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This article presents the current capabilities and future prospects of comprehensive genomic profiling (CGP) in cancer 
diagnostics. It discusses next-generation sequencing technologies, including gene panels and circulating tumor DNA 
analysis, as well as the potential clinical benefits of integrating CGP into precision medicine. Particular attention is given 
to the limited availability of CGP testing in Poland, which results from its complexity, high cost, stringent requirements for 
biological material quality, and systemic limitations.
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Introduction
The 21st century has ushered in the genomic era, transforming 
medicine into a discipline increasingly guided by molecular 
insights and personalized approaches. Tremendous progress 
in genetics and molecular biology over the past two decades 
has profoundly expanded our ability to understand the biologi-
cal basis of many genetically determined diseases, including 
cancer. In the coming years, knowledge of human molecular 
biology will continue to advance rapidly. Consequently, the di-
agnostic process — particularly the interpretation of genetic 
test results — will require growing interdisciplinarity, involving 
collaboration among clinicians from various specialties, medi-
cal laboratory geneticists, and bioinformaticians.

Genetic testing has already become an integral compo-
nent of the diagnostic and therapeutic pathway in oncology. 
The number of cancers in which genetic diagnostics play 
a critical role continues to increase, paralleled by the expanding 

range of targeted therapies directed at specific molecular alter-
ations. A key and emerging concept is that of tumor-agnostic 
therapies, which target a given genetic alteration rather than 
a specific histologic type of cancer. A representative example 
includes drugs directed against tumor cells harboring fusions 
involving the NTRK gene family. Although such aberrations 
are rare, accounting for approximately 1% of all malignancies, 
their detection allows the use of substantially more effective 
and individualized treatments [1].

The continuously growing number of genetic markers 
analyzed across tumor types renders traditional single-gene 
tests increasingly inadequate. These are being replaced by 
high-throughput technologies such as next-generation se-
quencing (NGS), which enable simultaneous analysis of numer-
ous genes or entire genomes at multiple levels. This transition 
is further motivated by the limited availability of tumor tissue. 
Sequential testing of multiple markers requires larger sample 
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volumes and may lead to depletion of diagnostic material 
before the full molecular profile is established — an issue 
particularly relevant in lung cancer. In this context, multigene 
testing offers significant advantages and is gaining an increas-
ingly relevant role in cancer diagnostics.

This paper provides an overview of the practical applica-
tions of these technologies and discusses the major barriers 
to their broader implementation in Poland.

Next-generation sequencing — an overview
Next-generation sequencing-based analysis is a multistage 
process. The laboratory component includes nucleic acid 
isolation, library preparation (fragmentation and enrichment 
of DNA, i.e., selection of fragments containing the regions of in-
terest), and the actual sequencing step, in which consecutive 
nucleotides are read on a genomic sequencer. The data gener-
ated are subsequently subjected to bioinformatic processing 
(the so-called analysis pipeline) and interpretation by qualified 
laboratory personnel.

From a technological perspective, NGS differs entirely from 
single-gene testing by the Sanger method, which until recently 
was regarded as the “gold standard”. The Sanger approach in-
volves in vitro replication of the analyzed DNA molecule using 
polymerase. In contrast, the throughput of NGS is incompara-
bly higher: sequencing within a single reaction can encompass 
the entire genome, whereas the Sanger method was limited to 
DNA fragments of approximately 200–600 nucleotides — typi-
cally covering only individual exons [2, 3].

Panel analysis and whole-exome sequencing 
For routine germline testing based on NGS, gene panels or 
whole-exome sequencing (WES) are most commonly used, 
whereas somatic variant detection currently relies almost ex-
clusively on panel analysis. In panel testing, several dozen 
genes are typically analyzed, selected according to the clinical 
indication, while WES covers about 95% of all human genes. 
Next-generation sequencing enables the identification of both 
known and novel point variants — nucleotide substitutions, 
insertions, deletions, and complex alterations ranging from 
a single nucleotide to several hundred bases. In gene panel 
and exome analyses, sequencing generally targets only cod-
ing regions.

Furthermore, predictive bioinformatic algorithms are being 
developed to detect copy number variations (CNVs) within 
the analyzed regions. These allow identification of deletions 
or amplifications involving single exons or large genomic 
segments extending over hundreds of thousands or even 
millions of base pairs.

An important performance parameter in NGS is the read 
depth (coverage) of a given nucleotide, which represents 
the number of sequencing reads containing that posi-
tion. The higher the coverage, the greater the analytical sen-
sitivity. In germline variant analysis, the average coverage 

typically ranges from several dozen to several hundred reads, 
while for somatic variants it is usually between 200–500× 
in tissue samples and may reach up to 5000× in circulating 
tumor DNA (ctDNA).

