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APPLICATION OF NEXT-GENERATION SEQUENCING
TO REALIZE PRINCIPLES OF PRECISION THERAPY
IN MANAGEMENT OF CANCER PATIENTS

All cancers are diseases of the genome, since the cancer cell genome typically consists of 10,000s of passenger altera-
tions, 5—10 biologically relevant alterations, and 1—2 “actionable” alterations. Therefore, somatic mutations in cancer
cells can have diagnostic, prognostic, and predictive value. Traditional methods are widely used for testing, such as im-
munohistochemistry, Sanger sequencing, and allele-specific PCR. However, due to the low throughput, these methods
are focused exclusively on testing the most common mutations in target genes. The modern next generation sequencing
(NGS) is a technology that enables precision oncology in its current form. ESCAT and ESMO Guidelines defined NGS
for routine use in patients with advanced cancers such as non-squamous non-small cell lung cancer, prostate cancer,
ovarian cancer, and cholangiocarcinoma. The high sensitivity of the NGS method allows it to be used to search for specific
mutations in circulating tumor DNA in blood plasma and other body fluids. NGS testing has evolved from hotspot panels,
actionable gene panels, and disease-specific panels to more comprehensive panels. The exome and whole genome sequenc-
ing approaches are just beginning to emerge, that is why panel-based testing remains most optimal in oncology practice.
NGS is also widely used to identify new and rare mutations in cancer genes and detect inherited cancer mutations.
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Cancer is the cause of one in six deaths worldwide | DNA sequence of cells [2]. The process of cancer

[1]. It encompasses over 100 different diseases with
diverse risk factors and epidemiology, originating
in most cell types and organs of the human body
and characterized by the uncontrolled cell proli-
feration and ability to modify the local microen-
vironment to favor its own proliferation, invade
beyond normal tissue barriers, and metastasize
to distant organs.

All cancers are diseases of the genome, since they
develop because of the accumulated changes in the

development is similar to the Darwinian evolution
during the origin of species, since it is based on two
components: the continuous acquisition of genetic
changes in individual cells due to random muta-
tions and natural selection, which fixes certain phe-
notypic characteristics in the subsequent genera-
tions. On the one hand, selection can eliminate
cells with harmful mutations, on the other hand,
cells can appear that carry a number of fairly ad-
vantageous mutations that allow them to reproduce
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autonomously, be insensitive to apoptosis stimuli,
have superiority in the struggle for growth factors,
and survive more effectively than their neighbors,
as well as penetrate into nearby tissues and metas-
tasize to distant organs [3].

All somatic mutations that arise in a cancer cell,
regardless of their structural nature, can be classi-
fied according to their consequences for cancer de-
velopment. "Driver mutations", positively selected
early in the malignancy process, confer a growth
advantage to cells. They arise in the so-called can-
cer genes and as such are implicated in oncogene-
sis. Other mutations, which occur randomly during
tumor progression and do not provide a growth ad-
vantage, are the "passengers".

A distinct subtype of driver mutations is repre-
sented by those conferring resistance to cancer
therapy. Therapy resistance mutations are found as
cancer progresses after successful prior treatment
and may arise de novo. It is possible that some of
these mutations already exist before therapy as pas-
sengers in a small subclone of tumor cells. Due to
the changes in the selective environment associated
with therapy, a "passenger mutation” can be converted
into a "driver mutation", and the small subclone ex-
pands and manifests as relapse/progression.

The tumor cell genome typically consists of
10,000s of passenger alterations, 5—10 biologically
relevant alterations, and 1—2 “actionable” altera-
tions. An actionable alteration is the term given to
a driver mutation with significant diagnostic, prog-
nostic, or therapeutic implications in subsets of
cancer patients and for specific therapies. All classes
may be clinically relevant because they inform the
physician about the molecular changes underlying
the patient’s disease [3].

Therefore, somatic mutations in tumor cells can
have diagnostic value and be prognostic and pre-
dictive markers of response to targeted therapy.
The use of molecular genetic diagnostics in onco-
logy is particularly relevant due to the possibility of
choosing optimal treatment regimens for patients
depending on the molecular profile of the tumor,
using a personalized approach, as well as identi-
tying hereditary predisposition to oncological di-
seases for their timely prevention.

