
Copyright: © 2022 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License  
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.  

“This article has been published in Journal of Clinical and Translational Pathology at https://doi.org/10.14218/JCTP.2022.00008 and can also be viewed 
 on the Journal’s website at https://www.xiahepublishing.com/journal/jctp ”.

Review Article

Journal of Clinical and Translational Pathology 2022 vol. 2(1)  |  18–22 
DOI: 10.14218/JCTP.2022.00008

Differential Diagnosis of High-grade Neuroendocrine 
Neoplasms in the Digestive System
Zhaohai Yang*

Department of Pathology & Laboratory Medicine, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, 
United States

Received: February 28, 2022  |  Revised: March 7, 2022  |  Accepted: March 8, 2022  |  Published: March 18, 2022

Abstract

The current World Health Organization classification of neu-
roendocrine neoplasms of the digestive system separates 
these tumors into two major categories: well-differentiated 
neuroendocrine tumors and poorly differentiated neuroendo-
crine carcinomas. These two groups are considered funda-
mentally different tumors, with different molecular abnormal-
ities, prognoses, and treatment strategies. The cornerstone 
of the classification is proliferative rate of the tumor cells, as 
assessed by mitotic rate and Ki-67 labeling index. However, 
the range of mitotic rate and Ki-67 labeling index overlaps 
between high-grade, well-differentiated neuroendocrine tu-
mor and poorly differentiated neuroendocrine carcinoma. In 
order to accurately separate these two entities, a systematic 
approach is necessary, which includes attention to the mor-
phology, accurate assessment of the proliferative rate, review 
of any additional pathology materials, judicial use of immu-
nohistochemistry, and correlation with clinical features. With 
this approach, the majority of tumors can be correctly classi-
fied as either high-grade, well-differentiated neuroendocrine 
tumor or poorly differentiated neuroendocrine carcinoma.

Citation of this article: Yang Z. Differential Diagnosis of 
High-grade Neuroendocrine Neoplasms in the Digestive Sys-
tem. J Clin Transl Pathol 2022;2(1):18–22. doi: 10.14218/
JCTP.2022.00008.

Introduction

In the current (2019) World Health Organization (WHO) classi-
fication of neuroendocrine neoplasms (NENs) of the digestive 
system, NENs are separated into two major categories: well-
differentiated neuroendocrine tumors (WDNET) and poorly 
differentiated neuroendocrine carcinomas (PDNEC, i.e., small 

cell carcinoma or large cell NEC). The former is further sepa-
rated into three grades (G1/low, G2/intermediate, and G3/
high) based on mitotic rate and/or Ki-67 labeling index (Table 
1).1 However, the range of mitotic rate (>20 mitoses/2mm2) 
and Ki-67 labeling index (>20%) overlaps between WDNET 
G3 and PDNEC, thus creating confusion regarding how to dif-
ferentiate these two types of high-grade NENs.

Both categories were lumped together as high-grade 
poorly differentiated neuroendocrine carcinoma (PDNEC) 
in the previous (2010) WHO classification.2 Accumulating 
evidence suggested that these were fundamentally two dif-
ferent types of tumors with divergent molecular pathways,3 
and PDNEC showed much worse patient survival than WD-
NET G3.3,4 Two studies conducted in Europe found that WD-
NET (or NEN with Ki-67 index <55%) responded poorly to 
platinum-based chemotherapy while showing longer surviv-
al than PDNEC (or NEN with Ki-67 index >55%).5,6 Partially 
based on these studies, in the current National Compre-
hensive Cancer Network guidelines, the mainstay treatment 
for PDNEC is systemic platinum-based chemotherapy. For 
WDNET G3, the treatment is more diverse, and tumors with 
favorable biology (e.g. Ki-67 index <55%) are usually of-
fered somatostatin analogue, peptide receptor radionuclide 
therapy, or inhibitors of mammalian target of rapamycin, 
similar to lower grade WDNET; while tumors with unfavora-
ble biology (e.g. Ki-67 index ≥ 55%, rapid tumor growth, 
etc.) may be considered for systemic chemotherapy.7 Thus 
from a clinical point of view, the distinction is very impor-
tant for prognostication and optimal patient management.

