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Introduction

Cancer in the 1970s was a biological enigma and the 
only way forward seemed to utilize combining toxic 
chemotherapies. However, decades of researches in trying 
to understand the sentinel secrets of cancer have now 
brought a paradigm shift in our treatment approach. 
Especially groundbreaking to this understanding has 
been the human genome project and the subsequent 
development of the cancer genome atlas. The advent of 

targeted therapies in the early 2000s in the form of imatinib 
and trastuzumab ushered cancer therapy into a new era of 
personalized medicine. We now know that certain somatic 
genetic alterations can act as “driver mutations” that 
can transform cells into malignant entities. Transformed 
cells rely heavily on these mutations and thus serve as an 
effective “Achilles heel” to target. For NSCLC in particular, 
a host of targetable activating mutations have been found 
including EGFR, ALK, ROS1, KRAS, HER2, MET, RET 
and FGFR to name a few. The lung cancer genome project 
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has provided invaluable information on genomic-based 
classification of lung tumors (1). Fifty percent of all NSCLC 
will be found to have a targetable mutation (2,3). The last 
decade has seen a robust expansion of novel targeted drugs 
that deprive these oncogene addicted tumor cells of their 
vitality. However, despite the impressive initial responses to 
targeted therapy, the tumors evolve and develop resistance 
over time. This then requires considerable “ostinato rigore” 
on the part of patients as well as those treating cancer, to 
identify new ways to target cancer.

Getting a tissue biopsy has been the mainstay of diagnosis 
and remains the gold standard in most cases. Along with 
establishing the histological diagnosis, it is now a standard 
practice to test for driver mutations by fluorescent in-situ 
hybridization (FISH) or more recently next-generation 
sequencing (NGS). However, tissue biopsies are invasive, 
cumbersome and only allow for a snapshot in time of the 
ever-evolving tumor biology. It may also miss important 
tumor characteristics or mutations owing to tumor 
heterogeneity and small tumors may require multiple 
attempts to retrieve enough tissue. The ideal test needs to 
encompass an accurate representation of the tumor biology 
and heterogeneity. It also needs to be cost efficient, easily 
collectable, operator independent and have a reasonable 
turn-around time.

The idea of blood-based biomarkers is not new. Tumor 
protein biomarkers such as alpha-feto protein (AFP), 

carcinoembryonic antigen (CEA), cancer antigen 19-9  
(CA 19-9) etc. have been utilized for decades to detect 
disease recurrence, progression, and response to therapy. 
Although the utility of these tumor markers has been 
well established in clinical practice, they are not entirely 
specific and can be elevated in non-malignant conditions. In 
addition, they do not provide any predictive information on 
response to therapy, necessitating the need for markers that 
can furnish elaborate details of tumor biology and guide 
treatment strategies. Over the past several years, a number 
of such predictive blood-based biomarkers have entered the 
scientific research arena. These broadly include circulating 
tumor cells (CTCs), circulating tumor DNA (ctDNA), 
tumor-derived exosomes, tumor-educated platelets (TEPs) 
and miRNAs. Blood based biomarkers are non-invasive and 
have the potential of assessing real-time tumor response to 
therapy as well as identifying dynamic resistant clones. As 
technologies mature, they are becoming faster and more 
accurate. A summary of available techniques to obtain 
clinically useful information from tissue and liquid biopsies 
is depicted in Figure 1. 

Currently available blood-based biomarkers

CTCs

Viable tumor-derived cells have been identified in 
peripheral blood from cancer patients and are probably the 
origin of intractable metastatic disease. Although extremely 
rare, CTCs represent a potential alternative to invasive 
biopsies as a source of tumor tissue for the detection, 
characterization and monitoring of non-hematologic 
cancers (4-7). The presence of CTCs has been associated 
with poor outcome in metastatic NSCLC patients as well as 
in other tumors (8,9). Although CTCs were first described 
in 1869, their potential utility in guiding treatment of 
various malignancies has not been fully realized (10). 

