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Carcinoma of unknown primary (CUP) is a difficult-to-manage malig-

nancy. Multi-omic profiles and treatment outcome vs. degree of precision

matching were assessed. Tumours underwent next-generation sequencing

(NGS) [tissue and/or blood-derived cell-free DNA (cfDNA)]. Selected

patients had transcriptome-based immune profiling and/or programmed

cell death 1 ligand 1 (PD-L1) immunohistochemistry analysis. Patients

could be reviewed by a Molecular Tumor Board, but physicians chose the

therapy. Of 6497 patients in the precision database, 97 had CUP. The med-

ian number of pathogenic tissue genomic alterations was 4 (range, 0–25),
and for cfDNA, was 2 (range, 0–9). Each patient had a distinct molecular

landscape. Food and Drug Administration (FDA)-approved biomarkers

included the following: PD-L1+ ≥ 1%, 30.9% of CUPs tested; microsatel-

lite instability, 3.6%; tumour mutational burden ≥ 10 mutations�Mb�1,

23%; and neurotrophic receptor tyrosine kinase (NTRK) fusions, 0%.

RNA-based immunograms showed theoretically druggable targets: lympho-

cyte activation gene 3 protein (LAG-3), macrophage colony-stimulating

factor 1 receptor (CSF1R), adenosine receptor A2 (ADORA2) and indolea-

mine 2,3-dioxygenase 1 (IDO1). Overall, 56% of patients had ≥ 1 action-

able biomarker (OncoKB database). To quantify the degree of matching

(tumours to drugs), a Matching Score (MS; roughly equivalent to number

of alterations targeted/total number of deleterious alterations) was calcu-

lated post hoc. Comparing evaluable treated patients [MS high, > 50%

(N = 15) vs. low ≤ 50% (N = 47)], median progression-free survival was

10.4 vs. 2.8 months (95% CI 0.11–0.64; HR 0.27; P = 0.002); survival, 15.8

vs. 6.9 months (95% CI 0.17–1.16; HR 0.45; P = 0.09); and clinical benefit

rate (stable disease ≥ 6 months/partial/complete response), 71% vs. 24%

(P = 0.003). Higher MS was the only factor that predicted improvement in

outcome variables after multivariate analysis. In conclusion, CUPs are

molecularly complex. Treatments with high degrees of matching to
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molecular alterations (generally achieved by individualized combinations)

correlated with improved outcomes.

1. Introduction

With an incidence of 7–12 cases per 100 000 per year

[1], carcinoma of unknown primary (CUP) is an

uncommon cancer. Carcinoma of unknown primary is

a diagnosis of exclusion wherein no primary can be

identified in a metastatic setting, despite a comprehen-

sive workup with serum biomarker analysis, imaging

and histologic evaluations with various immunohisto-

chemistry analyses [2–4]. Because of the lack of a diag-

nosis, treating CUP is exceedingly difficult and there is

not substantial evidence regarding the best approach.

Historically, patients have received platinum-based

combination chemotherapy regimens, with reported

response rates (RRs) of 20–40% and median overall

survival (OS) of 6–8 months [5,6].

A few studies have evaluated the utility of gene

expression profiling-based site-specific therapy vs.

empiric chemotherapy. However, the phase III GEF-

CAPI 04 trial, which randomized patients with CUP

(N = 243) to either cisplatin/gemcitabine or tailored

therapy based on predicted primary site of cancer by

gene expression profiling, failed to improve median

progression-free survival (PFS; 5.3 vs. 4.6 months;

P = 0.7) and OS [10 vs. 10.7 months; hazard ratio

(HR) 0.92, 0.69–1.23] [7]. Hayashi et al. [8] also ran-

domized 130 CUP patients to empiric paclitaxel/carbo-

platin or gene expression-based site-specific therapy;

however, there was no survival difference. To improve

the dismal outcome, investigation with immune check-

point inhibitors is underway, with preliminary results

suggesting moderate clinical efficacy with pem-

brolizumab [anti-programmed cell death-1 (PD-1) inhi-

bitor] among CUP patients [partial response (PR) rate

of 23% (3/13 patients)] [9].

