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ABSTRACT

Introduction: Whereas tumor biopsy is the reference
standard for genomic profiling of advanced NSCLC, there
are now multiple assays approved by the Food and Drug
Administration for liquid biopsy testing of circulating tumor
DNA. Here, we study the incremental value that liquid bi-
opsy comprehensive genomic profiling (CGP) adds to tissue
molecular testing.

Methods: Patients with metastatic NSCLC were enrolled in a
prospective diagnostic study to receive circulating tumor
DNA CGP; tissue CGP was optional in addition to their stan-
dard tissue testing. Focusing on nine genes listed per the
National Comprehensive Cancer Network (NCCN) guidelines,
liquid CGP was compared with available tissue testing results
across three subcohorts: tissue CGP, standard-of-care testing
of up to five biomarkers, or no tissue testing.

Results: A total of 515 patients with advanced nonsquamous
NSCLC received liquid CGP. Among 131 with tissue CGP re-
sults, NCCN biomarkers were detected in 86 (66%) with
tissue CGP and 56 (43%) with liquid CGP (p < 0.001). Adding
liquid CGP to tissue CGP detected no additional patients with
NCCN biomarkers, whereas tissue CGP detected NCCN bio-
markers in 30 patients (23%) missed by liquid CGP. Studying
264 patients receiving tissue testing of up to five genes, 102
(39%) had NCCN biomarkers detected in tissue, with an
additional 48 (18%) detected using liquid CGP, including 18
with RET, MET, or ERBBZ drivers not studied in tissue.

Conclusions: For the detection of patients with advanced
nonsquamous NSCLC harboring 9 NCCN biomarkers, liquid
CGP increases detection in patients with limited tissue re-
sults, but does not increase detection in patients with tissue
CGP results available. In contrast, tissue CGP can add
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meaningfully to liquid CGP for detection of NCCN bio-
markers and should be considered as a follow-up when an
oncogenic driver is not identified by liquid biopsy.

Copyright © 2022 Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Precision oncology has changed the way cancer pa-
tients are cared for, and nowhere is this more true than
in the care of advanced NSCLC.'® Wide adoption of
molecular profiling paved the way for the rapid devel-
opment of targeted therapies for patients with advanced
NSCLC, with Food and Drug Administration (FDA)-
approved targeted therapies for driver alterations in
eight different genes: EGFR sensitizing mutations and
exon 20 insertions, fusions in ALK, ROS1, RET, and NTRK,
BRAF V600E, KRAS G12C, MET exon 14 splicing muta-
tions.* The NCCN guidelines also recommend testing for
ERBB2 mutations and MET amplification as these
emerging biomarkers are associated with the established
activity from available targeted agents.”® Finally,
genomic testing is also useful for anticipating the effec-
tiveness of immunotherapy in NSCLC, with EGFR and
ALK driver variants established as negative predictors
for benefit from immunotherapy,”” and excluded from
the FDA label of some regimens.”

Advances in precision oncology are premised on the
availability of tumor-derived genomic material suitable
for molecular profiling. Traditionally tumor biopsy has
been considered the accepted standard for genomic
profiling; however, recent advances in liquid biopsy have
created an additional diagnostic approach to increase
access to personalized cancer therapy.””'' There are
now multiple FDA-approved multigene assays both for
tumor tissue testing and for liquid biopsy testing of
circulating tumor DNA (ctDNA).'* Liquid biopsy is a
compelling complement to tissue testing given its con-
venience, both owing to ease of sampling (blood versus
biopsy) and because tissue quantity can be limited,
especially when iterative tissue testing can exhaust a
sample.”” However, all liquid biopsy assays come with a
key caveat: assay sensitivity is dependent on the variable
shed of ctDNA.'* For this reason, the FDA-approved
liquid biopsy assays include, on their labels, language
indicating that negative results should be confirmed with
tissue testing owing to the risk of false negatives.'>®
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With such a diversity of diagnostic tools, a key clinical
question is how to piece these diagnostics together to
optimally identify precision treatment options for pa-
tients with advanced NSCLC. Clearly, liquid biopsy is a
compelling pragmatic alternative when tissue is not
available.'” But it is less clear how liquid biopsy adds
value when comprehensive genomic profiling (CGP) of
tumor tissue is available. Although it has been proposed
that liquid biopsy can capture heterogeneous variants
not detected in the tumor,'® a recognized value of liquid
biopsy for patients with treatment resistance,'” it is
unclear whether this adds value for the initial profiling of
advanced NSCLC in the detection of driver alterations.
Here, we study a prospective cohort of patients with
advanced NSCLC, in which patients received liquid bi-
opsy CGP and also are offered tissue CGP as a comple-
ment to their standard-of-care (SOC) testing. With a
focus on guideline-recommended actionable driver al-
terations, we hypothesized that the added value of liquid
biopsy for detecting driver alterations depends on the
extent of complementary tissue testing available.

