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ABSTRACT

Introduction: Tissue and plasma-based next-generation
sequencing (NGS) have complementary roles in patients
with advanced NSCLC. Nevertheless, whether there is any
added clinical value in combining both methods in the
treatment of naïve patients remains unclear.

Methods: We retrospectively collected clinical and genomic
data from 275 patients with treatment-naïve advanced
NSCLC who had undergone plasma-based NGS at diagnosis
in our institution. We analyzed patient data in two separate
cohorts, each assessed with a different plasma-based NGS
method: cohort 1 (n ¼ 127, Guardant360), and cohort 2
(n ¼ 148, FoundationACT/FoundationOne Liquid CDx).
Ninety-five patients (75%) in cohort 1 and 108 patients
(73%) in cohort 2 underwent concurrent amplicon-based
tissue NGS testing locally.

Results: Forty-three patients in cohort 1 (34%) and 49
patients in cohort 2 (33%) harbored European Society for
Medical Oncology Scale for Clinical Actionability of Molec-
ular Targets (ESCAT) I or II targetable driver alterations.
The addition of orthogonal biopsy (tissue to liquid, or liquid
to tissue) offered no relevant clinical value in cases with
ESCAT I or II targetable drivers already detected by one
method. In contrast, adding orthogonal biopsy incremented
the detection of ESCAT I or II targetable drivers not only in
cases with uninformative testing (undetectable circulating
tumor DNA, unavailable/inadequate tissue) but also in
about 5% of the patients with seemingly informative but
driver undetected molecular results. The prevalence of
ESCAT I or II targetable drivers in plasma was significantly
higher in patients with adenocarcinoma, 20 pack-year or
less smoking history, and abdominal metastases.
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Conclusions: Our study suggests that the addition of
sequential orthogonal biopsy should be considered when-
ever an ESCAT I or II targetable driver has not been
detected by the initial method, including cases with seem-
ingly informative molecular analysis.

� 2024 The Authors. 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/).

Keywords: Non-small cell lung cancer; Next-generation
sequencing; Liquid biopsy; Targetable driver alterations

Introduction

Molecular profiling is required for appropriate clin-
ical management of patients with NSCLC. Globally, about
40% of patients with advanced NSCLC have tumors with
clinically actionable genomic alterations, although this
percentage may vary depending on age, ethnicity,
smoking status, histology, and other factors.1–3 These
molecular aberrations predict sensitivity to currently
approved drugs in the front-line setting, in which the use
of targeted therapies is mandatory and should be
prioritized.4–6

Tissue testing has been traditionally accepted as the
standard of care for genomic analysis in routine clinical
practice.7 More recently, advances in the molecular
profiling of circulating tumor DNA (ctDNA) have enabled
the use of plasma-based next-generation sequencing
(NGS) methods to facilitate personalized treatment
guiding in patients with NSCLC. Liquid biopsy has re-
ported clinical utility as a complement or alternative to
tumor biopsy when tissue is unavailable or inadequate
for molecular analysis.8–10 In addition, its convenience
due to the ease of sampling and its faster turnaround
time (TAT) has prompted its use in the initial workup of
patients with diagnosed or suspected lung cancer.11,12

Some studies have indeed suggested that a “plasma-
first” approach might shorten the time to treatment and
increase the proportion of patients selected for matched
targeted therapies.13,14 However, the success in detect-
ing targetable driver alterations in plasma largely relies
on the amount of ctDNA shed in blood,15–17 and the
optimal way to integrate tissue and liquid biopsy in the
clinic remains unclear. Moreover, whether there is any
added clinical value in combining both methods in pa-
tients with advanced, treatment-naïve NSCLC has not
been properly assessed.

In this study, we aimed to analyze the clinical utility
of combining plasma- and tissue-based NGS in the initial
molecular diagnosis of patients with advanced,
treatment-naïve, NSCLC. Our primary objective was to
assess the added clinical value of using both liquid and
tissue biopsy for detecting targetable molecular drivers
in the front-line setting.

