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Abstract: Immunotherapy has led to a paradigm shift in the treatment of several cancers. There have 
been significant efforts to identify biomarkers that can predict response and toxicities related to immune 
checkpoint inhibitor (ICPI) therapy. Despite these advances, it has been challenging to tease out why a 
subset of patients benefit more than others or why certain patients experience immune-related adverse events 
(irAEs). Although the immune-modulating properties of the human gut bacterial ecosystem are yet to be 
fully elucidated, there has been growing interest in evaluating the role of the gut microbiome in shaping 
the therapeutic response to cancer immunotherapy. Considerable research efforts are currently directed 
to utilizing metagenomic and metabolic profiling of stool microbiota in patients on ICPI-based therapies. 
Dysbiosis or loss of microbial diversity has been associated with a poor treatment response to ICPIs and 
worse survival outcomes in cancer patients. Emerging data have shown that certain bacterial strains, such 
as Faecalibacterium that confer sensitivity to ICPI, also have a higher propensity to increase the risk of 
irAEs. Additionally, the microbiome can modulate the local immune response at the intestinal interface 
and influence the trafficking of bacterial peptide primed T-cells distally, influencing the toxicity patterns to 
ICPI. Antibiotic or diet induced alterations in composition of the microbiome can also indirectly alter the 
production of certain bacterial metabolites such as deoxycholate and short chain fatty acids that can influence 
the anti-tumor tolerogenesis. Gaining sufficient understanding of the exact mechanisms underpinning the 
interplay between ICPI induced anti-tumor immunity and the immune modulatory role gut microbiome can 
be vital in identifying potential avenues of improving outcomes to cancer immunotherapy. In the current 
review, we have summarized and highlighted the key emerging data supporting the role of gut microbiome 
in regulating response to ICPIs in cancer. 
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Introduction

Immune checkpoint  inhibitors  ( ICPIs)  target ing 
programmed cell death protein (PD-1)/programmed 
cell death ligand (PD-L1) and cytotoxic T lymphocyte-
associated protein (CTLA-4) axis revolutionized the 
management of cancer care with regulatory approvals in a 
variety of hematologic malignancies and solid tumors. These 
agents are approved as monotherapy, or in combination, 
and have shown improvements in objective response rate 
(ORR), progression-free survival (PFS), and overall survival 
(OS) compared to previous standard therapies. Additionally, 
they have a more favorable side effect profile than standard 
chemotherapy making them attractive therapeutic options 
in the first or later line settings. Unfortunately, only a 
minority of patients with cancer obtain a durable response 
to ICPIs, and the oncology community currently lacks a 
predictive biomarker across all malignancies to explain this 
phenomenon. At present, two predictive biomarkers, PD-L1  
immunohistochemistry (IHC) and tumor mutation 
burden (TMB) are utilized in clinical practice, although 
TMB has demonstrated mixed results as an effective 
predictive biomarker (1,2). Additionally, while PD-L1 
IHC has demonstrative efficacy as a predictive biomarker 
particularly in non-small cell lung cancer (NSCLC) and 
other solid tumors, there are numerous testing platforms 
with companion diagnostic status, differing positive cut-
offs among malignancies, and several interpretive scoring 
systems which can create confusion among clinicians. 

More recently, there has been growing interest in 
the tumor microenvironment (TME) and in the gut 
microbiome as potential predictive biomarkers to ICPIs. 
The gut microbiome has been extensively studied and 
found to play a significant role in human health and 
in the pathogenesis of chronic diseases such as cancer, 
the metabolic syndrome, and diabetes mellitus (3,4). 
Retrospective clinical data suggests that antibiotic use prior 
to ICPI can reduce the effectiveness of these agents, likely 
through altered composition of the gut microbiome (5). 
A succession of clinical studies has shown that responders 
(R) to ICPIs can be differentiated from non-responders 
(NR) based on the composition of their pretreatment gut 
microbiota (6,7). Emerging data have shown that certain 
bacterial strains confer sensitivity to therapy and protection 
against toxicity while others increase the risk of immune-
related adverse events (irAEs) (8). Although early studies 
primarily used mice models, there is now mounting data 
from human cohorts, suggesting that the gut microbiota is 

a dominant force in mediating both response and toxicity to 
these therapeutic strategies (9).

