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1 | INTRODUCTION

Abstract

Objectives: The aim of LungBEAM was to determine the value of a novel epidermal
growth factor receptor (EGFR) mutation test in blood based on BEAMing technol-
ogy to predict disease progression in advanced non-small cell lung cancer (NSCLC)
patients treated with first- or second-generation EGFR-tyrosine kinase inhibitors
(EGFR-TKIs). Another goal was to monitor the dynamics of EGFR mutations, as
well as to track EGFR exon 20 p.T790M (p.T790M) resistance during treatment, as
critical indicators of therapeutic efficacy and patient survival.

Methods: Stage IV NSCLC patients with locally confirmed EGFR-TKI sensi-
tizing mutations (ex19del and/or L858R) in biopsy tissue who were candidates to
receive first- or second-generation EGFR-TKI as first-line therapy were included.
Plasma samples were obtained at baseline and every 4 weeks during treatment until a
progression-free survival (PFS) event or until study completion (72-week follow-up).
The mutant allele fraction (MAF) was determined for each identified mutation using
BEAMing.

Results: A total of 68 of the 110 (61.8%) patients experienced a PFS event. Twenty-
six patients (23.6%) presented with an emergent p.T790M mutation in plasma at some
point during follow-up, preceding radiologic progression with a median of 76 (inter-
quartile ratio: 54-111) days. Disease progression correlated with the appearance of
p-T790M in plasma with a hazard ratio (HR) of 1.94 (95% confidence interval [CI],
1.48-2.54; p < 0.001). The HR for progression in patients showing increasing plasma
sensitizing mutation levels (positive MAF slope) versus patients showing either de-
creasing or unchanged plasma mutation levels (negative or null MAF slopes) was
3.85 (95% CI, 2.01-7.36; p < 0.001).

Conclusion: Detection and quantification of EGFR mutations in circulating tumor
DNA using the highly sensitive BEAMing method should greatly assist in optimizing

treatment decisions for advanced NSCLC patients.

KEYWORDS
BEAMing, EGFR mutations, liquid biopsy, non-small cell lung carcinoma

detection is, therefore, a minimally invasive method for
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Epidermal growth factor receptor (EGFR) genotyping is a
routine test to assess non-small-cell lung cancer (NSCLC)
patients’ eligibility to receive EGFR tyrosine kinase inhibitor
(TKI) therapy. An additional EGFR mutation, known as exon
20 p.T790 M (p.T790 M), has been shown to be the most
common cause of resistance to first- and second-generation
EGFR-TKIs; it has been observed in 50%—60% of cases of ac-
quired resistance.' A meta-analysis has shown that p.T790 M
mutation emergence during EGFR-TKI therapy has a nega-
tive impact on progression-free survival (PFS),” and since
tumor tissue biopsy or re-biopsy is not always viable or ef-
fective, analysis of circulating tumor-derived DNA (ctDNA;
also known as liquid biopsy) is a feasible alternative to tissue-
based EGFR mutation testing. Plasma-based EGFR mutation

therapy response monitoring in NSCLC patients.3’4 Finally,
EGFR mutation results detected via liquid biopsy can pre-
cede radiologic progression by weeks, and in some cases,
even months.’

As of the present day, few prospective trials have com-
prehensively monitored both sensitizing and resistance muta-
tions in plasma samples during first- and second-generation
TKI treatment.®” With respect to EGFR p.T790 M, for in-
stance, it has been demonstrated that the risk of disease
progression during therapy with first- or second-generation
EGFR-TKIs is known to increase when the mutant allele
fraction (MAF) of a preexisting p.T790 M mutation attains a
threshold of >3.2%.'° Therefore, ascertaining MAF from the
analyses of plasma-detected EGFR sensitizing mutations is
likely to improve gauging the prognosis of patients receiving
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EGFR-TKIs. For example, a reduced benefit of EGFR-TKI
therapy has been associated with increasing levels of sensi-
tizing mutations in ctDNA, likely reflecting an increase in
systemic tumor burden and/or overall tumor activity.9 These
findings underscore the importance of detecting and quanti-
fying EGFR mutations in NSCLC patients before and during
TKI therapy with the aim of optimizing the therapeutic
regimen.'!

