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Abstract

In 2017 the World Health Organization revised the criteria for classification of
pancreatic neuroendocrine neoplasms (pNENSs) after a consensus conference at
the International Agency for Research on Cancer. The major change in the new
classification was to subclassify the original G3 group into well-differentiated
pancreatic neuroendocrine tumors G3 (pNETs G3) and poorly differentiated
pancreatic neuroendocrine carcinomas (pNECs), which have been gradually
proven to be completely different in biological behavior and clinical
manifestations in recent years. In 2019 this major change subsequently extended
to NENs involving the entire digestive tract. The updated version of the pPNENs
grading system marks a growing awareness of these heterogeneous tumors. This
review discusses the clinicopathological, genetic and therapeutic features of
poorly differentiated pNECs and compare them to those of well-differentiated
PNETs G3. For pNETs G3 and pNECs (due to their lower incidence), there are still
many problems to be investigated. Previous studies under the new grading
classification also need to be reinterpreted. This review summarizes the relevant
literature from the perspective of the differences between pNETs G3 and pNECs
in order to deepen understanding of these diseases and discuss future research
directions.

Key words: Neuroendocrine neoplasms; Pancreatic neuroendocrine tumors G3; Pancreatic
neuroendocrine carcinomas; Gene sequencing; Clinical management; Histopathology
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Core tip: The major change in the 2017 World Health Organization (WHO) classification
of pancreatic neuroendocrine neoplasms was to further subclassified the original G3 group
into pancreatic neuroendocrine tumors G3 (pNETs G3) and pancreatic neuroendocrine
carcinoma (pNEC). In 2019 this major change subsequently extended to neuroendocrine
neoplasms involving the entire digestive tract. This review comprehensively summarizes
the differences between pNET G3 and pNEC, which is the major update in latest WHO
grading classification for pancreatic neuroendocrine neoplasms by the aspects of
histology, gene mutation, and clinical management.

Citation: Zhang MY, He D, Zhang S. Pancreatic neuroendocrine tumors G3 and pancreatic
neuroendocrine carcinomas: Differences in basic biology and treatment. World J Gastrointest
Oncol 2020; 12(7): 705-718

URL: https://www.wjgnet.com/1948-5204/full/v12/i7/705.htm

DOI: https://dx.doi.org/10.4251/wjgo.v12.i7.705

INTRODUCTION

Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors
characterized by neural antigens such as chromogranin A or synaptophysin (Figure 1A
and B). Chromogranin A is a member of the granin family of acidic secretory
glycoproteins that occur in secretory granules of a wide variety of endocrine cells and
neurons, and synaptophysin is an integral membrane glycoprotein that occurs in
presynaptic vesicles of neurons. Chromogranin A and synaptophysin are considered
to be the most valuable marker of NENs. Neuroendocrine tumors (NETs) are
generated from specialized cells called neuroendocrine cells whereas neuroendocrine
carcinomas (NECs) may be derived from more primitive progenitor cells, but the
details remain unclear. NENs occur throughout the body, with most in the digestive
tract, pancreas or lungs. Pancreatic NENs (pNENSs) are rare in clinical practice and
account for < 3% of primary pancreatic tumors'. The incidence and prevalence of
NENs have been rising recently due to increased awareness and sophisticated
diagnostic techniques. The prevalence of pancreatic neuroendocrine tumors (pNETSs)
in Japan was 2.69 per 100000 people in 2010, representing a 1.2-fold increase in the
number of patients in 2005. The new-onset functioning pNETSs in 2010 was similar to
that in 2005; however, the number of new-onset nonfunctioning pNETs in 2010 was
1.7-fold greater than that in 2005". In the United States, the incidence rate of pNETs
increased approximately fourfold from 1973 (0.2 per 100000) to 2012 (0.8 per 100000),
and the incidence in Canada also grew steadily during this period”*. pNETs G3 and
pancreatic neuroendocrine carcinomas (pNECs) are considered to be rarer than pNETs
G1/G2, which may account for 7.5% of all pNENs and have a higher rate in
nonfunctioning tumors”. In 2010, World Health Organization (WHO) released a
grading system for gastroenteropancreatic (GEP) NENs, which classifies the degree of
malignancy according to Ki-67 proliferation index and mitotic count. The pNENs were
divided into three groups (Table 1): (1) Well-differentiated pNETs G1 [mitoses < 2/10
high-power field (HPF) and Ki67 index < 2%]; (2) well-differentiated pNETs G2
(mitoses 2-20/10 HPF or Ki67 index 2%-20%); and (3) pNECs G3 (mitoses > 20/10 HPF
or Ki67 index > 20%). With advances in clinical practice and basic research, especially
gene sequencing and analysis, in recent years, it has been gradually recognized that
the G3 group contains at least two completely different subtypes, namely the well-
differentiated pNETs G3 and poorly differentiated pNECs. Some researchers believe
that G3 contains three subtypes. In 2017, WHO revised the grading classification of
PNENSs (Table 2). The most important change in the new grading classification was to
divide the original G3 group into pNETs G3 and pNECs, and other changes, such as a
3% cutoff level of Ki67 index instead of the original 2%, were used in the new
classification to distinguish G1 and G2. A significantly higher risk of progression was
observed using a 5% cutoff level of Ki67 index in G1 and G2".. For the above reasons,
WHO uses 3% as the cutoff level of Ki67. The update of the 2017 WHO pNENs
grading system was based on the consensus that pNETs G3 and pNECs are completely
different in many respects such as biological behavior and treatment options’.. The
newest WHO classification and fifth edition classification of digestive system tumors
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Table 1 2010 World Health Organization grading classification of gastroenteropancreatic neuroendocrine neoplasms

