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Abstract: Circulating tumor DNA (ctDNA) has shown great promise as a minimally invasive liquid
biopsy for personalized cancer diagnostics especially among metastatic patients. Here, we used a
novel sensitive assay to detect clinically relevant mutations in ctDNA in blood plasma from metastatic
non-small cell lung cancer (NSCLC) patients, including patients with a limited oligo–brain metastatic
disease. We analyzed 66 plasma samples from 56 metastatic NSCLC patients for 74 hotspot mutations
in five genes commonly mutated in NSCLC using a novel MassARRAY-based lung cancer panel with
a turnaround time of only 3 days. Mutations in plasma DNA could be detected in 28 out of 56 patients
(50.0%), with a variant allele frequency (VAF) ranging between 0.1% and 5.0%. Mutations were
detected in 50.0% of patients with oligo–brain metastatic disease, although the median VAF was lower
(0.4%) compared to multi-brain metastatic patients (0.9%) and patients with extra-cranial metastatic
progression (1.2%). We observed an overall concordance of 86.4% (n = 38/44) for EGFR status between
plasma and tissue. The MassARRAY technology can detect clinically relevant mutations in plasma
DNA from metastatic NSCLC patients including patients with limited, oligo–brain metastatic disease.
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1. Introduction

Non-small cell lung cancers (NSCLC), the most common cause of global cancer-related mortality,
are diagnosed in around 40% of patients at late stages in which the primary tumor is inoperable (IIIB
and IV) [1]. Knowledge about pathogenic driver mutations is crucial for therapeutic decision-making,
since treatment with drugs targeting specific driver mutations improves outcome and quality of life for
most patients [2]. However, in many patients with recurrent or progressive disease this information is
not available because these patients frequently do not undergo re-biopsies, in particular if the brain is
involved as the distant site of metastases. This is mainly due to risk complications associated with
tissue biopsy especially at late stages of disease. The occurrence of brain metastases in NSCLC is
an increasing clinical problem due to augmented extra-cranial disease control by systemic therapies.
Around 40% of advanced stage NSCLC patients will be diagnosed with brain metastases, and the
dismal prognosis underlines the urgent need to obtain brain-specific information on therapy targets
and resistance mechanisms [3]. Currently, genomic information is most frequently obtained from
analysis of the primary tumor or metastases at easily accessible sites. However, brain metastases
show a divergent mutation profile from the primary tumor or other metastases [4–6]. Thus, future
developments in personalized therapy of NSCLC patients will depend on new approaches to obtain
tumor DNA from brain metastases for genomic analysis.

In recent years, liquid biopsy has gained importance as novel minimally-invasive source of tumor
material for molecular diagnostics that can be complementary to invasive tissues biopsies and to
date, cell-free DNA (cfDNA) is perhaps one of the most promising surrogate blood based biomarker
candidates for tumor tissue [7,8]. cfDNA refers to extracellular DNA molecules found in body fluids
and thought to be released from cells through apoptosis, necrosis and potentially through an active
secretion [9,10]. The tumor-derived fraction of cfDNA is commonly referred to as “circulating tumor
DNA (ctDNA)”. Analytes in blood such as ctDNA are considered to represent the whole tumor burden
at various sites, although different metastases located in different organs might have different shedding
rates [11,12]. In fact, due to its noninvasive character, ctDNA might circumvent not only the problem
of tissue biopsy but also tumor’ spatial heterogeneity. The dilemma of intra-tumor heterogeneity
represents a true limit for personalized medicine approaches because of the reliability on a single tumor
tissue biopsy to profile the mutational landscape inherent to each tumor. Gerliner et al. suggested
that multiregional biopsy analysis might be required in order to predict the therapeutic outcome
and draw a more complete picture of the tumor burden [13]. It is proposed that ctDNA provides a
dynamic sampling of somatic alterations capable of representing a larger clonal hierarchy and thus
track different treatment responses even at metastatic sites [14,15].

