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 Personalised therapy is currently a promising method of treatment for cancer patients. The dynamic development of 
molecular biology enabled identification of molecular subtypes of neoplasms, allowing determination of the optimal 
therapeutic management for the patient. Molecular diagnostics is also essential for cancer diagnosis, predicting disease 
development and prognosis. In the case of lung cancer, which is one of the most common malignant neoplasms, the 
main candidates for targeted treatment are patients with stage III and IV of the disease and with no possibility of radical 
local treatment. In clinical practice, the most proven therapeutic agents are inhibitors of tyrosine kinase, i.e. a receptor 
of the epithelial growth factor (TKI-EGFR), inhibitors of ALK, ROS1, BRAF and others, as well as immunotherapy applying 
monoclonal antibodies against immunological system checkpoints in cases of  high level expression of programmed death 
receptor type 1 (PD-1) or its ligand (PD-L1), but also in cases of the high tumour mutational burden (TMB). As compared to 
chemotherapy, targeted therapy undoubtedly improves the treatment outcomes and, due to its lower toxicity, improves 
the quality of life of advanced non-small cell lung cancer patients. The aim of this paper is to characterise molecular tests  
which are currently applied in qualification of non-small cell lung cancer patients for targeted therapies.  
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Introduction 
Personalised therapy in oncology relies on the close relationship 
between molecular changes in cancer and treatment. Patients 
with the same diagnosis, but with different tumour molecular 
profiles, may undergo different course of the disease and react 
differently to the applied therapy. The most common action 
points for targeted drugs are proteins that are involved in the 
control of tumour cell activity, including control of various si-
gnalling pathways. These proteins show abnormal activity or 
function in tumour cells, leading to tumour-promoting events 
such as excessive cell proliferation, impaired angiogenesis, in-
hibition of apoptosis, and other dysfunctions of the cell cycle 
[1, 2]. The purpose of characterising molecular subtypes is to 
determine the optimal therapeutic management for the patient. 

Lung cancer is one of the most common malignant neo-
plasms, and five-year survival is achieved only in 10–15% of 
patients [3]. Worldwide, over 1.5 million people a year deve-
lop non-small cell lung cancer (NSCLC), which accounts for 
80–85% of all lung cancer cases. In 2018, over 2 million new 
cases of NSCLC were diagnosed and over 1.7 million deaths 
were registered [4]. There is a two-fold prevalence of cases 
among men compared to women (13,798 vs. 7,747 – in 2017 
in Poland), but this difference is decreasing year by year. For 
15 years, a tendency has been recorded of decreased incidence 
and mortality of lung cancer in men, while in 2017 for the first 
time, the number of women who died of lung cancer exceeded 
the number of patients who died of breast cancer (17.4% of 
deaths vs. 14.8% of deaths). In men, lung malignancies are still 
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the dominant cause of deaths (about 30%) due to neoplastic 
diseases [4]. The risk of developing NSCLC is strongly correlated 
with smoking: 85–90% of lung cancer cases are associated 
with this addiction [5]. The classification of 2015 by the World 
Health Organization (WHO) included:
• small cell lung cancer (SCLC), which accounts for 15% of 

primary lung cancers,
• non-small cell lung cancer (NSCLC), which is diagnosed 

in 85% of cases [6]. 
Histopathologically, NSCLC is divided into: 
• adenocarcinoma (45% of all diagnosed primary lung can-

cers),
• squamous cell carcinoma (about 30%), 
• large cell carcinoma (10%) and 
• other rare morphological types (<1%) [6].

The lung cancer is rarely diagnosed at early stages. In 
Poland, this diagnosis is most often made at stage IV (47–62%, 
depending on the voivodeship) and stage III (24–38%) [7]. 
In patients with advanced NSCLC, chemotherapy treatment 
results in a 25–30% objective response rate (ORR), while the 
median overall survival is 10–12 months [8]. Only about 15% 
of patients survive 5 years from the diagnosis [9]. 

In the early stages, of lung cancer the basic method of tre-
atment is surgery (in approximately 15–20% of NSCLC patients). 
In stage III of the disease, tumour resection is rarely possible, 
and patients are treated with radiotherapy, chemotherapy or 
a combination of these two methods, supplemented with 
adjuvant immunotherapy [10]. Patients with stage III and IV 
of the disease, in the absence of radical local treatment, are 
candidates for targeted therapy [6, 11].

The knowledge of molecular background of NSCLC is 
improving, but still in about half of the patients the molecular 
target remains undefined. However, numerous studies of the 
subpopulation of patients with various molecular changes 
in the neoplastic tissue allow for constant improvement of 
characterisation of this tumour [5, 12, 13].

Molecular testing in the qualification of NSCLC 
for personalised therapy
Molecular diagnostics of neoplastic tissue is essential for tu-
mour classification, predicting disease development and pro-
gnosis, as well as choosing the optimal therapy. In the case of 
lung cancer, the tissue material obtained from the patient is 
usually small, which significantly limits the diagnostic possibi-
lities and determines the choice of the diagnostic algorithm 
(Thunnissen et al., 2012) [5].

