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An increasing number of studies have revealed an interaction 
between gut microbiota and tumors. The enrichment of 
specific bacteria strains in the intestines has been found to 
modulate tumor growth and influence the mechanisms of 
tumor treatment. Various bacteria are involved in modulating 
the effects of chemotherapeutic drugs currently used to treat 
patients with cancer, and they affect not only gastrointestinal 
tract tumors but also distant organ tumors. In addition, 
changes in the gut microbiota are known to be involved in 
the antitumor immune response as well as the modulation 
of the intestinal immune system. As a result, the gut 
microbiota plays an important role in modulating the efficacy 
of immune checkpoint inhibitors. Therefore, gut microbiota 
could be considered as an adjuvant treatment option with 
other cancer treatment or as another marker for predicting 
treatment response. In this review, we examine how gut 
microbiota affects cancer treatments.
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checkpoint inhibitors

INTRODUCTION

Malignant tumors are among the most fatal diseases in 

modern society (GBD 2015 Disease and Injury Incidence and 

Prevalence Collaborators, 2016). Carcinogenesis is the result 

of the stochastic intracellular accumulation of mutations 

during DNA replication or environmental exposure of various 

carcinogens, infectious agents, ultraviolet radiation, and tox-

ic substances (Tomasetti and Vogelstein, 2015). Due to the 

efforts of many researchers, the overall death rate for cancer 

has been decreasing (Hashim et al., 2016). In addition to the 

conventional therapy of surgery, chemotherapy and radiation 

therapy, new treatment therapies including targeted therapy 

and immunotherapy such as immune checkpoint inhibitors 

(ICIs) which have recently attracted attention as novel ther-

apeutic drugs, have been emerging for effective treatment 

modalities (Waldmann, 2003). As a result, the treatment re-

sults of patients with cancer are gradually improving (Hashim 

et al., 2016). However, patients with advanced stage or 

unfavorable malignant tumors still face a poor prognosis 

(Coleman et al., 2013; Miller et al., 2019; Nevala-Plagemann 

et al., 2020). Recently, attention has been drawn to the role 

of intestinal microbes to influence the therapeutic efficacy of 

tumor treatments (Louis et al., 2014; Wang et al., 2012; Zhu 

et al., 2013; Zitvogel et al., 2015).

 The intestines of a healthy person contain a complex 

network of approximately 39 trillion bacteria (Sekirov et al., 

2010; Sender et al., 2016). In the last few decades, many 

studies have been conducted to examine the effects of intes-

tinal microbes on the host (Jandhyala et al., 2015). Intestinal 

microbes play important roles in normal physiologic develop-

ment (Ku et al., 2020). In addition, the dysbiosis of intestinal 

microflora is associated with various diseases ranging from 

nervous system diseases to metabolic-related and gastroin-
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testinal diseases (Shui et al., 2019). Some evidences indicate 

that these diseases are associated with tumors (Kuen et al., 

2020; Louis et al., 2014; Wang et al., 2012; Zhu et al., 2013; 

Zitvogel et al., 2015). In the early 20th century, most studies 

on the relationship between these intestinal microbes and tu-

mors were limited to the pathogenic aspect of microbes (Shui 

et al., 2019). As a result, many researchers have focused on 

microorganisms that cause tumors including Helicobacter py-

lori, hepatitis virus, human papilloma virus and Epstein–Barr 

virus. However, recent studies have revealed that intestinal 

microbes are not only involved in the occurrence of tumors 

but also affect tumor growth and cancer treatment efficacy 

(Viaud et al., 2013). These surprising discoveries are due to 

the development of microbial profiling techniques (Panek et 

al., 2018). With the advancement of technology such as 16S 

rRNA sequencing, it is possible to discover many microorgan-

isms in the intestines that were previously unidentified (Ji and 

Nielsen, 2015). Metabolomics and metagenomics studies 

have described the effects of these intestinal microbes on 

the human body, and studies of the effects on tumors have 

been conducted in relation to cancer prevention, tumorigen-

esis, and anticancer activity (Finlay et al., 2020; Tanoue et al., 

2019).

