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EDITORIAL

Editorial

Vazené kolegyné a kolegové,
na tomto misté bézné byva editorial,
ktery se vaze k problematice zpracované
v nékterém z odbornych ¢lankd. Na re-
dak¢ni radé casopisu Klinickd onkolo-
gie jsme se viak rozhodli u¢init vyjimku,
a to v souvislosti s pandemii COVID-19,
které ovlivnila i Zivot v Ceské republice,
véetné kvality poskytovani zdravotni
péce. V dobé, kdy piseme tento edito-
rial, je stale jesté pfilis brzy, abychom co-
koliv hodnaotili a ani to neni nase prace,
chceme vsak upozornit na nékolik
udalosti, které hodnotily poskytovani
zdravotni péce onkologicky nemoc-
nym v CR v dobé pandemie COVID-19.
Soucasné chceme oznamit, Zze planu-
jeme jedno z radnych cisel ¢asopisu
vénovat pravé této problematice.
Priibézné hodnoceni dopadu pande-
mie COVID-19 na onkologickou lé¢bu
bylo soucasti dvou tiskovych konfe-
renci. Dne 5. kvétna 2020 probéhla tis-
kova konference Masarykova onkolo-
gického Ustavu a dne 5. 6. 2020 tiskova
konference Ceské onkologické spole¢-
nosti CLS JEP. Tiskové zpravy z obou kon-
ferenci jsou volné pristupné na inter-

netu. Z vysledku, které byly na obou
konferencich prezentovany, vyplyva,
Zze v dusledku zvladnuti pandemie
COVID-19 v Ceské republice nedoslo
k zadnému vyznamnému omezeni
péce jako v nékterych jinych zemich,
které by se mélo odrazit ve zhorseni
zdravotniho stavu nasich onkolo-
gickych pacienti. Cisla sou¢asné do-
kazuji, ze pokud ke zméndm postupu
v onkologické [é¢bé doslo, jednalo
se pfisné individudlné a vzdy s ohle-
dem na riziko komplikaci pro daného
pacienta.

Urcitd omezeni poskytovani zdravot-
nickych sluzeb byla zaznamenana v pfi-
padé preventivni péce o zdravé osoby
(v€etné screeningu) a vylé¢ené onko-
logické pacienty (prodlouzeni intervalu
kontrol) a dale v dostupnosti nékterych
typl podplirné (napf. rehabilitace, psy-
chiatricka a psychologickd péce) a so-
cidlni péce. Vime, ze tak kratky vypadek
screeningu a preventivni péce (v fadu
nékolika malo mésicd) se nem(ize od-
razit v |é¢ebnych vysledcich a uz vibec
ne ve ztratach lidskych zivota. Presto je
snizena dostupnost podpurné péce pro-

blém, kterym bychom se méli zaby-
vat, a hledat opatfeni, jak mu v ptipadé
opakovani podobné situace predcha-
zet. | témto tématlm se chceme véno-
vat v ramci specialniho ¢isla Klinické
onkologie.

Specialni ¢islo Klinické onkologie
fokusované na problematiku posky-
tovani péce onkologickym pacientiim
v dobé pandemie COVID-19 pfipra-
vujeme na 15. fijen 2020, a to pfi pri-
leZitosti konani odlozenych Brnénskych
onkologickych dnti (15.-17. 10. 2020),
které se rovnéz budou této problematice
vénovat. Uzavérka pro prijem piispévk
je 17. 8. 2020. Timto tedy vyzyvame
vsechny nase kolegy a kolegyné, aby
se formou odbornych ¢lanki, kazu-
istik, dopist redakci €i jinych forem
sdéleni podélili s ostatnimi o své zku-
Senosti s péci o onkologické pacienty
v dobé ,covidové.” Za vase prispévky
predem dékujemel

doc. MUDr. Vuk Fait, CSc.

prof. MUDr. Marek Svoboda, Ph.D.
za redakcni radu casopisu
Klinickd onkologie
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REVIEW

Levels of NT-proBNP and Troponin T

in Cancer Patients — Mini-Review

Hladiny NT-proBNP a troponinu T u onkologickych pacientov —

strucny prehlad

Chovanec J.!, Chovanec M.2, Mego M.?

"NsP Sv. Jakuba, n.o., Bardejov, Slovenska republika
?1I. onkologicka klinika LF UK a NOU, Bratislava, Slovenska republika

Summary

Background: Natriuretic factors are peptidic substances produced by atrial and ventricular myo-
cardium. Primary stimulus to the synthesis of these factors is intramural pressure of atriums by
the increase of venous return during intravascular hypervolemia. They may serve as useful car-
diac markers in clinical practice. The elevation of N-terminal fragment of atrial natriuretic pep-
tide is characteristic for cardiac failure. Troponin T is a basic component of muscle and is specific
for myocardial cell. It is a marker of myocardial damage, specifically of myocardial infarction.
Purpose: This paper aims to summarize the current knowledge on levels of N-terminal prohor-
mone of brain natriuretic peptide (NT-proBNP) and their associations with cancer. At present, it
is well known that natriuretic peptides may be produced by cancer cells without cardiac failure.
While small cell lung cancer is a known producer of natriuretic factor, all oncologic diseases
may have a potential to produce these substances. ProBNP synthesis may be stimulated by
several pro-inflammatory cytokines, including tumour necrosis factor alpha and some interleu-
kins. The production of pro-inflammatory cytokines has been proven in cancer. The influence
of natriuretic factors to proto-oncogenes and cancer cells is considered and cross-reacting an-
tibodies increasing NT-proBNP in paraproteinemias were described. Works discussing extreme
elevations of NT-proBNP in terminal cancer patients without symptoms of cardiac failure were
previously published. NT-proBNP and troponin T are also markers of myocardial damage during
cardiotoxic chemotherapy with anthracyclines. Conclusion: NT-proBNP and troponin T can be
valuable markers of the prognosis of oncologic diseases regarding not only cardiac damage
during chemotherapy but also prognosis and extension of cancer patient lives.

Key words
natriuretic factors - troponin T —-malignancy
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LEVELS OF NT-PROBNP AND TROPONIN T IN CANCER PATIENTS — MINI-REVIEW

Suhrn

Vychodiskd: Natriuretické faktory su peptidické substancie produkované atridlnym a ventrikularnym myokardom. Primarnym stimulom ich syn-
tézy je zvyseny intramuralny tlak predsieni spdsobeny zvysenim vendzneho navratu pocas intravaskularnej hypervolémie. Su uzito¢nym kardial-
nym markerom pouzivanym v klinickej praxi. Elevécia N-terminalneho fragmentu atridlneho natriuretického peptidu je charakteristicka pre kar-
dialne zlyhavanie. Troponin T je zakladnym komponentom svalov a je Specificky pre myokardialne bunky. Je to marker kardialneho poskodenia,
Specificky infarktu myokardu. Ciel* Tento ¢lanok sumarizuje sicasné znalosti o stuvise N-termindlneho prohorménu mozgového natriuretického
faktoru (N-terminal prohormone of brain natriuretic peptide — NT-proBNP) a troponinu T s onkolgickymi ochoreniami. V sicasnosti je zname, ze
natriuretické peptidy mézu byt produkované nadorovou bunkou bez pritomnosti kardidlneho zlyhavania. Je zname, ze malobunkovy karciném
pluc priamo produkuje natriuretické faktory. Tento potencial maju vsak vietky onkologické ochorenia. Syntéza proBNP moze byt stimulovana
zapalovymi cytokinmi, ako je faktor nddorovej nekrézy (tumor necrosis factor), a niektorymi interleukinmi produkovanymi nddorom. Pri para-
proteinémiach je popisany vplyv natriuretickych faktorov na protoonkogény a vyskyt skrizene reagujucich protilatok produkovanych nadorom,
zvysujucich hladinu nétriuretickych peptidov. Boli publikované prace, kde boli namerané extrémne zvysené hladiny natriuretickych peptidov
u terminalne chorych onkologickych pacientov. NT-pro BNP a troponin T su taktiez markermi myokardialneho poskodenia pocas kardiotoxickej
liecby antracyklinmi. Zdver: NT-proBNP a troponin T mézu byt cenné markery nielen kardidlneho poskodenia pocas chemoterapie a prognézy

onkologickych chordb, ale taktiez aj pre prognézu ochorenia a dizku prezivania onkologického pacienta.

Klacové slova
natriuretické faktory — troponin T — malignita

NT-proBNP and natriuretic factors
The family of natriuretic peptides plays
an important role in regulation of car-
diovascular homeostasis and extracel-
lular fluid volume [1]. Natriuretic fac-
tors are peptic substances produced by
atrial and ventricular myocardium. Pri-
mary stimulus to the synthesis of these
factors is intramural pressure of atriums
by increasing of venous return during
intravascular hypervolemia [2]. Cardiac
natriuretic peptides like atrial natriuretic
peptide (ANP), B-type natriuretic pep-
tide (BNP) and C-type natriuretic pep-
tide (CNP) are known because of their
compensation effects — systemic arte-
rial vasodilatation, natriuresis, diuresis,
inhibition of system renin-angiotensin-
aldosterone and neuromodulation [1].
They protect organism against volume
overload, hypertension and excessive
vasoconstriction acting as a dual sys-
tem; ANP as a hormone of quick reac-
tion and BNP as a hormone of reserve,
which is active during long term ventric-
ular overload [3].

ANP is secerned by cardiomyocytes of
atrium as pro-hormone pro-ANP which
is divided into two fragments; ANP and
N-ANP. The biological half-time shorter
than 5 minutes makes these biomarkers
meaningful for diagnostic purposes [4].

BNP was discovered in 1988. As it was
first isolated from the brain of a sow and
it was named the brain natriuretic pep-
tide. Subsequently it was ascertained
that main producers of BNP are myocar-

dial cells of ventricles, the atrial cells pro-
duce BNP to a lesser extent [5]. The re-
lease of BNP into circulation is secured
by increased pressure of the ventricles
by volume and pressure overload. BNP is
secreted in a form of pro-hormone (pre-
pro-BNP) [2]. After the stimulation of
myocardial cells, it is split into two frag-
ments — BNP (a biologically active pep-
tide) and an inactive N-terminal frag-
ment (NT-proBNP). Both are released
into circulation; thus, there is a possibil-
ity to measure effectively the serum lev-
els. The levels of BNP and NT-proBNP
are equal in the healthy population [3].
The 2-10-fold elevation of NT-proBNP
versus BNP is pathognomic for patients
with cardiac failure. The measurement of
NT-proBNP is considered advantageous
compared to BNP due to longer bio-
logical half-life and higher biochemical
stability. The blood sample is not re-
quired to be processed by quick fixa-
tion or freezing. This is the reason why
NT-proBNP is examined in normal con-
ditions, such as room temperature [6].
On the other hand, BNP levels are less af-
fected by renal failure compared to the
levels of NT-proBNP [5].

NT-proBNP is mainly used for the diag-
nosis of heart failure. In addition, it may
predict the development of heart fail-
ure and death in patients with cardio-
vascular disease. However, NT-pro BNP
could have predictive power beyond
cardiovascular risk [5]. In fact, this bio-
marker is associated with a higher risk

of death in patients with cardiovascu-
lar diseases and in elderly subjects [7].
It is very helpful in the differential diag-
nosis of dyspnoea. The cut-off value to
exclude the cardiac failure is defined by
the European Society of Cardiology (ESC)
guidelines for the diagnostic and treat-
ment of acute and chronic heart failure
in 2016 [8] as the levels < 300 ng/L in
case the symptoms originated quickly
and the levels < 125 ng/L when symp-
toms are not of acute character. Lev-
els of NT-proBNP are age-dependent.
The cut-off value for cardiac failure ex-
clusion is < 450 ng/L when patients are
under the age of 50, < 900 ng/L for peo-
ple 50-75 years old and < 1800 ng/L for
people older than 75 years [8]. How-
ever, the interpretation of elevated NT-
proBNP levels remains difficult because
of several confounding factors, such as
coronary disease, advanced age, renal
insufficiency, respiratory diseases such
as pulmonary hypertension leading to
right ventricular dysfunction, thrombo-
embolic disease, atrial fibrillation, cirrho-
sis, sepsis or dysthyroid could be respon-
sible for the elevation of NT-pro BNP [9].

TroponinT

The basic component of muscle is
a muscle cell. Inside these cells reside
muscle filaments (myofilaments). Two
types of myofilaments are generally dis-
tinguished. The thin filaments consist of
actin and the heavy ones consist of my-
osin. Actin filaments entail three com-
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ponents: actin, tropomyosin and tro-
ponin [10]. Troponin complex, as well,
entails three known components: tro-
ponin | with the affinity to actin, tro-
ponin T with the affinity to tropomyosin
and troponin C with the affinity to cal-
cium (Ca?*). Troponins are used as mark-
ers of cardiac injury in medical prac-
tice [6]. Troponin T and troponin | are
found in skeletal muscle and myocar-
dium. The cardiac isoforms troponin T
and troponin | are specific for the myo-
cardium. Troponin T and | are not pre-
sent in blood in normal conditions. Their
level increases after the injury of myo-
cardium [10]. They are widely used for
the diagnosis of acute myocardial in-
farction, unstable angina, postsurgical
myocardial trauma and other diseases
related with cardiac muscle injury [11].
Both markers can be detected in patient
blood within 3-6 hours after the onset
of the chest pain, reaching the peak level
within 16-30 hours. Elevated levels of
troponin | and troponin T in blood sam-
ples can be detected even 5-8 days after
the onset of symptoms, making both
proteins useful also for the late diag-
nosis of acute myocardial infarction. The
process of liberation of troponin T is bi-
phasic. It starts after 3 hours after the in-
farction followed by 2™ peak on 3" day.
The excess of troponin | is monopha-
sic and is starts 3 hours after the cardiac
injury [6].

NT-proBNP, troponin T and
troponin l in cancer

In oncologic patients, there are many
mechanisms of the damage of cardio-
vascular system: breakdown of coag-
ulation (most commonly hypercoag-
ulation), anaemia (chronic diseases,
bleeding), exhaustion of organism (mal-
nutrition, associated illnesses), realizing
of cardiodepressive factors (cytokines),
malignant pericarditis, direct influence
of tumour to the heart or vascular system
and the therapy of malignant illnesses
(chemotherapy, radiotherapy) [12].

At present, it is well known that natriu-
retic peptides may be produced by can-
cer cells [13]. In this regard, small cell
lung cancer may secrete both pro-atrial
natriuretic peptide and BNP. Also, BNP
is expressed both in normal adrenal

reasons [6].

Tab. 1. Conditions which influence natriuretic peptides from noncardiac

Increased natriuretic peptides
Higher age

Woman

Lung diseases

Arterial hypertension
Hyperthyroidism

Cushing syndrome

Renal failure (acute, chronic)
Conn syndrome

Cirhosis hepatis with ascites

Subarachnoidal bleeding

Paraneoplastic syndromes

Cut down natriuretic peptides
Obesity

Diuretic therapy

ACE-inhibitors

Spironolactone

Beta blockers

Hypothyroidism

glands and in adrenal tumours, suggest-
ing that natriuretic peptides may have
other roles unrelated to the cardiovas-
cular system [14]. A special situation is
carcinoid heart disease, a well-known
complication of long-lasting exposure
to high levels of serotonin. NT-proBNP
is a reliable marker to make rapid dif-
ferentiation between patients with and
without carcinoid heart disease. The sur-
vival of patients with normal levels of
NT-proBNP is better compared to those
with elevated levels [15].

ProBNP synthesis may be stimulated
by several pro-inflammatory cytokines,
including tumour necrosis factor alpha
and several interleukins [16]. Tumour ne-
crosis factor alpha and interleukin-6 are
expressed in the Reed-Sternberg cells
in patients with Hodgkin lymphoma.
Moreover, they may predict the out-
come in diffuse large B-cell lymphomas
and, as explained, are increased in ma-
lignancies at advanced stages [7]. How-
ever, the specific cause of the eleva-
tion of natriuretic peptide plasma levels
seen in cancer has not been elucidated.
In recent years, it has been demon-
strated that natriuretic peptides, or com-
pounds with similar activity, decrease
the number of several cancer cells in
vitro through the reduction of DNA syn-
thesis and inhibition of C-Fos and c-Jun
proto-oncogenes, inhibit lung metas-
tases and skin carcinogenesis in animal

models, and diminish the expression of
vascular endothelial growth factor and
that of its receptor VEGFR2, thus having
the potential to control vasculogene-
sis[17]. A study by Tuidn et al has shown
the opposite effects of natriuretic pep-
tides on carcinogenesis depending on
their levels [7]. In this paper, atrial natriu-
retic peptide enhanced proliferation of
human gastric cells in vitro at low levels,
but inhibited their proliferation through
cyclic guanosine 3-5-monophosphate-
dependent pathways when it was pre-
sent at high levels [18]. Then, given that
most data suggest an anticancer ef-
fect of natriuretic peptides, the pos-
sibility exists that their production by
cancer cells represents a negative feed-
back mechanism to control the tumor
growth [5]. In this case, NT-proBNP ele-
vation would only be a response to the
existence of malignancies. Nevertheless,
the fact that natriuretic peptides are re-
lated to the mechanism of cancer, which
are common to multiple malignancies,
would be in agreement with these find-
ings, since the authors did not observe
significant differences in NT-proBNP lev-
els among patients with different types
of cancer [7].

Malignant cells have been shown to
manipulate the endocrine system, con-
trolling hormonal secretion while ex-
pressing the appropriate receptors to
promote tumour survival and progres-
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sion. Recent publications reported ele-
vated levels of several emerging cardio-
vascular hormones which mostly derive
from the vascular endothelial cells in pa-
tients with cancer. Malignant cells were
shown to produce vasoactive peptides
(adrenomedullin, vasopressin) as well
as cardiac hormones ANP and BNP. Ele-
vated levels of troponin T have also been
detected in cancer. These have been as-
sociated with a worse prognosis in con-
trast to the natriuretic hormones which
primarily represent a functional meas-
ure, troponin T is a specific morpholog-
ical marker for cardiac cell destruction.
The association between advanced can-
cer stages and cancer cachexia poten-
tially accompanied by cardiac wasting is
a well-described phenomenon [19].

The study of Oluleye found that higher
levels of troponin T, NT-proBNP and CRP
are associated with an increased risk
of death, not just from cardiovascular
diseases, but also from non-cardiovas-
cular causes [20].

The study of Bando showed a signif-
icant positive correlation between BNP
and CRP levels in cancer patients, which
suggested that the plasma BNP lev-
els may have been elevated due to can-
cer-related inflammation. In addition,
the plasma BNP levels are increased in
an advanced stage of cancer (stage IV),
which might be accompanied by sys-
temic inflammation. Furthermore, the
plasma BNP levels significantly de-
creased after a radical surgery in patients
with solid cancers and the plasma BNP
levels tended to decrease after chemo-
therapy in patients with haematological
cancers [1]. BNP has been shown to be
upregulated at the transcriptional and
translational levels by pro-inflammatory
cytokines in cardiac myocytes. The pro-
inflammatory signals are postulated to
stimulate members of the mitogen-acti-
vated protein kinase (MAPK) family and
c-Jun kinase, as well as other intracellular
signalling cascades, which leads to the
upregulation of BNP gene expression [1].

In the study of Acefa et al, plasmatic
levels of NT-proBNP in patients with sta-
ble coronary artery disease predict the
development of cancer in a short-mid-
dle term. Increased NT-proBNP levels de-
tect subclinical cancers [21].

Findings of Kamai et al in patients
with renal cell carcinoma (RCC) sug-
gested that the preoperative serum lev-
els of cardiovascular hormones (BNP and
NTproBNP) might be related to the pro-
gression of renal cell carcinoma and to
a worse prognosis. The author based
this interpretation on the fact that the
serum levels of NTproBNP declined after
the nephrectomy. The expression of
BNP was very low in both RCC and nor-
mal kidney tissues. Possible reasons for
lower BNP after nephrectomy may be
the indirect production of these hor-
mones by cancer cells. The suggested
secretion from other organs such as
heart may be influenced by mechanisms
through which RCC had certain effects
on the myocardium [13]. The association
between hypoxia-inducible factor (HIF)
and NTproBNP was also suggested [22].
The expression of HIF is typical for RCC.
Increased expression of HIF alpha may
stimulate BNP production [23]. A study
by Kamai et al has found very low ex-
pression of BNP in RCC and normal kid-
ney tissue [13]. In addition to its bene-
ficial cardiac effects, BNP can act as an
autocrine factor with anti-proliferative,
anti-fibrotic and direct cytoprotective
effects. Thus, HIF-mediated induction of
BNP production might be a part of the
local defense mechanism of the myocar-
dium against the hypoxic damage [24].

Antineoplastic therapy with anthracy-
clines is often complicated by the devel-
opment of cardiotoxicity which leads to
heart failure [25]. In some cases, it is de-
tected too late at echocardiography when
significant myocardial damage has al-
ready occurred [26]. The availability of bio-
marker for the identification of risk in such
patients is needed. Serum measurement
of NT-proBNP level in patients on chemo-
therapy with anthracyclines is useful for
both acute and late toxicity. The measure-
ment of troponin land troponin T is useful
for acute toxicity during chemotherapy
but not for late toxicity after 12 month
following chemotherapy when troponin
T a troponin | are in normal ranges [27].
Findings of the study of Ky et al suggest
that there is an association between tro-
ponin | positivity and subsequent dys-
function during chemotherapy with an-
thracyclines and provide the evidence

to support the importance of assessing
changes in biomarkers over time [28]. Ro-
mano et al made serial measurements of
NT-proBNP levels in not-high-dose an-
thracycline chemotherapy patients. They
ascertained that NT-proBNP is useful in
the early identification of patients with
a high risk of the development of anthra-
cycline-induced cardiotoxicity [29].

The study of Vladimirova et al meas-
ured serum NT-proBNP levels in patients
with breast cancer during chemother-
apy with anthracyclines. The conclu-
sion of this study was that NT-proBNP is
bound to be the most sensitive marker
of cardiotoxicity and could serve as an
earlier marker in patients with breast
cancer who undergone chemotherapy
with anthracyclines [30].

The study of Mladosievicova et al doc-
umented that higher levels of NT-proBNP
detected in childhood leukaemia survi-
vors after low anthracycline cumulative
doses might reflect an initial stage of an-
thracycline cardiotoxicity before the de-
velopment of echocardiographic abnor-
malities. NT-proBNP is one of the best
available biochemical markers of late an-
thracycline cardiotoxicity [31].

The study published by Aujollet et al
documented elevated NT-proBNP levels
among patients (75%) with lung cancer.
In this study, 50% of patients with ele-
vated NT-proBNP had also elevation of
C-reactive protein (CRP). The relationship
between NT-proBNP levels and pres-
ence of inflammation in patients with
no previous history of cardio-pulmonary
disease has also been shown [14].

The exact mechanism of what is caus-
ing these elevated natriuretic peptides
is unclear. There are several hypothe-
ses about the aetiology of increased NT-
proBNP levels in cancer patients. First, it
was suggested that the fluid overload
often may be a contributing mechanism
in hematologic malignancies [32]. Some
studies have suggested that natriuretic
peptides themselves may be released
from certain cancer cells. The study of
Popat et al documented increased NT-
proBNP levels in patients with para-
proteinemias. A possible explanation is
that cross-reacting antibodies are pro-
duced during the chemical immunoas-
say used to detect the natriuretic pep-
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tides [16]. The study by Burjonroppa et al
suggested that elevated BNP values
in cancer patients are not associated
with clinical evidence of volume over-
load or left ventricular dysfunction and
occur predominantly with solid tumor
malignancies [33].

The coherence between NT-proBNP
and a malignant disease was confirmed
in the study by Papazisis et al who as-
sessed a group of patients with met-
astatic renal cell carcinoma treated
with sunitinib (a tyrosine kinase inhib-
itor). The patients that obtained a clini-
cal benefit 15 days after the treatment
had significantly lower NT-proBMP com-
pared to those without any clinical ben-
efit (a 3-fold increase in patients with
progressive disease compared to stable
NT-proBNP levels in patients with clini-
cal benefit; P < 0.0001). The median pro-
gression free survival was 12.0 months in
patients with less than 1.5-fold increase
(N =22) and 3.9 months in patients with
more than 1.5-fold increases in plasma
NT-proBNP (N = 13) (long-rank test;
P =0.001) [22].

The elevation of NT-pro-BNP and CA
125 were markers of shorter surviving of
patients with breast cancer treated with
trastuzumab. The study of Rossner et al
divided 28 patients with HER-2 posi-
tive breast cancer to two groups: group
A with NT-proBNP levels < 155 pg/mL
(N =16, age 57 + 13 years) and group B
with NT-proBNP > 155 pg/mL (N = 12,
age 62 £ 9 years). The levels of NT-proBNP
before vs. after trastuzumab therapy
were 65 = 36 pg/mL vs. 66 + 33 pg/mL
in group A and 520 + 443 pg/mL vs.
498 + 411 pg/mLin group B. Elevated lev-
els of NT-proBNP, CA125 and CA 15-3 in-
dicate a higher median 3-month mortal-
ity in trastuzumab-treated patients on
long-term immunotherapy [34].

Elevated levels of cardiovascular pep-
tides including BNP/NT-proBNP and tro-
ponin T were reported in patients with
renal cell cancer in the study by Kamai
et al. The authors reported that higher
preoperative serum levels of BNP,
NT-proBNP and vascular endothelial
growth factor (VEGF) as well as elevated
HIF-2 alpha expression in the primary
tumor were associated with a worse
performance status, local invasion, dis-

tant metastasis and shorter overall sur-
vival. However, BNP expression was very
low in RCC tissues and normal kidney
tissues and there was no relationship
between the serum levels of BNP/NT-
proBNP and serum VEGF or tumor ex-
pression of HIF-2 alpha. Moreover, the
serum levels of BNP and NT-proBNP de-
creased significantly after tumor resec-
tion. These observations suggested that
RCC itself might have some influence
on such damage. If so, the decrease of
serum BNP and NT-proBNP after tumour
resection in patients with RCC might be
associated with alleviation of stress on
the heart [13].

Higher NT-proBNP levels were asso-
ciated with a worse health status and
cognitive impairment of brain tumor pa-
tients. Two studies in primary and meta-
static brain tumor patients reported that
greater NT-proBNP level was associated
with greater mass effect and extent of
perifocal brain oedema. Elevated NT-
proBNP levels before surgery were asso-
ciated with inferior outcomes at the hos-
pital discharge and inferior prognosis of
brain tumor patients [35]. Therefore, NT-
proBNP assessment can be considered
for perioperative risk stratification, prog-
nostication and evaluation of cogni-
tive/mental health status of brain tumor
patients. Further studies investigating
the clinical significance of NT-proBNP in
brain tumor patients are recommended.
The study of Bunevicius et al ascertained
in 245 patients undergoing craniotomy
for brain tumor (mostly meningioma
in 36% and high grade glioma in 20%)
that higher NT-proBNP levels were as-
sociated with greater five-year mortal-
ity risk (hazard ratio (HR) = 1.845 (95%
Cl1.166 - 2.920; P = 0.009) controlled for
patient age, gender, history of cardiovas-
cular disease, histological diagnosis and
adjuvant therapy. In sum, higher preop-
erative NT-proBNP levels are associated
with a worse health status, unfavourable
discharge outcome and shorter survival
of brain tumor patients [36].

A study by Pavo et al from 2015 dem-
onstrated that NT-proBNP and troponin
are systematically elevated in cancer
patients and that they are likewise re-
lated to long-term mortality indepen-
dently of age, gender, tumour entity, tu-

Tab. 2. Events accompanied with
elevation of cardiac troponins [6].

Tachyarrhythmias, bradyarrhythmias
Dissection of aorta

Aortal valvular heard disease
Arterial hypertension, hypertonic
crisis

Hypotension, haemorrhagic shock
Acute and chronic cardiac failure
Hypertrophic cardiomyopathy
Coronary vasculitis

Cardiac contusion
Cryo-/radiofrequency ablation
Rhabdomyolysis

Myocarditis

Cardiotoxicity of drugs (anthracycli-
nes, trastuzumab)

Combustion

Embolization to the pulmonary
artery, pulmonary hypertension

Chronic renal failure

Acute brain cerebrovascular
accident

Extreme physical labour
Sepsis
Acute respiratory failure

Defibrillation

mour stage and manifest cardiac disease
at first clinical presentation. This study
confirmed a significant correlation be-
tween the pro-inflammatory cytokine
IL-6 and the inflammatory marker C-
reactive protein (CRP) and the hormone
NT-proBNP. Whether the effect on mor-
tality is primarily due to a determinant
local influence on the tumour microen-
vironment or it is induced by systemic
cardiovascular dysregulation cannot be
determined [19].

Chronic suppression of thyroid stimu-
lating hormone (TSH) in patients treated
for differentiated thyroid carcinoma may
induce a cardiac damage and increase
the risk for cardiovascular events. In the
study by Klein Hesselink et al, the au-
thors observed elevated NT-proBNP lev-
els in patients with differentiated thyroid
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carcinoma vs. healthy controls. Median
NT-pro BNP was 70 (40-119) ng/L for pa-
tients with carcinoma and 49 (25-89)
ng/L for controls (P < 0.001). Further-
more, the risk of cardiovascular event and
all-cause mortality was higher in patients
with higher NT-proBNP, HR = 3.22 (95% Cl
2.17-4.79) and HR = 1.61 (95% Cl 1.17-
2.63), respectively [37].

Therefore, the determination of NT-
proBNP may identify patients with dif-
ferentiated thyroid carcinoma at an in-
creased cardiovascular risk, who could
benefit from more stringent cardiovas-
cular risk surveillance [28].

Clinical implication

Using of NT-pro BNP in oncology is open.
There are a lot of studies which docu-
mented elevation of NT-proBNP in dif-
ferent cancer diagnosis, e.g. the study
of lung cancer by Aujollet et al [14],
the study of multiple myeloma by Nico
Pavo et al [19], the study of renal cancer
by Kamai et al [13] or the study of brain
tumor patients by A. Bunevicius et al [36].
The elevation of NT-proBNP is different.
The NT-pro BNP levels are not very high,
compared to the cut-off values in cardiac
diseases. Nevertheless, extremely ele-
vated NT-proBNP levels are documented
in terminal oncologic patients. It is pos-
sible that NT-pro BNP levels depend on
the degree of tumor development. In
the study of Kamai et al [13], patients
after nephrectomy with renal cancer
had lower NT-proBNP levels after surgery
than before it. This is the reason why this
biomarker can be useful in oncology to
see the effect of therapy and, of course,
extension of the tumor.

Conclusions

Serum NT-proBNP levels are commonly
elevated in cancer patients without
overt cardiovascular disease. The bio-
logical mechanisms underlying the in-
creased production of NT-proBNP in can-
cer setting remain poorly understood,
but it was demonstrated that higher lev-
els of NT-proBNP and other biomarkers
of myocardial damage, such as troponin
T, are associated with a worse prognosis
and shorter survival of cancer patients
not receiving cardiotoxic chemotherapy.
These findings suggest that subclinical

dysfunction of the cardiovascular sys-
tem is common and has prognostic sig-
nificance in cancer patients [36].
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Vyznam aberantné aktivované drahy
Hedgehog/Gli pro nadorovou progresi

Importance of Aberrantly Activated Hedgehog/Gli Pathway

in Tumour Progression

Kreisingerova K., Ondrusova L., Hordk, P, Vachtenheim, J.

Ustav Iékafské biochemie a laboratorni diagnostiky, 1. LF UK a VFN Praha

Souhrn

Vychodiska: Nadorova onemocnéni jsou druhou nejéast&jsi pficinou umrti v Ceské republice.
Lécba tohoto typu onemocnéni je pro pacienty velmi ndrocna a jeji Uspésnost je ¢asto limitovana
kvali ¢astym relapstim. Navic se mohou objevit metastazy, nejcastéji v plicich a jatrech, které
zhorsuji pacientovu progndzu na preziti. Signdlni drdha Hedgehog (Hh) je jednou z vyznam-
nych signalizac¢nich kaskad, které ovliviuji rozvoj a nasledné udrzovani mnoha typud nadord. Jeji
aberantni signalizace pomaha burikdm uniknout apoptéze, narusuje energeticky metabolizmus
bunék, ma vliv na proces epitelidlné-mezenchymalniho pfechodu, poméha naddorovym burikdm
uniknout imunitnimu systému, udrzuje nadorové kmenové burky a podili se na tvorbé metastaz.
Role signalni drahy Hh v rozvoji, udrzovéni a progresi nadord je intenzivné studovana. Bylo vy-
vinuto nékolik typl inhibitor( této signalni drahy. Nejvice studované byly inhibitory receptoru
Smoothened, ale vzhledem k ¢asto vznikajici rezistenci se nyni dostéva do popredi vyzkum dal-
sich skupin inhibitor(, které cili mimo receptor Smoothened. Zda se, Ze tyto inhibitory by mohly
pomoci prekonat rezistenci inhibici pfimych efektor drahy, tj. transkrip¢nich faktor( Gli, neza-
visle na membranové signalizaci. Tyto nové Iéky davaji nadéji pacientlim, u kterych v soucasné
dobé léc¢ba selhdva. Cil: Tento souhrnny ¢lanek se snazi shrnout poznatky o roli signalni drahy
Hh v rozvoji nadort a popisuje nékteré zasadni pokroky ve vyvoji cilenych inhibitor( této drahy.

Klicova slova
apoptoza - epitelidlné-mezenchymalni pfechod — metastazy — chemorezistence - cilend mole-
kularni terapie - signalni dréha Hedgehog - nddorové kmenové buriky

Summary

Background: Cancer is the second most common cause of death in the Czech Republic. The
treatment of this disease is very exhausting for the patients and the treatment has often limited
success only. The disease often relapses after a period of remission. Moreover, metastases often
appear in lungs, liver or other organs and worsen patient’s prognosis and probability of survi-
val. The Hedgehog (Hh) signaling pathway is one of the important pathways that affects ini-
tiation and maintenance of various types of tumours. When aberrantly activated, Hh signaling
pathway helps cells escape apoptosis, disturbs cell energy metabolism, influences the process
of epithelial-mesenchymal transition, helps to escape immune system, maintains cancer stem
cells and supports metastasis. The role of Hh signaling cascade in tumour initiation, mainte-
nance and progression is intensively studied. Several types of inhibitors of this pathway were
developed. The most intensively studied were inhibitors of the receptor Smoothened. Due to
commonly occurring resistance, the research of other groups of inhibitors is in the centre of
interest. These new drugs do not target receptor Smoothened but proteins standing down-
stream of Smoothened (inhibition of final Gli transcription factors). The drugs could give new
hope to patients whose treatment fails. Purpose: This review summarizes the findings about
the role of Hh signaling pathway in tumour development and describes the progress in the
development of targeted inhibitors of this pathway.

Key words
apoptosis - epithelial-mesenchymal transition — metastasis — drug resistance — molecular tar-
geted therapy - Hedgehog signaling pathway - cancer stem cells
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VYZNAM ABERANTNE AKTIVOVANE DRAHY HEDGEHOG/GLI PRO NADOROVOU PROGRES|

Uvod

Signélni draha Hedgehog (Hh)/Gli je
evolu¢né velmi konzervovana od Dro-
sophily po ¢lovéka. Poprvé byla popsana
v roce 1980, kdy Nusslein-Volhard a Wie-
schaus provedli velky screening mutaci,
které ménily vyvoj télniho planu larev
octomilky [1]. Od té doby je tato draha
pfedmétem intenzivniho vyzkumu
a ukdzalo se, Ze hraje zsadni roli v em-
bryondalnim vyvoji, ve kterém ovliviuje
diferenciaci bunék, proliferaci a polari-
zaci tkani. Hh signalizace je dllezita ve
vyvoji mozecku, muzského reproduktiv-
niho traktu, kosti, stfeva nebo neurdini
trubice [2]. V dospélosti je aktivita drahy
ve vétsiné tkani velmi nizka, ale je da-
lezitd pro udrzovani kmenovych bunék
a je soucasti reparace a regenerace
tkani [3-5]. Aberantni aktivace drahy
Hh byla nalezena u mnoha typ0 nadord,
vede k rozvoji metastaz a podili se na re-
zistenci k chemoterapii [6].

