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abstract

PURPOSE Cancer of unknown primary (CUP) is a metastatic disease with unidentifiable primary tumor. Somatic
alterations can be assessed noninvasively via liquid biopsies interrogating cell-free DNA (cfDNA).

METHODSWe evaluated 1,931 patients with CUP with a cfDNA next-generation sequencing panel (73-74 genes).

RESULTS Overall, 1,739 patients (90%) had ≥ 1 cfDNA alteration. We then explored alteration actionability (per
the levels of evidence from the OncoKB database); 825 patients (47.4% of 1,739) had level 1, level 2, or
resistance/R1 alterations. Among 40 clinically annotated patients with CUP who had cfDNA evaluated, higher
degrees of matching treatment to alterations (Matching Score. 50% v ≤ 50%) was the only variable predicting
improved outcome: longer median progression-free survival (10.4 v 2.5 months; P = .002), overall survival (13.4
v 5.7 months; P = .07, trend), and higher clinical benefit rate (stable disease ≥ 6 months/partial response/
complete response; 83% v 25%; P = .003).

CONCLUSION In summary, cfDNA frequently reveals strong level-of-evidence actionable alterations in CUP, and
high degrees of matching to therapy correlates with better outcomes.
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INTRODUCTION

Cancer of unknown primary (CUP) represents a het-
erogeneous metastatic disease with an unidentifiable
primary tumor. CUP constitutes 3%-5% of all cancer
diagnoses globally; it is a rare diagnosis, with an in-
cidence of only approximately 7-12 cases per 100,000
per year.1,2 Patients with CUP are often treated with
empiric chemotherapies such as taxanes and
platinum-containing regimens.3,4 Median overall sur-
vival (OS) remains dismal, ranging from 6 to
15 months.5-9

Initial work-up, as recommended by the National
Comprehensive Cancer Network guidelines, includes
a history and physical examination, basic laboratory
tests, computed tomography scans, clinically directed
endoscopy, and microsatellite instability/mismatch
repair gene testing.10,11 Serum tumor markers and
breast imaging are also indicated in selected patients
to determine the primary site of the tumor. Following a
biopsy, a targeted immunohistochemistry (IHC) panel
is suggested.10,11

Tissue-of-origin testing, often by microarray-based
gene expression tests, as well as next-generation se-
quencing (NGS), has also been explored to establish a
diagnosis for patients with CUP.6,12–16 Outside of a

subset of CUP with favorable features, defining the
tissue of origin has been of questionable usefulness for
enhancing response rates and OS, although under-
standing the primary site can be of value, particularly
for clinical trial enrollment and insurance coverage of
cancer therapy.7,13,17

Among refractory neoplasms, a biomarker-based
(precision) strategy to match malignancies with
drugs has shown efficacy.18–22 Given this, identifying
the underlying tumor molecular alterations in patients
with CUP may prove of use. NGS has historically been
performed using tissue biopsy specimens. However,
there are limitations with the use of tissue, including
difficulty with biopsy access and/or an inability to
perform invasive biopsy given poor performance status
or comorbidities. Additionally, intratumor genomic
heterogeneity23 and the dynamic mutational evolution
that can occur along with therapeutic intervention
further complicates the situation.24 Hence, tissue
sampling may not always provide a comprehensive
picture of the molecular alterations present throughout
the patient’s disease burden. An alternative approach
to genomic profiling therefore involves interrogation of
circulating cell-free DNA (cfDNA). cfDNA is shed into
the circulation from the cancer cells and can be iso-
lated from a small tube of blood (also known as a liquid
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biopsy). This technology has rapidly advanced and has
been exploited in the clinic to assess NGS in patients with
newly diagnosed or progressing advanced cancer.14,25–27

We evaluated 2,015 samples from 1,931 patients with CUP
via a 73- or 74-gene targeted NGS cfDNA panel, including
analysis of sequence alterations (single-nucleotide variants/
splice site alterations/small indels), fusions (select genes
including but not limited to FGFR2/3, NTRK1, RET, and
ROS1), amplifications (select genes including but not
limited to BRAF, CCND1/2, FGFR1/2, and MET), and
microsatellite instability status (for a subset of patients). In
particular, we explored the landscape of alterations on the
basis of their treatment actionability as determined by
OncoKB, a database that consists of a curated list of so-
matic molecular alterations defined by their level of
evidence.28 Finally, we show an illustrative case of a durable
response to personalized matched treatment, and we re-
port the overall clinical outcome of matching patients to
drugs based predominantly on their cfDNA genomic ab-
normalities and a precision medicine strategy, as carried
out in a subset of patients. Our observations demonstrate
that CUP frequently has cfDNA aberrations with strong
evidence of actionability and that precision-matched
therapy is associated with improved clinical outcomes.

METHODS

Study Population

We queried a de-identified database containing results
from consecutive patients who underwent clinical testing
with a well-validated, NGS cfDNA assay (Guardant360,
Guardant Health, Redwood City, CA) between November
2016 and November 2019 to identify all patients with a
diagnosis of CUP listed by the ordering physician on the test
request form. Patient age, sex, and cancer type were
extracted from the order form and the ordering physician
had to confirm the patient had advanced disease (stage IIIB
or higher), but no further clinical information was required.