The continuous development of the molecular markers, 
mainly related to the application of the next generation se-
quencing technique (NGS) into routine laboratory practice, 
enables better and wider selection of NSCLC patients for 
targeted therapies [14–16]. Currently, multi-gene molecular 
profiling studies are included in the diagnostic standard in 
lung cancer. They allow detection of specific mutations or 

rearrangements of genes that are of predictive importance. 
Identification of these changes enables individualisation of 
therapy and improves treatment with an acceptable degree of 
toxicity. In clinical practice, the widest used drugs are inhibitors 
of tyrosine kinase (via a blockage of epithelial growth factor 
(TKI-EGFR) receptor), the inhibitors of ALK, ROS1, BRAF, NTRK, 
as well as immunotherapy applying monoclonal antibodies 
against immunological system checkpoints – mainly against 
the programmed cell death receptor type 1 (PD-1) or its ligand 
(PD-L1) (tab. I) [17]. 

NGS is a promising and state-of-the-art, precise and sen-
sitive technique that allows detecting changes in the genetic 
material. NGS is one of the difficult diagnostic methods that 
require staff with high manual skills, but also with analytical and 
interpretative competencies. However, NGS enables analysis  
of many genes and, depending on the type of equipment 
and reagents used, many patients may be tested at the same 
time. The available diagnostic kits for NGS are usually designed 
for individual tumours and allow for a complete molecular 
characterisation of the examined tissue according to modern 
knowledge in one reaction. This significantly shortens the 
examination time and enables reduction of the amount of 
tissue necessary for its performance [13]. 

Molecular tests in NSCLC can be performed on formalin-
-fixed postoperative material (only 15–20% of primary lung 
cancers referred for molecular tests), in cytological material 
obtained during fine-needle biopsy or in the material of the 
so-called liquid biopsy, which is based on the use of the cell-
-free circulating tumour DNA (ctDNA) and RNA released from 
tumour cells. Recently, the increasing use of liquid biopsy to 
monitor therapy has been recorded [1]. Before performing 
molecular test in tissue, cytological material and fine needle 

Table I. Genetic changes important in the molecular profiling of non-small 
cell lung cancer [11, 18]

No. Gene Change Percentage of NSCLC

1 KRAS point mutations 15–25

2 EGFR amplification 20

3 EGFR point mutations 10–15

4 PTEN point mutations 4–8

5 DDR2 point mutations 4

6 ALK rearrangement 3–7

7 HER2 point mutations 4

8 MET fusion and exon 14 
skipping

2–4

9 BRAF point mutations 1–3

10 PIK3CA point mutations 1–3

11 AKT1 point mutations 1

12 MEK1 point mutations 1

13 NRAS point mutations 1

14 RET rearrangement 1

15 ROS1 rearrangement 1
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biopsy, a pathomorphological assessment of the percentage 
of neoplastic cells in the preparation is required [1]. In Poland, 
the National Health Fund (Narodowy Fundusz Zdrowia – NFZ) 
refunds genetic diagnostics for NSCLC patients. 

Genetic changes in non-small cell lung cancer 
important for qualification for targeted therapy

EGFR
Mutations (pathogenic variants) in the EGFR (epidermal growth 
factor receptor – ERBB1) gene are the described as driver muta-
tions for NSCLC and occur in approximately 10% of Caucasian 
patients [19]. EGFR belongs to the family of genes that code 
for receptor tyrosine kinases (RTKs). Its protein product partici-
pates in the PI3K-AKT-mTOR and RAS-RAF-MEK-ERK pathways. 
The most common EGFR mutations are found in adenomatous 
type cancers [3].

Most pathogenic variants of EGFR are activating deletions 
in exon 19, which do not interrupt read-out frame (in-frame 
deletions) – and do not modify the three-nucleotide genetic 
code, hot-spot point mutations in exon 21 (e.g. L858R), and 
also the resistance mutation at exon 20 (T790M) [13]. 

If an activating EGFR mutation is found in the tumour tissue, 
treatment implemented as first line includes EGFR tyrosine 
kinase inhibitors (TKIs). We currently have several generations 
of tyrosine kinase inhibitors: the first including erlotinib, gefi-
tinib, the second: afatinib, dacomitinib, and the third: osimer-
tinib. In addition, it has been shown that for the less frequent 
EGFR deletions and point mutations in exons 18–21, therapy 
with selected TKI inhibitors can be used with good outco-
mes, too [13]. Rare mutations in the EGFR gene may coexist 
with common mutations of this gene. Then, it is possible to 
obtain a therapeutic response after the use of first-line TKI. It 
is an exceptional situation if an inactivating mutation (most 
frequently T790M) which determines TKI therapy resistance is 
detected to coexist with another primary activating mutation. 
This means that the tested neoplastic cells are insensitive 
to first- and second-generation TKI therapy and the patient 
will not benefit from such therapy, but a response to third-
-generation TKI treatment can be achieved [13]. However, it 
should be remembered that the material must be collected 
at the time of disease progression. In Poland currently, from 
1 January 2021, the first-line treatment with osimertinib and 
afatinib is reimbursed in the lung cancer drug programme. In 
the second line treatment is reimbursed osimertinib and failure 
of previous treatment with other TKIs and with the presence of 
the T790M mutation in the EGFR gene. Erlotinib and gefitinib 
are available in the catalogue.