Signalni draha Hedgehog

a aktivace transkrip¢nich

faktoru Gli

Signdini draha je aktivovana navazanim
ligandu na transmembranovy recep-
tor Patched (Ptch). Byly identifikovany
tfi rGzné ligandy, které aktivuji drahu
Hh. Jsou to Sonic Hedgehog (Shh), De-
sert Hedgehog (Dhh) a Indian Hedge-
hog (lhh). Tyto ligandy maji v embryo-
nalnim vyvoji rGznou tkanovou expresi.
Vsechny tfi ligandy se mohou vazat na
receptor Ptch a tim spustit Hh signali-
zaci [7]. Pokud nedojde k navazani li-
gandu, neaktivovany receptor Ptch blo-
kuje receptor Smoothened (Smo). Tim je
signalizace inaktivovana a transkripcni
faktory Gli 1-3 neaktivuji transkripci ci-
lovych proonkogennich gen(. Pokud li-
gand aktivuje Ptch, dojde k uvolnéni
blokace receptoru Smo a ten se dostava
na povrch primérniho cilia a nasledné
ovliviuje cytoplazmaticky komplex slo-

zeny z proteind Suppression of Fused
(SuFu), Gli a dalsich proteint. Nasledné
dochazi k uvolnéni proteint Gli z kom-
plexu, vzniku jejich aktivnich forem a tim
aktivaci signalni drahy Hh. Gli proteiny
jsou zinc-fingerové transkrip¢ni faktory.
Nyni jsou zndmy 3 varianty téchto pro-
tein(. Gli1 je aktivator drahy Hh, vaze se
na promotory cilovych gent a tim spou-
$ti jejich transkripci. Gli2 je také povazo-
vany predevsim za aktivator transkripce,
nicméné ma i represorovou doménu
a mUze se jako represor chovat. Protein
Gli3 mlze byt aktivatorem nebo represo-
rem drahy Hh, zaleZi na bunécném kon-
textu. Aktivace drdhy Hh ma za nésle-
dek spusténi transkripce cilovych gen.
Témi jsou v prvni fadé komponenty
drahy Hh (Gli1, Ptch1, Ptch2, Hhip), dale
regulatory bunécného cyklu (CCDN2,
CCNET1, cyklinD2), regulatory apoptdzy
(BCL-2, survivin, PAX6), geny epitelidlné-
-mezenchymalniho prechodu (epithe-
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Obr. 1. Signalni drdha Hedgehog (Hh).

V nepfitomnosti Hh ligandu receptor Patched (Ptch) blokuje receptor Smoothened (Smo) a z proteinového komplexu, tvofeného pro-
teiny Gli, SuFu a dal$imi, se uvoliiuje represorové forma Gli protein(. Represorové Gli proteiny blokuji transkripci cilovych gent drahy Hh.
Po aktivaci receptoru Ptch ligandem drédhy Hh (v tomto pfipadé Shh), dochdzi k translokaci receptoru Smo na povrch primarniho cilia, na-
sledné dojde k ovlivnéni proteinového Gli/SuFu komplexu, ze kterého se uvolnuji aktivni formy Gli faktoru. Po jejich translokaci do jadra

aktivuji transkripci cilovych gent drahy Hh.
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lial-mesenchymal transition — EMT)
ZEB1, ZEB2, Twist2 [7-10] a mnoho dal-
sich, prevazné proonkogennich gent
(obr. 1).

K aktivaci Gli faktor(i vSak muze dojit
i nekanonicky. To znamen4, ze Gli fak-
tory jsou pfimo aktivovény proteiny z ji-
nych signalnich drah a procesu aktivace
se v tomto pfipadé nelcastni upstream
receptory drahy Hh, tj. Ptch a Smo. Ne-
kanonicka signalizace je ¢astd prede-
vsim u malignich onemocnéni. Vétsina
signdlnich drah, které nekanonicky ak-
tivuji Gli faktory, jsou stejné jako draha
Hh vyznamné pro rozvoj malignit a po-
rozuméni jejich propojeni je tedy zcela
zasadni. Pozitivni regulacni vliv na tran-
skrip&ni aktivitu Gli ma napfiiklad draha
KRAS-MEK-ERK u bunék karcinomu Za-
ludku [11]. Podobné bylo prokazano,
Ze Ras-MEK/AKT stimuluje transkrip¢ni
aktivitu Gli1 u melanomu [12]. Dal-
$im dulezitym faktorem, ktery ovliv-
nuje Gli faktory, je ristovy transfor-
mujici faktor beta (TGF-B), ktery je
dalezity béhem embryonalniho vy-
voje a pii udrzovani homeostazy do-
spélych tkani. TGF-B je zdsadni pro
expresi Gli a pro proliferaci cyklopa-
min-rezistentnich bunék karcinomu sli-
nivky [13]. Analyza Gli2 promotoru pro-
kazala, Ze SMAD3 a B-katenin se vazou
na Gli2 promotor v odpovédi na TGF-§,
a Gli2 se proto d& povazovat za pfimy
transkripcni cil TGF-P [14]. Dalezita sig-
nalni drdha PI3K-AKT-mTOR, ktera se
Ucastni mnoha bunécnych procesq,
také dokaze nekanonicky ovliviiovat
aktivaci Gli. PI3K brani proteazomové
degradaci Gli2 a usnadnuje tak aktivaci
Gli2 a jeho translokaci do jadra [15].
Bylo popsano mnoho dalsich protein(,
které ovliviuji Gli faktory, patii mezi
né proteinkinaza C, DYRK1 a DYRK2 ki-
nazy nebo 5’-adenosinmonofosfat-ak-
tivovana proteinkindza (AMPK) [16,17].
Je jasné, Ze nekanonicka signalizace je
u nadorovych onemocnéni stejné dua-
lezitd jako signalizace kanonickd, oba
dva typy se v nadorech casto vysky-
tuji spole¢né. Vyzkum lécby nadoro-
vych onemocnéni by mél tedy sméfo-
vat ke kombinované terapii, kterd bude
blokovat jak klasickou drahu Hh, tak sa-
motné Gli faktory, pfipadné jejich dalsi
spoustéce.

Role Hh v nadorové progresi

Je ziejmé, Ze drdha Hh je vyznamna pfi
rozvoji mnoha typl nador(. Zasadni
vliv hraje drdha Hh v rozvoji medu-
loblastomu [18], bazaliomu [19], karci-
nomu pankreatu [20] nebo karcinomu
plic [21]. U mnoha dalsich typ0 tumortd
tato draha pfispiva k rozvoji nadorové
progrese. Témér vsechny zdsadni zmény,
které vedou k progresi nadord, jsou
néjak ovlivilovany drahou Hh. K témto
vyznamnym pfipadtm patfi napiiklad
uniknuti programované bunéc¢né smrti,
ovlivnéni ¢innosti telomerazy, angioge-
neze, naruseni energetického metabo-
lizmu bunék, EMT, uniknuti imunitnimu
systému, ovlivnéni genomové stability
nebo ovlivnéni schopnosti tvofit me-
tastdzy a udrzovani viability nadoro-
vych kmenovych bunék. V dalsim textu
jsou blize popsény nékteré tyto pfipady,
u kterych je vyznam drahy Hh zcela
zifejmy a prokazany.

Apoptoza

Apoptéza neboli programovand bu-
né¢nd smrt je proces, ktery fidi auto-
destrukci bunék, které jsou natolik po-
Skozené, ze na né nestaci reparacni
mechanizmy buriky. Narueni procesu
apoptdzy ovliviuje homeostazu bunék
a nasledné i tkani a je povazovano za
silné proonkogenni ¢initel. Ukazuje se,
ze signalni draha Hh je vyznamnym re-
guldtorem apoptézy. Hh signalizace
ovliviiuje expresi nékterych proapop-
totickych i antiapoptotickych protein(
a tim urcuje, zda bunka vstoupi do apo-
ptdzy, nebo ne. Dvé védecké skupiny
v roce 2004 soucasné prokazaly, Zze an-
tiapoptoticky protein BCL2 je pfimym
transkripénim cilem Gli faktor(. Jejich
vysledky se lisily tim, Ze jedna skupina
urcila za hlavni reguldtor BCL2 protein
Gli1 [22], zatimco druhd povaZzovala za
regulator genu BCL2 transkrip¢ni fak-
tor Gli2 [23]. V roce 2011 byl dalsi antia-
poptoticky protein XIAP oznacen jako
transkrip¢ni cil faktoru Gli2 [24]. Zvy-
$eni hladiny antiapoptotického pro-
teinu survivinu v nadorovych bun-
kach bylo také pfipsano signalni draze
Hh [10]. Vysokd exprese survivinu byla
v nadorovych burikdch snizena pomoci
inhibitoru GANT61, coz je specificky in-
hibitor faktor( Gli. Za hlavni mediator

exprese byl v této studii oznacen faktor
Gli2, ktery aktivoval expresi survivinu
mnohem vice nez Gli1. V jiné neddvné
studii autoti prokazali, Ze Hh neovliv-
fuje jen antiapoptotické proteiny, ale
také proteiny proapoptotické. U bunék
TP53-mutovaného rhabdomyosarkomu
a meduloblastomu autoti ukazali, Ze sni-
zeni exprese proteinu Gli1 zvySuje ex-
presi proapoptotického proteinu Noxa.
Podle této studie Gli1 reprimuje protein
Noxa pravdépodobné pres early growth
response protein 1 (EGR1) [25]. Nejzna-
méjsi nadorovy supresor p53 je také
ovliviiovan drahou Hh. Signalizace Hh
aktivuje ubikvitin ligdzu Mdm?2, kterd
ubikvitinuje pravé protein p53, ¢imz sni-
Zuje mnozstvi akumulovaného proteinu
p53 v burikdch [26]. Na cholangiokar-
cinomovych burkach bylo ukazano, ze
Hh signalizace také dokéze ovlivnit, jak
konkrétné bude apoptdéza probihat, zda
vnéjsi apoptotickou cestou, nebo vnitini
(mitochondridlni) cestou. Hh reguluje
expresi XIAP proteinu (viz vyse), ktery re-
primuje vnéjsi apoptotickou drahu. Za-
blokovéni Hh signalizace vede ke snizeni
exprese XIAP proteinu a tim se v bun-
kach opét muze aktivovat vnéjsi apop-
totickd draha [24]. Ze stavu souc¢asného
poznani mizeme vyvodit, Ze draha Hh
narusuje rovnovahu apoptotickych sig-
nald v nddorovych burikéch a vychyluje
ji smérem k potlaceni apoptdzy. Timto
Hh signalizace velmi pfispiva k iniciaci
nadorového bujeni a k dalsimu rastu jiz
rozvinutych nadora.

EMT a schopnost nadoru
metastazovat
Epitelidlné-mezenchymilni pfechod
(EMT) je bunécny mechanizmus, ktery
je velmi dulezity v pribéhu embryo-
nélniho vyvoje a béhem reparace tkani.
Epitelidlni fenotyp bunék se v procesu
EMT méni na fenotyp mezenchymovy.
EMT vyznamné ovliviuji vyvojové drahy
Wnt, Notch a Hedgehog (Hh). Proces
EMT je také velmi dulezity béhem roz-
voje nadorového bujeni, umoziuje bun-
kam primarniho nadoru uvolnit se do
krve nebo lymfy a nasledné se usadit ve
vzdalenych orgénech s Uplné jinym pro-
stfedim, nez jaké bylo v primarnim na-
doru. Béhem procesu EMT dochazi ke
snizeni adhezivity bunék, ke ztraté bu-
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néc¢né polarity a ziskani invazivnich
a migracnich vlastnosti [27]. Pro indukci
EMT staci v burice aktivovat nékolik fak-
tory, jako napiiklad ZEB1 a ZEB2, LEF-1,
Snail1 a Snail2 (Slug).

Béhem procesu EMT dochazi ke sni-
Zeni nebo Uplnému vymizeni exprese
E-cadherinu, ktery je béznou adhezivni
molekulou v burikdch. Déle se zvysuje
exprese mezenchymalnich markerd, ja-
kymi jsou vimentin, N-cadherin a fibro-
nektin [28]. U vétsiny typl nadorovych
bunék jiz byla prokazana souvislost mezi
drdhou Hh a EMT a migra¢nimi schop-
nostmi bunék. Pfimy vliv Hh/Gli drdhy na
EMT byl prokézan v klinické studii zkou-
majici pacientky s karcinomem prsu,
kde vysoké hladiny Shh/Gli1 korelovaly
s vysokou expresi protein{i Snail1 a vi-
mentinu a s nizkou expresi E-cadherinu.
V pokusech na bunécnych kulturach pak
zablokovani faktor(i Gli1 a Gli2 pomoci
specifického inhibitoru GANT61 vedlo ke
snizeni invazivity a migrace bunék [29].
Podobné jsou vysledky klinické studie
zabyvajici se karcinomem jicnu. Abe-
rantni exprese Gli1 a Gli2 korelovala se
snizenou expresi E-cadherinu a zvyse-
nou expresi proteint Snail1, Slug, N-cad-
herinu a vimentinu. Inhibice Gli faktor{
i v tomto pfipadé snizila mobilitu a inva-
zivitu bunék [30]. U pankreatickych na-
dorovych bunék podobnych kmenovym
burikdm (cancer stem-like cells - CSLC)
draha Hh ovliviiuje EMT a dalsi invazivni
vlastnosti. Inhibice Hh signalizace Smo
(knockdown receptoru Smo) snizila az
inhibovala proces EMT, invazivitu, che-
morezistenci, plicni metastazy a tumo-
rigenezi pankreatickych CSLC [31]. Zda
se, Zze Gli1 nema u pankreatickych bunék
vliv na iniciaci EMT, ale podporuje EMT
indukovanou TGF-B1 a epidermalnim
rdstovym faktorem (epidermal growth
factor - EGF) [32]. TGF-B1 podobné zvy-
Suje expresi Gli u nemalobunécného
karcinomu plic a tim pfispiva k rozvoji
EMT [33].

Role Hh signalizace v procesu EMT
a ve schopnosti bunék metastazovat je
méné jasna u nadorl prsu. Podle studie
publikované v roce 2017 se zda, ze ne-
metastazuji bunky, které prosly proce-
sem EMT, ale buriky z okoli téch, které
procesem EMT prosly. Migracni schop-
nosti téchto bunék se pravdépodobné

zvysuji diky parakrinni aktivaci faktor(
Gli [34]. Hh signalizace také zvy3uje mi-
grac¢ni schopnosti a invazivitu nadoro-
vych bunék tim, ze aktivuje AKT dréhu
a nasledné aktivuje matrix metaloprotei-
nazy. Matrix metaloproteinaza 9 (MMP-
9) je takto upregulovand napfiklad u kar-
cinomu zaludku [35], u dlazdicového
karcinomu dutiny Ustni [36] a spole¢né
s matrix metaloproteindzou 2 (MMP-2)
je zvysena u bunék hepatocelularniho
karcinomu [37].

Nadorové kmenové bunky

Za nadorové kmenové bunky (can-
cer stem cells, CSC) je povazovéna mald
frakce nadorovych bunék, ktera ziskala
vlastnosti podobné kmenovym burikam.
Pfedevsim jde o schopnost sebeobnovy
bunék, které jsou povazovany za jakési
LJjadro” nddoru. CSC jsou také rezistentni
vuci chemoterapii a rekrutuji se z nich
metastatické buriky. Obecné se tedy
pfedpokladd, Ze tyto bunky jsou zod-
povédné za udrzovani a rozvoj nadoru
a také za rezistenci vici protinadorové
lécbé [38]. CSC maji aberantné aktivo-
vané rdzné signalni drahy, které béhem
normalniho vyvoje hraji dalezitou roli
v embryonalnim vyvoji a pfi diferenciaci
bunék. Neni tedy prekvapivé, Zze draha
Hh je povazovana za jednu z klicovych
cest pro rozvoj a udrzeni vlastnosti nado-
rovych kmenovych bunék [39]. Pfedpo-
klada se, Ze Hh mimo jiné aktivuje expresi
genq, které jsou povazovény za mar-
kery kmenovosti bunék. Jeden z téchto
gend, transkrip¢ni faktor Nanog, je pfi-
mym transkripénim cilem signalni drahy
Hh [40]. Hh signalizace dale ovlivhuje
i dalsi markery kmenovych bunék: SOX2,
Bmi1 a OCT4 [41,42]. Role Hh v udrzovani
CSC byla popsana u mnoha typ0 nadord,
napt. u akutni a chronické myeloidni leu-
kemie, mnohocetného myelomu, karci-
nomu prsu nebo gliomu [43,44].

Cilena terapie

Vzhledem ke stale lepsimu poznani pro-
stfedi nddor(, procesu iniciace, progrese
a metastazovani nadord se také rozviji
oblast cilené 1é¢by nador(. V posled-
nich letech bylo pfipraveno mnoho niz-
komolekularnich inhibitord jednotlivych
komponentl dréhy Hh. Jako prvni byl
zrostliny Veratrum Californicum izolovén

inhibitor cyklopamin, ktery zplsobuje
zavazné vyvojové abnormality u zvifat.
V roce 1998 bylo prokazano, ze tento al-
kaloid inhibuje Hh signalizaci pfimym
navazanim na receptor Smo [45]. Dalsi
zkoumani vsak ukazalo, Ze cyklopamin
md pomérné nizkou ucinnost, a navic jej
nelze uzivat peroralné. Dalsi zkoumani
brzy pfineslo uc¢inné;jsi derivaty cyklopa-
minu, napiiklad sonidegib (erismodegib,
LDE-225), saridegib (patidegib, IPI-926)
avismodegib (GDC-0449). Dva inhibitory
Smo byly schvaleny americkym Utadem
pro kontrolu potravin a léciv (Food and
Drug Administration — FDA) i Evropskou
lékovou agenturou (European Medici-
nes Agency — EMA) pro lé¢bu bazaliomu.
Prvnim z nich je vismodegib. Byl schva-
len FDA v roce 2012 pro [é¢bu metasta-
tického bazaliomu [46]. V roce 2013 pak
byl schvalen také EMA. Od té doby pro-
béhlo nékolik dalsich klinickych studii,
které studovaly vliv vismodegibu u dal-
Sich typt nadorG. U Zadné viak vysledky
nedopadly tak dobfe jako u bazaliomu.
Vismodegib se napfiklad testoval jako
monoterapie u pacientll s metastatic-
kym kastracné rezistentnim karcinomem
prostaty; testovana lécba vsak neproka-
zala vyraznou klinickou aktivitu vismo-
degibu [47].V dalSich studiich byl vismo-
degib pouzit jako soucast kombinované
terapie. Napfiklad u pacient(i s metasta-
tickou formou kolorektalniho karcinomu
byl vismodegib poddvan v kombinaci
s bevacizumabem a chemoterapii. Vliv
tohoto typu Iécby na prodlouZeni pa-
cientova Zivota se vsak v této studii sig-
nifikantné neprokazal [48]. Dalsi klinické
studie stale probihaji nebo jsou ve fazi
hledani vhodnych pacient( [49]. Dru-
hym inhibitorem Smo, ktery je schva-
leny FDA a EMA je sonidegib [50]. Oba
urady jej schvalily v roce 2015 k [é¢bé lo-
kalné pokrocilého bazaliomu, ktery neni
vhodny k chirurgické 1é¢bé nebo radio-
terapii. Dal3i inhibitor Smo patidegib
(saridegib) mél slibné vysledky ve fazi Il
klinickych zkousek a nyni zacina faze IlI
klinickych zkousek, kdy preparat bude
podavan ve formé 2% gelu k lokalni apli-
kaci. Testovaci |é¢ba je urcena pro pa-
cienty s Gorlinovym syndromem, ktery
zpUsobuje chronickou formu bazaliomu.
Lécba patidegibem ma za cil snizit cel-
kovy pocet bazaliom, coz by mélo vést
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ke snizeni poctu nutnych operaci.V sou-
¢asné dobé je tato studie ve fazi hle-
dani pacientd, ktefi se zucastni klinické
zkousky [51]. Zatim poslednim inhibito-
rem Smo schvalenym FDA je glasdegib.
Byl schvalen v roce 2018 k |é¢bé nové
diagnostikované akutni myeloidni leu-
kemie u pacientl > 75 let nebo u pa-
cientl, u kterych je vyloucena inten-
zivni indukcni chemoterapie. Lécba
glasdegibem je doprovéazena podava-
nim nizkych davek cytarabinu [52]. Dal-
Sich inhibitortl Smo je celd fada a jsou
intenzivné studovény; patfi mezi né na-
pfiklad taladegib nebo itrakonazol, coz
je latka s protiplishovymi vlastnostmi.
Problémem v3ak je, Ze v mnoha nado-
rech je receptor Smo mutovany a vyse
zminéné Smo inhibitory jsou tedy méné
u¢inné nebo neucinné. Net¢innost Smo
inhibitord i pfi nemutovaném Smo je
lehce vysvétlitelna tim, ze drdha Hh
muze byt velmi ¢asto aktivovana neka-
nonicky jinymi signalnimi cestami a ne-
potfebuje tedy upstream signalni pod-
néty. Tento problém se nyni obchazi
pouzitim inhibitor( jinych komponent
drahy Hh. Naptiklad inhibitor robotniki-
nin se vaze na extracelularni Shh a blo-
kuje tak Shh signalizaci [53]. Shh také
blokuji protilatky 5E1, 3H8 a 6D7 (MEDI-
5307) [54]. Dalsi skupinou jsou inhibi-
tory Gli faktort. Nizkomolekularniinhibi-
tory GANT58 a GANT61 zabranuji vazbé
Gli proteint na DNA v jadre a tak blokuji
jejich transkripéni aktivitu [55]. Tyto in-
hibitory zatim nejsou pouzivany v kli-
nickych studiich, nicméné jsou inten-
zivné zkoumany v in vitro, popt. in vivo
studiich se slibnymi vysledky. Proka-
zalo se, Ze mnoho typl nadorovych
bunék je senzitivnich ke GANT61 in vitro
a ze GANT61 tyto bunky zabiji pro-
cesem apoptdzy [56-58]. V dalsi stu-
dii GANT61 v kombinaci s obatocla-
xem (inhibitor rodiny proteini BCL2)
plsobil velmi slibné na bunky malig-
niho melanomu [59]. Mezi Gli inhibitory
patii také oxid arsenity, latka schvalena
FDA pro lé¢bu akutni promyelotické
leukemie [60].

Lékova rezistence

Problémem cilené 1é¢by nadorl je, ze
béhem ni ¢asto vznikd de novo ziskana
rezistence k danému typu lécby. V pfi-

padé drahy Hh se nyni fesi predevsim re-
zistence vuci inhibitordim Smo, ktera sni-
Zuje moznosti 1é¢by i eradikace CSC [61].
Na vyznamu ziskdvaji inhibitory Smo,
které maji jiny mechanizmus ucinku nez
cyklopamin a jeho derivaty a jiné bézné
inhibitory Smo. Napfiklad itrakonazol je
povazovdn za inhibitor Smo, nicméné ne-
blokuje pfimo molekulu Smo, ale zabra-
fuje kumulaci Smo v primarnim ciliu. Ku-
mulace a aktivace Smo v primarnim ciliu
je zasadni krok v Hh signalizaci; naruseni
tohoto procesu ma za nésledek preru-
Seni signaliza¢ni drahy [62]. Itrakonazol
(inhibitor Smo) a oxid arsenity (inhibi-
tor Gli), at kazdy zvlast, nebo v kombi-
naci, inhibuji rdst meduloblastomu a ba-
zaliomu u mysi in vivo a prodluzuji zivot
mysi s meduloblastomem s mutovanym
Smo, ktery je rezistentni vici 1é¢bé [63].
Dalsi dileZitou kategorii jsou inhibitory
»~downstream” od Smo, které jsou nyni
pfedmétem intenzivniho zkoumani. In-
hibitor Gli faktord GANT61 ma slibné vy-
sledky v in vitro i in vivo studiich, nicméné
zatim neprobihd Zadna klinicka studie.

Na druhou stranu lé¢ba Hh inhibitory
muze zvysit citlivost bunék/tumor rezi-
stentnich v0ci urcitému typu lé¢by, na-
priklad vi¢i radioterapii. U bunék karci-
nomu prostaty GANT61 zvysil citlivost
rezistentnich bunék vi¢i radioterapii jak
in vitro, tak in vivo. U mysiho modelu in
vivo se citlivost k nové |é¢bé projevila sni-
Zenim nadorového rdstu a byla spojena
se snizenou proliferaci a zvySenou apo-
ptézou [64]. Podobné je u lidského glio-
blastomu ¢asté snizena citlivost nadoru
vlci 1é¢bé chemoterapeutikem temo-
zolomidem. Poté, co byly bunky gliomu
vystaveny plsobeni GANT61, reagovaly
zvySenim citlivosti k temozolomidu [65].
V dalsi studii bylo prokazano, ze Hh sig-
nalizace chranila buriky hepatoceluldr-
niho karcinomu pred uc¢inkem ioniza¢ni
radioterapie; umlceni drahy Hh pomoci
protilatky proti Shh a pomoci Gli1 siRNA
zvratilo tento jev a bunky byly nasledné
k terapii citlivé [66]. Jako dalsi priklad Ize
uvést studie kastracné rezistentniho kar-
cinomu prostaty, kdy kombinace uml-
Ceni fosfolipazy Ce a inhibice Gli faktora
pomoci GANT61 vedla ke zvyseni citli-
vosti bunék vici enzalutamidu, ktery je
jednim z mala ucinnych 1ékd na tento
typ karcinomu [67].

Zaver

Z vyse popsaného souhrnu je ziejmé, ze
vyzkum signalni drahy Hh od jejiho po-
psani v roce 1980 pokracuje pomérné
rychle. Drdha Hh je zdsadni pro spravny
embryonalni vyvoj. | kdyz se zd3, ze z&-
kladni kostra signélni drahy je dobfe
prozkoumana, stale chybi nékteré dale-
zité informace o jejim fungovani. Neni
napfiklad znamy pfesny mechanizmus,
jakym Ptch blokuje receptor Smo. Infor-
mace o propojeni Hh signalizace s jinymi
signadlnimi drdhami, popf. informace
o aktivaci Hh komponent pomoci jinych
signalnich drah urcité neni kompletni
a na tomto poli mGze dojit k mnoha
prilomovym objevim. Aberantni ak-
tivace drahy Hh je spojend s rozvojem
rdznych typd nadord. Poznatky o tom,
ze draha Hh je velice dulezita v iniciaci,
rlistu, rozvoji i udrzeni nadorového bu-
jeni, nasledoval Uspésny vyvoj cilenych
Hh inhibitor(. Problematicka je ovsem
nizkd u¢innost mnohych z nich, pfitom-
nost zavaznych nezadoucich ucinku
nebo vznikajici rezistence k dané lécbé.
Hh inhibitory jsou stale testovany v rdz-
nych preklinickych i klinickych studiich,
vétsinou se jednd o inhibitory recep-
toru Smo. Snad se brzy objevi dal3i kli-
nické studie testujici napt. [é¢bu po-
moci specifickych inhibitor( faktord Gli.
Mizeme doufat, Ze nékteré z klinickych
studii pfinesou takové vysledky, které
umozni uvedeni alespon nékterych inhi-
bitor do klinické praxe a vyrazné zlepsi
nové moznosti 1é¢by onkologickych
pacientd.
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Summary

Background: Previous studies have evaluated associations of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with a risk of cutaneous malignant melanoma (CMM). However,
their results thus remained inconsistent or even contradictory. Thus, the aim of this meta-analy-
sis was to evaluate association of XPG rs17655G>C and XPF rs1799801T>C polymorphism with
a risk of CMM. Methods: A comprehensive literature search was performed on PubMed, Web of
Science, Scopus, SciELO and CNKI databases up to October 15, 2019 to identify relevant studies.
Moreover, a case-control study was conducted to evaluate association of XPF rs1799801T>C
with CMM risk in the Iranian population. The odds ratio (OR) and 95% confidence interval
(Cl) values were used to estimate the strength of the associations. Results: Total of 12 studies
including 9 studies with 5,362 cases and 7,195 controls on XPG rs17655G>C and 3 studies with
803 CMM cases and 737 controls on XPF rs1799801T>C were selected. Pooled data revealed
that XPF rs1799801T>C polymorphism was significantly associated with an increased risk of
CMM under the heterozygote model (CT vs. TT: OR = 1.313; 95% Cl 1.062-1.624; P = 0.012).
However, XPG rs17655G>C polymorphism was not significantly associated with the risk of
CMM in the overall population and by ethnicity. The subgroup analysis showed a significant
association between XPG rs17655G>C polymorphism and CMM in polymerase chain reaction-
-based restriction fragments length polymorphism (PCR-RFLP) group of studies. Conclusion:
This meta-analysis result revealed that XPF rs1799801T>C polymorphism may be a risk factor
for developing of CMM. However, our pooled data inconsistence with the previous meta-ana-
lyses revealed that XPG rs17655G>C polymorphism was not associated with the risk of CMM.
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cutaneous malignant melanoma - XPG - XPF — polymorphism - association - meta-analysis
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Souhrn

Vychodiska: Pfedchozi studie ukazaly souvislost mezi polymorfizmem XPG rs17655G>C a XPF rs1799801T>C a rizikem maligniho melanomu
klze (cutaneous malignant melanoma - CMM). Jejich vysledky jsou ale nekonzistentni nebo dokonce protichtiidné. Cilem této metaanalyzy bylo
tedy vyhodnotit souvislost polymorfizmu XPG rs17655G> C a XPF rs1799801T> C s rizikem CMM. Metody: Do 15. fijna 2019 bylo provedeno
komplexni vyhledavani literatury v databazich PubMed, Web of Science, Scopus, SciELO a CNKI s cilem identifikovat relevantni studie. Kromé
toho byla provedena studie pfipadud a kontrol s cilem vyhodnotit souvislost XPF rs1799801T> C s rizikem CMM v irdnské populaci. Pro odhad sily
souvislosti byly pouzity hodnoty odds ratio (OR) a 95% intervalu spolehlivosti (Cl). Vysledky: Bylo vybrano celkem 12 studii, a to 9 studii zabyva-
jicich se XPG rs17655G> C s 5 362 pfipady a 7 195 kontrolami a 3 studie zabyvajici se XPF rs1799801T> C s 803 CMM pfiipady a 737 kontrolami.
Souhrnné Udaje svédcily o tom, ze v modelu heterozygott byl polymorfizmus XPF rs1799801T> C vyznamné spojen se zvysenym rizikem CMM
(CTvs.TT:OR=1,313,95% Cl 1,062-1 624; p = 0,012). Nicméné v celkové populaci a ve skupindch podle etnické pfislusnosti nebyl polymorfizmus
XPG rs17655G> C vyznamné spojen s rizikem CMM. Analyza podskupin ukdazala vyznamnou asociaci mezi polymorfizmem XPG rs17655G> C
a CMM ve skupiné studii, ve kterych byla pouzita metoda PCR-RFLP. Zdvér: Tato metaanalyza odhalila, Ze polymorfizmus XPFrs1799801T>C muze
byt rizikovym faktorem pro rozvoj CMM. Nekonzistence nasich souhrnnych Udajd s pfedchozimi metaanalyzami svédcila o tom, ze polymorfiz-

mus XPG rs17655G> C neni spojen s rizikem CMM.

Klicova slova

maligni melanom klize - XPG - XPF — polymorfizmus - asociace - metaanalyza

Introduction

Cutaneous malignant melanoma (CMM)
is a heterogeneous malignant neoplastic
disease with high morbidity rates [1,2].
CMM is characterized by a high muta-
tional load than other tumor types due
to extensive UV damage and has a vastly
variable prognosis depending on
disease stage [3]. CMM arise upon malig-
nant transformation of melanocytes, the
pigment-producing cells within the skin
that generally protect skin cells from UV-
radiation induced DNA-damage [4]. Al-
though CMM only accounts for less than
3% of all skin cancers, it is responsible for
the vast majority of skin cancer related
deaths highlighting the aggressiveness
of this cancer type and the need for
the improvement of the therapies [5].
The worldwide incidence of CMM has
risen rapidly over the course of the last
50 years despite public efforts to pro-
mote sun protection behaviors among
populations at risk [6]. It is reported as
the 19t most common cancer world-
wide, with estimated age-standard-
ized incidence rates of 2.8-3.1 cases per
100,000 people [7]. Moreover, CMM in-
cidence and also mortality rates vary by
gender, ethnicity and age, which is also
associated with differences in melanoma
anatomic sites [8]. The annual costs of
melanoma treatment are substantial; in
USA, they have raised by 288 % in less
than a decade [5,9]. Moreover, they com-
prise 3.3 billion USD of the total 8.1 bil-
lion USD in all direct skin cancer annual
costs [5,8].

CMM is a heterogeneous malignancy
with a complex biology. Genetic aberra-
tions in the mitogen-activating protein
kinase pathway is a central event in the
etiology of CMM, of which mutations in
BRAF and NRAS genes are the most com-
mon [10,11]. NRAS was the first gene in
this pathway to be found mutated in
CMM in a considerable rate (approxi-
mately 20%) [12]. Additionally, recurrent
mutations in the promoter of telomer-
ase reverse transcriptase, the catalytic
subunit of telomerase, have been asso-
ciated with a poor prognosis in primary
melanoma [13,14]. Moreover, approx-
imately 10% of all CMM occur in cases
with a family history of an autosomal
dominant genodermatosis named fa-
milial atypical multiple mole and mela-
noma syndrome [15]. Over the past dec-
ade, studies have been revealed that
failure in the nucleotide excision re-
pair (NER) pathway may result in many
human diseases such as CMM [16]. NER
is responsible for repairing bulky DNA
damage, such as DNA adducts caused
by UV radiation, mutagenic chemicals
or chemotherapeutic drugs [16,17]. In
NER pathway at least eight genes in-
cluding ERCC1, XPA, XPB/ERCC3, XPC,
XPD/ERCC2, XPE/DDB1, XPF/ERCC4 and
XPG/ERCC5 have a vital role in DNA re-
pair and capable of preserving genetic
integrity to prevent cells from malignant
transformation [18,19].

The xeroderma pigmentosum group G
(XPG), also known as the ERCC5 gene,
functions to cut DNA lesions during DNA

repair. XPG also participates in other cell
processes such as transcription-cou-
pled DNA repair and RNA polymerase
Il transcription [20]. ERCC5/XPG is lo-
cated on chromosome 13qg22-33, con-
sisting of 15 exons and 14 introns [21].
Moreover, the xeroderma pigmentosum
complementation group F (XPF), also
called excision repair cross-complimen-
tary group 4 (ERCC4), plays a central role
in NER of DNA, by nicks on the 5" side of
the damaged DNA strand, by cleaving
an open “bubble” intermediate [22,23].
ERCC4/XPF gene is located on chromo-
some 16p13.12, comprises 10 exons and
spanning about 15 kb [22].

Human XPG and XPF genes are highly
polymorphic and among known sin-
gle nucleotide polymorphisms within
these genes; XPG rs17655G>C and XPF
rs1799801T>C polymorphisms are most
frequently studied in association with
risk of different type of cancers. To date,
a number of molecular epidemiological
studies have been performed to evaluate
the association of XPG rs17655G>C and
XPF rs1799801T>C polymorphisms with
a risk of CMM in diverse populations.
However, results thus far have remained
inconsistent or even contradictory, par-
tially because of the possible small effect
of the polymorphism on CMM risk and
the relatively small sample size in each
of published study. Thus, we conducted
a case-control study and comprehensive
meta-analysis by including the most re-
cent and relevant published articles to
identify statistical evidence of the as-
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sociation of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with the
risk of CMM.

Materials and methods
Case-control study

A total of 300 participants including
150 cases with CMM and 150 healthy
controls were recruited between June
2015 and September 2018. The age and
sex of matched controls were randomly
selected from the same hospital among
patients who refereed for health check-
-up. The study was approved by the
Medical Research Ethics Committee and
awritteninformed consent was obtained
from the study participants. Genomic
DNA was extracted from blood samples
using a QlAamp DNA Blood Mini Kit (Qia-
gen, Hilden, Germany) according to the
instructions of the manufacturer. Geno-
type analyses of XPG rs17655G>C and
XPF rs1799801T>C polymorphisms were
performed by a polymerase chain reac-
tion-based restriction fragments length
polymorphism (PCR-RFLP) method as
described previously [24-26].

Meta-analysis

Search strategy and study selection
Online electronic databases including
PubMed, EMBASE, Scopus, Cochrane Li-
brary database, Springer Link, SciELO,
Chinese Biomedical Database (CBD),
China National Knowledge Infrastruc-
ture (CNKI), WanFang, OVID, SID, EBSCO
and VIP were searched to collect all the
eligible studies evaluating association of
XPGrs17655G>C and XPF rs1799801T>C
polymorphisms with the risk of CMM
up to October 15, 2019. The follow-
ing terms, keywords and their combi-
nations were used: (“Cutaneous Malig-
nant Melanoma” OR "Melanoma”) AND
(“Xeroderma Pigmentosum Group G”OR
“XPG” OR “ERCC5” OR “rs17655G>C" OR
“c.3310G>C” OR “p.Asp1104His”) AND
(“Xeroderma Pigmentosum Group F” OR
“XPF” OR “ERCC4 “ OR “rs1799801T>C"
OR “30028T>C" OR “c.2505T>C” OR
“p.Ser835=") AND (“Gen” OR “Single Nu-
cleotide Polymorphisms” OR “SNPs”
OR “Polymorphism” OR “Mutation” OR
“Variation” OR “Allele”). The search was
limited to English, Chinese and Farsi lan-
guage papers. The search was limited to

Records identified Addlt}onal records
c identified through
S through database
= ; . other sources
5 searching published .
& published up to
= up to October 15,
c 2019 (N = 113) October 15,2019
k] - (N=0)

Records screened after removing after Records excluded (N :.35)
=l . —> Irreverence after reading
£ duplicates (N =78) .
< titles and/or abstracts
[

3 v
Records screened (N = 43)
Full-text articles excluded,
with reasons (n =31)
Review, case reports,
- .
= Full-text articles assessed for eligibility (N =43) —> letters to, edltors., evaluated
i) other diseases instead of
-u_g_l’ cutaneous melanoma, not
relevant to the XPG and XPF
SNPs.
Studies included in qualitative synthesis (N = 12)
] . . . . . .
kY “Studies included in quantitative synthesis
3 (n =12 case-control studies) - XPG rs17655G>C:
£ 9 studies
« XPF rs1799801T>C: 3 studies”

Fig. 1. Flowchart of literature search and selection process.