This review focuses on a systematic approach for this 
critical differentiation, which includes assessment of mor-
phology, proliferative rate, other pathology material, and 
use of selected immunohistochemical markers. This ap-
proach is usually sufficient to separate most tumors into 
one of these two categories.

Tumor morphology

Evaluation of NENs always starts from assessment of mor-
phology based on routine hematoxylin and eosin (H&E) 
staining. WDNETs often show organoid architecture, such 
as acinar, trabecular, gyriform, nested, or peripheral pali-
sading. The organoid architecture is typically maintained in 
WDNET G3, though there may be increased cellularity and 
more solid nests. The area between the tumor nests is usu-
ally rich in capillaries (Fig. 1a, Table 1). The tumor cells 
are more or less uniform, with the classic salt-and-pepper 
chromatin pattern.8,9 Single cell tumor necrosis is common, 
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and large areas of tumor necrosis are rare.10

In contrast, PDNECs often show diffuse or solid growth 
without forming any particular architectural pattern. A large 
area of tumor necrosis is more common. Small cell carci-
noma has very high nuclear to cytoplasmic ratio with finely 
granular chromatin, while large cell neuroendocrine carci-
noma shows more abundant cytoplasm, larger nuclei, with 
vesicular chromatin patterns and prominent nucleoli (Table 
1). Pseudorosettes may also be present (Fig. 2a).8,9

Proliferative rate

Accurate assessment of proliferative rate (mitotic rate and 
Ki-67 labeling index) is the cornerstone of modern classifi-

cation of NENs. It is recommended that tumor cell mitoses 
be counted in 10 mm2 area (42 high-power fields with a 
10×/22 mm eyepiece), and the total number of mitoses 
be divided by 5 to arrive at a mitotic rate per 2 mm2.8,11 
Only the unequivocal mitotic figures should be counted, 
which excludes pyknotic nuclei, apoptotic bodies, and dark-
ly stained nuclei. The mitosis-specific immunohistochemical 
marker, phosphohistone H3, was validated in a number of 
tumor types including pancreatic NET,12,13 but this has not 
been widely used in routine practice. Ki-67 labeling index is 
expressed as a percentage of the positively stained nuclei. 
The WHO recommends counting at least 500–2,000 tumor 
cells in the highest labeling area (hot spot).1 A compari-
son study concluded that counting by visual inspection (so-
called “eyeballing”), though very quick, was not accurate. 

Fig. 1.  High-grade (G3), well-differentiated pancreatic neuroendocrine tumor. (a) Hematoxylin and eosin staining of tumor showing an organoid pattern rich in 
capillaries (original magnification, 200×). (b) Ki-67 labeling of the tumor. (c) Immunohistochemical staining of somatostatin receptor 2A (SSTR2A). (d) Nuclear staining 
of alpha thalassemia/mental retardation syndrome X-linked (ATRX). (e) Weak, heterogeneous nuclear immunostaining pattern of p53, consistent with wild type p53. 
(f) Nuclear staining of retinoblastoma (Rb). (Immunohistochemistry, original magnification 100×).

Table 1.  Current World Health Organization classification of neuroendocrine neoplasms in the digestive system1

Termi-
nology Differentiation Morphology Grade Mitotic rate 

(mitoses/2mm2)
Ki-67 
Index

NET, G1 Well-differentiated Organoid pattern, rich capillary Low <2 <3%

NET, G2 Well-differentiated Organoid pattern, rich capillary Intermediate 2–20 3–20%

NET, G3 Well-differentiated Organoid pattern, rich capillary High >20 >20%

SCNEC Poorly differentiated Diffuse/solid growth, tumor 
necrosis, high nuclear:cytoplasmic 
ratio, inconspicuous nucleoli

High >20 >20%

LCNEC Poorly differentiated Diffuse/solid growth, tumor necrosis, 
abundant cytoplasm, large nuclei, 
vesicular chromatin, prominent nucleoli

