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ABSTRACT

Background

Almost 50% of NSCLC patients who initially show a
successful response to tyrosine kinase inhibitors targeted
therapy (TKI therapy) eventually develop acquired EGFR
T790M mutation. The T790M secondary mutation can
cause resistance to the targeted therapy and disease relapse.
Since this mutation can be present at very low frequencies
in liquid biopsy samples, droplet digital PCR (ddPCR),
due to its high sensitivity, has opened the possibility for
minimally invasive monitoring of the disease during TKI
targeted therapy.

Materials and methods

For this study, a total of 45 plasma samples from
NSCLC patients with previously detected EGFR-activat-
ing mutations were analyzed. Extracted circulating free
DNA was amplified and examined for the presence of
T790M mutation using ddPCR technology. For the data
analysis, QuantaSoft Software was used.

Results

Of 45 tested plasma samples, a total of 14 samples
were identified as positive for the T790M mutation. The
same samples eventually showed the presence of T790M
mutation in FFPE. Droplet digital PCR showed its great
advantage in high sensitivity detection of rare allele vari-
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ants. Our ddPCR assay detected T790M mutant allele in
frequencies from 0.1%. The average number of droplets
generated by ddPCR was 9571.

Conclusion

Monitoring of the T790M mutation has an important
role in the examination of the effects of the prescribed TKI
therapy. Since monitoring of potential changes during TKI
therapy requires repeated sampling, our results showed
that ddPCR technology has made it possible to use liquid
biopsy as an adequate minimally invasive alternative for
single nucleotide polymorphisms (SNP) detection.
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INTRODUCTION

Lung cancer is one of the most commonly diagnosed
cancers, while non-small cell lung cancers (NSCLC) ac-
count for 80-85% of all lung cancer cases!'?. Determining
the presence of EGFR mutations in this type of lung cancer
is an essential step, as it helps in selecting tyrosine kinase
inhibitor therapy (TKI therapy). TKIs target the EGFR
receptor in NSCLC patients and thus harbor activating
EGFR mutations®¥. The presence of mutations in NSCLC
is crucial for a patient’s diagnosis, therapy assessment,
and prognosis!.

However, a significant number of patients who initial-
ly respond successfully to TKI therapy, eventually develop
acquired resistance to EGFR-TKIs[%".. It has been found
that specific secondary mutations occur and cause resis-
tance to the applied therapy and lead to disease relapse®®.
The most frequent secondary mutation in NSCLC patients
is a secondary mutation in exon 20, called the T790M
mutation, which occurs in nearly 50% of cases where
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the disease recurs in patients who have undergone TKI
therapy™.. As a result, third-generation EGFR-TKIs have
been developed to target resistance mutation by blocking
T790M mutant EGFR irreversibly!'%.

Since secondary EGFR mutations, such as T790M,
cause resistance to the prescribed TKI therapy, monitor-
ing potential changes after the administration of therapy
is crucial. This approach implies multiple sampling, and
therefore the standard method of tissue biopsy, which is
invasive, can make it difficult to resample regularly. To
overcome this, liquid biopsy, which is minimally invasive,
is becoming a more frequent method in clinical diagnos-
tics!'!. It is also a suitable sampling method for patients in
whom tumor formations have developed in inaccessible lo-
cations in the body or for those who may be at risk of some
health complications in the event of a tissue biopsy!'2.

Droplet digital PCR has several unique advantages,
especially regarding rare mutation detection and precise
DNA quantification™. Droplet digital PCR utilizes water-
oil emulsion technology to partition each sample into 20
000 nanoliter-sized droplets, where target and background
DNA are distributed randomly into the droplets. When
properly designed, ddPCR can detect 1 mutant in 10 000
wild-type alleles!'¥). Using ddPCR to test for mutation
T790M from plasma samples, could be a promising ap-
proach for treating NSCLC patients.

MATERIALS AND METHODS

For this study, a total of 45 blood samples were col-
lected from NSCLC patients who had previously tested
positive for EGFR-activating mutations. The samples were
collected at the Alea Genetic Center in Sarajevo. The selec-
tion of blood samples was based on identified EFGFR muta-
tions from lung adenocarcinoma tissue samples, and during
this study they were tested for the presence of T790M
mutation. The Alea Genetic Center did not perform the
analysis for EGFR-activating mutations, and patients were
selected according to their pathohistological and molecular
testing results from different institutions. In this study, we
concentrated solely on T790M mutation, activating EGFR
mutations were determined by laboratories that tested the
tissue samples.