To better understand the molecular characteristics

of CUP and to identify potentially actionable alter-

ations, next-generation sequencing (NGS) of both tis-

sue and cell-free DNA (cfDNA) has been evaluated

[10–13]. Patients with CUP have alterations in multiple

genes, including TP53 (38–55% of patients), KRAS

(18–20%), CDKN2A (19%), MYC (12%), ARID1A

(11%) and PIK3CA (9–14%) [10–13]. In order to eval-

uate whether or not targeting genomic alterations can

improve the clinical outcome, basket/umbrella trials

are ongoing in patients with CUP (e.g. the CUPISCO

trial evaluating standard treatment vs. genomically

targeted therapy based on molecular profiling) [14].

However, a limitation of many precision oncology tri-

als is that their strategy is often based on targeting

one gene at a time, in the presence of a tumour sample

having multiple aberrations. This issue is especially

important in devising a treatment approach for

patients with CUP, since most of these malignancies

have a median of about four pathogenic genomic

abnormalities per tumour [10,12,13].

We hypothesized that agents or combinations that

impacted more vs. less actionable alterations would cor-

relate with improved outcomes among patients with

CUP [15]. The current study investigated the multi-

omic landscape and clinical course of patients with

CUP treated under the auspices of our precision medi-

cine programme that leverages genomic characteristics

to assess treatment approaches, including when cus-

tomized combinations are given in order to optimize

the degree of matching. In addition to blood- and

tissue-based next-generation sequencing (NGS), multi-

ple immune markers including, but not limited to,

numerous checkpoints, inflammatory markers, myeloid

suppression markers, metabolic immune escape markers

and T-cell priming markers were evaluated. Herein, we

demonstrate that CUP patients frequently have action-

able genomic alterations with high levels of evidence

[per OncoKB database: (https://www.oncokb.org/)] [16]

and that clinical outcomes were better in patients with

high vs. low degrees of precision matching.

2. Materials and methods

2.1. Patients

We investigated clinical characteristics and treatment

outcomes among patients with CUP at the University of

California, San Diego (UCSD) Center for Personalized

Cancer Therapy at Moores Cancer Center (n = 97).

This study was performed in accordance with the guide-

lines of the UCSD Internal Review Board [PREDICT

(Profile Related Evidence Determining Individualized

Cancer Therapy) protocol; NCT02478931], and any

investigational studies for which patients gave consent.

Experiments were undertaken with the understanding

and written consent of each subject. Data were gathered

retrospectively on patients. Therapeutic determination
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was per recommendations in a face-to-face or electronic

Molecular Tumor Board or by physician choice [17].

The goal of the Molecular Tumor Board recommenda-

tions was to optimize the degree of matching. The study

methodologies conformed to the standards set by the

Declaration of Helsinki.

2.2. Target identification through NGS, RNA and

protein analysis

When available, we performed NGS on both tissue

and plasma cfDNA to seek actionable genomic alter-

ations. RNA and protein markers were also analysed

as appropriate. For NGS, only deleterious alterations

were evaluated (no variants of unknown significance

were included in analyses).

The majority of tissue NGS was performed at Foun-

dation Medicine (N = 61), which is a laboratory certi-

fied by Clinical Laboratory Improvement Amendments

(CLIA; 182–315 genes; Cambridge, MA, USA, www.

foundationmedicine.com) [18]. This method of

sequencing allows for detection of copy-number alter-

ations, gene rearrangements, and somatic mutations

with 99% specificity and > 99% sensitivity for base

substitutions at ≥ 5 mutant allele frequency and

> 95% sensitivity for copy-number alterations. A

threshold of ≥ 8 copies for gene amplification was

used. A smaller subset of patients had tissue NGS

done using other platforms, including UCSD (N = 2,

397 genes), Tempus, Inc. (N = 7, 595 genes; Chicago,

IL, USA, www.tempus.com), Caris (N = 1, Irving,

TX, USA, www.carislifesciences.com) and Human

Longevity, Inc. (N = 1, San Diego, CA, USA, www.

humanlongevity.com).

Blood-derived cfDNA analysis was performed by

Guardant Health (N = 66; Redwood City, CA, USA,

www.guardanthealth.com), a CLIA-certified laboratory

with assay panels of 54 (N = 1), 68 (N = 4), 70

(N = 17) and 73 genes (N = 44) [19]. All cfDNA was

sequenced, including somatic cfDNA and the germline

cfDNA. Germline alterations were filtered out and not

reported. The assay reports single nucleotide variants

in all genes and selected copy-number amplifications,

fusions and indel events. In addition, blood-derived

cfDNA analysis was also performed by Tempus

(N = 2) and Foundation Medicine (N = 4) in a small

number of individuals.