Classification/grade Mitotic index (per 10 HPF) Ki67 index (%)
G1 (NET G1) <2 <2

G2 (NET G2) 2-20 2-20

G3 (NEQ) >20 >20

HPF: High-power field; NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma.

Table 2 2017 World Health Organization grading classification of pancreatic neuroendocrine neoplasms

Classification/grade Mitotic index (per 10 HPF) Ki67 index (%)
pNET

G1 <3 <3

G2 3-20 3-20

G3 >20 >20

pNEC

Small cell type >20 >20

Large cell type >20 >20

HPF: High-power field; pNET: Pancreatic neuroendocrine neoplasm; pNEC: Pancreatic neuroendocrine carcinoma.

JBaishideng®

clarify that the G3 group is divided into NETs G3 and NECs in all NENs of the
digestive tract!l.

Mitotic index is based on evaluation of mitoses in 50 HPF in areas of higher density
and is expressed as mitoses per 10 HPF; the Ki-67 index value is determined by
counting at least 500 cells in the regions of highest labeling.

HISTOLOGICAL DIFFERENCES

In the 2017 WHO classification, well-differentiated pNENs with mitotic rate > 20/10
HPF or Ki67 index > 20% are defined as pNETs G3. When the Ki67 index rating is
inconsistent with the mitosis rate, the higher is considered as a determinant factor.
Ki67 is a nuclear protein involved in cell cycle regulation and expressed in all phases
of cell duplication. Using the Ki67 antibody, it was possible to perform large-scale
studies of pathological biopsy tissues to assess the proliferative activity in different
neoplasms’l. Ki67 index has become one of the most reliable prognostic factors to
classify pNENSs. It is recommended to count between 500 and 1000 tumor cells in
randomly selected fields and the “hot spot” is chosen as the corresponding index.
Manual count of a camera-captured, printed image appears to be the most reliable
method to determine the Ki-67 index while the “eye-ball” estimation is the method
with the poorest reliability and reproducibility. In most cases, the Ki67 index exceeds
20% but the mitotic figures do not exceed 20/10 HPF. Basturk et all'! showed a group
of pNETs G3 with discordance between the mitotic rate and Ki67 index; usually
having a Ki67 index in the G3 range but a mitotic rate suggesting G2. The patients with
mitotic count G2 and Ki67 index G3 had longer survival time compared to the patients
with poorly differentiated NECs (median survival of 54.1 mo vs 11 mo and 5-year
survival of 29.1% vs 16.1%) and had shorter survival time than patients with G2
had!’. There are still a number of cases in which the mitotic figures rate is higher than
the Ki67 index rate (Figure 1C and D). Komag et al''! reported the Ki67 levels in 29
patients and the mitotic count in only one patient was in the higher grade. The
difference between pNETs G3 with mitotic count G2 and pNETs G3 with Ki67 index
G2 is not clear at present. The histological features of pNETs G3 are similar to those of
well-differentiated pNETs G1/G2, including “salt and pepper” nuclei, cellular
uniformity, central ovoid nuclei, variety of architectures such as ribbons or trabeculae,
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Figure 1 Immunohistochemical staining (400 x). A and B: Immunohistochemical positivity for chromogranin A (A) or synaptophysin (B) is considered to be a
marker for neuroendocrine neoplasms. Mitotic figures rating [G3 26/10 high-power field (HPF)] is higher than the Ki67 index rating (G2, 16%); C and D: Four mitoses
in one HPF is shown by black arrows (C) and related Ki67 immunohistochemical staining is shown in D; E and F: Hemtoxylin and eosin (H&E) staining of well-
differentiated pancreatic neuroendocrine tumor G3 (E) and related Ki67 immunohistochemical staining (F); G and H: H&E staining of poorly differentiated pancreatic
neuroendocrine carcinoma (G) and related Ki-67 immunohistochemical staining (H).