Precision medicine is an emerging treatment ap-
proach in oncology that considers the individual
molecular features of the tumor [4]. The concept of
precision oncology is not so new; 40 years have
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passed since the development of hormonal therapy
for breast cancer. As known, its effectiveness is de-
termined based on the predictive value of the ex-
pression of specific hormonal receptors. One of the
first pieces of evidence of the relevance of a mole-
cular-targeted approach in cancer therapy is the de-
velopment of targeted therapy drugs such as trastu-
zumab for breast cancer or imatinib mesylate for
patients with chronic myeloid leukemia.

Over the past few decades, the tests for individual
gene profiling (molecular alterations) of various tu-
mors, including lung, stomach, colorectal, breast,
ovarian, and melanoma cancers, have been intro-
duced into clinical practice, allowing patients with
specific genomic alterations to have greater access
to more effective treatments. The first phase of the
genomic profiling era was limited to identifying
molecular alterations, each of which could be de-
tected by a specific test aimed at determining sen-
sitivity/resistance to a single drug and for a specific
site in the cancer. Currently, traditional approaches,
including Sanger sequencing, pyrosequencing, and
allele-specific PCR, are widely used for the DNA nu-
cleotide sequence analysis [5]. However, due to low
throughput, these methods are focused exclusively on
testing the most common mutations in target genes.

Tumor profiling uses a variety of techniques to
analyze the tumor sample and return information
about the genes altered in the cancer cells (Figure).
Immunohistochemistry (IHC) determines the level
of protein expression. Traditional IHC is based on
the immunostaining of thin sections of paraffin-
embedded tissues fixed on glass slides [6]. Typi-
cally, IHC slides are prepared, processed, and
stained manually in small portions or using auto-
mation options for high-throughput sample prepa-
ration and staining. Light or fluorescence micros-
copy is used to study tumor samples, as well as digi-
tal approaches — image capture and subsequent
interpretation by a pathologist or using specialized
programs, the so-called digital pathology. IHC is an
important additional tool for the differential diag-
noses of tumors that are not determined by the
conventional analysis of hematoxylin-eosin-stained
samples as well as for scientific studies.

In situ hybridization (ISH) is a powerful cytoge-
netic method that detects gene deletions, amplifica-
tions, translocations, and fusions. Today there are
two basic ways to visualize RNA and DNA targets
in situ, namely, fluorescence (FISH) and chromo-
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genic (CISH) detection. This method is characteri-
zed by rapid turnaround time and is more accurate
than IHC and result interpretation is less subjec-
tive. FISH/CISH is performed on tumor sections.
Fluorescent probes complementary to DNA (or
RNA) are used to identify the desired targets. Hy-
bridization of the probe with the target, which can
be genes, chromosome sections, or whole chromo-
somes, is performed. It reveals deletions, gene am-
plifications, translocations, and fusions [7].

Polymerase chain reaction (PCR) is a method of
detecting a specific region of nucleic acids in bio-
logical material by amplification (multiple increase
in the number of copies of the studied fragment) in
vitro [8]. This method is widely used by some
guidelines for linking diseases to the FDA-ap-
proved targeted therapies as a satellite test. It tends
to be of high specificity and sensitivity in amplifica-
tion of the target sequence of DNA fragment, is cheap
and readily accessible, and characterized by rapid
turnaround time. Nevertheless, it detects only known
clinically significant mutations, the number of
which is constantly increasing. This requires con-
tinuous optimization of PCR test systems.

Sequencing is the process of determining the or-
der of nucleotide bases (A, C, T, G) in a DNA se-
quence. Sanger sequencing examines strands of
DNA to identify mutations by analyzing long con-
tiguous sequencing reads [9]. In Sanger sequenc-
ing, the target DNA is copied many times making
fragments of different lengths. Fluorescent “chain
terminator” nucleotides mark the ends of the frag-
ments and allow the sequence to be determined.
The fragments produced are then separated by size
using capillary electrophoresis. They enter the de-
tector in order of size from shortest to longest. The
laser and detector analyze the fluorescent ddNTP
at the end of each strand, creating a color indica-
tion. Since the sequencing reaction produces chains
of all possible sizes, it allows the original sequence
to be identified. The advantage of the method is the
ability to produce long reads of more than 500 bas-
es. Nevertheless, there are some disadvantages,
namely, throughput is poor compared to NGS: at
about 100—200 kilobases per hour vs. several hun-
dred megabases/gigabases per hour for leading
NGS systems. The use of gels/polymers as separa-
tion media makes dealing with large sequencing
outputs challenging and limits the number of sam-
ples that can be handled.
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The evolution of molecular testing in practical oncology