The power of ctDNA analyses in detection of acquired resistance mutations after treatment with
1st and 2nd generation EGFR tyrosine kinase inhibitors (TKIs) in NSCLC has been demonstrated in
several studies [16]. The detection of ctDNA EGFR p.T790M is recommended in current guidelines after
progression with EGFR TKIs in order to guide treatment initiation with the 3rd generation EGFR TKI
osimertinib [17].

Although cancer patients generally have higher cfDNA levels compared to healthy individuals,
the frequency of ctDNA varies extensively depending on tumor type and disease stage, described
to range between 0.01% to 90% [18–22]. In NSCLC patients, the ctDNA levels are generally lower
compared to other solid tumors [23]. Several different analytical methods with varying sensitivity and
mutation coverage exist today. The sensitivity, specificity, and applicability of the numerous different
published ctDNA assays have been reviewed extensively before [7,24]. Thus, highly sensitive and
specific ctDNA assays are needed to accurately detect clinically relevant mutations in plasma DNA
from brain-metastatic NSCLC patients. For implementation into clinical practice outside of academic
institutions, these technologies need to be cost efficient and provide reliable results on a limited panel
of druggable mutations within a short turnaround time. Single alterations such as the EGFR p.T790M
mutation in plasma, can be carried out at very high sensitivity (<0.01% VAF) and cost efficacy by using
Digital Droplet PCR (ddPCR) based methods [25–27]. However, these methods are restricted to the
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analysis of a few single mutations, while multiplexing commonly requires NGS-based methods that
show variable assay sensitivity and specificity [7,12]. Even though NGS based methods proved their
relevance in the clinic and universal genomic sequencing is supported by the clinical community, its
implementation in the clinical routine has not been achieved in many countries, mainly due to the high
cost of such assays, technical expertise and bioinformatics infrastructure, making it less accessible for a
plethora of medical laboratories.

In this retrospective study, we provide a first proof of principle for a validated ctDNA assay
that can detect clinically relevant mutations based on a mass-spectrometry approach in advanced
NSCLC patients, including patients with lower tumor burden such as oligo–brain metastatic disease.
The MassARRAY system detects in a single multiplex assay 74 hot-spot mutations in five relevant and
commonly mutated genes in NSCLC patients with high sensitivity. The present encouraging results
qualify this NGS-independent technique as a cost effective, fast, sensitive ctDNA analysis and easily
accessible for the medical laboratories.

2. Materials and Methods

2.1. Patients and Blood Samples

Blood was drawn from 56 patients with histologically confirmed metastatic (stage IV) NSCLC
with a median age of 61 years for both genders. Smoking behavior was not recorded for this cohort.
All patients of this retrospective cohort were treated at the University Medical Center of Hamburg,
Germany (UKE) (Table 1). All subjects formally consented to the study. Only samples with at
least 1.5 mL plasma available and no visual sign of hemolysis were used in this study. The study
was approved by the ethics review board of the University of Hamburg (Nr.PV-5392, 06/12/2016,
Ärztekammer Hamburg).

Table 1. Clinical characteristics of non-small cell lung cancer (NSCLC) patients’ cohort.