nesting, gyriform, or pseudorosettes (Figure 1E and F). pNETs G3 is considered to be a
continuation of pNETs G1 and G2, but completely different from pNECs. The evidence
supporting this comes from studies in which it was found that some pNETs G3
patients were first diagnosed as G1 or G2 but rediagnosed as pNETs G3 after the
second pathological biopsy after disease progression. In some pNETs, the pathological
diagnosis of the primary pancreatic lesion was G1 or G2 but liver metastasis was

(49
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diagnosed as G3. Panzuto et all"”! retrospectively analyzed 43 patients with sporadic
enteropancreatic NENs including 19 NETs G1 patients (44.2%) and 24 NETs G2
patients (55.8%) at the initial histological evaluation. When receiving histological
verification after disease progression, 13 patients were reclassified as G1 (30.2%), 26 as
G2 (60.5%), and four as G3 (9.3%)!"”. Tang et al'! reported that the high-grade
component occurred either within the primary tumor (48%) or metastatic sites (52%).
The radiographic features, clinical presentation, and the genotype of these well-
differentiated NETs with high-grade component remained similar to G1/G2"1.

Poorly differentiated pNECs can be histologically divided into small and large cell
types. The main histological features of the small cell variant include small cells with
large nuclei (high N/C ratio), nuclear molding, dark chromatin with inconspicuous
nucleoli and immature or finely speckled chromatin (as seen in pulmonary small cell
carcinoma or acute myeloid leukemia). The large cell variant includes large
undifferentiated cells with bizarre forms or syncytial aggregates, irregular overlapping
nuclei with prominent nucleoli, variable chromatin (fine or coarse) and abundant
cytoplasm (delicate, dense or granular)!) (Figure 1G and H). It is worth noting that
PNECs may be combined with other malignant non-neuroendocrine components such
as pancreatic adenocarcinoma. If the pancreatic adenocarcinoma component exceeds
30% of neoplastic cells, a diagnosis of composite NECs with adenocarcinoma is made.

