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colorectum. Finally, TINXMO has been added to stage | in these disease sites as well

as in the appendix.
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AJCC VERSION 9 UPDATES ON GEP-NETS

INTRODUCTION

Neuroendocrine neoplasms are not a single entity but, rather, a
spectrum of diseases of epithelial or nervous derivation. Epithelial
neuroendocrine neoplasms can arise in any organ and can be classi-
fied based on lineage, site of origin, histology, pathologic grading, and
functional versus nonfunctional status. The World Health Organiza-
tion (WHO) has classified digestive neuroendocrine neoplasms into
neuroendocrine tumor (NET; well differentiated), neuroendocrine
carcinoma (NEC; poorly differentiated), and mixed neuroendocrine-
non-neuroendocrine neoplasm (MINEN).! This update focuses on
gastroenteropancreatic NETs (GEP-NETS). Poorly differentiated NEC
and MINEN are staged according to organ-specific criteria for non-
neuroendocrine carcinomas and are not covered here.

Although considered rare, a Surveillance, Epidemiology, and End
Results database review in 2017 revealed an eight-fold increase in
the incidence of NETs over the past 5 decades.? Currently, there are
well over 170,000 patients living with NETs in the United States
alone, and NETs of gastrointestinal (Gl) origin are the second most
prevalent neoplasm of Gl origin after colorectal cancer.® Conse-
quently, an increased focus on the research and clinical care specific
to NETs has resulted in a broader depth of NETSs, including epide-
miology, pathologic classification, staging criteria, patient outcomes,
diagnostics, and therapeutic drug development (Figure 1).47¢

The American Joint Committee on Cancer (AJCC) staging system
is an internationally recognized standard for cancer staging and is
periodically revised by disease-specific expert panels. These updates
are necessary to highlight evidence-based prognostic factors and guide
optimal management. Advances in real-time outcomes data collection
have facilitated the AJCC expert panel's work. This review summarizes
critical advances in the staging of GEP-NETSs, including the impact of
new prognostic features on management and outcomes.

SUMMARY OF SITE-AGNOSTIC CHANGES IN AJCC
VERSION 9

The WHO publishes the reference pathology classifications of tu-
mors in a series of organ system-based Blue Books. The 2019 update
of the WHO Blue Book on GEP-NETs, which was used as the
reference for AJCC version 9, contains important revisions from the
prior version published in 2010, which served as the reference for
the AJCC eighth edition. One important difference in classification
pertains to the assessment of mitotic count. Different microscopes
have different field areas, ranging from 1.26 to 3.74 mm? per 10
high-power fields (HPF). In previous classifications, mitotic count
thresholds were expressed per 10 HPF; in the current classification,
they are expressed per 2 mm?, allowing for a standardization of
mitotic assessment that accounts for use of different light
microscopes.

In the 2019 WHO edition, the diagnostic category NET, grade 3
(NET G3) was introduced® and refers to morphologically well
differentiated tumors with a mitotic count >20 per 2 mm? and/or a
Ki-67 proliferation index >20% (Figure 2). The same mitotic count
and Ki-67 criteria apply to NEC; however, NEC, by definition, is
poorly differentiated, which is frequently associated with extensive
tumor necrosis, typically with a Ki-67 index >55%.” NEC can be small
cell and large cell NEC. Small cell NEC has morphology similar to that
of lung small cell carcinoma; whereas large cell NEC can look like any
poorly differentiated carcinomas morphologically but with neuroen-
docrine differentiation demonstrated by immunohistochemistry.
Immunohistochemical stains for TP53 and RB1 may be helpful in
challenging cases in which it is not clear how to categorize a tumor.
TP53 and RB1 are frequently mutated in NEC.2 Some pancreatic NET
G3 tumors are associated with TP53 mutations, although still less
frequently compared with pancreatic NECs.® Finally, molecular
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testing (e.g., next-generation sequencing) can be used to identify
common gene mutations in challenging cases at initial diagnosis.'®