Next-generation sequencing technology is also applied 
to methylation profiling, RNA sequencing, and transcriptomic 
analysis (RNA-seq), although these methods are primarily used 
in research settings. While methylation profiling is increasingly 
used in central nervous system (CNS) tumor classification, it 
is not considered a standard component of classical compre-
hensive genomic profiling (CGP) panels. On the other hand, 
RNA analysis for the detection of gene fusions (e.g., involving 
the NTRK family) is now becoming the gold standard for iden-
tifying such alterations in the qualification of patients for mo-
lecularly targeted therapies and in tumor classification [2, 4–6].

Use of small next-generation sequencing panels 
in oncologic practice
At present, so-called small NGS panels are widely used in rou-
tine diagnostics, allowing the analysis of complete coding 
sequences in selected genes, for example TP53 or BRCA1/ 
/BRCA2. In addition, multigene panels including a dozen or 
more genes are increasingly applied in specific malignancies 
such as lung and thyroid cancers, as well as in selected heredi-
tary cancer syndromes [5].

Advanced diagnostics of non-small cell lung cancer 
(NSCLC) provides an excellent example of the clinical utility 
of NGS-based gene panels. The choice of appropriate treat-
ment in NSCLC requires comprehensive molecular charac-
terization. Until recently, testing for EGFR mutations and ALK 
or ROS1 rearrangements was considered sufficient, as these 
represented the only actionable targets for molecularly di-
rected therapy. With the growing number of available targeted 
options, however, broader molecular profiling has become 
essential and now includes BRAF, KRAS, and HER2 mutations, 
as well as rearrangements involving RET, NTRK1/2/3, MET, 
FGFR1/2/3, AKT, and other genes. It can be expected that this 
list will continue to expand in the coming years. Given the large 
number of relevant markers, the diversity of mutation types 
(point mutations within exons, splice variants in introns, gene 
fusions, and amplifications), and the often limited amount 
of tumor tissue available — especially in NSCLC — NGS tech-
nology, which enables simultaneous assessment of all these al-
terations within a single analysis, is becoming indispensable [6].

In Poland, access to NGS testing remains limited due to 
the current system of public reimbursement and the small 
number of laboratories equipped to perform such analyses. 
Currently, small NGS panels are reimbursed in selected indica-
tions during hospitalization in the category “advanced genetic 
tests”, with a reimbursement rate of approximately 4500 PLN. 
Because this amount is near the actual cost of testing, many 
laboratories are unable to invest in the expensive infrastructure 
required for NGS, such as genomic sequencers, and continue 
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identifying so-called “genomic scars”, which include loss 
of heterozygosity (LOH), telomeric allelic imbalance (TAI), 
and large-scale state transitions (LST) — extensive chromo-
somal rearrangements reflecting accumulated repair defects 
[17]. In ovarian cancer, the combined assessment of these 
three genomic features allows identification of HRD with 
approximately 95% sensitivity [18].

Comprehensive genomic profiling
Comprehensive genomic profiling is an NGS-based technique 
that enables simultaneous analysis of DNA and RNA across 
multiple genomic regions. It allows detection of the four 
principal classes of genetic alterations associated with tu-
morigenesis: substitutions, insertions, deletions, and CNVs, as 
well as selected gene fusions and genomic signatures such as 
MSI, TMB, and HRD (Tab. I, Fig. 1A). Comprehensive genomic 
profiling can be performed on either tumor tissue or ctDNA. 
Depending on the test manufacturer, such assays typically 
analyze between 300 and 500 genes, and in some cases even 
more [2, 4, 19].

Unlike the smaller NGS panels discussed earlier, which as-
sess the coding sequences of selected genes, NGS-based CGP 
panels are referred to as large panels due to their substantially 
broader analytical range (Fig. 1). Comprehensive genomic 
profiling panels differ in analytical scope, the number of genes 
tested, the types of alterations detectable, and their clinical 
applications, as compared across Tables I–III. The choice of an 
appropriate panel depends on the tumor type, the availability 
of corresponding targeted therapies, and the overall cost-
effectiveness of testing.

Comprehensive genomic profiling requires advanced 
sequencing platforms and extensive bioinformatic data pro-
cessing, which contribute to its high cost — currently around 
8000 PLN per test. Clinically, this approach is particularly useful 

to rely on basic genetic techniques. Beyond costly instrumen-
tation and reagents, NGS testing also requires highly trained 
personnel, the complex laboratory procedures involved in op-
erating genomic sequencers and multiple peripheral devices 
demand substantial technical expertise. In addition, robust 
bioinformatics capacity is essential to manage and interpret 
the massive datasets generated by large-scale sequencing 
and to classify identified variants appropriately [2, 7].