In the current review, we will summarize the emerging 
data supporting the role of the gut microbiome as a 
predictive biomarker of response and toxicity to ICPI 
therapy.

Gut microbiome and response to ICPIs

The human intestine accommodates over a trillion of 
commensal microorganisms which exist in a symbiotic 
relationship with their host and constitute the human gut 
microbiota (10). A number of studies have demonstrated 
that compositional alterations in the gut microbiome can 
promote tumorigenesis as well as having a detrimental 
effect to ICPIs responses via immune modulatory properties  
(11-14). Loss of microbial diversity (also known as dysbiosis) 
has been associated with poor treatment responses to ICPIs 
and worse survival outcomes in cancer patients (11). On 
the contrary, enrichment of the gut in certain bacterial 
species such as Faecalibacterium, Bifidobacterium, Lactobacillus, 
Akkermansia muciniphila, and Ruminococcaceae spp. has 
been found to have a favorable impact on ICPI response 
(8,15,16). Considerable research efforts are currently 
directed to the clinical utilization of metagenomic and/
or metabolic profiling of patients’ stool microbiota as a 
potential biomarker of responsiveness to ICPI to be utilized 
in clinical trials and in routine practice. 

Putative mechanisms underlying the relationship 
between gut microbiome and response to ICPI

The immune modulating properties of the gut bacterial 
ecosystem are yet to be fully elucidated. A number of 
mechanisms have been identified involving suppression 
of pro-inflammatory cytokines, reduction of T-regulatory 
cells (Tregs) density (8), stimulation of anti-tumor 
dendritic cell maturation and accumulation of antigen-
specific T-cells in the TME (15) (Figure 1). Modulation 
of major histocompatibility complex class I/II genes, with 
increased T-cell recognition of cancer cells is amongst 
the key mechanisms postulated to underlie the positive 
relationship between a physiologic gut microbial state and 
response to immunotherapy (17). More recent evidence 
has emphasized the significance of imbalance in microbial 
metabolites as an additional and non-mutually exclusive 
mechanism governing the immune homeostasis of the gut 
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Figure 1 The role of gut microbiome in regulating response to ICPI. Right: Gut microbiome and ICPI response. Enrichment of certain gut 
bacteria are associated with improvement in response (Faecalibacterium, Bifidobacterium and Lactobacillus sp) or worse response (Bacteroides 
sp) to ICPIs. Possible mechanisms of ICPI response modulation include lowering of T regulatory cells (Treg), stimulation of tumor-specific 
dendritic cell maturation or accumulation of antigen-specific T cells. The use of antibiotic therapy decreases the diversity of gut microbiome 
and is associated with adverse response rates and survival in patients on ICPIs. Certain bacterial species (Bifidobacterium and Lactobacillus) 
enhance fermentation of dietary fiber to form anti-tumor SCFAs. Left: Gut microbiome and ICPI toxicity. Enrichment of certain bacteria 
are associated with higher irAEs (Faecalibacterium sp) and lower irAEs (Bacteroides sp). Possible mechanisms of ICPI toxicity modulation 
include proliferation of ICOS + Tregs that secrete IL-10 (an anti-inflammatory cytokine) in the colonic lamina propria and mobilization of 
pDC. Peptides derived from certain bacteria that can also induce cross antigen T-cell reactivity leading to irAEs at distant sites. In this case 
B-gal peptides are taken up by the APC and lead to generation of heart-specific T-cells that cross react against MYH6 on the cardiac muscle 
leading to myocarditis. ICPI, immune checkpoint inhibitor; SFCA, short chain Fatty acids; Treg, T regulatory cell; irAEs, immune related 
adverse events; ICOS, inducible T cell co-stimulator; Pdc, plasmacytoid dendritic cell; APC, antigen presenting cells; IL-10, interleukin 10; 
B-gal, beta galectin; MYH6, Myosin Heavy Chain 6.
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mucosa. For instance, the relative under-representation of 
short chain fatty acids produced by bacterial species known 
to be positively associated with response to ICPIs such as 
Akkermansia spp. Enterococcus spp. and Faecalibacteria, and 
an enhanced conversion of primary to secondary bile acids 
such as deoxycholate by Clostridiales might explain the 
relative functional contribution of the diverse bacterial taxa 
in shaping anti-tumor tolerogenesis (18).

