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ARTICLE INFO ABSTRACT

Background: Liquid biopsy has been approved as an optional method to detect epidermal growth factor receptor
(EGFR) mutations in non-small cell lung cancer (NSCLC). However, the clinical significance of its utility for
monitoring the disease remains elusive. WJOG8114LTR is a prospective, multi-institutional study of liquid
biopsy in EGFR mutated patients with NSCLC.

Patients and methods: Chemotherapy naive, advanced NSCLC patients with EGFR -sensitizing mutation received
afatinib 40 mg/body until progressive disease (PD). Plasma DNA was obtained from patients at baseline, weeks
2, 4, 8, 12, 24, 48, and at PD. Three types of clinically relevant EGFR mutations (exon 19 deletion, exon 20
T790 M and exon 21 L858R) will be analyzed using plasma DNA with multiplexed, digital PCR assay. This study
was registered at UMIN 000015847.

Results: Fifty-seven patients were registered in the study. At baseline, 62.5% of patients were positive for EGFR
mutation in plasma, and systemic spread of the tumor seemed to correlate with higher detection rate. After
treatment, negative conversion of sensitive mutation within four weeks was observed among 87.5% of the pa-
tients. These patients demonstrated statistically significant longer progression-free survival than those who did
not achieve negative conversion (13.6 months versus 5.1 months, p < 0.0001). Regarding progression, 35.7%
of the patients showed recurrence in plasma DNA earlier than radiological progression. However, PFS curve
based on plasma recurrence did not show significant difference than that based on RECIST.

Conclusion: To predict durable efficacy and progression, liquid biopsy was useful in a part of EGFR mutated
NSCLC patients.
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1. Introduction

Detection of driver mutations in patients with advanced non-small
cell lung cancer (NSCLQ) is critical because they receive great benefit
from kinase inhibitors [1-4]. However, it is often difficult to obtain
tumor tissue in advanced NSCLC patients. Cell-free DNA (cfDNA) from
peripheral blood is a useful material to solve this problem. In epidermal
growth factor receptor (EGFR) mutated patients, several studies

demonstrated that plasma samples could be a substitute for tumor
tissue in analyzing EGFR mutation [5,6]. Moreover, cfDNA analysis
using cobas® EGFR mutation kit version.2 (Roche Molecular Diag-
nostics, Inc, CA) has already been introduced into clinical practice.
Beyond this diagnostic approach, liquid biopsy may be an ideal
method to monitor the genetic status of cancer during treatment be-
cause it can be done less invasively and repeatedly. Although several
studies have already shown the feasibility of monitoring EGFR
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mutations in each patient [7,8], most of them focused on representative
cases. Thus, as the statement paper suggested, it has not been proven
whether sequential ¢fDNA monitoring is clinically meaningful or not,
and also it has not been elucidated which patients are benefit from this
approach [9].

Previously, we reported the establishment of multiplexed assay of
three EGFR mutations (exon 19del, exon 20 T790 M and exon 21 L858R)
using highly sensitive digital PCR [10]. Based on this, we conducted a
multi-institutional biomarker study of EGFR mutated patients who were
treated with afatinib (West Japan Oncology Group (WJOG) 8114LTR).

2. Materials and methods
2.1. Study design and patients

WJOGS8114LTR is a prospective, multicenter, single-arm, phase II
biomarker study using digital PCR method in EGFR mutated, advanced
lung adenocarcinoma patients treated with afatinib. Advanced NSCLC
patients with EGFR-sensitizing mutations such as exon 19 deletion, or
exon 21 L858R received afatinib monotherapy (40 mg/body) until
progressive disease (PD) or unacceptable toxicity. At the time of study
registration, EGFR mutational test using tumor tissues was done by
certified laboratories in Japan. Plasma DNA was obtained from patients
at baseline, weeks 2, 4, 8, 12, 24, 48, and at PD (Fig. 1). This study was
registered at UMIN000015847. Study protocol was approved by the
institutional review board of each hospital and all patients provided
written informed consent.

