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Abstract: Background: Recent studies evaluated the diagnostic accuracy of circulating tumor DNA
(ctDNA) in the detection of epidermal growth factor receptor (EGFR) mutations from the plasma of
NSCLC patients, overall showing a high concordance as compared to standard tissue genotyping.
However, it is less clear if the location of the metastatic site may influence the ability to identifly
EGFR mutations in plasma.

Objective: This pooled analysis aims (0 evaluate the association between (he melastatic sile location
and the sensitivity of ctDNA analysis in detecting CGIFR mutations in NSCLC patients.

Methods: Data from all published studics, cvaluating the sensitivity of plasma-based EGFR-
mutation testing, stratified by metastatic site location (extrathoracic (Mlb) vs intrathoracic (Mla))
were collected by searching in PubMed, Cochrane Library, American Society of Clinical Oncology.
and Warld Conference of Lung Cancer, meeting proceedings. Pooled Odds ratio (OR) and 95% con-
fidence intervals (95% Cls) were calculated for the ctDNA analysis sensitivity, according to metas-
tatic site location.

Results: A total of ten studies, with 1425 patients. were eligible. Pooled analysis showed that the
sensitivity of ctDNA-based EGFR-mutation testing is significantly higher in patients with M1b vs
Mila disease (OR: 5.09; 95% Cls: 2.93 — 8.84). A signilicant associalion was observed [or both
EGFR-activating (OR: 4.30, 95% CT: 2.35-7.8R) and resistant T790M mutations (OR: 11.89, 95%
CI: 1.45-97.22), regardless of the use of digital-PCR (OR: 5.85, 95% CI: 3.56-9.60) or non-digital
PCR technologies (OR: 2,96, 95% CI: 2.24-3.91).

Conclusions: These data suggest that the location of metastatic sites significantly influences the di-

agnostic accuracy of ¢tDNA analysis in detecting EGFR mutations in NSCLC patients.

Keywords: EGFR, c¢tDNA. liquid biopsy, NSCI.C, metastasis, intrathoracic, extrathoracic.

1. INTRODUCTION

Targeting the epidermal growth [aclor receplor (EGFR)
by tyrosine-kinase inhibitors (TKIs) has represented a mile-
stone in the treatment of lung cancer. Eight phase III ran-
domized studics have elearly demonstrated that EGFR-TKIs
significantly improved response rale (RR), progression-free
survival (P[S) and quality of life (QoL) compared to first-
line platinum-based chemotherapy in patients with advanced
NSCLC harboring EGFR aclivating mulations [1-8]. Re-
cently a pooled analysis of both LuxLung3 (LL3) and Lux-
Lung6 (LL6) trials showed also an overall survival (OS)
benefit in favour of the second generation EGFR-TKI
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Afatinib in the subgroup of patients with EGFR exonl9 dele-
tion [9]. Overall, the results of all such studies convincingly
and consistently demonstrated that, for about 40% ol Asian
and 12% of Caucasian “EGFR-positive” NSCLC patients,
the optimal upfront treatment is an EGFR-TKI, as gefitinib,
erlotinib. or afatinib. Testing for EGFR mutations in tumor
samples DNA is recommended at the time of diagnosis by all
the international guidelines for all patients with advanced
NSCLC and non-squamous histology in arder to decide the
proper lherapeutic strategy [10]. Even if tissue biopsy re-
mains the current gold-standard, however, it is limited by
several [eatures, such as the difficull aceess (o different tu-
mor sites. the invasiveness of procedures, the tumor hetero-
geneity, and the low patients’ compliance. Thus, in the last
decade. an alternative approach, known as a liquid biopsy,
has been proposed to overcome the aforementioned issues.
An increasing number of studies and meta-analysis evaluated
the diagnostic accuracy of circulating tumor (ct)DNA in the
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detection of EGFR activating mutations in plasma of patients
with advanced NSCLC, overall showing a sensitivity of 0.62
and a specificity of 0.96 as compared with the standard tissue
pgenotyping, thus suggesting an high concordance rate be-
tween these two testing approaches [1 1-14]. These evidence
havc led to the analytical validation and the clinical approval
of EGFR mutation testing by using ctDNA isolated from
plasma or serum for about 25-30% of NSCLC patients
whose tissue is not available at the time of diagnosis or tissue
analysis results are not evaluable. Following the clinical ap-
proval of osimertinib, re-biopsy at progression became man-
datory. in order to re-analyze the tumor molecular profile
and identify 1790M mutation. Oxnard e/ al. first demon-
strated an adequate accuracy of plasma genotyping by digital
PCR (dPCR) in 180 paticnts with advanced NSCLC, includ-
ing 60 palients with acquired resistance lo EGFR-TKI [15].
The predictive value of plasma ctDNA genotyping for
T790M was prospectively contirmed in Phase III AURA3
trial. showing a longer PFS and higher ORR for osimertinib
as compared with platinum-pemetrexed chemotherapy in
patients who progressed to first-generation TKI and were
T790M positive on plasma [16]. However. because of 30%
potential false negative rate associated with this method, the
ctDNA analysis is currently recommended as the first step of
lumor genotyping, but it must be always [ollowed by lissue
biopsy for those patients who are T790M-negative on plasma
[10]. Increasing evidence have recently suggesled that the
ability to identify EGFR activating and resistant mutations
by ctDNA in NSCLC is significantly higher in patients who
have extra-thoracic metastasis as compared with patients
with intra-thoracic disease [15, 17-24], but the low number
of patients has limiled the scientific reliability of these dala.
Thus it has not been clearly demonstrated if the metastatic
site location may signilicantly influence the sensitivity of
plasma ctDNA analysis in detecting EGFR mutations. Inte-
grating data from multiple studies, in order provide evidence
with greater statistical value may lead to practical implica-
tions for the management of NSCLC patients. This pooled
analysis combined and analyzed simultaneously all the stud-
ies which evaluated the sensitivity of ctDNA in the detection
of EGFR mutations comparing patients with extrathoracic
(M1h) versus intrathoracic (M1a) disease, with the final aim
to demonstrate a significant association between the mcetas-
tatic site location and the diagnostic accuracy of ctDNA
analysis in NSCLC patients.

