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Abstract  

This review (2020–2025) examines the growing link between gut health and breast 

cancer (BC), focusing on probiotics from fermented foods such as yogurt, kimchi, and 

sauerkraut. Strains like Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus, 

and Bifidobacterium animalis subsp. lactis demonstrate supportive potential through 

multiple mechanisms: enhancing immune activity (e.g., Th1/NK cells), reinforcing gut 

barriers, generating anti-inflammatory short-chain fatty acids via cross-feeding, and 

modulating estrogen metabolism. 

Clinically, multi-strain probiotics show particular promise, with randomized trials indi-

cating benefits such as reduced chemotherapy-related cognitive decline and gastrointes-

tinal toxicity. Low baseline gut diversity may predict poorer treatment tolerance, under-

scoring the potential of microbiome-focused strategies. Although generally safe, cau-

tion is advised in immunocompromised patients due to rare infection risks. 

In conclusion, food-sourced probiotics are a safe and biologically plausible adjunct for 

BC supportive care. Integrating them into a fiber-rich diet before chemotherapy may 

improve treatment tolerance. However, further rigorous trials are essential to identify 

optimal strains, clarify interactions with therapies like immunotherapy, and enable per-

sonalized applications. 
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Introduction 

Breast cancer (BC) care increasingly recognizes the 

gut–immune–endocrine axis as a modifiable determi-

nant of treatment tolerance and quality of life. Probi-

otics are defined as “live microorganisms that, when 

administered in adequate amounts, confer a health 

benefit on the host,” as consolidated by ISAPP con-

sensus statements. Fermented foods are a predomi-

nant source of candidate probiotic taxa. Common 

food‑derived strains include Lactiplantibacillus 

plantarum (kimchi, sauerkraut, olives), Lacticaseiba-

cillus rhamnosus and L. casei group (dairy/

vegetables), Lactobacillus delbrueckii subsp. bulgari-

cus and Streptococcus thermophilus (yogurt starters), 

and Bifidobacterium animalis subsp. lactis 

(fermented milk/yogurt). Converging evidence sug-

gests these microbes and their metabolites can regu-

late inflammation, epithelial integrity, and estrogen 

metabolism, all relevant to BC biology and to toxicities 

from chemotherapy and targeted therapies. 

This review updates the field with emphasis on 

food-derived probiotics and practical considerations 

for clinicians and researchers, while outlining safety, 

knowledge gaps, and research priorities. 
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Search Strategy and Scope  

We conducted targeted searches (January 2020–

August 17, 2025) in PubMed/Medline, Web of Sci-

ence, and Google Scholar using combinations of: 

“breast cancer,” “probiotic*,” “fermented food,” 

“yogurt,” “kimchi,” “kefir,” “Lactobacillus,” 

“Bifidobacterium,” “synbiotic,” “postbiotic,” 

“chemotherapy,” “immunotherapy,” and “cognitive 

impairment.” Inclusion prioritized RCTs in BC and 

high‑quality clinical or mechanistic studies involving 

food‑derived taxa or fermented foods. We excluded 

honey‑derived microorganisms. Given heterogeneity 

of designs and endpoints, this is a narrative review. 

The Gut–Mammary Axis, Estrobolome, and Treat-

ment Tolerance 

The gut microbiome communicates with the mamma-

ry gland via immune, endocrine, and metabolic routes. 

Cross‑sectional and longitudinal studies indicate that 

BC and its treatments are associated with reduced al-

pha diversity and altered community composition, in-

cluding depletion of SCFA‑producing taxa, which cor-

relates with symptom burden and treatment side ef-

fects. In a 2024 prospective study, lower pre‑chemo-

therapy alpha diversity predicted greater chemothera-

py‑induced gastrointestinal symptoms in women with 

BC, suggesting candidates for microbiome‑directed 

preventive strategies. The “estrobolome”, microbial 

genes involved in estrogen metabolism, may influence 

enterohepatic recycling of estrogens via microbial 

β‑glucuronidases; modulation of this axis is a putative 

pathway linking probiotics and BC risk or course. 