2.2. Assessment of outcomes

Radiological assessment was by chest computed tomography at 4, 8,
12 and 24 weeks, and every six months thereafter. Brain MRI was
performed every six weeks when the patient had brain involvement at
baseline. Tumor response was classified in accordance with the
Response Evaluation Criteria for Solid Tumors (RECIST), ver. 1.1.
Progression-free survival (PFS) was defined from the first day of
treatment to the earliest signs of disease progression as determined by
CT or MRI imaging using RECIST criteria, or death from any cause.

About EGFR mutation analysis using digital PCR, concordance be-
tween tumor tissue and plasma at baseline was compared. Next, PFS
was compared between patients who were positive and negative for
EGFR mutation at baseline. Among the former patients, correlation
between clinical significance and changes of cfDNA (negative conver-
sion or recurrence) during treatment was analyzed. Negative conver-
sion was defined by the time point when EGFR mutated cf DNA reached
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below threshold. Plasma recurrence was defined by the time point of
absolute increase in allele frequency of EGFR mutated cfDNA (positive
conversion from below to above the cut-off or increase of mutant allele
frequency by 100% or more). Mutant allele frequency of EGFR, pro-
portion of mutant to all alleles, in tissue and plasma samples were
calculated and explored for the correlation with efficacy.

2.3. Sample collection

All participants had 20 mL of whole blood collected in K2EDTA BD
Vacutainer blood collection tubes (BD, Franklin Lakes, NJ). The blood
was centrifuged within 1 h after the collection at 1400 X g for 10 min at
4 °C and the plasma supernatant was transferred to 50 mL conical tubes
(BD Falcon, Corning, NY) and stored at —80 °C until use. Plasma DNA
was isolated using the QIAmp Circulating Nucleic Acid Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocol. DNA was
eluted in AVE buffer (50 uL). Approximately 40 pL of plasma DNA was
concentrated to about 10 uL. by SpeedVac (Thermo Fisher Scientific,
Waltham, MA). DNA concentration was measured by Qubit 2.0
Fluorometer (Life Technologies, Carlsbad, CA).

2.4. Probes and primers for digital PCR

Primers and probes were procured from MBL-IDT K.K. (Nagoya,
Japan). Fluorescent probes targeting wild-type and mutant sequences
were conjugated to tetrachlorofluorescein (TET, Aex522nm/Aem
539nm) or 6-carboxyfluorescein (FAM, Aex494nm/Aem 522nm)
fluorophores with ZEN/IABKFQ double quencher, respectively. The
sequences of primers and probes for detection of the EGFR mutations
are shown in Supplementary Table S1.

2.5. EGFR mutation detection in multiplex format

The multiplex assay was developed to identify the three common
EGFR mutations and each corresponding wild-type sequence. Multiplex
ddPCR assays are described in detail elsewhere [11]. In brief, 20.0 pL of
TagMan Genotyping Master Mix (Life Technologies) was mixed with
the assay solution containing 2.0 uL of 10uM forward and reverse
primers, 2.0 uL. of 4 uM FAM and TET labeled-probes, 4.0 pL. Droplet
Stabilizer (RainDance Technologies, Billerica, MA), 4.0uL sterile
DNase- and RNase-free water. A final reaction volume was 40 puL with
8 uL plasma DNA samples from patients. The sequences of primers,
probes and blockers, together with the concentrations used, are shown
in Supplemental Table S2.

A collection of uniformly sized aqueous droplets was produced by
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Fig. 1. Schema and number of collected samples in this study.
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hydrodynamic flow-focusing with a droplet-generating microfluidic
chip (Souse chip, RainDance Technologies) following the manu-
facturer’s instructions. The resulting emulsion was collected in a PCR
tube strip comprised of eight 0.2mL conical-bottom PCR tubes
(Axygen, Tewksbury, MA). The PCR tube strip, containing a total of
75 L of droplets and carrier oil, was tightly capped with an 8-Strip
Dome Cap (Axygen), and placed in a thermal cycler with a hot lid
(Proflex PCR system, Life Technologies). The emulsion was thermal
cycled under conditions described in Supplementary Table 2.