SNPs — single nucleotid polymorphisms

human studies. Additional studies were
identified by hand searching references
in original articles and review articles.
Of the studies with the same or overlap-
ping data published by the same investi-
gators, we selected the most recent ones
with the largest number of subjects

Selection criteria

The studies eligible for the inclusion

in our meta-analysis had to fulfill the

criteria:

1) studies with case-control design;

2) studies evaluating association of any
or both polymorphisms of XPG rs-
17655G>C and XPF rs1799801T>C
polymorphisms with the risk of CMM;

3) sufficient data for estimating the odds
ratio (OR) with 95% confidence inter-
val (Cl).

The studies were excluded for the fo-
llowing reasons:
1) No control population (case only
studies);
2) animal studies;

3) data unavailable for calculating the
genotype or allele frequencies;

4) linkage studies, twin, sibling and
other family-based studies;

5) abstracts, reviews, case reports, pos-
ters, editorials, conference articles;

6) overlapping data or duplicate of pre-
vious publication.

Studies overlapping with other studies
should be eliminated and the largest study
should be included in the final analysis.

Data extraction

The eligible studies were screened by
2 authors and all data were extracted
carefully according to the inclusion cri-
teria. Any disagreement was resolved by
consultation. The following information
was extracted from the eligible studies:
first author’s surname, year of publica-
tion, ethnicity (categorized as Asian,
Caucasian or mixed populations), source
of controls (hospital based or popula-
tion based), genotyping method, sam-
ple size, genotype distributions for both
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Tab. 1. Characteristics of studies included in meta-analysis.

First Author/ Country SOC Geno- Case/ Cases Controls MAF HWE

Year (Ethnicity) t')I{:cI:g Control Genotypes Allele Genotypes Allele

nique

XPG rs17655G>C GG GC €CC G C GG GC CcC G C

Blankenburg Germany HB PCR-RFLP 293/374 184 100 9 468 118 232 124 18 588 160 0.214 0.784

2005 [27] (Caucasian)

Li 2006 [3] USA HB PCR-RFLP 602/603 373 206 23 952 252 370 206 27 946 260 0.216 0.804
(Caucasian)

Millikan 2006 USA PB TagMan 1193/2408 731 389 73 1851 535 1512 780 115 38401010 0.210 0.265

[29] (Caucasian)

Povey 2007 [25] UK PB PCR-RFLP 507/441 314 169 24 797 217 252 162 27 666 216 0.245 0.887
(Caucasian)

Figl 2010 [30] Germany HB TagMan 1186/1274 703 409 74 1815 557 725 465 84 1915 633 0.248 0.420
(Caucasian)

Ibarrola-Villava  Spain HB TagMan 599/379 327 222 50 876 322 215 140 24 570 188 0.248 0.850

2011 [31] (Caucasian)

Goncalves 2011  Brazil HB PCR-RFLP 192/208 105 77 10 287 97 109 74 25 292 124 0.298 0.030

[32] (Mixed)

Paszkowska- Poland PB TagMan 640/1358 412 200 28 1024 456 896 404 85 2196 574 0.207 <

Szczur 2013 [24] (Caucasian) 0.001

Niktabar 2019 [2] Iran (Asian) PB PCR-RFLP 150/150 79 53 18 211 89 81 58 11 220 80 0.267 0.889

XPF rs1799801T>C TT TC CC T C TT TC CC T C

Povey 2007 [25] UK PB PCR-RFLP 507/441 236 233 37 705 307 235 162 44 632 250 0.283 0.044
(Caucasian)

Oliveira 2013 Brazil HB PCR-RFLP 146/146 74 58 14 206 8 74 60 12 208 84 0.288 0.973

[26] (Mixed)

Niktabar 2019 [2] Iran (Asian) PB PCR-RFLP 150/150 69 61 20 199 101 81 53 16 215 85 0.283 0.111

HB - hospital-based, HWE - Hardy-Weinberg equilibrium, MAF — minor allele frequency, NA — not available, PB — population-based,

PCR - polymerase chain reaction, RFLP - restriction fragment length polymorphism, SOC - source of control

XPGrs17655G>Cand XPF rs1799801T>C
polymorphisms in cases and controls,
minor allele frequency and Hardy-Wein-
berg equilibrium (HWE) in controls.

Statistical analysis

Crude OR values together with their
corresponding 95% Cl values were
used to assess the strength of associa-
tion between XPG rs17655G>C and XPF
rs1799801T>C polymorphisms and the
risk of CMM. The pooled OR values were
performed under all 5 genetic mod-
els, i.e. allele (B vs. C), homozygote (BB
vs. AA), heterozygote (BA vs. AA), dom-
inant (BB + BA vs. AA) and the recessive

(BB vs. BA + AA). The Cochran’s Q statis-
tic test was employed to test between-
study heterogeneity, and the heteroge-
neity was considered significant when
P < 0.05 for Q-statistic. Moreover, |? sta-
tistic was used to quantify inconsist-
ency, which describes the proportion
of variation in the log that is attributed
to genuine differences across studies
rather than to random error (range
0-100 %: I*> = 0-25 %, no heterogene-
ity; I> = 25-50 %, moderate heteroge-
neity; 1> = 50-75 %, large heterogeneity;
12 =75-100 %, extreme heterogeneity).
The fixed-effects model (Mantel-Haen-
szel method) was used to calculate the

pooled OR values when no significant
heterogeneity was detected; other-
wise, the random-effects model (DerSi-
monian-Laird method) was applied. The
goodness-of-fit chi-squared test was ap-
plied to test the Hardy-Weinberg equi-
librium (HWE) for XPG genotype dis-
tributions in controls, P > 0.05 were
considered to have reliable and repre-
sentative controls. Furthermore, meta-
regression analysis was performed to
investigate potential sources of heter-
ogeneity including ethnicity, source of
controls, genotyping methods and HWE
status. The sensitivity analysis was mainly
performed by sequential omission of in-
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Tab. 2. Summary of meta-analysis for the association of XPG rs17655G>C and XPF rs1799801T>C polymorphisms with a risk of CMM.

Subgroup Genetic model Type of Heterogeneity Odds ratio Publication bias
model
12 (%) P, OR 95% ClI zZ . Ps Peeges Peygers
XPGrs17655G>C
Overall Cvs. G Random 9943 <0.001 1397 0.619-3.152  0.806 0.420 1.000 0.106
CCyvs. GG Random 50.51 0.049 0.883 0.689-1.131 -0.985 0.324 0.107 0.072
CG vs. GG Fixed 0.00 0.875 0988 0.915-1.068 —0.299 0.765 1.000 0.892

CC+CGvs.GG  Random 62.88 0.009 1.015 0.890-1.157 0.223 0.823 0.901 0.900
CCvs.CG+GG Random  52.55 0.039 0.880 0.686-1.129 -1.005 0.315 0.107 0.064

Ethnicity
Caucasian Cvs.G Random 99.55 <0.001 1553 0.603-3.998 0.912 0.362 0.763 0.123
CCvs. GG Fixed 38.05 0.138 0981 0.831-1.159 -0.221 0.825 0.367 0.213
CGvs. GG Random  0.00 0.734 0986 0911-1.068 -0.335 0.738 0.763 0.847
CC+CGvs.GG  Random 67.72 0.005 1.024 0.889-1.179  0.330 0.742 1.000 0.746
CCvs. CG+GG Fixed 37.96 0.139 0985 0.837-1.160 -0.179  0.858 0.229 0.197

Source of controls

Hospital based Cvs.G Fixed 0.00 0.455 0.954 0.874-1.040 -1.068 0.286 0.806 0.811
CCvs. GG Fixed 43.34 0.133 0.885 0.704-1.112 -1.048 0.295 0.220 0.362
CGvs. GG Fixed 0.00 0.870 0.971 0.869-1.085 —0.525 0.600 0.220 0.027

CC+CGvs.GG  Random 74.46 0.004 1.056 0.841-1.326 0.467 0.641 0.806 0.621
CCvs. CG+GG Fixed 47.56 0.106 0896 0.716-1.121 -0.960 0.337 0.220 0.299

Population Cvs.G Fixed 9971 <0001 2862 0.556-14.727 1258 0208 0296  0.266
based CCvs. GG Fixed 6892 0040 0914 0585-1429 -0394 0.693 1.000 0278
CG vs. GG Fixed 12.07 0321 1009 0903-1.127 0.155 0.877 1.000  0.499

CC+CGvs. GG Fixed 35.46 0.212 0.999 0.899-1.110 -0.027 0.979 0.296 0.110
CCvs.CG+GG  Random  69.91 0.036 0909 0.581-1423 -0417 0.676 1.000 0.338

Genotyping methods

PCR-RFLP Cvs.G Fixed 0.00 0.684 0.893 0.794-1.004 -1.891 0.059 0.308 0.427
CCvs. GG Fixed 0.00 0.541 0.674 0.485-0.938 -2.341 0.019 0.734 0.229
CGvs. GG Fixed 0.00 0.689 0959 0.827-1.111 -0562 0.574 0.308 0.536

CC+CGvs. GG Fixed 0.00 0.778 0917 0.796-1.056 -1.203  0.229 0.734 0.971
CCvs. CG+GG Fixed 0.00 0.458 0.681  0.492-0.942 -2318 0.020 0.734 0.222

TagMan Cvs. G Random 99.72 <0.001 2318 0.594-9.036 1.211 0.226 0.734 0.419
CCvs. GG Fixed 55.02 0.083 1.053 0.874-1.269  0.547 0.584 0.734 0.826
CGvs. GG Fixed 0.00 0.566 1.002 0.913-1.099  0.045 0.964 1.000 0.687

CC+CGvs.GG  Random  80.31 0.002 1.100 0.894-1.353  0.897 0.370 0.734 0.285
CCvs. CG+GG Fixed 56.72 0.074 1.052 0.876-1.264  0.542 0.588 0.734 0.761

*By excluding HWE-violating studies

Cl - confidence interval, HWE - Hardy-Weinberg equilibrium, PCR - polymerase chain reaction, RFLP - restriction fragment length
polymorphism
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~
Tab. 2 - continuing. Summary of meta-analysis for the association of XPG rs17655G>C and XPF rs1799801T>C polymorphisms with
a risk of CMM.
Subgroup Genetic model Type of Heterogeneity 0Odds ratio Publication bias
model
12 (%) P, OR 95% ClI zZ . P, Poegss  Progers
HWE* Cvs.G Random 99.62 <0.001 1480 0.467-4.691 0.666 0.505 1.000 0.166
CCvs. GG Fixed 32,67 0.191 1.003 0.864-1.236 0359 0.720 0.259  0.231
CGvs. GG Fixed 0.00 0.737 0971 0.891-1.059 -0.660 0.509 1.000 0.837
CC+CGvs.GG Random 7294 0.002 1.033 0.872-1.224 0.374 0708 1.000 0.773
CCvs.CG+GG  Fixed 2425 0.252 1.045 0.876-1.246 0488 0.626 0.060 0.190
XPF rs1799801T>C
Overall Cvs.T Fixed 0.00 0.661 1.120 0.959-1.308 1430 0.153  1.000  0.800
CCvs. TT Fixed 0.00 0424 1.019 0.712-1458 0.101 0919 1.000  0.340
CTvs. TT Fixed 0.00 0377 1313 1.062-1.624 2517 0.012 1.000 0.487
CC+CTvs.TT Random 9644 <0.001 0.558 0.147-2.122 -0.856 0392 0.296 0.419
CCvs. CT+TT Fixed 1942 0289 0902 0.638-1.275 -0.583 0.560 1.000 0.214
*By excluding HWE-violating studies
HWE - Hardy-Weinberg equilibrium, PCR - polymerase chain reaction, RFLP - restriction fragment length polymorphism, Cl - con-
fidence interval

dividual studies to reflect the influence
of the individual data set to the pooled
OR values. An estimate of potential pub-
lication bias was carried out by the fun-
nel plot. Funnel plot asymmetry was also
assessed by the method of Egger’s linear
regression test. For the interpretation of
the Begg's test, the statistical significance
was defined as P < 0.1. All of the statis-
tical calculations were performed using
Comprehensive Meta-Analysis (CMA)
software, version 2.0 (Biostat, USA). Two-
sided P-values < 0.05 were considered
statistically significant.

Results

Characteristics of included studies
Fig. 1 shows the flowchart of literature
search and selection process. Through
comprehensive literature search and
study selection procedures, a total of
113 studies were retrieved based on the
search criteria for cancer susceptibil-
ity related to XPG rs17655G>C and XPF
rs1799801T>C polymorphisms. After
reading the titles and abstracts, 78 full-
text articles were preliminarily identified
for further detailed evaluation. Then,

66 articles were excluded because they
clearly did not meet the inclusion criteria
or included overlapping references. The
selected studies characteristics are sum-
marized in Tab. 1. A total of 12 studies
including 9 studies with 5,362 CMM
cases and 7,195 controls on XPG
rs17655G>C [24,27-32] and 3 studies
with 803 CMM cases and 737 controls
on XPF rs1799801T>C [25,26] were se-
lected. All included studies were con-
ducted between 2005 and 2019. The
studies have been carried out in Ger-
many, USA, UK, Spain, Brazil, Poland and
Iran. Two PCR-RFLP and TagMan geno-
typing methods were used in the in-
cluded studies. For the XPG rs17655G>C
polymorphism, there were seven studies
of Caucasian population, one of Asian
population and one of mixed popula-
tion. For the XPF rs1799801T>C poly-
morphism, there was one of Caucasian
population, one of Asian population,
and one of mixed population. The ge-
notype and minor allele frequency dis-
tributions in the studies considered in
the present meta-analysis are shown
in Tab. 1. Moreover, the distribution of

genotypes in controls was in agree-
ment with the Hardy-Weinberg equilib-
rium (HWE) for all selected studies, ex-
cept for two studies for XPG rs17655G>C
polymorphism and one study for XPF
rs1799801T>C polymorphism (Tab. 1).

Quantitative data synthesis

XPG rs17655G>C polymorphism

InTab. 2, there are listed the main results
of the meta-analysis of XPG rs17655G>C
polymorphism and risk of CMM. When
all the eligible studies were pooled into
the meta-analysis of XPG rs17655G>C
polymorphism, there was no evi-
dence of significant association be-
tween XPG rs17655G>C polymorphism
and CMM risk under all 5 genetic mod-
els, i.e. allele (C vs. G: OR = 1.397; 95%
Cl 0.619-3.152; P = 0.420) (Fig. 2A), ho-
mozygote (CC vs. GG: OR = 0.883; 95%
Cl 0.689-1.131; P = 0.324), heterozy-
gote (CG vs. GG: OR = 0.988; 95% ClI
0.915-1.068; P = 0.765) (Fig. 2B), domi-
nant (CC + CG vs. GG: OR = 1.015; 95%
Cl 0.890-1.157; P = 0.901) and reces-
sive (CC vs. CG + GG: OR = 0.880; 95%
Cl 0.686-1.129; P = 0.315). Moreover,
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[ N
A
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 0927 0709 1.210 -0.560 0.576 11.08
Li 2006 [3] 0963 0.792 11717 -0.377 0.706 11.14
Millikan 2006 [29] 13452 11995 15.086 44.439 0.000 :| 11.19
Povey 2007 [25] 0.840 0.677 1.041 -1.597 0.110 11.12
Figl 2010 [30] 0928 0.815 1.058 -1.114 0.265 11.18
Ibarrola-Villava 2011 [31] 1.114 0905 1.373 1.019 0.308 11.13
Goncalves 2011 [32] 0.796 0.583 1.087 -—1.436 0.151 11.03
Paszkowska-Szczur 2013 [24] 2.065 1.783 2392  9.677 0.000 11.17
Niktabar 2019 [2] 1.160 0.812 1.656 0.817 0414 10.97
1397 0.619 3.152 0.806 0.420
0.01 0.1 1 10 100
B
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 1.017 0733 1410 0.100 0.920 5.62
Li 2006 [3] 0.992 0780 1.262 —0.066  0.948 10.35
Millikan 2006 [29] 1.032 0.888 1.199 0.405 0.685 26.55
Povey 2007 [25] 0.837 0.638 1.099 -—1.281 0.200 8.12
Figl 2010 [30] 0907 0.766 1.074 -1.134 0.257 21.11
Ibarrola-Villava 2011 [31] 1.043 0794 1.369 0.300 0.764 8.07
Goncalves 2011 [32] 1.080 0.712 1.639 0.363 0.717 3.46
Paszkowska-Szczur 2013 [24] 1.077 0.876 1323  0.703 0.482 14.17
Niktabar 2019 [2] 0937 0577 1521 0.264- 0.792 2.56
0988 0915 1.068 0.299 0.765
0.01 0.1 1 10 100
C
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 0968 0.706 1.327 -0.203 0.839 10.50
Li 2006 [3] 0975 0.773 1.230 -0.214 0.830 13.83
Millikan 2006 [29] 1.068 0926 1.232 0908 0.364 18.02
Povey 2007 [25] 0.820 0.632 1.063 1.499 0.134 12.63
Figl 2010 [30] 0907 0.773 1.065 -1.189 0.234 17.20
Ibarrola-Villava 2011 [31] 1.670 1278 2.182 3.759 0.000 1233
Paszkowska-Szczur 2013 [24] 0.983 0.808 1.196 —0.167 0.867 15.50
1.024 0889 1.179 0.330 0.742
0.01 0.1 1 10 100
\_ /

Fig. 2. Forest plot for association of XPG rs17655G>C polymorphism with a risk of CMM: A) in the overall population (allele model:
Cvs. G); B) in the overall population (heterozygote model: CG vs. GG); C) in the Caucasian populations (dominant model: CC + CG vs.
GG). CMM - cutaneous malignant melanoma, Cl - confidence interval
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Statistics for each study

limit Z-value P-value

Study name

Odds Lower Upper

ratio limit
Povey 2007 [25] 1432 1.093 1.876 2.609 0.009
Oliveira 2013 [26] 0967 0.596 1568 -0.137 0.891
Niktabar 2018 [2] 1351 0.829 2.202 1.208 0.227

1313 1.062 1.624 2.517 0.012

0.01 0.1

Odds ratio and 95% Cl

Relative
weight

61.87
19.25
18.89

1 10 100

Fig. 3. Forest plot for association of XPF rs1799801T>C polymorphism with a risk of CMM in the overall population under the hete-
rozygote model (CT vs. TT). CMM - cutaneous malignant melanoma, Cl - confidence interval

we have performed the subgroup anal-
ysis by ethnicity (Caucasians), source of
controls (HB and PB) and genotyping
methods (PCR-FRLP and TagMan). In the
stratified analysis, there was not still sig-
nificant association by ethnicity (Fig. 2C)
and a source of controls. However, the
subgroup analysis by genotyping meth-
ods revealed a significant association
between XPG rs17655G>C polymor-
phism and CMM in PCR-RFLP subgroup
studies under 2 genetic models, i.e. ho-
mozygote (CC vs. GG: OR = 0.674; 95% Cl
0.485-0.938; P =0.019) and recessive (CC
vs. CG + GG: OR = 0.681; 95% Cl 0.492-
0.942; P = 0.020), but not in TagMan
group of studies.

XPF rs1799801T>C polymorphism

In Tab. 2, there are also listed the main
results of the meta-analysis of XPF
rs1799801T>C polymorphism and CMM
risk. When all the eligible studies were
pooled into the meta-analysis of XPF
rs1799801T>C polymorphism, there was
a significant association between XPF
rs1799801T>C polymorphism and CMM
risk under the heterozygote model (CT
vs. TT: OR = 1.313; 95% Cl 1.062-1.624;
P =0.012) (Fig. 3).

Between-study heterogeneity test

There was a moderate to high varia-
tion under most genetic models when
we performed overall analysis for XPG
rs17655G>C polymorphism. Thus, we
conducted subgroup analyses by eth-
nicity, source of controls, genotyping

methods and HWE status to explore the
potential source of heterogeneity. After
the meta-regressions in the subgroup of
population based, hospital based, PCR-
RFLP, and TagMan, there was almost
no variation, indicating that the source
of controls and genotyping methods
might be the major source of heteroge-
neity in this meta-analysis.

Sensitivity analysis and publication bias
We performed a sensitivity analysis
through sequentially excluded indi-
vidual studies. The results showed that
no individual study affected the pooled
OR values and statistically and similar
results were obtained, suggesting the
stability of this meta-analysis. Subse-
quently, we conducted sensitivity analy-
sis by excluding those studies departure
from HWE. Similarly, the results sug-
gested that the current meta-analysis
was relatively consistent even by exclud-
ing HWE-violating studies. In the current
meta-analysis, Begg's funnel plot and
Egger’s test were applied to evaluate the
publication bias of the literature on XPG
rs17655G>C and XPF rs1799801T>C pol-
ymorphisms. As showed in Tab. 2 and
Fig. 4, the results did not reveal any pub-
lication bias with either the Begg's fun-
nel plot or the Egger’s tests under all
five genetic models in the overall pop-
ulations. However, the results of Begg’s
funnel plots and Egger’s regression
test suggested evidence of publication
bias in stratified analysis among hospi-
tal based group of studies under hete-

rozygote model (P, .. =0.220;P_ =
0.027). Therefore, to adjust the literature
bias among the HB group of studies,
the trim-and-fill method developed by
Duval and Tweedie was applied. How-
ever, after trimming we have yield sim-
ilar results, indicating that the results

were statistically reliable.

Discussion

A single study cannot be suffi-
cient enough to confirm the asso-
ciation of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with
CMM risk convincingly, especially for
small-sample size studies. This analy-
sis is the most updated one to pro-
vide an evaluation of XPG rs17655G>C
and XPF rs1799801T>C polymorphisms
with CMM risk. To the best of our knowl-
edge, this is the first meta-analysis to
assess the association between XPF
rs1799801T>C polymorphism with CMM
risk. When 3 eligible case-control studies
with 803 CMM cases and 737 con-
trols were pooled into the meta-analy-
sis of XPF rs1799801T>C polymorphism,
there was a significant association be-
tween XPF rs1799801T>C polymor-
phism and CMM risk under the hete-
rozygote model (CT vs. TT: OR = 1.313;
95% Cl 1.062-1.624; P =0.012). However,
our pooled data failed to demonstrate
any significant association between XPG
rs17655G>C polymorphism and an in-
creased risk of CMM. Moreover, the sub-
group analysis by ethnicity also showed
that there was no significant association
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Fig. 4. Funnel plot for publication bias in the meta-analysis of XPG rs17655G>C polymorphism with CMM risk: A) allele model (C vs.
G); B) heterozygote model (CG vs. GG). CMM - cutaneous malignant melanoma

among Caucasians. However, the strat-
ified analysis by genotyping methods
revealed a significant association be-
tween XPG rs17655G>C and CMM risk
in PCR-RFLP group of studies under 2

genetic models, i.e. homozygote (CC
vs. GG: OR = 0.674; 95% Cl 0.485-0.938;
P =0.019) and recessive (CC vs. CG + GG:
OR = 0.681; 95% Cl 0.492-0.942;
P =0.020).

To date, the meta-analysis has evalu-
ated evaluated the association between
XPGrs17655G>C polymorphism and risk
of CMM. However, our pooled data was
inconsistent with the previous meta-

192
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-analysis. In 2015, Xu et al. evaluated the
association between XPG Asp1104His
(rs17655G>C) polymorphism and mel-
anoma susceptibility in a meta-analysis
of eight published case-control studies
containing 5,212 cases and 7,045 con-
trols. Their results showed that XPG As-
p1104His polymorphism was signifi-
cantly associated with an increased risk
of melanoma under a dominant model
(CC + GC vs. GG: OR = 2.42; 95% Cl;
P =2.26-2.60). Moreover, their subgroup
analysis showed a significant association
by source of controls among population-
based (CC + GC vs. GG: OR 2.51; 95% Cl
2.28-2.77) and hospital-based (CC + GC
vs. GG: OR 2.34;95% Cl 2.12-2.58) groups
of studies. Thus, they have indicated that
the XPG Asp1104His polymorphism was
a risk factor for melanoma susceptibil-
ity [33]. However, their meta-analysis has
some limitation, as the meta-analysis
study did not carry out further subgroup
analysis by ethnicity. When stratified by
ethnicity, the results showed the same
association between XPG rs17655G>C
polymorphism and CMM susceptibil-
ity in the overall population. Moreover,
compared with their meta-analysis, we
have performed subgroup analysis by
genotyping methods and by excluding
those HWE-violating studies. By exclud-
ing those studies, the results still showed
that there was not association between
XPG rs17655G>C polymorphism and
CMM risk. Furthermore, they did not use
all 5 genetic models (allele model, dom-
inant model, recessive model, homozy-
gous model, and heterozygous model)
to assess the strength of association be-
tween XPG rs17655G>C polymorphism
and CMM risk. These limitations revealed
that our pooled OR values have good re-
liability than the previous meta-analysis
results.

The between-study heterogeneity sig-
nificantly affects a genetic association
of meta-analysis result [34,35]. Several
factors such as ethnicity, sample size,
source of controls, genotyping method
and Hardy-Weinberg equilibrium (WHE)
might contribute to potential sources
of heterogeneity [34-37]. In the current
meta-analysis, there was a moderate
to high heterogeneity in most genetic
models for XPG rs17655G>C polymor-

phism. The subgroup analyses revealed
that the source of controls and genotyp-
ing methods might be the major source
of heterogeneity in this meta-analysis.

Several limitations exist in the cur-
rent meta-analysis, which have to be
acknowledged:

1) We have included only published
studies in the meta-analysis, and there
may still be some unpublished studies
with negative results that may have
been missed. Therefore, publication
bias may exist; even no statistical evi-
dence suggested publication bias in the
meta-analysis.

2) We have mostly focused on studies
published in English, Chinese and Farsi,
which might have biased the results and
causing a language bias.

3) Only 3 studies on XPF rs1799801T>C
polymorphism were included to this
meta-analysis, which might reduce the
statistical power for identifying the po-
tential association of XPF rs1799801T>C
polymorphism with susceptibility to
CMM, and the conclusions may be
biased.

4) For XPG rs17655G>C and XPF
rs1799801T>C polymorphisms, almost
all of the included studies were con-
ducted among Caucasians. Therefore,
we could not assess the association
stratified by ethnicity among other pop-
ulation, so these results should be in-
terpreted with caution. Thus, data from
large-scale and different ethnicities (es-
pecially from Asians and Africans) ep-
idemiological studies are still needed
to confirm the association of XPG
rs17655G>C and XPF rs1799801T>C
polymorphisms with CMM risk.

5) Due to lack of individual original
data, we could not assess CMM risk strat-
ified by other covariates including age,
gender, environment, lifestyle and other
risk factors. Finally, like most malignan-
cies, CMM is mainly caused by gene-
gene and gene-environment interac-
tions. However, no appropriate data was
available to further analysis and sort-
ing data. Therefore, further large-scale
studies in different populations with
different environmental background
are required to validate gene-gene and
gene-environment interactions on as-
sociation of XPG rs17655G>C and XPF

rs1799801T>C polymorphisms with sus-
ceptibility to CMM.

Conclusion

Our results suggested that XPF
rs1799801T>C polymorphism might be
a risk factor to development of CMM.
However, XPG rs17655G>C polymor-
phism was not significantly associated
with an increased risk of CMM. Never-
theless, further large-scale, multicenter,
epidemiological studies are required to
confirm this finding and the molecular
mechanism for the associations need to
be elucidated in future studies.
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PREHLAD

Hodnotenie kvality Zivota u pacientov

s nadormi hlavy a krku

Assessment of Quality of Life in Patients with Head and Neck Cancer

Svajdova, M.'2, Ondrus, D.2

'Klinika radiacnej a klinickej onkolégie UVN Ruzomberok — FN, Ruzomberok
21, onkologicka klinika LF UK a OUSA, Bratislava

Suahrn

Vychodiska: So zlepsenim vysledkov onkologickej lie¢by ziskava koncepcia kvality Zivota ¢oraz
vacsi vyznam. Ciselné vyjadrenie dizky preZivania neposkytuje kompletnu informaciu o vietkych
vyhodach a nevyhodach aplikovanej liecby. Vyvstava preto prirodzend spolocenskd poziadavka
zistit, akd je kvalita Zivota, ktoru takto aplikovana liecebna schéma pacientovi prinesie. Pri rovnakej
ucinnosti rozlicnych lie¢ebnych modalit moze byt predpokladana kvalita Zivota po liecbe najpod-
statnejsim faktorom, ktory ovplyvni pacientovo rozhodnutie pre konkrétny typ liecby. Zakladnymi
nastrojmi merania kvality Zivota su dotazniky. Za posledné desatrocia presiel vyvoj dotaznikovych
nastrojov vyznamnym procesom evolucie. Preto je v stcasnosti k dispozicii velké mnozstvo vali-
dovanych stupnic hodnotenia fyzického, funkéného, emocionélneho aj socidlneho dopadu nado-
rového ochorenia a jeho lie¢by na Zivot pacienta. V lie¢cbe nadorov hlavy a krku su otazky kvality
Zivota obzvlast dolezité z dévodu potencidlneho negativneho dopadu liecby na vyznamné funkcie,
akymi su re¢, prehltanie, komunikacia a socidlne vztahy. Ciel* Cielom tohto ¢lanku je podat aktualny
prehlad o validovanych dotaznikovych nastrojoch vyuzivanych v klinickej praxi s potencialnym vy-
lepsenim ich dizajnu v buduicnosti. Uvodom ¢lanku je definovany samotny pojem kvality Zivota
a dostupné spdsoby jej hodnotenia. Dalej text pojednava o typoch jednotlivych dotaznikovych
nastrojov s praktickymi a prehladne usporiadanymi prikladmi svetoznamych validovanych stupnic
hodnotiacich konkrétne polozky, ktoré su stredobodom vyskumného zaujmu.

Klacové slova
nadory hlavy a krku - kvalita Zivota - kvalita Zivota suvisiaca so zdravim — dotazniky

Summary

Background: With the improvement of the results of oncological treatment, the concept of Qua-
lity of Life (QoL) has become increasingly important. Quantitative expression of the length of sur-
vival does not provide complete information on all advantages and disadvantages of the applied
treatment. Hence, natural societal inquiry arises to answer the question what is QoL that such
treatment option brings to the patient. With equivalent efficacy of different treatment modalities,
the expected Qol after treatment might be the most important factor influencing the patient’s
decision for a particular type of treatment. Questionnaires are the basic tools on quantifying
QoL. Over the last decades, the development of questionnaire tools has undergone a significant
process of evolution and nowadays, many different validated measures are available to assess
the physical, functional, emotional, and social impact of cancer and its treatment on patient’s life.
In head and neck cancer treatment, the assessment of QoL outcomes is especially important for
patients and healthcare workers because of the potential negative impact of the treatment on
important functions such as speech, swallowing, communication and social relationships. Pur-
pose: The purpose of this article is to provide an up-to-date overview of validated questionnaire
tools used in clinical practice with emphasis on potential future improvement in their design
and clinical utility. The article defines the concept of QoL itself and currently available forms of
its evaluation. Furthermore, the types of individual questionnaire tools are discussed within the
text with practical and clearly arranged examples of world-famous validated scales evaluating
specific items that represent the focus of research interest.

Key words
head and neck cancer - quality of life — health-related quality of life — questionnaires
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Epidemiolégia

Zhubné nadory (ZN) hlavy a krku su
globdlne 6. naj¢astejSou nadorovou lo-
kalizdciou, predstavuju priblizne 6 %
vsetkych nadorovych ochoreni. V roku
2015 bolo globalne zaznamenanych
priblizne 740 000 novych pripadov. Exis-
tuju velké geografické rozdiely v inci-
dencii a primdrnom mieste vyskytu ZN
hlavy a krku, ¢o pravdepodobne suvisi
s prevalenciou rizikovych faktorov, et-
nickymi a genetickymi rozdielmi v ramci
populdcie.

V Eurépe je incidencia ZN hlavy a krku
vysSia (43/100 000) v porovnani s USA
(15/100 000). Hoci najvyssi vyskyt je u star-
Sich muZov, u Zien incidencia stdpa najma
v suvislosti so zvysenym faj¢enim v tejto
skupine. Najcastejsie sa vyskytuju ZN Ust-
nej dutiny a nadory laryngu. Zaroven sa
zvysuje vyskyt ZN v oblasti orofaryngu
v mladsich vekovych skupindch, kde
hlavnu ulohu zohrava infekcia fudskym
papilomavirusom (human papillomavirus
- HPV) [1-3].

Kvalita zZivota
Kvalita zivota (Quality of Life - Qol) je
velmi Sirokym pojmom. Svetova zdra-

votnicka organizacia ju definuje ako jedi-
nec¢né vnimanie pozicie v Zivote jedinca
v kontexte kultdry a hodnotového sys-
tému a vo vztahu k jeho cielom, ocakdva-
niam, tandardom a obavam. Siroké spek-
trum konceptu kvality zivota je zadsadne
ovplyvnitelné mnohymi premennymi;
predovsetkym fyzickym zdravim, psycho-
logickym stavom, Uroviiou nezavislosti,
socidlnymi vztahmi, osobnym vyznanim
a vzajomnym vztahom tychto poloziek
k charakteristickym ¢rtdm pacientovho
okolia [4]. V snahe objasnit vnimanie
spbsobu, akym choroba alebo jej lie¢ba
ovplyvnuju telesné, emociondlne alebo
socidlne blaho pacienta, bol do klinickej
praxe uvedeny pojem kvality Zivota suvi-
siacej so zdravim (Health-Related Quality
of Life — HRQol). Je to skupinové alebo
individualne vnimanie fyzického alebo
mentélneho zdravia, pricom zadsadné je
subjektivne hodnotenie rozsahu dys-
funkcie a jej dopadu na zZivot pacienta [5].
Nutné je zdoraznit, Ze vnimana odchylka
od ocakdvaného standardu je indivi-
dualne rozli¢ne tolerovana. Niektori pa-
cienti s minimalnymi objektivizovanymi
tazkostami mozu pocitovat vyznamné
zhorsenie kvality zivota, kym ini vedia

velmi dobre tolerovat aj zna¢né zhor-
$enie funkcii organizmu. V onkologic-
kej praxi zahffia HRQoL tri zdsadné kom-
ponenty: fyzicky/funkény, emocionalny
a sociadlny dopad nadorového ochorenia
na zivot pacienta [6]. UZitocnym koncep-
tom hodnotenia je aj tedria rozdielu. Tato
hypotéza v zdsade znamend, Ze to, o je
v hodnoteni kvality Zivota podstatné a ¢o
by malo byt meratelné, je nesulad alebo
rozdiel medzi nddejou a oc¢akdvanim jed-
notlivca a jeho aktudlnou skisenostou za
konkrétny ¢asovy usek [7].

HRQoL je mozné merat kvalitativne
i kvantitativne, pricom oba pristupy po-
skytuju lekarovi bohaté informécie o pa-
cientovej skusenosti. Standardnym na-
strojom kvalitativneho hodnotenia
HRQol je dotaznik [8]. Z tejto pomerne
nelahkej klinickej situacie, najma po-
kial sa vezme do Uvahy subjektivita
hodnotenia a komplexnost danej prob-
lematiky, jednoznacne vyplyva, Ze ne-
mobze existovat Ziadny zlaty Standard
dotaznika [9]. V merani HRQoL dotaz-
nikmi existuje niekolko neodmyslitel-
nych slabych stranok. Pacienti prezivaju
celd Skalu problémov rozli¢nej intenzity
v rozlicnom case. Dotazniky su limito-

Tab. 1. Priklady dotaznikov hodnotiacich kvalitu zivota suvisiacu so zdravim u nadorov hlavy a krku.

