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Abstract 
With advances in targeted and personalized treatment for lung cancer, mo-
lecular analysis of tumors is routinely performed for sequencing of treat-
ment options in patients with advanced non-small-cell lung cancer (NSCLC). 
Oncogene addiction due to driver mutations includes EGFR exon 20 inser-
tion mutations, MET amplification, EML4-AL, KRAS G12C point mutations, 
RET rearrangements, HER2 amplification and mutations, and FGFR ampli-
fication and translocations. A re-biopsy at the time of tumor recurrence or 
progression after first-line treatment failure is important for further mole-
cular assessment and personalized therapy. However, repeat tumor biopsies 
are fraught with challenges including access to the tumor, sample inade-
quacy, patient consent, patient performance status, safety, or physician’s 
choice or assessment. Cytological specimens are gaining importance but are 
limited due to validation difficulties. Liquid biopsies, which are minimally 
invasive have shown promise to assess dynamic biomarkers using ctDNA 
analysis and are thus frequently considered in routine clinical practice in 
advanced NSCLC patients to guide further targeted treatment. Here we 
present a comprehensive review that emphasizes the significance of per-
forming tumor re-biopsy in advanced stage NSCLC patients following re-
sistance to first-line treatment and simultaneously highlights the current 
challenges in performing the same and the current status and future pers-
pectives of liquid biopsy in NSCLC. 
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1. Introduction 

Globally, lung cancer has the highest mortality rate in men and the second high-
est in women [1]. Non–small cell lung cancer (NSCLC) is the most common 
type of lung cancer worldwide accounting for almost 85% of the cases [2]. The 
global incidence of epidermal growth factor receptor (EGFR) mutations in pa-
tients with NSCLC has been reported to be higher in the Asia-Pacific region 
(47%) as compared to Europe (15%) [3]. 

Beginning with gefitinib, a reversible EGFR small molecule tyrosine kinase 
inhibitor (TKIs), in the year 2003 [4] [5], a series of targeted treatments have 
been introduced in the last two decades for advanced-stage NSCLC having on-
cogenic mutations. Over these years, several small-molecule TKIs were approved 
for driver mutations like ALK, ROS1, BRAF, NTRK. Many of the TKIs are now 
used in first-line therapy, however, the development of resistance is a universal 
phenomenon with these which has led to the continuous development of further 
generations of compounds with higher potency and targeted towards the resis-
tance mechanisms. Other less targetable oncogenic mutations seen in NSCLC 
include HER2, RET, KRAS, and MET. 

The College of American Pathologists (CAP) Updated Molecular Testing 
Guideline for the Selection of Lung Cancer Patients for Treatment With Targeted 
Tyrosine Kinase Inhibitors, 2018, recommends molecular testing of NSCLC for 
BRAF, ERBB2 (Her2), KRAS, and MET along with the routine EGFR, ROS1, and 
ALK as part of larger testing panels [6]. 

This review aims to highlight the currently approved targeted therapies for 
advanced non-small cell lung cancer and describe the importance of re-biopsy in 
patients after first-line treatment failure, challenges associated with tissue re-biopsy, 
the role of cytopathology, and the implication of liquid biopsy as an alternative op-
tion for tissue re-biopsy. 

2. Methodology 

The review covered all countries with a web-based search of PubMed/Google 
Scholar published from 2009 to 2021. We used search terms such as ‘rebiopsy 
and lung cancer’, ‘liquid biopsy and lung cancer’ and ‘repeated biopsy and lung 
cancer’ in our literature search. Publications in languages other than English and 
trials involving non-human subjects were excluded. Letter to the editor and case 
reports were assessed separately for eligibility and included. All abstracts were 
reviewed, and adequate articles that focused on rebiopsy were selected and in-
cluded in this literature review (Figure 1). 