Antibiotic mediated modulation of gut microbiome and 
response to ICPIs

Iatrogenic factors are an important source of variation in 
the gut microbiome. Over the years, there has been an 
increased appreciation of how concomitant medications 
that are commonly prescribed in patients with cancer may 
affect response to immunotherapy (19). Broad-spectrum 
antibiotics (ATB) are widely used in cancer patients, a 
patient population at higher risk of bacterial infections 
due to treatment or disease-related immune suppression. 
Despite the significance of ATB in reducing infection-
related mortality, their administration even in short 
courses causes detrimental and protracted changes in the 
microbiota disturbing the symbiotic equilibrium with the 
host (20). This class of drugs has therefore been brought to 
the forefront of research for their impact on the efficacy of 
ICPIs therapeutics. 

There is a growing body of evidence associating the use 
of ATB with adverse response rates and survival outcomes 
in patients receiving ICPIs across a range of solid tumors  
(21-29). It is of note that a similar effect has not been 
observed for narrow spectrum antibiotics in the existing 
literature, though with less available data (23). This is 
likely attributed to the greater impact of broad-spectrum 
antibiotics in disrupting the taxonomic composition of 
the gut microbiota. Timing of antibiotic treatment was 
identified as an independent factor heavily impacting 
ICPI response. A study by Pinato et al. revealed that 
administration of ATB up to 30 days prior to commencing 
ICPIs in patients with a variety of solid tumors resulted 
in significantly shorter OS compared to concurrent 
administration (2 vs. 26 months respectively) (21). Apart 
from ATB treatment timing, duration also affects response 
to ICPIs. In their study, Tinsley et al. demonstrated that 
multiple ATB courses or a single prolonged course of 
more than 7 days, had the worst overall PFS (median PFS,  
2.8 months; HR, 2.625; P=0.026) and OS outcomes (median 
OS, 6.3 months; HR, 1.904; P=0.009) (22). 

The potential role of the human gut microbiome in 
modulating response to ICPI has generated considerable 
interest around the development of microbiome-based 
therapies. A number of early phase clinical trials are 
underway exploring the ability of microbial therapies 
to augment the efficacy of ICPIs in advanced solid 
malignancies. These novel therapies are proposed to 
introduce selected bacterial species known to positively 
influence anti-tumor immunity or restore gut microbiome 
diversity to a physiological state. A summary is provided in 
Table 1.

