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In recent years, a dynamic increase has been observed in occurrence of melanomas, especially in young and middle-aged
patients. This is the reason why curing these patients has become a priority also in the economic context. Melanomas
belong to a group of neoplasms of very high genetic heterogeneity. The most common genetic alterations concern two
signalling pathways: mitogen-activated pathway (MAPK) and phosphoinositide 3-kinase (PI3K) pathway. Identification of
the characteristic molecular changes in the neoplastic tissue allows optimisation and individualisation of the therapy. Thus,

it contributes to an increase in successful cancer treatment, reduction of treatment side effects and to improvement of the
patients'quality of life. Currently, the standard management of skin melanoma patients involves — along with surgical treat-
ment and classical chemo/radiotherapy which is now less frequently used — also introduction of targeted therapy focused
on molecular changes within the tumour tissue as well as immunotherapy which relies on activating the immune system.
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Introduction

Individualised oncological therapy involves therapeutic mana-
gementaimed at selecting the treatment to obtain maximum
benefits while minimising side effects. Effectiveness of such
treatment is always associated with evaluation of the patient
by a multidisciplinary team of clinicians. The objective of this
assessment is to determine optimal therapeutic approach
(“tailored treatment”). Implementation of such procedure is
possible due to immense technological development obse-
rved in genetics and molecular biology over the last decade.
[tinvolves:

- introduction of a new classification of neoplasms,

- search for new therapeutic goals,

- assessment of the patient’s response to treatment (phar-
macogenomics),

- detecting treatment resistance,

- detecting recurrence at a very early stage,

- cancer risk assessment [1].

Epidemiology and risk factors

Melanoma is one of those cancers in which targeted treatment
has been used for several years. It is a malignant neoplasm ori-
ginating from melanocytes, i.e. cells that produce the pigment
called melanin.These are cells of neuroectodermal origin [2]. The
most common primary location of melanoma is the skin (over
96% of cases), especially surfaces exposed to sunlight. Other
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locations that are much less common include: the conjunctiva
and uvea, oral, pharyngeal and genital mucosa, meninges and
distal parts of the body (including subungual localization) [2].

The highest incidence of melanoma is observed in Australia,
New Zealand and North America. In Poland, melanomais relati-
vely rare, and its standardized incidence rate is approximately 6.5
per 100,000. According to the National Cancer Registry of 2017,
there were 3,785 cases of melanoma in Poland recorded (1,796
menand 1,989 women),and 1,410 deaths caused by melanoma
[3]. Although melanoma is a rare neoplasm (about 2% of all
cancers), the last dozen years witnessed a dynamic increase of
its incidence, especially in the Caucasian population. This is also
the case in Poland (according to the data of the National Cancer
Registry,an increase of over 70% in 10 years). The relatively young
age of onset (30-50 years) is also important, as it translates
significantly to serious socio-economic consequences [4]. Im-
portantly, melanoma-related mortality in Poland is 20% higher
that the respective number in western countries, even though
the morbidity rate in Poland is lower. This is clearly reflected in
statistical data concerning differences in treatment effectiveness
in individual countries — among all cancers, the differences for
melanoma are the highest (Poland 69.8 vs. Germany 93.1) [3]. It
is probably related to late detection / diagnosis of the disease
and ignorance and/or failure to apply prophylaxis.

The rapid growth rate and high metastatic potential place
melanoma among those cancers which are the most difficult
to treat and have the worst prognosis [2]. Therefore, it is very
important to diagnose the disease quickly and accurately,
because if the cancer is detected early (when it is locally limi-
ted to its primary focus), it is almost 100% curable — it can be
removed surgically [2].

The main risk factor for development of melanomais light
skin and exposure to ultraviolet (UV) radiation, either natural
(especially UV-B), or artificial (indoor tanning, especially UV-A
radiation). People who have been exposed to UV radiation
intensively and intermittently, and who have suffered sunburns
during childhood and/or adolescence, are at an increased
risk of developing this disease, compared to those who have
experienced long-term and regular UV exposure. People who
have suffered more than 5 severe episodes of sunburn are
approximately 2 times more likely to develop melanoma [5].

There is a gradient in the incidence of melanoma in Eu-
rope — the highest rate of morbidity is recorded in the north
of the continent, while in the south there are significantly
fewer cases. Fewer melanoma patients in southern European
populations are likely associated with chronic sun exposure
(compared to periodic / sporadic exposure in the north) and
characteristically darker skin phototype which provides natural
protection against UV radiation [6].

