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Background and Objective: Lung neoplasia is the leading cause of cancer death worldwide, thus, 
early detection and accuracy in establishing a diagnosis is paramount. As a consequence of decades of basic 
and translational studies revealing the genetic basis of lung cancer, a paradigm shift has occurred toward a 
personalized approach to medicine whereby mutational analysis confers an opportunity for safer, and expedient 
treatment options. In this context, next-generation sequencing (NGS) has emerged as a vital technological 
advance, and has become increasingly established as a core method for rapidly and effectively identifying 
actionable mutations in lung cancer. For these reasons, an updated review of the literature across invasive and 
non-invasive diagnostic modalities in lung cancer is warranted to inform diagnostic approaches and prompt new 
investigations. The objective of the present review is to provide a focused update on applications of NGS in lung 
cancer diagnostics, with a special focus on tissue acquisition methodologies and mutational analysis. 
Methods: The search strategy included a survey of the current literature from 2005 to 2024 in PubMed, 
Medline, Scopus, and Google Scholar. Eligible study types included original research, literature reviews (narrative 
and systematic), and observational studies. which encompassed findings pertinent to the lung cancer diagnostics, 
mutational analysis and lung cancer treatment overlapping with applications and use of NGS technologies. 
Key Content and Findings: There are extensive and diverse advantages to the use of NGS in lung cancer 
diagnostics, especially when compared to traditional sequencing techniques including, speed, effectiveness, 
easy adoption in the context of analysis of samples prepared for lung cancer diagnosis. Advances in cell-free 
DNA reinforce the firm role of NGS in novel approaches. 
Conclusions: NGS implementation is a crucial and beneficial technological leap in lung cancer diagnosis, 
especially given the environment of novel and established targeted and immune based therapies which 
require mutational testing. Its numerous benefits such as expedient results and reduced sample requirements 
will continue to ability optimize lung cancer outcomes by virtue of improved patient safety, reduction of 
unnecessary procedures, and provision of accurate results.
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Introduction

As the most common cause of cancer-related death 
worldwide, lung neoplasia represents an important target 
of basic and translational and clinical effort in disease 
understanding (1). Over the past two decades, new and 
exciting methods for understanding its genetic basis have 
been developed (2), however the foundation of current 
understanding is the historic sequencing of the human 
genome by the National Institutes of Health (NIH) in 2001 
in the Human Genome Project (3).

The initial repository, followed by subsequent landmark 
projects—such as the Human Genome Atlas consortium (4) 
have together enabled the scientific community to sustain 
unimaginable achievements in genetics, exome analysis, 
and propelled it towards important goals in precision and 
personalized medicine and cancer diagnosis in particular (5). 

The Cancer Moonshot Initiative was launched in 2016 
by the National Cancer Institute in an effort to reduce 
cancer mortality (6). Through a diverse set of federally 
funded programs, the initiative fosters data-driven 
efforts across multiple fields, in order to bolster novel 
mortality-reducing cancer treatments (7). This enables the 
investigation of molecular targets such as driver mutations, 
ultimately improving discovery of targeted therapies and 
immune-checkpoint inhibitors. In turn, these approaches 
have become essential in cancer treatment due to their 
effectiveness, favorable side effect profiles, and ease of 
administration (8,9). The rise of immuno-diagnostics and 
immunotherapies has significantly increased the demand for 
rapid gene sequencing from tissue samples, including wild-
type sequences and their variations. This process necessitates 
effective technology capable of quickly sequencing 
mutations and allowing clinicians to assess whether they 
will respond to available immunotherapy, particularly in 
the evaluation of lung cancer. NGS can and does fill this 
role in modern clinical practice. This review will explore 
the role of NGS in enhancing lung cancer diagnosis and its 
integration into clinical practice. Until the early 2000s, first 
generation or “Sanger” sequencing was the only method 
for determining nucleotide sequence in DNA. This process 
utilized a chain termination method for sequencing single or 
low-throughput DNA (10). The turnaround time and cost-
efficiency of traditional sequencing methods were hampered 
at least in part, by the use of gel electrophoresis, which is 
slower and has limited read length, and involves a labor-
intensive process of meticulous handling. In contrast, next-
generation sequencing (NGS) offers a rapid and efficient 
alternative, significantly enhancing diagnostic capabilities 

