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 Lung cancer remains a leading cause of cancer-related deaths globally, with high 
mortality rates due to late-stage diagnosis. Early detection is crucial but challenging 
due to the asymptomatic nature of early-stage disease. Next-generation sequencing 
(NGS) has revolutionized oncology by enabling comprehensive genomic profiling, 
which can identify various genetic alterations from small samples. This review 
highlights the role of NGS panels in early lung cancer detection within personalized 
medicine. NGS allows the identification of actionable biomarkers, facilitating 
precision therapy and improving patient outcomes. Its efficiency in analyzing multiple 
genes simultaneously makes it a valuable tool for identifying therapeutic targets and 
resistance mechanisms. NGS is also cost-effective, reducing the need for multiple 
diagnostic tests, and its rapid data processing capabilities have led to increased 
adoption in clinical practice. As personalized approaches to cancer treatment gain 
traction, NGS is expected to play a key role in early diagnosis, prognosis, and 
monitoring of lung cancer. The ongoing development of advanced NGS panels and 
bioinformatics tools will enhance its clinical utility, positioning NGS as a cornerstone 
technology in lung cancer management.

INTRODUCTION 
Lung cancer (LC) is a prevalent form of cancer on a 

global scale, with the distinction of being the primary 
cause of cancer-related mortality among males and 

the second most significant cause among females (1). 
Individuals diagnosed with LC generally have a poor 
prognosis, as evidenced by a 5-year survival rate of 
19%. It is estimated that LC is responsible for 13% of 
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cancer cases and 24% of cancer deaths (2). LC is the 
second most prevalent cancer in both men and women 
in the United States. In Europe, this particular cancer 
ranks as the third most prevalent in both genders, with 
the greatest mortality rate (3). The incidence of LC 
is highly influenced by the geographic region, with 
greater rates observed in developed nations compared 
to undeveloped  ones. Additionally, the prevalence 
is increasing in Asian countries (4). Central Africa 
exhibited the lowest prevalence of LC, whereas North 
America demonstrated the greatest occurrence. By 
2030, it is estimated that LC would rank as the seventh 
leading cause of mortality, accounting for 3% of all 
deaths (5). The incidence rate of LC, the fifth most 
common cancer in Iran, ranges from 4.7 to 9.2 per 
100,000 people. According to another study, the age-
standardized rate (ASR) of this particular cancer was 
reported to be 9.7 in 2014 and 27 in 2030 (6). 

The prevalence of LC in Iran is increasing, with the 
North West and West provinces of Iran having a higher 
incidence compared to other regions, particularly 
among males (7, 8). The rising prevalence of lung 
cancer in Iran can be attributed to the escalating 
rates of urbanization, the prevalence of smoking, and 
environmental pollution in the country (7). Small cell 
lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC) are the two primary classifications of lung 
cancer. SCLC makes up around 15% of bronchogenic 
carcinomas, while NSCLC makes up the remaining 
85%. These carcinomas are categorized into squamous 
cell carcinoma (SCC), adenocarcinoma (ADC), and 
large cell carcinoma (9, 10). Smoking and tobacco use 
are significant risk factors for the development of LC. 
Furthermore, exposure to second-hand smoking  can 
elevate the likelihood of developing LC by up to 26%. 
Additional risk factors for LC encompass dietary 
choices, occupational asbestos exposure, a familial 
predisposition to LC, gender, air pollution, and 
exposure to hazardous substances such as polycyclic 
aromatic hydrocarbons, heavy metals, and radon gas 
(11-13). The elevated mortality rate associated with 
LC can be related to multiple factors. Initially, the 
majority of individuals diagnosed with LC are often 
in an advanced stage of the disease. Furthermore, even 
in cases of early detection, the efficacy of treatments 
for LC is comparatively lower than that of other 
forms of cancer. The mutation burden of LC patients 
with a smoking history is shown to be significantly 
higher compared to people with malignancies that are 
considered “age-related” (14). Due to the elevated 
death rate associated with LC, researchers are 
increasingly focusing on its diagnosis and prognosis. 
Early detection and treatment are crucial in effectively 
reducing the mortality rate among LC patients. Tumor 
markers are crucial in the timely identification of lung 
cancer and hold significant importance in the realms 

of early detection, personalized treatment, and clinical 
prognosis. 

Next-generation sequencing (NGS) is a valuable 
method for the identification of tumor markers and plays 
a significant role in the early detection of lung cancer. The 
purpose of this study was to examine the significance of 
NGS panels in early detection of lung cancer through the 
use of personalized medicine strategies.

Genetic of Lung Cancer 
The etiology of LC involves the accumulation of 

genetic alterations within the cellular composition 
of lung tissue. The primary focus of the LC genetic 
analysis consists of the discovery of mutations (15). The 
presence of genetic modifications in the LC has been 
widely acknowledged in over 60% of the situations 
(16). LC  is distinguished by a wide range of genetic 
abnormalities, including mutations, chromosomal 
area gains and losses, gene rearrangements, and copy 
number gain or amplifications in oncogenes and tumor 
suppressor genes (17). 

The proto-oncogenes that undergo mutation most 
frequently in LC belong to the MYC, RAS, and HER 
families. Additionally, the most commonly observed 
changes in tumor suppressor genes include mutations 
in TP53, RB, and p16 (15,18-20). The initial genetic 
alterations observed in LC were identified in the KRAS 
and TP53 genes. The identification of KRAS and EGFR 
mutations is predominantly observed in LC, similar 
to the rearrangements involving ALK and ROS1, 
as reported in 2007. Several significant oncogenic 
alterations have been found in LC, such as B-Raf 
proto-oncogene (BRAF), Erb-B2 Receptor Tyrosine 
Kinase 2 (ERBB2), mesenchyme-epithelial transition 
factor (MET), and rearranged during transfection 
(RET). These modifications have been utilized as tumor 
markers for diagnostic purposes (21-27). Other studies 
have uncovered a variety of recurrent alterations in lung 
cancer, including gene amplifications (such as CCND1-
3, CDK4, FGFR1-3, MET, PDGFRA, PIK3CA, and 
SOX2), gene fusions (like FGFR3-TACC3), tumor 
suppressor mutations (such as PTEN and TP53), 
and point mutations (including EPHA2, AKT1, and 
DDR2). Some research indicates that certain driver 
gene variants—such as mutations in EGFR, KRAS, 
and BRAF; mutations or amplifications of HER2; 
rearrangements in ALK, ROS1, and RET; and MET 
copy number amplifications or splice variants in MET 
exon 14—form a “core gene list” crucial for lung cancer. 
Table 1 presents genes involved in the carcinogenesis of 
lung tissue. The advent of next-generation sequencing 
has enabled a more detailed understanding of the specific 
genomic alterations relevant to lung cancer diagnosis.

 Next Generation Sequencing 
Sanger sequencing, a pioneering technology, was 
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pioneered by Fred Sanger in 1977 and has since been 
extensively employed in the field of clinical genetics 
for several decades. After a span of thirty years, 
NGS technologies have seen significant advancements, 
resulting in the development of second, third, and 

fourth-generation sequencing technologies (34). In 
Figure 1, types of sequencing generation technologies 
are introduced. There are two distinct methods in 
first-generation sequencing, specifically the Sanger 
method and the Maxam-Gilbert approach. The second 

 

 

Frequency [%] Genomic Aberrations Type of LC Gene 

30-40 EGFR exon 21, EGFR exon 19, G719X, L861Q point mutations and copy 
number variations 

ADC EGFR 

20–30 G12C mutation in KRAS gene ADC KRAS 

2–5 MET exon 14 mutation (MET ex14), skipping mutations, overexpression, 
amplifications 

ADC MET 

3–7 ALK fusions ADC ALK 

0.5–5 V600E mutation in BRAF gene ADC BRAF 

2-3 ROS fusions ADC ROS1 

1-2 RET rearrangements, gene fusion of KIF5B-RET; point mutations ADC RET 

1-2 NTRK rearrangements, gene fusions of NTRK1 (NTRKA), NTRK2 
(NTRKB), NTRK3 (NTRKC) 

ADC NTRK 

1-5 mutations in the kinase domain (exon 20), the most frequent is 
p.A775_G776insYVMA insertion amplifications 

ADC HER2 

1.7 mutations copy number variations ADC PTEN 

6-7 mutations copy number variations ADC PDGFRA 

5 mutations copy number variations ADC PIK3CA 

52 mutations copy number variations ADC TP53 

2-5 mutations copy number variations ADC ERBB2 

75 mutations copy number variations ADC TERT 

7 mutations copy number variations ADC CDKN2A 

23 gene fusion of FGFR3-TACC3, mutations of FGFR1, FGFR2 SCC FGFR 

79 tumor suppressor mutations SCC TP53 

10 mutations of NF1 SCC NF1 

2-3 point mutations of DDR2 SCC DDR2 

4 amplification SCC PDGFRA 

15 amplification SCC PIK3CA 

10 tumor suppressor mutations SCC PTEN 

8 copy number variations SCC SOX2 

15 amplification and copy number variation SCC CDKN2A 

Table 1. The known genes involved in the development of lung cancer.
LC: Lung Cancer, ADC: Adenocarcinomas, SCC: Squamous Cell Carcinoma.

34.	Zhong Y, Xu F, Wu J, Schubert J, Li MM. Application of Next Generation Sequencing in Laboratory Medicine. Ann Lab Med. 2021 Jan;41(1):25-43. doi: 10.3343/alm.2021.41.1.25. Epub 2020 Aug 25. PMID: 32829577; PMCID: PMC7443516.
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generation of sequencing techniques encompasses 
many methods including pyrosequencing, Illumina, 
SOLID, polony, and massively parallel signature 
sequencing (MPSS). third-generation sequencing 
methods, such as Heliscope and single-molecule real-
time sequencing by Biosciences, have advanced DNA 
analysis capabilities. High-throughput technologies, 
including DNA nano-ball sequencing and nanopore 
DNA sequencing, are regarded as fourth-generation 
sequencing (35). Next-generation sequencing generally 
encompasses second-, third-, and fourth-generation 
sequencing technologies, all of which are significantly 
more efficient than first-generation sequencing (36).

