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AHHOTauuA

AkTuBupyowme mytaummn reHa EGFR cBs3aHbl C YyBCTBUTENBbHOCTLIO HEMENKOKNETOYHOro paka nerkoro (HMKPI) K uH-
rmbutopam Tnpo3unHknHas (UTK). XKugkoctHas Guoncmsa ¢ Mcnonb3oBaHNEM LMPKYMPYHOLLIEN BHEKITETOUYHOWN OMyXOneBom
OHK (uoAHK) npepnaraetca B criyyasx, Korga onyxonieBas TkKaHb HEAOCTYMNHA, a Takke ANsi MOHUTOPMHra ctatyca reHa
EGFR. B gaHHOM nccnegoBaHum Mbl onpoboBanu HOBbIN METOA Ha OCHOBe konunyecTseHHon MUP (kMUP) ans BeisBneHus
myTaumn reHa EGFR B uo[JHK nnasmbl. YyBcTBUTENBHOCTE MeToaa coctaBuna 1 % mytanTHoro annens EGFR L858R,
L861Q, S768l n geneumnn ak3oHa 19 n 5 % mytanTHoro annensa EGFR G719X nnm T790M. B nnasme kpoBu, B3ATON 4O
onepauuu, MyTauum 6binu BoisiBrieHsl B 4 u3 7 (57 %) cnyyaes ¢ mytaumen reHa EGFR B TkaHn onyxonu. Mpu atom B
OByx cnyvasx mytaumm B 4o[JHK nonHoCTb0 COOTBETCTBOBANM MyTauusiM, KOTOpble Obinv 06HapyXeHbl B TKaHW OMyXOIW.
B ogHom crniyyae npu Hanuuum mytaumn G719X n S768| B TkaHu onyxonu Tonbko S7681 6bina BoigeneHa B Lo[HK. Ewe
B 0OHOM criyyae myTtauusa T790M 6bina BbisiBNeHa B nra3me AOMNonHMTENbHO K MyTauum L858R, koTtopasi Obina B TKaHu
onyxonu. Mytauum reHa EGFR He 6binn o6HapyxeHbl B [IHK nnasmbl kposu 12 300poBbix A0HOPOB 1 13 6onbHbIXx HMKPIT,
nmeBwnx reH EGFR gukoro tuna, 4to o3Havaet 100 % cneuundpmyHocTb Tecta. XKXngkoctHasa Guoncus BbiBuna mytaumm
EGFR B 8 13 16 cnyyaeB HMKPI1, koTopble Hecnu myTauun reHa EGFR 1 npoxoamnu Kypc Tepanuv ¢ UCnonb30BaHUEM
WTK. B atoi rpynne B 7 cnyyasix MyTauum B Xnakor 6uoncmm cooTBeTCTBOBaNM TeM, KOTOPbIE Obinv B ONMyXONEBON TKaHW,
a eule B ogHoM criyqae myTtauusa T790M Gbina BeisiBrieHa AononHUMTeNbHO K MyTauumn L858R. B 3 cnyyasix yBenuueHue
YacTOTbl MyTaHTHOrO annensi 6bino BbISIBNEHO 3a 2—12 Mec A0 KIMHUYECKON MPOrpeccum.

KnioueBble cnoBa: xupkoctHas 6uoncus, qPCR, EGFR, myTtauus, pak nerkux.
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Abstract

Activating mutations of EGFR are associated with sensitivity of non-small cell lung cancer (NSCLC) to tyrosine kinase
inhibitors (TKI). Liquid biopsy using circulating cell-free tumor DNA (cfDNA) is proposed in cases when formalin fixed paraffin
embedded (FFPE) tumor tissue is not available and for monitoring of EGFR status. In the study we evaluated new qPCR
assay for EGFR mutations in plasma cfDNA. Sensitivity of the assay was 1 % of the mutant allele for L858R, L861Q, S768I
mutations and deletions in exon 19, and 5 % of the mutant allele for G719X or T790M mutations Before surgery, mutation
was detected in plasma of 4 out of 7 patients (57 %) with mutant EGFR in FFPE tumor tissue. Mutations found in cfDNA
completely matched those found in tumor tissue in 2 cases. In one case with G719X and S768| mutations in FFPE tissue,
only S768I was found in cfDNA. In another case, T790M was detected in plasma in addition to L858R that was present in
tumor tissue. No EGFR mutations were detected in plasma DNA from 12 healthy volunteers and 13 cases of NSCLC with
wt EGFR suggesting 100 % specificity of the assay. Liquid biopsy detected EGFR mutations in cfDNA in 8 of 16 cases of
NSCLC with mutant EGFR being under therapy with TKI. Among them, 7 cases had mutations in liquid biopsy that matched
those in tumor tissue and another case had T790M in addition to L858R. In 3 cases increased mutant allele frequency was
detected 212 months before clinical progression.

