
The microbiota: a new variable impacting cancer treatment 
outcomes

Jessica Fessler1 and Thomas F. Gajewski1,2,3

1Department of Pathology, University of Chicago

2Department of Medicine, University of Chicago

3Ben May Department for Cancer Research, University of Chicago

Abstract

Preclinical evidence has established that the host commensal microbiota can contribute to 

therapeutic response in cancer models, a finding supported by early clinical data. This connection 

between the microbiome and clinical outcome in oncology is cause for new consideration in the 

administration of antibiotics and microbiota-modulating interventions to improve outcomes.

In this issue of Clinical Cancer Research, Galloway-Peña and colleagues discuss the 

implications of antibiotic use in cancer care. The authors highlight the role that the 

microbiota plays in treatment efficacy and the overall health of the cancer patient (see Figure 

1) (1).

When an oncologist treats a patient, the overall goal is to eradicate malignancy while 

minimally affecting healthy tissue. Immunotherapy can harness the immune system’s 

already carefully calibrated ability to preferentially mount responses against foreign antigens 

(including tumor antigens) over self-antigens, and has the potential to provide remarkably 

durable clinical benefit. However, a key host variable that impacts this process are the 

trillions of foreign organisms that have co-evolved with us—our commensal microbiota.

The microbiota represents a complex community of bacteria, archaea, protists, fungi, and 

viruses that exist in symbiosis within human hosts. The gut harbors 1013 bacteria alone and 

it is here, at this critical interface between the immune system and the outside world, that the 

microbiota plays a key role fine-tuning immunity. It is well established that the microbiota 

can influence human health in a vast number of ways (2). More recently its importance in 

cancer, beyond inflammation-driven tumors, has become increasingly evident. Immune 

modulating drugs are revolutionizing treatment in many cancers. In order to continue to 

capitalize on the promise of immunotherapy, it is imperative to understand how gut 

microbiota affects host immunity in the context of cancer. Chemotherapy and radiation can 

lead to disruption of the intestinal barrier, potentially allowing bacteria to translocate across 
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the epithelium, leading to a more pronounced effect of the microbiota on health for cancer 

patients.

In preclinical studies, multiple groups have found that the composition of the intestinal 

microbiota is a key component of anti-tumor immunity and therapeutic efficacy (3–6). It is 

now appreciated that the same genetically identical mouse strain from two different vendors 

can harbor unique commensal organisms and that this diversity can impact systemic immune 

responses. This includes communities of commensal bacteria associated with potent or weak 

therapeutic efficacy with checkpoint blockade antibodies such as anti-PD-L1 (3). The 

disparity between mice can be eliminated with transfer of fecal material by gavage, and in 

one model the administration of a single microbe associated with improved response, 

Bifidobacterium breve, improved efficacy of anti-PD-L1, highlighting the potential for 

clinical intervention strategies. In parallel studies, CTLA-4 blockade was found to rely on 

the gut microbiota and anti-tumor effects were reported to be dependent upon distinct 

Bacteroides species (4). Similarly, CpG-oligonucleotide immunotherapy and platinum-based 

chemotherapy required the presence of intestinal microbiota for maximal potency (5). 

Clinical data also point to the microbiota accounting for variability in treatment-related 

toxicity. In melanoma patients treated with ipilimumab, a positive association was identified 

between resistance to immune-mediated colitis and bacteria belonging to the Bacteroidetes 

phylum (7).

Given the evidence pointing to commensals as an important determinant of response to 

treatment, it is paramount to critically evaluate the use of a common microbiota-modulating 

agent in cancer—antibiotics. Galloway-Peña and colleagues describe the dual properties of 

antibiotics in oncology. Historically, antimicrobial treatment has been crucial for 

maintaining the overall health of cancer patients through treatment and prevention of 

infectious complications (8). Yet this precedent has led to injudicious administration, which 

can have negative consequences as well. In addition to their intended role impeding 

pathogenic bacteria, antibiotics can also deplete native microflora, which is a key regulator 

of anti-tumor immunity. Oncologists caring for cancer patients are therefore challenged with 

finding a balance in antimicrobial administration -- preventing and treating infection without 

entering the vicious cycle of recurring infection, increasing multi-drug resistance, and 

subsequent broad spectrum antibiotic treatment leading to intestinal dysbiosis. Mucosal 

barrier injury from cytotoxic chemotherapy in conjunction with antibiotic treatment can lead 

to the proliferation of opportunistic pathogenic bacteria that can translocate across the 

compromised epithelium and lead to infection (9).