The Sanger sequencing method is the gold standard 
for detecting single nucleotide variants and modest 
insertions/deletions. However, its efficacy is limited 
when it comes to detecting gross insertions/deletions 
and major rearrangements. NGS is capable of detecting 
all types of mutations in target genes and abnormalities 
in chromosomes (37, 38). In essence, NGS  is a 
DNA sequencing methodology that employs parallel 
sequencing of several small DNA fragments to identify 
particular sequences (39). The NGS  technology can 
simultaneously identify single nucleotide variants, 
small insertions, deletions, copy number alteration, 
structural variations, gene fusions, and chromosomal 
rearrangements, and has significantly transformed 
the fields of personal medicine and genomic research 
(35). The NGS methodologies encompass a range 
of techniques that focus on the analysis of tumoral 
DNA and RNA (41). NGS involves several types 

of sequencing techniques, such as whole genome 
sequencing (WGS), whole-exome sequencing 
(WES), whole-transcriptome sequencing (RNA-
seq), and targeted sequencing (both DNA and RNA). 
These techniques are mostly used to detect genetic 
alterations (42). WGS enables the sequencing of the 
entire genome, while whole exome sequencing (WES) 
specifically targets the coding portions of a genome 
to identify both rare and common mutations that are 
linked to a disease or phenotype. The utilization of 
RNA sequencing provides the potential to identify 
alternative gene-spliced transcripts, posttranscriptional 
modifications, gene fusion, mutations, single-
nucleotide polymorphisms, and alterations in gene 
expression. The RNA that has been isolated is initially 
concentrated and then converted into complementary 
DNA (cDNA) using reverse transcription. Furthermore, 
the use of the.  NGS  methodology enables the 
examination of epigenetic modifications, including 
promoter methylation, microRNAs, and the expression 
of additional small RNAs (41). 

The flexibility of NGS  technology allows for the 
simultaneous analysis of mutational hotspots in many 
gene targets across different cancer patients (43). 
Various methodologies are employed across diverse 
platforms. HiSeq 2000 Illumina-Solexa is primarily 
utilized for whole-genome sequencing (WGS), whole-
exome sequencing (WES), and RNA sequencing. On 
the other hand, Miseq Illumina-Solexa is primarily 
employed for WES and targeted sequencing (44). The 
two comprehensive molecular profiling NGS  tests 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1.  Classification of types of sequencing generation technologies.
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are the FoundationOne CDx (F1CDx) and the MSK-
IMPACT, which were approved by the Food and Drug 
Administration (FDA)  in 2017. These tests examine 
a larger number of genes simultaneously. Several 
NGS  tests have received approval from the FDA. 
These include the Oncomine Dx Target Test for lung 
cancer, the Illumina Extended RAS Panel for colon 
cancer, and the Foundation Focus CDx BRCA LOH in 
2018. Additionally, there are various NGS diagnostics 
now in development. One such test is the Caris MI 
Transcriptome CDx, which is an in vitro diagnostic 
test based on next-generation sequencing. This test 
utilizes RNA extracted from formalin-fixed paraffin-
embedded (FFPE) tumor tissue to identify structural 
rearrangements. The Breakthrough Device Designation 
for Illumina’s pan-cancer assay, TruSight Oncology 
500, was granted by the FDA in 2019. This assay 
uses DNA and RNA extracted from tumor samples to 
detect small DNA variants, fusions, and splice variants. 
NGS technologies have significantly contributed to the 
comprehension of the modified genomic pathways 
implicated in human cancer. Utilizing various panels 
of  NGS  technologies in both research and clinical 
settings can play a crucial role in the early detection 
and treatment of LC (41). 

NGS  technologies have facilitated the precise 
and effective identification of somatic mutations 
(46).  NGS exhibits several advantages in comparison 
to genome-sequencing approaches. Firstly, this 
technology is classified as high-throughput since it 
enables the extensive sequencing of several targeted 
genomic areas in numerous samples simultaneously. 
This allows for the detection of contemporaneous 
mutations in the same run. Another significant benefit 
of routine tumor sequencing is the decreased time 
required for analysis, resulting in a shorter duration 
for clinical reporting. Furthermore, NGS analysis 
necessitates a minimal amount of DNA/RNA input, 
as opposed to previous sequencing techniques. 
It is possible to concurrently identify a range of 
genetic alterations with a high level of accuracy and 
sensitivity. NGS exhibits greater sensitivity compared 
to Sanger sequencing, with the ability to identify allele 
frequencies ranging from 2% to 10% and 15% to 25% 
respectively. Additionally, NGS enables quantitative 
assessment of the mutant allele (41). Furthermore, 
NGS enables the identification of simultaneous genetic 
changes in a particular subset of patients with molecular 
classifications, so providing a more comprehensive 
understanding of the genomic intricacy and prognosis 
of patients with LC. NGS also decreases the cost and 
duration of a comprehensive genetic evaluation (47-
49). One of the limitations of NGS is the requirement 
for robust bioinformatics tools and skilled individuals 
to do both experimental and data analysis (50). NGS 
will generate hundreds of megabytes of data. Filtering 

redundant and large volumes of data is a challenging 
and intricate undertaking for bioinformatics personnel. 
Most NGS initiatives require the use of specialized 
applications. Furthermore, the storage, processing, and 
analysis of NGS  data need the utilization of a high-
performance computer (51, 52). Additional benefits 
and constraints of Next-Generation Sequencing (NGS) 
are illustrated in Figure 2. 

The role of NGS in lung cancer diagnosis 
Diagnosing LC in its early stages might be 

challenging due to the absence of symptoms in patients. 
Furthermore, prior methodologies, such as first-
generation sequencing, have yielded numerous false-
negative outcomes in the detection of lung cancer due 
to various factors, including the quality and amount of 
the samples, as well as the sensitivity of the test (53). 
NGS  technologies have facilitated the precise and 
effective identification of somatic mutations. NGS has 
proven to be an effective method for identifying new 
mutations in LC (46), as it enables the sequencing of 
several genomic areas within a single test and platform. 
A technique based on NGS has the potential to offer 
a more thorough genetic analysis of LC, which could 
have an impact on the available diagnostic choices 
and the prognosis of patients  (27). Furthermore, 
NGS  has emerged as a prominent methodology 
employed in clinical practice to acquire thorough 
genetic profiling in individuals diagnosed with LC 
(54).  NGS  offers superior performance in terms of 
throughput, sensitivity, and specificity compared to 
traditional PCR testing. This enables the simultaneous 
amplification of a predetermined set of genes in a 
single reaction, allowing for multiplex PCR (27, 55, 
56). Numerous studies have indicated that NGS might 
be advantageously utilized to identify particular LC 
mutations in circulating tumor DNA inside a liquid 
biopsy sample (57-59). 

Several studies have shown that the utilization of 
NGS  in plasma analysis yields a genomic profile 
of LC  patients  that is comparable to tissue testing. 
Furthermore, the incorporation of plasma NGS 
assays into regular management practices has been 
found to enhance the identification of clinically 
relevant mutations (60-62). Additional research has 
demonstrated that NGS is employed in LC to uncover 
potential biomarkers for early detection and identify 
mutations in clinical situations (36). 

The advantages of  NGS in examining changes linked to 
lung cancer diagnosis have opened up new possibilities 
for developing targeted commercial kits aimed at early 
LC detection. Most genomic profiling data from lung 
cancer patients who have had cfDNA NGS testing 
has been gathered using the Guardant360® panel, 
created by Guardant Health. The panel is equipped to 
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detect genetic alterations, including single nucleotide 
variants (SNVs), insertions/deletions (indels), copy 
number variations (CNVs), and gene fusions, across 
73 genes. Recently published findings highlight the 
analysis of cfDNA using the Guardant360® panel, 
which encompasses over 8,000 plasma samples from 
lung cancer patients. Additionally, the Department of 
Public Health at the University of Naples Federico II 
in Italy has developed the SiRe® NGS panel, designed 
to assess 568 mutations in six specific genes—EGFR, 
KRAS, NRAS, BRAF, cKIT, and PDGFR³—in 
lung cancer tissue samples. Numerous studies have 
validated the high clinical performance of NGS-based 
cfDNA analysis, especially regarding success rates and 
mutation detection accuracy. Consequently, the SiRe® 
NGS panel is recognized as a valuable diagnostic tool 
for cfDNA analysis. (43, 65).

In 2013, Scarpa et al. highlighted the diagnostic value 
of the Ion AmpliSeq Colon and Lung Cancer Panel for 
lung adenocarcinoma samples (66). The initial version 
of this panel targeted 504 regions with high mutation 
rates across 22 cancer-related genes and was capable 
of detecting variants with an allele frequency as low 
as 1%, representing approximately 2% of cancer cells 
in a sample (67). Using the Ion AmpliSeq Colon and 
Lung Cancer Panel is essential for identifying the 

EGFR deletion type, a detail not provided by in vitro 
diagnostic molecular testing on Rotor-Gene real-time 
PCR. (41). 

The TruSeq Amplicon-Cancer Panel, developed 
by Illumina, Inc. in the United States, is a targeted 
resequencing assay that exhibits a high level of 
multiplexing. It is designed to detect somatic mutations 
in cancer genomes by identifying numerous mutational 
hotspots. The presented panel offers an efficient 
workflow, encompassing a quality control assay 
designed for DNA extracted from  FFPE  samples. 
Additionally, this panel facilitates the detection 
of very sensitive mutations in significant genes, 
including BRAF, KRAS, and EGFR. LC is associated 
with mutations in these genes. The assay possesses 
a distinctive capability to evaluate significant FFPE 
samples for these crucial variations, hence enabling 
the extraction of a substantial amount of genomic data 
from LC tumors (68). 

The mutations of EGFR exon 18, 19, 20, 21, KRAS 
exon 2, 3, PIK3CA exon 9, 20, and BRAF exon 
11, 15 were detected using the NextDaySeqLung 
panel, developed by Beijing ACCB Biotech in 
Beijing, China. According to previous studies (69), 
the NextDaySeq-Lung panel has exhibited superior 
outcomes compared to Sanger sequencing or qRT-PCR. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. Advantages and limitation of Next Generation Sequencing
Also, NGS offers many benefits in comparison with traditional sequencing methods.
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Furthermore, several studies have demonstrated that 
the NextDaySeq-Lung panel exhibits notable technical 
benefits compared to Sanger and qPCR tests, indicating 
its promising potential as a molecular diagnostic panel 
for lung cancer (70, 71). LC gene panels utilizing 
RNA sequencing have been developed to examine 
gene fusion, translocations, chromosomal inversions, 
and interstitial deletions. The Ion Ampliseq RNA 
fusion lung cancer panel, developed by ThermoFisher 
Scientific in Waltham, USA, is an example of such a 
panel. This panel specifically targets 70 well-known 
fusion transcripts of ALK, RET, ROS1, and NTRK. 
This panel has exhibited a high level of sensitivity and 
a strong agreement with the conventional techniques 
employed for fusion testing (72). Displays the NGS 
panels that are currently accessible to diagnose LC. As 
previously said, cancer is known as a genetic disorder 
(16). LC  is a multifaceted illness characterized by 
a wide range of somatic mutations (73). It arises 
from a process of polyphase carcinogenesis, wherein 
genetic alterations gradually accumulate over time. 
The utilization of screening for the distinctive genetic 
mutation as a biomarker has the potential to facilitate 
the early detection of LC (15). NGS  technologies 
have significantly contributed to the identification of 
modified genomic pathways implicated in cancer. 
Consequently, the utilization of diverse panels of NGS 
technology has proven valuable in both research and 
clinical settings (41). 