Key words: Liquid biopsy, qPCR, EGFR, mutation, lung cancer.

Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer. Activating somatic
mutations within the tyrosine kinase (TK) domain in
the epidermal growth factor receptor (EGFR) protein
are associated with the sensitivity of tumors to EGFR-
TK inhibitors [1]. Most of these mutations (~90 %)
occur as either in-frame microdeletions that affect
codons 746750 in exon 19 (19del), or a missense
mutation (L858R) in exon 21 of EGFR. In addition,
rare activating mutations (L861Q, G719S/A/C, S7681
and others) make up 10-15 % of cases with mutant
EGFR. Besides, T790M mutation occurs in ~50 %
of cases of acquired resistance to the first generation
EGFR TK inhibitors (TKI). Tumors with T790M
mutation are sensitive to therapy with osimertinib,
which is the third generation TKI [2]. The European
Society for Medical Oncology (ESMO) and American
Society of Clinical Oncology (ASCO) recommend
an EGFR mutation testing for selection of NSCLC
patients who could benefit from anti-EGFR therapy
[3,4].

DNA from formalin fixed paraffin embedded
(FFPE) tumor tissue is usually used to test mutations.
In cases when tumor tissue is not available, the liquid
biopsy using blood plasma that contains circulating
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cell-free tumor DNA (cfDNA) from tumor cells can
be tested for clinically actionable mutations [5]. Ma-
jor challenges of liquid biopsy are low concentration
of cfDNA in plasma, and low frequency of mutant
allele in ¢cfDNA due to high background of DNA
from normal cells. The assays for liquid biopsy are
based on different methods including quantitative
PCR (qPCR), digital PCR (dPCR), next generation
sequencing (NGS) [6].

NGS can test a broad range of mutations with high
sensitivity but the assay is expensive, technically de-
manding and has turnaround time of 12 weeks. Tests
based on qPCR and dPCR detect only hot spot muta-
tions but provide fast turnaround time of several days.
dPCR has a high sensitivity and can detect mutations
with mutant allele frequency (MAF) below 0,1 %.
However, the high analytical sensitivity of dPCR
often cannot be fully explored due to not sufficient
concentration of cfDNA in plasma. The sensitivity of
gPCR can be 1 % MAF. Importantly, equipment and
reagents for PCR are commonly available.

The aim of our study was to evaluate liquid biopsy
for EGFR mutations using new test based on qPCR.
We used limited multiplex PCR (mPCR) of regions
in 1821 exons of EGFR with hot spots for mutations
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to increase amount of cfDNA targets so that multiple
tests for different mutations can be made in clinical
setting without necessity for additional blood draw.
After mPCR, amplicons of cfDNA were tested for
EGFR mutations by qPCR. The developed assay was
used for the monitoring of mutations in EGFR gene in
cfDNA of patients with NSCLC treated with gefitinib
or erlotinib.

Material and methods

Ethics statement

The study was approved by the Ethics Committee
of the Cancer Research Institute (Tomsk, Russia).
Informed consents were received from all patients.

Clinical samples

Blood samples from 12 healthy volunteers (6 males
and 6 females) were collected in the medical center
“Status” (Novosibirsk). Paired samples of blood before
surgery and formalin-fixed paraffin-embedded (FFPE)
tumor tissue after surgical resection from 20 patients
with non-small cell lung cancer (NSCLC) were col-
lected at the Novosibirsk Regional Clinical Oncology
Center (NRCOC; Novosibirsk, Russia). Blood from
16 patients with EGFR-mutant NSCLC treated with
tyrosine kinase inhibitors (TKI) was collected at
the NRCOC and Cancer Research Institute (Tomsk,
Russia). Demographics of patients and histotypes of
tumors are provided in Table 1.

