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Background: The longitudinal monitoring of actionable oncogenes in circulating tumor
DNA (ctDNA) of non-small cell lung cancer (NSCLC) is crucial for clinicians to evaluate
current therapeutic response and adjust therapeutic strategies. Saliva-based electric
field—induced release and measurement (EFIRM) is liquid biopsy platform to that can
directly detect mutation genes with a small volume of samples. Herein, we compared the
effectiveness of longitudinal monitoring for the combination of epidermal growth factor
receptor (EGFR) and phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit
alpha (PIK3BCA) mutations between saliva-based EFIRM and plasma-based platforms
(ddPCR and NGS) in two advanced NSCLC patients undergoing the treatment with
osimertinib before and after local ablative therapy (LAT).

Patients and Methods: Two patients with unresectable advanced NSCLC
were enrolled into the National Institutes of Health Clinical Center (NIHCC) Study
(ClinicalTrials.gov: 16-C-0092; local ablative therapy for the treatment of oligoprogressive,
EGFR-mutated, non-small cell lung cancer after treatment with osimertinib). Serial
collections of saliva, plasma, and metastatic tumor volume measurement by computed
tomography (CT) were performed. Longitudinal paired saliva and plasma samples were
analyzed for p.L858R EGFR, exon19 del EGFR, and p.E545K PIK3BCA ctDNA using
EFIRM (saliva) and ddPCR and NGS (plasma).

Results: In Case 1, the saliva ctDNA curve of exon19 del EGFR by EFIRM demonstrated
a strong similarity to those of tumor volume (R = 0.78, P = 0.00) and exon19 del
EGFR in ddPCR (R = 0.53, P = 0.01). Moreover, the curve of p.E545K PIK3CA in
EFIRM showed similarity to those of tumor volume (R = 0.70, P = 0.00) and p.E545K
PIK3BCA in NGS (R=0.72, P = 0.00). In Case 2, the curve of p.E545K PIK3CA in
EFIRM revealed a reverse relationship to that of tumor volume (R = —0.65, P = 0.01).
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Conclusion: In these two case reports, saliva-based EFIRM platform demonstrates a
high level of concordance to plasma-based platforms (ddPCR and NGS) for longitudinally
monitoring the combination of EGFR and PIKSCA ctDNA and can be a useful platform
to monitor tumor progression and response to targeted therapy in NSCLC patients.

Keywords: non-small cell lung cancer, osimertinib, local ablative therapy, gene mutation, acquired resistance,

liquid biopsy

BACKGROUND

Somatic mutations in the epidermal growth factor receptor
(EGFR) gene are detected in ~20% patients with non-
small cell lung cancer (NSCLC) (1). EGFR tyrosine kinase
inhibitors (TKIs) have significantly improved the response rate
and survival in NSCLC patients harboring EGFR-sensitizing
mutations (1). However, treatment with third-generation EGFR
TKI (osimertinib) inevitably leads to acquired resistance (AR)
because of the emergence of a osimertinib-resistant mutations
(p.C797S) (2). Moreover, oncogene mutations such as MET,
BRAF, and PIK3CA, have also been identified in NSCLC
patients with AR to TKIs (3-5). Thus, due to the predictable
development of the drug-resistant mutations, the detection, and
longitudinal monitoring of TKI-related mutations in NSCLC are
very important for clinicians to evaluate therapeutic response and
adjust therapeutic strategies. There have been limited reports of
longitudinal monitoring of NSCLC progression using EGFR and
PIK3CA mutations.

Typically, tumor genomic information is acquired through
thoracic tissue biopsies in procedures such as bronchial
endoscopy or computed tomography (CT)-guided trans-mural
punctures. However, since tissue biopsy are considered a surgical
procedure, its potential for monitoring is limited since it is
not feasible to continuous analyze mutated genes. Additionally,
sampling tumor tissue is subject to selection bias resulting from
tumor heterogeneity (6).

Analysis of circulating tumor DNA (ctDNA) is a non-invasive
liquid biopsy method to longitudinally monitor the NSCLC
progression and response to therapy (7, 8). Although plasma
ctDNA is commonly used for detecting somatic mutations
derived from malignant tumors, limitations exist on the
uncertainty of collection, and processing methods and its
detection performance in diversity of mutation phenotypes (9).

Other biofluids such as saliva could provide alternative
sources for ctDNA assessment. Saliva is the epitome of a
non-invasive, readily-available, and easily-collectable biofluid,
and is more suitable for serial detections of ctDNA than
blood. Existing ctDNA detection platforms, such as droplet
digital PCR (ddPCR) and next-generation sequencing (NGS),
are complicated, technique dependent, time consuming, and
has demonstrated limited success in saliva ctDNA detection
(10). We have developed an electric field-induced release and
measurement (EFIRM) liquid-biopsy technology to detect and
quantify the ctDNA in 50 pL of saliva of NSCLC patients with
near perfect concordance with biopsy genotyping (96-100%)
(11-13). Thus, the saliva-based EFIRM could be an effective

platform for longitudinal monitoring of gene mutations in a
clinical setting to influence changes in therapy.