Most PD-L1 (programmed death-ligand 1) immuno-

histochemistry (IHC) was performed at Foundation

Medicine (https://www.foundationmedicine.com/;

N = 36) followed by Tempus (N = 11; https://www.

tempus.com/), OmniSeq (N = 6; https://www.omniseq.

com/), Integrated Oncology (N = 1; https://www.

integratedoncology.com/) and UCSD (N = 1). Anti-

bodies for PD-L1 IHC were Dako 22C3 (N = 30),

SP142 (N = 22), Dako 28–8 (N = 1) and unspecified

(N = 2). Tumour mutation burden was analysed in 64

patients by Foundation Medicine (N = 54), Tempus

(N = 8), UCSD (N = 1) and Caris (N = 1).

Selected patients (N = 12) were evaluated for immune

profiling markers with RNA sequencing by OmniSeq

(www.omniseq.com; 51 immune markers) [20].

2.3. Matching Score to evaluate the degree of

matching of tumours to therapy

We compared differences in outcomes according to a

previously described molecular Matching Score

[15,21,22]. Briefly, Matching Score was roughly defined

as the number of alterations (not counting variants of

unknown significance, VUS) targeted by administered

drugs divided by the total number of pathogenic alter-

ations (not counting VUSs) discerned. We did not dif-

ferentiate between potential driver vs. passenger

alterations. The higher the score (range, 0–100%), the

better the match. For example, if a tumour harboured

10 deleterious genomic alterations and the patient was

given two agents that targeted three of these alter-

ations, the score would be calculated as 30% (3 of 10).

Investigators who calculated the scores were blinded to

participant outcomes. Because there can be hetero-

geneity between blood and tissue samples or among

tissue biopsies, if a patient had ≥ 2 genomic test

results, the pathogenic alterations in each test result

were counted.

Other considerations were also relevant: (a) if a par-

ticipant had ≥ 2 genomic aberrations that were in the

same gene and potentially impacted the same sig-

nalling pathway, these abnormalities were counted as

one; (b) if two agents simultaneously impacted the

same anomaly in a well-established synergistic manner

(e.g. for BRAF aberrations, the Food and Drug

Administration (FDA) approved combinations of dab-

rafenib (BRAF inhibitor) and trametinib (MEK inhibi-

tor); for ERBB2 aberrations, pertuzumab and

trastuzumab antibodies), the impact was counted twice

in both the numerator and denominator; (c) two

pathogenic alterations in the same gene that poten-

tially had different oncogenic impacts or were struc-

turally distinct (e.g. amplification and mutation) were

calculated as two; and (d) oestrogen or androgen

receptor IHC positivity targeted by a hormone modu-

lator (e.g. letrozole or enzalutamide) was also tallied

as one in both the numerator and the denominator.

Antibodies were considered matched if their target

was the product of the molecular aberration. For small
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molecule inhibitors, matching was based on low inhibi-

tory concentration 50% (IC50) of the drug for the tar-

get (usually < 100 nM) or for protein effectors directly

downstream of the anomalous gene product. Patients

whose cancers harboured a BRCA-related gene muta-

tion were designated as matched if they were given

PARP inhibitors or platinum cytotoxics. If an individ-

ual was given immune checkpoint blockade, the score

was assigned as 100 per cent for results of microsatel-

lite instability-high (MSI-H) or high tumour muta-

tional burden (TMB-H; ≥ 20 mutations�Mb�1) or high

PD-L1 IHC expression; the score was 50 per cent for

results of TMB-intermediate or low positive IHC PD-

L1. Individuals in the checkpoint blockade-treated

group who had, as an example, TMB-intermediate (6–
19 mutations�Mb�1) and were scored at 50 per cent,

and also received matched targeted compounds, had

the total score calculated as 50% + (X%/2) [X%/2

was defined as (number of alterations targeted by com-

pounds given)/(total number of alterations X 2)]. For

example, if a malignancy had intermediate TMB and

the participant was given checkpoint blockade, but

also had a KIT and EGFR alteration and received a

KIT inhibitor in addition to immune checkpoint block-

ade, the score was 50 + 25% = 75%. We also counted

TP53 abnormalities as matched to small molecule inhi-

bitors and antibodies with anti-VEGF/VEGFR activ-

ity because several reports have stated that TP53

tumour suppressor mutations are associated with

enhanced VEGFA expression and that VEGF/VEGFR

suppressive therapies correlated with improved therapy

outcomes in patients with TP53-aberrant cancer [23–
25]. No match was scored as > 100%. More details on

