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Chapter 8 

Summary, discussion and future perspectives 



Summary 

Personalized medicine has dramatically changed the clinical management, improved treatment 
outcomes and reduced adverse events in cancer patients. Application of genomics techniques in 
routine diagnostics facilitates personalized medicine. The field of molecular diagnostics has 
evolved from selecting optimal treatment strategy to monitoring treatment response and 
identification of resistance mechanisms. The aim of this PhD thesis was to improve diagnostic 
methods, explore resistance mechanisms and prognostic value of molecular biomarkers in non-
small cell lung cancer (NSCLC) and/or esophageal squamous cell carcinoma (ESCC). 

Treatment of advanced NSCLC patients largely depends on the presence of specific genomic 
aberrations. Presence of oncogenic driver events predicts response to specific kinase inhibitors. 
Moreover, subsequent treatment lines often depend on presence of treatment-induced 
aberrations that cause resistance. Genomic aberrations that determine initial and secondary 
treatment lines include single nucleotide variants (SNV), small insertion-deletions (InDel), exon 
skipping events, gene fusions and amplifications. Thus far, multiple tests and sample preparations 
are needed to test all relevant aberrations in a clinical setting. In chapter 2, we designed and 
investigated the efficiency of our customized all-in-one transcriptome-based next generation 
sequencing (NGS) assay to detect genomic variations in non-small cell lung cancer (NSCLC). We 
first tested cell lines in early versions of our assay and followed-up with frozen biopsies, pleural 
effusions, and formalin-fixed paraffin-embedded (FFPE) samples from NSCLC patients with 
previously identified mutations in EGFR, KRAS, ALK, PIK3CA, BRAF, AKT1, MET, NRAS, or ROS1 at 
the DNA level or gene fusions affecting ALK, ROS1, RET, and NTRK1 at the protein or RNA level. By 
using a threshold of ≥50 K unique reads and a DV200 RNA quality of ≥30, all expected variants, i.e. 
19 SNVs and InDels, three MET exon 14 skipping, and 13 fusion genes were detected, giving a test 
accuracy of 100%. The results show that this all-in-one assay has a good performance when RNA 
quality is sufficient and sufficient unique reads are generated. Of course, the test accuracy 
declines when the quality of samples decreases, and in such cases careful interpretation of the 
data is essential. Moreover, the design of this all-in-one assay is flexible allowing addition of new 
druggable, or resistance associated variants, making it applicable in a clinical diagnostic setting.  

Blood based liquid biopsies provide a minimally invasive approach to test the molecular profile of 
tumors. Well-studied elements of liquid biopsies are circulating tumor (ct)DNA, circulating tumor 
cells (CTCs), exosomes/microvesicles and platelets. Platelets can grab RNA or exosomes derived 
from tumor cells and as such will have an RNA content that is partly derived from tumor cells 
reflects the transcriptome profiles of tumor cells. This implies that therapy-guiding aberrations can 
be detected in platelet RNA. In chapter 3, we first applied our customized transcriptome-based 
NGS assay to test presence of tumor-derived aberrations in platelet RNA samples isolated from 
patients with active disease and known driver mutations. Despite successful application of our 
assay and generation of sufficient unique reads, we did not detect any of the known variants. As a 
next step, we applied the more sensitive droplet digital PCR (ddPCR) assay for T790M, L858R and 
E19del in EGFR, codon 12 and 13 of KRAS and the ALK-EML4/KIF5B fusion transcript. This revealed 
the expected variants in only three out of 22 expected variants in platelet RNA samples. The three 
detected variants were all KRAS hotspot mutations with very low fractional abundances, ranging 
from 0.07% to 0.55%. This indicated that platelets contain high levels of wild type KRAS transcripts. 
Transcript levels of wild type EGFR turned out to be extremely low in platelets and we were unable 
to detect any mutant EGFR transcripts. Lastly, we detected none of the expected eight ALK fusion 
transcripts in platelet RNAs. To further establish the presence of blood-based biomarkers, we 
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analyzed 11 matched cell free (cf)DNA samples isolated from the same blood tubes. In these 
samples we were able to detect circulating tumor (ct)DNA in eight out of 11 plasma samples, with 
fractional abundances varying between 3% and 37%. Thus, the level of tumor derived RNA 
transcript levels in platelets from NSCLC patients is too low to allow reliable detection of clinically 
relevant alterations in EGFR, KRAS and ALK fusion gene transcripts. 