NGS is primarily used for the early detection of lung 
cancer by identifying mutations in genes such as EGFR, 
BRAF, KRAS, TP53, HER2, ROS, ALK, PIK3CA, NTRK, 

RET, and MET. These genes are considered potential 
candidates in the development of lung cancer (74, 75). 
NGS techniques are extensively employed in the field 
of oncology, particularly for the early detection of 
biomarkers and the identification of driving mutations 
in   LC. Numerous studies have been conducted to 
examine the significance of NGS  in the diagnosis of 
lung cancer and to compare it with conventional testing 
methods. The study conducted by Gabriela et al. 
(2019) aimed to compare the efficacy of a NGS method 
with a Sanger sequencing and  Fluorescence In Situ 
Hybridization (FISH) sequential strategy in detecting 
actionable genomic alterations in a cohort of 117 
patients diagnosed with advanced lung cancer. Patients 
were categorized as EGFR-mutated (n = 22, 18.8%), 
ALK-mutated (n = 9, 7.7%), and unclassifiable (n = 
86, 73.5%) using Sanger and FISH techniques. On 
the other hand, the study using NGS  resulted in the 
detection of at least one genetic variation in 56 patients 
(47.9%), resulting in a total of 68 variants across all 
samples. The study’s findings indicate that the NGS-
assay is a viable approach for conducting genomic 
profiling in individuals diagnosed with advanced lung 
adenocarcinoma (27). Gao et al. (2015) conducted a 
study to assess the practicality of using NGS-based 
assays to analyze mutations in important driver genes 
of lung cancer in a clinical environment. A total of 
138 FFPE samples of lung cancer were analyzed 
simultaneously with NGS assays, quantitative PCR 
(qPCR), and Sanger sequencing platforms to detect the 
mentioned somatic mutations. The findings revealed 
that the NGS assays exhibited significantly greater 

 

 
 

Fig 3. NGS analysis of liquid biopsy and tissue sample for detect of specific mutations.
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sensitivity compared to Sanger. Additionally, the NGS 
test demonstrated additional benefits compared to qPCR 
in terms of delivering precise data on allele sequence 
and mutation frequency, as well as identifying non-
hotspot alterations. The findings indicate that the NGS 
assay possesses notable technical benefits compared 
to Sanger and qPCR assays, making it a promising 
molecular diagnostic panel for lung cancer (70, 71). In 
Lim et al.’s (2016) investigation, a NGS-based assay 
was employed to detect 51 FFPE samples of lung 
cancer. The efficiency of this assay was compared to 
that of a traditional technique. The study found that 
58% of wild-type patients exhibited mutations in one 
of these genes when the NGS approach was used (53). 
In previous studies, NGS has been utilized to diagnose 
lung cancer, as conventional approaches are not 
adequate for the limited availability of tissue samples 
(55). Another study has demonstrated that existing 
tools are limited to identifying a single hot spot at a 
time. However, NGS  offers various advantages over 
traditional sequencing methods, including increased 
throughput and reduced testing time. NGS allows for 
the simultaneous sequencing of multiple hot spots 
within a short timeframe. Therefore, NGS  decreases 
expenses and produces valuable genetic data on lung 
cancer, helping clinicians in the diagnostic process 
(36). Moreover, another study compared an NGS panel, 
Sanger sequencing, and qRT-PCR in the detection of 
mutation in 138 lung cancer FFPE samples showed 
that the NGS and qRT-PCR have a higher sensitivity 
than Sanger sequencing. Also, NGS is better than qRT-
PCR and identifies mutations that are not in the hotspot 
area (70). In the study by Park et al. (2019) the single-
gene assays, such as real-time PCR, IHC, and FISH 
were compared with the NGS method.

The NGS data indicate that EGFR PCR had a 
sensitivity of 80.3% and specificity of 99.4%, ALK FISH 
had a sensitivity of 71.4% and specificity of 100%, and 
ROS1 FISH had a sensitivity of 100% and specificity 
of 99.5%. The observed outcomes are associated with 
the diminished sensitivity of single-gene assays when 
compared to deep-targeted  NGS  (76). Numerous 
studies have demonstrated various transformations 
resulting from the integration of NGS  into clinical 
practice for the diagnosis of lung cancer. These studies 
have reported a notable level of sensitivity in detecting 
alterations through the utilization of a gene panel-based 
NGS approach on lung cancer specimens (77-79). For 
instance, Lim et al. (2016) found that 58% of patients 
who tested for EGFR/KRAS/ALK using standard 
methods exhibited alterations that were identified by 
NGS (53). The research conducted by de Leng et al. 
(2016) and Jing et al. (2018) demonstrates a strong 
concurrence between NGS and single gene assays in 
identifying driver-gene mutations in individuals with 
lung cancer. These studies exhibit notable levels of 

sensitivity and specificity, indicating the potential for 
the widespread adoption of NGS assays in informing 
clinical decision-making (80, 81). The examination of 
fusion alterations to lung cancer revealed that NGS has 
greater sensitivity and specificity compared to FISH or 
IHC. Lin et al. (2019) reported a positive rate of 92.7% 
for ALK rearrangement when employing NGS, 82.4% 
for FISH, and 94.5% for Immunohistochemistry 
(IHC). Additionally, they observed a concordance of 
87.3% between NGS and IHC results (82). The NGS 
technique has facilitated the development of liquid 
biopsy testing for the diagnosis of lung cancer. Leighl 
et al. (2019) reported a significant level of agreement 
between the NGS results obtained from cfDNA and 
tissue DNA in lung cancer cases. The benefits of 
NGS  have facilitated the creation of various assays 
utilizing liquid biopsy samples for the timely detection 
of lung cancer (83, 84). A study has demonstrated that 
NGS-based methodologies are very suitable options 
for achieving optimal characterization of circulating 
tumor DNA in individuals diagnosed with lung 
cancer. Various NGS  techniques have been created 
and verified for identifying anomalies in lung cancer 
ctDNA. These methods have the benefit of being able 
to discover uncommon mutations that were previously 
undetectable using conventional methods (85). The 
meta-analysis of 1639 lung cancer patients from 
21 studies found that the combined sensitivity and 
specificity of NGS-based ctDNA T790M testing were 
0.87 (95% CI 0.76–0.95) and 0.89 (95% CI 0.82–0.94), 
respectively. These values were higher than those of 
other detection methods such as Real-Time PCR and 
ddPCR, indicating that NGS is more efficient (86). In 
addition, a tag-based NGS panel was utilized to detect 
T790M in plasma samples obtained from patients with 
lung cancer. This approach yielded a notably higher 
detection rate of NGS in comparison to Real-Time 
PCR, with rates of 42.85% and 21.4% respectively. In 
addition, NGS  demonstrated the capability to detect 
mutations at extremely low AFs (up to 0.07%), resulting 
in a drop in false negative instances necessitating 
repeated tumor biopsies and a reduction in turnaround 
times compared to alternative approaches (87). In a 
recent study, the effectiveness of an 11-gene NGS panel 
in detecting target mutations in two separate groups of 
lung cancer patients was compared to conventional 
approaches and focused NGS. NGS has demonstrated 
the ability to accurately detect the EGFR T790M 
mutation in liquid samples of lung cancer patients with 
a high level of sensitivity and specificity. Reckamp et al. 
(2016) conducted a study. NGS assays were employed 
to investigate the presence of EGFR activating 
mutations and the T790M resistance mutation in urine 
or plasma samples obtained from patients diagnosed 
with advanced NSCLC who tested positive for EGFR 
mutants. The NGS assay conducted on urine and 

