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/ABSTRACT

Background. Although recent advances in immunotherapy
have transformed the treatment landscape for many ana-
tomically defined cancers, these therapies are currently not
approved for patients diagnosed with cancer of unknown
primary (CUP). Molecular cancer classification using gene
expression profiling (GEP) assays has the potential to iden-
tify tumor type and putative primary cancers and thereby
may allow consideration of immune checkpoint inhibitor
(ICl) therapy options for a subset of patients with CUP.
Herein, we evaluated and characterized the ability of a
92-gene assay (CancerTYPE ID) to provide a molecular diag-
nosis and identify putative tumor types that are known to
be sensitive to ICI therapies in patients with CUP or uncer-
tain diagnosis.

Findings. A total of 24,426 cases from a large-scale research
database of 92-gene assay clinical cases were classified, of

INTRODUCTION

which 9,350 (38%) were predicted to have an ICl-eligible
tumor type. All ICIs with approved indications as of March
2020 were included in the analysis. Non-small cell lung cancer
(NSCLC) was the most frequent molecular diagnosis and
accounted for 33% of the ICl-eligible tumor types identified
and 13% of the overall reportable results. In addition to
NSCLC, the assay also frequently identified urothelial carcinomas,
gastric cancer, and head and neck squamous cell carcinoma.
The distributions of identified tumor types with indications for
ICl therapy were similar across age and gender.

Conclusions. Results suggest that molecular profiling with
the 92-gene assay identifies a subset of ICl-eligible putative
primary cancers in patients with CUP. We propose a treat-
ment strategy based on available tests, including clinico-
pathologic features, GEP, and ICl biomarkers of response.
The Oncologist 2020;25:e1807—e1811

Immune checkpoint inhibitors (ICls) have provided dramatic
improvements in survival outcomes across diverse tumor
types [1, 2]. However, despite its proven clinical utility in
metastatic and in some cases early stage disease [3], the
regulatory approval of ICl is currently restricted to anatomi-
cally defined cancer or cancers with a known primary.
Cancer of unknown primary (CUP) represents a heteroge-
neous group of cancers for which the anatomic site of origin
or tumor type has not been identified. Uncertain cancers
include those in which radiographic and pathologic determina-
tion suggests it is not CUP and further characterization is diffi-
cult. Unlike for patients with known cancers, immunotherapy
is not approved for on-label use in patients with CUP [4-6].
Instead, contemporary management of CUP most often remains
limited to conventional cytotoxic chemotherapies that are

selected according to the putative primary site as inferred by
clinicopathologic data [7, 8]. With this approach, prognosis
remains poor, with limited options beyond front line platinum-
based doublet therapy [9].

Innovative technologies such as gene expression profiling
(GEP) can be used to augment clinicopathologic evaluations in
cases of unknown, uncertain, or difficult to diagnose tumors,
as well as poorly differentiated tumors and/or specimens with
limited tissue [4]. The 92-gene assay is a validated gene
expression-based assay that classifies 50 tumor types and sub-
types using an algorithmic-based comparison of a tumor’s
gene expression profile with a reference database of known
tumor types encompassing 96% of cancers based on incidence
[10-12]. Gene characteristics in the 92-gene assay biomarker
panel do not overlap with standard immunohistochemical
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Figure 1. Tumor types identified by the 92-gene assay. (A): Proportion of tumor types identified by the 92-gene assay with
U.S. Food and Drug Administration (FDA)-approved ICls. (B): Distribution of tumor types identified by the 92-gene assay with an
FDA-approved ICl, across anatomic biopsy site categories. ’, Cervical carcinoma and NSCLC include squamous and adenocarcinoma
histologies. *, This 92-gene subtype includes skin squamous cell carcinoma.

Abbreviations: HCC, hepatocellular carcinoma; ICl, immune checkpoint inhibitor; HNSCC, head and neck squamous cell carcinoma;

NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma.

biomarkers [13]. Unlike immunohistochemistry (IHC), the
92-gene assay algorithm is based on examination of collective
expression of 87 tumor-related genes and 5 reference genes
versus using a tissue-specific approach. The 92-gene assay has
demonstrated improved diagnostic accuracy compared with
IHC, particularly in poorly differentiated tumors [12], and identi-
fied the tumor type and primary site in 85%—90% of metastases
[11]. Prospective outcome trials have shown mixed results, with
one study reporting encouraging overall survival for site-
directed therapy for “treatment-sensitive” tumors compared
with empiric CUP treatment for these tumors [10, 14]. The
increasing number of tumor types now known to be sensitive
to ICI has expanded this treatment-sensitive group and suggests
that a significant number of patients with CUP might benefit
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from ICI treatment. Herein, we sought to identify the percent-
age and characteristics of CUP tumors that might benefit from
immunotherapy by investigating cases submitted for 92-gene
assay testing with an unknown or uncertain diagnosis in which
the subsequent post-test report to the physician included a
tumor type linked to a U.S. Food and Drug Administration
(FDA)-approved ICI therapy.