Matching Score calculations are in our prior publica-

tions [15,21]. Any transcript or protein biomarker that

was matched to a participant was counted as one in

both the numerator and the denominator. We strati-

fied patients according to Matching Scores 0–50% vs.

> 50% (with unmatched patients scored as 0%). The

cut-off score of 50% was determined as reasonable for

estimating the maximum SD ≥ 6 months with PR/CR

rate in the higher score group using the receiver oper-

ating characteristic curve (ROC).

2.4. Endpoints and statistical methods

Patient demographic characteristics and biomarkers

were summarized by descriptive statistics. Therapy

response was evaluated by imaging (e.g. computed

tomography and/or magnetic resonance imaging) and

categorized into SD, PR, CR and progressive disease

(PD) according to the treating physician’s assessment.

PFS was defined as time between treatment initiation

and disease progression confirmed by clinical or imag-

ing findings. OS was defined as time between initiation

of treatment and last follow-up. Patients still on treat-

ment without progression at the last follow-up date

were censored for PFS at that date; patients alive at

last follow-up were censored for OS. (The last follow-

up event could be death.) The last data analysis date

was 14 May 2019. Cox regression and log-rank test

were used to compare patient subgroups. Variables

with P < 0.1 were included for multivariate analysis.

P-values ≤ 0.05 were considered significant. All tests

were two-sided. Statistical analyses were performed

with help from co-author RO utilizing SPSS version 24

software (IBM Corporation, Armonk, NY, USA).

3. Results

3.1. Demographic characteristics

We examined 6497 patients who were in the PRE-

DICT database and found 97 patients with CUP

(Fig. S1). Of these 97 patients, 62 were treated and

evaluable for PFS and OS; 55 were treated and were

evaluable for response; all evaluable patients had

molecular diagnostic testing.

In this study, 59 of the 97 patients were women, and

the median age at diagnosis was 63 years (range, 21–
95 years; Table 1). Adenocarcinoma was the most

common histology, but a variety of others were seen,

including but not limited to neuroendocrine and squa-

mous cell. All patients had advanced disease.

All patients had NGS performed on tissue and/or

blood-derived cfDNA. The median (range) number of

deleterious alterations in tissue was 4 (range, 0–25); in
cfDNA, 2 (0–9). Overall, based on the number of

patients tested for the parameter, 3.6% (2/55) of

tumours showed MSI-H/defect in a mismatch repair

gene; 9.4% (6/64) had TMB-H (≥ 20 mutations�Mb�1);

23% (15/64) had TMB ≥ 10 mutations�Mb�1; and none

of our patients had an NTRK fusion.

3.2. Genomic alterations as determined by NGS

show complex molecular portfolios that differ

between patients

The median number of pathogenic alterations of the

74 patients who had tissue NGS testing was four

(range, 0–25). Overall, 55.4% of patients who had tis-

sue NGS profiling had a deleterious TP53 alteration.

Other prevalent tissue NGS deleterious alterations

included CDKN2A (24.3%) and KRAS (20.3%;

Fig. 1A and Table S1).
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The median number of deleterious alterations in the

72 patients who had blood-derived cfDNA testing was

two (range, 0–9). The most common deleterious alter-

ations in cfDNA were in TP53 (61.1% of patients)

followed by KRAS (20.8%) and PIK3CA (16.7%)

(Fig. 1B and Table S2). No two patients had an iden-

tical molecular landscape, either on the tissue level or

in the blood-based cfDNA analysis.

