index (%)
(Mitoses/2 mm?)

NET G1 Well differentiated Low <2 <3

NET G2 Intermediate 2-20 3-20

NET G3 High >20 >20

NEC (Small cell type) Poorly differentiated High >20 >20

NEC (Large cell type) >20 >20
MiNEN Well or poorly differentiated Variable Variable Variable

NET - Neuroendocrine tumor, G 1,2 & 3 - Grade 1,2 & 3, NEC — Neuroendocrine carcinoma, MiNEN - Mixed neuroendo-

crine-non-neuroendocrine neoplasm.
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most commonly affected. We observed a male
predominance with male: female ratio of 1.8:1.
The gender distribution with respect to location
is depicted in Figure 1. The diagnosis was made
on endoscopic biopsies in 42 cases and resected
surgical specimens were available in 17 cases.

Location

Most common site of involvement was duodenum
(28.8%) followed by rectum (22%). Esophagus and
GE junction were least frequently involved.

Grading

We came across 28 cases of NET G2, 14 cases of
NET G1, 4 cases of NET G3, 5 cases of NEC and
5 cases of MINEN. Three cases showed poorly
differentiated adenocarcinoma with neuroendo-
crine differentiation. The distribution of NEN in
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different locations and their grades is shown in
Table 2.

Of the 10 appendiceal NEN, most belonged
to pathological stage pT1 (4 cases) followed
by pT3 (3 cases). One case had coexisting low
grade appendiceal mucinous neoplasm (LAMN,
Figure 2). Of the 17 resected specimens, nodal
metastasis were found in three. Figures 2-5 show
the different grades of NEN encountered.

Among the MINEN, all cases had an admixture
of adenocarcinomatous areas and NEC (Figure 5).

On IHC, all cases showed diffuse cytoplasmic
positivity for synaptophysin. 81% and 14% cases
showed diffuse and focal positivity for chromogr-
anin respectively. 5% cases were negative for
chromogranin, of which majority were high grade
NET and NEC. CD 56 was done in 21 cases and

was found to be positive.

Appendix

HMzles ® Females

Figure 1. Gender distribution according to location.

Table 2. Distribution of neuroendocrine neoplasms by location and grade.

Site No. of cases Gl G2 G3 NEC MINEN Neuroendocrine
n (%) differentiation
Esophagus 2(3.4) 0 0 0 2 0
GE junction 1(1.7) 0 0 0 0 0 1
Stomach 6(10.2) 2 2 1 1 0
Duodenum 17 (28.8) 4 12 1 0 0
Ampulla 3(5.0) 1 0 0 0 2
lleum 4(6.8) 1 3 0 0 0
Colon 3(5.0) 0 0 0 0 3
Rectum 13(22) 1 7 2 2 0 1
Appendix 10 (16.9) 5 4 0 0 0 1

GE junction - Gastroesophageal junction, G1,2,3 — Neuroendocrine tumor grade 1, 2, 3, NEC — Neuroendocrine
carcinoma, MiNEN — Mixed neuroendocrine-non-neuroendocrine neoplasm.
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Figure 2. Low grade appendiceal mucinous neoplasm with neuroendocrine tumor grade 2. A — Appendix lined by mucinous cells with
low grade nuclear atypia, atrophy of underlying lymphoid tissue and effaced muscularis mucosae, H&E, 100x. B — Neuroendocrine

tumor extending into periappendiceal fat, H&E, 100x. C — Tumor cells showing diffuse positivity for synaptophysin, 100x. D — Tumor
cells showing diffuse positivity for chromogranin, 100x.

Figure 3. Neuroendocrine tumor grade 1, appendix. A — Appendix showing NET, H&E, 100x. B — Nests of neuroendocrine cells,
H&E,400x. C - Synaptophysin - diffuse positivity, 100x. D - CD56 - diffuse positivity, 100x. E - Ki 67 — 1%, 100x.
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Figure 4. Neuroendocrine carcinoma, Rectum. A — Rectal mucosa showing infiltration by atypical cells, H&E, 40x. B — Small mildly
pleomorphic atypical cells, H&E, 400x. C — Tumor cells show diffuse positivity for synaptophysin, 100x. D — Tumor cells show diffuse
positivity for chromogranin, 100x. E - Ki 67 (86%), 100x.