Characteristics Number Percentage

Gender Male 26 46.4%

Female 30 53.6%

Histology Adeno ca. 49 87.5%

Squamous cell ca. 5 8.9%

other 2 3.6%

EGFR in tissue * Mutant 9 20.5%

Wild type 35 79.5%

Disease stage First diagnosis 39 69.6%

Progressive disease 16 28.6%

Complete response 1 1.8%

Metastases ** Brain metastases 37 66.1%

Other metastases than brain 16 28.6%

Unknown 3 5.5%

Brain- Metastases *** Oligo-brain metastases 20 54.0%

Multi-brain metastases 16 43.2%

Unknown 1 2.7%

* EGFR tissue status was not assessed in 12 patients. ** For three metastatic patients, the metastatic spread within
the brain was not documented at the time of blood draw. *** From one brain metastatic patient, the metastatic
spread outside the brain was not documented.
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In three patients, multiple blood draws were analyzed: From one patient (P01), 9 follow-up
samples were available and in two other patients (P09 and P24), two blood samples were available
(Figure S1 and Table S3). Figure S1 shows a flow chart on what type of samples and analyses
were performed in this study (Figure S1). Thirty-seven patients (66.1%) had brain metastases, 20 of
which (35.7%) had metastases only in the brain (oligo–brain metastatic disease) and 16 patients had
additional extra central nervous system metastases (multi-brain metastases). For one patient with brain
metastases, information of other metastases outside the brain were not recorded (Table 1). We defined
oligo-metastatic disease as a purely localized metastases in a single organ, i.e., brain [28]. Therefore,
oligo–brain metastatic disease refers to NSCLC patients with an isolated central nervous system (CNS)
progression while no extra-CNS disease is recorded.

In this retrospective cohort, EGFR mutation status from tissue analyses was available for 44 patients.
As more than half of the patients were collected before 2015 (Table S3), the standard testing was only
including EGFR and ALK for adeno carcinomas. Due to the lack of clinical relevance, EGFR mutation
status was not routinely assessed in squamous cell cancer patients during the recruitment period of
our patients. Nine patients had sensitizing activating mutation in EGFR detected in tissue samples
(Table S3). In 35 samples, the tissue biopsy was negative for EGFR mutations.

2.2. Plasma Isolation and cfDNA Extraction

Plasma was extracted from 7.5 mL of blood drawn in EDTA tubes using a double centrifugation
protocol (10 min at 300× g, followed by 10 min at 1800× g). The cfDNA was extracted using the
Circulating Nucleic Acid kit (Qiagen) according to the manufacturer’s protocol. The ctDNA quantity
was measured by Qubit Fluorometer (Thermo Fisher) and the quality was assessed by TapeStation
(Agilent). 2.3. Mutations analysis using the MassARRAY system

The UltraSEEK™ Lung Panel on the MassARRAY® System (Agena Bioscience, San Diego,
CA, USA) analyzes 74 different hot-spot mutations in EGFR, KRAS, BRAF, ERBB2 and PIK3CA
(Table S1). This panel was recently validated by using commercial standards in a ring trial comparing
different ddPCR, MassARRAY and NGS based assays [29].

The assay consists of a single multiplex PCR reaction targeting specific regions of the five
genes, followed by a single base extension relative to the specific mutation using chain terminators.
Specific terminating nucleotides are then incorporated only when the mutant allele is present allowing
for further enrichment of the mutant signal. The captured and enriched products are then identified
using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry as previously
described [30]. Data analysis was performed using Typer software version 4.0.26.74 (Agena Bioscience).
Normalized intensity was calculated for the signal intensity of the mutant allele, which had been
normalized against the capture control peaks found in the spectrum. A value of one means the peak
intensity of the observed mutant allele is equal to the peak intensity of the average of the 5 capture
control peaks found in the spectrum. The capture control peaks are biotin-labeled, nonreactive oligos,
which are added to the extension reaction and used as an internal control for the streptavidin-bead
capture and elution of the mutant extension product steps. Mutant allele calls were returned by an
automated software report specific for the UltraSEEK Lung Panel and signal-to-noise ratio ≥6 and
a z-score ≥7 were considered significant. For allele calling, the reporter algorithm takes an instrument
specific baseline for each mutation assay into account. Herein, the assay specific noise is assessed by
analyzing a cohort of wild-type samples and mutant call significance was controlled by analyzing
commercial mutations controls as a titration of mutant allele frequencies down to the limit of detection
(LoD) of 0.1%.
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3. Results