MATERIALS AND METHODS

Patient Information and Analysis Plan
A database was created under an institutional review
board-approved protocol that integrated deidentified
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patient information (age at diagnosis and testing, gender,
date of biopsy and assay) and 92-gene assay (CancerTYPE
ID, Biotheranostics, Inc., San Diego, CA) results where the
assay had been ordered during routine care. At the time of
analysis, the database contained 24,486 clinical cases with
sufficient tissue for analysis and adequate RNA quality that
had undergone 92-gene assay testing between March 2010
and December 2016 (supplemental online Fig. 1). Biopsy
sites were separated into 9 anatomic categories (abdomen,
bone, brain, head and neck, liver, lung, lymph node, renal,
and thoracic cavity). All ICls with FDA-approved indica-
tions of use as of 2020 were included in the analysis, with
the exception of specific subsets such as triple-negative
breast cancer, microsatellite instability-high (MSI-H) colon
cancer, and advanced endometrial carcinoma. Analyses
included the proportional distributions of biopsy sites
across tumor types identified by the 92-gene assay with
an ICl indication and distribution by patient gender and
age at diagnosis. XZ tests were used to determine the sta-
tistical significance of observed differences in the analyses
of proportional distributions.

92-Gene Assay

Gene expression analysis was performed on formalin-fixed
paraffin-embedded tumor tissue as previously described [11].
Tumor cells were enriched by macrodissection or laser
microdissection (LMD 6000, Leica Microsystems) and subse-
quently analyzed by real-time reverse transcription polymerase
chain reaction (RT-PCR) using isolated total RNA. Tumor classifi-
cation is based on the collective expression of 87 tumor-related

and 5 reference genes using a prespecified computational algo-
rithm that generates probabilities for candidate tumor types
based on the degree of similarity of the queried sample to a
reference database of more than 2,000 tumor samples cover-
ing 50 tumor types and subtypes. Testing is performed in a
Clinical Laboratory Improvement Amendments-certified College
of American Pathologists-accredited laboratory and analyzed
with a proprietary software that generates an automated test
report of the percentage probability match of tumor type and
subtype.

REsuLTS

Baseline characteristics of cases included in the analysis (n =
24,426) are provided in supplemental online Table 1. Among
patients for whom the 92-gene assay identified a tumor type,
38% (n = 9,350) were found to have a tumor type associated
with an FDA-approved ICI (Fig. 1). Non-small cell lung cancer
(lung adenocarcinoma and lung squamous; supplemental
online Table 2) accounted for 33% of molecular diagnoses
with an FDA-approved ICl and 13% of the overall reportable
results (Fig. 1A). Additionally, the assay frequently identified
urothelial carcinomas (14% of ICI-eligible tumors; 5.4% of the
overall results), gastric cancer (14% of ICl-eligible; 5.3% of the
overall results), and head and neck squamous cell carcinoma
(13% of ICl-eligible, 4.8% of the overall results) in potential
metastatic locations such as abdomen, bone, brain, liver, and
lymph node (Fig. 1B). The distributions of identified tumor
types with indications for ICl therapy were similar across age
(<40 years, 30%; 240 years, 39%) and gender (female, 33%;
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Figure 2. Clinical analysis and treatment of patients with CUP. The represented treatment strategy separates patients with CUP into
three categories based on the test results: those with 0%—5% ICI response, those with 10%—20% ICI response, and those with >30%
ICl response. GEP overlap with Clinic-Path, PD-L1 expressing, high TMB, and MSI-H plus High TMB is indicated.

Abbreviations: CUP, cancer of unknown primary; GEP, gene expression profiling; ICI, immune checkpoint inhibitor; MSI-H, micro-
satellite instability-high; ORR, overall response rate; PD-L1, programmed death-ligand 1; TMB, tumor mutational burden.
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male, 45%; supplemental online Table 1). Current FDA-
approved ICl and indications are displayed in online supple-
mental Table 3. A full list of tumor types and subtypes classi-
fied by the 92-gene assay is provided in supplemental online
Table 4.

DiscussioN

Although they represent an attractive treatment option,
ICIs are not currently indicated for CUP, except for rare
occurrences [15]: patients with MSI-H tumors; more
recently, tumor mutational burden-high (TMB-H) tumors
[16]; and off-label use. Therefore, identification of ICI-
eligible CUP patients represents an important step toward
improving treatment options and outcomes.

Efforts have been made to identify biomarkers of tumor
responsiveness to ICl [17], and such biomarkers have the
potential to inform the use of ICI in CUP [15, 18, 19]. The
92-gene assay is based on collective GEP and is therefore
distinct from DNA- and protein-based methods such as
next-generation sequencing (NGS) and measurement of ICI-
related biomarkers such as MSI-H, TMB-H, and PD-L1. The
assay is supported for reimbursement to date primarily
through Medicare and Medicare Advantage coverage [20].
The data presented here indicate that the 92-gene assay
identifies nearly 40% of patients with a CUP diagnosis who
would be eligible for treatment with an FDA-approved ICI,
highlighting the potential utility of molecular cancer classifi-
cation for such patients. The likelihood of benefit in this ICI-
eligible subset would depend on the cellular context plus
additional biomarkers of response.

Figure 2 delineates the possible impact of available tests
in CUP, including clinicopathologic data, GEP, and known
biomarkers of ICI responsiveness (e.g., PD-L1, TMB, and
MSI-H). Some of these overlap as well, and this influences
the likelihood of benefit with ICI therapy. Extrapolating
from known cancer data, we propose a treatment strategy
that separates CUP patients into three categories based on
the test results: 0%-5% ICI response, 10%—20% ICI
response, and >30% ICI response. The MSI-H plus TMB-H
category has the highest predicted response to ICl and is tis-
sue agnostic, although only representing approximately 3%
of cases, whereas most of the other test categories require
cellular or tissue context for determining likelihood of
response. Additionally, because our results indicate that a
large subset (nearly 60%) of patients with a CUP diagnosis
belong to a likely immune-resistant phenotype, clinical trials
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