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ŠTO JE ZAPRAVO RAK?

Rak = genetska bolest -

poremećaj gena za kontrolu rasta i 

diobe stanica koji dovodi do 

nekontroliranog rasta

Rak <> kronična upala
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX, https://en.wikipedia.org/wiki/Bacteriophage https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-

cigarette-with-ash-and-smoke-on-transparent-background-png.png https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.bonappetit.com%2Fstory%2Falcohol-you-need-to-

refrigerate%3Fsrsltid%3DAfmBOoqEPaA6F4YuM4HK3UfFHU3oapTiuZoZZnGrDf46yFOlrsEuC3nC&psig=AOvVaw2O0bRSPev4wHgI6aTvk72A&ust=1761067012659000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCODNyv-js5ADFQAAAAAdAAAAABAE

https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhr.m.wikipedia.org%2Fwiki%2FDatoteka%3ADNA_simple.svg&psig=AOvVaw1z43_awiZvAKjLY5GY3zDP&ust=1761066710188000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOjijO-is5ADFQAAAAAdAAAAABAX
https://en.wikipedia.org/wiki/Bacteriophage
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://static.vecteezy.com/system/resources/thumbnails/052/968/778/small/realistic-burning-cigarette-with-ash-and-smoke-on-transparent-background-png.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png
https://png.pngtree.com/png-vector/20250612/ourmid/pngtree-bright-sun-symbol-clipart-png-image_16524644.png


BAKTERIJE I RAK?



Vivarelli S et al. Gut Microbiota and Cancer: From Pathogenesis to Therapy. Cancers (Basel), 2019.

1) BAKTERIJE ŠTITE OD TUMORA,



https://www.nature.com/articles/nri.2016.89



Vivarelli S et al. Gut Microbiota and Cancer: From Pathogenesis to Therapy. Cancers (Basel), 2019.

2) BAKTERIJE UZROKUJU TUMORE,



https://www.nobelprize.org/prizes/medicine/2005/press-release/

H. pylori infection is a major risk 

factor for gastric cancer, with 

a reported adjusted hazard ratio 

(HR) of 3.91, and even higher for 

CagA-positive strains (HR of 6.27

https://www.gioncologynow.com/post/treatment-for-h-pylori-reduces-gastric-cancer-risk-even-in-those-with-family-history

https://www.nobelprize.org/prizes/medicine/2005/press-release/
https://www.nobelprize.org/prizes/medicine/2005/press-release/
https://www.nobelprize.org/prizes/medicine/2005/press-release/


3) BAKTERIJE LIJEČE TUMORE

 Dr. William B. Coley je injicirao inaktivirani streptokok i Serratiu u pacijenta s inoperabilnim 
sarkomom te je postigao smanjenje tumora, nastavio sa preko 1000 pacijenata u New Yorku…

1893.





ZAŠTO SU STALA ISTRAŽIVANJA?

 Problem: metodologija
 Različiti sastavi bakterijskih toksina, dozaža

 Različita primjena (i.v./i.m./ direktno u tumor)

 Nekonzistentni rezultati (danas poznato preko 50 tipova sarkoma), i 
mnoge molekularne alteracije u svakom

 Razvoj radioterapije i kemoterapije

 Manjak popratne tehnologije (DNA/RNA 
sekvencioniranje, monoklonalna antitijela)



MIKROBIOM I RAK?



Berg i sur. Microbiome definition re-visited: old concepts and new challenges. 2020. BMC Microbiome



VAŽNOST MIKROBIOMA U ONKOLOGIJI

• Glodavci sa ‘sterilnim’ crijevima ne reagiraju ili slabije reagiraju 
na oksaliplatinu (Iida N, Science 2013.), cisplatinu (Gui QF, 
Genet Mol Res, 2015),  i ciklofosfamid (Viaud S, Science 2013)

• Imunoterapija ne utječe na tumorski volumen u miševa sa 
sterilnim crijevima - nadoknadom određenih bakterijskih 
sojeva učinak imunoterapije se vraća

• Ključni lijekovi u onkologiji 



MIKROBIOM KAO PROGNOSTIČKI FAKTOR

Yu et al. Gut microbiota infuence immunotherapy responses: mechanism and therapeutic strategies. J Hem&Onc

2022.

Tek djelomično 
preklapanje 

„dobrih 
bakterija”

„LOŠE BAKTERIJE” KONZISTENTNIJE



STING = microbiota-derived stimulator of interferon genes 

ZAŠTO MIKROBIOM UTJEČE NA RAK?



PROBIOTICI I RAK?



1) Učinci na prevenciju malignih oboljenja

2) Učinci povezani sa suportivnom terapijom 

3) Učinci povezani s onkološkom terapijom



PREVENCIJA MALIGNIH OBOLIJENJA

1) L. Bacilus Shirota redovno korištenje > 4 puta tjedno od adolescencije s 

35% nižim rizikom za karcinom dojke te 40-50% nižim karcinomom 

mjehura

2) L. Rhamnosus i Propionibacterium freudenreichii može utjecati na razinu 

aflatoxina (rizik za karcinom jetre). 

3) Probiotici mogu smanjiti rizik od postoperativnih komplikacija nakon 

operacije karcinoma debelog crijeva

Toi et al. Probiotic Beverage with Soy isoflavone consumption for breast cancer prevention: a case-control study. Current Nutrition & Food science. 2013. 