3.3. Immune profiling: PD-L1 testing by IHC and

RNA expression of immune markers shows

complex and heterogeneous CUP immunograms

Of the 55 patients who had PD-L1 testing, 17 (30.9%)

were PD-L1-positive on either tumour or immune cells

(Table 1). Among the 12 patients who had tumour

immune profiling by RNA expression (OmniSeq), each

cancer’s immune portfolio was different (Fig. 1C and

Table S3). High levels of checkpoints PD-1, PD-L1,

PD-L2 and LAG-3 were found in one to two tumours

each; moderate levels of these checkpoints were found

in additional cancers. Further, a subset of patients’

malignancies had moderate levels of other checkpoint-

related markers, including but not limited to CTLA-4,

TIM3 and VISTA. More than one tumour had high/

very high levels of the myeloid suppression markers

CSF1R and CD68. Metabolic immune escape markers

ADORA2, CD39 and IDO1 were each highly elevated

in one tumour. TGFB1 was highly elevated in two

tumours. ICOS ligand was the T-cell-primed marker

most frequently highly expressed (N = 3 cancers). In

addition to tumours with high/very high RNA levels of

certain immune markers, almost each of the immune

markers was at least intermediately elevated in 50% or

more of tumours, though the pattern of immune marker

change was highly heterogeneous between tumours.

3.4. CUP tumours frequently showed potentially

actionable genomic alterations

Overall, 91% of patients (out of a total N = 97) had

≥ 1 deleterious genomic alterations in either tissue

Table 1. Characteristics of 97 patients with carcinoma of unknown primary. cfDNA, cell-free DNA; IHC, immunohistochemistry; MSI,

microsatellite instability; NGS, next-generation sequencing; TMB, tumour mutation burden. See Fig. S2 that describes overlap of test types.

Basic characteristics

Age at diagnosis, median (range), year 63 (21–95)

Woman, number (%) 59 (60.8%)

Histology, number (%)

Adenocarcinoma 52 (54%)

Neuroendocrine carcinoma 18 (19%)

Squamous cell carcinoma 10 (10%)

Poorly differentiateda 14 (14%)

Otherb 3 (3%)

Molecular profiling

Number of patients who had tissue NGS, number (%) 74 (76%)

Median number of characterized alterations from tissue NGS (range) 4 (0–25)

Number of patients who had cfDNA, number (%) 72 (74%)

Median number of characterized alterations from cfDNA (range) 2 (0–9)

Immune profiling

Number of patients who had MSI testing 55 (N = 52 from tissue, N = 3 from cell-free DNA)

Patients with MSI-high/defect in a mismatch repair gene (%) 2/55 (3.6%)

Number of patients who had tissue-based TMB testing 64

TMB-Low (≤ 5 mutations�Mb�1)c 40/64 (62.5%)

TMB-intermediate (6–19 mutations�Mb�1)c 18/64 (28.1%)

TMB-high (≥ 20 mutations�Mb�1)c 6/64 (9.4%)

Patients with TMB ≥ 10 mutations�Mb�1 15/64 (23%)

Patients with NTRK fusion-positive None

Number of patients who had PD-L1 testing by IHC 55

PD-L1 positived 17/55 (30.9%)

Number of patients who had comprehensive immune profiling by RNA sequencing 12

a

Not defined as adenocarcinoma, squamous cell carcinoma or neuroendocrine histology.
b

Sarcomatoid carcinoma, carcinoma (favoured but not limited to cholangiocarcinoma, hepatocellular carcinoma or breast primary), malignant

epithelial neoplasm most consistent with gastrointestinal tract or biliary primary (N = 1 each).
c

Or as defined by the vendor/laboratory.
d

Defined as ≥ 1% by IHC from tumour (N = 16) or from tumour-infiltrating lymphocyte (N = 1).
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(B)(A)

(C)

Fig. 1. Pathogenic alterations in tissue NGS analysis (N = 74), blood-derived cfDNA analysis (N = 72) and immune profiling markers with

RNA sequencing (N = 12) among patients with CUP. (A) Pathogenic alterations in tissue NGS analysis among patients with CUP patients

(N = 74). Numbers shown are percent of patients with the specified alteration. Included the genes with frequency of > 5%. See Table S1

for complete list of genomic alterations found by tissue NGS; percentage represents per cent of patient with alteration. (B) Pathogenic alter-

ations in blood-derived cfDNA analysis among patients with CUP (N = 72). Numbers shown are per cent of patients with the specified alter-

ation. Included the genes with frequency of > 4%. See Table S2 for complete list of genomic alterations found by cfDNA assay; Percentage

represents per cent of patient with alteration. (C) Immune profiling markers with RNA sequencing (OmniSeq) among patients with CUP

