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Abstract: Background: Lung cancer remains the leading cause of cancer mortality globally
with EGFR mutations representing a significant driver in advanced non-small cell lung
cancer (aNSCLC). The timely detection of these mutations is critical for initiating targeted
therapy, yet tissue biopsy limitations often delay treatment. Methods: This multicenter
prospective study evaluated the clinical utility of liquid biopsy (LBx) in real-life settings for
the early diagnosis of EGFR mutations in patients with suspected aNSCLC. Circulating
tumor DNA (ctDNA) was analyzed using the Cobas EGFR Mutation Test and compared
to tissue-based next-generation sequencing (NGS). Results: Among 366 aNSCLC patients
tested, LBx demonstrated a significantly shorter median turnaround time (TAT) of 3 days
compared to 26 days for tissue NGS (p < 0.001) with 100% specificity and 65% sensitivity
for EGFR mutation detection. LBx identified actionable EGFR mutations in cases where
tissue biopsy was insufficient or unavailable, enabling 43.7% of patients to commence
targeted therapy based on ctDNA results prior to biopsy confirmation. Conclusions: These
findings highlight the potential of LBx to reduce diagnostic delays and improve access
to personalized therapies in a real-world setting. Integrating LBx into routine diagnostic
workflows may address current gaps in molecular testing, ensuring timely and precise
treatment for aNSCLC patients.
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1. Introduction
Lung cancer remains a pressing public health challenge, representing the most preva-

lent type of cancer globally. Its incidence and associated mortality rates underscore the
urgent need for comprehensive strategies to address this serious malignancy [1]. Today,
the management of aNSCLC has transitioned into an era of personalized and targeted
therapy guided by molecular subtyping. The IPASS trial was the first study that showed
the importance of molecular testing in aNSCLC more than 15 years ago [2]. Since then,
many genomic alterations, for which drugs are approved in the clinical setting, have been
identified. Molecular testing to identify these alterations has become standard-of-care
according to the European Society of Medical Oncology (ESMO) and the American Society
of Clinical Oncology (ASCO) guidelines with important implications on treatment selec-
tion and outcome [3,4]. Epidermal growth factor receptor (EGFR) mutations are the most
common driver mutations found in patients with lung adenocarcinomas and occasionally
found in squamous cell carcinomas. Prevalence is estimated at 49.1% in east Asia, 12.8%
in Europe and 15.2% in Canada [5,6]. EGFR tyrosine kinase inhibitors (TKIs) are superior
to chemotherapy in EGFR-mutant (EGFRm) non-small cell lung cancer (NSCLC) and are
associated with a relatively rapid time to response [7,8].

Historically tissue biopsy was used to detect genomic alterations before starting
treatment in aNSCLC, although this is not always possible in a real-world setting due to the
inability to acquire tissue, sequencing failure or lack of resources [9,10]. Next-generation
sequencing (NGS) testing and single-gene testing are the two primary testing strategies
currently available in Canada. Targeted NGS is often regarded as the preferred technique
due to its ability to analyze a broader panel of genes, enhanced cost-effectiveness, and
reduced need for repeat testing ultimately leading to faster treatment initiation [11–14].
However, the turnaround time (TAT) from reception of biopsy to start of treatment remains
5.1 weeks compared to 9.2 weeks in single-gene strategies [15]. In 2018, a Canadian
investigator reviewed the TAT for EGFR molecular reporting between biopsy procedure
and issuance of molecular pathology report sign out. The median TAT was 23 days and
34 days in two large referral centers in Montreal [16].

These delays can negatively impact treatment, leading the National Comprehensive
Cancer Network (NCCN) guidelines to recommend initiating empiric upfront treatment
while awaiting testing results [17]. However, a study by Scott et al. demonstrated that
initiating treatment before genomic test results are available can adversely affect time
to next treatment and overall survival (OS) in patients with an actionable molecular al-
teration [18]. Consequently, promptly and adequately selecting the optimal first-line
treatment is imperative. In this context, liquid biopsy (LBx) presents itself as an appealing
complementary option.

The term “liquid biopsy” was first used by Pantel and Alix-Panabières to refer to the
practice of obtaining diagnostic information by means of blood sampling rather than tra-
ditional tissue biopsies [19]. For instance, circulating tumor DNA (ctDNA) assays through
NGS have been developed as a non-invasive tool for the monitoring of response to anticancer
therapy, detecting minimal residual disease (MRD) in early-stage cancer, screening for cancer,
and aiding in treatment selection for patients with advanced cancer [20,21]. LBx involves
sequencing ctDNA to detect actionable biomarkers and guide targeted therapy for aNSCLC.
Specifically, it analyzes circulating cell-free DNA derived from tumor cell apoptosis and
necrosis and obtained from a blood sample. This extracted ctDNA can then be amplified,
analyzed, and assessed for mutations [22,23]. In the context of NSCLC, ctDNA LBx is
increasingly utilized for genotyping, either in combination with or as a substitute for tissue
biopsies, particularly when the latter is inadequate for NGS or technically challenging.
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Broad targeted NGS panels have been developed to detect genomic alteration with high
accuracy such as MSK-IMPACT® in tissue and MSK-ACCESS® in plasma [24].