The Quorum Institutional Review Board approved this re-
search for the generation of de-identified data sets for re-
search purposes. For the subset of patients with CUP who
were treated at University of California, San Diego (UCSD),
further exploration of clinical history was possible in accor-
dancewith the guidelines of theUCSD Internal ReviewBoard,
the Declaration of Helsinki for the PREDICT study (Clinical-
Trials.gov identifier: NCT02478931; Profile Related Evidence
Determining Individualized Cancer Therapy), and any in-
vestigational therapy for which the patients gave consent.

cfDNA Assay

cfDNA was obtained from whole blood in a cohort of pa-
tients with a listed diagnosis of CUP whose samples were
submitted for clinical testing via a commercially available
targeted NGS cfDNA assay. Blood draw, shipment, plasma
isolation, and cfDNA extraction procedures have been
described.29 Guardant360 is a 74-gene Clinical Laboratory
Improvement Amendments–certified, College of American
Pathologists–accredited, New York State Department of
Health–approved cfDNA NGS assay with analytic and
clinical validation reported.29–31 Briefly, extracted cfDNA is
subjected to paired-end NGS on an Illumina NextSeq500
and/or HiSeq 2500 (Illumina, Inc, San Diego, CA; average
read depth 15,000×) following generation of sequencing
libraries using nonrandom oligonucleotide adapters and
hybrid capture enrichment (IDT, Inc, Coralville, IA and
Agilent Technologies, Inc, Santa Clara, CA). Sequencing
reads were mapped to the hg19/GRCh37 human reference
sequence and were evaluated for single nucleotide variants
in 73 or 74 clinically relevant cancer genes (over the course
of the study period, the cfDNA assay evolved from 73 to 74
genes), as well as small insertions/deletions (indels), gene
rearrangements/fusions, and copy number amplifications
in a subset of genes using a proprietary bioinformatics
pipeline that reconstructs the original double-stranded
cfDNA molecules. The assay has complete exon cover-
age of 21 genes and critical exon coverage of 53 genes.

CONTEXT

Key Objective
Cancer of unknown primary (CUP) is a heterogeneous metastatic disease with an unidentifiable primary tumor. CUP is

managed with empiric chemotherapies, but with generally poor clinical outcomes. To better understand CUP molecular
biology and its implications for therapy, we investigated genomic alterations in circulating cell-free DNA (cfDNA). Clinical
correlations were evaluated among patients with therapeutic annotation.

Knowledge Generated
Most patients (90% [1,739 of 1,931]) had ≥ 1 cfDNA alteration and nearly half of the patients had level of evidence 1/2 or

resistance R1 alterations (OncoKB database). Therapeutically, when patients were treated with higher degrees of matching
on the basis of genomics, longer progression-free and overall survival as well as higher clinical benefit rates were seen.

Relevance
The use of cfDNA in patients with CUP frequently identified actionable alterations with high levels of evidence, and patients

whose tumors’ genomic alterations were better matched to therapy achieved better outcomes.
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Fusions known to be biologically important are reported.
During the course of the study, the assay’s bioinformatics
pipeline implemented an aneuploidy distinction feature
that identifies focal gene amplifications as those with a
statistically higher copy number relative to other genes
across the chromosome arm. The reportable range for
single nucleotide variant, indels, fusions, and copy number
alterations is ≥ 0.04%, ≥ 0.02%, ≥ 0.04%, and ≥ 2.12
copies, respectively, with . 99.9999% per-position analytic
specificity. Microsatellite instability–high (MSI-H) status was
available for a subset of cases, upon validation of its inclusion
in the assay.32 The median number of alterations per sample
was calculated using all cfDNA alterations reported in each
sample (including variants of uncertain significance and
synonymous variants). The maximum variant allele fre-
quency (maxVAF) represents the tumor-derived alteration
with the highest level of cfDNA in the sample (calculated on
the basis of the number of tumor-derived DNAmolecules at
each location divided by the total number of unique cfDNA
molecules at the given nucleotide position).

Variant Annotation for Actionability and Related
Statistical Methods

For analysis of cfDNA results, all patients with a listed di-
agnosis of CUP (as provided by the ordering clinician on the
test request form from clinical samples submitted within the
study period) were included in demographic characteristic
calculations. Variant annotation was based on the action-
ability of specific molecular alterations as classified by the
OncoKB database as of July 2020 in accordance with the
OncoKB Levels of Evidence V2.28 The OncoKB framework
for determination of actionability has been described in
detail.28 In brief, OncoKB uses biologic, clinical, and
therapeutic information curated from multiple sources
(including US Food and Drug Administration [FDA] la-
beling, National Comprehensive Cancer Network guide-
lines, etc) to rank specific alterations into different levels of
actionability (Appendix Tables A1-A4). Potentially action-
able alterations associated with response to therapy are
ranked as level 1 through level 4, with level 1 alterations
considered standard of care and level 4 alterations con-
sidered hypothetically associated with response. Alterations
with evidence of providing resistance to a therapy are
ranked as level R1 or R2, with level R1 alterations con-
sidered standard of care (Appendix Tables A1-A4). Alter-
ations are ranked on the basis of the strength of evidence
available by cancer type, and thus, a certain alteration can
be ranked on multiple levels if there are varying levels of
evidence for its actionability in different cancer types or in
association with different drugs. For our analysis, given that
we cannot, by the nature of CUP, provide a tumor type for
each patient, we ranked alterations on the basis of their
highest ranking in OncoKB regardless of cancer type. In an
effort to focus on only alterations with strong evidence of
association with either response or resistance to a therapy,
we limited our analysis to only alterations with a ranking of

