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Personal View

Redefining Clostridioides difficile infection antibiotic response

and clinical outcomes

AnneJ Gonzales-Luna, Andrew M Skinner, Carolyn D Alonso, Emilio Bouza, Oliver A Cornely, Tim G J de Meij, Richard ] Drew, Kevin W Garey,
Dale N Gerding, Stuart Johnson, Stacy A Kahn, Haru Kato, Ciaran P Kelly, Colleen R Kelly, Larry K Kociolek, Ed ] Kuijper, Thomas Louie,
Thomas V Riley, Thomas J Sandora, Maria J G T Vehreschild, Mark H Wilcox, Erik R Dubberke, The EXPAND Cdiff group

With the approval and development of narrow-spectrum antibiotics for the treatment of Clostridioides difficile infection
(CDI), the primary endpoint for treatment success of CDI antibiotic treatment trials has shifted from treatment
response at end of therapy to sustained response 30 days after completed therapy. The current definition of a
successful response to treatment (three or fewer unformed bowel movements [UBMs] per day for 1-2 days) has not
been validated, does not reflect CDI management, and could impair assessments for successful treatment at 30 days.
We propose new definitions to optimise trial design to assess sustained response. Primarily, we suggest that the
initial response at the end of treatment be defined as (1) three or fewer UBMs per day, (2) a reduction in UBMs of
more than 50% per day, (3) a decrease in stool volume of more than 75% for those with ostomy, or (4) attainment of
bowel movements of Bristol Stool Form Scale types 1-4, on average, by day 2 after completion of primary CDI therapy
(ie, assessed on day 11 and day 12 of a 10-day treatment course) and following an investigator determination that CDI

treatment can be ceased.

Introduction
From the earliest Clostridioides difficile infection (CDI)
treatment trials in the 1980s, C difficile research has used
various definitions for clinical response and disease
outcomes. 40 years later, the medical community
continues to grapple with how to define diarrhoea, how to
define a patient’s response to CDI therapy, how to define
meaningful primary clinical outcomes, and how to
measure relevant long-term outcomes in both the clinic
and research. Definitions of diarrhoea have shifted from
evidence of persistent diarrhoea (six or more unformed
bowel movements [UBMs] over 36 h)' to less stringent
measurements of diarrhoea, with several trials defining
diarrhoea as three or more UBMs in 24 h.> Similarly, the
definition of CDI initial cure has transformed from
primarily clinical, which required improvement of
symptoms over the course of treatment,' to more stringent
definitions with the same measure of three or fewer
UBMs per day for 24-48 h.*”*"° In clinical practice, no
treatment guidelines provide a set number of UBMs at
the end of therapy to determine treatment duration or
recommendations for response to therapy."* Further-
more, the shift towards more restrictive definitions of
CDI cure could have unintended consequences for people
enrolled in clinical trials and for drug innovation. Overly
restrictive definitions of initial clinical cure impact the
ability to measure long-term outcomes such as sustained
clinical response, which has historically been measured
as initial clinical cure without recurrence of CDI within a
specified time that is also not uniformly defined. With
more restrictive initial clinical cure definitions, fewer
people will attain a sustained clinical response, despite
otherwise demonstrating a satisfactory clinical response
to CDI therapy.

In this Personal View, we aim to explore the potential
effect of current CDI trial definitions and to propose a
novel definition grounded in clinically relevant, discrete,
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and objective measures of CDI. Although we acknowledge
the testing methods used to diagnose CDI have a large
bearing on trial enrolment and outcomes, this Personal
View focuses on how to define trial outcomes and will
therefore not discuss diagnosis recommendations.
Additionally, although we recognise the various therapies
used for prevention of recurrent CDI that are approved
and undergoing study, including monoclonal antibodies
and live biotherapeutic products, our discussion focuses
on primary antibiotic therapy for CDI. The positions and
recommendations we offer, as a group of C difficile
experts, are intended to establish a network of practical
definitions that can be used from the bench to bedside
for people enrolled in C difficile trials and for the primary
antibiotic management of people with CDI.