Food‑Derived Probiotic Taxa and Dietary Sources 

Yogurt starters: Lactobacillus delbrueckii subsp. bul-

garicus and Streptococcus thermophilus the canonical 

starters with symbiotic growth in milk, remain the 

backbone of most yogurts. Many commercial yogurts 

additionally include Bifidobacterium animalis subsp. 

lactis (e.g., BB‑12–type strains). 

Fermented vegetables: Kimchi, sauerkraut, olives, and 

pickles often harbor Lactiplantibacillus plantarum, L. 

brevis, Leuconostoc spp., and Weissella spp.; human 

feeding studies show fecal increases of food‑associat-

ed lactobacilli after intake.  Kefir and cultured dairy: 

Kefir grains yield communities enriched in lactobacilli 

(e.g., L. kefiri), lactococci, Leuconostoc, acetic‑acid 

bacteria, and yeasts; some strains exhibit immuno-

modulatory properties in preclinical BC models. 

These microbial taxa are not interchangeable, as their 

health effects depend on specific strains and dosages. 

In addition, fermented foods provide postbiotic com-

pounds—such as organic acids, bacteriocins, and ex-

opolysaccharides that may exert biological activity 

even in the absence of live cells. 

Mechanistic Plausibility for BC Prevention and 

Supportive Care(Table1) 

  Immune modulation and anti‑tumor responses 

Preclinical studies show that oral Lactobacillus casei 

(including CRL431 and BL23) and L. acidophilus can 

enhance Th1‑skewing (IL‑12, IFN‑γ), improve NK 

cell activity, and delay breast tumor growth and me-

tastasis in murine models. Milk fermented with L. ca-

sei CRL431 reduced tumor vascularity and lung me-

tastasis, consistent with immunomodulation. 

 

  Barrier integrity and inflammation  

Food‑derived lactobacilli and bifidobacteria support 

epithelial tight junctions and reduce endotoxin translo-

cation. Clinically, lower baseline microbiome diversi-

ty and loss of SCFA producers track with more severe 

chemotherapy‑related GI symptoms; mechanistically, 

SCFAs (notably butyrate) promote epithelial health 

and anti‑inflammatory signaling. 

 

  Metabolites and cross‑feeding 

The gut bacteia Lactobacilli and Bifidobacteria produce 

lactate and acetate. Other beneficial bacteria, 

like Anaerobutyricum hallii, then use these substances to 

create butyrate. This butyrate is important because it pro-

motes healthy cell growth, reduces inflammation, and can 

have anti-cancer effects, all of which are relevant to breast 

cancer biology and how well a patient handles treatment. 

  Estrobolome and microbial β‑glucuronidase (GUS) 

Certain gut bacteria produce an enzyme called GUS 

that can reactivate estrogen, which may increase the 

body's overall estrogen levels. Recent research sug-

gests that probiotics and prebiotics might reduce this 

enzyme's activity, but the results depend heavily on 

the specific types of bacteria and fibers used. Scien-

tists are now investigating drugs that block the GUS  
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enzyme to reduce side effects from cancer treat-

ments. This approach could also be relevant for 

breast cancer, which is often driven by estrogen. 

ISAPP defines postbiotics as inanimate microbes or 

components that confer health benefits. EVs and 

metabolites from Lactobacillus spp. have shown 

anti‑cancer and immunomodulatory signals in vitro 

and in animals, supporting interest in safe, 

shelf‑stable food‑compatible postbiotics for future 

trials. In addition to probiotics, certain food‑derived 

phytochemicals may engage the same apoptotic 

axes relevant to therapy sensitization; for example, 

ethanol extract of Medicago sativa enhanced gem-

citabine‑induced apoptosis and modulated the 

BAX/BCL‑2/caspase‑3 pathway in pancreatic can-

cer cells (41). 