Material and Methods
Patient Cohorts

We retrospectively identified patients with advanced,
treatment-naïve NSCLC who had prospectively under-
gone plasma-based NGS as part of their initial molecular
diagnostic workup between January 2019 and December
2022 in our institution. To verify reproducibility in
clinical utility findings, we analyzed patients’ clinical and
molecular data in two separate cohorts, each assessed by
a different plasma-based NGS method. Cohort 1 con-
tained 127 patients whose plasma samples were
analyzed with Guardant360 (Redwood City, California)
from November 2020 to December 2022. Cohort 2
consisted of 148 patients whose plasma samples were
analyzed with FoundationACT and FoundationOne
Liquid CDx (Cambridge, Massachusetts) from January
2019 to October 2020 within the BFAST trial molecular
screening (ClinicalTrials.gov identifier: NCT03178552).
A total of 95 patients (75%) in cohort 1 and 108 patients
(73%) in cohort 2 had available tumor tissue in quantity
and quality for molecular analysis and underwent con-
current tissue-based NGS testing locally. The baseline
clinical characteristics of both cohorts are summarized
in Table 1. All patients provided signed informed con-
sent for plasma NGS analysis, and retrospective data
collection was done under Ethics Committee approval
(#23/264).

NGS Analysis and Clinical Interpretation of
Genomic Data

All patients in the study had their peripheral blood
submitted for externalized plasma-based NGS analysis
using hybrid-capture–based sequencing methods. In
cohort 1, the 73-gene Guardant360 assay18 (Guardant
Health, Redwood City, California) was used. In cohort 2,
liquid biopsy and plasma-based NGS were performed
under the BFAST molecular pre-screening platform us-
ing the FoundationACT (n ¼ 82) assay or the Founda-
tionOne Liquid CDx assay19 (n ¼ 67) (Foundation
Medicine, Cambridge, Massachusetts) testing 62 and 324
genes, respectively.

In patients with available tissue in sufficient quantity
and quality, we performed concurrent tissue-based NGS
onsite with targeted amplicon sequencing. We used the
Oncomine Focus Assay20 (n ¼ 190) or the Oncomine
Precision Assay21 (OPA, n ¼ 13) (Thermo Fisher Scien-
tific, Waltham, Massachusetts), testing 52 and 50 genes,
respectively. For each formalin-fixed and paraffin-
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Table 1. Baseline Clinical Characteristics of Patients From
Cohort 1 and Cohort 2

Characteristic
Cohort 1
(n ¼ 127)

Cohort 2
(n ¼ 148)

Tissue-based NGS
performed, No. (%)

Yes 95 (75) 108 (73)
No 32 (25) 40 (27)

Gender, No. (%)
Male 73 (57) 98 (66)
Female 54 (43) 50 (34)

Median age, y (range) 66 (41–89) 66 (31–94)
Pack-year history, No. (%)
�20 53 (42) 43 (29)
>20 74 (58) 105 (71)

Histology, No. (%)
Adenocarcinoma 97 (76) 102 (69)
Squamous NSCLC 16 (13) 32 (22)
Carcinoma NOS 14 (11) 14 (9)

Liver metastases, No. (%)
Yes 25 (20) 29 (20)
No 102 (80) 119 (80)

CNS metastases, No. (%)
Yes 30 (24) 36 (24)
No 97 (76) 112 (76)

Abdominal
metastasesa, No. (%)

Yes 50 (39) 44 (30)
No 77 (61) 104 (70)

Bone metastases, No. (%)
Yes 49 (39) 47 (32)
No 78 (61) 101 (68)

aAbdominal metastases are defined as metastases in, at least, one of the
following sites: liver, spleen, peritoneum, abdominal nodes, kidney, adrenal
glands, or subcutaneous abdominal nodes. CNS, central nervous system;
NGS, next-generation sequencing; NOS, not otherwise specified.