In summary, the histomorphological differences between pNETs G3 and pNECs are
obvious. However, in practice some pNETs G3 and pNECs cannot be effectively
distinguished. Tang et al'"”! reassessed pathological diagnosis of 33 cases of pNETs G3
using the 2010 WHO criteria to classify them into well-differentiated NETs, small cell
poorly differentiated NECs, and large cell poorly differentiated NECs. As a result, 20
of 33 cases (61%) had an uncertain diagnosis rendered by any of three pathologists or
there was disagreement in classification among the three pathologists!"”l. Other
supplementary information may help to solve the problem!*'’l. Coexisting lower grade
pNETs components in prior specimens tend to diagnose pNETs G3, while coexisting
conventional carcinoma components tend to be diagnosed as pNECs. Loss of nuclear
expression for DAXX and ATRX and preserved expression for Rb and p53 tend to be
diagnosed as pNETs G3 (Figure 2A) and pNECs (Figure 2B and C), respectively. Briest
et all”l reported that nuclear forkhead box (FOX) M1 expression was absent in all 26
NETs G3, whereas 40% (2/5) of NECs specimens displayed high nuclear FOXM1
staining. The cell adhesion molecule L1, which has an important function for
development of the nervous system!"”, also may be a potential marker for poorly
differentiated pNECs!"”l. Somatostatin receptors are commonly expressed in
pNETs?l. Somatostatin receptors might be considered as a feature of well-
differentiated NETs, although somatostatin receptor 2A was also positive in 16% of
poorly differentiated NECs and a few poorly differentiated NECs expressed
somatostatin receptor 5. Clinical presentation due to excess hormone secretion and
elevated plasma neuroendocrine markers (e.g., chromogranin A) help diagnose pNETs
G3, and abdominal pain, jaundice, weight loss and elevated plasma carcinoma
markers [e.g., carcinoembryonic antigen, carbohydrate antigen (CA)19-9 and CA125]
tend to diagnose pNECs. Kang et al”! reported that low enhancement in the portal
venous phase, nonuniform enhancement, and combined tumor vasculature in the
hepatic NECs group were larger than those in the hepatic NETs group. In addition,
cancer treatment has made significant progress recently with immunotherapy and
immune checkpoint inhibitor treatment such as PD-1/PD-L1, which has been
approved by the US FDA in recent years. The expression level of PD-L1 in tumor
tissues may be related to the efficacy of immune checkpoint inhibitor therapy.
Cavalcanti et al*! showed for the first time that PD-L1 is expressed in GEP NENs, and
PD-L1 positivity rate and signal intensity are directly correlated with grade increase
from G1 to G3. Whether pNETs G3 differs from pNECs in PD-L1 expression remains
to be confirmed.

DIFFERENCES IN GENETIC AND EPIGENETIC CHARACTERISTICS

A series of gene sequencing studies in recent years has confirmed that the genetic
characteristics of the two groups are different. The data for pNETs G3 gene sequencing
is mainly derived from sequencing of pNETs, and the pNETs G3 genome landscape is
considered to be similar to that of pNETs G1/G2. In 2010, Jiao et al*! determined the
exomic sequences of 10 nonfamilial pNETs and verified some mutated genes in 58
additional pNETs. Forty-four percent of the tumors had somatic inactivating
mutations in MEN1, which encodes menin which is the main cause of multiple
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Figure 2 Immunohistochemical staining (400 x). A: Loss of nuclear expression for ATRX in pancreatic neuroendocrine tumor G3; B and C: Aberrant
expression for p53 (B) and loss of expression of Rb1 (C) in pancreatic neuroendocrine carcinoma.