The pivotal role of Re-biopsy during Targeted Therapy 
Targeted therapy has emerged as an important means of disease management 

for patients with non-small-cell lung cancer (NSCLC). Understanding the mo-
lecular features of tumor tissues have provided a better method to eradicate can-
cer cells with less toxic effects compared to cytotoxic chemotherapy. Targeted 
therapy has significantly improved the field of precision oncology especially in the  
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Figure 1. Identification and screening of literatures. 

 
management of lung cancer. Identifying targetable genomic targets has become a 
gold standard approach since a favorable outcome was observed in lung cancer 
as well as in many other cancers. The molecular targets which are currently availa-
ble in clinical practice are EGFR mutations, ALK rearrangements, ROS1, KRAS, 
and other signal transduction pathways including PI3K/AKT/mTOR, JAK/STAT, 
and MAPK/ERK, etc. Targeted drugs that are approved as a treatment modality in 
lung cancer to date are listed in Table 1. 

Despite the significant benefit in the overall survival of lung cancer using tar-
geted therapy, progression of the disease/recurrence is a common event even af-
ter a short span of targeted therapy. The reason behind it was well justified and 
proved with the identification of resistant clones post-targeted therapy (Table 2). 
The mechanisms of these therapeutic resistances are mandatory to develop a 
therapeutic approach against them. The emerging therapy approach which in-
cludes repurposing of the existing drug is also under investigation and some are 
documented in literature and guidelines (Table 3). The best example for such 
modality is the efficacy of ALK inhibitor Crizotinib in patients with MET ampli-
fication. 

Another important targeted approach that revolutionized the treatment of 
lung cancer is the introduction of immunotherapy. They work by targeting the  
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Table 1. Targeted drugs that are approved as a treatment modality in lung cancer. 

 
Treatment N Median PFS (months) 

EGFR-TKI  

NEJ2002 [7] [8] 
Gefitinib vs. chemo 

230 10.8 vs 5.4 

WJTOG3405 [9] [10] 177 9.7 vs. 6.3 

LUX-Lung 3 [11] 
Afatinib vs. chemo 

345 11.1 vs. 6.9 

LUX-Lung 6 [12] 364 11.0 vs. 5.6 

OPTIMAL [13] 

Erlotinib vs. chemo 

154 13.1 vs. 4.6 

EURTAC [14] 173 9.7 vs. 5.2 

ENSURE [15] 217 11.5 vs. 5.5 

ALK-TKI  

ALUR Alectinib vs. chemo 107 9.6 vs 1.4 

ASCEND-5 
Ceritinib vs. chemo 

231 5.4 vs 1.6 

ASCEND-4 376 16.6 vs 8.1 

NCT00932893 Crizotinib vs. chemo 347 7.7 vs 3.0 

NCT03052608 Lorlatinib vs. Crizotinib 296 
79% vs 39%  

(1 year event free survival) 

Immunotherapy  

KEYNOTE-189 Pembrolizumab + Chemo vs. Chemo 616 8.8 vs 4.9 (Median PFS) 

IMPower110 Atezolizumab vs Chemo 205 20.2 vs 13.1 

ÌMPower150 ABCP vs BCP 692 19.2 vs 14.7 

CheckMate227 
Nivolumab + Ipilimumab  

vs Chemotherapy 
1739 

17.1 vs 14.9 (PD-L1 ≥ 1%) 
17.2 vs 12.2 (PD-L1 < 1%) 

 
Table 2. Resistance mechanisms to targeted therapy. 

Acquired Resistance to EGFR-TKI Acquired Resistance to ALK-TKI 

On target On target 

EGFR C797S L1196M 

EGFR ligand overexpression G1202R 

EGFR G724S, G797/797  

EGFR L792, L718/G719  

EGFR T790M  

Bypass tracks Bypass tracks 

MET amplification MET amplification 

RET fusion EGFR pathway 

FGFR3 fusion SRC 

BRAF mutation/fusion IGF-1R 

KRAS amplification  

HER2 amplification  

Histologic transformation Histologic transformation 

Adenocarcinoma to squamous cell carcinoma Transformation to small cell lung cancer 
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Table 3. Emerging drug molecules which can be used as targeted therapies. 