Materials and Methods

Patient Cohort

Patients were identified who underwent liquid bi-
opsy profiling at the time of enrollment in the Prospec-
tive Clinicogenomic Program clinical trial (ClinicalTrials.
gov identifier NCT04180176).”° In this ongoing multi-
center study, up to 1000 adult patients with metastatic
NSCLC or SCLC enroll before initiating SOC systemic
anticancer therapy. All patients sign consent to partici-
pate in the study, which must be approved by the
institutional review board at the participating site. In the
study, each patient has peripheral blood submitted for
CGP of ctDNA with FoundationOne Liquid (Foundation
Medicine, Cambridge, Massachusetts) or FoundationOne
Liquid CDx (Foundation Medicine, Cambridge, Massa-
chusetts). In addition, tumor tissue specimens available
at enrollment may be optionally submitted for CGP with
FoundationOne CDx. Liquid biopsy is then repeated on
treatment and at progression or end of treatment. Lon-
gitudinal EHR-derived data are linked to CGP results. As
follow-up is ongoing, for this initial analysis, we only
studied pretreatment data including clinical features and
molecular testing results, leveraging a data cut with
recency of June 30, 2021. Patients were included in this
analysis if they had a chart abstraction-confirmed diag-
nosis of metastatic nonsquamous NSCLC.

CGP on Study

Blood was collected at enrollment for CGP of ctDNA.
Tissue CGP was offered in the study as a complement to
SOC biomarker testing and was, therefore, optional.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://ClinicalTrials.gov
http://ClinicalTrials.gov

September 2022

Samples were assayed with hybrid capture-based CGP
performed in a Clinical Laboratory Improvement
Amendments-certified, College of American
Pathologists-accredited, New York State-regulated
reference laboratory (Foundation Medicine, Inc.). For
liquid biopsy specimens, cell-free DNA was extracted to
create adapted sequencing libraries before hybrid cap-
ture and sample-multiplexed sequencing using either a
70-gene (FoundationOne Liquid) or 324-gene (Founda-
tionOne Liquid CDx) panel.”"** The level of ctDNA shed
for each specimen was quantified using a composite
measure considering an aneuploidy-based measure of
tumor fraction (TF) and a variant-based measure of
variant allelic frequency, as described previously'’;
elevated ctDNA shed was considered present when a
sample had tumor DNA levels comparable to a tissue
biopsy (>10% TF). For tissue specimens collected as
part of the study, at least 50 ng of DNA was isolated from
formalin-fixed, paraffin-embedded tumor specimens and
sequenced to high, uniform coverage of at least 500,
with a 324-gene panel (FoundationOne CDx).

NCCN Biomarkers of Interest

This analysis focused on the detection of actionable
driver alterations in eight oncogenes recommended for
testing per the NCCN guidelines (EGFR, KRAS, ALK, ROS1,
RET, BRAF, MET exon 14, and NTRK) and two emerging
biomarkers (ERBB2 mutations and MET amplification),
totaling nine oncogenes. The analysis was limited to the
following driver alterations: (1) KRAS G12X, G13X, Q61X;
(2) EGFR L858R, exon 19 deletions, exon 20 insertions,
G719X, L861Q, and S768I; (3) ALK, ROS1, RET, and NTRK
rearrangements; (4) BRAF V600E; (5) MET exon 14
skipping mutations and amplifications; and (6) ERBBZ2
mutations.

Comparison of Liquid Biopsy Results to Tissue
Results

Liquid biopsy CGP was compared with tissue-based
biomarker testing by dividing the patients who
completed liquid biopsy CGP testing into three sub-
cohorts on the basis of the type of tissue-based
biomarker testing they received. For patients
completing FoundationOne CDx testing in the study,
tissue CGP was the comparator. For patients undergoing
any SOC tissue testing before enrollment, results for the
five SOC biomarkers at the time of study launch were
manually abstracted according to protocol specifications:
(1) EGFR mutations (L858R, exon 19 deletions, exon 20
insertions, and other pathogenic EGFR mutations); (2)
pathogenic KRAS mutations; (3) ALK rearrangements;
(4) ROS1 rearrangements; and (5) BRAF V600E. The
results from the testing of these five biomarkers were
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used as a comparator representing limited SOC testing.
For patients in this group who were tested for at least
one but not all the biomarkers of interest, the untested
biomarkers were considered not detected. The final
subcohort includes patients not undergoing tissue
testing.