The technology to obtain these cells is an evolving field 
of research and is challenged by the ability to isolate CTCs 
in a condition that can be utilized for molecular analysis and 
propagation into CTC derived xenografts. After an initial 
enrichment step that increases the concentration of CTCs 
by several log units, CTCs can be positively or negatively 
enriched on the basis of their biological properties (i.e., 
expression of protein markers) or on the basis of physical 
properties (i.e., size, density, deformability, or electric 
charge) (11). A number of CTC detection methods are 
currently available or under development, which include 
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Figure 1 Summary of available techniques to obtain clinically 
useful information from tissue and liquid biopsies. CTC, 
circulating tumor cell; ctDNA, circulating tumor DNA; FISH, 
fluorescent in-situ hybridization.
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bench-top instruments, such as flow cytometers (12), high-
definition fluorescence scanning microscopy (13), fiber-
optic array scanning technology (FAST) (14), isolation 
by size of epithelial tumor cells (ISET) (15), and laser 
scanning cytometers (16); while CTC microdevices utilize 
miniature structure (17), microfluidic reaction kinetics (4),  
microchip with immunomagnetics (18) and integrated 
processes (19). In general, CTC microdevices demonstrate 
superior sensitivity and better cell recovery (20). One of the 
most validated, and FDA approved, method of obtaining 
CTCs is CellSearch. CellSearch utilizes ferroparticles and 
antibodies directed at various epithelial targets such as 
EpCAM, and cytokeratins (CK 8, 18, and 19) to identify 
CTCs. CellSearch, while it is highly reliable, can yield 
false positive results in some benign and inflammatory 
conditions including: diabetes mellitus, thyroid disorders, 
hypercholesterolemia and benign breast conditions (21). 
Low numbers of CTCs specifically in NSCLC limits the 
ability to routinely collect samples for analysis through 
CellSearch and magneto-fluidic systems, possibly due to 
low EpCAM expression in these cells (22). An alternative 
method of obtaining CTCs utilizes the malignant cell’s 
difference in physical size and deformity compared to 
normal cells (23). Micro-ellipse filters allow smaller 
malleable cells to filter through leaving behind the larger 
irregular CTCs (23). In contrast to CellSearch, this method 
allows the collection of EpCAM negative cells, but is 
limited by potentially missing smaller CTCs. 

In resectable NSCLC, CTCs are detected in 19% to 
39% of patients by CellSearch analysis, and in 36% to 50% 
by the ISET method (24,25). A prospective study evaluating 
CTCs in 150 patients with a suspicious or a diagnosis 
of primary lung cancer using the CellSearch system 
investigated the diagnostic role of CTCs by discriminating 
lung cancer from non-malignant disease. Although CTC 
count was numerically higher in lung cancer patients 
compared to patients with non-malignant disease, the 
receiver operating characteristic (ROC) curve did not 
disclose a good discrimination between lung cancer patients 
and healthy controls (24,26). 

In advanced NSCLC, CTC counts are generally 
higher and studies have shown 32% to 78% positivity by 
CellSearch and up to 80% by ISET (27,28). Data from 
different laboratories have repeatedly shown limited 
consistency of results obtained by the CellSearch and 
ISET approaches. At least 2 studies directly comparing 
CellSearch and ISET in the same patient cohort have 
shown low concordance rates (25). These inconsistences 

are probably explained by differences in the subpopulations 
of the CTCs measured by each technique, use of different 
types of antibodies for CTC enrichment, and inherent 
differences in the sensitivities of the tests (29). Despite 
these inconsistencies, several studies have shown correlation 
between number of CTCs and prognosis of patients with 
advanced NSCLC. In a single center prospective study of 
101 patients with previously untreated advanced NSCLC, 
Krebs and colleagues observed that the number of CTCs 
in 7.5 mL of blood was higher in patients with stage IV 
NSCLC compared with patients with stage IIIB or IIIA 
disease. The progression-free survival (PFS) was 6.8 vs. 2.4 
months and overall survival (OS) was 8.1 vs. 4.3 months for 
patients with fewer than 5 CTCs compared with 5 or more 
CTCs before chemotherapy, respectively. In multivariate 
analysis, CTC number was the strongest predictor of 
OS, and the point estimate of the HR was increased with 
incorporation of a second CTC sample that was taken after 
one cycle of chemotherapy (27). Similarly, another study 
with 40 patients that looked at correlation of CTC number 
with radiographic tumor response showed that higher 
baseline CTC counts were associated with response to 
treatment by Response Evaluation Criteria in Solid Tumors 
(RECIST) and decreased CTC counts upon treatment 
were associated with FDG-PET and RECIST response and 
longer PFS (30). In contrast to these results, a retrospective 
study of 71 patients with advanced NSCLC showed that the 
number of CTCs had a weak correlation with the tumor 
standardized uptake value (SUV) on FDG PET scan and 
not correlated with tumor diameter. For a given partial 
volume corrected SUVmax or tumor diameter there was 
a wide range of detected CTCs in circulation for both 
early and late stage disease (31). These results suggest that 
the number of CTCs can potentially serve as prognostic 
biomarker in advanced NSCLC, although its association 
with tumor burden is no quite clear. 