Typ dotaznika Nazov dotaznika

vseobecny EuroQoL5D
véeobecny pre EORTCQLQ C-30
nadorové ochorenia FACT-G

EORTC H&N 43
Specificky pre
nadory hlavy a krku ZGULE

UW Qol v4

Specificky pre funkciu hlavy a krku

Webova stranka

http://www.eurogol.org/about-eq-5d.html

http://groups.eortc.be/qol/eortc-qlg-c30

http://www.facit.org/FACITOrg/Questionnaires
http://groups.eortc.be/qol/sites/default/files/img/specimen_for_printing_hn35.pdf
http://www.facit.org/FACITOrg/Questionnaires

http://www.headandneckcancer.co.uk/File.ashx?id = 10285

hlas VRQoL http://www.otolaryngology-assoc.com/pdf/VoiceQoLAdult.pdf
dysfagia EAT-10 http://www.ucdvoice.org/the-eating-assessment-tool-eat-10-goes-global/
MDADI http://www.entnet.org/content/head-and-neck-surgery-outcome-tool-mdadi
prehftanie SSQ http://ncepmaps.org/hanc/assess/instruments/swallowing/questionnaires/
orédlna rehabilitdicia LORQ http://www.headandneckcancer.co.uk/professionals/quality-life/qol-questionnaires
Ostatné
depresia HADS http://www.patient.co.uk/doctor/screening-for-depression-in-primary-care
vzhlad DAS-24 http://www.derriford.info
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vané poc¢tom a rozsahom hodnotenych
poloziek, pouzitou Stylizaciou viet a ¢a-
sovym rdmcom. Skérovanie je obvykle
¢iselne vyjadrené pomocou Likertovej
$kaly. Zvlastna pozornost sa musi veno-
vat aj tzv. psychometrickym vlastnos-
tiam dotaznika; validite obsahu, inter-
pretovatelnosti, senzibilite, klinickému
efektu a velkosti skimanej vzorky po-
puldcie, stabilite normativnych dat u dl-
hodobo prezivajucich, kompozitnému
skére a porovnaniu tychto domén voci
inym dotaznikom [10]. Napriek tomu de-
finicia klinicky signifikantnych rozdielov
v dosiahnutom skére a hrani¢nych ,cut-
-off” bodov, za ktorymi uz mozno hovo-
rit o vyznamnej dysfunkcii, stale ostava
vyzvou.

Typy dotaznikovych nastrojov
Jednou z historicky prvych uzndvanych
stupnic, pochadzajucich este z roku
1940, bola stupnica Karnofského vykon-
nostného stavu (Karnofsky Performance
Scale - KPS) [11]. Hoci tdto znama stup-
nica niekolko desatrodi sluzila ako po-
maocka pre vytvorenie novych dotazni-
kov, v hodnoteni HRQoL sa v sucasnej
dobe Standardne nepouziva. V zasade
existuje 5 typov dotaznikov HRQoL vo
vztahu k nadorovym ochoreniam hlavy
a krku: vSeobecné, vseobecné pre na-
dorové ochorenia, Specifické pre nadory
hlavy a krku, specifické pre funkciu hlavy
a krku a ostatné.Tab. 1 uvadza typické pri-
klady rozli¢nych dotaznikovych néstrojov
rozdelenych podla jednotlivych typov.
Niektoré stupnice boli vyvinuté ako
doplnkové moduly dotaznikov vieobec-
nych pre nadorové ochorenia a obsa-
huja polozky 3pecifické pre protina-
dorovu liecbu hlavy a krku. Prikladmi su
dotazniky European Organisation for Re-
search and Treatment of Cancer (EORTC)
tykajuci sa nddorov hlavy a krku (EORTC
H&N43) [12] a Functional Assessment
of Cancer Therapy Head & Neck (FACT
H&N) [13]. Mnohé iné dotazniky sa zame-
riavaju vyhradne na nadory hlavy a krku
a kombinuju funkéné, emocionalne a so-
cialne polozky. Prikladom je University of
Washington Quality of Life (UWQolL) [14].

Vyber dotaznika
Vyber konkrétneho dotaznika zdvisi
od kontextu, v ktorom sa bude pouzi-

Tab. 2. Porovnanie niektorych vlastnosti dotaznikov EORTC QLQ C-30 a FACT-G.

pocet poloziek

volba odpovedi

Therapy-General

EORTC QLQ C-30

Likertova skala

(4-7 bodov) (5 bodov)
hodnotené ¢asové obdobie posledny tyzden poslednych 7 dni
format poloziek otazky tvrdenia
zoradenie podla aspektov QoL nie ano, systematicky
priemernd doba vyplnenia 11 minut 5-10 minut
pocet jazykovych verzii 79 60
vnutorna konzistencia akceptovatelna lepsia
spolahlivost akceptovatelna vyssia
validita akceptovatelna vyssia
vyplnitelnost rovnaka rovnaka
dostupnost rovnaka rovnaka

EORTC QLQ C-30 - European Organisation for Research and Treatment of Can-
cer Quality of Life Questionnaire, FACT-G - Functional Assessment of Cancer

FACT-G
30 27

Likertova skala

vat, a na hypotéze, ktord sa ma skimat.
Mozno sa zamerat na vseobecné pro-
blémy spojené s nddorovym ochorenim
(Uzkost, poruchy nélady, bolest, zotave-
nie), polozky Specifické pre nadory hlavy
a krku (dysfagia, xerostémia, poruchy
reci) a ostatné (interpersonalne vztahy,
osobnost). Dotazniky EORTC tykajuce
sa kvality zivota (EORTC QLQ C-30) a ich
$pecifické doplnkové moduly (EORTC
H&N43) st najcastejsie pouzivanymi na-
strojmi v rdmci randomizovanych Kkli-
nickych studii, kde jednotlivé sposoby
liecby mézu mat velmi odlisny dopad na
HRQoL pacientov. Dal$imi ¢asto vyuZiva-
nymi stupnicami su Functional Assess-
ment of Cancer Therapy-General (FACT-
-G) a Functional Assessment of Cancer
Therapy- Head & Neck (FACT H&N). Po-
rovnanie psychometrickych vlastnosti
EORTC QLQ C-30 a FACT-G v zasade ne-
prinieslo Ziadne jednoznac¢né odpor-
Ucanie na uprednostnenie ktorého-
kolvek z nich [15]. Napriek tomu v nich
existuju vyznamné Strukturdlne roz-
diely a socidlne domény, ktoré ich mézu
predurcovat k vyberu pre konkrétnu kli-
nicku Studiu. Tab. 2 uvadza praktické
porovnanie tychto zékladnych dvoch
stupnic.

Niekedy mozu byt vysledné rozdiely
v dosiahnutom skére HRQoL pre jednot-
livé ramena v studii velmi malé az mini-
malne. Vysvetlenim tohto javu moze byt
fakt, ze klu¢ovymi prediktormi HRQoL
st najma anatomicka lokalita nadoru
a jeho $tadium. Nemenej vyznamna je
aj skuto¢nost, ze navrhované zmeny
v jednotlivych liecebnych postupoch su
v klinickych Studiach velakrat len velmi
mierne, aby v negativnom zmysle neo-
vplyvnili $pecifické a celkové preZivanie,
ktoré su prioritné.

Dotazniky Specifické pre funkciu
V tab. 3 su uvedené niektoré typy do-
taznikov sSpecifickych pre funkciu hlavy
a krku. Specifické dotaznikové nastroje
obvykle obsahuju minimdlne 10 a viac
otazok typickych pre konkrétnu funk-
ciu, ktord hodnotia.

Tento fakt je nutnym dosledkom zlo-
zitosti samotnych funkcii hlavy a krku,
typickym prikladom je re¢. Re¢ v sebe
zahfha aspekty vyslovnosti, plynu-
losti, komunikacie, slovného vyjadrenia
a hlasu. Zo skusenosti vieme, ze objek-
tivna intenzita poruchy funkcie nemusi
nutne korelovat s jej subjektivnym hod-
notenim pacientom. Tento fakt otvéra
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Tab. 3. Priklady dotaznikov Specifickych pre funkciu hlavy a krku.

Funkcia
vzhlad/deformacia

zuvanie/oralna rehabilitacia

mukozitida

prehitanie

rameno

trizmus

xerostomia

Nazov dotaznikového nastroja

Derriford Appearance Scale

The Liverpool Oral Rehabilitation Questionnaire
Oral Mucositis-Specific Quality of Life Measure
Oral Mucositis Daily Questionnaire
Oropharyngeal Mucositis Quality of Life Scale

Self-Evaluation of Communication Experiences after
Laryngectomy

Speech Handicap Index
red University of Michigan Voice Related Quality of Life
Voice Handicap Index
Voice-Related Quality of Life (VRQoL)
Voice Prosthesis Questionnaire
Eating Assessment Tool-10 (EAT-10)
Dysphagia Handicap Index
MD Anderson Dysphagia Inventory (MDADI)
Sydney Swallow Questionnaire (S5Q)
Swallowing Quality of Life Index
Percutaneous Gastrostomy Questionnaire
The Neck Dissection Impairment Index
Shoulder Disability Questionnaire
Disability of the Arm, Shoulder, and Hand Questionnaire
Gothenburg Trismus Questionnaire
Xerostomia-Related Quality of Life Questionnaire

Xerostomia Questionnaire (XQoL)

nové moznosti kombinacie subjektiv-
neho hodnotenia s objektivnym [16].
Tab. 4 poskytuje ndvod, ako hodnotit
poruchu re¢i kombinovanym pristupom.

Faktory ovplyviujice HRQoL

u pacientov s nadormi hlavy

a krku

Tab. 5 poskytuje prehlad o mnozstve fak-
torov, ktoré ovplyvnuji HRQoL u pacien-
tov s nadormi hlavy a krku. Zasadnymi
ovplyviujucimi faktormi su: lokalny roz-
sah astadium ochorenia (Tkod), liecebnd
modalita (multimodélna kombinovana
chirurgicka liecba s radioterapiou alebo
unimodalna lie¢ba) a lokalizacia nddoru
(dutina Ustna, orofarynx, hypofarynx, la-
rynx, nazofarynx, nosova dutina a prino-
sové dutiny, iné) [6]. Ostatné polozky ako
vek, komorbidity, pohlavie alebo osob-

nost pacienta zohravaju v kohortovej
analyze ovela menej vyznamnu ulohu.
Terrell et al [17] sa pokusali identifiko-
vat klinicky vyznamné prediktory QoL
na vzorke 570 pacientov so skvamo-
celuldrnymi karcinémami hlavy a krku
(squamous cell carcinoma of the head
and neck — SCCHN). Najviac negativny
dopad na QoL mala pritomnost vyzivo-
vej sondy (p < 0,01). V zostupnom po-
radi zavaznosti boli dalSimi Statisticky
vyznamnymi faktormi komorbidity, za-
vedenie tracheostomickej kanyly, aplika-
cia chemoterapie, totdlna laryngektémia
a dissekcia krku (p < 0,05).

S lepsim porozumenim vyuzitia
HRQoL ako primarnych cielov klinickych
studii v nich zacali pribudat Specifické
hypotézy a kombindcie subjektivnych
a objektivnych désledkov terapie. Ty-

pickym prikladom moze byt adjuvantna
liecba HPV-asociovaného karcinému
orofaryngu, kde primarnym cielom bola
evaluécia prehltania pomocou M.D. An-
derson Dysphagia Inventory (MDADI)
skére 12 mesiacov po liec¢be [18]. Cielom
tejto Studie bolo zistit, ¢i je mozné zlep-
$it funkciu prehitania po transoralnej
resekcii HPV-asociovaného karcinému
orofaryngu ndaslednou deintenzifika-
ciou adjuvantnej liecby a neovplyvnit
pritom v negativnom zmysle celkové
prezivanie. V $tudii boli pouzité dotaz-
nikové nastroje (MDADI, EORTC QLQ
C-30 a EORTC H&N35) v kombinécii
s objektivnym hodnotenim prehitania
klinikom na 3kale Common Termino-
logy Criteria Adverse Effects verzia 4.0
(CTCAE v. 4.0).

Zlepsenie dostupnosti dotaznikov
Existuju mnohé prehladové ¢lanky, ktoré
poskytuju prehlad o dostupnych dotaz-
nikovych néstrojoch a ich psychometric-
kych vlastnostiach [8,9,19-22]. Napriek
tomu, Ze vyvoj a validacia dotaznikovych
nastrojov je proces, ktory moze trvat nie-
kolko rokov, je staly dopyt po vytvarani
novych. Pri¢inou tohto javu je komplex-
nost faktorov, ktoré ovplyviuju HRQoL
u pacientov s nadormi hlavy a krku
(tab. 5).

Dalsi vyvoj dotaznikov so sebou pri-
nasa aj zlepsenie dostupnosti ich pre-
kladov, ¢o umozni ich vyuzitie nielen
naprie¢ jednotlivymi krajinami, ale aj
rozli¢nymi etnickymi skupinami [23,24].
V ramci validacie prekladu su obvykle
vyzadované jeden az dva prospek-
tivne preklady preferen¢ne zdravotnic-
kymi profesionalmi, ktori sa dobre vy-
znaju v terminoldgii, ktord dotaznikovy
nastroj pokryva, a ich materinskym ja-
zykom by mal byt jazyk, v ktorom sa
ma preklad uskutoénit. Dal$im krokom
v procese validacie je zhotovenie retro-
spektivneho prekladu do anglického ja-
zyka nezévislym prekladatelom, ktorého
rodnou recou je angli¢tina a dotaznik
nepozna [25].

Preciznost vyzadovana pri validacii
prekladov ma za ciel zabranit modifika-
cii informacii obsiahnutych v ich p6évod-
nom zneni. Akakolvek zmena pévodne
formulovanych poloZiek (otdzok, tvr-
deni) meni psychometrické vlastnosti
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dotaznika a znemoznuje porovnanie vy-
stupov medzi jednotlivymi klinickymi
studiami. Umyselna modifikacia dotaz-
nikov je vsak namieste v pripade vytvo-
renia novych lie¢ebnych stratégii. Prikla-
dom méze byt EORTC H&N43, ktory je
novsou, aktualizovanou verziou EORTC
H&N35 a obsahuje pridané otazky o koz-
nej toxicite, typickom vedlajsom ucinku
targetovej liecby [26].

Buducnost hodnotenia

kvality Zivota

Pri ivahach o otadzke zdokonalovania do-
taznikov QoL je velmi vhodné uvazovat
o tom, ¢i sa zhromazduju spravne Udaje
a ¢i sa dokaze naplno vyuzit ich poten-
cidl. S narastajucou evidenciou je mozné
identifikovat Standardnu zdkladnu sadu
symptémov a domén HRQoL hlasenych
pacientom [27]. Definicia zékladnej sady
by zabezpetila jednotnost pri zhromaz-
dovani udajov a pomohla by aj vzdjom-
nym porovnaniam medzi rozli¢nymi jed-
notkami. Prikladom takto zoskupenych
udajov je publikacia Vissers et al [28],
ktord zahfiala 3 792 pacientov prezivaj-
Ucich po lie¢be malignity. Identifikacia
zékladnej sady symptémov vsak nada-
lej ostava vyzvou. V jej déslednej imple-
mentacii musi existovat univerzalne pri-
jatie nielen samotnych poloziek, ale aj
pouzitych formuldcii a skérovania tak,
aby nebola porusena psychometrickd
integrita. Nemenej dolezité je aj zjed-
notit sa na ¢casovom rozvrhu hodnoteni,
pricom s ohladom na potrebu zazna-
menania neskorych neZiaducich ucin-
kov by celkovd doba sledovania mala
byt ¢o najdlhsia. Takto ziskané udaje by
zahfnali dostatocny pocet pacientov na
ich systematické rozdelenie podla réz-
nych klinickych parametrov; veku, po-
hlavia, anatomickej lokalite nadoru, $ta-
dia a typu liecby tak, aby aspon priblizne
vopred naznacovali vysledné ovplyv-
nenie HRQoL [29]. V snahe ndjst od-
poved na otazku: ,,Aky/d budem po
liecbe rakovinového ochorenia?” mézu
byt tieto Udaje pouzité na informova-
nie ostatnych pacientov o ocakava-
nych vysledkoch; tieto znalosti by na-
sledne mohli upresnit vyber liecby
a pomoct pacientom aj lekarom v defini-
tivnom rozhodnuti o zvolenej liecebnej
stratégii.

-~
Tab. 4. Kombinované hodnotenie poruchy reci rozlicnymi typmi dotaznikovych

nastrojov a objektivnym meradlom.

Typ nastroja Nazov nastroja
FACT-H&N
hodnotenie reci EORTC H&N43
v dotaznikoch véeobecnych UWQoL
pre nadorové ochorenia H&N function
Performance Status Scale-H&N (PSS-HN)
Voice Handicap Index (VHI)
hodnotenie reci Voice Related Quality of Life (VR-QOL)
v dotaznikoch $pecifickych  Speech Handicap Index
pre funkciu hlavy a krku Self-Evaluation of Communication
London Speech Evaluation (LSE) Scale
GRBAS voice scale

AusTOMs for Speech Pathology (AusTOMs-SP)

hodnotenie lekarom

Tab. 5. Faktory bezne ovplyviujice kvalitu Zivota stvisiacu so zdravim u pacien-
tov s nadormi hlavy a krku.

Bolest: multifaktoridlna, odrazom stratégie jej manazmentu

Deformdcia: vzhlad, telesny vyzor, intimita

Dentalny status: jedenie a Zuvanie ovplyviujuce socidlnu interakciu a sebatctu
Emdcie: strach z diagndzy, strach z recidivy, pokles nalady, depresia
Financie/praca: zamestnanie, praceneschopnost, dochodok

Informovanost: rozlicné mnozstvo a spésob podania

Orélna rehabilitacia: Zuvanie, sebaucta

Osobnost: sklony k neuréze asociované s nizsim skére HRQoL a horsim celkovym
prezivanim

Podpora: pozitivha podpora v kruhu rodiny, starostlivost pribuznych
Prehltanie: dysfagia, pritomnost vyzivovej sondy

Rameno: nepohodlie v oblasti ramien, stuhnutost krku

Rec: neschopnost re¢ového kontaktu, izolacia

Sebalcta: nizka sebatcta asociovana s nizsim skére HRQoL
Sociodemografické faktory: Uroven vzdelania, abuzus alkoholu

Trizmus: diéta, socialne funkcie, intimita, dentalna hygiena

Unava: chybny spankovy vzorec, nedostatok energie

Vyziva: pokles vahy, vyzivova sonda, sposob stravovania

Vztahy: socidlne vztahy, zvlddanie problémovych situdcif

Xerostédmia: suchost v Ustach, lepkavé sliny, diéta, socidlne fungovanie

HRQoL - kvalita Zivota suvisiaca so zdravim

N

V nasledujucich rokoch budd mat tencidlnym vysledkom HRQoL pacien-
zdravotnicki pracovnici priestor na zvy-  tov. Odhady odbornikov o vysledkoch
$enie informovanosti a porozumenia po-  uvadzanych pacientmi sa m6zu do vel-
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kej miery lisit, najma pri hodnoteni po-
rich prehitania, re¢i a tvorby slin [18].
Priestor na dalsi vyskum vyuzitia idajov
o HRQolL v klinickej praxi bude najma
v rozhodovacom procese o rozli¢nych
liecebnych postupoch, ktoré vedu k rov-
nakym vysledkom preZivania.

Aktudlne je k dispozicii dostatocné
mnozstvo udajov o HRQoL na to, aby sa
jej hodnotenie stalo rutinou nielen v kli-
nickych studiach, ale aj v beznej klinic-
kej praxi [30]. Tento proces nepochybne
vyznamne ovplyvni smer klinického vy-
skumu a starostlivosti o pacientov [31].
Najvacsi pokrok v nasledujicom desat-
roc¢i bude velmi pravdepodobne suvi-
siet s tym, ako, kedy a kde sa dotazniky
vyplnia a so sofistikovanejsou analyzou
a prezentaciou ziskanych udajov. Toto
bude podporené lepsim vyuzivanim in-
formacnych technolégii. Objavia sa nové
platformy, ktoré ulah¢ia pouzivanie do-
taznikov v praxi. Umozni to najma ich
Castejsie vyplnanie pacientom. Informa-
cie tak budud moct byt k dispozicii v real-
nom ¢ase a budu vybudované algoritmy
umoznujice mechanizmus kombinova-
nia pripadov a automaticky upozornia
na pacientov, ktorych vysledky su horsie,
ako sa o¢akavalo. Pouzivanie digitalnych
zariadeni (tablety, i-pad) a Sirsi pristup
na internet ulah¢i pacientom vypinanie
dotaznikov. Na rozdiel od obmedzeni,
ktoré so sebou prinasa zber papierovych
dat, tak bude prilezitost, aby boli ziskané
informdcie dostupné okamzite, ¢o by
mohlo byt vyznamnym faktorom trans-
formacie starostlivosti o pacientov.V bu-
ducnosti by sa tak dalo ocakévat aj lep-
sie vyuzitie informacnych technolégii na
ulah¢enie vyplnenia dotaznika vyrobe-
ného na mieru konkrétnemu pacientovi.
Tento krok by bol vyznamnym prino-
som najma pre tazsie dostupné a nedo-
statocne zastUpené skupiny pacientov;
starsie osoby, nizsie socioekonomické
vrstvy a pacientov s kognitivnymi poru-

chami. Pokrok vyuZivania informacnych
technolégii by mohol viest k zlep3eniu
informovaného vyberu zalozenému na
HRQoL, nékladovo SetrnejSim cielenym
skorsim intervencidm a efektivnejsej ko-
munikdcii medzi lekdrom a pacientom.
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Summary

Background: Several factors have been evaluated for their competency as applied biomarkers
regarding diagnosis and therapy of ovarian cancer as one of the most cause of death due to
the gynecologic malignancies. However, some Fox-factors have been shown to modulate
cancer progression primarily by their impacts on the proliferation of the cells, the expression
and potential function of FOXR2 (Forkhead Box R2), newly identified as a probable oncogene
in a few human cancers, remains undecided in ovarian cancer. The aim of this study was to
evaluate the FOXR2 and some epithelial-mesenchymal transition (EMT)-related gene expre-
ssion profiles in epithelial ovarian cancer (EOC) tissues and their healthy samples as well as an
ovarian cancer cell line (SKOV-3). Methods: In this observational study, 20 epithelial ovarian
adenocarcinoma and their marginal samples, obtained from 20 women with EOC, as well as
SKOV-3, were investigated for the relative gene expression levels of FOXR2, CDH1 (encoding
E-cadherin) and FNT (encoding fibronectin-1) in 2 groups using qualitative real-time polyme-
rase chain reaction technique (qRT-PCR). Results: The findings demonstrated a significant up-
-regulation of FOXR2 and FN1 despite the CDH1 down-regulation in case samples compared to
controls (P < 0.05). There was a significant correlation between FOXR2 gene expression profile
and EMT-related markers in high-grade tumors. Furthermore, the biomarker index of 0.772 was
obtained for FOXR2 gene expression levels. Conclusions: The findings indicated that the expre-
ssion levels of FOXR2 have a significant association with ovarian cancer as far as it can be used
as a diagnostic and therapeutic molecular biomarker in ovarian cancer.
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THE RELATIONSHIP OF FOXR2 GENE EXPRESSION PROFILE

Souhrn

Vychodiska: Bylo hodnoceno nékolik faktor( kvili jejich vyuziti jako aplikovanych biomarkerd pro diagnostiku a 1é¢bu karcinomu vajec¢nika,
jednoho z nej¢astéjsich pricin amrti v disledku gynekologickych malignit. U nékterych faktorG skupiny FOX se sice ukazalo, ze moduluji progresi
karcinomu primérné ovlivnénim proliferace bunék a exprese, ale potencialni funkce FOXR2 (Forkhead Box R2), ktery je u nékolika lidskych nadord
nové identifikovanym jako pravdépodobny onkogen, nebyla u karcinomu vajecnikl zatim potvrzena. Cilem této studie bylo zhodnotit profil
exprese genu FOXR2 a profily exprese nékterych gen( souvisejicich s epitelidlné-mezenchymalnim pfechodem (EMT) v tkanich epitelidlniho kar-
cinomu vajecnikl (EOC), ve vzorcich zdravé tkané a v linii bunék karcinomu vajecnikll (SKOV-3). Metody: V této pozorovaci studii bylo vysetieno
20 vzorkd epitelidIniho adenokarcinomu vaje¢nik a jejich marginalni vzorky, ziskané od 20 Zen s EOC a SKOV-3 pomoci relativni genové exprese
FOXR2, CDH1 (kédujici E-kadherin) a FN1 (kodujici fibronektin-1) ve dvou skupinach za pouziti kvalitativni techniky polymerazové retézové reakce
v redlném case (qRT-PCR). Vysledky: Nélezy svéd¢ily o vyznamném zvyseni FOXR2 a FNT i pfes snizenou hladinu exprese CDH1 ve vzorcich v po-
rovnani s kontrolami (p < 0,05). U pokrocilych karcinom byla zaznamendana vyznamna korelace mezi expresi genu FOXR2 a markery souvisejicimi
s EMT. Pro Grovné exprese genu FOXR2 byl dale ziskan index biomarker(i 0,772. Zdvéry: Zjisténi ukézala, ze hladina exprese FOXR2 ma vyznamnou
souvislost s karcinomem vajec¢nikl do té miry, Ze pfi tomto onemocnéni muize byt pouZita jako diagnosticky a terapeuticky molekularni bio-

marker.

Klicova slova

karcinom vajec¢nik(i - FOXR2 - exprese genl — epitelidlné-mezenchymalni tranzice

Introduction

Epithelial ovarian cancer (EOC) is 5" and
7t major cause of deaths among fe-
males in the United States and world-
wide, respectively [1,2]. There are many
clinical complications about this cancer
since almost all of the patients are diag-
nosed late, usually at stages Ill and IV. As
a result, EOC is the most lethal cancer
among all gynecological malignancies
and the five-year survival rate is < 5% in
these patients [3,4]. Therefore, despite
vigorous attempts to upgrade the diag-
nosis and treatment, most women af-
fected by EOC eventually pass away from
their cancer. The disease is more preva-
lent with increasing of women'’s age and
most frequently diagnosed women are
55-65 years old [5,6]. For each woman,
the risk of ovarian cancer in her lifetime
is estimated 1 in 78 and the probability
of death from this disease is about 1 in
108 [6]. The EOC symptoms comprise
frequent urination, difficulty in eating,
abdominal mass, tiredness and pelvic
pain [7]. The most usual treatments for
this disease are surgery, chemotherapy
and radiotherapy. The most functional
chemotherapy agents as the standard
treatment for patients with EOC are the
platinum-based drugs, namely cisplatin
and carboplatin. These drugs are com-
monly applied in combination with an-
other cytotoxic agent in order to im-
prove the disease [8]. The relapse and
development of resistance to first-line
chemotherapy routinely occurs among
the majority of patients with EOC [9].

Hence, new strategies are required to
identify novel prognostic and therapeu-
tic markers for improving patients’ long-
term survival rate.

The epithelial to mesenchymal transi-
tion (EMT) is a key approach in embry-
ogenesis that polarized epithelial cells
lose their intercellular adhesion, then
transformed to mesenchymal pheno-
type and gain migratory and invasive
characteristics [10]. This process is iden-
tified by changes in cell markers like re-
ducing in epithelial markers and increas-
ing in mesenchymal markers [11]. EMT
is crucial for numerous developmental
processes, and accumulating findings
suggest that EMT participates in the in-
itiation of cancer metastasis [12].

The Forkhead box (Fox) proteins or-
ganize an extensive family of tran-
scriptional modulators which are
characterized by an evolutionary con-
served ,fork-head” DNA-binding do-
main [13,14]. The Fox superfamily con-
sists of multifunctional transcription
factors, responsible for regulation of
a broad range of transcriptional events,
which are involved in various cellular
events such as cell cycle progression,
proliferation, differentiation, metabo-
lism, aging, vitality and apoptosis. In ad-
dition to serving as transcription activa-
tors, Fox also act as leading factors with
the capability of unwinding the com-
pacted chromatin and make it accessible
to other factors to bind [15]. Given the
great importance of Fox proteins, it is
noticeable that the remodelings of their

transcriptional regulation and function
will result in pathological conditions in-
cluding cancer. One of the key members
of these subfamilies, FOXR2, has been
discussed here with an emphasis on its
carcinogenesis role.

FOXR2 as one of the Fox family mem-
bers, also known as FOXN6, was lo-
cated on the human chromosome
Xp11.21 within genome sequence RP11-
167P23 [13]. FOXR protein contains the
forkhead binding domain at its C-termi-
nal that followed by a common domain
with FOXN5 in N-terminal that is named
FN56 [16]. FOXR2 has been found to be
upregulated in breast cancer and is asso-
ciated with its poor prognosis [17]. Con-
sequently, FOXR2 has been reported to
be overexpressed in prostate and colo-
rectal cell lines and tissues; it was shown
that its knockdown by siRNA could sup-
press cell migration and invasion [18,19].
However, the role of FOXR2 gene re-
mains undecided in EOC until now. The
main goal of the current prospective
study was to characterize the expression
profile of FOXR2 in EOC tissue samples
as well as SKOV-3 and to investigate if
FOXR2 expression levels were correlated
with EMT indicators.

Materials and methods

Patients and tissue specimens

Human EOC tissues and their match-
ing adjacent noncancerous tissues as
the control samples were collected
from 20 ovarian cancer patients at Sha-
hid Sadoughi Hospital, University of
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Medical Sciences, Yazd. Not all patients
have received any treatment or chem-
otherapy before tissue sample biopsies
for this study. At first, each sample was
evaluated by a pathologist to ensure
that it contained more than 70 % tumor
cells.

The main features of the tumor from
patients who participated in the pre-
sent study including tumor histology,
stage and the grades of the tumor as
well as the presence of metastasis were
evaluated according to the International
Federation of Gynecology and Obstet-
rics global standard [19]. Furthermore,
some normal ovarian samples were pro-
vided from 3 women who did not have
any ovarian disease or endometriosis
and were referred to Shahid Sadoughi
Hospital for ovarian cyst surgery. The
use of all samples was approved by the
legal standards in the Ethics Committee
of Shahid Sadoughi Hospital. All partic-
ipants signed the informed consent for
this research.

Cell culture

The SKOV-3 cell line (NCBI code: C209,
ATCC code: HTB-77) was obtained from
the National Cell Bank of Iran (NCBI),
Pasteur Institute, and was cultured in
RPMI-1640 (Gibco, Invitrogen, USA)
supplemented with 10% fetal bovine
serum (FBS: Gibco, Invitrogen, USA) and
100 IU/ml penicillin-streptomycin (Inv-
itrogen). The cell line was kept at 37 °C
in a humidified incubator with 5% CO,,.
The culture medium was replaced every
3 days after initial cell culturing and
based on cell density. Since reaching
90-95% confluence, the cells were split
as a routine passage at the ratio of 1/3.
All data represented a duplicate from
2 experiments.

Quantitative real-time PCR

The relative expression of FOXR2 gene
was assessed by real-time polymerase
chain reaction technique (RT-PCR). Total
RNAs were extracted from the tissue
samples and the cell line by using TRIzol
reagent (Invitrogen, USA) considering
the manufacturer’s instructions. After
achieving RNA concentration and qual-
ity, the measurements of its purity and
integrity with a nanodrop spectropho-

' 7
Tab. 1. Oligonucleotid primer sequences.
Product Sequence Primer sequence (5-3’) Gene
size (bp) amplified
111 NM_198451.3 F:5'-TACAATTTCACCCGACAGCA-3’ FOXR2
R:5-GTCTGGCACCTTCTCAAAGC-3'
158 NM_004360 F:5'-TTAGAGGTCAGCGTGTGTG-3’ CDH1
R:5'-CTCCGAAGAAACAGCAAGAG-3’
169 NM_212482 F:5'-ACAATGTGGGTCCCTCTGTC-3’ FN1
R:5'-ACCTCGGTGTTGTAAGGTGG-3'
102 NM_002046 F:5'-AGGTGAAGGTCGGAGTCAACG-3' GAPDH
R:5-AGGGGTCATTGATGGCAACA-3’
\_

tometer were assessed using agarose
gel electrophoresis. The RNAs extracted
from 3 normal ovarian samples were
pooled together and assessed for the
purity and integrity as a unit. Then, the
complementary DNA (cDNA) was syn-
thesized in a reverse transcriptase reac-
tion with the Revert Aid cDNA Synthe-
sis kit (Thermo Scientific, USA) according
to the manufacturer’s recommenda-
tions. We used 1l of total RNA (5 pg)
to generate first-stand cDNA as the ini-
tial step of RT-PCR protocol. Using spec-
ified primers (Tab. 1), relative expres-
sions of target genes (FOXR2, CDH1 and
FNT1) were evaluated by quantitative
real-time polymerase chain technique
(gRT-PCR). The gene for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)
was applied as a reference gene. Conse-
quently, the gqRT-PCR run was carried out
by using the QuantiTect SYRB Green dye
(TaKaRa, Japan) and Applied Biosystems™
StepOne™ Real-Time PCR System (ABI,
Applied Biosystems, USA). All samples
were run with the PCR conditions of
an initial denaturation step at 95 °C for
2 min, and then 40 cycles at 95 °C for
5 s and 58 °C for 35 s. All reactions were
run in duplicates. The relative mRNA ex-
pression levels were measured using the
comparative CT method 24D,

Statistical analysis

All data were analyzed using the SPSS
standard software (Version 23.0, IBM, Ar-
monk, NY, USA) and the results were re-
ported as charts and graphical represen-

tation by Excel 2016 software. Based on
the one-sample Kolmogorov-Smirnov
test, our data did not have a normal dis-
tribution. Therefore, the comparisons be-
tween the two groups were performed
by non-parametric tests. The independ-
ent sample t-test, Kruskal-Wallis test
and Mann-Whitney test were used to
examine the relationship between the
quantitative variables and other clini-
cal and pathological parameters. The
quantitative data were expressed as
the means + standard deviation (SD).
Moreover, a receiver-operating character-
istic (ROC) curve was performed as a fun-
damental tool for evaluating a diagnostic
performance and accuracy of the test
to discriminate between the cases and
controls. Indeed, the biomarker index of
FOXR2 expression was assessed by the
ROC curve in MedCalc Statistical Soft-
ware. The P-values < 0.05 were considered
as statistically significant for all data.

Results

Clinical and histopathological
features

In this study, 20 patients with ovarian
cancer with a mean age of 45.25 + 2.56,
ranged 19-64 years, were included. The
general characteristics of the ovarian ad-
enocarcinoma patients were presented
in Tab. 2.

Assessment of RNAs quality

Fig. 1 showed both 18S and 28S rRNA
appeared as typical bands after electro-
phoresis of total RNA, represented to be
intact. The 28S rRNA band was of more
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4 N O N
Tab. 2. Characteristics of pataints Tissue
with epithelial ovarian cancer.
m Control  mCase
Variables Frequency (%) Z -
a_
Age (year) § 6
Mean 45.25+2.56 o2 &
o
<40 4(20) S 4
40-49 8 (40) P
5]
50-59 7 (35) 2 2
o
> 60 1(5) 2
: - £ 0
Tumor Differentiation FOXR? ENT CDH1
Grade 1 8 (40) Genes
Grade 2 6 (30) - /
Grade 3 6(30) Fig. 2A. Comparison of expression of target genes to GAPDH in epithelial ovarian tis-
rade sues (EOC) obtained from EOC patients and SKOV-3 cell line by Mann-Whitney test. The
ratio of genes expression of FOXR2, FN1, CDH1 and GAPDH.
Histology There were significant differences between tumor (case) and control groups regarding
. 3(15) mRNA levels of FOXR2 (*P = 0.015), FNT (**P = 0.003) and CDHT (***P = 0.025).
Serous 13 (65)
4 N
Teratoma 2(10) )
Cell line
Endometrioid 2(10)
m Normal ovary mSKOV3
=
Metastasis g
Positive 11 (55) %
o
Negative 9 (45) 5
N J -
(&)
e
)
K N
O
SKOV3 EOC tissues 2
T l 1 r [ g
e
=
CDH1 FNT FOXR2
Genes
- /
Fig. 2B. Comparison of expression of target genes to GAPDH in epithelial ovarian tis-
288 <= sues (EOC) obtained from EOC patients and SKOV-3 cell line by Mann-Whitney test. The
ratio of genes expression of FOXR2, FN1, CDH1 and GAPDH.
18S <<= The mRNA expression levels of FOXR2 was remarkably upregulated in SKOV-3 cell lines
(P = 0.035) when compared to the normal ovarian pool tissues. However, there were no
significant higher FNT and CDH1 expression levels between SKOV-3 cell lines and normal
controls (P =0.09 and P = 0.3). P < 0.05 was considered as a significant value.
intensity than the 18S rRNA. The 285  Expression of FOXR2 and EMT

Fig. 1. Denaturing gel electrophoresis
stained with ethidium bromide showing
total RNA extracted from cell line (SKOV-
3) and ovarian tissue samples of patients
with EOC.

Total RNA (2 pl) was separated on agarose
(1% w/v) gel.

rRNA band was approximately twice as
intense as the 18S rRNA. Also, the results
from a nanodrop spectrophotometer
showed that OD260/280 was 1.8-2 for all
samples and the average of tissues RNA
density was about 1,000 ng/pl (ranged
655-1,400 ng/pl) and it was 1,178 ng/ul
for RNA extracted from the cell line.

markers in EOC tissues and cell line

As we conducted RT-PCR to evaluate the
relative expression levels of FOXR2 in case
and control groups, there was a significant
up-regulation (about 2-fold) in FOXR2 ex-
pression in EOC cases compared to non-
cancerous controls (P = 0.015) (Fig. 2A). It
was also found that the remarkable over-
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Fig. 3A. Gene expression levels of FOXR2
in patients with epithelial ovarian cancer
based on tumor grades.

