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Individualisation of medical management based on prognostic and predictive markers (personalised medicine) allows
customisation of prophylaxis and optimisation of treatment by increasing its efficiency and minimisation of adverse effects.
In the case of breast cancer, therapy selection is still based on histopathology and immunohistochemical assessment
including analysis of estrogen receptor (ER) expression, progesterone receptor (PgR) expression and over-expression or
amplification of receptor tyrosine kinase erbB-2 gene (ERBB2 aka HER2). An additional role, facilitating decision on appli-
cation or waiver of chemotherapy in early breast cancer, may be played by panels assessing gene expression within tDNA
(tumour DNA, i.e. DNA isolated from tumour cells) and evaluation of concentration of uPA (urokinase-type plasminogen
activator) and PAI-1 (plasminogen activator inhibitor type 1) in tumour cells. Growing hope surrounds the new, targeted
therapies, including: inhibitors of CDK 4/6 (cyclin-dependant kinases 4 and 6), mTOR inhibitors (rapamycin's mammalian
target), inhibitors of poly(ADP-ribose)polymerase(PARP) or inhibitors of PI3K (phosphatidylinositol-4,5-bisphosphate 3-ki-
nases). For ovarian cancer, treatment selection is based on assessment of the histopathologic type, malignancy degree,
FIGO classification and platinum sensitivity of the tumour. However, the increasing use of PARP inhibitors and angiogenesis
inhibitors is noteworthy. In the context of personalised medicine for both these cancers, an important element involves
also individualisation of prophylactic and therapeutic recommendations in carriers of germline mutations associated with
hereditary cancer syndromes.
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Introduction to personalised medicine

Personalised therapies are currently among the most notable
trends in medicine, especially in management of cancer pa-
tients. Progress in genetics and molecular pathology allowed
selection of a number of biomarkers of patient-specific status.
Their analysis enables selection of an optimal, individually
tailored procedure. The said biomarkers can be diagnostic

(helpfulin precise diagnosis), prognostic (allowing estimation
of the probable course of the disease in terms of recurrence
risk), and predictive (allowing prediction of the likely response
to particular therapies, and therefore helpful in selecting
personalised therapy). Normally, biological material from the
tumour is used for marker evaluation which may be carried
out at the level of genetic changes (using appropriately se-

How to cite:

Doraczyniska-Kowalik A, Janus-Szymariska G, Matkowski R, Michatowska D, Sgsiadek MM. Genetics and Oncology (part 2.). Fundamentals of personalised medicine
in the treatment of breast and ovarian cancer. NOWOTWORY J Oncol 2020; 70: 187-202.

187



lected cytogenetic and/or molecular tests) as well as protein
changes (usually using immunohistochemical methods).
The concept of personalised medicine in oncology is very
broadly defined and it includes choosing patient-specific
treatment, taking into account both individual prophylaxis
and the type, time and sequence of therapy, as well as doses
of drugs used. Management adapted to the needs of an
individual patient is aimed at increasing the effectiveness of
prophylaxis and therapy and at reducing the frequency and
intensity of side effects [1].

The following review presents basics of personalised me-
dicine as applied in breast cancer and ovarian cancer patients,
considering especially guidelines of the European Society for
Medical Oncology (ESMO).

Genetic profile of breast and ovarian cancer

The basis of the neoplastic transformation process lies in mu-
tations. Their accumulation leads to genetic instability within
neoplastic cells.

Most cancers, including most breast cancers (70-75%)
and most ovarian cancers (75-90%) are sporadic in nature
and develop as a consequence of accumulated somatic mu-
tations, which are non-hereditary changes acquired during
the individual's life and limited to the genome of neoplasm’s
cells. Presence of somatic mutations is thus limited to tDNA
- DNA isolated from tumour cells. Characteristically, sporadic
neoplasms are usually diagnosed in older age patients with
no family history of cancer.

Some cancers, including 15-20% of breast cancers, are
familial. In these cases, their origin is characterised by ag-
gregation of neoplasms of a specific type among members
of a family. In patients with familial neoplasms, multi-gene
variations are observed in constitutive genome, which in-
crease susceptibility to environmental cancerogenic factors.
Therefore, familial neoplasms develop as a consequence
of combined effect of constitutive genetic susceptibility
and adverse environmental factors, which together lead
to occurrence of mutations related to neoplastic transfor-
mation. However, the complexity and limited penetrance
of constitutional variants do not allow their application as
markers that would unequivocally define the individual risk
of developing a cancer.