Gaining sufficient understanding of the exact mechanisms 
underpinning the interplay between immune cells and 
microorganisms which mediates the adverse relationship 
between ATB and ICPI response is crucial for the 
development of therapeutic interventions and warrants 
further research. Such interventions would aim at preventing 
the disturbance or restoring the microbiome homeostasis in 
the form of dietary interventions with pre- or pro-biotics, 
ingestion of certain bacterial species, selective antibiotic 
treatment or fecal microbial transplantation (FMT) (30). 
As ATB will remain the cornerstone of infection treatment 
in the cancer patients, combinational approaches involving 
rationalization of ATB use in patients receiving ICPIs along 
with interventions to maintain microbiome homeostasis 
will be crucial to not compromise treatment efficacy. 
Furthermore, some preclinical and clinical evidence have 
shown a carcinogenic effect for certain bacterial species in 
pancreatic cancer via immune suppression mechanisms. 
Antibiotic ablation of harmful bacteria re-established anti-
tumor immunity and sensitized pancreatic tumors to ICPIs 
in the animal models (31). Furthermore, a short course 
of antibiotic treatment before receiving FMT could, in 
theory, enhance donor microbiome engraftment in the host; 
however, a preclinical study of transplanting stool from 
BALB/c mice into C57BL/6 mice only showed a minor 
effect on engraftment (32). As we are learning more about 
the positive and negative immune modulating role of gut 
and tumor microbiome, antibiotics could be used to reduce 
harmful bacteria as we are moving more towards testing 
patient’s microbiome before the start of treatment.

Gut microbiome and toxicity to ICPIs

ICPIs have had tremendous success in the treatment of 
various malignancies resulting in sustained responses. 
However, a proportion of patients continue to experience 
treatment-limiting toxicities that are termed as irAEs (7). 
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The heterogeneity of patient responses, as is commonly 
witnessed with ICPIs, extends to toxicity as well. The 
variable irAEs associated with ICPI therapy commonly 
include those of dermatological, gastrointestinal, pulmonary, 
hepatic and endocrine origin, as well as less frequent 
immune-toxicities such as ocular, type 1 diabetes mellitus, 
cardiac, neurological, and hematological origin. These 
irAEs have the potential to complicate the management of 
patients with cancer, often leading to discontinuation of 
treatment, which may ultimately influence outcomes (33). 
There is mounting preclinical and clinical data highlighting 
the potential influence of gut microbiome on irAEs. 
Additionally, the role of specific microbiota signatures and 
their interaction with other factors that produce dysbiosis 
(i.e., antibiotic use, aging, and obesity) is an area of active 
investigation (34-36). 

Potential mechanisms between irAEs onset and microbiome 
characterization

ICPIs act by removing the inhibitory checkpoints on 
immune cells to activate effector T-cells to target tumors. 
However, ICPI-induced T-cell cross-reactivity between 
normal and tumor tissue tends to cause irAEs (37). The 
most common sites of adverse effects include the gut and 
skin, which are characterized by rapid cellular turnover 
and have a close association with bacteria, suggesting a role 
of the microbiota in toxicity. Although evidence indicates 
a strong association between microbiota and the immune 
system, the exact mechanism mediating this toxicity is 
unclear. It is also believed that the identification of microbial 
signatures could serve as biomarkers, and thus may help 
in the development of microbial-based therapeutics and 

Table 1 Trials evaluating microbiome modulation in patients with advanced malignancies

Trial Patient population Intervention Outcome Status

(NCT03595683) 
Phase II

Stage III and IV melanoma Oral microbial therapy 
(EDP1503) administered with 
pembrolizumab 

Primary: response rate frequency of 
EDP1503 related AEs; secondary: PFS 
frequency of treatment combination 
related AEs

Active, not 
recruiting

(NCT03817125) 
Phase I

Metastatic melanoma Donor-derived live bacteria 
composition (SER-401) 
dosed in combination with 
nivolumab, after vancomycin 
pretreatment

Primary: frequency of AEs; secondary: 
determination of SER-401 bacteria 
engraftment; ORR; DCR; PFS; OS; 
duration of response; change in the 
percentage of CD8 cells in tumor tissue 
from baseline at Cycle 2

Currently 
recruiting

(NCT04193904) 
Phase I

Resectable pancreatic 
adenocarcinoma

Oral live biotherapeutic 
MRx0518 with 
hypofractionated 
preoperative radiation for 
resectable pancreatic cancer

Primary: safety of MRx0518 in 
combination with hypofractionated 
preoperative radiation; secondary: major 
pathologic response; change in TILS; OS; 
PFS; local control; distal control