Diagnostics

Most melanomas form de novo — about 50-60% on the skin
without pigmentation changes, and about 40% arise on exi-
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sting pigmentary lesions [4]. Self-observation of skin changes,

especially atypical pigmented nevi, is extremely important,

and any disturbing change should be reported to a specialist.

Patients may use the ABCDE scale for nevus assessment and

initial identification of some melanomas, with letters corre-

sponding to lesion features:

« A-asymmetry of the nevus,

- B - borderirregularity,

« C-colour inconsistencies,

« D -diameter larger than 5 mm,

- E - evolution / elevation, marking a change in shape or
protuberance of the nevus over time [7].

Lesions may be associated with ulceration and/or ble-
eding. A dermatoscopy by a specialist is the basis for a clinical
diagnosis of the disease. Subsequently, the suspicious lesion
should be surgically removed with a minimum margin of
1-2 mm of healthy skin and subjected to histopathological
analysis for diagnosis. There are 4 main histological subtypes
of melanoma:

- superficial spreading melanoma — SSM (41%),

- nodular melanoma - NM (16%),

- melanoma arising from the lentigo (lentigo maligna me-
lanoma - LMM) (2.7-14%), and

+ subungual or limb melanoma (acral lentiginous melanoma
- ALM) (7-10%).

Otherrarer types include desmoplastic melanoma or blue
nevus melanoma [7, 8]. The histopathology report should
include subtype diagnosis, as well as other important features:
+macroscopic characteristics, i.e. size of the excised skin

fragment with the lesion, location of the lesion on the skin,

tumour dimensions and lesion description (including its
colour, border, nodule or its absence, satellite foci),

« microscopic features, i.e. tumour thickness in mm (Breslow
measurement), ulceration or its absence, number of mito-
ses per mm?, presence or absence of microsatellites and
additionally growth phases (radial vs. vertical), presence or
absence of lymphocytic infiltration, presence or absence
of infiltration of lymphatic vessels, presence or absence of
infiltration of nerve trunks [7, 8].

Subsequent diagnostic tests (chest X-ray, abdominal ul-
trasound, lymph node ultrasound, CT or PET) allow staging
of the disease advancement. Such comprehensive diagno-
stics enables forecasting further natural course of the disease
(prognostic factor). On the other hand, molecular tests for the
presence of mutations within tumours at high clinical stages
allow to plan the most effective treatment (predictive factor).
There are five stages of clinical tumour advancement [7]:

+ Grade 0 -referred to as melanomain situ — a form that does
not exceed the epidermis with no infiltration.

- Grade | - if the melanoma is ulcerated and its thickness
does not exceed 1 mm, or if it is not ulcerated and its
thickness does not exceed 2 mm, lymph nodes are not
affected (NO) and there are no distant metastases (MO).



« Grade Il - it has three subgrades, distinguished by the
primary lesion’s thickness:

- lIA = if the melanoma is ulcerated and its thickness
does not exceed 2 mm or if it is not ulcerated and its
thickness does not exceed 4 mm,

- lIA = if the melanoma is ulcerated and its thickness
does not exceed 4 mm or if it is not ulcerated and its
thickness exceeds 4 mm,

- lIC = if the melanoma is ulcerated and its thickness
exceeds 4 mm.

In grade II, lymph nodes are not affected (NO) and there

are no distant metastases (MO0).

-« Grade lll - presence of metastases in the regional lymph
nodes. There are four subgrades (IlIA-IIID) depending on
the number of lymph nodes involved and the type of
metastasis (micrometastases diagnosed microscopically
vs. macrometastases found in a clinical examination). No
distant metastases (MO0). At this grade, skin metastases
are possible in the form of satellite or in-transit foci which
can be isolated or associated with metastases to regional
lymph nodes.

« Grade IV - the most advanced stage of the disease, cha-
racterised by metastases to:

- extra-regional lymph nodes, skin or subcutaneous
tissue,

— visceral organs such as the lungs and liver,

- central nervous system - this group of patients has
the worst prognosis.