Targets/Mutation Drug 

NTRK Fusion Entrectenib 

Larotrectinib 

BRAF V600E Dabrafenib plus trametinib 

EGFR exon 20 insertion Osimertinib 

Poziotinib 

Mobocertinib (TAK-788) 

Compound 1A 

Hsp90 (EGFR exon 20 insertion) Luminespib 

EGFR and MET JNJ-6372 

METexon14 Crizotinib 

Glesatinib 

Tepotinib 

Capmatinib 

Telisotuzumab vedotin 

KRAS G12C AMG 510 

MRTX849 

RET Cabozantinib 

Vandetanib 

LOXO-292 (Selpercatinib) 

Pralsetinib 

HER2 Trastuzumab and Trastuzumab emtansine (T-DM1) 

Trastuzumab Deruxtecan (DS-8201a) 

Dacomitinib 

Afatinib 

Pyrotinib 

FGFR AZD4547 

 
immune checkpoints such as PDL1 and CTLA-4, hence called immune check-
point inhibitors (ICI). Biomarkers used in the selection of immunotherapy for 
lung cancer include PD1/PDL1, tumor mutational burden (TMB), and microsa-
tellite instability (MSI) however these are static biomarkers and a need for more 
dynamic biomarkers is felt for a more accurate prediction of response to ICI 
therapy [16]. On-therapy change in TMB (ΔTMB) is being explored as a dy-
namic biomarker that requires on-treatment biopsy at 4 weeks of treatment [17]. 
Multiple combination strategies are being explored for immunotherapy in NSCLC 
with driver mutations however results so far have been unsatisfactory. A low 
TMB along with an unfavorable tumor microenvironment (TME) is contributo-
ry to reduced efficacy to ICIs in EGFR mutated NSCLC. Both TMB and TME is 
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still under investigation as a potential biomarker and estimating TME post- 
progression or recurrence requires a re-biopsy. 

Therefore, the significance of re-biopsy in lung cancer patients is not only 
constrained to clinical practice but also adding a translational relevance by iden-
tifying new molecular targets and the possible resistance mechanisms [18]. How-
ever, re-biopsy in this class of advanced lung cancer patients is fraught with sev-
eral challenges including access to the tumor, patient consent, and condition, 
safety, cost, etc., which are discussed below: 

Patient Perspective 
1) Cost: A study by Magee et al. demonstrated that the cost associated with a 

tissue-biopsy procedure is quite high making it unaffordable for patient popula-
tion belonging to low-middle-income groups. Computed tomography (CT)-guided 
biopsy for biomarker testing and treatment of associated adverse events on an 
average cost $4130.09 per patient. In patients experiencing complications, the 
cost is expected to rise to $18,567.23 per patient. Although, navigational bron-
choscopies had fewer associated complications, on average it costs $8283.62 per 
procedure including treatment of complications. In patients experiencing com-
plications, the cost is expected to rise to $22,720.76 [19]. A recent observational 
study by Karve et al. also assessed the cost associated with biopsy procedures 
(both initial and post-progression) in patients with NSCLC (n 20,013) using the 
administrative claims data from commercially insured individuals in the U.S. 
(2006-2014). Bronchoscopy (initial 53%; post-progression 71%) and percutane-
ous needle biopsy (initial 42%; post-progression 21%) were performed in these 
NSCLC patients. The study found that the cost associated with biopsy was sig-
nificantly higher in patients with complications as compared to those without 
complications (day of biopsy: $12,030 vs. $6508; within 7-days: $13,657 vs. 
$7765; p-value < 0.001) [20]. Thus, the high cost associated with tissue biopsies 
can limit their use by the patients. 

2) Patient Condition: The patient with advanced NSCLC might not be able 
to undergo re-biopsy due to inaccessible tumor sites, rapid tumor progression, 
and poor performance status. Further, the small risk of complications such as 
pneumothorax and pulmonary hemorrhage associated with invasive lung biopsy 
procedures can pose an obstacle in conducted re-biopsy especially in patients 
with advanced disease [21]. 