A small proportion of patients that carry a specific druggable variant does not respond to the 
variant-targeting tyrosine kinase inhibitor (TKI) treatment, while other patients relapse after an 
initial good response. This can be explained by pre-existing resistance variants or by evolution of 
the tumor cells during treatment. Combined dabrafenib (BRAF inhibitor) and trametinib (MEK 
inhibitor) therapy is routinely used in advanced NSCLC patients harboring a BRAF p.(V600E) 
mutation. In chapter 4, we studied resistance mechanisms and survival of 34 advanced NSCLC 
patients sequenced by NGS and treated with combined dabrafenib and trametinib. Three of the 
patients received a systematic treatment before the combined dabrafenib and trametinib therapy. 
We aimed to investigate whether presence of a concurrent oncogenic variant co-existing with the 
BRAF p.(V600E) in the tissue biopsies obtained before start of BRAF and MEK inhibition therapy 
correlated with progression-free survival (PFS). Details regarding the presence of oncogenic 
variants were retrieved from clinical diagnostics records. These data were complemented by 
manual inspection of whole exome sequencing data using the integrated genome viewer (IGV). 
We observed concurrent mutations in eight out of the 36 patients. Concurrent mutations involved 
genes in the PI3K pathway (PIK3CA and AKT1) in four patients, MAPK pathway (BRAF non-V600E/ 
G466V and KIT) in one patient, IDH1 in two patients, and GNAS in one patient. Presence of 
concurrent mutations, either overall or of those with mutations in PI3K or MAPK pathways, did not 
correlate with PFS.  

The 1st and/or 2nd generation EGFR tyrosine kinase inhibitor (TKI) treatment are given based on the 
presence of EGFR activating mutations, such as the commonly observed deletions in exon 19 and 
the L858R. Originally, osimertinib was approved only for patients with acquired EGFR p.(T790M) 
resistance mutations after 1st or 2nd generation TKIs. More recently, osimertinib has also been 
approved for first-line treatment of patients with activating EGFR-mutations. In chapter 5, we 
reported clinical characteristics of two EGFR mutation-positive patients who developed a BRAF 
p.(V600E) to second-line osimertinib treatment. Guidelines for treatment options for patients with 
acquired BRAF p.(V600E) resistance mutations have not been established yet. In our report we 
gave an overview of the treatment regimens and survival of currently reported cases. Treatment 
of the two patients with combined dabrafenib and trametinib concurrently with osimertinib gave a 
partial tumor response and provided a PFS of 14 months in one patient. The other patient 
responded clinically within two weeks, although brain metastases progressed based on magnetic 
resonance imaging (MRI) after six weeks. Similar favorable results on survival were observed for 
the cases reported in the literature. 

The clinical relevance of EGFR copy number gain in patients with EGFR-mutated advanced NSCLC 
on first-line TKI treatment has not been fully elucidated. In chapter 6, we investigated two 
approaches (internal reference and normal comparison) to identify EGFR copy number gain using 
existing amplicon-based NGS data originally generated for molecular diagnostics. The percentage 
of patients with EGFR copy number gain was higher in EGFR mutated patients as compared to 
EGFR wild type patients by both approaches, which is concordant with previous studies that have 
determined copy number gains by fluorescent in situ hybridization (FISH). EGFR copy number gain 
in pre-TKI samples was associated with a worse overall survival. Copy number gains as determined 
by the internal reference approach turned out to be a better predictor of overall survival 
compared to the normal comparison (HR 3.58, log-rank P=0.0004 and HR 2.76, 0.013 respectively). 
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The hazard ratios for PFS were not different for both approaches. Patients who developed an EGFR 
p.(T790M) upon first-line TKI, without EGFR copy number gain had the longest median overall 
survival. We concluded that the presence of high EGFR copy numbers as determined by amplicon-
based NGS data predicted a worse survival in EGFR mutated patients treated with EGFR-TKI, also 
in those who developed a T790M mutation. 