3.1. Overall Detection of Mutations in Cell Free DNA Using UltraSEEK™ Lung Panel in Advanced
NSCLC Patients

Overall, our results showed that mutations could be detected in 28/56 patients (50.0%) using
the UltraSEEK™ Lung Panel consisting of 74 different hotspot mutations in five NSCLC associated
genes. EGFR mutations were detected in 25.0% (14/56), KRAS in 21.4% (12/56), ERBB2 in 5.4% (3/56),
PIK3CA in 5.4% (3/56), and BRAF in 5.4% (3/56) of the patients (Figures 1A and 2). The most common
EGFR mutations were exon 19 deletion (EGFR p.E746_A750Del found in five patients) followed by
EGFR p.L858R mutations of exon 21 (four patients) (Figure 2 and Table S2). In two EGFR positive
patients, a resistance causing p.T790M mutation was also detected together with the activating EGFR
mutation. In patient P04, a p.T790M mutation was detected in addition to exon 19 del (VAF EGFR
p.E746-A750del 5.0%, VAF EGFR p.T790M 0.2%) (Figure 1B). The p.T790M was not observed in the
tissue sample taken one month prior to the time of blood draw. However, the patient showed an
extra cranial progression from erlotinib one month after the blood draw. From the second patient
with a p.T790M mutation (P09), two blood draws were taken. In the first blood draw taken before
the beginning of any systemic treatment, an EGFR p.E746_A750del was found in both tumor tissue
and in the MassARRAY analysis. In a second blood draw 24 months after treatment initiation (patient
received both erlotinib and osimertinib), we detected both the EGFR p.E746_A750del but also the
p.T790M mutation. No tissue biopsy was taken but the p.T790M status was verified in plasma using
the Cobas assay (Roche Diagnostics).
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The most commonly found KRAS mutations were KRAS p.G12A/p.G12V (found in five patients)
and KRAS p.G12C (in four patients). Interestingly in patient P24, the first blood draw at first diagnosis
did not show any mutation. Thirteen months later, however, during the second blood draw when
the patient had a progressive disease, cfDNA analysis displayed a BRAF p.G469A/p.G469V mutation
(P24B). Three patients had PIK3CA mutations. From these, PIK3CA p.H1047R was observed in two
patients and PIK3CA p.E545K in one patient. ERBB2 p.A775_G776insYVMA was reported in two
patients while one patient displayed ERBB2 p.G776 > VC mutation (Figure 2 and Table S2).

In eight patients, more than one driver mutation could be found including two patients (P04 and
P09B) having EGFR activating mutations and the common gatekeeper resistance mutation p.T790M.
Figure 2 shows that mutations in EGFR and BRAF as well as EGFR and ERBB2 were mutually exclusive,
which has also been described in primary NSCLC tumors [31]. Two patients (P07 and P12) had
detectable EGFR and KRAS mutations, while KRAS and ERBB2 mutations were identified in two other
patients (P20 and P21). One patient (P13) had activating EGFR mutation and PIK3CA mutation and
another patient (P23) displayed a KRAS and PIK3CA mutation.

Mutations were detected in plasma NSCLC patients with a VAF ranging from 0.1 to 5.0% (Figure 2
and Table S2). The median VAF in oligo–brain cases was 0.4% (range 0.1–5.0%), while the median
VAF in patients with multi-brain metastases was 0.9% (range 0.2–5.0%). The highest median VAF was
observed in patients with other metastases 1.2% (range 0.3–2.3%) (Table 2).

Table 2. Prevalence of detected mutations in circulating tumor DNA (ctDNA) samples.

BRAF EGFR KRAS ERBB2 PIK3CA Number of Pts Median VAF
n (%) n (%) n (%) n (%) n (%) with Mutation (%) of All Mutations

Oligo-brain metastases (n = 20) * 2
(10.0%)

2
(10.0%)

7
(35.0%)

1
(5.0%) 0 10 (50.0%) 0.4

Multi-brain metastases (n = 16) ** 0 6
(37.5%)

2
(12.5%) 0 0 7 (43.8%) 0.9

Other metastases (n = 16) *** 0 4
(25.0%)

2
(12.5%)

1
(6.3%)

2
(12.5%) 8 (50.0%) 1.2

* Patient P12 had both an EGFR and a KRAS mutation, patient P21 had a KRAS and an ERBB2 mutation. ** Patient
P07 had EGFR and KRAS mutations. *** Patient P23 had KRAS and PIK3CA mutations.
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3.2. Distribution of Mutations in the Plasma of NSCLC Patients with Different Metastatic Patterns

Thirty-seven patients had brain metastases, 16 of which had additional extra-cranial
metastases (multi-brain metastases) and 20 patients had the brain as the only site of metastases
(oligo–brain metastases). From one patient, the metastatic spread outside the brain was not documented.