2. MATERIALS AND METHODS
2.1. Search for Clinical Trials

W scarched for all published studics reporting the sensi-
livily of plasma-based EGFR-mulation testing by c¢(DNA,
stratified according to the metastatic site location (extra-
thoracic (MIb) vs intra-thoracic (Mla) disease). We
scarched for clinical trials using Medline (PubMed), Em-
base-databases and Cochrane-Library up to May 2017, with
no language restrictions. We used the following search
terms: “EGFR” or “Epidermal growth factor receptor”, and
“T790M”, and “circulating tumor DNA™ or “cIDNA”, and
“non-small cell lung cancer”, or “NSCLC” or “lung cancer”.
The search was limited to human studies in the Cnglish lan-
guage. Relevant abstracts from the American Society of
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Clinical Oncology (ASCO), Curopean Society of Medical
Oncology (ESMO), and Waorld Conference on Lung Cancer
(WCLC) were included. We also explored the ClinicalTri-
als.gov website (www.clinicaltrials.gov) to search for unpub-
lished data and ongoing studies.

2.2. Selection Criteria

According to the aforementioned search, clinical trials
were taken into account if they met the following inclusion
criferia: 1) paticnts with histologically-proven diagnosis of
advanced NSCLC: 2) studies performing EGFR mulation
testing in matched tumor tissue and plasma samples; 3) stud-
ies evaluating the sensitivity of EGFR mutation testing by
ctDNA analysis; 4) studics rcporting the scnsitivity of
c¢iIDNA EGFR mutation testing according (o the melastatic
site location (extra-thoracic (M1b) vs intra-thoracic (Mla)
disease).

2.3. Data Extraction

Darta extraction and assessment were performed by two
different authors (F.P. and S.R) and disagreements were
solved by a discussion with another author (A.R.). The fol-
lowing dala were collected [rom eligible studies: first author
name, journal and vear of publication. study design, study
treatment, baseline characteristics of patients (ie age, sex,
stape, metastatic sitc location), truc positive (TP) and falsc
negalive (FN) rates stratified according (o the melastatic sile
location (Mlb vs Mla disease). The meta-analysis was de-
signed according to the PRISMA - puidelines for reporting
of syslemalic reviews [25].