More precise and extensive characterization
of tumors using gene profiling allows for a better
understanding of the molecular mechanisms un-
derlying tumor growth, enabling the develop-
ment of more personalized therapeutic options.
Accordingly, there has been a marked increase in
the number of targeted therapies approved for the
treatment of patients with specific types of malig-
nancies harboring specific types of sequence alter-
ations. Therefore, with the development of preci-
sion oncology, there appeared a need to diagnose
several molecular changes using different methods.
For example, patients with advanced or metastatic
colorectal cancer with wild-type KRAS are treated
with monoclonal antibodies to the epidermal
growth factor receptor (EGFR) such as cetuximab
or panitumumab. These patients often develop re-
sistance to these drugs when activating mutations
arise in the KRAS, NRAS, BRAF, or PIK3CA genes [10].

A prime example of the use of a hotspot panel is
non-small-cell lung cancer (NSCLC). Since the ini-
tial approval of targeted agents, such as erlotinib
and gefitinib, for patients with activated EGFR mu-
tations a decade ago and the recent approval of
crizotinib for patients with ALK gene fusions, the
routine genetic testing for these mutations in lung
cancer biopsies or liquid biopsies samples has be-
come a standard diagnostics option for providing
the optimal patient care [11].

The College of American Pathologists (CAP), the
International Association for the Study of Lung
Cancer (IASLC), and the Association for Molecular
Pathology (AMP) have issued joint evidence-based
guidelines for molecular testing in lung cancer.
These guidelines recommend testing all patients
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with lung adenocarcinoma for EGFR and ALK ab-
normalities, regardless of clinical parameters such
as smoking history, gender, or ethnicity, to deter-
mine whether EGFR inhibitor or ALK inhibitor
therapy may be beneficial.

From the end of the 20th century for the follow-
ing 25 years or so, Sanger sequencing was the most
widely used technology for decoding of nucleic
acid sequences. Currently, Sanger sequencing has
been superseded by next-generation sequencing
(NGS) technology [12].

NGS is a highly productive technology based on
massive parallel sequencing of specially prepared
single-stranded libraries of fragmented DNA of the
samples under study. Several commercial platforms
are currently available for high-throughput se-
quencing, namely HiSeq, MiSeq and NextSeq 500
(Illumina), Roche 454 GS, Ion Torrent (Thermo
Fisher Scientific), and SOLiD (Applied Biosys-
tems). Most high-throughput sequencing techno-
logies include the following steps: library prepara-
tion, sequencing itself, and analysis of the obtained
data. Library preparation involves fragmenting
DNA to 300—500 base pairs, ligating sequencing
adapters (synthesized oligonucleotides with a known
sequence) to the ends of the fragments, and ampli-
tying the resulting libraries. The amplification
method may differ between platforms. For exam-
ple, Thermo Fisher Scientific's Ion Torrent platform
uses an emulsion PCR to amplify single-stranded
fragments on beads, while Illumina technology am-
plifies fragments using a bridge PCR and forms
clusters on a flow cell.

Sequencing is performed by synthesizing new
DNA fragments on single-stranded DNA libraries,
which act as a template. Nucleotides are incorpo-
rated into the new chain in a specific order corre-
sponding to the template chain, which is recorded
digitally. After each subsequent nucleotide is incor-
porated into the chain, the device records a signal.
Different NGS platforms use different mechanisms
for detecting nucleotides incorporated into the new
chain: detection of a fluorescent signal after incor-
poration of a nucleotide complementary to the
template into the chain (Illumina, SOLiD Applied
Biosystems), a change in the pH of the solution
in the microreactor associated with the release of
hydrogen ions into the medium during DNA syn-
thesis by the enzyme (Ion Torrent, Thermo Fisher
Scientific), or recording a light signal after the re-
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lease of pyrophosphate, which activates a cascade
of chemical reactions (Roche).