Genomic signatures — new tumor 
assessment parameters based 
on next-generation sequencing
In recent years, the development of advanced NGS-based data 
analysis algorithms has enabled the identification and quan-
tification of new genomic parameters that provide valuable 
insights into tumor biology.

The first of these parameters is microsatellite instability 
(MSI), which results from a defect in the mismatch repair (MMR) 
system responsible for correcting base-pairing errors that occur 
during DNA replication. Dysfunction of MMR pathway genes 
is found in a subset of sporadic tumors, such as colorectal 
and endometrial cancers, and is associated with increased 
sensitivity to immune checkpoint inhibitors [8, 9]. Assessment 
of MSI is also useful in the diagnosis of Lynch syndrome [10].

The second recently introduced parameter in cancer 
diagnostics is tumor mutational burden (TMB), a genomic 
signature reflecting the total number of somatic DNA muta-
tions, most commonly single-nucleotide variants (SNVs) per 
one megabase of coding sequence. Tumors with TMB values 
greater than 10 mutations per megabase are classified as hav-
ing a high mutational burden. Higher TMB levels are thought to 
correlate with greater tumor immunogenicity, as they increase 
the likelihood of generating neoantigens that can be recog-
nized by the immune system. In certain tumor types, such as 
NSCLC, melanoma, and colorectal cancer, high TMB has been 
associated with improved responses to immune checkpoint 
blockade, whereas this relationship has not been observed 
in breast, prostate, or brain tumors [11–14].

A third genomic alteration with growing clinical relevance 
is homologous recombination deficiency (HRD). The HRD 
signature reflects the efficiency of the homologous recom-
bination pathway in repairing DNA double-strand breaks 
— one of the key mechanisms ensuring genomic stability. 
Homologous recombination deficiency is observed in sev-
eral tumor types, including endometrial, biliary tract, bladder, 
esophageal, gastric, and ovarian cancers. The most frequently 
altered genes in these tumors include ARID1A, BRCA1, BRCA2, 
ATM, ATRX, and CHEK2 [15]. Tumors exhibiting HRD are par-
ticularly sensitive to platinum-based chemotherapy and to 
poly(ADP-ribose) polymerase (PARP) inhibitors [16].

At present, there is no universally accepted set of mo-
lecular criteria defining HRD status in individual patients. 
In practice, genomic instability is commonly assessed by 

Table I. Genomic alterations analyzed by different next-generation 
sequencing panels

Type of alteration

Small next- 
-generation 
sequencing 

panels

Large 
comprehensive 

genomic 
profiling panels

Point mutations [single- 
-nucleotide variants (SNV) 
indels]

Yes Yes

Copy number variations (CNV) Yes
Yes 

(comprehensive 
profile)

Gene fusions (chromosomal 
rearrangements)

Yes Yes

Microsatellite instability (MSI) No Yes

Tumor mutational burden 
(TMB)

No Yes

Homologous recombination 
deficiency (HRD)

No Yes
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for a limited number of tumor types (Tab. IV), and its routine 
use is not yet economically justified. Comprehensive genomic 
profiling testing has so far not been reimbursed in Poland 
through public healthcare funds. As of November 2022, efforts 

are underway to introduce reimbursement for CGP in the di-
agnostic pathways of NSCLC and ovarian cancer.

Current international guidelines increasingly recog-
nize CGP as a clinically meaningful component of precision 

Comprehensive genomic profiling
A

B

Comprehensive genomic profiling (CGP) vs. small NGS panels

GENOMIC ALTERNATIONS

GENOMIC ALTERNATIONS

Detects single 
nucleotide 

variants (SNV)

Detects single 
nucleotide 

variants (SNV) 
— in a limited 

scope

Detects small 
insertions 

and deletions 
(indels)

Detects small 
insertions and 

deletions (indels) 
— in a limited 

scope

Detects copy 
number 

variations (CNV)

Detects copy 
number variations 

(CNV) 
— in a limited 

scope

Detects gene 
rearrangements 

(fusions and splice 
variants)

Detects gene 
rearrangements 

(fusions and splice 
variants) 

— in a limited scope

Measures tumor 
mutational 

burden (TMB) 
— not possible 

with small 
panels

Measures 
microsatellite 

instability (MSI) 
— not possible 

with small 
panels

Measures loss 
of heterozygosity 

(LOH) — not 
possible with small 

panels

Measures 
homologous 

recombination 
deficiency (HRD) 

— not possible with 
small panels

Small NGS panels reimbursed by the National Health Fund detect selected 
classes of genetic alterations at the DNA or RNA level