Hereditary neoplasms (developing on the basis of inheri-
ted mutation) are relatively rare e.g. hereditary breast cancer
accounts for 5-10% of all breast cancer cases, and hereditary
ovarian cancer for 10-25% of all ovarian cancer cases. They
are characterised by unique clinical features. A suspicion of a
hereditary cancer should be raised with such clinical features
as: atypical cancer, young age of diagnosis (e.g. pre-meno-
pausal breast cancer), multifocal and/or bilateral lesions, oc-
currence of two or more primary neoplasms in an individual
or occurrence of neoplasms of the same spectrum in several
members of a family. In patients with hereditary breast and/or
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ovarian cancer, observations confirmed an increased lifetime
risk of development of not only those cancers, but also other
neoplasms of the spectrum characteristic of the syndrome in
question. A hereditary cancer is associated with carrying a spe-
cific germline mutation, i.e. a hereditary, congenital mutation
of a single gene which is present in all cells of the body, and
therefore identified both in tDNA tests and on DNA isolated
from cells outside the tumour (e.g. peripheral blood lympho-
cytes, saliva cells, oral mucosa cells, fibroblasts). Identifying
people with hereditary breast and/or ovarian cancer is impor-
tant not only because of the individualisation of prophylactic
and therapeutic recommendations for such patients, but also
considering the necessity to provide genetic counselling to
other family members [1].

Breast cancer - individualisation of therapy
based on histological and immunohistochemical
classification

Selection of treatment for patients with breast cancer is
still based on histopathology and immunochemistry of the
tumour.

Decisions concerning targeted therapy are mostly based
on the tumour’s biological profile. In the case of breast cancer,
this profile refers to the immunohistochemical (IHC) analysis
of expression of the estrogen receptor (ER), expression of the
progesterone receptor (PgR) and overexpression of the human
epidermal growth factor type 2 receptor (HER2) or (if this
assessment is equivocal) analysis of amplification of receptor
tyrosine kinase erbB-2 aka HER2 receptor gene (ERBB2 aka
HER?2). The above biomarkers are diagnostic, prognostic and
predictive, too (tab. I).

According to ESMO recommendations, examination of
HER2 status should conform to standards of the American
Society of Clinical Oncology — College of American Pathologists
(ASCO-CAP). Additionally, amplification of HER2 gene may be
analysed by in situ hybridisation (ISH) or fluorescence in situ
hybridisation (FISH), usually applied as an additional test in
cases of equivocal immunochemistry results (+2) [2].

Each patient with an invasive breast cancer should have
ER, PgR and HER2 status assessed, optimally in the biopsy spe-
cimen [2, 3]. In cases of equivocal or triple negative receptor
status of the biopsy specimen, additionally post-operative ma-
terial should be immunohistochemically tested. Furthermore,
HER?2 status should be re-evaluated in post-operative material
in cases in which a test of the biopsy specimen revealed G1
ER+, PgR+, HER2+ NST breast cancer, as well as for selected ca-
ses of specific-type breast cancer. In all of the above situations,
the postoperative results should be considered final [2]. ESMO
also recommends that in cases of advanced breast cancer in
the metastatic stage, at least one IHC assessment on biological
material from a metastatic focus should be performed to assess
the biological profile, which may be different from that of the
primary tumour [4].



Table I. Individualisation of systemic treatment of breast cancer depending on the tumour’s biological profile

ER PgR HER-2 Prognosis

Classification

Systemic treatment [2-6]

Hormone therapy 5-10 years:

estrogen receptor blockers like tamoxifen, toremifene, fulvestrant and/or

aromatase inhibitors like anastrazole, letrozole, exemestane.
Chemotherapy in cases of T3 and/or involvement of 4 lymph nodes.
CDK 4/6 inhibitors (palbociclib, ribociclib, abemaciclib) or mTOR inhibitors (everolimus) in
cases of advanced cancer.
PI3K inhibitors (alpalisib) with fulvestrant in the next line of treatment (after hormone
therapy) in patients with advanced breast cancer and PIK3CA mutation in tDNA.
PARP inhibitors (olaparib or talazaparib) in the next line of treatment (after anthracycline
and taxanes) in patients with a germline BRCAT or BRCA2 mutation in cases of advanced