The methods used to detect pathogenic variants of EGFR 
include qPCR (real-time PCR, qPCR – quantitative polymerase 
chain reaction) or NGS. The former allows for diagnostics of 
a selected set of mutations (usually about 30–40 mutations 
in exons 18–21) and it is relatively easy among methods used 

in genetic diagnosis of neoplasms – usually it is performed 
with validated CE IVD-certified ready diagnostics sets and the 
result is described with fluorescence chart for particular muta-
tions and with numerical values. The qPCR technique enables 
detection of mutations present even in only 1% of neoplastic 
cells in the examined tissue, with the use of small amounts 
of DNA (e.g., at a concentration of 10 ng/µl). Real-time PCR is 
the recommended technique for the determination of EGFR 
mutations. This is currently a standard method at molecular 
laboratories which perform genetic testing of neoplastic 
material. The sensitivity of the applied method should ensure 
reliable evaluation of the tissue material containing at least 
50% of tumour cells [20]. 

The second technique that is used to detect variants in 
both the EGFR gene and other relevant genes, usually in com-
bined multigene panels, is NGS. Its advantage over qPCR is the 
ability to detect all pathogenic and potentially pathogenic va-
riants of all exons of gene. The standard threshold of detection 
of somatic mutations for NGS is defined at ≥ 5% of variant allele 
frequency (VAF), but it is actually possible to detect mutation 
at lower VAF [21].

A different diagnostic procedure is used for the T790M in-
activating mutation (60% of all EGFR mutations). The applied 
techniques enable monitoring of occurrence of this mutation 
based on the liquid biopsy sample, i.e., on the relevantly sampled 
venous blood used to isolate cell-free circulating tumour DNA. 
In this case, the mutational status is usually assessed using qPCR 
but also digital PCR droplet (ddPCR) designed to study known 
single mutations in a very small quantity of genetic material [22]. 
Determination of ctEGFR (circulating tumour – EGFR) in liquid 
biopsy is also possible thanks to an automated method based 
on ready-to-use IdyllaTM (Biocartis) cartridges, in which both the 
isolation process and qPCR occur in one place [23]. 

ALK
Rearrangements (fusions) of the ALK (anaplastic lymphoma 
kinase) gene leading to its permanent activation occur in 
approximately 3–6% of patients with adenocarcinoma and 
belong to the main alteration [24, 25]. The most common 
one is the fusion of ALK with EML4 (echinoderm microtu-
bule-associated protein-like 4), which results from inversion 
of the short arm of chromosome 2, where both genes are 
located, and leads to the expression of the chimeric protein 
EML4-ALK [25]. In addition, ALK fuses also with TFG (trafficking 
from ER to Golgi regulator) and KIF5B (kinesin family member 
5B). If an ALK rearrangement is detected in tumour tissue of 
patients that are qualified for therapy with ALK inhibitors of 
the first (crizotinib), second (alectinib, ceritinib, brigatinib) or 
third generation (lorlatinib). However, occurrence of another 
mutation in ALK, or activation of other pathways: EGFR or PI3 
causes resistance to this therapy [25]. In NSCLC, when an ALK 
rearrangement occurs, there is an increased predisposition for 
the patient to develop brain metastases. 
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In Poland, from January 2021, crizotinib, alectinib and ce-
ritinib in the first line of treatment are reimbursed by National 
Health Fund, and so are therapies with crizotinib in the second 
and third lines after failure of prior chemotherapy. In addition, 
alectinib, ceritinib and brigatinib are reimbursed after failure 
of therapy with another ALK inhibitor.

Immunohistochemical testing is a cheap and fast scre-
ening method for detection of expression of the EML4-ALK 
fusion protein in cancer cells. Under physiological conditions, 
ALK plays an important role in the maturation of neurons and 
is not expressed in normal lung tissue, so its expression in 
a tumour means that it has rearranged [26]. The performance 
of this study to qualify a patient for targeted therapy is annu-
ally evaluated externally under the European Quality Control 
Program. It should be emphasised that an equivocal IHC result 
in the form of a weak, heterogeneous ALK protein cytoplasmic 
test should be confirmed by testing the ALK gene rearrange-
ment with (FISH) [1]. Assessment of ALK gene rearrangement 
with FISH technique applies two-colour fluorescent probes 
– one for the 5’ end and the other for 3’ end of ALK. If there 
is no rearrangement, both probes are located close to each 
other (the test shows them as a single, two-coloured signal), 
while in the case of ALK rearrangement, the probes for at least 
one copy of the gene are separated and two discrete signals 
(break-apart probes) or signal deletion for the gene’s 5’ end 
can be observed in the nucleus, indicating presence of the 
rearrangement [25]. In this test, a minimum of 50 interphasic 
nuclei are analysed (100 by default, but this is not always 
possible due to technical difficulties and a small amount of 
tissue material), and the cut-off limit for a positive result is the 
presence of rearrangements in >15% of the analysed cells, 
found by two examiners in independent analyses [25]. Patients 
with rearrangement of the ALK gene present in at least 15% 
of nuclei may be eligible for therapy with ALK inhibitors [1].