The thermal-cycled emulsion was transferred into a second micro-
fluidic chip (Sense chip, RainDance Technologies), and endpoint
fluorescence signals were measured following manufacturer’s instruc-
tions.

2.6. Digital PCR analysis

Droplet event data were analyzed with the RainDrop Analyst soft-
ware (RainDance Technologies) following manufacturer’s instructions.
Briefly, sample data was loaded with a drop-size gating template
(RainDance Technologies). Data from the positive control sample was
used to create the compensation matrix in the RainDrop Analyst soft-
ware. The compensation matrix was applied to the data from each
sample to eliminate the crosstalk fluorescence signals from the TET and
FAM fluorophores. The sizes and locations of the wild-type and the
mutant gates were established by manual selection of the area con-
taining them in the positive control.

For each unknown sample, the number of PCR-positive droplet
events was counted within each gate. The number of events within each
gate was converted to the number of events per assay using the total
number of intact drops. When analyzing clinical samples, results of
EGFR mutation status in tissue samples were blinded until those in
plasma samples appeared.

2.7. Statistical analysis

As this is an exploratory biomarker study, the sample size calcula-
tion was basically estimated in terms of its feasibility of collecting tissue
samples. As a reference, a statistical calculation was carried out to
evaluate the performance of examining the consistency in EGFR mu-
tation detection between tissue and plasma samples. Assuming that the
detection rate of EGFR mutation is 90% using tissue samples and 70%
using plasma samples, 47 patients provided the statistical power of 75%
using a McNemar test (type I error = 0.05). Taking ineligible patients
into account, the sample size was set at 55 in our study Objective re-
sponse rate was calculated and its 95% confidence interval (CI) was
estimated. PFS was analyzed using Kaplan-Meier method to estimate
the median points with 95% CI, and its differences were analyzed by the
log-rank test. All analyses were performed using JMP ver.7 (SAS
Institute Inc., USA). A p value of < 0.05 indicated statistical sig-
nificance.

3. Results

Between February and December 2015, 57 patients were registered
in the study. Clinical characteristics of the registered patients are shown
in Table 1. Of those, 31 (53%) were female. Thirty-nine patients (68%)
were stage IV and 16 (28%) were post-operative relapse. Number of
each EGFR mutation (exon 19del and exon 21 L858R) of the patients
were almost the same. After registration, two patients did not receive
protocol treatment due to acute interstitial lung disease and rapid dis-
ease progression. Thus, 55 patients were recognized per protocol set
and were analyzed for their efficacy and safety. Overall response rate
was 78.6% (95% confidence interval (CI): 67.3-89.1%) and median PFS
was 14.2 months (95%CI: 10.5-19.1 months). Profiles and severity of
adverse events (data not shown) were similar to the pivotal study [12].
During study treatment, one patient died in a traffic accident; this event
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Table 1
Patient Characteristics.
Overall Plasma EGFR at baseline P value
(+) ©)
N =57 N =35 N=21
Sex
Male / Female 26 /31 14 /21 12/9 0.27
Age
Median (range) 69 (37-78) 69 (45-78) 67 (37-78)  0.95
Smoking history
Yes / No 26 /31 14 /21 11 /10 0.41
ECOG PS
0/1 24 /33 14 /21 10 /11 0.59
c-Stage
IIIB / IV / post-operative 2/39/16 0/30/5 2/8/11 < 0.01
relapse
Site of EGFR Mutation
exon 19 del / exon 21 29 /28 14 /21 14/7 0.10

L858R

PS: performance status.

was considered unrelated to study treatment.

Number of tissue and plasma samples obtained at each time point
are described in Fig. 1. One tumor tissue specimen did not contain
tumor cells so we analyzed 56 samples. During the first 12 weeks of
treatment, about 90% of planned plasma samples were collected. At 24
weeks, 40 plasma samples were collected.