High >20 >20%

MiNEN Well- or poorly 
differentiated

Variable Variable Variable

NET, neuroendocrine tumor; SCNEC, small cell neuroendocrine carcinoma; LCNEC, large cell neuroendocrine carcinoma; MiNEN, mixed neuroendocrine-non-neuroen-
docrine neoplasm.
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Unless an imaging analysis software is available, the au-
thors recommended taking a color image, usually at inter-
mediate power (20× objective), and manually counting on 
a paper printout.8,14,15

Despite the overlap of proliferative rate, which makes it 
a less reliable parameter, mitotic rates for WDNET G3 often 
fall into the G2 range (2-20/2 mm2), thus was previously 
considered a mixed grade tumor, with Ki-67 index generally 
on the lower side (typically less than 55%) (Fig. 1b). PD-
NEC often shows a much higher mitotic rate (>20/2 mm2) 
and Ki-67 index (>55%) (Fig. 2b).4,16,17 A preliminary study 
found that a cutoff of 25 mitoses/2 mm2 and Ki-67 index of 
65% provides better separation between WDNET G3 and 
PDNEC.18 The proliferative rate should be assessed in pre-
treatment specimens, and even in PDNEC, treated tumors 
may show deceptively low Ki-67 index.19

Previous or concurrent tumors

Intratumoral and intertumoral heterogeneity is a prominent 
feature of WDNETs, which show different tumor grades in 
different areas of the same tumor, as well as between pri-
mary and metastatic sites (lymph nodes, liver, etc.).20–22 
When WDNETs metastasize (usually to the liver), about one 
third show grade progression.13 On the contrary, PDNECs 
generally maintain the high-grade features regardless of 
whether they are primary tumors or metastases. A subset 
of PDNEC belongs to the mixed neuroendocrine-non-neu-

roendocrine neoplasm category, with admixed adenocarci-
noma or squamous cell carcinoma components.17,23

The above observations can be useful in the differenti-
ation between WDNETs and PDNECs. When there is pro-
nounced grade discrepancy in different areas of the same 
tumor, or between the primary tumor and metastatic site, 
or if there is a history of lower grade NET, a diagnosis of 
WDNET is favored. When there is a component of non-neu-
roendocrine carcinoma such as adenocarcinoma or squa-
mous cell carcinoma from the same organ, a diagnosis of 
PDNEC is generally the rule.16

Ancillary immunohistochemical markers

Enormous progress has been made in our understanding 
of the molecular pathway of WDNETs in the pancreas. The 
multiple endocrine neoplasia type 1 (MEN1) gene plays a 
central role in the tumorigenesis of pancreatic WDNETs, 
and telomere maintenance genes, for example death do-
main associated protein (DAXX) and alpha thalassemia/
mental retardation syndrome X-linked (ATRX) are the most 
commonly mutated genes, occurring in more than 40% of 
cases.24,25 Mutations in DAXX and ATRX are mutually ex-
clusive, and are mostly frameshift mutations whose loss of 
expression at the protein level can easily be detected by 
immunohistochemistry.16,24 However, molecular changes in 
WDNETs of other organs are less well defined, and no reli-
able immunomarkers are available for routine use.

Fig. 2.  Poorly differentiated, metastatic neuroendocrine carcinoma (large cell neuroendocrine carcinoma) in a liver biopsy. The patient had a history 
of colonic adenocarcinoma, now with widely metastatic disease. (a) Hematoxylin and eosin staining of the tumor showing solid nests with pseudorosettes and fibrotic 
stroma (original magnification, 400×). (b) Ki-67 labeling of the tumor. (c) Strong, diffuse nuclear immunostaining of p53, consistent with mutant p53. (d) Absence of 
nuclear Rb immunostaining. (Immunohistochemistry, original magnification 200×).
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PDNECs of the pancreas show a very different spectrum 
of molecular abnormalities, and the most common changes 
involve the following proteins: p53, retinoblastoma (Rb), B-
cell CLL/Lymphoma 2 (Bcl2), p16, Kirsten rat sarcoma virus 
oncogene homolog (KRAS), and mothers against decapen-
taplegic homolog 4 (SMAD4). These changes are similar to 
those seen in pancreatic adenocarcinoma though with slight-
ly different frequency, but are rarely seen in WDNETs. This 
supports the concept that PDNEC and adenocarcinoma have 
a shared origin.3,26 By immunohistochemistry, p53 missense 
mutations usually show diffuse, strong nuclear staining, and 
null mutations show complete loss of staining. Rb mutations 
generally show loss of nuclear expression. Similar changes 
are also observed in PDNECs of other organs.26