For a patient to be qualified for the drug programme, ALK 
gene rearrangement in tumour cells should be identified by 
IHC, FISH or NGS using a validated test.

Another ALK testing method is qPCR reverse transcription. 
This method allows identification of fusion partners and fusion 
variants of this gene, but requires obtaining good quality RNA 
from FFPE tissue (formalin-fixed paraffin-embedded tissue), 
which is not always possible due to degradation of the genetic 
material [27, 28]. Moreover, it is not possible to detect all ALK 
fusion variants with the qPCR technique. This method is not 
recommended in Poland in qualifying patients for therapy and 
therefore it is not widely used. 

ALK gene rearrangements can also be tested with the NGS 
technique, with both ALK test-only kits or kits for testing several 
different genes in one sample. This significantly reduces the 
time of the analysis, and also allows to obtain more data, inc-
luding not only information on the rearrangement, but also on 
other pathogenic variants, e.g., point mutations which are very 
important for the patient, determining insensitivity to therapy. 

Using NGS is cost-effective for a larger number of samples and 
not economical for single markings [13–15]. Performing this 
test in patient selection for targeted therapy, similarly to IHC 
and FISH testing, is annually evaluated outside the lab within 
the European quality control system.

ROS1
Rearrangements of the ROS1 gene (ROS protooncogene-1, 
tyrosine kinase receptor) occur in 1–2% of NSCLC patients and 
determine the response to therapy with ROS1 inhibitors (e.g., 
crizotinib). Similar as in the case of ALK, point mutations occur 
in the ROS1 gene causing insensitivity to this therapy despite 
the occurrence of rearrangements [13]. Analogically to the 
ALK gene, diagnostics can apply FISH and NGS methods, and 
selection for treatment is possible based on results obtained 
from a laboratory that has received positive evaluation within 
the annual control of the European quality control system.

PD-1 and PD-L1
PD-L1 (programmed death-ligand 1) is a cell surface ligand and 
its overexpression in neoplastic cells is conditioned by loss of 
the PTEN gene and induction of the PI3K-AKT pathway. In turn, 
PD-1 (programmed cell death protein 1) is a receptor on the 
surface of CD81+ T cells, and its expression increases during 
tumour cell infiltration [29]. This reduces the lymphocytes’ 
ability to produce cytokines and proliferate, which disrupts 
the immune system. If an IHC test using DAKO PD-L1 IHC 22C3 
antibodies concentration or Ventana PD-L1 SP263 antibodies 
confirms presence of PD-L1 in 50% or more cancer cells, pa-
tients are qualified for treatment with anti-PD-1 antibodies 
in monotherapy (pembrolizumab), restoring lymphocytes’ 
cytotoxic activity. On the other hand, when PD-L1 expression is 
below 50%, patients benefit from treatment with immunothe-
rapy in combination with chemotherapy (currently reimbursed 
in the Polish drug program from January 2021). 

It should be remembered that expression of PD-L1 in neo-
plastic cells is not essential for the immunotherapy treatment 
to be beneficial for the patient. This is the case of nivolumab, 
atezolizumab – in Poland reimbursed under the drug program 
in the second-line treatment, after failure of chemotherapy. 
It is not required either for application of durvalumab – as 
consolidation treatment after radical radiochemotherapy. 
However, immunotherapy is only effective in a small percen-
tage of patients, possibly due to the highly complex immune 
microenvironment of the tumour.

Globally, clinical application of immunotherapy in NSCLC 
originated in 2015 – based on the CheckMate 017 study [30]. 
Clinical trials show divergent results regarding the role of 
PD-L1 expression as a predictive factor for immunotherapy 
result. This is probably due to differences in the evaluation of 
expression and methods of testing with immunohistochemical 
methods. The change in expression may be also affected by 
prior treatment (e.g., chemotherapy). Moreover, tumours are 
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characterised by heterogeneity of PD-L1 expression within the 
tumour as well as different expression between the primary 
tumour and lymph nodes [31–33]. 

