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PURPOSE Tissue-based next-generation sequencing (NGS) in metastatic breast cancer (mBC) is limited by the
inability to noninvasively track tumor evolution. Cell-free DNA (cfDNA) NGS has made sequential testing
feasible; however, the relationship between cfDNA and tissue-based testing in mBC is not well understood.
Here, we evaluate concordance between tissue and cfDNA NGS relative to cfDNA sampling frequency in a large,
clinically annotated mBC data set.

METHODS Tempus LENS was used to analyze deidentified records of mBC cases with Tempus xT (tissue) and xF
(cfDNA) sequencing results. Then, various metrics of concordance were assessed within overlapping probe regions of
the tissue and cfDNA assays (104 genes), focusing on pathogenic variants. Variant allele frequencies of discordant and
concordant pathogenic variants were also compared. Analyses were stratified by mBC subtype and time between tests.

RESULTS Records from 300 paired tissue and liquid biopsies were analyzed. Median time between tissue and
blood collection was 78.5 days (standard deviation = 642.99). The median number of pathogenic variants/patient
was one for cfDNA and two for tissue. Across the cohort, 77.8% of pathogenic tissue variants were found in cfDNA
and 75.7% of pathogenic cfDNA variants were found in tissue when tests were < 7 days apart, which decreased to
50.3% and 51.8%, respectively, for > 365 days. Furthermore, the median patient-level variant concordance was
67% when tests were <7 days apart and 30%-37% when > 30 days. The median variant allele frequencies of
discordant variants were generally lower than those of concordant variants within the same time frame.

CONCLUSION We observed high concordances between tissue and cfDNA results that generally decreased with
longer durations between tests. Thus, cfDNA NGS reliably measures tissue genomics and is likely beneficial for
longitudinal monitoring of molecular changes in mBC.
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BACKGROUND

Despite advancements in the early detection and
treatment of breast cancer, a portion of cases still recur
as metastatic disease, and metastatic breast cancer
(mBC) is considered incurable. The main challenge
of effective mBC treatment is tumor heterogeneity,
which may be evaluated by using next-generation
sequencing (NGS).1® Although tissue biopsies re-

tumor DNA (ctDNA) is shed into the blood from dif-
ferent disease sites, liquid biopsy can offer a more
comprehensive picture of malignancies.®° For ex-
ample, in a recent comparison of postprogression
ctDNA versus solid-tumor DNA in gastrointestinal
cancer, clinically relevant resistance alterations in
ctDNA were not found in the matched tumor biopsy in
78% of cases.® Although liquid biopsy is clinically

main the gold standard for NGS-based genomic
characterization,* they are invasive and carry the risk
of surgical complications.>” Therefore, tissue-based
NGS is difficult to repeat in clinical practice and im-
practical for periodic monitoring of treatment re-
sponse. Furthermore, a small piece of tissue does not
necessarily represent the entire tumor composition in
primary and metastatic sites.!>®

Alternatively, liquid biopsies are noninvasive and
easily repeated, enabling the monitoring of dynamic
diseases via cell-free DNA (cfDNA).? Since circulating

useful, there are still limitations. Low concentrations of
ctDNA in the sample can lead to false negatives.!''*?
Conversely, gene alterations associated with clonal
hematopoiesis of indeterminate potential (CHIP) may
be mistaken for oncogenic drivers, resulting in false
positives.'>* Finally, small protocol deviations during
blood collection, storage, or processing may compli-
cate detection.!®

A possible solution to the challenges posed by both
methods is concurrent tissue and cfDNA analysis to
characterize the genomic landscape and monitor
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CONTEXT

Key Objective

Tracking the molecular composition of metastatic breast cancer (mBC) with liquid and/or solid biopsy can improve targeted
therapy approaches, but the relationship between cell-free DNA (cfDNA) and tissue-based testing is not well understood.
We evaluated concordance between tissue and cfDNA next-generation sequencing (NGS) results in relation to cfDNA
sampling frequency in a large, real-world mBC data set.

Knowledge Generated

Longitudinal comparisons from multiple perspectives revealed high concordances between tissue and cfDNA results that
decreased with longer durations between tests. In some cases, cfDNA NGS detected variants that were missing from paired
tissue NGS results and vice versa. Furthermore, the median variant allele frequencies of discordant variants were generally
lower than those of concordant variants within the same time frame.

Relevance

cfDNA NGS reliably measures genomic variants when tissue is not available and is likely beneficial for longitudinal monitoring
of molecular changes in mBC. Nonetheless, combined testing may detect variants missed by either method alone.

tumor evolution. Previous studies show that more than half
of the mutations detected in either tissue or liquid biopsy
are not detected using the other technique, indicating
potential complementary roles.*®” In fact, the addition of
plasma testing to tissue increases therapeutic target de-
tection for patients with metastatic non-small-cell lung
cancer by 15%.'® Moreover, positive concordance among
frequent alterations varies across genes and decreases with
longer time intervals between the collection of tissue and
blood.*®

To expand upon these findings and guide future applica-
tions of concurrent liquid and solid biopsy NGS testing in
mBC, a better understanding of their relationship is
needed. Here, we assess the concordance and temporal
relationship between tissue and cfDNA NGS data in paired
solid and liquid biopsies from a large, real-world mBC
data set.