Hereditary / genetic predisposition to melanoma
In addition to the most common sporadic form of melanoma,
hereditary forms are also known. No single inheritance mode
has been identified with respect to genetic factors determi-
ning melanoma development predisposition, and the familial
cases of melanoma have multi-gene background, frequently
associated with a specific complexion (light skin with freckles
and red hair is associated with higher risk), as well as family
habits (e.g. overexposition to solar radiation) [9]. The CDKN2A
gene (cyclin-dependent kinase inhibitor 2A), well-studied in
the Polish population, is one of the leading and most resear-
ched predisposing genes. It encodes the p16 cell cycle control
protein (INK4A) and the p14 (ARF) isoform [10]. This gene is
located on the short arm of chromosome 9 (9p21). The most
common constitutional variant, i.e. the variant which is present
in all cells of the body, is c442G > A (p.A148T, missense type
change, substitution of alanine by threonine), which increases
the risk of melanoma 2-2.5 times, it also increases the risk of
pancreatic, lung, colorectal and breast cancers and malignant
tumours of the brain [10-12]. Although the alteration itself
does not cause dysfunction of the protein encoded by this
gene, it has been suggested that it may be inherited together
with another variant that has negative impact on the protein
and thus modulates the risk of developing the disease [10].

Interestingly, the data in the ClinVar database do not support
the pathogenicity of this lesion and classify it as a benign variant
which is not related to a disease. Therefore, the diagnostic result
obtained for a given patient should be interpreted in relation
to clinical data (including data on the ethnicity of the patient),
literature data and emerging new guidelines.

Selected genetic syndromes with an increased risk
of melanoma

There are various genetic syndromes which are associated
with the increased risk of development of skin cancers, inc-
luding melanoma. The greatest risk is observed in xeroderma
pigmentosum (XP) and dysplastic nevus syndrome. Li-Fraumeni
syndrome predisposes to the development of this cancer to
a smaller extent.

Xeroderma pigmentosum is a very rare heterogenic dise-
ase characterised by autosomal recessive inheritance. In this
disease, the skin displays characteristically increased suscepti-
bility to ultraviolet radiation, which involves high risk of early-
-age development of skin cancers. The genetic background of
XP involves mutations in the genes which encode enzymes
from nucleotide excision repair (NER) responsible for repairing
DNA damage caused by UV radiation. The exception is the XPV
subtype, in which the disease is caused by mutations in the
polymerase n. There are several sub-types of XP depending
on the gene affected by the mutation (XPA, XPB, XCP, XPD, XPE,
XPG, ERCC4, DDB2 and POLH). XP prophylaxis involves avoiding
exposure to UV radiation, frequent dermatological check-ups
and removal of precancerous lesions [13].

Dysplastic nevus syndrome (familial atypical multi mole
melanoma syndrome — FAMMM) is inherited in an autosomal
dominant manner with variable expression and incomplete
penetrance [14]. Apart from melanoma, increased risk of other
malignancies is observed, including pancreatic cancer. The risk
of developing melanoma in patients with dysplastic nevi is
primarily related to the total number of nevi and family history
of melanoma [15]. The syndrome is caused by the mutationsin
genes encoding proteins that regulate the cell cycle, including
CDKN2A and CDK4 (cyclin-dependent kinase 4) [15].

Li-Fraumeni syndrome which is the hereditary predisposi-
tion to a broad spectrum of neoplasms, is based on a mutation
in the suppressor gene (anti-oncogene) TP53 (tumour protein
p53). This is an autosomally dominantly inherited syndrome.
About 50% of mutation carriers develop tumours by the age
of 30, often multifocal or bilateral lesions. The most common
neoplasms associated with Li-Fraumeni syndrome are sarco-
mas and osteosarcomas, as well as breast cancer, adrenal cortex
cancer and malignant tumours of the brain. Melanoma does
not belong to the main spectrum of neoplasms found in this
syndrome, but the risk of its development is increased. There-
fore, prophylaxis should include the analysis of any new skin
lesion / nevus by a dermatologist and limitation of exposure
to UV radiation [16].
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Genetic counselling in patients with hereditary
melanoma predisposition

Patients with oncological diseases should be consulted by
a clinical geneticist, who should assess whether the disease
meets the hereditary cancer syndrome criteria. There are fe-
atures allowing for such diagnosis even without finding the
germline mutation, e.g. diagnosis of the hereditary breast
cancer syndrome (HBC-syndrome).

The case is similar for patients with clinical history of me-
lanoma. In families with hereditary predisposition, cancers are
diagnosed in young patients (below 40 years of age) and in
several close relatives. In the case of melanoma, it should be
remembered that development of this cancer may be also
associated with shared environmental risk.