Thus, when a combination of morphology, proliferative 
rate, and review of other pathology material cannot distin-
guish between WDNET and PDNEC, especially in the pan-
creas, immunohistochemistry for DAXX, ATRX, p53 and Rb 
may be performed to aid in the differentiation. Loss of ex-
pression of either DAXX or ATRX in the pancreas supports 
a diagnosis of WDNET, though retained expression of both 
proteins does not exclude that diagnosis (Fig. 1d). Weak 
heterogeneous staining for p53 and retained nuclear ex-
pression of Rb is more typical of WDNET (Fig. 1e, f), while 
diffuse, strong or complete absence of p53 expression and/
or loss of Rb expression supports a diagnosis of PDNECs 
(Fig. 2c, d).16

Somatostatin receptor (SSTR), whose expression can 
be detected by immunohistochemistry, octreotide scan, or 
PET/CT scan,27 is often strongly expressed in WDNET (Fig. 
1c) but shows much less staining in PDNEC.18,28,29 As men-
tioned previously, there is no specific marker for gastro-
intestinal WDNET outside of pancreas, thus immunohisto-
chemical staining for DAXX or ATRX plays no role in those 
cases. In non-pancreatic NENs, SSTR immunohistochem-
istry can be particularly helpful. Diffuse, strong SSTR ex-
pression supports a diagnosis of WDNET, while PDNEC often 
shows limited or negative expression. Similar to those in 
pancreas, non-pancreatic PDNECs also show frequent p53 
mutation and/or Rb loss.18,28,29

Challenging scenarios

Using the above approach, Tang et al.16 were able to cor-
rectly classify 32 of 33 pancreatic high-grade NENs, with 
the remaining one case as indeterminate. The challenges 
are mostly due to discordance between morphology and 
molecular changes. As previously mentioned, even for pan-
creatic WDNETs, loss of expression of DAXX or ATRX occurs 
in about 40% of cases, and there is no readily detectable 
immunomarker for the remaining (>50%) pancreatic WD-
NETs, as well as WDNETs of other organs.24 In addition, 
there have been several reports that a small number of 
morphologically-classified WDNETs show aberrant staining 
patterns and gene mutations in p53 and/or Rb.18,24,25,30,31 
In those cases, a tentative diagnosis of high-grade NEN may 
be rendered, and patient management is generally driven 
by Ki-67 index and clinical parameters.7

Conclusions

Differentiation between WDNET and PDNEC requires a sys-
tematic approach to assess the morphology, proliferative 
rate, current or prior pathology specimens, along with judi-
cious use of immunohistochemistry or molecular data. With 
this approach, the majority of cases can be correctly diag-
nosed as either WDNET or PDNEC. In the small number of 
indeterminate cases, a diagnosis of high-grade NEN with 

accurate determination of Ki-67 index may be sufficient for 
clinical management.

Acknowledgments

The author would like to thank members of the pathology 
department at the University of Pennsylvania, especially the 
GI pathology group, for their support and collegiality. This 
manuscript was presented during the 7th  Chinese American 
Pathologists Association Diagnostic Course on September 
12, 2021, via virtual format.

Funding

The author declares no financial support to this manuscript.

Conflict of interest

Dr. Yang has been an editorial board member of Journal of 
Clinical and Translational Pathology since May 2021. The 
author has no other conflicts of interest related to this pub-
lication.

Author contributions

Dr. Yang is the sole author of this article.

References

[1] Klimstra DS, Kloeppel G, La Rosa S, Rindi G. Classification of neuroendocrine 
neoplasms of the digestive system. In: WHO Classification of Tumours, 5th 
ed. Digestive System Tumours. Lyon, France: IARC. 2019:16–19. Available 
from: https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-
Of-Tumours/Digestive-System-Tumours-2019. Accessed February 15, 2022.