In 45.9% (17/37) of the brain metastatic patients (oligo–brain metastases and multi-brain metastases),
a mutation in either EGFR, KRAS, BRAF or ERBB2 ctDNA could be detected. 50.0% of the patients
with oligo–brain metastatic disease (n = 10) had mutations detected in their blood with a median
VAF of 0.4% (Table 2 and Figure 2). KRAS was the prevailing mutation present in seven out of the
20 patients with oligo–brain metastases (35.0%). EGFR and BRAF mutations were detected each in two
patients with oligo–brain metastases (10.0%). Among the 16 patients with metastases sites other than
in the brain, eight patients (50.0%) had mutations in their blood sample with a median VAF of 1.2%.
Four of these patients had detectable EGFR mutations (25.0%). Two had KRAS mutations (12.5%) and
two patients displayed a PIK3CA mutation (12.5%) and one ERBB2 (6.3%). From the 16 multi-brain
metastases patients, seven patients (43.8%) had detectable mutations in only EGFR and KRAS (Table 2).
The highest median VAF was observed in the latter setting of brain metastases patients with 1.2%.
The total cfDNA amount did not differ between the different groups.

3.3. Comparison of EGFR Mutation Status in Tumor Tissue and Plasma

Information about EGFR mutation status of the primary tumors was available for 78.6% (n = 44/56)
of the patients. No other mutations included in the ctDNA analysis were assessed in tissue biopsy from
this retrospective patient cohort. By comparing EGFR mutations status from plasma (MassARRAY)
with matched tumor tissues, an overall concordance of EGFR mutational status of 86.4% (38/44) was
observed. Six disconcordant cases were identified (P02, P04, P07, P08, P11, and P13 (Table S3)). In most
of these cases, the differences in EGFR mutational status might have been influenced by the time
and treatments between tissue biopsy and liquid biopsy analyses. As it was the case for patient P02,
for instance. Here, the tissue biopsy analyses revealed an EGFR p.E746-A750del and a resistance
causing p.T790M mutation. 5 weeks into treatment with osimertinib (an EGFR-TKI specific for p.T790M
mutations), a liquid biopsy sample was collected which detected only the EGFR p.E746-A750del.
The absence of the p.T790M clone in the liquid biopsy samples after 5 weeks into treatment may
potentially indicate a response to p.T790M specific treatment with osimertinib. As explained before,
a resistance causing p.T790M mutation was detected in the blood of patient P04 taken at extra cranial
progression while it was not detected in tissue analysis a month before. In patient P07, the primary
biopsy indicated a wild type for EGFR, while in the blood sample 5 months later, an EGFR mutation
(p.L858R) with a low VAF of 0.2% was detected indicating possibly a subclonal origin of the EGFR
mutation. In patient P13, tissue biopsy indicated a wild type EGFR. Two years later, the patient had
a progressive disease and blood sample analysis detected a p.L858R EGFR and a PIK3CA p.H1047R
mutation, both with VAF of 0.6%. The tumor tissue was not tested for PIK3CA. Unfortunately,
confirmatory tissue biopsies for proof were missing for these patients. The concordances between
variants found in tissue vs. liquid biopsy along with other clinical information are represented in
Table S3.

3.4. Monitoring Patient’s Disease by Tracking Mutations in Plasma ctDNA: A Case Report

We analyzed serial blood samples from an 80-year-old patient with a stage IV, multi-metastatic
adenocarcinoma of the lung for mutations in ctDNA over a period of 22 months (Figure 3). At first
diagnosis, the patient showed metastases at several thoraco–abdominal sites. Due to the high tumor
burden, a systemic chemotherapy was started before results of the mutational analyses of tumor tissues
were available. These analyses later revealed an EGFR p.E746_A750del mutation in the pleura even
though in the primary lung tumor tissue analysis, no EGFR mutation was detected. Treatment was
subsequently switched to afatinib, a 2nd generation EGFR-TKI. The first blood draw, performed two