Statistical Considerations

R version 4.1.1 software was used for all statistical
analyses. 95% binomial confidence intervals reported
for proportions were calculated using the Wilson score
method with continuity correction (prop.test in R). The
positive percent agreement (PPA) for liquid biopsy was
calculated from the percentage of patients who were
biomarker positive by any tissue-based test who were
also biomarker positive by liquid biopsy CGP. For
the PPA analysis, we included any known pathogenic
substitution or indel. For the analyses of NCCN action-
ability, across each subgroup, we calculated the pro-
portion positive for one (or more) actionable biomarkers
in the nine NCCN genes of interest. The rate of biomarker
detection was tested using McNemar’s test of difference
in paired observations.

Results

Of 768 NSCLC patients enrolled in the study, 702
underwent liquid biopsy at study enrollment, and 515 of
these were of nonsquamous histologic subtype and were
included in the analysis (261 FoundationOne Liquid, 254
FoundationOne Liquid CDx) (Fig. 14). Most of the cohort
(n = 364, 71%) were previously untreated for their
advanced lung cancer, whereas a minority (n = 151,
29%) were previously treated, and a small number (n =
20) had resistance after previous targeted therapy. A
total of 131 patients (25%) received tissue CGP; 264
patients (51%) had up to five genes analyzed (more
often for EGFR and ALK, less often for KRAS)
(Supplementary Table 1); and 120 patients (23%) did
not have tissue testing. These three subcohorts were
clinically comparable, with the exception that the no-
tissue-testing group was enriched for first-line patients
(81% versus 64% among patients who received some
form of tissue testing) (Table 1). Biomarker prevalence
across the three subcohorts was comparable in ctDNA,
with expected differences in tissue (Supplementary
Tables 2 and 3). As expected, the biomarkers were
generally mutually exclusive, with drivers in multiple
genes detected in fewer than 1% of patients
(Supplementary Table 2). Median ctDNA shed
was comparable across the three subcohorts (Kruskal-
Wallis p = 0.7) (Fig. 1B). The median number of days
from order to report was 12 (interquartile range: 10-15,
n = 515) for liquid CGP and 28 (interquartile range:
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Figure 1. Study population. (A) Analysis subcohorts are on the basis of available tissue testing results. (B) Tumor fraction
distributions were similar across the three subcohorts. Whiskers span the full range of observed values, whereas the box
indicates the quartiles. CGP, comprehensive genomic profiling; ND, not deteable.

19.5-42, n = 131) for tissue CGP, which includes the
time between order and specimen procurement and
transit time between the site of care and the central
laboratory where CGP was performed, noting this CGP
testing was done for study research and may not be
representative of routine clinical care.

Liquid biopsy demonstrated the expected PPA for the
detection of driver alterations detected in tissue. The
overall PPA was 69% (95% confidence interval [CI]:
62%-75%) (Supplementary Fig. 1 and Supplementary
Table 4); the PPA was 73% (95% CI: 64%-81%) for
first-line patients. Hypothesizing that the lack of driver
detection was related to ctDNA shed, we studied the 35
patients with positive tissue biomarkers and elevated

ctDNA shed (>10%), and PPA was found to be 100%
(95% CI: 88%-100%).

Focusing on 131 patients with both tissue and liquid
CGP results (tissue specimens collected median of 31
days before liquid specimens), we found that liquid CGP
detected fewer patients with actionable NCCN bio-
markers than tissue CGP (43% [34%-52%] versus 66%
[57%-74%], p < 0.001) (Fig. 2A4). This was primarily
driven by ctDNA shed, with similar rates of detection of
NCCN biomarkers when limited to 31 cases in which
liquid CGP showed elevated ctDNA shed (55% [36%-
72%] versus 55% [36%-72%], p = 1) (Supplementary
Fig. 2). Then focusing on patients with tissue testing
for up to five genes, liquid biopsy trended toward
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Table 1. Cohort Clinical and Pathologic Characteristics