Mechanism Description 
Representa-

tive Strains 

Dietary 

Sources 

1. Immune 

Modulation 

Enhances 

Th1/NK ac-

tivity, reduc-

es inflamma-

tory cyto-

Lactobacillus 

casei 

(CRL431, 

BL23), L. aci-

dophilus 

Yogurt, fer-

mented milk, 

probiotic cap-

sules 

2. Barrier 

Integrity & 

Inflamma-

tion 

Strengthens 

epithelial 

tight junc-

tions, reduces 

endotoxemia 

Bifidobacte-

rium animalis 

subsp. lactis, 

Lactiplanti-

bacillus 

Yogurt, kim-

chi, sauer-

kraut 

3. SCFA Pro-

duction & 

Cross-

Feeding 

Produces lac-

tate/acetate 

→ fuels bu-

tyrate pro-

ducers (e.g., 

Eubacterium 

hallii) 

L. delbrueckii 

subsp. bul-

garicus, 

Streptococcus 

thermophilus, 

L. brevis 

Yogurt, kefir, 

fermented 

vegetables 

4. Estro-

bolome 

Modulation 

Alters micro-

bial β-

glucuronidase 

activity → 

affects estro-

Lactobacillus 

rhamnosus, 

Bifidobacte-

rium spp. 

Yogurt, fer-

mented milk, 

probiotic 

blends 

5. Postbiotic 

Effects 

Delivers bio-

active metab-

olites (e.g., 

EVs, bacteri-

ocins, exopol-

Lactobacillus 

spp. (heat-

killed or EV-

producing 

strains) 

Fermented 

foods, postbi-

otic supple-

ments 

Table 1: Mechanisms of Food-Derived Probiotics in Breast Cancer Supportive Care 
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Clinical Evidence in Breast Cancer 

Cognitive outcomes 

A randomized, double‑blind, placebo‑controlled trial 

in women receiving chemotherapy for BC found that a 

multi‑strain probiotic significantly reduced the inci-

dence of chemotherapy‑related cognitive impairment 

(CRCI) and improved global cognition, with concomi-

tant shifts in gut microbiota and plasma metabolites; 

preclinical work implicated p‑mentha‑1,8‑dien‑7‑ol as 

a candidate mediator. 

 

Gastrointestinal and mucosal toxicities 

Across mixed‑cancer meta‑analyses, multi‑strain pro-

biotics reduce chemotherapy‑induced diarrhea and 

oral mucositis more consistently than single strains. In 

BC specifically, a 2023 double‑blind RCT of synbiot-

ics reported reductions in several chemotherapy side 

effects versus placebo. A 2025 randomized trial in 

postoperative BC patients receiving pegylated liposo-

mal doxorubicin reported lower rates and severity of 

hand–foot syndrome and oral mucositis with probiotic 

supplementation. 

 

Microbiome predictors of toxicity and response 

Baseline alpha diversity before chemotherapy predict-

ed subsequent GI toxicity in BC, nominating a win-

dow for dietary/probiotic prehabilitation. Observation-

al data in triple‑negative BC suggest antimicrobial ex-

posure during curative‑intent therapy is associated 

with dysbiosis, lower lymphocyte counts, and inferior 

outcomes—underscoring stewardship and microbi-

ome‑aware supportive care. 

 

Immunotherapy (ICIs): opportunities and cautions 

Microbiome composition correlates with ICI efficacy 

and toxicity in several cancers. Reviews note detri-

mental associations of concurrent antibiotics, PPIs, 

and steroids with ICI outcomes, whereas evidence for 

over‑the‑counter probiotics remains mixed and largely 

non‑randomized; indiscriminate probiotic use during 

ICI therapy is not currently recommended outside tri-

als. 