Blood plasma was separated from the blood, with 1-4
ml taken from each sample and stored at a temperature of
-20°C. The circulating free DNA (cfDNA) was extracted
from these plasma samples using QIAamp® Circulating
Nucleic Acid Kit, following the manufacturer’s instruc-
tions!'. To process plasma samples faster and more effi-
ciently, the QIAvac 24 Plus with the QIAvac Connecting
System and QIAGEN Vacuum Pump was used according
to the manufacturer’s instructions!*!. Extracted cfDNA was
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quantified using Qubit 3 Fluorometer® and Qubit® dsDNA
HS assay kit!!®l. Starting DNA concentration for ddPCR
reaction was 15 ng for every sample. Using Bio-Rad
QX200 Droplet Digital PCR technology, all 45 samples
were tested for a specific EGFR T790M mutation and
its corresponding wild-type amplicons. The commercial
assay used for T790M mutation and wild-type amplicon
detection was PrimePCR™ ddPCR™ Mutation Detection
Assay Kit: EGFR WT for p. T790M, and EGFR p.T790M.
The multiplex assay was 20X concentrated and ddPCR
supermix for probes was 2X concentrated. In order to
portion each sample into droplets, they were placed into
a QX200 droplet generator. Droplets were then transferred
to a 96-well plate and placed into Bio-Rad T100 thermal
cycler. The amplification was performed according to the
manufacturer’s instructions!!”. After DNA amplification,
the droplet-containing plate was positioned in the QX200
droplet reader, allowing for the analysis of each droplet
individually through a two-color system (FAM and HEX/
VIC)", For the analysis of the results, QuantaSoft Soft-
ware was used.

When processing the results, wild-type and mutant
T790M alleles were expressed as a number of FAM (mu-
tant) and HEX (wild-type) droplets. The frequency of
mutant alleles was determined by calculating the ratio
of mutant droplets to the sum of mutant and wild-type
droplets. Since ddPCR enables absolute quantification,
mutant cfDNA templates were expressed as a number of
copies per pl of tested DNA. The ddPCR threshold for
positive mutant alleles was set at two or more positive
droplets considering the added amount of DNA and gener-
ated number of droplets!'®!",

RESULTS

A total of 45 plasma samples were enrolled in this
study. All selected plasma samples from NSCLC patients
had previously shown the presence of EGFR-activating
mutations on FFPE samples, in the following order: del19
(66.66%), L858R (17.77%), G719X (8.88%) and ins20
(4.44%). Out of 45 FFPE samples, one sample was invali-
dated for molecular testing for EGFR-activating mutations
and only the patient’s plasma sample was enrolled in the
study.

Out of 45 samples, 14 samples were identified as
positive for the T790M mutation, while 31 samples did
not show the presence of the T790M mutant allele variant.
The same 14 samples eventually showed the presence of
T790M mutation in FFPE, while 31 tissue samples were
identified as negative. In comparison to tumor tissue re-
sults, the sensitivity and specificity for EGFR T790M
mutation in plasma samples were 100%. Our ddPCR as-
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Table 1. Plasma samples that showed the presence of the T790M mutant allele variant

SAMPLE NUMBER NUMBER WILD TYPE/MUTANT T790M MUTANT ALLELE | MUTANT CONC
OF DROPLETS T790M FREQUENCY (%) (COPIES/ML)

3 6538 61/3 5 0.9

4 10038 7671/1634 123 209

6 8924 1534/8 0.5 0.8

8 12111 725/5 0.7 0.49

15 10891 480/4 0.8 0.43

18 8670 71/3 3.8 3

19 8015 21077 33 1

20 12711 1428/2 0.1 0.28

34 7284 494/6 1.2 1

35 5775 577/25 4.1 5.1

36 14326 770/7 0.9 0.57

43 12788 632/16 2.5 1.5

44 12668 612/7 1.1 0.65

45 12789 536/18 33 1.7

say detected T790M mutant allele in frequencies ranging
from 0.1%. The number of mutant molecules per pL of
tested cfDNA ranged from 0.28 to 209 as depicted in
Table 1. The average number of droplets generated by
ddPCR was 9571.

As can be noticed from Table 1, plasma sample num-
ber 4 had an excessive amount of T790M mutant alleles.
It is worth noting that the amount of tissue material from
this patient was insufficient for valid results. Therefore, the
result obtained from this tissue sample was reported as an
invalid result and was not considered in the comparison
between plasma and tissue samples. In the patient’s plasma
sample, 10 038 droplets were generated and the ratio of the
number of droplets containing mutated gene variants to the
total number of generated droplets was 12.3% (Figure 1).