In the present study, we report on two advanced NSCLC
patients with the treatment of osimertinib before and after local
ablative therapy (LAT), who underwent longitudinal monitoring
of both EGFR and PIK3CA mutations using the saliva-based
EFIRM platform. The major aims of this case report were
the following:

1) Determine the ability to monitor the expressions and changes
of EGFR and PIK3CA mutations in advanced NSCLC by
saliva-based EFIRM platform.

2) Determine if statistically combining both EGFR and PIK3CA
ctDNA mutations will enhance the ability to longitudinally
monitor the disease progression in NSCLC by saliva-
based EFIRM.

PATIENTS AND METHODS

Monthly Serial Collections of Saliva and
Plasma as Well as Regular Evaluation of

Tumor Volume by CT

From May 2016 through September 2017, two patients
histologically diagnosed with unresectable advanced NSCLC
were enrolled into National Institutes of Health Clinical
Center (NIHCC) clinical trial (ClinicalTrials.gov: 16-C-0092;
local ablative therapy for the treatment of oligoprogressive,
EGFR-mutated, non-small cell lung cancer after treatment with
osimertinib). For each patient, serial blood and saliva samples
were collected at day 0 (baseline), day 7 of cycle 1, and the 1st day
of each cycle thereafter. Initially, a cycle of osimertinib treatment
was set for 21 days for patients but was later amended to 28
days. Patients took osimertinib until they could no longer tolerate
it or their disease worsens. The method of plasma and saliva
collection protocol are described in Supplementary Materials.
The study was approved and performed under the supervision
of the NIHCC and the University of California, Los Angeles
(UCLA) Institutional Review Board. Written informed consent
was obtained from all participants. Each patient met the
inclusion criteria of the clinical trial which are provided in
Supplementary Materials.

All target lesions were identified at each tumor assessment
using CT every 6 weeks. In order to estimate of the tumor burden
in the body, all other metastatic soft-tissue lesions > 10 mm in
long-axis diameter were selected for analysis. For lymph nodes,
lesions > 15mm in short axis were considered. All such lesions
were manually segmented and the volume was measured using
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Carestream PACS (Vue PACS version 12.1, Carestream Health,
Rochester, New York). Lesion volumes were assessed even if the
volume got smaller in the follow-up scans. Tissue samples derived
from primary and metastasized tumors were evaluated according
to the routine procedures by the National Cancer Institute (NCI)
Laboratory of Pathology.

Saliva-Based EFIRM Detection for EGFR
and PIK3CA Mutations

Serial saliva samples were used to monitor p.L858R and
exonl9 del EGFR mutations and p.E545K PIK3CA by the
EFIRM platform (EZLife Bio, Woodland Hills, CA), which is
an open platform signal amplification technology based on a
microtiter plate of 96 gold electrodes obtained from EZLife
Bio (Woodland Hills, CA), China). The basic EFIRM assay
has been described previously (11, 12). Of note is that each
measurement is performed in duplicate as part of the standard
operating procedure. Paired probes (capture and detector probes;
Integrated DNA Technologies, San Diego, CA) specific for three
included mutations in NSCLC were designed are listed in Table 1.

The specificity and sensitivity of EFIRM detection for p.L858R
EGFR and exonl9 del EGFR variants have been tested in
previous studies (11, 12). In this case report, we also validated
the specificity and sensitivity of p.E545K PIK3CA mutation by
decreasing the ratio of p.E545K PIK3CA genomic DNA to wild-
type PIK3CA genomic DNA, which were from cell line HTC 116
(AccuRef, Milpitas, CA) and HCC827 (AccuRef, Milpitas, CA),
respectively. As little as 0.1% p.E545K mutant DNA was detected
when a wide-type sample was used (Figure 1). We used 10 iL of
2 ng/uL DNA for these experiments. These data demonstrated
that EFIRM was able to detect p.E545K PIK3CA mutation with
high sensitivity and specificity.

Plasma-based ddPCR assay for p. L858R and exon19 del EGFR
variants and plasma-based NGS for p.E545K PIK3CA mutation
were performed as described in Supplementary Materials. In
the present study, the data of plasma-based ddPCR and NGS as
well as the volumetric tumor analysis of tumors as considered
golden-standard for the data of EFIRM assay.