March 2025 Tissue and Plasma Next-Generation Sequencing 3
embedded tumor sample, the first section was stained
with hematoxylin-eosin and reviewed by a pathologist to
confirm the percentage of tumor cells was 30% or
higher. Freshly cut 5-mm-thick formalin-fixed and
paraffin-embedded sections were collected for nucleic
acid extraction (DNA and RNA). Library preparation and
sequencing analysis were developed on the Ion S5XL
sequencer with automated library preparation using the
Ion Chef System (Thermo Fisher Scientific) for the
Oncomine Focus Assay test and on the Ion Torrent
Genexus Purification System (Thermo Fisher Scientific)
integrated with the Ion Torrent Genexus System
(Thermo Fisher Scientific) for OPA test.

We annotated genomic variants detected in plasma or
tissue samples in two main categories on the basis of
their functional and biological relevance: (1) variants of
unknown significance, those genomic alterations whose
functional consequences and clinical significance have
not been established; and (2) pathogenic or deleterious
variants, those genomic alterations validated or pre-
dicted to affect gene function. We then subclassified
these deleterious variants into four levels of actionability
according to the European Society for Medical Oncology
Scale for Clinical Actionability of Molecular Targets
(ESCAT).6 For the purposes of this study, we focused our
main analysis on the detection of ESCAT I or II targetable
driver alterations22 because these were genomic alter-
ations covered by all plasma or tissue assays used in our
study and are more relevant to inform molecularly
guided therapies in the clinic.

Finally, we classified plasma and tissue molecular
reports into three categories: (1) driver positive: cases
with informative molecular results with ESCAT I or II
targetable driver alteration detected; (2) uninformative:
cases with undetectable ctDNA in the case of liquid bi-
opsy, and cases with unavailable or inadequate tissue or
failed molecular analysis in the case of tissue biopsy; and
(3) driver undetected: cases with seemingly informative
molecular results in which ESCAT I to II targetable driver
alterations were not detected.
Statistical Considerations
We used IBM SPSS Statistics software (version

23) for all statistical analyses. The TAT for tissue
NGS was calculated from the date of tissue biopsy to
the date of tissue molecular results, whereas the TAT
for liquid biopsy was calculated from the date of
blood sample collection to the date of plasma mo-
lecular results. The turn around time for plasma and
tissue molecular reports was compared through two-
sample t test analysis. We used chi-square and bi-
nary logistic regression to analyze the association
between categorical variables. The positive percent
agreement (PPA) for liquid biopsy was calculated as
the percentage of patients who had ESCAT I or II
alterations detected in tissue who were also positive
for the same ESCAT I or II alteration in plasma. All
hypothesis testing was performed at a two-sided
significance level (a) of 0.05.

Results
We included a total of 275 patients in the study. One-

hundred twenty-two patients in cohort 1 (96%) and 139
patients in cohort 2 (94%) had informative plasma NGS
results, of which 36 (28%) and 35 patients (24%) had
ESCAT I to II targetable driver alterations detected in
ctDNA, respectively (Fig. 1). A total of 95 patients in
cohort 1 (75%) and 108 patients in cohort 2 (73%) had
available tissue in quantity and quality and obtained
informative tissue NGS results, of which 31 (24%) and
36 patients (24%) harbored ESCAT I or II targetable
driver alterations, respectively (Fig. 1). The median TAT
was 29 calendar days for tissue biopsy as compared with
11 days for liquid biopsy in cohort 1 (p < 0.001), and 27



Figure 1. Study flowchart. ESCAT, European Society for Medical Oncology Scale for Clinical Actionability of Molecular Targets;
NGS, next-generation sequencing.
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days compared with 15 days in cohort 2 (p < 0.001)
(Supplementary Fig. 1).