However, in plasma sample 38, which was reported
negative for the T790M mutation, one highly differentiated
positive droplet was observed. For this sample, a small
number of amplified copies were detected. To confirm the
result, this plasma sample was run and analyzed twice,
obtaining identical results, which indicates the accuracy
of the procedure and the validity of the results. Although
insufficient to be declared as positive, this result should
not be ignored, and it indicates the need for liquid rebiopsy
to determine the exact mutational status of the patient.
This patient should be monitored for early detection of
the T790M to adjust therapy if needed. Out of 14 plasma
EGFR T790M positive samples, detected EGFR-activat-
ing mutations on FFPE samples were as follows: dell9
(76.92%), L858R (15.38%), and G719X (7.69%).
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Figure 1. Sample number 4 with 12.3% mutant allele frequency
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DISCUSSION

The main objective of this type of study is to improve
the approach to treating oncology patients by providing
individualized and accessible therapy. When one considers
that around 50% of NSCLC patients experience disease
relapse during TKI-targeted therapy and eventually ac-
quire the T790M mutation, it becomes crucial to quickly
discover molecular resistance mechanisms?’. In current
practice, the preferred method for monitoring resistance
mechanisms is to perform a tissue re-biopsy. However,
with the development of highly sensitive and reliable mo-
lecular technologies, such as ddPCR, analysis can be per-
formed from other, minimally invasive types of samples'.

Our study indicates that the sampling of patients can
be significantly facilitated in order to monitor T790M
status. Some studies estimate that up to 40% of relapsed
NSCLC cases, cannot undergo molecular analysis due to
issues with tumor tissue biopsies?>?3, Two main factors
contribute to this problem. Firstly, it is often challenging
to obtain sufficient tissue material. As a result, clinicians
use a well-known phrase “Tissue is an issue”, since the
patient’s diagnosis is practically based on small amounts of
tissue material. Secondly, tissue samples from NSCLC pa-
tients can be difficult to obtain since the lesions frequently
develop in inaccessible locations??. For these patients, a
more acceptable type of sample would be liquid biopsy, as
an alternative to tissue re-biopsy. Although liquid biopsy
generally contains a low concentration of circulating tumor
biomarkers, highly sensitive and precise technologies such
as ddPCR technology can overcome this drawback!®,

With its great sensitivity, ddPCR can accurately iden-
tify a mutant allele present at low frequency in a wild-
type background. Since this technology has an advantage
in mutation detection at low frequency, ddPCR has en-
abled more significant implementation of liquid biopsy
in molecular diagnostics with the aim of early diagnosis
of tumors, minimally invasive monitoring of disease, and
therapy response assessment®. In this way, the sampling
of patients is significantly facilitated and enables regular
monitoring of the patient’s healthcare condition.

In 2019, Salihefendi¢ et al.’! studied whether ddPCR
technology could be used as a confirmatory method for the
detection and quantification of somatic mutations, previ-
ously detected by NGS. A total of 35 samples from CRC and
NSCLC patients were analyzed, and the results showed that
there were no statistically significant differences between the
results obtained by NGS and ddPCR methods. Therefore,
high sensitivity and resolution of ddPCR, make it an adequate
method for validating low-frequency somatic mutations®!.

In research published in 2016, Zheng et al.?” report-
ed that monitoring the status of cfDNA from plasma in
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NSCLC patients treated with TKI therapy can enable the
detection of the acquired T790M mutation up to 6.8 months
before the clinical progression of the patient’s condition. In
their research, almost half of the detected T790M positive
patients were detected from plasma samples before dis-
ease progression (45.7%), and the time of detection varied
from 0.8 to 6.8 months before clinical progression?”. For
patients with detected EGFR mutation who receive TKI
therapy, regular analysis of the EGFR gene during treat-
ment is significant in order to detect the T790M or other
secondary mutations and to change the therapy.

CONCLUSION

Monitoring the T790M mutation has an important
role in the examination of the effects of the prescribed
TKI therapy. This approach implies multiple tissue biopsy
sampling, which, as an invasive sampling method, has
its limitations and risks. Our results showed that ddPCR
technology has made it possible to use liquid biopsy as an
adequate minimally invasive alternative for the detection
of rare allele variants. Plasma ddPCR-based genotyping
can be significant in the detection of specific mutations and
patient monitoring. Using plasma as a sample for the detec-
tion of EGFR mutations by highly sensitive methods such
as ddPCR can enable early detection of the T790M muta-
tion, but also other inhibiting and activating mutations.
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