Although third-generation TKIs such as osimertinib are
approved for use in the first-line setting, their adoption into
routine clinical practice varies widely.12 Furthermore, first-
and second-generation EGFR-TKIs are prominently used in
several cancer care settings—therefore, it remains a matter
of urgency to be able to accurately and sensitively recognize
the presence of p.T790 M in NSCLC patients treated with
these targeted therapies, at the earliest possible time point.
By detecting p.T790 M mutation as the most likely harbin-
ger of treatment resistance that drives disease progression,
an informed decision can be made for the patient to switch
to osimertinib or an alternative therapy immediately upon
the radiologic confirmation of disease progression. A highly
sensitive liquid biopsy platform ideally suited for p.T790 M
resistance detection is the digital polymerase chain reaction
(PCR)-based assay BEAMing (beads, emulsions, amplifica-
tion, and magnetics). This assay reliably achieves a low limit
of detection (0.02% MAF)13 and has been widely utilized in
clinical settings. 1419

The main goal of the LungBEAM study was to provide a
pragmatic and real-world approach to evaluate the value of
EGFR mutation testing, using BEAMing technology, to mon-
itor resistance and sensitizing mutations in plasma ctDNA
and predict disease progression. An underlying imperative
was to examine the correlation between the levels of EGFR
sensitizing and p.T790 M mutations in plasma during the
course of therapy and patient disease trajectory and survival
after EGFR-TKI treatment.

2 | MATERIALS AND METHODS

2.1 | Study design and patients

LungBEAM was a multicenter, prospective study that used
BEAMing technology for mutation analysis in plasma ctDNA
in stage IV NSCLC patients. Recruitment was conducted
in 19 Spanish centers from November 2015 to May 2017.
Eligible patients included adults with stage IV NSCLC, with
alocally confirmed EGFR-TKI sensitizing mutation (ex19del
and/or L858R) by tissue biopsy, eligible to receive EGFR-
TKI therapy, and without prior treatment with EGFR-TKIs
or chemotherapy. Patients having concomitant malignancies
were excluded. The study was approved by the institutional
review board of each site and was conducted according to the

principles of the Declaration of Helsinki. All eligible patients
signed the informed consent form before any study-specific
procedures, sampling, or analyses.

2.2 | Study procedures
Plasma samples were obtained from 10 ml of blood collected
prior to any therapeutic intervention and every 4 weeks dur-
ing treatment until disease progression, death, or completion
of the study follow-up (72 weeks after treatment initiation).
After collection, plasma samples were frozen and then sent
to either the Sysmex Inostics GmbH laboratory in Hamburg
(Germany) or the Sysmex Inostics Inc CLIA laboratory in
Baltimore (MD, USA) for EGFR mutation testing using the
OncoBEAM® EGFR assay. The OncoBEAM® EGFR assay,
based on BEAMing technology, detects eight EGFR muta-
tions (p.T790 M, L858R, and six common dell9 variants).
The MAF was recorded. Tissue-based mutation profiles
were determined using the standard-of-care reference meth-
odology used routinely in each hospital laboratory. For any
discordant cases, BEAMing was also performed on tissue
samples, when possible, to provide adjudication of results.
Disease progression was assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1
criteria. Computed tomography (CT) scans were performed
every 8 weeks within the first 6 months and subsequently
every 12 weeks (Table S1), unless any clinical condition
required more frequent imaging. Investigators were blinded
to plasma BEAMing results. All treatments and diagnostic
procedures were performed according to the standard clinical
practice in each center.

