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(PanNECs). PanNETs may either be functional or non-
functional, depending on their ability to secrete hor-
mones and elicit symptoms. Given the frequently 
indolent, slow-growing, and asymptomatic nature of 
non-functional PanNETs, they are often not detected 
until advanced stages with symptom onset related to 
tumor size and metastasis. In contrast, PanNECs are 
highly aggressive tumors associated with rapid disease 
progression and poor patient prognosis.

The current World Health Organization (WHO) 5th 
edition classification of PanNENs includes PanNET 
grades 1, 2, and 3, and PanNEC (small cell and large cell 
types); histological grading is based on mitotic count per 
2 mm2 and Ki67 proliferation index [1]. A significant 

Introduction
Pancreatic neuroendocrine neoplasms (PanNENs) 
account for 2–5% of all pancreatic tumors [1]. Of those, 
the vast majority are well-differentiated pancreatic neu-
roendocrine tumors (PanNETs) while < 3% are poorly 
differentiated pancreatic neuroendocrine carcinomas 
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Abstract
Background  Grade 3 neuroendocrine tumor (G3 PanNET) and poorly differentiated neuroendocrine carcinoma 
(PanNEC) of the pancreas are considered distinct entities from a biological and prognostic perspective but may have 
overlapping features complicating a definitive diagnosis.

Case Presentation  A 52-year-old female presented with a pancreatic body mass and liver lesions. Initial biopsies 
showed variable lower- and higher-grade morphologies and modestly elevated Ki67 proliferation index up to 30%, 
leading to a diagnosis of G3 PanNET. The patient underwent everolimus treatment followed by surgical resection, 
revealing a complex tumor with features of both G3 PanNET and PanNEC, including admixed well- and poorly 
differentiated morphologies, modestly elevated hotspot Ki67 of 28%, retained ATRX/DAXX expression, and loss of RB 
expression. The final diagnosis rendered was “high-grade neuroendocrine neoplasm” with discussion of both entities 
in the differential. Post-operatively, the patient remains alive with stable metastases.

Conclusions  This case highlights the diagnostic complexities of distinguishing G3 PanNET and PanNEC even with 
the support of ancillary immunohistochemical and molecular studies. In addition, such cases raise the possibility that 
G3 PanNET and PanNEC may lie on a spectrum of disease with potential biological overlap.
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change from the previous WHO 4th edition classification 
was the introduction of grade 3 (G3) PanNET as a sepa-
rate entity from PanNEC, both of which are considered 
high-grade and defined as having > 20 mitoses per 2 mm2 
or a Ki-67 proliferation index of > 20%. Thus, initially, the 
distinction between G3 PanNET and PanNEC was pri-
marily based on morphologic evaluation of cytohistologi-
cal atypia, whereby G3 PanNETs maintain an appreciable 
well-differentiated neuroendocrine morphology while 
PanNECs appear as poorly differentiated carcinomas 
with overtly malignant cells but express markers of neu-
roendocrine differentiation [2, 3]. 

Accurate histopathological diagnosis is essential to 
clinical management. Complete surgical resection is 
typically the first-line treatment option for G3 PanNETs, 
whereas upfront platinum-based chemotherapy is used 
in the setting of poorly differentiated PanNECs. However, 
despite the definitions of these as distinct entities with 
respect to diagnosis and clinical behavior, an increas-
ing number of cases straddling the boundary between 
G3 PanNET and PanNEC—that is, exhibiting overlap-
ping/equivocal histopathological features—have been 
encountered in clinical practice. Even with the assistance 
of ancillary immunohistochemical markers, there remain 
challenging cases for which definitive classification 
remains elusive. Herein, we present a particularly chal-
lenging and illustrative case of a high-grade PanNEN and 
discuss the clinical, histological, immunophenotypic, and 
molecular findings.

Case presentation
A 52-year-old female with a remote history of opioid 
abuse, cigarette smoking, alcohol consumption, hepa-
titis C infection, and acute pancreatitis presented to the 
emergency department complaining of general malaise, 
nausea, vomiting, abdominal pain radiating to the back, 
and unintentional weight loss over the past six months. 
Laboratory workup found an elevated serum lipase level 
of 495 U/L (reference range: 13–60 U/L).

A computed tomography (CT) scan of the abdomen 
and pelvis demonstrated evidence of acute on chronic 
pancreatitis with dilation of the pancreatic duct, a 2.2 cm 
lesion in the pancreatic body (FDG-avid on PET/CT 
scan), and a large cystic lesion in the pancreatic tail, likely 
representing a pseudocyst secondary to chronic ductal 
obstruction by the pancreatic body mass (Fig. 1A-B). Fol-
low-up magnetic resonance imaging (MRI) also revealed 
two FDG-avid lesions in the right liver measuring 1.5 and 
1.4 cm, respectively (Fig. 1C-D). Endoscopic ultrasound-
guided fine needle aspiration biopsy (EUS-FNAB) of the 
pancreatic mass and liver lesions were performed for 
diagnostic purposes.