TABLE 1 | Probe sequences for p.L858R EGFR, exon 19 del EGFR, and p.E545K

PIK3CA.
Mutation Probe sequence
EGFR L858R Capture probe 5'-TGG CCC GCC C-3

Detector probe 5'-AAA ATC TGT GAT CTT

GAC ATG CTG CGG TGT TTT
GTG CAG-3'
EGFR exon 19 Capture probe 5-TGT TGC TTC CTT G-3
deletion
Detector probe 5'-ATA GCG ACG GGA ATT
TTA ACT TTC TCA CCT-3
PIK3CA E545K Capture probe 5'-TCC TGC TTA GTG AT-3

5'-TTC AGA GAG AGG ATC
TCGTGT AGA AAT TGC TT-8

Detector probe

The detector probes were biotinylated on the 3’ end.

For the analysis of data and curves in tumor volume, ddPCR,
NGS, and EFIRM assays, an increase or decrease in ctDNA load
is noted only if the values of two subsequent time-points are both
higher or lower than the baseline value, and at least a 20% rise
or 30% decline to the baseline. The MATLAB 2018R software
(MathWorks, Inc., Massachusetts, USA) was used to compare
the similarity between different curves by calculating an R-value
to show the demonstrate similarity between ctDNA load curves.
The closer R-value is to 1, the stronger the similarity is between
two curves. P < 0.05 was considered to indicate a statistically
significant difference between values.

RESULTS
Case Report 1

A patient presented with extra-cranial advanced NSCLC with
metastatic liver lesions who previously received palliative
chemotherapy with first generation TKIs. They were confirmed
to harbor exonl9 del EGFR, p.E545K PIK3CA, and p.T790M
PIK3CA sensitizing somatic cis-mutations during enrollment.
The patient commenced with 80 mg osimertinib per day.

As shown in Figure 2A, after the initiation with osimertinib
treatment, there was a sharply partial response (PR) period
(from day 0 to 42) for the volume of metastatic tumor (from
30 to 7 mm?). The tumor volume entered stable disease (SD)
period from day 42 to 224 (from 7 to 7 mm?®). From day 224
to 280, the volume of metastatic tumor was found to increase
more than 20% from 7 to 10 mm?®, which indicating that the
progression of metastatic tumor entered the progressive disease
(PD) period. At day 280, the PD was confirmed by the tissue
re-biopsy of liver. Local ablative therapy of the metastatic tumor
was performed followed by the re-initiation of osimertinib. This

p.E545K PIK3CA specificity
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FIGURE 1 | Validation of specificity and sensitivity for p.E545K PIK3CA by
EFIRM detection using lung cancer cell lines. Wild-type PIK3CA (from HCC827
cells) and p.E545K PIKSCA (from HTC 116 cells) were assayed by decreasing
the ratio of targeted oncogene sequence to other sequences. As little as 0.1%
p.E545K mutant DNA was detected when a wide-type sample was used. We
used 10 pL of 2 ng/uL DNA for these experiments.
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FIGURE 2 | Saliva-based EFIRM for detection of exon19 del EGFR and p.E545K PIK3CA in Case 1. (A) The volume of metastatic tumor showed a sharp decline after
the initiation with 80 mg osimertinib. At the time point of day 280 (black arrow), LAT and followed osimertinib re-initiation were performed. The tumor volume increased
to a high level eventually. (B) The curve of exon19 del EGFR EFIRM has a strong similarity to that of exon19 del EGFR ddPCR (R = 0.53, P = 0.01). (C) The curve of

p.E545K PIK3CA EFIRM has a strong similarity to that of p.E545K PIKBCA NGS (R = 0.72, P = 0.00), respectively.
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combined therapy resulted directly in the second PR, and one-
third reduction (from 10 to 7 mm?>) of the metastatic tumor
volume in the following 23 days, and kept the tumor volume
in a SD period (from day 303 to 413) for 110 days. However,
the tumor volume increased significantly again at its second
PD period (from day 413 to 483), and reached its second
highest volume at three times the lowest volume after LAT and
subsequently, the patient passed away.

As shown in Figure 2B, in the sharply PR period of tumor
volume, exonl19 del EGFR ctDNA detected by both plasma-based
ddPCR and saliva-based EFIRM was also markedly decreased
(ddPCR from 60 to 3%; EFIRM from 310 to 150 nA). After that,
in the SD period, exon19 del ctDNA by ddPCR analysis fluctuated
up and down at the low levels from day 21 to 280. However,
exonl9 del ctDNA load in EFIRM went on to decrease to its
lowest point from day 21 to 168 (from 150 to 80 nA). Then, in the
PD period, exon19 del analysis by EFIRM appeared to suddenly
rise to three-fold the ctDNA load in 52 days. After LAT at day
280, unlike like the stable period of tumor volume, there was a
continuous increase of ddPCR mutant allele fraction (from 9 to
84%) of exonl9 del in next 161 days. On the contrary, after LAT
treatment exonl9 del ctDNA analysis by EFIRM demonstrated
a gradual decrease to the two-thirds of signal at day 280 in the
second PR, before starting to rise again. Eventually both signals
of ddPCR and that of EFIRM reached their rapidly increasing
periods, mirroring the behavior of the tumor volume.