2.3 | Statistical analysis
A total of 100 patients (72 PFS events expected at 18-
month follow-up) were estimated to be included in the study
to achieve 80% statistical power to detect the effect of the
p-T790 M mutation at the 95% confidence level. We assumed
that (i) the maximum time to progression is about 16 months
in patients with an EGFR sensitizing mutation who receive
first- or second-generation EGFR-TKI therapyl; (ii) about
50% of patients will develop a p.T790 M mutation'?’; and
(iii) the hazard ratio (HR) for PFS associated with the inci-
dence of a p. T790 M mutation is around 2.2

Categorical variables are presented using absolute and
relative frequencies, and continuous variables by dispersion
measures, mainly median and interquartile range (IQR). PFS
was defined as the time elapsed from the date of treatment
initiation to disease progression or death, or, alternatively,
to the date of the last blood sample collected within the 72-
week follow-up period, whichever came first. A PFS event
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was defined as disease progression or death. Comparisons of
clinical variables in patients with or without p.T790 M mu-
tation were performed using the Chi-square ()(2) test, t-test,
or Mann—Whitney U test. Univariate and multivariate Cox
models adjusted to clinical risk factors were used to investi-
gate the effect of EGFR mutations detected in plasma on the
PFS. In all models, the proportional hazard assumption was
tested using Schoenfeld residuals.

Agreement between plasma and tissue EGFR mutation
results was determined by Cohen's Kappa statistic. The
slope of post-baseline MAF of EGFR sensitizing mutations,
defined as the mean change in MAF value for each patient,
was calculated to characterize patient subgroups according
to the differential patterns of progression in plasma mutation
levels (measured in MAF), which were compared using the
Wilcoxon Rank Sum test. Positive and negative slopes in-
dicate increasing and decreasing MAF values, respectively,
over time. Time-to-progression according to MAF patterns
was analyzed using the Kaplan—-Meier method and log-rank
testing.

All statistical tests were performed with two-sided 95%
confidence interval (CI) and 5% significance level. Statistical
analyses were performed using the R 3.5.2 statistical software.

3 | RESULTS

3.1 | Study population

A total of 110 patients with stage IV EGFR mutated NSCLC
met the selection criteria and were included in the study. The
baseline characteristics of the cohort are shown in Table 1.
The majority of patients were women (71.8%), non-smokers
(61.8%), and presented with synchronous diagnosis of pri-
mary tumor and metastatic disease (88.2%). A total of 22.7%
of patients had brain metastasis at baseline. Tissue EGFR
mutation distribution was 64.5% ex19del and 35.5% L858R;
one patient (0.9%) harbored a tissue p.T790 M mutation at
baseline.

During the 72-week follow-up period, a total of 68
(61.8%) patients experienced a PFS event (Table 1; Figure 1).
Follow-up was lost or incomplete in seven cases. Overall, the
median (IQR) follow-up was 352 (164-504) days.

3.2 | Concordance between plasma
BEAMing results with those from tissue testing

Baseline EGFR sensitizing mutations were detected in the
plasma of 70.9% (78/110) of the patients. Of these baseline
plasma sensitizing mutation-positive patients, 67.9% (53/78)
presented with ex19del, while 32.1% (25/78) had L858R
mutations. The overall sensitivity for detection of plasma
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TABLE 1 Summary of baseline patient and tumor characteristics
and mutational analyses

All
patients

Variable, n (%) (N=110)
Age, years® 65.5 (12.5)
Gender

Male 31(28.2)

Female 79 (71.9)
Smoking status

Smoker 9(8.2)

Ex-smoker (1-5 years ago) 11 (10.0)

Ex-smoker (610 years ago) 3.7

Ex-smoker (>10 years ago) 19 (17.3)

Never 68 (61.8)
ECOG

0 50 (45.5)

1 50 (45.5)

2 8(7.3)

Not available 2 (1.8)
Stage M (at primary tumor diagnosis)

MO 13 (11.8)

M1 97 (88.2)
Metastasis location

Mla 28 (25.5)

M1b 78 (74.5)
Number of metastatic locations

1 56 (50.9)

>2 54 (49.1)
Tissue biopsy

Primary tumor 85 (77.3)

Metastasis 25 (22.7)
EGFR mutation (tissue)

Ex19del 71 (64.5)

L858R 39 (35.5)
p-T790 M mutation (tissue)

Present 1(0.9)

Absent 51 (46.4)

Not evaluated 58 (52.7)
Progression type

Extrapulmonary 22 (38.6)

Pulmonary 17 (29.8)

Both 14 (24.6)

Not available 4 (7.0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; SD, standard
deviation.