After sequencing, the obtained data must be pro-
cessed either using bioinformatics or special soft-
ware installed on the device or server (Variant Stu-
dio, Illumina; Ion Reporter, Thermo Fisher Scien-
tific). The data undergo several stages of processing,
namely, exclusion of reads with low read quality,
alignment of data relative to the reference sequence
or de novo sequence assembly, and analysis of the
sequencing results, which allows determining the
type of genetic variants, including their hereditary
nature, assessing the level of gene expression, and
identifying new genes and regulatory elements.

New sequencing technologies have improved the
Sanger electrophoresis-based method, which was
discovered more than 30 years ago and whose dis-
advantages include low throughput and relatively
high cost. Today, NGS is the dominant technology
in genomic research and has been rapidly imple-
mented in clinical oncology [13]. Due to its unique
capabilities, NGS ideally meets the needs of clinical
diagnostics and allows for large arrays of studies at
lower costs. Therefore, NGS technology is becom-
ing a driving force for the development of precision
medicine in oncology. Due to the massively parallel
principle, the sequencing time, labor costs, and
reagents are reduced, which leads to significant sav-
ings. NGS has high sensitivity and allows detecting
>1% of mutations, which is critical for the detec-
tion of somatic mutations in heterogeneous sam-
ples of solid tumors. Modern NGS technology uses
just nanograms of tumor DNA to build libraries.
Both MiSeq and Ion PGM can sequence about
50 target genes from 10—50 ng of DNA extracted
from formalin-fixed paraffin-embedded (FFPE)
samples. This is particularly important, since in
many clinical situations, the only available speci-
men is often a fine needle aspiration biopsy or
FFPE tissue slides, which do not provide sufficient
DNA for classical Sanger sequencing. With NGS
technology, multiple genes can be reliably se-
quenced with high coverage.

The official completion of the Cancer Genome
Project in 2014 led many to envision the clinical
implementation of cancer genomic data as the next
logical step in cancer therapy. Stemming from this
vision, the term “precision oncology” was coined
to illustrate the novelty of this individualized ap-
proach. The basic assumption of precision oncolo-
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gy is that molecular markers detected by NGS will
predict a response to targeted therapies indepen-
dently of the tumor histology. NGS has led to
a better characterization of many cancers, leading
to the identification of new subtypes, biomarkers
search, and identification of new therapeutic tar-
gets, culminating in the completion of The Cancer
Genome Atlas (TCGA; http://cancergenome.nih.
gov) [13].

Additional projects dedicated to NGS cancer re-
search have been initiated such as Therapeutically
Applicable Research to Generate Effective Treat-
ments (TARGET) for childhood cancers and the
International Cancer Genomics Consortium
(ICGC; https://dcc.icgc.org) for adult cancers.
TCGA and ICGC projects are to generate compre-
hensive whole genome sequencing (WGS) data
from more than 25,000 tumors. The Catalogue of
Somatic Mutations in Cancer (COSMIC) database
now contains somatic mutation information from
over a million of tumor specimens and is conti-
nually updated. NGS data from these large projects
have identified a number of recurrent genomic
aberrations across multiple tumor types and have
revealed a “long tail” of rare, but in many cases ac-
tionable, mutations. Currently, several strategies
have been developed for NGS in cancer ranging
from the targeted gene panels covering several
thousand base calls through the whole exome se-
quencing (WES) of ~22,000 coding genes (40—
50 million bases) to WGS (3.3 billion bases) of
the human genome. NGS found its first clinical
application in 2011, when the feasibility of inte-
grating WGS, WES, and transcriptome sequenc-
ing into oncology decision-making was demons-
trated. WGS, WES, and even targeted sequencing
can be used to search for new genetic aberrations
and associated potential therapeutic targets for
various tumors.