The rate of FNT expression was no signifi-
cantly increased among all tumors grades
(P=0.8).

expression levels of FOXR2 in SKOV-3 cell
line and 3 normal ovarian tissue sam-
ples pool (P = 0.035), but it was not sig-
nificant statistically for FN7 (P = 0.09) and
CDH1 (P = 0.3) genes (Fig. 2B). To inves-
tigate the expression level of CDHT and
FN1 genes as EMT-related markers (E-cad-
herin and fibronectin), no difference was
found between case and control groups
regarding CDHT mRNA levels (P = 0.025).
In contrast, the significantly higher ex-
pression levels were detected in the
FNT gene (2.8-fold) (P = 0.003) (Fig. 2A) as
well as in SKOV-3 cell line (Fig. 2B).

Association of gene expression and
clinical aggressiveness of ovarian
cancer

There was a positive relationship be-
tween FOXR2 mRNA levels and tumor
grades. Despite insignificancy, the
higher FOXR2 expression levels were
associated with a high grade (grade IlI)
of EOC compared to low and moderate
grades — I and Il) (P = 0.5) (Fig. 3A). We
did not observe any significant change
in FOXR2 expression related to the his-
tological type and the metastatic fea-
tures of tumor samples according to
the Kruskal-Wallis test (P = 0.949 and
P = 0.656, respectively) (Tab. 3). It was
also demonstrated that the mRNA levels

Fig. 3B. Gene expression levels of FOXR2
in patients with epithelial ovarian cancer
based on tumor grades.

There was almost no gene expression re-
garding CDH1 in high grade (lll) compared
to low (I) and moderate grade (Il) tumors
(P=0.05).

of EMT-related markers correlated with
clinicopathological parameters so that
FN1 expression increased in high-grade
tumors (P = 0.8) despite almost no ex-
pression levels of CDHT in high-grade
tumors, compared to those with a low-
grade status (P = 0.05) (Fig. 3B and 3C).

Correlation of FOXR2 expression and

epithelial to mesenchymal transition

In addition, the data demonstrated a sig-
nificant positive correlation between the
rate of FOXR2 expressions and EMT-re-
lated markers (CDHT and FNT) in EOC (P=
0.038, P = 0.007, respectively). Further-
more, the area under the curve (AUC)

Fig. 3C. Gene expression levels of FOXR2
in patients with epithelial ovarian cancer
based on tumor grades.

There was a positive relationship between
FOXR2 mRNA levels and tumor grades.
A progressive increase was seen in FOXR2
mRNA levels and high tumor grade (lll) ba-
sed on Kruskal-Wallis test despite the in-
significancy between the three tumor gra-
des (P = 0.5). P < 0.05 was considered as
a significant value.

ROC demonstrated that the biomarker
index for FOXR2 was about 0.722 with
specificity and sensitivity of 80/00 and
55/00, respectively (P = 0.006) (Fig. 4 -
available at www.linkos.cz).

Discussion

Ovarian carcinoma is a highly lethal can-
cer with an average of almost 30% of pa-
tients achieving the five-year survival [5].
Most of the women with ovarian cancer
appear with late stage with expanding
resistance to first-line chemotherapy

Klin Onkol 2020; 33(3): 201-207

/Tab. 3. Correlations between FOXR2 expression levels and clinicopathological pa-\
rameters of epithelial ovarian cancer.
Variable No. of patients FOXR2 expression levels P-value
Metastasis 11 11.17 0.656
No metastasis 9 9.95
Mucinous 3 9.67 0.949
Serous 13 10.35
Teratoma 2 12.75
Endometrioid 2 10.50

\_ J
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caused by late diagnosis due to the ob-
scure symptoms of ovarian cancer [20].
Therefore, identifying the novel prog-
nostic and therapeutic biomarkers is
crucial for improving the long-term sur-
vival rate of patients. Recently, the re-
searchers suggested the biomolecular
agents with important potentials for dia-
gnosing and treating ovarian cancer.

The FOX gene family has frequently
been studied and it has been reported
to play a vital regulatory role as tran-
scriptional factors in a broad spectrum
of biological processes, especially dur-
ing the development and tumorigen-
esis [14]. Furthermore, many of these
family members can act as oncogenes
in EOC. For example, overexpression of
FOXM1 was reported by Zhao et al. in
EOC [21]. Li et al. found that FOXC2 was
significantly upregulated in cisplatin-re-
sistant ovarian cancer tissues or ovarian
cancer cell lines [22]. Also, in a new
study, Li et al. identified that the upreg-
ulation of FOXR2 gene in ovarian cancer
cell lines play a significant role in angio-
genesis and malignancy in EOC by Sonic
Hedgehog pathway [23].

In this study, the expression profile of
FOXR2 gene in EOC samples was exam-
ined and it was compared with normal
ovarian tissues for the first time. It was
demonstrated that FOXR2 was overex-
pressed in EOC tissues/SKOV-3 cell line
compared to controls. In addition, the el-
evated expression of FOXR2 was found
to be significantly associated with a high
grade (lll) of EOC samples. FOXR2 is
a scarcely studied member of the Fox
protein superfamily [24]. Recently, the
FOXR2 overexpression has been declared
in various human malignancies includ-
ing breast, prostate, colorectal and me-
dulloblastoma tumors [17-19,25].

One of the most important processes
in metastasis is EMT wherever polarized
epithelial cells lose their intercellular ad-
hesion, then transformed to mesenchy-
mal phenotype and gain migratory and
invasive characteristics [10]. Fibronectin
was overexpressed, too; but E-cadherin
had no significant difference between
case and control samples. Therefore, it
is likely that FOXR2 overexpression and
its interaction with the other important
transcription factors (TFs) MYC and MAX

contribute to tumorigenesis of the ovary
and maybe these stable TFs complexes
affect the CDHT promoter and inhibit in
this gene expression. In previous studies,
it was demonstrated that Fox proteins
acted as the final effectors in various
signaling pathways like Wnt/B-catenin,
Shh, TGF-B1 and MAPK, leading to the
cross-talks between parallel signaling
pathways, so they caused more suitable
cell responses to extracellular signals.
Overall, the post-translational modifica-
tions on Fox proteins determined their
target genes [14]. It was revealed that
TFs are strongly regulated by the asso-
ciation with other proteins and these
protein-protein interaction networks are
crucial for their transcriptional activities
via on and off chromatin [26]. A recent
study showed that FOXR2 has a poten-
tial interaction with MYC and MAX in the
cell nucleus. Indeed, FOXR2 promotes
the effect of MYC transcriptional activ-
ity in tumor growth [27]. Despite the
high expression levels of MYC, a recent
study by Song et al. showed that E-cad-
herin expression was down-regulated in
ovarian cancer [28,29]. It was established
that the inhibition of FOXR2 reduced the
migratory and the invasions abilities of
cancer cells as well as their EMT [18,19].
Also, the samples of EOC patients with
high-grade tumors showed no expres-
sion of CDH1 despite the FNT with sig-
nificantly up-regulations in all grades,
specifically in grade lll. It means that
FOXR2 expression was significantly as-
sociated with high grades of ovarian
cancer. These results indicated that
FOXR2 inhibited the CDH1 expression
rates and stimulated the cells to migra-
tion. Therefore, supplementary studies
should be done to elucidate the exact
mechanism of action of this gene in tu-
morigenesis of ovarian cancer.

Conclusions

The data declared that FOXR2 as an on-
cogene in EOC has a crucial impact on
the EMT pathway, ovarian carcinogene-
sis and progression.The findings suggest
that FOXR2 can serve as an independent
prognostic factor as a new biomarker in
early diagnosis of ovarian cancer or may
be used as a novel drug agent for gene
therapy in EOC patients, and therefore

earlier treatments that lead to a reduc-
tion in mortality due to EOC.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent

Informed consent was obtained from all individual partic-
ipants included in the study.
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POVODNA PRACA

Sucasné moznosti véasného zachytu
kardiotoxicity cytostatickej liecby

Current Possibilities of Early Detection of Cardiotoxicity

of Cytostatic Treatment

Balazova K.", Kubincova D.?

'Oddelenie vieobecnej kardioldgie, Stredoslovensky Ustav srdcovych a cievnych chordb a.s., Banska Bystrica, Slovenska republika
?Hematologické oddelenie, Fakultnd nemocnica s poliklinikou F. D. Roosevelta, Banska Bystrica, Slovenska republika

Suhrn

Vychodiskd: Kardiotoxicita onkologickej liecby sa v sicasnosti dostdva do popredia vdaka na-
rastu dlhodobo prezivajucich onkologickych pacientov. Tyka sa to pacientov v detskom ako aj
v dospelom veku. Pri liecbe pacientov treba v prvom rade mysliet na zachovanie efektivnosti
liecby, ktord nemdze ist na Ukor bezpecnosti. KIlu¢ovym problémom je v¢asné odhalenie kar-
diotoxicity. Ciel* V nasej praci sme chceli zistit, ¢i vzostup biomarkerov po podani cytostatickej
liecby s antracyklinmi dokéze predikovat neskorsi narast rozmeru favej komory (LK) a pokles
ejekenej frakcie lavej komory (EF LK). Materidl a metédy: Sledovali sme 36 onkologickych
pacientov s non-Hodgkinovym lymfémom, ktori dostali antracyklinovu lie¢bu. Po skonceni
liecby sme stanovovali kardiologické biomarkery - vysokosenzitivny troponin | a N-termindlny
prohormén mozgového natriuretického peptidu (N-terminal prohormone of brain natriuretic
peptide — NT-proBNP) a realizovali echokardiografické vysetrenie. Vysledky: Zaznamenali sme
Statisticky vyznamnu suvislost medzi stupajucou hodnotou troponinu, NT-proBNP a naras-
tom rozmeru LK pred lie¢bou a 3 mesiace po skonceni liecby. Bola zaznamenana aj vyznamna
suvislost medzi tendenciou k miernemu poklesu EF LK a narastom rozmeru LK. Nebola vsak
zaznamenana ziadna suvislost medzi vyssou kumulativnou davkou antracyklinu a narastom
rozmeru LK. Statisticky vyznamnu sdvislost sme zaznamenali jedine medzi vy$3ou kumulativ-
nou davkou antracyklinu a stdpajicou hodnotou troponinu . Zdver: U onkologickych pacien-
tov, ktori dostévali lie¢bu antracyklinmi, ma vyznam sledovat biomarkery - troponin a NTpBNP
na vcasny zachyt kardiotoxicity. Takisto je prinosom pravidelné echokardiografické vysetrenie
u tychto pacientov. Vsetko nase Usilie by malo smerovat ku skorému zahéjeniu kardioprotektiv-
nej liecby, ktord dokaze zabranit rozvoju zdvazného srdcového zlyhavania.

Klucové slova
kardiotoxicita — antracykliny — kardiomyopatia — chemoterapia — srdcové zlyhanie — onkolo-
gicka liecba
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Summary

Background: Due to growing long-term survival rate of oncologic patients, there is increased interest in cardiotoxicity of oncologic treatment
among medical professionals. It is concerning both paediatric and adult patients. When prescribing oncologic treatment, there should be focus
on the efficacy and safety of the used drugs. Nowadays, the main problem is early diagnosis of cardiotoxicity. Purpose: In our work we wanted to
investigate whether the increase in biomarkers after the cytostatic therapy with anthracyclines can predict further increase in the left ventricu-
lar volume and decrease of the left ventricular ejection fraction. Materials and methods: We were monitoring 36 patients with the diagnosis of
non-Hodgkin’s lymphoma who received therapy with anthracyclines. After the therapy we were measuring the cardiac biomarkers NT-proBNP
and high-sensitivity troponin | and performed echocardiography. Results: In our group of patients there is a statistically significant correlation
between increased levels of troponin |, NT-proBNP and increment of the left ventricular volume measured before the treatment and 3 months
after the treatment. There is also a significant inverse correlation between the left ventricular volume and left ventricular ejection fraction. There
was no relationship between higher cumulative doses of anthracyclines and the increment of the left ventricular volume. There is a significant
correlation between higher cumulative doses of anthracyclines and higher levels of troponin I. Conclusion: The measurement of biomarkers tro-
ponin | and NT-proBNP should be considered for an early diagnosis of cardiotoxicity in oncologic patients. Echocardiography is also beneficial for
the diagnosis in these patients. All efforts after the diagnosis should be focused on the therapy with cardioprotective drugs, which can prevent

the development of severe heart failure.

Key words

cardiotoxicity — anthracyclines — cardiomyopathy — chemotherapy - heart failure — oncologic treatment

Uvod
V sucasnosti zaznamendvame vyrazny
narast vylie¢enych onkologickych pa-
cientov. Vzhladom na to, Ze pacienti po
Uspesnej onkologickej lie¢be prezivaju
dlhodobo, za¢iname sa stretavat s pa-
cientmi, u ktorych sa mozu prejavit ne-
skoré kardiotoxické désledky liecby.
Tieto sa tykaju vietkych pacientov, ale
najmarkantnejsie st najma u pacientov
v detskom veku. Preto sa vyznamnou
otazkou stava bezpecnost protinadoro-
vej lie¢by. Klti¢ovou najma z hladiska
dlhodobej prognézy je kardiovasku-
larna bezpecnost. Pri liecbe pacientov
treba v prvom rade mysliet na zacho-
vanie efektivnosti liecby, ktord viak ne-
moéze ist na Ukor bezpecnosti. Pokial
neddjde k vylieceniu onkologického
ochorenia, prognéza pacientov je ne-
priazniva. Velmi dolezitou sa vsak stava
aj kvalita Zivota tychto pacientov. Tiez
tuto mozu nepriaznivo ovplyvnit nezia-
duce ucinky liecby. Tyka sa to ako pro-
tinddorovej liecby, tak aj inej liecby. Na-
vyse aj samotné onkologické ochorenie
mbze spbsobit poskodenia srdca a ciev.
Samotna lie¢ba kardiovaskuldrnych
komplikacii je ¢asto limitovand onko-
logickym ochorenim. Uvedend prob-
lematika sa preto stdva predmetom
multidisciplindrnej spoluprace medzi
onkolégom, kardiolégom a dalsimi,
najma chirurgickymi odbormi [1,2].
Vseobecne delime kardiovaskuldrne
komplikdcie onkologickej liecby na
9 skupin:

1. myokardialna dysfunkcia a srdcové
zlyhanie;

2. koronarna choroba srdca;

3. chlopriové chyby;

4. arytmie, najma pri liekoch, ktoré
predlzuja QT interval;

5. arteridlna hypertenzia;

6. tromboembolicka choroba;

7. periférne arterialne ochorenie a cievna
mozgova prihoda;

8. plucna hypertenzia;

9. perikardidlne komplikacie [1].

Ciel

V nasej praci sme chceli zistit, ¢i vzostup
biomarkerov po podani cytostatickej
liecby s antracyklinmi dokaze prediko-
vat neskorsi narast rozmeru lavej ko-
mory (LK) a pokles ejekénej frakcie lavej
komory (EF LK).

Metodika prace
V uvedenej praci sme prospektivne sle-
dovali onkologickych pacientov s non-
-Hodgkinovym lymfémom, ktory dostali
chemoterapiu s antracyklinmi. Sledovali
sme kardiologické biomarkery - vysoko-
senzitivny troponin | a NT-proBNP - a ich
mozny vplyv na véasny zachyt kardioto-
xicity. Pacienti pred zaradenim do sledo-
vania podpisali informovany suhlas.
Biomarkery sme odoberali po skonceni
liecby antracyklinom. NT-proBNP sme
stanovovali elektrochemiluminiscen-
¢nou imunoanalyzou na pristroji Cobas
€411 (ROCHE). Normalne hodnoty NTpro
BNP v naSom biochemickom laboratériu

su 0,0-125,0 pg/ml, pre vylucenie akut-
neho srdcového zlyhavania < 300 pg/ml,
pre potvrdenie akutneho srdcového zly-
havania - vek < 50 rokov > 450 pg/ml,
vek 50-75 rokov > 900 pg/ml,
vek > 75 rokov > 1 800 pg/ml. Vysoko-
senzitivny troponin sme stanovovali
chemilumiscen¢nou imunoanalyzou na
pristroji Architect i1000 (Abbott). Nor-
malne hodnoty v nasom biochemickom
laboratériu st 0,0-34,2 ng/ml. Echokar-
diografické vysSetrenie sme realizovali
na pristroji EPIQ 7 (Philips). Kazdého pa-
cienta sme vysetrili na kardiologickej
ambulancii.

Realizovali sme stratifikaciu rizika pa-
cientov, elektrokardiografické vysetre-
nie a nasledne pomocou pravidelného
transtorakalneho echokardiografického
sledovania sme sa zamerali na rozvoj pri-
padnej véasnej kardiotoxicity u tychto
pacientov. Pacientom sme previedli vy-
Setrenie po skonceni lie¢by a nasledne
3 mesiace po nej. Vzhladom na kratky
¢asovy interval sledovania sme nemohli
zaznamenat pripadny rozvoj neskorej
kardiotoxicity. Udaje o echokardiogra-
fickom vysetreni pred zahajenim liecby
sme ziskali zdostupnej zdravotnej doku-
mentacie restrospektivne, nakolko ne-
bolo realizované na nasej ambulancii.

Na Statistické spracovanie siboru sme
pouZzili MS Excel s rozsirenim XLSTAT: pre
vyhodnotenie zavislosti bol vyuzity ko-
relacny test pre Spearmanove korelacné
koeficienty. Za statisticky vyznamnu sme
povazovali hodnotu p < 0,05.
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Vysledky
Sledovali sme subor pacientov s non-
-Hodgkinovym lymfémom, ktori boli lie-
¢eni na hematologickom oddeleni alebo
ambulancii Fakultnej nemocnice s po-
liklinikou F. D. Roosvelta, Banska Bys-
trica a ukoncili chemoterapiu, ktora
mala v schéme podavanie antracyklinu
od septembra 2017 do decembra 2018.
Vsetci pacienti podpisali pred zarade-
nim do sledovania informovany suhlas.
Celkovo sme v nasom subore sledovali
36 pacientov, z toho 20 muZov a 16 zien.
Priemerny vek 55,083 rokov (19-
79 rokov). Po ukonceni lie¢by antracyk-
linom sme u pacientov odobrali NT-
-proBNP a vysokosenzitivny troponin.
U vsetkych pacientov bolo realizované
echokardiografické vysetrenie pred za-
hajenim onkologickej liecby, nasledne
sme previedli kontrolné echokardiogra-
fické vysetrenie po ukonceni chemote-
rapie a 3 mesiace od ukoncenia liecby.
U Ziadneho z nami sledovanych pacien-
tov nebol zdsadny rozdiel v echokardio-
grafickych parametroch tesne po ukon-
ceni chemoterapie, preto sme nasledne
porovnali len parametre po 3 mesia-
coch od ukoncenia liecby. Jeden pa-
cient pocas sledovania zomrel na zak-
ladné ochorenie. Neslo o kardiotoxicitu
chemoterapie. Dvaja pacienti dostali
nizsiu kumulativnu davku antracyklinu
- 50mg/m?, nakolko dostavali liecbu for-
mou kombinovaného protokolu. Jeden
pacient dostal kumulativnu davku do-
xorubicinu 200 mg/m?, néasledne este
14 mg/m? mitoxantronu. Jeden pacient
podstupil po dokonceni cyklu chemo-
terapie s doxorubicinom v kumulativnej
dévke 400 mg/m? este dalSiu chemotera-
piu bez antracyklinu a ndsledne Uspesnu
autolégnu transplantaciu kostnej drene
(graf 1). Dvaja pacienti dostavali na-
sledne po chemoterapii aj rddioterapiu.
Zamerali sme na stratifikaciu pacientov
z hladiska pritomnosti rizikovych faktorov
kardiovaskularnych ochoreni — hyperten-
Zia, dyslipoproteinémia, diabetes, fajcenie,
pozitivna rodinnd anamnéza z hladiska
kardiovaskularnych ochoreni (graf 2).
V nasom stibore Ziadny z liecenych pacien-
tov nemal ischemicku chorobu srdca.
Velkost rozmeru LK vmm pred lie¢bou
antracyklinmi a 3 mesiace po skoncenf
liecby je zndzornena na grafe 3.
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Graf 1. Kumulativna davka antracyklinu.
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Graf 2. Vyskyt rizikovych faktorov v skupine pacientov.
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Graf 3. Velkost LK pred a po terapii.

Na dalSsom grafe je ukdzana zmena
velkosti LK pre lie¢cbou a 3 mesiace po
liecbe (graf 4).

Zaznamenali sme Statisticky vy-
znamnu suvislost medzi stupajicou
hodnotou troponinu a ndarastom roz-
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Graf 4. Zmena velkosti LK pred a po terapii.
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Graf 5. Hodnota EF LK pred a po terapii.

meru LK pred lie¢bou a 3 mesiace po
skonceni liecby — korela¢ny koeficient
0,510 (p = 0,002). Este vyznamnejsia su-
vislost bola medzi stupajucou hodno-
tou NT-proBNP a narastom rozmeru LK
— korela¢ny koeficient 0,676 (p < 0,0001).
Bola zaznamenana aj vyznamna suvis-
lost medzi tendenciou k miernemu po-
klesu EF LK a narastom rozmeru LK - ko-
relacny koeficient 0,489 (p = 0,003) (graf
5,6). Dalej sme zaznamenali vyznamnu
suvislost medzi stipajucou hodnotou
troponinu a NTpro BPN - korela¢ny ko-
eficient 0,386 (p =0,021). Nebola vsak za-
znamenana Ziadna suvislost medzi vys-
Sou kumulativnou davkou antracyklinu

a narastom rozmeru LK. Statisticky vy-
znamnu suvislost sme zaznamenali je-
dine medzi vy$Sou kumulativnou davkou
antracyklinu a vzrastajucou hodnotou
troponinu - korela¢ny koeficient 0,364
(p=0,030).

Vzhladom na to, ze pritomnost diasto-
lickej dysfunkcie LK bola pritomna len
u pacientov, ktori mali sucasne hyper-
tenziu, uvedeny parameter echokardio-
grafického vysetrenia sme u pacientov
pri sledovani nezohladnovali.

U ziadneho z pacientov sme nezazna-
menali pritomnost vyznamnej chloprio-
vej chyby, ani pltcnej hypertenzie a pe-
rikardidlneho vypotku.

Diskusia

V sucasnosti sa pozornost onkolégov
a kardiolégov zameriava na moznosti
vcasnej diagnostiky pripadnej kardioto-
xicity onkologickej lie¢by, ¢o by umoz-
nilo zavc¢asu zahdjit jej liecbu. Tymto by
sa mohla vyrazne zlepsit kvalita Zivota
tychto pacientov v ramci dlhodobého
sledovania, ako aj moznost znizenia
mortality aj morbitidy tychto pacientov.
V sucasnosti nie je stile jednoznacne
stanovené, ktoré parametre su najvac-
$im prinosom pre skory zachyt kardio-
toxicity onkologickej lieCby. Parametre
by mali byt vieobecne dostupné a po-
merne jednoducho vysetritelné bez dal-
Sej vacsej zataze pre pacienta. Pretoze
kardiotoxicita indukovana antracykli-
nom je kardiotoxicita typu |, je mozné
predpokladat prinos kardiadlnych bio-
markerov. Podla najnovsich udajov naj-
viac perspektivne sa ukazuje stanove-
nie troponinu a NT-proBNP [3-5]. Stale
vsak ostdva otvorena otazka, kedy uve-
dené biomarkery stanovovat. Daldou
dolezitou otazkou je Specificita a senziti-
vita jednotlivych biomarkerov. Ci ma vy-
znam stanovit NTpro BNP sucasne s vy-
sokosenzitivnym troponinom |, alebo
len jeden s uvedenych markerov. Je
otazne, ¢i staci jedna hodnota, alebo je
potrebné stanovit viacej hodnot bio-
markerov. Potom v3ak treba urcit opti-
malny casovy interval pre opakovania
vysetreni.

Studie Cardinale et al preukazala, ze
pacienti uzivajuci vysokodavkovu lie¢bu
doxorubicinom, ktori mali zvysenie
plazmatického troponinu | o 0,5 ng/ml
12-72 hod po lie¢be doxorubicinom,
mali vac¢si pokles EF LK po 7 mesia-
coch [6,7]. Okrem toho, jedinci, ktori
maju pretrvavajuci narast troponinu | po
liecbe antracyklinmi, maju vacsi pokles
EF LK v porovnani s tymi, ktori maju len
véasny narast troponinu | [8,9].

Predpoklada sa, ze u niektorych pa-
cientov moze existovat genetickda pre-
dispozicia k rozvoju antracyklinom
indukovanej kardiotoxicity. Preto sa z&-
ujem sustreduje na identifikaciu po-
lymorfizmov génov, ktoré su spojené
s vy$Sou citlivostou na kardiotoxické
ucinky antracyklinov. V studii pacien-
tov s non-Hodgkinovym lymfémom
Wojnowski et al vyhodnotili polymor-
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fizmy s jednym nukleotidom v 82 kan-
didatskych génoch, o ktorych sa pred-
pokladd, ze mozu suvisiet s rozvojom
antracyklinovej kardiotoxicity. Identifi-
kovali polymorfizmy v génoch kéduju-
cich 3 proteiny: NAPD(H) oxiddazu, ktord
je zodpovedna za generovanie reaktiv-
nych foriem kyslika, a transportéry doxo-
rubicinu MRP1 a MRP2 [10].

V nasom subore sme stanovovali
2 biomarkery - troponin a NT-proBNP
v ¢asovom intervale tesne po dokonceni
chemoterapie. Je otdzne, ¢i nie je vhod-
nejsie nacasovat odber na neskér, prip.
opakovat odber po urc¢itom case, napr.
po tyzdni po 1. odbere. TaktieZ je otazne,
¢i prip. sledovat dynamiku len u pacien-
tov, ktori mali hodnoty biomarkerov zvy-
$ené. Treba samozrejme prihliadat aj na
ekonomicky aspekt. Echokardiografia
je zlaty Standard pre diagnostiku a sle-
dovanie pacientov. Porucha diastolic-
kej funkcie je jednym z moznych para-
metrov pre v€asny zachyt kardiotoxicity.
Podla poslednych tdajov najlepsim uka-
zovatelom je globdlny longitudinalny
strain. Tu je v3ak stale problém moznosti
interpretdcie vysetreni vykonavanych na
roznych pristrojoch od roéznych vyrob-
cov, navyse roznymi vysetrujucimi. V su-
¢asnosti by sme museli kvoli validite vy-
Setrenia robit vysetrenie na tom istom
pristroji rovnakého vyrobcu, tym istym
vysetrujicim, ¢o nie je technicky ani per-
sonalne mozné. Onkologicki pacienti su
sledovani prislusnym onkolégom podla
typu onkologickej diagnézy a do sta-
rostlivosti kardiolédga sa dostavaju az
pri komplikaciach liecby. Klu¢ova ulohu
tu teda zohrdva onkolég a kardioldg je
v Ulohe konzilidra, castokrat navyse pa-
cienta vidi zakazdym iny lekar, ¢im sa na-
rusi kontinuita.

Do buducna sa ukazuje potreba sub-
Specializacie - kardioonkoldga prip. on-
kokardioléga, ktori sa budi venovat
v€asnému zéachytu kardiotoxicity cy-
tostatickej liecby, nakolko tato je rozho-
dujlca v zlepseni dlhodobo priaznivého
vysledku liecby, a tym aj v zlep3eni kva-
lity zivota preZivajucich onkologickych
pacientov. Dal3ou otazkou je, ¢o pri dI-
hodobom sledovani pacientov je nao-
zaj neskord kardiotoxicita onkologickej
liecby a ¢o je prirodzeny vyvoj a moz-
nost stupajuceho vyskytu kardiovasku-

pocet pacientov
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Graf 6. Zmena hodnoty EF LK pred a po terapii.

larnych ochoreni vzhladom na starnu-
tie pacientov, nakolko s vy$sim vekom
vyskyt kardiovaskuldrnych ochoreni
u pacientov stupa. U pacientov, ktori sa
doziju vysokého veku, je to tazké od-
lisit. Onkologicki pacienti, ktori zvladli
uspesne liecbu, si zaslizia nasu zvysenu
pozornost nakolko s narastajucim caso-
vym intervalom od skonéenia onkolo-
gickej liecby je riziko umrtnosti na kar-
diovaskuldrne ochorenia vyssie nez na
recidivu tumoru. Velmi délezitd je strati-
fikacia rizika pacientov pred zahajenym
onkologickej liecby. U pacientov, ktori
su vo vysokom riziku, treba optimalizo-
vat liecbu tak, aby bola pre pacienta ku-
rativna, ale najmenej rizikova z hladiska
neskorsich désledkov liecby. Zo strany
pacientov je potrebnd ich edukicia
z hladiska vieobecne platnych pravidiel
prevencie kardiovaskularnych ochoreni:
1. nefajcit;
2. prijem soli obmedzit na 6 g/den;
3. denna pohybovd aktivita — 10 000 kro-
kov denne;
4. jest zdravé potraviny;
5. optimalna telesna hmotnost;
6. redukcia stresu.

kundarnej, ale aj primarnej prevencii.
Zavaznou stale ostdva otazka nesko-
rej kardiotoxicity a jej mozného vcas-
ného ovplyvnenia. Tato je rozhodujuca
najma u mladych prezivajucich pacien-
tov. Stdle sa hlada najlepsia stratégia,
ako identifikovat rizikovych pacientov.
Ukazuje sa, ze v budtcnosti ndam méze
poméct v optimalizacii lieCebnej straté-
gie onkologickych pacientov genetické
vysetrenie, najma u vysoko rizikovych
a rizikovych.

Nakolko neustéle pribudaju pocty vy-
liecenych onkologickych pacientov, je
otazne, kto by ich mal dlhodobo sledo-
vat. Velku ulohu bude zohravat samo-
zrejme interdisciplindrna spolupraca,
ktord zacina lekarom prvého kontaktu
a nasledne Specialistami — onkoldg, kar-
dioldg. Zatial najlepsou stratégiou sa
ukazuje prisne sledovat pritomnost ri-
zikovych kardiovaskularnych faktorov
u tychto pacientov a ich désledna lie¢ba.
U pacientov, ktori dostavali vysoké
davky antracyklinov, je nutné aj pravi-
delné echokardiografické sledovanie —
je viak otdzne pri dlhodobom sledovani,
v akom ¢asom intervale.

Ako velmi jednoduché a uc¢inné od-
porucenie pre pacientov po onkologic-
kej lie¢be je aerdbne cvicenie, ktoré do-
kaze redukovat stres, depresie, uzkost,
takisto redukuje pocet a trvanie hospita-
lizacii. Tymto jednoduchym, vieobecne
dostupnym a lacnym opatrenim mo-

Zaver

Kardiotoxicitu ako klucovy problém
z hladiska prezivania pacientov po on-
kologickej liecbe je v sucasnosti mozné
ovplyvnit. Za posledné obdobie sa do-
stadvame od lie¢by k moznej nielen se-
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Zzeme vyrazne zlepsit kvalitu Zivota pa-
cientov ako aj ich morbiditu a morta-
litu. Buducnost zrejme ukaze potrebu
kardiolégov, ktori budu uZsie spolupra-
covat s onkoléogmi v snahe urcenia ¢o
najlepsej liecebnej a profylaktickej stra-
tégie pre pacientov. Kardioonkolégia je
mlady, dynamicky sa rozvijajuci odbor,
ktory prindsa do budicnosti velké vyzvy.
Tato oblast sa rychlo rozvija vdaka tomu,
ze mnohé moderné lie¢cebné postupy
zlepsuju moznosti vyliecenia pacientov
s rakovinou a tym aj ich dlhodobé pre-
zivanie. V poslednych rokoch sa uka-
zuje potreba Specializovanych klinik
a ambulancii na starostlivost o tychto
pacientov.
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PUVODNI PRACE

Prognosticke faktory preziti u pacientu
s hepatocelularnim karcinomem lé¢enych
pomoci transarterialni chemoembolizace

Prognostic Survival Factors of Hepatocellular Carcinoma Treated

with Transarterial Chemoembolization
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Andrasina T.", Valek V.
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Souhrn

Cile: Identifikace prognostickych faktor( preziti hepatocelularnich karcinomt (HCC) Iécenych
transarteridlni chemoembolizaci (TACE) v komplexnim onkologickém centru v letech 2005-
2018. Vychodiska: Transarterialni chemoembolizace je u hepatocelularniho karcinomu indi-
kovéana ve stadiu B dle Barcelona Liver Cancer Clinic (BLCC). Toto stadium nicméné zahrnuje
velmi rozsahlou skupinu pacient nevhodnych pro kurativni vykon, ktefi jsou v dobrém klinic-
kém stavu a neni u nich pfitomné mimojaterni postiZzeni. Cilem této retrospektivni analyzy je
identifikovat faktory ovliviujici preziti pacientl a na zakladé téchto rizikovych faktord pacienty
dle progndzy stratifikovat do podskupin. Materidly a metody: Do retrospektivni analyzy byli
zafazeni vsichni pacienti s HCC indikovani k TACE, ktefi prosli onkologickou indika¢ni komisi
komplexniho onkologického centra v letech 2005-2018. Hodnoceno bylo celkové preziti od
1. vykonu TACE, v ramci jedno- a vicerozmérnych analyz byly zkoumanymi faktory preziti: roz-
sah primarniho tumoru v dobé indikace TACE (velikost loziska, jedno/vice lozisek, uni/bilobarni
postizeni), pfitomnost a etiologie cirhézy a zavaznost jaterniho onemocnéni (dle Child-Pugh
klasifikace), ptitomnost komplikaci nddorového onemocnéni nebo cirhdzy (trombdza por-
talni Zily a jeji rozsah) a historie jiné invazivni lé¢by (resekce, perkutanni ablace). Sledovano
bylo celkové preziti pacientd s HCC v zavislosti na roce diagndzy a roce 1. TACE (log-rank test).
Vysledky: Z celkem 382 pacientll bylo 157 pacientt (29 zen) 1éceno TACE (celkem 540 vykond,
median 3 na pacienta). Nejvyznamnéjsim rizikovym faktorem preziti byla pfitomnost trombozy
portalni zily (pomeér rizik — hazard ratio (HR) = 3,279), bilobarni postizeni (HR = 2,257), velikost
loZiska (HR = 1,125/cm) a Child-Pugh B pfi chronickém onemocnéni jater (HR = 1,922). Na z&-
kladé téchto rizikovych faktor( je mozné pacienty stratifikovat do 3 prognostickych skupin
s vyznamné odlisnym medianem preziti (52,1 vs. 21,5 vs. 9,0 mésice). Zdvér: Na zakladé retro-
spektivni analyzy byly identifikovany prediktivni faktory celkového preziti u pacientd s HCC |é-
¢enych TACE; na zékladé téchto faktor( Ize pacienty stratifikovat do 3 odlisnych prognostickych
skupin.

Klicova slova
hepatocelularni karcinom - transarteridlni chemoembolizace — analyza preziti - rizikové faktory
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PROGNOSTICKE FAKTORY PREZITI U PACIENTU S HEPATOCELULARNIM KARCINOMEM

Summary

Purpose: Identification of prognostic survival factors of hepatocellular carcinoma (HCC) treated with transarterial chemoembolization (TACE) in
a single center in 2005-2018. Background: Transarterial chemoembolization in hepatocellular carcinoma is indicated in Barcelona Liver Cancer
Clinic (BLCC) stage B. This stage includes a very large group of patients unsuitable for curative treatment, who are in a good clinical condition
and do not show extra-hepatic spread. The aim of this retrospective analysis is to identify factors influencing patient survival and to divide the
patients into subgroups based on these risk factors. Materials and methods: All patients with HCC indicated for TACE in complex oncological
center in 2005-2018 were included in the analysis. The survival rates from the 1% TACE were evaluated in relation to HCC on computed tomogra-
phy/magnetic resonance prior to the 15 TACE (size of the biggest lesion, single/multiple lesions, unilobar/bilobar involvement), presence and
severity of liver disease (cirrhosis, Child-Pugh, portal vein thrombosis) and a combination of other invasive treatment (resection, percutaneous
ablation) (single and multivariate analysis). The survival of HCC patients was compared according to the year of the diagnosis and the year of
the 1 TACE (log-rank test). Results: Out of 382 patients, 157 (29 women) of them were treated with TACE (540 TACEs in total, median 3 TACEs per
patient). The most important risk factors for survival were the presence of portal vein thrombosis (hazard ratio (HR) = 3.279), bilobar involvement
(HR = 2.257), lesion size (HR = 1.125/cm) and Child-Pugh B in chronic liver disease (HR = 1.922). Based on these risk factors, the patients were
divided into 3 prognostic groups with different median survival (52.1 vs. 21.5 vs. 9.0 months). Conclusion: Based on the retrospective analysis,
predictive factors of HCC survival after TACE were identified and the patients were divided into 3 prognostic groups based on these factors.