in oncology, with a particularly strong application in 
lung cancer (11). Indeed, sample size and quality can 
pose challenges for establishing a cancer diagnosis with 
polymerase chain reaction (PCR) testing, especially when 
samples are insufficient or degraded. In contrast, with even 
smaller sample sizes, NGS can systematically examine the 
entire genome for actionable mutation targets, enabling 
clinicians to offer earlier therapeutic interventions with 
lower rate of false negative results (12). This in turn 
allows for greater options for tissue acquisition; traditional 
surgical methods can now be supplemented or even 
substituted by transthoracic needle aspiration (TTNA) 
or endobronchial methods such as transbronchial needle 
aspiration (TBNA). Once tissue samples are acquired, NGS 
enables the sequencing of vast numbers of genetic variants 
in a single, parallel diagnostic test to identify important 
driver mutations (3). The National Comprehensive Cancer 
Network (NCCN) has issued that guidelines recommend 
screening for mutations in these major biomarkers: 
anaplastic lymphoma kinase (ALK), epidermal growth 
factor receptor (EGFR), receptor tyrosine kinase (ROS1), 
Kirsten rat sarcoma oncogene (KRAS), serine/threonine 
protein kinase (BRAF), rearranged during transfection 
(RET), neurotrophic tyrosine receptor kinase (NTRK) 
1/2/3, mesenchymal-epithelial transition (MET) exon 14 
skipping (METex14), and v-erb-b2 avian erythroblastic 
leukemia viral oncogene homolog 2 (ERBB2) (13-22). Of 
note, NGS panels vary in ways they detect mutations, and 
in copy number variations, thus clinicians must ensure that 
whichever panel they use covers these biomarkers (23).  
Analysis of existing NGS screening data shows wide 
variation in the types of mutations seen amongst different 
patient cohorts (24-31) (Table 1). We present this article 
in accordance with the Narrative Review reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-488/rc).

Methods

The research design for this study is a narrative literature 
review. The strategy used for this review was defined 
to encompass a broad spectrum of scientific literature 
pertinent to NGS in the context of lung cancer diagnosis 
(Figure 1). 

Inclusion criteria

Eligible studies included literature reviews, observational 

https://jtd.amegroups.com/article/view/10.21037/jtd-24-488/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-488/rc
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studies, original research, and meta-analyses found in peer-
reviewed English-language journals from 2005 to 2024. 
The search for pertinent publications was conducted across 
databases PubMed, Medline, Scopus, and Google Scholar 

(Table 2). 
Included studies were restricted to those focusing on 

NGS technologies in the context of lung cancer diagnosis, 
for either diagnostic or therapeutic purposes. Included 

Table 1 Comparison of prevalence of common mutations and mutation variants of NSCLC found in the literature

Study
Country/
region

Age range 
(years old)

KRAS 
mutations

EGFR mutations
MET 

mutations
BRAF 

mutations
ALK 

mutations
RET 

mutations
ROS1 

mutations
HER2 

mutations

Passaro  
et al. (24)

Europe Unspecified 43.7% total. 
G12C: 36.3%. 
Other: 63.7%

20% total. Ex19Del/
L858R: 80%. Other: 

20%

9.4% total. 
Ex14 skip: 

20.7%. 
Amp: 

79.3%

3.2% total. 
V600: 30%. 
Other: 70%

13.3% total 5.2% total 3.9% total 1.3% total

Tanaka  
et al. (25)

Japan ≤40 2% total 30% total. Ex19del: 
75%. L858R: 17%. 

Ex20ins: 8% 

n/a n/a 41% total n/a n/a n/a

>40 10% total 45% total. Ex19del: 
43%. L858R: 48%. 

Ex20Ins: 1%. 
Others: 8%

n/a n/a n/a n/a n/a n/a

Hou et al. 
(26)

China ≤45.  
Median: 36

3.4% 56.3% n/a 3.4% 16.1% 1.1% n/a n/a

>45 18.9% 52.2% 2.2% 1.1% 1.1% 1.1% 3.3% 2.2%

Kuang  
et al. (27)

Canada 19–97.  
Median: 68.6

32.2%. G12C: 
35.8%. Non 

G12C: 66.8%. 
2.6% >2 

mutations

24.2%. Ex19Del: 
43.6%. L858R: 

40.6%. Ex20ins: 
5.3%. T790M: 

4.7%. Other: 16.6%. 
29.1% >2 mutations

0.3% 2.1%. V600: 
62%. Other: 

38%

n/a 0.1% n/a n/a

Zheng  
et al. (28)

Puerto Rico 35–95.  
Median: 70

18.7% 24.0%. Ex19del: 
55.1%. L858R: 31%. 