There are many emerging applications for LBx in NSCLC related to cancer screening,
diagnosis and MRD detection. Among FDA-approved tests to identify actionable mutations
in LBx, IdyllaTM ctEGFR Mutation Assay and Cobas® EGFR Mutation Test v2 both employ real-
time polymerase chain reaction (PCR) techniques and are associated with low TAT [25]. The
aim of our study was to demonstrate that LBx has the potential to significantly reduce TAT
compared to tissue molecular diagnosis without compromise on sensitivity and specificity,
expediting the initiation of adequate treatment for individuals diagnosed with aNSCLC.

2. Methods
2.1. Study Design

CLEAR was a multicenter, prospective, non-randomized study that enrolled patients
with radiological suspicion of lung cancer and no prior biopsy or cytology confirming
a diagnosis of aNSCLC. The study was conducted at Centre hospitalier de l’Université
de Montréal (CHUM), with the participation of other hospitals in Quebec, including
the Jewish General Hospital, Maisonneuve-Rosemont Hospital, Sacré-Cœur-de-Montréal
Hospital, Cité-de-la-Santé Hospital, Pierre-Boucher Hospital, Anna-Laberge Hospital, St-
Jerome Hospital, Notre-Dame Hospital, Saint-Eustache Hospital, Saint-Hyacinthe Hospital,
Charles-Lemoyne Hospital, and Hôtel-Dieu-de-Sorel Hospital.

2.2. Patient Recruitment and Biopsy Sampling

Patients suspected to have primary lung cancer were identified through referrals by
oncologists, thoracic surgeons, pulmonologists, and radiation oncologists from the different
participating centers. Eligible patients included men and women over 18 years of age
with suspected aNSCLC on imaging. Patients with histologically proven lung cancer or
other malignancies and those already receiving systemic therapy were excluded. Upon
screening, a study coordinator scheduled meetings with the patients to discuss the study
and obtain informed consent. During these meetings, detailed interviews were conducted
to gather relevant medical history and demographic characteristics such as sex, age, Eastern
Cooperative Oncology Group (ECOG) performance status, smoking history, and prior
history of cancer. Whenever feasible, retrospective data curation from chart review was
also performed to assess anti-EGFR TKI treatment initiation.

Following the consent process, blood samples were collected via phlebotomy using
Streck tubes. DNA extraction was performed using the Cobas EGFR mutation test kit
c.2 with PCR conducted on a Cobas system analyzer (Roche Diagnostics, Indianapolis, IN,
USA). Finally, the referring physician was promptly informed of the test result to guide
further clinical management. TAT from LBx blood sampling to EGFR test result reporting
was recorded.

Patients underwent histologic sampling as per standard of practice. The reflex molec-
ular testing of tumor tissue was performed per institutional standard-of-care. TAT from
tissue NGS order to result was recorded.

2.3. Study Endpoints

The primary objective was to evaluate the difference in TAT between LBx testing and
tissue EGFR testing. TAT for tissue NGS was defined as the time interval between tissue
biopsy and NGS test result. TAT for LBx was defined as the time interval between blood
sampling and PCR result. Secondary objectives included the sensitivity and specificity of
LBx compared to tissue EGFR testing as well as the role of LBx EGFR testing in patients in
whom EGFR testing was not conducted on tissue biopsy for various reasons.
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2.4. Statistical Analysis

Descriptive statistics were employed to define clinicopathological characteristics at
baseline. Sensitivity reflects the ability of a test to correctly identify the disease or mutation,
which was calculated using the formula

Sensitivity = True Positives (TP)/True Positives (TP) + False Negatives (FN) × 100.
Specificity reflects the ability of a test to correctly identify a patient who does not have
the disease or mutation and was calculated with the formula Specificity = True Negatives
(TN)/True Negatives (TN) + False Positives (FP) × 100. The Shapiro–Wilk test was used to
evaluate the normality of data distributions, such as differences in TAT for plasma EGFR
testing versus tissue NGS in pathology. For datasets deviating from normality, compar-
isons of matched data entries were conducted using the Wilcoxon test. Statistical signifi-
cance was defined by a two-tailed α < 0.05. Statistical analyses were performed using R
version 4.4.0 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Population Characteristics

Between August 2019 and February 2023, 366 patients were recruited with a median
age at diagnosis of 68 years (range, 32–95 years). Most patients (n = 164, 44.8%) were
male and had a smoking history (n = 294; 81.9%). The Eastern Cooperative Oncology
Group (ECOG) status was ≥2 in 30.3% (n = 111), and 70.5% (n = 258) of patients had stage
IV disease at screening. Brain metastases were present in 24.3% (n = 89) of patients. The
baseline demographic and disease characteristics are outlined in Table 1.