level 1, level 2, or level R1. A list of alterations included in
our analysis and their ranking in the OncoKB database as of
July 17, 2020, are listed in Appendix Tables A1-A4. For
amplifications, only patients with focal amplifications in the
applicable genes were counted when calculating alteration
frequencies.

For determination of the frequency of actionable alterations
in the CUP population, only patients with ≥ 1 cfDNA al-
teration detected (either deleterious or variants of unknown
significance [VUS]) were included in the denominator. In
calculating the overall frequency of patients with actionable
alterations, each patient was only counted once (so all
patients with level 1 alterations were excluded when cal-
culating the number of patients with level 2 alterations and
all patients with level 1 and/or level 2 alterations were
excluded when calculating the number of patients with
level R1 alterations). When calculating the frequency of
patients with at least one alteration at each level, a patient
was included only once (regardless of whether they had
multiple alterations ranked at the same level). In calculating
the frequency of the specific alterations identified at each
level, a patient could be countedmore than once if they had
more than one alteration ranked at that level and the de-
nominator used to calculate the frequency was the total
number of alterations identified at the corresponding level.

Calculating Degree of Matching for Patients With CUP at
UCSD With cfDNA Analysis and Clinical Outcome Data

The degree of matching of NGS alterations to drugs was
calculated and a Matching Score was determined post hoc
by methods similar to those previously described,27,33 ex-
cept that pathogenic tissue NGS alterations were not
considered in calculating the Matching Score; only cfDNA
genomic alterations were considered. A molecular tumor
board33,34 generally recommended therapy, but the actual
treatment administered was the choice of the oncologist.
Therapy was considered matched if ≥ 1 drug in the
treatment regimen targeted ≥ 1 alteration, pathway com-
ponent in a patient’s molecular cfDNA profile, or a protein
preferentially expressed in the tumor (eg, estrogen re-
ceptor, androgen receptor, or human epidermal growth
factor receptor 2 status; programmed death-ligand 1 by
IHC; or tumor mutational burden or microsatellite status,
generally evaluated by standard-of-care tissue testing).
Antibodies were considered matched if their primary target
was the protein product of the cfDNA genomic anomaly. In
the case of small-molecule inhibitors, matching was based
on low inhibitory concentration 50% (IC50) of the drug for
the target (, 100 nM) or for effectors immediately
downstream of the gene product altered. Patients were
stratified into those who received treatment with Matching
Scores . 50% versus ≤ 50%. Under this system, the
higher the Matching Score, the better the match. In gen-
eral, the Matching Score was calculated by dividing the
number of cfDNA alterations matched in each patient
(numerator) by the number of pathogenic cfDNA
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aberrations in that patient’s blood sample (denominator),
with further details as previously reported.27

Clinical Outcome Definitions and Related
Statistical Methods

Descriptive statistics were used to summarize the patient
characteristics. Progression-free survival (PFS) and OS
were assessed using the method of Kaplan and Meier (log-
rank test) and defined as the time interval between the
initiation of treatment and the date of disease progression
(for PFS) and death (for OS). Patients who were progres-
sion-free (for PFS) or alive (for OS) at the time of last follow-
up were censored on that date. Response to therapy was
evaluated by following the Response Evaluation Criteria in
Solid Tumors. The clinical benefit end point was defined as
rate of stable disease (SD) ≥ 6 months + partial response
(PR) + complete response (CR). Logistic regression anal-
ysis was used to compare the clinical benefit rate. Statistical
analyses were performed by S.K. with SPSS, version 27
(IBM Corporation, Armonk, NY).

RESULTS

Patients

Among 1,931 patients with CUP who had cfDNA analysis,
median age was 68 years (range: 19-100 years) and 51.4%
(n = 992) were female. Among those patients, 1,739 (90%)
had at least one alteration detected by cfDNA analysis
(including VUS and synonymous and characterized alter-
ations) and 1,611 (83.4%) had ≥ 1 characterized alter-
ation. Clinical outcomes were assessable from a subset of
40 patients with CUP who had had cfDNA analyzed and
were treated with systemic therapy at the Center for Per-
sonalized Cancer Therapy, UCSD (Appendix Fig A1).

Detection of OncoKB Level 1, Level 2, and Resistance R1
Genomic Alterations Was Feasible With cfDNA Analysis
Among Patients With CUP

Of the 1,739 patients with ≥ 1 cfDNA alterations detected
(including VUS and synonymous variants), the median
number of cfDNA alterations per patient was 4 (range: 1-
58) and the median maximum variant allele fraction
(maxVAF) was 3.1% (range: 0%-98.4%, patients with only
amplifications detected were listed as having 0% cfDNA).