Ohashi et al. Habitual Intake of Lactic Acid Bacteria and Risk Reduction of Bladder Cancer. Urologia Internationalis. 2002.

Liu ZH et al. The effects of perioperative probiotic treatment on serum zonulin concentration and subsequent postoperative infectious complications after colorectal cancer surgery: A double-center and double-blind randomized 

clinical trial. American Journal of Clinical Nutrition. 2012.



PROBIOTICI KAO PREVENCIJA
PROBLEM

1) Vrlo mali broj istraživanja

2) Izrazito teško dizajnirati kvalitetne studije

1) Faktori koji utječu na rezulate

2) ‘Compliance’ pacijenata

3) Veliki broj pacijenata potreban

3) Dvojbeni rezultati koji su jako teško primjenjivi u svakodnevnom 

životu

1) Koliko dugo uzimati probiotike?

2) U kojoj dozi?

3) Utjecaj hrane i lijekova?

4) Individualnost mikrobiote



SUPORTIVNA TERAPIJA

• Proljev: s irinotekanom do 50-
90% bolesnika

• Rani: direktni kolinergični 
učinak na crijeva

• Kasni: citotoksični učinak na 
stanice crijeva, gubitak 
integriteta mukoze i 
malapsorpcijski efekt

• Trenutne smjernice: loperamid i 
promjena prehrane

• Mego i suradnici: redukcija gradus III/IV proljeva s 17% na 0% 

tijekom davanja irinotekana

– Bifidobacteria i Lactobacillus

– 6 tjedana

– Bez dodatnih nuspojava

Mego et al. Prevention of irinotecan induced diarrhea by probiotics: A randomized double blind, placebo controlled pilot study.

Complement Ther Med. 2015



• Depresija je čest problem u onkoloških bolesnika

• Prevalencija kliničke depresije se procijenjuje na oko 25%

• Moguća povezanost s preživljenjem
U bolesnika s karcinomom pluća i bez znakova depresije preživljenje je bilo 14 mjeseci, u odnosu na 6,8 mjeseci u 

bolesnika s depresijom (HR 1.9)

• Utjecaj probiotika na depresiju u onkoloških bolesnika – ne znamo, ali:
• Više kliničkih studija na ne-onkološkim bolesnicima

•Bolesnici s velikom depresivnom epizodom > 8 tjedana placebo vs L.acidophilus, casei i B. 
bifidum
• Poboljšanje u Beck Depression Index (-5.7 vs -1.5) 

Kreber et al: Prevalence of depression in cancer patients: a meta-analysis of diagnostic interviews and self-report instruments. Psychooncology 2014.

Arrieta et al: Association of depression and anxiety on quality of life, treatment adherence, and prognosis in patients with advanced non-small cell lung cancer.

Ann Surg Oncol 2013.

SUPORTIVNA TERAPIJA

Akkasheh G et al: Clinical and metabolic response to probiotic administration in patients with major depressive disorder: A randomized, 

double-blind, placebo-controlled trial. Nutrition. 2016 Mar

Pinto-Sanchez MI et al: Probiotic Bifidobacterium longum NCC3001 Reduces Depression Scores and Alters Brain Activity: A 
Pilot Study in Patients With Irritable Bowel Syndrome. Gastroenterology 2017. Aug



KONTROVERZA S IMUNOTERAPIJOM



Slikovni rezultat za MASCC/ISOO

https://mascc.org/resources/mascc-guidelines/

https://www.mascc.org/isoo


ŠTO JE PROBLEM S 

PROBIOTICIMA I 

ONKOLOGIJOM?



 ‘Doze?
 Varijabilnost koncentracije od 1 x 108 do 20 x 1010

 Doziranje od 1x1 do 4x1

 Sastav?
 Od 1 do 10 sojeva bakterija
 Pomoćne tvari

 Trajanje uzimanja?
 4 tjedna do 10 mjeseci pa i nekoliko godina

 Kontroverzni rezultati
 Metabolički i upalni parametri
 Jako mali broj studija na ljudima, rijetke potvrdne studije, „more” nekvalitetnih studija
 Sigurnost – opisani rezultati i sepse u imunokompromitiranih bolesnika

PROBLEMI S DIZAJNOM STUDIJA



„Isti probiotik” = različit učinak



Isti probiotik = različit učinak



„…all the current knowledge 
emphasises the complexity

nad bidirectionality… 
between microbiome and 

cancer.”

Vivarelli S et al. Gut Microbiota and Cancer: From Pathogenesis to Therapy. Cancers (Basel), 2019.



 Bakterije mogu uzrokovati, sprječavati i liječiti rak
 Rak može mijenjati sastav mikrobioma
 Studije s probioticima imaju izazove zbog dizajna studija, nereguliranog 

tržišta, individualnosti ljudi

 Kada koristiti probiotik u onkologiji:
 Prevencija proljeva tijekom RT ili KT/RT tumora zdjelice
 Liječenje proljeva tijekom kemoterapije
 Uz antibiotik tijekom onkološkog liječenja

 Koji probiotik koristiti:
 Onaj koji je baziran na laktobacilima i bifidobacilima, višesojni > monosojni
 One tvrtke koje ulažu u znanstvena istraživanja

ZAKLJUČAK



Hvala na pažnji!
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