Recruiting

(NCT03637803) 
phase I/II

Advanced and/or metastatic or 
recurrent; non-small cell lung 
cancer, renal cell carcinoma, 
bladder cancer or melanoma

MRx0518 In Combination 
With pembrolizumab

Primary: safety and tolerability 
of MRx0518 in combination with 
pembrolizumab; clinical benefit; 
secondary: anti-tumor effect with imaging

Recruiting

(NCT02928523) 
Phase II

Acute myeloid leukemia & 
high-risk myelodysplastic 
syndrome

Autologous Fecal Microbiota 
Transplantation

Primary: evaluation of AFMT efficacy in 
dysbiosis correction; evaluation of AFMT 
efficacy in MDRB eradication; secondary: 
definition of a dysbiosis biosignature

Completed

(NCT04167137) 
Phase I

Stage III or IV solid tumor or 
lymphoma (inoperable)

Synthetic biotics (SYN1B891) 
dosed in combination with 
atezolizumab

Primary: incidence of DLTs; secondary: 
nature, incidence, and severity of all AEs 
and SAEs; ORR

Recruiting

AEs, adverse event; SAE, serious adverse event; PFS, progression free survival; ORR, objective response rate; DCR, disease control rate; 
PFS, progression free survival; OS, overall survival; TILS, tumor infiltrating lymphocytes; DLT, dose-limiting toxicity; AFMT, autologous 
fecal microbiota transplantation; MDRB, multidrug resistant bacteria.
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strategies to identify patients at risk of inflammatory 
complications caused by cancer immunotherapy (38).

To date, most of the data relating to gut microbiome 
and irAEs has been in the context of immune-mediated 
colitis and anti-CTLA-4 treatment. In preclinical murine 
models, Vétizou et al. provided the first evidence of a 
potential gut microbiome dependent mechanism underlying 
ICPI-associated toxicity. In this study the authors found 
that anti-CTLA-4 mAb induced a “subclinical colitis” 
that is dependent on the gut microbiota, which was 
more prominent in mice kept in specific-pathogen-free 
(SPF) conditions than in germ-free (GF) animals (39). 
They observed that cell death and the proliferation of 
intraepithelial cells (IECs) were increased in the ileum and 
colon of the SPF mice after the first dose of anti-CTLA-4 
mAb, an effect that was also observed after adding toll-like 
receptor (TLR) agonists (microbial ligands in this assay). 
Furthermore, they demonstrated the potential role of 
intraepithelial lymphocytes (IELs) in ICPI-induced colitis 
by administrating antibodies against TLRs which abolished 
the apoptosis and proliferation of IECs (39). The authors 
demonstrated an improvement in the histopathological 
findings of colitis in anti-CTLA-4-treated mice with 
oral gavage of B. fragilis and Burkholderia cepacia (39), and 
concluded that the protective effect of B. fragilis on immune-
mediated colitis could be related to its ability to promote 
the proliferation of ICOS+ Tregs that secrete IL-10  
(an anti-inflammatory cytokine) in the lamina propria. 
Another possible mechanism is believed to be through 
gut microbiota induced mobilization of plasmacytoid 
dendrit ic cel ls  (DCs) that have been observed to 
accumulate and mature in mesenteric lymph nodes after 
B. fragilis monocolonization of GF mice treated with anti-
CTLA-4 mAb (39,40). In addition, the anti-inflammatory 
effect of gut microbiota produced by the stimulation 
of Treg cell differentiation has also been proposed in a 
prospective study by Dubin et al. in patients with ICPI-
mediated colitis where the authors found that bacteria 
from the Bacteroidetes phylum family (Bacteroidaceae, 
Rikenellaceae, and Barnesiellaceae), that form a major phyla 
of human gut microbes were enriched in colitis-resistant  
patients (41). 