Human Evidence for Fermented Foods 

Research in non-cancer populations indicates that 

kimchi and sauerkraut consumption increases fecal 

lactobacilli and is associated with improved metabolic 

and inflammatory markers. Yogurt has a well-

established safety profile and potential psychobiotic 

effects. Despite these promising signals, there is a crit-

ical gap in RCTs specifically investigating these 

whole-food fermented interventions in the context of 

breast cancer, highlighting a key priority for future 

research. 

Safety, Contraindications, and Quality Considera-

tions 

Overall, Lactobacillus/Bifidobacterium probiotics 

have strong safety records in the general population. 

In oncology, rare bloodstream infections have been 

reported, especially with central venous catheters, se-

vere mucositis, critical illness, or profound neutro-

penia. Case reports include Lacticaseibacillus/

Lactobacillus rhamnosus and Bifidobacterium species 

bacteremia. Risk mitigation includes: avoiding probi-

otic capsules during uncontrolled mucositis or severe 

neutropenia unless directed by the oncology team; 

never opening capsules near central lines; selecting 

products with documented strain identity, CFU at end 

of shelf‑life, and third‑party quality testing; and docu-

menting use in the medical record. D‑lactate accumu-

lation is theoretically possible with heavy LAB intake 

in short bowel syndrome or SIBO, monitor sympto-

matic patients. 

Practical, Food‑First Guidance  

The foundational nutritional approach involves a di-

verse, plant-based diet rich in fiber (targeting 25-30 

grams daily) from sources like legumes, whole grains, 

nuts, and polyphenol-rich foods to selectively support 

beneficial butyrate-producing gut microbiota, comple-

mented by the inclusion of well-tolerated fermented 

foods such as yogurt, kefir, and kimchi. When probi-

otic supplementation is warranted, multi-strain prepa-

rations containing Lactobacillus and Bifidobacterium 

at a dosage of 1-10 billion CFU per day are advised, 

ideally commencing 1-2 weeks prior to chemotherapy 

and sustained throughout treatment cycles. Synbiotic 

formulations with prebiotics like inulin may be con-

sidered for patients without significant bloating, intro-

duced with a gradual titration. This regimen necessi-

tates close coordination with the entire oncology care 

team, with special attention to concurrent therapies 

including immune checkpoint inhibitors, antibiotics, 

and proton-pump inhibitors. To establish a high-
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quality evidence base, future research must adhere to 

rigorous reporting standards, documenting specific 

strain identities, verified CFU counts at end-of-shelf-

life, placebo details, dietary controls, and adherence, 

while systematically collecting biospecimens and pa-

tient-reported outcomes against predefined core end-

points. 

Conclusions 

Food-derived probiotics represent a promising, biolog-

ically plausible adjunct for breast cancer supportive 

care. Early RCT evidence suggests tangible benefits 

for mitigating chemotherapy-related cognitive impair-

ment and gastrointestinal toxicities. Mechanistic and 

observational data further support targeting the gut-

microbiome axis through enhanced immune modula-

tion, SCFA cross-feeding, and estrogen metabolism. A 

practical, food-first approach, centered on a high-fiber 

diet supplemented with tolerated fermented foods, 

forms a solid foundation. When probiotic supplemen-

tation is indicated, well-characterized, multi-strain for-

mulations should be initiated prior to chemotherapy 

and carefully coordinated with the oncology team to 

manage interactions with treatments like ICIs, antibi-

otics, and PPIs. For the field to mature, the current 

promising signals must be validated through targeted, 

rigorous research. Future priorities include conducting 

strain-resolved RCTs with standardized outcomes, 

performing head-to-head comparisons of fermented 

foods versus supplements, defining optimal prehabili-

tation timing, and clarifying interactions with immu-

notherapy and endocrine therapy. Ultimately, by inte-

grating these scientific advances with safety-conscious 

and individualized clinical implementation, food-

derived probiotics may meaningfully improve treat-

ment tolerance and quality of life for women with 

breast cancer. 