Table 1. Baseline demographics and clinical characteristics for included patients.

Characteristic N = 366

Age at diagnosis, years, median (IQR) 69 (32–95)

Sex (male-female, %) 45–55

Referring center, No. (%)
CHUM 309 (84%)
Other centers 57 (16%)

Smoking Habits, No. (%)
Never 62 (18%)
Former 112 (31%)
Current 183 (51%)

ECOG, No. (%)
0 84 (22.9%)
1 151 (41.25%)
2 58 (15.84%)
3+ 53 (14.48%)
Unknown 20 (5.46%)

Histology, No. (%)
Adenocarcinoma 247 (67.5%)
Squamous cell 36 (9.8%)
Other NSCLC 27 (7.38%)
SCLC 12 (3.3%)
Other malignancies 14 (3.83%)
Benign 23 (6.28%)
No tissue diagnosis 7 (1.9%)
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Table 1. Cont.

Characteristic N = 366

Stage at diagnosis, No. (%)
I 11 (3%)
II 20 (5.46%)
III 77 (21%)
IV 258 (70.5%)

CNS metastasis, No. (%)
No 259 (70.7%)
Yes 89 (24.3%)
Unknown 18 (5%)

Positive EGFR by ctDNA 31 (8.47%)

Positive EGFR by tissue biopsy 40 (10.9%)
Abbreviations: CHUM = Centre hospitalier Université de Montreal; ECOG = Eastern Cooperative Oncol-
ogy Group; IQR = interquartile range; NSCLC = non-small cell lung cancer; SCLC = small cell lung cancer;
CNS = central nervous system metastasis.

3.2. Tissue Biopsy

In total, 356 patients underwent tissue biopsy after ctDNA blood draw, of whom
237 had EGFR testing. Among the 129 patients who did not undergo EGFR testing via
tissue biopsy, the reasons were distributed as follows: 16 patients (12.4%) had benign
histology, 20 (15.5%) had early-stage disease, 20 (15.5%) had insufficient or inadequate
tissue for molecular testing, 14 (10.9%) had either small-cell lung cancer (SCLC) or were
heavy smokers with squamous cell carcinoma of the lung, 14 (10.9%) had non-lung primary
tumors, 13 (10.1%) were either unfit for or declined tissue biopsy, and in 29 cases (22.5%),
the reason for not performing molecular testing was unspecified (Figure 1). The median
time from tissue biopsy to pathology result was 10 days (3–72 days).
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3.3. Difference in TAT Between LBx and Tissue EGFR Testing

Among the patients who underwent molecular testing (either LBx or tissue NGS),
EGFR mutations were detected in 31 (8.5%) and 40 (10.9%) of cases by ctDNA and tissue
biopsy, respectively. EGFR exon 19 deletion was the most frequent mutation, which was
detected in 59% of patients. The median TAT for plasma testing from blood draw to result
was 3 days (0–49 days) compared to 26 days (3–225 days) with tissue NGS, which was
measured from the tissue test request to reporting (p-value < 0.001).

3.4. Sensitivity and Specificity Analyses

ctDNA demonstrated 100% specificity and 65% sensitivity for EGFR status. The
positive predictive value was 100%, and the negative predictive value was 95%. In addition,
seven of the patients who did not have EGFR testing on tissue biopsy because of inadequate
or insufficient tissue tested positive for EGFR mutation on LBx.

Of the patients with EGFR mutation and cerebral metastasis, only 22.2% of patients
underwent brain radiotherapy in the ctDNA-positive group, whereas this number increased
to 37.5% in the tissue NGS-positive group.

Data concerning anti-EGFR TKI treatment initiation were available for 16 patients.
Among these 16 patients, it is important to highlight that seven (43.7%) started TKI based
on ctDNA result and before tissue biopsy (Figure 2).
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4. Discussion
In our pursuit of enhancing diagnostic precision for aNSCLC, the integration of ctDNA

molecular testing emerges as a transformative approach. Our prospective multicenter
study underscored the urgency and significance of implementing early ctDNA testing
in suspected cases of aNSCLC, aiming to ensure prompt and comprehensive diagnostic
evaluations for all patients.