Clinical value of ctDNA in dynamic monitoring of minimal residual disease and treatment response 
has been demonstrated in NSCLC patients [1,2]. In contrast, studies focusing on the clinical value of 
ctDNA in ESCC patients are rare. In chapter 7, we studied the potential of ctDNA as a disease 
biomarker in ESCC. We performed targeted NGS on DNA isolated from tumor tissue and matched 
pre- and post-surgery cell free (cf)DNA plasma obtained from 17 early stage ESCC patients. White 
blood cell samples (WBCs) were used to discriminate between personal variants and somatic 
variants. We identified somatic variants in pre-surgery cfDNA in eight out of 12 patients. In post-
surgery samples the variants were detected with a lower variant allele frequency or were 
undetectable in all patients. Thus, our explorative study showed that cfDNA could potentially be 
used to monitor disease load, even in low disease-stage ESCC patients. 
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Discussion and future perspectives 

1. NGS utilization in molecular diagnosis

1.1 Companion diagnostics 

There are a number of FDA-approved broad molecular profiling NGS-based tests including MSK-
IMPACT (2017), FoundationOne CDx (2017), Omics Core (2019), FoundationOne Liquid CDx (2020), 
Guardant360® CDx (2020), PGDx elio tissue complete (2020) (https://www.fda.gov/medical-
devices/vitro-diagnostics/nucleic-acid-based-tests). Oncomine Dx Target Test is another FDA-
approved NGS tests that is focused on genes relevant for selection of lung cancer patients eligible 
for targeted therapies, such as crizotinib, gefitinib, pralsetinib, or combined dabrafenib and 
trametinib.  

In the United States, the companion diagnostic should be already/concomitantly approved by the 
FDA for a drug that requires an in vitro diagnostic test to identify the target mutations. In the EU, 
vitro diagnostic test guidelines are not as stringent as in the United States. There is no European 
Medicines Agency (EMA) approved NGS test in Europe. Approximately 80% of the diagnostic tests 
currently on the market are self-assessed for quality control by the manufacturer. EMA-approved 
NGS panels will definitely come either from public health institutes or from industries with 
standardized workflows and quality control guidelines similar to the United states. 

The Chinese FDA has approved a number of NGS-based assays focusing on 3-10 genes in lung 
cancer, including the human 10 gene mutation combined detection kit (AmoyDx), the NovoFocus 
NSCLC CDx assay and others. The human 10 gene mutation combined detection kit is designed for 
the detection of drug sensitivity or resistance relevant gene mutations in NSCLC and colorectal 
cancer. The NovoFocus NSCLC CDx assay covers target mutations of gefitinib, osimertinib and 
crizotinib in 6 genes. Larger NGS panels will be available along with the emergence of new 
approved drugs. 

1.2 Copy number detection by NGS to routine diagnosis 

Thus far, the detection of amplifications are largely determined using FISH or chromogenic in situ 
hybridization (CISH) [3]. However, FISH analyses typically rely on inspection of 50–100 nuclei [4]. 
This could induce a bias when non-neoplastic cells are selected (resulting in underestimation) and 
when nuclei with multiple signals are selected (overestimation of amplifications). The advantage 
of NGS-based approaches is that the result will be based on the average copy number as present 
in >106 cells as DNA isolation is typically done on larger tumor samples. A disadvantage of DNA-
based approaches is that the admixture of normal cells might dilute the signal of the amplifications, 
especially in case amplifications are only present in a subset of the tumor cells. 

A current limitation of all approaches is that the optimal threshold to predict treatment responses 
has not been established and differs among treatments, gene loci and tumor types [5]. Moreover, 
establishment of optimal amplification criteria such as for FGFR1 amplification to predict 
sensitivity towards FGFR1 inhibitor therapy, are ongoing in clinical trials [6]. Genomic regions 
subjected to focal amplifications frequently affect known cancer driver gene loci. This suggests 
that it is better to focus on focal amplifications as opposed to polysomy and amplifications or 
duplications of larger chromosomal regions. Our study for calling EGFR amplifications/copy 
number gains using targeted NGS data is a stepping-stone to explore the clinical value of EGFR 
copy number changes. To proceed with NGS-based amplification analysis in routine diagnostics, 
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well-organized robust clinical validation studies are needed. As EGFR amplification has been 
reported as a resistance mechanism to osimertinib [7], it would be interesting to investigate the 
correlation of survival and EGFR amplification or copy number gain determined by the NGS in 
patients treated with osimertinib. 

1.3 Limitations of NGS based companion diagnostics 

Limitations of NGS tests can be distinguished based on technical and tissue dependent issues. 
Technical issues include differences in sequencing techniques [8], pipelines used to call variants [9] 
and blood collection tubes/sampling methods to obtain cfDNA from plasma or other liquid 
biopsies. Other potential limitations are related to intra-tumor heterogeneity [10,11], and 
inconsistent findings in paired tumor tissue and blood samples. To overcome the potential 
problem of tumor heterogeneity, multi-region sampling and subsequent sequencing could be 
implemented, but this comes at a marked increase in costs [10,11]. Guidelines for NGS-based 
testing in precision medicine as provided by the FDA “Design, Development, and Analytical 
Validation” is a big step forward towards reliable integration of NGS-based tests into clinical 
practice with high accuracy and will ascertain consistency between different labs [12].  