Other genes
Next-generation sequencing makes it possible to analyse 
the entire sequence of many genes in a single assay, but the 
amount of data obtained from such a study also carries the 
risk of misinterpretation and difficulties in interpreting their 
meaning in relation to clinical data. Therefore, according to 
the latest recommendations, in patients with NSCLC, the exa-
mination of tumour tissue for diagnostic purposes should 
include a specific panel of genes whose pathogenic variants 
are predictive or prognostic [13]. According to the recom-
mendations by the European Society for Medical Oncology 
(ESMO) and the Scale for Clinical Actionability of molecular 
Targets (ESCAT), such genes in patients with advanced non-
-squamous NSCLC include: 
• MET – which encodes the receptor for hepatocyte growth 

factor receptor (HGFR). The most common mutation is 
either exon 14 deletion (exon 14 skipping) associated with 
poor prognosis (approximately 3% of patients), or gene 
amplification (also in approximately 3% of patients) indu-
cing resistance to EGFR inhibitors – usually a result of cell 
clonal selection in patients after this therapy. Application 
of capmatinib was an attempt to overcome this resistance. 
Crizotinib has been shown to be effective in patients with 
high amplification of the MET gene.

• BRAF – the most common V600E mutation, occurring in 
approximately 2% of patients. Drugs approved for first-
-line treatment in cases of this mutation are dabrafenib 
and trametinib.

• NTRK – 0.23–3% of patients have NTRK/1/2/3 gene fusions, 
which determine formation of oncoproteins. In 0.1–1%, 
NSCLC does not coexist with other genetic disorders. Drugs 
approved for treatment in cases of these mutations are 
entrectinib and larotrectinib.

• RET – fusions occur in 0.6–0.9% of NSCLC patients, and 
in 1–2% of adenocarcinoma patients. Rearrangement 
of this gene does not usually coexist with other genetic 
changes in NSCLC cells. On 10 December 2020, the Eu-
ropean Medicines Agency (EMA) approved selpercatinib 
in monotherapy for RET-positive non-small cell lung can-
cer after prior immunotherapy and/or platinum-based 
chemotherapy.

• KRAS – 12% of patients have these mutations, 97% of which 
are in exons 2 and 3 (mainly in G12, G13 and Q61).

• HER2 (ERBB2) – gene amplification and hot-spot mutations 
are observed in 2–5% of patients. A therapeutic effect of 
afatinib and dacomitinib was recorded in patients with 
these mutations.

• BRCA1/2 – point mutations were observed in 1.2% of pa-
tients.

• PIK3CA – mainly hot-spot mutations, but also amplifica-
tions present in 1.2–7% of patients, often coexisting with 
mutations of other genes.

• NRG1 – gene fusions occur in 1.7% of patients.
According to ESCAT, in patients with advanced squamous-

-cell NSCLC, fusions of the NTRK gene (present in 0.23–3% of 
patients), mutations of PIK3CA (16% of patients) and BRCA1/2 
(1.2% of patients) are diagnostically and clinically significant 
[13].

Tumour mutational burden (TMB)
Recently, the quantitative biomarker of TMB (tumour muta-
tional burden) is gaining increased interest as a predictive 
factor in immunotherapy. The TMB test is performed with NGS 
technique, and the TMB value is determined by the number 
of mutations per million base pairs in DNA isolated from the 
tumour [34]. TMB result is reported as: high (TMB-high), inter-
mediate (TMB-intermediate), low (TMB-low) or undetermined 
(TMB-undetermined), depending on the number of mutations 
detected in the tumour [35]. NSCLC patients with high TMB 
have been shown to benefit clinically with immunotherapy tar-
geted at immune checkpoints (immune checkpoint inhibitors 
– ICIs) [16]. This effect is associated with increased expression 
of neoantigens induced by the presence of a mutation that 
mobilises the immune system to recognise and destroy cancer 
cells [36]. High TMB correlates with increased progression-free 
survival (PFS) and increased response rate in patients after 
immunotherapy [37]. 

Perspectives
In selected patients, targeted therapy undoubtedly improves 
treatment results and control of advanced non-small cell lung 
cancer, as compared to chemotherapy. The quality of life of 
patients treated in this way also improves because the toxicity 
of this therapy is lower. Application of first-generation TKI targe-
ted at EGFR also improves PFS as compared to chemotherapy 
[38]. However, over time, patients inevitably develop drug 
resistance. The most common resistance mechanisms include 
appearance of the T790M mutation of EGFR, RAS gene muta-
tion, and MET amplification. Resistance to first- and second-
-generation inhibitors has been shown to occur on average 
after 10–14 months [39]. In recent years, the third generation 
of EGFR-TKI has been developed – a drug that is active both 
in the first line in the presence of the EGFR mutation, and in 
the second line of treatment after other TKI inhibitors, in the 
presence of the T790M resistance mutation in the EGFR gene. 
Studies have shown that there is drug resistance to third ge-
neration EGFR-TKI in the form of mutations of EGFR, PIK3CA, 
KRAS, BRAF and MET. MET inhibitor can increase sensitivity to 
first-generation EGFR-TKI [40]. In general, regardless of the EGFR 
and KRAS mutations, approximately 5% of NSCLC patients have 
a rearrangement (fusion) of the ALK gene. A greater risk of brain 
metastases is observed in such cases [41]. It was also found 
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that the second-generation ALK inhibitor has a high intracranial 
efficacy compared to the first-generation ALK inhibitor [42], 
but with time new mutations appear, conditioning resistance 
to the treatment. 