In contrast to the protective effect of the Bacteroidetes 
phylum family, a study by Chaput et al. concluded that the 
baseline enrichment of Faecalibacterium and other Firmicutes 
bacteria was not only associated with an increased likelihood 
of ipilimumab-induced colitis but also associated with an 
improvement in survival on CTLA-4 blockade. Their data 

elucidated a higher representation of Bacteroidetes in patients 
with poor anti-tumor responses and decreased incidence 
of colitis, which align with findings from Vetizou et al. and 
Dubin et al. (8,39,41). Additionally, to further elucidate the 
balance between ICPI response and toxicity the authors 
also performed flow cytometry on whole blood at baseline 
and correlated immune populations with microbiota 
composition. Their findings indicated that development 
of immune-mediated colitis was associated with at least 
a two-fold reduction in the Firmicutes phylum family of 
bacteria (Ruminococcus, Lachnospiracea incertae sedis, Blautia, 
Clostridium, Eubacterium, unclassified Lachnospiraceae, and 
Pseudoflavonifractor) that were dominant members of the 
microbiota at baseline levels. Interestingly, patients that 
had evidence of immune-mediated colitis also showed 
a decreased baseline levels of blood pro-inflammatory 
cytokines IL-6, IL-8, and sCD-25 compared to those who 
did not develop colitis indicating the potential interaction 
of systemic inflammatory proteins and the gut microbiome 
composition. Furthermore, they observed an association 
between presence of Faecalibacterium and low baseline 
percentage of circulating α4+β7+ T-cells and CD4+ Tregs 
raising the possibility of this being a factor influencing 
better responses to ICPIs and higher incidence of colitis (8).  
There is also evidence to suggest a potential role of 
pretreatment microbiome and response to ICPIs. In a 
study, Simpson et al. analyzed 38 stage III melanoma 
patients’ pretreatment fecal microbiomes and found that 
low microbial diversity and a reduction in the abundance 
of butyrate-producing Ruminococcaceae and methanogenic-
archaea were associated with a lack of response to ICPIs 
and the development of severe irAEs. They also found 
that differences in peripheral immune cells were associated 
with changes in microbial diversity (42). The contradictory 
observations between Simpson et al. study and Chaput et al. 
study on the incidence of ir-AEs and the association with 
response to ICPIs, hints at a different role that bacterial 
diversity and enrichment of certain strains of bacteria can 
play in conferring sensitivity to treatment and potentially 
inducing ir-AEs. Given the variations that exist in gut 
microbiome in patients from different geographic areas, 
more studies are required to confirm these observations 
and help us better understand the independent role of gut 
microbiome diversity and certain families of bacteria in 
treatment response and toxicity in patients that receive 
ICPIs. 

Interestingly, the microbiome mediation of irAEs is 
not only limited to colitis. A recent study by Gil-Cruz 
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et al. demonstrated the influence of microbiota as an 
important internal environmental influence driving lethal 
myocarditis. They used a modified transgenic murine 
model expressing a myosin heavy chain 6 (MYH6)- specific 
T-cell receptor on more than 95% of their CD4+ T-cells 
(TCRM) to evaluate how heart-specific T-cells cross-react 
with microbial components resulting in myocarditis. They 
showed that CD4+ TCRM cells that had infiltrated the 
heart expressed significantly higher gut-homing receptors 
under SPF conditions compared with GF conditions, 
indicating a transfer of TCRM T-cells that initially 
proliferated in the lamina propria of the colonic tissue to 
the mediastinal lymph node and finally to the cardiac tissue. 
More interestingly, they demonstrated peptides derived 
from Bacteroides thetaiotaomicron (B. theta) and Bacteroides 
faecis β-galactosidase (βgal) being similar to MYH6 thereby 
highlighting the potential pathological role of cross-
reactive T-cells that proliferate in the gut lamina propria 
and eventually lead to myocarditis. In their study, transgene 
negative and TCRM mice possessed disparate microbiomes 
and its modification by antibiotic treatment prevented 
lethal cardiomyopathy and reduced cardiac inflammation. 
These findings provide insight on the mechanism on how 
gut microbiome could potentially increase the likelihood of 
cardiotoxicity in patients undergoing ICPIs (43).

