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Vedecke odhady konstatuju, ze jednej tretine
najCastejsich zhubnych nadorov sa da predist:

mZdravou stravou
B Telesnou aktivitou < nad 30 minut denne>
mZ2dravou telesnou hmotnostou

Ak sa nefajcCilo - odvratilo by sa este vacsiemu
mnozstvu pripadov rakoviny.

WCREF, AICR, 2007 — 2017
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Telesna aktivita a
zhubneé nadory




Ako funguje vztah medzi telesnou
aktivitou a rakovinou?

Existuju vedecké dokazy o vazbach medzi
telesnou aktivitou a zhubnymi nadormi.

Zapal

Imunita

Ooxidacny stres a oprava defektov DNA
Pohlavnhé a metabolické hormony
Adipocytokiny a dalsie faktory ...



Mechanizmy vplyvu telesnej
aktivity na riziko rakoviny

Vedecké dokazy sa ziskali:

VModelove studie na zvieratach &tuduja priame
ucCinky v zivych tkanivach a biologickych vzorkach)

Epidemiologicke observacne studie
— (porovnavaju biologické markery s uroviou TA)
— (priklad: typ tréningov a kapacita reparacie DNA)

Humanne intervencneé studie

— (RCT umoznuju priame meranie ucinkov a kauzality)

— (Biologicke markery sa vyuzivaju ha sledovanie ucinnosti
TA) @ (napr. zvysenie CRP pri kolorektalnom Ca)



Physical Activity
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-
DNA Repair

Vitamin D Inflammatmn Capacity
4 Sex hormones

Insulin/Glucose Gut

Immunity Adipokines ' microbiome?

Cancer Risk

Ulrich, 2013

National Center for Tumor Diseases

German Cancer Research Center

Fred Hutchinson Cancer Research Center, Seattle



PHYSICAL ACTIVITY AND CANCER PREVENTION 34578

TABLE 1

Summary of observational epidemiologic evidence on the association between physical activity and cancer

Strength of risk association

Consistency of Overall level
evidence for Range of risk Average risk Dose- of scientific
Cancer site decreased risk1 estimates reduction response2 evidence3
Colon 43 of 51 0.3-1.0 40-50% 250f29 Convincing
Breast 32 0f 44 0.3-1.8 30-40% 20 of 23 Convincing
Prosiate 17 of 30 0.5-2.2 10=30% 90f13 Prebable
Endometrium 90of13 0.1-1.0 30-40% 50f6 Possible
Lung 8 of 11 0.4-13 30-40% 40f5 Possible
Testis 3of9 0.5-3.3 10-30% 30f3 Insufficient
Ovary 3of7 0.3-25 20-30% 2of2 Insufficient
Kidney 20f6 NA4 NA 1 of1 Insufficient
Pancreas 30f3 NA NA 2o0f2 Insufficient
Thyroid 20f2 NA NA NES Insufficient
Melanoma 20f2 NA NA 1 0of1 Insufficient

1 Of the total studies, number of studies demonstrating a reduction in risk of cancer with increased levels of physical activity.

2 Of the total studies examining trend, number of studies demonstrating a dose-response for decreased risk.

3 Definitions adapted from the World Cancer Research Fund and American Institute for Cancer Research (1). Convincing evidence is defined as
evidence that is conclusive; probable evidence indicates evidence is strong enough to conclude that a causal relation is likely; possible evidence
indicates a causal relation may exist; insufficient evidence indicates evidence is suggestive but too sparse to make a more definitive judgment.

4 NA, not applicable. Too few studies conducted to estimate a range in risk estimates.

5 NE, not examined.

NajpresvedcivejSie dokazy o antikarcinogénnom vplyve TA sU pri:
Karcinome hrubého creva
Karcinome prsnika



* Nedostatok telesnej aktivity
* Pasivny - sedavy zivotny styl
I & 4

- Ubytok svalovej hmoty
* Pribudanie tukovej hmoty (abdomen, kostrove svaly)

* Infiltracia visceralneho tuku zapalovymi bunkami
» Chronicka systémova inflamacia

 Inzulinova rezistencia | ateroskler6za
 Proliferacia buniek a rast tumorov | porucha tvorby kosti