 Because antitumor immune responses have been regarded 

as important in tumor treatment in recent years, attention 

has also been paid to the effect of intestinal microbes on 

tumor immunity (Viaud et al., 2013). Compelling evidence 

indicates that intestinal microbes influence intestinal immune 

barriers such as intraepithelial lymphocytes development 

(Jung et al., 2019). Literature has shown that gut microbi-

ota-derived short chain fatty acids play an important role in 

regulating the adaptive immune response (Kim et al., 2014). 

Regarding the treatment with ICIs, changes in intestinal mi-

croflora affect not only the effects of these ICIs but also their 

therapeutic toxicity (Choi and Lee, 2020; Viaud et al., 2013). 

For example, microbial control has been used as a novel 

therapeutic method to improve the effectiveness of ICIs (Go-

palakrishnan et al., 2018; Vetizou et al., 2015). This review 

discusses the latest studies that have examined the effect of 

intestinal microbes on tumor growth and antitumor therapy 

including immunosuppressants.

DEPLETION OF GUT MICROBIOTA AFFECTS TUMOR 
GROWTH

Antibiotics have saved humanity from infectious diseases and 

are commonly used drugs in modern medical circumstances 

(Iizumi et al., 2017). However, they cause dysbiosis of intes-

tinal microbes, which have linked to various disease in recent 

reports. In addition, gut microbiota depletion due to antibi-

otics use has various effects on tumor progression and the 

immune environment.

 Recent literature has shown that the loss of intestinal mi-

croflora by antibiotics use results in an antitumor effect (Sethi 

et al., 2018). Several studies have been conducted on gut 

microbiota depletion using oral antibiotics administration 

in various mouse tumor models. In one study, the continu-

ous administration of a broad-spectrum antibiotics cocktail 

of vancomycin, neomycin, metronidazole, ampicillin, and 

amphotericin B reduced the growth of the tumor burden in 

pancreatic cancer, colon cancer and melanoma animal mod-

els (Sethi et al., 2018). This result was attributed to increased 

production of interferon-gamma (IFN-γ), interleukin (IL) 17a, 

and IL-10 in T cells.

 Vancomycin-depleted gut microbiota not only affects the 

antitumor immune response but also increases the antitu-

mor activity of radiation therapy (Uribe-Herranz et al., 2020). 

In the melanoma mouse model, the vancomycin-depleted 

group exhibited increased cross-presentation of tumor-asso-

ciated antigens to cytotoxic T lymphocytes and IFN-γ produc-

tion (Uribe-Herranz et al., 2020). However, butyrate secreted 

from vancomycin-sensitive bacteria plays an important role 

in enhancing antitumor activity by radiotherapy. As a result, 

the reduction of specific strains caused by these antibiotics 

decreases the synergistic action of depleted gut microbiota.

 However, antibiotics-induced gut microbiota depletion 

and dysbiosis have also been shown to increase tumor 

growth and progression. In this regard, reports indicate that 

certain microbial metabolites promote tumor growth (Labor-

da-Illanes et al., 2020). In addition, dysbiosis induced through 

a broad-spectrum antibiotics cocktail in mouse colon cancer 

model can lead to increases colon tumor susceptibility via 

the induction of CD8+ IFN-γ+ T cells (Yu et al., 2020). In this 

study, increased CD8+ IFN-γ+ T cells in the colon lamina pro-

pria induced inflammation in the serous membrane, affecting 

tumor development. After tumor formation, the antitumor 

immune response was suppressed by inducing the exhaus-

tion of functional CD8+ T cells (Yu et al., 2020). The use of 

broad-spectrum antibiotics also affects dendritic cells. The 

depleted gut microbiota by vancomycin increased the num-

ber of systemic CD8a+ dendritic cells, thereby enhancing the 

effect of adoptive T-cell therapy and increasing IL-12 cytokine 

in mice (Xu et al., 2017).