Measures tumor 
mutational 

burden (TMB)

Measures 
microsatellite 

instability (MSI)

Measures loss 
of heterozygosity 

(LOH)

Measures 
homologous 

recombination 
deficiency (HRD)

TMB MSI LOH HRD

GENOMIC SIGNATURES

GENOMIC SIGNATURES

TMB MSI LOH HRD

Figure 1. A. Scope of genomic alterations assessed using comprehensive genomic profiling (CGP); B. Scope of alterations assessed using small next- 
-generation sequencing (NGS) panels. Small panels are typically designed to detect genetic alterations only at the DNA level (point mutations, small 
deletions, and selected gene amplifications in a limited set of several to a dozen genes, often restricted to predefined regions of interest within those genes) 
or, alternatively, only at the RNA level (selected gene fusion variants and selected splicing variants, with detection of point mutations and small insertions/
deletions limited to narrow target regions)
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a direct impact on the selection of therapies with proven clini-
cal benefit, and where the tumor exhibits substantial molecular 
heterogeneity or lacks standard therapeutic options. In particu-
lar, both NCCN and ESMO guidelines strongly support broad 
molecular profiling in advanced NSCLC to identify a wide range 
of targetable drivers and resistance mechanisms in a single as-
say. European Society for Medical Oncology also recommends 
tumor NGS/CGP testing in advanced colorectal, prostate, 
ovarian, and cholangiocarcinoma, as well as in selected other 

oncology, although the strength and scope of recommenda-
tions vary by tumor type and clinical context. Both the National 
Comprehensive Cancer Network (NCCN) and the European 
Society for Medical Oncology (ESMO) emphasize that CGP is 
most clearly recommended in advanced or metastatic cancers 
where multiple actionable genomic alterations may influence 
treatment selection, where there is a high likelihood of identify-
ing multiple predictive biomarkers for which parallel single-
gene testing would be inefficient, where the test result has 

Table II. Key differences between small and large comprehensive genomic profiling (CGP) panels

Feature Small NGS panels Large CGP panels

Number of genes 10–50 300+ (often > 500)

Range of alterations
Point mutations (SNV), small insertions/deletions 

(indels), fusions
Point mutations, CNV, fusions, MSI, TMB, HRD

Type of material Paraffin blocks and/or liquid biopsy Paraffin blocks and/or liquid biopsy

Turnaround time Shorter (7–10 days) Longer (14–21 days)

Cost Lower High

Availability in routine diagnostics Wide Limited, more often in clinical trials

Clinical applications Selection of single targeted therapies
Personalized precision medicine, clinical trials, rare 

tumors

CNV — copy number variations; HRD — homologous recombination deficiency; MSI — microsatellite instability; NGS — next-generation sequencing; SNV — single-nucleotide 
variants; TMB — tumor mutational burden

Table III. Clinical applications of different next-generation sequencing (NGS) panels

Small NGS panels (10–50 genes)

Main applications

Detection of the most common mutations linked to targeted therapies (e.g., EGFR in NSCLC, BRAF 
in melanoma, KRAS in colorectal cancer)

Selection of treatment based on precise biomarkers

Examples of panels: Oncomine Focus, TruSight Tumor 15, Archer FusionPlex Lung Panel, QIAseq 
Targeted DNA Panel

Limitations

Do not assess entire coding sequences of genes — focused on hotspot regions only

Do not detect complex genomic alterations or genomic signature

No information on MSI, HRD, or TMB, which are essential for immunotherapy and targeted therapy 
qualification

Large CGP panels (300+ genes)

Main applications

Comprehensive tumor profiling — point mutations, CNV, fusions, MSI, TMB, HRD

Essential in precision oncology and clinical research

Assessment of treatment resistance and identification of new therapeutic targets

Pharmacogenetic applications

Possibility to assess immunotherapy biomarkers (MSI, TMB)

Examples of panels: FoundationOne CDx, Thermo Fisher Oncomine Comprehensive, Illumina TruSight 
Oncology 500, Guardant360 (liquid biopsy)

Limitations
Higher cost and longer turnaround time

Requires advanced data interpretation (bioinformatics and clinical analysis)

CGP — comprehensive genomic profiling; CNV — copy number variations; HRD — homologous recombination deficiency; MSI — microsatellite instability; NSCLC — non-small 
cell lung cancer; TMB — tumor mutational burden 
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malignancies where matched targeted therapies are available. 
More recently, ESMO guidance has expanded to include ad-
ditional tumor types such as advanced breast cancer, thyroid 
cancer, sarcomas, cancers of unknown primary (CUP), and rare 
tumors (Tab. IV) [4, 20]. International guidelines also highlight 
differences between tumor types with respect to the timing 
and purpose of CGP. In some cancers, CGP is recommended at 
initial diagnosis of advanced disease to guide first-line therapy, 
whereas in others it is primarily considered after progression 
on standard treatments or within the context of clinical trials. 