3) Patients’ Opinion: A study by Kawamura et al. investigated the limitations 
associated with re-biopsy in clinical practice. The study assessed 120 NSCLC pa-
tients with EGFR mutations who had a relapse of cancer after undergoing treat-
ment with first-line TKIS. The study results showed that of the 45 patients who 
did not undergo re-biopsy, 6 were due to patient refusal [21]. Another study by 
Zanwar S et al. also reported patient unwillingness (44.1%) to be the most com-
mon barrier in performing invasive re-biopsy. The other reasons of not per-
forming a repeat biopsy as per this study were technical difficulty (29.4%) poor 
performance status (17.6%), and clinicians canceling the procedure due to 
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un-stable patient and urgency (8.8%) [22]. 
4) Sampling issues 
Optimal sampling of lung cancer in a multidisciplinary setup is a combined 

effort of the medical and surgical oncologists, interventional radiologist, and the 
pathologist. Lung cancers may be heterogeneous with potential underrepresenta-
tion of molecular profile in a single biopsy specimen [23]. However, in practice, a 
good concordance has been seen in the genomic profile of the primary and the 
metastatic tumor [24] as well as between biopsies and resection specimens [25] 
[26] [27]. 

The samples obtained from advanced lung cancer are usually small forma-
lin-fixed paraffin-embedded (FFPE) biopsies or cytology samples. On one hand, 
less invasive methods are preferred for tumor biopsy and on the other demand 
for tissue are increasing due to the increasing number of biomarker tests to be 
performed. This makes the judicious use of immunohistochemistry and other 
molecular tests on available tissue very important for lung biopsies and needs 
special attention in surgical pathology laboratories. 

The DNA yield for molecular analysis using frozen samples is usually ade-
quate [28]. High detection techniques require a minimum of 100 - 400 cells in 
the sample for successful mutation analysis [29] [30] [31]. 

Institutional Limitations 
1) Physician’s Expertise: In a recent study, the authors reported that the 

lower frequency of T790M mutations (33%) detection could be linked to the lack 
of skill and experience to perform transbronchial biopsies and CT-guided needle 
biopsies [32]. 

2) Physician’s Decision: A study by Chandrasekharan et al. reported physician 
reluctance to be the commonest reason for post-progression non-biopsy in 
NSCLC patients. Another study also reported technical difficulties and the physi-
cian’s discretion to be the common barrier in performing invasive re-biopsy [33]. 

3) Storing of Tissue Blocks: Formalin-fixed paraffin-embedded (FFPE) blocks 
help preserve the morphology of the tissue for diagnosis. However, there are 
several limitations associated with using FFPEs. Firstly, the use of formalin can 
lead to cross-linking and chemical modifications of nucleotides in DNA thus 
impairing the quality of DNA. Secondly, longer storage duration leads to loss of 
nuclear, cytoplasmic, and membranous biomarkers in the cells. 

Laboratory Issues and Specimen Quality 
Turnaround Time for Biomarker Results: Magee et al. also assessed the time 

to treatment in patients undergoing tissue biopsy to obtain a sample for muta-
tion testing. The study reported that tissue biopsy requires 1 - 2 weeks to show 
biomarker results. In some patients, the sample obtained from tissue biopsy may 
not be enough to carry out molecular testing, thus requires re-biopsy to have 
more samples, thereby increasing the turnaround time for biomarker results, 
treatment decision making and treatment initiation. 

The qualitative aspects of amplifiable DNA seem to be more important than 
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specimen quantity [34] [35]. The pre-analytical histological or cytological factors 
can further compromise the quality of the specimens. Specimen quality for mo-
lecular testing is affected by pre-fixation time, type of fixation, and fixation time. 
It is known that major biochemical alterations occur in the tissues within 10 
minutes of removal from the body. 