 The effect of gut microbiota depletion by antibiotics has 

been reported as both antitumoral and protumoral activity. 

Although there is still no clear mechanism, this varied tumor 

response seems to be due to differences in affected bacteria 

strains by antibiotics and tumor types.

SPECIFIC COMMENSAL GUT BACTERIA MAY 
MODULATE TUMOR GROWTH AND PROGRESSION

The use of an antibiotics-induced dysbiosis model can con-

firm a variety of reactions to tumor growth. However, the 

decrease or change in intestinal microflora by antibiotics has 

limitations in confirming tumor response to specific bacteria 

species. Several studies have reported that the enrichment of 

specific bacteria in animal models is associated with tumor 

growth.

 Some microbial-derived short-chain fatty acids may have 

anticancer effects. Propionibacterium is known as one of the 

symbiotic microorganisms in the human intestines (Jan et al., 

2002). Among its species, Propionibacterium acidipropionici 

and freudenreichii were found to induce apoptosis in human 

colorectal carcinoma cell lines. They produce short-chain 

fatty acids propionate and acetate, which are known to have 

cytotoxic effects. These compounds produce reactive oxy-

gen species (ROS) and initiate caspase-3 processing, nuclear 
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chromatin condensation formation, and B cell lymphoma 2 

inhibition (Jan et al., 2002), all of which induce apoptosis.

 In addition, several studies have shown that Lactobacilli 

can stimulate host immune cells such as dendritic cells or 

Th1 responses, leading to the elimination of cancer or pre-

cancerous cells in mice rhabdomyosarcoma model (Jacouton 

et al., 2018; Takagi et al., 2008). However, further studies 

are necessary to confirm how the bacterial bioproduct acts 

in inducing these stimulatory effects (Takagi et al., 2008). 

Lactobacillus casei ATCC334 was found to induce anticancer 

action through the production of ferrichrome, a bioproduct 

of the bacteria. The substance was confirmed to have greater 

anticancer activity than chemotherapy agents such as cispla-

tin or 5-fluorouracil (5-FU), with less damage to normal cells. 

This mechanism has been confirmed to function through 

c-Jun N-terminal kinase activation (Konishi et al., 2016).

 Fusobacterium nucleatum is known to be associated with 

colorectal cancer. F. nucleatum promotes the growth of 

colorectal carcinoma cells through Fusobacterium adhesin A 

(FadA), which is involved in beta-catenin signaling activation. 

The level of FadA gene expression in colon tissue was ap-

proximately 10 to 100 times higher in patients with colorec-

tal cancer than in healthy participants. These elevated gene 

levels are associated with other oncogenic and inflammatory 

genes (Rubinstein et al., 2013). In addition, F. nucleatum was 

shown to be associated with colorectal cancer, esophageal 

cancer, gastric cancer, head and neck cancer and pancreatic 

cancer (Gaiser et al., 2019; Hsieh et al., 2018; Shin et al., 

2017; Yamamura et al., 2016). Bacteroides fragilis also can 

interact with the epithelial E-cadherin, disrupting intercellular 

junctions and activating β-catenin signaling by metallopro-

teinase toxins (Wu et al., 2007).

 Peptostreptococcus anaerobius is an anaerobic strain 

present in the intestines of patients with colorectal cancer. 

In a colorectal cancer mouse model, this strain was found to 

accelerate tumor growth (Long et al., 2019). In vitro experi-

ments demonstrated that P. anaerobius directly interacts with 

the colonic cell line, and as a result, induces cell proliferation 

by activating the PI3K-Akt pathway of colorectal cancer cells 

and the NF-κB activation of tumor-associated macrophages. 

Furthermore, the activation of NF-κB was associated with the 

proliferation of myeloid-derived suppressor cells and promot-

ed chronic inflammation and tumor progression (Long et al., 

2019).

