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REVIEW
Current Practices and Novel Techniques in the Diagnosis
and Management of Neuroendocrine Tumors

of Unknown Primary

Andrew E. Hendifar, MD,* Robert A. Ramirez, DO, FACP,† Lowell B. Anthony, MD, FACP,‡

and Eric Liu, MD, FACS§
Abstract: Neuroendocrine tumors (NETs) comprise a heterogeneous
group of neoplasms in which tumor staging/prognosis and response to
treatments depend heavily on accurate and timely identification of the an-
atomic primary site or NET subtype. Despite recent technological ad-
vancements and use of multiple diagnostic modalities, 10% to 14% of
newly diagnosed NETs are not fully characterized based on subtype
or anatomic primary site. Inability to fully characterize NETs of un-
known primary may cause delays in surgical intervention and limit po-
tential treatment options. To address this unmet need, clinical validity
and utility are being demonstrated for novel approaches that improve
NET subtype or anatomic primary site identification. Functional imag-
ing using 68Ga-radiolabeled DOTATATE positron emission tomography/
computed tomography has been shown to overcome some false-positive
and resolution issues associated with octreotide scanning and com-
puted tomography/magnetic resonance imaging. Using a genomic ap-
proach, molecular tumor classification based on differential gene
expression has demonstrated high diagnostic accuracy in blinded vali-
dation studies of different NET types and subtypes. Given the wide-
spread availability of these technologies, we propose an algorithm for
the workup of NETs of unknown primary that integrates these ap-
proaches. Including these technologies in the standard workup will lead
to better NET subtype identification and improved treatment optimization
for patients.

Key Words: neuroendocrine tumors, gene expression profiling,
68Ga-DOTATATE, neoplasms, unknown primary
From the *Department ofMedicine, Cedars-SinaiMedical Center, Los Angeles,
CA; †Department of Hematology-Oncology, Ochsner Medical Center, New
Orleans, LA; ‡Division of Medical Oncology, University of Kentucky Markey
Cancer Center, Lexington, KY; and §Neuroendocrine Institute, Rocky Moun-
tain Cancer Centers, Denver, CO.
Received for publication March 6, 2019; accepted July 30, 2019.
Address correspondence to: Andrew E. Hendifar, MD, Cedars-Sinai Medical

Center, 8700 Beverly Blvd, AC 1042C, Los Angeles, CA 90048
(e‐mail: Andrew.Hendifar@cshs.org).

A.E.H. has received consulting fees from Novartis and Ipsen
Biopharmaceuticals Inc. R.A.R. serves as a consultant for Ipsen
Biopharmaceuticals Inc and Biotheranostics Inc, as well as a speaker for
Merck & Co Inc, Genentech, Astra Zeneca, and Ipsen Biopharmaceuticals.
E.L. has received personal fees from Wren Laboratories, been part of
Speaker's Bureau for Novartis, been a consultant for Ipsen
Biopharmaceuticals Inc, received consulting fees from Novartis and Ipsen,
and been a speaker for Lexicon and Advanced Accelerator Applications.
L.B.A. declares no conflicts of interest.

Medical writing support based on discussions with the authors was provided by
Autumn Kelly, MA, CMPP, and funded by Biotheranostics, Inc.

All authors contributed to conception/design, data analysis and interpretation,
writing of the manuscript, and final approval of the manuscript.

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

DOI: 10.1097/MPA.0000000000001391

Pancreas • Volume 48, Number 9, October 2019
(Pancreas 2019;48: 1111–1118)

N euroendocrine neoplasms comprise a broad, heterogeneous
group of tumors that develop from hormone- or neuropeptide-

producing cells that function to regulate various physiologic and
homeostatic processes.1 These tumors are diagnosed in approxi-
mately 5.25/100,000 people in the United States and may occur
at slightly higher frequencies among African Americans (6.50/
100,000) than among whites (4.44/100,000).2,3