(N = 12). Percentage represents per cent of patient with indicated expression. See also Table S3.
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DNA or blood-derived cfDNA as determined by

NGS. Furthermore, treatment actionability as tabu-

lated by a database that lists genomic alterations by

their levels of evidence (OncoKB, https://www.oncokb.

org/) [16] was evaluated: 54 of 97 patients had ≥ 1

Level 1, 2 or resistance (R1) alterations per OncoKB

(most commonly the KRAS resistance marker;

Tables S4 and S5). Furthermore, 30 of 97 patients had

a genomic marker with Level 1 evidence (highest

OncoKB level).

3.5. High degrees of matching of therapy to

omic aberrations correlated with better outcome

Among 97 patients with CUP, 62 patients were evalu-

able for PFS and OS outcomes, and 55 patients were

assessable for response to systemic therapy. Age, gen-

der, histology and the number of prior lines of therapy

had no correlation with clinical outcome (Tables 2 and

3). Patients who received immunotherapy (checkpoint

blockade) vs. those who did not showed an increase

in rate of SD ≥ 6 months/PR/CR (56% vs. 27%;

P = 0.043), but multivariate P-value was nonsignifi-

cant (P = 0.73); similarly, PFS showed a trend to

improvement in univariate analysis (6.2 vs.

3.7 months; P = 0.063) but was nonsignificant in mul-

tivariate analysis; OS was not significantly different in

patients who did and did not receive immune check-

point blockade.

We also explored the relationship between the degree

to which therapy matched tumour alterations and out-

come (Tables 2 and 3; Figs 2 and 3). Examining

patients whose tumour therapy matched to their alter-

ations vs. those whose tumours were unmatched thera-

peutically to their alterations showed no difference in

any outcome parameters (Tables 2 and 3; Fig. 2A,C).

The number of drugs given to a patient also did not

correlate with outcome. However, examining patients

with high vs. low degrees of matching (Matching

Score > 50% vs. ≤ 50%) showed significant differences

(Figs 2B,D and 3, Table S6): SD ≥ 6 months/PR/CR,

71% vs. 24% (univariate P = 0.003; multivariate P =
0.022); median PFS, 10.4 vs. 2.8 (univariate P = 0.002;

multivariate P = 0.014); and median OS, 15.8 vs. 6.9

[P = 0.09 (trend, univariate only); Tables 2 and 3].

Therefore, the only variable that independently corre-

lated with improvement in any outcome parameter was

the degree to which there was matching of tumour alter-

ations to therapy.

4. Discussion

Carcinoma of unknown primary is an uncommon

malignancy, afflicting less than 5% of patients with can-

cer, with a poor prognosis. By definition, the primary

cancer diagnosis is unknown [26,27]. Assays have been

created to establish site of origin [28], but these assays

have not effectively navigated patients to treatments

Table 3. Factors predictive for clinical benefit (SD ≥ 6 months/PR/CR) with systemic therapy among patients with carcinomas of unknown

primary (N = 55). CI, confidence interval; OR, odds ratio.

Characteristics

Treatment response (SD ≥ 6 months/PR/CR) (N = 55)a

Univariate Multivariate

Rate (N) P-value OR (95%CI) P-value

Age, yearsb

≥ 64 [N = 28] vs. < 64 [N = 27] 43% (12/28) vs. 30% (8/27) 0.40 — —

Sex

Female [N = 30] vs. male [N = 25] 40% (12/30) vs. 32% (8/25) 0.59 — —

Histology

Adenocarcinoma [N = 29] vs. not [N = 26] 45% (13/29) vs. 27% (7/26) 0.26 — —

Treatment

Administered as 1st line [N = 36] vs. ≥ 2nd line [N = 19] 36% (13/36) vs. 37% (7/19) > 0.99 — —

≥ 2 drugs [N = 45] vs. single drug [N = 10] 40% (18/45) vs. 20% (2/10) 0.30 — —

Matched [N = 34] vs. unmatched [N = 21] 44% (15/34) vs. 34% (5/21) 0.16 — —

Matching Score > 50% [N = 14] vs. ≤ 50 [N = 41]c 71% (10/14) vs. 24% (10/41) 0.003 6.67 (1.30–33.3) 0.022