70.	Gao J, Wu H, Shi X, Huo Z, Zhang J, Liang Z. Comparison of Next-Generation Sequencing, Quantitative PCR, and Sanger Sequencing for Mutation Profiling of EGFR, KRAS, PIK3CA and BRAF in Clinical Lung Tumors. Clin Lab. 2016;62(4):689-96. doi: 10.7754/clin.lab.2015.150837. PMID: 27215089.
71.	Xu X, Yang Y, Li H, Chen Z, Jiang G, Fei K. Assessment of the clinical application of detecting EGFR, KRAS, PIK3CA and BRAF mutations in patients with non-small cell lung cancer using next-generation sequencing. Scand J Clin Lab Invest. 2016 Sep;76(5):386-92. doi: 10.1080/00365513.2016.1183813. Epub 2016 May 23. PMID: 27215271. 
53.	Lim SM, Kim EY, Kim HR, Ali SM, Greenbowe JR, Shim HS, Chang H, Lim S, Paik S, Cho BC. Genomic profiling of lung adenocarcinoma patients reveals therapeutic targets and confers clinical benefit when standard molecular testing is negative. Oncotarget. 2016 Apr 26;7(17):24172-8. doi: 10.18632/oncotarget.8138. PMID: 26992220; PMCID: PMC5029692. 
55.	Hagemann IS, Devarakonda S, Lockwood CM, Spencer DH, Guebert K, Bredemeyer AJ, Al-Kateb H, Nguyen TT, Duncavage EJ, Cottrell CE, Kulkarni S, Nagarajan R, Seibert K, Baggstrom M, Waqar SN, Pfeifer JD, Morgensztern D, Govindan R. Clinical next-generation sequencing in patients with non-small cell lung cancer. Cancer. 2015 Feb 15;121(4):631-9. doi: 10.1002/cncr.29089. Epub 2014 Oct 24. PMID: 25345567.
36.	Lu YQ, Lu KH. Advancements in next-generation sequencing for diagnosis and treatment of non-small-cell lung cancer. Chronic Dis Transl Med. 2017 Mar 11;3(1):1-7. doi: 10.1016/j.cdtm.2017.02.009. PMID: 29063051; PMCID: PMC5627693.
70.	Gao J, Wu H, Shi X, Huo Z, Zhang J, Liang Z. Comparison of Next-Generation Sequencing, Quantitative PCR, and Sanger Sequencing for Mutation Profiling of EGFR, KRAS, PIK3CA and BRAF in Clinical Lung Tumors. Clin Lab. 2016;62(4):689-96. doi: 10.7754/clin.lab.2015.150837. PMID: 27215089.
76.	Park E, Shim HS. Detection of Targetable Genetic Alterations in Korean Lung Cancer Patients: A Comparison Study of Single-Gene Assays and Targeted Next-Generation Sequencing. Cancer Res Treat. 2020 Apr;52(2):543-551. doi: 10.4143/crt.2019.305. Epub 2019 Nov 8. PMID: 31726498; PMCID: PMC7176968.
77.	Masago K, Fujita S, Muraki M, Hata A, Okuda C, Otsuka K, Kaji R, Takeshita J, Kato R, Katakami N, Hirata Y. Next-generation sequencing of tyrosine kinase inhibitor-resistant non-small-cell lung cancers in patients harboring epidermal growth factor-activating mutations. BMC Cancer. 2015 Nov 16;15:908. doi: 10.1186/s12885-015-1925-2. PMID: 26572169; PMCID: PMC4647703.
79.	Shao D, Lin Y, Liu J, Wan L, Liu Z, Cheng S, Fei L, Deng R, Wang J, Chen X, Liu L, Gu X, Liang W, He P, Wang J, Ye M, He J. A targeted next-generation sequencing method for identifying clinically relevant mutation profiles in lung adenocarcinoma. Sci Rep. 2016 Mar 3;6:22338. doi: 10.1038/srep22338. PMID: 26936516; PMCID: PMC4776238.
53.	Lim SM, Kim EY, Kim HR, Ali SM, Greenbowe JR, Shim HS, Chang H, Lim S, Paik S, Cho BC. Genomic profiling of lung adenocarcinoma patients reveals therapeutic targets and confers clinical benefit when standard molecular testing is negative. Oncotarget. 2016 Apr 26;7(17):24172-8. doi: 10.18632/oncotarget.8138. PMID: 26992220; PMCID: PMC5029692. 
80.	de Leng WW, Gadellaa-van Hooijdonk CG, Barendregt-Smouter FA, Koudijs MJ, Nijman I, Hinrichs JW, Cuppen E, van Lieshout S, Loberg RD, de Jonge M, Voest EE, de Weger RA, Steeghs N, Langenberg MH, Sleijfer S, Willems SM, Lolkema MP. Targeted Next Generation Sequencing as a Reliable Diagnostic Assay for the Detection of Somatic Mutations in Tumours Using Minimal DNA Amounts from Formalin Fixed Paraffin Embedded Material. PLoS One. 2016 Feb 26;11(2):e0149405. doi: 10.1371/journal.pone.0149405. PMID: 26919633; PMCID: PMC4769293. 
81.	Jing C, Mao X, Wang Z, Sun K, Ma R, Wu J, Cao H. Next generation sequencing based detection of EGFR, KRAS, BRAF, NRAS, PIK3CA, Her 2 and TP53 mutations in patients with non small cell lung cancer. Mol Med Rep. 2018 Aug;18(2):2191-2197. doi: 10.3892/mmr.2018.9210. Epub 2018 Jun 22. PMID: 29956783; PMCID: PMC6072231. 
82.	Lin C, Shi X, Yang S, Zhao J, He Q, Jin Y, Yu X. Comparison of ALK detection by FISH, IHC and NGS to predict benefit from crizotinib in advanced non-small-cell lung cancer. Lung Cancer. 2019 May;131:62-68. doi: 10.1016/j.lungcan.2019.03.018. Epub 2019 Mar 20. PMID: 31027700.
83.	Gray J, Thompson JC, Carpenter EL, Elkhouly E, Aggarwal C. Plasma Cell-Free DNA Genotyping: From an Emerging Concept to a Standard-of-Care Tool in Metastatic Non-Small Cell Lung Cancer. Oncologist. 2021 Oct;26(10):e1812-e1821. doi: 10.1002/onco.13889. Epub 2021 Jul 26. PMID: 34216176; PMCID: PMC8488793.
84.	Leighl NB, Page RD, Raymond VM, Daniel DB, Divers SG, Reckamp KL, Villalona-Calero MA, Dix D, Odegaard JI, Lanman RB, Papadimitrakopoulou VA. Clinical Utility of Comprehensive Cell-free DNA Analysis to Identify Genomic Biomarkers in Patients with Newly Diagnosed Metastatic Non-small Cell Lung Cancer. Clin Cancer Res. 2019 Aug 1;25(15):4691-4700. doi: 10.1158/1078-0432.CCR-19-0624. Epub 2019 Apr 15. PMID: 30988079.
85.	H Araujo L, Ferreira CG, Baldotto CS, Mathias C, Castro G Jr, Coudry R. Next-generation sequencing of circulating tumor DNA for metastatic non-small cell lung cancer: a discussion on its implementation in the Brazilian clinical practice. Future Oncol. 2021 Jan;17(2):205-213. doi: 10.2217/fon-2020-0583. Epub 2020 Oct 14. PMID: 33052747.
86.	Passiglia F, Rizzo S, Di Maio M, Galvano A, Badalamenti G, Listì A, Gulotta L, Castiglia M, Fulfaro F, Bazan V, Russo A. The diagnostic accuracy of circulating tumor DNA for the detection of EGFR-T790M mutation in NSCLC: a systematic review and meta-analysis. Sci Rep. 2018 Sep 6;8(1):13379. 
87.	Dono M, De Luca G, Lastraioli S, Anselmi G, Dal Bello MG, Coco S, Vanni I, Grossi F, Vigani A, Genova C, Ferrarini M, Ravetti JL, Zupo S. Tag-based next generation sequencing: a feasible and reliable assay for EGFR T790M mutation detection in circulating tumor DNA of non small cell lung cancer patients. Mol Med. 2019 Apr 27;25(1):15. doi: 10.1186/s10020-019-0082-5. PMID: 31029076; PMCID: PMC6487061.


 
Milad Pezeshki et al Pers M J

9

plasma samples revealed a higher prevalence of EGFR 
mutated positive results compared to tissue samples 
subjected to RT-PCR testing. The urine specificity is 
94% and the plasma specificity is 96-100%. The urine 
and plasma sensitivity rates are 80-93% and 87-100%, 
respectively (89). In their study, Liu et al. (2021) offer 
a collection of three cases wherein the utilization of 
NGS enabled the identification of genomic alteration 
patterns, hence aiding in the differentiation between 
various original lung malignancies and intrapulmonary 
metastases. NGS exhibits unique molecular attributes 
that distinguish it from conventional disease detection 
methods. This finding supports the potential of NGS 
in aiding the diagnosis of lung cancer (90). Jiang et al. 
(2021) conducted a retrospective investigation. Both 
IHC and NGS were utilized to identify changes in the 
ALK, EGFR, KRAS, BRAF, RET, ROS1, V-Erb-B2, 
CerbB-2, and MET genes in 19 cases of FFPE lung 
adenocarcinoma. The findings of this investigation 
indicate a strong agreement between the NGS assay 
and the IHC technique (91). In their study, Pekar-zlotin 
et al. (2014) conducted a thorough analysis of FISH and 
IHC to detect EML4-ALK rearrangement in 51 patients 
with lung cancer. If there was any disagreement, they 
resorted to NGS. The findings of this study indicate 
that the FISH-based approach for identifying EML4-
ALK rearrangement in lung cancer may overlook a 
considerable number of patients who could potentially 
benefit from targeted ALK therapy. Therefore, it is 
highly recommended to strongly consider screening 
for EML4-ALK rearrangement through IHC and to 
consider NGS in cases that are on the borderline (92). 
The study conducted by Clavé et al. (2019) evaluated 
the identification of ALK and ROS1 rearrangements 
in a retrospective cohort of forty patients with non-
small cell lung cancer who had known FISH data. 
This assessment was performed using NGS  and 
immunohistochemical techniques. The findings indicate 
that the presence of a 3 isolated signal FISH pattern in 
cases of ALK and ROS1 may indicate a false positive 
outcome.NGS  appears to be a reliable technique for 
evaluating ALK and ROS1 rearrangements, with the 
benefit of discovering additional molecular changes 
that may have therapeutic significance, in comparison 
to immunohistochemistry (93). In their study, Dacic et 
al. (2016) conducted a comparative analysis between 
different ALK-FISH patterns and NGS for gene 
fusion detection and ALK immunohistochemistry. 
The authors propose that relying solely on ALK FISH 
may not be the most dependable method for detecting 
ALK gene rearrangements. Instead, they suggest 
that a combination of ALK IHC and NGS should be 
employed to detect gene fusions and mutations in lung 
cancer (94). The studies conducted by Moskalev et 
al. (2014) and Beadling et al. (2016) showed a strong 
agreement between the NGS  assay and conventional 

methods (95, 96). Drilon et al. (2015) showed that 
employing NGS assay is a superior and more effective 
approach in identifying actionable mutations in lung 
adenocarcinomas, as compared to non-NGS testing 
(97). A multitude of clinical trials have been conducted 
to investigate the utilization of NGS technology in the 
diagnosis and treatment of LC. A search conducted on 
clinicaltrial.gov on 24 March 2022 revealed a total of 
117 trials focused on lung cancer that employ NGS.

Certain of these trials are formerly complete and 
some others are recruiting or enrolling.

 
CONCLUSIONS

In the new era of precision oncology, detecting 
genomic alterations is the priority and guiding principle 
for personalized care. The next-generation sequencing 
method is an ideal technique than other standard 
techniques for investigating different types of lung 
cancer in a short period and at a low price. NGS has 
allowed the obtainment of a wide spectrum of genomic 
alterations occurring within lung cancer. NGS is widely 
used in the clinic for the detection of a greater number 
of driver genes and leading to early diagnosis of lung 
cancer. NGS maximises the identification of clinically 
related genomic alterations using a limited amount 
of tissue, thus reducing time and costs. Molecular 
biomarkers can be useful in diagnosis at an early 
and non-invasive stage of lung cancer. It is essential 
to develop innovative approaches using NGS panels 
to generation biomarkers in lung cancer screening 
programs for early diagnosis. The application of a 
standard NGS panel for lung cancer diagnosis is more 
efficient at a lower cost point than other methods such 
as Sanger-Sequencing and provides a much better 
resolution compared to microarrays. NGS has been 
used to identify new biomarker candidates for the early 
diagnosis of lung cancer. The different clinical studies 
were developed to obtain specific NGS panels for lung 
cancer diagnosis. Different NGS panels should be used 
to develop clinical tests in personalized medicine for 
early diagnosis of lung cancer. The apply of NGS-
specific panels in the early diagnosis of lung cancer can 
play an important role in reducing mortality, increasing 
response to treatment and reducing treatment costs 
from this cancer. All the mention advantages, make 
NGS the preferred method to extend clinical tests for 
personalized medicine and early diagnosis of lung 
cancer. 