Forty-three patients in cohort 1 (34%) and 49 pa-
tients in cohort 2 (33%) harboured ESCAT I or II
targetable driver alterations detected by either tissue
and/or liquid biopsy (Fig. 2A). The distribution of ESCAT
I or II targetable drivers was comparable between both
cohorts (Fig. 2B). Using tissue NGS as the reference
standard, the PPA of liquid biopsy for detecting ESCAT I
to II targetable driver alterations was 77% in cohort 1
and 61% in cohort 2. Individually, none of the ESCAT I to
II targetable drivers reported a poor PPA (<50%)
consistently in both cohorts. In general, point mutations
were the most concordantly detected genomic alter-
ations in plasma and tissue, whereas gene fusions, and
other structural variants (e.g., METex14 alterations),
tended to have a lower overall PPA (Fig. 2C).

To analyze the incremental value of performing
orthogonal biopsy (tissue-to-liquid biopsy and liquid-to-
tissue biopsy) to detect ESCAT I or II targetable driver
alterations, we considered three distinct clinical sce-
narios: (1) driver-positive cases by liquid or tissue bi-
opsy; (2) uninformative cases by liquid or tissue biopsy;
and (3) driver undetected cases by liquid or tissue bi-
opsy. Firstly, in plasma driver-positive cases, the addi-
tion of tissue biopsy detected co-occurring ESCAT I or II
targetable drivers in 1/36 cases in cohort 1 (3%) (one
ESCAT II driver alteration [MET amplification] missed by
liquid biopsy in a patient with an EGFR-mutant tumor),
and none in cohort 2 (Fig. 3A). The addition of liquid
biopsy in tissue driver positive cases did not find ESCAT
I/II co-occurring drivers in any of the cohorts (Fig. 3B).
Next, we analyzed the utility of orthogonal testing in
cases with uninformative liquid or tissue NGS testing. In
cases with undetectable ctDNA, tissue-based NGS de-
tected ESCAT I or II targetable driver alterations in 3/5
patients in cohort 1 (60%) (five ESCAT I drivers [one
KRAS-G12C and two EGFR mutations in one patient, one
ALK fusion and one BRAF-V600E mutation]), and in 8/9
patients in cohort 2 (89%) (eight ESCAT I drivers [four
KRAS-G12C, one BRAF-V600E and two METex14 muta-
tions, and one ROS1 fusion]) (Fig. 3A). As expected, in
cases with uninformative tissue molecular testing, add-
ing liquid biopsy detected ESCAT I or II targetable
drivers in 10/32 patients in cohort 1 (31%) (11 ESCAT I
driver alterations [eight EGFR—two in the same pa-
tient—and two KRAS-G12C mutations, and one ALK
fusion]), and in 8/40 patients in cohort 2 (20%) (eight
ESCAT I drivers [one EGFR and six KRAS G12C mutations,
and one RET fusion]) (Fig. 3B).

We then assessed the added value of orthogonal bi-
opsy in patients that received a seemingly informative
but driver undetected molecular result. In cases with
driver undetected by liquid biopsy, tissue-based NGS
found ESCAT I or II targetable driver alterations in 4/86
patients (5%) in cohort 1 (four ESCAT I driver alter-
ations [one EGFR and two KRAS-G12C mutations and one
ALK fusion]), and in 6/104 patients (6%) in cohort 2 (six
ESCAT I drivers [three EGFR mutations, one RET fusion,
one METex14 mutation, and one ROS1 fusion]) (Fig. 3A).
Similarly, in cases with driver undetected by tissue NGS
analysis, the addition of liquid biopsy resulted in the
detection of ESCAT I or II targetable driver alterations
missed by tissue in 2/64 of the patients (3%) in cohort 1