Immunotherapy based [N = 18] vs. other [N = 37]d 56% (10/18) vs. 27% (10/37) 0.043 1.32 (0.29–5.88) 0.73

a

Excluded 6 patients who had ongoing SD less than 6 months at the time of data cut-off. Additionally, one patient was not evaluable for

response assessment.
b

Age at treatment initiation. Dichotomized by the median value.
c

Low Matching Score group includes 21 patients with Matching Score = 0 (unmatched) and 20 patients with Matching Score of 1 to 50.
d

N = 37 patients received non-immunotherapy-based therapies.
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that improve outcomes [7,8]. Recently, with the dawn of

the precision medicine era, clinical-grade tissue and

blood-based NGS have become accessible, as has multi-

ple other biomarker testing at the transcriptomic and

proteomic level [29]. Among 6497 who were enrolled in

the PREDICT study at our Center for Personalized

Cancer Therapy, we found 97 with CUP, of whom 62

were evaluable for therapeutic outcome.

Patients had a variety of potential important

biomarkers. Indeed, there were only 9 of 97 patients

(9.3%) who had no deleterious genomic alterations in

either tissue DNA or blood cfDNA NGS. Moreover,

we explored the landscape of alterations based on their

druggability, as determined by OncoKB, a database

that consists of a curated list of somatic molecular

alterations defined by their level of evidence (https://

(A) (B)

(C) (D)

Fig. 2. Progression-free survival and overall survival depending on matched vs. unmatched therapy and the Matching Score of treatment

(N = 62). (A) Progression-free survival depending on whether patients received matched vs. unmatched therapy (N = 62). Patients whose

tumour therapy matched to their alterations vs. those whose tumours were unmatched therapeutically to their alterations showed no differ-

ence in progression-free survival (matched vs. unmatched: 3.7 vs. 3.8 months, P = 0.41, univariate). (B) Progression-free survival depending

on the Matching Score of treatment (see Materials and methods for definition of Matching Score) (N = 62). Patients who received therapy

with high degree of matching (Matching Score > 50%) had significantly better progression-free survival when compared to patients treated

with low degree of matching (Matching Score ≤ 50%; median progression-free survival: 10.4 vs. 2.8 months, P = 0.002, univariate). (C)

Overall survival depending on whether patients received matched vs. unmatched therapy (N = 62). Patients whose tumour therapy matched

to their alterations vs. those whose tumours were unmatched therapeutically to their alterations showed no difference in overall survival

(matched vs. unmatched: 13.4 vs. 6.9 months, P = 0.31, univariate). (D) Overall survival depending on the Matching Score of treatment (see

Materials and methods for definition of Matching Score; N = 62). Patients who received therapy with high degree of matching (Matching

Score > 50%) had trend toward better overall survival when compared to patients treated with low degree of matching (Matching

Score ≤ 50%; median overall survival: 15.8 vs. 6.9 months, P = 0.09, univariate).
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www.oncokb.org/) [16]; 56% (of 97 patients) had ≥ 1

actionable marker per OncoKB (Tables S4 and S5);

93% had ≥ 1 potentially actionable marker per UCSD

(latter includes PD-L1 IHC positive) [12,30]; and 31%

of patients had a marker with the highest level of evi-

dence (Level 1) by OncoKB. The median number of

deleterious genomic alterations in tissue DNA was 4

(range, 0–25); in blood-derived cfDNA, 2 (0–9). Aber-

rations in TP53 and KRAS genes were among the

most frequent deleterious alterations in tissue DNA

and in blood-derived cfDNA. Recently, the FDA has

approved several drugs for tissue-agnostic use: 3.6%

of our tested patients had MSI-H/defect in a mismatch

repair gene, and 23% had TMB ≥ 10 mutations�Mb�1

(approved for the checkpoint inhibitor pem-

brolizumab); [31,32] no patient had an NTRK fusion

(approved for the NTRK inhibitors larotrectinib or

entrectinib) [33,34]. The latter may not be a surprise,

since NTRK fusions occur in only 0.3% of patients

with diverse advanced cancers [35]. Overall, 30.9% of

tumours were positive for PD-L1 by IHC, an

approved biomarker for immune checkpoint blockade

[36]. Twelve patients also had in-depth immune inter-

rogation of their tumour. A variety of theoretically

druggable targets were found including, but not lim-

ited to, LAG-3, CSF1R, ADORA2 and IDO1, all of

which can be impacted by compounds that are

approved or in clinical trials. Both NGS and immune

profiling revealed that CUPs are complex and hetero-

geneous and that they differ from each other at both

the mutanome and the immunome level.