The utility of CTCs in predicting recurrence after 
surgery in early stage NSCLC was shown in a study of 56 
patients where 51.8% of the patients did have CTCs prior 
to surgery. The mean number of CTCs was 3.16 per 10 mL 
preoperatively and 0.66 one month after the surgery. The 
presence of CTCs after surgery was significantly associated 
with early recurrence and a shorter disease free survival 
(DFS). In multivariate analysis, CTC presence after surgery 
and nodal status were independent prognostic factors for 
DFS (32). Although these results need further validation 
in larger patient cohorts, they are certainly encouraging 
and may eventually identify a subset of patients who can be 
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safely observed without adjuvant chemotherapy.
Another study presented at AACR multidisciplinary 

thoracic cancers symposium in 2017 reported CTC count 
of 48 patients with NSCLC collected before, during, and 
after concurrent chemoradiation. Of 48 patients, 15 had 
disease recurrence, all of whom had no detectable CTCs 
following treatment, but the count rose in subsequent tests. 
In 10 cases, this increase was detectable an average of 6 
months before radiographic evidence of recurrence. 

Finally, CTC derived xenografts is an exciting area 
of research in recent years. Patient derived xenograft 
(PDX) models have gained popularity in cancer research 
and are used for preclinical drug evaluation, biomarker 
identification, biologic studies, and personalized medicine 
strategies. Recently, CTCs have been used to generate PDX 
experimental models of breast and prostate cancer (33).  
Advantages of this method over conventional PDX models 
include independence from surgical sample collection 
and generating experimental models at various disease 
stages. CTC derived xenografts have the potential to 
more accurately reflect the biology of a patient’s cancer 
rather than tumor cell lines that have been propagated 
for prolonged periods of time in tissue culture as these 
are usually homogenous and do not accurately reflect the 
genetic diversity and constantly adapting microenvironment 
of cancer. CTC derived xenografts on the other hand can 
provide a window through which we can constantly study 
a dynamic evolution of cancer. The primary limitation 
of this method is the negative selection method used for 
CTC enrichment. Despite this limitation, the generation 
of PDX models from CTCs provides a novel experimental 
model that can be utilized for new drug development. A 
recent study from small cell lung cancer (SCLC) patients 
showed the response of CTC derived xenografts to 
platinum correlated with patient response to platinum and 
accurately identified chemosensitive and chemoresistant 
patients. SCLC’s early dissemination provides the ability 
to obtain CTCs which are currently being studied to 
evaluate the tumors genome, chemo-sensitivity and chemo- 
resistance (34).  The liquid biopsies allow for the 
possibility to monitor tumor DNA changes leading to 
chemoresistance. Further evaluation of CTC derived 
xenografts in immunocompromised mice have preserved 
morphologic and genetic characteristics and correlated with 
platinum response (34).

In summary, CTCs expand our ability to isolate tumor 
cells from the peripheral blood without the need for 
invasive and expensive biopsy procedures. In addition, 

CTCs may serve as the only tool in guiding treatment in 
patients where invasive biopsy is not feasible because of 
the location of the tumor or patient’s comorbidities. Along 
with initial evaluation of tumors, CTCs allow monitoring 
of the longitudinal evolution of a tumor at the molecular 
level thereby guiding diagnosis, prognosis, and treatment 
decisions. Nevertheless, molecular studies of CTCs are 
not without limitations. One of the major challenges 
with CTCs is to obtain tumor cells in adequate number 
and optimum condition that can be utilized for further 
evaluation. Furthermore, multiple blood samples may 
require to be collected at different times to get a sample 
that allows capturing of sufficient number of CTCs. Finally, 
the technology to assess molecular characteristics of CTCs 
is still evolving and needs standardization before it can be 
utilized in routine clinical practice. The utility of CTCs in 
tailoring targeted therapy in tumors harboring actionable 
mutations is discussed subsequent sections. 

ctDNA

CtDNA, although first identified in 1977 has gained 
more relevance only recently in the last decade as gene 
sequencing technologies became faster, cheaper and more 
accurate. CtDNA is a single strand (35) or double stranded 
DNA, shed by either living, dying tumor or CTCs into the 
blood (36-38). Isolating and sequencing tumor DNA among 
a milieu of normal DNA was a slow and laborious process 
using the traditional Sanger based sequencing methods. 
However new BEAMing (beads, emulsion, amplification, 
magnetics) technology and CAPP-seq (cancer personalized 
profiling by deep sequencing) have changed the landscape 
of ctDNA. These techniques amplify target DNA by 
using already known tag sequencing primers. CAPP-seq 
can even quantify ctDNA and can identify mutations in 
100% of stage II-IV and 50% of stage I NSCLC patients 
(39,40). One of the limitations of this study is that the 
target has to be known in order to identify it. Untargeted 
ctDNA approaches like whole-exome and whole-genome 
sequencing give a more comprehensive picture. 