Antibiotic use has also been shown to increase the severity of graft-versus-host disease 

(GVHD) and mortality in mice and humans receiving allogenic hematopoietic stem-cell 

transplantation (HSCT) (10). Furthermore, antibiotics specific for gram-positive bacteria 

were reported to lead to cyclophosphamide-resistant tumors in animal models via dampened 

induction of pathogenic T helper 17 (pTH17) cells and memory TH1 responses (6). Follow-

up clinical studies in chronic lymphocytic leukemia (CLL) patients treated with 

cyclophosphamide and cisplatin confirmed that antibiotic treatment targeting Gram-positive 

bacteria was independently associated with shorter progression-free survival and overall 

survival (11). These data underscore the potential repercussions from compromising 
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commensal communities with antibiotic use and the need to refine antimicrobial treatment 

strategies.

Given preclinical evidence that the commensal population in the gut is both influential and 

pliable, several strategies are possible to utilize the microbiota to improve patient outcomes. 

The composition of the intestinal microbiome can be analyzed by 16S and shotgun 

sequencing to develop prognostic or diagnostic tools. Retrospective analysis of pre-treatment 

stool samples can establish correlations between the microbiota and clinical outcomes, 

including response to therapy and toxicity. Such data might also be used to predict response 

to therapy and to devise more personalized regimens to minimize the risk of treatment-

related toxicity and also define the impact of antibiotics. Biomarkers may also identify 

patient candidates for microbiota intervention strategies such as fecal transplantation, 

prebiotics, and probiotics.

Despite our growing understanding of the microbiota, Galloway-Peña et al. raise several 

outstanding questions in the cancer-microbiome connection. As microbiome sequencing 

techniques become more accessible and widely adopted, reproducible collection, processing, 

and analysis methods must be employed to ensure robust results. The importance of 

longitudinal sampling in cancer patients remains unknown. While the commensal 

community of healthy individuals is relatively stable, cancer patients experience a barrage of 

assaults to their intestinal homeostasis including chemotherapy, radiation, and antibiotics. 

The vast majority of current microbiota studies focus only on the bacterial component, 

which is further limited by the inability to culture many of these microbes. Improved culture 

methods will be necessary to carefully study isolates and assign functional importance. To 

paint a more comprehensive picture of the microbiota it may be necessary to expand 

attention beyond bacteria to the broader ecological community and include viruses and 

fungi.

Deeper mechanistic interrogation into the role of the microbiota in cancer relies on animal 

models that faithfully recapitulate phenomena relevant to human health. This includes 

humanized microbiota and cancer models, and incorporating autochthonous models to more 

closely mirror disease progression. Due to the inherent differences between mice and 

humans, the ultimate test for microbiota manipulations will have to rely on interventional 

clinical trials. Such studies can validate correlations retrospectively identified in patients, but 

more importantly assess whether specific manipulations can improve therapeutic efficacy or 

decrease treatment-related toxicity. More systematic tracking of antibiotic use in patients in 

the context of immunotherapy administration will be important for understanding clinical 

impact. Interactions are beginning to be defined between the composition of the microbiota 

and germline polymorphisms of the host, diet, and exercise. As such, an integrated analysis 

of multiple dimensions of data in patients may reveal additional clues regarding the biology 

of commensal bacteria and impact on treatment outcomes.
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Figure 1. The impact of the microbiota in cancer treatment outcomes
The potentially harmful role of the microbiota post-antibiotics treatment (left) or the 

beneficial contribution of commensal bacteria (right) are indicated. Antibiotics deplete 

native commensals that can lead to the outgrowth of pathogenic bacteria and more severe 

treatment-related toxicity. Chemotherapy and radiation disrupt barrier function allowing for 

bacterial translocation and subsequent infection. The reduction in specific commensals leads 

to decreased DC priming and limited T cell activation in the tumor microenvironment. 

Alternatively, the presence of immune-potentiating microbes or their byproducts can 

ultimately condition tumor-infiltrating myeloid cells. These activated myeloid cells promote 

T cell activation and ultimately enhancing immune-mediated tumor control.
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