GUT MICROBIOTA MEDIATES CANCER TREATMENT

Chemotherapy
As the link between intestinal microbes and tumor growth 

has been gradually revealed, studies have examined the syn-

ergistic effects of these microbes with antitumor treatments 

(Roy and Trinchieri, 2017). In addition to existing chemother-

apeutic agents, their synergistic effects with radiation therapy 

and ICIs have been newly discovered (Roy and Trinchieri, 

2017). There are some changes in gene expression associat-

ed with drug metabolism by the RNA-seq analysis of hepatic 

drug-processing genes in the germ-free mice (Selwyn et al., 

2015). Therefore, intestinal microbes may be involved in the 

metabolism of antitumor drugs. Continuous exposure to 

cyclophosphamide-induced changes in intestinal microflora 

in tumor-bearing mice (Viaud et al., 2013). Table 1 lists the 

intestinal microbes found to modulate the anticancer effect 

of chemotherapeutic agents, as described in various papers.

 The effect of platinum-based chemotherapeutic agents 

such as oxaliplatin and CpG oligodeoxynucleotides was poor 

in mice treated with antibiotics (Iida et al., 2013). In the mice 

administered antibiotics, cytokine secretion and ROS were 

reduced, resulting in decreased tumor necrosis and cytotox-

icity of the antitumor therapy. Correspondingly, in a study of 

patients with chronic lymphocytic leukemia, tumor progres-

sion was observed and the overall survival rate decreased in 

patients who were prescribed anti-gram-positive antibiotics 

(Pflug et al., 2016). As a result, anti-gram-positive antibiotics 

were suggested to negatively affect the cytotoxicity of cyclo-

phosphamide and cisplatin.

 As previously shown, continuous exposure of cyclophos-

phamide-induced changes in the intestinal microflora, and it 

was confirmed that gram-positive bacteria including Lacto-

bacillus and segmented filamentous bacteria promoted the 

formation of a pathogenic Th17 and memory Th1 immune 

Table 1. Summary of intestinal microorganism modulating the efficacy of chemotherapeutic drugs

Bacteria Chemotherapeutic agent Interaction mechanism Reference

Lactobacillus species Cyclophosphamide Promoted Th17 and Th1 cell response during  

cyclophosphamide treatment

Viaud et al. (2013)

Segmented filamentous bacteria

Enterococcus hirae Cyclophosphamide Associated with increased CD8 / Treg ratio Daillere et al. (2016)

Barnesiella intestinihominis Infiltration of interferon-g-producing gd-T cells

Escherichia coli 5-FU Distribution of bacterial deoxynucleotide pools  

regulates the effect of 5-FU

Scott et al. (2017)

Fusobacterium nucleatum 5-FU Modulation autophagy pathway and inhibit tumor 

cell apoptosis

Yu et al. (2017)

Oxaliplatin

Gammaproteobacteria Gemcitabine Gemcitabine was converted into an inactivated  

form by long isoform of cytidine deaminase

Geller et al. (2017)

β-glucuronidase producers Irinotecan Converting inactivated irinotecan into the active 

form, SN-38

Kodawara et al. (2016)

Ciprofloxacin Involved in the activation of ciprofloxacin Alexander et al. (2017); 

Wallace et al. (2010)
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responses in mice (Viaud et al., 2013). In the case of the 

adoptive transfer of these cells, antitumor efficacy was con-

firmed, suggesting that intestinal microbes play an important 

role in regulating the antitumor efficacy of cyclophospha-

mide (Viaud et al., 2013). Enterococcus hirae and Barnesiella 

intestinihominis were found to be related during cyclophos-

phamide treatment. In addition, E. hirae was associated with 

an increase in the CD8/Treg ratio, and B. intestinihominis 

promoted infiltration of gamma-delta T cells that form IFN-γ 
in cancer lesions. As a result, clinical results showed that both 

bacteria can be used as a predictor of long-term progres-

sion-free survival when chemoimmunotherapy is adminis-

tered in patients with ovarian cancer and lung cancer (Dail-

lere et al., 2016).