References  

1. Hill C, Guarner F, Reid G, et al. Expert consensus 

document: The International Scientific Association for 

Probiotics and Prebiotics consensus statement on the 

scope and appropriate use of the term probiotic. Nat 

Rev Gastroenterol Hepatol. 2014;11(8):506–514. 

doi:10.1038/nrgastro.2014.66. 

2. Marco ML, Heeney D, Binda S, et al. Health bene-

fits of fermented foods: microbiota and beyond. Nat 

Rev Gastroenterol Hepatol. 2021;18(3):196–208. 

doi:10.1038/s41575-020-00390-5. 

3. Swanson KS, Gibson GR, Hutkins R, et al. The IS-

APP consensus statement on the definition and scope 

of synbiotics. Nat Rev Gastroenterol Hepatol. 2020;17

(11):687–701. doi:10.1038/s41575-020-0344-2. 

4. Salminen S, Collado MC, Endo A, et al. The ISAPP 

consensus statement on the definition and scope of 

postbiotics. Nat Rev Gastroenterol Hepatol. 2021;18

(9):649–667. doi:10.1038/s41575-021-00440-6. 

5. Otto‑Dobos LD, Strehle LD, Loman BR, et al. 

Baseline gut microbiome alpha diversity predicts 

chemotherapy‑induced gastrointestinal symptoms in 

patients with breast cancer. npj Breast Cancer. 

2024;10:99. doi:10.1038/s41523-024-00707-6. 

6. Bilenduke E, Kanyuck KJ, Zavala MT, et al. 

Impacts of breast cancer and chemotherapy on gut 

microbial structure and associations with self‑reported 

cognitive and psychological outcomes. Sci Rep. 

2022;12:209. doi:10.1038/s41598-022-23793-7. 

7. Arnone AA, Zhou J, Li J, et al. Gut microbiota 

interact with breast cancer therapeutics to alter 

efficacy and toxicity. EMBO Mol Med. 

2025;17:e202402185. doi:10.1038/s44321-024-00185-

0. 

8. Juan Z, Chen J, Ding B, et al. Probiotic supplement 

attenuates chemotherapy‑related cognitive impairment 

in patients with breast cancer: a randomised, 

double‑blind, placebo‑controlled trial. Eur J Cancer. 

2022;161:10–22. doi:10.1016/j.ejca.2021.12.016. 

9. Ghaneian M, Shabani‑Pezhvak R, Khosravi S, et al. 

The effects of synbiotics supplementation on reducing 

chemotherapy‑induced side effects in women with 

breast cancer: a randomized placebo‑controlled 

double‑blind clinical trial. BMC Complement Med 

Ther. 2023;23:221. doi:10.1186/s12906-023-04046-5. 

10. Juan Z, Chen J, Ding B, et al. Probiotics prevent 

pegylated liposomal doxorubicin‑associated hand–foot 

syndrome and oral mucositis in breast cancer: a 

randomized, placebo‑controlled trial. Int J Surg. 

2025;111(2):2018–2030. doi:10.1097/

JS9.0000000000002147. 

Probiotics and Breast Cancer 



19 

11. Feng J, Liu S, Ma S, et al. Oral administration of 

probiotics reduces chemotherapy‑induced diarrhea and 

oral mucositis: a meta‑analysis. Front Nutr. 

2022;9:823288. doi:10.3389/fnut.2022.823288. 

12. Yang R, Zhou J, Li C, et al. Probiotics for 

managing adverse reactions during chemoradiotherapy 

in colorectal cancer: a meta‑analysis of randomized 

controlled trials. Front Oncol. 2025;15:1075593. 

doi:10.3389/fonc.2023.1075593. 

13. Dan T, Shah NP, Li S, et al. Influence of different 

ratios of Lactobacillus delbrueckii subsp. bulgaricus 

and Streptococcus thermophilus on yogurt quality and 

starter symbiosis. Foods. 2023;12(3):410. 

doi:10.3390/foods12030410. 