METHODS

All analyses were completed using the Tempus LENS
platform, which aggregates deidentified data from samples
tested with the Tempus Platform and enables real-time
cohort identification and analysis. Tissue and liquid biopsy
samples were collected and processed as previously de-
scribed, with cfDNA analyzed by using the Tempus xF
assay and tissue by using the Tempus xT assay.!”2° All xT
versions were included, with the current version targeting
648 genes and previous iterations 596 genes. All versions
detect single-nucleotide variants (SNVs), insertions/
deletions (indels), copy-number variants, and select
chromosomal rearrangements. The xF assay identifies
SNVs and indels in a targeted panel of 105 genes from
peripheral blood, copy-number variants in six genes, and
chromosomal rearrangements in seven genes.

Within Tempus LENS, we randomly selected 300 dei-
dentified records of patients with a stage IV mBC diagnosis.
Each record required results from at least one tissue and
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one cfDNA test, along with known collection times and
tissue biopsy sites. Only records from the same bio-
informatic pipeline versions of each assay were selected.
When records included multiple tissue or cfDNA tests, the
pair with the shortest time interval between collection dates
was chosen.

Variants were classified on the basis of recommendations
from the AMP/ASCO/CAP/ClinGen Somatic working group
and ACMG guidelines using proprietary software and da-
tabases. CHIP variants were not specifically excluded, nor
tissue germline variants if identified as pathogenic in cfDNA
(included 25 variants across the data set). We focused on
concordance of detected pathogenic variants (SNVs and
indels) in overlapping genomic regions, resulting in 104
genes. Variants detected at variant allele frequencies
(VAFs) below their respective assay’s limit of detection
(LOD) were filtered out (xT LODs: SNV = 0.05 and indel =
0.1; xF LODs: SNV = 0.0025 and indel = 0.005).17+2°

The frequencies of pathogenic variants from each assay
were compared for individual patient records and among
the entire data set. Then, various metrics of concordance
were assessed (Fig 1A), including gene-level variant con-
cordance, concordance of variants present in more than
three patients (> 1% of the cohort, deemed reoccurring
variants), patient-level variant concordance, and cohort-
matched variant concordance, as defined below.

e Gene-level variant concordance: all pathogenic variants
detected within a particular gene for a given patient.

e Mutually exclusive gene-level concordance: genes with
alterations detected in both tissue and cfDNA, but never
the same variant.

o Partial gene-level concordance: at least one variant of a
given gene was detected in both assays but additional
variants in the same gene were mutually exclusive.

¢ Patient-level variant concordance: the total number of
unigue pathogenic variants in both tissue and cfDNA,
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FIG 1. (A) A schema representing cohort selection and analysis using the Tempus LENS platform, along with an overview of the comparisons
between solid and liquid biopsy NGS presented in the study. (B) Time between tissue (purple square) and liquid (orange diamond) biopsies in 300
patients with metastatic breast cancer. (C) Pathogenic variants identified in tissue (purple) or cfDNA (orange) within overlapping genomic regions of
the assays. cfDNA, cell-free DNA; NGS, next-generation sequencing; VAF, variant allele frequency.

JCO Precision Oncology



Liu et al

divided by all unique pathogenic variants identified on
either test for each patient record. Variants were con-
sidered concordant if reported by both tissue and cfDNA
assays for a given record, and discordant if only reported
in one assay.

e Cohort-matched variant concordance: the number of
intrapatient concordant variants divided by either all
variants across the data set for each patient record or all
variants from a given assay for each patient record.

Patient records with no pathogenic variants were excluded
from patient-level and cohort-matched variant concor-
dance calculations. VAFs from each assay were stratified by
concordance and time between tests and plotted for
comparison. P values are from two-sided Wilcoxon Rank-
Sum tests, with the exception of the cohort-matched variant
concordance comparisons between time intervals which
are from two-sided Fisher’s Exact tests.

RESULTS
Data Set Characteristics

Using the Tempus LENS platform, we analyzed 300 pa-
tients with mBC who underwent sequencing with at least
one tissue and one cfDNA assay during their routine clinical
care (Fig 1A). Clinical characteristics from patient records
included in the final data set are presented in Table 1.

Use Patterns of Liquid Biopsy and Tissue NGS Testing
in mBC

We first investigated patterns of tissue and cfDNA se-
quencing use among clinicians (Fig 1B), with tissue col-
lection date considered time point zero. Most cfDNA tests
were follow-ups to tissue sequencing. Median time be-
tween tissue collection and blood draw was 78.5 (standard
deviation [SD] = 642.99) days (Fig 1B). For more than half
(52%) of the submitted samples, the time interval between
solid and liquid biopsies was < 100 days (Table 1, Fig 1B).
Although concordance analyses were restricted to pairs of
one cfDNA and one tissue test per patient, 14% of the data
set (n = 43/300) had multiple cfDNA tests (median = 2,
SD = 0.70, of patients with multiple tests) and 9% (n = 28/
300) had multiple tissue tests (median = 2, SD = 0.26, of
patients with multiple tests).