Hormone therapy 5-10 years:

estrogen receptor blockers like tamoxifen, toremifene, fulvestrant and/or

aromatase inhibitors like anastrazole, letrozole, exemestane
Chemotherapy.
Anti-HER2 therapy in HER2-positive cases:

monoclonal antibodies such as trastuzumab, pertuzumab, T-DM1 and/or

kinase inhibitors such as lapatinib, neratinib, tucatinib.
CDK 4/6 inhibitors (palbociclib, ribociclib, abemaciclib) or mTOR inhibitors (everolimus) in
cases of advanced HER2-negative luminal B cancer.
PI3K inhibitors (alpalisib) with fulvestrant in the next line of treatment (after hormone
therapy) in patients with advanced HER2-negative luminal B breast cancer and PIK3CA
mutation in tDNA.
PARP inhibitors (olaparib or talazaparib) in the next line of treatment (after anthracycline
and taxanes) in patients with a germline BRCAT or BRCA2 mutation in cases of
HER2-negative advanced cancer.

. Anti-HER2 therapy in HER2 positive cases:

monoclonal antibodies such as trastuzumab, pertuzumab, T-DM1 and/or
kinase inhibitors such as lapatinib, neratinib, tucatinib.
Chemotherapy.

Chemotherapy (considering platinum derivatives, among others).

luminal A + + - good 1.
2.
3.
4.
5.
cancer.
luminal B + - - 1.
HER2-negative TedEGEiE-
luminal B + - + ly good 7
HER2-positive 3'
4.
5.
6.
non-luminal HER2- - - + moderate- 1
positive ly severe
2.
triple negative - - - severe 1.
(TNBC) 2.

PARP inhibitors (olaparib or talazaparib) in the next line of treatment (after anthracycline
and taxanes) in patients with a germline BRCAT or BRCA2 mutation in cases of advanced

cancer.

Breast cancer - therapy individualisation based
on molecular changes and ancillary markers

Pi3K inhibitors

A lot of hope is now associated with PI3K inhibitors (inhibitors
of phosphatidylinositol-4,5-bisphosphate 3-kinases), such as
alpelisib, which are new targeted therapeutical substances ap-
plied in the next-line treatment (after hormonal anti-estrogen
therapy) in patients with advanced ER-positive, HER2-negative
breast cancer displaying presence of PIK3CA gene mutation (ca-
talytic subunit of alpha-phosphatidylinositol-4,5-bisphosphate
3-kinase) in tDNA. In these cases, it is recommended to use the
PI3Kinhibitor in combination with fulvestrant [5]. Importantly,
in tDNA of luminal breast cancers, mutation of PIK3CA gene is
the most frequent molecular lesion, so a large group of women
with luminal breast cancer would benefit from application of
the targeted therapy using PI3K inhibitors [5, 6].

PARP inhibitors

The latest ESMO recommendations suggest also possibility to
apply PARP inhibitors (poly (ADP-ribose) polymerase — PARP)
— olaparib or talazoparib — in the next-line treatment (after

anthracycline and taxanes) in patients with germline mutation
of BRCAT or BRCA2 gene (mutation responsible for hereditary
breast cancer and ovarian cancer syndrome - table Il) and
diagnosed triple negative advanced breast cancer or advanced
luminal HER2-negative breast cancer [4].

Gene expression panels

In the targeted therapy of breast cancer, gene expression
panels on tDNA can be applied, too: MammaPrint (Agendia,
Amsterdam, The Netherlands), Oncotype DX (Genomic He-
alth, Redwood City, CA, USA). Prosigna (PAM 50, NanoString
Technologies, Seattle, WA, USA), Endopredict (Myriad Genetics
SaltLake City, UT, USA), Breast Cancer Index (Biotheranostics,
Inc., San Diego, CA, USA). The above tests assess expression of
selected — usually several dozen — genes related to processes
of proliferation, angiogenesis, metastasis and others, allowing
determination of the specific expression profile of the tumour.
According to the ESMO recommendations, gene expression
panels are used as a supplementary prognostic marker (ena-
bling estimation of the course of the neoplastic disease and
the risk of metastasis) and a predictive marker mainly in cases
of early ER-positive and HER2-negative breast cancer, without
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nodal involvement or with involvement of up to 3 lymph
nodes. In such cases, results of the discussed panels play an
auxiliary role in equivocal situations, where application or
withdrawal of chemotherapy is considered [2, 3].