« Diabetes mellitus 2, kardiovaskularne choroby, osteoporoza
« Zhubné nadory



12m exercise reduces C-reactive protein
among obese women

p<0.001

m Ctrl-BL
B Ctrl-12m
O Ex-BL

[ Ex-12m

Waist circ. <88cm Waist circ. >88cm

P. Campbell, Medicine Sports Science Exerc 2009

12 mesacné cvicenie znizuje CRP u obéznych zien

Campbell, 2009



Physical activity is highly correlated
with vitamin D levels (NHANES)

25 (OH)
Vit D
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Telesna aktivita dobre koreluje s hladinou
vitaminu D v sére [25(0H)vitamin D1

Scragg & Camargo. Am J Epi. 2008



NEW: Diet & Exercise interventions decrease serum
leptin levels among postmenopausal women (n=439)

. |P<0.0001 P<0.0001 p.p 005

Baseline

m 12 months
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Leptin: je peptidovy adipocytokin, ma proinflamatdorne ucCinky a uznava sa ako
marker nadoroveého rizika.

Redukcna diéta a telesna aktivita: znizuju sérovu hladinu leptinu

Najvacsi pokles leptinu: sa pozoroval u obéznych postmenopauzalnych zien pri
kombinacii diéthej a pohybovej intervencie

Abbenhardt. J Int Med., 2013



Telesna aktivita a
hepatocelularny karcinom
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Zivotny styl a HCC
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Zivotny styl a HCC

© Obezita a DM maju uzky vztah kK NAFLD a prispievaju tym k
Zvysenému riziku HCC.

© Vysledky humannych studii, aj studii na zvieracich modeloch
potvrdili inverznu asociaciu medzi telesnou aktivitou a HCC.

© Fajcenie zvysuje riziko vzniku HCC.

© Pitie kavy sa asociuje so znizenym rizikom vzniku HCC.

© Medzi molekularne mechanizmy, ktoré su podkladom ucinkov
Zivotného stylu a HCC, patria najma:

— ZMmeny vV imunitnom systéme
— 2apaloveé reakcie
- Aktivacia AMPK
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Nadbytocny energeticky prijem zvysuje riziko
vzhiku HCC nezavislé od cirhozy pecene

Nadbytocny energeticky prijem vedie k akumulacii tuku v
hepatocytoch v dbésledku zvysenej lipogenézy, znizenej B-oxidacii a
importovanim MK z tukového tkaniva.

Nadbytok tuku v hepatocytoch indukuje lipotoxicitu, oxidacny stres,
inzulinovu rezistenciu a zapal.

Nasledna hyperinzulinémia a hyperglykémia podporuju procesy
karcinogenézy a zvysuju riziko vzniku HCC.

Deregulacia signalnych impulzov adipokinov z tukového tkaniva
podporuje este navyse zapal a inzulinovu rezistenciu.

Zapalové a onkogénne signaly podporuje aj zmenena crevna
mikrofiora.
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Priaznive ucinky telesnej aktivity
Zhizuju riziko HCC
Co ma za nasledok zvyseny energeticky vydaj pri telesnej aktivite?

mZvyseny vydaj energie pri telesnej aktivite poésobi opachym
sposobom ako nadmerny energeticky prijem a znizuje tak jeho
prokancerogénne dosledky.

EINavyse cvicenie znizuje riziko vzniku HCC prostrednictvom viacerych
mechanizmov, ktoré su ciastocne nezavislé od dosledkov energetickénho
prijmu (zvysena perfuzia, zvysené imunitné funkcie, metabolické zmeny
(zvysenie B-oxidacie), aktivacia tumorovych supresorov, zhizenie
systémoveého zapalu a zvysenie inzulinovej senzitivity.

EKostrové svalové su hlavnym cielom cvicenia a telesnej aktivity.

EICvicenie a TA maju vplyv ha mnoho telesnych organov a systémov, za
hlavny zdroj prospievajuci k zvyseniu inzulinovej rezistencie a k
zvyseniu protizapalovych podmienok sa pokladaju kostrové svaly.