NGS can be used for WGS, WES, transcriptome
sequencing (mRNA sequencing), and targeted se-
quencing of multigene panels [13, 14]. According
to the surveys conducted by AMP, the American
College of Medical Genetics and Genomics, the
American Society of Clinical Oncology, and CAP
to determine the use of NGS in clinical practice,
a minority of laboratories perform exome (12%) or
genome (5%) analysis on tumor tissue. WGS pro-
duces a large amount of data on single-nucleotide
variants, insertions and deletions (indels), struc-
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tural arrangements, gene fusions, and copy number
variations, which requires complex bioinformatics
analyses and support. It is expensive to implement
this technique as a standard clinical assay and,
given its high sensitivity, incidentally discovered
novel variants are frequently of uncertain clinical
significance [15]. In contrast, targeted NGS is more
affordable, efficient, and suitable for clinical use.
The design of a targeted panel largely depends on
the purpose of the panel — whether it is clinical
testing for available approved therapeutic targets
or testing in the context of clinical trials. Therefore,
targeted NGS panels can range from hotspot pa-
nels of a limited number of codons to large pa-
nels that include the entire coding regions of hun-
dreds of genes.

The hotspot panel is a set of frequently mutating
hotspots that have either clinical significance or
diagnostic value. A typical example is lung cancer.
The majority of lung cancers are diagnosed at an
advanced stage, when the opportunity to receive
surgical resection is missed. Therefore, for the
diagnosis and therapeutic decision making, either
small biopsies or cytology samples are used. A wide
range of targeted drugs has been developed for the
treatment of lung cancer. Therefore, diagnostic test-
ing should cover the following potential target
genes: EGFR, BRAF, KRAS, ALK, and ROS1. More
potential targets, such as PIK3CA, FGFRI, and
DDR2, are under clinical investigation. Therefore,
the number of predictive satellite biomarkers for
novel targeted drugs is expected to continuously
increase. Such analysis is difficult to achieve by
Sanger sequencing, both practically (too long and
costs too much) and technically (not enough tissue
and low sensitivity). In addition to sequencing or
PCR, it is also necessary to use FISH for transloca-
tions and fusions. Often, an insufficient amount of
tumor material does not allow performing all the
necessary diagnostic studies. Thus, the NGS tech-
nology is superior to current standard methodolo-
gies in lung cancer treatment [16, 17].

In June 2017, the FDA approved Oncomine Dx
Target Test (Thermo Fisher Scientific), a 23-gene
panel, as the first NGS-based companion diagnos-
tic that can be used to select patients for three FDA-
approved therapies for NSCLC: gefitinib (EGFR),
crizotinib (ALK and ROS1), and the combination
of dabrafenib and trametinib (BRAF) in NSCLC.
The National Cancer Institute of Ukraine has im-
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plemented diagnostics NGS panel, Oncomine Fo-
cus Assay (Thermo Fisher Scientific), which is
a targeted, multi-biomarker assay that enables de-
tection of targets-relevant hotspots, SNVs, indels,
CNVs, and gene fusions from DNA and RNA in
a single workflow. This panel enables simultaneous
detection of hundreds of variants across 52 genes
relevant to solid tumors including colorectal cancer
and NSCLC.

Now, actionable gene panels have evolved from
hotspot panels by including all exons of the target
genes or all clinically relevant regions to allow
examination of other pathogenic mutations beyond
the frequently mutated regions. A common feature
of these panels is a harnessing of actionable genes
such as KRAS, NRAS, BRAE EGFR, PIK3CA, KIT,
ALK, and ROSI, which are frequently targeted by
FDA-approved drugs in a variety of tumor types.

The entire coding region of the genome (exome)
represents only about 1—2% of the genome but
contains about 85% of the pathogenic variants that
cause disease. The feasibility of WES for clinical use
is currently under debate, and eventual acceptance
of this approach appears imminent.

WGS produces a large amount of data on single-
nucleotide variants, insertions and deletions (in-
dels), structural arrangements, and copy number
variations that require complex bioinformatics
analysis and support. It is expensive to implement
this technique as a standard clinical assay and,
given its high sensitivity, the significance of inci-
dentally discovered novel variants is frequently of
uncertain clinical significance.

Hereditary cancer susceptibility panel testing is
currently very popular. Approximately 5—10% of
all cancers are hereditary. More than 100 cancer
susceptibility syndromes have been reported,
including hereditary breast and ovarian cancer
syndrome (HBOC), Lynch syndrome, Cowden
syndrome (CS), and Li-Fraumeni syndrome (LFS)
[18, 19]. Many of risk genes play a role in DNA
damage repair, such as high-risk genes BRCAI and
BRCA2 and moderate-risk genes BRIPI1 and
PALB2, which are part of the Fanconi anemia (FA)-
BRCA molecular pathway and are associated with
an increased risk of breast and ovarian cancer.
NGS-based screening for all these genes for a par-
ticular cancer type provides important risk infor-
mation for preventive measures. These panels ty-
pically have a limited set of genes allowing for
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multiplexity and greater depth of coverage to im-
prove analytical sensitivity and specificity and
reduce cost.