 
Abbreviations

LC: Lung cancer, ASR: Age-standard rate, NSCLC: 
Non-small cell lung cancer, SCLC: Small cell lung 
cancer, SCC: Squamous cell carcinoma, ADC: 
Adenocarcinoma, NGS: Next generation sequencing, 
BRAF: B-Raf proto-oncogene, ERBB2: Erb-B2 receptor 
tyrosine kinase2, MET: Mesenchyme-epithelial 
transition factor, RET: Rearranged during transfection, 

89.	Reckamp KL, Melnikova VO, Karlovich C, Sequist LV, Camidge DR, Wakelee H, Perol M, Oxnard GR, Kosco K, Croucher P, Samuelsz E, Vibat CR, Guerrero S, Geis J, Berz D, Mann E, Matheny S, Rolfe L, Raponi M, Erlander MG, Gadgeel S. A Highly Sensitive and Quantitative Test Platform for Detection of NSCLC EGFR Mutations in Urine and Plasma. J Thorac Oncol. 2016 Oct;11(10):1690-700. doi: 10.1016/j.jtho.2016.05.035. Epub 2016 Jul 25. PMID: 27468937.
90.	Liu C, Liu C, Zou X, Shao L, Sun Y, Guo Y. Next-generation sequencing facilitates differentiating between multiple primary lung cancer and intrapulmonary metastasis: a case series. Diagn Pathol. 2021 Mar 11;16(1):21. doi: 10.1186/s13000-021-01083-6. PMID: 33706781; PMCID: PMC7953741. 
91.	Jiang Z, Li C, Lu H. Next generation sequencing detection in archival surgically resected lung adenocarcinoma specimens harbouring the anaplastic lymphoma kinase fusion protein. J Pak Med Assoc. 2021 Feb;71(2(A)):531-536. doi: 10.47391/JPMA.1295. PMID: 33819244.
92.	Pekar-Zlotin M, Hirsch FR, Soussan-Gutman L, Ilouze M, Dvir A, Boyle T, Wynes M, Miller VA, Lipson D, Palmer GA, Ali SM, Dekel S, Brenner R, Bunn PA Jr, Peled N. Fluorescence in situ hybridization, immunohistochemistry, and next-generation sequencing for detection of EML4-ALK rearrangement in lung cancer. Oncologist. 2015 Mar;20(3):316-22. doi: 10.1634/theoncologist.2014-0389. Epub 2015 Feb 26. PMID: 25721120; PMCID: PMC4350802.
93.	Clavé S, Rodon N, Pijuan L, Díaz O, Lorenzo M, Rocha P, Taus Á, Blanco R, Bosch-Barrera J, Reguart N, de la Torre N, Oliveras G, Espinet B, Bellosillo B, Puig X, Arriola E, Salido M. Next-generation Sequencing for ALK and ROS1 Rearrangement Detection in Patients With Non-small-cell Lung Cancer: Implications of FISH-positive Patterns. Clin Lung Cancer. 2019 Jul;20(4):e421-e429. doi: 10.1016/j.cllc.2019.02.008. Epub 2019 Feb 26. PMID: 30898567. 
94.	Dacic S, Villaruz LC, Abberbock S, Mahaffey A, Incharoen P, Nikiforova MN. ALK FISH patterns and the detection of ALK fusions by next generation sequencing in lung adenocarcinoma. Oncotarget. 2016 Dec 13;7(50):82943-82952. doi: 10.18632/oncotarget.12705. PMID: 27769042; PMCID: PMC5347743.
95.	Moskalev EA, Frohnauer J, Merkelbach-Bruse S, Schildhaus HU, Dimmler A, Schubert T, Boltze C, König H, Fuchs F, Sirbu H, Rieker RJ, Agaimy A, Hartmann A, Haller F. Sensitive and specific detection of EML4-ALK rearrangements in non-small cell lung cancer (NSCLC) specimens by multiplex amplicon RNA massive parallel sequencing. Lung Cancer. 2014 Jun;84(3):215-21. 
96.	Beadling C, Wald AI, Warrick A, Neff TL, Zhong S, Nikiforov YE, Corless CL, Nikiforova MN. A Multiplexed Amplicon Approach for Detecting Gene Fusions by Next-Generation Sequencing. J Mol Diagn. 2016 Mar;18(2):165-75. doi: 10.1016/j.jmoldx.2015.10.002. Epub 2015 Dec 30. PMID: 26747586.
97.	Drilon A, Wang L, Arcila ME, Balasubramanian S, Greenbowe JR, Ross JS, Stephens P, Lipson D, Miller VA, Kris MG, Ladanyi M, Rizvi NA. Broad, Hybrid Capture-Based Next-Generation Sequencing Identifies Actionable Genomic Alterations in Lung Adenocarcinomas Otherwise Negative for Such Alterations by Other Genomic Testing Approaches. Clin Cancer Res. 2015 Aug 15;21(16):3631-9. 


 
Milad Pezeshki et al Pers M J

10

HER2: Human epidermal growth factor receptor2, 
MPSS: Massively parallel signature sequencing, WES: 
Whole-exome sequencing, WGS: Whole-genome 
sequencing, RNA-seq: RNA sequencing, DNA-seq: 
DNA sequencing, FFPE: Formalin-fixed paraffin-
embedded, MSI: Microsatellite instability, TMB: 
Total number of mutations, PDL-1: Programmed 
death-ligand 1, SNVs: Single-nucleotide variants, 
Indels: Insertion–deletion mutations, cfDNA: Cell-
free DNA, FISH: Fluorescence in situ hybridization, 
IHC: Immunohistochemistry, ctDNA: Circulating free 
DNA.  

Declarations 
Ethics approval and consent to participate

Not applicable.

Consent for publication
Not applicable.

Availability of data and material
The datasets generated during and/or analyzed during 

the current study are available from the corresponding 
author upon reasonable request.

Competing interests
The authors declare that there is no conflict of interest 

regarding the publication of this paper. 

Funding
Not applicable.

REFERENCES
1.Pezeshki M, Hosseini SM, Ansari J, Ahmadi A. 

Investigating the importance of EGFR (− 216G/T), 
Exo1 (K589E) and LEP (− 2548G/A) gene 
polymorphisms with risk of lung cancer as potential 
diagnostic biomarker in Iranian population. Egypt J 
Med Hum Genet. 2023;24(1):55.

2.Pezeshki M, Ardalan A, Nakhaee M, Ziaei S, Valipoor 
R, Tamjidi E, Naseri R. Targeting key genes in the 
early diagnosis and treatment of lung cancer with 
a focus on personalized medicine: a review article. 
Pers Med J. 2024;9(33):14-28.

3.Pezeshki M, Ansari J, Esfandyari M, Tamjidi E, 
Ahmadi A, Komijani D. Investigating the importance 
of the role of key genes in the diagnosis and treatment 
of lung cancer: A review article. Paramed Sci Mil 
Health. 2023;18(1):61-77.

4.Pezeshki M, Ansari J, Ahmadi A. Investigating the 
association between rs712829 polymorphism of 
EGFR gene with lung cancer as a predictive marker 
in Iranian population. Jundishapur Sci Med J. 
2023;22(4):458-68.

5.Pezeshki M, Ansari J, Ahmadi A, Chehrei A. 
Investigating the association between K589E 
polymorphism of EXO1 gene with the susceptibility 
lung malignancy as a prognostic marker in the Iranian 
population. Tehran Univ Med J. 2023;81(9):642-50.

6.Hosseini M, Naghan PA, Jafari AM, Yousefifard 
M, Taslimi S, Khodadad K, Mohammadi F, Sadr 

M, Rezaei M, Mortaz E, Masjedi MR. Nutrition 
and lung cancer: a case control study in Iran. BMC 
Cancer. 2014 Nov 21;14:860. 

7.Salehiniya H, Bahadori M, Ghanizadeh G, Raei M. 
Epidemiological Study of Lung Cancer in Iran: A 
Systematic Review. Iranian Journal of Public Health. 
2022 Feb 6;51(2):306-17.

8.Almasi Z, Salehiniya H, Amoori N, Enayatrad M. 
Epidemiology Characteristics and Trends of Lung 
Cancer Incidence in Iran. Asian Pac J Cancer Prev. 
2016;17(2):557-62.  

9.Duma N, Santana-Davila R, Molina JR. Non-
Small Cell Lung Cancer: Epidemiology, Screening, 
Diagnosis, and Treatment. Mayo Clin Proc. 2019 
Aug;94(8):1623-1640. 

10.Morganti S, Tarantino P, Ferraro E, D’Amico P, 
Viale G, Trapani D, Duso BA, Curigliano G. Role 
of next-generation sequencing technologies in 
personalized medicine. InP5 eHealth: An Agenda for 
the Health Technologies of the Future 2020 (pp. 125-
154). Springer, Cham.

11.Alexander M, Kim SY, Cheng H. Update 2020: 
Management of Non-Small Cell Lung Cancer. Lung. 
2020 Dec;198(6):897-907. 

12.Sadeghi-Gandomani H, Asgari-Tarazoj A, 
Ghoncheh M, Yousefi SM, Delaram M, Salehiniya 
H. Lung cancer in the world: the incidence, mortality 
rate and risk factors. World Cancer Res J. 2017 Jan 
1;4:e911.

13.Salehi M, Salehi M, Shahidsales S, Goshayeshi G, 
Emadzadeh M, Seilanian Toosi M, Aledavood SA, 
Hoseini SS, Shojaei P. Epidemiology of lung cancer 
in northeast of Iran: A 25-year study of 939 patients. 
Med J Islam Repub Iran. 2020 Mar 7;34:17. 

14.Kruglyak KM, Lin E, Ong FS. Next-Generation 
Sequencing and Applications to the Diagnosis and 
Treatment of Lung Cancer. Adv Exp Med Biol. 
2016;890:123-36. 

15.Wadowska K, Bil-Lula I, Trembecki Ł, Śliwińska-
Mossoń M. Genetic Markers in Lung Cancer 
Diagnosis: A Review. Int J Mol Sci. 2020 Jun 
27;21(13):4569.  

16.Mehta A, Vasudevan S, Sharma SK, Panigrahi 
M, Suryavanshi M, Saifi M, Batra U. Biomarker 
testing for advanced lung cancer by next-
generation sequencing; a valid method to achieve 
a comprehensive glimpse at mutational landscape. 
Applied Cancer Research. 2020 Dec;40(1):1-2.

17.Zito Marino F, Bianco R, Accardo M, Ronchi 
A, Cozzolino I, Morgillo F, Rossi G, Franco R. 
Molecular heterogeneity in lung cancer: from 
mechanisms of origin to clinical implications. Int J 
Med Sci. 2019 Jun 10;16(7):981-989. 

18.Hubers AJ, Prinsen CF, Sozzi G, Witte BI, 
Thunnissen E. Molecular sputum analysis for the 
diagnosis of lung cancer. Br J Cancer. 2013 Aug 
6;109(3):530-7. 

19.Kopczyński P, Krawczyński MR. The role 
of oncogenes and tumor suppressor genes in 
oncogenesis. Now. Lekarskie. 2012;81:679-81.

20.You W, Chen B, Liu X, Xue S, Qin H, Jiang H. 



 
Milad Pezeshki et al Pers M J

11

Farnesoid X receptor, a novel proto-oncogene in 
non-small cell lung cancer, promotes tumor growth 
via directly transactivating CCND1. Sci Rep. 2017 
Apr 4;7(1):591. 