Among these 1,739 patients with ≥ 1 cfDNA alterations
detected, 47.4% (825 of 1,739) of patients had level 1,
level 2, or resistance R1 alterations according to the
OncoKB classification system (Fig 1A and see Appendix
Tables A1-A4 for definitions of level 1 and 2 and resis-
tance 1).

Among 448 patients (25.8% of 1,739) who had ≥ 1 level 1
alterations from cfDNA, there were a total of 525 level 1
alterations. Among 525 level 1 alterations, the most
common alterations were PIK3CA oncogenic alterations
(20.2% [106 of 525]), followed by NF1 oncogenic alter-
ations (18.3% [96 of 525]), ATM oncogenic alterations
(9.9% [52 of 525]), BRCA2 oncogenic alterations (9.0%

[47 of 525]), ERBB2 amplification (7.6% [40 of 525]), and
EGFR activating alterations (7.4% [39 of 525]). Although
rare, MSI-high was seen in 3.8% (20 of 525) and ALK
fusions were found in 1.5% (8 of 525) of patients (Fig 1B).
Level 2 alterations were found in 5.8% (101 of 1,739) of
patients with a total of 115 alterations. The most common
level 2 alteration was MET amplification (41.7% [48 of
115]), followed by ERBB2 oncogenic alterations (32.2%
[37 of 115]) and CDK4 amplification (21.7% [25 of 115];
Fig 1C).

Additionally, resistance R1 alterations were found in 23.3%
(405 of 1,739) of patients with a total of 421 R1 alterations.
KRAS oncogenic alterations were most commonly seen
(88.1% [371 of 421]) including 15.0% (63 of 421) with
KRAS G12C, followed by NRAS oncogenic alterations
(9.5% [40 of 421]) and EGFR exon 20 insertions (2.4% [10
of 421]; Fig 1D).

In Patients With cfDNA Analysis, High Degrees of
Matching of Alterations to Cognate Drugs Was Associated
With Better Outcomes Among Patients With CUP

Overall, 40 patients with CUP were assessable for PFS and
OS at UCSD Variables including age, sex, histology (ade-
nocarcinoma v other), line of therapy (administered as first
line v ≥ second line), ≥ 2 drugs versus single drug,
genomically matched versus unmatched, and
immunotherapy-based versus other therapy were not as-
sociated with PFS and OS outcome (Table 1). However,
Matching Score . 50% versus ≤ 50% (indicating higher v
lower degrees of matching) was found to be the only factor
associated with longer PFS and OS (median PFS: 10.4 v
2.5 months [P = .002; Fig 2A], median OS: 13.4 v
5.7 months [P = .07, trend; Fig 2B]; Table 1; univariate
analysis). Consistent with these results, Matching
Score . 50% versus ≤ 50% was significantly associated
with better clinical benefit rate (SD ≥ 6 months/PR/CR;
83% v 25% [P = .003]; Fig 3).

Illustrative Case With CUP Who Achieved Durable
Response With Combination Approach on the Basis
of cfDNA

A 62-year-old man with poorly differentiated CUP harboring
an ARID1A splice-site single-nucleotide variant and KRAS
T20A alterations from cfDNA was started on therapy with a
combination of the PARP inhibitor olaparib (for ARID1A)35

and the MEK inhibitor trametinib (for KRAS).36,37 After
2 weeks of treatment, the patient started to notice a de-
crease in his chest mass with improvement in pain (second
left panel). Subsequently, at 25 weeks of therapy, the chest
wall mass continued to decrease in size (right). Partial
response is ongoing at 17+ months (Fig 4).38 The patient
was consented to the PREDICT study (ClinicalTrials.gov
identifier: NCT02478931; Profile Related Evidence De-
termining Individualized Cancer Therapy) and consented to
publication of this report.

Kato et al

1690 © 2021 by American Society of Clinical Oncology

https://www.clinicaltrials.gov/ct2/show/NCT02478931


KIT oncogenic alteration:
 3.5% (n = 4)

BRAF V600R: 0.9% (n = 1)

CDK4
amplification:
21.7% (n = 25)

ERBB2
oncogenic
alteration:
32.2% (n = 37)

MET
amplification:
41.7% (n = 48)

C

NRAS oncogenic
alteration:
9.5% (n = 40) 

KRAS oncogenic
alteration:
88.1% (n = 371) 

EGFR exon 20 insertions: 2.4% (n = 10)

D

BRCA2 oncogenic
alteration:
9.0% (n = 47)

MET exon 14 skipping: 2.3% (n = 12)

ALK oncogenic alteration: 1.0% (n = 5)
KIT oncogenic alteration: 0.8% (n = 4)
FGFR3 activating alteration: 0.8% (n = 4)
BRAF V600K: 0.6% (n = 3)
RET fusion: 0.6% (n = 3)
FGFR2 fusion: 0.4% (n = 2)
ROS1 fusion: 0.4% (n = 2)
TSC1 oncogenic alteration: 0.4% (n = 2)
PDGFRA oncogenic alteration: 0.2% (n = 1)