Key words
hepatocellular carcinoma - transarterial chemoembolization - survival analysis - risk factors

Uvod e N
Hepatocelularni karcinom (HCC) je celo- Tab. 1. Zakladni charakteristiky pacienttl s hepatocelularnim karcinomem.
svétové nejrozsitenéjsi primarni maligni

. . Covi v o Celkem (n =157)
nador jater. Ve vétsiné pfipadl se vysky-
tuje v terénu chronického onemocnéni Pohlavi zeny 29 (18,5 %)
jater a i pfes pokroky v 1é¢bé je spojen muZi 128 (81,5 %)
s velmi $patnou prognézou. Pro staging Vék pii diagnéze (v letech) 67,8 (24,3-83,5)
se v Evropé nejcastéji vyuziva systém Bar- Chronické iaterni L. 122 (83,6 %)
celona Liver Cancer Clinic (BLCC), ktery zo- ronicke jaterni onemocnent D70
hlediuje celkovy stav pacienta a funkci bez onemocnéni jater 24 (16,4 %)
jater [1]. Na zékladé BLCC jsou pak pacienti toxonutritivni 20 (13,7 %)
s cirhozou rozdéleni do kategorii 0 a A-D, E:‘e’::gli glrl‘:omckeho jaterniho -\, 5 29 (19,9 %)
pro které Je’dopor’uvcenyml postuRy s’tano— jind urens 5 (3.4 %)
ven vhodny typ lé¢by. Transarteridlni che- o
moembolizace (TACE) je u HCC indikovana EUIEEE 68 (46,6 %)
v intermedidlnim stadiu B dle BLCC, které Child-Puah ské A 118 (77,6 %)
je definované jako 2-3 loziska > 3 cm nebo fid-Fugh skore B 34 (22,4 %)
vicecetna lozZiska u pa,aentu s Fhlld—Pugh Veék pii TACE (v letech) 68,2 (24,5-83,7)
A nebo B a s celkovym dobrym stavem L .
(performance status dle Eastern Coopera- Poet lozisek pFi TACE LU RACTRR
tive Oncology Group (ECOG) = 0) [1,2]. Ja- vicecetné 62 (39,5 %)
ponska doporuceni déle rozsifuji indikace Velikost nejvétsiho loziska p¥i TACE (v cm) 6,5 (1,5-23,0)
k TACE na pacienty mladsi 65 let s Child- | g1« Milanskych kritérii pFi TACE 31(19,7 %)
-Pugh C a nadorovym trombem 2. a 3. o .
vétve portalni zily [2,3]. Postizeni lalokd pi TACE u_mbk,’arf" o 921(60,5%)

Dle evropskych (European Association bilobarni/multilobarni 62 (39,5 %)
for the Study of the Liver - EASL) a ame- Trombéza portalni Zily pfi TACE 29 (18,7 %)
rick):/Fhl vc:ioporuéen)'Ich postuplG TACE bez trombozy 126 (81,3 %)
nepfindsi benefit pro pacienty u de- talni 120.7%)
kompenzované jaterni cirhézy (Child- Lokalizace trombézy p¥i TACE segmentaint R
-Pugh > B8) a u rozsahlého tumordzniho kmen 7 (4,5 %)
postizeni obou lalokd jater. Riziko jater- hlavni vétev 10 (6,5 %)
niho selhani po vykonu vyrazné zvysuje Doba od CT do TACE (ve dnech) 41(2-173)
trombdéza portalni zily v segmentalni
drovni; vykon neni mozné provést take CT - vypocetni tomografie, HBV - virus hepatitidy B, HCV - virus hepatitidy C,
v pfipadech, kdy nastanou technické TACE - transarterialni chemoembolizace

problémy pfi dosazeni intraarteridlniho
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Tab. 2. Sledované rizikové faktory a jejich relativni rizika.

Prediktor

zeny
vék pii TACE (v letech)

jakékoli chronické jaterni onemocnéni

HCV/HBV chronické onemocnéni jater

jiné urcené chronické onemocnéni jater

Child-Pugh skére =B

viceCetna loZiska

velikost nejvétsiho loziska (v cm)
splnéni Milanskych kritérii

bilobarni/multilobarni postizeni
segmentalni trombdza portalni Zily
trombdza kmene portalni zily

tromboza hlavni vétve portalni zily

doba od CT do TACE (v tydnech)

TACE - transarterialni chemoembolizace

toxonutritivni chronické onemocnéni jater

chronické onemocnéni jater neuréené etiologie

trombdza portalni Zily bez ohledu na lokalizaci

trombéza kmene nebo hlavni vétve portalni zily

Jednorozmérna analyza
HR (95% Cl) p

0,842 (0,518; 1,367) 0,486
0,987 (0,970; 1,005) 0,158
1,757 (0,961; 3,211) 0,067
1,533 (0,706; 3,328) 0,281
1,725 (0,857; 3,472) 0,127
0,862 (0,193; 3,857) 0,846
1,915 (1,024; 3,583) 0,042
1,568 (1,017;2,418) 0,042
1,212 (0,831;1,767) 0,319
1,120 (1,070; 1,172) < 0,001
0,442 (0,259; 0,753) 0,003
2,525 (1,712;3,724) < 0,001
2,397 (1,544; 3,723) < 0,001
1,756 (0,930; 3,314) 0,082
3,238 (1,863; 5,628) < 0,001
4,676 (2,114;10,342) < 0,001
2,628 (1,306; 5,289) 0,007
1,014 (0,975; 1,053) 0,492

CT - vypocetni tomografie, HBV - virus hepatitidy B, HCV - virus hepatitidy C, HR — pomér rizik, CI - interval spolehlivosti,

Vicerozmérny model
HR (95% CI) p

1,140 (0,664; 1,957) 0,635
1,006 (0,985; 1,028) 0,573
2,143 (1,032; 4,450) 0,041
,rozdéleni dle etiologie
neni signifikantni”
1,922 (1,151; 3,208) 0,013
0,978 (0,622; 1,537) 0,922
1,125 (1,054; 1,201) < 0,001
1,053 (0,542; 2,043) 0,880
2,257 (1,407; 3,619) < 0,001

slouceni lokalizaci zhorSuje model
1,180 (0,557; 2,499) 0,665
3,279(1,771; 6,069) < 0,001

Lrozdéleni kmene a hlavni
vétve neni signifikantni”

1,034 (0,988; 1,081) 0,148

pfistupu [4]. Relativni kontraindikaci je
rendIni selhdni, zdvazné kardiovaskularni
komorbidity a nelé¢ené jicnové varixy.

Rozhodujici vliv na indikaci [é¢by HCC
maji onkologické indika¢ni komise jed-
notlivych komplexnich onkologickych
center, které zohlednuji nejen rozsah
onemocnéni, ale také individudlni stav
pacienta, jeho priority a technické moz-
nosti onkologickych center.

Cilem této retrospektivni analyzy je
zjistit vyznam definovanych rizikovych
faktor(l na preziti pacientt s HCC léce-
nych TACE a stratifikace pacientd do sku-
pin s odliSnou progndézou.

Materialy a metody

Do analyzy byli zafazeni vsichni pacienti
s HCC, ktefi byli v letech 2005-2018 na z4-
kladé rozhodnuti onkologické indikaéni
komise komplexniho onkologického cen-
tra léc¢eni TACE. Analyzovano bylo preziti
od 1. vykonu TACE v Zévislosti na defino-

vanych rizikovych faktorech pfitomnych
na zobrazovacich metodach v ¢ase indi-
kace TACE (multifazické CT nebo magne-
tickd rezonance (magnetic resonance ima-
ging - MRI)), v rdmci retrospektivni analyzy
vyhodnoceno dvéma operatory). Zazna-
mendana byla pfitomnost jednoho/vice
loZisek, uni/bilobarni postizeni, velikost
nejvétsiho lozZiska (axidlné na postkon-
trastnim CT/MRI), pfitomnost a rozsah
trombdzy vétvi portdlni Zily. Ze zapist on-
kologické indikacni komise nebo nemoc-
ni¢niho informacniho systému byly zis-
kany informace o pfitomnosti chronického
jaterniho onemocnéni ¢i cirhozy, o jejich
etiologii a o stavu funkce jater (skére Child-
-Pugh). Na zakladé vysledk(l preZiti pfi de-
finovanych rizikovych faktorech byli pa-
cienti stratifikovani do 3 skupin: s dobrou,
stiedni a $patnou progndézou.

Déle bylo analyzovéno preziti pa-
cientl od 1. TACE v zavislosti na pfitom-
nosti chronického onemocnéni jater.

Soubor byl dle roku zahajeni TACE roz-
délen na 2 ptiblizné stejné skupiny pa-
cientd s cilem porovnat vysledky [écby
v Case.

Ze statistickych metod byla pouzita za-
kladni deskriptivni statistika, Kaplanova-
-Meierova metoda a log rank test k ana-
lyze preziti a Coxtv regresni model ke
stanoveni relativniho rizika jednotlivych
prediktivnich faktorG. U spojitych pro-
ménnych je uveden prlimér (+ sméro-
datné odchylka) a median (dolni a horni
kvartil) a vyznamnost rozdilu je testovéna
Mannovym-Whitneyho testem. U kate-
gorialnich proménnych je uvedena abso-
lutni a relativni ¢etnost a p-hodnota vy-
znamnosti Fisherova exaktniho testu.

Vysledky

Do analyzy bylo zafazeno 157 pacient( lé-
¢enych TACE z celkem 382 pacient(i s HCC
prezentovanych na onkologické indika¢ni
komisi v letech 2005-2018. Celkem bylo

216
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HR (95% Cl)
M4 pacient vice nez jeden z téchto riziko-  ano $patnd progndza
vych faktorG? n =35 (22,3 %)
- trombdza kmene nebo hlavni vétve por-

talni zily

- bilobarni/multilobarni postizeni
- velikost nejvétsiho loziska > 12 cm
- Child-Pugh skére =B

9,931 (5,384;18,317)
Vsichni

pacienti

n=157 —>
(100 %)

e} HR (95% Cl)

M4 pacient alespon jeden z téchto riziko- ﬂg pn:}n;e;r;a(sp{%g(;;)za

vych faktora? !

- trombdza kmene nebo hlavni vétve por-
talni zily

- bilobarni/multilobarni postizeni

- velikost nejvétsiho loziska > 7 cm

AL o ne dobra prognéza
Child-Pugh skére =B n=41(021.1%)

\_ /
Schéma 1. Stratifikace pacientd s HCC Ié¢enych TACE do 3 prognostickych skupin na zakladé rizikovych faktora.
HCC - hepatocelularni karcinom, HR — pomér rizik, Cl - interval spolehlivosti, TACE - transarterialni chemoembolizace

2,700 (1,613;4,521)

HR (95% ClI)

referencni skupina

4 N
00 mmp e

09 —— bez chronického onemocnéni jater
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Graf 1. Kaplanova-Meierova kiivka preziti HCC Ié¢enych TACE u pacienti s chronickym onemocnénim jater a bez néj.

HCC - hepatocelularni karcinom, TACE - transarteridlni chemoembolizace

provedeno 540 TACE s medidnem 3 vy- Analyza definovala hlavni rizikové fak-  Child-Pugh B (HR = 1,922 ve vicerozmér-
kony na pacienta. Podrobnéjsi charakteris-  toryprezitipacientd sHCClé¢enychTACE:  ném modelu ocisténém o vlivy jinych ri-
tiky pacientt jsou uvedeny v tab. 1. chronické jaterni onemocnéni kategorie  zikovych faktor(, p = 0,013), bilobarni
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Graf 2. Kaplanova-Meierova kfivka preziti pacientli od 1. TACE pied a po roce 2015.

TACE - transarterialni chemoembolizace

postizeni (HR=2,257; p < 0,001), velikost
nejvétsiho loziska vem (HR = 1,125 pfi
narlistu o 1cm; p < 0,001) a pfitomnost
trombézy kmene nebo hlavnich vétvi
portalni Zily (HR 3,279; p < 0,001). P¥i zo-
hlednéni vsech definovanych rizikovych
faktorl nebyl rok 1. TACE signifikantni
z hlediska preziti (p = 0,076). Prehled rizi-
kovych faktor( a relativniho rizika je shr-
nut v tab. 2.

Nebyl pozorovan signifikantni rozdil
v preziti v zavislosti na etiologii chronic-
kého onemocnéni jater. Relativni nizky
pomér rizik (HR = 1,180) byl pozorovan
pfi trombdze segmentalnich vétvi por-
talni zily.

Pacienti byli v zavislosti na pfitom-
nosti definovanych rizikovych faktort
a progndze stratifikovani do 3 skupin.
Dobrou prognézu méli pacienti s uni-
lobarnim postizenim s nejvétsim lozis-
kem < 7cm, bez trombézy kmene ¢i
hlavnich vétvi portalni zily a s dobrou ja-
terni funkci (Child-Pugh A); median pre-
Ziti u této skupiny (n = 41) byl 52,1 mé-

sice. Primérnou progndzu méli pacienti
s alespon jednim z definovanych riziko-
vych faktor (tj. bilobarni postizeni nebo
trombo6za kmene ¢i hlavnich vétvi por-
talni Zily nebo velikost nejvétsiho loziska
> 7cm nebo Child-Pugh B). Median pre-
Ziti u této skupiny (n = 81) byl 21,5 mé-
sice. Spatnou prognézu (median 9 mé-
sicll) méli pacienti s vice nez jednim
z definovanych rizikovych faktor(, pfi-
¢emz dolni hranici pro velikost loziska
bylo 12cm (tab. 2, schéma 1).

Pacienti se zndmym chronickym one-
mocnénim jater nebo cirhézou ne-
znamé etiologie dosahovali nesigni-
fikantné krat3iho preziti nez bez néj
(20,0 vs. 35,3 mésice; p =0,078), pfestoze
méli v dobé diagnézy mensi loziska (me-
dian 6,0 vs. 9,5cm; p = 0,009). Rozdily
mezi ostatnimi sledovanymi charakteris-
tikami nebyly signifikantni (graf 1).

Na zakladé roku vykonu 1. TACE byli
pacienti rozdéleni na 2 skupiny: A) pfed
rokem 2015 (n = 85) a B) v letech 2015-
2018 (n = 72), pficemz pocty perkutdn-

nich ablaci (p = 0,830) a resekci lozisek
(p = 0,574) se u obou skupin signifi-
kantné nelisily. Median preziti od 1. TACE
byl celkové 21,1 mésice, pticemz pred
rokem 2015 to bylo 17,1 mésice a od roku
2015 pak 43,1 mésice (p < 0,001). Me-
didn preziti od diagnézy HCC byl celkem
29,7 mésice, pred rokem 2015 23,4 mé-
sice a od roku 2015 43,8 mésice
(p < 0,001). Pacienti v letech 2015-
2018 byli signifikantné starsi (median
70,4 vs. 64,3 roku; p < 0,001), ale méli sig-
nifikantné mensi loZiska (median 5,5cm
vs. 7,0cm; p = 0,005), méné castou pfi-
tomnost chronického jaterniho one-
mocnéni (71,2 % vs. 93,8 %; p < 0,001)
a mensi pocet trombdzy portalni zily
(6,9 vs. 28,9 %; p < 0,001) (graf 2).

Diskuze

V analyze byl prokazéan velky vliv selekce
pacientl na prognézu lécby HCC trans-
arterialni chemoembolizaci, které od-
povidal narlist medianu preziti od roku
2015 na 43,1 mésice oproti pfedchozim
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17,1 mésice. V souladu s dostupnymi
studiemi byla jednim z nejvyznamnéj-
Sich rizikovych faktord velikost nejvét-
$iho loziska. V recentni ¢inské multicen-
trické studii jsou misto hodnot7a 12cm
doporuceny hodnoty 6 a 12cm [5], na-
opak HAP skére (Hepatoma Arterial Em-
bolisation Prognostic Score) kombinujici
zobrazovaci a laboratorni metody udava
jako prognosticky vyznamnou hranici
velikosti HCC 7 cm [6,7]. V této analyze,
na rozdil od dostupnych studii, neni uva-
zovan pocetlozisek, ale uni/bilobarni po-
stizeni jater, které vice zohlednuje i tech-
nické moznosti selektivni ¢i neselektivni
transarterialni chemoembolizace. Trans-
arteridlni chemoembolizaci Ize u jed-
noho ¢i nékolika malo lozisek provést
selektivné az superselektivné cestou pfi-
vodné tepny, naopak u vicelozZiskového
postizeni se obvykle provadi neselek-
tivné do pravé nebo levé jaterni tepny
(obvykle pouze jedna strana v jednom
sezeni pro riziko selhdni jater). S rostouci
velikosti loZiska je spojend casté&jsi pfi-
tomnost A-V zkrat( (snizuji u¢innost em-
bolizace), rostouci embolizovany objem
(vede k relativné nizsi koncentraci doxo-
rubicinu), vyssi ¢etnost satelitnich lozi-
sek a ¢astéjsi trombdzy portalni zily.

Analyza potvrdila velky prognosticky
vyznam trombozy portalni zily a jejich
vétvi, podobné jako studie dostupné
v literature [8]. V souladu s rozséhlou ja-
ponskou studii bylo i v nasem souboru
pozorovano klesajici riziko s periferné;jsi
trombdzou vétvi portalni zily [9]. Lze
tedy uplatnit pravidlo, Ze ¢im je trom-
boéza portalni zily perifernéji, tim je ne-
gativni vliv na prognézu mensi.

Pozitivnim jevem je prodluZujici se
preziti v letech 2015-2018, které je dané
lepsi selekci pacientd, pravdépodobné
z davodu casnéjsiho zadchytu onemoc-
néni a zpfesnéni indikaci onkologické
indikacni komise (pacienti s rozsah-
lym onemocnénim jsou smérovani rov-
nou k biologické 1é¢bé). Dafi se tak na-
plnovat doporuceni EASL, kterd v roce
2012 predpokladala preziti pacientl lé-
¢enych TACE 20 mésicli a v roce 2018 jiz
30 mésica [1,10].

V souvislosti s lepSim prezitim v le-
tech 2015-2018 je prekvapivy fakt, ze
pacienti v této skupiné byli signifikantné
starsi (median 70,4 vs. 64,3; p < 0,001).
To mize byt zplGsobeno dislednéjsi se-
lekci perspektivnich pacienti v dobrém
biologickém stavu a jejich sméfovanim
do komplexnich onkologickych center.
Dale hraje roli i zavedeni rutinniho pou-
ziti cone-beam CT na nasem pracovisti
v roce 2016. Cone-beam CT s vysokou
citlivosti zachyti i drobna loziska HCC,
kterd je mozné embolizovat, a vede tak
k lepsimu celkovému preziti a doby do
progrese [11]. Na prodlouZzeni preZiti ma
pravdépodobné vliv také lepsi dostup-
nost systémové lécby po selhani TACE.

Limitaci studie je nehomogenni sou-
bor zahrnujici pacienty s chronickym
onemocnénim jater i bez néj. Vlastni vy-
znam TACE v 1é¢bé HCC by lépe znazor-
nil udaj doby do progrese onemocnéni
nez celkové preziti pacientl; pro nedo-
statek dat tato analyza ale nebyla prove-
dena. Soubor je ddle limitovan na jedno
komplexni onkologické centrum, a vy-
sledky tak nelze bez vyhrad aplikovat na
ostatni komplexni onkologicka centra
v CR. Data o preziti pacient(i s HCC lé¢e-
nych TACE za roky 2010-2016 neproka-
zala statisticky vyznamné rozdily v pre-
ziti jednotlivych regiond CR v zavislosti
na frekvenci provéadéné radiologické in-
tervencni |é¢by [12]. Nicméné pro vy-
znamné prodlouzeni preziti v letech
2015-2018 bude nutné tato data aktua-
lizovat. Komorbidity a pfed¢asna umrti
z jinych p¥icin nebyly v analyze rovnéz
respektovany.

Dale nebyly ve studii brany v avahu
odlisné typy embolizacnich ¢astic, pro-
toze dle dostupné literatury nebyl pro-
kdzan jejich vliv na preziti pacientd
s HCC lé¢enych TACE [1].

Zaveér

Na zakladé retrospektivni analyzy byly
identifikovany prognostické faktory pre-
Ziti HCC po TACE a pacienti byli na za-
kladé téchto faktord rozdéleni do 3 pro-
gnostickych skupin. Nejlepsi prognézu
méli pacienti s dobrou jaterni funkci

(Child-Pugh A), bez trombdzy vétvi por-
talni zily, s unilobarnim postizenim a ve-
likosti nejvétsiho lozZiska do 7cm. U této
prognostické skupiny Ize dosahnout
medianu preziti vice nez 50 mésicd.
| pres pfitomnost jednoho definova-
ného rizikového faktoru lze dosdhnout
medidnu preziti témér 2 roky (21,5 mé-

sice). Je otazkou, zda TACE pfindsi be-
nefit pacientim s velkymi lozisky HCC
s vice rizikovymi faktory (median preziti
9 mésicu).
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KAZUISTIKA

Kompletna odpoved na chemoterapiu pri
metastatickom karcindme pankreasu spojenom
s dvojitou heterozygotnou zarodo¢nou
mutaciou génov BRCA2 a CHEK2 — kazuistika

Complete Response to Chemotherapy in Metastatic Pancreatic
Carcinoma Associated with Double Heterozygous Germline
Mutation in BRCA2 and CHEK2 Genes — a Case Report

Pazderova N.', Urban V.2, Makovnik M.2, Macdk D.%, Janega P°>, Chovanec M.', Rejlekova K., Mardiak J.",

Mego M.

"II. onkologicka klinika LF UK a NOU Bratislava, Slovenské republika
?0Oddelenie lekarskej genetiky, NOU Bratislava, Slovenska republika
*Radiologické oddelenie, NOU Bratislava, Slovenska republika
“Oddelenie patologickej anatémie, NOU Bratislava, Slovenskd republika
5 Ustav patologickej anatémie, LF UK Bratislava, Slovenska republika

Sudhrn

Vychodiskd: Metastaticky karcindm pankreasu je ochorenie s velmi zlou prognézou. Napriek
miernym pokrokom v chemoterapii je kompletna remisia ochorenia extrémne zriedkava.
Pripad: V tomto ¢lanku prezentujeme pripad pacienta s inicidlne metastatickym adenokar-
cindbmom pankreasu asociovaného s dvojitou heterozygotnou zarodo¢nou mutaciou génov
BRCA2 a CHEK2, s opisom klinickych, radiologickych a histomorfologickych charakteristik
ochorenia, ako aj diagnostického a lie¢cebného postupu. Vysledky: Pacient s inicidlne metasta-
tickym adenokarcindmom pankreasu s mnohopocetnym postihnutim pecene dosiahol kom-
pletnu remisiu po podani 1. linie chemoterapie FOLFIRINOX. Pre rozvoj neurotoxicity bol od
9. cyklu rezim podavany bez oxaliplatiny, celkovo v trvani 12 mesiacov. Vzhladom na rodinnu
anamnézu viacerych malignit (karcindm prostaty a pankreasu, seminém) bolo realizované ge-
netické vysetrenie s potvrdenim zarodo¢nych mutacii génov BRCA2 a CHEK2. U pacienta pretr-
vava kompletna remisia trvajica 30 mesiacov od ukoncenia liecby. Zdver: Vzhladom na nizky
vyskyt kompletnych remisii u pacientov s metastatickym karcindmom pankreasu nie je dalsi
terapeuticky postup jasne stanoveny, dolezity je individudlny pristup. U pacientov s karcino-
mom pankreasu sa odporuca genetické vysetrenie, nakolko méze ovplyvnit liecebnu stratégiu.

Klucové slova
karcindm pankreasu — zarodo¢na mutacia - chemoterapia — remisia — BRCA2 - CHEK2 - oprava
DNA
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Summary

Background: Metastatic pancreatic carcinoma is an aggressive disease with adverse prognosis. Despite slight advances in chemotherapy, com-
plete remission of the disease is extremely rare. Case: In this article we present a case of a patient with initially metastatic pancreatic adenocar-
cinoma, associated with double heterozygous germline mutation in BRCA2 and CHEK2 genes, with the description of clinical, radiological and
histomorphological characteristics of the disease as well as the diagnostic and therapeutic procedure. Results: The patient with initially meta-
static pancreatic adenocarcinoma with multiple liver involvement achieved complete remission following first-line FOLFIRINOX chemotherapy.
The treatment lasted for 12 months but due to increased neurotoxicity since the 9™ cycle, oxaliplatin was excluded from the regimen. Given the
family history of several malignancies (prostate cancer, seminoma), genetic testing was performed, which confirmed heterozygous germline
mutations in BRCA2 and CHEK2 genes. Since the treatment has been completed, the patient remains in complete remission at 30 months. Con-
clusion: Given the low incidence of complete remissions in patients with metastatic pancreatic cancer, the further therapeutic approach is not
clearly established, an individual treatment is important. Universal genetic testing is recommended in patients with pancreatic cancer as it may

affect the treatment strategy.

Key words
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Uvod
Karcindm pankreasu predstavuje celosve-
tovo Stvrtd najcastejsiu pric¢inu smrti na
maligne ochorenie u muzov ako aj u Zien.
Podla dostupnych udajov Narodného on-
kologického registra je zhubny nador pan-
kreasu na Slovensku 6ésmou najcastejsou
malignitou [1]. Priemerny vek v ¢ase sta-
novenia diagnoézy je 65 rokov. Histolo-
gicky az 85 % predstavuje adenokarciném
vyrastajuci z epitelidlnych buniek.
Napriek miernym pokrokom v lie¢be
zavedenim novych chemoterapeutic-
kych rezimov zostdva chirurgickd re-
sekcia jedinou potencidlne kurativ-
nou modalitou. Avsak iba 15-20 %
pacientov je resekabilnych v case dia-
gnozy a aj u tychto je progndza nepriaz-
niva, s 5-rocnym prezivanim na urovni
25-30 % u pacientov bez postihnutia
regiondlnych lymfatickych uzlin a pri-
blizne 10 % v pripade ich postihnutia [2].

Obr. 1A. Vstupné CT vysetrenie zobrazujuce lokalne pokro¢ily

tumor tela pankreasu.

Pacienti s metastatickym ochore-
nim karcindmu pankreasu v ¢ase dia-
gndézy maju ¢asto zndmky bilidrnej ob-
strukcie, malnutricie, kachexie, ¢i bolesti
a 5-ro¢né prezivanie takychto pacientov
je blizke nule [3]. V tejto kazuistike pre-
zentujeme pripad pacienta s inicidlne
metastatickym adenokarcindmom pan-
kreasu, asociovaného s dvojitou hetero-
zygotnou zarodo¢nou mutaciou génov
BRCA2 a CHEK2, ktory dosiahol kom-
pletnd remisiu ochorenia prvoliniovou
chemoterapiou.

Kazuistika

Patdesiatrocny pacient bez komorbi-
dit bol v oktobri roku 2016 vySetrovany
pre abdominalny algicky syndrém, pre-
trvavajuce bolesti v epigastriu a lavom
mezogastriu. Fyzikalne vysetrenie bolo
bez zjavného patologického nalezu, ru-
tinné laboratérne hematologické a bio-

metastazy.

chemické vysetrenia boli tiez v norme.
Pre perzistenciu bolesti abdomenu
bolo realizované CT vysetrenie s nale-
zom tumoru hlavy pankreasu velko-
sti 30 X 35 x 20mm s mnohopocetnym
metastatickym postihnutim pecene do
velkosti 13,5mm (obr. 1A,B). Hladina
Ca 19-9 v case stanovenia diagnézy
bola 2 192 U/ml, kym hladina CEA bola
v norme. Rodinna anamnéza bola pozo-
ruhodnd pre vyskyt viacerych onkolo-
gickych ochoreni. Syn bol lie¢eny na pri-
marny mediastinalny seminém vo veku
22 rokov, matka mala karcindm pan-
kreasu vo veku 73 rokov, matkina matka
zomrela na blizsie neurcend malignitu
brusnej dutiny. Pacientov otec a jeho
brat mali karcindm prostaty.

Core-cut biopsia pecenovej meta-
stazy potvrdila duktalny adenokarcindm
(obr. 2), s imunoprofilom (CK7+,CK20-,
TTF1-, CK8/18+, CK19+, fokdlna expre-

Obr. 1B. Vstupné CT vysetrenie zobrazujuce peceriové
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Obr. 1C. Kontrolné CT vysetrenie po 23. cykle prvoliniovej liecby

s nalezom regresie metastaz.

sia CEA) favorizujucim pankreatobiliarne
origo (obr. 3). V oktébri 2016 sme pacien-
tovi pri dobrom klinickom stave (Karnof-
sky PS 100 %) zahdjili 1. liniu chemote-
rapie v rezime FOLFIRINOX [4,5] v 100%
davkach, s ciefom dosiahnutia ¢o najlepsej
odpovede, s profylaktickym podéavanim
pegfilgrastimu. Po 6 cykloch lie¢by bola
CT vysetrenim verifikovana regresia zak-
ladného ochorenia, zmensenie hepatal-
nych metastaz, ako aj tumoréznej forma-
cie v oblasti hlavy pankreasu. Laboratérne
doslo k poklesu nddorového markera Ca
19-9 na 51 U/ml (obr. 4). Z dévodu vyraz-
nej odpovede na systémovu liecbu boli
pacientovi podané este dva cykly chemo-
terapie FOLFIRINOX, avsak pre rozvoj neu-
rotoxicity sme sa rozhodli pre pokracova-
nie v uvedenom rezime bez oxaliplatiny az
do oktdbra 2017 s postupnym vymiznu-
tim neuropatie. Celkovo bolo pacientovi
podanych 23 cyklov chemoterapie. Podla
CT vysetrenia v oktébri 2017 (obr. 1C,D),
doslo ku kompletnej remisii ochorenia
a zaroven k normalizécii onkomarkera Ca
19-9. Nasledne sme pre CT verifikovanu
remisiu zdkladného ochorenia pacien-
tovi zahdjili udrziavaciu liecbu kapecita-
binom, ktora bola po prvom cykle ukon-
¢ena pre rozvoj stenokardii. Pacient je od
oktoébra 2017 bez systémovej liecby a po-
kracuje v observacii. Podla posledného CT
vysetrenia z aprila 2019 pretrvava remisia
ochorenia ako aj negativita nddorového
markera Ca 19-9 (obr. 4), pacient je bez kli-
nickych tazkosti.

Vzhladom na mlady vek pacienta
a mnohopocetny vyskyt onkologickych

Obr. 1D. Kontrolné CT vysetrenie po 23. cykle prvoliniovej liecby

s ndlezom cystoidného rezidua v hlave pankreasu.

Obr. 2. Duktalny adenokarciném.

ochoreni v rodine sme doplnili aj gene-
tické vySetrenie zamerané na hereditarnu
predispoziciu k onkologickym ochore-
niam. Bola realizovana analyza génov
BRCAT a BRCA2 v celom rozsahu a ana-
lyza vybranych ¢asti génu CHEK2 s néle-
zom variantu ¢.8487G>T, p.GIn2829His
v géne BRCA2 a delécie exénov 9-10 génu
CHEK2 v heterozygotnom stave. Segre-
gacnd analyza potvrdila maternalny povod
mutacie génu CHEK2, pricom variant génu
BRCA2 s najvacsou pravdepodobnostou
pochadza z paternalnej vetvy (obr. 5).

Diskusia
Adenokarcinédm pankreasu je agresivne
ochorenie s velmi zlou prognézou. Zave-

denie kombinovanych rezimov do liecby
metastatického karcindmu pankreasu
zlepsilo prezivanie pacientov v porov-
nani s monoterapiou, avsak napriek
tomu je dosiahnutie kompletnej remisie
zékladného ochorenia extrémne zried-
kavé [4,6]. V studii ACCORD 11 [4], ktord
porovnavala efektivitu rezimu FOLFIRI-
NOX s gemcitabinom v monoterapii pri
metastatickom karcinéme pankreasu,
dosiahol kompletnu remisiu iba 1 pa-
cient z celkového poctu 171, ktori boli
lieceni FOLFIRINOXOM. Vzhladom na
nizky pocet takychto pripadov dodnes
nie su publikované data, ako pristupo-
vat k manazmentu pacientov, ktori do-
siahnu remisiu zdkladného ochorenia.
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N

Obr. 3. Histologicky nalez metastazy.

Sucasné odporucania podporuju po-
krac¢ovat v chemoterapii do progresie
zékladného ochorenia alebo neakcep-
tovatelnej toxicity [7], napriek tomu je
potrebny individudlny pristup k tymto
pacientom. V poslednych rokoch je tra-
di¢ny pristup podévania jednotlivych
chemoterapeutickych linii diskutovany
v prospech striedania intenzivnej che-

moterapie a menej toxickej udrziavacej
terapie. Ci je tento pristup aplikovatelny
aj u pacientov s karcindmom pankreasu
musia ukdzat klinické studie.

Nositelia zarodo¢nych mutécii BRCAT
a BRCA2, akym je aj nami prezentovany
pacient, tvoria malu skupinu pacientov
s karcinomom pankreasu. Tito pacienti
maju benefit z chemoterapie na baze

platiny, ¢o suvisi s poruchou preciznej
opravy dvojvldknovych zlomov DNA na-
vodenych platinovymi derivatmi v na-
dorovych bunkach.

Doteraz boli publikované 2 pripady
kompletnej remisie u pacienta s BRCA2-
-mutovanym metastatickym karciné-
mom pankreasu, ktori boli lieceni che-
moterapiou na baze cisplatiny [8,9].
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Ukazuje sa, Ze v tejto populacii pacien-
tov maju inhibitory polyadenozin difos-
fat-ribéza polymerazy (PARP) antitumo-
réznu aktivitu. Studia POLO porovnavala
podavanie olaparibu vs. placebo u pa-
cientov so zarodo¢nou BRCA-mutéciou
ako udrziavaciu terapiu u tych, ktori ne-
progredovali po 1. linii chemoterapie na
baze platiny. Predbezné vysledky ukazali
lepsie prezivanie bez progresie v pro-
spech olaparibu (median 7.4 vs. 3.8 me-
siacov) [10]. V stcasnosti su predmetom
klinickych studii viaceré PARP inhibitory.
Pacient v nasej kazuistike dosiahol
kompletnu remisiu na prvoliniovy rezim.
Genetické vy3etrenie viak ukazalo z&-
rodo¢nu mutdciu v dvoch tumor supre-
sorovych génoch, zohravajucich dlohu
v oprave poskodenej DNA, ¢o sa mohlo
spolupodielat na dosiahnuti vybornej
odpovede na chemoterapiu.
Heterozygotné zarodo¢né mutécie
génu BRCA2 su asociované so zvysenym
rizikom vzniku malignit prsnika, ovarii,
prostaty a pankreasu. Uvedeny variant
v géne BRCA2 nebol doteraz v literatdre
popisany, vzhfadom na svoju poziciu,
charakter a bioinformaticku analyzu vsak
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Obr. 4. Vyvoj onkomarkera Ca 19-9 v obdobi od diagnostiky ochorenia az po poslednu

kontrolu v auguste 2019.

ide pravdepodobne o kauzalnu zmenu,
ktord ovplyvnuje zostrih na Urovni RNA
a vedie k vzniku aberantného proteinu.

Zéarodocné mutdcie génu CHEK2 sa spa-
jaju so zvySenym rizikom vzniku ma-
lignit prsnika, prostaty, hrubého ¢reva
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I-1. karciném pankreasu (60) II-5. karciném prostaty (71), geneticky l1I-3. CHEK2-pozit., BRCA2-pozit. (nemame
I-4. karciném plic (70) nevysetreny informacie o zdravotnom stave)
II-3. karciném pankreasu (73), CHEK2-po- II-1. CHEK2-pozit., BRCA2-pozit. (nemédme  IV-3. zdravy, CHEK2-pozit., BRCA2-negat.
zit,, BRCA2-negat. informacie o zdravotnom stave) IV-4. seminém (22), CHEK2-pozit.,
II-4. karcinom prostaty (58), geneticky IlI-2. karcindm pankreasu (50), CHEK2-po- ~ BRCA2-negat.
nevysetreny zit., BRCA2-pozit.

Obr. 5. Rodokmen pacienta.
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a semennikov [11]. Predpoklada sa, ze
spektrum CHEK2-asociovanych malig-
nit je SirSie a moze potencialne zahfnat
aj karcinom pankreasu, jednoznacne to
vsak doteraz nebolo potvrdené [12,13].

Zaver

Podla nadich vedomosti ide o prvy po-
pisany pripad pacienta s metastatickym
karcindmom pankreasu asociovanym
s dvojitou heterozygotnou zarodoc¢nou
mutaciou génov BRCA2 a CHEK2, ktory
dosiahol kompletnu remisiu ochorenia
prvoliniovou chemoterapiou. Tento pri-
pad pacienta ukazuje, ze napriek infaus-
tnej povahe karcindmu pankreasu je re-
misia mozna, aj ked extrémne zriedkava.
Kompletna radiologicka aj biochemicka
remisia ochorenia u nasho pacienta pre-
trvdva 30 mesiacov po ukonceni liecby
chemoterapiou. V stcasnosti sa odpo-
rica genetické vysetrenie u vsetkych
pacientov s karcindmom pankreasu,
nakolko moze ovplyvnit lie¢ebnu stra-

tégiu, ako aj pomoct pri identifikacii pri-
buznych vhodnych na skrining tohto
ochorenia [7,14].
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KAZUISTIKA

Dlouhodoby efekt erlotinibu u pacienta
s nemalobunéénym karcinomem plic ve 3. linii

protinadorové lécby — kazuistika

Long-Term Effect of Erlotinib Therapy in the Third Line of Anticancer
Treatment in a Patient with Non-Small-Cell Lung Cancer — a Case

Report

Stastna N., Jakubikova L., Brat K.