Exosomes

Exosomes are vesicles of endocytic origin with a diameter 
of 40−100 nm that transfer information (including proteins, 
DNA, and RNA) to the target cells through fusion with the 
plasma membrane, receptor-ligand interaction with the cell 
or endocytosis by phagocytic mechanism (41). Exosomes 
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are of pivotal importance in tumor biology including local 
growth, metastasis, and drug resistance by transferring 
oncogenic proteins and nucleic acids to the tumor cells. 
Therefore, exosomes and their content could potentially 
serve as valuable biomarkers in diagnosis, prognosis, and 
prediction of response to treatment (42). A number of 
techniques have been used and are under development for 
exosome isolation, such as MACS (Magnetic Activated Cell 
Sorting), immune-mediated isolation, sucrose gradient 
method, and ultra-centrifugation. Once isolated, Western 
Blot, quantitative RT-PCR, nucleic acid sequencing, 
ELISA, and other commercially available kits can be 
utilized to characterize the RNA and protein contents of the 
exosomes (43). The levels of circulating exosomes and their 
contents (RNA and miRNAs) have been studied to elucidate 
their potential role in guiding diagnosis and predicting 
prognosis of patients with adenocarcinoma of the lung (44). 
Additionally, the similarity found between the circulating 
exosomal miRNA and the tumor-derived miRNA patterns 
led the authors to suggest that circulating exosomal miRNA 
might be useful as a screening test for lung adenocarcinoma. 
Another study has reported a model based on microRNAs 
derived from circulating exosomes capable to discriminate 
between lung adenocarcinoma and granuloma (45). Finally, 
the RNA protected in vesicles as the exosomal RNA 
appears to be a promising source for the analysis of EML4-
ALK fusion transcript (46). None of these techniques 
are currently in a state to be utilized in clinical practice; 
however, the preliminary results are promising.

Tumor educated platelets (TEP)

Platelets, traditionally known for their role in hemostasis, 
play salient role in the systemic and local responses to 
tumor growth (47,48). Transfer of tumor-associated 
biomolecules to the platelets via confrontation with the 
tumor cells results in sequestration of such biomolecules 
giving rise to TEP (49,50). In addition, platelets undergo 
specific splicing of pre-mRNAs in response to activation of 
platelet surface receptors (51,52), which gives rise to unique 
mRNA profile that can be potentially utilized for cancer 
diagnostics (48,53). A study comparing the platelet mRNA 
profiles of cancer patients with those of healthy subjects 
indicated that the levels of 20 non-protein coding RNAs 
were altered in TEPs as compared to platelets from healthy 
individuals (48). A total of 1,453 out of 5,003 mRNAs 
were increased (pertaining to hypoxia, differentiation, 
and immunodeficiency pathways) and 793 out of 5,003 

mRNAs were decreased (pertaining to translation, RNA 
processing, and viral replication) in TEPs as compared to 
platelet samples of healthy donors. Moreover, TEP mRNA 
profiles allowed differentiation of patients with KRAS 
mutant tumors from KRAS wild-type tumors, EGFR mutant 
tumors, and MET overexpression in NSCLC patients. 
However, the number of samples analyzed was relatively 
small along with the risk of algorithm overfitting (48). 
Nonetheless, this study provides an early signal that TEPs 
can be potentially utilized as a blood-based biomarker of 
lung cancer in future. 

Circulating RNA and micro RNA (miRNA)