PIK3CA
oncogenic
alteration:
20.2% (n = 106) 

NF1 oncogenic
alteration:
18.3% (n = 96) 

ATM oncogenic
alteration:
9.9% (n = 52)

ERBB2
amplification:
7.6% (n = 40)

EGFR
activating
alteration:
7.4% 
(n = 39) 

BRAF
V600E
6.9%:
(n = 36) 

BRCA1 oncogenic alteration: 5.9% (n = 31)

MSI high: 3.8% (n = 20)

ALK fusion: 1.5% (n = 8)
FGFR3 fusion: 1.1% (n = 6)
CDK12 oncogenic alteration: 1.1% (n = 6)

BA
Level 1

26%
(n = 448) 

Level 2
4%

(n = 72)

R1
17%

(n = 305)

Others
53%

(n = 914)

FIG 1. (A) Patients with level 1, level 2, or R1 alterations on the basis of OncoKB classification (n = 1,739 patients). Among 1,739 patients with ≥ 1
cfDNA alteration detected (includes VUS and synonymous variants), 26% of patients had level 1 (n = 448), 4.1% had level 2 (n = 72), and 17.5% had
resistance R1 (n = 305) alterations according to OncoKB classification (Appendix Tables A1-A4—OncoKB). Note: Each patient was counted once.
Patients with level 1 alterations were not counted in level 2, and patients counted as either level 1 or level 2 were not counted in R1. (B) Landscape of
level 1 alterations on the basis of OncoKB classification (n = 448 patients with 525 level 1 alterations). Among 1,739 patients with ≥ 1 cfDNA alteration
detected (includes VUS and synonymous variants), 25.8% of patients (n = 448) had ≥ 1 level 1 alterations, with a total of 525 level 1 alterations
(OncoKB—Appendix Tables A1-A4) in cfDNA. The most common alterations were PIK3CA oncogenic alterations (20.2% of level 1 alterations [106 of
525]), followed by NF1 oncogenic alterations (18.3% [96 of 525]), ATM oncogenic alterations (9.9% [52 of 525]), BRCA2 oncogenic alterations (9.0%
[47 of 525]), ERBB2 amplification (7.6% [40 of 525]), and EGFR activating alterations (7.4% [39 of 525]). Although rare, MSI-high was seen in 3.8%
(20 of 525) and ALK fusions were found in 1.5% (8 of 525) of patients. Note: Patients could be countedmore than once in pie chart if they hadmore than
one type of level 1 alteration. Patients were counted once in overall percentage (25.8%) and were included regardless of whether they also had level 2
and/or R1 alterations. Frequencies in the pie chart were based on the total number of level 1 genomic alterations detected (n = 525). Certain KIT
mutations are listed as level 1 and others as level 2 in OncoKB. KIT mutations were included according to the level listed. (C). Landscape of level 2
alterations on the basis of OncoKB classification (n = 101 patients with 115 level 2 alterations). Among 1,739 patients with≥ 1 cfDNA alteration detected
(VUS and synonymous variants included), 5.8% of patients (n = 101) had ≥ 1 level 2 alterations (OncoKB—Appendix Tables A1-A4) in cfDNA, with a
total of 115 alterations. The most common level 2 alterations were MET amplification (41.7% [48 of 115]), followed by ERBB2 oncogenic alterations
(32.2% [37 of 115]) and CDK4 amplification (21.7% [25 of 115]). Note: Patients could be countedmore than once in pie chart if they hadmore than one
type of level 2 alteration. Patients were only counted once in overall percentage (5.8%) and were included regardless of whether they also had level 1
and/or R1 alterations. Frequencies in the pie chart were based on the total number of level 2 genomic alterations detected (n = 115). Certain KIT
mutations are listed as level 1 and others as level 2 in OncoKB. KITmutations were included according to the level listed. (D) Landscape of R1 alterations
on the basis of OncoKB classification (n = 405with 421R1 alterations). Among 1,739 patients with≥ 1 cfDNA alteration detected (VUS and synonymous
variants included), 23.3% (405 of 1,739) of patients had≥ 1 R1 (resistance; OncoKB—Appendix Tables A1-A4) alterations in cfDNA, with a total of 421
alterations. KRAS oncogenic alterations were most commonly seen (88.1% (371 of 421), including 15.0% (63 of 421) with KRAS G12C, followed by
NRAS oncogenic alterations 9.5% [40 of 421]) and EGFR exon 20 insertions (2.4% [10 of 421]). Note: Patients could be counted more than once in pie
chart if they had more than one type of R1 alteration. Patients were only counted once in overall percentage (23.3%) and were included regardless of
whether they also had a level 1 and/or level 2 alteration. Frequencies in the pie chart were based on the total number of R1 genomic alterations detected
(n = 421). cfDNA, cell-free DNA; VUS, variants of unknown significance.
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DISCUSSION