2.4. Statistical Analysis

Patients were stratified according (o the metaslalic site
location into 2 groups: extra-thoracic (M1b) versus intratho-
racic (Mla) metastatic disease. The outcome measure was
the sensitivity of ¢tDNA analysis, delined as the proportion
of EGFR-positive patients by tumor lissue lesting correctly
identified by the ctDNA analysis. We extracted the number
of events over total patients included in each arm using odds
ratio (OR) as a measurce ol association between ¢tDNA sensi-
tivity and the metastatic site location (extra-thoracic (M1b)
versus intrathoracic (Mla) disease). Thus, an OR greater
than 1 indicates that extra-thoracic (M1b) disease is associ-
ated with a higher sensitivity of EGFR-mutation {esting by
ctDNA analysis in patients with advanced NSCLC. We cal-
culated a pooled OR performing a meta-analysis of ORs
cmerging from the included studics. Heterogencity between
studies was explored using Chi-square test with a predefined
significance threshold of 0.1. We used the random-eftfect or
fixed- effect, based on statistical significance of Q-test, ac-
cording to Mantcl-Hacnszel method. We performed a publi-
cation bias analysis using both Begg’s funnel plots and Eg-
ger’s test, with P<0.05 suggesting a statistically significant
publication bias. When publication bias was found, the Du-
val and Twcedic nonparamctric ‘trim and fill’ mecthod has
been adopted to adjust it. The methodological quality of in-
cluded trials was assessed by QUADAS-2. We used Coch-
ranc RevMan ver. 5.3 statistical softwarc to perform the
meta-analysis and Comprehensive Meta-Analysis ver. 2.0 to
assess the risk of publication bias.
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Fig. (1). Flow-chart of trials selection.
3. RESULTS
3.1. Literature Search

The search of literature updated in May 2017, identified a
total of 93 records. Among these. nine studies met our inclu-
sion criteria and were included in our pooled-analysis. In the
study by Karlovich ef al. [16] the EGFR mutation analysis by
ctDNA was performed both for EGFR-activating and T790M
resistant mutations, thus the data were reported as two dif-
ferent studies. Overall ten eligible studies (1425 patients)
were included in our pooled analysis (Fig. 1).

3.2. Studies® Characteristics

All these studies prospectively collected matched blood
and tumor tissuc from paticnts with a histologically-
confirmed diagnosis of advanced NSCLC. Real-time polym-
erase chain reaction (RT-PCR) was the most commonly used
mcthod to detcet EGFR mutations in the plasma of NSCLC
patients, while the studies of Oxnard [15], Thress [21], Kar-
lovich [17] and Kasahara [23] used digital PCR technologies.
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Publications excluded (n-65)
Reviews, Letters, Commentaries (n=34)

Studies tha® did nat perform FGFR t2sling
by ctONA (n=9)

Studies that did not compare the sensitvity
of EGFR testing by clDNA in patients with
Intrathcraciz vs extrathoracic dseass (n=22)

Studies that perfarmed the ctDNA aralysis
on serum of NSCLC patents (n=1)

Full-text articl=s excluded because
were abstracts of subsequent

"l published papers (n=2)

RT-PCR was the most commonly used to detect EGFR mu-
tations in FFPE (formalin-lixed parallin ¢cmbedded) (umor
tissue. The sample sizes of the analyzed population ranged
from 38 to 397, while the percentage of patients with intra-
thoracic (M1a) disease ranged from 23% to 61% across the
dilferent studies. Bascline characteristics of sclected studics
are described in Table 1.