As shown in Figure 2C, p.E545K PIK3CA mutant tested by
both plasma-based NGS and saliva-based EFIRM also decreased
sharply in the PR period of tumor volume after the initiation
of osimertinib (NGS from 19 to 2%; EFIRM from 179 to 0
nA). Then, both started to rise slowly during the SD period
of tumor metastatic. After LAT, p.E545K tested by NGS was
found a decline to its second lowest point at day 385, followed
a sharp increase to its highest point in the second PD period of
tumor volume. Moreover, p.E545K ctDNA load EFIRM analysis
underwent a slight decline from day 280 to 329, then started to
increase significantly until to the end in the second PD period.

After comparing the similarities between different curves,
the curve of exonl9 del EGFR EFIRM demonstrated a strong
correlation to the volumetric tumor curves (R = 0.78, P = 0.00)
and exonl9 del EGFR ddPCR (R = 0.53, P = 0.01). The curve
of p.E545K PIK3CA EFIRM has a strong similarity to curves of
tumor volume (R = 0.70, P = 0.00), exon19 del EGFR ddPCR (R
=0.72, P=0.00) and p.E545K PIK3CA NGS (R = 0.72, P = 0.00),
respectively. Additionally, the exon19 del EGFR EFIRM curve is
similar to that of p.E545K PIK3CA EFIRM curve (R = 0.65, P
=0.00).

Case Report 2

The second patient presented with histologically confirmed
advanced NSCLC (extra-cranial metastases) with metastatic
nodes. This patient had no prior EGFR TKI therapy. The
activating cis-isomerism mutations of p.L858R EGFR and
p.E545K PIK3CA were confirmed by the initial molecular genetic
examination of tumor tissue. When enrolled in the NTHCC study,
the patient commenced on the treatment with 80 mg osimertinib
per day.

As shown in Figure 3A, the PR with regression of metastatic
tumor size was found after the treatment of LAT and osimertinib.
Tumor volume reached its lowest point at day 175. After, tumor
size began to increase slowly in its PD period, but keep at low
sizes. Then, tumor volume entered the SD period. However, this
patient still passed away eventually.

As shown in Figure 3B, accompanying changes in the PR
period of tumor volume, p.L858R EGFR mutation detected
by both plasma-based ddPCR and saliva-based EFIRM
demonstrated a brief decline, then remained at an undetectable
level until day 287. However, only at the late stage of PD period,
p.L858R EGFR mutation detected by both ddPCR and EFIRM
began to increase, which were both at a later timepoint than
the detected volume increase of tumor by CT in the PD period.
Contrasting the tumor volume in the SD period, p.L858R EGFR
signals of both platforms started to sharply rise in the SD stage of
tumor (ddPCR from 0.5 to 10.2% in 28 days; EFIRM from 400 to
1,600 nA in 56 days), then dropped sharply after.

As shown in Figure 3C, the allele fraction of p.E545K PIK3CA
mutation tested by NGS remained undetectable till to day 315
in the SD period of tumor, at which showed the only peak of
signal (from 0 to 0.2%). On the contrary, the EFIRM signal of
p-E545K PIK3CA mutation did not sharply decrease in the PR
period of tumor volume, instead increasing gradually from the
baseline. Eventually, p.E545K PIK3CA tested by EFIRM reached
its highest peak at the middle stage of SD period of tumor, which
was followed by a 2-month decline.

Only the EFIRM data of p.E545K PIK3CA demonstrated a
significantly reversed correlation to the curve of tumor volume
data (R = —0.65, P = 0.01). Meanwhile, p.L858R EGFR EFIRM
data had significant similarities with p.E545K PIK3CA EFIRM
detection (P = 0.00) and p.L858R EGFR ddPCR (P = 0.04),
although the correlation was not very strong (R = 0.50 and
0.47, respectively).

DISCUSSION

Circulating tumor DNA (ctDNA) has emerged as a promising
non-invasive tool to detect various genomic alterations
associated with NSCLC, which could be used to monitor
TKI treatment effectiveness, detect “druggable” mutations
and improve prognosis (14). Even for NSCLC patients with
metastases, EGFR ctDNA can be an independent prognostic
factor that can be monitored in the biofluid (15).