Regarding technical and quality considerations, guidelines 
emphasize that CGP assays should meet defined minimum 
requirements to ensure clinical reliability. Recommended 
features include adequate coverage of clinically relevant 
genes, assessment of both DNA alterations (SNVs, indels, 
CNVs) and RNA events (fusions, splice variants), plus genomic 

signatures like MSI, TMB and HRD. Pre-analytical factors such 
as sufficient tumor cellularity (commonly ≥ 20%) and DNA/ 
/RNA quality are considered critical to avoid false-negative 
results. Testing should be performed in accredited laboratories 
using analytically validated assays with appropriate quality 
control measures. Finally, both NCCN- and ESMO-aligned rec-
ommendations underscore the importance of standardized 
and clinically meaningful reporting. Comprehensive genomic 
profiling reports should clearly describe the assay used, its 
limitations, and the quality of the analyzed sample, and should 
provide structured interpretation of detected variants, includ-
ing their clinical significance, level of evidence for actionability, 
and potential therapeutic implications. Transparent reporting 
and adherence to quality standards are considered essential 
to support consistent interpretation of CGP results and their 
appropriate integration into clinical decision-making.

Table IV. Applications of next-generation sequencing in oncologic practice according to European Society for Medical Oncology (ESMO) guidelines [4, 20]

Tumor type Small NGS panels Large CGP panels Comments

Breast cancer
BRCA1, BRCA2; in selected cases 

NTRK, PIK3CA, AKT, PTEN, ESR1
Currently no indications

Assessment of germline alterations 
(BRCA1, BRCA2) for therapeutic 

and genetic counseling purposes; 
assessment of somatic alterations 
(NTRK, PIK3CA, AKT, PTEN, ESR1) for 

therapeutic purposes

Ovarian cancer BRCA1, BRCA2 Indicated for HRD assessment
Assessment of germline and somatic 

alterations for therapeutic and genetic 
counseling purposes

Pancreatic cancer BRCA1, BRCA2 Currently no indications
Assessment of germline alterations for 

therapeutic and genetic counseling 
purposes

Prostate cancer BRCA1, BRCA2 Currently no indications
Assessment of germline and somatic 

alterations for therapeutic and genetic 
counseling purposes

Lung cancer
EGFR, ALK, ROS1, KRAS, BRAF, HER2, 
MET, RET, NTRK, FGFR, AKT, PIK3CA, 

STK11, KEAP1, MDM2

Indicated in selected cases; if tissue 
material unavailable — ctDNA 

testing

Assessment of somatic alterations for 
diagnostic and therapeutic purposes

Colorectal cancer
KRAS, NRAS, BRAF, MSI; in selected 

cases NTRK, HER2
Indicated in selected cases

Assessment of germline and somatic 
alterations for therapeutic and genetic 

counseling purposes. Basic markers 
(KRAS/NRAS/BRAF/MSI) are usually 

tested using simple genetic methods 
(qPCR)

Thyroid cancer
RET, NTRK, ALK, KRAS, NRAS, TERT, 

BRAF
Currently no indications

Assessment of germline and somatic 
alterations for diagnostic, therapeutic, 

and genetic counseling purposes

Soft tissue and bone sarcomas

Small gene panels assessing 
key genetic aberrations (gene 

fusions) and DNA-level alterations; 
in selected cases NTRK

Required in diagnostically 
challenging cases

Assessment of somatic alterations for 
diagnostic and therapeutic purposes

Melanoma BRAF, NRAS; in selected cases NTRK Currently no indications
Assessment of somatic alterations for 
diagnostic and therapeutic purposes

Cancers of unknown primary According to individual indications
Required in diagnostically 

challenging cases
Assessment of somatic alterations for 
diagnostic and therapeutic purposes

CGP — comprehensive genomic profiling; ctDNA — circulating tumor DNA; HRD — homologous recombination deficiency; NGS — next generation sequencing; qPCR — 
quantitative polymerase chain reaction
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Clinical applications of comprehensive genomic 
profiling technology
Ovarian cancer
Ovarian cancer is the malignancy in which CGP should be ap-
plied routinely, as assessment of BRCA1/BRCA2 and HRD status 
is essential for selecting patients eligible for treatment with 
PARP inhibitors. Until recently, these agents were prescribed 
only for women carrying pathogenic BRCA1/2 mutations, 
the most common cause of HRD. It is now well established, 
however, that PARP inhibitors also confer clinical benefit in tu-
mors with other types of DNA repair deficiency, whereas they 
are ineffective in HRD-negative cancers [21, 22].