JBaishideng®

endocrine neoplasia type 1 syndrome; 43% had mutations in genes encoding either of
the two subunits of a transcription/chromatin remodeling complex, including DAXX
and ATRX; and 14% had mutations in genes involved in the mammalian target of
rapamycin (mTOR) pathway. For successful identification of genes and pathways,
they excluded poorly differentiated small cell and large cell NECs. Heaphy et al*!
evaluated telomere status in pNETs with ATRX or DAXX gene mutations and
reported that the mutations were associated with alternative lengthening of telomeres
(telomerase independent telomere maintenance mechanism). The DAXX/ATRX
complex can negatively regulate the alternative lengthening of telomeres by repressing
the HR DNA repair complex. Scarpa et al*! performed whole-genome sequencing of
102 primary pNETSs (mostly pNETs G1/G2) and classified gene mutations into four
main pathways: Chromatin remodeling, DNA damage repair, increased mTOR
signaling (including undescribed EWSR1 gene fusions), and telomere maintenance.
Other research confirmed and expanded their findings™-"! (Figure 3). In epigenetic
epidemiological studies, aberrant DNA methylation of the promoter in RASSFIA and
CDKN2A were revealed™ ™). Guo ef al*! examined the methylation changes of specific
gene promoter regions observed in 18 pNETs and showed that the promoters of APC/
p73/RAR (33%), p16 INK4a/p15 INK4b/hMLH1/p14 ARF (39%) and BRCA1 (50%)
were commonly hypermethylated. The difference in genetic or epigenetic
characteristics between pNETs G3 and pNETs G1/G2 deserves further investigation
and may help us better understand how some G1/G2 could evolve into pNETs G3.
Compared with pNETs, pNECs is relatively lacking in gene sequencing data. The
reasons for this scarcity include that pNECs is rarer than pNETs and it is difficult to
obtain surgically resected specimens for sequencing due to the rapid progress at the
time of diagnosis. By using targeted exomic sequencing, Yachida et al*! investigated
the genetic features of nine small cell pNECs, 10 large cell pNECs and 11 well-
differentiated pNETs. Inactivating mutations in the TP53 and RB1 genes and activating
KRAS gene mutation were identified only in pNECs, whereas none of the 11 well-
differentiated pNETs showed those mutations!™l. Seventy patients, 21 pNETs G3 and
49 pNECs, were analyzed by Hijioka et al™ No KRAS mutation was found in pNETs
G3, whereas KRAS mutations were detected by PCR gene mutation analysis in 48.7%
of pNECs. Vijayvergia et al"! reported TP53, PIK3CA, RB1 and KRAS gene mutations
in four patients with pNECs by next-generation sequencing of 50 cancer-related
mutant genes. At the same time, the data from pNECs gene sequencing were used to
compare with other NECs in different locations, such as lung, or different pathological
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Figure 3 High-throughput sequencing. A: Base C (red) mutates to G (blue) on the Men1 gene of chromosome 11 in pancreatic neuroendocrine tumor G3

(PNET G3); B: Base G (blue) mutates to A (green) on the ARTX gene of chromosome X in pNET G3; C: Base T (purple) mutates to A (green) on the Tp53 gene of
chromosome 17 in pancreatic neuroendocrine carcinoma (pNEC); D: Base A (green) mutates to T (purple) on the Rb1 gene of chromosome 13 in pNEC.

types in the same location, such as pancreatic adenocarcinoma. The gene alterations of
pNECs are similar to those of pulmonary neuroendocrine cancer, with a few
differences™ ). Kimura presented a case of pNECs that was genetically similar to
invasive ductal adenocarcinoma. Altered KRAS, TP53, and SMAD4/DPC4 suggested
that poorly differentiated invasive ductal adenocarcinomas may transform into
NECs!"I. Konukiewitz ef al*'l conducted a genetic study in 12 pNECs and 11 pNETs G3
using massive parallel sequencing and compared their findings with known data for
pancreatic ductal adenocarcinoma. They indicated that pNETs G3 shared singular
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mutations in five different genes with pNECs, namely, TP53, CDKN2A, ARID1A,
LRP1B and APC. Almost half of the pNECs are genetically and phenotypically related
to pancreatic ductal adenocarcinomal*'l.

DIFFERENCES IN MANAGEMENT

PNECs has a high degree of malignancy and poor prognosis. Although pNETs is
better in biological behavior and clinical manifestations, the pNETs G3 and G1/G2
also have the potential for distant metastasis; thus, they should be given adequate
attention in clinical management. Other than the WHO 2017 classification of pNENSs,
TNM staging is important for clinical management. TNM staging has undergone
several major improvements too. There once existed two parallel systems. One was
administered by European Neuroendocrine Tumor Society (ENETS) in 2006/2007>*1,
and the other was published by American Joint Commission on Cancer
(AJCC)/International Union Against Cancer (UICC) in 2009t The definition of the T
stages for pNENSs is different between the AJCC/UICC and ENETS classifications, and
AJCC/UICC applied the same TNM classification for the exocrine pancreatic
tumorst. Luo et al* evaluated the application of these two staging systems using the
Surveillance, Epidemiology, and End Results registry and proposed a modified system
based on analysis of the two existing classification systems. In 2016, the new
AJCC/UICC classification (eighth edition) largely adopted the ENETS classification
and was therefore included in the WHO 2017 staging recommendations.