Histopathology of initial biopsies
Core biopsies of the pancreatic body mass and a liver 
mass were obtained. The pancreatic mass consisted of 
solid sheets and nests of epithelioid cells with dense 
chromatin and variable amounts of cytoplasm in a back-
ground of fibrotic stroma (Fig. 2A). Some areas demon-
strated increased nuclear pleomorphism and possible 
nuclear molding (Fig. 2B). Mitoses and apoptotic bodies 
were identified. Immunohistochemistry showed that the 
tumor cells were positive for synaptophysin, chromo-
granin, and INSM1 (Fig.  2C-E). The Ki67 proliferation 
index was elevated at ~ 30% (Fig. 2F). P53 showed a wild-
type expression pattern (patchy weak nuclear expression) 
while RB showed loss of nuclear expression (Fig. 2G-H). 
Though the differential diagnosis of a poorly differenti-
ated PanNEC was raised (supported by the increased 
degree of nuclear atypia and loss of RB), the biopsy was 
ultimately finalized as a G3 well-differentiated PanNET 
given the relatively low Ki67 proliferation index and 
lower grade liver biopsy findings (discussed below).

Core biopsy of one of the liver masses showed nests 
and cords of epithelioid cells that appeared more well-
differentiated than those seen in the pancreatic biopsy 
with overall uniform nuclei, fine even chromatin, and 
variable amounts of cytoplasm; focal areas demon-
strated increased pleomorphism (Fig.  2I-K). Rare mito-
ses were identified. Immunohistochemistry showed that 
the tumor cells were positive for CAM5.2, synaptophy-
sin, chromogranin, and INSM1 (Fig. 2L). ATRX showed 
intact nuclear expression (Fig. 2M). Ki67 showed a more 
modestly increased proliferation index of ~ 13% (Fig. 2N). 
P53 showed a wild-type pattern, but RB showed retained 
nuclear expression (Fig.  2O-P). SMAD4 also showed 
retained expression. A diagnosis of metastatic well-differ-
entiated neuroendocrine tumor (grade 2) was rendered.

Histopathology of pancreatic resection specimen
After multidisciplinary discussion, a three-month cycle 
of everolimus followed by complete surgical resection 
was decided as the treatment plan. Repeat abdominal 
imaging after everolimus treatment demonstrated that 
her pancreatic mass and liver lesions were unchanged. 
A distal pancreatectomy with splenectomy was per-
formed. Grossly, the main resection specimen revealed 
a 2.5 × 2.4 × 2.1  cm well-circumscribed, solid tan-white 
mass in the pancreatic body (Fig.  3). The remaining 
parenchyma was fibrotic with foci of hemorrhage and 
dilated main duct and side duct branches, up to 1.3 cm 
and 0.9  cm, respectively. The pancreatic tail to splenic 
hilum was remarkable for a 7.2 × 7.1 × 6.6 cm pseudocyst 
with wrinkled lining and a fibrotic wall, 0.3 cm in thick-
ness (3.0 cm away from the body mass).

Histologically, the resection specimen showed a 
high-grade neuroendocrine neoplasm composed of 



Page 3 of 8Mullen et al. Diagnostic Pathology          (2024) 19:123 

intermixed areas of morphologically well-differentiated 
and more poorly differentiated areas (Fig.  4A-F). The 
well-differentiated areas consisted of well-circumscribed 
nests of epithelioid cells with monomorphic nuclei, 
speckled chromatin, and no significant nuclear atypia or 
pleomorphism (Fig.  4B). The higher-grade areas dem-
onstrated larger nuclei with increased pleomorphism, 
nuclear membrane irregularities, and variable chroma-
tin quality, with areas of vesicular nuclei (Fig. 4C-D) and 
other areas with hyperchromatic smudgy chromatin and 
more scant cytoplasm (Fig. 4E-F). Multiple foci of necro-
sis were present in the higher-grade/poorly differentiated 
areas of the tumor. Lymphovascular invasion (Fig.  4G) 
was also identified, as well as three positive lymph nodes 
(Fig. 4H). The peak mitotic count was 22 mitoses/2mm2, 
and the hotspot Ki67 proliferation index was 28%, though 
there were multiple areas with a more well-differentiated 
appearance where Ki67 was < 20%. Immunohistochemi-
cal stains showed that the tumor cells in all areas were 
positive for MNF116, synaptophysin, chromogranin, 
INSM1, ATRX (retained), and DAXX (retained) (Fig. 4). 
P53 showed patchy wildtype expression, and RB showed 

loss of nuclear expression in all areas. P16 expres-
sion was heterogeneous, with some nests showing dif-
fuse increased expression while others showed patchy 
expression, irrespective of morphological appearance 
(Fig.  4P). The tumor cells were negative for trypsin and 
BCL10. The well-differentiated morphology and mod-
estly elevated Ki67 (between 20 and 50%) would be more 
in keeping with a G3 PanNET (which is how the patient 
was treated prior to resection), but the areas of higher-
grade morphology and loss of RB expression would sup-
port a poorly differentiated PanNEC. Due to the unusual 
constellation of morphologic and immunophenotypic 
findings, a final diagnosis of high-grade PanNEN (with 
a differential diagnosis of G3 PanNET vs. PanNEC) was 
rendered.