3.3. Diagnostic Accuracy of ctDNA

All included studies compared the sensitivity of EGFR
mulalion analysis by ¢IDNA in paticnts with extra-thoracic
(MI1b) versus intrathoracic (Mla) disease. Pooled analysis
showed that the sensitivity of ¢tDNA was significantly
higher in patients with extra-thoracic (M1b) as compared to
intrathoracic (M1a) discase (OR: 5.09: 95% Cls: 2.93 — 8.84)
(Tig. 2). The pooled OR for sensitivity was calculated using
random-effect model, because of a significant heterogeneity
between treatment cffects (Q-test: P< 0.0001). A significant
association between the “M-status™ and the diagnostic accu-
racy of ctDNA analysis was observed for both LGIR-
activating (OR: 4.30, 95% CI: 2.35-7.88) (Fig. 3) and
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Table 1.  Characteristics of the trials included in the pooled-analysis.
EGFR Mutation Sensitivity (M1h) Sensitivity (Mla) Qdds Ratio
Study (Reference) (¢tDNA) 0.(%) (%) 5% CI)
Oxnard et al < "6 o / 594 3
2016 (15) Del19/L858R 139/161 (86%) 36/48 (75%) 2.11 (0.95-4.66)
N°'2'3|“:“(‘;j)’ al. Del19/ 858K 5282 (63%) 13/57 (23%) S.R7(2.73-12.6)
Yi-Long Wu 5 214 (77%) 3/ 2 (1.35-3.65)
etal 2016 (19) Del19/L835SR 180/234 (77%) 631105 (60%) 2.22(1.35-3.65)
T;S‘IVS% (”2'0")‘ D:l19/L858R 32/41 (78%) /21 (24%) 11.28 (3.27-39.6)
KZ“I'J';‘;‘ f,’z‘j" Dell9/L]58R 21/28 (75%) 15/27 (55%) 2.40 (0.76-7.53)
K“;g‘l‘;’ﬁ,‘;’)‘” Del19/L858R 26/33 (79%) 8/16 (50%) 3.71(1.03-13.46)
Karlavich ez al. 2016 (17) Del 1971 858K 52135 (95%) /18 (39%) 2724 (6.07-122.17)
Karlovich e al* 2016 (17) T790M 47/49 (96%) 4/15 (27%) 64.63 (10.47-398.8)
Thress et al. 2015 (21) T790M 21/27 (78%) 2/11 (18%) 15.75 (2.65-93.46)
Jenkins e/ al. TI90M 1117154 (72%) 123/243 (51%) 2.52(1.63-3.88)

2017 (24)

The number of paticnts reported corresponds w the number of paticnts evaluable

Total events

Wb W1a Odds Ratio Odds Ratio
Siudy or Subgroup Evenis Total Evenls Tolal Weight M-H, Random, 95% CI M-H, Random, 95% C|
Jenkins et al. 2017 1M1 154 123 241 148% 2.52 (163, 388 SE
Kafovic st al. 2016 2 5 T T8 T4%  JT.24[607 12217 =
Katovie et al. 2016 a7 49 4 15 59% HA4R3[10.47, 398837 -3
Kasahara etal. 2017 26 a3 8 16  BE% 3T1[1.03 1346 = @
Kamaretal. 2017 21 28 16 27 95% 2.40([0.76, 7.53 SE o
Mormanno etal, 2018 t2z a2 13 4V lid4%n JaTI2T3 1200 —m
Oznaicietal. 1076 =9 a1 36 48 137% 11 [0.95, 466 SR
Thrass etsl. 2018 =1 7 2 e 6.0% 1675 [2.65 D2.4g r——
Tseng efal 2015 i2 41 8 2 8.9% 11.38[3.27, 33.60) e
SHEOR YR al 2016 #0734 A3 106 144% 27 [13A 3AA —
Total (95% CI} 864 56°  100.0% 5.09 [2.93, 884] -

GE1 276
Heterogenelty Tau® =048, ChF= 3234, dr=9F=00002, F=T2% om 04 3 10 IS
Testfor overall eact £2= 578 (F « 0.00001: : Wia mMib

Fig. (2). Forest plot showing odds ratio for aoverall sensitivity of plasma ¢tDNA EGFR-mutation testing by metastatic sites location (M1b vs

Mla).