When G3 contained pNECs in the 2010 WHO grading classification, many clinicians
raised a lot of questions!”*l. In fact, pNETs G3 and pNECs should attract completely
different management strategies due to the inherent differences mentioned above. For
patients with pNETs with early TNM staging, surgery should be recommended.
Despite the lack of definitive evidence, pNETs G3 patients without metastatic lesions
should undergo curative surgery first. ENETS guidelines suggest that the wait and see
approach might be preferred for asymptomatic pNETs G1, with strict patient
selection®™. Compared with pNETs G1/G2, pNETs G3 has a higher risk of distant
metastasis, and the wait and see approach may be not well suited. Radical surgery of
pNETSs comprises typical pancreatic resection (pancreaticoduodenectomy, distal
pancreatectomy and total pancreatectomy) and atypical pancreatic resection (middle
pancreatectomy, middle-preserving pancreatectomy)rl. The data on neoadjuvant
therapy for patients with pNETSs, especially for those radical surgery is difficult to
implement at the beginning, is still not availablel". Neoadjuvant peptide receptor
radionuclide therapy for pNENs with high risk of recurrence may be useful™. pNETs
patients with distant metastasis are generally considered unsuitable for surgical
treatment. For pNETs and pNECs, the most likely site for metastasis is the liver,
although metastases to other sites have also been reported™. Similar to patients with
colorectal cancer with resectable liver metastases, pNETs patients with only liver
metastases can still undergo partial liver resection™~°l. Patients with pNETs G3, which
is more malignant and more likely to have liver metastases than G1/2, may also
benefit from surgical resection of primary lesions and liver metastases®. There are still
not enough data showing whether pNETs G3 patients with complete surgical resection
benefit from postoperative adjuvant treatment, and platinum-based therapy is less
effective for pNETs G3 compared with pNECs™l. For patients with pNETs with
metastasis, systemic therapy is the main method. The major methods of systemic
treatment include the following: (1) Chemotherapy: Streptozocin- or temozolomide-
based therapies have been widely used in first-line chemotherapy before other new
systemic treatments appeared” . Welin et all! studied the treatment response in
poorly differentiated endocrine carcinomas patients who failed first-line platinum-
based chemotherapy to temozolomide alone or in combination with capecitabine and
bevacizumab. The results indicated that patients with a Ki67 index < 60%, positive
immunohistochemistry for CgA, positive somatostatin receptor scintigraphy, and lack
of response to first-line therapy seemed to respond more often to temozolomide-based
chemotherapy!*'l. In line with this, a randomized trial of NETs G3 is now recruiting to
evaluate two regimens: Temozolomide plus capecitabine versus cisplatin plus
etoposide; (2) Targeted therapy: With progress of basic research, small-molecule drugs
such as mTOR signaling pathway inhibitors and tyrosine kinase inhibitors are
considered to be potentially effective for advanced pNETs!"”l. Well-differentiated
PNETs always have a rich vascular network, which can be targeted by antiangiogenic
drugs”’. mTOR signaling inhibitor everolimus and multi-targeted tyrosine kinase
inhibitor sunitinib have been approved for pNENs in the US and Europel*. However,
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the best targeted therapy for pNETs G3 still needs further investigation; (3)
Somatostatin analogs are effective in controlling excess hormone secretion in patients
with functioning pNETs and they also have antitumor effects*”. Nevertheless, because
of the lack of data for pNETs G3, the use of somatostatin analogs might be restricted to
patients with low hepatic tumor involvement and stable disease. The use of
somatostatin analogs in pNETs G3 should be undertaken with close monitoring and
confirmed high somatostatin receptor expression on related imaging; and (4) Peptide
receptor radionuclide therapy: For patients with advanced and well-differentiated
PNETs, peptide receptor radiation therapy (PRRT) has evolved from the development
of nuclide imaging technology. PRRT has been evaluated in recent years in patients
with pNETs G3. Carlsen et all"! assessed the benefits and adverse effects of PRRT in
patients with GEP NENs G3 and showed that PRRT may be beneficial. Zhang et al"
analyzed the long-term outcome, efficacy, and safety of PRRT in patients with
somatostatin-receptor-expressing G3 NENs and reported that PRRT was tolerated well
and efficacious, especially in patients with a Ki67 index < 55%, and even in patients for
whom chemotherapy had failed.