 In a colon cancer model, intratumoral bacteria were found 

to modulate the effect of chemotherapy. Gemcitabine is 

converted into an inactivated form by specific gammaproteo-

bacteria present in the tumor, reducing the antitumor effect 

of the drug. The bacteria contain an enzyme in the form of 

a long isoform of cytidine deaminase. The suppression of 

the anticancer effect disappeared when bacteria were killed 

through antibiotics treatment in colon cancer mouse model 

(Geller et al., 2017). Moreover, another study, related to 

gemcitabine, confirmed that the presence of bacteria in an in 

vivo murine subcutaneous tumor model reduced the cytotox-

icity of gemcitabine, thereby affecting the tumor response to 

chemotherapy (Lehouritis et al., 2015).

 In the study of Caenorhabditis elegans model, the effect 

of fluoropyrimidine was modulated by the composition 

of Escherichia coli in the intestines. The authors reported 

that the modulation the effects of fluoropyrimidines was 

influenced by bacterial vitamins B6, B9 and ribonucleotide 

metabolism. As a result, the difference in the distribution of 

bacterial deoxynucleotide pools was found to regulate the 

effect of 5-FU with nucleoside diphosphate kinase 1 involved 

in regulating the drug (Scott et al., 2017). Another study 

with the same model showed that bacterial ribonucleotide 

metabolism plays an important role in regulating the effects 

of chemotherapeutic drugs such as 5-FU (Garcia-Gonzalez et 

al., 2017). Even in an experimental mouse model using 5-FU, 

the administration of antibiotics was found to reduce the 

effect of 5-FU treatment in colorectal cancer. In an analysis of 

16S rRNA seq, the use of antibiotics resulted in a significant 

increase in the pathogenic bacteria Escherichia shigella and 

Enterobacter, and these changes were found to be recovered 

when taking probiotics in mice model (Yuan et al., 2018). 

Another intestinal microbe, F. nucleatum, was abundant in 

patients with colorectal cancer exhibiting poor response to 

5-FU and oxaliplatin (Yu et al., 2017). F. nucleatum targets 

the innate immune signaling TLR4 and MYD88 and contrib-

utes to activating the autophagy pathway and colorectal can-

cer chemoresistance by disrupting apoptosis (Yu et al., 2017).

 Beta-glucuronidase, an enzyme produced by intestinal 

microbes, plays an important role in converting inactivat-

ed irinotecan into its active form, SN-38. Taking antibiotics 

consequently inhibits this metabolism, thereby reducing the 

antitumor efficacy of irinotecan (Kodawara et al., 2016). In 

addition, beta-glucuronidase is involved in the activation of 

ciprofloxacin, demonstrating that an important role of intesti-

nal microbes in determining the effectiveness of chemothera-

py (Alexander et al., 2017; Wallace et al., 2010).

Immune checkpoint inhibitors
Among the mechanisms reviewed above, some intestinal 

microbes contribute to the anticancer effect by improving the 

immune response. With this background, studies have ex-

amined the synergistic effects of intestinal microbes with ICIs 

and found that they can play an important role in increasing 

the effects of ICIs (Fig. 1).

 Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) in-

hibitors are one of the ICIs used in clinical practice currently 

because of its recognized effectiveness. Bacteroides fragilis 

of the Bacteroides species among intestinal microbes en-

hances the antitumor effect of these inhibitors in mice and 

patients (Vetizou et al., 2015). In the case of using antibiotics 

in a germ-free mouse model, the effect of the CTLA-4 in-

hibitor was recovered through the oral gavage of the strain 

and the adoptive transfer of the bacterial polysaccharides or 

strain-specific T cells (Vetizou et al., 2015). In the same year, 

the effect of PD-L1 inhibitor, one of the ICIs, was also found 

to be affected by gut microbiota in mice (Sivan et al., 2015). 

After confirming the presence of intestinal microbes common 

to patients responding to the immunosuppressant, research-

ers found an enhanced effect of ICI treatment in mice that 

took Bifidobacterium through oral gavage. They found that 

this effect is associated with altered dendritic cell activation 

and an increased degree of CD8+ T-cell activation (Sivan et 

al., 2015). However, the clinical benefit disappeared in can-

cer patients with a medical history of taking antibiotics who 

used ICIs (Routy et al., 2018). Another study transplanted av-

atar mice with fecal samples from mice treated with ICIs and 

classified by treatment response (response or nonresponse). 