Lastly, there is also data to suggest a potential role 
of dysbiosis produced by other factors affects response 
and toxicity to ICPIs. A recent study by Mohiuddin et al. 
demonstrated that antibiotic-induced dysbiosis increases the 
likelihood of grade 4 immune-mediated colitis in melanoma 
patients treated with ICPIs needing treatment with steroids 
and is related to worse OS among these patients (44).

Manipulation of the microbiome to reduce irAEs

As previously mentioned, Dubin et al. have demonstrated a 
correlation between over-representation of the Bacteroidetes 
phylum and resistance to immune-mediated colitis in 
humans (41). In line with these findings, a cocktail of 
Bacteroidales and Burkholderiales was seen to ameliorate 
CTLA-4-blockade-induced subclinical colitis and colon 
inflammatory scores in antibiotic-treated mice. Additionally, 
this cocktail was also observed to influence the anti-tumor 
efficacy of CTLA-4 blockade via T helper type 1(Th1) 
immune response and maturation of intra tumoral DCs (39). 
Another study by Wang et al. [2017] also using a murine 
model demonstrated the use of microbiota manipulation by 
administrating four Bifidobacterium species using oral gavage 

that ameliorated ICPI-associated colitis in the mice (45).
Wang et al. [2018] reported the first series of cases 

of ICPI-associated refractory colitis successfully treated 
with FMT, providing preliminary evidence to support 
modulation of the gut microbiome to treat ICPI-related 
colitis (46). In addition to an endoscopic resolution of colitis, 
the authors showed a durable change in the gut microbiota 
of the recipient resembling that of the donor, and an 
alteration in the colonic inflammatory infiltrate to a more 
anti-inflammatory phenotype following FMT. Additional 
studies are critical to assess the utility of this approach 
as well as to provide further mechanistic insights (12)  
(9,47,48). Key clinical trials that are currently underway and 
evaluating this approach are listed in Table 2.

Recently it has been identified that the loss of control 
over self- and cross-reactive T-cells during ICPI therapy 
may be a reason for potentially lethal cardiac inflammation 
in patients who share particular HLADQA1*/B1* alleles. 
This was shown to be linked to bacterial peptides derived 
from B.Theta, B.faeces that demonstrated the ability to 
activate heart-specific T-cells cross-reacting against MYH6. 
Thus, targeting the microbiome of genetically predisposed 
myocarditis patients or susceptible patients undergoing 
ICPI treatment through antibiotics to reduce bacteria-
induced immunoreactivity may alleviate disease severity and 
may, therefore, help prevent the potentially lethal sequelae 
of inflammatory cardiomyopathy (43). This might be 
even true for other irAEs, where perhaps a similar role of 
bacteria-induced immunoreactivity needs to be ascertained, 
with the ultimate aim of modifying these host-specific 
factors to achieve improved patient outcomes.

Efforts to characterize gut microbiota that contribute 
to toxicity to immune checkpoint blockade are underway  
(Table 1), the trial [NCT04107168] will be evaluating 
microbiome immunotherapy toxicity and response in 9 
cohorts of patients with melanoma, renal cell carcinoma and 
NSCLC receiving different ICPIs therapies. Other studies 
will be evaluating the composition of the fecal microbiome 
and its correlation with irAEs in patients with melanoma 
and lung cancer [NCT03643289, NCT03688347]. The 
Phase I PERFORM study is the only trial at the moment 
evaluating the safety of FMT from a healthy donor in 
patients with renal cell carcinoma receiving combination 
immunotherapy [NCT04163289]. This trial will also 
prospectively assess the incidence of grade 3 or higher 
ir-AEs including colitis in renal cell carcinoma patients 
who will receive FMT before and during combination 
immunotherapy. 
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Conclusions