Since November 2022, PARP inhibitor therapy in Poland has 
been available for all patients with HRD-positive tumors. Ho-
mologous recombination deficiency testing is recommended 
in newly diagnosed, advanced [The International Federation 
of Gynecology and Obstetrics (FIGO)] stage III–IV, high-grade 
epithelial ovarian, fallopian tube, or primary peritoneal car-
cinoma without germline or somatic BRCA1/2 mutations (if 
such mutations have already been identified, they suffice for 
treatment selection). Traditional small NGS panels did not 
allow simultaneous evaluation of BRCA genes and genomic 
aberrations resulting from defective DNA repair, while CGP 
technology enables both analyses within a single test.

Non-small cell lung cancer 
Non-small cell lung cancer is the malignancy with the great-
est number of available targeted therapies, either reimbursed 
within national drug programs or offered through clinical trials. 
In Poland, currently reimbursed targeted therapies in NSCLC 
cover seven molecular targets: activating EGFR mutations, 
KRAS G12C mutation, and rearrangements involving ALK, ROS1, 
and NTRK1–3. Additional therapies are being introduced, in-
cluding those directed at EGFR exon 20 insertions, BRAF V600E 
mutation, MET exon 14 skipping mutation, RET fusions, HER2 
mutations, and KEAP1 and STK11 alterations associated with 
reduced sensitivity to immunotherapy.

Accordingly, the NCCN strongly recommends broad mo-
lecular profiling to identify rare oncogenic mutations for which 
effective therapies are already available or to qualify patients for 
clinical trials. The use of CGP in advanced NSCLC substantially 
increases the detection rate of clinically relevant molecular 
alterations compared with standard diagnostics based on 
single-gene or multiplex polymerase chain reaction (PCR) 
assays, fluorescence in situ hybridization (FISH), immunohis-
tochemistry (IHC), or hotspot NGS panels.

In one study, the application of large NGS/CGP panels 
in patients with negative or inconclusive results from standard 
molecular testing revealed actionable alterations in 50–89% 
of cases, enabling targeted therapy either off-label or within 
clinical trials [23]. In another large study, the CGP test identified 
targets that allowed personalized therapy in 43% of patients 
with advanced NSCLC whose prior diagnostic work-up had 

been uninformative or technically impossible [24]. Clinical re-
sponses were observed in 65% of patients treated, and in 36% 
of cases treatment decisions were based solely on CGP find-
ings. In a further large cohort study (n = 9450), combined CGP 
and programmed death-ligand 1 (PD-L1) expression testing 
enabled treatment assignment — either targeted therapy or 
immunotherapy — in 96% of patients [25, 26].

Soft tissue and bone sarcomas
Soft tissue and bone sarcomas represent a rare and heter-
ogeneous group of malignancies characterized by diverse 
and often nonspecific clinical presentations, as well as gener-
ally unfavorable prognoses. They account for approximately 
20% of all childhood cancers and about 1% of adult malignan-
cies. In many cases, conventional histopathologic and genetic 
diagnostic methods are insufficient to establish a definitive di-
agnosis, which is crucial for selecting appropriate treatment. In 
such situations, CGP can be particularly valuable, as it enables 
simultaneous analysis of multiple genes, identification of both 
known and novel genetic alterations relevant for differential 
diagnosis and diagnostic verification, and detection of poten-
tial targets for molecularly directed therapies [27].

Comprehensive genomic profiling analysis in soft tissue 
and bone sarcomas may be useful in diagnostically challenging 
cases, especially unresectable or metastatic tumors, when re-
sults of other genetic tests (e.g., FISH) are inconclusive, or when 
a change in treatment strategy is being considered. Diagnostic 
work-up using CGP should be conducted exclusively in spe-
cialized sarcoma centers equipped with in-house molecular 
genetics laboratories and guided by decisions of a multidisci-
plinary molecular tumor board (MTB) [2, 27].

Cancers of unknown primary
Cancers of unknown primary constitute a heterogeneous 
group of malignancies in which metastatic lesions are identi-
fied, but the site of origin remains undetermined. This may 
result from spontaneous regression of the primary tumor (as 
in melanoma) or from limitations of current imaging modali-
ties in detecting small or atypically located primaries. Because 
of their low specificity, IHC studies of metastatic tissue often 
fail to provide a conclusive diagnosis.