As it has been mentioned before, the genetic background
in families with accumulation of melanomas is not easily
found. Apart from the already mentioned CDKN2A and CDK4
genes, involvement of other genes, of moderate penetrance,
has been suggested, too: TERT (telomerase reverse transcrip-
tase), MITF (microphthalmia-associated transcription factor
gene), POT1 (protection of telomeres 1) or BAPT (BRCAT asso-
ciated protein 1) [17]. Additionally, genetic counselling should
take into account the increased risk of pancreatic cancer (in
carriers of CDKN2A mutations). The patient’s skin phenotype
and geographic origin are important, too, as the risk can
differ between particular populations, even in carriers of the
same genetic variant. Genetic tests which can be applied to
analyse the genetic burden may concern only the 442G >
A (p.A148T) variant in the CDKN2A gene (especially for the
Polish population). The gold standard in this type of testing
involves sequencing with Sanger method, especially that this
method is not very expensive, but has very high sensitivity.
The gene fragment that contains the change is amplified by
PCR (polymerase chain reaction) and then every nucleotide in
the sequence is read by the sequencing reaction. In families
with hereditary predisposition, if the p.A148T variant is not
detected, sequencing should cover the entire CDKN2A gene
including promoter sequence. If no variants are found in the
CDKN2A gene, then a test is typically performed for mutations
in the CDK4 gene and other genes of potential relevance in
melanoma. However, these are informal recommendations,
as so far, no guidelines for the analysis of genes other than
CDKN2A have been published [18, 19]. Also in other cancer
syndromes, such as Lynch syndrome type Il, Cowden syndro-
me, familial retinoblastoma, one should remember about the
increased risk of melanoma [18].

Most common molecular changes in melanomas

Melanomas are a very heterogeneous group of cancers in
terms of the molecular changes occurring in their develop-
ment; and compared to other malignancies, they are asso-
ciated with a high rate of somatic mutations [20]. Therefore,
characterising molecular changes allows implementation of
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individualised clinical approach, and it may have prognostic
significance.

There are 3 levels within a cell where defined genetic chan-
ges may occur. The first level is called the input layer and it is
integrated into the cytoplasmic membrane, which consists of
ligands and surface receptors. These are for example the receptor
tyrosine kinases (RTKs), including KIT and ALK. After the receptors
are activated, the next level is launched, i.e, signal transduction
pathways. This level consists of two main pathways: MAPK (mi-
togen-activated protein kinase) and PI3K / AKT / mTOR (pho-
sphatidylinositol-3-kinase pathway). The signalling cascade ends
at the last effector level in the cell nucleus (e.g., the TERT gene)
with the activation or inhibition of transcription factors [20].

One of the most commonly observed and characteristic
pathomechanisms in melanomas involves activation of the
MAPK pathway with its main components of RAS / RAF / MEK
/ ERK kinases. This activation occurs as a result of mutations in
the genes which encode proteins involved in the signalling
pathway. The most commonly mutated proto-oncogenes are
BRAF and NRAS.

BRAF

BRAF gene (B-Raf proto-oncogene, serine / threonine kinase),
located on the long arm of chromosome 7 (7q34), encodes
the serine-threonine kinase which activates the ERK pathway.
BRAF mutations are seen in approximately 50% of advanced
melanoma cases and are common in patients with no history
of sun damage to the skin. These mutations are very rarely
found in melanomas of the mucous membranes or oral cavity
[21]. Despite identification of many different mutations in the
two segments of the kinase domain, the most common oneis
a substitution of valine for another amino acid at position 600
of the amino acid chain (more than 97% of the mutations) [22].
The most common change involves substitution of glutamic
acid (Ve0OE, 70-80%). This, in turn, activates BRAF and causes
amore than 800-fold increase of the phosphorylation capacity
of the substrate MEK [23].

The next most common alteration concerns V600K (lysi-
ne substitution, 10-20%). Less common changes are V600R,
V600D, and V600M (substitutions for arginine, aspartic acid,
and methionine, respectively) [21]. BRAF mutation leads to an
increase in the cell proliferation index independent of external
signals (activation of the MAPK / ERK pathway).

Melanomas with the BRAF mutation have poor prognosis.
The disease has an aggressive course associated with shorter
survival time in patients with high (IV) stage cancer compared
to patients without the BRAF mutation (wild type - WT). Fur-
ther, BRAF+ melanomas are more common in younger people
and, unlike wild-type melanomas, they are characterised by
superficial tumour spread or nodular type [22]. Mutations of
the BRAF gene in melanoma always coexist with inactivation
of the suppressor gene, e.g. PTEN or TP53 (oncogene / tumour
suppressor gene effect) [24].