Preliminary pre-clinical and clinical data suggests a 
definitive association between gut microbiota and ICPI-
associated tumor response and toxicity. Smaller prospective 

studies and case series also demonstrate a provocative 

impact of gut microbiome modulation on efficacy and 

toxicity of ICPIs. As we eagerly await the results of the 

larger prospective trials that are currently underway to 

Table 2 Trials evaluating microbiome and irAEs

Trial number Patient population Intervention Outcome Status

NCT04107168 Unresectable Stage III 
or IV melanoma

Anti-PD-1 monotherapy Primary: microbiome signature predict PFS of 1 
year or greater

Recruiting

Anti-PD-1 and anti-CTLA-4 Secondary: microbiome signature OS, relapse 
prediction, treatment efficacy, incidence and 
characteristics of IRAEs

Advance renal cell 
carcinoma

Anti-PD-1 monotherapy

Anti-PD-1 monotherapy

Anti-PD-1 and anti-CTLA-4

Advanced NSCLC Anti-PD-(L)1 monotherapy

Anti-PD-(L)1 monotherapy + 
CT + antiangiogenic

Resected Stage III or 
IV melanoma

Anti-PD-1 monotherapy

Resected renal cancer Durvalumab

Durvalumab + Tremelimumab

NCT04163289 Stage IV renal cell 
carcinoma

FMT Primary: occurrence of immune-related colitis Recruiting

Secondary: incidence of irAEs, treatment 
discontinuation, ORR, changes in patient 
microbiome, success rate of FMT, effect on 
immune response, QoL

NCT03643289 Stage III and IV 
melanoma

N/A Primary: gut microbiome diversity via stool 
samples, immunophenotyping in relation to 
response and irAEs, irAEs

Recruiting

Secondary: optional punch biopsy before and after 
commencing immunotherapy

NCT03688347 NSCLC and SCLC N/A Primary: bacterial DNA from stool/swab samples Active, not 
recruiting

Secondary: clinical correlation of data, irAEs

NCT01947101 Patients with 
ulcerative colitis

FMT Primary: safety of FMT and associated toxicities Completed

Secondary: efficacy of FMT

NCT04013542 Stage II and III NSCLC Anti-PD-1+Anti-CTLA-4+RT Primary: incidence of irAEs Active, not 
recruiting

Secondary: anti-tumor activity, PFS, OS, local 
treatment failure, distant failure, ORR

Other: tumor/blood biomarkers, microbiome 

irAEs, inmune-related adverse events; PD-1, programmed death-1 receptor; CTLA-4, cytotoxic T lymphocyte antigen-4; PD-L1, 
programmed death ligand 1; NSCLC, non-small cell lung cancer; CT, chemotherapy; FMT, fecal microbiota transplantation; N/A, not 
applicable; ORR, overall response rate; QoL, quality of life; SCLC, small-cell lung cancer; DNA, deoxyribonucleic acid; PFS, progression 
free survival; OS, overall survival; RT, radiotherapy.

https://clinicaltrials.gov/ct2/show/NCT04107168
https://clinicaltrials.gov/ct2/show/NCT04163289?term=microbiome%2C+toxicity%2C+immunotherapy&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03643289?term=microbiome%2C+toxicity%2C+immunotherapy&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03688347?term=microbiome%2C+toxicity%2C+immunotherapy&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT01947101?term=microbiome%2C+toxicity%2C+immunotherapy&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT04013542?term=microbiome%2C+toxicity%2C+immunotherapy&draw=2&rank=10
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evaluate the clinical role of gut microbiome modulation in 
ICPI therapy, future studies are needed to determine the 
timing, nature and duration of microbiome modulation to 
improve the outcomes of patients on ICPI therapy. 
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