Histopathology of liver resection specimen
Histologically, resection of the liver metastasis showed a 
neuroendocrine neoplasm arranged in nests with mono-
morphic round-to-focally spindled nuclei and coarse 
chromatin with some prominent nucleoli (Fig.  5A-C). 
The overall appearance was more homogenous and 

Fig. 1  Pre-operative radiology. (A) CT scan and (B) corresponding PET/CT demonstrating a 2.2 cm T2 isointense, hypoenhancing mass (arrow) in the 
pancreatic body with FDG-avidity (arrow) and large cystic lesion in the tail (arrowhead), likely representing a pseudocyst. (C) MRI and (D) corresponding 
PET/CT showing one of the hepatic lesions in the right lobe with FDG-avidity (arrows), concerning for metastatic disease.
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monomorphic than that seen in the primary tumor. The 
hotspot Ki67 proliferation index was 8.8% (Fig.  5D), 
though it was lower in most of the lesion. RB immu-
nohistochemistry showed retained nuclear expression 
(Fig. 5E), and P16 was largely negative with focal staining 
(Fig. 5F).

The patient recovered well after surgery. At her 
6-month follow-up, the patient remains alive with stable 
liver, lung, and brain lesions.

Molecular findings
Next-generation sequencing (NGS) was performed on 
one tumor block containing areas of higher-grade mor-
phology (as shown in Fig.  4C-F). No variants with an 
established association with this tumor type or other spe-
cific tumor types were identified. The following variants 
(and variant allele frequencies [VAF]) with potential clin-
ical significance were identified: IRS2 p.Q822H (74.0% 
VAF), IL10 p.K175R (58.5% VAF), TEK p.P568A (37.9% 
VAF), SMARCA4 p.N248I (29.7% VAF), and NT5C2 
p.M15V (20.1% VAF). Tumor mutational burden was low 

at 7.7 mutations/Mb, and microsatellite status was stable. 
No copy number variants were detected. Anchored mul-
tiplex next-generation fusion assays were negative for 
reportable fusion transcripts.

Discussion and conclusions
Based on literature over the past decade, our under-
standing has been that PanNET and PanNEC are distinct 
entities based on their clinical presentation, response to 
treatment, disease course, and pathobiology. Notably, 
40–50% of PanNETs harbor ATRX/DAXX and MEN1 
mutations, which have not been described in PanNECs, 
while PanNECs may have mutations more typical of 
high-grade adenocarcinomas such as in TP53, CDKN2A 
and SMAD4, as well as in Rb [4, 5]. Thus, G3 PanNETs 
are thought to be derived from a neuroendocrine cell 
lineage and frequently coexist with lower-grade com-
ponents whereas PanNECs are high-grade carcinomas 
derived from a glandular/epithelial cell lineage—not aris-
ing from progression of PanNET—and can coexist with a 
component of ductal adenocarcinoma [6]. 

Fig. 2  Histology of core biopsies of the pancreatic mass (A-H) and liver mass (I-P). (A-B) Pancreatic mass showing sheets of epithelioid cells with dense 
chromatin and areas of increased nuclear pleomorphism (H&E, 200X and 400X, respectively). Immunohistochemistry for synaptophysin (C), chromo-
granin (D), INSM1 (E), Ki67 (F), P53 (G), and RB (H), all at 200X. (I-K) Liver mass showing a more well-differentiated appearance of nests and cords of overall 
uniform epithelioid cells with focal pleomorphism (H&E, 200X, 200X, and 400X, respectively). Immunohistochemistry for INSM1 (L), ATRX (M), Ki67 (N), 
P53 (O), and RB (P), all at 200X except RB (400X).
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Challenges with making a distinction between G3 Pan-
NET and PanNEC purely on morphologic grounds (not 
to mention inevitable interobserver variability) has led 
to the routine use of ancillary studies to support a diag-
nosis of one versus the other. Firstly, PanNECs generally 
have markedly elevated Ki67 proliferation indices > 50% 
(as high as > 90% in many small cell carcinomas), though 
a strict cutoff is not established for making this distinc-
tion [7–9]. Recently, Umetsu et al. reported an integrated 
approach for distinguishing G3 PanNETs from PanNECs 
using a panel of immunohistochemical markers as sur-
rogates for genomic alterations: ATRX, P53, RB, and 
P16 [5]. In their cohort, loss of ATRX was entirely spe-
cific for G3 PanNET, though it was only seen in 18% of 
cases. Both TP53 mutations and mutant P53 immuno-
histochemistry were seen in both groups. Loss of nuclear 
RB (41%) and diffuse P16 (65%) expression were entirely 
specific for PanNEC, though CDKN2A mutations were 
frequently seen in both groups (mutually exclusive with 
TP53 mutations in G3 PanNET but frequently co-altered 
with TP53 in PanNEC).

