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Immune checkpoint inhibitors (ICIs) have transformed 
the treatment of solid malignancies, but responses are 
heterogeneous with benefit generally limited to only 
a fraction of patients. A number of factors have been 
hypothesized to contribute to variability in ICI efficacy. 
Among these, a growing body of evidence points to a 
critical role for the commensal gut microbiome, the 
complex ecosystem of microorganisms living together 
within the human gastrointestinal tract. Preclinical models 
studying the interplay between the gut microbiota and ICIs 
support the idea that the gut microbiome plays a critical 
role in immunotherapy responsiveness. For example, 
when germ-free mice were colonized with bacteria shown 
to be enriched in murine and human responders to ICIs, 
immune responsiveness was augmented via increased T 
helper 1 response, increased frequency of tumor-residing 
Batf3-lineage dendritic cells, and decreased frequency of 
colon-derived peripheral regulatory T-cells (1,2). Chronic 
antibiotic therapy is known to lead to gut dysbiosis and may 
disrupt this association, potentially diminishing the benefit 
of ICIs. Recently, several groups have reported a negative 
correlation between antibiotic exposure and outcomes for 
patients receiving treatment with ICIs for advanced solid 
cancers (1,3-7). In this editorial, we discuss work by Tinsley 
et al., who found that cumulative antibiotic exposure 
diminishes ICI efficacy (8).

In this single-site, retrospective study, medical records 
from 291 patients [n=179 melanoma, n=64 non-small cell 
lung cancer (NSCLC), and n=48 renal cell carcinoma] 

undergoing ICI treatment were reviewed for antibiotic 
exposure occurring within the time period two weeks 
before and six weeks after initiation of ICI therapy. Ninety-
two patients (32%) in the study received antibiotics. 
Univariate analyses were performed to assess for significant 
associations between patient characteristics and outcomes. 
Progression-free survival (PFS) was found to correlate with 
antibiotic exposure, performance status, and comorbidity. 
Overall survival (OS) correlated with each of these factors, 
along with clinical trial enrollment and presence of three 
or more metastatic sites. Multivariate analysis controlling 
for clinical factors with P<0.2 on univariate analysis showed 
that antibiotic use was associated with significantly shorter 
PFS (HR 1.40; P=0.033) and OS (HR 1.487; P=0.033). An 
exploratory analysis was then performed to assess whether 
degree of antibiotic exposure had an effect on outcomes. 
Patients were grouped into three cohorts: no antibiotic 
treatment, a single course of antibiotics for 7 or fewer 
days, or “cumulative” treatment with multiple courses or 
treatment for more than 7 days. The authors found that 
while patients who received cumulative antibiotics had 
shorter PFS and OS, antibiotic exposure for 7 or fewer 
days had less effect and was associated with only a non-
significant trend toward decreased PFS and OS. Median 
survival was 21.7 months in the group with no antibiotics, 
17.7 months (P=0.294) in the group who received 7 days or 
less of antibiotics, and 6.3 months (P=0.009) in the group 
exposed to cumulative antibiotics. The authors assert that 
this is a novel and clinically important finding: cumulative 
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antibiotic exposure is associated with diminished outcomes 
for patients receiving ICIs for advanced cancer (8).

It is important to place this report into the context of a 
growing body of studies which have incrementally extended 
our understanding of the association between antibiotic 
exposure and ICIs. For example, Ahmed et al. performed 
a retrospective cohort study of 60 patients who received 
ICIs and found that those exposed to antibiotics within  
2 weeks before and/or after the first dose of immunotherapy 
had reduced response rates (RRs) and shorter PFS and OS. 
Interestingly, exposure to narrow-spectrum antibiotics, 
defined as only covering Gram-positive bacteria, did not 
appear to affect RR (3). Another retrospective cohort 
study from Derosa et al. of 170 patients treated with ICIs 
found that antibiotic exposure within 2 months prior 
to or 1-month after initiation of ICI treatment led to 
shorter PFS and OS. Notably, subgroup analysis showed 
that within this cohort antibiotic therapy was associated 
with shorter PFS for all cancer types (which included 
NSCLC, renal cell carcinoma, and urothelial carcinoma), 
but survival was decreased only in NSCLC (4). Sen et al. 
retrospectively analyzed 172 patients with a wide variety 
of solid malignancies being treated with ICIs within the 
context of phase I trials. While antibiotic use within the 
time period of 30 days prior to initiation of ICI treatment 
was associated with decreased OS, antibiotic exposure 
within 30 days or from 30–60 days after initiation of ICIs 
had no effect on PFS, OS, or primary progressive disease (5). 
As Tinsley and colleagues note, there have been two small 
retrospective studies which failed to show any association 
between antibiotic therapy and ICI efficacy; these cohorts 
were limited to patients with NSCLC treated specifically 
with nivolumab (9,10).