Figure 2. ESCAT I or II targetable driver alterations detected in plasma and tissue. (A) Patients with ESCAT I or II targetable
drivers detected by plasma and tissue NGS in cohort 1 and cohort 2. Driver-positive, driver-undetected, and uninformative
NGS results are shown in green, red, and grey, respectively. (B) Plasma and tissue NGS results for ESCAT I or II targetable
driver alterations were found in cohort 1 and cohort 2. Patients are shown in columns and actionable alterations are rep-
resented in rows in blue if detected on both plasma and tissue samples, purple if only on plasma, and orange if only on tissue.
(C) PPA for each ESCAT I or II targetable driver alteration in cohort 1 and cohort 2. *No ERBB2 mutations were detected in
cohort 1; PPA is not calculable for this alteration in this cohort. ESCAT, European Society for Medical Oncology Scale for
Clinical Actionability of Molecular Targets; NGS, next-generation sequencing; PPA, positive percent agreement.
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Figure 3. The utility and added value of orthogonal biopsy to detect ESCAT I to II targetable driver alterations. (A) The
incremental value of adding tissue to liquid biopsy to detect ESCAT I to II targetable driver alterations in patients with
driver-positive (green), driver-undetected (red), and uninformative (grey) plasma NGS results in cohort 1 and cohort 2. (B)
The incremental value of adding liquid to tissue biopsy to detect ESCAT I to II targetable driver alterations in patients with
driver-positive (green), driver-undetected (red), and uninformative (grey) tissue NGS results in cohort 1 and cohort 2.
ESCAT, European Society for Medical Oncology Scale for Clinical Actionability of Molecular Targets; NGS, next-generation
sequencing.
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(two ESCAT I driver alterations [one EGFR and one
KRAS-G12C mutations]), and in 5/72 of the patients
(7%) in cohort 2 (four ESCAT I [one RET and one ALK
fusion and two KRAS-G12C mutations] and one ESCAT II
[one ERBB2 mutation] drivers) (Fig. 3B).

A total of 26 patients in cohort 1 (20%) and 21 pa-
tients in cohort 2 (14%) received targeted therapies on
the basis of tissue and/or liquid biopsy results during
the whole course of their disease. Most cases that had
discordant ESCAT I or II targetable driver results by
tissue or liquid biopsy and received targeted therapies
(n ¼ 11 in cohort 1, and n ¼ 9 in cohort 2) achieved
durable partial responses (10/11 in cohort 1, and 6/9 in
cohort 2) (Supplementary Table 1).

Finally, with the aim of trying to identify a subgroup
of patients that could be ideal candidates for a “plasma-
first” genomic profiling approach, we explored if any
baseline clinical characteristic could predict the detec-
tion of ESCAT I or II targetable driver alterations in
liquid biopsy. Consistently in both cohorts, the preva-
lence of ESCAT I or II targetable drivers in plasma was
significantly higher in patients with lung adenocarci-
noma (cohort 1: odds ratio [OR] ¼ 7.55, p ¼ 0.003;
cohort 2: OR ¼ 4.58, p ¼ 0.004), 20 pack-year or less
history (cohort 1: OR ¼ 4.27, p < 0.0001; cohort 2: OR ¼
2.68, p ¼ 0.013), M1b-c staging (cohort 1: OR ¼ 3.25, p ¼
0.010; cohort 2: OR ¼ 2.55, p ¼ 0.026), and abdominal
disease involvement (cohort 1: OR ¼ 4.19, p < 0.0001;
cohort 2: OR ¼ 3.00, p ¼ 0.005) (Table 2).
Discussion
In the present study, we have assessed the comple-

mentary roles and added value of combining liquid and
tissue biopsy in detecting targetable molecular drivers
for the initial clinical management of patients with
advanced NSCLC. We show that orthogonal biopsy seems
to offer limited or no significant clinical value in those
cases with ESCAT I or II targetable drivers already
detected by one method (either liquid or tissue biopsy),
supporting sequential orthogonal testing for selected
cases rather than concomitant testing in all patients with
NSCLC. We further confirm the complementary roles of
tissue and liquid biopsy for detecting driver alterations
and selecting patients for targeted therapies when either
source (tissue or plasma) is unavailable or uninforma-
tive. Finally, our study suggests that orthogonal
sequential biopsy (tissue to liquid, or liquid to tissue)
can meaningfully increment the detection of ESCAT I or
II targetable driver alterations also in those cases with
seemingly informative but driver undetected molecular
results.