PNECs has more rapid disease progress and worse prognosis than pNETs G3.
Patients with NECs treated with palliative chemotherapy had a median OS of 11.2 mo,
compared with 1.7 mo for untreated patients®l. In contrast to pNETSs, the effect of
surgical resection in pNECs is not clear. Even in patients with pNECs at an early stage,
it is usually difficult to achieve satisfactory results with surgery alone. Most pNECs
already have distant metastases when diagnosed and some have recurrence and
metastasis < 1 year after surgery. This reflects that the biological behavior of pNECs is
highly malignant and existing diagnostic methods fail to identify early metastases, but
there are still some patients who achieve long-term survival through aggressive
surgery™l. Based on the treatment paradigm for limited-stage small-cell lung cancer,
neoadjuvant chemotherapy and radiation can be considered in many GEP NECs
patients, particularly when radical resection is difficult. However, pNECs often
progresses rapidly, and neoadjuvant therapy may cause these patients to completely
lose their surgical opportunities during treatment. No studies have examined adjuvant
postoperative treatment for pNECs. Nevertheless, the aggressive behavior and high
rate of recurrence of pNECs have led to consideration of adjuvant treatment, using
platinum-based chemotherapy, and also in SCLC".

Chemotherapy has become the main treatment for advanced pNECs. GEP NECs
currently has no standard chemotherapy regimen. Based on SCLC treatment,
platinum-based combination regimens are widely used as first-line treatment™!. In
PNECs, the association of cisplatin and etoposide is the first chemotherapeutic
option. However, as mentioned above, the SCLC genetic characteristics are different
from those of pNECs, therefor the optimal first-line chemotherapy regimen for pNECs
is still uncertain. Whole brain prophylactic radiotherapy is not needed due to rare
brain metastases in patients with pNECs!”’l. Second-line chemotherapy options are also
being explored*”?. PRRT is often thought to be an effective, well-tolerated treatment
for well-differentiated NETs, but some patients with poorly differentiated pNECs may
also benefit!””. Although the application of new molecular targeted drugs has
brought success to treatment of various types of tumors, no new targeted drugs have
been approved for pNECs. The reasons for that might be due to the underlying genetic
changes or pathway of these diseases and too few patients with pNECs, which has
prevented effective prospective clinical trials. New clinical trials of targeted drugs for
SCLC are underway, which provides some hope for pNECs. In recent years, the rise of
immunotherapy and other treatments combined with immunotherapy have brought
new expectations to pNECs. As mentioned before, pNECs or pNETs G3 is
characterized by strong PD-L1 expression in both the tumor and infiltrating immune
cells; therefore, immunotherapy may provide longer overall survival and better
quality of lifel””*1.

CONCLUSION

This review summarizes the differences between pNETs G3 and pNECs, which is the
major update in latest WHO grading classification for pNENSs, in relation to histology,
gene mutations, and clinical management. pNENs are rare and heterogeneous, and
previously ignored tumors, but have lately attracted increasing interest by researchers.
More information and ideas are constantly emerging with a focus on these specific
tumors. In 2017, WHO updated the classification of pNENSs, and the G3 group in the
2010 version was divided into pNETs G3 and pNECs, which differ from each other,
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according to evidence from basic research and clinical practice. Therefore, a lot of past
research data deserve re-examination and new prospective research using the new
classification is urgently needed. In addition, many questions remain about pNETs G3
and pNECs. For example, some gene sequencing data from pNETs G3 and pNECs are
available but not sufficient to identify biomarkers that can guide clinical management
and development of new drugs. New sequencing technologies and analysis methods
may help, such as single-cell sequencing, which provides better understanding of the
function of individual cells and circulating tumor DNA that can reflect the entire
tumor genome and monitor tumor progression at various time points. The
management options for pNETs G3 and pNECs are still limited. The existing clinical
evidence about these tumors, especially pNECs, is basically derived from individual
cases or retrospective studies. This may be related to the rare incidence of pNETs G3
and pNECs. To solve this problem, cooperation should be strengthened, and resources
should be integrated. Establishment of the models in vitro and in vivo may also be of
help[KI,XZ].
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