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THE ROLE OF NEXT-GENERATION SEQUENCING IN
LUNG CANCER DIAGNOSIS

Among all malignant neoplasms, lung cancer is the cause of death
in approximately every fifth patient. Next-generation sequencing can
solve the issue of not only diagnosis but also the further treatment of
lung cancer.

Aim. The work aims to search, process, generalize and
bibliometrically analyze the scientific literature to study the main
trends in next-generation sequencing in diagnosing non-small cell lung
cancer.

Materials and methods. One thousand nine hundred thirty-one
literature sources, including information about next-generation
sequencing, were published between 2010 and 2023. The data search
was carried out in electronic databases Scopus, PubMed, Web of
Science, and Google Scholar using keywords: "lung cancer," "next-
generation sequencing,” "targeted therapy," "genetic mutations,"
"circulating tumor DNA," and "liquid biopsy." The authors used the
bibliometric tools of the Scopus and SciVal databases to analyze the
year, source, type of study, subject area, and country of publication.

Results and discussion. Next-generation sequencing is gradually
becoming the new diagnostic standard. This technology allows to
detect biological markers with high accuracy and specificity. Many
studies have confirmed the effectiveness of next-generation
sequencing for diagnosing lung cancer, assessing response to
treatment and sensitivity to drug therapy, and predicting the prognosis
of the disease. Lung cancer is one of the most common tumors with a
high mutational load. Unique diagnostic panels allow for a short period
to examine tumor tissue for a wide range of biological markers. The
article aims to investigate the main areas of application of next-
generation sequencing in patients with lung cancer and current clinical
trials in this field. The bibliometric analysis of the scientific literature
consisted of the study of publication activity from 2010 to 2023, the
geography of publications, and the identification of scientific journals
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where the articles about the role of next-generation sequencing were
publicized.

Conclusions. Next-generation sequencing is widely used in
medicine. This method can become one of the leading methods for
diagnosing lung cancer because it can accurately identify specific
biological markers. Tumor tissue embedded in paraffin blocks and
various biological fluids can be used for diagnosis. Next-generation
sequencing is effective even in cases where the amount of tumor tissue
is limited and other methods cannot identify it. The advantages of the
method are confirmed in clinical trials and described in many scientific
publications of the leading countries of the world. As a result, next-
generation sequencing appears to be an effective method for
diagnosing lung cancer and selecting the most appropriate regimen of
targeted or immunotherapy. Disadvantages of the method include the
high cost in developing countries and the need for appropriate
software.

Keywords: lung cancer, next-generation sequencing, targeted
therapy, genetic mutations, circulating tumor DNA, liquid biopsy.
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POJIb CEKBEHYBAHHS HACTYIIHOI'O IOKOJIIHHA
JJISI ATATHOCTHUKU PAKY JIETEHb

Cepen ycixX 37I0SIKICHUX HOBOYTBOPEHb PAaK JIET€Hb € MPUYHHOIO
CMEpTi NPHOJIM3HO KOXKHOTO I’SITOTO MallieHTa. €IUHUM METOIOM,
3JaTHAM BUPILNIMTH NUTAHHSA HE JIMIIE JIarHOCTHUKH, ajle 1 MoJaib-
IIIOTO JIIKyBaHHS PaKy JIETEeHb € TEHETUYHE TECTYBaHHS 3 BUKOPUCTaH-
HSIM CEKBEHYBAHHS HACTYITHOTO ITOKOJIHHSL.

Meta. MeToro poOoTH € TIOIIyK, 00poOKa, y3araabHEeHHS Ta 0i0-
JIOMETPUYHUI aHAII3 HAYKOBOI JITEpaTypH JUIsi BUBYCHHS! OCHOBHHX
TEeH/ICHIIIf 3aCTOCYBaHHSI CEKBEHYBaHHsI HACTYITHOTO IOKOJIIHHS Y Ji-
arHOCTHIII HeNIPIOHOKITITHHHOTO PaKy JiereHb.