Regarding tissue samples, results of sensitive EGFR mutation ana-
lyses using digital PCR corresponded to those based on institutional
mutation analyses. In one patient (1.8%), de novo Exon 20 T790 M
mutation was additionally detected by digital PCR analysis. Analyzing
plasma samples, 35 of 56 patients (62.5%, 95% CI: 44.2-70.1%) were
positive for sensitive EGFR mutation at baseline. Sites of EGFR mutation
were completely identical between tissue and corresponding plasma
samples. Characteristics of the patients who were positive or negative
for EGFR mutation in plasma are shown in Table 1. Clinical stage was
the only factor that correlated with detection rate. Patients with stage
IV demonstrated the highest detection rate compared with patients who
were stage III and post-operative relapse (81.6% versus. 0% and 31.2%,
respectively). In more detail, the systemic spread of tumor seemed to
correlate with higher detection rate (Fig. 2). Among stage IV disease,
detection rate tended to be higher in patients with distant metastasis
(M1b, 85.2%, 23 of 27 patients) than those without (M1a, 72.7%, eight
of 11 patients). Similar tendency was observed among patients with
post-operative relapse (57.1% in patients with metastatic relapse versus
11.1% in patients with localized relapse). Regarding efficacy, cfDNA-
positive patients showed slightly shorter PFS than cfDNA-negative pa-
tients, but not significantly (median 13.0 months versus not reached,
p = 0.11, Fig. 3).

At baseline, mutant allele frequency of EGFR in tissue and plasma
samples did not correlated with anti-tumor response (Supplementary
Fig. 1). Among 35 patients who were positive for cell-free DNA (cfDNA)
at baseline, changes of cfDNA during treatment were analyzed. Nega-
tive conversion (NC) of ¢cfDNA was observed in 60.6% at two weeks,
87.5% at four weeks, 93.8% at eight weeks, 87.1% at 12 weeks and
83.3% at 24 weeks, respectively. Patients who achieved NC at two
weeks had significantly longer PFS than those without (13.6 months vs
7.5 months, p = 0.0001, Fig. 4a). Similarly, patients who achieved NC
at four weeks demonstrated longer PFS than those without (13.6
months versus 5.1 months, p < 0.0001, Fig. 4b). PFS was not different
between patients who achieved NC in two weeks and those who
achieved NC in two to four weeks (p = 0.59).

At the time of analysis, 17 patients experienced disease progression.
We managed to collect nine tissue samples and 14 plasma samples.
Most common reason we were not able to obtain as many tissue samples
as expected was difficulty in obtaining tissue samples due to
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Fig. 2. Detection rate and numbers of the patients with EGFR mutation at baseline.

Abbreviation: post-op relapse = post-operative relapse.

invasiveness and patients’ poor condition. Exon 20 T790M was detected
in five patients (62.5%) from plasma samples. Sequential changes of
allele frequencies of EGFR mutation in each individual were shown in
Supplementary Fig. 2. Of 14 patients, 11 achieved negative conversion,
but finally plasma recurrence was found in 8 patients (57.1%). Five
patients (37.5%) showed recurrence in plasma DNA earlier than radi-
ological progression. Of those, median time between plasma recurrence
and radiological progression was 45days (range 12-123 days). How-
ever, PFS curve based on plasma recurrence did not show significant
difference compared to that based on RECIST (Fig. 5).

4. Discussion

Emergence of highly sensitive PCR assay has enabled us to detect
driver mutation from plasma samples. In fact, liquid biopsy became one
of the standard method to identify the subtypes of NSCLC. However,
there still remains some debatable issues. First, its detection rate has
been discussed based on various types of assays and patient popula-
tions. Pivotal studies demonstrated that detection rate is about to
50-60% [6,13]. On the other hand, a large-scale observational study
conducted in Japan showed that detection rate is only 20% in a real
world setting [14]. Sensitivity of each assay might influence on these
results. Additionally, our analysis suggests that utility of cfDNA analysis
was limited only in patients with disseminated disease. Detection rate
of our patients with stage III or post-operative relapse was below 60%,
while detection rate among patients with distant metastasis increased to
85%. Similarly, differences in PFS between cfDNA-positive and —nega-
tive patients might reflect the tumor volume. Because amount of cfDNA

Progression-free survival (%)

-
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stagelV, M1b post-op relapse, post-op relapse,

localized metastatic
85.2% 11.1% 57.1%
(23/27) (1/9) 4/7)

in plasma was scarce, multiplexed assay like ours or next-generation
sequencing are clinically useful to analyze both sensitive and resistant
mutation in one reaction.