CUP is a rare diagnosis of exclusion among individuals with
cancer.1,2 Patients diagnosed with CUP have a very poor
prognosis.3,5,6 To establish the primary site, there are often
exhaustive evaluations, including laboratory tests, imaging,

immunohistochemical assays, and gene expression pro-
filing. Despite this, a single primary site of originmay only be
identified in about one quarter of patients with CUP.6,12

Previous data have demonstrated that the majority of CUP
malignancies harbor genomic alterations, with TP53 and

TABLE 1. Exploration of Variables Associated With PFS and OS Among Patients With Carcinomas of Unknown Primary Who Had cfDNA Analysis and Were
Evaluable for Treatment Follow-Up at UCSD (n = 40)

Characteristic

PFS OS

Univariate Univariate

Median, Months P Median, Months P

Age, yearsa

≥ 63 (n = 20) v , 63 (n = 20) 3.8 v 2.8 .10 13.4 v 5.7 .21

Sex

Female (n = 24) v male (n = 16) 4.0 v 2.8 .38 6.9 v 15.8 .65

Histology

Adenocarcinoma (n = 24) v not (n = 16) 4.8 v 2.1 .37 7.7 v 6.5 .55

Treatment

Administered as first line (n = 28) v ≥ second line (n = 12)
≥ 2 drugs (n = 35) v single drug (n = 5)
Genomically matched (n = 25) v unmatched (n = 15)
Immunotherapy-based (n = 16) v other therapy (n = 24)
Matching Score . 50% (n = 13) v ≤ 50% (n = 27)b

3.1 v 3.8
4.0 v 2.3
3.7 v 3.8
6.2 v 3.7
10.4 v 2.5

.79
.17
.63
.23
.002

6.9 v 11.7
7.7 v 3.4
11.7 v 6.9
7.7 v 6.9
13.4 v 5.7

.32

.41

.69

.52

.07

NOTE. P values by log-rank test. Bold P values indicate ,.1
Abbreviations: cfDNA, cell-free DNA; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival; UCSD, University of

California, San Diego.
aAge at the time of treatment initiation. Dichotomized by the median value.
bMatching Score was calculated as per Methods. cfDNA but not tissue DNA genomic alterations were considered. Standard tests such as PD-L1

expression, microsatellite status, and TMB were also considered.
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FIG 2. (A) PFS as analyzed by the method of Kaplan and Meier from the time of systemic therapy depending on the Matching Score among
patients with carcinomas of unknown primary who had cfDNA alterations evaluated (n = 40). Patients who were treated with matched therapy
with high degrees of matching (Matching Score. 50%) had significantly longer progression-free survival when compared with patients treated
with therapy with low or no matching (Matching Score ≤ 50%; 10.4 months v 2.5 months, P = .002). Matching Score was determined as
previously described in Sicklick et al27 and in Methods. (B) OS as analyzed by the method of Kaplan andMeier from the time of systemic therapy
depending on the Matching Score among patients with carcinomas of unknown primary who had cfDNA alterations evaluated (n = 40). Patients
who were treated with matched therapy with high degrees of matching (Matching Score. 50%) had trend toward longer overall survival when
compared with patients treated with therapy with low or no matching (Matching Score ≤ 50%; 13.4 months v 5.7 months, P = .07). Matching
Score was determined as previously described in Sicklick et al27 and in Methods. OS, overall survival; PFS, progression-free survival.
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genes involved in the MAPK pathway, PI3K signaling, and
the cell cycle machinery being the most commonly
altered.15,16,26,39 Furthermore, genomic profiles that were
individually distinct were observed in most patients with
CUP.14

Our study concentrated on the results of molecular testing
done via a cfDNA assay (liquid biopsy). Overall, 1,739 of 1,

931 patients (90%) had ≥ 1 cfDNA alteration (including
VUS and synonymous variants) detected. Frequencies and
patterns of genomic alterations seen in this study were
consistent with previous cfDNA and tissue-based NGS
studies among patients with CUP.14–16 Overall, 825 patients
(47.4% of 1,739) had Level 1, Level 2, or Resistance R1
alterations according to the OncoKB levels of evidence
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Best responseFIG 3. Treatment response according to
Matching Score in carcinomas of un-
known primary (CUP) that had cfDNA
analysis (n = 36a). Patients who were
treated with matched therapy with
high degrees of matching (Matching
Score . 50%) had significantly higher rate
of SD ≥ 6 months/PR/CR when compared
with patients treated with therapy with low
or no matching (Matching Score ≤ 50%;
83% v25%[P = .003by logistic regression
analysis]). Matching Score was determined
as previously described in Sicklick et al27

and inMethods. aFour patients had ongoing
SD that was , 6months at the time of data
cutoff and thus were excluded from the
analysis. cfDNA, cell-free DNA; CR, com-
plete response; PD, progressive disease;
PR, partial response; SD, stable disease.