Neuroendocrine neoplasms can vary widely in their secre-
tion of vasoactive substances, histological appearance, malig-
nancy, and prognosis. Well-differentiated (grade 1 and some
grade 2) neuroendocrine tumors (NETs) often progress slowly,
can secrete hormones that manifest as a set of nonspecific clin-
ical symptoms, and are frequently diagnosed after metastasis to
the liver.1,4,5 In contrast, high-grade neuroendocrine carcino-
mas (NECs) are often more aggressive and associated with
a worse prognosis.4 Partly because of their lack of differentia-
tion, NECs are less likely to secrete vasoactive substances
and patients are often diagnosed as having widespread met-
astatic disease without first presenting with hormone-
related symptoms.1

Neuroendocrine cells are an important cellular component
of multiple organ systems, such as the pulmonary, gastrointes-
tinal, and pancreaticobiliary tracts; therefore, tumors that initi-
ate from neuroendocrine cells can be found in a wide variety of
organ systems.6 Anatomic sites of primary neuroendocrine
neoplasms include, but are not limited to, the lung, stomach,
jejunum/ileum, pancreas, skin, and at least 7 other anatomic
sites (Fig. 1).3 However, for 10% to 14% of cancers with a con-
firmed histological diagnosis of neuroendocrine origin, the an-
atomic primary site remains unknown after standard-of-care
diagnostic workup.2,3,7–10 These diagnostically challenging tu-
mors, which may be referred to as NETof unknown primary, or
NET-UPs,11 typically present as advanced, nonfunctional, or
poorly differentiated neoplasms,12,13 and treatment options
may be limited for patients whose NET-UP cannot be further
subtyped based on the anatomic primary site.

An accurate identification of the NET-UP subtype based on
the anatomic primary site can have an immediate impact on pa-
tient management by directing further diagnostic imaging of po-
tential metastatic sites, informing the optimal surgical procedure,
and the appropriateness of targeted drug therapy. Moreover, be-
cause most targeted therapies are approved only for specific
NET subtypes, insurance coverage for these targeted medicines
can be hampered without knowledge of the subtype. This review
focuses on the unmet need for accurate NET-UP subtype identifi-
cation based on the anatomic primary site. A critical review of the
current standard workup for NET-UP diagnosis is provided,
followed by a discussion of novel imaging and molecular technol-
ogies that provide additional information to better characterize the
neuroendocrine subtype.
www.pancreasjournal.com 1111
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FIGURE 1. Distribution of NETs by primary tumor site. The
proportional distribution of NETs was determined from the ratio
between the incidence of NETs from individual primary sites and the
total incidence.3
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CURRENT APPROACHES TO NET SUBTYPE
IDENTIFICATION

Multimodal diagnostic methods are often used to identify
and further characterize neuroendocrine neoplasms, with the spe-
cific sequence of techniques depending on the clinical presenta-
tion. The standard-of-care diagnostic workup typically includes
a detailed history and physical examination, laboratory assays
for serum biomarkers, diagnostic imaging, and pathology exami-
nation of the tumor tissue. Once a diagnosis of a neuroendocrine
neoplasm is confirmed through this multidisciplinary process, ad-
ditional resolution may be necessary to confidently identify the
neuroendocrine subtype. Gene expression profiling provides a
molecular approach based on tumor biology for NET subtype
classification. Diagnostic accuracy of NET subtype classification
by gene expression profiling is reported to be 95% or greater, al-
though not all NET subtypes have been clinically validated.14
Biochemical Testing
The onset of hormone-related symptoms such as flushing,

nocturnal diarrhea, and cardiac effects is frequently the first indication
that the patient may have a functional neuroendocrine neoplasm.
Well-differentiated NETs often secrete hormones or vasoactive
substances that can be measured by serum or urinary analysis,
with the elevated hormone pattern suggestive of a particular
NET subtype.15–17 Testing for 5-hydroxyindoleacetic acid is usually
recommended regardless of the suspected subtype,with additional tests
done according to clinical presentation.16,18 Plasma chromogranin
A and serotonin and urinary or plasma 5-hydroxyindoleacetic acid
are often elevated in several NET subtypes (eg, well-differentiated
NET, pancreas, and thyroid medullar carcinoma).9,16,18,19 Other se-
creted hormones, such as glucagon, gastrin, pancreatic polypeptide,
or insulin, may point toward specific NET subtypes. The presence
1112 www.pancreasjournal.com
of secreted hormones alone, however, is not considered diagnostic
of any particular subtype.9,16,18,19