[2] Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO Classification of Tumours 
of the Digestive System. In: WHO Classification of Tumours, 4th ed. Lyon, 
France: IARC Press. 2010. Available from: https://publications.iarc.fr/Book-
And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-
Tumours-Of-The-Digestive-System-2010. Accessed February 15, 2022.

[3] Tang LH, Untch BR, Reidy DL, O’Reilly E, Dhall D, Jih L, et al. Well-Differen-
tiated Neuroendocrine Tumors with a Morphologically Apparent High-Grade 
Component: A Pathway Distinct from Poorly Differentiated Neuroendocrine 
Carcinomas. Clin Cancer Res 2016;22(4):1011–1017. doi:10.1158/1078-
0432.CCR-15-0548, PMID:26482044.

[4] Basturk O, Yang Z, Tang LH, Hruban RH, Adsay V, McCall CM, et al. The high-
grade (WHO G3) pancreatic neuroendocrine tumor category is morphologi-
cally and biologically heterogenous and includes both well differentiated and 
poorly differentiated neoplasms. Am J Surg Pathol 2015;39(5):683–690. 
doi:10.1097/PAS.0000000000000408, PMID:25723112.

[5] Sorbye H, Welin S, Langer SW, Vestermark LW, Holt N, Osterlund P, et al. 
Predictive and prognostic factors for treatment and survival in 305 patients 
with advanced gastrointestinal neuroendocrine carcinoma (WHO G3): the 
NORDIC NEC study. Ann Oncol 2013;24(1):152–160. doi:10.1093/annonc/
mds276, PMID:22967994.

[6] Heetfeld M, Chougnet CN, Olsen IH, Rinke A, Borbath I, Crespo G, et al. 
Characteristics and treatment of patients with G3 gastroenteropancreatic 
neuroendocrine neoplasms. Endocr Relat Cancer 2015;22(4):657–664. 
doi:10.1530/ERC-15-0119, PMID:26113608.

[7] Shah MH, Goldner WS, Benson AB, Bergsland E, Blaszkowsky LS, Brock P, et 
al. Neuroendocrine and Adrenal Tumors, Version 2.2021, NCCN Clinical Prac-
tice Guidelines in Oncology. J Natl Compr Canc Netw 2021;19(7):839–868. 
doi:10.6004/jnccn.2021.0032, PMID:34340212.

[8] Yang Z. Pathology, classification, and grading of neuroendocrine tumors aris-
ing in the digestive system. In: Goldberg RM, Savarese DF (eds). UpToDate. 
2021. Available from: https://www.uptodate.com/contents/pathology-clas-
sification-and-grading-of-neuroendocrine-neoplasms-arising-in-the-diges-
tive-system. Accessed February 15, 2022.

[9] Yang Z. Pathology of neuroendocrine neoplasms in the digestive system.  In: 
Cloyd JM, Pawlik TM (eds). Neuroendocrine Tumors: Surgical evaluation and 
management. Switzerland: Springer Nature. 2021:35–62. doi:10.1007/978-
3-030-62241-1_3.

[10] Sigel CS, Krauss Silva VW, Reid MD, Chhieng D, Basturk O, Sigel KM, et 
al. Well differentiated grade 3 pancreatic neuroendocrine tumors com-
pared with related neoplasms: A morphologic study. Cancer Cytopathol 

https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Digestive-System-Tumours-2019
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Digestive-System-Tumours-2019
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-The-Digestive-System-2010
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-The-Digestive-System-2010
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-The-Digestive-System-2010
https://doi.org/10.1158/1078-0432.CCR-15-0548
https://doi.org/10.1158/1078-0432.CCR-15-0548
http://www.ncbi.nlm.nih.gov/pubmed/26482044
https://doi.org/10.1097/PAS.0000000000000408
http://www.ncbi.nlm.nih.gov/pubmed/25723112
https://doi.org/10.1093/annonc/mds276
https://doi.org/10.1093/annonc/mds276
http://www.ncbi.nlm.nih.gov/pubmed/22967994
https://doi.org/10.1530/ERC-15-0119
http://www.ncbi.nlm.nih.gov/pubmed/26113608
https://doi.org/10.6004/jnccn.2021.0032
http://www.ncbi.nlm.nih.gov/pubmed/34340212
https://www.uptodate.com/contents/pathology-classification-and-grading-of-neuroendocrine-neoplasms-arising-in-the-digestive-system
https://www.uptodate.com/contents/pathology-classification-and-grading-of-neuroendocrine-neoplasms-arising-in-the-digestive-system
https://www.uptodate.com/contents/pathology-classification-and-grading-of-neuroendocrine-neoplasms-arising-in-the-digestive-system
https://doi.org/10.1007/978-3-030-62241-1_3
https://doi.org/10.1007/978-3-030-62241-1_3