Ex20ins: 1.6%. 
T790M: 0.5%

10.2% 4.3% 3.9% 2.1% 2.2% n/a

Cho et al. 
(8)

Taiwan, 
Korea, 
Japan

28–94.  
Median: 64

7.9% 48.6% 1.5%. Ex14 
skip: 47%. 
Amp: 53%

1.3% 2.5% 1.5% 0.5% n/a

Hondelink 
et al. (29)

The 
Netherlands

Unspecified n/a 11%. Ex19Del: 
42%. L858R: 30%. 

Ex20Ins: 15.5%. 
Other: 12%

n/a n/a n/a n/a n/a n/a

Judd et al. 
(30)

USA 20–97.  
Median: 68

27.5%. G12C: 
40%. Others: 

60%

n/a n/a n/a n/a n/a n/a n/a

Arbour  
et al. (31)

USA 27–93.  
Median: 69

30%. G12C: 
46%. Others: 

60%

n/a n/a n/a n/a n/a n/a n/a

NSCLC, non-small cell lung cancer; KRAS, Kirsten rat sarcoma oncogene; EGFR, epidermal growth factor receptor; MET, mesenchymal-epithelial 
transition; BRAF, rapidly accelerated fibrosarcoma, serine-threonine kinase; ALK, anaplastic lymphoma kinase; RET, rearranged during transfection; 

ROS1, receptor tyrosine kinase; HER2, human epidermal growth factor receptor 2; n/a, not applicable. 
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studies were also required to report outcomes related to 
NGS-based biomarker discovery, molecular profiling, 
treatment selection, or monitoring treatment response. This 
criterion ensured that the selected literature contributes 
directly to understanding the clinical implications of NGS 
in lung cancer management.

Furthermore, we maintained a requirement that studies 
be published since the advent of NGS in order to maintain 
relevance to current clinical practice. This timeframe 
ensured that findings and methodologies discussed in the 

selected studies align with the latest advancements and 
standards in NGS technology application within the fields 
of pulmonary medicine and oncology. 

Exclusion criteria

This review excluded animal studies, in vitro investigations, 
and preclinical research that lack direct relevance to 
human lung cancer. Additionally, studies exclusively 
focusing on other cancer types without pertinence to lung 

Inclusion criteria: 1) original research 
reviews, meta-analysis, 2) peer 
reviewed English literature, 3) 
published between 2005 and present, 
4) articles focusing on non-small 
cell lung cancer and use of NGS 
for biomarker discovery, molecular 
profiling tumor sampling and treatment 
selection and response monitoring

Exclusion criteria: 1) animal, in vitro or 
principal research studies, 2) studies 
focusing on cancers other than non-
small cell lung cancers, 3) non-English 
language publications, 4) studies 
published before 2005

Articles screened overall
N=170

Citations screened after 
removing duplicates 

N=155

References excluded 
N=87

Total articles included 
N=68

Figure 1 Visual summary of article search, selection, and inclusion. NGS, next-generation sequencing. 

Table 2 The search strategy summary

Items Specification

Date of search May 5th, 2022 through October 3rd, 2024

Databases and other sources searched PubMed, Medline, Scopus, and Google Scholar

Search terms used Next-Generation Sequencing, Non-Small Cell Lung Cancer, NGS in Lung cancer

Timeframe 2005–2024

Inclusion and exclusion criteria Inclusion criteria: (I) original research reviews, meta-analysis; (II) peer reviewed English literature; 
(III) published between 2005 and present; (IV) articles focusing on non-small cell lung cancer and 
use of NGS for biomarker discovery, molecular profiling tumor sampling and treatment selection 
and response monitoring. Exclusion criteria: (I) animal, in vitro or principal research studies; (II) 
studies focusing on cancers other than non-small cell lung cancers; (III) non-English language 
publications; (IV) studies published before 2005

Selection process The selection process was conducted by the S.S.G., G.J., and A.G., who independently reviewed 
potential studies to ensure alignment with our objectives and focused on relevance to the 
research question. To ensure validity and consensus, selected studies were reviewed by S.J.K. 
and R.W.

NGS, next-generation sequencing. 
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cancer are omitted. Conference abstracts, commentaries, 
and editorials lacking original data are also disregarded. 
Furthermore, studies lacking comprehensive details on 
NGS methodologies, patient cohorts, or relevant outcomes 
are excluded. Publications not in the English language were 
omitted due to language barriers. 