Figure 5. Mixed neuroendocrine non neuroendocrine neoplasm. A — Adenocarcinomatous component, H&E,40x. B — Solid nests
of neuroendocrine cells, H&E,40x. C — IHC showing positivity for CK7 in glandular component, 400x. Inset shows CK7 negativity in
neuroendocrine component,100x. D — IHC showing positivity for synaptophysin, 100x. E - Ki 67 (60%), 100x.
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Discussion

The neuroendocrine cells of GIT are derived from
the neural crest, neuroectoderm, and endoderm.
Endocrine cells are interspersed within the muco-
sa of the GIT and comprise approximately 1% of
all mucosal cells.[4]

Pathologically, neuroendocrine differentiation
is defined as architectural and cytological pat-
terns reminiscent of non-neoplastic neuroendo-
crine cells (nesting or trabecular growth pattern
and coarsely stippled chromatin) and produc-
tion of characteristic neurosecretory proteins
that can be detected by immunohistochemistry.
These include synaptophysin and chromogranin
A. Some authorities consider CD56 and neuron
specific enolase (NSE) as adequate evidence of
neuroendocrine differentiation.[5]

The World Health Organisation, in 2018, pro-
posed a uniform classification framework for all
NEN, according to which NEN are categorised
into NET and NEC. The two groups differ in clini-
cal, epidemiological, genetic and prognostic fac-
tors. Tumors with a non neuroendocrine compo-
nent in addition to NEN (each component should
be >30%) are categorised as MiNEN. NET and NEC
are subcategorised as shown in Table 1.

The new category "NET G3" was first intro-
duced for pancreatic tumors in 2017, and later
extend to all gastrointestinal NEN in 2019. In the
earlier classifications, NET G3 was considered to
be synonymous with poor differentiation, i.e NEC.
However, recent evidence suggests that NET G3
show differences in morphology, genotype, clini-
cal features, and treatment response, compared
to NEC.[6]

NECs have a less nested architectural pattern
and abundant necrosis. They are said to arise
from precursors that give rise to non neuroendo-
crine carcinomas of respective organs. Emerg-
ing genomic data on pancreatic NENs suggests
differing mutation profiles in NET and NEC of
pancreas. NETs more frequently harbour muta-
tions in MEN1, ATRX, and DAXX; while TP53, Rb
and SMAD4 are more commonly inactivated in
NEC. Genomic comparisons in NEN of GIT are still
emerging.[7]

Clinically, prognosis of NET G3 seems clos-
er to that of NET G2 rather than that of NEC, but
with a worse overall survival. Localised tumors
are treated by surgery. For advanced tumors with
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Ki67 index <55% alkylant based regimens are
used, while platinum based chemotherapy is pre-
ferred for those with Ki67 index >55%.[6]

Studies show that NET G-3 are more often
found in the pancreas with a frequency rang-
ing from 10% to 65%. Other main tumor sites are
the colon/rectum and stomach, with frequencies
ranging from 8% to 24% and 8% to 29%, respec-
tively.[6]

The most frequent primary sites of gastro-
intestinal NETs vary in different regions of the
world. An epidemiological study by Satya Das et
al[2] found small intestinal and colorectal NETs
to be most common in North America. In Europe,
small intestine and pancreas were found to be
most frequently involved. Rectal, gastric, and
pancreatic NETs occurred in highest frequencies
in Asia. The reason for these differences could
be a combination of environmental factors and
biological differences due to differing national
demographics.[2]

A multicentre longitudinal NET registry from
India reported the most common primary sites
of NET to be pancreas (42.9%), small intestine
(22.1%), colorectum (9%), and appendix (2.7%) in
diminishing order.[8]

In our study, small intestine and rectum were
most frequently affected, similar to other Indi-
an studies.[9,10,11] Studies in Brazil and Turkey
found gastric NENs to be most frequent.

NETs of the esophagus are rare, represent-
ing only 0.04 -1% of all the gastrointestinal
NETs reported.[7] Studies conducted in different
regions show this anatomical location to be rare-
ly involved, with a higher frequency in males, [3,9]
as our study concurs.

The most common age group at presentation
was 61-80 years, with a mean age of 56 years,
comparable to Uppin et al and Zeng et al.[10,12]
Studies conducted in Brazil[3], Kashmir[9], Japan
[12], and Turkey[13] found a female predomi-
nance. Our study and Uppin et al[10] observed
a male predominance, attributing no specific
gender predilection.

Most NET were low grade tumors (G1 and
G2), in concordance with studies across different
regions. [3,9,10] NET G3 and NEC involved rectum
predominantly. NECs are rare in the large bowel,
representing approximately 0.6% of all carcino-
mas in this location. Nevertheless, they are more



common in rectum than in any other part of the
intestine[3] as seen in our study as well.