The quality of a specimen is primarily influenced by pre-fixation time, the 
type of fixative, and fixation time. Significant biochemical alterations start to 
occur in tissues within 10 min after sampling or resection. Warm and cold 
ischemia time of specimens should be as little as possible. Documentation of 
ischemia time may be a good practice as it may affect subsequent analyses. The 
time from specimen acquisition and fixation should be less than 30 minutes. 
Fixation in neutral buffered formalin for 6 - 48 hours is preferred before further 
processing of the specimen. This process ensures a good DNA yield for genetic 
analysis and good antigen retrieval for immunohistochemistry. RNA is more la-
bile and degrades rapidly, however current quantitative RT PCR techniques 
analyses RNA in FFPE tissue [36]. 

Better yield and quality of nucleic acids and proteins may be obtained using 
frozen specimens. The morphological fine details may be lost including nuclear 
features and thus may not be suitable for FISH analysis. The storage and han-
dling of frozen specimens is also a challenge in laboratories requiring costly in-
frastructure and controlled conditions. Alcohol fixation also gives good results 
for molecular testing and is routinely used for cytology samples [36] [37] [38]. 

Frozen specimen provides a high quality of nucleic acids and proteins, and has 
been considered the most optimal sample for most molecular analysis. However, 
freezing does not preserve the morphological details of tissues well and the han-
dling and storing of frozen samples require highly controlled conditions and 
costly infrastructure. Alcohol fixation generates a superior yield of nucleic acid 
compared with formalin, as it does not cause the chemical changes found in 
formalin-fixed specimens [39] [40] [41] [42] [43]. As most fixatives for cytology 
preparation are alcohol bases, cytology specimens are appropriate for DNA-based 
molecular assays [44]. However, they may alter the morphological details of the 
nucleus and are not recommended for tests that still depend on morphological 
evaluation, including fluorescent in situ hybridization (FISH) [45]. Heavy met-
al-based fixatives are not suitable for molecular testing. Decalcification of speci-
mens from bony metastasis should be avoided and are usually not suitable for 
molecular analysis. Wherever necessary bony specimens should be decalcified 
with non-acid EDTA-containing solutions. 

Heavy metal fixatives are not suitable for most molecular analyses because 
they cause DNA fragmentation, and the metals in the fixative compete with 
magnesium and interact with other enzymes that are critical in molecular assays 
[46]. Bone is a common site for the metastatic spread of lung cancer. Decalcifi-
cation of the specimens obtained from bony metastases should be avoided and 
tissues treated with decalcifying solutions should not be used for molecular test-

https://doi.org/10.4236/alc.2021.103003


D. V. Ganesha et al. 
 

 

DOI: 10.4236/alc.2021.103003 29 Advances in Lung Cancer 
 

ing, as decalcifying solutions extensively degrade DNA [14]. This can be over-
come by using non-acid EDTA-containing decalcification solutions [47] [48]. 

Tumor proportion relative to non-neoplastic tissue in the biopsy is the most 
important factor for optimal molecular testing results [49]. There is little con-
sensus on the optimum tumor cellularity. The College of American Pathologists 
(CAP) Updated Molecular Testing Guideline for the Selection of Lung Cancer 
Patients for Treatment with Targeted Tyrosine Kinase Inhibitors, 2018, recom-
mends that EGFR testing methods that detect mutations with at least 50% tumor 
cellularity in the specimens should be used by the laboratories. The guideline 
further encourages laboratories to use (or make available at an external reference 
laboratory) more sensitive tests that are capable of detecting mutations in spe-
cimens with as little as 10% tumor cellularity. 

Laboratories should use EGFR test methods that can detect mutations in spe-
cimens with at least 50% cancer cell content, although laboratories are strongly 
encouraged to use (or have available at an external reference laboratory) more 
sensitive tests that can detect mutations in specimens with as little as 10% cancer 
cells. Multiple core biopsies reduce the likelihood of false-negative molecular 
analysis because of insufficient tumor cellularity, necrotic tissue, or crush arti-
fact. Prompt feedback regarding core biopsy and cytology specimen adequacy 
and cellularity by the pathologist to the clinician is important for optimal patient 
management and continuous performance improvement [50]. 