Selection process

Initial screening based on titles and abstracts to identify 
potentially relevant studies. A full-text assessment of 
selected studies was performed to determine eligibility 
based on inclusion and exclusion criteria. Studies that met 
eligibility criteria were included (Figure 1).

Minimally invasive tissue acquisition 

Overall, the ability of NGS to successfully detect mutations 
in surgical specimens is higher compared to other methods 
(Figure 2). This was evidenced in a study by Furuya et al.,  
where tissue biopsy from surgery was compared to cytology 
brushing in bronchoscopic samples. The success rate of 
biopsy for DNA sequencing via NGS was 100% in small 
cell lung cancer histology (32). One key approach for 
nodal tissue is mediastinoscopy, an operative technique 

which enables surgical and visual access to the superior 
mediastinum. Prior to modern endosonographic methods, 
it represented the primary “gold standard” approach to 
mediastinal lymph node stations with sampling and lymph 
node dissection, at the expense of increased morbidity (33). 
Parasternal mediastinotomy (Chamberlain procedure) also 
affords surgical entry to the mediastinum via incision in 
the parasternal second left intercostal space which provides 
assessment of the above-mentioned lymph nodes, while 
extended cervical mediastinoscopy is an alternative method 
to assess the aorto-pulmonary window (APW) (33). Video-
assisted thoracoscopic surgery (VATS) is a commonly used 
minimally invasive procedure for mediastinal lymph node 
biopsy or tumor sampling. In this method an incision is 
created in the intercostal space parallel to long access of 
intercostal space (34). In a unique example, a patient with 
three synchronous primary adenocarcinomas underwent 
biopsy with NGS. The tissue samples from wedge 
resections and VATS each demonstrated driver mutations, 
thereby ruling out metastasis (35).

Needle techniques 

Tissue obtained for NGS testing can be acquired either 
surgically or with needle-based approaches. The success 

Figure 2 Visual summary of different tissue acquisition methods used for tumor sampling in conjunction with NGS in NSCLC patients. 
NGS, next-generation sequencing; CTNB, computed tomography-guided needle biopsy; VATS, video-assisted thoracoscopic surgery; 
NSCLC, non-small cell lung cancer. 

Transbronchial
biopsy

Cryo biopsy

Endobronchial 
biopsy

Transbronchial 
needle 
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NGS
sampling
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rate of NGS analysis in needle-based tissue acquisition 
depends on various factors such as the techniques employed, 
needle size, and subsequent procurement of tumor cell 
containing specimen. A key example of a needle-based 
technique is TTNA, which is an image guided percutaneous 
sampling method which can be performed as ultrasound 
guided, or computed tomography (CT) guided. While 
TTNA methods are considered minimally invasive insofar 
as they avoid surgery, they carry a variety of risks such as 
pneumothorax, hemorrhage, and air embolism (36,37). 
Recently, bronchoscopic sampling methods have emerged as 
safe, effective and evidence-based means of acquiring tissue 
for lung cancer. Current society American College of Chest 
Physicians (ACCP) guidelines denote the non-inferiority of 
EBUS with TBNA (EBUS-TBNA) to mediastinoscopy (13). 

This tissue acquisition methodology has been well 
studied in the context of non-small cell lung cancer 
(NSCLC), with current guidelines supportive of EBUS-
TBNA (23). Wang (conventional) and EBUS-TBNA 
are needle aspiration procedures and can be performed 
under moderate or deep sedation, often on an outpatient 
basis, and with minimal morbidity. TBNA methods can 
sample primary lesions, as well as allow mediastinal staging 
via evaluation of the paratracheal and hilar lymph node 
stations. With a high sensitivity and negative predictive 
value, bronchoscopic mediastinal evaluation via TBNA has 
become the standard of care for tissue acquisition in lung 
cancer evaluation. In endoscopic ultrasound with needle 
aspiration (EUS-NA), cytologic samples are collected from 
the mediastinum through the esophagus. This method is 
minimally invasive with rare complications and is practical 
for nodes that are less than 10 mm in size. EUS-NA can also 
be used in metastasis extended to celiac lymph and liver (38). 