21.Zhang X, Liang Z, Wang S, Lu S, Song Y, Cheng 
Y, Ying J, Liu W, Hou Y, Li Y, Liu Y, Hou J, Liu X, 
Shao J, Tai Y, Wang Z, Fu L, Li H, Zhou X, Bai H, 
Wang M, Lu Y, Yang J, Zhong W, Zhou Q, Yang X, 
Wang J, Huang C, Liu X, Zhou X, Zhang S, Tian H, 
Chen Y, Ren R, Liao N, Wu C, Zhu Z, Pan H, Gu 
Y, Wang L, Liu Y, Zhang S, Liu T, Chen G, Shao 
Z, Xu B, Zhang Q, Xu R, Shen L, Wu Y, Tumor 
Biomarker Committee OBOCSOCOC. Application 
of next-generation sequencing technology to 
precision medicine in cancer: joint consensus of the 
Tumor Biomarker Committee of the Chinese Society 
of Clinical Oncology. Cancer Biol Med. 2019 
Feb;16(1):189-204. 

22.Sholl L. Molecular diagnostics of lung cancer in the 
clinic. Transl Lung Cancer Res. 2017 Oct;6(5):560-
569. 

23.Dama E, Melocchi V, Colangelo T, Cuttano R, 
Bianchi F. Deciphering the Molecular Profile of 
Lung Cancer: New Strategies for the Early Detection 
and Prognostic Stratification. J Clin Med. 2019 Jan 
17;8(1):108. 

24.Dama E, Melocchi V, Colangelo T, Cuttano R, 
Bianchi F. Deciphering the Molecular Profile of 
Lung Cancer: New Strategies for the Early Detection 
and Prognostic Stratification. J Clin Med. 2019 Jan 
17;8(1):108. 

25.Mehrad M, Roy S, Bittar HT, Dacic S. Next-
Generation Sequencing Approach to Non-Small Cell 
Lung Carcinoma Yields More Actionable Alterations. 
Arch Pathol Lab Med. 2018 Mar;142(3):353-357. 

26.Sands JM, Nguyen T, Shivdasani P, Sacher AG, 
Cheng ML, Alden RS, Jänne PA, Kuo FC, Oxnard 
GR, Sholl LM. Next-generation sequencing informs 
diagnosis and identifies unexpected therapeutic 
targets in lung squamous cell carcinomas. Lung 
Cancer. 2020 Feb;140:35-41. 

27.Fernandes MGO, Jacob M, Martins N, Moura 
CS, Guimarães S, Reis JP, Justino A, Pina MJ, 
Cirnes L, Sousa C, Pinto J, Marques JA, Machado 
JC, Hespanhol V, Costa JL. Targeted Gene Next-
Generation Sequencing Panel in Patients with 
Advanced Lung Adenocarcinoma: Paving the Way 
for Clinical Implementation. Cancers (Basel). 2019 
Aug 22;11(9):1229. 

28.Kan Z, Jaiswal BS, Stinson J, Janakiraman V, 
Bhatt D, Stern HM, Yue P, Haverty PM, Bourgon 
R, Zheng J, Moorhead M, Chaudhuri S, Tomsho LP, 
Peters BA, Pujara K, Cordes S, Davis DP, Carlton 
VE, Yuan W, Li L, Wang W, Eigenbrot C, Kaminker 
JS, Eberhard DA, Waring P, Schuster SC, Modrusan 
Z, Zhang Z, Stokoe D, de Sauvage FJ, Faham M, 
Seshagiri S. Diverse somatic mutation patterns and 
pathway alterations in human cancers. Nature. 2010 
Aug 12;466(7308):869-73. 

29.Kris MG, Johnson BE, Berry LD, Kwiatkowski DJ, 
Iafrate AJ, Wistuba II, Varella-Garcia M, Franklin 

WA, Aronson SL, Su PF, Shyr Y, Camidge DR, 
Sequist LV, Glisson BS, Khuri FR, Garon EB, Pao 
W, Rudin C, Schiller J, Haura EB, Socinski M, 
Shirai K, Chen H, Giaccone G, Ladanyi M, Kugler 
K, Minna JD, Bunn PA. Using multiplexed assays of 
oncogenic drivers in lung cancers to select targeted 
drugs. JAMA. 2014 May 21;311(19):1998-2006. 

30.Popper HH, Tímár J, Ryska A, Olszewski W. 
Minimal requirements for the molecular testing 
of lung cancer. Transl Lung Cancer Res. 2014 
Oct;3(5):301-4.  

31.Gainor JF, Dardaei L, Yoda S, Friboulet L, Leshchiner 
I, Katayama R, Dagogo-Jack I, Gadgeel S, Schultz 
K, Singh M, Chin E, Parks M, Lee D, DiCecca RH, 
Lockerman E, Huynh T, Logan J, Ritterhouse LL, Le 
LP, Muniappan A, Digumarthy S, Channick C, Keyes 
C, Getz G, Dias-Santagata D, Heist RS, Lennerz J, 
Sequist LV, Benes CH, Iafrate AJ, Mino-Kenudson 
M, Engelman JA, Shaw AT. Molecular Mechanisms 
of Resistance to First- and Second-Generation ALK 
Inhibitors in ALK-Rearranged Lung Cancer. Cancer 
Discov. 2016 Oct;6(10):1118-1133. 

32.Bebb DG, Agulnik J, Albadine R, Banerji S, 
Bigras G, Butts C, Couture C, Cutz JC, Desmeules 
P, Ionescu DN, Leighl NB, Melosky B, Morzycki 
W, Rashid-Kolvear F, Lab C, Sekhon HS, Smith 
AC, Stockley TL, Torlakovic E, Xu Z, Tsao MS. 
Crizotinib inhibition of  ROS1-positive tumours in 
advanced non-small-cell lung cancer: a Canadian 
perspective. Curr Oncol. 2019 Aug;26(4):e551-e557. 

33.Lee K, Jung HA, Sun JM, Lee SH, Ahn JS, Park 
K, Ahn MJ. Clinical Characteristics and Outcomes 
of Non-small Cell Lung Cancer Patients with 
HER2 Alterations in Korea. Cancer Res Treat. 2020 
Jan;52(1):292-300. 

34.Zhong Y, Xu F, Wu J, Schubert J, Li MM. Application 
of Next Generation Sequencing in Laboratory 
Medicine. Ann Lab Med. 2021 Jan;41(1):25-43. 

35.Thakur N, Shirkot P, Pandey H, Thakur K. 
Next generation sequencing-Techniques and 
its applications. Journal of Pharmacognosy and 
Phytochemistry. 2018;7(6):1316-20.

36.Lu YQ, Lu KH. Advancements in next-generation 
sequencing for diagnosis and treatment of non-small-
cell lung cancer. Chronic Dis Transl Med. 2017 Mar 
11;3(1):1-7. 

37.Sullivan W, Evans DG, Newman WG, Ramsden SC, 
Scheffer H, Payne K. Developing national guidance 
on genetic testing for breast cancer predisposition: 
the role of economic evidence? Genet Test Mol 
Biomarkers. 2012 Jun;16(6):580-91. 

38.Dan S, Chen F, Choy KW, Jiang F, Lin J, Xuan Z, 
Wang W, Chen S, Li X, Jiang H, Leung TY, Lau 
TK, Su Y, Zhang W, Zhang X. Prenatal detection 
of aneuploidy and imbalanced chromosomal 
arrangements by massively parallel sequencing. 
PLoS One. 2012;7(2):e27835.

39.Galet C, Gollapudi K, Stepanian S, Byrd JB, 
Henning SM, Grogan T, Elashoff D, Heber D, Said 
J, Cohen P, Aronson WJ. Effect of a low-fat fish 
oil diet on proinflammatory eicosanoids and cell-



 
Milad Pezeshki et al Pers M J

12

cycle progression score in men undergoing radical 
prostatectomy. Cancer Prev Res (Phila). 2014 
Jan;7(1):97-104. 

40.Gagan J, Van Allen EM. Next-generation 
sequencing to guide cancer therapy. Genome Med. 
2015 Jul 29;7(1):80. 

41.Serratì S, De Summa S, Pilato B, Petriella D, 
Lacalamita R, Tommasi S, Pinto R. Next-generation 
sequencing: advances and applications in cancer 
diagnosis. Onco Targets Ther. 2016 Dec 2;9:7355-
7365. 

42.Slatko BE, Gardner AF, Ausubel FM. Overview 
of Next-Generation Sequencing Technologies. Curr 
Protoc Mol Biol. 2018 Apr;122(1):e59.

43.Malapelle U, Pepe F, Pisapia P, Sgariglia R, 
Nacchio M, De Luca C, Lacalamita R, Tommasi 
S, Pinto R, Palomba G, Palmieri G, Vacirca D, 
Barberis M, Bottillo I, Grammatico P, Grillo LR, 
Costa V, Smeraglio R, Bruzzese D, Troncone G. 
Harmonization of Next-Generation Sequencing 
Procedure in Italian Laboratories: A Multi-
Institutional Evaluation of the SiRe® Panel. Front 
Oncol. 2020 Mar 11;10:236. 

44.Coco S, Truini A, Vanni I, Dal Bello MG, Alama A, 
Rijavec E, Genova C, Barletta G, Sini C, Burrafato 
G, Biello F, Boccardo F, Grossi F. Next generation 
sequencing in non-small cell lung cancer: new 
avenues toward the personalized medicine. Curr 
Drug Targets. 2015;16(1):47-59. 

45.Colomer R, Mondejar R, Romero-Laorden N, 
Alfranca A, Sanchez-Madrid F, Quintela-Fandino M. 
When should we order a next generation sequencing 
test in a patient with cancer? EClinicalMedicine. 
2020 Jul 31;25:100487. 

46.Pleasance ED, Cheetham RK, Stephens PJ, 
McBride DJ, Humphray SJ, Greenman CD, Varela 
I, Lin ML, Ordóñez GR, Bignell GR, Ye K, Alipaz 
J, Bauer MJ, Beare D, Butler A, Carter RJ, Chen L, 
Cox AJ, Edkins S, Kokko-Gonzales PI, Gormley 
NA, Grocock RJ, Haudenschild CD, Hims MM, 
James T, Jia M, Kingsbury Z, Leroy C, Marshall 
J, Menzies A, Mudie LJ, Ning Z, Royce T, Schulz-
Trieglaff OB, Spiridou A, Stebbings LA, Szajkowski 
L, Teague J, Williamson D, Chin L, Ross MT, 
Campbell PJ, Bentley DR, Futreal PA, Stratton MR. 
A comprehensive catalogue of somatic mutations 
from a human cancer genome. Nature. 2010 Jan 
14;463(7278):191-6. 