Other immune checkpoints besides PD-1/PD-L1 are also 
being sought to increase the number of patients who can 
benefit from this form of treatment. Another direction involves 
application of the combined therapy, e.g., chemotherapy with 
checkpoint inhibitors (such a combination of drugs is already 
registered and available in Poland within the drug programme 
– from 1 January 2021).

There are currently many clinical trials underway concer-
ning targeted therapies in NSCLC, both alone and in combi-
nation, as well as their sequential administration. Further, there 
are also trials on application of molecularly targeted drugs 
and immunotherapy in neoadjuvant and adjuvant treatment, 
as well as maintenance therapy. Chemotherapy is no longer 
the best systemic treatment available for all NSCLC patients. 
Therapeutic decisions should be based on examination of the 
molecular characteristics of the tumour. 

Expected benefits for patients, such as prolongation of 
overall survival and obtaining the longest possible remission 
in the future will probably result from finding the optimal 
ways of combining targeted therapy, immunotherapy and 
chemotherapy.

Conflict of interest: none declared

Izabela Łaczmańska
Wroclaw Medical University 
Chair and Department of Genetics
ul. Marcinkowskiego 1 
50-368 Wrocław, Poland
e-mail: izabela.laczmanska@umed.wroc.pl

Received: 21 Jan 2021 
Accepted: 22 Jan 2021

References 
1. Lindeman NI, Cagle PT, Aisner DL, et al. Updated Molecular Testing 

Guideline for the Selection of Lung Cancer Patients for Treatment 
With Targeted Tyrosine Kinase Inhibitors: Guideline From the College 
of American Pathologists, the International Association for the Study 
of Lung Cancer, and the Association for Molecular Pathology. Arch 
Pathol Lab Med. 2018; 142(3): 321–346, doi: 10.5858/arpa.2017-0388-CP, 
indexed in Pubmed: 29355391.

2. Kutkowska J, Porębska I, Rapak A. Non-small cell lung cancer – mu-
tations, targeted and combination therapy. Postepy Hig Med Dosw 
(Online). 2017; 71(0): 431–445, doi: 10.5604/01.3001.0010.3826, indexed 
in Pubmed: 28513466.

3. Yuan M, Huang LL, Chen JH, et al. The emerging treatment landscape 
of targeted therapy in non-small-cell lung cancer. Signal Transduct 
Target Ther. 2019; 4: 61, doi: 10.1038/s41392-019-0099-9, indexed in 
Pubmed: 31871778.

4. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018; 68(6): 394–424, doi: 
10.3322/caac.21492, indexed in Pubmed: 30207593.

5. Pinto JA, Vallejos CS, Raez LE, et al. Gender and outcomes in non-small 
cell lung cancer: an old prognostic variable comes back for targeted 
therapy and immunotherapy? ESMO Open. 2018; 3(3): e000344, doi: 
10.1136/esmoopen-2018-000344, indexed in Pubmed: 29682332.

6. Travis W, Brambilla E, Nicholson A, et al. The 2015 World Health Orga-
nization Classification of Lung Tumors. J Thorac Oncol. 2015; 10(9): 
1243–1260, doi: 10.1097/jto.0000000000000630.

7. Didkowska J, Wojciechowska U, Śliwczyński A. Raport dotyczący stopni 
zaawansowania, leczenia oraz przeżyć pacjentów chorych na raka płuca 
zgłoszonych do KRN w latach 2014-2016. 2020.

8. Gatzemeier U, Pluzanska A, Szczesna A, et al. Phase III study of erlotinib 
in combination with cisplatin and gemcitabine in advanced non-
-small-cell lung cancer: the Tarceva Lung Cancer Investigation Trial. J 
Clin Oncol. 2007; 25(12): 1545–1552, doi: 10.1200/JCO.2005.05.1474, 
indexed in Pubmed: 17442998.

9. Allemani C, Weir HK, Carreira H, et al. CONCORD Working Group. Global 
surveillance of cancer survival 1995-2009: analysis of individual data for 
25,676,887 patients from 279 population-based registries in 67 coun-
tries (CONCORD-2). Lancet. 2015; 385(9972): 977–1010, doi: 10.1016/
S0140-6736(14)62038-9, indexed in Pubmed: 25467588.

10. Antonia SJ, Villegas A, Daniel D, et al. PACIFIC Investigators. Durvalumab 
after Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. N 
Engl J Med. 2017; 377(20): 1919–1929, doi: 10.1056/NEJMoa1709937, 
indexed in Pubmed: 28885881.

11. Forsythe ML, Alwithenani A, Bethune D, et al. Molecular profiling of non-
-small cell lung cancer. PLoS One. 2020; 15(8): e0236580, doi: 10.1371/
journal.pone.0236580, indexed in Pubmed: 32756609.