Landscape and Prevalence of Pathogenic Variants
Detected in Tissue and Cell-Free DNA

The median number of pathogenic variants reported per
record in overlapping probe regions was two for tissue and
one for cfDNA (range = 0-7 and 0-10, respectively; Figures
1C, 2A, and 2B). Furthermore, only 6% of patient records
(n = 19) had no alterations detected in either test, meaning
most (94%) mBC cases had at least one pathogenic al-
teration in either tissue, cfDNA, or both (Fig 1C). Overall, the
distributions of pathogenic variant frequencies in tissue and
cfDNA were similar across the data set (Fig 2A), although
relatively more patients had no pathogenic variants de-
tected in cfDNA (28%, n = 84) compared with tissue

4 © 2022 by American Society of Clinical Oncology

(11.7%, n = 35). Conversely, more patients had > 5
pathogenic variants in cfDNA (7%, n = 21) compared with
tissue (2.7%, n = 8). Likewise, the landscape and preva-
lence of the 25 most frequently identified mutations were
generally similar between tissue and cfDNA (Fig 2C), with
some small deviations. Across results from the data set, the
five most frequently detected pathogenic variants were
TP53 (44% of tissue, 40% of cfDNA, and 52% of patients
when combining results from either test), PIK3CA (29% of
tissue, 24% of cfDNA, and 33% of either), ESR1 (15% of
tissue, 16% of cfDNA, and 22% of either), CDH1 (11% of
tissue, 9% of cfDNA, and 12% of either), and GATA3(10%
of tissue, 7% of cfDNA, and 11% of either).

Gene-Level and Reoccurring Variant Concordances

The data set was then subdivided by mBC subtypes to assess
gene-level variant concordance and prevalence. Figure 3
displays gene-level variant concordances in the most fre-
quently mutated genes within each subtype (patients without
variants in these genes are not displayed; top to bottom =
descending frequency order). TP53 was the most frequently
mutated gene across all subtypes, followed by PIK3CA. Al-
though ESR1 was third most frequent for both luminal A and
luminal B samples, neither human epidermal growth factor
receptor 2-enriched nor triple-negative had £SR1 in the most
frequently mutated (Figs 3A-3D). Notably, all ESR1 mutations
in luminal B cancer were detected by liquid biopsy—only
(Fig 3B). Among triple-negative cases with BRCAI (n = 6) or
PIK3CA variants (n = 13) in either assay (Fig 3D), all BRCA1
results were concordant, as were most PIK3CA (n = 8 perfectly
concordant, n = 9 including partially concordant). Appendix
Figure Al shows results from the incomplete category.

After assessing gene-level concordance by subtype, we
focused on only variants identified in > 3 patients (> 1% of
the cohort). Across all records, concordances in these
reoccurring pathogenic variants were largely gene-
dependent (Fig 4). For example, detection of variants in
PIK3CA were predominantly concordant, besides
p.His1047Leu where more patients had the variant in
tissue-only (n =4) compared with liquid biopsy-only (n=1)
or both (n = 2). Contrastingly, all ESR1 variants were more
likely to be identified when analyzing cfDNA (cfDNA-only or
concordant) than tissue samples alone.

Patient-Level Variant Concordance and Temporal
Patterns of Tissue and Cell-Free DNA Tests

Among all records, 81% of results had at least one con-
cordant variant or no pathogenic variants identified in either
test when samples were taken < 7 days apart. This con-
cordance dropped to 72% when > 7 but < 30 days apart,
and further decreased to 56%-64% when > 30 days apart
(Fig 5A). When evaluating patient-level variant concor-
dance, which excluded those with concordance due to lack
of pathogenic variants from Figure bA, we observed high
concordances between tissue and cfDNA results that
generally decreased with longer intervals between testing.
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FIG 2. (A) The distribution of pathogenic variant frequencies detected within overlapping genomic regions of the tissue (purple) and cfDNA
(orange) assays. (B) The median number of pathogenic variants detected per patient record in cfDNA (orange) and tissue (purple). (C) The top 25
most frequently detected pathogenic variants in cfDNA (orange), tissue (purple), and either test (red). cfDNA, cell-free DNA.

Cohort-Matched Variant Concordance and Temporal
Patterns of Tissue and Cell-Free DNA Results

Next, cohort-matched variant concordance was assessed,

Median patient-level variant concordance was 67% when
tests were < 7 days apart, 50% when > 7 but < 30 days,
and 30%-37% when > 30 days apart (Fig 5B). Only

patient-level variant concordances between < 7-day and
> 36b-day testing intervals were significantly different after
multiple-test correction (false discovery rate-adjusted
P =.015).