EFIRM is a new development for ctDNA detection in plasma
or saliva. It utilizes an electric field to enhance hybridization
efficiency and detect perfect duplexes. In comparison with
predominantly PCR-based platforms, EFIRM is performed
directly on unprocessed biofluid samples without the need
for DNA isolation, adaptor ligation, bead purification, and
sample manipulation. Moreover, EFIRM platform can also be
transformed into high-throughput oncogenic mutation analysis
lab assays for rapidly identifying oncogenic mutations. The
advantages of EFIRM can enable clinicians to adjust their
therapeutic strategies in a timely and easy fashion, consequently
improving the clinical therapy response.
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FIGURE 3 | Saliva-based EFIRM for detection of p.L858R EGFR and p.E545K PIK3CA in Case 2. (A) The volume of metastatic tumor showed an obvious decrease
after LAT and initiation with 80 mg osimertinib. (B) The change trends of p.L858R EGFR EFIRM data have significant similarities with plasma-based ddPCR for
p.L858R EGFR (R = 0.467, P = 0.04). (C) The p.E545K PIK3CA tested by plasma-based NGS remained undetectable till to day 315, which showed the only and
unapparent peak (from 0 to 0.2%). On the contrary, the EFIRM signal of p.E545K PIKSCA mutation increased gradually from the beginning.

Frontiers in Oncology | www.frontiersin.org

July 2020 | Volume 10 | Article 1240


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Lietal

Longitudinal Monitoring by Saliva-Based EFIRM

Rapid advances have been made in the field of salivary
diagnostics because saliva contains already established omics
molecular biomarkers reported in blood and urine. These
biomarkers can be used in early detection and monitoring
of various types of cancer (16). By using capability of
continuous analysis of the saliva-based EFIRM platform, this
study presents two different advanced NSCLC patients who
received longitudinal monitoring of disease progression. The
drift curve of EFIRM signals of EGFR mutations and that of
the tumor volume evaluated by CT were concordant in these
two. Although in the second case EFIRM analysis of PIK3CA
mutation differed from the CT volumetric evaluation, it could be
a classic example of the characterization of clonal redistribution:
newly detected PIK3CA mutation occurred during the anti-
EGFR TKI treatment, which is resultant from predominant
suppression of PIK3CA wild-type clones and indirect selection of
PIK3CA mutated clones (17). Moreover, the ctDNA longitudinal
trends of saliva-based EFIRM were also highly correlated with
that of plasma-based ddPCR and NGS, which were collected
simultaneously during treatment. It is notable that in Case 2,
the majority of ctDNA progression was not found by plasma
NGS except for only one time point. However, EFIRM detected
clear increase and decrease of PIK3CA ctDNA load in saliva,
which suggests the complementary roles of different ctDNA
methodologies in predicting treatment response and resistance
to EGFR-TKI therapy. Thus, these results suggest saliva-based
EFIRM can complement imaging analyses and plasma-based
ddPCR or NGS for accurate and comprehensive reflection of
disease progression and response for TKIs treatment in patients
with different TKI history. However, the origins of ctDNA in
saliva remains unclear. Proteomic studies of saliva revealed that
20-30% of the salivary proteome mirrors the plasma proteome,
indicating that a substantial portion of salivary constituents are
derived from the blood (18). The significant overlap between
saliva and blood due to their physiological interactions supplied
more evidences that saliva-based EFIRM could be an alternative
approach to detect and monitor the progression of disease
compared to plasma-based platforms.

In the present study, exon19 del and p.L858R EGFR which are
the most commonly activated mutations in NSCLC, and p.E545K
PIK3CA which is a reliable predictor of resistance to EGFR TKI as
the combined biomarkers were used to continuously monitor the
disease progression of two NSCLC cases (19-21). Saliva-based
EFIRM platform found that the changes of p.E545K PIK3CA had
close similarities to that of exonl9 del EGFR in the case 1, and
p-L858R EGEFR in the second NSCLC case. Therefore, it could
be more meaningful for clinicians to longitudinally monitor
both EFGR and PIK3CA mutations at the same time-points in
the progressive development of advanced NSCLCs than single
EGFR mutation.

As well, LAT and osimertinib re-challenge had some practical
considerations based on the TKI therapy history of both
mutational and tumor loads of each advanced NSCLC patient.
On one hand for the NSCLC patient with naive EGFR TKI
therapy before (Case 2), the first initiation of osimertinib could
suppress the expressions of both p.L858R EGFR and p.E545K
PIK3CA mutations simultaneously during the whole disease
course. On the other hand, for the patient with AR to first

generation TKIs (Case 1), the initiation of osimertinib can decline
the exonl9 del EGFR level at the early course, however there
was still found a metastatic liver lesion. Following LAT and
retreatment of osimertinib cannot stop the emergence of severe
PD at the late course. These results could be supported by the
explanation that osimertinib can inhibit PI3K/Akt pathway in
NSCLC cancer cells in vitro and in vivo, and the re-activation
of PI3K/Akt bypass signaling pathways might contribute to the
osimertinib AR (22). However, it does not appear to match
the observation that inhibition of EGFR signaling pathway may
activate other bypass signaling pathway because of the mutual
substitution between signal transduction pathways (23). The
direct initiation of third-generation TKIs for advanced NSCLCs
with no prior TKI therapy in the present study could be the
reason for the inconsistency between their conclusions and these
cases. Moreover, the difference should be validated in our further
studies with large samples.