“Data are presented as mean (SD).

sensitizing mutations by BEAMing was 70.9% (95% ClI,
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NSCLC stage IV patients EGFR
mutations in tissue biopsy
(n=110)

Tissue EGFR mutation
at Basal Time
(site standard of care)

T
Plasma BEAMing

Tissue/Plasma disconcordance

FIGURE 1 Study flow-chart. EGFR,
epidermal growth factor receptor; NSCLC,
non-small cells lung cancer; PD, progressive
disease; RECIST, Response Evaluation
Criteria In Solid Tumors

1 in EGFR sensitizing mutation

at Basal Time
(n=32)

Tissue BEAMing Analysis
(n=15)

Plasma BEAMing Analysis
+
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during 72-Week Follow-up
(every 4 weeks)

l
| I
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61.4-79.0). In patients with baseline sensitizing mutations
detected in plasma, the concordance of plasma results with
those obtained from tissue testing was 98.7% (Kappa: 97%;
95% CI, 91.2-102.8; Table S2).

Among the 32 patients showing different tissue and
plasma EGFR mutation results (positive tissue and negative
plasma), additional BEAMing tests were performed on 15
available initial specimens used for standard-of-care tissue
testing, and valid data were obtained in 14 cases. The con-
cordance of the EGFR mutations detected by the BEAMing
technique in tissue with the standard-of-care tissue result was
100% (95% CI, 71.1-100; Table S2).

The presence or absence of a p.T790 M resistance mu-
tation in tissue at baseline was only able to be assessed in
52 patients—this was due to the limitations of the reference
method in some centers. The sensitivity of BEAMing to detect
p.T790 M in plasma was 100% (95% CI, 100-100; Table S2).
The concordance between tissue and plasma for the detection

31 FIGURE 2 MAF values profile in

33 p-T790 M-positive patients with progression
24 disease. The event day was taken as a
reference to better clarify the evolution of
MATF values toward the event time point.
One patient was removed to scale the graph
because of its high values (up to 12%).
MAF, mutant allele fraction

T

of p.T790 M at baseline was 100%, with a Kappa index of
100% (95% CI, 100-100).

3.3 | Detection of p.T790 M mutation in
plasma and risk of disease progression

Twenty-six patients (23.6%) had a p.T790 M mutation de-
tected in their plasma at some point during follow-up. Of
these, 19 (73.1%) had a PFS event during the study period.
Of all enrolled patients who progressed (68 patients), 19
(27.9%) presented with a p.T790 M mutation in their plasma
during the 72-week follow-up. There were no significant
differences in demographic or clinical-pathologic factors
between plasma p.T790 M-positive and p.T790 M-negative
patients (Table S3). The median of maximum MAF values
in p.T790 M-positive patients was 0.62% (IQR: 0.15-1.88).
Significant differences in plasma EGFR sensitizing mutation
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MAF levels were observed between patients with or without
p-T790 M (0.20 vs. 2.50; p < 0.001), regardless of the initial
baseline level of sensitizing mutations (Table S4).

The finding of a p.T790 M resistance mutation in plasma
preceded the corresponding PFES event by a median of 76 (IQR:
54-111) days. In seven (36.8%) of these patients, the p.T790 M
mutation was detected within the first 16 weeks of follow-up
(Table S5). Of note, one patient (ID_10) presented with, and
persistently showed, high p.T790 M levels (42.9% MAF at base-
line); this patient was confirmed to harbor a germline p.T790 M
mutation and did not experience disease progression at any point
during the 72-week follow-up (Figure S1; Table S5). Plasma
monitoring revealed an overall increase in p.T790 M MAF val-
ues up until radiologic progression (Figure 2; Table S6).

The HR for disease progression associated with detection
of p.T790 M resistance mutations in plasma was 1.94 (95%
CI, 1.48-2.54; p < 0.001). This effect remained significant
even after the addition of other risk factors as confounders
(e.g., gender, smoking or multiple metastases, HR: 2.08; 95%
CI, 1.58-2.74; Table S7). After incorporation of plasma sen-
sitizing mutations as predictors, the effect of p.T790 M was
decreased but remained significant (HR: 1.38; 95% CI, 1.02—
1.87; p < 0.038; Table 2). Detection of sensitizing mutations in
plasma by BEAMing was significantly associated with disease
progression when adjusted for other risk factors (Table 2). There
was a higher impact of the mutation on disease progression with
mutation Ex19del in exon 19, where the HR for disease progres-
sion was 2.12 (95% CI 1.67-2.70), than with mutation L858R in
exon 21 (HR 1.68; 95% CI 1.27-2.22, both p < 0.001).