MINEN represent a rare diagnosis of the Gl
tract. Compared with the previous definition of
mixed adeno neuroendocrine carcinomas (MAN-
EC), MIiNEN better represents the spectrum of
variability of differentiation and morphology of
these neoplasms.[7]

For a neoplasm to qualify as MINEN, both
neuroendocrine and non neuroendocrine com-
ponent should be morphologically and immuno-
histochemically recognisable. Each component
should constitute >30% of the neoplasm. In GI
tract, both components are usually carcinomas.
Rarely, the neuroendocrine component may be
well differentiated.[7] These neoplasms may
arise as a combination of two neoplastic clones
or as the proliferation of one precursor cell with
divergent differentiation. Molecular and genet-
ic studies point towards a monoclonal origin of
both components. The behaviour is thought to be
driven by the neuroendocrine component.[14,15]

Li et al analyzed the pathologic characteris-
tics of mixed colorectal glandular-neuroendo-
crine tumors in 87 cases. Majority of the lesions
were located in the right colon (56%) and the left
colon (41%), while rectum was uninvolved. Anoth-
er case series by Guerrera et al[17] found colon to
be most frequently affected. In our study as well,
colon was most frequently involved, followed by
ampulla. Three cases showed neuroendocrine
differentiation, but did not fulfil the criteria for
MINEN, hence were categorised as adenocarci-
nomas with neuroendocrine differentiation.

Appendiceal collision tumors are extremely
rare with very few cases reported in literature.[18]
They result from proliferation of two different cel-
lular lines. We came across one such case in a 40
year old male with a low grade appediceal muci-
nous neoplasm (LAMN) and well differentiated
NET G2. Management options for such cases
depend on nodal status, pathological stage and
margin status.

Markers of neuroendocrine differentiation
include synaptophysin (imparts a diffuse cyto-
plasmic staining), chromogranin A and CD56.
Chromogranin A is an acidic glycoprotein of the
granin family, being expressed in well to mod-
erately differentiated NENs and tends to be only
focally positive in PD-NECs/SC-NEC.[19] CD56
is sensitive, but not highly specific marker for

NENs because it is often expressed in several
non-NENSs.

Conclusion

Our study focusses on NEN of the GIT, based on
files of a single institution in Kerala. Mean age
at presentation was 56.13 years with a male pre-
dominance. Duodenum was most commonly
involved. Majority of the tumors were well dif-
ferentiated NET grade 2. Tumors from colorec-
tal region were mostly NEC. We also encountered
a rare case of collision tumor in appendix. The
present study represents a concise overview of
spectrum of GI NEN, based on WHO 2019 criteria.

Histomorphology plays a pivotal role in tailor-
ing treatment options in this diverse spectrum of
gastrointestinal neoplasms.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1. Sorbye H, Strosberg J, Baudin E, Klimstra DS, Yao
JC. Gastroenteropancreatic high-grade neuroendo-
crine carcinoma. Cancer. 2014 Sep 15;120(18):2814-
23.doi: 10.1002/cncr.28721. Epub 2014 Apr 25. PMID:
24771552.

2. Das S, Dasari A. Epidemiology, Incidence, and Prev-
alence of Neuroendocrine Neoplasms: Are There
Global Differences? Curr Oncol Rep. 2021 Mar
14;23(4):43. doi: 10.1007/s11912-021-01029-7. PMID:
33719003.

3. Estrozi B, Bacchi CE. Neuroendocrine tumors involv-
ing the gastroenteropancreatic tract: a clinico-
pathological evaluation of 773 cases. Clinics (Sao
Paulo). 2011;66(10):1671-5. doi: 10.1590/s1807-
59322011001000002. PMID: 22012036.

4. Schonhoff SE, Giel-Moloney M, Leiter AB. Minire-
view: Development and differentiation of gut endo-
crine cells. Endocrinology. 2004 Jun;145(6):2639-44.
doi: 10.1210/en.2004-0051. Epub 2004 Mar 24. PMID:
15044355.

5. Klimstra DS, Beltran H, Lilenbaum R, Bergsland E.
The spectrum of neuroendocrine tumors: histolog-
ic classification, unique features and areas of over-
lap. Am Soc Clin Oncol Educ Book. 2015:92-103. doi:
10.14694/EdBook_AM.2015.35.92. PMID: 25993147.

6. Pellat A, Cottereau AS, Palmieri LJ, Soyer P, Marchese
U, Brezault C, Coriat R. Digestive Well-Differentiated
Grade 3 Neuroendocrine Tumors: Current Manage-

Journal of Medical Science 2023;92(2)

37



38

10.

11.

12.

13.

ment and Future Directions. Cancers (Basel). 2021
May 18;13(10):2448. doi: 10.3390/cancers13102448.
PMID: 34070035.

. WHO Classification of Tumors Editorial Board. WHO
Classification of Tumors, 5™ ed. Digestive System
Tumors. Lyon: International Agency for Research on
Cancer,2019.