Mib Mia CQdds Ratio Odds Ratio
Study or Sabgroup Evenis Total Fvenis Tolal Weight M-H. Random. 85% Cl M.H, Random, 95% CI
Katlowie st al. 2016 02 65 718 9B8%  IT.24[607, 12217 ——F
Kasaharaetal 2017 26 33 a 16 11.4% 371 [1.0% 1346
Kumar et a. 2017 21 28 149 27 1I.3% Z40[0.7E, 7.53 G
Mormanno etal. 2016 52 82 13 87T 171% 587272 1260 ST ¥
oxnardetal. 1116 129 181 5 49 169% 211 [0L5, 168 T
Teang sia. 2015 32 Ll 5 21 11.8% 11.38[3.27, 3060 e
Yi-Lanag ¥¥u etal. 2016 180 234 63 109 204% 222[1.25,369 (e
Total (95% CI) 034 292 100.0% 4,30 (2.5, 7.68] -
Total events a0z 147
Heterogenzity Tawt=0.41; ChF=17.50 d'=¢ (P= 0.007), F=66% ij[H 051 140 1]0!
Testfor overall effect: £=4.72 (F < 0.0C00") : ] Wa Mib

Fig. (3). Forcst plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-activating (Del19, L858R) mutations testing by metas-
latic sites location (M 1b vy Mla).
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Mib Mia 0dds Ratio Odds Ratia

Stucy or Subgroup Events Total Events Total Weight M-k, Random, 35% Cl W-H, Random, 85% Cl

Jenking 21a . 2007 Ml 154 123 143 208% 2.52[1.6], 3.80] -

Karlovic eta  2016% 47 40 4 15 304% G463I[10.47,390.62] —

Thress etal. 2016 21 27 211 3NT% *5.75 (2.6, 93.46] —_—

Total (95% C) 230 269 100.0%  11.89 [1.45 97.22] R

Total averts 173 1249

Heteropareity Tau®= 2.01; Ch®=14.75, off = 2 (P = 0.0005); I*= 26% o o T o0

Tesifor averall efiect Z=2.31 (P=0.02) 4 ) Wia M1

Fig. (4). Forest plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-T790M mutation testing by metastatic sites location

(M1h vy Mla).

Mib Mia Odds Ratio Odds Ratio
Study or Subgroup Events Total Eveats Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kanovic et al. 2013 53 65 7 18 51% 27.24[6.07 12217 —
Kanovic et al. 2013 a¥ 49 4 15 22% R4 AZ[10.47, 398 82] =k
Kasaharaetal 2007 pla] 33 g 16 202% 3.7111.03 13.46] .
Cwmarc etal. Z01E 139 1@ kL] 45 BO09% 2.7 085, 4 66| —l—
Thrass etal. 2015 M| 7 20" 5 6% 15.74 |25 93.46] =
10Lal (95% LI) Jn w8 T000% .49 [3.90, 4.60] <
Totsl events 205 §7
Hetaroganeity Chf=18.77,df=4 (P=0.0008); F=79% o R T o

Tect foraverall affact: Z= 5.092 (F = 0.00001)

Ma N

Fig. (5). Forest plot showing odds ratio for overall sensitivity of plasma etDNA EGFR mutations testing by digital-PCR technologics accord-

ing to the metastatic sites location (M1b vs Mla).

Expermental Contrel Odds Ratio QOdds Retio
Study or Subgroup Evenis  Tofal Everts Tofal Weight M-H, Fixed, 5% Cl M-H, Fixed, 35% CI
JERKING ET Al A1 ¢ " 1h4 124 144 8bd% 19|13, 5EE| -
Kurnar ezal 2017 o) 6 15 27 6.6% 141[0.76,7.53) =1
Nornanno et 21 10168 52 82 13 5T 9.7% 587([2.73 12.60] =——
lseng stal 2N% 4 41 b 2 2h% 1139427 4Bl
YI-Long Wu gt al. 201 & THU 234 3 Ua  d4H% w22 |1.4b,3.6h) ——
Total (95% LI} 530 453 100.0%  2.96[2.24,1.91] R
Total events 396 219
Helemgeneaity, GHF= 9.1, df= 4(F=0.05), I"= 58% I t i
lestior averall eNecr 2=/ B4 (F < J.0uuuT) i 3 M1z Wb 1 Hif

Fig. (6). Forest plot showing odds ratio for overall sensitivity of plasma ctDNA LGIR mutations testing by RT-PCR technologies according

to the metastatic sites location (M1b vs M1a).

resistant '1790M mutation (OR: 11.89, 95% Cl: 1.45-97.22)
(Fig. 4), and it was confirmed regardless of the use of digital-
PCR (OR: 5.85, 95% CI: 3.56-9.60) (Fig. 5) or non-digital
PCR technologies (OR: 2.96, 95% CI: 2.24-3.91) (Fig. 6).