NRAS

NRAS gene (NRAS proto-oncogene, GTPase) encoding small-
-molecule GTPase is located on the short arm of chromosome
1 (1p13.2). NRAS is the next most commonly mutating protein
in melanomas, and the MAPK pathway is one of its several
effector pathways. It is estimated that approximately 15-25%
of melanoma cases have activating mutations in NRAS [25]. The
most common NRAS mutation in melanoma is substitution of
glutamine with other amino acids at codon 61 (Q61). Typically,
these are arginine (R), leucine (L), lysine (K) and histidine (H)
[26]. NRAS and BRAF V600 mutations are mutually exclusive. In-
activation of p53 or p16 and coexistence of the NRAS mutation
are factors that trigger the process of neoplastic transformation
[24]. The NRAS protein is a GTPase responsible for the hydro-
lysis of GTP to GDP. Mutations commonly found in melanoma
interfere with the hydrolysis process and NRAS is permanently
bound to GTP, causing its continued activity independent of
external signals. NRAS activates the MAPK pathway by CRAF
kinase (BRAF independent pathway activation), which transla-
tesintoincreased proliferation. In addition, it also activates the
PI3K/ AKT pathway. This, in turn, is associated with modulating
the growth and survival of cancer cells [27].

The NRAS mutations are most common in elderly pa-
tients who are chronically exposed to UV [28]. Presence of
a NRAS mutation is an independent negative prognostic
marker associated with higher risk of nodal metastases and
lower median survival compared to patients without this
change [29].

NF1

In 2015, The Cancer Genome Atlas (TCGA) published a sequen-
ce analysis of the exome in 333 patients with primary and/or
metastatic melanoma. The data showed that skin melanomas
can be divided into 4 genomic subgroups, which include
cancers:

with BRAF mutation,

with NRAS mutation,

with NFT (neurofibromin 1),

triple wild type, i.e. tumours without mutations in the above

genes [30].

However, clinical implications concerning prognosis and
forecasting response to treatment are still equivocal with re-
spect to the group with NFT gene mutations. Therefore, further
studies are necessary to introduce guidelines for management
of patients with this mutation [8].

PTEN

PTEN gene (phosphatase and tensin homolog), located on the
long arm of the chromosome 10 (10g23.31), encodes pho-
sphatase which acts as a tumour successor by blocking the
PI3Ksignalling pathway through lipid phosphatase activity and
by negatively regulating the MAPK pathway through protein
phosphatase activity (double specificity).

In about half of melanomas with BRAF mutations, loss of
expression of PTEN protein is detected. This loss reflects homo-
zygous deletion of the gene or other genetic and epigenetic
changes which lead to reduction/loss of protein expression.
Further, a subgroup of melanomas can be identified with am-
plification of AKT3 (AKT serine/threonine kinase 3) — effector of
PI3K pathway. This amplification is an independent mechanism
that leads to activation of the PI3K pathway in tumours with
present mutations that activate BRAF [31]. The consequences
of the loss of PTEN function associated with AKT3 amplification
still need to be clarified. However, it is suggested that activation
of the PI3K pathway affects the expression of the porapoptotic
protein BCL2L11. Lack of PTEN activity inhibits expression of
BCL2L11, which translates into increased resistance of cells
to apoptosis. The moment of loss of PTEN activity remains
unresolved — whether it occurs in the initial or later stages of
carcinogenesis [31].

KIT

Mutations which lead activation and/or amplification of KIT (KIT
proto-oncogene, receptor tyrosine kinase), are relatively common
in rare (1-3% of all melanoma cases) melanomas of the mucous
membranes and subungual tissues (10-40%). Further, unlike
the BRAF mutation, they occur in people who are chronically
exposed to skin damage caused by solar radiation [32, 33].
Mutations / amplifications of the KIT protein lead to consti-
tutive activation of various intracellular pathways, including
MAPK / ERK and PI3K/ AKT, which play key roles in melanoma
development. KIT gene mutations in melanoma are most
commonly (about 70%) located in:

exon 11 — most commonly substitution of proline for leu-

cine in codon 576 (L576P), and

exon 13 — most commonly substitution of glutamic acid

for lysine in codon 642 (K642E) [33].