Pretreatment
2 weeks post-
treatment

6 weeks post-
treatment

Trametinib (for KRAS alteration)
Olaparib (for ARID1A alteration) 

25 weeks post-
treatment

Therapy ongoing 17+ months

FIG 4. Illustrative case of a patient with advanced CUP who achieved durable response with a combination approach on the basis of cfDNA
molecular alterations. A 62-year-old man initially presented with chest wall mass with tenderness. Imaging revealed bone metastases with
multiple lymphadenopathy, without clear site of tumor origin. Biopsy of chest wall mass showed poorly differentiated carcinoma. Extensive
immunohistochemistry (including the markers for breast, adrenal cortical, lung, prostate, gastrointestinal, and renal cell cancer; meso-
thelioma; and melanoma) failed to reveal definite primary site and thus the patient was determined to have CUP. Tissue NGS was attempted;
however, DNA extraction failed and thus could not be performed. Subsequently, cfDNA revealed an ARID1A splice-site single-nucleotide
variant and a KRAS T20A alteration. The patient was consented to the PREDICT study (ClinicalTrials.gov identifier: NCT02478931; Profile
Related Evidence Determining Individualized Cancer Therapy) and was initiated on first-line therapy with a combination of olaparib (for
ARID1A)35 and trametinib (for KRAS).36,37 Although functional data for KRAS T20A were limited, it was predicted to be a deleterious
alteration.36,38 After 2 weeks of treatment, the patient started to notice a decrease in chest mass with improvement in pain (second left panel).
Subsequently, at 25 weeks of therapy, the chest wall mass continued to decrease in size (right). Treatment is ongoing at 17+ months. cfDNA,
cell-free DNA; CUP, carcinomas of unknown primary; NGS, next-generation sequencing.
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classification (Fig 1A and see Appendix Tables A1-A4). Of
patients with cfDNA detected, the median number of
cfDNA alterations per patient was 4, which may indicate
that, depending on the number of potentially targetable
alterations a patient has, a customized multidrug targeted
therapy approach on the basis of each patient’s genomic
profiling may be necessary for optimizing therapy.

In this regard, we have evaluated patients with CUP who
had cfDNA analysis and received systemic therapies and
found that merely applying genomically matched targeted
therapy did not demonstrate improvement in PFS and OS
when compared with unmatched therapy (genomically
matched [n = 25] v unmatched [n = 15]; PFS: 3.7 v
3.8 months [P = .63] and OS: 11.7 v 6.9 months [P = .69];
Table 1). However, higher Matching Score (often involving
a combination of drugs, matched to . 50% v ≤ 50% of
alterations) was significantly associated with better PFS and
improved trend for OS (Matching Score . 50% [n = 13]
v ≤ 50% [n = 27]; PFS: 10.4 v 2.5 months [P = .002] and
OS: 13.4 v 5.7 months [P = .07]; Table 1, Fig 2A and 2B).
Consistent with these findings, patients treated with therapy
with high degrees of matching (high Matching Score
. 50%) had higher rates of clinical benefit (SD≥ 6months/
PR/CR) when compared with patients treated with un-
matched or low matching therapy (Matching Score ≤ 50%;
83% v 25% [P = .003]; Fig 3). Although the sample size
of treated patients was small in the current study, our
observation is in line with previous studies that showed
that better genomic matching with a high Matching Score
is associated with improved clinical outcome.27,33,40

To further determine if a genomically matched targeted
therapy approach is beneficial for patients with CUP, a
prospective, phase II, randomized study comparing tar-
geted therapy and standard platinum-based therapy is
underway (CUPISCO trial, ClinicalTrials.gov identifier:
NCT03498521).41

There are several limitations to the study. First, although we
explored a very large database of cfDNA with NGS per-
formed on 1,931 patients with CUP, providing a compre-
hensive overview of their genomic landscape, clinical
annotation was not available for most of these patients.
Further evaluation with clinical information could be of

value to support predicting the site of origin on the basis of
genomic alterations. For example, patients with a liver mass
and ERBB2, BRAF, and IDH1/2 alterations or FGFR fusions
may be suspicious for underlying cholangiocarcinoma. A
subset of patients from UCSD had clinically curated data,
and these patients demonstrated improvement in all out-
come parameters when their tumors were highly matched
with cognate drugs, using cfDNA but not tissue analysis of
individual genomic alterations. However, the number of
patients in this clinical analysis is small, and the conclusions
therefore require prospective validation. Other limitations
pertain to the fact that the actionability rankings in the
OncoKB database may not be fully applicable in patients
with CUP as they are on the basis of tumor-specific criteria.
Moreover, more than 50% of patients did not have level 1,
level 2, or resistance R1 alterations. Genomic alterations and
their actionability can change along with advances in sci-
ence and thus, continuous updates are required. For ex-
ample, KRASG12C alterations and EGFR exon 20 insertions
were ranked as resistance alterations by OncoKB at the time
of analysis and now both are associated with FDA-approved
targeted therapies.42,43 Finally, not all treatment centers have
equal access to off-label therapies (eg, given differences in
insurance coverage of the patient population), and thus, the
therapeutic matching described here may not be possible
across the entire metastatic cancer population.