Assessment of uPA and PAI-1 concentrations in
tumour cells

Tests to assess UPA (urokinase-type plasminogen activator)
and PAI-1 (plasminogen activator inhibitor-1) concentrations
in tumour cells have similar application in individualisation
of breast cancer therapy as gene expression panels. The
test is based on the ELISA technique, and it requires a fresh
and unfixed or freshly frozen tumour specimen. According
to ESMO recommendations, the test should be considered
primarily in cases of early breast cancer without lymph node
involvement. High concentrations of uPA and /or PAI-1 are
considered unfavourable prognostic markers suggesting
high risk of recurrence and indicating that adjuvant chemo-
therapy is advisable [2, 3].

Broad-panel tDNA molecular testing

Next generation sequencing (NGS) allows analysis of the whole
exome (whole-exome sequencing — WES) or even the whole
genome (whole genome sequencing — WGS) of the tumo-
ur, raising hopes for application of new targeted therapies.
Broad-panel molecular tests showed that the most frequent
molecular changes in cancer cells include gene mutations in
PIK3CA, TP53, GATA3, PTEN, AKT1, CDH1, ARID1B, CASPS, BRCAT,
RBI1, MLL3, MAP3K1, MAP3K13, NCOR1, SMARCDI1, CDKN1B,
TBX3, RUNXT, CBFB, AFF2, PIK3R1, PTPN22, PTPRD, NF1, SF3B1
and CCND3, as well as copy number variants (CNV) in PIK3CA,
ERBB2, TP53, MAP2K4, MLL3, CDKN2A, PTEN and RB1 [6]. Com-
prehensive genomic profiling (CGG) enables establishment of
a molecular classification of breast cancers based on changes
in individual signalling pathways, such as PI3K/ AKT / mTOR
pathway (molecular target for such therapeutical substances as
everolimus, temsirolimus, alpelisib), double-strand DNA break
repair in genes BRCAT /BRCA2 / PALB2 (their mutations are a
good predictive factor for PARP inhibitors), estrogen receptor
ER pathway, cell cycle regulatory pathway CCND1 / CDK4 /
RB1 (molecular target for palbociclib, ribociclib, abemaciclib),
growth factors ERBB2 / EGFR/FGFR1 (molecular target for such
therapeutic substances as trastuzumab, pertuzumab, afatinib,
lapatinib, neratinib, pazopanib, ponatinib) [7]. Thus, detection
of changes in the cellular pathways identified in breast cancer
allows assumptions concerning potential efficacy of therapies
targeted at them. There are commercial broad-panel genetic
tests available on the market, offering sequencing of many
genes within tDNA, both in the form of WES and WGS tests
of the tumour genome, as well as gene panels selected for
a given tumour. Their analysis is potentially important in the
context of developing targeted therapies. However, ESMO
recommendations do not provide for routine application of
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broad-panel molecular tests of tDNA, due to their currently
limited use in clinical practice in patients with breast cancer.

Hereditary breast cancer

Thereis a specific dimension of personalised medicine applied
in breast cancer which concerns carriers of mutations typical
for hereditary cancer syndromes including breast cancer. Breast
cancer appears in the spectrum of many hereditary cancer
syndromes caused by germline mutations of such genes as:
BRCAT and BRCA2 (HBOC hereditary breast and ovarian can-
cer), CHEK2, PALB2, TP53 (Li-Fraumeni syndrome), ATM, PTEN
(Cowden syndrome), CDHT (hereditary diffuse gastric cancer)
or STK11 (Peutz-Jeghers syndrome). The role of mutations of
individual genes in aetiopathogenesis of the hereditary breast
cancer varies depending on the studied ethnic group, but
most hereditary breast cancers are associated with germline
mutation of BRCAT or BRCA2 gene responsible for the heredi-
tary breast and ovarian cancer syndrome [8, 9].