Prognosis in CUP is typically poor, as the disease is meta-
static by definition. Next-generarion sequencing/CGP-based 
diagnostics significantly increase the likelihood of identifying 
the tissue of origin and selecting systemic therapy tailored 
to the tumor’s molecular profile. In a meta-analysis of 15 studies 
evaluating genomic profiling of CUP using NGS, at least one 
molecular alteration was detected in 85% of cases; in 47% 
of patients, the alteration corresponded to an approved tar-
geted therapy, an off-label indication, or an available clinical 
trial [28].

Current clinical guidelines for the diagnosis and treat-
ment of CUP do not yet recommend routine testing of gene 



198

expression or epigenetic markers, as clinical benefit has not 
been clearly demonstrated [29]. However, the use of NGS tech-
nology — enabling simultaneous identification of potentially 
actionable somatic mutations or gene rearrangements, as well 
as genomic signatures such as TMB and MSI — may open new 
possibilities for tumor-agnostic therapy in this challenging 
group of patients.

Assessment of the genetic profile 
at the circulating tumor DNA level
Within the framework of CGP, it is possible to assess the tumor’s 
genetic profile using ctDNA as schematically shown in Fig-
ure 2. This approach enables the detection of tumor-specific 
genetic alterations by profiling cell-free tumor-derived nucleic 
acids in a patient’s blood. Such analysis allows the identifica-
tion of alterations qualifying the patient for targeted thera-
py, monitoring of treatment response, and early detection 
of relapse — so-called molecular progression, which often 
precedes radiologic progression. Liquid biopsy may also com-
plement the information obtained from conventional tissue 
biopsy. Tissue specimens provide only a limited representation 
of the entire tumor mass, reflecting solely the alterations pre-
sent in the sampled area. In contrast, ctDNA-based profiling 
can capture genetic alterations arising from the whole tumor 
burden, including subclones responsible for metastatic spread. 

Importantly, liquid biopsy enables genomic assessment of tu-
mor regions inaccessible to standard biopsy or in cases where 
tissue material is insufficient or nondiagnostic — a frequent 
problem in advanced NSCLC [30].

An additional advantage of liquid biopsy is its minimally 
invasive nature, as only 8–10 mL of peripheral blood is required 
for testing. Blood must be collected into specialized tubes for 
ctDNA isolation that contain stabilizing agents preventing lysis 
of nucleated blood cells and release of normal DNA, which 
could otherwise dilute the tumor-derived ctDNA fraction. 
Ideally, ctDNA analysis should be performed immediately after 
blood collection, with ctDNA isolation and testing completed 
within several hours. However, samples collected in dedicated 
tubes remain stable at room temperature for up to five days, 
allowing their transport to specialized laboratories.

Circulating tumor DNA testing employs the most ad-
vanced molecular biology techniques, including highly sen-
sitive assays based on droplet digital PCR (ddPCR) and NGS. 
Due to the complexity of the procedure and the requirement 
for advanced instrumentation, ctDNA analysis is currently avail-
able in only a few centers in Poland [2].

A limitation of ctDNA/circulating tumor RNA (ctRNA) analy-
sis using NGS panels is its somewhat lower analytical sensitivity 
and breadth compared with tissue-based testing, primarily due 
to reduced DNA quantity and quality. For this reason, ctDNA 
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Figure 2. Perspectives on the use of circulating tumor DNA (ctDNA) analysis with comprehensive genomic profiling (CGP) panels; NGS — next-generation 
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assays encompassing several dozen genes and covering mul-
tiple classes of genetic alterations are classified as CGP-level 
tests. The cost of such multigene ctDNA panels ranges from 
6000 to 12,000 PLN, depending on the extent of analysis.

Although ctDNA analysis using CGP has transformed preci-
sion oncology, several biological and technical limitations must 
be considered to avoid overstating its current clinical utility.

Not all tumors release sufficient ctDNA into the circula-
tion for reliable detection. Tumors such as gliomas and other 
primary brain tumors often exhibit low ctDNA levels due 
to the blood–brain barrier, resulting in reduced sensitivity 
of plasma-based testing. Similarly, indolent cancers, early-stage 
disease, and tumors with low proliferative or necrotic activity 
may shed minimal ctDNA, increasing the risk of false-negative 
results [31]. Clonal hematopoiesis of indeterminate potential 
(CHIP) also represents an important source of false-positive 
findings in ctDNA testing. Age-related somatic mutations aris-
ing in hematopoietic stem cells can be detected in plasma 
and mistakenly interpreted as tumor-derived alterations [30].