MiRNAs are intracellular non-coding RNA molecules 
that are 19–22 nucleotides in length. The miRNAs 
play a key signaling role in a number of tumor types by 
mediating post-transcriptional silencing (54). The miRNA 
expression profile of NSCLC or lung cancer cell lines is 
different from the one found in non-malignant tissues. 
One study comparing the expression of 15 different 
miRNAs between squamous cell lung cancer (SCC) 
and healthy lung tissue showed that 2 miRNAs (let-7e 
and miR-125a) were downregulated while rest of the 13 
miRNAs were upregulated in SCC (55). The differences 
in the expression profiles of miRNAs between NSCLC 
and healthy lung tissue can be detected in the fine needle 
aspiration (FNA) samples and therefore can potentially be 
utilized for diagnostic purposes (56). However, the need 
for obtaining tumor tissue for this assessment is associated 
with the drawbacks of obtaining conventional tissue biopsy. 
Therefore, there is growing interest in analyzing circulating 
miRNA as a non-invasive biomarker for NSCLC diagnosis, 
monitoring response to treatment, and potentially to 
personalize therapy. Although several studies have been 
conducted and many others are underway to establish the 
role of circulating miRNA in diagnosis and management 
of NSCLC, there have been many inconsistences in 
the reference controls and the study samples used for 
miRNA isolation. For instance, one study has shown that a 
24-miRNA expression panel could distinguish lung cancer 
patients from healthy controls and the diagnostic power 
can be further enhanced by adding factors such as age, sex 
and smoking status into this model (57). Similarly, another 
6-miRNA expression panel has been shown to differentiate 
NSCLC patients from healthy subjects (58). However, in 
both these studies the authors utilized U6 as the internal 
control for the normalization, which may be inaccurate 
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as U6 has been reported to be not a suitable endogenous 
control for the quantification of cell-free miRNAs (59). 
Furthermore, two additional studies showed differential 
expression of other miRNA panels in the plasma of NSCLC 
patients compared to healthy controls (60,61). However, 
these studies analyzed only vesicle-associated miRNAs, 
such as exosomes, thereby missing at least a proportion 
of vesicle-free miRNAs in the circulation. Finally, it has 
been shown that a two-miRNA panel (miR-19b-3p and 
miR-29b-3p) analyzing miRNAs from peripheral blood 
mononuclear cells (PBMCs) obtained from whole blood can 
be availed to differentiate NSCLC patients from healthy 
persons implying that miRNAs obtained from serum may 
not provide unabridged information on tumor miRNA 
profile (62). On a whole, the studies suggesting potential 
role of circulating miRNAs as biomarkers in NSCLC are 
compelling; further validation of the sample requirements, 
assays utilized for isolation and quantification of miRNAs, 
and methods used for data analysis nevertheless need more 
validation. 

Table 1 summarizes the advantages and challenges 
associated with currently available blood-based biomarkers. 

Table 2 depicts an overview of the utility of blood-based 
biomarkers in lung cancer management.

Utility of blood based biomarkers in targeted 
therapy

EGFR

EGFR (epidermal growth factor receptor) is a part of the 
human EGFR family that includes HER1 (EGFR), HER2/
neu, HER3 and HER4. EGFR sensitizing mutations in 
exons 18-21 lead to propagation of downstream signaling 
through mTOR and MAP kinase pathways, resulting in 
increased DNA synthesis and cell proliferation. The most 
common of these mutations, accounting for almost 90% of 
all EGFR mutations in NSCLC, results from either an in-
frame deletion of Exon 19 (48%) or an L858R substitution 
on exon 21 (43%). Other less common mutations may also 
be seen (such as G719X on exon 18, L861Q on exon 21) 
and both confer sensitivity to small molecule EGFR TKIs.

The role of liquid biopsy in identifying sensitizing EGFR 
mutations is evolving rapidly. At the moment ctDNA seems 
to be the most effective means of identifying such mutations 

Table 1 Summary of blood-based biomarkers, advantages, challenges

Biomarker Advantages Challenges Material/information obtained

Blood 
based 
biomarkers

Non-invasive, cost-effective; allows 
assessment of tumor biology at different 
points in time during the treatment course

Low yield, lack of standardized 
techniques and validation data 

CTCs, ctDNA, miRNAs, 
tumor derived exosomes and 
their contents (proteins and 
metabolites), TEPs 

CTCs Potential to predict prognosis; detect early 
recurrence; development of xenografts; 
examine longitudinal tumor evolution

Obtaining adequate numbers of 
tumor cells in optimum condition; 
multiple blood samples needed to 
collect CTCs; technology to assess 
CTCs still being developed

Total CTC count, DNA, RNA, 
Proteins

ctDNA Potential to predict prognosis; detect 
treatment resistance; new technology has 
improved ctDNA sequencing; found in blood/
lymph/spinal fluid/urine/saliva

Need to have target ctDNA, less 
stable that non-tumor DNA, short 
half life

DNA methylation changes, 
mutations

Tumor 
derived 
exosomes

Predict prognosis; assessment of treatment 
response; found in bloods/ascites/pleural 
effusions 

Technologies to obtain exosomes 
still in development

Gene fusions, splicing variations, 
miRNA, RNA, protein molecular 
profiling

TEP More abundant than CTCs Technologies to obtain TEP still in 
development

Gene fusions, splicing variations, 
RNA

miRNAs Ability to examining gene fusions Lack of standardized handling 
and storage techniques that can 
maintain stability of miRNAs 