Identification of germline mutations in the high-
ly penetrant BRCAI and BRCA2 genes, which play
a key role in maintaining genome integrity, in par-
ticular, in DNA repair processes in breast cancer,
as well as in other highly and moderately penetrant
genes associated with this oncopathology, is of
great importance for choosing individual treatment
regimens for patients, including preventive surger-
ies and the use of cytostatics and PARP inhibitors.

Until a certain time, the Sanger genetic testing
method, which was considered the "gold" standard
for identitying genetic disorders, was widely used
to analyze genes associated with hereditary onco-
logical diseases. However, it is only suitable for
searching for known, most common mutations and
is not suitable for sequencing entire genes due to its
low throughput and high cost of this study. NGS
allows for the detection of rare genetic variants and
the simultaneous testing of a large number of pre-
disposition genes for clinically significant muta-
tions in a short time, in contrast to the traditional
molecular genetic methods [13, 15, 16].

Modern NGS is a technology that enables preci-
sion oncology in its current form. As genomic re-
search has accelerated the pace of target discovery
for disease treatment, the number of such targets
that need to be tested is continually increasing. This
has resulted in an increasing number of targeted
drugs approved for the treatment of patients with
certain types of cancer that harbor certain types of
genetic alterations. The ESMO Scale for Clinical
Actionability of Molecular Targets (ESCAT) col-
laborative project, initiated by the ESMO Transla-
tional Research and Precision Medicine Working
Group, provides a systematic framework for the as-
sessment of molecular alterations as clinical targets
[20]. ESCAT defines evidence-based clinical crite-
ria to define genomic alterations as markers for pa-
tient selection for targeted therapies.

Molecular tests underlie the prescription of
EGFR, BRAE ALK, ROS1, and PARP inhibitors, as
well as the use of some other cytotoxic and targeted
drugs. In this regard, NGS tests performed to iden-
tify biomarkers approved in clinical practice are
part of the traditional diagnostic procedures. The
use of NGS technology allows one to optimize the
use of small tissue samples and/or to detect newly
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characterized changes that cannot be detected by
other methods. According to current recommenda-
tions, NGS methods should be applied in clinical
practice in selected advanced neoplasms depending
on the number of molecular targets to be detected
and their complexity. Based on these evaluation
elements and the levels of clinical evidence of mo-
lecular targets according to ESCAT and ESMO
Guidelines for the implementation of NGS in pa-
tients with metastatic cancer, non-squamous non-
small cell lung cancer, prostate cancer, ovarian can-
cer, and cholangiocarcinoma are identified for
routine use of NGS in samples from patients with
advanced neoplastic disease [16, 21, 22]. In addi-
tion, in such tumors, the use of NGS technology
allows optimizing the use of small tissue samples
and/or detecting newly characterized alterations
that cannot be detected by other assays. For such
tumors, large multigene panels can be used if they
add an acceptable additional cost compared to
small panels. In colorectal cancer, NGS may be-
come an alternative to PCR.

In 2021, the ESMO-EURACAN-GENTURIS
Clinical Practice Guideline for diagnosis, treat-
ment, and follow-up of gastrointestinal stromal tu-
mors and the ESMO Clinical Practice Guideline for
the diagnosis, staging, and treatment of patients
with metastatic breast cancer integrated ESCAT
scores for genomic alterations with actionable drug
matches [23, 24]. In 2022, the ESCAT scores were
included in updated thyroid cancer, new gastric
cancer, esophageal cancer, metastatic colorectal
cancer, salivary gland cancer, and biliary tract can-
cer treatment recommendations. In 2023, the ES-
CAT scores were included in treatment recommen-
dations for oncogene-addicted metastatic non-
small cell lung cancer, epithelial ovarian cancer,
pancreatic cancer, and early breast cancer. In addi-
tion, the working group recognizes the relevance
of using NGS technologies for the differential diag-
nosis of sarcomas.

