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ABSTRACT

Five patients receiving checkpoint inhibitor immunotherapy
(CPI) under our care across two cancer centers over

a 12-month period have subsequently developed
campylobacterosis. All had received immune-suppressive
treatment for CPI-related colitis in the weeks or months
preceding the detection of Campylobacter infection, with
negative stool cultures at presentation of CPI-related
colitis. The immune-suppression required to treat CPI-
related toxicity may lead to an increased risk of enteric
infection within the gut. While the underlying immune
and biologic mechanisms are not well understood,
perturbation of the gut microbiota is an increasingly
recognized factor capable of influencing CPI-mediated
immune reconstitution and response to therapy. Clinicians
should be aware that worsening of colitic symptoms in
patients with a history of treatment for CPI-related colitis
may be due to enteric infection, and not simply a relapse/
deterioration of a previously treated CPI-related colitis.
Judicious infectious disease evaluation is necessary for
patients receiving CPls as symptoms can mimic immune-
related adverse events (irAEs). Furthermore, the benefits
of immune-suppressive therapy for the treatment of
presumptive irAEs must be weighed against the possible
increased risk for either enteric infection or opportunistic
infection. Prospective studies are required to investigate
microbiome perturbations, resulting from immune-
suppression, and guide future treatment of this patient
cohort.

Five patients receiving checkpoint inhibitor
immunotherapy (CPI) under our care across
two cancer centers over a 12-month period
have subsequently developed campylobac-
terosis. All five patients had received treat-
ment for CPI-related colitis in the weeks or
months preceding the detection of Campylo-
bacter infection, with negative stool cultures
at presentation of CPI-related colitis ruling
out infection as a cause of their initial colitic
symptoms. Of these five patients, one received
amoxicillin antibiotics at the point of admis-
sion with CPI-related colitis; none of the other
four had received antibiotics in the 3 months
prior to development of campylobacterosis.
One patient developed campylobacterosis 3
months after immune-suppressive treatment

for CPIrelated colitis; the other four devel-
oped campylobacterosis within 3 weeks of
immune-suppressive treatment for CPI-
related colitis. Microbiology advice was sought
for all five patients, and antibiotic treatment
for campylobacterosis was advised for three
patients. All five subsequently produced
Campylobacternegative stool and recovered
from their infection. CPI-related toxicity and
the immune-suppression required to treat it
may lead to an increased risk of outgrowth of
bacteria such as Campylobacter.

Campylobacter infection is one of the most
common causes of infectious diarrhea among
immunocompetant hosts." However, many
individuals carry Campylobacteras a commensal
gut organism with no adverse effects. Campy-
lobacteriosis is a collective term, used for
infectious, emerging foodborne disease
caused by Campylobacter species comprizing
Gram-negative, curved and microaerophilic
pathogens.

Both preclinical and clinical evidence now
support the association between response
to CPI, gut microbiome taxonomic diver-
sity and enrichment of specific gut bacte-
rial taxa, suggesting that some species
or consortia provide intrinsic immune-
modulating properties. The landmark study
by Gopalakrishnan et al demonstrated how
broader stool bacterial diversity and higher
representation of Ruminococcaceae commu-
nities positively influence patients’ survival
following CPI° by promoting a strongly
immune-reactive  microenvironment and
lower systemic release of proinflammatory
cytokines.” Subsequently, a number of other
commensal bacteria have been recognized to
play a similar role including Bifidobacteria spp,
a Gram-positive genus highly represented
within the intestine that facilitates maturation
of dendritic cells and increased accumulation
of antigen-specific T-cells within the tumor
microenvironment.* Similarly, the anaerobic
commensal Akkermansia Muciniphila has been
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found in higher abundance in responders to CPI, who
display higher peripheral CD4 and CD8 memory T-cell
responses to this bacterium.”