Role of Lung Cytology in Lung cancer Diagnosis 
The role of cytopathology is gaining importance with the increasing use of 

minimally invasive techniques like endobronchial ultrasound-guided fine-needle 
aspiration (EBUS FNA) which can frequently provide adequate material for di-
agnosis, immunohistochemistry, and mutation analysis [51]. In a study con-
ducted by Rhian et al. for assessing the impact of cytological sampling on EGFR 
mutation testing in stage III-IV lung adenocarcinoma, it was found that cytolog-
ical sampling was almost as effective as histological methods at acquiring ade-
quate samples for analysis [52]. Current recommendations suggest that molecular 
analysis be conducted on highly sensitive polymerase chain reaction (PCR) 
based methods and/or FISH on lung cytology. In the advanced stage of lung 
cancer, the diagnosis and molecular analysis can be based on the analysis of cy-
tology samples, especially FNA or bronchial brushings/washings obtained through 
minimally invasive procedures [53]. 

Even though formalin-fixed tissue samples provide good results with molecu-
lar investigations, formalin is also associated with some important limitations, 
including poor quality of nucleic acids due to structural damage and fragmenta-
tion in the process of DNA extraction [54] [55]. 

The cytology preparations are devoid of formalin fixation and thus provide an 
acceptable alternative source of quality DNA. Unstained direct smears, alcohol- 
fixed Papanicolaou (PAP) stained, and air-dried Romanowsky stained (Diff-Quik/ 
Giemsa) smears can be used for molecular testing [56] [57]. 
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DNA can be easily extracted from all the cytology preparations and is reasona-
bly stable (6 mo. to 5 yrs.). The number of quality nuclei for FISH analysis is also 
adequate in both unstained and stained cytology specimens $. A quality check for 
the cytology specimens is the “rapid on-site adequacy assessment” (ROSE), which 
helps in assessing the specimen adequacy for molecular testing during the proce-
dure [51]. Cytologic samples however have limitations for validation, partly due to 
the lack of standardization between laboratories for specimen collection, processing, 
and staining methodologies [59]. 

Liquid Biopsy as an Alternate to Tissue Biopsy 
Tissue biopsy is an invasive surgical technique. The invasive nature of tissue 

biopsy limits its use in patients with poor performance and inaccessible tumor 
sites. Further, inter and intratumor heterogeneity exists, thus complete genome 
alterations are not visible in a tissue biopsy sample [60] [61]. A tissue biopsy can 
be carried out with various methods including fine needle aspiration, bronchos-
copy, autofluorescence bronchoscopy, endobronchial ultrasound, mediastinos-
copy, thoracentesis, thoracoscopy, and electromagnetic navigation [62]. 

Although tissue biopsy is the standard choice for analyzing tumors, nowadays 
liquid biopsy is becoming a choice in patients with NSCLC [63]. It is well-known 
that tumor cells release cell-free nucleic acids which include circulating tumor 
DNA (ctDNA), cell-free RNA (cfRNA), and circulating tumor cells (CTCS) in 
the blood [64]. Pertinent biomarkers can be detected and monitored by liquid 
biopsy. However, somatic mosaicism in plasma remains a challenge for the ac-
curate interpretation of liquid biopsy results. The somatic mutations in the 
plasma due to clonal hematopoiesis are a source of background biological noise 
in liquid biopsies [65]. 