Furthermore, based on the KN158 study, the
tumor mutational burden (TMB) testing is recom-
mended in cervical cancer, neuroendocrine tu-
mors, salivary gland cancer, thyroid cancer, and
vulvar cancer, as TMB is highly predictive of re-
sponse to anti-programmed cell death 1 (anti-PD1)
antibodies in these cancers [25]. In addition, ESMO
recommends that clinical trial centers develop
multigene sequencing as a tool to screen patients
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eligible for clinical trials and to accelerate drug
development.

The implementation of NGS in pediatric oncology
has the potential to impact diagnosis, therapeutic
strategies, prognosis, clinical trial recruitment, and
germline risk [26, 27]. Several recently published
studies have demonstrated that the comprehensive
sequencing (whole genome, whole exome, and
whole transcriptome) of childhood cancers can
identify clinically relevant alterations in a significant
cohort of children with cancer and that some pa-
tients with actionable tumor alterations will benefit
from and respond to appropriate targeted therapy.

The multicenter prospective iCat2/Genomic As-
sessment Informs Novel Therapy Consortium
(GAIN) Study performed targeted NGS from FFPE
tumor samples and collected clinical and personal
data to assess the impact of the findings on patient
outcomes. In the cohort of 345 children, 298 pa-
tients (86%) had one or more alterations with
potential to impact treatment [28]. Genomic al-
terations with diagnostic, prognostic, or therapeu-
tic value were present in 61%, 16%, and 65% of pa-
tients, respectively. After results were returned, the
impact on the treatment included 17 patients with
a refined diagnostic classification and 240 patients
with a tumor molecular profiling result that could
be used to select molecularly targeted therapy cor-
responding to the identified alterations. Of 29 pa-
tients who received targeted therapy, 24% had an
objective response or durable clinical benefit.

The National Cancer Institute of Ukraine, with
the support of the Tabletochki Charitable Founda-
tion, initiated an all-Ukrainian project to study
tumor genetic profiles to individualize therapy for
children with solid malignant tumors of high-risk
groups. The purpose of the project was to deter-
mine the genetic profile of the tumor using NGS
and establish the significance of the identified
genetic alterations for clarifying the diagnosis,
prognosis, and individualizing the treatment tactics
of this group of patients. Using NGS, the compre-
hensive genetic profiling of tumor cells with analy-
sis of 200+ genes is performed, in particular, whole-
exome and hotspots sequencing of tumor suppres-
sor genes and oncogenes that frequently mutate,
as well as transcriptome sequencing of target genes,
and analysis of tandem repeat blocks involved in
the formation of microsatellite instability are per-
formed. “The Oncomine Childhood Cancer Re-
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search Assay” and "TrueMark MSI Assay" (Thermo
Fisher Scientific) are used for molecular profiling.
Based on a comprehensive analysis of NGS tumor
data, individualized medical recommendations for
the appointment of targeted and/or immunothera-
py; clarification of the diagnosis, and prognosis of
the disease will be substantiated. In addition, dif-
ferential diagnosis of soft tissue and bone sarcomas
and tumors of the central nervous system in chil-
dren will be improved. The biological component
of the risk groups stratification system for pediatric
patients with solid tumors will be supplemented.
Preliminary results involving FFPE of 20 patients
with high-risk solid cancers have made it possible
to clarify the medulloblastoma subtype in one pa-
tient, to confirm the diagnosis of alveolar rhabdo-
myosarcoma in one patient, and to identify genetic
alterations in two patients, which is an indication
for inclusion of patients in clinical trials.

The high sensitivity of the NGS method allows it
to be used to search for specific mutations in circu-
lating tumor DNA in blood plasma and other li-
quids of the body [29, 30]. Tumors almost always
release their fragments (individual cells or clusters
of cells, DNA, RNA, proteins) into various body
fluids. The so-called liquid biopsy, i.e., the analysis
of circulating DNA (ctDNA) or some other mole-
cules obtained from the tumor, holds great promise
for non-invasive monitoring of cancer, analysis
of mutations that cause drug sensitivity, and early
detection of cancer. The analysis of ctDNA has
been shown to diagnose minimal residual disease
weeks earlier than radiologic investigation, and
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H. Xpanoscoka, O. Topbau, O. Cxkaukosa, I. Knumnrok