Table 1
Demographics of patients with NSCLC
Case Patient ID Sex Age Tumor histology
Cases with mutant EGFR in FFPE tumor tissue DNA, plasma before surgery
1 BK7 F 53 NSCLC-NOS
2 BK16 F 68 NSCLC-NOS
3 BK35 F 54 AC
4 BK40 F 74 AC
5 BK54 M 60 AC
6 BKS59 M 59 AC
7 BK74 F 62 AC
Cases without EGFR mutation in FFPE tumor tissue DNA, plasma before surgery
8 BK1 M 53 NSCLC-NOS
9 BK3 M 47 AC
10 BKS8 F 59 NSCLC-NOS
11 BK9 F 63 AC
12 BK10 M 63 NSCLC-NOS
13 BK17 M 60 AC
14 BK20 M 54 SCC
15 BK23 M 64 SCC
16 BK24 M 43 SCC
17 BK25 M 73 AC
18 BK29 M 64 AC
19 BKS53 M 68 SCC
20 BK60 M 56 ScC
Cases with mutant EGFR under TKI therapy
21 BK57 F 53 AC
22 TMBI F 60 AC
23 XAH2 M 80 NSCLC-NOS
24 MAT3 F 70 NSCLC-NOS
25 GLF4 F 73 AC
26 SLF5 F 62 AC
27 KVI6 M na NSCLC-NOS
28 CAB7 F 64 AC
29 PIMS F 52 AC
30 DVI9 M 60 AC
31 IEV10 F 69 AC
32 BVI11 M 60 AC
33 FVY12 M 67 AC
34 G013 M na AC
35 KMG14 F 77 AC
36 BI16 F na NSCLC-NOS

Note: NSCLC-NOS — non-small cell lung cancer not otherwise specified, AC — adenocarcinoma, SCC — squamous cell cancer; na — not available.
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Blood was collected in 8 ml Vacutainer tubes with
EDTA solution and stored at +4°C before preparation
of plasma. Plasma was prepared on the same day of the
blood draw by centrifugation for 10 min at 2000 g at
4°C and 0.5-1.0 ml aliquots were stored at -70°C.

DNA purification

DNA from FFPE tissue was purified using FFPE
DNA kit (Biolink, Russia) and stored at -20°C. cfDNA
was purified from 1.0 ml blood plasma using “PME
free-circulating DNA Extraction Kit” (Analytik Jena,
Germany). ¢cfDNA was dissolved in 50 pl of PCR-
grade water and stored at -20°C.

Concentration of cfDNA was estimated by real-
time PCR for EGFR exon 21 using control PCR
reaction mixture from “Real-time-PCR-EGFR-7RP
Kit” (Biolink, Russia) and human placenta DNA
(2ngp/1) as external standard. The average concentra-
tion of cfDNA was 9.3 = 14 ng/ml (range 0.5-81.0
ng/ml) plasma. In a few samples, the concentration
of cfDNA was above 250 ng/ml; the samples had

pink color due to hemolysis and were excluded from
further analysis.

Multiplex PCR of 18-21 exons of EGFR

Multiplex PCR (mPCR) was done in 50pul in reac-
tion mixture with 1x Buffer for Tag-DNA-polymerase;
0.2 mM each of dATP, dGTP, dTTP, dCTP; 1.5 mM
MgClL,, 0.5 uM each forward and reverse primers for
18-21 exons of EGFR (Table 2), 2.0 U Taq DNA-
polymerase (Biolink), and 20 pl cfDNA from blood
plasma. mPCR was performed in iCycler iQ5 (Bio-
Rad) using the following protocol: 1 cycle — 95°C 3
min; 8-12 cycles — 95°C 15 sec, 58°C 30 sec, 72°C
20 sec; 1 cycle 72°C 3 min. After mPCR, reaction
mixture was diluted 1:25 in PCR-grade water and Sul
was used in qPCR.

Detection of EGFR mutations in cfDNA by real-
time PCR

Amplicons after multiplex PCR of EGFR sequenc-
es in cfDNA were tested for EGFR L858R, L861Q,
G719A/C/S, S7681, T790M mutations and deletions

Table 2
Primers for multiplex PCR of sequences in 1821 exons of EGFR
Exon Forward primer Reverse primer Amplicon size, b.p.

18 tcccaaccaagctctcttga ctgtgccagggaccttace 109

19 tggatcccagaaggtgagaaag cccacacagcaaageagaa 118

20 ccteectccaggaagecta gcegaagggcatgagcetg 116

21 ccgceagcatgtcaagatcac aatgctggetgacctaaage 115

Table 3
Mutations of EGFR in FFPE tumor DNA and plasma DNA from NSCLC patients
Case ID FFPE Tumor DNA® Plasma cfDNA®®
Cases with EGFR mutation in FFPE tumor tissue
BK7 G719X; S7681 S768I
BK16 19del 19del
BK35 19del 19del;
BK40 L861Q wt
BK54 L858R wt
BKS59 L858R L858R;
BK74 19del wt
Cases with EGFR mutation, n (%) 7/7 (100.0) 4/7 (57.1)
Cases without EGFR mutation in FFPE tumor tissue
BK1 wt wt
BK3 wt wt
BK8 wt wt
BK9 wt wt
BK10 wt wt
BK17 wt wt
BK20 wt wt
BK23 wt wt
BK24 wt wt
BK25 wt wt
BK29 wt wt
BK53 wt wt
BK60 wt wt
Cases with EGFR mutation, n (%) 0/13 (0,0) 0/13 (0,0)

Note: @ — allele-specific real-time PCR for mutations EGFR L858R, L861Q, G719X, T790M, S768I and wild-type blocking PCR for mutations

EGFR 19del; ®— blood draw was done during a week before surgery.