Mice treated with fecal microbiota from the response group 

exhibited a higher effect of ICIs than those with stool from 

the nonresponse group. In a study of avatar mice transplant-

ed with fecal samples from the respond group or nonrespond 

group of these ICIs, the mice subjected to fecal microbiota 

transplantation (FMT) with the stool of the respond group 

had a higher effect of the ICIs. In the analysis, the degree of 

this reaction was closely related to the abundance of Akker-

mansia muciniphila. As a result, the supplementation of A. 

muciniphila was associated with increased recruitment of 

CCR9+ CXCR3+ CD4 T cells in an IL-12-dependent manner 

(Routy et al., 2018).

 The development of metagenomics has helped to eluci-

date the relationship between ICIs and intestinal microbes. In 

a FMT study of patients with metastatic melanoma, an anal-

ysis of 16S rRNA sequencing data performed after transplan-

tation but before ICI treatment showed that patients who 

responded to ICIs had more strains of Bifidobacterium long-

um, Collinsella aerofaciens, and Enterococcus faecium. In ad-

dition, the respond group showed higher tumor control rate 

in the germ-free avatar mouse model through FMT (Matson 

et al., 2018). In a gut microbiome analysis of patients with 

non-small cell lung cancer who received ICI treatment, Bifido-

bacteirum bifidum was abundant in the gut of patients who 

responded to treatment (Lee et al., 2021). Among them, it 

was confirmed that only specific B. bifidum strains enhance 
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the effect of PD-1 blockade. Moreover, a metabolomic anal-

ysis reported that the bacteria strains were associated with 

increased serum L-tryptophan and IFN-γ secretion of cytotoxic 

T cells in mice (Lee et al., 2021). In another paper, patients 

who responded to ICI responders had more abundance of 

the Ruminococcaceae family and significantly more alpha 

diversity, and systemic and antitumor immunity were gener-

ally elevated, indicating that intestinal microbes were directly 

related to ICIs (Gopalakrishnan et al., 2018).

CONCLUSION

The study of interactions between intestinal microbiota and 

malignant tumors has a short history. To date, various strains 

are known to affect tumor treatment, but no studies have 

clearly described the corresponding mechanism. In addition, 

methods to use these intestinal microorganisms as therapeu-

tic agents such as probiotics or FMT require further investi-

gation. Studies on the clinical application of gut microbiota 

are ongoing for the purpose of predicting and diagnosing 

cancer, as well as the potential for improving the effect or 

alleviating side effects of antitumor treatment (Wong et al., 

2019). In recent studies, FMT can overcomes the resistance 

to immunotherapy in melanoma patients whose cancers 

do not respond (Baruch et al., 2021; Davar et al., 2021). 

These clinical results suggest that gut microbiota modulation 

through FMT can be effectively used for cancer treatment. 

Because the intestinal environment is a system in which mi-

croorganisms form a huge network, more research needs 

to be conducted to understand this complex ecosystem and 

apply it for treatment.
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Fig. 1. Gut microbiota immune modulation and Immune checkpoint inhibitors. Gut microbiota activates the T cell priming process of 

dendritic cells. In this process, anti-CTLA 4 antibody has synergy with the Immune stimulatory microbiota (such as Bacteroides species). 

As a result, it promotes the formation of functional effector T cells. In addition, intestinal microbes affect CD4 T cell recruitment and 

activation. Enrichment of certain intestinal microbes, such as Akkermansia muciniphila or Bifidobacterium species, contributes to 

enhancement and expansion of functional CD8 T cells, IFN-γ production, and increased granzyme and perforin secretion. These points 

contribute to enhancing the effect of the PD-1/PD-L1 blockade, thus contributing to enhancing the antitumor immunity.
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