Genomic discordance between tissue-based and plasma-
based CGP is well documented and can vary depending on 
disease stage, tumor burden, and treatment history. In ad-
vanced or metastatic cancers, ctDNA more reliably reflects 
the tumor genomic landscape, including subclonal and resist-
ance mutations. In contrast, in early-stage disease or during 
minimal residual disease, plasma profiling may fail to detect 
alterations present in tissue. Conversely, ctDNA can sometimes 
reveal emerging resistance mutations not captured in archival 
tissue samples [30]. Therefore, tissue and plasma CGP should 
be viewed as complementary rather than interchangeable 
technologies.

Circulating tumor DNA CGP offers a minimally invasive 
method for genomic profiling, disease monitoring, and resist-
ance detection, but its performance is influenced by tumor 
biology, patient-specific factors, and technical considerations. 

Although ctDNA analysis is a relatively new method in mo-
lecular oncology, its clinical utility is expected to increase stead-
ily with the ongoing advancement of sequencing technologies 
and expanding knowledge of tumor genomics.

Availability of comprehensive genomic profiling 
technology in Poland
Despite its unquestionable advantages, CGP technology is not 
yet widely available in Poland. The first major limitation concerns 
the quality of tissue material embedded in formalin-fixed par-
affin-embedded (FFPE) blocks. Suboptimal fixation procedures 
frequently result in DNA/RNA degradation, rendering a signifi-
cant proportion of samples nondiagnostic — estimated at up 
to 20%. Given that CGP requires high-quality nucleic acids for 
the analysis of extensive genomic regions, inadequate sample 
preservation often makes such testing impossible.

A second barrier arises from the current regulatory 
and reimbursement framework governing genetic testing 

in oncology. Existing provisions were developed for con-
ventional molecular biology methods and small NGS pan-
els, and they do not accommodate billing for CGP within 
the category of advanced diagnostic genetic procedures under 
hospital-based contracts.

Another major obstacle concerns reimbursement rules 
for outpatient genetic testing performed on fresh material, 
such as peripheral blood. The maximum reimbursable value 
for these separately contracted procedures (ŚOK) is 530 points 
— equivalent to approximately 1000 PLN — which is insuf-
ficient even for small NGS panels. As of July 2025, outpatient 
reimbursement has become possible for germline mutation 
testing in BRCA-related cancers using small NGS panels. How-
ever, there is still no mechanism for covering the cost of liquid 
biopsy (ctDNA) analyses in this setting.

A similar situation applies to the reimbursement of genetic 
testing on fresh biopsy material from solid tumors and hema-
tologic malignancies when the sample is obtained outside 
the inpatient setting. Despite the growing clinical importance 
of molecular diagnostics, the absence of a coherent reimburse-
ment structure continues to limit the availability and imple-
mentation of CGP testing in Poland.

Conclusions and future perspectives
Comprehensive genomic profiling and ctDNA analysis repre-
sent the most advanced molecular diagnostic technologies 
currently available in oncology. Their principal advantage 
lies in the ability to perform broad, simultaneous assessment 
of multiple classes of genomic alterations — substitutions, 
insertions, deletions, copy number variations, and gene fu-
sions — together with genomic signatures such as MSI, TMB, 
and HRD. This integrated approach substantially increases diag-
nostic precision, allows accurate tumor classification, facilitates 
identification of actionable molecular targets, and supports 
individualized treatment planning. In addition, ctDNA-based 
testing provides a minimally invasive alternative to tissue bi-
opsy, enabling real-time monitoring of treatment response, 
early detection of recurrence, and evaluation of tumor het-
erogeneity.

Despite these clear advantages, the implementation 
of CGP and ctDNA testing faces several limitations. The most 
important include the variable quality of FFPE material, limited 
laboratory infrastructure, high equipment and reagent costs, 
and the need for advanced bioinformatic support. Moreo-
ver, regulatory and reimbursement frameworks in Poland lag 
behind scientific and clinical advances, restricting access to 
these technologies primarily to research settings or selected 
clinical programs.

In the coming years, continued technological progress, 
decreasing sequencing costs, and growing evidence from 
clinical trials are expected to expand the routine use of CGP 
and ctDNA analysis. However, most available data supporting 
CGP implementation come from observational and real-world 
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cohorts, while prospective evidence demonstrating direct 
survival benefit remains limited and tumor-type depend-
ent. Integration of these methods into national diagnostic 
algorithms will require coordinated efforts among clinicians, 
molecular pathologists, geneticists, and policymakers. Estab-
lishing MTBs at specialized centers, defining clear reimburse-
ment pathways, and developing national standards for sample 
processing and reporting will be crucial steps toward effective 
implementation.

Ultimately, broad access to CGP and ctDNA testing will 
help ensure that patients with cancer in Poland and other 
countries can benefit fully from precision oncology — receiv-
ing therapies tailored to the specific molecular features of their 
disease, improving both treatment outcomes and the effi-
ciency of healthcare systems.
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