12. Tsoukalas N, Aravantinou-Fatorou E, Baxevanos P, et al. Advanced small 
cell lung cancer (SCLC): new challenges and new expectations. Ann 
Transl Med. 2018; 6(8): 145, doi: 10.21037/atm.2018.03.31, indexed in 
Pubmed: 29862234.

13. Mosele F, Remon J, Mateo J, et al. Recommendations for the use of next-
-generation sequencing (NGS) for patients with metastatic cancers: a 
report from the ESMO Precision Medicine Working Group. Ann Oncol. 
2020; 31(11): 1491–1505, doi: 10.1016/j.annonc.2020.07.014, indexed 
in Pubmed: 32853681.

14. Harlé A, Dietmaier W, Vogl I, et al. Detection of ALK, RET, ROS1, NTRK1 
and MET rearrangements and actionable mutations using next genera-
tion sequencing in patients with non-small cell lung cancer. Ann Oncol. 
2018; 29: vi12, doi: 10.1093/annonc/mdy318.017.

15. Clavé S, Rodon N, Pijuan L, et al. Next-generation Sequencing for ALK 
and ROS1 Rearrangement Detection in Patients With Non-small-cell 
Lung Cancer: Implications of FISH-positive Patterns. Clin Lung Cancer. 
2019; 20(4): e421–e429, doi: 10.1016/j.cllc.2019.02.008, indexed in 
Pubmed: 30898567.

16. Rizvi H, Sanchez-Vega F, La K, et al. Molecular Determinants of Re-
sponse to Anti-Programmed Cell Death (PD)-1 and Anti-Programmed 
Death-Ligand 1 (PD-L1) Blockade in Patients With Non-Small-Cell Lung 
Cancer Profiled With Targeted Next-Generation Sequencing. J Clin 
Oncol. 2018; 36(7): 633–641, doi: 10.1200/JCO.2017.75.3384, indexed 
in Pubmed: 29337640.

17. Qian J, Massion P. Next-generation molecular therapy in lung can-
cer. Translational Lung Cancer Research. 2018; 7(S1): S31–S34, doi: 
10.21037/tlcr.2018.01.03.

18. Non-Small Cell Lung Carcinoma - My Cancer Genome [Internet]. https://
www.mycancergenome.org/content/disease/non-small-cell-lung-
-carcinoma/ (30.12.2020).

19. Ruiz-Cordero R, Devine W. Targeted Therapy and Checkpoint Immuno-
therapy in Lung Cancer. Surgical Pathology Clinics. 2020; 13(1): 17–33, 
doi: 10.1016/j.path.2019.11.002.

20. Krawczyk P, Chorostowska-Wynimko J, Dziadziuszko R, et al. Zalecenia 
metodyczne dotyczące oceny mutacji genu EGFR oraz rearanżacji genu 
ALK w kwalifikacji chorych na niedrobnokomórkowego raka płuca do 
terapii ukierunkowanych molekularnie. Nowotwory. Journal of Onco-
logy. 2014; 64(4): 336–342, doi: 10.5603/njo.2014.0056.

21. Strom SP, Strom SP. Current practices and guidelines for clinical next-
-generation sequencing oncology testing. Cancer Biology & Medicine. 
2016; 13(1): 3–11, doi: 10.20892/j.issn.2095-3941.2016.0004.

22. Hochmair MJ, Buder A, Schwab S, et al. Liquid-Biopsy-Based Identi-
fication of EGFR T790M Mutation-Mediated Resistance to Afatinib 
Treatment in Patients with Advanced EGFR Mutation-Positive NSCLC, 
and Subsequent Response to Osimertinib. Target Oncol. 2019; 14(1): 
75–83, doi: 10.1007/s11523-018-0612-z, indexed in Pubmed: 30539501.

23. Evrard SM, Taranchon-Clermont E, Rouquette I, et al. Multicenter Eva-
luation of the Fully Automated PCR-Based Idylla EGFR Mutation Assay 
on Formalin-Fixed, Paraffin-Embedded Tissue of Human Lung Cancer. J 
Mol Diagn. 2019; 21(6): 1010–1024, doi: 10.1016/j.jmoldx.2019.06.010, 
indexed in Pubmed: 31445213.

24. Du X, Shao Y, Qin HF, et al. ALK-rearrangement in non-small-cell lung 
cancer (NSCLC). Thorac Cancer. 2018; 9(4): 423–430, doi: 10.1111/1759-
7714.12613, indexed in Pubmed: 29488330.



128

25. Thunnissen E, Bubendorf L, Dietel M, et al. EML4-ALK testing in non-
-small cell carcinomas of the lung: a review with recommendations. 
Virchows Arch. 2012; 461(3): 245–257, doi: 10.1007/s00428-012-1281-4, 
indexed in Pubmed: 22825000.