Marepianu ta meromm. byno mocmimxeno 1931 mitepatypHe
JoKepento, onyosikoBae 3a nepiof 3 2010 mo 2023 poku, 1110 MiCTHIIO
iH(opMallil0 PO BUKOPUCTaHHS CEKBEHYBAaHHsI HACTYITHOTO ITOKO-
minas. Tlomyk naHuX TPOBOAMBCA y ENEKTPOHHMX 0a3zax JaHMX
Scopus, PubMed, Web of Science Ta Google Scholar 3a xirouoBuMu
TEpMiHAMH: «paK JIETEHb», «CEKBEHYBAaHHS HACTYITHOTO MTOKOJIHH»,
«TapreTHa Tepamis», «TeHeTHYHI MyTalii», «IUPKYITIOI0Ya ITyXJIMHHA
JHK», «piguHHa 6ioncis». ABTOpH BUKOPUCTOBYBaM OibmioMeTpu-
4Hi iHCTpyMeHTH 0a3u maHux Scopus Ta SciVal ans anamizy poky,
JoKepeta, THITy JOCIIKEHHS, TIPeIMETHOI ramy3i Ta KpaiHi BUIaHHS.

Pe3ynbTaTi Ta ix 00roBopenHs. CekBeHyBaHHs HACTYTHOTO I10-
KOJIIHHSI MIOCTYTIOBO CTA€ HOBMM JIIarHOCTHYHUM CTaHaapToM. JlaHa
TEXHOJIOTis J03BOJISIE 3 BUCOKOIO TOUHICTIO Ta CHEM(DIUHICTIO BUSIB-
JsTH OlonoriuHi MapkepH. Y 0araTbox JOCITIPKEHHAX Oyiia miarBep-
JDKeHa e()eKTUBHICTh CEKBEHYBaHHS HACTYITHOTO MOKOJIHHS JUIA Jia-
THOCTHUKH PaKy JIETeHb, OLIHIII BiIMOBIl Ha JIIKyBaHHS Ta 4y TIHBOCTI
JI0 MEIMKaMEHTO3HOI Teparlii, IPOrHO3yBaHHI Iepediry 3axBopro-
BaHHA. Pak JiereHp € OzHI€IO i3 HAHOUIBII MOIIMPEHUX ITyXJIMH 3
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BHCOKHM MYyTAIliiHAM HaBaHTakeHHsM. CrieliaabHi TiarHOCTHYHI T1a-
HEJli JO3BOJIAIOTH 32 KOPOTKHI TIPOMDKOK 9acy IOCHTIIUTH ITyXINHHY
TKaHIHY Ha IIAPOKHUH CIIEKTp Oi0J0TiIHIX MapkepiB. CTaTTs CIpsiMo-
BaHa Ha 03HAHOMJICHHS 3 OCHOBHUMH HANPSIMKaMH 3aCTOCYBaHHS CEK-
BEHYBaHHSI HACTYITHOT'O IOKOJIIHHA Y HAI[I€HTIB 3 paKOM JIETEHb Ta aK-
TYaJIbHUMHU KJTIHIYHUMH JIOCTIDKEHHSIMU Y il ramysi. bibmiomerpu-
YHUWI aHaJli3 HayKOBOI JIiTepaTypH IOJISIraB y JOCIIJDKEHH] MyOJTiKa-
LiifHOT akTHBHOCTI 3a nepion 3 2010 mo 2023 poku, BUBYEHHI Teorpa-
¢ii myOmiKariif Ta BCTaHOBJIEHHI HAYKOBHX XypHAIIB, y SKUX Halua-
CTiIIIe 3yCTPIYarOThCS CTATTi PO POJIb CEKBEHYBAHHS HACTYITHOTO TIO-
KOJIIHHS JJISI IIaTHOCTUKH PaKy JICTCHB.