These mutations cause enhanced proliferation which
translates to increased expression of Ki-67 protein (prolifera-
tion biomarker) in immunohistochemistry testing of patients
with a mutation as compared to patients with the unchanged
gene.The presence of a mutation in the KIT gene is a prognostic
marker associated with a worse prognosis as compared to
melanomas without this change [34].

GNAQ/GNA11 and BAP1

The genetic profile of uveal melanomas turned out to be
completely different from that of the skin or mucous mem-
branes melanomas, because in these cancers there are no
mutations of proto-oncogenes and suppressor genes crucial
for development of skin melanomas. However, they have cha-
racteristic mutations in two proto-oncogenes: GANQ (G protein
subunit alpha g) and GNAT1 (G protein subunit alpha 11) which
are mutually exclusive. Both genes encode the a-subunit of
a G protein with GTPase activity involved in the activation of
various signal transmission pathways [35]. Mutations of these
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genes lead to the inactivation of the GTPase function. This is
associated with constitutive binding of protein with GTP and -
similar as in the case of NRAS — it leads to its constant activity.

Further, beside mutations of the listed protooncogenes,
point mutations of the BAP1 suppressor protein-encoding
gene were found in uveal melanomas. The biggest number of
mutations are presentin the domains binding BAP1 to BRCA1
and BARD1 [19, 35, 36].

Genetic analysis of somatic changes

Somatic changes are characteristic and present only in the
patient’s cancer cells. Their identification allows introduction
of treatment targeted at these changes. Consequently, the
applied therapy may be much more effective than the classic
chemotherapy.

The most commonly analysed material is DNA isolated from
paraffin embedded tissue blocks. The key step before isolating
the genetic material is to assess the percentage of neoplastic
cells (which should be higher than 50%). This is a precondition
for selection of the tissue fragment to be tested. BRAF V60O
mutation status is the only biomarker currently considered
important in the treatment of advanced metastatic cutaneous
melanoma. Therefore, assessment of this status has become a
priority in selecting therapy and has been included in guidelines
by both the European Society for Medical Oncology (ESMO) and
American National Comprehensive Cancer Network (NCCN) [17,
37,38]. So far, several methods have been developed that can
be used to detect BRAF mutations. These include:

« Sanger sequencing, immunohistochemistry (IHC),
< pyrosequencing,

« mutation-specific PCR,

- mutation specific real-time PCR / qPCR,

- digital PCR,

+high-resolution melting curve analysis (HRM),

+  next-generation sequencing (NGS) [39].

Recommendations for identification of BRAF mutations
in clinical practice indicate sequential analysis using two
methods. The first step is to perform screening by IHC with
monoclonal VE1 antibodies (specific for the mutant version
of the BRAF protein with the V600OE mutation). Secondly, the
presence of the mutation must be confirmed by one of the
methods of molecular biology. These recommendations are
associated with the risk of false negative results and/or failure
to detect presence of other mutations than V600E by IHC.
If there is not enough material for genetic testing, then IHC
remains the method of choice.

It should be remembered that sensitive molecular me-
thods, e.g,, real-time PCR may detect BRAF mutations which
occurin a small percentage of tumour cells (even >5%), mostly
wild type. However, it is not actually of clinical relevance in
response to targeted therapy. Therefore, it seems that the NGS
method is currently the best molecular method [39]. It allows
simultaneous analysis of all genes which are relevant in mela-
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noma (there are commercially available panels),and apart from
high sensitivity, it indicates the percentage of mutated alleles.

Nowadays in Poland and worldwide, there are many com-
mercial tests available which allow fast and unequivocal de-
termination of BRAF mutation status. Most commonly, these
are tests based on real-time PCR and — more importantly
- optimised for DNA from paraffin embedded tissue blocks.
Reference laboratories should use tests certified for diagnostic
purposes (e.g., CE IVD certificate or recommendations by the
American Food and Drug Administration [FDA]). Further, to
ensure high level of performance of the tests, such laboratories
should regularly undergo international inspections for external
quality control. They should also promptly implement the latest
recommendations.

Liquid biopsy is another way to obtain material for tests. It
is gaining clinical significance with respect to analysing muta-
tions in neoplastic tumours (especially inoperable ones), as well
as treatment and resistance monitoring. This method involves
identification of circulating tumour cells (CTCs), circulating
tumour DNA ( ctDNA) or circulating tumour RNA (ctRNA) in
the patient’s blood, as they hold characteristic mutations of
prognostic importance [40].
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