To our knowledge, this is the first study evaluating
the clinical utility of reflex tissue and liquid biopsy in
two separate cohorts of unselected, newly diagnosed
patients with advanced-stage NSCLC who were sepa-
rately assessed with two different Food and Drug
Administration–approved liquid biopsy methods. We
found that 34% of the patients in cohort 1 and 33% of
the patients in cohort 2 harbored ESCAT I or II targetable
drivers detected in tissue, plasma, or both. These pro-
portions compare similarly to other studies assessing
advanced and patients with treatment-naïve NSCLC23,24

and, as expected, are somewhat lower to those assess-
ing only patients with non-squamous NSCLC unselected
for prior therapies.25

Despite the well-established complementary roles of
tissue and plasma-based NGS analysis in patients with
NSCLC,26 the optimal approach for successful and effi-
cient clinical integration of both methods in patients
with advanced and treatment naïve NSCLC is still un-
clear. The first relevant question is whether a “plasma-
first” approach can be widely adopted in routine clinical
practice. The utility and clinical relevance of performing
a liquid biopsy first have been shown in several
studies.14,27–29 Most remarkably, the LIBELULE study
has recently reported in a randomized setting that per-
forming liquid biopsy even before histological diagnosis
in patients with radiological suspicion of advanced
NSCLC can significantly reduce time to molecular testing
and time to first-line treatment, particularly in those
cases with ESCAT I driver alterations.13 Our results do
support this approach, confirming a significantly shorter
TAT as compared with tissue biopsy and the capacity to
detect ESCAT I to II targetable driver alterations in about
25% of unselected NSCLC cases. Here, we further pro-
pose that certain subgroups of patients (i.e., patients
with lung adenocarcinomas with 20 pack-year or less
smoking history and extrathoracic metastases) seem
ideal candidates for initial liquid biopsy testing, on the
basis of their higher likelihood of detecting ESCAT I to II
targetable drivers. Importantly, patients with ESCAT I to
II targetable drivers detected in plasma would not need
to undergo concurrent tissue NGS testing13,14,28 and
could have their tissue preserved for further immune-
based biomarker analysis or other sort of molecular
testing if needed (Fig. 4).

However, one of the main limitations of a “plasma-
first” approach is that a non-negligible fraction of
advanced NSCLC cases do not shed enough ctDNA for
successful plasma-based NGS testing. In line with prior
reports,30 our study does confirm the absolute need for
tissue NGS in cases with uninformative (ctDNA-negative)
liquid biopsy results because complementary tissue
sequencing could detect ESCAT I or II targetable driver
alterations in most of these cases (Fig. 4). Certain clinical
characteristics typically associated with some driver
positive tumors (i.e., M1a stage or central nervous



Table 2. Association Between Clinical Characteristics and the Presence of ESCAT I to II Targetable Driver Alterations in Liquid Biopsy

Cohort 1 (n ¼ 127 pts) Cohort 2 (n ¼ 148 pts)

Positive ESCAT
I–II Drivers in
Plasma (n ¼ 36 pts)

Undetected ESCAT I–II
Drivers in
Plasma (n ¼ 91 pts) p Value

Positive ESCAT
I–II Drivers in
Plasma (n ¼ 35 pts)

Undetected ESCAT
I–II Drivers in
Plasma (n ¼ 113 pts) p Value

Median age, y (range) 63 (41–84) 66 (43–88) 0.82 63 (31–86) 66 (42–94) 0.09
Gender, No. (%) 0.28 0.94
Male 18 (50) 55 (60) 23 (66) 75 (66)
Female 18 (50) 36 (40) 12 (34) 38 (34)

Pack-year history, No. (%) <0.0001 0.013
�20 24 (66) 29 (32) 16 (46) 27 (24)
>20 12 (34) 62 (68) 19 (54) 86 (76)

Histology, No. (%) 0.003 0.004
Adenocarcinoma 34 (94) 63 (69) 31 (85) 71 (63)
Others 2 (6) 28 (31) 4 (15) 42 (37)