BucnoBkn. CexkBeHyBaHHS HACTYIHOTO IIOKOJIHHS BCE LIMPILE
BUKOPHCTOBYIOTh y MeuiuHi. Lleit MeTox Moske cTaTH OJJHUM i3 Ipo-
BIITHUX JIJIA TIaTrHOCTHKH PAKy JIET€HB, aJKe 31aTEH 3 BUCOKOIO TOYHi-
cTio ineHTHdikyBatn cneuudiuni Oiosoriuni Mapkepu. st noci-
JDKSHHSI MOJKE BUKOPUCTOBYBATUCS HE JIMILE MyXJIMHHA TKaHWHA 3a-
nuTa y napagisoBi OJI0KH, ayie i pisHOMaHiTHI OioJorivni piguau. Cek-
BEHYBaHHsI HACTYITHOTO IOKOJIHHS €()eKTHBHE HaBITh y BHIIAJIKaX,
KOJIM KUTBKICTh ITyXJIMHHOT TKAHUHU OOME)XEeHa 1 1HILI METOIM He 371a-
THi 11 inenTH]ikyBatu. [IepeBaru MeTomy MiATBEPIKEeHI y KITHITHIX
JIOCITIDKCHHSX Ta OMMCaHi y 0araTb0X HayKOBHX IMyOJIKAMisX TIPOBiI-
HHX KpaiH CBITY. SIK Hac/iIOK, CEKBEHYBaHHS HACTYITHOI'O HOKOJIHHS
BUIVISIIAE K OCOOJMBO NPUBAOIMBUI METOM IS IIarHOCTHKU PaKy
JIeTeHb 1 BUOOPY HAMOUTBII BiIOBIAHOI CXEMH TapreTHOI Yd iMyHO-
teparnii. Heonikamu MeTo1y MOJKHa BBa)KaTH BUCOKY LIiHY B KpaiHax,
110 PO3BHUBAIOTHCS Ta HEOOXiMHICTH OOPOOKH BENUKOI KiIBKOCTI Ja-
HUX 3 BUKOPHCTAHHSM BiANOBIHOTO MPOrPaMHOTO 3a0€31eUeHHL.

Ku1i04oBi cj10Ba: pak JiereHb, CEKBEHYBaHHS HACTYITHOTO TOKO-
JIHHSI, TAPreTHA Tepartisi, FeHETUYHI MY Tallil, IUPKYJIIOI0Ya My XJIMHHA
JHK, pinnana 6ioricis.

Aemop, eionosioanvhuii 3a nucmyeannsn: FOnis B. Mockanenxo, Cymcokuil deporcasnuil ynisepcumem, kageopa

OHKOJ1021i ma padionozii
e-mail: yl.moskalenko@med.sumdu.edu.ua

INTRODUCTION / BCTYII

Among all malighant neoplasms, lung cancer is
the cause of death in approximately every fifth patient.
According to Global cancer statistics, 1796144 people
died from this disease in 2020 [1]. One of the essential
factors in the low survival rate of patients is the
diagnosis of the disease in the advanced stages. Lung
cancer does not have specific symptoms in the early
stages. Only persistent cough, chest pain, shortness of
breath, and hemoptysis prompt patients to seek
medical attention. That is why great efforts of
scientists are directed at developing new diagnostic
methods that would allow lung cancer to be detected
as early as possible.

Low-dose computed tomography (LDCT) was
one of the promising areas that allowed for a 20%
reduction in mortality rates. However, the National
Comprehensive ~ Cancer  Network  (NCCN)

recommends this method for patients over 50 who are
current or former smokers. Another significant
limitation is the difficulty in determining the origin of
pulmonary nodules [2, 3].

In recent years, combining radiomic and
qualitative semantic variable imaging with molecular
blood biomarkers has become a popular direction of
lung cancer screening [4]. This set of measures is
promising. However, next-generation sequencing
(NGS) can solve the issue of not only diagnosis but
also the further treatment of lung cancer.