JCO Precision Oncology

wherein pathogenic variants from each patient record
relative to all pathogenic variants identified in the cohort
were compared between tissue and cfDNA. When tissue
and blood collection were < 7 days apart, 77.8% of
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TABLE 1. Clinical Characteristics of the Data Set (N = 300)

Category Classification or Value  Patients, No. (%)
Sex Female 296 (98.67)
Male 4 (1.33)
Self-reported race American Indian or Alaska 1(0.33)
Native
Asian 8 (2.67)
Black or African American 32 (10.67)
Native Hawaiian or Other 1(0.33)
Pacific Islander
Not reported 81 (27.00)
Other race 12 (4.00)
White 165 (55.00)
Tissue biopsy site Liver 83 (27.67)
Breast/nipple 78 (26.00)
Lung/thorax/pleura 41 (13.67)
Lymph nodes 36 (12.00)
Bone 18 (6.00)
Brain 16 (5.33)
Abdomen/peritoneum/ 12 (4.00)
trunk
Other (n = 1 per site) 8 (2.67)
Head, face, or neck 6 (2.00)
Colon 2 (0.67)
Smoking status Current smoker 16 (5.33)
Ex-smoker 58 (19.33)
Never smoker 151 (50.33)
Unknown 75 (25.00)
Subtype Luminal A 156 (52.00)
Triple-negative 57 (19)
Luminal B 16 (5.00)
HER2-enriched 12 (4.00)
Incomplete 59 (20)
Days between solid and liquid < 7 days 42 (14.00)
biopsy > 7 and < 30 days 68 (22.67)
> 30 and < 100 days 46 (15.33)
> 100 and < 365 days 59 (19.67)
> 365 days 85 (28.33)
Median age (SD) at tissue 57.351 (12.601) 300 (100)
biopsy, years
Median time (SD) between 78.5 (642.99) 300 (100)

tissue and cfDNA biopsies, days

Abbreviations: cfDNA, cell-free DNA; HER2, human epidermal growth factor
receptor 2; SD, standard deviation.

pathogenic tissue variants were found within each patient’s
cfDNA (n = 56 concordant/72 total tissue variants) and
75.7% of pathogenic cfDNA variants were found within each
patient’s tissue (n = 56 concordant/74 total cfDNA variants;
Fig 5C), with 62% of all variants detected in both assays,

6 © 2022 by American Society of Clinical Oncology

20% in cfDNA-only, and 18% in tissue-only (Fig 5D). Like
patient-level variant concordance, cohort-matched variant
concordance generally decreased as the time between tests
increased (Fig 5C and Fig 5D). When tests were > 365 days
apart, for example, 50.3% of pathogenic tissue variants were
found within each patient's cfDNA (n = 73 concordant/145
total tissue variants) and 51.8% of pathogenic cfDNA vari-
ants were found within each patient’s tissue (n = 73 con-
cordant/141 total cfDNA variants; Fig 5C), with 34% of all
variants detected in both assays, 32% in cfDNA-only, and
34% in tissue-only (Fig 5D).Furthermore, this decrease in
concordance over time was statistically significant when
comparing < 7 days to all other time intervals except for < 30
days (> 30 but < 100 Days: P=2.6e-03, > 100 but < 365
Days: P = 1.7e-04, and > 365 days: P = 8.2e-06).

Variant Allele Frequencies of Discordant and
Concordant Variants

To investigate discordances between tissue and cfDNA, we
next examined the relationship between VAF and con-
cordance. In almost all cases, the median VAFs of dis-
cordant variants were lower than those of concordant
variants for both tissue and cfDNA (Fig 5E). Across all
time periods, the cfDNA VAFs were statistically different
between concordant and cfDNA-only variants (< 7 days:
P=.026,> 7 but <30days: P=1.89e-13, > 30 but < 100
days: P =1.04e-4, > 100 but < 365 days: P=1.79e-7,
and > 365 days: P = 7.65e-6). Furthermore, only the
three longest time periods had significantly different
tissue VAFs between concordant and tissue-only variants
(> 30 but < 100 days: P = 7.53e-04, > 100 but < 365
days: P=4.12e-5, and > 365 days: P = 1.6e-3). Inter-
estingly, the differences in tissue VAFs between concor-
dant and tissue-only variants for both < 7 days and > 7
but < 30 days were not significantly different.