26. Sholl LM, Weremowicz S, Gray SW, et al. Combined use of ALK immuno-
histochemistry and FISH for optimal detection of ALK-rearranged lung 
adenocarcinomas. J Thorac Oncol. 2013; 8(3): 322–328, doi: 10.1097/
JTO.0b013e31827db604, indexed in Pubmed: 23407557.

27. Wang R, Pan Y, Li C, et al. The use of quantitative real-time reverse trans-
criptase PCR for 5’ and 3’ portions of ALK transcripts to detect ALK rear-
rangements in lung cancers. Clin Cancer Res. 2012; 18(17): 4725–4732, 
doi: 10.1158/1078-0432.CCR-12-0677, indexed in Pubmed: 22791881.

28. Zhang X, Zhou JG, Wu HL, et al. Diagnostic accuracy of PCR for detecting 
ALK gene rearrangement in NSCLC patients: A systematic review and 
meta-analysis. Oncotarget. 2017; 8(43): 75400–75410, doi: 10.18632/
oncotarget.17914, indexed in Pubmed: 29088875.

29. Santini FC, Hellmann MD. PD-1/PD-L1 Axis in Lung Cancer. Cancer J. 
2018; 24(1): 15–19, doi: 10.1097/PPO.0000000000000300, indexed in 
Pubmed: 29360723.

30. Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus Docetaxel 
in Advanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl J 
Med. 2015; 373(2): 123–135, doi: 10.1056/NEJMoa1504627, indexed 
in Pubmed: 26028407.

31. Potempa M, Jonczyk P, Zalewska-Ziob M. Molekularne uwarunkowania 
raka płuca. Onkol w Prakt Klin Medica. 2014; 10(4): 199–211.

32. Schulze AB, Schmidt LH. PD-1 targeted Immunotheray as first-line 
theray for advanced non-small-cell lung cancer atients. Journal of 
Thoracic Disease. 2017; 9: E384–E386.

33. LECZENIE NIEDROBNOKOMÓRKOWEGO RAKA PŁUCA (od 09-2020). 
Ministerstwo Zdrowia.

34. Greillier L, Tomasini P, Barlesi F. The clinical utility of tumor mutational 
burden in non-small cell lung cancer. Transl Lung Cancer Res. 2018; 7(6): 
639–646, doi: 10.21037/tlcr.2018.10.08, indexed in Pubmed: 30505708.

35. Goodman AM, Kato S, Bazhenova L, et al. Tumor Mutational Burden as 
an Independent Predictor of Response to Immunotherapy in Diverse 
Cancers. Mol Cancer Ther. 2017; 16(11): 2598–2608, doi: 10.1158/1535-
7163.MCT-17-0386, indexed in Pubmed: 28835386.

36. McGranahan N, Furness AJS, Rosenthal R, et al. Clonal neoantigens 
elicit T cell immunoreactivity and sensitivity to immune checkpoint 
blockade. Science. 2016; 351(6280): 1463–1469, doi: 10.1126/science.
aaf1490, indexed in Pubmed: 26940869.

37. Paz-Ares L, Ciuleanu TE, Cobo M, et al. CheckMate 026 Investigators. 
First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell Lung 
Cancer. N Engl J Med. 2017; 376(25): 2415–2426, doi: 10.1056/NEJ-
Moa1613493, indexed in Pubmed: 28636851.

38. Gu Li, Deng ZJ, Roy S, et al. A Combination RNAi-Chemotherapy 
Layer-by-Layer Nanoparticle for Systemic Targeting of KRAS/P53 with 
Cisplatin to Treat Non-Small Cell Lung Cancer. Clin Cancer Res. 2017; 
23(23): 7312–7323, doi: 10.1158/1078-0432.CCR-16-2186, indexed in 
Pubmed: 28912139.

39. Xie Q, Yu Z, Lu Y, et al. microRNA-148a-3p inhibited the proliferation 
and epithelial-mesenchymal transition progression of non-small-cell 
lung cancer via modulating Ras/MAPK/Erk signaling. J Cell Physiol. 
2019; 234(8): 12786–12799, doi: 10.1002/jcp.27899, indexed in Pub-
med: 30536836.

40. Engelman JA, Zejnullahu K, Mitsudomi T, et al. MET amplification leads 
to gefitinib resistance in lung cancer by activating ERBB3 signaling. 
Science. 2007; 316(5827): 1039–1043, doi: 10.1126/science.1141478, 
indexed in Pubmed: 17463250.

41. Lazzari C, Sitaleri G, Catania C, et al. Targeting ALK in atients with 
advanced Non Small Cell Lung Cancer: Biology, diagnostic and thera-
eutic otions. Critical Reviews in Oncology/Hematology. Crit Rev Oncol 
Hematol. 2014; 89: 358–365.

42. Lockney NA, Wu AJ. Alectinib for the management of ALK-positive non-
-small cell lung cancer brain metastases. J Thorac Dis. 2017; 9(2): E152–
E154, doi: 10.21037/jtd.2017.02.05, indexed in Pubmed: 28275502.