Targeted and immune checkpoint inhibitor
therapies are widely used to treat locally advanced and
metastatic lung cancer. NCCN guidelines recommend
mandatory testing for the most common genetic
mutations, such as EGFR, ALK, KRAS, ROSI,
BRAF, NTRKL/2/3, MET, RET, and PD-L1
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expression [5]. Therefore, NGS may be the key to
early diagnosis and effective lung cancer treatment.

NGS is a complex technology used to analyze the
sequence (DNA) and gene expression (RNA species)
[6]. The advantages of this method are low cost,
quick results, wide application both for research
purposes and in the clinic, and many commercially
available laboratory panels. Disadvantages include
the need for special computer programs, the lack of
standardization for clinical use, and the high cost of
diagnosis in developing countries [7]. The data
obtained by the NGS method are used to improve
diagnosis, prognosis, and effective treatment of
many diseases, including lung cancer [8, 9].

Aim. The work aims to search, process,
generalize and bibliometrically analyze the scientific
literature to study the main trends in next-generation
sequencing in diagnosing non-small cell lung cancer.

Materials and methods

We examined 1,931 literature sources published
between 2010 and 2023 that contained information
on using NGS for lung cancer diagnosis and
treatment selection. The data search was carried out
in electronic databases Scopus, PubMed, Web of
Science, and Google Scholar using key terms: "lung
cancer," "next-generation sequencing," "targeted
therapy,”" "genetic mutations," “circulating tumor
DNA," and "liquid biopsy."

The authors used Scopus database bibliometric
tools and SciVal to analyze the year, source, type of
study, subject area, and country of the publication.
The VOSviewer system from the University of
Leiden (http://www.vosviewer.com/) was used to
generate and visualize the bibliometric network.

A bibliometric analysis was performed using
online platforms for monitoring and analyzing
international scientific research, visualization tools,
and modern citation metrics SciVal (Scopus).
Bibliometric networks were constructed and
visualized using the VOSviewer program.

Results and discussion

NGS for lung cancer diagnosis

NGS has high specificity and sensitivity, which
allows to perform a wide range of studies even with
a small amount of material. This method has a low
rate of false negative results. It can identify specific
mutations in paraffin-embedded tumor tissue
samples [10] and in circulating tumor DNA obtained
by liquid biopsy [11, 12, 13].

The promise of the NGS method for diagnosing
lung cancer led to the appearance of specific
commercial kits and panels. Representatives of
panels based on RNA fusion are AccuFusion,

OmniFusion, lon AmpliSeq™ RNA Fusion Lung
Cancer Panel, and QuantideX® NGS RNA Lung
Cancer Kit. TruSight RNA fusion panel or Archer
fusion plex Comprehensive Thyroid and Lung are
recommended if the method is based on RNA
sequencing. DNA sequencing requires using Lung
Cancer-Targeted Gene Panel, lon AmpliSeq™
Colon and Lung Research Panel v2, or AmpliSeq for
Illumina Colon and Lung Research Panel [7].

One of the most common is the NextDaySeq-
Lung panel, which contains primers for
amplification of exons 18, 19, 20, 21 of EGFR,
exons 9, 20 and PIK3CA, exons 2, 3 of KRAS, and
exons 11, 15 of BRAF. The identification of a
specific genetic mutation allows the use of targeted
therapy drugs. For example, lung cancer associated
with a BRAF mutation usually responds well to
treatment with BRAF/MEK inhibitors [14]. Patients
with a PIK3CA mutation can use alpelisib, which is
usually effective in treating breast cancer [15, 16].