Journal of Clinical and Translational Pathology 202222

Yang Z.: High-grade neuroendocrine neoplasms

2018;126(5):326–335. doi:10.1002/cncy.21982, PMID:29451738.
[11] Burgart LJ, Chopp WV, Jain D. Protocol for the Examination of Specimens 

from Patients with Tumors of the Endocrine Pancreas. College of American 
Pathologists. 2021. Available from: https://documents.cap.org/protocols/
Panc.Endo_4.1.0.0.REL_CAPCP.pdf. Accessed February 15, 2022.

[12] Voss SM, Riley MP, Lokhandwala PM, Wang M, Yang Z. Mitotic count by 
phosphohistone H3 immunohistochemical staining predicts survival and 
improves interobserver reproducibility in well-differentiated neuroendocrine 
tumors of the pancreas. Am J Surg Pathol 2015;39(1):13–24. doi:10.1097/
PAS.0000000000000341, PMID:25353284.

[13] Dumars C, Foubert F, Touchefeu Y, Regenet N, Senellart H, Matysiak-Bud-
nik T, et al. Can PPH3 be helpful to assess the discordant grade in pri-
mary and metastatic enteropancreatic neuroendocrine tumors? Endocrine 
2016;53(2):395–401. doi:10.1007/s12020-016-0944-3, PMID:27048356.

[14] Tang LH, Gonen M, Hedvat C, Modlin IM, Klimstra DS. Objective quantifica-
tion of the Ki67 proliferative index in neuroendocrine tumors of the gas-
troenteropancreatic system: a comparison of digital image analysis with 
manual methods. Am J Surg Pathol 2012;36(12):1761–1770. doi:10.1097/
PAS.0b013e318263207c, PMID:23026928.

[15] Neoplasms of the neuroendocrine pancreas. In: Lloyd RV, Osamura RY, Klop-
pel G, Rosai J (eds). WHO Classification of Tumours of Endocrine Organs. 
Lyon, France: IARC. 2017:209–239. Available from: https://publications.iarc.
fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classifica-
tion-Of-Tumours-Of-Endocrine-Organs-2017. Accessed February 10, 2022.

[16] Tang LH, Basturk O, Sue JJ, Klimstra DS. A Practical Approach to the Clas-
sification of WHO Grade 3 (G3) Well-differentiated Neuroendocrine Tumor 
(WD-NET) and Poorly Differentiated Neuroendocrine Carcinoma (PD-NEC) 
of the Pancreas. Am J Surg Pathol 2016;40(9):1192–1202. doi:10.1097/
PAS.0000000000000662, PMID:27259015.

[17] Basturk O, Tang L, Hruban RH, Adsay V, Yang Z, Krasinskas AM, et al. 
Poorly differentiated neuroendocrine carcinomas of the pancreas: a clinico-
pathologic analysis of 44 cases. Am J Surg Pathol 2014;38(4):437–447. 
doi:10.1097/PAS.0000000000000169, PMID:24503751.

[18] Sweeney JR, Yang Z. Reappraisal of the utility of mitosis, Ki67 Index, and 
SSTR2 expression in the differential diagnosis between grade 3 well-dif-
ferentiated neuroendocrine tumor and poorly differentiated neuroendocrine 
carcinoma of the gastrointestinal tract and pancreas. Abstracts from US-
CAP 2021: Gastrointestinal Pathology (311-404). Mod Pathol 2021(Suppl 
2):478–479. doi:10.1038/s41379-021-00758-1.

[19] Vyas M, Tang LH, Rekhtman N, Klimstra DS. Alterations in Ki67 Labeling Fol-
lowing Treatment of Poorly Differentiated Neuroendocrine Carcinomas: A Po-
tential Diagnostic Pitfall. Am J Surg Pathol 2021;45(1):25–34. doi:10.1097/
PAS.0000000000001602, PMID:33177340.