Pathology Evaluation
A complete pathological workup, including histomorphological

examination of tumor tissue obtained by surgical resection or less
invasive means (eg, needle-guided biopsy or fine needle aspira-
tion), is important for establishing the NET diagnosis.20 In the
context of well-differentiated tumors, histomorphology often pro-
vides sufficient resolution to distinguish neuroendocrine neo-
plasms from other tumors and to further characterize the histology
as either small cell or large cell, if applicable. Proliferative markers,
such as mitotic count and Ki-67, are also used for grading and may
inform prognosis and treatment decisions. However, nonstandard
methodology for determining mitotic count and Ki-67 and incom-
plete characterization of the anatomic primary site may introduce
uncertainty that affects grading and staging.21,22

With the exception of the neuroendocrinemarkers chromogranin
A or synaptophysin, immunohistochemical may have limited di-
agnostic utility based on the tumor's differentiation state and ex-
pression of lineage-specific with ranges of specificity23 that may
stress the management of tissue for additional biomarker studies
that may follow. Examples of lineage-specific protein markers
include TTF-1 that is expressed in 30% to 70% of well-
differentiated lung NETs but is also expressed in >40% of meta-
static small cell NECs that are not of lung origin.24 Lack of
marker specificity may limit the utility of TTF-1 in a high-
grade NET-UP at a distant metastatic site. Other immunohisto-
chemical markers such as CDX2, ISL1, and PDX1 also lack
the necessary specificity for accurate subtype identification,
with CDX2 positivity indicating a possible intestinal, pancreatic,
lung, or ovarian origin.23–25 Positive staining for ISL1, PDX1,
PAX8, and PAX6 is observed in 45% to 70% of pancreatic neu-
roendocrine neoplasms, but immune-reactive cells may also
point toward a rectal, appendiceal, lung, or ileal origin.5,20

Attempts to identify the subtype by immunohistochemistry
should be made using a rational number of immunohistochemical
stains.23 No evidence-based immunohistochemical panel is highly
specific to a neuroendocrine subtype, and pathology testing
should always be integrated with the clinical presentation and sup-
ported by other diagnostic information.20,25,26 Given the move-
ment toward smaller biopsies, tissue management strategies should
be used when evaluating NET-UPs. Attempts should be made to find
alternative methods to identify the neuroendocrine subtype, such as
gene expression profiling that can identify NET subtype in small bi-
opsies and cytology specimens27 before attempting numerous immu-
nohistochemical panels that may exhaust the biospecimen and are
unlikely to increase the diagnostic accuracy.28,29

Imaging Techniques
Diagnostic imaging plays multiple roles in the management

of NETs, including the initial diagnosis of malignancy, subtype
characterization by identifying the anatomic primary site, and
assessing the extent of disease.16,30 Often occurring in parallel
with pathology evaluation, diagnostic imaging methods such as
computed tomography (CT), magnetic resonance imaging (MRI),
ultrasonography, endoscopy, somatostatin receptor (SR) scintigra-
phy (SRS; eg, OctreoScan, Mallinckrodt Nuclear Medicine LLC,
Maryland Heights, Mo), and 68Ga–positron emission tomography
(PET)/CT are chosen according to clinical presentation and the
known or suspected neuroendocrine subtype. The sensitivity of
each method varies based on the anatomic site under interrogation,
disease stage, and sites of other potential metastases.30 Frequently,
multiple techniques are used in the workup to identify the
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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neuroendocrine subtype by locating the anatomic primary site, a
practice that may increase overall costs and delay the initiation of
targeted therapy until the neuroendocrine subtype is fully charac-
terized. A diagnostic imaging plan to identify the neuroendocrine
subtype often starts with CT, followed by MRI if liver metastasis
is suspected, and then functional imaging in tumors with SR ex-
pression.16,17 Endoscopy and endoscopic ultrasound can be effec-
tive at identifying NETs originating from the gastrointestinal tract.
For localized and SR-positive tumors, first-generation imaging
methods such as scintigraphy may be sufficient to determine the
subtype based on the anatomic primary site to guide subsequent
treatment.30–32 However, the dependence on a functional SR re-
stricts these scans to well-differentiated tumors that express SR.
Furthermore, the spatial resolution of scintigraphy limits the util-
ity of this imaging approach to tumors larger than 1 cm.33,34