Cells 2020, 9, 2337 8 of 13

weeks after beginning of afatinib treatment, also revealed the EGFR p.E746_A750del mutation with
0.4% VAF, concordant to the metastatic pleura cells. Two consecutive blood draws were carried out
at months two and eight (M2 and M8), in which no EGFR mutation was detected. The decrease and
absence of EGFR mutations in the blood coincided with a partial response that was detected in the first
CT-scan 4 months after initiation of afatinib treatment (M4). The patient continued to have a stable
disease based on CT-scans and clinical evaluation for a total of 21 months. During this time however, at
month 10, the EGFR p.E746_A750del mutation reappeared in the blood sample with a lower VAF: 0.2%.
An additional mutation was also detected at month 10: BRAF p.V600E with 0.3% VAF (which was
not assessed in initial tissue analyses). However, 43 days later at M11, no mutation was detected
in the blood. Figure 3 shows that while still having a stable disease based on CT-scans, the EGFR
p.E746_A750del was detectable with a VAF of 0.5% at month 14 and then VAF decreased slightly to
0.4% at month 15, before increasing again to VAF of 1.7% at month 16. At this time, CT-scans still
showed a stable disease and the patients did not experience any new symptoms. CT scans only showed
a progressive disease for the first time 6 months after that substantial increase of EGFR VAF at month
16. However, at this time point (M22), the physical condition of the patient was deteriorating fast and
the patient died shortly afterwards.
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4. Discussion

Exploring the mutational landscape of brain metastases in individual NSCLC patients is of
primary importance for their clinical management. In these patients, biopsies of the brain metastases
are seldom taken although a well-known dynamic mutational landscape in brain metastases has
been described [5,6]. Here, we analyzed 74 different hotspot mutations in EGFR, KRAS, BRAF,
ERBB2, and PIK3CA genes using a combination of a single multiplexed PCR reaction approach and
mass-spectrophotometer based detection platform allowing a fast and cost-effective screening for a
relevant number of mutations at high sensitivity. In fact, the sensitivity and the specificity of the
assay have recently been validated in a ring trial using commercially available reference material [29],
which showed that although sensitivity and specificity were comparable between the different used
technologies, the MassARRAY was the assay with the lowest variability in intra-run variant calls. In our
current study using patient material, mutations could be detected in 28 of the 56 (50.0%) analyzed
metastatic NSCLC patient samples with the variant allele frequency ranging between 0.1% and 5.0%,
including patients with oligo–brain metastatic disease. EGFR activating mutations in our study
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were found in 25.0% (14/56) of patients, whilst 21.4% (12/56) of patients displayed a KRAS mutation.
These data are in line with other studies in Caucasian populations, where, e.g., plasma cfDNA from
23.4% newly diagnosed metastatic NSCLC patients were mutated for EGFR and 22.6% had detectable
KRAS [32,33].

Several reports have indicated that the blood–brain barrier (BBB) may inhibit the release of tumor
cells or tumor cell products into the bloodstream [34–36]. Despite the sensitivity of the MassARRAY
technology, we failed to detect ctDNA in approx. 50.0% of oligo–brain metastatic patients, and the VAF
was lower compared to patients with multi-brain metastases. This finding is consistent with previous
studies using NGS-based assays analyzing 37 genes [37], where 52.0% of oligo–brain metastatic patients
had detectable mutations in ctDNA, and the median VAF was lower in patients with oligo–brain
metastatic disease compared to patients with multi-brain metastases [37]. Similar obstacles have been
also described for primary brain tumors, where somatic alterations in the plasma were also detected
in only 50.0% of patients [36]. Besides blockage of ctDNA into the blood by the BBB, oligo–brain
metastatic patients have a lower tumor burden than patients with multiple metastases, which might
further lower their ctDNA concentrations in blood plasma.