Currently EBUS sampling is preferred over more 
invasive surgical approaches in the evaluation of mediastinal 
metastasis (39). In a study conducted by Wallace et al., it 
was demonstrated that combined utilization of EUS-NA 
with EBUS-NA can provide a sensitivity of 93% (38). More 
recently, bronchoscopic cryobiopsy can provide a large 
high quality sample for both endobronchial and peripheral 
tumors. Transbronchial lung cryobiopsy (TBLC) for 
peripheral lesions can be performed utilizing flexible or rigid 
bronchoscopy, and may be aided by robotic, electromagnetic 
nav igat ion ,  and  endobronchia l  u l t rasound (40) .  
The use of cryobiopsy in lung disease was initially applied 
in benign pulmonary pathology such as interstitial lung 
disease as a means for obtaining larger specimens, with 
special consideration for the diagnosis of usual interstitial 

pneumonia (UIP). Here, a transbronchial 1.9 mm 
cryoprobe is used to enable bronchoscopic biopsy to achieve 
larger sample sizes with fewer passes. A prospective clinical 
trial, the COLDICE study, 65 patients undergoing both 
surgical lung biopsy and cryobiopsy demonstrated that the 
pathological samples were non inferior to VATS in terms of 
size and quality (41). 

Poletti et al. found that EBUS guided cryobiopsy for 
diagnosis of lung cancer was noninferior in tissue yield 
as compared to traditional biopsy (42). In this study, 48 
patients underwent both EBUS-TBNA using 22 G needle 
and endobronchial ultrasound-transbronchial mediastinal 
cryobiopsy (EBUS-TMC) using a 1.1 mm flexible cryoprobe 
on the same day. The diagnostic success rate for rare 
mediastinal tumors such as Hodgkin lymphoma, sarcoidosis, 
and Hamartoma was significantly higher with EBUS-TMC 
compared to EBUS-TBNA (57% to 100% respectively) (42). 
There were no reported postoperative major complications, 
including pneumothorax, pneumomediastinum, or 
massive bleeding, in either cohort (42). With regard to 
peripheral pulmonary lesions, Arimura et al. (43) showed 
the feasibility of using EBUS with guide-sheath, finding 
that the acquired samples consisted of specimens with 
sufficient size and quality for NGS testing, and were 
pathologically concordant with gold standard biopsies. 
Finally, the analysis of circulating tumor DNA (ctDNA) 
continues to emerge, complemented by other techniques 
such as the examination of circulating tumor cells (CTCs), 
microRNAs (miRNAs), and exocellular vesicles using 
plasma samples. Circulating DNA can be isolated in 
varying levels from tissues, peripheral blood, pleural fluid, 
or sputum. Circulating cell-free DNA (cfDNA) isolated 
from specific tissues, like peripheral blood, sputum, and 
pleural fluid, contains variable levels of tumor-derived DNA 
that is known as ctDNA. Revealing the genetic material in 
target tissues can be difficult, owing to the small percentage 
of ctDNA in total cfDNA, making techniques that are 
highly sensitive like NGS of paramount importance. 
Identifying driver genomic alterations is critical especially 
in advanced NSCLC and can positively impact survival 
rates through matched targeted therapies. Although tumor 
tissue biopsy is the gold standard for biomarker testing, 
NGS-based cfDNA analysis offers an alternative, less 
invasive methodology of obtaining tumor tissue that is 
easily repeatable with short turnaround time and offers 
early detection of resistance to targeted therapy (44).  
While analysis of liquid samples has been documented 
for assessing treatment response, further investigation is 
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necessary to evaluate its ability to independently diagnose 
malignancy (Table 3). 