. Palepu J, Shrikhande SV, Bhaduri D, Shah RC, Siro-
hi B, Chhabra V, Dhar P, Sastry R, Sikora S. Trends in
diagnosis of gastroenteropancreatic neuroendocrine
tumors (GEP-NETSs) in India: A report of multicenter
data from a web-based registry. Indian J Gastroen-
terol. 2017 Nov;36(6):445-451. doi: 10.1007/s12664-
017-0808-7. Epub 2018 Feb 19. PMID: 29457213.

. Abdullah H, Wani Z, Nabi Z, Shah P, Bhat S. Neuroen-

docrine tumors of gastrointestinal tract with special

reference to immunohistochemistry markers at a ter-
tiary care hospital. APIK Journal of Internal Medicine.

2022 Apr 1;10(2):78. doi: 10.4103/ajim.ajim_14_21

Uppin MS, Uppin SG, Sunil CS, Hui M, Paul TR, Bheer-

appa N. Clinicopathologic study of neuroendocrine

tumors of gastroenteropancreatic tract: a single

institutional experience. J Gastrointest Oncol. 2017

Feb;8(1):139-147. doi: 10.21037/jg0.2016.12.08. PMID:

28280618.

Amarapurkar DN, Juneja MP, Patel ND, Amarapurkar

AD, Amarapurkar PD. A retrospective clinico-path-

ological analysis of neuroendocrine tumors of the

gastrointestinal tract. Tropical Gastroenterology.

2010 Aug 12;31(2):101-4. PMID: 20862983.

Zeng YJ, Liu L, Wu H, Lai W, Cao JZ, Xu HY, Wang

J, Chu ZH. Clinicopathological features and prog-

nosis of gastroenteropancreatic neuroendocrine

tumors: analysis from a single-institution. Asian Pac

J Cancer Prev. 2013;14(10):5775-81. doi: 10.7314/

apjcp.2013.14.10.5775. PMID: 24289577.

Yucel B, Babacan NA, Kacan T, Eren AA, Eren MF,

Bahar S, Celasun MG, Seker MM, Hasbek Z. Sur-

vival analysis and prognostic factors for neu-

Journal of Medical Science 2023;92(2)

14.

15.

16.

7.

18.

19.

roendocrine tumors in Turkey. Asian Pac J Can-
cer Prev. 2014 Jan;14(11):6687-92. doi: 10.7314/
apjcp.2013.14.11.6687. PMID: 24377589.

La Rosa S, Sessa F, Uccella S. Mixed Neuroendo-
crine-Nonneuroendocrine  Neoplasms  (MiNENSs):
Unifying the Concept of a Heterogeneous Group of
Neoplasms. Endocr Pathol. 2016 Dec;27(4):284-311.
doi: 10.1007/s12022-016-9432-9. PMID: 27169712.
Frizziero M, Chakrabarty B, Nagy B, Lamarca A, Hub-
ner RA, Valle JW, McNamara MG. Mixed Neuroendo-
crine Non-Neuroendocrine Neoplasms: A Systematic
Review of a Controversial and Underestimated Diag-
nosis. J Clin Med. 2020 Jan 19;9(1):273. doi: 10.3390/
jcm9010273. PMID: 31963850.

Li Y, Yau A, Schaeffer D, Magliocco A, Gui X, Urban-
ski S. Colorectal glandular-neuroendocrine mixed
tumor: Pathologic spectrum and clinical implica-
tions. Am J Surg Pathol 2011;35:413-25. doi: 10.1097/
PAS.0b013e3182093657. PMID: 21317713.

Guerrera LP, Suarato G, Napolitano R, Perrone A,
Caputo V, Ventriglia A, Martini G, Della Corte CM,
Orditura M, Martinelli E, Ciardiello F, Montella M, Fran-
co R, Troiani T, Napolitano S. Mixed Neuroendocrine
Non-Neuroendocrine Neoplasms of the Gastrointes-
tinal Tract: A Case Series. Healthcare (Basel). 2022
Apr 11;10(4):708. doi: 10.3390/healthcare10040708.
PMID: 35455885.

Villa M, Sforza D, Siragusa L, Guida AM, Ciancio
Manuelli M, Pirozzi BM, Pocci M, Palmieri G, Grande
M. A Low-Grade Appendiceal Mucinous Neoplasia
and Neuroendocrine Appendiceal Collision Tumor:
A Case Report and Review of the Literature. Am J
Case Rep. 2021 Feb 23;22:€927876. doi: 10.12659/
AJCR.927876. PMID: 33619239.

Lin F, Liu H. Immunohistochemistry in undifferentiat-
ed neoplasm/tumor of uncertain origin. Arch Pathol
Lab Med 2014;138:1583-610. doi: 10.5858/arpa.2014-
0061-RA. PMID: 25427040.