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2018; 17(5): 52-59
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Fig. 1. Sensitivity and specificity of real-time PCR for EGFR mutations. Mutations EGFR L858R, L861Q, G719X, T790M, S768| and
deletions in EGFR exon 19 (19del) were detected by “Real-time-PCR-EGFR-7RP Kit” (Biolink, Russia). DNA of positive controls (PC)
with 1-5 % mutant allele EGFR L858R, E746_A750delELREA, L861Q, G719S, T790M, S768| and 12 samples of cfDNA from blood

plasma of 12 healthy volunteers were tested using six replicates of

PC and two replicates of amplicons of each cfDNA. dCt mean and

dCt standard variation are shown

in exon 19 using “Real-time-PCR-EGFR-7RP Kit”
(Biolink, Russia). In the kit, allele-specific qPCR (as-
PCR) is used to detect L858R, L861Q, G719A/C/S,
S7681, T790M mutations, and wild-type blocking PCR
[8] was used to detect deletions in exon 19.

Results and discussion

Sensitivity and specificity of qPCR test for EGFR
mutations

Analytical sensitivity and specificity of the assay
was evaluated using human genomic DNA spiked with
recombinant plasmid DNA as positive controls (PC) to
have 1-5 % mutant allele for tested mutations (EGFR
L858R, E746 _A750delELREA, L861Q, G719S,
T790M, S7681). As negative controls, we used 12
samples of cfDNA from the blood plasma of healthy
volunteers without £EGFR mutations.

To have sufficient DNA-copies for mutation test,
sequences of 1821 exons of EGFR in cfDNA were am-
plified by multiplex PCR. Two replicates of amplicons
of each ¢fDNA and 6 replicates of PC were tested for
EGFR mutations using ~3000 copies of EGFR DNA
in reaction. For each DNA, dCt was calculated as
dCt=Ct,,—Ct_, where Ct, is Ct of the DNA in asPCR
for the tested mutation, and Ct_ is Ct of the DNA in
control PCR for constant EGFR sequence.

dCt values were much larger for wt ¢cfDNA in
comparison to PC (Fig. 1) indicating that the method
differentiated DNA with 1 % of mutant EGFR alleles:
L858R, E746_A750delELREA, L861Q, S7681or5 %
of mutant EGFR alleles: G719S or T790M from wt
cfDNA with probability p>0.95.

Mutations of EGFR in paired samples of the DNA
from FFPE tumor tissue and blood plasma from
patients with NSCLC. Clinical sensitivity of liquid
biopsy for EGFR mutations was evaluated using
FFPE tumor samples from patients with NSCLC
and matched blood plasma of the patients that was
collected before surgery (Table 3).
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Among 7 cases that carried EGFR mutations in
the DNA from FFPE tumor tissue, 3 cases had the
same mutations in plasma cfDNA. Interestingly, in a
case BK7 with G719X and S768I mutations in FFPE
tissue, only S768I was found in plasma presumably
due to tumor heterogeneity. In the other three cases
(BK40, BK54, BK74) mutations present in FFPE
tumor tissue were not detected in plasma. Importantly,
EGFR mutations were not found in cfDNA of 13
cases without EGFR mutation in FFPE tumor tissue.
These data showed that in comparison to FFPE tissue
test, the liquid biopsy for EGFR driver mutations
had sensitivity of 4/7 (57 %) and specificity of 13/13
(100 %).

Monitoring of EGFR mutations in plasma cfDNA
from patients with NSCLC treated with TKI

Changes in MAF of the EGFR in blood plasma of
patients treated with TKI can be a molecular marker
of sensitivity or development of resistance of tumor
to TKI treatment. The accumulation of T790M results
in the development of resistance to the first generation
TKI that can be treated with the third generation TKI
(osimertinib). We started monitoring of EGFR mutations
in plasma cfDNA from 16 patients with NSCLC treated
with gefitinib or erlotinib. This is ongoing study and
interim results are shown in Table 4.