Studies have also assessed the applicability of other biological samples including 
urine and saliva to detect EGFR mutations. These fluids are also found to contain 
DNA released from the tumor cells and can be used to predict cancer. Thus, 
sources of DNA i.e., blood, serum, plasma, saliva, and/or urine can be collected as 
an alternate to tissue specimen in liquid biopsy to analyze tumors for molecular 
alterations [66]. In NSCLC patients, EGFR mutation testing is required to examine 
the sensitivity to EGFR-TKIS to give personalized treatment. As NSCLC patients 
usually present with advanced-stage cancer, it poses obstacles in obtaining tissue 
samples for genotyping. Liquid biopsy with circulating tumor DNA is sometimes 
the method of choice for tumor genotyping in such advanced cases. In a study 
conducted by Haiyan et al., blood samples from 24 NSCLC patients were ana-
lyzed for EGFR mutation in CTCs and cfDNA and compared to matched tumor 
tissues showing a 50% concordance. However, this study was limited with a time 
gap of up to seven years between the tissue biopsy and liquid biopsy [67]. 

Real-word data for liquid biopsy in clinical practice is accumulating. Real 
word data has shown a T790M detection rate by liquid biopsy of almost 25%, 
using real-time PCR-based tests, while it up to 66% using ddPCR [68] [69] [70]. 
A recent multi-center, real-life experience study in Italy for the practice of liquid 
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biopsy in NSCLC also showed a good concordance [71]. 
Magee et al. compared the cost of blood-based mutation testing (Liquid biop-

sy) with tissue biopsy methods showed that blood-based test costs $836.45 which 
is lesser than solid tissue biopsy methods (CT guided: $4130.09 and navigational 
$8283.62), leading to additional saving of $3293.64 and $7447.17, respectively. 
The study also reported that the turnaround time required for liquid biopsy is 
only 72 hours as compared to 1 - 2 weeks required for results of tissue biopsy. 
The Cobas EGFR Mutation Test v2, a liquid biopsy technique has been approved 
by the U.S. FDA to examine metastatic NSCLC patients for EGFR mutations in-
cluding EGFR exon 21 L858R and T790M mutation to assess the targeted thera-
py with erlotinib and osimertinib, respectively [72] [73] [74]. 

In a study conducted by Lee SH et al., detection rates of EGFR-TKI oncogenic 
mutations (mEGFRs) in bronchial washing fluid showed a higher diagnostic ef-
ficacy compared with liquid biopsy in advanced NSCLC using droplet digital 
PCR (ddPCR) [75]. 

Limitation of Liquid Biopsy 
The limitation of liquid biopsy is that it can lead to false-negative results, 

which can occur if the mutated DNA level in the DNA sample taken is low. A 
study by Kenneth et al. compared the different platforms for detecting EGFR 
mutations in plasma etDNA. The study used two digital platforms (Droplet Di-
gitalTM PCR and BEAMing digital PCR [DPCR]) and two non-digital platforms 
(cobas® EGFR Mutation Test and therascreenTM EGFR amplification refractory 
mutation system assay) to analyze ctDNA. Concordance between the platforms 
was reported to be >90%. From the concordance sample (n 20), the four cases 
were detected as false negative by the cobas® EGFR Mutation Test but were de-
tective positive by BEAMing. Seven were shown to be false negative by both 
plasma tests but were positive when matched with tumor tissue. This study 
stated that the reason for false-positive results could be a low allelic fraction of 
T790M or that might be too low to be detected by the Cobas EGFR Mutation 
Test. Tumor heterogeneity can be referred to explain the cause of the tissue- 
plasma discordance, which is not due to technological limitations in the platforms 
used to analyze plasma. The study demonstrated high sensitivity (82% - 87%) and 
specificity (97%) for EGFR-sensitizing mutations with the cobas® EGFR Mutation 
Test and BEAMing dPCR. Further, this study also demonstrated that T790M 
mutations can be detected more commonly in plasma samples of patients with 
metastatic disease as compared to locally advance diseases. Although liquid biopsy 
methods show false-negative results, studies have reported high concordance be-
tween liquid biopsy and tissue biopsy i.e. >90% [76]. 