47.Skoulidis F, Byers LA, Diao L, Papadimitrakopoulou 
VA, Tong P, Izzo J, Behrens C, Kadara H, Parra ER, 
Canales JR, Zhang J, Giri U, Gudikote J, Cortez 
MA, Yang C, Fan Y, Peyton M, Girard L, Coombes 
KR, Toniatti C, Heffernan TP, Choi M, Frampton 
GM, Miller V, Weinstein JN, Herbst RS, Wong KK, 
Zhang J, Sharma P, Mills GB, Hong WK, Minna JD, 
Allison JP, Futreal A, Wang J, Wistuba II, Heymach 
JV. Co-occurring genomic alterations define major 
subsets of KRAS-mutant lung adenocarcinoma with 
distinct biology, immune profiles, and therapeutic 
vulnerabilities. Cancer Discov. 2015 Aug;5(8):860-
77. 

48.Yu HA, Suzawa K, Jordan E, Zehir A, Ni A, Kim 
R, Kris MG, Hellmann MD, Li BT, Somwar R, 
Solit DB, Berger MF, Arcila M, Riely GJ, Ladanyi 
M. Concurrent Alterations in EGFR-Mutant Lung 
Cancers Associated with Resistance to EGFR 
Kinase Inhibitors and Characterization of MTOR as 
a Mediator of Resistance. Clin Cancer Res. 2018 Jul 
1;24(13):3108-3118. 

49.Offin M, Rizvi H, Tenet M, Ni A, Sanchez-Vega F, 
Li BT, Drilon A, Kris MG, Rudin CM, Schultz N, 
Arcila ME, Ladanyi M, Riely GJ, Yu H, Hellmann 
MD. Tumor Mutation Burden and Efficacy of EGFR-
Tyrosine Kinase Inhibitors in Patients with EGFR-
Mutant Lung Cancers. Clin Cancer Res. 2019 Feb 
1;25(3):1063-1069. . 

50.Offin M, Rizvi H, Tenet M, Ni A, Sanchez-Vega F, 
Li BT, Drilon A, Kris MG, Rudin CM, Schultz N, 
Arcila ME, Ladanyi M, Riely GJ, Yu H, Hellmann 
MD. Tumor Mutation Burden and Efficacy of EGFR-
Tyrosine Kinase Inhibitors in Patients with EGFR-
Mutant Lung Cancers. Clin Cancer Res. 2019 Feb 
1;25(3):1063-1069. 

51.Guan YF, Li GR, Wang RJ, Yi YT, Yang L, Jiang 
D, Zhang XP, Peng Y. Application of next-generation 
sequencing in clinical oncology to advance 
personalized treatment of cancer. Chin J Cancer. 
2012 Oct;31(10):463-70.

52.Meera Krishna B, Khan MA, Khan ST. Next-
generation sequencing (NGS) platforms: an exciting 
era of genome sequence analysis. InMicrobial 
Genomics in Sustainable Agroecosystems 2019 (pp. 
89-109). Springer, Singapore.

53.Lim SM, Kim EY, Kim HR, Ali SM, Greenbowe 
JR, Shim HS, Chang H, Lim S, Paik S, Cho BC. 
Genomic profiling of lung adenocarcinoma patients 
reveals therapeutic targets and confers clinical 
benefit when standard molecular testing is negative. 
Oncotarget. 2016 Apr 26;7(17):24172-8. 

54.Lazzari C, Bulotta A, Cangi MG, Bucci G, Pecciarini 
L, Bonfiglio S, Lorusso V, Ippati S, Arrigoni G, 
Grassini G, Doglioni C, Gregorc V. Next Generation 
Sequencing in Non-Small Cell Lung Cancer: Pitfalls 
and Opportunities. Diagnostics (Basel). 2020 Dec 
15;10(12):1092. 

55.Hagemann IS, Devarakonda S, Lockwood CM, 
Spencer DH, Guebert K, Bredemeyer AJ, Al-
Kateb H, Nguyen TT, Duncavage EJ, Cottrell CE, 
Kulkarni S, Nagarajan R, Seibert K, Baggstrom M, 
Waqar SN, Pfeifer JD, Morgensztern D, Govindan 
R. Clinical next-generation sequencing in patients 
with non-small cell lung cancer. Cancer. 2015 Feb 
15;121(4):631-9. 

56.Moskalev EA, Stöhr R, Rieker R, Hebele S, Fuchs F, 
Sirbu H, Mastitsky SE, Boltze C, König H, Agaimy 
A, Hartmann A, Haller F. Increased detection rates of 
EGFR and KRAS mutations in NSCLC specimens 
with low tumour cell content by 454 deep sequencing. 
Virchows Arch. 2013 Apr;462(4):409-19. 

57.Taylor C, Chacko S, Davey M, Lacroix J, 
MacPherson A, Finn N, Wajnberg G, Ghosh A, 
Crapoulet N, Lewis SM, Ouellette RJ. Peptide-



 
Milad Pezeshki et al Pers M J

13

Affinity Precipitation of Extracellular Vesicles and 
Cell-Free DNA Improves Sequencing Performance 
for the Detection of Pathogenic Mutations in Lung 
Cancer Patient Plasma. Int J Mol Sci. 2020 Nov 
29;21(23):9083. 

58.Govind KB, Koppaka D, Dasappa L, Jacob 
LA, C Babu SM, Lokesh NK, Haleshappa RA, 
Rajeev LK, Saldanha SC, Abhishek A, Asati V, 
Chethan R, Ramprasad VL. Detection of clinically 
relevant epidermal growth factor receptor pathway 
mutations in circulating cell-free tumor DNA 
using next generation sequencing in squamous cell 
carcinoma lung. South Asian J Cancer. 2019 Oct-
Dec;8(4):247-249. 

59.Li H, Xie Y, Lin Y, Yu T, Yin Z. [Different 
Gene Mutation Spectrum of the Paired CSF and 
Plasma Samples in Lung Adenocarcinoma with 
Leptomeningeal Metastases: the Liquid Biopsy 
Based on Circulating Tumor DNA]. Zhongguo Fei 
Ai Za Zhi. 2020 Aug 20;23(8):646-654. Chinese. 

60.Aggarwal C, Thompson JC, Black TA, Katz SI, Fan 
R, Yee SS, Chien AL, Evans TL, Bauml JM, Alley 
EW, Ciunci CA, Berman AT, Cohen RB, Lieberman 
DB, Majmundar KS, Savitch SL, Morrissette JJD, 
Hwang WT, Elenitoba-Johnson KSJ, Langer CJ, 
Carpenter EL. Clinical Implications of Plasma-
Based Genotyping With the Delivery of Personalized 
Therapy in Metastatic Non-Small Cell Lung Cancer. 
JAMA Oncol. 2019 Feb 1;5(2):173-180. 

61.Mack PC, Banks KC, Espenschied CR, Burich 
RA, Zill OA, Lee CE, Riess JW, Mortimer SA, 
Talasaz A, Lanman RB, Gandara DR. Spectrum of 
driver mutations and clinical impact of circulating 
tumor DNA analysis in non-small cell lung cancer: 
Analysis of over 8000 cases. Cancer. 2020 Jul 
15;126(14):3219-3228. 

62.Mack PC, Banks KC, Espenschied CR, Burich 
RA, Zill OA, Lee CE, Riess JW, Mortimer SA, 
Talasaz A, Lanman RB, Gandara DR. Spectrum of 
driver mutations and clinical impact of circulating 
tumor DNA analysis in non-small cell lung cancer: 
Analysis of over 8000 cases. Cancer. 2020 Jul 
15;126(14):3219-3228. 

63.Odegaard JI, Vincent JJ, Mortimer S, Vowles JV, 
Ulrich BC, Banks KC, Fairclough SR, Zill OA, 
Sikora M, Mokhtari R, Abdueva D, Nagy RJ, Lee 
CE, Kiedrowski LA, Paweletz CP, Eltoukhy H, 
Lanman RB, Chudova DI, Talasaz A. Validation of 
a Plasma-Based Comprehensive Cancer Genotyping 
Assay Utilizing Orthogonal Tissue- and Plasma-
Based Methodologies. Clin Cancer Res. 2018 Aug 
1;24(15):3539-3549.  

64.Lanman RB, Mortimer SA, Zill OA, Sebisanovic 
D, Lopez R, Blau S, Collisson EA, Divers SG, Hoon 
DS, Kopetz ES, Lee J, Nikolinakos PG, Baca AM, 
Kermani BG, Eltoukhy H, Talasaz A. Analytical and 
Clinical Validation of a Digital Sequencing Panel for 
Quantitative, Highly Accurate Evaluation of Cell-
Free Circulating Tumor DNA. PLoS One. 2015 Oct 
16;10(10):e0140712.  

65.Pisapia P, Pepe F, Smeraglio R, Russo M, Rocco 

D, Sgariglia R, Nacchio M, De Luca C, Vigliar E, 
Bellevicine C, Troncone G, Malapelle U. Cell free 
DNA analysis by SiRe® next generation sequencing 
panel in non small cell lung cancer patients: focus 
on basal setting. J Thorac Dis. 2017 Oct;9(Suppl 
13):S1383-S1390. 

66.Scarpa A, Sikora K, Fassan M, Rachiglio AM, 
Cappellesso R, Antonello D, Amato E, Mafficini 
A, Lambiase M, Esposito C, Bria E, Simonato 
F, Scardoni M, Turri G, Chilosi M, Tortora G, 
Fassina A, Normanno N. Molecular typing of lung 
adenocarcinoma on cytological samples using a 
multigene next generation sequencing panel. PLoS 
One. 2013 Nov 13;8(11):e80478. 

67.Tops BB, Normanno N, Kurth H, Amato E, 
Mafficini A, Rieber N, Le Corre D, Rachiglio AM, 
Reiman A, Sheils O, Noppen C, Lacroix L, Cree 
IA, Scarpa A, Ligtenberg MJ, Laurent-Puig P. 
Development of a semi-conductor sequencing-based 
panel for genotyping of colon and lung cancer by the 
Onconetwork consortium. BMC Cancer. 2015 Jan 
31;15:26. 

68.Cainap C, Balacescu O, Cainap SS, Pop LA. Next 
Generation Sequencing Technology in Lung Cancer 
Diagnosis. Biology (Basel). 2021 Sep 3;10(9):864. 

69.Gao J, Wu H, Shi X, Huo Z, Zhang J, Liang Z. 
Comparison of Next-Generation Sequencing, 
Quantitative PCR, and Sanger Sequencing for 
Mutation Profiling of EGFR, KRAS, PIK3CA 
and BRAF in Clinical Lung Tumors. Clin Lab. 
2016;62(4):689-96. 

70.Xu X, Yang Y, Li H, Chen Z, Jiang G, Fei K. 
Assessment of the clinical application of detecting 
EGFR, KRAS, PIK3CA and BRAF mutations in 
patients with non-small cell lung cancer using next-
generation sequencing. Scand J Clin Lab Invest. 
2016 Sep;76(5):386-92. 