Cell growth
Cell proliferation
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Hepatocelularne signalne drahy, na ktoré
moze mat vplyv telesna aktivita

Zvyseny prijem energie a Zivin zvysuje hladinu cirkulujuceho inzulinu

a rastovych faktorov, Cim sa aktivizuje signalna draha PI3K-Akt.

Cvicenie indukuje aktivaciu AMPK, ktory spusta dalSie reakcie, ktoré

Zhizuje aktivitu PI13K-Akt.

Cvicenie a restrikcia energetickeho prijmu inhibuju expresiu SIRT1 v
pecenovych bunkach, o nasledne vedie k zvysenej aktivite signalnych
drah AMPK, SIRT1 a SIRT3 a k inhibicii SIRTA.

Inhibicia SIRT4 zvysuje hepatalnu inzulinovu senzitivitu prostrednictvom
Z\Vysenej oxidacii lipidov.

Aktivacia AMPK sa silne asociuje s uCinkami tumor supresorov.

Antikarcinogénne Ucinky dalsich energetickych senzorov (SIRT1/3/4)
vyzaduje dalsi vyskum.




Telesna aktivita a hepatocelularny karcinom

Vyhody telesnej aktivity pred stanovenim diagnozy HCC
Primarna prevencia HCC

EPravidelna telesna aktivita znizuje negativne dosledky prejedania sa
energeticky nadmerne denznou stravou (zmensuje inzulinovu rezistenciu a
tiImi neprimerany narast telesnej hmotnosti a vznik obezity).

mVysledky kohortnej studie z Taiwanu' potvrdili postupnu korelaciu
medzi znizovanim rizika HCC a urovnou telesnej aktivity. K podobnym
vysledkom dosla aj studia NIH2.

EIPre primarnu prevencii plati, ze mortalita asociovana s HCC sa znizuje
U pacientov (pred stanovenim diagnozy HCC), ktori dodrziavaju rezim
stredne intenzivnhej az silne intenzivnej telesnej aktivity (>7
hodin/tyzden): [RR 0,71; 95% confidential interval, 0,52 - 0,98]

"Wen a kol. 2012 / °Behrens a kol. 2013 / *Arem a kol. 2014



Telesna aktivita a extrahepatalne zhubné nadory

Vyhody telesnej aktivity po stanoveni diagnozy nadorov
Terciarna prevencia

ETelesna aktivita priaznivo vplyva aj na vysledky liecby po stanoveni
diagnhdzy niektorych zhubnych nadorov.

EPri extrahapatalnych nadorovych ochoreniach (Ca prostaty, Ca prsnika a
Ca kolorekta) vysledky vyskumov potvrdzuju u telesne aktivnych
pacientov oproti telesne pasivhym pacientom:

o zlepsenie kvality zivota pacientov po stanoveni nadorovej diagnozy;

© Znizenie rizika nadorovej recidivy, a

© znizenie rizika nadorovej mortality az do 50 % (prostata, prsnik, KRK)

EU muzov s vcasnym Ca prostaty dokaze silne intenzivne cvicenie (> 3
hod/tyzden) znizit nadorovu mortalitu o0 61 % a progresiu o 57 % 12,

Kenfield a kol. 2011 / 2Richman a kol. 2011



Telesna aktivita a hepatocelularny karcinom

Vyhody telesnej aktivity po stanoveni diagnozy HCC <?>
Sekundarna prevencia
Terciarna prevencia

ENa urovhni sekundarnej prevencie mozno predpokladat priaznivé
ucinky pri pozitivnych zmenach zivotospravy u pacientov s pecenovou
cirhozou.

ENa urovni terciarnej prevencie odpovede na otazky moznosti
priaznivého vplyvu telesnej aktivity u rozvinutého HCC zatial nie su jasné.

ENie su t.c. dostupné dokazy o tom, ze by cviCenie a telesna aktivita
znizovali rekurenciu HCC.

Saran a kol. 2016



Uéinky cvicéenia a telesnej aktivity na pecen

Pravidelna telesna aktivita:

EZnizuje mieru pecenovej steatozy.

EZlepsuje inzulinovu senzitivitu v peceni — a to aj bez
Znizovania nadvahy.