Staging TNM, No. (%) 0.010 0.026
M1a 7 (19) 40 (44) 9 (26) 53 (47)
M1b, M1c 29 (81) 51 (56) 26 (74) 60 (53)

Liver metastases, No. (%) 0.96 0.012
Yes 7 (19) 18 (20) 12 (34) 17 (15)
No 29 (81) 73 (80) 23 (66) 96 (85)

CNS metastases, No. (%) 0.40 0.12
Yes 10 (28) 20 (21) 12 (33) 24 (21)
No 26 (72) 71 (79) 23 (67) 89 (79)

Abdominal metastasesa, No. (%) <0.0001 0.005
Yes 23 (64) 27 (30) 17 (49) 27 (24)
No 13 (36) 64 (70) 18 (51) 86 (76)

Bone metastases, No. (%) 0.65 0.23
Yes 15 (42) 34 (37) 14 (40) 33 (29)
No 21 (58) 57 (63) 21 (60) 80 (71)

aAbdominal metastases are defined as metastases in, at least, one of the following sites: liver, spleen, peritoneum, abdominal nodes, kidney, adrenal glands, or subcutaneous abdominal nodes.
ESCAT, European Society for Medical Oncology Scale for Clinical Actionability of Molecular Targets; CNS, central nervous system; NGS, next-generation sequencing; pts, patients.
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Figure 4. Proposed molecular diagnostic management algorithm in patients with advanced, treatment-naïve NSCLC. ctDNA,
circulating tumor DNA; NGS, next-generation sequencing.
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system only disease) are also predictive of lower ctDNA
shedding, which could at least partially explain the high
rates of ESCAT I or II targetable driver detection in tissue
in this subgroup of uninformative liquid biopsy cases.

Remarkably, we also observed that the addition of
tissue biopsy was capable of detecting ESCAT I or II
targetable drivers missed by plasma in about 5% of the
patients that received a seemingly informative with
driver undetected liquid biopsy result. The interpreta-
tion of plasma-based NGS reports is challenged by the
fact that some of the pathogenic genomic variants that
are detected in plasma are a result of clonal hemato-
poiesis of indeterminate potential.31,32 In cases with
insufficient ctDNA shed, the detection of clonal hemato-
poiesis of indeterminate potential–related genomic var-
iants can lead to the misinterpretation of a liquid biopsy
result as tumor informative.33 Collectively, we believe
that these results suggest that in patients that undergo a
“plasma-first” approach, only the detection of ESCAT I to
II targetable driver alterations should be considered
informative results to guide treatment in the lack of a
tissue biopsy, underscoring the need of complementary
sequential tissue NGS testing in the rest of the cases
(Fig. 4). Of note, as indicated in a recent large-scale
report, perhaps the quantification of ctDNA tumor frac-
tion could help distinguish true negative from false
negative plasma NGS results, thereby avoiding confir-
matory tissue testing in those cases more likely to be
true driver negatives in plasma.34

Despite “plasma-first” being a compelling approach
for most patients with advanced-stage NSCLC in the
front-line setting, it needs to be considered that plasma-
based NGS is not globally available or widely adopted as
a standard of care in the initial management of patients
with advanced NSCLC yet, and most institutions in fact
perform tissue-based NGS upfront. In line with what we
observed in the “plasma-first” approach, there was no
added significant clinical value of performing concomi-
tant orthogonal liquid biopsy in those cases with ESCAT I
to II targetable driver alterations detected in tissue,
which does not therefore seem to support concomitant
tissue and liquid biopsy for all patients with NSCLC
(Fig. 4).

In contrast, the clinical value of using liquid biopsy
when tissue NGS is uninformative for molecular testing
(unavailable or inadequate) has been extensively re-
ported in several studies.16,35–37 This strategy is guide-
line-recommended4,38–43 and widely adopted to facilitate
personalized therapy in patients with advanced NSCLC
in many institutions.44,45 In this setting, plasma-based
NGS can detect a broad spectrum of driver alterations
that recapitulate the tissue-based molecular landscape of
NSCLC.46–49 Consistent with this paradigm, our study
found that liquid biopsy can detect ESCAT I to II
targetable driver alterations in approximately 25% of
the cases with uninformative tissue testing, further
reinforcing the established clinical value of liquid biopsy
in this setting (Fig. 4).