DISCUSSION

Liquid biopsy NGS has the potential to overcome the
issue of tumor heterogeneity and improve our under-
standing of changes in tumor biology over time, ulti-
mately enhancing precision oncology approaches in
breast cancer. cfDNA may be particularly useful in
metastatic settings, as circulating tumor cell levels in-
crease alongside progression®?2 and mBCs may harbor
newly developed alterations not reflected in the baseline
breast sample.?® In this real-world data set, assay use
patterns suggested interest in concurrent plus longitu-
dinal testing among clinicians who order both cfDNA and
tissue NGS for mBC, as 14% of biopsy pairs were col-
lected within 7 days of each other and most cfDNA tests
were ordered as follow-up to tissue sequencing. These
use patterns confirm the importance of understanding
the tissue and cfDNA NGS relationship to interpret
concurrent and temporally distant results in clinical
settings. Compared with more targeted approaches such
as droplet digital polymerase chain reaction, however,
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FIG 3. Pathogenic variant detection and gene-level concordance in the top detected variants by breast cancer subtype: (A) luminal A (n = 156), (B) luminal B
(n=16), (C) HER2 enriched (n = 12), or (D) triple-negative (n = 57). The results for each gene are classified as concordant (blue), partially concordant (red), mutually
exclusive (teal), cfDNA-only (orange), or tissue-only (purple). All other variants were not detected (white). Patients with no pathogenic variants within the displayed
genes are not shown. cfDNA, cell-free DNA; HER2, human epidermal growth factor receptor 2.
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studies specifically showing the reliability of ctDNA NGS
against tissue results in mBC are scarce.?* Previous
efforts were limited by small sample sizes and lack of
standardization between NGS panels over time, which
ultimately restricted conclusions regarding concordance
and temporal effects.®?%28 To facilitate a more com-
prehensive analysis of tissue and cfDNA concordance in
mBC here, we selected a large, real-world cohort with
known time intervals between matched biopsies, in-
cluding only comparable versions of each assay and
restricting analyses to overlapping genomic regions.

When broadly assessing the prevalence and landscape of
pathogenic variants, SNVs/indels were similar between
assays and reflected the known landscape of mBC.*
Subtype-specific variant prevalence also followed ex-
pected trends where, for example, ESRI was highly
prevalent in estrogen receptor—positive but not estrogen
receptor—negative subtypes. This survey of the pathogenic
landscape implies the reliability of cfDNA NGS to capture
variants detected in tissue, as frequencies of top variants
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followed the same pattern in tissue and cfDNA. For all
genes with pathogenic variants in >5% of patients, how-
ever, the percentage of patients with detected variants was
highest when considering the results from either assay.
Thus, combined testing may detect variants missed by
either method alone.

Further supporting this conclusion was the distribution of
pathogenic variants detected per patient by each assay.
The median number of variants identified per patient re-
cord was higher in tissue than cfDNA, similar to previous
reports although less disparate,®?® and relatively more
patients had zero pathogenic variants identified in cfDNA.
Contrarily, more patients had cfDNA results with > 5
variants detected compared with tissue. Given the cohort
entirely comprised patients with metastatic disease, this
could be due to a broader scope of tumor heterogeneity
achievable with cfDNA NGS as an aggregate of detectable
ctDNA from all metastatic lesions.>° Another possible ex-
planation is emerging mutations, as most cfDNA tests
were conducted as follow-ups to tissue sequencing. The
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FIG 5. (A) The percent of patients with concordant tissue and cfDNA results over time. Cases are classified as discordant (white), concordant because
of the presence of at least one pathogenic variant identified in both tests (dark blue), or concordant because of both tests resulting in no identified
pathogenic variants within the overlapping genomic regions (light blue). (B) Patient-level variant concordance showing the percentage of concordant
results per patient record, excluding concordance because of no pathogenic variants identified in either test, separated by days between tissue and
cfDNA tests. Each dot represents a single patient record. Cohort-matched variant concordance over time by (C) pathogenic tissue variants (purple) or
pathogenic cfDNA variants (orange), and (D) all variants that are concordant (blue), only identified in the patient’s tissue (purple), or only identified in
the patient’'s cfDNA (orange). (E) Concordance between tissue and cfDNA VAFs over time, separated by concordant variants (blue), tissue-only
variants (purple), or cfDNA-only variants (orange). *P < .05; **P < .001. cfDNA, cell-free DNA; VAF, variant allele frequency.
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possibility of emerging mutations was also evident in the
gene-dependent concordances observed, where all ESR1
variants were more likely to be detected in cfDNA than
tissue. Additionally, all ESRI mutations in luminal B
samples were exclusively detected by using cfDNA se-
quencing. These results are particularly interesting as ESR 1
mutations confer endocrine resistance and may carry
treatment implications.®* Conversely, certain variants in
PIK3CA were detected at higher rates in tissue than cfDNA.
Again, these gene-dependent concordances varying by
assay suggest an advantage of combined tissue and cfDNA
testing compared with either alone.

The main purpose of this study was to thoroughly assess the
relationship between patient results from tissue and cfDNA
by examining concordance from multiple perspectives.
Although a valuable metric for comparing detection of
variants within genes, previous studies show that gene-level
comparison alone may portray higher concordance than
broader scopes.® Other previous efforts have included all
variants, not only pathogenic, or removed cases with no
pathogenic variants detected in cfDNA even when found in
tissue, both of which could cause overestimates of
concordance.® To avoid potential overestimation, we fo-
cused on overlapping regions and showed patient results
regardless of the number of identified pathogenic variants,
and included a cohort-matched concordance to provide
the most comprehensive analysis possible. Cumulatively,
we observed high concordances between tissue and cfDNA
results that decreased with longer intervals between sample
collection. This result was similar to the findings of
Schwaederle et al,'° although here we evaluated a larger
cohort and used a different NGS platform. The high con-
cordances observed demonstrate that cfDNA NGS reliably
represents tissue genomics, which was primarily of interest,
but the decrease in concordance over time also suggests a

AFFILIATIONS

!Mayo Clinic, Rochester, MN
2Tempus Labs, Chicago, IL
3Vanderbilt University Medical Center, Nashville, TN

CORRESPONDING AUTHOR

Ben Ho Park, MD, PhD, Vanderbilt University Medical Center, 1161 21st
Ave S, Nashville, TN 37232; e-mail: ben.h.park@vumc.org.