For further improvement of survival benefits in EGFR
TKI-AR NSCLC patients, many groups have explored the
combination of EGFR TKI and other targeted agents, including
dual EGFR blockade and bypass signaling pathway blockade.
The combination of two common TKIs, erlotinib and cetuximab,
induced tumor regression by reducing the phosphorylation of
EGFR and subsequent silence of downstream signaling pathway
in xenograft EGFR TKI-resistant NSCLC mice models (24).
However, the activation of bypass signaling pathway warranted
proliferation, progression and metastasis to NSCLC prior to
EGFR TKI because of the crosstalk and mutual substitution
between variable signaling pathways. In a phase II clinical trial
of combining tivantinib (targeting c-Met) with erlotinib in EGFR
TKI resistant NSCLC patients, the c-Met high subgroup achieved
more survival benefit compared with c-Met low subgroup in
terms of median PFS (4.1 vs. 1.4 months) and median OS
(20.7 vs. 13.9 months) (25). Other phase Ib/II clinical trial of
capmatinib (targeting MET) plus gefitinib in EGFR TKI-resistant
NSCLC patients, the ORR was 27% and increased activity was
corresponded to higher MET amplification (26). Thus, the
opposing trend exhibited by EFGR and PIK3CA ctDNA in the
study, may be related to the fact that advanced NSCLCs with
both EFGR and PIK3CA mutations can related to interactions
by respective inhibitors at the same time during the disease
progression. Some reports found that the combination of other
rare mutation inhibitors and taselisib targeting PI3K pathways
could result in a synergistic effect on NSCLC cell growth
inhibition and enhancing the response to TKIs both in vitro and
in vivo (27, 28). Moreover, two multicentered, open-label, non-
randomized phase II studies about the combination of EGFR
TKIs and PI3K inhibitor (BKM120) in patients with advanced
NSCLC (ClinicalTrials.gov: NCT01487265, NCT01570296) have
been under evaluation. However, there is no published report
about the combination of EGFR TKIs and PI3K inhibitors in the
targeted therapy of advanced NSCLC until now.

CONCLUSION

This case report demonstrates that saliva-based EFIRM is
capable of longitudinal monitoring the NSCLC progression and
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response to adjuvant therapies by the combination of EGFR and
PIK3CA mutations.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the NIHCC and University of California,
Los Angeles (UCLA) Institutional Review Board. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

NL, DW, FW, UG, and CK: conception and design of the study.
NL, FW, LY, JC, and FL: analysis and interpretation of data. NL,

REFERENCES

1. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA,
Brannigan BW, et al. Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non-small-cell lung cancer
to gefitinib. N Engl ] Med. (2004) 21:2129-39. doi: 10.1056/NEJMoa
040938

2. Paez ]G, Jinne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al
EGFR mutations in lung cancer: correlation with clinical response to
gefitinib therapy. Science. (2004) 5676:1497-500. doi: 10.1126/science.
1099314

3. Camidge DR, Pao W, Sequist LV. Acquired resistance to TKIs in solid
tumours: learning from lung cancer. Nat Rev Clin Oncol. (2014) 11:473-
81. doi: 10.1038/nrclinonc.2014.104

4. Thress KS, Paweletz CP, Felip E, Cho BC, Stetson D, Dougherty B, et al.
Acquired EGFR C797S mutation mediates resistance to AZD9291 in non-
small cell lung cancer harboring EGFR T790M. Nat Med. (2015) 21:560—
2. doi: 10.1038/nm.3854

5. Hata AN, Rowley S, Archibald HL, Gomez-Caraballo M, Siddiqui FM, Ji E
et al. Synergistic activity and heterogeneous acquired resistance of combined
MDM2 and MEK inhibition in KRAS mutant cancers. Oncogene. (2017)
36:6581-91. doi: 10.1038/0nc.2017.258

6. Diaz LA, Bardelli A. Liquid biopsies: genotyping circulating tumor DNA. ]
Clin Oncol. (2014) 32:579-86. doi: 10.1200/JC0.2012.45.2011

7. Wang L, Hu H, Pan Y, Wang R, Li Y, Shen L, et al. PIK3CA mutations
frequently coexist with EGFR/KRAS mutations in non-small cell lung cancer
and suggest poor prognosis in EGFR/KRAS wildtype subgroup. PLoS One.
(2014) 9:¢88291. doi: 10.1371/journal.pone.0088291

8. Zhao X, Han RB, Zhao J, Wang J, Yang F, Zhong W, et al. Comparison of
epidermal growth factor receptor mutation statuses in tissue and plasma in
stage I-IV non-small cell lung cancer patients. Respiration. (2013) 85:119-
25. doi: 10.1159/000338790