Another variant of the gene panel used to
diagnose lung cancer is the lon Ampliseq RNA
fusion. The method focused on the identification of
splicing changes based on RNA sequencing. This
panel from ThermoFisher Scientific can evaluate
translocations, interstitial deletions, and
chromosomal inversions. It can examine 70 known
ALK, RET, ROS1, and NTRK fusion transcripts.
This panel can be used parallel with DNA
sequencing, although the RNA fusion method is
considered more sensitive [17, 18].

The ability of cells to avoid apoptosis and
excessive proliferation is considered the primary
pathogenetic mechanism of the development of
malignant tumors. The number of somatic mutations
is constantly increasing [19]. One of the most
common tumors with a high mutational load is lung
cancer. Therefore, NGS can be an extremely
effective method with numerous advantages,
allowing to evaluate of changes in genes involved in
the development of lung cancer (EGFR, BRAF,
KRAS, HER2, ROS, ALK, PIK3CA, NTRK, RET,
and MET) [20].

An example of the practical application of NGS
compared to standard mutation testing is the work of
Judd et al. [21]. Scientists conducted DNA
sequencing of tumor tissue samples of 17,095 non-
small cell lung cancer patients. It was found that
37.2% of people with adenocarcinomas and 4.4%
with squamous cell carcinomas had a KRAS
mutation. As a result, such patients are candidates for
targeted therapy. Clinical studies on the efficacy and
safety of sotorasib [22] and adagrasib [23] are
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ongoing so that effective targeted drugs may soon
appear on the pharmaceutical market.

DNA methylation method is used for early lung
cancer diagnosis using NGS based on liquid biopsy.
Liang et al. [24] found that its sensitivity is 75% for
stage 1A and 85.7% for stage 1B non-small cell lung
cancer. Compared with FISH or IHC, NGS is more
sensitive and specific when analyzing fusion
changes in lung cancer.

Lin et al. [25] compared the efficiency of
different  methods  for  detecting ALK
rearrangements. So, when using NGS, the detection
rate was 92.7%, FISH - 82.4%, IHC - 94.5%. In
addition, 87.3% of NGS results were concordant
with IHC results. The researchers concluded that
IHC fusion testing is better for screening, while NGS
fusion testing is more appropriate for selecting
targeted therapies, particularly crizotinib.

One of the following examples of the use of NGS
is the study of circulating non-coding RNA, which
allows the prediction of drug resistance and adverse
reactions to immunotherapy, chemotherapy,
targeted, and radiation therapy. Li et al. [26] believe
that circulating non-coding RNA may be a
promising biomarker for developing targeted drugs.

To solve the problem of the lack of tumor tissue
samples available for testing, non-invasive methods
of biomarker research are increasingly being
implemented. In recent years, the idea that NGS
based on liquid biopsy should be the diagnostic
standard for patients with metastatic non-small cell
lung cancer has become increasingly popular [27].
Leighl et al. indicate that this method is sensitive
[28]. The similarity was observed when comparing

NGS for circulating tumor DNA and tissue DNA in
non-small cell lung cancer patients. Similar results
were obtained by Mack et al. [29] while performing
NGS on more than 8,000 patients with lung cancer.

Many conducted studies and obtained favorable
results confirm the effectiveness of NGS for
diagnosing lung cancer. As a result, ESMO and
various groups of scientists recommend the broader
use of this technique [30, 31]. A successful example
is the NGS method analysis of circulating tumor
DNA, which allows detecting the EGFR T790M
mutation and establishing the feasibility of using
osimertinib [32].

According to data from Clinical. Trials.gov, 149
clinical studies are associated with NGS [33]. Active
patient recruitment is ongoing in 48 clinical trials,
with ten more to begin soon. This indicates the
growing interest of scientists in this topic. The
results obtained in clinical studies, scientific and
medical institutions are actively covered in
publications. As a result, we decided to conduct a
bibliometric analysis of scientific literature.