In conclusion, cfDNA analysis derived from a small blood
sample among patients with CUP was feasible. Most pa-
tients (90% [1,739 of 1,931]) had detectable alterations
including 83.4% (1,611 of 1,931) with characterized
deleterious alterations. Among 1,739 patients with ≥ 1
cfDNA alteration detected, 47.4% (825 of 1,739) of pa-
tients had level 1, level 2, or resistance R1 alterations
according to the OncoKB classification, which could affect
the decision of systemic therapy. Furthermore, high de-
grees of matching of alterations to cognate drugs was
associated with better outcomes among patients with CUP.
Further prospective clinical investigation is required to
understand the utility of a genomic targeted therapy ap-
proach that leverages liquid biopsies among patients with
CUP.
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APPENDIX

TABLE A1. OncoKB Annotation and Level of Evidence28

OncoKB Annotation Comment List of Alterations

Level 1 alteration FDA-recognized biomarker predictive of response to an FDA-approved
drug in this indication

Appendix Table A2

Level 2 alteration Standard-care biomarker recommended by the NCCN or other expert
panels predictive of response to an FDA-approved drug in this
indication

Appendix Table A3

Resistance R1 alteration Standard-care biomarker predictive of resistance to an FDA-approved
drug in this indication

Appendix Table A4

Abbreviations: FDA, US Food and Drug Administration; NCCN, National Comprehensive Cancer Network.

TABLE A2. Level 1 Alterations According to OncoKB Annotation
Gene Alteration(s) Cancer Type Level of Evidence

ALK Fusions NSCLC 1

ALK Oncogenic alterations NSCLC 1

ATM Oncogenic alterations Prostate 1

BRAF V600E Anaplastic thyroid cancer, CRC, melanoma 1

BRAF V600K Melanoma 1

BRCA1/2 Oncogenic alterations Ovarian, peritoneal serous, prostate 1

CDK12 Oncogenic alterations Prostate 1

EGFR G719, T790M, exon 19 deletions, L858R, S7681I, L861Q NSCLC 1

ERBB2 Amplification Breast, esophagogastric 1

FGFR2/3 Fusions Bladder, cholangiocarcinoma 1

FGFR3 G370C, R248C, S249C, Y373C Bladder 1

KIT Oncogenic alterations GIST 1

NF1 Oncogenic alterations Neurofibroma 1

MET Exon 14 skipping alterations NSCLC 1

NF1 Oncogenic alterations Neurofibroma 1

NTRK1 Fusions All solid tumors 1

Not applicable Microsatellite instability—high All solid tumors 1

PDGFRA D842V, D842Y, D842_H845del, D842_H845insV GIST 1

PIK3CA Oncogenic alterations Breast 1

RET Fusions NSCLC, thyroid 1

ROS1 Fusions NSCLC 1

TSC1 Oncogenic alterations CNS cancer 1

Abbreviations: CRC, colorectal cancer; GIST, gastrointestinal stromal tumor; NSCLC, non–small-cell lung cancer; RCC, renal cell carcinoma.
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TABLE A3. Level 2 Alterations According to OncoKB Annotation
Gene Alteration(s) Cancer Type Level of Evidence

BRAF V600E CRC, astrocytoma, ganglioglioma, pleomorphic xanthoastrocytoma 2

BRAF V600 Melanoma, anaplastic thyroid 2

BRCA1/2 Oncogenic alterations Breast, ovarian, peritoneal serous 2

CDK4 Amplification Liposarcoma 2

EGFR A763_Y764insFQEA NSCLC 2

ERBB2 Oncogenic alterations NSCLC 2

ERBB2 Amplification CRC, uterine 2

KIT Oncogenic alterations GIST, melanoma, thymic 2

MET Amplification NSCLC, RCC 2

PDGFRA Oncogenic alterations GIST 2

Abbreviations: CRC, colorectal cancer; GIST, gastrointestinal stromal tumor; NSCLC, non–small-cell lung cancer; RCC, renal cell carcinoma.

TABLE A4. R1 Alterations According to OncoKB Annotation
Gene Alteration(s) Cancer Type Level of Evidence

EGFR Exon 20 insertions NSCLC R1

EGFR T790M NSCLC R1

KRAS Oncogenic alterations CRC R1

NRAS Oncogenic alterations CRC R1

PDGFRA D842V GIST R1

Abbreviations: CRC, colorectal cancer; GIST, gastrointestinal
stromal tumor; NSCLC, non–small-cell lung cancer; R, resistance.

Abbreviations: cfDNA, cell-free DNA; CR, complete response; CUP, cancer of unknown primary; OS, overall survival;
 PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease. 

1,931 patients with CUP cfDNA analysis (Guardant Health)

1,739 patients with CUP and � 1 cfDNA alteration

Assessment of genomic actionability per OncoKB

Assessment of clinical outcomes (PFS,
OS and rate of SD � 6 months/PR/CR)

� 50% (N = 27)> 50% (N = 13)

Matching Score

40 patients with CUP at UCSD with
clinically curated data

FIG A1. CONSORT diagram of CUP cfDNA study. Among the patients, 1,739 patients (90%) had ≥1
alteration detected by cfDNA analysis (including variants of unknown significance [VUS], synonymous
and characterized alteration). Forty patients at UCSD with cfDNA analyzed had clinically curated data.
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