Despite these well-established findings, our case still 
did not neatly fit into one of the categories. Features 
supporting G3 PanNET included: the lower-grade liver 
metastasis, intermixed well-differentiated and higher-
grade morphologies and only modestly elevated Ki67 
index (20–30%). Features supporting PanNEC included: 
higher-grade morphologies that appeared to be com-
patible with carcinoma and exceed “well-differentiated” 
neuroendocrine morphology, retained ATRX and DAXX 
expression, and loss of RB expression. In addition, the 
finding of RB loss in the primary pancreatic tumor and 
retained RB expression in the liver metastasis is very 
unusual. One possibility is that there was a lower grade 
well-differentiated component of the primary neuroen-
docrine tumor with wildtype RB that metastasized, and 
now the primary neoplasm is predominated by a higher-
grade component that later lost RB expression.

Interestingly, this patient was treated with everolimus, 
an inhibitor of mammalian target of rapamycin (mTOR), 
which was recently shown to provide a survival benefit 
in patients with metastatic well-differentiated PanNETs 

Fig. 3  Gross photograph of the distal pancreatectomy resection specimen showing a pancreatic body mass and tail pseudocyst encroaching the splenic 
hilum.
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Fig. 4  Histology of pancreatic resection specimen. (A) Low-power nested appearance of the tumor (H&E, 40X). (B) Nest of well-differentiated appear-
ing neuroendocrine tumor cells (H&E, 200X). (C) Area of higher-grade cells with enlarged irregular nuclei, vesicular chromatin, and (D) frequent mitoses 
(arrows) (H&E, 200X and 400X, respectively). (E) Area of higher-grade cells with irregular nuclei, dark smudgy chromatin, more scant cytoplasm, and (F) 
frequent mitoses (arrows) (H&E, 200X and 400X, respectively). (G) Lymphovascular invasion (H&E, 200X). (H) Metastasis to lymph node (H&E, 200X). Im-
munohistochemistry for MNF116 (I), synaptophysin (J), chromogranin (K), INSM1 (L), Ki67 (M), P53 (N), RB (O), P16 (P), ATRX (Q), and DAXX (R), all at 200X 
except P16 (100X).
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[10]. Few studies have reported on the effects of evero-
limus on histopathologic examination, but one study 
found that everolimus downregulates the expression of 
Ki67 [11], which may be diagnostically relevant when 
interpreting Ki67 in treated specimens. We have not had 
extensive experience with evaluating histological speci-
mens from post-everolimus treated PanNETs in our clini-
cal practice, as most PanNETs are localized and cured 
with resection. In addition, we are aware that in general, 
tumor biology/morphology may change after treatment 
(well-documented after chemotherapy/radiation), though 
we were unable to find any specific literature discussing 
post-everolimus morphological changes. For our patient’s 
tumor, the morphologies and Ki67 indices were similar 
between the pre-treatment biopsies and post-treatment 
resection specimens.

NGS was performed to further characterize the tumor 
but did not reveal any characteristic mutations (includ-
ing lack of an Rb mutation, though other forms of Rb 
alterations such as loss of heterozygosity were not inter-
rogated). SMARCA4 loss of function has been described 
in a small subset of TTF1-negative neuroendocrine car-
cinomas of various sites [12], though no specific studies 
have investigated pancreatic neoplasms. Of the remain-
ing identified mutations, IRS2 amplification has been 
described in a small percentage (3%) of large cell neuro-
endocrine carcinomas of the lung [13] as well as a small 
percentage (15%) of small cell neuroendocrine carcino-
mas of the cervix [14]. 

In summary, we present a case highlighting some of 
the continued challenges that are faced when evaluating 
high-grade PanNENs. In addition, it raises the possibility 

that perhaps G3 PanNETs and PanNECs are not always 
entirely distinct and may lie on a spectrum or share some 
biological overlap in rare cases. While one explanation 
for the findings in this case is a collision of two distinct 
neoplastic processes, transformation from a well-differ-
entiated PanNET (with retained RB expression, as seen 
in the liver metastasis) to a poorly differentiated PanNEC 
(with loss of RB expression), particularly given the admix-
ture of varying morphologies—or something in between 
with intermediate prognosis—are of consideration.
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