Up to Five Tissue

All Tissue CGP Biomarkers No Tissue
Patient Characteristic (N = 515) (n=131) (n = 264) (n 120) p-Value
Practice type 0.678
Academic 4 (0.78) 0 (0.00) 3 (1.14) 1 (0.83)
Community 511 (99.2) 131 (100) 261 (98.9) 119 (99.2)
Age at enrollment 68.0 [63.0-76.0] 68.0 [62.0-74.0] 68.0 [63.0-77.0] 69.0 [63.8-78.0] 0.339
Sex 0.795
F 262 (50.9) 67 (51.1) 131 (49.6) 64 (53.3)
M 253 (49.1) 64 (48.9) 133 (50.4) 56 (46.7)
Race 0.107
Black or African American 9 (11.5) 7 (5.34) 8 (14.4) 14 (11.7)
Other race 8 (11.3) 16 (12.2) 2 (12.1) (8.33)
Unknown 9 (7.57) 12 (9.16) 5 (5.68) 12 (10.0)
White 359 (69.7) 96 (73.3) 179 (67.8) 84 (70.0)
Smoking status 0.329
History of smoking 447 (86.8) 112 (85.5) 226 (85.6) 109 (90.8)
No history of smoking 68 (13.2) 19 (14.5) 38 (14.4) 1(9.17)
ECOG Performance Score 0.843
0 154 (29.9) 8 (29.0) 78 (29.5) 38 (31.7)
1 206 (40.0) 7 (43.5) 106 (40.2) 43 (35.8)
2 89 (17.3) 23 (17.6) 47 (17.8) 19 (15.8)
3+ 16 (3.11) 3(2.29) 7 (2.65) 6 (5.00)
Not assessed 50 (9.71) 10 (7.63) 26 (9.85) 14 (11.7)
AJCC stage at diagnosis: 0.639
-l 63 (12.2) 19 (14.5) 34 (12.9) 10 (8.33)
-v 449 (87.2) 111 (84.7) 229 (86.7) 109 (90.8)
Unknown 3 (0.58) 1 (0.76) 1 (0.38) 1 (0.83)
Study line number: 0.009
Previously treated at study line start 147 (30.4) 45 (37.5) 83 (31.7) 19 (18.8)
Study line is first-line 336 (69.6) 75 (62.5) 179 (68.3) 82 (81.2)

Note: Categorical variables are presented with counts and percentages, with chi-square tests used to compare among the subcohorts. Continuous variables are
presented as medians and interquartile ranges, with Kruskal-Wallis tests to compare among the subcohorts.
AJCC, American Joint Committee on Cancer; CGP, comprehensive genomic profiling; F, female; M, male.

identifying more patients with actionable NCCN bio-
markers than tissue testing (45% [39%-52%)] versus
39% [33%-45%], p = 0.05). Dividing this subcohort by
the number of biomarkers tested, we found that the
liquid biopsy detection rate overall was comparable to
the tissue detection rate for patients who received tissue
testing of all five genes (48% [40%-57%] versus 52%
[43%-60%], p = 0.5, n = 153), but was superior to
tissue testing of fewer than five genes (41% [32%-51%]
versus 21% [14%-30%], p < 0.001, n = 111)
(Supplementary Fig. 3). Yet the improved detection with
liquid CGP over limited tissue testing was quite apparent
when focusing on the 61 cases in which liquid CGP
showed elevated ctDNA shed (49% [36%-62%] versus
28% [18%-41%], p = 0.002). Finally, of the 120 patients
without tissue testing, liquid biopsy detected an action-
able NCCN biomarker in 56 (47%, 95% CI: 38%-56%).

We then studied whether the addition of liquid bi-
opsy testing to tissue testing increased the overall
identification of patients with actionable NCCN

biomarkers. Studying 131 patients who completed tissue
CGP, actionable biomarkers were detected in the tissue
of 86 patients (66%), and zero additional patients with
actionable NCCN biomarkers were detected with the
addition of liquid biopsy (Fig. 2B). In contrast, the liquid
biopsy was additive in 264 patients receiving tissue
testing of up to five genes, with 102 (39%) actionable
NCCN biomarkers detected in tissue and 48 (18% of
the subcohort) additionally detected with liquid biopsy,
for 150 in total (57%). Of the 48 patients detected to
have an actionable NCCN biomarker in liquid biopsy but
not tissue testing of up to five genes, 18 (38%) of these
patients had drivers in RET, MET, or ERBBZ that were
not included in the 5-gene testing paradigm (Fig. 34).
Conversely, we looked at whether tissue testing adds
meaningfully to liquid biopsy. Studying the 131 patients
who completed tissue CGP, actionable biomarkers were
detected in 56 patients with the liquid CGP, with an
additional 30 patients (23% of the subcohort) who were
liquid-negative detected to harbor an NCCN biomarker
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Figure 2. Detection of NCCN biomarkers on the basis of available tissue results. (A) Liquid CGP consistently detects bio-
markers across subcohorts, whereas tissue CGP detects biomarkers in the highest proportion of patients. (B) In patients with
tissue CGP results, liquid CGP detects no additional patients with NCCN biomarkers, whereas liquid CGP adds meaningfully in
patients getting more limited tissue testing. In patients with liquid CGP results, the reflex to tissue CGP increases the overall
biomarker detection rate. CGP, comprehensive genomic profiling; NCCN, National Comprehensive Cancer Network.