The finding of Clonal hematopoiesis (CH) mutations from plasma cfDNA 
analysis should be cautiously analyzed for their potential pathological relevance. 
The CH-mutations found in liquid biopsies are considered false positives how-
ever further studies need to be conducted to assess their clinical significance in 
healthy and cancer patients. Researchers are accelerated their approach to-

https://doi.org/10.4236/alc.2021.103003


D. V. Ganesha et al. 
 

 

DOI: 10.4236/alc.2021.103003 32 Advances in Lung Cancer 
 

wards liquid biopsy in recent years and most of them are concluded that liquid 
biopsy is a safe alternative and non-inferior to tissue biopsy. The advantages 
and disadvantages of liquid biopsy, as well as tissue re-biopsy, are illustrated in 
Table 4. 

3. Conclusions 

The discovery of oncogene-addicted non-small cell lung cancers and tyrosine 
kinase inhibitors, antibodies, and other small molecules that can target the spe-
cific driver pathways have revolutionized lung cancer treatment and have signif-
icantly improved the prognosis of affected patients. Currently, there are six tar-
get genes—EGFR (exon 19, L858R, T790M), ALK fusion, ROS1 fusion, BRAF 
V600E, MET, and NTRK fusion mutations. As has been described, multiple stu-
dies have shown the superiority of these higher generation targeted agents with 
respect to ORR, PFS (a few instances OS), and tolerability compared to chemo-
therapy or earlier generation targeted compounds. 

Tissue biopsy has been a standard method to collect tumor samples and ana-
lyzing their mutational status. However, as most of the NSCLC patients are in 
their advanced and metastatic stages, it is difficult to conduct tissue biopsy due to 
inaccessible tumor sites, poor performance status, and tumor heterogeneity. Fur-
ther, re-biopsy is challenged by cost, turnaround time, the clinical condition of the 
patient, physician’s expertise, and individual’s (patient/physician) opinion and 
treatment decision. Liquid biopsy in such cases is alternate and cost-effective  

 
Table 4. Adavntages and disadvantages of tissue re-biopsy and liquid biopsy. 

Re-biopsy Liquid biopsy 

Advantages Disadvantages Advantages Disadvantages 

High sensitivity and specificity Invasive and limited use in patients 
with poor performance status and 
inaccessible tumor sites 

Less invasive and can be used in patients 
with poor performance status and 
inaccessible tumor sites 

Risk of false-positive results 
are more 

Histological transformations 
and subtyping are possible 

Turnaround time is more Turnaround time is less compared to tissue 
biopsy 

Somatic mutations in the 
plasma due to clonal 
hematopoiesis hamper the 
result 

Confirmation on 
metastases/relapse 

Complete genomic alterations are not 
visible due to tumor heterogeneity 

Sources of DNA, such as blood, serum, 
plasma, saliva, or urine can be analyzed for 
molecular alterations 

Test sensitivity challenges still 
exist due to the relatively low 
level of circulating tumor cells 
or DNA 

Tumor microenvironment can 
be checked 

Tissue biopsy from a metastatic site 
may not explain the real nature of the 
primary tumor 

Reported > 90% concordance with tissue 
re-biopsy 

Histologic transformations are 
difficult to find 

Immunohistochemistry is 
cheaper than molecular 
techniques in assessing 
biomarkers such as PDL-1 

Preservation methods such as 
formalin fixation can result in 
false-positive results in molecular 
assays 

It can be easily repeated if needed and can 
be used as often as necessary to monitor 
the patient’s progress 

Very expensive as compared 
to Immunohistochemistry 

It can be used to estimate the risk for 
metastatic relapse or metastatic 
progression 
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option when compared to tissue biopsy as it is a non-invasive procedure with 
less turnaround time and good sensitivity and specificity in detecting T790M 
mutations. Results for liquid biopsy are available within 72 hours, and in pa-
tients showing positive results, targeted therapy could be given to ensure im-
proved PFS and quality of life. However, liquid biopsy can lead to false-negative 
results if the amount of mutated DNA is low in the sample taken. Thus patients 
with negative results go for a tissue biopsy. 
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