Secondly, clinical significance of monitoring cfDNA should be
mentioned. Our second analysis clearly showed that mutant allele fre-
quency at baseline did not correlate with efficacy, but the change of
cfDNA within four weeks could be a predictive tool to distinguish re-
sponders from non-responders. In CML patients, negative conversion of
BCL-ABL in peripheral blood was reported as a surrogate marker of
durable response [15]. Our study demonstrated that negative conver-
sion of cfDNA was also significant in solid malignancy. Surprisingly,
negative conversion was observed after only two weeks of afatinib
treatment in 60% of patients in our analysis and showed clinically
different PFS. Detecting surrogate markers of durable response using
cfDNA is clinically useful, because it may help us to distinguish un-
favorable EGFR mutated patients earlier than radiological examination.
Recently, newer treatment regimens (i.e. EGFR-TKI combined with
cytotoxic chemotherapy [16], VEGF antibody [17] or third generation
EGFR-TKI [18]) showed promising PFS results, but their influence on
dynamic changes of ¢cfDNA is unknown. Whether changes of cfDNA are
different between these novel regimens and afatinib may be explored.

Finally, we assessed the utility of monitoring cfDNA in terms of
predicting disease progression earlier than radiological progression.
These patients may have a chance to receive subsequent chemotherapy
before worsening symptoms. Although the number of the patients who
experienced progression was relatively small, plasma recurrence pre-
ceded radiological progression in a part of population (37.5%).
However, Kaplan-Meier curve showed that cfDNA analysis was not

Patients who were
negative for EGFR
mutation in plasma at
baseline (N = 21)

Patients who were positive
for EGFR mutation in
plasma at baseline (N =
34)

-k

0 1;30 3(:50
Time (days)

540

Fig. 3. Kaplan-Meier curves for progression-free survival in patients who were positive / negative for EGFR mutation in plasma at baseline; bold line = negative for

EGFR mutation (n = 21), dotted line = positive for EGFR mutation (n = 34).
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Patients who achieved negative conversion

a) At two weeks b) At four weeks

Patients who did not achieve negative conversion

- (N=28)

Lung Cancer 131 (2019) 128-133

Fig. 4. Kaplan-Meier curves for progression-free sur-
vival by achieving negative conversion of EGFR mu-
tation after afatinib treatment; bold line = those who
achieved negative conversion, dotted line = those who
did not achieve negative conversion. (left) at two
weeks (n = 20 inbold and 13 in dotted), (right) at four
weeks (n = 28 in bold and 4 in dotted).

-+ (N=4)

Progression-free survival (%)
Progression-free survival (%)

180 360 180

Time (days)

540

—— PFS on plasma progression

-k

PFS on RECIST

Progression-free survival (%)

360 540

150
Time (days)

Fig. 5. Kaplan-Meier curves for progression-free survival in patients who ex-
perienced disease progression (PD). Dotted line = PD judged by RECIST, bold
line = PD judged by elevation of allele frequency in plasma (n = 14, each).

superior to RECIST evaluation as a whole. As we did not investigate its
impact on overall survival, clinical utility of plasma progression should
not be conclusive. As a clinical trial, European Organization for
Research and Treatment of Cancer is now conducting a randomized,
phase II study to explore the significance of plasma progression [19].

There are some limitations in the current study. Although our study
showed the significance of cfDNA monitoring in EGFR mutated NSCLC,
we did not conduct in a real-time processing manner. Secondly, the
mechanisms of resistance other than EGFR T790M in this assay could
not be assessed. We are currently conducting a comprehensive mole-
cular analyses using ultrasensitive next generation sequencing with the
same samples. This result will provide useful answers to improve
treatment strategy in our primary resistant patients.

5. Conclusion

In conclusion, liquid biopsy is a useful method for prediction of
durable efficacy and progression in a part of EGFR-mutated NSCLC
patients. Applicability of sequential liquid biopsy in clinical practice
should be explored in further study.
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