Gene fusion, splicing variants

CTC, circulating tumor cell; ctDNA, circulating tumor DNA; TEP, tumor educated platelet; miRNAs, micro-RNAs.
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by liquid biopsy. An S-ARMS based EGFR mutation 
detection kit was able to identify the mutation with a 
sensitivity of 66% and a specificity almost approaching 
100% in a sample of 652 patients. Tissue concordance was 
94% (73). A COBAS method found similar results in 238 
patients reporting 75% sensitivity, 96% specificity and 
88% tissue concordance (74). Both studies reported a small 
population of patients that tested positive by ctDNA but 
not by tissue largely because the tissue based testing may 
miss some part of the tumor genomic landscape owing 
to tumor heterogeneity. However, ctDNA has limited 
sensitivity and is not a substitute for tissue biopsies yet. It 
is important to note that ctDNA can yield false negative 
results in about 15–30% of patients, especially in patients 
with low volume disease, an indolent lepidic growth pattern, 
mucinous subtype or occasionally leptomeningeal disease. 
Improved sequencing technologies such as BEAMing can 

increase sensitivity to 99% although larger studies are 
needed to validate their use (75). In 2016 the FDA approved 
use of COBAS to test for EGFR mutations. The European 
medical agency suggests using plasma based EGFR testing 
for patients who can’t get a tissue biopsy. As technology 
advances and the sensitivity of these tests increases, liquid 
biopsies may eventually become reasonable alternatives to 
tissue biopsy.

CTCs can also be used to identify EGFR activating 
mutations by performing allele specific and deep sequencing 
NGS techniques. The sensitivity varies between 47–100% 
in small patient cohorts (76-78). A study suggested using 
CTCs to monitor for treatment response as gefitinib 
treatment resulted in decreased CTCs carrying EGFR 
mutation (79). Isolating CTCs can be difficult, and so can 
sequencing small CTC populations, therefore its use is 
currently not recommended. Along similar lines, TEPs 

Table 2 Summary of blood based biomarkers utilized/potential to be utilized in lung cancer

Biomarker Key points

cfDNA Advanced stage NSCLC had higher copy numbers of EGFR mutations in cfDNA; 34% NSCLC patients had EGFR 
mutation in cfDNA not previously seen on tumor sample; increased copy levels correlated with decreased OS and PFS 
(63)

Higher KRAS mutation copies/mL of cfDNA predict likelihood of progression; higher KRAS mutations predict poor 
response to therapy (64)

Higher plasma cfDNA levels correlate with worse prognosis (65)

cfDNA levels correlated with CT and PET tumor volume; cfDNA levels correlated with better or worse outcomes on 
treatment (40)

Higher levels of pre-TKI therapy T790M mutation portended worse prognosis (66)

Erlotinib reduced presence of sensitizing EGFR mutations found in cfDNA (67)

TKI therapy resulted in disappearance of EFGR mutated cfDNA; rise in EGFR mutated cfDNA and T790M preceded 
progression of disease (68)

CTC Higher CTC concentration portends poor prognosis (69)

Higher CTC concentration seen in advanced stages of lung cancer (24)

CTCs may be used to detect driver mutations such as ALK gene rearrangement (70)

CTCs can detect driver mutations in EGFR; CTC counts correlate with radiographic response to treatment; CTCs can 
be used to monitor TKI resistance by development of T790M mutation (71)

CTCs can be used to monitor treatment response to crizotinib in ALK positive NSCLC (72)

TEP TEPs can correctly identify mutations such as EGFR driver mutations (48)

TEPSs had 65% sensitivity and 100% specificity in identifying ALK rearrangement; crizotinib treatment decreased ALK 
rearranged TEPs (53)

Tumor derived 
exosomes

96% concordance for EGFR mutations between tissue and tumor derived exosomes; 86% concordance for T790M 

CTC, circulating tumor cell; ctDNA, circulating tumor DNA; TEP, tumor educated platelet.
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may also be found to harbor the EGFR mutations by doing 
RNA sequencing (48), although further studies are needed 
to validate its use. 

ALK & ROS1

Inversion of chromosome 2p can results in fusion of ALK 
tyrosine kinase and EML4 protein, leading to constitutive 
kinase activity and carcinogenesis. This gene rearrangement 
can be found in 2–7% of patients with NSCLC. Dual tissue 
IHC and FISH is the best way of identifying the gene 
rearrangement. However there is inter-operator variability 
in evaluating FISH, owing to unreliable interpretation 
of the split signal of the ALK rearrangement. ROS1 has 
sequence homology to ALK and can be found in 2% of 
patients with NSCLC. 