68Ga-PET/CT is a relatively new imaging technology that
has rapidly become standard of care for NET diagnosis. Similar
to SRS, 68Ga-PET/CT also depends on SR expression; however,
the increased resolution of PET/CT enables the detection of tu-
mors <1 cm.34,35 68Ga-PET/CT has demonstrated greater sensitiv-
ity in detecting anatomic primary site compared with SRS
(100% vs 85%, respectively)36 and in detecting positive lesions
(including in the pancreas, liver, bowel, lung, abdomen, and bone)
compared with CT/MRI (95% vs 45%) and single-photon emis-
sion CT/CT (31%).35 Based on a number of studies, 68Ga-PET/
CT seems to have an overall sensitivity of ~60% for identifying
the anatomic primary site.37–44 Even in cases where the anatomic
primary site was not identified, 68Ga-PET/CT provided additional
resolution to locate previously undetected metastases.45

Although 68Ga-PET/CT is an improvement over SRS, the de-
pendence on functional SR expression limits the ability to detect
poorly differentiated tumors and tumors of midgut origin (includ-
ing the liver), which do not typically express SRs.19,34 Further-
more, uptake of 68Ga-DOTA may be tissue dependent, with high
uptake in the foregut and pancreatic tissues but reduced uptake
in other organs.46 False-positive results have also been re-
ported.39,40 From a practical perspective, cost of the tracer prepa-
ration and access to a center that can perform 68Ga-DOTA may
also be limiting factors.

CLINICAL IMPACT OF A NET-UP DIAGNOSIS
Because multidisciplinary approaches are common for the

management of neuroendocrine neoplasms, a diagnosis of
NET-UP can negatively impact patients throughout the continuum
of care. In the absence of timely and accurate characterization of
the neuroendocrine subtype, patients with NET-UPs may undergo
diagnostic odysseys that subject them tomultiple radiologic imag-
ing tests, the possibility of more invasive surgery, and treatment
plans that may not include new targeted therapies that are standard
of care based on the subtype or anatomic primary site.47

NET-UP Impact on Surgical Care
Specialized surgery optimized for individual NET subtypes

is becoming standard of care, with the precise surgical plan and
procedure dictated by the known or suspected anatomic primary
site.18 For example, the surgical approach for pancreatic neuroen-
docrine neoplasms depends on the tumor's differentiation state,
with well-differentiated, functional pancreatic NETs requiring sta-
bilization of hormone levels before surgery, whereas nonfunc-
tional pancreatic NETs that are small (<1 cm) may be better
suited for monitoring without immediate surgery.48 Even within
different types of functional pancreatic NETs, a splenectomy
should be performed in patients with gastrinomas, whereas an
insulinoma is likely to undergo enucleation.16 For some tumors,
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
such as pheochromocytoma or medullary thyroid cancer, radiation
therapy in addition to (or in lieu of) surgery may be warranted.18

In patients with small bowel NETs, a right hemicolectomy with
node dissection is appropriate for patients with a primary tumor
in the cecum, whereas an ileal tumor may require resection with
node dissection and full bowel examination.16,18