Among 16 cases with NSCLC, 12 carried mutation
19 del and 4 cases carried L858R in FFPE tumor
tissue. In 8 cases, EGFR mutations were not detected
in plasma cfDNA. Lack of or low concentration of
mutant EGFR in the cfDNA of the cases could be
due to: 1) tumors being under TKI suppression or 2)
metastasis to the brain with the cfDNA level in plasma
below the detection limit of our test.

In the other 8 cases, EGFR mutations were
detected in cfDNA. The same EGFR mutations that
were present in FFPE tumor DNA were detected in
cfDNA in 7 cases. In another case (patient TMB1)
mutation T790M was detected in plasma cfDNA
in addition to EGFR driver mutation L858R. Four

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(5): 52-59
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Table 4
EGFR mutations in cfDNA of NSCLC patients under treatment with TKI
. EGFR mutation
Patient ID Treatment FFPE DNA fDNA

BK57 S,TKI L858R L858R
TMBI1 TKI L858R L858R, T790M
XAH2 ChT, TKI 19del wt
MAT3 S, TKI 19del wt
GLF4 TKI 19del wt

SLF5 S, ChT, TKI 19del wt
KVI6 TKI 19del wt
CAB7 TKI 19del wt

PIM8 TKI, RT 19del 19del
DVI9 TKI, G 19del 19del
IEV10 S, TKI 19del 19del
BVIl1 S, TKI 19del wt
FVY12 S, RT, ChT, TKI 19del wt

G013 TKI L858R L858R
KMG14 S, ChT, TKI 19del 19del

Bl16 TKI L858R L858R

Note: ChT — polychemotherapy, G — gamma knife radiosurgery, RT — radiation therapy, S — surgery, TKI — therapy with gefitinib or erlotinib; BM —
brain metastasis.

>
w

20,0 3,0

18,0 Patient TMB1 Patient BKS7
X 460 -progression after 11 months ; R 25 -
Z oo _death at 12 months I & -progression after 24 months
r 14,0 [
G 12,0 / @ 20 ’
= 100 I S 15 /
c c 1
5 a0 SR g / ——1858R
= = 10

6,0 /J

4,0 5

F 0,5
2,0 o
0,0 . : 3 I.......-ou'"? , 0,0 . . ; ,
0 2 4 6 8 10 (4] 5 10 135 20

TKI therapy, month TKI therapy, month

O
o

5,0 20,0
Patient DVI9 £ Patient G013 f

& 404 o 15,0 -
o A [T -progression after 8.5 months
3 3,0 8 —-e—1858R
ul \ —o—19del 10,0
§ 2,0 é /
5 4
= \ 50 A

1,0 \ \ J

0,0 & . l . 0,0 ; S— : :

0 1 2 3 4 0 2 4 6 8
TKI therapy, month TKI therapy, month

Fig. 2. Mutant allele frequency of the EGFR in plasma cfDNA of patients under TKI therapy. EGFR mutations were detected by qPCR.
A. Patient TMB1. B. Patient BK57. C. Patient DVI9. D. Patient G013
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representative cases with changes in MAF of EGFR
in cfDNA during TKI therapy are shown in Fig. 2. In
case TMBI1 (Fig. 2A), L858R and T790M mutations
were detected 5.5 and 8.5 months after starting TKI
therapy, respectively thus suggesting the development
of T790M-associated resistance in the tumor. Disease
progression was manifested 11 months from the start
of TKI therapy, resulting in death at 12 months. Of
note, higher MAF of L858R in cfDNA in comparison
to T790M suggests heterogeneity of TKI-resistant
tumor with subpopulation(s) of resistant tumor cells
with and without the T790M mutation. In case BK57,
the increased MAF of L858R mutation in ¢cfDNA
was detected 12 months after therapy with erlotinib
(Fig. 2B), while clinical progression with metastasis
to bones developed 24 months after therapy. In case
DVI9, tumor with 19 del responded to treatment with
gefitinib and the level of 19del became undetectable
after the first month of TKI therapy. Later, the patient
had metastasis to the brain without accumulation of
mutant EGFR in plasma cfDNA (data not shown). In
case G013, tumor with the L§58R mutation responded
to treatment with gefitinib. Mutation in plasma cfDNA
dropped to undetectable level 3 and 4 months after
starting TKI therapy. However, the L858R mutation
in cfDNA was detected 5 months after starting TKI
therapy, and the level of the mutation continued to
increase 6 months from the start of TKI therapy.
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Clinical disease progression was manifested 8.5
months from starting TKI therapy.

In this study we evaluated liquid biopsy test for
EGFR mutations in plasma DNA of patients with
NSCLC. Our gPCR test detected EGFR mutations in
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