9. Wicha MS, Hayes DF. Circulating tumor cells: not all detected cells are
bad and not all bad cells are detected. J Clin Oncol. (2011) 29:1508-
11. doi: 10.1200/JCO.2010.34.0026

10. Sato H, Yamamoto H, Sakaguchi M, Shien K, Tomida S, Shien T, et al.
Combined inhibition of MEK and PI3K pathways overcomes acquired
resistance to EGFR-TKIs in non-small cell lung cancer. Cancer Sci. (2018)
109:3183-96. doi: 10.1111/cas.13763

11. Wei E Lin CC, Joon A, Feng Z, Troche G, Lira ME, et al. Noninvasive
saliva-based EGFR gene mutation detection in patients with lung cancer.
Am ] Respir Crit Care Med. (2014) 15:1117-26. doi: 10.1164/rccm.201406-1
0030C

12. Wei E Strom CM, Cheng J, Lin CC, Hsu CY, Soo Hoo GW, et al
Electric field induced release and measurement liquid biopsy for
noninvasive early lung cancer assessment. J Mol Diagn. (2014) 15:1117-26.
doi: 10.1016/j.jmoldx.2018.06.008

DW, FW, and DC: drafting and revising the article. DW and FW:
final approval of the version.

FUNDING

Supported by NIH grants U01 CA233370, UH2 CA206126
(DW), UH3 TR000923 (DW), and R21 CA239052; the
National Natural Sciences Foundation of China (Grant No.
81771083, NL).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fonc.
2020.01240/full#supplementary-material

13. Pu D, Liang H, Wei E Akin D, Feng Z, Yan Q, et al. Evaluation
of a novel salivaebased epidermal growth factor receptor mutation
detection for lung cancer: a pilot study. Thorac Cancer. (2016)
7:428e436. doi: 10.1111/1759-7714.12350

14. Tie J, Gibbs P. Sequencing circulating
potential to refine precision cancer medicine.
62:796-8. doi: 10.1373/clinchem.2015.253476

15. Arrieta O, Ramirez-Tirado LA, Caballé-Perez E, Mejia-Perez A, Zatarain-
Barron ZL, Cardona AF, et al. Response rate of patients with baseline brain
metastases from recently diagnosed non-small cell lung cancer receiving
radiotherapy according to EGFR, ALK and KRAS mutation status. Thorac
Cancer. (2020) 11:1026-37. doi: 10.1111/1759-7714.13359

16. Yoshizawa M, Schafer CA, Schafer JJ, Farrell JJ, Paster B], Wong DT. Salivary
biomarkers: toward future clinical and diagnostic utilities. Clin Microbiol Rev.
(2013) 26:781-91. doi: 10.1128/CMR.00021-13

17. Siravegna G, Mussolin B, Buscarino M, Corti G, Cassingena A, Crisafulli
G, et al. Clonal evolution and resistance to EGFR blockade in the blood
of colorectal cancer patients. Nat Med. (2015) 21:795-801. doi: 10.1038/
nm.3870

18. Yeh CK, Christodoulides NJ, Floriano PN, Miller CS, Ebersole JL, Weigum SE,
et al. Current development of saliva/oral fluid-based diagnostics. Tex Dent J.
(2010) 127:651-61.

19. Shi Y, Au JS, Thongprasert S, Srinivasan S, Tsai CM, Khoa MT,

cell-free DNA: the
Clin Chem. (2016)

et al. A prospective, molecular epidemiology study of EGFR
mutations in Asian patients with advanced non-small-cell lung
cancer of adenocarcinoma histology. J Thorac Oncol. (2014)

9:154-62. doi: 10.1097/JT0O.0000000000000033

20. Arafeh R, Samuel Y. PIK3CA in cancer: The past 30 years. Semin Cancer Biol.
(2019) 18:30152-4. doi: 10.1016/j.semcancer.2019.02.002

21. Ludovini V, Bianconi E Pistola L, Chiari R, Minotti V, Colella R, et al.
Phosphoinositide-3-kinase catalytic alpha and KRAS mutations are important
predictors of resistance to therapy with epidermal growth factor receptor
tyrosine kinase inhibitors in patients with advanced non-small cell lung
cancer. | Thorac Oncol. (2011) 6:707-15. doi: 10.1097/JTO.0b013e318
20a3a6b

22. Zhang Z, Zhang M, Liu H, Chiari R, Minotti V, Colella R, et al. AZD9291
promotes autophagy and inhibits PI3K/Akt pathway in NSCLC cancer cells.
Cell Biochem. (2019) 120:756-67. doi: 10.1002/jcb.27434

23. Ho CC, Liao WY, Lin CA, Shih JY, Yu CJ, Chih-Hsin Yang J. Acquired
BRAF V600E mutation as resistant mechanism after treatment with
osimertinib. J Thorac Oncol. (2017) 12:567-72. doi: 10.1016/j.jtho.2016.
11.2231