Whereas the neuroendocrine subtype provides the anatomic
primary site that may inform the surgical plan and location, tumor
size and nodal status can help determine the extent of surgery nec-
essary to achieve clinical benefit. For example, surgery for an
appendiceal tumor >2 cm may involve right hemicolectomy with
node dissection, whereas a smaller tumor on the appendix is likely
to require excision only. In the case of a small, nonfunctional pan-
creatic NET, diligentmonitoring rather than excision leads to good
outcomes, but a high-grade pancreatic NET with nodal involve-
ment may require aggressive surgery with negative margins.16,18

Poorly differentiated NECs, nonfunctional tumors, or tumors
below a certain size (<5 mm) that cannot be further characterized
at the subtype level by histology or imaging pose a challenge to
surgical management. Before surgery, careful palpation or ultra-
sound may be necessary to localize the tumor. In addition, correct
identification of the anatomic primary site can be complicated in
cases where the areas of metastases are much larger than the
suspected primary tumor type. Based on the suspected subtype
and anatomic site of any metastasis, the surgeon may attempt mul-
tiple incisions, with the goal of characterizing all aspects of the
malignancy in one operation. For example, in a patient with a lung
lesion and liver metastasis, reliable evidence for a lung primary
will preclude the need to search for a gastrointestinal primary.
However, if evidence points toward a pancreatic or gastrointestinal
primary, the surgeon may need to explore several anatomic loca-
tions and, if possible, depending on the risk of postsurgical com-
plications, work to remove the primary tumor.

Studies have shown that aggressive surgery to remove the
primary tumor and cytoreduce metastases can lower hormone
load, manage morbidity due to mechanical obstruction, and slow
disease progression.49–51 In more advanced disease, diffuse me-
tastases or spread of the tumor to the mesenteric blood vessels
can complicate surgery; this underscores the need to plan the sur-
gical intervention using all of the available clinical and diagnostic
information on neuroendocrine subtype. The benefit of aggressive
cytoreduction is supported by a recent retrospective analysis of
834 patients who were surgically and/or clinically managed at a
single center of excellence. In this large study, removal of the pri-
mary tumor and cytoreduction of as much of the metastasis as pos-
sible was associated with decreased morbidity/mortality and a
significant increase in overall survival compared with patients
who had a smaller percentage of their tumor burden reduced.52

When cytoreduction is indicated, the surgery is best performed
by a surgeon experienced in NETs.
Medical Treatment
As with surgery, optimal medical treatment is based on

knowledge of the neuroendocrine subtype (Table 1).48 Octreotide
and lanreotide are 2 somatostatin analogs approved to treat
SR-positive metastatic gastrointestinal NETs (octreotide) and lo-
cally advanced or metastatic gastrointestinal or pancreatic NETs
(lanreotide).54,55 Neither drug is approved for lung NETs, although
treatment guidelines list both as options for systemic therapy in
SR-positive lung and thymus NETs (the role for somatostatin ana-
logs in treating other lung NETs is unclear).16 Lung, thymus, and
midgut tumors from the gastrointestinal tract may respond to pep-
tide receptor radionuclide therapy with 177Lu-DOTATATE.16 So-
matostatin analogs can be used in pancreatic NETs to control
www.pancreasjournal.com 1113
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TABLE 1. Medical Treatments for Advanced NETs Based on Subtype53

NET Subtype
Well-Differentiated

GI NET Pancreatic NET
Well-Differentiated

Lung NET
Thyroid

Medullary NET SCLC

Therapy • Somatostatin analog • Somatostatin analog • Somatostatin analog • Vandetanib • Platinum-based chemotherapy
+ etoposide with/without
atezolizumab

• Everolimus • Everolimus • Everolimus
• Lu177-DOTATATE • Sunitinib • Lu177-DOTATATE

• Capecitabine +
temozolomide

• Lu177-DOTATATE

GI indicates gastrointestinal; 177Lu, 177lutetium; SCLC, small cell lung cancer; SSA, somatostatin analog.