Importantly, following publication of this report by 
Tinsley and colleagues the first prospective study in this 
space was reported by Pinato et al., who performed a 
multicenter, cohort trial of 196 patients with solid cancers 
treated with ICIs. These authors found that antibiotic 
therapy prior to ICI treatment was associated with worse 
OS (2 vs. 26 months, HR 7.4; 95% CI, 4.3–12.8; P<0.001) 
and a higher likelihood of primary refractoriness to ICI 
therapy [21 of 28 (81%) vs. 66 of 151 (44%); P<0.001]. 
Interestingly, these effects were not seen in patients who 
received antibiotics after initiation of ICI therapy (HR 0.9; 
95% CI, 0.5–1.4, P=0.76). The negative effect of prior 
antibiotic therapy held across all tumor types (groups 
included NSCLC, melanoma, and other) and in multivariate 
analysis was independent of tumor site, disease burden, and 

performance status (11). 
Taken together, current evidence points to a striking 

interaction between antibiotic exposure and outcomes in 
patients treated with ICIs. Tinsley and colleagues extend 
this understanding by showing that within the context of 
immunotherapy, treatment with multiple or prolonged 
courses of antibiotics appear to be more harmful than 
isolated short exposures. As with most other work within 
this space, this study is limited by its retrospective nature, 
which may introduce bias in patient selection and analysis, 
and that patients came from a single center. Additionally, 
the authors did not assess the impact of timing of antibiotic 
therapy in relation to ICI treatment within the antibiotic-
exposed cohort. Given prior reports suggest that antibiotic 
use prior to initiation of ICI therapy may be more 
deleterious than concurrent treatment, it would be useful 
to examine whether there is an interaction between timing 
of antibiotic therapy and cumulative exposure. Along these 
lines, the boundaries of what constitutes pre-treatment 
antibiotic exposure require better definition. While the 
authors offer a rationale for selecting their timepoint of  
2 weeks prior to initiation of ICI treatment, the definition 
of antibiotic exposure in various studies is heterogeneous 
and largely arbitrary, and further assessment of this aspect 
should be a focus of future work.

Another limitation of the report from Tinsley et al. is the 
absence of correlative studies of the gut microbiota in their 
cohorts. Such work has been performed by other groups 
and furthered our understanding of the specific elements of 
the composition of the microbiome which may be critical 
to ICI responsiveness. For example, Gopalakrishnan and 
colleagues have shown that alpha diversity, the average 
species diversity within a given patient, correlates with anti-
PD-1 response in patients with melanoma (12). Previous 
clustering analyses of gut microbiome composition in human 
subjects have shown diverging patterns of composition of 
commensal gut flora between responders and non-responders 
in various tumor types. Examples of species whose enrichment 
appear to be important for immunotherapy responsiveness 
include Bifidobacterium longum, Collinsella aerofaciens, and 
Enteroccous faecium in patients with metastatic melanoma (1);  
Akkermansia muciniphila in lung and kidney cancer (6); and 
Ruminococcaccae species in melanoma (12). Evidence also 
exists for the importance of specific species in response 
to particular therapies, such as Bacteroides fragilis for anti-
CTLA-4 therapy or Bifidobacterium in maturing intra-
tumoral dendritic cells in anti-PD-L1 therapy (13,14).

How can we utilize the insights from Tinsley and others 
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to benefit patients at present? The development of expert 
consensus guidelines for antibiotic use in patients receiving 
or potentially undergoing ICI therapy would be helpful 
to raise clinician awareness and provide a framework 
for appropriate use. While conventional chemotherapy 
suppresses the immune system and the management 
of infectious complications related to cancer treatment 
is among the most critical aspects of patient care in 
patients receiving these treatments, ICIs are not generally 
immunosuppressive and pose less infectious risk. Given 
burgeoning evidence that antibiotics may negatively impact 
the efficacy of ICIs, their use in this population should be 
more targeted and judicious. Based on available evidence, 
we would recommend that clinicians limit both the time 
course and spectrum of antibiotic therapy as much as 
possible in patients who are planning to initiate or currently 
undergoing ICI therapy. Examples of other potential 
recommendations include: avoiding or deferring initiation 
of ICI therapy in patients who have recently received 
or are currently receiving broad spectrum antibiotics; 
consideration of treatment options other than ICIs in 
patients with chronic or recurrent infections requiring 
antimicrobial treatment; and deferring elective procedures 
that would require the use of Gram-negative antimicrobial 
prophylaxis in patients receiving ICI therapy. 

Beyond aiding our understanding the effect of antibiotics 
on the interplay between the gut and ICIs, the development 
of a more thorough and granular grasp of which gut bacteria 
are critical to the immune response will likely lead to 
broader applications that could allow us to harness the gut 
to our benefit. Examples include pre-treatment assessment 
of the gut microbial signature to predict likelihood of 
response and potentially guide therapeutic decision-
making, or manipulation of the microbiome in patients 
with “unfavorable” gut profiles to augment treatment 
response. Such interventions have already shown promise 
in pre-clinical mouse models of solid cancers. Germ-free 
or antibiotic-treated mice, which have been shown to have 
impaired ICI responsiveness compared to controls, can 
experience restoration of ICI efficacy with interventions 
such as co-housing with immune responsive mice, microbial 
supplementation, or fecal microbiota transplantation from 
feces of mouse or human responders to ICIs (1,12).

Our nascent but growing understanding of the interplay 
between the gut, the immune system, and cancer holds 
great promise for our patients. The significance of these 
interactions may extend far beyond the bounds of our 
current apprehension. In a striking example, a recent 

study of the gut microbiome of patients with pancreatic 
cancer showed that long-term survivors display higher 
tumor microbial biodiversity and immune activation 
than short-term survivors and identified an intra-tumoral 
microbiome signature highly predictive of long-term 
survival. Furthermore, it was shown that the gut microbiome 
modulates the pancreatic tumor microbial landscape, and 
that fecal microbial transplantation from short- and long-
term pancreatic cancer survivors into mouse models had 
differential effects on tumor growth (15). As recently as a 
decade ago we had essentially no knowledge of the effects of 
the gut on the immune response to solid tumors. While it 
remains to be seen what other unexpected interactions may 
be uncovered, our advice at this point would be to stay tuned.
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