[20] Couvelard A, Deschamps L, Ravaud P, Baron G, Sauvanet A, Hentic O, et 
al. Heterogeneity of tumor prognostic markers: a reproducibility study 
applied to liver metastases of pancreatic endocrine tumors. Mod Pathol 
2009;22(2):273–281. doi:10.1038/modpathol.2008.177, PMID:18997736.

[21] Yang Z, Tang LH, Klimstra DS. Effect of tumor heterogeneity on the as-
sessment of Ki67 labeling index in well-differentiated neuroendocrine tu-

mors metastatic to the liver: implications for prognostic stratification. Am 
J Surg Pathol 2011;35(6):853–860. doi:10.1097/PAS.0b013e31821a0696, 
PMID:21566513.

[22] Shi C, Gonzalez RS, Zhao Z, Koyama T, Cornish TC, Hande KR, et al. Liver 
metastases of small intestine neuroendocrine tumors: Ki-67 heterogene-
ity and World Health Organization grade discordance with primary tumors. 
Am J Clin Pathol 2015;143(3):398–404. doi:10.1309/AJCPQ55SKOCYFZHN, 
PMID:25696798.

[23] Maru DM, Khurana H, Rashid A, Correa AM, Anandasabapathy S, Krishnan 
S, et al. Retrospective study of clinicopathologic features and prognosis of 
high-grade neuroendocrine carcinoma of the esophagus. Am J Surg Pathol 
2008;32(9):1404–1411. doi:10.1097/PAS.0b013e31816bf41f, PMID:1867 
0347.

[24] Jiao Y, Shi C, Edil BH, de Wilde RF, Klimstra DS, Maitra A, et al. DAXX/ATRX, 
MEN1, and mTOR pathway genes are frequently altered in pancreatic neu-
roendocrine tumors. Science 2011;331(6021):1199–1203. doi:10.1126/sci-
ence.1200609, PMID:21252315.

[25] Scarpa A, Chang DK, Nones K, Corbo V, Patch AM, Bailey P, et al. Whole-
genome landscape of pancreatic neuroendocrine tumours. Nature 
2017;543(7643):65–71. doi:10.1038/nature21063, PMID:28199314.

[26] Yachida S, Vakiani E, White CM, Zhong Y, Saunders T, Morgan R, et al. 
Small cell and large cell neuroendocrine carcinomas of the pancreas are 
genetically similar and distinct from well-differentiated pancreatic neu-
roendocrine tumors. Am J Surg Pathol 2012;36(2):173–184. doi:10.1097/
PAS.0b013e3182417d36, PMID:22251937.

[27] Kaemmerer D, Peter L, Lupp A, Schulz S, Sänger J, Prasad V, et al. Molecu-
lar imaging with 68Ga-SSTR PET/CT and correlation to immunohistochem-
istry of somatostatin receptors in neuroendocrine tumours. Eur J Nucl Med 
Mol Imaging 2011;38(9):1659–1668. doi:10.1007/s00259-011-1846-5, 
PMID:21626438.

[28] Konukiewitz B, Schlitter AM, Jesinghaus M, Pfister D, Steiger K, Segler A, 
et al. Somatostatin receptor expression related to TP53 and RB1 altera-
tions in pancreatic and extrapancreatic neuroendocrine neoplasms with a 
Ki67-index above 20. Mod Pathol 2017;30(4):587–598. doi:10.1038/mod-
pathol.2016.217, PMID:28059098.

[29] Nielsen K, Binderup T, Langer SW, Kjaer A, Knigge P, Grøndahl V, et al. 
P53, Somatostatin receptor 2a and Chromogranin A immunostaining as 
prognostic markers in high grade gastroenteropancreatic neuroendocrine 
neoplasms. BMC Cancer 2020;20(1):27. doi:10.1186/s12885-019-6498-z, 
PMID:31924180.