Klinika nemoci plicnich a tuberkulézy LF MU a FN Brno

Souhrn

Vychodiska: Maligni tumory trachey, plic a broncht jsou druhym nejcastéjsim typem novotvard
v Ceské republice. PFiblizné tfi ¢tvrtiny pfipadd jsou diagnostikovany v pokro¢ilém stadiu (IlIB-
1IV) a ve skupiné onkologickych onemocnéni jsou jednou z nej¢astéjsich pfic¢in umrti. Urcité
zlepseni prognostického vyhledu piinasi cilena onkologickd lé¢ba. Tyrozinkindzové inhibitory
1. a 2. generace (gefitinib, erlotinib, afatinib) jsou v Ceské republice indikovany v 1. linii protina-
dorové [é¢by u pacientd s nemalobunécnym plicnim karcinomem ve stadiu lokalné pokrocilém
a metastazujicim, s prokazanymi aktiva¢nimi mutacemi genu pro receptor epidermalniho rus-
tového faktoru. Erlotinib je navic indikovan k 1é¢bé ve 2. a 3. linii protinddorové é¢by, po zdo-
kumentovaném selhani pfedchozi chemoterapie. Pfipad: Prezentujeme kazuistiku 70letého
pacienta s adenokarcinomem plic a senzitivni mutaci v exonu 19 genu pro receptor epidermal-
niho rdstového faktoru, v klinickém stadiu IV (dle 7. vydani TNM klasifikace), ktera demonstruje
dlouhodobou stabilizaci nddoru u pacientl na terapii erlotinibem po selhani [é¢by gefitinibem
v 1. linii Ié¢by a chemoterapie (karboplatina-bevacizumab-paklitaxel) ve 2. linii. Stabilizace one-
mocnéni pii [é¢bé erlotinibem trva jiz 48 mésicli i presto, Ze pro nezadouci Ucinky (vyrazka na
obliceji) byla davka erlotinibu snizena na 100 mg/den. Zdvér: Zatimco Ucinnost gefitinibu v této
kazuistice byla srovnatelna s vysledky klinickych hodnoceni, tak z uzivani erlotinibu pacient
profituje jiz zhruba v 5nasobném ¢asovém intervalu, nez je doba do progrese pozorovana v kli-
nickych studiich. Zajimavy je i zna¢ny rozdil v icinku téchto dvou tyrozinkindzovych inhibitor(,
které doposud v klinickych hodnocenich vykazovaly srovnatelnou tcinnost.

Klicova slova
adenokarcinom plic - cilend lé¢ba - erlotinib — gefitinib — tyrozinkindzové inhibitory
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Summary

Background: Malignant tumours of the trachea, the lungs, and the bronchus are the second most common type of tumour in the Czech Republic.
Approximately three-quarters of cases are diagnosed in an advanced stage (llIB-1V) and are one of the most common causes of death in all can-
cer groups. Targeted therapy brings a certain level of the improvement of prognostic outlook. In the Czech Republic, 1st and 2nd generation of
tyrosine kinase inhibitors (gefitinib, erlotinib, afatinib) are indicated in the first-line anticancer treatment in non-small-cell lung cancer in locally
advanced and metastatic stage, with proved activating mutation status of the epidermal growth factor receptor. Erlotinib is also indicated for
use in the second or third line of anticancer treatment after a documented failure of previous chemotherapy. Case: A 70-year-old patient with
lung adenocarcinoma, sensitive mutation in exon 19 of epidermal growth factor receptor gene, clinical-stage IV (according to the 7th edition of
TNM classification), demonstrating long-term stable disease on erlotinib treatment after first-line gefitinib failure and second-line carboplatin-
-bevacizumab-paclitaxel combination chemotherapy failure. The disease treated with erlotinib has been stable for 48 months, although the
dose has been reduced to 100 mg per day due to side effects (rash). Conclusion: While the efficacy of a gefitinib treatment in this case report was
comparable to clinical trials results, the progression interval in this particular patient when treated with erlotinib is about 5 times longer compa-
red to the progression observed in clinical trials. Another interesting fact is also a significant difference in the effect of these two tyrosine kinase

inhibitors, which have shown comparable efficacy in clinical trials.

Key words

adenocarcinoma of lung - targeted therapy - erlotinib — gefitinib - tyrosine kinase inhibitors

Uvod

Maligni tumory plic jsou jedny z nejcas-
téjsich typl zhoubnych nadorl v do-
spélé populaci. Ve vyspélych zemich jsou
podle International Agency for Research
on Cancer v roce 2018 nadory plic, bron-
cha a trachey nejcastéjsi pficinou umrti
ze vsech nadorovych onemocnéni [1].
Relativni 5leté preziti téchto typl néa-
dorli se pohybuje pod 10 % [2]. Dle sta-
tistik Ustavu zdravotnickych informaci
a statistiky CR za rok 2017 byla incidence
vsech typl karcinomui plic a broncht

62,3/100 000 obyvatel, mortalita byla
53,2/100 000. Tyto hodnoty stagnuji
v obdobi poslednich 10 let [3]. Zatimco
u muzl ma incidence tendenci k po-
klesu, u Zenského pohlavi v ¢ase vyrazné
roste. Incidence karcinomu plic v CR je
13. nejvyssi na celém svété [3].
Histologicky jsou bronchogenni na-
dory nejcastéji epitelidlniho plvodu
(karcinomy). Pro jejich biologicky od-
lisné vlastnosti je zasadni déleni na na-
dory malobuné¢né (small-cell lung
cancer — SCLG; 20-25 %) a nemalobu-

Obr. 1. Vstupni skiagram hrudniku pfed zahajenim lécby.

nécné (non-small-cell lung cancer -
NSCLC; 75-80 %). NSCLC obecné ros-
tou pomaleji, metastazuji pozdéji, ale
také jsou rezistentnéjsi k chemoterapii
a radioterapii.

Do cilené |écby (biologickad lécba)
NSCLC spadaji monoklondlni protildtky
ainhibitory tyrozinkindz (tyrosine kinase
inhibitors — TKI). TKI jsou malé mole-
kuly, které se vazou na intracelularni ty-
rozinkindzovou doménu receptoru pro
epidermalni rlstovy faktor (epidermal
growth factor receptor - EGFR). Tim za-
branuji pfenosu signalu, ktery je zodpo-
védny za regulaci bunééné proliferace,
diferenciace a apoptézy. EGFR se vy-
skytuji na povrchu respirac¢niho epitelu,
epitelialnich bunék kdze a sliznice zazi-
vaciho traktu, z ¢ehoz vyplyvaji mozné
nezadouci Ucinky (exantém a prajmy).
Za zvysenou aktivaci EGFR jsou zodpo-
védné tzv. aktiva¢ni mutace v genu pro
EGFR (nejcastéji delece v exonu 19 a in-
zerce L858R v exonu 21). Na |é¢bu TKI
mUZze vznikat rezistence, za kterou je
nejcastéji zodpovédna ziskana mutace
T790M v exonu 20. Mutace v genech pro
EGFR jsou castéjsi v asijské populaci pa-
cientl s NSCLC, u zen, nekufakl a u pa-
cientd s adenokarcinomem [4].

Znalost mutac¢niho stavu EGFR je
v dnesdni dobé stéZejni pro zahdjeni
adekvatni 1écby 1. linie u pacientt s his-
tologickym typem adenokarcinomu,
velkobunééného karcinomu a nespe-
cifikovaného typu. Pokud je prokazana
pfitomnost aktiva¢ni mutace genu pro
EGFR, je indikovana léc¢ba TKI v 1. linii
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Obr. 2. CT hrudniku po selhani 2. linie 1é¢by s velikostni
progresi tumoru, lymfatickych uzlin i mnozstvi pleuralniho

vypotku.

protinadorové 1é¢by. Jejich soucasné po-
déavéni s chemoterapii neni indikovano.
Pokud u pacientl dojde k progresi one-
mocnéni, je pfi prokdzani mutace T790M
mozno poddvat preparat osimertinib. Er-
lotinib Ize téZ podavat ve 2. a vyssi linii
u pacientl s pokrocilym NSCLC po se-
Ihdni pfedchozi terapie. Zakladem che-
moterapie u pacientl bez aktivac¢nich
mutaci je platinovy derivat v kombi-
naci s cytostatikem 3. generace - vino-
relbin, gemcitabin, paklitaxel, docetaxel,
pemetrexed.

Kazuistika

Sedmdesatilety muz, celozivotni neku-
fak, s dosud némou plicni anamnézou
a bez internich komorbidit byl dosetio-
van pro nahodny ndlez pravostranného
fluidothoraxu (obr. 1). Dusnost pacient
pozoroval pouze pfivétsifyzické ndmaze.
Na nasem pracovisti byla v zafi 2014 2x
provedena pleurdlni punkce bakterialné
sterilni tekutiny, biochemicky charak-
teru exsudatu. Cytologicky byly proka-
zany buriky adenokarcinomu s aktivacni
mutaci v genu pro EGFR v exonu 19. Dle
vysetieni vypocetni tomografii (compu-
ted tomography — CT) hrudniku byl po-
psan carovity tumor nepravidelného
tvaru v segmentech 7, 9 a 10 pravé plice
s vicecetnymi kalcifikacemi a lymfade-
nopatii v oblasti pravého plicniho hilu.

Dale byl pfitomen masivni pravostranny
fluidothorax a loZisko pravé nadled-
viny nejasné biologické povahy. Nalez
byl zhodnocen jako nddorové postizeni
- adenokarcinom dolniho laloku pravé
plice s malignim pleurdlnim vypotkem
a suspektni metastazou v pravé nad-
ledving, dle 7. vydani TNM klasifikace
T3N1M1a, klinické stadium IV. Broncho-
skopicky nebyl prokdzén zadny patolo-
gicky endobronchidlni nalez. Sérové hla-
diny nadorovych marker( byly v normé.
Performance status pacienta byl 0, proto
byla v listopadu 2014 zahajena 1. linie
protinddorové lécby gefitinibem v dévce
250 mg/den. Lé¢ba byla komplikovéna
exantémem obli¢eje nizkého stupné
zavaznosti. Na kontrolnim CT hrudniku
za 6 mésicl od zahajeni l1écby byla po-
psana jednoznacnd progrese velikosti
nadorové infiltrace pravé plice a také
progrese velikosti loZiska pravé nadled-
viny. V kvétnu 2015 proto byla zahajena
|é¢ba 2. linie protinadorové lé¢by v kom-
binaci karboplatina AUC5 (425 mg intra-
vendzné (i. v.)) + bevacizumab 7,5 mg/kg
télesné hmotnosti (600mg i. v.) + pakli-
taxel 175mg/m? (330 mg i. v.). Perfor-
mance status pacienta byl i nadéle 0. Po
Ctyrech cyklech chemoterapie v3ak byla
na kontrolnim CT hrudniku popséna
opétovna progrese fluidothoraxu, veli-
kosti nddorové infiltrace a lymfatickych

Obr. 3. CT hrudniku po 4 letech trvani Ié¢by erlotinibem, bez
progrese velikosti tumordzni infiltrace a bez novych metasta-
tickych lozisek.

uzlin (obr. 2). Byly odebrany biologické
vzorky, pfitomnost rezistentni mu-
tace T790M ale nebyla prokazana. V zafi
2015 proto byla zahdjena terapie erloti-
nibem v ddvce 150 mg/den. Pro pustu-
[6zni exantém obliceje stupné 3 byla
dévka erlotinibu snizena na 100 mg/den,
po 5 mésicich byla vyrazka jiz pouze
stupné 1 a po 1 roce uzivani byl ne-
mocny kompletné bez vyrazky ¢i jinych
nezddoucich Gc¢inkd. Pribéznéd kont-
rolni CT hrudniku prokazuji trvajici efekt
[é¢by charakteru stabilni nemoci (obr. 3),
proto bylo pokra¢ovano ve stejné tera-
pii. V zafi 2019 (po 4 letech Ié¢by erloti-
nibem) je pacient nadéle v dobré kondici
a lé¢bu toleruje velmi dobre.

Diskuze

Gefitinib byl prvnim lékem schvalenym
Uradem pro kontrolu potravin a lé¢iv
Spojenych statd americkych k lé¢bé
NSCLC ze skupiny TKI [5]. Schvalen byl
na zakladé asijské studie IPASS, kde byla
ucinnost pfipravku srovnavana s chemo-
terapii v kombinaci karboplatina/paklita-
xel [6]. Dvanéactimési¢niho obdobi doby
do progrese (progression-free survival
- PFS) ve skupiné dosahlo 24,9 % pa-
cientl, ve skupiné s chemoterapii pouze
6,7 % [6]. Pfi rozdéleni pacientl na za-
kladé EGFR statusu bylo zjisténo, Ze z ge-
fitinibu signifikantné profitovala skupina
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pacientll s prikazem aktiva¢ni mutace
genu pro EGFR, co se PFS a objektivni é-
¢ebné odpovédi (objective response rate
- ORR) tyc¢e (ORR 71,2 vs. 47,3 %) [6].

Naproti tomu ve studii EURTAC [7] byl
prokdzan lécebny pfinos erlotinibu ve
vsech skupinach pacientli s adenokar-
cinomem, bez ohledu na jejich mutaéni
status. V této studii provedené vyhradné
na vzorku evropské populace byl srov-
navan efekt erlotinibu se standardni
chemoterapii s platinovym dubletem
(cisplatina/docetaxel nebo gemcitabin,
event. karboplatina) v 1. linii protinado-
rové lécby. Primarnim endpointem stu-
die byla rovnéz PFS. V rameni s erlotini-
bem bylo dosazeno medidnu 9,7 mésice,
v rameni s chemoterapii pouze 5,2 mé-
sice (HR 0,37; p < 0,0001).

Tyto studie prokazovaly uc¢innost TKI
vUdci cytostatickym rezimdm. Méné stu-
dii se vSak zabyvalo srovnavanim jednot-
livych TKI mezi sebou. Jednou z nich byla
korejskd studie z roku 2014 porovndva-
jici ucinnost terapie gefitinibem v davce
250mg/den a erlotinibem v davce
150mg/den v 1. linii 1é¢by u 242 EGFR
pozitivnich pacientl s NSCLC [8]. Ve
studii byla pozorovana srovnatelnd lé-
¢ebna odpovéd jak pro gefitinib i er-
lotinib (ORR 76,9 vs. 74,4 %; p = 0,575),
tak pro PFS (median 11,7 vs. 9,6 mésice;
p = 0,056). Pfi rozdéleni pacientli podle
linie 1é¢by rovnéz nebyly zjistény sig-
nifikantni rozdily. V 1. linii 1écby gefiti-
nibu vs. erlotinibu byla délka PFS 11,7 vs.
14,5 mésice (p = 0,507), celkové preziti
(overall survival — OS) v ptipadé gefiti-

nibu bylo 24,5 mésice, OS skupiny s er-
lotinibem nebyl v dobé ukonceni studie
dosazen. V 2. nebo vyssi linii |é¢by byl
PFS 13,1 mésice pro gefitinib, 10,1 mé-
sice pro erlotinib (p = 0,082). Statisticky
nevyznamny rozdil délky PFS prokazal
srovnatelnou klinickou U¢innost gefiti-
nibu a erlotinibu.

Rozdilny vysledek nepfinesla ani re-
centni studie kolektivu Yang et al z roku
2017 provedend na srovnatelné ko-
horté nemocnych [9]. TKI (gefitinib
250 mg/den vs. erlotinib 150 mg/den)
pouze v 1. linii [é¢by prokéazal median
PFS 10,4 vs. 13,0 mésice. Obdobné sta-
tisticky nesignifikantni byl OS rozdil
20,1 vs. 22,9 mésice a taktéz ORR. Sig-
nifikantni rozdil byl vsak nalezen v pod-
skupiné s mutaci v exonu 19, kde ORR
dosahlo 62,2 vs. 43,5 % (p = 0,003) ve
srovnani s mutaci v exonu 21 u pacientu
|é¢enych gefitinibem ¢i erlotinibem.

Porovndni Gc¢inku zminénych dvou za-
stupcl TKI v 2. linii po selhani chemote-
rapie hodnotila dalsi korejska studie ko-
lektivu Kim et al [4]. Vysledky byly opét
statisticky nesignifikantni, tentokrat viak
lehce favorizovaly gefitinib (ORR 47,9 vs.
39,6 %; p = 0,269; PFS 4,9 vs. 3,1 mésice;
p = 0,336). Vyraznéjsi |écebné odpovédi
pacienti v obou ramenech dosahli v pfi-
padé, kdy se u nich vyskytla vyrazka, ve
srovnani s pacienty bez exantému (ORR
55,4 vs. 19,4 %; p < 0,005).

Zaveér
Ve studiich srovnavajicich u¢innost jed-
notlivych TKI 1. generace u pacientl

s EGFR pozitivni mutaci nebyla proka-
zana superiorita gefitinibu vuci erloti-
nibu. V popsané kazuistice vsak délka
PFS onemocnéni trva jiz 48 mésica pfi
[é¢bé erlotinibem, a to i navzdory tomu,
ze pro nezadouci ucinky exantému byla
davka snizena na 100 mg/den.
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Long-Term Risk of Colorectal Cancer and Related Deaths after a Colonoscopy with Normal
Findings

Lee JK, Jensen CD, Levin TR et al.
JAMA Intern Med 2019; 179(2): 153-160. doi: 10.1001/jamainternmed.2018.5565.

Tato retrospektivni kohortova studie se zabyvala nejvhodnéjsim intervalem screeningové kolonoskopie po prvni negativni
kolonoskopii. Celkem byla do analyzy zahrnuta skupina s celkovym poctem pacientli ve véku 50-75 let, ktefi v obdobi mezi
1.1.1998 a 31. 12. 2015 absolvovali screeningovou kolonoskopii. Z téchto 1 251 318 pacientl bylo 613 692 muz{ (49,0 %);
primérny vék byl 55,6 (£ 7,0) let. V pribéhu vice nez 12letého obdobi sledovani méli Gcastnici s negativnim kolonoskopickym
vysledkem ve srovndni s netestovanymi Ucastniky snizené riziko kolorektalniho karcinomu a souvisejicich umrti; ackoli snizeni
rizika bylo oslabeno s rostoucimi roky sledovéani, bylo 0 46 % nizsi pro vznik karcinomu tlustého streva a kone¢niku (pomér
rizik 0,54; 95% Cl 0,31-0,94) a 0 88 % nizsi pro Umrti na tuto malignitu (pomeér rizik 0,12; 95% Cl 0,02-0,82). Negativni vysledek
kolonoskopie u pacientl s primérnym rizikem byl ve srovnani s pacienty bez screeningu spojen s nizsim rizikem vzniku
kolorektalniho karcinomu a umrti na néj po vice nez 12 let po vysetieni; soucasny doporuceny desetilety interval po negativni
kolonoskopii se zda byt tedy zcela adekvatni.

An Occult HPV-Driven Oropharyngeal Squamous Cell Carcinoma Discovered
Through a Saliva Test

Tang KD, Vasani S, Taheri T et al.
Front Oncol 2020; 10: 408. doi: 10.3389/fonc.2020.00408.

Orofaryngeadlni karcinom zpUsobeny lidskym papilomavirem (human papillomavirus — HPV) je rostoucim celosvétovym
problémem. Jeho ¢asna diagnostika je velmi obtizna, maligni 1éze jsou malé a ¢asto se nachazeji v obtizné pfistupnych
oblastech (jako jsou krypty mandli nebo kofen jazyka). Na rozdil od karcinomu délozniho ¢ipku neexistuje pro HPV-pozitivni
orofaryngeadlni karcinom standardni screeningovy program. HPV DNA z téchto nadorl se vsak mize objevovat piimo ve
slindch; toho lze vyuzit jako biomarkeru pro v¢asnou diagnostiku. Tato analyza byla primarné zamérena na hodnoceni
prevalence HPV-16 DNA u celkem 650 zdravych jedincl bez znamek nadorového onemocnéni. Vedlejsim vysledkem vyzkumu
vsak byl zachyt 3 pacientd s pretrvavajici oralni HPV-16 DNA infekci zjisténou ve slindch. Témto pacientim byla nabidnuta
konzultace |ékafe-specialisty, ktery u jednoho z nich odhalil pocinajici karcinom tonzily ve velmi ¢asném stadiu. V této
studii byl vlibec prvni klinicky okultni orofaryngedlni karcinom u asymptomatického pacienta objeven pomoci DNA testu
ze slin.

Feasibility of Blood Testing Combined with PET-CT to Screen for Cancer
and Guide Intervention

Lennon AM, Buchanan AH, Kinde |l et al.
Science 2020; eabb9601. doi: 10.1126/science.abb9601.

Vcasnd detekce nddorového onemocnéni vede k vyssi Uspésnosti onkologické |é¢by. Proveditelnosti a bezpecnosti véasné
detekce malignity pomoci tekuté biopsie a PET-CT se zabyvala prospektivni intervenéni studie, které se ucastnilo 10 006 Zen bez
predchoziho nadorového onemocnéni. V ramci analyzy byla hodnocena tekuta biopsie spojena se zobrazenim pozitronovou
emisni tomografii v kombinaci s vypocetni tomografii — PET-CT.Vyhodnocovan byl krevni test, ktery identifikuje specifické alterace
volné cirkulujici DNA (cfDNA) a proteinovych tumor markerd. Kdyz byl pocatecni krevni test Zeny abnormalni, byl proveden
druhy potvrzovaci test. Po potvrzenych testech nasledovalo provedeni PET-CT s kontrastem, ve snaze diagnostikovat lokalitu
mozné malignity. Testy pii tekuté biopsii byly pozitivni u 1,4 % Ucastnic; 0,7 % z nich mélo pozitivni PET-CT a 0,3 % mélo pak
zhoubny nador prokazany histologicky. Ze vsech 96 zhoubnych nador( bylo 26 nejprve detekovano tekutou biopsii a 24 bylo
nejprve detekovdno standardnim screeningem; 46 pak bylo detekovano v reakci na symptomy pacientek. Pozitivni ndlez z tekuté
biopsie byl nezévisle potvrzen diagnostickym PET-CT, kterd také lokalizovala pfipadnou malignitu. 1,0 % tcastnik{ podstoupilo
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zobrazeni PET-CT na zakladé falesné pozitivnich krevnich testl a 0,22 % podstoupilo invazivni diagnostické vysetreni, které bylo
negativni. Zavérem autofi uvadéji, ze tekuta biopsie kombinovana s PET-CT mUze byt do budoucna bezpec¢né zac¢lenéna do bézné
klinické péce.

Predictors of Long-Term Cancer-Related Distress among Female BRCA1 and BRCA2
Mutation Carriers without a Cancer Diagnosis: An International Analysis

Metcalfe KA, Price MA, Mansfield C et al.
Br J Cancer 2020. doi: 10.1038/s41416-020-0861-3.

Zeny s mutaci BRCA1 nebo BRCA2 maji vysoké celoZivotni riziko rozvoje karcinomu prsu a vaje¢nikd. V této studii se autofi snazili
odhadnout vyskyt tzkosti souvisejici s malignitou a identifikovat prediktory Gzkosti ve vzorku Zen s mutaci BRCA. Do analyzy byly
zafazeny Zzeny s mutaci BRCA1 nebo BRCA2 a bez predchozi diagnézy zhoubného nadoru. Median véku mezi 576 respondentkami
byl 40,8 let. V priméru 4,9 roku po pozitivnim vysledku genetického testu hlasilo 16,3 % Zen stfedni aZ tézkou Uzkost souvisejici
s malignitou. Zeny, které podstoupily operaci prsu a vaje¢nikl snizujici riziko, mély mensi pravdépodobnost stfedni nebo tézké
Uzkosti souvisejici s malignitou ve srovnani s ostatnimi Zzenami (22,0 % oproti 11,4 %; p = 0,007). Pfiblizné 16 % Zen s mutaci
BRCA1 nebo BRCA2 pocituje hladinu stresu srovnatelnou s témi, které maji diagnézu karcinomu. Tato hladina byla nizsi u Zen,
které podstoupily profylaktickou operaci snizujici riziko.

Clinical Evidence for Association of Acupuncture and Acupressure with Improved Cancer
Pain: A Systematic Review and Meta-Analysis

HeY, Guo X, May BH et al.
JAMA Oncol 2019; 6(2): 271-278. doi: 10.1001/jamaoncol.2019.5233.

Vyzkum akupunktury a akupresury a jejich aplikace v 1é¢bé nddorové bolesti je v soucasné dobé velmi aktudlni, vysledky jsou viak
zatim nekonzistentni. Cilem této analyzy bylo posoudit existujici randomizované klinické studie (randomized clinical trial - RCT)
zhlediska dUkazu asociace akupunktury a akupresury se snizenim nddorové bolesti. Byly prohledany 3 databaze vanglickém jazyce
(PubMed, Embase a CINAHL) a 4 biomedicinské databaze v ¢inském jazyce. Zahrnuty byly randomizované klinické studie, které
porovndvaly akupunkturu a akupresuru s kontrolou, analgetickou terapii nebo standardni péci. Do systematického pfehledu bylo
zafazeno celkem 17 RCT (s 1111 pacienty) a do metaanalyzy byly pouZity tdaje ze 14 RCT (s 920 pacienty). Skute¢nd akupunktura
(ve srovnani s faleSnou akupunkturou) byla spojena se snizenou intenzitou bolesti (priimérny rozdil) (MD = —1,38 bod{; 95%
Cl 2,13 az —0,64 bod(; 12 = 81 %). Pfiznivé spojeni bylo také pozorovano, kdyz byla akupunktura a akupresura kombinovana
s analgetickou terapii v 6 RCT pro snizeni intenzity bolesti (MD=—1,44 bod{; 95% Cl —1,98 az—0,89; 12 =92 %) a ve 2 RCT pro snizeni
davky opioidu (MD = —30,00 mg morfinu ekvivalentni denni davka; 95% Cl —37,5 az —22,5 mg). V tomto systematickém prezkumu
a metaanalyze bylo zjisténo, ze akupunktura a/nebo akupresura byla vyznamné spojena se snizenim nadorové bolesti a snizenym
pouzitim analgetik; heterogenita vsak byla vysoka. Toto zjisténi naznacuje, Ze jsou zapotiebi prisnéjsi studie k identifikaci spojeni
akupunktury a akupresury se specifickymi typy nddorové bolesti.
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Predstavujeme nové knihy

J. Kausitz, D. Ondrus a kol.: Specialna onkoldgia
1. vyd. Bratislava: Solen 2020, 712 s. ISBN 978-80-89858-18-7

Zdravotnicke vydavatelstvo Solen
v kniznej edicii Meduca (Medical edu-
cation) reaguje na potreby pregradual-
neho a postgradudlneho celozivotného
vzdeldvania lekarov a zdravotnickych
pracovnikov vydavanim cielenych kniz-
nych publikacii. Lekarskej verejnosti su
zndme reprezentativne vysokoskolské
ucebnice ¢i monografie s onkologickou
problematikou Nadorové markery, Kar-
cindm penisu, a samozrejme Veobecnd
onkolégia, na ktord nadvizuje Spe-
cidlna onkolégia rovnakych editorov
a hlavnych autorov.

Onkoldgia je jednym z medicinskych
odborov, ktoré sa rychlo vyvijaju, kde
pribudaju nové zasadné poznatky, ktoré
sa pozitivne premietaju do prevencie,
diagnostiky aj liecby pacientov s onko-
logickym ochorenim a ktoré zdsadnym
sp6sobom menia pohlad na mnohé on-
kologické ochorenia. Editori a cely tim
renomovanych slovenskych Specialis-
tov v jednotlivych medicinskych od-
boroch sa zamerali na epidemioldgiu,
etiolégiu, patologicku fyziolégiu, prin-
cipy diagnostiky a lie¢by malignych
ochoreni zoradenych podla najnovsej
medzinarodnej klasifikdcie onkolo-
gickych ochoreni. V textoch sa pre-
mietaju praktické klinické skusenosti
spoluautorov ziskané z kazdodennej
praxe.

Aj na tomto mieste ndm neda, aby
sme nepripomenuli priekopnicke dielo
prof. Jurgu et al Klinicka a radia¢na on-
koldgia (1. a 2. diel, 2010), ktory nas mi-
nuly rok navzdy opustil. Povazujem za
mimoriadne zasluzné, zZe zostavovate-
lia Vseobecnej a Specialnej onkolégie
prijali ndro¢nu a pre onkolégiu délezitu
vyzvu a pokracuju v edicii, ktord zasad-
nym sposobom dviha onkolégiu ako
vedny a klinicky odbor.

Predkladana publikdcia je venovand
100. vyrociu zalozenia Lekarskej fa-
kulty Univerzity Komenského v Brati-

slave a 25. vyrociu zriadenia Narodného
onkologického ustavu - Nemocnice
s poliklinikou sv. Alzbety, neskorsieho
Onkologického Ustavu sv. Alzbety v Bra-
tislave. Dielo napiiia odkaz zakladatelov
univerzity vzdeldvat, vychovavat a pri-
nasat a rozvijat najnovsie poznatky
v medicine na prospech mediciny, pa-
cientov i spolo¢nosti. Mimoriadne oce-
nenie si zaslUzi aj kultivovany jazykovy
prejav autorov, osobitne v spojeni s vy-
soko odbornou terminolégiou. Oce-
nujeme aj mnozstvo farebnych obraz-
kov, prehladovych tabuliek a schém
(vacsinou z vlastnych archivov), ktoré
sU na prospech prezentacie naroc-
nej problematiky. Neda vsak nepove-
dat, Ze v takejto knihe je vzdy prinosom
podrobny vecny index, ktory mozno
pouzivat na cielené vyhladédvanie
a ktory ulahcuje orientaciu v rozsiahlom
diele.

V prezentovanom diele sa v 14 ka-
pitoldch stretneme s problematikou
zhubnych nadorov hlavy a krku (odb.
garant K. Gocarovd), zhubnymi na-
dormi trdviaceho systému (odb. garant
S. Durdik), zhubnymi nadormi dycha-
cieho systému a vnutrohrudnikovych
orgéanov (odb. garant M. Sandorova),
zhubnymi nadormi kosti a pohybového
aparatu (odb. garant E. Boljesikova),
zhubnymi nddormi hematopoetického
a retikuloendotelového tkaniva (odb.
garant S. Spanik), zhubnymi nadormi
koze (odb. garant M. Sabol), zhubnymi
nadormi prsnika (V. Bella), zhubnymi
nadormi zenskych pohlavnych orgé-
nov (odb. garant L. Masdak), zhubnymi
nadormi muzskych pohlavnych orga-
nov (odb. garant D. Ondrus), zhubnymi
nadormi uropoetického systému (odb.
garant D. Ondrus), zhubnymi nadormi
oka, mozgu a inych ¢asti CNS (odb. ga-
rant M. Chorvath), nadormi endokrin-
nych zliaz (odb. garant J. Podoba), na-
dorovymi ochoreniami detského veku
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(odb. garant A. Kolenovd) a nddormi ne-
zndmeho primarneho loziska (odb. ga-
rant S. Spanik).

Vsetky kapitoly st pripravené podla
modernej osnovy, ktord obsahuje po-
sledné dostupné epidemiologické
udaje, ¢asové trendy vyvoja Standardi-
zovanej incidencie, mortality, v¢itane
ich predikcie. Autori sa venuju klinic-
kému obrazu, patoldgii, pouzivaju naj-
novsie klasifikacie a typizacie zhubnych
nadorov.V casti diagnostika, klasifikacia
a diferencidlna diagnostika su uvedené
nielen klasické postupy, ale aj odporu-
cania, ktoré Setria pacienta a navadzaju
lekara na osvedcené diagnostické a lie-
cebné algoritmy. Pri liecbe autori postu-
puju cielene od planovania liecby a pri-
pravy pacienta cez chirurgicku liecbu,
rddioterapiu, chemoterapiu a inu sys-
témovu lie¢bu. Autori v zavere kazdej
kapitoly vzdy pripominaju vyznam sle-
dovania pacienta, prevenciu a kontroly.
Pri rdbznych druhoch onkologického
ochorenia sa vzdy pristup lisi podla
druhu ochorenia, pricom autori uva-
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dzaju prognostické faktory a vyznacuju
uspesnost liecby.

Autori nadviazali na VSeobecnu on-
kolégiu naozaj profesionalnym spo-
sobom, z diela citit jednotny editor-
sky zamer, ktory je désledne naplneny
vietkymi spoluautormi. Dielo p6-
sobi kompaktne, ucelene, moderne

a verim, Ze bude cennym zdrojom in-
formacii nielen pre onkolégov, ale pre
véetkych lekarov, na ktorych sa obra-
cia pacient s prosbou o pomoc. V za-
vere gratulujeme editorom a vietkym
autorom, ale aj recenzentom a vyda-
vatelovi k vynikajucemu dielu. Verime,
ze kniha postupne vyjde v opakova-

nych vydaniach a stane sa,medicinskou
klasikou”.

Prof. MUDr. Maridn Bernadic, CSc.
LF UK v Bratislave

MUDr. Michal Bernadic, PhD.
Ndrodny onkologicky ustav, Bratislava
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Terapie trifluridinem/tipiracilem

a regorafenibem u pacientu s predlé¢enym
metastatickym kolorektalnim karcinomem —
zkusenosti z Ceske republiky

Therapy with Trifluridine/Tipiracil and Regorafenib in Patients
with Pre-treated Metastatic Colorectal Cancer — Experience from

the Czech Republic

Grell P,

Klinika komplexnf onkologické péce, Masarykdv onkologicky Ustav v Brné

Na sympoziu Americké spole¢nosti pro
klinickou onkologii (American Society of
Clinical Oncology — ASCO) zaméfeném
na nadory gastrointestinalniho traktu
konaném v roce 2020 a nasledné na
konferenci PragueONCO jsme prezento-
vali praci, kterd u pacientl s refrakternim
metastatickym kolorektalnim karcino-
mem (colorectal cancer - CRC) analy-
zovala rizné klinické a laboratorni fak-
tory, které by mohly pomoci s indikaci
terapie. CRC je celosvétové 4. nejcas-
t&jsi malignitou a 3. nejcastéjsi pri¢inou
umrti na onkologickd onemocnéni [1].
| kdyz pocty ptipadt CRC v CR v posled-
nich letech klesaji, pofad je to 2. nejcas-
t&jsi malignita a je zodpovédna za 3. nej-
vyssi mortalitu [2]. Asi 20 % pfipadl je
diagnostikovanych jiz v klinickém stadiu
IV. Diky novym [ékdim, v¢. biologické a ci-
lené terapie, a strategiim, jako metasta-
zektomie a udrZovaci terapie, se dnes
dafi prodluzovat Zivot pacientl s me-
tastatickym CRC az o 30 a vice mésicQ.
Vice nez tfetina pacientl s metastatic-
kym CRC je po 2 liniich 1é¢by v dobrém
klinickém stavu a jsou schopni absol-
vovat dalsi 1écbu [3]. Trifluridin/tipiracil
(TAS-102) a regorafenib jsou indikovany
pravé u pacientl s refrakternim metasta-
tickym CRC, ktefi absolvovali predchozi
[é¢bu oxaliplatinou, irinotekanem, fluo-

ropyrimidiny a event. biologickou lé¢bu.
Nejsou znamy faktory, které by se pou-
zivaly v bézné klinické praxi pro selekci
pacientl k jednomu nebo druhému
Iéku, proto jsme se je snazili identifiko-
vat na souboru pacientl ze ¢tyr ¢eskych
pracovist (Masarykdv onkologicky ustav
v Brné, Thomayerova nemocnice v Praze,
Vseobecna fakultni nemocnice v Praze,
Fakultni nemocnice Hradec Kralové) [4].