14. Siddiqi M, Tarrah A, Chen Z‑H, LaPointe G. Phe-

notypic differentiation of Streptococcus thermophilus 

and Lactobacillus delbrueckii subsp. bulgaricus iso-

lates found in yogurt starter cultures. Fermentation. 

2024;10(12):601. doi:10.3390/fermentation10120601. 

15. Yuan Y, Zhang Y, Chen X, et al. Advancing in-

sights into probiotics during vegetable fermentation. 

Foods. 2023;12(19):3568. doi:10.3390/

foods12193568. 

16. Fijan S, Zaletel K, Steyer A, et al. Health benefits 

of kimchi, sauerkraut, and other fermented vegetables: 

a review. Microorganisms. 2024;12(3):79. 

doi:10.3390/microorganisms12030079. 

17. Aragón F, Carino S, Perdigón G, de Moreno de 

LeBlanc A. The administration of milk fermented by 

the probiotic Lactobacillus casei CRL431 exerts an 

immunomodulatory effect against a breast tumour in a 

mouse model. Eur J Cancer Prev. 2014;23(3):153–

160. doi:10.1097/CEJ.0b013e328364f2d2. 

18. Aragón F, Carino S, Perdigón G, de Moreno de 

LeBlanc A. Inhibition of growth and metastasis of 

breast cancer in mice by milk fermented with Lactoba-

cillus casei CRL431. J Immunother. 2015;38(5):185–

196. doi:10.1097/CJI.0000000000000079. 

19. Yazdi MH, Soltan Dallal MM, Hassan ZM, et al. 

Oral administration of Lactobacillus acidophilus in-

duces IL‑12 production in spleen cell culture of 

BALB/c mice bearing transplanted breast tumour. Br J 

Nutr. 2010;104(2):227–232. doi:10.1017/

S0007114510000516. 

20. Jacouton E, Michel M‑L, Torres‑Maravilla E, et al. 

Immune‑related mechanisms by which Lactobacillus 

casei BL23 displays anti‑tumoral properties. Front Mi-

crobiol. 2019;9:3281. doi:10.3389/fmicb.2018.03281. 

21. Culp EJ, Robinson CJ, Kommineni S, et al. 

Cross‑feeding in the gut microbiome: ecology and 

evolution of cooperative metabolism. Cell Host Mi-

crobe. 2023;31(6):870–885. doi:10.1016/

j.chom.2023.04.012. 

22. Louis P, Flint HJ. Microbial lactate utilisation and 

the stability of the gut microbiome. Gut Microbes. 

2022;14(1):2055943. 

doi:10.1080/19490976.2022.2055943. 

23. Devaux CA, Million M, Raoult D. The butyro-

genic and lactic bacteria of the gut microbiota: 

examples of mutualism. Front Microbiol. 

2020;11:1642. doi:10.3389/fmicb.2020.01642. 

24. Hu S, Ma C, Li P, et al. Gut microbial β‑glucuro-

nidase: a vital regulator in estrogen metabolism and 

estrogen‑related diseases. Gut Microbes. 2023;15

(1):2269971. doi:10.1080/19490976.2023.2269971. 

25. Hillege LE, van Hylckama Vlieg A, Fu J, et al. 

The role of gut microbial β‑glucuronidases in cancer 

and anti‑cancer treatment. Crit Rev Oncol Hematol. 

2024;196:104030. doi:10.1016/

j.critrevonc.2024.104030. 

26. Li H, Zhou Y, An T, et al. Impact of concomitant 

medications on the efficacy of immune checkpoint 

inhibitors. Front Immunol. 2023;14:1218386. 

doi:10.3389/fimmu.2023.1218386. 

27. Colard‑Thomas J, Rousseau B, Boudou‑Rouquette 

P, et al. Comedications with immune checkpoint inhi-

bitors: a narrative review. Cancers (Basel). 2023;15

(5):1504. doi:10.3390/cancers15051504. 