EQUAL CONTRIBUTION

M.C.L. and M.M. contributed equally to this work and are considered
cofirst authors.

AUTHOR CONTRIBUTIONS

Conception and design: Minetta C. Liu, Matthew MacKay, Aneta
Piwowarczyk, Christine Lo, Justin D. Finkle, Christopher E. Mason,
Kimberly L. Blackwell, Ben Ho Park

Administrative support: Matthew Kase, Aneta Piwowarczyk, Christopher E.
Mason

10 © 2022 by American Society of Clinical Oncology

possible evolution of tumor genomics measurable by
cfDNA NGS.

Finally, we confirmed prior observations of significantly
lower VAFs in discordant compared with concordant
variants,®3? where VAFs were statistically different between
concordant and cfDNA-only variants for all intertest time
spans. However, tissue VAFs between concordant and
tissue-only variants were not significantly different within
the two shortest time frames but were for samples col-
lected > 30 days apart. One possible explanation is the
presence of CHIP variants, which appear more frequently in
cfDNA analyses relative to tissue, or the increased pos-
sibility for false-positive calls at low VAFs.*>'# Alternatively,
these results may indicate that liquid biopsy can identify
subclonal variants within primary tumors or metastatic le-
sions, and discordant variants may be due to the loss or
emergence of new subclones. The lack of significant dif-
ferences between concordant and tissue VAFs within the
two shortest time frames may also highlight the ability of
liquid biopsy to sample molecular heterogeneity across
multiple metastatic sites at the same time. This interpretation
is further supported by our observation that the median VAFs
of concordant liquid biopsy variants were higher than those
of discordant variants across all time points.

Although illuminating as an initial assessment of liquid
biopsy NGS feasibility in mBC, the retrospective design
here is limiting. Prospective studies incorporating treatment
and outcomes data are necessary to fully evaluate utility.
Nonetheless, these results suggest that concurrent testing
with tissue and liquid biopsies, along with sequential cfDNA
NGS, are informative for monitoring molecular changes in
mBC. Primarily, the findings demonstrate that cfDNA is a
reliable metric of tumor genomics and may provide addi-
tional insights when combined with tissue sequencing.

Collection and assembly of data: Matthew MacKay, Christine Lo, Jeff
Schaeffer, Justin D. Finkle, Christopher E. Mason, Nike Beaubier
Data analysis and interpretation: Minetta C. Liu, Matthew MacKay,
Matthew Kase, Aneta Piwowarczyk, Christine Lo, Jeff Schaeffer,
Christopher E. Mason, Kimberly L. Blackwell, Ben Ho Park
Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST

The following represents disclosure information provided by authors of
this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. | = Immediate
Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s
conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.
org/po/author-center.

Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open
Payments).


mailto:ben.h.park@vumc.org
http://www.asco.org/rwc
https://ascopubs.org/po/author-center
https://ascopubs.org/po/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/

Comparison of Tissue and Cell-Free DNA in Metastatic Breast Cancer

Minetta C. Liu

Research Funding: Eisai (Inst), Seattle Genetics (Inst), Novartis (Inst),
Roche/Genentech (Inst), GRAIL (Inst), Merck (Inst), Tesaro (Inst),
Menarini Silicon Biosystems (Inst), Genomic Health (Inst), Exact
Sciences (Inst)

Travel, Accommodations, Expenses: GRAIL, Merck, Menarini Silicon
Biosystems, Pfizer, Genomic Health, AstraZeneca (Inst)

Matthew MacKay
Employment: Tempus
Stock and Other Ownership Interests: Tempus

Aneta Piwowarczyk

Employment: Tempus

Stock and Other Ownership Interests: Tempus
Travel, Accommodations, Expenses: Tempus

Matthew Kase
Employment: Tempus

Christine Lo
Employment: Tempus
Stock and Other Ownership Interests: Tempus

Jeff Schaeffer

Employment: LEO Pharma, Tempus
Stock and Other Ownership Interests: Tempus
Travel, Accommodations, Expenses: Tempus, LEO Pharma

Justin D. Finkle

Employment: Tempus

Stock and Other Ownership Interests: Tempus

Patents, Royalties, Other Intellectual Property: | am an author on several
patents pending and allowed with Tempus

Christopher E. Mason
Employment: Tempus

REFERENCES

Stock and Other Ownership Interests: Thorne HealthTech
Honoraria: Illumina
Consulting or Advisory Role: NanoString Technologies