EZlepsuje inzulinovu senzitivitu v tukovom tkanive -
S naslednym znizenim prisunu mastnych kyselin do
pecene — a to bez ohladu na BMI.

EMa hegativnhe asociacie s NAFD a NASH.

Gauthier a kol. 2004 / Schultz a kol. 2012 / Aguiar e Silva a kol. 2012 / Rector a kol. 2008 / Gauthier a kol. 1998



Uéinky cviéenia a telesnej aktivity na pecen

2vyseny energeticky vydaj:

EPravdepodobne zmiernuje prokancerogénne viastnosti
lipotoxicity.

EZvysena inzulinova senzitivita neutralizuje glukézovy fenotyp
buniek karcinomu

EV experimente na zvieracich modeloch malo pravidelné cvicenie
vacsi ucinok na priaznivé metabolické zmeny v peceni nez diétne
modifikacie.

Ellntervencné programy zamerané na cvicenie a zvyseny vydaj
energie dokazu navodit priaznivé zmeny v tukovom tkanive, znizit
steatozu, inzulinovu rezistenciu, systémovy zapal a dalSie parametre
metabolického syndromu.

Stallknecht a kol. 2000 / Pola a kol. 2005 / Bae a kol. 2011 / Kistler a kol. 2011 / Krasnoff a kol. 2008 / loannou a kol. 2009



WCRF - Continual Update Project - Liver Cancer
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Hnalysing reszarch on camcer
jprevention and suninal

Fish
Physical activity®

Limited - no conclusion Cereals (grains) and their products, non-starchy vegetables.
fruits, peanuts (groundnuts). meat and poultry, satted fish,
tea, green tea, ghycaemic indax, calcium and wvitamin D
supplements, vitamin C, water source, low fat diet

1. Foods that may be contaminated with afatoxins Include cereals (grains), as well as pulses
(lepumes), seeds, nuts and some vegetabies and frults.

2. Based on evidence for alcohal Intakes above around 45 grams per day (about 3 drinks 3 day).
MO concluslon was possible for Intakes below 45 grams per day. Thare IS Insuficient evidence
to conciude that there Is any difference In effect batween men and women. Alcohol consumption

In pernarship with
Is graded by the International Agency for Resoarch on Cancer (IARC) as camcinoganic to humans
] o Workd “ay Wersld iy, Wordd (Group 1} [2].
Inssitute: for Cancar Harihee Cancer
lf)mm me*“' (i}m“‘ 'G |-l 3. Boady fatnoss | marked by body mass Index (BMI).

T TY ] 4,_Physical activity of al fypes.

WCRF, CUP. Diet, nutrition, physical activity avnd liver cancer. London, 2015
Analyza novych kohortnych Studii do roku 2015 / Ziadne metaanalyzy do roku 2015




WCRF - Continual Update Project - Liver Cancer

with findings from the 2005 SLA, but with mone stumes and cases, and consistent with
findngs from & published poolied enalysis. There was ample evidence sUEgestve of &
norHinear relationship with 3 statistically sligniticant effect above aoout 45 grams per day.
Mo conclusion was possibde for imtakes below 45 grams per day. There was Insufficient
evidence to conclude that thene |s ey diference In eMect between men and women.
There I5 alsa evidence of pliauskie mechanisms operating In humans. Alcohol 15 @ known
cause of CIMos|s and 3 known carcinogen. The CUP Panel conciuded:

Consamption of alcohofic drinks Is a comvincing cause of liver cancer. This ks
based on evidence for sicohal Intakes above about 45 grams per day
{around 3 drinks 3 day).

T.5 Physical activity
(A0 see Liver Cancer SLR 2014: Sections 6, 61 6113 6114 and £.1.3)

Thee evidence for total physical actvity, kelsuredime physical actyety, walking and
vigoraus physical ectivity |5 presented Delow and Tollowed by an overall conclusion that
Incorporates @i of these exposUnes.

The CUP idemtifled four new studies (four publications) [51-84). The results reparted by
the Individual studies ame summansed Delow. No FHE'TJ-H'IE!‘_[SIE Was Conducted in the
Liver Cancer SLR 2014 No studies wene identified In the 2005 SLA.