Since publication of the AJCC eighth edition, there have been
major advancements in diagnostic and therapeutic technologies. In
particular, improvements in molecular NET imaging evaluating so-
matostatin receptor status have been pivotal. There are currently
three US Food and Drug Administration-approved positron emission
tomography radiopharmaceuticals for NETs (gallium-68 DOTA-Tyr-
3-octreotate [DOTATATE], gallium-68 DOTA-D-Phe1-Tyr3-octreo-
tide [DOTATOC], and copper-64 DOTATATE) with diagnostic
sensitivity and specificity in the range from 90% to 95%.* Together
with high-quality, multiphase conventional imaging (computed to-
mography and magnetic resonance imaging), these positron emission
tomography scans allow for staging and restaging, identification of
the primary, improved surgical planning, and response assessment.
Importantly, they are also used to select patients for peptide re-
ceptor radionuclide therapy, one of the most effective systemic
treatments for metastatic GEP-NETs.*? These advances in imaging
have also allowed the field to move away from the routine use of
blood-based biomarkers, which often lead to heightened patient and
physician anxiety and unnecessary medical interventions.*® As such,
the use of serum chromogranin A for the diagnosis and monitoring of
NETs is not recommended in AJCC version 9. In addition, AJCC
version 9 recognizes the increasing role of endoscopy and endoscopic
resection in the diagnosis and management of NETSs, particularly in
the stomach, duodenum, and colorectum.’® In the eighth edition,
TAINX NETs were not staged. However, we now acknowledge that
most early stage NETs in the stomach, duodenum, and colorectum,
are treated endoscopically. More importantly, TINXMO tumors have
similar/no worse survival compared with TINOMO tumors. There-
fore, TINXMO is recognized as stage | in these sites, which is a major
change from the eighth edition.

SUMMARY OF STAGING

Predominantly, a clinical stage classification and a pathologic stage
classification are assigned based on the distinct data elements of
tumor (T), node (N), and metastasis (M).*> The clinical classification is
based on evidence acquired from the date of diagnosis until the
initiation of primary therapy. This evidence may include medical
history focusing on symptoms, such as those of a functional syn-
drome; clinical examination; imaging; biochemical assessment, as
appropriate; and biopsy information. The clinical stage is critical for
selecting initial therapy and for use in research comparing patient
cohorts receiving different primary therapies. The pathologic classi-
fication is obtained by supplementing clinical stage information with
operative findings and pathologic evaluation of surgical resection
specimens. The purpose of the pathologic classification is to provide
additional objective data to inform prognosis and subsequent ther-
apy. Details of how to stage patients with GEP-NET are well outlined

in the recently published AJCC version 9 staging protocols.26-2?

SITE-SPECIFIC CHANGES IN AJCC VERSION 9
Gastric NETs

There was a 15-fold increase in the incidence of gastric NETs be-
tween 1973 and 2012, and there is female predominance (64.3%).?
There was an approximately 2.5-fold increase in incidence between
2000 and 2018, largely because of increased awareness by clinicians
and increased use of diagnostic endoscopies.?? Gastric NETs typically
arise in autoimmune atrophic gastritis (so-called type 1), although
they less frequently can arise in the setting of multiple endocrine
neoplasia type 1 (MEN1)-Zollinger-Ellison syndrome (type 2) or
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sporadically (type 3). Given the association between proton pump
inhibitor (PPI) use and hypergastrinemia and the common use of
PPIs, there has been concern for a rise in PPl-related gastric NETSs.
Although this has not occurred, experts now recognize the existence
of PPl-associated tumors, which seem to demonstrate indolent
behavior (similar to type 1 tumors).?®?4 This is notable because PPI-
associated tumors would have historically been classified alongside
more aggressive type 3 tumors, with patients potentially subject to
overtreatment, including gastrectomy. Random gastric biopsies to
evaluate for autoimmune atrophic gastritis, measurement of serum
gastrin, and eliciting a patient history of prolonged (>1 year) PPl use
are useful for gastric NET subtyping.