3.4 | Detection of sensitizing mutations in
plasma and risk of disease progression

As stated above, baseline plasma sensitizing mutations were
detected in 70.9% (78/110) of patients enrolled in the study

TABLE 2 Risk factors of progression during the 72-week follow-
up in multivariate Cox regression analysis

Variable HR (95% CI) p value
Age 1.02 (1.01-1.03) <0.001
Man 1.06 (0.87-1.29) 0.584
Smoker 1.42 (1.03-1.94) 0.030
Ex-smoker (1-5 years ago) 1.53 (1.13-2.06) 0.006
Ex-smoker (6-10 years ago) 0.77 (0.43-1.38) 0.379
Ex-smoker (>10 years ago) 1.00 (0.78-1.28) 0.992
Metastasis (>1 location) 1.27 (1.06-1.53) 0.011
p-T790 M Mutation 1.38 (1.02-1.87) 0.038
Ex19del 2.12 (1.67-2.70) <0.001
L858R 1.68 (1.27-2.22) <0.001

Abbreviations: CI, confidence interval; HR, hazard ratio.
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(Figure S2). The median baseline MAF detected in these pa-
tients was 0.79% (IQR: 0.22-7.56). Among these patients,
53 (67.9%) had a PFS event during the 72-week follow-up
period (Table S8). No significant differences in the distribu-
tion of sensitizing mutations with respect to both mutation
type and exon location were observed between patients with
or without PFS events.

Among the 78 patients with plasma baseline EGFR sen-
sitizing mutations, 68 of them had at least four post-baseline
samples available and were used to assess the longitudinal
patterns of EGFR mutation MAF levels. A marked reduc-
tion of MAF values from baseline levels was observed early
during treatment in all patients (Figure 3A), dropping to zero
in some cases. After this initial precipitous drop in MAF,
most patients with a PFS event showed a rebound, with MAF
values increasing progressively at a variable rate. In contrast,
most PES event-free patients showed relatively few changes
in MAF levels, although some random variations were ob-
served (Figure 3B). Patients with PFS events tended to have
significantly higher MAF slope values than event-free pa-
tients (Wilcoxon Rank Sum Test p < 0.001). Most patients
with PFS events (65.1%; 28/43) showed positive MAF slope
values, whereas most event-free patients had negative or null
slopes (84.0%; 21/25).

Progression-free survival was shorter in patients showing
a positive MAF slope than in those with a negative or null
slope (Figure 4). The median PFS was 296.5 (IQR: 248-393)
days in patients with a positive slope, but non-estimable in
patients with a negative or null slope. The Kaplan—-Meier es-
timates of 1-year PFS rates were 40.6% (95% CI, 26.7-61.8)
and 74.3% (95% CI, 61.2-90.3) for patients with positive and
negative/null slopes, respectively.

The HR for disease progression in patients with a posi-
tive MAF slope was 3.85 (95% CI, 2.01-7.36; p < 0.001).
The effect remained significant when adding exon type as a
confounder (HR: 4.11; 95% CI, 2.11-8.03; p < 0.001). No
effect of exon type on PFS was observed (HR: 1.10; 95% CI,
0.57-2.13; p = 0.765). In the multivariate model, there was
no association between mutated EGFR exon type and PFS
(HR: 0.76; 95% CI, 0.39-1.49; p = 0.423).