In our study, we presented compelling evidence regarding the potential of ctDNA
testing particularly in early detection of EGFR mutations upon suspicion of aNSCLC.
Compared to traditional tissue biopsy testing, ctDNA yielded results significantly faster
with a TAT of 3 days versus 26 days (p < 0.001). While acknowledging that ctDNA does
not supplant molecular testing performed on tissue biopsy, it served as a crucial tool for
the early detection of EGFR mutations in a substantial proportion (8.47%) of cases. This
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timely detection allows for informed treatment decisions, potentially averting unnecessary
interventions such as brain radiotherapy or the initiation of chemotherapy. In addition,
EGFR mutation was detected on ctDNA in seven patients who did not receive EGFR
testing on tissue biopsy due to insufficient or inadequate tissue sampling. Thus, our results
advocate for the utility of EGFR ctDNA testing upon suspicion of aNSCLC, facilitating
timely and informed treatment strategies.

Comprehensive genomic profiling remains imperative for patients with aNSCLC, yet
persistent clinical practice gaps pose pressing challenges. Aggarwal et al. underscored the
profound impact of pre-therapy genomic profiling on OS rates, emphasizing the critical
need for timely molecular results [26]. However, Sadik et al. shed light on the disconcerting
reality that 50% of patients were excluded from precision oncology pathways due to various
obstacles in obtaining biomarker test results, including tissue scarcity, inadequate reflex
testing, prolonged turnaround times, and financial barriers [27]. This was reflected in
our study with 20 (5.4%) and 29 (7.9%) patients not benefiting from EGFR testing due to
insufficient or inadequate tissue and unknown reasons, respectively.

A previous study conducted in our academic center revealed a time to detection of
EGFR mutation from clinical suspicion of 78.7 days and 48.4 days, respectively, in the time
periods of 2014–2016 and 2017–2019. Overall, 30% of patients had started chemotherapy as
NGS results were not available, and it was associated with worse overall prognosis [28].
Although we could see an improvement of the time to detection of EGFR mutation from
clinical suspicion in our study, at 26 days, it remained significantly longer compared to LBx
NGS testing at 3 days.

Recent studies, such as the French study Libellule and the Canadian study Accelerate,
underscored the clinical utility of incorporating plasma ctDNA testing upon radiologic
suspicion of NSCLC rather than waiting for a tissue pathology report. These trials reaf-
firmed the pivotal role of ctDNA testing in expediting treatment initiation, thus advocating
for its widespread adoption to ensure timely and comprehensive diagnostic evaluation
for all patients with aNSCLC [29,30]. In the Accelerate study, the median TAT for LBx
was 7 days versus 23 days for tissue NGS, which mirrors the findings of our study. LBx
based on radiologic evidence of lung cancer led to significant reduction in the delay from
referral to start of treatment (39 days vs. 62 days). Libellule’s study found that upfront Lbx
biomarker testing reduced the time to initiation of treatment by 9.7 days in patients who
received systemic treatment and 16.4 days in patients who had a targetable mutation and
were started on TKI.

In addition, the retrospective study by Russo et al. found that delay from diagnosis to
therapy was significantly reduced in patients who had LBx testing prediagnosis compared
to patients who had it postdiagnosis (21 vs. 35 days) [31]. Similarly, a prospective study
conducted at the University of Pennsylvania found that plasma-based NGS conducted at
the time of biopsy on the basis of imaging results allowed a reduction in time to treatment
compared to reflex tissue NGS (12 vs. 20 days) [32].

Despite representing a prospective, multicenter effort providing meaningful data in
favor of early testing of patients suspected of having aNSCLC, our study has limitations.
First, in a resource-limited healthcare setting, LBx testing represents a relatively expensive
diagnostic method considering the low overall prevalence of EGFR activating events in
the aNSCLC population. Performing ctDNA based on imaging suspicious for lung cancer
has proven to be time effective, but efforts still need to be made to optimize its cost-
effectiveness. Adequate patient selection strategies remain to be explored. In our study,
310 (84.7%) patients were eventually diagnosed with aNSCLC; however, 56 (15.3%) were
ultimately considered inadequate candidates for NGS on tissue biopsy due to early-stage
disease or tissue histology consistent with SCLC, non-pulmonary malignancies, or benign



Curr. Oncol. 2025, 32, 57 8 of 10

lesions. In a state-funded medical system, cost effectiveness is a major factor in adopting a
diagnostic study. Cost-effectiveness studies could be performed taking into consideration
reduction in hospitalization costs due to chemotherapy side effects as well as reduction in
unnecessary procedures such as repeat biopsy and brain radiation therapy. Second, our
study only tested for EGFRm, as it remains the most frequent actionable genomic alteration
in lung cancer. Ideally, our aim would be to implement ctDNA complete genomic profiling
to our routine testing. That would allow the detection of more ESCAT tier 1 actionable
mutations, thus serving a bigger proportion of patients.

5. Conclusions
In conclusion, our multicenter Canadian study at the provincial level demonstrates

the clinical significance of upfront ctDNA EGFR testing in aNSCLC based on radiologic
suspicion. We hope that our findings will pave the way for broader access to ctDNA.
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