with tissue CGP (Figs. 2B and 3B). Similarly, in the 264
patients receiving tissue testing of up to five genes, 120
had an actionable biomarker detected with liquid CGP,
with an additional 30 (11% of the subcohort) detected
with up to five gene tissue testing. We further explored
whether TF on liquid CGP could inform which patients

might benefit from reflex to tissue CGP after liquid bi-
opsy. Among 14 patients with negative liquid CGP but
elevated ctDNA shed, none had an NCCN biomarker
detected on tissue CGP. But among 61 patients with a
negative liquid biopsy without elevated ctDNA shed, 30
(49%) had an NCCN biomarker on tissue CGP.
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Figure 3. Additional NCCN biomarkers detected through
testing a second specimen. (A) Patients (n = 48) whose liquid
CGP detected an NCCN biomarker though limited tissue
testing were negative. (B) Patients (n = 30) whose tissue CGP
detected an NCCN biomarker though liquid CGP were nega-
tive, highlighting the value of reflex-to-tissue testing after a
negative liquid biopsy. CGP, comprehensive genomic
profiling; NCCN, National Comprehensive Cancer Network.

Discussion

In this analysis of nine NSCLC oncogenes identified in
the NCCN guidelines,” studying a prospective cohort of
515 patients with advanced nonsquamous NSCLC, we
find that tissue CGP and liquid CGP are complementary
tools providing different degrees of value for different
patients. In patients with no tissue results or more
limited tissue testing results, liquid CGP meaningfully
increases the number of patients found to be positive for
an NCCN biomarker. In contrast, in those patients who
receive a tissue CGP result, liquid CGP does not increase
the overall detection of patients with NCCN biomarkers,
suggesting the limited value of liquid CGP in those pa-
tients who can receive tissue CGP. This positions tissue
CGP and liquid CGP as complementary tools that may be
suited for different patients with NSCLC depending on
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biologic factors (ctDNA shed) and practical factors (tis-
sue availability).

Our analysis did find that liquid biopsy increases the
detection of actionable biomarkers in patients with more
limited tissue testing, confirming its value in patients
with tissue unavailable for genomic analysis. In addition,
despite guidelines recommending broad molecular
profiling for patients with NSCLC, some with tissue
available still receive more limited tissue testing.”’
Evaluating a subset of patients who had more limited
testing results, we found that adding liquid biopsy
resulted in 11% more patients being detected with
actionable NCCN biomarkers (Fig. 2), suggesting a
possible role of concurrent liquid CGP in patients
receiving limited tissue testing. Liquid biopsy may, thus,
represent a pragmatic tool for accessing broad-panel
CGP for those centers that offer more limited tissue
testing in-house, with tissue CGP used as needed for
negative cases.

In contrast, with our focus on NCCN biomarkers, we
find limited added value of concurrent liquid biopsy in
patients receiving tissue CGP results. In those with tis-
sue CGP results, 66% were found to harbor an action-
able biomarker in one of these NCCN genes, whereas a
subset of these was detected with liquid CGP. This
supports the recent Consensus Statement by the Inter-
national Association for the Study of Lung Cancer
(IASLC) working group—in patients with advanced
NSCLC able to undergo tissue testing, tissue next-
generation sequencing is recommended.'”** Because
liquid biopsy did not increase the number of patients
with an actionable NCCN biomarker, the role of ctDNA
testing in patients who receive tissue CGP results is
unclear in this analysis, even among patients with high-
shed tumors. However, we acknowledge that, in some
patients, tissue is not immediately available when
testing is needed such that liquid biopsy is ordered
initially, another point acknowledged in the IASLC
Consensus Statement. In these patients in which the
liquid is ordered first, tissue CGP can detect an addi-
tional 23% of patients with actionable NCCN biomarkers
missed in ctDNA, pointing out the need for a sequential
reflex to tissue CGP after liquid biopsy when there are
no actionable alterations detected. One pragmatic
strategy when tissue availability is uncertain is to order
liquid CGP while requesting the tissue specimen in
parallel, which can enable earlier decisions for symp-
tomatic patients with positive liquid results while
waiting for the subsequent tissue results when the
liquid is negative. This highlights that the value of liquid
biopsy may not be fully captured by focusing on the
detection of NCCN biomarkers alone. For example, for
some patients, the rapidity of results returning from a
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CGP, comprehensive genomic profiling; TF, tumor fraction.

liquid biopsy can enable timely first-line therapy that
may not be feasible on the basis of how tissue testing is
operationalized at their institution.”