4 | DISCUSSION

Precision medicine in the setting of NSCLC is now routine
due to molecular profiling strategies, which can identify gene
alterations in a patient's tumor that are targeted by effective
therapies. Due to the drawbacks of tissue biopsy (and re-
biopsy) for identifying and monitoring EGFR mutations, the
liquid biopsy approach is a viable, non-invasive, rapid, and
accurate alternative for detecting both EGFR sensitizing and
resistance mutations. Plasma EGFR mutation testing with
rapid turnaround time enables physicians to quickly identify
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FIGURE 3 Progression of MAF values
stratified by sensitizing mutation exon type
and patient outcome (PFS event). A square
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= root scale of MAF values was used to better
visualize MAF progression in patients with
very low values. A, Baseline and 4 weekly
follow-up MAF values. B, Baseline values
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FIGURE 4 PFS according to the slope (mean increase) of MAF
in patients with a confirmed EGFR sensitizing mutation in plasma at
baseline. EGFR, epidermal growth factor receptor; MAF, mutant allele
fraction; PFS, progression-free survival

those patients with EGFR mutation-positive disease, enabling
early and optimal treatment of these patients that ultimately
improves outcomes.”! In this real-world LungBEAM study,
almost 62% of stage IV NSCLC patients with EGFR sen-
sitizing mutations that received first- and second-generation
TKI treatment as first-line therapy had a PFS event dur-
ing the 72-week follow-up period, with 27.9% of patients
showing an emergent plasma p.T790 M mutation detected
using BEAMing at some points during the follow-up. This
percentage of patients was lower than reported in previous
studies; however, this could be attributed to the considerably
shorter duration of follow-up in our study (72 weeks from the

initiation of EGFR-TKI therapy) compared with these other
studies.'**%’

The emergence of the EGFR p.T790 M mutation during
EGFR-TKI treatment was associated with a shorter PFS, and
this was independent of other clinical factors. This result is
in contrast to those of previous reports indicating that per-
sistence of p.T790 M expression represents indolent progres-
sion.”” Notably, our results showed that p.T790 M detection
in plasma occurs at a median of 76 days prior to radiologi-
cal disease progression. In addition, there was a distinct in-
crease in p.T790 M MAF values prior to or at the time of
disease progression in p.T790 M-positive patients. In one-
third of these patients, the p.T790 M mutation was detected
during the first 16 weeks of TKI treatment. Early detection of
p-T790 M mutation in plasma is important because it helps
identify patients that may benefit from earlier and more fre-
quent imaging to monitor disease progression, which can bet-
ter inform subsequent therapeutic interventions without the
need for an invasive tissue biopsy procedure.%’25 In addition,
the evidence shown in the present study indicates that the tra-
jectory of increasing EGFR mutation levels (MAF) is an im-
portant signal that a patient's tumor burden is increasing.”**’
This principle has also been observed during the monitoring
of colorectal cancer patients.zg’29 Additional studies will be
required to fully explore the prognostic impact of increasing
plasma EGFR mutation levels in NSCLC.

At the initiation of this study, third-generation EGFR-
TKIs such as osimertinib were under experimental evaluation
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as a potential second-line treatment after first- and second-
generation EGFR-TKIs such as erlotinib. Hence, the initial
objective was to monitor the early appearance of EGFR
p-T790 M mutation in plasma, a well-established mechanism
of resistance to first- and second-generation TKIs. Although
the clinical application of plasma p.T790 M detection and
monitoring has fallen as a result of the increase in the use
of third-generation TKIs as first-line treatment,” it is none-
theless still vital to detect p. T790 M mutations in the var-
ious treatment settings where first- and second-generation
TKIs remain in use.>' Moreover, sequential use of second-
generation EGFR-TKIs followed by osimertinib might be one
of the most practical ways of improving overall survival in
patients that develop p.T790 M resistance. There are a num-
ber of current clinical trials exploring sequential EGFR-TKI
treatments, as well as investigating novel therapeutic strate-
gies for patients with resistance due to p.T790 M,***! and the
paradigm of sensitive p.T790 M detection demonstrated in
LungBEAM is expected to be highly useful in these settings.