Bibliometric analysis of scientific literature

NGS is a very modern diagnostic field. The first
publications devoted to this topic appeared only in
2010. Until 2014, interest in NGS grew slowly, but
then a rapid rise in popularity began. The most
significant number of scientific publications (almost
600) was in 2019. The COVID-19 pandemic has
made adjustments and somewhat reduced interest in
this topic. Already in 2021, the number of scientific
sources grew again and peaked in 2022. The decline
in publishing activity in 2023 is because the year is
now in progress (Fig. 1).

Documents by year

700
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400

300

Documents

200

100

0

2010 2011 2012 2013 2014 2015

2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 1 — Chronology of publications on NGS for lung cancer diagnosis from 2010 to 2023 according to the

bibliometric analysis of the Scopus database
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Scientists from the USA and China were most
actively studying NGS for the diagnosis of lung
cancer. The publication activity of scientists from
Italy, Japan, France, Germany, Great Britain,
Spain, Canada, and South Korea was significantly
lower (Fig. 2).

The most significant number of research results

is covered in such scientific journals as the Journal
of Thoracic Oncology, Lung Cancer, Frontiers in
Oncology, Cancers, and Thoracic Cancer. It is
worth noting that in the journal Frontiers in
Oncology, about 60 articles were devoted to the
value of NGS for diagnosing and treating lung
cancer (Fig. 3).
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Figure 2 — The number of publications in different countries about NGS for lung cancer diagnosis from 2010
to 2023 according to the bibliometric analysis of the Scopus database
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Figure 3 — The number of publications on NGS for lung cancer diagnosis in scientific journals from 2012 to
2023 according to the bibliometric analysis of the Scopus database

With the help of the VOSviewer program, which
allows the visualization of bibliometric networks, the
publication activity from 2010 to 2023 was
investigated and graphically depicted. Keywords

"next

"lung cancer," generation  sequencing,"
"targeted therapy," "genetic mutations," "circulating
tumor DNA," and "liquid biopsy" were used. With the
help of the SciVal service and the bibliometric
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analysis tool VOSviewer, it was possible to highlight The third cluster (in blue) is devoted to biomarkers
and display 612 keywords that appear most often in used for diagnosing lung cancer by the NGS method.
articles about NGS. All of them were divided into five A total of 94 keywords are focused on this topic.
thematic clusters (Fig. 4). The fourth cluster (in yellow) reflects publications
The first thematic cluster (in red) is represented comparing the performance of NGS with other
by 256 keywords that reflect the value of NGS for diagnostic methods, such as immunohistochemistry
selecting targeted therapy in patients with lung cancer. and polymerase chain reaction. Fifty-three keywords
The second thematic cluster (in green), with 177 indicate this direction.
words, reflects research on NGS's role in predicting The fifth (purple) thematic cluster is represented
complications of chemotherapy, immunotherapy, and by 32 keywords and is devoted to NGS analysis by the

targeted therapy. liquid biopsy method.
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Figure 4 — Distribution of thematic clusters related to NGS for lung cancer diagnosis and treatment
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It is worth noting that NGS is used not only in
medicine. With the help of the SciVal service, an
interdisciplinary interaction between scientific fields
in which this method is actively used was discovered:

CONCLUSIONS / BACHOBKH

NGS is increasingly used in medicine. This
method can become one of the leading methods for
diagnosing lung cancer because it can accurately
identify specific biological markers. Tumor tissue
embedded in paraffin blocks and various biological
fluids can be used for diagnosis. NGS is effective
even in cases where the amount of tumor tissue is

pharmacology, biochemistry, immunology, and
veterinary medicine (Fig. 5).

Limitations. This research includes publications
only in the Scopus database from 2010 to 01.08.2023.

limited, and other methods cannot identify it. The
technique's advantages are confirmed in clinical
trials and described in many leading countries'
scientific publications. As a result, NGS appears to
be an effective method for diagnosing lung cancer
and selecting the most appropriate regimen of
targeted or immunotherapy. Disadvantages of the
method include the high cost in developing countries
and the need to appropriate software.
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