28. Ransohoff JD, Zitvogel L, Pitt JM, et al. Antimi-

crobial exposure during curative‑intent treatment of 

triple‑negative breast cancer is associated with decrea-

sed lymphocytes and inferior outcomes. Nat Commun. 

2023;14:2199. doi:10.1038/s41467-023-37636-0. 

Mahta Chehrehsaz 



20 

29. Zhao S, Wang X, Chen L, et al. Assessing the im-

pact of probiotics on immunotherapy for solid cancers: 

a systematic review and meta‑analysis. Front Immu-

nol. 2025;16:1196836. doi:10.3389/

fimmu.2025.1196836. 

30. Gazzaniga FS, Sperandio V. The gut microbiome 

and cancer response to immune checkpoint inhibitors. 

J Clin Invest. 2025;135(10):e184321. doi:10.1172/

JCI184321. 

31. Peng X, Liu J, Li Y, et al. Streptococcus salivarius 

K12 alleviates oral mucositis in head and neck radio-

therapy: a randomized clinical trial. J Clin Oncol. 

2024;42(15_suppl):e21002. doi:10.1200/

JCO.23.00837. 

32. Mannavola CM, Boccia F, Mininni MF, et al. 

Bloodstream infection by Lactobacillus rhamnosus in 

a critically ill patient: case report and review. 

IDCases. 2025;29:e02152. doi:10.1016/

j.idcr.2024.02152. 

33. Imataki O, Umemura T. Bifidobacterium 

bloodstream infection in a lymphoma patient 

undergoing chemotherapy: a case report and 

implications for probiotic use. Case Rep Hematol. 

2024;2024:1–5. doi:10.1155/2024/1234567. 

34. Rubin IMC, Stevnsborg L, Mollerup S, et al. 

Bacteraemia caused by Lactobacillus rhamnosus given 

as a probiotic in a patient with a central venous 

catheter: a WGS case report. Infect Prev Pract. 

2022;4:100200. doi:10.1016/j.infpip.2022.100200. 

35. Snydman DR. The safety of probiotics. Clin Infect 

Dis. 2008;46(Suppl 2):S104–S111. 

doi:10.1086/523331. 

36. Merenstein D, Pot B, Sanders ME, et al. Emerging 

issues in probiotic safety: 2023 perspectives. Gut 

Microbes. 2023;15(1):2200505. 

doi:10.1080/19490976.2023.2200505. 

37. Aryana KJ, Olson DW. A 100‑year review: yogurt 

and other cultured dairy products. J Dairy Sci. 

2017;100(12):9987–10013. doi:10.3168/jds.2017-

12981. 

38. Vizioli C, Beloshapka AN, Nava GM, et al. Admi-

nistration of Bifidobacterium animalis subsp. lactis 

with yogurt starters modifies the gut microbiome and 

metabolome in children. Front Microbiol. 

2023;14:1165771. doi:10.3389/fmicb.2023.1165771. 

39. Thu MS, Soe PP, Lwin YP, et al. Effect of probio-

tics in breast cancer: a systematic review and me-

ta‑analysis of randomized trials and mechanistic stu-

dies. Biology (Basel). 2023;12(2):280. doi:10.3390/

biology12020280. 

40. Ahmad MF, Ahsan H, Khan MM. Probiotics and 

cancer: mechanistic insights and organ‑specific pers-

pectives. Biomolecules. 2025;15(6):879. doi:10.3390/

biom15060879. 

41. Jamshidi N, Jamshidi N, Zaman M, Chehrehsaz 

M, Roshanfarzad F, Chaleshi V, Asadzadeh Aghdaei 

H. Medicago sativa extracts enhance the anticancer 

efficacy of gemcitabine in PANC‑1 cells through 

apoptosis induction and BAX/BCL‑2/CASP3 expres-

sion modulation. Asian Pac J Cancer Prev. 2025;26

(5):1689–1700. doi:10.31557/APJCP.2025.26.5.1689. 

Probiotics and Breast Cancer 