3.4. Risk of Bias Assessment

Publication bias has been found either by Begg's and Fg-
ger's tests (P<0.01) (Fig. 7). However, the “trim and fill®
analysis did not show significantly different results, confirm-
ing that the sensitivity ctDNA analysis is associated to the
metastatic site location (adjusted OR: 3.19, 95% CI: 1.73—
5.88). The methodological quality of cach trial was assessed
by QUADAS-2, showing a good average quality of all in-
cluded trials (Fig. 8).

4. DISCUSSION

This meta-analysis included ten studies which evaluated
the diagnostic accuracy of EGFR mutation testing by ctDNA

in patients with advanced NSCLC comparing patients with
extra-thoracic vs intra-thoracic disease. The results of this
work have shown a significant association between the me-
tastatic site location and the sensitivity of the ctDNA analy-
sis. Indeed the ability to identify EGFR mutations in the
plasma of NSCLC patients is significantly higher in patients
with extra-thoracic disease (MIb) as compared to patients
with intrathoracic (M1a) disease. Since the clinical applica-
tion of ctDNA in patients with lung cancer is rapidly evolv-
ing, it is important to establish both the accuracy and feasi-
bility of this tool in the practical management of advanced
disease. Published studies and meta-analysis revealed an
adequate diagnostic aceuracy of ¢tDNA in the detection of
EGFR activating mutations, showing a sensitivity of 0.62
and specificity of 0.96, with an overall mutation status
concordance of about 90% with the standard tissue
genotyping [11, 13]. The promising diagnostic performance
of ctDNA observed in these controlled studies has been
confirmed also in a real-world diagnostic setting. 'The
multicenter ASSESS study has recently showed a similar
concordance rate of 89%
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Funnl Plot of Standard Errer by Log odds ratia
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Fig. (7). Funnel plot of odds ratio (OR) for overall sensitivity of plasma ¢tDNA EGFR-mutation testing by metastatic sites location (M1b vs
Mla). Each study is represented by one eirele- the vertical line represents the pooled effect estimale.
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Fig. (8). Quality assessmenl of studies by QUADAS-2,

(sensitivity 46%, specificity 97%) between plasma and tis-
sue-based EGFR mutation analysis in 162 patients with
advanced NSCLC |18], suggesting the clinical utility and
reliability of ctIDNA for the detection of EGFR activating
murations in clinical practice. These data have led to the rec-
ommendation of EGFR mutation analysis by ctDNA in pa-
tients with ncwly diagnosed, advanced NSCLC when tumor
lissue is not available [10] and this was also stated in the
approval of Gefitinib. Ilowever., some efforts should be