Currently in Poland, module | of the National Cancer Con-
trol Programme of the Ministry of Health (Narodowy Program
Zwalczania Choréb Nowotworowych Ministerstwa Zdrowia
- NPZChN MZ) recommends for all breast cancer patients ge-
netic counselling. Genetic testing to assess critical hereditary
mutation is recommended for selected group of patients, in
whom the hereditary form of disease has been suspected on
the basis of pedigree analysis. The recommendations concern
the presence of five germline mutations of BRCAT gene which
are the most common in the Polish population (c.5266dupC,
c.181T>G, c.4035del, c.66_67AG, c.3695_3699GTAAA), two
selected germline mutations of PALB2 gene (c.509_510del,
c.168_171TTGT) and three selected germline mutations of
CHEK2 gene (c.1100del, del5395, c444+1G>A) . This range
of molecular diagnostics has been developed based on the
specificity of the Polish population, with dominating carriers
of one of the five founder mutations of BRCAT gene, which ac-
count for aetiology of approximately 64% of BRCA-dependent
hereditary breast cancers [10].

In cases of hereditary history (tab. Il) module I of the
NPZChN MZ Programme recommends expanded molecular
diagnostics, including sequencing of BRCAT and BRCA2 genes,
currently by the next generation sequencing (NGS) technique.
However, this test, too, has some limitations. It is not recom-
mended for analysing large rearrangements (deletions and du-
plications), which account for up to 10% of mutations identified
in BRCAT and BRCA2 genes [11]. Their occurrence should be
verified by another method such as MLPA technique (multiplex
ligation-dependent probe amplification). Furthermore, sequ-
encing entire gene-coding sequences yields a lot of informa-
tion requiring diligent bio-IT analysis for verification of clinical
significance of the identified variations. Identifying variations is
acomplex process, requiring advanced in silico analysis, asses-
sment of the variation’s frequency in the general population,
access to available databases, such as: ClinVar, dbSNP, Breast



Cancer Information Core, Varsome, 1000GP, Consensus PathDB,
Gene Ontology, GWAS, OMIM, UniProt or HGMD, etc. The cur-
rently applied classification recommended by the American
College of Medical Genetics and Genomics (ACMG) provides
for five classes of pathogenic effect of variations:
+non-pathogenic variant (class 1),

- possibly non-pathogenic variant (class 2),

- variant of unknown clinical significance (VUS, class 3),

- possibly pathogenic variant (class 4),

- pathogenic variant (class 5) [12].

Class4and Class 5 variations are considered to be mutations,
i.e. changes of clinical significance. The analysis of germline
VUS variants remains a major challenge in genetic counselling.
Therefore, itis recommended that prophylactic and therapeutic
recommendations should be based on history and clinical ana-
lysis. Further — considering progress of knowledge on molecular
changes and constant updating of databases — it is stressed
that the identified variation should be consulted again after
2-3 years.

The variability of clinical significance of individual variations
within a studied gene can be observed in the case of CHEK2
gene: its shortened protein or frameshift variants have a far
more significantimpact on neoplasm risk than missens varia-
tions. Therefore, individual medical recommendations should
be based not only on the gene where the mutation is found,
but also on the type of change identified.

Identification of a germline mutation is a molecular con-
firmation of a specific hereditary cancer syndrome. However,
due to the limitations of genetic testing presented above, non-
-detection of mutations in the tested range does not allow for
clear exclusion of the suspected hereditary cancer syndrome.
The result of a genetic test should therefore be supported
by specialised genetic counselling, and individual medical
recommendations should take into account not only results
of molecular tests, but also clinical and history evaluation.

Patients with family and clinical history suggestive of he-
reditary form of disease who do not have mutations revealed
in sequencing of BRCAT and BRCA2 remain a challenge. Here-
ditary breast and ovarian cancer (HBOC), while dominant, is
not the only syndrome of hereditary predisposition to cancers
with breast cancer in the spectrum. In some of the other, rarer
syndromes, there are associated characteristic signs and symp-
toms, such as specific family history, macrocephaly (Cowden
syndrome) or typical changes in skin and mucosa (Peutz-Je-
ghers syndrome), facilitating identification of a specific suspi-
cion and referring to targeted genetic testing. In non-specific
cases, the only option is to consider broad-panel genetic NGS
testing, which allows sequencing of many genes associated
with many hereditary cancer syndromes within a single test.
There are many commercial wide-panel tests available on the
market, differing in the scope of the studied genes. They may
take into account both genes of high penetrance (in the case
of occurrence of a germline mutation, they increase the risk of

developing neoplasms from a given spectrum very strongly,
even fivefold) and of moderate penetrance (increasing the
risk of developing neoplasms from a given spectrum about
2-5 times in the case of occurrence of a germline mutation).