Finally, we found that in patients without any tissue
biomarker testing, ctDNA-based CGP can detect a range
of actionable alterations, confirming its value in patients
with insufficient tissue for genomic analysis. Whereas
overall PPA for liquid biopsy in this study was consistent
with previous publications,”* we find that the biomarker
detection with liquid CGP depends on levels of ctDNA
shed. When there is elevated TF (>10%), suggesting a
liquid biopsy as rich in tumor DNA as a tissue biopsy, the
sensitivity for actionable alterations is 100%. In other
words, a negative liquid CGP in an elevated TF specimen
can be taken to be a reliable negative result. However,
when ctDNA shed is lower there is a risk of false nega-
tives such that negative results should be confirmed with
tissue testing (Fig. 4). This variable ctDNA shed has
resulted in the FDA label recommending negative liquid
biopsy results to be confirmed with tissue testing. In
patients whose tissue is deemed to be inadequate for
CGP, this means clinicians must be prepared to perform
a repeat tumor biopsy in a patient with a negative liquid
biopsy (when feasible) to rule out the possibility of an
actionable alteration missed in ctDNA. Fortunately, it has
been described that patients with lower levels of ctDNA
shed have a more favorable prognosis,'**>*” so perhaps
may be clinically more suitable for repeat biopsy to
complete their genomic testing. Fundamentally, this
points to tissue CGP as the preferred option when tissue

is immediately available, with liquid CGP favored when
tissue availability is uncertain, as illustrated in the recent
IASLC Consensus Statement.'”

The prospective design of this observational study is
a strength, yet we must acknowledge some limitations.
This study was designed at a time when only 5 NSCLC
biomarkers were standard and more limited genomic
testing was more common. The study abstracted only
five genes from SOC tissue biomarker testing, allowing
the study of a more limited testing paradigm but not
fully capturing the diversity of alterations potentially
detectable with SOC assays, including additional testing
that these patients may have received. Nevertheless, this
cohort within this study served as a pragmatic repre-
sentation of the experience at oncology sites of care
where limited tissue testing may still be standard prac-
tice. Furthermore, because the CGP testing in the study
was performed as research, we were not able to capture
an accurate measure of turnaround time, which we
expect would be different for liquid versus tissue CGP. In
addition, because follow-up continues on the study, we
are not able to yet analyze the outcome of how these
actionable NCCN biomarkers were used to guide clinical
care. A complete report of the Prospective Clin-
icogenomic Study will be forthcoming to more fully
describe the genomics of the pretreatment and on-
treatment biomarker testing and its relationship to
patient outcomes. Our data point to ctDNA shed as a
useful tool for predicting the utility of liquid biopsy but
estimating this carries limitations as well. For example,
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higher ctDNA levels are needed to detect tumor aneu-
ploidy, whereas a variant allelic frequency-based
approach can struggle to distinguish between tumor
DNA and clonal hematopoiesis—these may limit the
dynamic range of ctDNA shed estimation and motivate
further development efforts.

In conclusion, this analysis of liquid biopsy CGP in a
diverse group of patients with advanced NSCLC high-
lights the complementary roles of tissue CGP and liquid
CGP for enabling the identification of patients with
actionable NCCN biomarkers (Fig. 4). Our data support
the prioritization of tissue CGP in patients for whom
adequate tissue is immediately available as it offers the
most reliable detection of NCCN biomarkers. In our
analysis, we did not find that liquid CGP increases the
detection of NCCN biomarkers in such patients, though
we acknowledge it may provide other value through
supporting trial enrollment, improving prognostication,
and enabling germline insights.'**® However, when tis-
sue is not immediately available for timely CGP, liquid
biopsy can be used for expeditious multigene testing
initially, with follow-on tissue testing when liquid biopsy
does not detect an actionable alteration, particularly
when there are lower levels of ctDNA shed. The high
sensitivity of liquid biopsy in the setting of elevated TF
offers optimism that, with adequate validation, a nega-
tive liquid biopsy in patients with elevated TF can be
trusted to rule out the presence of an actionable alter-
ation, reducing the burden to reflex to tissue testing, and
preserving confirmatory tissue testing for those patients
that truly need it.

CRediT Authorship Contribution

Statement

Lee S. Schwartzberg: Conceptualization, Writing -
review & editing.

Gerald Li: Formal analysis, Visualization, Data cura-
tion, Software, Writing - review & editing.

Khaled Tolba: Conceptualization, Writing - review &
editing.

Ariel B. Bourla: Resources, Writing - review &
editing.

Katja Schulze: Resources, Writing - review & editing.

Rujuta Gadgil: Project administration, Writing -
review & editing.