Sensitivity to CPI therapy is governed by a complex
interplay of tumor and hostrelated determinants. While
the underlying immune-biologic mechanisms are poorly
understood, perturbation of the gut microbiota may lead
to outgrowth of some bacteria in patients treated with
immune-suppression for CPI-related toxicity. Disruption
of the delicate balance of commensal bacteria in the gut
is seen in the setting of dysbiosis, a state characterized by a
less diverse and less stable gut microbiome, with outgrowth
of potentially pathogenic bacteria.’ Such disturbance can
lead to impairment of immune responses with break-
down of mucosal barriers, translocation of bacteria to the
mesenteric lymph nodes and blood and alteration of the
cytokine environment within the gut mucosa leading to a
profound inflammatory state with activation of Th17 and
effector T cells.” Of medications, it is not just antibiotics
that have harmful effects on commensal gutflora. Imhann
et al analyzed the composition of the gut microbiome
of 1815 proton pump inhibitor (PPI) users compared
with nonusers. Individuals taking PPIs were consistently
found to have a less healthy gut microbiome. Differences
were in line with known changes that predispose to Clos-
tridioides difficile infections.® Of particular relevance to
CPI-related toxicity, corticosteroids may also promote
a dysbiosis: among a cohort of 640 non-small cell lung
cancer (NSCLC) patients treated with CPI, those who had
received more than 10 mg/day of corticosteroids continu-
ously had a decreased progression free survival and overall
survival, as confirmed by both univariate and multivariate
analyses.” Beyond strong anti-inflammatory and immune-
suppressive effects, corticosteroids may cause substantial
shifts in the gut microbiota—for instance, dexametha-
sone causes an increase in the abundance of Clostridiales
and Lactobacillaceae in murine models.' Moreover, at the
point of CPI-related toxicity, corticosteroids are usually
combined with a PPI, which may act as a “double-hit” for
the commensal flora.

At present, our knowledge remains limited, but it is
clear that we must be mindful of the gut microbiota of
patients receiving CPI. While knowledge of CPI-related
toxicity has grown substantially over the past decade,'
the potential for enteric infection as a result of the
immune-suppression used to treat CPl-related toxicity
has not previously been well documented. A number
of reports detailing more serious opportunistic infec-
tions in patients treated for CPl-induced toxicity exist
in the literature: two case reports of invasive Aspergillus
infection following immune-suppression for CPI-related
toxicity,'* ¥ a number of case reports and small case series
detailing Pneumocystis jirovecii pneumonia (PJP) among
patients treated with immune-suppressants for CPI-related
toxicity,"* % two cases of severe Mycobacterium tuberculosis
and Aspergillus fumigatusin patients treated for CPI-related
toxicity."” The term opportunistic infection refers to infec-
tions occurring more frequently and/or severely among

immunocompromised individuals; as campylobacteriosis
occurs commonly among immunocompentant hosts, it
cannot be referred to as an opportunistic infection but
nonetheless shares many characteristics of opportunistic
infections. A group at Memorial Sloan Kettering Cancer
Centre retrospectively reviewed medical records of 740
patients with melanoma who received CPIs, reporting
serious infection to have occurred in 54 patients (7.3%) 18
The major risk factor for development of serious infec-
tion among these patients was use of immune-suppressive
agents, including corticosteroids and infliximab. The risk
of serious infection was 13.5% in patients who received
either corticosteroids or infliximab but only 2% in those
who did not. Infections reported include invasive pulmo-
nary aspergillosis (n=2), PJP (n=3), disseminated or facial
Herpes zoster (n=3) and Clostridioides difficilerelated diar-
rhea (n=10) among others. Another group reviewed 167
patients with NSCLC, 32 (19.2%) of whom developed
infectious diseases. Of the 33 infections in 32 patients,
25 were bacterial, 2 were fungal and 6 were viral. Twenty-
seven of the 32 patients with infections had received corti-
costeroids during their treatment course.'?

Clinicians should be aware that worsening of colitic
symptoms in patients with a history of treatment for CPI-
related colitis may be due to enteric infection, and not
simply a relapse/deterioration of a previously treated
CPI-related colitis. Patients receiving CPIs should always
have a stool sample collected and sent for microscopy and
culture at presentation, even when relapse/deterioration
of a previously treated CPI-related colitis seems the most
likely diagnosis. Judicious infectious disease evaluation
is necessary for patients receiving CPIs as symptoms can
mimic immune-related adverse events (irAEs). Further-
more, the benefits of immune-suppressive therapy for
the treatment of presumptive irAEs must be weighed
against the possible increased risk for either opportu-
nistic infections or enteric infection. Our current study
Predicting Response to Immunotherapy for Melanoma
With Gut Microbiome and Metabolomics (PRIMM)
(NCT03643289) is assessing changes in gut microbiome
differences in patients with melanoma at baseline and
while on treatment with CPI in both metastatic and adju-
vant settings and will endeavor to determine whether
baseline microbiome changes exist among those patients
who go on to develop toxicityxenteric infection and those
who do not. More prospective trials are needed to define
the optimal immune-suppressive management of CPI-
related toxicity.
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