Tumor size and depth of tumor invasion are associated with
lymph node metastasis. Although T1 tumors rarely metastasize
(<5%), approximately 10% of T2 tumors demonstrate nodal metas-
tasis. Early stage type 1 and PPl-associated gastric NETs are treated
with endoscopic resection without lymph node sampling because of
the infrequency of nodal involvement; as a result, the majority of
gastric NETs were not staged because nodal status was not known. A
review of National Cancer Database (NCDB) data demonstrated
similar survival between TINOMO and TINXMO tumors. Therefore,
in AJCC version 9, TINXMO has been categorized as a stage | tumor.
The 5-year overall survival rates of patients who have gastric NETs
are as follows: stage |, 88.25%; stage Il, 86.28%; stage Ill, 74.38%; and
stage 1V, 47.82% (Figure 3A). Based on NCDB data, pathologic stage
group could not be assigned for >80% of gastric NETs because of
unknown N category. Therefore, overall survival is summarized by

clinical stage groups to encompass the majority of gastric NETs.

Duodenal/ampullary NETs

Duodenal NETs represent approximately 4% of all GI NETs, having
increased in incidence from 0.27 to 1.1 per 100,000 over the last 40
years.2 This sharp increase in incidence is primarily due to advances
in endoscopic imaging and earlier detection. Endoscopic ultrasound
has an accuracy of 80%-100% and is pivotal in the staging of
duodenal NETs. The pathogenesis of duodenal/ampullary NETs is
largely unknown, but four major subtypes are recognized: nonfunc-
tional, gastrinoma, somatostatinoma, and a composite gangliocy-
toma/neuroma and NET (CoGNET; formerly referred to as
gangliocytic paraganglioma). There are no changes in the T, N, or M
categories in AJCC version 9. Like gastric NETSs, pathologic stage
could not be assigned for the majority of duodenal NETs because of
unknown N category, with most small duodenal NETs again managed
by endoscopic resection without lymph node sampling. More
importantly, a review of NCDB data indicated that patients with
TINXMO tumors did not have worse survival than those with
T1INOMO tumors. Therefore, TAINXMO has been added to stage | to
reflect lesions undergoing endoscopic resection. The 5-year overall
survival rates of patients who have duodenal/ampullary NETs are as
follows: stage |, 84.68%; stage I, 83.74%; stage Ill, 83.87%; and stage
IV, 67.37% (Figure 3B). Greater than 70% of duodenal/ampullary

NETs could not be assigned a pathologic stage group because of
missing N category; therefore, overall survival is also summarized by
clinical stage group to encompass the majority of duodenal/ampullary
NETs.

Pancreatic NETs

Pancreatic NETSs are rare tumors accounting for approximately 2% of
all pancreatic malignancies. However, because of the indolent nature
of the disease, patients with pancreatic NETs account for approxi-
mately 10% of all those living with pancreatic tumors. Like in other
NETs, the incidence of pancreatic NETs has increased substantially in
recent years, with patients being diagnosed at earlier stages, likely
reflecting earlier detection because of the increased use of cross-
sectional imaging and improvements in imaging quality.?> There are
no changes in the T, N, or M categories for pancreatic NETs in AJCC
version 9. However, several emerging prognostic markers are
reviewed in AJCC version 9, including alternative lengthening of
telomeres (ALT) status (assessed by in situ hybridization) and loss of
ATRX or DAXX expression (typically assessed by immunohistochem-
istry). ALT is highly associated with loss of ATRX or DAXX and, in
pancreatic primaries, is associated with an adverse prognosis and an
increased likelihood of metastasis.?® ARX and PDX1 (markers of alpha
and beta cell differentiation, respectively), also appear to be prog-
nostically significant, with ARX expression shown to be prognostically
adverse (although not clearly independent of ALT/ATRX/DAXX sta-
tus).?”2 However, currently, the routine use of these markers is not
suggested. In addition, new high-quality imaging modalities and novel
treatments for pancreatic NETs are updated in this version.