Retrospektivné jsme analyzovali sou-
bor 212 pacientd, ktefi absolvovali [é¢bu
TAS-102 a/nebo regorafenibem. Byly
analyzovany rdzné klinické a laboratorni
faktory spojené s prezitim bez progrese
onemocnéni (progression-free survival -
PFS) a celkovym prezitim (overall survi-
val — OS). Z naseho souboru absolvovalo
160 pacientl |é¢bu TAS-102 a 80 pa-
cientl lécbu regorafenibem. Charakte-
ristika pacientll v jednotlivych skupi-
nach byla podobnd, nicméné ve trech
parametrech se skupiny statisticky lisily
- vice pacientl ve skupiné s regorafe-
nibem mélo ¢as od diagnézy metasta-
tického onemocnéni do zahajeni tera-
pie > 24 mésicl (76 vs. 64 %), naopak
ve skupiné s TAS-102 byla linie [é¢by, ve
které byla l1é¢ba podévéna, nizsi (3 vs. 4,
prdmér 3,5 vs. 3,8) a také byl nizsi pocet
pacientl s postizenim = 3 organ0 (23 vs.
39 %). Median sledovani pacientl ve stu-

-~
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dii (follow-up) byl 16,5 mésice. Median
poctu podanych cykld 1é¢by byl v obou
skupindch stejny - tfi. Mira kontroly one-
mocnéni v obou skupinach byla stejnd
(21 % pro TAS-102 a 20 % pro regorafe-
nib). Median OS pro TAS-102 byl 10,2 mé-
sice a pro regorafenib 6,9 mésice. V pfi-
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mém srovnani bylo preziti u pacientd
s TAS-102 statisticky vyznamné delSi (HR
0,71;95% Cl1 0,53-0,99; p = 0,03). Median
PFS pro TAS-102 byl 3,3 mésice a pro re-
gorafenib 2,8 mésice.V pfimém srovnani
bylo PFS u pacientd s TAS-102 opét sta-
tisticky vyznamné delsi (HR 0,73; 95% Cl
0,54-0,99; p = 0,03). Toto ptimé srovnani
OS i PFS je potreba brat s rezervou; cha-
rakteristiky pacient(l v obou skupinach
nebyly stejné a jedna se o retrospek-
tivni analyzu na relativné mensim sou-
boru pacientd. Déle jsme hodnotili to-
xicitu terapie v jednotlivych skupinach.
Jakakoliv toxicita se vyskytla u 88 % pa-
cientd ve skupiné s TAS-102 a u 84 %
ve skupiné s regorafenibem. Toxicita
stupné > 3 byla signifikantné castéjsi
u pacientl s TAS-102 (41 vs. 28 %), a to
zejména z dlvodu vyskytu neutrope-
nie stupné = 3 u 35 % pacient(. U TAS-
102 byl dale castéjsi vyskyt trombocy-
topenie (19 vs. 6 %) a nevolnosti (33 vs.
14 %). Naopak ve skupiné s regorafeni-
bem byl vy3si vyskyt stomatitidy (8 vs.
1 %), syndromu ruka-noha (41 vs. 0 %),
vyrazky (16 vs. 0 %) a hypertenze (8 vs.
0 %). Vice pacient( s regorafenibem mu-
selo redukovat davku léku (78 vs. 30 %).
Febrilni neutropenie se vyskytla u 2,5 %
pacientld ve skupiné s TAS-102. Dale
jsme hodnotili parametry spojené s del-
$im prezivanim. Faktory spojené s del-
$im OS pro celou skupinu byly: ¢as od
diagnézy metastatického onemocnéni
do zahajeni terapie > 24 mésict (HR
0,49; p< 0,001), vykonnostni stav hod-
noceny na skale ECOG (Eastern Coope-
rative Oncology Group) 0 vs. 1 (HR
0,65; p = 0,007), vstupni hladina leu-
kocytll < 8 x 109/ (HR 0,47; p < 0,001),
vstupni hodnota C-reaktivniho proteinu

(CRP) v normé (HR 0,47; p < 0,001), &as
od posledni terapie > 3 mésice (5-fluo-
rouracil nebo kapecitabin v pfipadé TAS-
102 a anti-VEGF v pfipadé regorafenibu)
(HR 0,66; p = 0,006). Z téchto faktort
jsme vytvorili skdrovaci systém TASREG.
Pacientovi byl pfitazen 1 bod, pokud spl-
noval dany faktor, a vysledné skére bylo
souctem téchto bodu. Pacienti byli roz-
déleni do 3 skupin: pacienti s vysokym ri-
zikem méli 0-1 bod, se stfrednim rizikem
2-3 body a s pfiznivym rizikem > 4 bodu.
OS v celém souboru dle skupin bylo:
3,2 mésice ve skupiné s vysokym rizi-
kem, 8,9 mésice ve skupiné se strednim
rizikem a 14,6 mésice ve skupiné s pfizni-
vym rizikem (p < 0,001). Skére bylo signi-
fikantni i pro PFS: 1,8 mésice ve skupiné
s vysokym rizikem, 3,2 mésice ve sku-
piné se stfednim rizikem a 4,1 mésice ve
skupiné s pfiznivym rizikem (p < 0,001).
TASREG skore platilo, i kdyZ jsme hod-
notili 1écebné skupiny zvlast - OS pro
TAS-102 dle skupiny bylo 3,2 mésice pro
vysoké riziko, 9,6 mésice pro stfedni ri-
ziko a 24,1 mésice pro skupinu s pfizni-
vym rizikem (p < 0,001). OS pro regora-
fenib bylo 2,7 mésice pro vysoké riziko,
7,0 mésice pro stredni riziko a 11,6 mé-
sice pro skupinu s pfiznivym rizikem
(p < 0,001). Déle jsme hodnotili faktory
spojené s OS specifické proTAS-102 are-
gorafenib zvlast. Pro TAS-102 byly fak-
tory spojené s delSim OS nasledujici:
dosazeni neutropenie stupné = 2 v pru-
béhu lécby (HR 0,34; p < 0,001), dosa-
zeni trombocytopenie stupné 2 a vys-
$iho v priibéhu [é¢by (HR 0,45; p = 0,028)
a pacienti bez monocytézy vstupné méli
delsi preziti (HR 0,50; p=0,036). Delsi pre-
Ziti ve skupiné s regorafenibem méli pa-
cienti s hladinou laktdtdehydrogendazy

v normé (HR 0,40; p < 0,001), pacienti
jen s plicnimi metastazami (HR 0,36;
p = 0,008) a pacienti s non-synchronnim
metastatickym onemocnénim (HR 0,39;
p <0,001).

Terapie TAS-102 aregorafenibem pied-
stavuji relativné ucinnou terapii u pa-
cientd s predlécenym metastatickym
CRC. Pomoci TASREG skére Ize vyselek-
tovat skupinu pacient(, ktefi budou
z lé¢by nejvic profitovat a dosahovat
preziti tfeba az 15 mésicl. Naopak né-
ktefi pacienti z 1é¢by neprofituji a vhod-
nou moznosti pro né je kvalitni sympto-
matickd a podplrna terapie. TAS-102 se
zdd byt mirné Ucinnéjsi nez regorafe-
nib (ale jedna se o nerandomizovanou
retrospektivni analyzu a rovnéz byly
pfitomny rozdily v charakteristice pa-
cientll). Dokazali jsme také najit faktory
spojené s lepsim preZitim specifické pro
jednotlivé preparaty (pro TAS-102 - mo-
nocytdza, trombocytopenie a neutro-
penie béhem |écby a pro regorafenib
- hladina laktdtdehydrogendzy, pfitom-
nost pouze plicnich metastaz a non-syn-
chronni onemocnéni).

Literatura

1.1ARC CancerBase No. 11. [online]. Available from: http://
globocan.iarcfr.

2. Novotvary 2016. [online]. Dostupné z: https://www.
uzis.cz/sites/default/files/knihovna/novotvary2016.pdf.

3. Modest DP, Stintzing S, von Weikersthal LF et al. Im-
pact of subsequent therapies on outcome of the FIRE-3/
AIO KRK0306 trial: first-line therapy with FOLFIRI plus ce-
tuximab or bevacizumab in patients with KRAS wild-
type tumors in metastatic colorectal cancer. J Clin Oncol
2015; 33(32): 3718-3726. doi: 10.1200/JC0O.2015.61.
2887.

4. Grell P, Borilova S, Schwanzer R et al. Factors associ-
ated with effectiveness of trifluridine/tipiracil versus re-
gorafenib in patients with pretreated metastatic colorec-
tal cancer (mCRQ). J Clin Oncol 2020; 38 (Suppl 4): 137.
doi: 10.1200/JC0.2020.38.4_suppl.137.

Klin Onkol 2020; 33(3): 234-235

235




ONCOLOGY IN PICTURES

Oncology in pictures

Complete Response of Classic Kaposi's Sarcoma of the Larynx

after Radiotherapy

Yahyaoui Y.!, Adouni O.%, Harhira I.', Gabsi A.", Mghirbi F.!, Driss M.2, Mezlini A.’

' Department of Medical Oncology, Institut Salah-Azaiz de Cancerologie, Tunis, Tunisia
?Department of Anatomopathology, Institut Salah-Azaiz University of Tunis El Manar, Tunis, Tunisia

Kaposi's sarcoma (KS) is a neoplastic
vascular disorder. Most frequently, KS
arise in mucocutaneous sites, typically
the skin of the lower extremities. Laryn-
geal involvement is not unusual. Ap-
proximately 25 cases of KS of the lar-
ynx have been recorded in the literature.
Most patients have had AIDS-related KS,
although HIV-negative persons with la-
ryngeal KS have also been noted. Classic
Kaposi's sarcoma (CKS) is one of the four
distinct clinical presentations of KS not
related to immunodeficiency. We report
a case of CKS of the larynx.

A 77-year-old man consulted with
a 4-month history of dyspnea and dys-
phagia to solids. Nasofibroscopy re-
vealed a globular laryngeal mass. Direct
laryngoscopy showed a large globu-
lar tumefaction raising from the glot-
tis region and fixing the left vocal cord.

atypia and few mitotic figures.
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Fig. 1. Spindle cells with swollen nuclei with some cytonuclear

A biopsy of the mass was complicated
by acute respiratory failure leading to
emergency tracheotomy. Histological
examination revealed a double mes-
enchymal and vascular proliferation
pushing the intact lingual surface ep-
ithelium. The mesenchymal compo-
nent was made of fascicular spindle
cells and the vascular component, was
made of dilated vessels with a thick-
ened and hyalinized wall. Spindle cells
have swollen nuclei with some cyto-
nuclear atypia and few mitotic figures
(Fig. 1). Immunohistochemical exam-
ination showed positive immunoreac-
tivity for CD34 (Fig. 2) and human her-
pes virus 8 (HHV8) (Fig. 3). CD31 and
factor VIII related-antigen were nega-
tive. No cutaneous manifestation was
depicted and serology showed a pos-
itive HHV8 status not associated with

i T

Fig. 2. Positive immunoreactivity for CD34.
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HIV infection. Body CT didn't show any
secondary lesion. The patient was diag-
nosed with primary classic Kaposi’s sar-
coma. He was treated with radiotherapy.
A cobalt-60 external beam was em-
ployed. A daily dose of 1.8 or 2 Gy at the
midplane was administered in 5 fr/week.
The total radiation dose administered

|
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Fig. 3. Positive immunoreactivity for human herpes virus 8.

was 45 Gy over 5 weeks. At the time of fi-
nalization of this report, and 36 months
post-treatment, the patient was still in
complete response.

KS is a vascular lesion of a low grade of
malignancy caused by HHV8 infection.
It occurs in males in their 6™ or 7* dec-
ades [1,2]. Four epidemiologic subtypes
were identified: Classical type, African
endemic KS, iatrogenic KS and AIDS re-
lated KS [1]. In 1872, Moritz Kaposi, a phy-
sician and dermatologist, described the
CKS as a pigmented sarcoma of the skin
in elderly European patients with HIV
negative status [1]. Before the AIDS epi-
demic, KS was rarely seen in the head and
neck region, especially in the larynx [3,4].
Abramson and Simonsin 1970 reported
the largest review in the literature of CKS
involving the head and neck. The inci-

dence of laryngeal
KS, in this review,
was estimated to
17%. All patients
with laryngeal KS
had extremity skin
lesions [5]. The
first case report of
CKS of larynx was
documented in
1983 [6]. The man-
agement of KS de-
pends on the ex-
tent of lesions
and their evolu-
tion. Treatment
of laryngeal CKS
consists on sys-
temic and local therapies. The local ther-
apies as local excision, cryotherapy, ra-
diotherapy and intralesional injections
of vinblastine are usually used to re-
duce symptoms [7,8]. Radiotherapy is fre-
quently used for ear, nose and throat KS
with complete remission in about 85%
of cases with a fractionated regimen to
a total dose of 15-45 Gy. Systemic ther-
apy is used for patients with rapidly pro-
gressive and/or wide spread disease [7,9].
The cytotoxic agents that have been used
are vincristine, vinblastine, bleomycin,
doxorubicin, etoposide, liposomal doxo-
rubicin, liposomal daunorubicin, ABV
regimen, as much as immunomodulation
therapy with interferon-alpha [9]. Median
survival for classic Kaposi sarcoma was
9.35years [10]. Although CKS is not an ag-
gressive malignancy, follow up is essen-

tial for the prevention of new KS lesions
or locoregional recurrence.

Classic KS rarely involves larynx. It
must be suspected in elderly patients.
Early treatment has to be conducted as
soon as possible to avoid sudden and or
massive airway obstruction. CKS does
not impair the quality of life and survival
in the short term but aggressive forms
may be life-threatening and should be
treated urgently.
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DEJTE JI SANCI!

Lécbha pacientek
s HER2-pozitivnim casnym

karcinomem prsu s vysokym
rizikem rekurence’
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s anamnézou méstnaveho srdecniho selhani, s poklesem ejekéni frakoe leve srdecni komory na <50 % béhem predchozi adjuvantni Iéchy trastuzumabem nebo u pacienti se stavy, které mohou negativné ovlivnit innost levé srdeéni komory, nebo predehozi kumulativni
expozice antracyklinu >360 mg/m? doxorubicinu nebo jeho ekvivalentu. Pred pouZitim pFipravku PERJETA s antracykliny ma byt peclivé zvazeno a vyhodnoceno kardidlni rizike v zavislosti na potiebé |éEhy individudiniho pacienta, Na zékladé farmakologickych déinki anti-
HER? pfipravki aantracyklini Ize ocekavat zvySené riziko kardiotoxicity pfi soub&Zném uzivni pfipravku Perjeta a antracyklind nez pfi nasledném uzivani” U pfipravku Perjeta byla pozorovna zavaind hypersenzitivita, vetné anafylaxe a prihod konGici mrtim. * Pfi podani
pertuzumabu se doporucuje peclivé sledovani pacienta béhem poddvéni a po dobu 60 minut po prvni infuzi a béhem podavani a podobu 30-60 minut po dalSich infuzich. Klinicky viznamné interakce: Nebyly zjistény Zadné znamky jakékoli farmakokinetické interakce mezi
pertuzumabem atrastuzumabem, docetaxelem nebo dalsimi cytostatiky. Hlavni klinicky viznamné nezadouci dcinky: Nejcastajsimi nezadoucimi aginky (= 30 %) z téchto spole&nych idaji byly prijem, alopecie, nauzea, inava, neutropenie a zvraceni. Nejcastejsimi (= 10 %)
nezadoucimi cinky stupnd 3 a7 4 podle kritérif NCI-CTCAE byly neutropenie a febrilni neutropenie . Dévkovani a zpiisob podani: Doporucend ivodni davka pertuzumabu je 840 mg podand v intravendzni infuzi trvajici 60 minut nasledovand kazdé 3 tydny udrzovaci dévkou
420 mg podavanou po dobu 30 a7 80 minut. Pri poddvani s pertuzumabem je doporuteno dodrZovat titjdenni rezim pro trastuzumab, ktery maze byt podén bud jako: ® intravendzniinfuze s ivodni dévkou trastuzumabu 8 mg/kg télesné hmotnosti ndsledovanou udrZovact
davkou 6 mg/kg télesné hmotnosti kazdé 3 tydny, nebo jako e subkuténni injekce trastuzumabu ve fixni davce (800 mg) kazdé i tydny bez ohledu na télesnou hmotnost pacienta. Podrobné informace o dévkovanf pFipravku docetaxel najdete v SPC. Pripravek Perjeta
atrastuzumab majf byt poddvany postupné a nesmi se misit ve stejném infuznim vaku. Pripravek Perjeta a trastuzumab Ize poddvat v libovolném poradi. Pokud je pacient [éten docetaxelem, mé byt poddn po pertuzumabu a trastuzumabu. Po kazdé infuzi pfipravku PERJETA
apredzahdjenim dalsfinfuze trastuzumabu nebo docetaxelu se doporutuje obdobi 30 a7 60 minut sledovani. Prineoadjuvantnilécbé mé byt ptipravek Perjeta podévan ve trech aZ Sesti cyklech v kombinaci s trastuzumabem a chemoterapifjako soucdst kompletniho lécebného
rezimu Gasného karcinomu prsu, pfi adjuvantni Iéébe ma byt pfipravek Perjeta podavén v kombinaci s trastuzumabem po dobu celkem jednoho roku™, pfi metastaujicim karcinomu prsu maji byt pacienti 16geni pfipravkem PERJETA do progrese nemaci nebo do nepfijatelné
toxicity. Dalsi podrobné informace o davkovani a délce [6cby pripravku Perjetanajdete v SPC. Dostupné baleni pripravku: PERJETA 420 mg koncentrat pro infuzni roztok. Jedna injekcni lahvicka se 14 ml koncentratu obsahuje pertuzumabum 420 mg o koncentraci 30 mg/ml.
Podminky uchovavani; Uchovavejte v chladnicce (2 °C - 8 °C). Chraite pred mrazem. Uchovavejte injekéni lahvicku v krabicce, aby byl pipravek chrangn pied svétlem. Chemickd a fyzikaln stabilita po otevieni pred pouzitim byla prokazana na dobu 24 hodin pfi 30 °C.
I mikrobiologického hlediska ma byt pripravek pouzit okamzitg. Nenrli pouzit okamyits, doba a podminky uchovavani pripravku po otevieni pred pouZitim jsou v odpovédnosti uZivatele anormélng by doba nemela byt delsinez 24 hodin pfi 2 °C az 8 °C, pokud edéni neprobghlo
zakontrolovanych avalidovanych aseptickjch podminek. Datum posledni revize textu: 28. 3. 2019, Vde] [égivého pripravku e vazén na lékafskj predpis. LéGivy pripravek je hrazen z prostfedki vefejného zdravotniho pojiSténi v indikacich HER2-pozitivniho metastazujiciho
karcinomu prsu a adjuvantnilegby HER2- pozitivniho karcinomu prsu, vindikaci neoadjuvantni léghy HER2-pozitivniho karcinomu prsu dhrada nebyla dosud stanovena, Dalsiinformace naleznete nawww.sukl.cz.

Varovani pro téhotné a potencidlng téhotné Zeny e Pouzivani pfipravku PERJETA je tieba se vhnout behem t8hotenstvi, pokud by potencialni benefit pro matku pepfevazil potencidlni riziko pro plod. Neexistuji Zadné studie tykajici se pFipravku PERJETA u téhotnych Zen
abezpetné uzivani pripravku PERJETA behem téhotenstvi a laktace nebylo prokézéno. © Pred zahdjenim uzivani pFipravku PERJETA ovéite, zda neni Zena tehotnd. Zeny s moZnosti otghotnéni by mély uzivat cinnou antikoncepci pfi I6cbe pripravkem PERJETA nebo po dobu
B mésict od posledni ddvky. ® Pacientky, které otghotnély béhem 16tby pfipravkem PERJETA nebo do 6 mésicd od posledni dévky, je nutné peglivé monitorovat pro oligohydramnion. e Jestlize byl pripravek PERJETA uZivén bhem téhotenstvi nebo pacientka behem 16Eby nebo
B mésict od posledni davky otehotnéla, je nutné bezprostrednd ohlasit expozici na Roche linku +420 602 298 181. © Budou pozadovany dalsiinformace v souvislosti s expozici pripravku PERJETA béhem téhotenstvi a ddle v prvnim roce Zivota kojence. To umozni spolecnosti
Roche/ Genentechgpe porozumét bezpecnostnimu profilu pFipravku PERJETA a poskytovat naleZité informace zdravotnickym organtim, poskytovateliim zdravotnicke péce a pacientim.

Dalsi informace o pripravku ziskate z platného Souhrmu ddaji o pripravku PERJETA nebo na adrese: Roche s.r.., Futurama Business Park BId F, Sokolovské 685/ 136, 186 00 Praha 8, telefon 220 382 111. Podrabné informace o tomto pripravku jsou uverejnény na webovych
strankach Evropske Ikove agentury (EMA) http:/ /www.ema.europa.eu/. © * Vsimnéte si; prosim, zmén v informacich o lecivém pripravku.

Takladni informace o pripraveich: HERCEPTIN® 150 my. Registracni Gislo: EU/ 1/00/145/001. HERGEPTIN® 600 mg/5 ml injekeni roztok. Registragni islo: EU/1/00/145/002. Uinn létka: trastuzumabum. Dritel registragniho rozhodnuti: Roche Registration GmbH,
Grenzach-Wyhlen, Némecko. Indikace: Lécba metastazuiiciho karcinomu prsu u pacientek, iejich nadory ve zvySené mife exprimuji HER? (human epidermal receptor 2): 4) v monoterapii u pacientek, ktef7 byli pro své metastazujic nadorové onemocnénijiz I6ceni nejméng
2 chemoterapeutickymi rezimy; 4/ v kombinaci s paklitaxelem k Iéghe pacientek, ktefi nedostavali predchozi chemoterapii k Iéghe metastatického nadorového onemacnéni a pro néZ Iécha antracyklinem neni vhodné; ¢/ v kombinaci s docetaxelem k I6ebe pacientek, ktefi
nedostdvali predchozi chematerapii k I6bg metastatického nadorového onemocnéni; @)/ v kombinaci s inhibitorem aromatdzy k 16Ehe postmenopauzainich pacientek s metastatickym karcinomem prsu s pozitivitou hormondlnich receptord, dosud nelégenych trastuzumabem.
L 66ba pacientek s HER2 pozitivnim Gasnym karcinomem prsu: 4/ po chirurgickém zakroku, chemoterapii (neoadjuvantni nebo adjuvantni) a radioterapii (pokud je to relevantni); 4/ po adjuvantni chemoterapii s doxorubicinem a cyklofosfamidem v kombinaci s paklitaxelem
nebo docetaxelem; ¢/v kombinaci s adjuvantni chemoterapii obsahujici docetaxel a karboplatinu; ) v kombinaci s neoadjuvantni chemoterapii s naslednym podnim pfipravku Herceptin v adjuvantni 66bé pfi lokélng pokroilém onemacnéninebo nadoru > 2 cm v priméru.
Herceptin (jen Herceptin 150 mg) v kombinaci s kapecitabinem nebo 5-fluorouracilem a cisplatinou je indikovén k I6&n& nemocnych s HER2-pozitivnim metastazujicim adenokarcinomem Zaludku nebo gastro-esofagediniha spojent, kteff dosud nebyli légeni pro metastazujici
onemocnéni. Kontraindikace: Pacienti se znamou precitlivélosti na trastuzumab, mysf proteiny nebo na nékterou z pomocnych latek. Pacienti, ktefi z divodu komplikaci spojenych s pokroilym onkologickym onemocnénim trpi klidovou dusnosti nebo vyZaduji podpiimou
kyslikovou terapii. Upozornéni; Stanoveni HER2 mus byt provedeno ve specializované laboratofi pfi zajistént dostatecng validace testovacich postupd. UZiti samotného Herceptinu je spojeno s uritym rizikem kardiotoxicity, soucasné podavani pripravku v kombinaci
santracykliny toto riziko zvySuje. U nemacnych, kterym byly antracykliny poddvany v minulosti, je riziko kardiotoxicity niZsi neZ pfi soutasném poddvani. Bezpenost pokratovéni 16thy nebo opétovngho zahdjeni 16Eby pFipravkem u pacientd s projevy kardiotoxicity nebyla
prospektivnd hodnocena. Nicméng u vétsiny pacientd, u kterych doslo v pilotnich studiich s pfipravkem k rozvoji srdegniho selhdni, se klinicky stav zlepsil po podani standardniléghy. U vetSiny pacienti se srdecnimi piznaky a prokdzanym prospéchem z1€ghy se pokratovalo
vtydenniterapii pripravkem Herceptin bez dalsich klinickych srdecnich piihod. Klinicky viznamné interakce: Studie I6kovych interakef u lidi nebyly s pfipravkem Herceptin provadény. Riziko vzniku interakef se sougasng uzivanymi pfipravky proto nemize byt vylougeno. Hlavni
Klinicky vjznamné neZadouci dginky pfi 16Eb& Herceptinem v monoterapii nebo v kombinaci s paklitaxelem byly priznaky hlasené ve spojeni s podanim infuzi (obvykle po pruni infuzi pfipravku) nsledujici - hlavné horecka a/nebo tresavka, méné Gasto nauzea, zvraceni, bolest,
bolesti bricha, astenie, bolest na hrudi, tfesavka, horecka, bolest hlavy, nespecifikovand bolest; prijem, nauzea, zvracent; artralgie, myalgie, vyrdzka, vypadavéni vlast. Byly zaznamenany izolované pFipady zdvaznjich plicnich pfihod, které v nékolika pfipadech vedly k amrf
pacienta. Tyto prihody mohou byt sougdsti reakef spojenych s podanim infuze nebo k jejich vyskytu miiZe dojit pozd&ji po podéni pripravku. U nemocnych Iégenych pripravkem Herceptin byly zaznamendny nékteré projevy srdecni toxicity jako snizeni ejekeni frakce a priznaky
srdecniho sethani, nap. dusnost, ortopnoe, zvySeny kasel, plicni edém a tfeti srdecni ozva, Davkovani a zpiisob podani: Herceptin 150 mg: Tritydenni rezim- Doporucend ivodni nasycovaci dévka je 8 mg/ kg télesné hmotnosti, Doporucend udrZovaci davka je 6 mg/kg télesng
hmotnostiv intervalu 3 tydny, zahajuje se tfi tydny po poddni pocétetni nasycovaci dévky. Tydenni rezim- Doporucend Gvodni nasycovaci davka je 4 mg,/ kg télesné hmotnosti. Doporugend udrzovaci dévka je 2 mg/kg télesné hmotnosti 1x za tyden, zahajuje se jeden tyden po
podani potéteninasycovaci davky. Herceptin 600mg/ 5ml: Doporutend dévka pFipravku Herceptin pro subkuténni poddnije 600 mg bez ohledu na télesnou hmotnost pacienta. Neni nutnd ivodni nasycovaci ddvka. Tato davka se musf podat podkozné po dobu  2-5 minutkazdé
3 tydny. Dostupnd baleni pripravku: Herceptin 150 mg, praSek pro koncentrat pro pripravu infuzniho roztoku v injekeni lahvicce. Herceptin 600 mg/5 mlinjekéniroztok: Injekéni lahvicka obsahuje 5 ml roztoku (600 mg trastuzumabu). Jedna krabitka obsahuje jednu injekéni
lahvicku. Podminky uchovavani: Pfi teploté 2 °C az 8 °C. Datum posledni revize textu: 27. 7. 2019. Vydej Iécivého pFipravku je vazan na lekarsky predpis. LéGivy pripravek je hrazen z prostiedkii vefejného zdravotniho pojisténi. Dalsiinformace o piipravku ziskate z platného
Souhrnu dajii o pFipravku Herceptin nebo na adrese: Roche s..o., Futurama Business Park Bld F, Sokolovska 685/ 1361, 186 00 Praha 8, telefon 220 382 111.
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Téhotenstvi; Pokud pacientka otghotni bshem I6Sby pFipravkem Herceptin nebo bghem 7 mésici po podani posledni davky, nahlaste prosim okamyité thotenstvi na kontakt Roche pro hidSeni nezadoucich

Geinkd czech_republic.pa_susar@roche.com 6ina 602 298 181,V priibshu téhotenstvi, pfi kterém byl plod vystaven déinku Herceptinu abéhem prvniho roku Zivota kojence, budete poZadani o poskytnuti

dopliiujicich informac. To umozni spolegnosti Roche I€pe porozumét bezpecnostnimu profilu Herceptinu a poskytnout prislusné informace regulacnim autoritdm (SUKL), zdravotnickym pracovnikiim a dalsim

pacientim. ® Podrobné informace o tomto pfipravkujsou uvefejnény nawebovych strankdch Evropské I6kové agentury (EMA) www.ema.europa.eu.

1, PERJETA Souhrn tidajii o pripravku 28. 3. 2019. Roche s.r.0., Futurama Business Park BId F, Sokolovska 685/ 1361, 186 00 Praha 8, tel.: +420 220 382 111



OPD'VO Imunoterapie, ktera dava Sanci vice pacientiim
s témito onemocnénimi:
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adjuvantni lécby nebo jako soutast kombinované Iécby

pokro¢ily/metastazujici NSCLC
- po pfedchozi chemoterapii**®

\ﬂ ﬁ pokro€ily renalni karcinom - v monoterapii
nebo jako soucast kombinované lécby*”®

recidivujici/rezistentni Hodgkindv lymfom
- po pfechozi lécbé (ASCT a brentuximab vedotin)*?

rekurentni/metastazujici SCCHN - progredujici pfi

«» nebo po lécbé platinovymi derivaty**

pokrocily/metastazujici urotelialni karcinom
- po selhani |écby platinovymi derivaty*™"

ZKRACENA INFORMACE 0 PRIPRAVKU

Nazev pfipravku: OPDIVO 10 mg/ml koncentrat pro infuzni roztok. Kvalitativni a kvantitativni sloZeni: Nivolumabum 10 mg v 1 ml koncentratu. Indikace: Melanom:
v monoterapii/kombinaci s ipilimumabem u pokrocilého (neresekovatelného nebo metastatického) melanomu u dospélych. Adjuvantni Iécba melanomu: monoterapie
k adjuvantni lécbé dospélych s melanomem s postizenim lymfatickych uzlin nebo metastazami po kompletni resekci. Nemalobunéény karcinom plic (NSCLC): monoterapie
lokalné pokrocilého nebo metastatického NSCLC po pfedchozi chemoterapii u dospélych. Renalni karcinom (RCC): monaterapie pokrocilého RCC po pfedchozi terapii u dospélych;
v kombinaci s ipilimumabem terapie pokrocilého RCC v prvnilinii u dospélych se stfednim nebo vysokym rizikem. Klasicky Hodgkintv lymfom (cHL): monoterapie recidivujiciho
nebo rezistentniho cHL po autologni transplantaci kmenovych bunék (ASCT) a Iécbé brentuximab vedotinem. Skvamadzni karcinom hlavy a krku (SCCHN): monoterapie
rekurentniho nebo metastazujiciho SCCHN progredujiciho pfi nebo po 1€Cbé platinovymi derivaty u dospélych. Uratelialni karcinom (UC): monaterapie lokalné pokrocilého
neresekovatelného nebo metastazujiciho UC u dospélych po selhani lécby platinovymi derivaty. Davkovani*: Monoterapie: bud 240 mg iv. infuzi (30 min) kazdé 2 tydny
(vsechny indikace), nebo 480 mg i.v. infuzi (60 min) kazdé 4 tydny (pouze indikace melanom a renalni karcinom). Kambinace s ipilimumabem: Melanom: 1 mg/kg nivolumabu
i.v. infuzi (30 min) s ipilimumabem 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny, nebo 480 mg (60 min)
kazdé 4 tydny, prvni davka za 3 tydny (240 mg), resp. 6 tydnu (480 mg), a pak dale kazdeé 2 tydny, resp. 4 tydny. RCC: 3 mg/kg nivolumabu iv. infuzi (30 min) s ipilimumabem
1mg/kg iv. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab iv. infuzi 240 mg (30 min) kazdé 2 tydny, nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny
(240 mg), resp. 6 tydnu (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. Lécba vzdy pokracuje, dokud je pozorovan klinicky pfinas nebo dokud ji pacient snasi, u adjuvantni
|écby melanomu po dobu max. 12 mésict. Dal3i podrobnostiviz SPC. Zptisob podani: Pouze jako iv. infuze. Kontraindikace: Hypersenzitivita na lécivou latku nebo na kteroukoli
pomocnou latku. Zvlastni upozornéni: Nivolumab je spojen s imunitné podminénymi nezadoucimi Gcinky. Pacienti maji byt prabézné sledovani (min. do 5 mésict po posledni
davce). Podle zavaznosti NU se nivolumab vysadi a podaji se kortikosteroidy. Po zlepeni se musi davka kortikosteroidii snizovat postupné po dobu min. 1 mésice. V pfipadé
zavaznych, opakujicich se nebo jakychkoli Zivot ohrozujicich imunitné podminénych NU musi byt nivolumab trvale vysazen. U pacient s vychozim ECOG > 2, s aktivnimi
mozkovymi metastazami, oénim melanomem, autoimunitnim onemocnénim, symptomatickym intersticialnim plicnim onemocnénim a u pacientd, ktefi jiz uZivali systémova
imunosupresiva, je tfeba pfipravek pouZivat jen s opatrnosti. Interakee: Nivolumab je humanni monoklonalini protilatka a nepfedpoklada se, Ze inhibice nebo indukce enzymd
cytochromu P450 (CYP) nebo jinych enzyma metabolizujicich 1éky soucasné podavanymi pfipravky bude mit dopad na jeho farmakokinetiku. Vzhledem k potencialni interferenci
systémovych kortikosteroidt nebo jinych imunosupresiv s farmakodynamikou nivolumabu je tfeba se jejich podavani na pocatku, pred zahajenim lécby vyhnout. Lze je nicméné
pouzit k I6¢bé imunitné podminénych nezadoucich Gginkd. Téhotenstvi a kojeni: Nivolumab se nedoporutuje béhem téhotenstvi a fertilnim Zenam, které nepouZivaji Gginnou
antikoncepci, pokud klinicky pfinos nepfevysuje mozné riziko. Neni zndmo, zda se nivolumab vylu¢uje do matefského mléka. Nezadouci ucinky: Velmi casté: neutropenie, inava,
vyrazka, svédéni, prijem a nauzea, zvyseni AST, ALT, alkalické fosfatazy, lipazy, amylazy, kreatininu, hyperglykemie, hypokalcémie, lymfopenie, leukopenie, trombocytopenie,
anemie, hyperkalcemie, hyperkalemie, hypokalemie, hypomagnezemie, hyponatremie; u kombinace s ipilimumabem dale i hypotyredza, hypertyretza, snizena chut k jidlu,
bolest hlavy, dyspnoe, kolitida, zvraceni, bolest bficha, artralgie, muskuloskeletalni bolest, hore¢ka, hypoglykémie a zvyseny celkovy bilirubin. Dalsi podrobnosti k NU, zvlasté
imunitné podminénym, viz SPC. Pfedavkovani: Pacienti musi byt peclivé monitorovani s ohledem na pfiznaky nezadoucich acinkt a zahajena vhodna symptomaticka lécba.
Uchovavani: Uchovavejte v chladnicce (2 °C - 8 °C) v piivodnim obalu, aby byl pfipravek chranén pred svétlem. Chrarite pfed mrazem. Baleni: 4 ml nebo 10 ml koncentratu
v 10mlinjekénilahvicce s uzavérem a tmavé modrym, resp. Sedym odtrhovacim vitkem; 24 ml koncentratu ve 24ml injekéni lahvicce s uzavérem a cervenym odtrhovacim vickem.
Velikost baleni: 1injekéni lahvicka. Drzitel rozhodnuti o registraci: Bristol-Myers Squibb Pharma EEIC, Dublin, Irsko. Registracni €islo: EU/1/15/1014/001-003. Datum prvni
registrace: 19. 6. 2015. Datum posledni revize textu: duben 2020.

Vlydej Ié¢ivého pFipravku je vazan na lékatsky pfedpis. Pripravek je hrazen z vefejného zdravotniho pojisténi v téchto indikacich: pokro€ily maligni melanom v monoterapii
i kombinaci s ipilimumabem, pokrotily renalni karcinom v monoterapii i kombinaci s ipilimumabem, nemalobunégny karcinom plic, klasicky Hodgkinav lymfom a skvamézni
karcinom hlavy a krku. Podrobné informace o tomto pfipravku jsou dostupné na adrese zastupce drzitele rozhodnuti o registraci v CR: Bristol-Myers Squibb spol. s r.o.,
Budgjovicka 778/3,140 00 Praha 4, www.b-ms.cz. Pred pfedepsanim se seznamte s plnou informaci o pfipravku.

*VSimnéte si, prosim, zmén v Souhrnu Gdaju o pFipravku.

1. Weber|S, et al. Lancet Oncol 2015;16:375-84. 2. Rabert C, et al. N Engl | Med 2015;372:320-30. 3. Weber J, et al. N Engl | Med 2017:377:1824-1835. 4. Opdiva® (nivolumah), Souhrn idajt o pfipravku, 2020. 5. Brahmer , et al. N Engl ) Med 2015 Jul 9;373(2):123-35.
6. Borghaei H, et al. N Engl | Med 2015;373(17):1627-39. 7. Motzer |R, et al. N Engl | Med 2015;373:1803-1813. 8. Motzer R}, et al. N Engl ) Med 2018; 378:1277-1290. 9. Armand P. et al. Journal of Clinical Oncology 2018;36:1428-1439. 0. Ferris RL, et al. Oral Oncology
2018 (81):45-51.11. Sharma P, et al. Lancet Oncol 2017;18:312-22. 12, Bedke ), et al. Oral presentation at German Society for Hematology and Medical Oncology (DGHO) Annual Meeting 2017,

d“l Brist0| Myers Squibb”” 1506CZ2002712-01, datum schvaleni 14. 5. 2020