Availability of limited tumor tissue or low tumor cell content is a common problem in routine 
diagnostics, particularly for cases that require analysis of both DNA and RNA with large gene NGS-
panels [13-15]. The recommended minimal tumor percentage required for NGS-based testing varies 
but is generally set around a lower limit of 20% [16]. One study evaluated 1,402 NSCLC tissue 
samples for suitability for clinical testing by NGS. The majority of them were small tissue samples 
coming from fine needle aspirations (FNA) (10% of all samples) and core needle biopsies (CNB) (70% 
of all samples) [14]. The success rates of using Oncomine Dx Target Test was 69.2% for the FNA 
samples, 75.4% for the CNB samples. The majority of the currently used NGS panels need both 
DNA for detection of mutations and RNA samples for detection of fusion genes. The All-In-One 
Transcriptome-Based Assay we developed (see chapter 2) is based on RNA samples for both fusion 
gene and mutation calling [17]. This combined approach allows a reliable analysis of all targetable 
aberrations even when limited material is available. To further validate performance of our 
customized All-In-One Transcriptome-Based Assay in a clinical setting, we tested a lager cohort of 
clinical samples without knowledge of the diagnostic test results. The results of this efficiency 
study will become available in the near future. 

A problem of using formalin-fixed paraffin-embedded (FFPE) tissues is the higher background 
frequencies of specific variants as compared with frozen tissues [18,19]. The formalin fixation step 
leads to the introduction of C:G>T:A variants which can be falsely interpreted as crucial clinical 
mutations such as the EGFR p.(T790M) and NRAS p.(G12D) [20,21]. The C:G>T:A variants are 
generated during the amplification reaction when deaminated cytosine residues present as uracil, 
leading to incorporation of thymidine. In theory, pre-treatment of FFPE DNA using uracil-DNA 
glycosylase (UDG) could reduce the formalin-induced C:G>T:A background variants [21,22], but the 
efficiency still needs to be evaluated. As FFPE samples are usually the primary tissue source for 
detection of activating mutations in clinical practice, low frequent C>T and G>A mutations should 
be interpreted with care.  

2. Resistance to inhibition of EGFR and BRAF

2.1 Resistance to EGFR inhibitors 

A secondary EGFR p.(T790M) has been reported as resistance mechanism in approximately 60% of 
patients to 1st generation TKIs [23,24], and in more than 73% of patients to 2nd generation TKI 
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afatinib [25]. Osimertinib (3rd generation) has shown good efficacy as a second-line therapy for 
advanced EGFR-mutated NSCLC with 1st/2nd generation EGFR-TKI-induced T790M mutations. In 
contrast to the commonly observed T790M mutation in response to first-and second-line EGFR-TKI, 
resistance mechanisms to osimertinib are much more heterogeneous. The reported mechanisms 
can be summarized as EGFR-dependent and EGFR-independent mechanisms [7]. The BRAF 
p.(V600E) mutation has been identified as an Osimertinib-induced resistance mechanism in a 
limited number of patients [26]. Combined osimertinib, dabrafenib and trametinib therapy has 
been demonstrated to be an effective approach to counteract the osimertinib resistance in a 
limited number of patients. However, the currently applied treatment schedules varied between 
different studies, making a direct comparison challenging. Moreover, toxicity is an issue when 
combining those treatments. A multicenter study or clinical trial with standardized combined 
therapy regimens should be performed to evaluate the response rate and adverse events in a 
larger patient cohort. Dabrafenib and trametinib have limited brain distribution due to the blood-
brain barrier [27,28]. During treatment of dabrafenib/trametinib plus osimertinib, one of the 
patients included in chapter 5 suffered from progressive brain metastases 6 weeks after start of 
treatment. This can be caused by limited brain distribution of dabrafenib and trametinib. This 
shows that patients with brain metastases might have limited benefit from dual EGFR and BRAF 
therapy. Whether or not such patients should be included in a combined EGFR/BRAF trial should 
be discussed further. 