24. Wang M, Zhao J, Zhang LM, Li H, Yu JP, Ren XB, et al. Combined
Erlotinib and Cetuximab overcome the acquired resistance to epidermal
growth factor receptors tyrosine kinase inhibitor in non-small-cell lung
cancer. | Cancer Res Clin Oncol. (2012) 138:2069-77. doi: 10.1007/s00432-012-
1291-2

Frontiers in Oncology | www.frontiersin.org

July 2020 | Volume 10 | Article 1240


https://www.frontiersin.org/articles/10.3389/fonc.2020.01240/full#supplementary-material
https://doi.org/10.1056/NEJMoa040938
https://doi.org/10.1126/science.1099314
https://doi.org/10.1038/nrclinonc.2014.104
https://doi.org/10.1038/nm.3854
https://doi.org/10.1038/onc.2017.258
https://doi.org/10.1200/JCO.2012.45.2011
https://doi.org/10.1371/journal.pone.0088291
https://doi.org/10.1159/000338790
https://doi.org/10.1200/JCO.2010.34.0026
https://doi.org/10.1111/cas.13763
https://doi.org/10.1164/rccm.201406-1003OC
https://doi.org/10.1016/j.jmoldx.2018.06.008
https://doi.org/10.1111/1759-7714.12350
https://doi.org/10.1373/clinchem.2015.253476
https://doi.org/10.1111/1759-7714.13359
https://doi.org/10.1128/CMR.00021-13
https://doi.org/10.1038/nm.3870
https://doi.org/10.1097/JTO.0000000000000033
https://doi.org/10.1016/j.semcancer.2019.02.002
https://doi.org/10.1097/JTO.0b013e31820a3a6b
https://doi.org/10.1002/jcb.27434
https://doi.org/10.1016/j.jtho.2016.11.2231
https://doi.org/10.1007/s00432-012-1291-2
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Lietal

Longitudinal Monitoring by Saliva-Based EFIRM

25.

26.

27.

28.

Azuma K, Hirashima T, Yamamoto N, Okamoto I, Takahashi T, Nishio M,
et al. Phase II study of erlotinib plus tivantinib (ARQ 197) in patients with
locally advanced or metastatic EGFR mutation-positive non-small-cell lung
cancer just after progression on EGFR-TKI, gefitinib or erlotinib. ESMO Open.
(2016) 1:e63. doi: 10.1136/esmoopen-2016-000063

Wu YL, Zhang L, Kim DW, Liu X, Lee DH, Yang JCI, et al. Phase Ib/II
study of capmatinib (INC280) plus gefitinib after failure of epidermal growth
factor receptor (EGFR) inhibitor therapy in patients with EGFR- mutated,
MET factor-dysregulated non-small-cell lung cancer. J Clin Oncol. (2018)
31:3101-9. doi: 10.1200/JC0O.2018.77.7326

Yanagita M, Redig AJ, Paweletz CP, Dahlberg SE, O’Connell A, Feeney
N, et al. A prospective evaluation of circulating tumor cells and cell-
free DNA in EGFR mutant non-small cell lung cancer patients treated
with erlotinib on a phase II trial. Clin Cancer Res. (2016) 22:6010-
20. doi: 10.1158/1078-0432.CCR-16-0909

Wu YY, Wu HC, Wu JE, Huang KY, Yang SC, Chen SX, et al
The dual PI3K/mTOR inhibitor BEZ235 restricts the growth of lung
cancer tumors regardless of EGFR status, as a potent accompanist

in combined therapeutic regimens. | Exp Clin Cancer Res. (2019)
38:282. doi: 10.1186/s13046-019-1282-0

Conflict of Interest: FW’s spouse is the co-founder and CEO of EzLife Bio. Her
spouse receives income and holds equity in the company. FW is the co-inventor of
intellectual property by the UC regents and being used in this research.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Li, Guha, Kim, Ye, Cheng, Li, Chia, Wei and Wong. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2020 | Volume 10 | Article 1240


https://doi.org/10.1136/esmoopen-2016-000063
https://doi.org/10.1200/JCO.2018.77.7326
https://doi.org/10.1158/1078-0432.CCR-16-0909
https://doi.org/10.1186/s13046-019-1282-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Longitudinal Monitoring of EGFR and PIK3CA Mutations by Saliva-Based EFIRM in Advanced NSCLC Patients With Local Ablative Therapy and Osimertinib Treatment: Two Case Reports
	Background
	Patients and Methods
	Monthly Serial Collections of Saliva and Plasma as Well as Regular Evaluation of Tumor Volume by CT
	Saliva-Based EFIRM Detection for EGFR and PIK3CA Mutations

	Results
	Case Report 1
	Case Report 2

	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