Hendifar et al Pancreas • Volume 48, Number 9, October 2019
symptoms related to hormone overproduction, but they do not seem
to reduce tumor size, and patient response may lessen over time.
Radiotherapy using 131I-metaiodobenzylguanidine has been shown
to stabilize disease and prolong survival in adrenal and thyroid
NETs due to drug uptake by the specialized catecholamine plasma
membrane and vesicular transporter system.56

Several targeted therapies are approved for different neuroen-
docrine subtypes. The mTOR inhibitor everolimus and tyrosine
kinase inhibitor sunitinib are approved first-line treatment of pro-
gressive pancreatic NETs.57,58 Because these targeted agents act
primarily by inhibiting angiogenesis,59 they may be particularly
effective in slowing disease progression of highly angiogenic pan-
creatic tumors. Everolimus is also approved for unresectable, lo-
cally advanced, or metastatic well-differentiated gastrointestinal and
FIGURE 2. Diagnostic algorithm of NET-UPs. The integration of clinical
identify the NET subtype based on the anatomic primary site in 85%of ca
Ga-radiolabeled DOTATATE PET/CT (68Ga-PET/CT) may be considered f
negative SRS results. Biopsy tissue should be conserved formolecular testi
NET but negative 68Ga-PET/CT results. Furthermore, in cases of limited b
possible, or for poorly differentiated tumors that are not amenable to fu
assay provides a molecular determinant of NET tumor type and subtype
acid; FNA, fine needle aspirate; IHC, immunohistochemistry.

1114 www.pancreasjournal.com
lung NETs.58 For medullary thyroid carcinoma, the pan–tyrosine ki-
nase inhibitor vandetanib was shown to have a significant impact on
progression-free survival.60 Immunotherapy using checkpoint in-
hibitors has shown benefit in small cell lung cancer in the refrac-
tory setting61 and Merkel cell carcinoma.62

For some clinical presentations such as large tumors or exten-
sive metastases, or in cases of high-grade tumors with a high prolif-
erative rate, cytotoxic chemotherapy specific to the neuroendocrine
subtype may be the recommended treatment. For example, whereas
there may be some benefit with temozolomide in advanced
bronchopulmonary and thymic NETs, there seem to be few, if
any, benefits of cytotoxic chemotherapies or platinum-based treat-
ments in patients with advanced gastrointestinal NETs.16,63 Cis-
platin and etoposide may be appropriate for extrapulmonary
findings, biochemical testing, imaging results, and pathology can
ses, leading to subtype-specific treatment and better outcomes. 68

or patients who have clinical or biochemical evidence of a NET but
ng by the 92-gene assay in patients who have clinical evidence of a
iopsy tissue such that complete pathology characterization is not
nctional imaging, molecular tumor classification by the 92-gene
that can inform treatment decisions. 5-HIAA, 5-hydroxyindoleacetic

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Performance of the 92-Gene Assay in the Identification of NET Subtype14

NET Subtype Sensitivity Specificity Positive Predictive Value Negative Predictive Value

Gastrointestinal carcinoid (n = 12) 1.00 1.00 1.00 1.00
Lung carcinoid (n = 11) 0.91 1.00 1.00 0.98
Pancreatic islet cell carcinoma (n = 10) 0.80 0.98 0.89 0.97
Merkel cell carcinoma (n = 10) 1.00 0.97 0.83 1.00
Small/large cell lung carcinoma (n = 11) 0.91 1.00 1.00 0.98
Thyroid medullary (n = 11) 1.00 1.00 1.00 1.00
Adrenal-pheochromocytoma (n = 10) 1.00 1.00 1.00 1.00

Pancreas • Volume 48, Number 9, October 2019 Diagnosis and Management of NET of Unknown Primary
lung NECs (eg, atypical NETs) or primary small cell lung cancer
that are typically associated with poor prognosis.16
EMERGING DIAGNOSTIC TECHNOLOGIES
New methods that accurately identify the neuroendocrine

subtype in a timely and cost-effective manner may improve out-
comes for the 10% to 14% of patients with NET-UPs. One novel
diagnostic technique, molecular tumor classification by gene ex-
pression profiling, may fill this unmet need. A new algorithm that
integrates this novel approach into the standard diagnostic workup
for NET-UPs is shown in Figure 2.