Regarding the detection of resistance to first-line osim-
ertinib treatment, it should be noted that BEAMing technol-
ogy can also be used to detect the EGFR C797S mutation,
which is a frequent mechanism of resistance after first-line
administration of osimertinib.*? However, other resistance
mechanisms including variations in C-MET copy number
variation, as well as cell cycle gene amplifications, BRAF
mutations, PI3KCA mutations, and human epidermal growth
factor receptor-2 amplification/mutations,™* necessitate
a broader coverage of these gene alterations. Hence, next-
generation sequencing-based methods may prove to be more
useful in identifying these cases of therapy resistance, as they
allow the simultaneous detection of more of these alterations
in multiple genes.*® However, the levels of clinical sensitivity
for the detection of these alterations vary considerably and
are challenging to report with accuracy. Therefore, consider-
able care should be exercised in interpreting such data used
to support treatment recommendations.*®

Regarding the detection of EGFR sensitizing mutations,
the baseline and MAF levels of these mutations in plasma
samples obtained by BEAMing prior to the initiation of
EGFR-TKI therapy were significantly associated with a lower
PFS, both for ex19del and L858R, even after adjusting for
other risk factors. These findings suggest that plasma EGFR
mutation testing in combination with a tissue test at baseline
can provide important complementary information regard-
ing patient prognosis. Moreover, the tracking of sensitizing
mutation levels in plasma over time showed distinctly differ-
ent patterns depending on whether or not the patient showed
disease progression, indicating that the changing levels of
MAF over time are useful in the monitoring of treatment re-
sponse.37‘38 Patients with a persistent increase in MAF values
after the post-baseline drop were prone to progress during
the follow-up. The patient-specific post-baseline MAF slope
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(mean change) is a measure of the rate of MAF increase ob-
served after the initial drop. These slopes allowed us to clas-
sify patients into two groups: those who had a progressive
increase in MAF values (positive slope) and those who did
not (null or negative slopes). Comparison of these two groups
of patients showed that they experienced clinically meaning-
ful differences in 1-year PFS rates: these rates were signifi-
cantly lower in those with a positive slope versus those with
a null or negative slope (40.6% vs. 74.2%). Thus, monitoring
plasma EGFR mutations and MAF levels using BEAMing
during the follow-up period enabled accurate measurement of
a patient's response to treatment. In line with this idea, it has
been proposed that sensitizing mutations, such as ex19del,
can accurately reflect tumor biology, and it could be used as
a sensitive biomarker to monitor disease outcomes.'*'?

Another important consideration in interpreting our study
results is that mutations detected by the analysis of ctDNA
should be regarded as time-dependent variables. In fact,
our MAF progression analysis was restricted to the group of
patients with at least four post-baseline plasma samples avail-
able, so those patients with early progression were not in-
cluded. Increasing the frequency of plasma monitoring (e.g.,
weekly or every 2 weeks) might show even greater utility of
plasma BEAMing EGFR mutation monitoring, especially
in patients that are suspected to be at high risk for progres-
sion. In light of this, the EGFR mutation profile in NSCLC
patients should be determined quickly, given that the early
detection of circulating EGFR mutations in plasma, as well
as increasing mutation levels, is prognostic of rapid tumor
progression, and should signal the opportunity to consider
transitioning to a different treatment.

Although the value of liquid biopsy to ascertain tumor mu-
tation status is well established,3 34041 there are some barriers
to its widespread use, such as concerns about false-negative
results. In lung cancer, false-negative results can occur more
frequently in plasma testing as compared to tissue testing,
because the shedding of ctDNA into the blood in NSCLC
patients has been observed to be lower than in patients with
other solid tumors. In colorectal cancer, for instance, the con-
cordance of mutation results derived from plasma and tissue
is equal to or greater than 90%.** Nevertheless, the use of
the BEAMing technology in LungBEAM, as well as in other
studies,'>!*** has shown high sensitivity in detecting EGFR
mutations in plasma, which makes it a feasible alternative
to tissue-based mutation analysis in order to guide therapy
selection and response evaluation for NSCLC patients.

5 | CONCLUSION

BEAMing accurately detected the presence of EGFR muta-
tions and showed that increasing MAF values for sensitiz-
ing and p.T790 M mutations in serial plasma samples are
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an important negative prognostic indicator. Future studies
should be pursued to determine a relevant clinical cut-off
point for MAF for use as an early disease progression prog-
nostic tool, independent of imaging results, in patients with
metastatic NSCLC.
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