Carriers of germline mutations should be informed about
the risk of occurrence of the mutation in their relatives. Genetic
counselling should cover not only people with hereditary
breast cancer, but also selected members of their families.
Individualisation of medical procedures applies to all mutation
carriers (including those diagnosed with another cancer from
the spectrum of a given cancer syndrome, as well as those
without cancer diagnosis), and also families with cancer in
which no causative mutation was detected.

Detailed characteristics of the most frequent hereditary
cancer syndromes of spectrum including breast cancer, and
therapeutic and prophylactic recommendations for mutation
carriers considering ESMO guidelines and module | of the
NPZChN Programme are shown in table II.

Ovarian cancer - classification

In patients with diagnosed ovarian cancer prognosis of the
course of disease and potential response to applied therapy de-
pends on the neoplasm'’s histopathology type, tumour grading,
four-stage FIGO classification and tumour’s platinum sensitivity.

According to the classification of the World Health Orga-
nisation (WHO), epithelial ovarian tumours include:

+  serous type (about 80% of cases),

- endometrioid type (about 10% of cases),

+ clear-cell type (about 5% of cases),

< mucous type,

- transitional epithelial tumours (Brenner tumour),
« mixed type,

- undifferentiated type,

« unclassified type [20].

Additionally, there is a separate group of borderline epi-
thelial tumours of the ovary, accounting for 10-15% of ovarian
tumours and characterised by equivocal histopathology, which
doesn't allow their identification as either malignant or non-
-malignant ovarian neoplasms. Serous borderline tumours are
the most frequent, followed by mucous and endometrioid
types [20].

Apart from the standard classification, there is also another
division of epithelial ovarian tumours, considering jointly: etio-
pathogenetic factors, histopathological type, histologic mali-
gnancy stage, molecular changes, response to chemotherapy
and prognosis. This division distinguishes the following types:
«  type 1 ovarian cancer, characterised by low histological

malignancy, a more stable course and frequent mutations

of KRAS, BRAF, ERBB2, PTEN, PIK3CA and ARIDTA genes in
the genetic material of the tumour (ARID1A mutations are
particularly frequently identified in cases of endometrioid
and clear cell carcinoma). Type 1 ovarian cancer includes
low-grade serous, endometrioid, mucous and clear-cell
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ovarian cancers, malignant Brenner tumours, and border-
line epithelial tumours;

-+ type 2 ovarian cancer, characterised by high histological
malignancy, aggressive course and metastatic tendency,
poor prognosis and frequent TP53 mutations (very com-
mon in high-grade serous ovarian cancer), BRCAT and
BRCA2 mutations (any of the above identified in approxi-
mately 20% of type 2 ovarian cancers) in genetic material
of the tumour. Type 2 ovarian cancer includes serous or
endometrioid high-grade ovarian cancers, mixed-type
tumours and undifferentiated tumours. Characteristically,
in the most common cases of type 2 ovarian cancers, i.e.
serous tumours and those of high histological malignancy,
a specific etiopathogenetic mechanism is suggested, with
the neoplastic process starting within the hyphae of the
fallopian tube [20].

Ovarian cancer - individualisation of therapy

Histopathological classification vs. response to
chemotherapy

The mainstay of treatment in patients with ovarian cancer is
radical surgery and adjuvant chemotherapy, usually applying
platinum derivatives (carboplatin, cisplatin) in combination
with paclitaxel. In further treatment lines, depending on pla-
tinum sensitivity of the tumour, it is possible to apply platinum
preparations and praclitaxel, traditional or pegylated liposomal
doxorubicin (PLD), topotecan, gemcitabine and trabectedin
[20].

Predictive markers of response to the classic chemothe-
rapy regimen include histopathological type and degree of
malignancy of ovarian cancer. Low effectiveness of standard
chemotherapy protocols based on platinum compounds is
observed in cases of serous ovarian tumours of low histological
malignancy and clear-cell ovarian cancer [20].