Alexander Fine: Formal analysis, Visualization, Data
curation, Writing - review & editing.

Katherine Lofgren, Ryon Graf: Writing - review &
editing.

Geoffrey R. Oxnard: Conceptualization, Supervision,
Writing - original draft, Writing - review & editing.

Davey Daniel: Conceptualization, Writing - review &
editing.

Tissue- and Blood-Based CGP in NSCLC 9

Acknowledgments
The study was funded by Foundation Medicine and
Genentech.

Supplementary Data

Note: To access the supplementary material accompa-
nying this article, visit the online version of the JTO
Clinical and Research Reports at www.jtocrr.org and at
https://doi.org/10.1016/j.jtocrr.2022.100386.

References

1. Brown NA, Elenitoba-Johnson KS. Enabling precision
oncology through precision diagnostics. Annu Rev Pathol
Mech Dis. 2020;15:97-121.

2. Nangalia J, Campbell PJ. Genome sequencing during a
patient’s journey through cancer. N Engl J Med.
2019;381:2145-2156.

3. Wang M, Herbst RS, Boshoff C. Toward personalized
treatment approaches for non-small-cell lung cancer.
Nat Med. 2021;27:1345-1356.

4. Ettinger DS, Wood DE, Aisner DL, et al. NCCN guidelines
insights: non-small cell lung cancer version 2.2021:
featured updates to the NCCN guidelines. J Natl Compr
Canc Netw. 2021;19:254-266.

5. Wolf J, Seto T, Han J, et al. Capmatinib (INC280) in
METAex14-mutated advanced non-small cell lung
cancer (NSCLC): efficacy data from the phase Il GE-
OMETRY mono-1 study. J Clin Oncol. 2019;37(15):
9004-9004.

6. Li BT, Smit EF, Goto Y, et al. Trastuzumab deruxtecan in
HER2-mutant non-small-cell lung cancer. N Engl J Med.
2022;386:241-251.

7. Lisberg A, Cummings A, Goldman JW, et al. A phase Il
study of pembrolizumab in EGFR-mutant, PD-L1+,
tyrosine kinase inhibitor naive patients with advanced
NSCLC. 2018;13:1138-1145.

8. Gavralidis A, Gainor JF. Immunotherapy in EGFR-mutant
and ALK-positive lung cancer: implications for oncogene-
driven lung cancer. Cancer J. 2020;26:517-524.

9. Cheng ML, Milan MSD, Tamen RM, et al. Plasma
cfDNA genotyping in hospitalized patients with sus-
pected metastatic NSCLC. JCO Precis Oncol. 2021;5:
726-732.

10. Leighl NB, Page RD, Raymond VM, et al. Clinical utility of
comprehensive cell-free DNA analysis to identify
genomic biomarkers in patients with newly diagnosed
metastatic non-small cell lung cancer. Clin Cancer Res.
2019;25:4691-4700.

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

12. Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters
the clinic—implementation issues and future challenges.
Nat Rev Clin Oncol. 2021;18:297-312.

13. Aggarwal C, Rolfo CD, Oxnard GR, Gray JE, Sholl LM,
Gandara DR. Strategies for the successful implementa-
tion of plasma-based NSCLC genotyping in clinical prac-
tice. Nat Rev Clin Oncol. 2021;18:56-62.


http://www.jtocrr.org
https://doi.org/10.1016/j.jtocrr.2022.100386
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref1
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref1
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref1
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref2
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref2
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref2
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref3
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref3
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref3
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref4
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref4
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref4
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref4
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref5
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref5
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref5
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref5
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref5
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref6
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref6
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref6
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref7
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref7
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref7
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref7
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref7
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref8
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref8
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref8
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref9
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref9
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref9
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref9
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref10
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref10
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref10
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref10
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref10
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref11
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref11
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref11
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref11
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref12
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref12
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref12
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref13
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref13
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref13
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref13

10

14.

15.

16.

17.

18.

19.

20.

21.

Schwartzberg et al

Stover DG, Parsons HA, Ha G, et al. Association of
cell-free DNA tumor fraction and somatic copy number
alterations with survival in metastatic triple-negative
breast cancer. J Clin Oncol. 2018;36:543.