Approximately 10% of pancreatic NETs arise in the context of
hereditary cancer syndrome, most commonly MEN1, necessitating
consideration of germline mutation testing in all patients.?2° Of
note, somatic mutations in MEN1 are seen in 40% of pancreatic NETSs,
and patients with germline mutations do not necessarily manifest the
full-fledged syndrome.®3? The 5-year overall survival rates of pa-
tients who have pancreatic NETs based on pathologic stage are as
follows: stage |, 92.98%; stage Il, 91.86%; stage lll, 85.18%; and stage
1V, 53.59% (Figure 3C).

lleal/jejunal NETs

The terminal ileum is the most common anatomic site for primary
tumors of the ileum and jejunum.®® Jejunoileal NETs demonstrate a
slight female preponderance (55%). Until recently, biomarkers,
including chromogranin A and pancreastatin, were widely used for
jejunoileal NETs. AJCC version 9 recommends against their routine
use given studies showing a lack of specificity and sensitivity and an
absence of data supporting that their use often alters therapy or
outcomes.3#3%

Up to 50% of jejunoileal NETs present with mesenteric masses

involving the mesenteric root, which is frequently associated with
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NETSs. (B) Unadjusted 5-year overall survival by clinical stage group for duodenal/ampullary NETSs. (C) Unadjusted 5-year overall survival by

pathologic stage group for pancreatic NETs. (D) Unadjusted 5-year overall survival by pathologic stage group for jejunal/ileal NETSs.

(E) Unadjusted 5-year overall survival by pathologic stage group for appendiceal NETs. (F) Unadjusted 5-year overall survival by clinical stage
group for colorectal NETs. Overall survival time was truncated at 5 years, and censored marks were omitted for visualization. NETs indicates
neuroendocrine tumors. Data source: National Cancer Database 2010-2016.
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dense mesenteric fibrosis.***” Studies have demonstrated an asso-
ciation of advanced mesenteric fibrosis with mesenteric vessel
obstruction and resulting intestinal ischemia, which has been shown
to be a poor prognostic factor.2®2? Therefore, AJCC version 9 now
incorporates  mesenteric  fibrosis into  prognostic  tumor
characteristics.

For patients with jejunum and ileum NETs, the 5-year overall
survival rate based on pathologic stage is 87.37% for those with stage
| disease, 84.16% for stage Il disease, 90.62% for stage |l disease,
and 76.67% for stage IV disease (Figure 3D). Patients who had stage
Il disease, defined as T4ANOMO or T1-T4N1MO, paradoxically had
better survival compared with those who had stage Il disease (T2-
T3NOMO) and stage | disease (TINOMO). A retrospective study on
691 patients with jejunal-ileocecal NETs found no significant differ-
ence in survival between stage I/1l and Il midgut NETSs, with further
analysis showing that, among patients who had stage Il NETs, 5-year
survival for those with resectable tumors who also underwent a
lymph node dissection was significantly better than for those whose
tumors were unresectable.*® Additional studies have demonstrated
that the number of lymph nodes removed has prognostic significance,
with better survival in patients who underwent a more extensive
lymphadenectomy.**~#2 The lack of hierarchical prognostication by
stage group observed in the AJCC survival analysis may be caused by
insufficient lymph node dissection, leading to inaccurate staging.
Importantly, the current AJCC version 9 staging rules do not include
a recommendation for the minimum lymph nodes assessed in
resection specimens of jejunal/ileal NETs.

Survival analyses for individuals with these tumors are limited
because data from the NCDB included those who were diagnosed
between 2010 and 2016, at which time the AJCC seventh edition
was in place and lacked several important factors. The pathologic N2
category (pN2), introduced in the AJCC eighth edition (released in
2018), is defined by the presence of large mesenteric masses (>2 cm)
and/or extensive (>12) nodal deposits, especially those that encase
the superior mesenteric vessels. The data element of mesenteric
masses was not collected and thus could not be considered in the
construction of the survival curves presented here. It has been re-
ported that mesenteric tumor deposits (irregular mesenteric tumor
masses with entrapped, large vessels and nerves) may be a stronger
prognostic predictor than lymph node metastasis for the develop-
ment of liver metastases and for survival.***° The addition of pN2 to
the eighth edition AJCC staging system (maintained in AJCC version
9) may lead to improved stage groups in future iterations of the AJCC

staging protocol for jejunoileal NETs.