PARP inhibitors

In systemic treatment of patients with ovarian cancer, poly-
(ADP-ribose) polymerase (PARP) inhibitors such as olaparib,
niraparib and rucaparib are becoming increasingly important.
The effect of these substances relies on inducing double-strand
DNA breaks in neoplasm cells, leading to interruption of the
cell cycle and death of the cancer cells. Therefore, the best
effects of treatment with PARP inhibitors are achieved in the
presence of the BRCAT or BRCA2 mutation in the tDNA, because
in such tumours DNA break repair is impaired by homologous
recombination deficiency (HRD) and dependence of the repair
process on the mechanisms related to PARP polymerases. Con-
sequently, routine sequencing of both genes on tDNA isolated
from post-operative material, cell block or possibly biopsy
specimen has been introduced to the diagnostic process.
Until recently, inclusion of PARP inhibitors in ovarian cancer
therapy depended on presence of the pathogenic variants

(class 5) or probably pathogenic variants (class 4) of BRCAT or
BRCAZ2 in tDNA.

DNA break repair failure due to homologous recombina-
tion deficiency may occur also because of other molecular
changes than BRCAT or BRCA2 mutation and further clinical
trials showed that therapeutical effect of application of PARP
inhibitors was observed in general in cases of ovarian cancer
with evidence of homologous recombination deficiency. There
are commercial tests on the market that enable assessment
of the homologous gene recombination deficiency and the
resulting genomic instability in tumour cells. These tests are
based on the measurement of loss of heterozygosity (LOH),
telomeric allelicimbalance (TAl) and damage to chromosomal
structure (large scale state transitions — LST), among other para-
meters. However, the tests are notably expensive. Furthermore,
the latest clinical trial results show that PARP inhibitor exhibit
efficacy which is also significant, although lower, in the group
of patients with ovarian cancer without BRCAT and BRCA2
mutations in tDNA, and even without evidence of HRD [20].

Current recommendations provide for administration of
any PARP inhibitor in patients with recurrent platinum-sensi-
tive ovarian cancer of high grade of malignancy, regardless of
mutational status of BRCAT and BRCA2 in tDNA in the case of
supportive treatment after administration of chemotherapy
based on platinum compounds, as well as in patients with
advanced (FIGO grades lll and IV), platinum-sensitive ovarian
cancer of high grade of malignancy with known BRCAT or
BRCA2 mutation in tDNA in supportive treatment after admi-
nistration of chemotherapy based on platinum compounds.

There have also been recommendations concerning con-
sideration of rucaparib monotherapy as next-line treatment in
patients with ovarian cancer and known BRCA1/2 mutation in
tDNA, who have counterindications to chemotherapy with
platinum derivatives [20].

Inhibitors of angiogenesis

Enhanced angiogenesis is one of the pathomechanisms le-
ading to increasing mass of ovarian cancer. Therefore, angioge-
nesis inhibitors such as bevacizumab, a monoclonal antibody
directed against vascular endothelial growth factor (VEGF) are
considered in the treatment of ovarian cancer. Current ESMO
recommendations provide for application of bevacizumab in
first-line treatment along with paclitaxel and carboplatin in
patients with advanced ovarian cancer (FIGO stage IV and FIGO
stage Il after suboptimal cytoreduction with residual lesions
exceeding 1 ¢cm) in an adjuvant and supportive scheme for
one yearand in cases of recurrence in patients with platinum-
-sensitive ovarian cancer, who have not received bevacizumab
as first-line treatment [20].

Hereditary ovarian cancer

Personalised medicine in cases of ovarian cancer, similarly
to breast cancer, also extends to an individual approach in
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prophylaxis and therapy for carriers of germline mutations as-
sociated with hereditary cancer syndromes with ovarian cancer
in their spectrum. As in the case of hereditary breast cancers,
most hereditary ovarian cancers are associated with carrying
germline BRCAT or BRCA2 gene mutation, which account for
the hereditary breast and ovarian cancer syndrome. However,
there is also high risk of development of the ovarian cancer
associated with mutations of MLH1, MSH2, MSH6, EPCAM, PMS2
genes, responsible for the hereditary non-polyposis colorectal
cancer (HNPCC) or germline mutations in BRIP1, RAD51C or
RAD51D genes (tab. Ill) [8, 21].