What is still unclear is the added clinical value of
performing liquid biopsy in patients that have a seem-
ingly informative with driver undetected tissue NGS
result. Some studies have shown that liquid biopsy does
not increase the overall detection of driver alterations in
patients with informative tissue NGS testing using large
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hybrid-capture-based tissue assays,26 whereas other
studies that have used more limited amplicon-based
tissue assays found that liquid biopsy could increase
the detection of actionable drivers in about 5% of the
cases in this particular setting.50 In our study, in which
we also used a more limited amplicon-based tissue NGS
testing in real-world clinical practice conditions, we
found that there was a meaningful increment in the
detection rate of ESCAT I or II targetable driver alter-
ations with the addition of liquid biopsy in those cases
with apparently informative but driver undetected tissue
NGS result (i.e., either successful sequencing with no
genetic alterations detected, or pathogenic variants that
do not rank within ESCAT I or II targetable driver al-
terations). Adding liquid biopsy in this scenario resulted
in 3% and 7% more patients being detected with ESCAT
I or II targetable drivers missed by tissue NGS in cohort
1 and cohort 2, respectively. Collectively, we believe that
these results support the use of reflex liquid biopsy
sequentially to tissue biopsy not only when tissue is
unavailable or inadequate for molecular analysis (unin-
formative), but also in those cases with a seemingly
informative but driver undetected tissue NGS result
(Fig. 4).

This study needs to be interpreted in the context of
two main limitations. First, this was a single-center
retrospective study. We included consecutive front-line
patients with NSCLC selected to undergo liquid biopsy
as part of their routine diagnostic and clinical workup,
most of which had concomitantly undergone successful
tissue-based NGS testing, but the study was not designed
to prospectively compare the utility and performance of
tissue and liquid biopsy in this setting. And second, we
used multiple panels with different sequencing meth-
odologies, most notably hybrid-capture-based in the case
of plasma NGS, and amplicon-based in the case of tissue
NGS. Although we focused our clinical utility analysis by
assessing only the detection of ESCAT I or II targetable
drivers, which were covered by all liquid- and tissue-
based NGS panels used in the study, the existing differ-
ences in the analytical performance of the different
panels need to be considered when interpreting the
discordant results between liquid and tissue biopsy
observed in this study. Some of these differences could
also at least partially explain the slight discrepancies in
PPA values between both cohorts. Despite this limitation,
we believe that our data represent real-world clinical
practice, in which different panels for liquid and tissue
biopsy might be available for routine clinical care.
Moreover, our study was not intended or designed to
compare the analytical performance between liquid and
tissue biopsy, but rather to analyze the clinical utility
and added value of combining tissue and liquid biopsy to
detect ESCAT I or II targetable driver alterations in the
front-line setting, regardless of the assay. In fact, the
observed incremental value of combining liquid and
tissue biopsy in certain clinical scenarios seems to be
assay-independent, on the basis of the comparable
findings observed in cohort 1 and cohort 2.

In conclusion, this work underscores the utility of
combining liquid and tissue biopsy to maximize the
detection of ESCAT I or II targetable driver alterations in
patients with newly diagnosed advanced NSCLC. Our
data seem to favor a sequential rather than a concomi-
tant approach, adding orthogonal biopsy sequentially
(tissue to liquid in cases selected for a “plasma-first”
approach, or liquid to tissue in cases selected for a
“tissue-first” approach) whenever an ESCAT I or II
targetable driver alteration has not been detected by the
initial method, which includes cases with uninformative
testing, but also those with seemingly informative but
driver undetected molecular results. Our study also
suggests that patients with lung adenocarcinoma, lower
tobacco history, and involvement of extrathoracic dis-
ease seem to be appropriate candidates for “plasma-
first” NGS testing.
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