Nike Beaubier
Employment: Tempus
Stock and Other Ownership Interests: Tempus

Kimberly L. Blackwell

Employment: Lilly, Tempus

Leadership: zentalis, Monte Rosa Therapeutics, Cereius, Century
Therapeutics

Stock and Other Ownership Interests: Lilly, Zentalis, Monte Rosa
Therapeutics

Ben Ho Park

Leadership: Loxo

Stock and Other Ownership Interests: Loxo, Celcuity

Consulting or Advisory Role: Horizon Discovery, Loxo, Casdin Capital,
Jackson Laboratory for Genomic Medicine, Celcuity, Sermonix
Pharmaceuticals, Hologic, EQRx

Research Funding: AbbVie, Pfizer, GE Healthcare, Lilly

Patents, Royalties, Other Intellectual Property: Royalties paid through
inventions at Johns Hopkins University by Horizon Discovery Ltd
Travel, Accommodations, Expenses: Lilly, Loxo

Uncompensated Relationships: Tempus

No other potential conflicts of interest were reported.

ACKNOWLEDGMENT

The authors thank the operations, product, engineering, clinical data,
and design teams at Tempus Labs, along with the pathology and
laboratory teams for sample processing and data collection. They are
grateful to Alexandria Bobe, Calvin Chao, and Joel Dudley for their review
of the text and managing the work required for this manuscript.

1. JanuskeviCiené |, Petrikaité V: Heterogeneity of breast cancer: The importance of interaction between different tumor cell populations. Life Sci 239:117009,

2019

2. Mucino-Olmos EA, Vazquez-Jiménez A, Avila-Ponce de Ledn U, et al: Unveiling functional heterogeneity in breast cancer multicellular tumor spheroids through

single-cell RNA-seq. Sci Rep 10:12728, 2020

3. Parikh AR, Leshchiner |, Elagina L, et al: Liquid versus tissue biopsy for detecting acquired resistance and tumor heterogeneity in gastrointestinal cancers. Nat

Med 25:1415-1421, 2019

4. llyas M: Next-generation sequencing in diagnostic pathology. Pathobiology 84:292-305, 2017

5. Di Tommaso L, Spadaccini M, Donadon M, et al: Role of liver biopsy in hepatocellular carcinoma. World J Gastroenterol 25:6041-6052, 2019

6. Shyamala K, Girish HC, Murgod S: Risk of tumor cell seeding through biopsy and aspiration cytology. J Int Soc Prev Community Dent 4:5-11, 2014

7. Overman MJ, Modak J, Kopetz S, et al: Use of research biopsies in clinical trials: Are risks and benefits adequately discussed? J Clin Oncol 31:17-22, 2013

8. Heitzer E, Haque IS, Roberts CES, et al: Current and future perspectives of liquid biopsies in genomics-driven oncology. Nat Rev Genet 20:71-88, 2019

9. Chae YK, Davis AA, Jain S, et al: Concordance of genomic alterations by next-generation sequencing in tumor tissue versus circulating tumor DNA in breast
cancer. Mol Cancer Ther 16:1412-1420, 2017

10. Stewart CM, Kothari PD, Mouliere F, et al: The value of cell-free DNA for molecular pathology. J Pathol 244:616-627, 2018

11. Pasini L, Ulivi P: Liquid biopsy for the detection of resistance mechanisms in NSCLC: Comparison of different blood biomarkers. J Clin Med 8:998, 2019

12. Tay TKY, Tan PH: Liquid biopsy in breast cancer: A focused review. Arch Pathol Lab Med 154:678-686, 2021

13. Hu Y, Ulrich BC, Supplee J, et al: False-positive plasma genotyping due to clonal hematopoiesis. Clin Cancer Res 24:4437-4443, 2018

14. Stetson D, Ahmed A, Xu X, et al: Orthogonal comparison of four plasma NGS tests with tumor suggests technical factors are a major source of assay
discordance. JCO Precis Oncol 3:1-9, 2019

15. Huang C-C, Du M, Wang L: Bioinformatics analysis for circulating cell-free DNA in cancer. Cancers 11:805, 2019

16. Kwang Chae Y, Davis AA, Carneiro BA, et al: Concordance between genomic alterations assessed by next-generation sequencing in tumor tissue or circulating
cell-free DNA. Oncotarget 7:48841-48832, 2016

17. Finkle JD, Boulos H, Driessen TM, et al: Analytical validation of a targeted liquid biopsy assay with comprehensive molecular and clinical profiling of circulating
tumor DNA from 1,000 patients. npj Precis Oncol 5:63, 2021

18. Aggarwal C, Thompson JC, Black TA, et al: Clinical implications of plasma-based genotyping with the delivery of personalized therapy in metastatic non-small
cell lung cancer. JAMA Oncol 5:173-180, 2019

19. Schwaederle M, Husain H, Fanta PT, et al: Use of liquid biopsies in clinical oncology: Pilot experience in 168 patients. Clin Cancer Res 22:5497-5505, 2016

JCO Precision Oncology 1



20.
21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu et al

Beaubier N, Tell R, Lau D, et al: Clinical validation of the tempus xT next-generation targeted oncology sequencing assay. Oncotarget 10:2384-2396, 2019

Ma CX, Bose R, Gao F, et al: Neratinib efficacy and circulating tumor DNA detection of HER2 mutations in HER2 nonamplified metastatic breast cancer. Clin
Cancer Res 23:5687-5695, 2017