When we explored clinical outcomes, important

themes emerged. Classic variables such as age, gender,

histology (adenocarcinoma vs. squamous vs. neuroen-

docrine vs. other), number of prior lines of therapy, the

number of drugs given in the treatment and administra-

tion of immune checkpoint blockade had no significant

association with outcome in multivariate analysis

(Tables 2 and 3). However, the patients with partial

response received immunotherapy (anti-PD1; based on

PDL1 positive or high TMB), though in all cases but

one, together with another agent. Furthermore, deter-

mining whether or not patients’ tumours were matched

or unmatched to therapy was not correlated with any

outcome parameter. In contrast, patients with high vs.

low degrees of matching (as reflected by Matching

Score > 50% vs. ≤ 50%) showed significant differences

in rates of clinical benefit (SD ≥ 6 months/PR/CR) and

PFS in multivariate analysis and a trend toward better

survival. Importantly, the degree of matching of

tumours to therapy was the only variable that indepen-

dently correlated with improvement in any outcome

parameter. These data indicate that it is critical to recog-

nize that simply matching targeted therapeutics to geno-

mic aberrations was not sufficient to generate improved

patient outcomes. The findings in our patients with

CUP are consistent with previously reported data show-

ing that high vs. low degrees of matching are signifi-

cantly associated with higher response rates and longer

PFS and OS across advanced cancers [15,21].

There are several important limitations to the cur-

rent study. The number of treated patients is small,

Fig. 3. Treatment benefit/response

according to Matching Score

among patients with carcinomas of

unknown primary (N = 55)*.

Patients who received therapy with

high Matching Score (> 50%)

showed significant improvement in

SD ≥ 6 months/PR/CR when

compared to patients who had

therapy with low Matching Score

(≤ 50%; 71% vs. 24%, P = 0.003,

univariate).* Excluded six patients

who had ongoing SD < 6 months

at the time of data cut-off. One

patient was not evaluable for

response assessment. CR,

complete response; PD,

progressive disease; PR, partial

response; SD, stable disease.
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and the analysis was performed retrospectively. Fur-

ther, only a subgroup of patient tumours had compre-

hensive immune profiling. Although most patients

were discussed in a Molecular Tumor Board, the ther-

apy was not scripted. The latter permitted flexibility

for the physicians to choose the best management for

each patient, based on their medical and personal cir-

cumstances, was akin to real-world practice. Biases

related to differing prognoses or differing NGS panels

may also be present. In the future, prospective ran-

domized studies are needed to better validate our find-

ings, particularly, the utility of the Matching Score.

Further investigation is also required to discern

whether certain combinations of targeted therapies are

more efficacious than others in patients with the same

genomic findings. Finally, the results are hypothesis-

generating as the scoring system requires external

validation.

5. Conclusion

In summary, among patients with CUP, the majority

had actionable genomic alterations as determined by

NGS on tissue DNA or blood-derived cfDNA. Fur-

thermore, 3.6% of cancers had MSI-H/defect in mis-

match repair gene and 23% had TMB ≥ 10

mutations�Mb�1, each of which is FDA-approved

tissue-agnostic genomic biomarkers for immunother-

apy. In addition, 30.9% of CUPs were PD-L1-positive

by IHC, also an FDA-approved biomarker for check-

point blockade. No two patients had the same portfo-

lio of molecular alterations or of immune profile

perturbations. Furthermore, most patients had several

genomic alterations and, for those tested, multiple

immune portfolio changes, speaking to the need for

NGS and comprehensive immune interrogation in

order to inform individualized combination treatment.

Consistent with this observation, the degree to which

CUPs were matched to a tailored treatment combina-

tion was the only factor that was independently associ-

ated with improved outcome parameters. These data

are consistent with other prior trials, suggesting that

combination therapy with high degrees of matching

may be effective, even where matched monotherapies

are not active [15,21,37]. Larger prospective trials of

an N-of-One matching strategy for CUPs informed by

genomic and immune profiling are warranted.
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