As with EGFR the potential for liquid biopsies here 
is immense. However, the routine clinical use of liquid 
biopsies in detecting ALK and ROS1 mutations is 
currently limited. A large study of patients showed 94% 
concordance of liquid biopsies finding actionable mutations 
in NSCLC using Guardant360 that included the ALK & 
ROS1 rearrangements. CTCs can also reliably reveal ALK 
rearrangement via direct FISH analysis (70,80). ROS1 can 
be detected in CTCs by ISET or FA-FISH (81). CTCs with 
ROS1 rearrangement increased after stopping crizotinib 
and correlated with radiological progression of disease. In 
another study treatment with crizotinib lead to a decreased 
presence of the ALK positive CTC clone underscoring the 
potential role for monitoring liquid biopsies for treatment 
response (82). Other evolving techniques include plasma 
exosomal RNA sequencing, reported to have a sensitivity 
of 88% and a specificity of 100%. RT-PCR of TEP RNA 
can detect the ALK rearrangement and was 65% sensitive 
and 100% specific (53,83). Crizotinib treatment lead to 
disappearance of EML-ALK fusion found in TEPs and one 
patient had re-emergence of the rearrangement 2 months 
prior to radiological progression, again suggesting it may be 
helpful for monitoring treatment response. 

Uncommon driver mutations 

The utility of next generation sequencing of plasma 
derived ctDNA is not limited to common actionable 
genetic alterations such as EGFR, ALK, or ROS-1, but can 
also detect relatively uncommon mutations such as RET 
rearrangement, MET amplification, and HER-2 insertion. 
A recent study by Paweletz et al. reported that NGS could 

identify mutations present in DNA dilutions at ≥0.4% 
allelic frequency with 100% sensitivity/specificity utilizing a 
desktop sequencing platform (84). 

Utility in managing resistance 

Most patients on EGFR TKIs will eventually acquire 
resistance (85). The most common mechanism of resistance 
is an acquired exon 20, T790M mutation found in 50–60% 
of patients who progress on first-line TKI (86). Although 
tissue biopsy is the mainstay in detecting T790M, there is 
growing evidence in support of increasing yield by using 
blood based biomarkers. Tissue biopsies are invasive and 
not always successful in obtaining viable tissue (78). Oxnard 
et al. sequenced ctDNA of patients with EGFR-TKI 
resistance by COBAS and BEAMing techniques and found 
T790M mutation with a sensitivity of 70% (87). Thirty-
one percent of patients with a negative tissue biopsy tested 
positive by plasma ctDNA. More importantly, progression 
free survival was similar regardless of means of testing. 
Thus proceeding with ctDNA testing at the time of EGFR 
TKI resistance is a reasonable way to identify T790M 
mutation. However, given the 30% false negative rate 
seen with ctDNA, tumor biopsy should still follow after a 
negative plasma test. 

Given the need to improve ctDNA based mutation 
analysis, Huang et al utilized dPCR to detect T790M 
mutation with increased sensitivity. Presence of T790M 
detected by this highly sensitive test pre-TKI therapy 
portended a worse outcome. Ultra-sensitive dd-PCR was 
able to detect extremely low levels of T790M mutation 
in 80% of untreated NSCLC patients (86). There is 
also evidence that serial ctDNA monitoring may pick up 
T790M mutation, almost a year in advance of clinical 
progression (67,68,88). Osimertinib is a third generation 
EGFR TKI active in patients with the T790M resistance 
mutation (89,90). Twenty-two percent of the patients who 
progress on osimertinib have C797S resistance mutation. 
Other means of conferring EGFR TKI resistance include 
overexpression of c-MET which altogether bypasses 
the EGFR tyrosine kinase and increases downstream 
signaling, Her-2 amplification and PI3KCA mutations 
among others. Approximately 15% of tumors that progress 
after 1st general TKI, transform in to SCLC which can 
potentially be detected by identifying SCLC CTCs in the 
blood. Currently the utility of plasma-based techniques 
in detecting these other resistance mutations is limited 
to patients with tumor location that is difficult to biopsy. 
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Moreover, there is still a need to increase the breadth, 
accuracy and validity of plasma based testing.