Appendiceal NETs

Appendiceal NETs are classified separately from the other midgut
(ileum and jejunum) NETs because of their frequency and distinct
behavior. The incidence of appendiceal NETs rose from 0.1 to 0.4
cases per 100,000 between 1973 and 2012, representing

approximately 5.7% of all NETs and 85% of appendiceal malig-
nancies.2#%4” They are often diagnosed at a young age and have an
excellent prognosis. Tumor size and invasion of the mesoappendix
have been thought to be important prognosticators; however,
contemporary studies have shown that mesoappendix invasion may
not be an independent predictor of lymph node metastases.*®~>°
Emerging data suggest similar long-term outcomes with conserva-
tive appendectomy compared with a definitive right hemicolectomy
for 1-2 cm appendiceal NETs.*® T1-T2 tumors are typically managed
by appendectomy alone without lymph node sampling, thus no
pathologic stage was assigned for this group of tumors. A review of
NCDB data revealed that patients who had TINXMO and TINOMO
tumors had similar survival. Therefore, TINXMO has been added to
stage | in AJCC version 9. In addition, T2NXMO has been added to
stage Il because patients who have tumors with negative lymph
nodes (NO) and unknown nodal status (NX) have similar survival. The
5-year overall survival rates of patients who have appendiceal NETs
based on pathologic stage are as follows: stage | 95.40%; stage I,
95.79%,; stage lll, 96.46%; and stage 1V, 60.62% (Figure 3E).

Colorectal NETs

The rectum is the most frequent site of origin among GEP-NETs
(17.7%), followed closely by the small intestine (17.3%).2 Rectal
NETSs trail gastric tumors in terms of their incidence over the last 40
years, which has increased likely because of early detection as a
result of screening colonoscopy. Up to 85% of colorectal NETs arise
in the rectum?°1~>% they are typically incidentally discovered and
usually demonstrate indolent behavior. Nonrectal colonic NETs
appear to be intrinsically more biologically aggressive, with most
patients treated surgically.>*>® AJCC version 9 highlights the
growing role of endoscopy in the staging and treatment of rectal
NETs. Tumors <1 cm (representing up to 90% of rectal NETs) are
best treated with modified endoscopic mucosal resection; patients
with 1-2 cm tumors may benefit from endoscopic submucosal
dissection, which is associated with an increased likelihood of nega-
tive margins. In the absence of distant metastasis, tumors >2 cm are
typically surgically managed. Lymphovascular invasion and positive
margins are associated with local recurrence and lymph node
metastasis, although their identification does not necessarily
mandate radical surgery because the risk at 5 years remains low.
Because most rectal NETs are definitively managed by endoscopic
resection, their pathologic nodal status is unknown. NCDB data an-
alyses showed similar survival between patients who had TINOMO
and TANXMO tumors; therefore, TINXMO has been added to stage I.

Most rectal NETs are composed of L-cells, and tumors tend to be
chromogranin A-negative by immunohistochemistry. One study
showed that chromogranin A-positivity was associated with multiple
adverse pathologic features, and it was the only factor associated
with reduced disease-free survival on multivariable analysis.>” The 5-

year overall survival rates of patients who have colorectal NETs are
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as follows: stage |, 95.71%; stage Il, 91.10%; stage Ill, 85.55%; and
stage 1V, 49.66% (Figure 3F). Only 25% of colorectal NETs could be
assigned a pathologic stage group because of unknown N category,
and thus overall survival is also summarized by clinical stage group to
encompass the majority of rectal NETs.

CONCLUSION

The AJCC version 9 staging protocol for GEP-NETs uses data from
the NCDB to inform updates to the staging system. Although stage |
gastric (particularly type 1 and PPl-associated), duodenal, and colo-
rectal NETs are definitively managed endoscopically, the better
overall survival of patients who have stage Il versus stage Il NETs of
the jejunum and ileum suggests a need for improved lymph node
staging and reporting. In addition, appendiceal NET outcome data
continues to mature, pushing the field to think critically about the
role of conservative appendectomy versus radical right hemi-
colectomy for 1-2 cm tumors. All sites of disease are affected by the
most recent WHO classification, especially the introduction of the
NET G3 category, which has a direct impact on prognosis and therapy.
NETs continue to rise in incidence and prevalence, in large part
because of earlier detection as a result of the increased use and
improved quality of diagnostic imaging (e.g., somatostatin receptor 2
functional and endoscopic-based imaging). The recent recognition of
PPl-associated gastric tumors, however, underscores the importance

of continued research to identify environmental etiological factors.
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