Total physical sctivity
One cohort study In fapanese men end women [52] abserved a non-significant
decressed nsk of VBT CENCET When mDEﬂI'Ig_“'IE hErES-‘I and lowest levals of B:lmt!f'
[RR 0.54 [95% C 0.23-1.29); n = 64).

Laksure-time physical sctivity

Two cohart studles were Identiied |81, 83]. The most recant study [B3] reported 2
S-HUE’.IBEII:[ EIEHI'I'IDEFH. decreasen fnsk of Iver cancer whan Companng I'I.EI‘EFIE'\'E{S af
actuity with lower loveds of actiity (RA 0,88 [95% C1 0.B1-0.05]); n = 163). The other
5-1]JI?_" reparied 3 I'IZIF-S.I,EI'ITI'II:-EFI’. decregsed nsk of [ver cancer mnrtalltg' In ok men and
WOMmen WHER Companng the highast Ievels of acthity with the [owest lavels of Sotivity
(AR 0.B8 (05% CI 0.,64-1.21) and RA 0.64 {95% CI 0.37-1.11) for man and women
respactively) [B1L

Walking
Ona cohort study In iapanese man end women [B1] reported a statistically significent
decreased fsk of [ver cancer morality in baoth men and women when comparng the
highast and the lowast levels of walldng per day (RR 0.70 (95% CI: 0.54-0.81); n = 377
and RA 0,54 (95% CI D.37-0.7B); 1 = 143 for man and women respactively).

WCRF, CUP. Diet, nutrition! p

hysica

Vigorous piyskcal sctivity
Cne conort study [E4] reported & statistcally significant decreased nsk of (ver cancer
whan companng vIgomus physical 3ctivity five or More tmas par wesk with No actiity
{AR 0.56 [95% C 0.41-0.78); n = 415).

Mechanisms

Mote: In the futwe, & full review of Mechamismes for this enposure will fom part of 2 lager
rexiEw of MEchanisms (see section 6.1 In this rapart).

Physical actwity may reduce risk of IVer cancer 1ough ts beneficlal effect on insulin
sanshivity snd body Batness. Reguler physical sctivity helps to achieve and malntain a
haaithy bady weight and iImproves plucosa ubilsation, independant of the effect of weight
licss on Insulln Sensiviy [B4]. Regular physical actvity may also prolect agsinst Iver cancer
by FEdLCIng chInic Inflammation; some studies sugeEest that this is medisted thiough
walght reduction. it may also decrease the sk for Bver cancer through a mechanism
Irveiving reducing oxidatve stress, which |s associsted wiih inducng Iver cancer.

CUP Panal's conclusion:

The evidence was generally consistent and all studles reported a decreased sk of lver
cancer with higher levels of physical activity; however, because difierent types of activity
ware messured 3nd @ varlety of MEISUres wen Used to collact the gats, no mats-
analyses could be concucted. The CUP Panel concluded:

The avidencs suggesiing that higher levels of physical activity decrease the risk
of liver cancer 1s limited.

1.6 Body fatness
{Ak0 5@ Liver Cancer SLR 2014: Saction £.1.1)
The Paned Interpreted body mass index (BMI) 25 a measure of body Tatness. The Pansal is

awzre that this aathropometric messure |s Imperect and toes not cistingulsh bebwesn
lezn mass and fat mass.

Body mass index
The CUP identified 14 new or updated studmes (18 punlications) [45, 48, 58, 589, B5-08],
ghing 3 totel of 15 Stumas (22 publicabions) on liver cancer [see Liver Cancer SLR 2014
taile 55 for a full list of references). Of 11 studes (13 estimates) reporting on Iver
cancer ncidence, ninge reported 3 posiive Essociation when comoanng the highest and
the lowest categonies, of which st were statistically significant; one reporied a significant
positive asseciation in men and a non-significant pesitive assoclation in women; and

one reported 3 positive sssociation In men &nd an Iverse sssockation In women, both of
which were not significant (ses Liver Cancer SLR 2014 figure 53).

act|V|tv and liver cancer. London, 2015

CARCEN REFORT 2005

Kohortné étudie: Suzuki. 2007 / Inoue a kol. 2008 / Yun a kol. 2008 / Behrens a koI 2013
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