2.2 Resistance to combined BRAF and MEK inhibitors 

Primary or intrinsic resistance mechanisms to BRAF inhibition are clinically characterized by the 
absence of a tumor response despite presence of a BRAF p.(V600) [29]. In colorectal cancers, 
intrinsic resistance to BRAF inhibition were caused by feedback mechanisms leading to activation 
of EGFR through upregulation of Tyr 1068 p-EGFR and Ser 473 phosphorylated-AKT (p-AKT) [30]. 
Hence, blockade of EGFR using antibody drug cetuximab or the small-molecule inhibitors gefitinib 
or erlotinib showed strong synergy with BRAF p.(V600E) inhibition. In contrast to colon cancer, 
tumor cells of melanoma express low levels of EGFR and are not subject to upregulated EGFR via 
feedback mechanisms. Intrinsic resistance mechanisms in melanoma include intracellular 
activation of the MAPK and PI3K pathway via increased RTK-ligand levels [31], loss of PTEN [32], 
RAC1 activating mutation [33], dysregulation of cell cycle proteins [34], changes in the tumor micro-
environment leading to enhanced secretion of Hepatocyte Growth Factor [35], activation of IGF-1R 
signaling [36], expression of COT (encoded by MAP3K8 gene) [37], deletions of CDKN2A, 
amplifications of CCND1 a [38], et.al. The intrinsic resistance mechanisms are mainly validated in 
vitro using cancer cell lines. Clinical validation to test their relevance in patient cohorts are needed. 

In lung cancer, studies focusing on dissecting the intrinsic resistance mechanisms to BRAF and MEK 
inhibition are rare. We have collected pleural effusion derived NSCLC cells from a patient with a 
BRAF p.(V600E) mutation and a co-existing AKT1 p.(E17K) mutation. This patient did not respond 
to the treatment indicating that AKT1 p.(E17K) could be responsible for the intrinsic resistance 
against BRAFi/MEKi. The AKT1 p.(E17K) mutation has been demonstrated to stimulate 
downstream signals causing tumor cell survival. Further studies focusing on treatment of ex-vivo 
cultures of this patient might help to validate relevance of this specific mutation. As an alternative 
approach, genomic or transcriptomic analysis of patients that do and patients that do not respond 
to combined inhibitors might pinpoint other potential intrinsic resistant mechanisms in NSCLC. 
WES studies of the BRAF p.(V600E) NSCLC patient cohort as described in chapter 4 are currently 
ongoing. Collection of viable primary tumor cells of pleural effusion or tissue samples of NSCLC 
patients with a broad spectrum of different targetable aberrations might be instrumental to study 
potential intrinsic resistance mechanisms in the future. 
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In melanomas, similar to the intrinsic resistance, the acquired resistance mechanisms can be 
summarized as aberrations leading to activation of the MAPK and PI3K pathway [39]. The 
resistance mechanisms of BRAF inhibitor monotherapy included BRAF copy number gains, 
aberrant BRAF splicing (exon skipping), BRAF fusion genes such as AGAP3-BRAF [40,41], mutations 
in NRAS or MEK1/2 inducing reactivation of the MAPK pathway [42-45], and activation of PI3K/AKT 
signaling pathway [46]. Interestingly, melanoma patients that developed a BRAF fusion after 
vemurfenib therapy continue to show a response to MEK inhibitors in combination with a PI3K 
inhibitor or CDK4/6 inhibitor both in vitro and in vivo [41]. Acquired resistance to combined 
RAF/MEK Inhibition was reported less commonly in melanoma. The resistance mechanisms 
included alterations in the MAPK pathway including mutations in MEK1/2, NRAS, KRAS, alternative 
BRAF splicing or BRAF amplifications [47,48].  

In lung cancer, the reported acquired resistance mechanisms are limited to a few case reports 
describing mutations in KRAS, NRAS, MEK1 [49-51]. None of these studies investigated BRAF copy 
number gain, alternative splicing or BRAF fusion genes as a resistance mechanism. More basic and 
clinical studies are needed to elucidate the complete spectrum of acquired resistance mechanisms. 
The subsequent treatment strategies after resistance need more validation using both in vitro and 
in vivo approaches. For example, we collected an ascites sample at the time of resistance to 
dabrafenib and trametinib from a NSCLC patient with BRAF p.(V600E) mutation. Presence of 
oncogenic mutations that may cause resistance were tested by a targeted NGS panel in the 
diagnostic setting but turned out to be negative. Whole exome sequencing of both pre- and post-
treatment samples of this patient is ongoing and might reveal the underlying resistance causing 
aberration. Based on the findings, potential follow-up treatment strategies based on the 
sequencing result will be tested on the ascites-derived tumor cells from this patient. Combined 
treatment with vemurafenib/cobimetinib and encorafenib/binimetinib are alternative approaches 
to achieve combined BRAF/MEK inhibition. As an option, these other BRAF/MEK inhibitor 
combinations can be tested on the ascites-derived cells to compare the sensitivity.  