O’Leary B, Hrebien S, Morden JP, et al: Early circulating tumor DNA dynamics and clonal selection with palbociclib and fulvestrant for breast cancer. Nat
Commun 9:896, 2018

Chu D, Paoletti C, Gersch C, etal: ESR1 mutations in circulating plasma tumor DNA from metastatic breast cancer patients. Clin Cancer Res 22:993-999, 2016

Merker JD, Oxnard GR, Compton C, et al: Circulating tumor DNA analysis in patients with cancer: American Society of Clinical Oncology and College of American
Pathologists joint review. J Clin Oncol 36:1631-1641, 2018

Shatsky R, Parker BA, Bui NQ, et al: Next-generation sequencing of tissue and circulating tumor DNA: The UC San Diego Moores Center for personalized
cancer therapy experience with breast malignancies. Mol Cancer Ther 18:1001-1011, 2019

Maxwell KN, Soucier-Ernst D, Tahirovic E, et al: Comparative clinical utility of tumor genomic testing and cell-free DNA in metastatic breast cancer. Breast
Cancer Res Treat 164:627-638, 2017

Parsons HA, Beaver JA, Cimino-Mathews A, et al: Individualized molecular analyses guide efforts (IMAGE): A prospective study of molecular profiling of tissue
and blood in metastatic triple-negative breast cancer. Clin Cancer Res 23:379-386, 2017

Kuderer NM, Burton KA, Blau S, et al: Comparison of 2 commercially available next-generation sequencing platforms in oncology. JAMA Oncol 3:996-998,
2017

Angus L, Smid M, Wilting SM, et al: The genomic landscape of metastatic breast cancer highlights changes in mutation and signature frequencies. Nat Genet
51:1450-1458, 2019

Namlgs HM, Boye K, Mishkin SJ, et al: Noninvasive detection of ctDNA reveals intratumor heterogeneity and is associated with tumor burden in gastrointestinal
stromal tumor. Mol Cancer Ther 17:2473-2480, 2018

Angus L, Beije N, Jager A, et al: ESR1 mutations: Moving towards guiding treatment decision-making in metastatic breast cancer patients. Cancer Treat Rev
52:33-40, 2017

Xu B, Shan G, Wu Q, et al: Concordance of genomic alterations between circulating tumor DNA and matched tumor tissue in Chinese patients with breast
cancer. J Oncol 2020:4259293, 2020

Razavi P, Li BT, Brown DN, et al: High-intensity sequencing reveals the sources of plasma circulating cell-free DNA variants. Nat Med 25:1928-1937, 2019

12 © 2022 by American Society of Clinical Oncology



APPENDIX

Comparison of Tissue and Cell-Free DNA in Metastatic Breast Cancer

TP53 A
PIK3CA -
ESR1 A
GATAS
CDH1 A
PTEN A
ARID1A
ERBB2 -
SMAD4
RB1
NF1
HNF1A
EGFR A
BRCA1 A
APC ~

Gene

AENERENRREAERREERRERRRERCOOOOOOOOOOoOOCOOOOOOOa0aOn00
ERERRCO00000000000000000 AN NN N R RN OO00000000
O00000000000000000000000 R MR ERRCO0000COOMERRRCUOO0000
Q0Ooomo000000000000000000000000CMRUO00COOMMOCONNRRCLTLD
O00o0000000000000000000ORNCo00000oN0o00000000O0COONME0
Q00000R0O00000000000000000A0000000OmOCO00O000000ORN0
COOo0OoomOo000000000000000000000oa00000000000000OOONE00
R00000000000000000000000RC000000000000000000000000OR0
O00o00000000000000000000000RCO0000000000000000000000R0
QuOo00000o000000000000000oA0o000000000000000OOMC000000
ORO0000oR000000000000000000o00000000000000000000000000
Q0oo0oo00o000o0oa0000o0OoRoA0oO00O000000o00000000000000
NN NN nnnnnnnmn |
NN | ANy nnnnnnnn

IR NN RN RNy

20 40
Patient

Gene concordance

- Concordant

- Mutually exclusive variants
|:| No pathogenic variants
- Partially concordant

- cfDNA only

- Solid tissue only

FIG A1. Pathogenic variant detection and gene-level concordance in the top 15 most frequently detected variants among breast cancer subtypes
categorized as incomplete. The category incomplete (20%, n = 59) consists of patient records with insufficient receptor status data to define breast
cancer subtypes, including statuses such as ER—/PR—/HER2+/HER2- (n = 2), ER+/ER-/PR-/HER2— (n = 2), or ER+ (n = 14). The results for each gene
are classified as concordant (blue), partially concordant (red), mutually exclusive (teal), cfDNA-only (orange), or tissue-only (purple). All other variants
were not detected (white). Patient records with no pathogenic variants within the displayed genes are not shown. cfDNA, cell-free DNA; ER, estrogen

receptor; HER2, human epidermal growth factor receptor 2; VAF, variant allele frequency.
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