needed to raise the sensitivity of this tool, in order to reduce
the number of false negative patients who would be wrongly
cxcluded from recciving EGFR-TKI treatment. In  this
scenario, our work provides additional evidence with poten-
tial practical implications for the management of NSCLC
patients. Indeed the results of this pooled analysis clearly
demonstrated that the ability to detect EGFR activating mu-
lations in the plasma of patients with advanced NSCLC is
significantly influenced by the location of tumor metastasis.
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Particularly, the sensitivity of ctDNA is significantly lower
in patients with intra-thoracic (50%) as compared to extra-
thoracic disease (79%), suggesting the “M” status as a clini-
cal predictor of c¢tDNA accuracy, used to identify the best
candidates for plasma EGFR-testing. As consequence, on-
cologists should carefully evaluate any negative result ob-
tained in patients with Mla disease. Indeed, the very low
sensitivity of ¢tDNA analysis in Mla stage could lead to
50% of potentially false-negative patients who would be
wrongly excluded from recciving the best firsi-line treatment
with an CGFR-TKI. Cven if they represent only 30% of the
overall metastatic population, every effort should be made by
clinicians to detect EGFR-mutations in tumor tissue in this
subgroup of palicnts. Converscly, the ¢iDNA analysis may
be considered as a reliable test for NSCLC patients with the
extra-thoracic disease, since it showed a sensitivity of about
80% and it could be peaccfully recommended when tumor
lissue is not available. 1t would be interesling 0 compare
also the sensitivity of ¢tDNA in M1b (<1 extrathoracic me-
tastasis) versus Mlc (>>1 extrathoracic metastasis) disease, as
defined by the last version of the IASLC-TNM staging pro-
ject [26]. Unfortunately, the majority of the studies included
in this pooled analysis did not perform this kind of
evaluation, since they were conducted before the publication
of the last version of IASLC-TNM staging. Furthcrmore,
none of the included trials evaluated how the number and the
specific site of extra-thoracic tumor metastasis could influ-
cnce the sensitivity of the ¢tDNA analysis. The detection of
EGFR-T790M mulation by c¢DNA is currenlly recom-
mended as a routinary test for all patients with advanced
NSCLC who failed first-generation EGFR-TKI and are a
candidate to rcccive osimertinib as sccond-line treatment
[10]. To date, three published studies [17, 21, 24] revealed a
significantly lower sensitivity, ranging from 20%-50%, of
plasma ctDNA analysis in the subgroup of patients with Mla
intrathoracic discasc as compared to 70%-90% in paticnts
with M1b extra-thoracic metastasis. The results of our work
confirmed a significantly higher sensitivity nearly to 80% in
patients with M1b as compared to 30% in patients with Mla
disease, suggesting that T790M mutation testing by ctDNA
could result negative in half of the patients without extra-
thoracic metastasis, thus requiring further tissue biopsy and
second-line treatment delay. For this reason, tissue biopsy
should be recommended upfront in all EGFR-positive
NSCLC patients with Mla disease who progressed after
first-generation TKIs in order to increase the chance to detect
T790M mutation and avoid any subsequent treatment delay.
Interestingly the subgroup analysis performed to evaluate the
influence of detection technology on ¢tDNA analysis sensi-
tivity, revealed that the use of digital-PCR increased ctDNA
sensitivity (87%) as compared to non-digital PCR (73%)
only in paticnts with thc M1b discase while no ditferences
have been observed in M1a patients. As previously reported
in different studies, these data confirm that the chances to
detect EGFR mutations in the blood of NSCLC patients with
intra-thoracic discase may not be inereased by the use of
more accurate technologies and that the significant associa-
tion between M-status and ctDNA accuracy is the result of a
grcater relcase of DNA into the blood of paticnts with extra-
thoracic metastasis. Intercstingly the combination of exoso-
mal RNA and ctDNA significantly increased the sensitivity
for EGFR mutation detection in plasma of NSCLC patients
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with intrathoracic disease [27], suggesting exoNA-based
liquid biopsy platform as an innovative and promising ap-
proach for this subgroup of patients. This literalure-based
analysis highlights the potential role of the metastatic site
location as a clinical predictor of ctDNA ability to identify
EGFR mutations in the plasma of patients with advanced
NSCLC. Nevertheless there are also some limilations: the
cohorts of patients enrolled in the analyzed studies are het-
erogeneous; indeed different selection criteria as well as the
different practices for EGFR mutation testing in plasma
samples have been used among included trials. Genotyping
of ctDNA was performed by RT-PCR, including QIAGEN
therascreen, Roche Cobas and others in the real word AS-
SESS study, while the adoption ol the BEAMING digital
PCR allowed to increase the sensitivity of ctDNA analysis in
the Oxnard trial. Furthermore the local practices for plasma
samplc testing used in real word setting could have influ-
enced the inferior ¢IDNA performance observed in the AS-
STSS study as compared to the expert laboratories included
in the academic controlled clinical trials. Even if the previ-
ously deseribed heterogencity docsn’t reduce both the clini-
cal and statistical value of results, further prospective clinical
studies are needed to investigate if and how the “M status™
should be considered by oncologists to identify patients more
suitable far plasma EGFR testing in clinical practice.

CONCLUSION

In conclusion, the results of this pooled-analysis have
clearly demonstrated that the location of metastatic sites sig-
nificantly influences the diagnostic accuracy of ctDNA
analysis, suggesting that the ability to identify both EGFR
activating and resistant T790M mutations in plasma of
NSCLC patients is significantly higher in presence of extra-
thoracic disease, regardless of the use of more accurate diag-
nostic technologics. like digital-PCR. These obscrvations
should be carefully considered to optimize the clinical man-
agement of EGFR-mutated NSCLC patients.
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