The biology of NETs is likely influenced by the anatomic
primary site in which the initial neoplastic events take place, such
that a well-differentiated NET of the gastrointestinal tract has a
distinct biology from a well-differentiated NET originating from
the lung, Therefore, interrogation of tumor biology by gene ex-
pression profiling provides a molecular approach to classify NETs
into subtypes that segregate with the anatomic primary site. Gene
expression–basedmolecular cancer classifiers predict tumor types
and subtypes based on comparison of sample expression profiles
to a database of gene expression profiles from known tumors.64

Currently, there are 2 clinically available molecular tumor classi-
fiers based on differential gene expression. In one assay (Tissue
of Origin, Cancer Genetics Inc, Rutherford, NJ), microarray anal-
ysis of >2000 genes and an associated algorithm provided a rank
order of 15 different tumor types and were shown to have an over-
all sensitivity of 88% in a validation study including 547 tumors.65

However, this assay does not report NET tumors or NET sub-
types.66 The 92-gene assay (CancerTYPE ID, Biotheranostics,
Inc, San Diego, Calif ) is a validated real-time reverse transcriptase
polymerase chain reaction–based laboratory-developed test that
provides a molecular classification of tumor type for 50 tumor
subtypes. Importantly for this patient population, the 92-gene as-
say further categorizes NETs into 1 of 7 NET subtypes with an
overall sensitivity of 95% (95% confidence interval, 87%–98%)
for NET subtyping.14 For this reason, the 92-gene assay is the fo-
cus of new technology here.

The 92-gene assay uses real-time reverse transcriptase poly-
merase chain reaction to measure the collective expression of 87
informative genes (and 5 reference genes to normalize gene ex-
pression) from RNA collected from formalin-fixed, paraffin-
embedded tissue. The associated algorithm generates a prediction
of tumor type and subtype based on the similarity of the unknown
tumor sample to a reference database of more than 2000 known
tumor types and subtypes.67,68 The reference database contains
gene expression data from 291 well-characterized NETs of vari-
ous subtypes determined by histological examination of the tumor
tissue and evaluation of available pathology data by a board-
certified pathologist. The genes included are primarily derived
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
from transcription factors and signal transduction pathways that
provide genomic information related to cell lineage. Other genes
within the assay evaluate proliferative and differentiation status.
As such, the classification scheme reflects both anatomic primary
site and differentiation status: in the classification scheme, well-
differentiated NETs are separated into gastrointestinal carcinoid
and lung carcinoid; subtypes for NECs include the pancreas (pan-
creatic islet cell carcinoma), skin (Merkel cell carcinoma), and
lung (small/large cell lung carcinoma). In addition, the assay cat-
egorizes thyroid (thyroid medullary carcinoma) and adrenal gland
(pheochromocytoma) tumors.67

Clinical validation demonstrated an overall sensitivity of
87% to identify 28main tumor types and 82% accuracy for 50 dif-
ferent subtypes with 96% to 100% specificity.68 In a subgroup
analysis, the assay accurately identified 99% of NET carcinomas,
with 95% accuracy in identifying NET subtype (Table 2).14 In
terms of clinical utility, one prospective study demonstrated a
37% improvement in overall survival for patients with cancer of
unknown primary who received assay-directed therapy compared
with historical trials that used carboplatin/cisplatin therapy.69

In a recent database analysis70 that included 24,484 consec-
utive cases submitted for clinical testing, the 92-gene assay ren-
dered a molecular diagnosis of NET in 6.3% of cases. Small/
large cell lung carcinoma was the most frequently identified
NETmolecular diagnosis (50%), followed by gastrointestinal car-
cinoid (14%), islet cell (14%), Merkel cell (10%), and lung carci-
noid (9%). The assay identified all 7 NET subtypes in liver biopsy
tissue, which accounted for 39% of all cases. The findings from
this analysis highlight the clinical utility of molecular classifica-
tion to identify distinct NET tumor types/subtypes to improve di-
agnostic precision and treatment decision making. This analysis is
corroborated by another recent study, in which retrospective anal-
ysis identified a primary tumor site with >95% certainty for 35
(92%) of 38 patients with NET-UPs.71 In this population, gastro-
intestinal NETs were most common (37%), followed by pancre-
atic (26%), bronchial carcinoid (13%), large cell neuroendocrine
carcinoid (8%), Merkel cell (5%), and pheochromocytoma (3%).