[30] Coriat R, Walter T, Terris B, Couvelard A, Ruszniewski P. Gastroenteropan-
creatic Well-Differentiated Grade 3 Neuroendocrine Tumors: Review and 
Position Statement. Oncologist 2016;21(10):1191–1199. doi:10.1634/the-
oncologist.2015-0476, PMID:27401895.

[31] Joseph N, Kim G, Umetsu S, Kakar S. Challenges in the classification of high-
grade neuroendocrine neoplasms based on current recommendations. Ab-
stracts from USCAP 2021: Pancreas, Gallbladder, Ampulla, and Extra-Hepat-
ic Biliary Tree (863-890). Mod Pathol 2021;34(Suppl 2):1046. doi:10.1038/
s41379-021-00769-y.

https://doi.org/10.1002/cncy.21982
http://www.ncbi.nlm.nih.gov/pubmed/29451738
https://documents.cap.org/protocols/Panc.Endo_4.1.0.0.REL_CAPCP.pdf
https://documents.cap.org/protocols/Panc.Endo_4.1.0.0.REL_CAPCP.pdf
https://doi.org/10.1097/PAS.0000000000000341
https://doi.org/10.1097/PAS.0000000000000341
http://www.ncbi.nlm.nih.gov/pubmed/25353284
https://doi.org/10.1007/s12020-016-0944-3
http://www.ncbi.nlm.nih.gov/pubmed/27048356
https://doi.org/10.1097/PAS.0b013e318263207c
https://doi.org/10.1097/PAS.0b013e318263207c
http://www.ncbi.nlm.nih.gov/pubmed/23026928
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Endocrine-Organs-2017
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Endocrine-Organs-2017
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Endocrine-Organs-2017
https://doi.org/10.1097/PAS.0000000000000662
https://doi.org/10.1097/PAS.0000000000000662
http://www.ncbi.nlm.nih.gov/pubmed/27259015
https://doi.org/10.1097/PAS.0000000000000169
http://www.ncbi.nlm.nih.gov/pubmed/24503751
https://doi.org/10.1038/s41379-021-00758-1
https://doi.org/10.1097/PAS.0000000000001602
https://doi.org/10.1097/PAS.0000000000001602
http://www.ncbi.nlm.nih.gov/pubmed/33177340
https://doi.org/10.1038/modpathol.2008.177
http://www.ncbi.nlm.nih.gov/pubmed/18997736
https://doi.org/10.1097/PAS.0b013e31821a0696
http://www.ncbi.nlm.nih.gov/pubmed/21566513
https://doi.org/10.1309/AJCPQ55SKOCYFZHN
http://www.ncbi.nlm.nih.gov/pubmed/25696798
https://doi.org/10.1097/PAS.0b013e31816bf41f
http://www.ncbi.nlm.nih.gov/pubmed/18670347
http://www.ncbi.nlm.nih.gov/pubmed/18670347
https://doi.org/10.1126/science.1200609
https://doi.org/10.1126/science.1200609
http://www.ncbi.nlm.nih.gov/pubmed/21252315
https://doi.org/10.1038/nature21063
http://www.ncbi.nlm.nih.gov/pubmed/28199314
https://doi.org/10.1097/PAS.0b013e3182417d36
https://doi.org/10.1097/PAS.0b013e3182417d36
http://www.ncbi.nlm.nih.gov/pubmed/22251937
https://doi.org/10.1007/s00259-011-1846-5
http://www.ncbi.nlm.nih.gov/pubmed/21626438
https://doi.org/10.1038/modpathol.2016.217
https://doi.org/10.1038/modpathol.2016.217
http://www.ncbi.nlm.nih.gov/pubmed/28059098
https://doi.org/10.1186/s12885-019-6498-z
http://www.ncbi.nlm.nih.gov/pubmed/31924180
https://doi.org/10.1634/theoncologist.2015-0476
https://doi.org/10.1634/theoncologist.2015-0476
http://www.ncbi.nlm.nih.gov/pubmed/27401895
https://doi.org/10.1038/s41379-021-00769-y
https://doi.org/10.1038/s41379-021-00769-y

	Abstract
	Introduction
	Tumor morphology
	Proliferative rate
	Previous or concurrent tumors
	Ancillary immunohistochemical markers
	Challenging scenarios
	Conclusions
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