Sample size and yield according to method 

The NCCN recommended use of EBUS-TBNA, a 
widely available modality, enabling a convenient and 
accessible means of tissue acquisition for NGS. A study 
comparing endobronchial, transbronchial, endobronchial 
ultrasound with guide-sheath (EBUS-GS) and EBUS-
TBNA showed that a tissue surface area of at least 1 mm2 
was adequate for NGS testing (15). A study of cytology 
specimens from needle aspiration of adrenal glands in 
patients with stage IV metastatic lung cancer was able 
to show over 95% successful sequencing by NGS when 
samples contain approximately 5,000 viable cells with over  
5 ng/μL DNA concentration (16). In another study, 
employing a more stringent criterion of 10 ng/μL, 
approximately 51% of samples acquired through fine needle 
aspiration (FNA) met the threshold for adequacy. Notably, 
despite this criterion, a 100% concordance was observed 
across all samples when compared with conventional testing 
methods and underscores the potential for accommodating 
extraction methodologies tailored specifically for NGS 
purposes (17). Another study was able to show over 
99% concordance of DNA utilizing NGS from FNA  
specimens (18). Investigations into the feasibility of 
procedures for use in NGS have been conducted with 
improved results. In 2020, a retrospective study by Kage 
et al. compared CT-guided needle biopsy (CTNB), 
transbronchial biopsy (TBB) and EBUS-TBNA against 
surgical resection showing feasibility of small biopsies in 
NGS (19). DNA NGS analysis was successful in 80% of 
CTNB samples, 82% of TBB samples, 100% in EBUS-
TBNA and 93% in surgical resection specimens. For 
analysis of RNA, successful analysis was achieved in 
100% of CTNB samples, 67% of TBB samples, 64% in 
EBUS-TBNA and 92% in resection (19). In fact, a meta-
analysis published in 2022 of over 1,100 patients was 
supportive of EBUS-TBNA, with a pooled yield of 86.5% 
[95% confidence interval (CI): 80.9% to 91.4%] with 
increasing yield up to 94.9% at a mean of 6 passes (20).  
Meanwhile, preliminary results of a 2022 prospective 
study in patients with resectable NSCLC showed biopsies 
from core needle biopsies when compared to surgical 
resection were adequate enough to run NGS with an 
83.9% concordance (21). Recently, in a study which 
examined the use of robotic-assisted bronchoscopy (RAB) 

for sample acquisition, Yu Lee-Mateus et al. showed that 
bronchoscopic samples acquired by robotic bronchoscopy 
met pre-specified criteria for NGS testing in the diagnosis 
of early-stage lung cancer (52) confirming the feasibility of 
use of RAB to acquire satisfactory biopsy material for NGS. 

In addition to identifying actionable target mutations 
and population level analysis, the real potential strength 
of NGS could be its ability to detect novel mechanisms of 
resistance to mainline immunologic therapy such as EGFR 
tyrosine kinase inhibitors (EGFR TKIs), KRAS inhibitors, 
and ALK inhibitors (53,54). For example, EGFR TKIs 
were arguably one of the key success stories of targeted 
therapy in NSCLC. Numerous studies have shown 
that these agents, especially third generation TKIs like 
osimertinib, significantly increase progression-free survival 
(PFS) compared to platinum chemotherapy agents (55-57).  
However, even patients on osimertinib often acquire 
resistance and NGS can help clinicians understand this 
resistance better. 

Exon 19 deletions are some of the most common EGFR 
mutations and it is generally thought that such mutations 
respond well to osimertinib. Clinical guidelines treat 
them as one group, but multiple analyses have shown that 
various exon19 deletions are associated with different 
levels of treatment resistance and different survival rates 
(58,59). Thus, NGS can help clinicians predict patient 
responsiveness early in the treatment course. Repeat NGS 
screening after treatment initiation can also detect the 
such as heterogeneous ways in which treatment resistance 
arises. KRAS mutations including KRASG12C are common 
in western populations with NSCLC (Table 1) and can be 
treated with small molecule inhibitors such as adagrasib. 
However, adragasib also encounters resistance. In a recent 
study of patients with acquired resistance to adagrasib, it 
was demonstrated that the majority of patients developed 
multiple forms of resistance, with at least one that was not 
related the KRAS gene (60).

Conclusions

NGS technology has clearly superseded more primitive 
methods of sequencing genomic data because of its 
speed, accuracy, efficiency and cost. Evidenced by the 
literature described, it is clear that NGS is irreplaceable 
for the analysis of driver mutations in lung cancer, and has 
transformed molecular approach to its diagnosis. NGS 
sequencing of mutations can be readily applied through 
a variety of approaches, including RAB, bronchoscopic 
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cryo-biopsy, cryo-EBUS as well as NGS applied to VATS. 
Nonetheless, we should not rest on the laurels of these 
exciting advances. Additional basic, translational and clinical 
studies are still needed to validate and substantiate the 
findings and apply them through novel investigations using 
NGS approaches across sampling methods and the role of 
cfDNA in serum should be further explored. There is little 
remaining doubt that NGS is now an indispensable tool in 
the armamentarium of lung cancer diagnostic pathways, and 
it plays an increasingly important role in the investigation 
of immunological and targeted approaches which rely on 
tumor specific modifications in both molecular structure 
and sequence.
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