In addition to the strong performance to identify the NET
subtype, several additional features of the 92-gene assay highlight
the potential for enhanced clinical utility inNET-UPs. First, the as-
say demonstrated high performance from a wide range of primary
and metastatic biopsy sites, indicating that this approach has util-
ity for NET patients whose clinical presentation can be heteroge-
neous.68 Second, the assay showed strong performance (91%
sensitivity) in cytology and limited tissue samples,27 which may
be relevant in NET-UPs given the frequency of minimally invasive
procedures in potential metastatic sites like the lung and liver.
Third, in cases where it may be standard practice to default to large
immunohistochemical panels, the assay demonstrated signifi-
cantly higher accuracy in tumors that required more than 9 stains
www.pancreasjournal.com 1115
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to render a diagnosis.29 A limitation of the technology is that clas-
sification of NETs is limited to the 7 NET subtypes that were in-
cluded in the algorithm training.67 In addition, NETs originating
from the rectum, which account for 17% of NETs by incidence,3

are not part of the classification algorithm.
DISCUSSION
A primary site diagnosis is essential for patients with NETs

because of the heterogeneity of clinical symptoms, disease pro-
gression, treatment responsiveness, and prognosis. In approxi-
mately 10% to 14% of NETs, the initial diagnostic workup is
unable to determine the tumor subtype, whichmay lead to delayed
or suboptimal treatment approaches that have a negative effect on
patient outcomes. In contrast, an accurate diagnosis of NET sub-
type can direct optimal surgical and medical interventions at the
beginning of the treatment period.

Advances in genomics provide physicians with new technol-
ogies to identify the NET subtype based on the anatomic primary
site. One example is the 92-gene assay, which has shown excellent
specificity and sensitivity for NET classification. In addition, the
clinical utility to identify distinct NET tumor types/subtypes to
improve diagnostic precision and treatment decision making has
been recently demonstrated.70 In the proposed diagnostic algo-
rithm for NET-UPs (Fig. 2), these emerging technologies are inte-
grated with traditional approaches. The newer imaging technique,
68Ga-PET/CT, may be considered for patients who have clinical or
biochemical evidence of NET but negative scans based on first-
generation imaging methods. Molecular testing with the 92-gene
assay is proposed for patients with clinical evidence of NET but
with an unknown primary site or subtype after traditional workup
or after inconclusive 68Ga-PET/CT testing. Furthermore, in cases
of limited biopsy tissue such that complete pathology characteri-
zation is not possible, or for poorly differentiated tumors that are
not amenable to functional imaging, biopsy tissue should be con-
served for molecular tumor classification by the 92-gene assay.

In summary, accurate identification of NET subtype is criti-
cal for developing a targeted treatment plan. Multimodal diagnos-
tic methods are often used to identify subtypes of neuroendocrine
neoplasms. Genomic testing has evolved to be able to further char-
acterize NET-UPs that may lead to improved patient care. The 92-
gene assay has shown the ability to subtype NET-UPs in select
studies; however, only 7 NET subtypes are identified, whereas
some common NET subtypes, such as those originating from
the rectum, are not part of the classification algorithm. Despite
these limitations, the proposed algorithm takes into account that
the 92-gene assay is the only genomic classifier to date that pro-
vides any NET subtype information for the determination of a pa-
tient care program. The algorithm, though clinically meaningful,
would benefit from a prospective validating study in the future.

Emerging approaches such as molecular tumor classifica-
tion may help fill the diagnostic gap that exists for NET sub-
type identification, particularly for community oncologists who
may not have access to a pathology center of excellence with
subspecialty practitioners.
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