Food and Drug Administration. FoundationOne® Liquid CDx
Technical Information. https://www.accessdata.fda.gov/
cdrh_docs/pdf19/P190032C. pdf. Accessed August 25, 2022.
Food and Drug Administration. Guardant360 CDx Technical
Information. https://www.accessdata.fda.gov/cdrh_
docs/pdf20/P200010S001C.pdf. Accessed August 25, 2022.
Rolfo C, Mack P, Scagliotti GV, et al. Liquid biopsy for
advanced NSCLC: a consensus statement from the in-
ternational association for the study of lung cancer.
J Thorac Oncol. 2021;16:1647-1662.

Russano M, Napolitano A, Ribelli G, et al. Liquid biopsy
and tumor heterogeneity in metastatic solid tumors: the
potentiality of blood samples. J Exp Clin Cancer Res.
2020;39:95.

Tukachinsky H, Madison RW, Chung JH, et al. Genomic
analysis of circulating tumor DNA in 3,334 patients with
advanced prostate cancer identifies targetable BRCA
alterations and AR resistance mechanisms. Clin Cancer
Res. 2021;27:3094-3105.

Vanderwalde A, Lu M, Maund S, et al. P10.14 ctDNA and
real-world response (rwR) in patients with lung cancer
from A prospective Real-World clinico-genomic (PCG)
study. J Thorac Oncol. 2021;16:51005.

Clark TA, Chung JH, Kennedy M, et al. Analytical validation
of a hybrid capture-based next-generation sequencing
clinical assay for genomic profiling of cell-free circulating
tumor DNA. J Mol Diagn. 2018;20:686-702.

22.

23.

24,

25.

26.

27.

28.

JTO Clinical and Research Reports Vol. 3 No. 9

Woodhouse R, Li M, Hughes J, et al. Clinical and analytical
validation of FoundationOne Liquid CDx, a novel 324-Gene
cfDNA-based comprehensive genomic profiling assay for
cancers of solid tumor origin. PLoS One. 2020;15:e0237802.
Robert NJ, Nwokeji ED, Espirito JL, et al. Biomarker
tissue journey among patients (pts) with untreated
metastatic non-small cell lung cancer (mNSCLC) in the
US Oncology Network community practices. J Clin Oncol.
2021;39(suppl 15):9004-9004.

Papadimitrakopoulou VA, Han JY, Ahn MJ, et al.
Epidermal growth factor receptor mutation analysis in
tissue and plasma from the AURA3 trial: osimertinib
versus platinum-pemetrexed for T790M mutation-posi-
tive advanced non-small cell lung cancer. Cancer.
2020;126:373-380.

Thompson JC, Aggarwal C, Wong J, et al. Plasma geno-
typing at the time of diagnostic tissue biopsy decreases
time-to-treatment in patients with advanced NSCLC -
results from a prospective pilot study. JTO Clin Res Rep.
2022;3:100301.

Zhang Q, Luo J, Wu S, et al. Prognostic and predictive
impact of circulating tumor DNA in patients with
advanced cancers treated with immune checkpoint
blockade. Cancer Discov. 2020;10:1842-1853.
Choudhury AD, Werner L, Francini E, et al. Tumor frac-
tion in cell-free DNA as a biomarker in prostate cancer.
JCI Insight. 2018;3:e122109.

Hu Y, Alden RS, Odegaard JI, et al. Discrimination of
germline EGFR T790M mutations in plasma cell-free DNA
allows study of prevalence across 31,414 cancer pa-
tients. Clin Cancer Res. 2017;23:7351-7359.


http://refhub.elsevier.com/S2666-3643(22)00110-2/sref14
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref14
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref14
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref14
https://www.accessdata.fda.gov/cdrh_docs/pdf19/P190032C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf19/P190032C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf20/P200010S001C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf20/P200010S001C.pdf
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref17
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref17
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref17
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref17
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref18
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref18
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref18
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref18
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref19
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref19
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref19
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref19
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref19
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref20
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref20
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref20
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref20
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref21
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref21
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref21
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref21
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref22
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref22
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref22
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref22
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref23
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref23
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref23
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref23
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref23
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref24
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref25
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref25
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref25
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref25
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref25
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref26
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref26
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref26
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref26
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref27
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref27
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref27
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref28
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref28
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref28
http://refhub.elsevier.com/S2666-3643(22)00110-2/sref28

	Complementary Roles for Tissue- and Blood-Based Comprehensive Genomic Profiling for Detection of Actionable Driver Alterati ...
	Introduction
	Materials and Methods
	Patient Cohort
	CGP on Study
	NCCN Biomarkers of Interest
	Comparison of Liquid Biopsy Results to Tissue Results
	Statistical Considerations

	Results
	Discussion
	CRediT Authorship Contribution Statement
	flink6
	Supplementary Data
	References