3. Clinical applications of blood-based liquid biopsies in NSCLC

For the identification of actionable genomic alterations in advanced NSCLC patients, NGS-based 
ctDNA assays covering multiple actionable genomic alterations has demonstrated overall 
concordance rates ranging from 60-80% with matched tissue [52-56]. The efficiency of a ddPCR 
assay was reported to be equivalent to test EGFR mutations in cfDNA as detected in matched 
tissue [57,58]. Currently, the analysis of cfDNA has been adopted as a standard test in routine 
diagnostics. Testing of ctDNA has been recommended in lung cancer patients for whom there is no 
or insufficient tissue for molecular testing [59]. If feasible, patients who are negative for the 
mutations in plasma tested by FoundationOne Liquid CDx should be reflexed to routine tissue 
biopsy as recommended by FDA. However, the use of ctDNA for early-stage NSCLC is challenging 
as there might be insufficient amounts of ctDNA in the cfDNA samples. The signature can be 
unveiled by more sensitive NGS tests that make use of integrated digital error suppression in 
combination with unique molecular identifiers to accurately quantify ctDNA variants. However, a 
main issue is that sensitivity of an assay is limited by the genetic noise of the technique or the 
material [60]. 

For dynamic monitoring of minimal residual disease and treatment response, the value of ctDNA 
analysis has also been demonstrated. Presence of ctDNA in blood was associated with relapse of 
disease after surgery [1,2]. Changes in ctDNA levels were shown to be correlated with radiologic 
responses [61]. Identification of resistance associated variants, such as EGFR p.(T790M) and ALK 
p.(F1174C), were successfully identified during dynamical monitoring [62,63]. Discrepancies 
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between liquid and tissue biopsies is still a major challenge for clinical implementation of ctDNA. 
With the ongoing progress of NGS technology and the development of standardized approaches to 
obtain cfDNA, the use of ctDNA will become more feasible and is likely to lead to improved 
management of NSCLC patients to guide treatment selection and for disease surveillance. 

Presence of circulating tumor cells (CTCs) at diagnosis indicated a poor prognosis in both early and 
advanced NSCLC [64-66]. However, CTC assessment did not enter into the routine clinical 
management of NSCLC patients, due to technical challenges and because it is a mainly prognostic 
and not a predictive factor. One of the main limitations was differences in methodology and 
thresholds being employed for CTC assessment in NSCLC in different studies. Large prospective 
trials are needed for clinical approval of CTC analysis in NSCLC where not only the enumeration of 
CTCs dominate but also single cell DNA/RNA sequencing approaches will be implemented. This will 
reveal new information on the value of CTCs in a clinical setting and possibly lead to establishment 
of new predictive markers.  

Tumor-derived exosomes/microvesicles were reported to support tumor growth by creating a 
microenvironment that promotes tumor cell vitality and formation of metastasis [67]. However, 
the exact mode of action of exosomes/microvesicles in creating a favorable microenvironment 
remains unknown. The clinical utility of exosomes/microvesicles as a tumor biomarker is still in an 
early stage. The unsolved questions include standardization of procedures to obtain high purity 
exosomes/microvesicles, as well as sensitivity and specificity of exosomes/microvesicles based 
assays. These questions need to be addressed to allow implementation as clinical biomarkers. 

Using a targeted RNA-based NGS on RNA isolated from platelets, both early- and late-stage NSCLC 
could be identified with an accuracy of 81% and 88%, respectively [68]. This study indicated the 
potential of using blood platelets in a diagnostic setting. However, platelets might not be the best 
choice for diagnostic testing of somatic variants, as the success rate of detecting EGFR and KRAS 
mutations and ALK fusion transcripts in our study was very low. We showed low abundance of 
both mutant and wild type EGFR transcripts and high abundance of wild type KRAS transcripts, 
making it hard to identify mutant transcripts reflecting the genomic make up of tumor cells. 
Moreover, in contrast to a previous study, we were unable to detect EML4-ALK fusion transcripts 
in platelets of NSCLC patients with a proven EML4-ALK fusion transcript in the tissue sample. With 
the development of more sensitive techniques, it might become possible to detect KRAS 
mutations and ALK fusion transcripts in platelet-derived RNA samples, but this will most likely not 
be helpful for the detection of mutant EGFR transcripts in platelet RNA samples from NSCLC 
patients.  
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