71.Vaughn CP, Costa JL, Feilotter HE, Petraroli R, 
Bagai V, Rachiglio AM, Marino FZ, Tops B, Kurth 
HM, Sakai K, Mafficini A, Bastien RRL, Reiman A, 
Le Corre D, Boag A, Crocker S, Bihl M, Hirschmann 
A, Scarpa A, Machado JC, Blons H, Sheils O, 
Bramlett K, Ligtenberg MJL, Cree IA, Normanno 
N, Nishio K, Laurent-Puig P. Simultaneous detection 
of lung fusions using a multiplex RT-PCR next 
generation sequencing-based approach: a multi-
institutional research study. BMC Cancer. 2018 Aug 
16;18(1):828. 

72.Raparia K, Villa C, DeCamp MM, Patel JD, Mehta 
MP. Molecular profiling in non-small cell lung 
cancer: a step toward personalized medicine. Arch 
Pathol Lab Med. 2013 Apr;137(4):481-91. 

73.Zhao J, Xiong J. [Advances on driver oncogenes 
of non-small cell lung cancer]. Zhongguo Fei Ai Za 
Zhi. 2015 Jan;18(1):42-7. Chinese. 

74.Mogi A, Kuwano H. TP53 mutations in 
nonsmall cell lung cancer. J Biomed Biotechnol. 
2011;2011:583929. 

75.Park E, Shim HS. Detection of Targetable Genetic 
Alterations in Korean Lung Cancer Patients: A 
Comparison Study of Single-Gene Assays and 



 
Milad Pezeshki et al Pers M J

14

Targeted Next-Generation Sequencing. Cancer Res 
Treat. 2020 Apr;52(2):543-551. 

76.Masago K, Fujita S, Muraki M, Hata A, Okuda C, 
Otsuka K, Kaji R, Takeshita J, Kato R, Katakami N, 
Hirata Y. Next-generation sequencing of tyrosine 
kinase inhibitor-resistant non-small-cell lung 
cancers in patients harboring epidermal growth 
factor-activating mutations. BMC Cancer. 2015 Nov 
16;15:908. 

77.Rangachari D, VanderLaan PA, Le X, Folch E, Kent 
MS, Gangadharan SP, Majid A, Haspel RL, Joseph 
LJ, Huberman MS, Costa DB. Experience with 
targeted next generation sequencing for the care of 
lung cancer: insights into promises and limitations 
of genomic oncology in day-to-day practice. Cancer 
Treat Commun. 2015;4:174-181. 

78.Shao D, Lin Y, Liu J, Wan L, Liu Z, Cheng S, Fei 
L, Deng R, Wang J, Chen X, Liu L, Gu X, Liang W, 
He P, Wang J, Ye M, He J. A targeted next-generation 
sequencing method for identifying clinically relevant 
mutation profiles in lung adenocarcinoma. Sci Rep. 
2016 Mar 3;6:22338. 

79.de Leng WW, Gadellaa-van Hooijdonk CG, 
Barendregt-Smouter FA, Koudijs MJ, Nijman I, 
Hinrichs JW, Cuppen E, van Lieshout S, Loberg RD, 
de Jonge M, Voest EE, de Weger RA, Steeghs N, 
Langenberg MH, Sleijfer S, Willems SM, Lolkema 
MP. Targeted Next Generation Sequencing as a 
Reliable Diagnostic Assay for the Detection of 
Somatic Mutations in Tumours Using Minimal DNA 
Amounts from Formalin Fixed Paraffin Embedded 
Material. PLoS One. 2016 Feb 26;11(2):e0149405. 

80.Jing C, Mao X, Wang Z, Sun K, Ma R, Wu J, Cao 
H. Next‑generation sequencing‑based detection of 
EGFR, KRAS, BRAF, NRAS, PIK3CA, Her‑2 and 
TP53 mutations in patients with non‑small cell lung 
cancer. Mol Med Rep. 2018 Aug;18(2):2191-2197. 

81.Lin C, Shi X, Yang S, Zhao J, He Q, Jin Y, Yu X. 
Comparison of ALK detection by FISH, IHC and 
NGS to predict benefit from crizotinib in advanced 
non-small-cell lung cancer. Lung Cancer. 2019 
May;131:62-68. 

82.Gray J, Thompson JC, Carpenter EL, Elkhouly E, 
Aggarwal C. Plasma Cell-Free DNA Genotyping: 
From an Emerging Concept to a Standard-of-Care 
Tool in Metastatic Non-Small Cell Lung Cancer. 
Oncologist. 2021 Oct;26(10):e1812-e1821. 

83.Leighl NB, Page RD, Raymond VM, Daniel DB, 
Divers SG, Reckamp KL, Villalona-Calero MA, Dix 
D, Odegaard JI, Lanman RB, Papadimitrakopoulou 
VA. Clinical Utility of Comprehensive Cell-free 
DNA Analysis to Identify Genomic Biomarkers in 
Patients with Newly Diagnosed Metastatic Non-
small Cell Lung Cancer. Clin Cancer Res. 2019 Aug 
1;25(15):4691-4700. 

85.H Araujo L, Ferreira CG, Baldotto CS, Mathias C, 
Castro G Jr, Coudry R. Next-generation sequencing 
of circulating tumor DNA for metastatic non-small 
cell lung cancer: a discussion on its implementation 
in the Brazilian clinical practice. Future Oncol. 2021 
Jan;17(2):205-213. d

86.Passiglia F, Rizzo S, Di Maio M, Galvano A, 
Badalamenti G, Listì A, Gulotta L, Castiglia M, 
Fulfaro F, Bazan V, Russo A. The diagnostic accuracy 
of circulating tumor DNA for the detection of EGFR-
T790M mutation in NSCLC: a systematic review 
and meta-analysis. Sci Rep. 2018 Sep 6;8(1):13379. 

87.Dono M, De Luca G, Lastraioli S, Anselmi G, Dal 
Bello MG, Coco S, Vanni I, Grossi F, Vigani A, 
Genova C, Ferrarini M, Ravetti JL, Zupo S. Tag-
based next generation sequencing: a feasible and 
reliable assay for EGFR T790M mutation detection 
in circulating tumor DNA of non small cell lung 
cancer patients. Mol Med. 2019 Apr 27;25(1):15. 

88.Francaviglia I, Magliacane G, Lazzari C, Grassini 
G, Brunetto E, Dal Cin E, Girlando S, Medicina 
D, Smart CE, Bulotta A, Gregorc V, Pecciarini L, 
Doglioni C, Cangi MG. Identification and monitoring 
of somatic mutations in circulating cell-free tumor 
DNA in lung cancer patients. Lung Cancer. 2019 
Aug;134:225-232. 

89.Reckamp KL, Melnikova VO, Karlovich C, Sequist 
LV, Camidge DR, Wakelee H, Perol M, Oxnard 
GR, Kosco K, Croucher P, Samuelsz E, Vibat CR, 
Guerrero S, Geis J, Berz D, Mann E, Matheny S, 
Rolfe L, Raponi M, Erlander MG, Gadgeel S. A 
Highly Sensitive and Quantitative Test Platform for 
Detection of NSCLC EGFR Mutations in Urine and 
Plasma. J Thorac Oncol. 2016 Oct;11(10):1690-700. 

90.Liu C, Liu C, Zou X, Shao L, Sun Y, Guo Y. Next-
generation sequencing facilitates differentiating 
between multiple primary lung cancer and 
intrapulmonary metastasis: a case series. Diagn 
Pathol. 2021 Mar 11;16(1):21. 

91.Jiang Z, Li C, Lu H. Next generation sequencing 
detection in archival surgically resected lung 
adenocarcinoma specimens harbouring the anaplastic 
lymphoma kinase fusion protein. J Pak Med Assoc. 
2021 Feb;71(2(A)):531-536. 

92.Pekar-Zlotin M, Hirsch FR, Soussan-Gutman L, 
Ilouze M, Dvir A, Boyle T, Wynes M, Miller VA, 
Lipson D, Palmer GA, Ali SM, Dekel S, Brenner 
R, Bunn PA Jr, Peled N. Fluorescence in situ 
hybridization, immunohistochemistry, and next-
generation sequencing for detection of EML4-ALK 
rearrangement in lung cancer. Oncologist. 2015 
Mar;20(3):316-22.

93.Clavé S, Rodon N, Pijuan L, Díaz O, Lorenzo M, 
Rocha P, Taus Á, Blanco R, Bosch-Barrera J, Reguart 
N, de la Torre N, Oliveras G, Espinet B, Bellosillo 
B, Puig X, Arriola E, Salido M. Next-generation 
Sequencing for ALK and ROS1 Rearrangement 
Detection in Patients With Non-small-cell Lung 
Cancer: Implications of FISH-positive Patterns. Clin 
Lung Cancer. 2019 Jul;20(4):e421-e429. 

94.Dacic S, Villaruz LC, Abberbock S, Mahaffey A, 
Incharoen P, Nikiforova MN. ALK FISH patterns 
and the detection of ALK fusions by next generation 
sequencing in lung adenocarcinoma. Oncotarget. 
2016 Dec 13;7(50):82943-82952. 

95.Moskalev EA, Frohnauer J, Merkelbach-Bruse S, 
Schildhaus HU, Dimmler A, Schubert T, Boltze C, 



 
Milad Pezeshki et al Pers M J

15

König H, Fuchs F, Sirbu H, Rieker RJ, Agaimy A, 
Hartmann A, Haller F. Sensitive and specific detection 
of EML4-ALK rearrangements in non-small cell 
lung cancer (NSCLC) specimens by multiplex 
amplicon RNA massive parallel sequencing. Lung 
Cancer. 2014 Jun;84(3):215-21.  

96.Beadling C, Wald AI, Warrick A, Neff TL, Zhong 
S, Nikiforov YE, Corless CL, Nikiforova MN. A 
Multiplexed Amplicon Approach for Detecting Gene 
Fusions by Next-Generation Sequencing. J Mol 
Diagn. 2016 Mar;18(2):165-75. 

97.Drilon A, Wang L, Arcila ME, Balasubramanian 
S, Greenbowe JR, Ross JS, Stephens P, Lipson D, 
Miller VA, Kris MG, Ladanyi M, Rizvi NA. Broad, 
Hybrid Capture-Based Next-Generation Sequencing 
Identifies Actionable Genomic Alterations in Lung 
Adenocarcinomas Otherwise Negative for Such 
Alterations by Other Genomic Testing Approaches. 
Clin Cancer Res. 2015 Aug 15;21(16):3631-9. 


	The Role of Next Generation Sequencing Panels in Personalized medicine of Lung Cancer: A Review Stud
	Abstract
	Introduction  
	Conclusions 
	References