Spotlight on blood-based cytokine markers

In addition to advances in genomics based biomarkers, 
there has been an increasing insight and interest in the 
effect of lung cancer on proteomics, specifically the 
cytokine milieu in tumor microenvironment. It is now 
well known that lung cancer is an immunogenic tumor 
that makes it susceptible to immune checkpoint inhibitors. 
However, the immune response to lung cancer is an 
intricate process with involvement of a number of cytokines 
and immunologic pathways. Additionally, such process is 
dynamic and invariably heterogeneous. A “snapshot” of 
the immunologic/inflammatory milieu of the tumor by 
means of conventional tissue biopsy is not always sufficient 
to understand the complex mechanism that renders the 
tumor resistant to normal immune surveillance. Therefore, 
theoretically a blood based biomarker that reflects ever 
changing tumor proteomics and that can be conveniently 
assessed at different time points during the disease course 
would be of tremendous value in tailoring cancer directed 
therapy. Initial attempts at discovering such biomarkers have 
shown encouraging results, mostly in the context of early 
detection of lung cancer. For example, Birse et al. compared 
proteomics of freshly resected lung tumor samples, lung 
cancer cell lines, and conditioned media collected from 
tumor cell lines which identified 179 candidate biomarkers. 
Eight of these markers were selected for further validation 
study, which showed elevated levels of TFPI, MDK, OPN, 
MMP2, TIMP1, CEA, CYFRA 21-1, SCC in the serum 
of patients with Stage I NSCLC compared with high risk 
smokers without lung cancer (91). Another study comparing 
circulating inflammatory markers in patients with NSCLC 
with patients with COPD having similar smoking history 
showed that concentrations of thymus and activation-
regulated cytokine (C-C motif chemokine ligand 17), Gro-b 
[C-X-C motif chemokine ligand 2 (CXCL2)], CXCL13, 
interleukin (IL)-1ra, IL-6, IL-8 (CXCL8), IL-16, IL-17A, 
macrophage migration inhibitory factor (MIF), granulocyte 
colony-stimulating factor, platelet-derived growth 
factor subunit B, MMP-2, MMP-8 and MMP-12 were 
significantly different in serum from NSCLC and COPD 
patients. In addition, the interferon-γ/IL-10 ratio was lower 
in cancer patients compared with COPD patients (92).  
Moreover, peripheral blood mononuclear cell gene 
expression of CCL3, IL8 and IL1β was found to be higher 

in lung cancer patients compared to the same patients after 
removal of their tumors, while CXCL10 and IL2Rα were 
essentially unchanged (93). Finally, there have been some 
signals of cytokine signature being of prognostic value as 
shown in an analysis of patients selected from National 
Cancer Institute—Maryland case-control study, where 
patients with stage I NSCLC with high levels of pro-
inflammatory cytokines IL-6 and IL-17A had a significantly 
adverse survival compared with patients with low levels (94).  
In summary, cytokines as blood-based biomarkers to 
facilitate early detection and prognostication of early 
stage lung cancer is an exciting field of discovery which, 
nevertheless, needs further development and refinement 
before being used in clinical practice. Moreover, its 
application in tailoring therapy, specifically immunotherapy, 
remains to be determined.

Conclusions

In conclusion, the discovery of liquid biopsies in patients 
with cancer and the recognition of its clinical utility have 
led to a wealth of studies analyzing the use of blood for 
cancer diagnostics, prognostication, personalization of 
treatment, and treatment monitoring. The development of 
highly sensitive targeted detection methods, the utility and 
applicability of liquid biopsies for clinical implementation 
has accelerated. However, current blood-based biosources 
under evaluation demonstrate suboptimal sensitivity for 
cancer diagnostics, in particular in patients with localized 
disease. The ideal test should be sensitive, specific, safe, 
cost-effective, easily reproducible, and not limited to 
large academic centers. A prime example of such a test 
is peripheral blood BCR/ABL transcript level in chronic 
myeloid leukemia. In spite of significant progress in 
the arena of blood-based biomarkers, we have not been 
successful in developing such an ideal test in solid organ 
malignancies yet. At present, the principal role of blood-
based biomarkers in lung cancer is in tailoring targeted 
therapy in patients with actionable mutations. Its role in 
selecting chemotherapy remains unclear largely because 
of the lack of the availability of tissue based biomarker 
of chemotherapy sensitivity or resistance. The value 
of liquid biopsy in immunotherapy still remains to be 
determined. Moreover, most of the biomarkers exploring 
clinical trials still rely on tissue samples rather than blood 
samples, primarily because of variability in the methods 
and accuracies of collecting and analyzing techniques of 
blood based biomarkers. Nevertheless, currently available 
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blood-based tests on ctDNA and CTCs certainly offer 
a reasonable surrogate of tissue biopsy in select patient 
population and appear promising in providing a new 
dimension to personalized cancer care.
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