Jep>xaBHe HeKoMepIIiliHe HifmpueMcTBo «HalioHanbHUT iIHCTUTYT paKy», Kuis, Ykpaina

3ACTOCYBAHHA METOY CEKBEHYBAHH HOBOT'O
[TOKOJITHHSA 114 PEAJII3ALIIT TIPYMHLIMITIB IIPEM3IVIHOT TEPATIIT
B HATAHHI MEJVMYHOTI TOITOMOTY OHKOJTIOTTYHMM XBOPVIM

Yci Bupyu paky € 3aXBOPIOBAHHAMU I'€HOMY, OCKiIbKM T€HOM ITyXJIMHHOI K/IITUMHM 3a3BUYall CK/IAJIa€TbCA 3 NEeCATKIB
THUCAY MyTalnili-nmacaxxupis, 5—10 6iomoriyHo 3HaYyIUX MyTaniil Ta 1—2 «akTuByloYMx» MyTanii. Tomy comaTnyni
MyTalii B IyXJIMHHANX KIiTMHAX MOKYTb MaTU IiaTHOCTMYHE, IPOTHOCTMYHE Ta IPEAMKTMBHE 3HAaYeHHA. Tpaauuiitni
METOM IIMPOKO BUKOPUCTOBYIOTHCA /1A JOCTIJPKEHD, TaKi AK iIMyHOTICTOXiMisl, cekBeHyBaHHA 32 CeHrepoM Ta ajiefib-
crierpudiuna ITVIP. OnHak yepe3 HU3bKY MIPONMYCKHY 3AATHICTD 11i METOY 30CepelXKeHi BUK/TIOUHO Ha TeCTYBaHHI Hall-
MOIMPEHIMNX MyTaliil y inboBux resax. Cydacna NGS — 1je TexHoorif, fiKa ja€ 3MOTy IOTPUMYBaTHUCA IPUHIAIIIB
npenusiitHoi oHKosorii B ii HuHinHbomy BurAai. Pekomenpanii ESCAT i ESMO Busnaunnmm NGS i pyTuHHOTO 3a-
CTOCYBaHHA y NALi€HTIB i3 po3noBCIOKeHMH (popMaMul paKy, TAKMMIU AK HEIUIOCKOK/TITMHHUI HelpiOHOKIITUHHMI
Pax JiereHi, pak IpOCTaTy, PaK A€YHMKIB i XomaHTiokapunHoMa. Bucoka gy Tnusictb MeTony NGS no3Bosisie BUKOpIC-
TOBYBATH JIOr0 /I MOLIYKY crelivHmx MyTaniil B uupkyrorouiit myxauaHin JHK y mrasmi xposi Ta iHmmx pigu-
Hax opraHismy. Tecrysanna NGS eBoniolionyBaso Bij 3acTocyBaHH: NaHe/ell rapsYMX TOYOK, MaHeel aKTUBYIOYNX
MyTalliil B TeHaxX i IaHesell /I KOHKPETHNX 3aXBOPIOBAHb [0 OIIbLI KOMIUIEKCHUX NaHeseit. Iligxonm Jo cekBeHy-
BaHHS €K30MiB 1 11i/TOr0 TeHOMY Ti/IbK) IIOYMHAIOTD 3 AB/IATICS, TOMY NTaHEIbHE TeCTYBAHHS 3a/IMIIAETHCS HAOIIbII
ONTMMAaJIbHUM B OHKOJIOTi4HiN npakTuili. NGS Tako)X IMPOKO BUKOPUCTOBYETbCA /Il BUAB/IEHHA HOBMX i PifIKiCHMX
MyTalill y TeHax, acOlillOBaHMX i3 PO3BUTKOM PaKy, a TAKOXK CIIAJIKOBMX MYTallili, 10 BUSHAYAOTH CXU/BHICTD [I0 PO3-
BUTKY OHKOJIOTiYHMX 3aXBOPIOBAHb.

Knro4uoBi cmoBa: mpern3iiiHa OHKOJIOTiA, CeKBeHYBaHH:A HOBOTO IIOKO/TiHHA, COMaTMYHi Ta CIIaIKOBi MyTallii, pifuHHa
6iomcis.
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