Currently, in patients with ovarian cancer, due to the gro-
wing importance of PARP inhibitors in therapy, it is recom-
mended to start molecular diagnostics with sequencing of
the BRCAT and BRCA2 genes on tDNA, which can be isolated
from both postoperative and biopsy material as well as from a
tissue block. The results of the sequencing are then subjected
to bioinformatic processing and thorough analysis in order to
assess the clinical significance of the identified variants. Pre-
sence of BRCAT or BRCA2 mutation (variations of class 5 and 4)
in tDNA is a good predictive marker, which indicates probably
high effectiveness of PARP inhibitors in therapy. Additionally,
identification of BRCAT or BRCA2 mutation in tDNA requires
verification of the nature of the detected change (germline
mutation which is hereditary or somatic mutation which is
non-hereditary) through analysis of its occurrence in DNA
isolated from cells outside the neoplasm. Interpretation of
VUS variants (class 3, variants of unknown clinical significan-
ce) remains a challenge, both in terms of doubtful predictive
value with respect to PARP inhibitors, and unknown effect of
germline YUS on neoplasia risk.

Nevertheless, apart from patients with identified mutation
in tDNA, genetic counselling should cover patients with no
identified mutation in tDNA and those who did not have mo-
lecular testing on tDNA performed. Each patient with ovarian
cancer referred for genetic counselling has their history and
clinical analysis examined and differential diagnostics is perfor-
med considering hereditary breast-ovarian cancer (HBOC) and
hereditary nonpolyposis colorectal cancer (HNPCC aka Lynch
syndrome). On the other hand, patients who did not have
BRCAT and BRCA2 genes sequenced in tDNA, are referred to
genetic testing of constitutive genome for 5 founder mutations
of BRCAT gene. In the case of patients with family history, the
testing is then expanded to include BRCAT and BRCA2 gene
sequencing. And only this is a basis for individual prophylac-
tic and therapeutical recommendations (tab. Il). In ovarian
cancer patients, especially with family history of cancer who
did not have mutations identified in BRCAT and BRCA2 gene
sequencing, broad-panel, commercial NGS testing may be
considered, as it allows for sequencing many genes associated
with many hereditary cancer syndromes within a single test.
However, each genetic test has its limitations and if no muta-
tionis found within the tested range, it does not unequivocally

exclude the suspected hereditary cancer syndrome. Therefore,
the final recommendations should be formulated based on a
comprehensive analysis considering molecular testing results,
as well as family and clinical assessment.

After diagnosis of a germline mutation, the patient should
be informed of the risk of the mutation in the family. It is also
necessary to provide genetic counselling not only to patients
with inherited ovarian cancer, but to selected members of their
families, too. Individualisation of medical recommendations
applies to all mutation carriers (including those diagnosed with
another cancer from the spectrum of a given cancer syndrome,
as well as those without cancer diagnosis), and also families
with cancer in which no causative mutation was detected.

Detailed characteristics of the most frequent hereditary
cancer syndromes of spectrum including ovarian cancer, and
therapeutic and prophylactic recommendations for mutation
carriers considering ESMO guidelines and modules I and Il of
the NPZChN Programme are shown in table |Il.

Conclusion
Personalised medicine is increasingly applied in prophylaxis
and treatment of breast and ovarian cancers. Application of
individually tailored therapies based on immunochemical and
molecular markers increases the patients’'chances to avoid ad-
verse effects, to prolong survival and progression-free survival.
Increasing access to molecular broad-panel and whole-
-genome testing allows identification of individual patho-
mechanisms that lead to neoplastic transformation within
the tumour as well as to metastases, and this knowledge
gives hope for application of potentially effective molecularly
targeted therapies. Also, identification of patients with here-
ditary breast cancer and/or hereditary ovarian cancer enables
development of individualised prophylactic and therapeutical
recommendations for the patients, and for members of their
families, too. However, this approach to diagnosing breast or
ovarian cancer requires comprehensive assessment of the
patient and multi-specialist, coordinated care by oncologist,
surgeon, gynaecologist, geneticist, pathologist and laboratory
diagnostician.
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