Several studies have shown the superiority of cerebrospinal fluid (CSF) analyses compared to
peripheral blood in primary brain tumors, supporting the barrier role of BBB [38–40]. A recent paper
on NSCLC brain metastatic patients reported that EGFR mutations in CSF ctDNA were detected in
57.1% (12/21) of patients, while in only 23.8% (5/21) of paired plasma samples the same mutation could
be found [41]. However, the detection rate for blood ctDNA was clearly below the rate found in our
present study. In a second similar study, EGFR mutations in CSF ctDNA were detected in 63.6% (14/22)
against 45.5% (10/22) of paired plasma samples [42]. Future studies using both CSF and plasma might
be warranted. In general, obtaining CSF is more invasive than drawing blood, which might hamper
the clinical use of CSF for sequential monitoring of tumor responses to therapy.

In three patients, follow-up samples were available and exemplified the power of longitudinal
testing. In one patient, nine samples could be collected over a period of 22 months. Here the EGFR
mutation was detected at initial diagnosis but then remained undetectable during a long stable disease
phase. However, at month 16 when the CT-scan still did not show any progression, the EGFR mutation
was again clearly detected in ctDNA. The CT-scan detected relapse 6 months later, two months before
the patient’s death. Our data thus support the use of ctDNA and sequential sampling to track upcoming
resistance/relapse, and consequently upholds previous studies investigating the clinical relevance
of blood based p.T790M mutation detection for NSCLC patients under EGFR TKI treatment [16,43].
Similarly, we recently showed, for the first time, using cfDNA plasma that a MET amplification can
cause a resistance in ALK positive NSCLC patients receiving crizonitib [44]. Prospective clinical studies
still need to show, whether tracking mutations on plasma DNA is as relevant as tumor biopsy analysis
for making treatment decisions.

Some discrepancies between plasma and tissue DNA analyses are commonly observed in NSCLC
and other tumor entities [25,37,45]. Here the MassARRAY based technology showed an overall
concordance rate of 86.4% between the EGFR mutational status in tumor tissue vs. liquid biopsy.
Besides technical issues, “private” plasma DNA mutations might support the overarching hypothesis
of liquid biopsy: Blood functions as a pool of tumor cells and tumor cell-products released not only
from the primary lesion but also from metastatic sites and therefore provides a more comprehensive
information than a single tissue biopsy [11,12]. However, clearly larger studies including matched
information of all mutations in tumor and plasma are needed to validate the ultimate sensitivity of
this assay. Furthermore, although this study showed the feasibility of detecting point mutations at
low VAF, it did not assess the clinically important ALK, ROS, RET, NTRK, translocations or MET
exon 14 mutations. The mass-spectrometric approach is, however, adaptable to detect additional
point mutations beyond the panel used in the present study, whereas translocations are in general
harder to detect in plasma [46]. Despite these limitations, the benefits of this assay include its
cost effectiveness and low turnaround time combined without the need for complex data analysis,
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bioinformatics pipelines or large data storage capacity. Furthermore, the MassARRAY system is a
flexible platform allowing a broad range of different clinical applications such as HPV detection [47],
tumor profiling [48], pharmacogenetics (SNP) analyses [49], sample qualification [50], and SARS-CoV-2
testing [51], thus being well suitable and accessible for a various medical laboratories with clearly
lower running costs compared to NGS based analyses.

5. Conclusions

Real-time monitoring of the changeable mutational landscape of metastatic patients by liquid
biopsy approaches can be of great aid for their optimal clinical management. Here we show that the
MassARRAY-based assay is a cost effective method that provided information on druggable mutations
even in patients with limited, oligo–brain metastatic disease. We could furthermore show that by using
longitudinal ctDNA monitoring we could track upcoming resistance and relapse before conventional
imaging, showing that the MassARRAY-based assay is providing clinical meaningful results in an
efficient and sensitive manner.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4409/9/11/2337/s1,
Figure S1: Flowchart of the study cohort. Table S1: Targets genes in the UltraSEEK lung panel. Table S2: Detected
mutations and the VAF in plasma cfDNA from NSCLC patients. Table S3: EGFR mutation status in matched
plasma and tumor tissue of advanced NSCLC patients.
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