Historical background

The evaluation of new antimicrobials typically includes
measures of both Dbacteriological and clinical cure.
However, these endpoints are not suited to the evaluation
of anti-CDI therapies because routine cultures are not
performed, organism and toxin presence in stool is not
diagnostic of disease, antimicrobials do not eradicate
spores from the host, and the complex interplay of
pathogen and host microbiome is not accounted for, but
is determinative for both immediate and long-term
outcomes. Additionally, the rate of residual post-
treatment positive stool culture has not shown a
correlation with treatment success and far exceeds the
rate of clinical CDI recurrence.” Instead, CDI clinical
trials have relied heavily on clinical cure as the primary
measure of efficacy (figure). This reliance emphasises
the importance of measuring clinical outcomes in an
externally valid way that captures true treatment effects.
However, basic tenets such as how diarrhoea is defined,
and subjectivity of diarrhoea as experienced and reported
by the individual, undermine many efforts to do so.
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Figure: Timeline of Clostridioides difficile infection outcome assessments for clinical trials
CDI=Clostridioides difficile infection. EOT=end of treatment. *Diarrhoea defined as three or more loose stools in 24 h or fewer. tDiarrhoeal stool testing positive for toxigenic C difficile. Specimen
collected within 48 h of randomisation and before anti-CDI treatment. Clinical cure defined as resolution of diarrhoea (ie, three or fewer stools for 2 consecutive days) and maintenance of resolution
requiring no further treatment for CDI within 2 days after completion of therapy. §Initial response defined as any significant improvement in diarrhoea (three or fewer unformed bowel movements per
day, >50% reduction in unformed bowel movements per day, >75% decrease in stool volume for those with an ostomy, or attainment of bowel movements of Bristol Stool Form Scale types 1-4 on
average) by day 2 after completion of CDI therapy.
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The absence of diarrhoea, defined as the inverse to the
diarrhoea definition used for enrolment, has broadly
served as the basis for designating a successful treatment
outcome in all major CDI clinical trials since the approval
of fidaxomicin, despite the absence of a validated
definition for diarthoea or CDI cure. As previously
mentioned, the definition of diarrhoea has changed over
time (appendix p 1). There are several underlying reasons
for this change, including the development of diagnostic
tests generating results in hours instead of days, an
increase in CDI severity with some people progressing to
fulminant CDI within 1-2 days of symptom onset® and,
for clinical trials, the need to start people on a study drug
within an acceptable timeframe to determine efficacy. The
currently recommended definition of diarrhoea for
diagnosing CDI in adults of three or more UBMs in 24 h

is intended to improve the specificity of C difficile
diagnostic assays (vs fewer than three UBMs in 24 h) and
to minimise the risk of delays in diagnosis, treatment, and
isolation of people with CDI. This definition has also been
applied to identify people for treatment trials as study
participants currently cannot be on other CDI treatments
for more than 24 h to remain eligible. Despite its use for
clinical management of people and enrolment into clinical
trials, this definition has never been validated in
comparison with other definitions. It is also challenging
to apply this definition of diarrhoea to infants and children
younger than 3 years, as they might have stools with a
softer or looser consistency at baseline, and the normal
frequency of bowel movements during the first year of life
is often higher than three per day, particularly in breastfed
infants. Therefore, in this specific population, diarrhoea is
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often defined in terms of a change in the usual stool
frequency. Additionally, it can be unrealistic to expect
sustained absence of diarrhoea in people who have a high
frequency of bowel movements before CDI related to
underlying comorbidities or treatment (eg, people with
previous bowel or biliary surgery, people with irritable
bowel syndrome, or those given magnesium
supplementation or treatment involving lactulose).
Likewise, people with fulminant CDI and who develop an
ileus might not have diarrhoea consistently during disease
progression, challenging the application of a diarrhoea-
based measure of response.”” CDI treatment studies have
omitted people with underlying gastrointestinal disease or
fulminant CDI for this reason.”*#**

Furthermore, CDI is unique among infectious diseases,
in that disease recurrence historically occurred in up to a
third of people following standard-of-care antibiotic
therapy.* As narrow-spectrum, microbiome-sparing CDI
therapeutics have been developed, clinical trials of
primary treatment agents have shifted from measuring
initial clinical cure, which is assessed on completion of
therapy, to the more holistic sustained clinical response at
30 days following the end of therapy as a primary
endpoint.”” This shift in emphasis towards sustained
clinical response is highlighted by the Infectious Diseases
Society of America (IDSA) and Society for Healthcare
Epidemiology of America (SHEA) 2021 Focused Update
Guidelines on Management of Clostridioides difficile
Infection in Adults” and the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) 2021
Update on the Treatment Guidance Document for
Clostridioides difficile Infection in Adults,® which both
suggest fidaxomicin as firstline therapy rather than
vancomycin or metronidazole for both primary and
recurrent CDI in adults. Although fidaxomicin and
vancomycin result in similar rates of initial clinical cure
for a primary infection, these recommendations reflect
the 10-1% (95% CI 5-7-15-7) increase in sustained
clinical response rate provided by fidaxomicin.” Currently
available data in children suggest that fidaxomicin is safe
and associated with higher frequency of sustained clinical
response.”” However, eligibility for sustained clinical
response is dependent on first attaining an initial
clinical cure from CDI treatment. Thus people with
symptoms that do not meet initial clinical cure criteria
might unnecessarily be excluded from sustained clinical
response evaluation despite otherwise having had a
satisfactory clinical response. These variations in CDI
clinical trial endpoints and scarcity of associated
validation present challenges to clinicians, investigators,
and regulators in determining a drug’s true effect.

Potential negative impact on clinical trial design
of current initial cure definition

Although sustained clinical response is a more com-
prehensive primary endpoint than initial clinical cure, it
continues to rely on a measure of initial cure. As outlined
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earlier, threshold-based definitions of initial cure have
shifted in the last 10 years to more restrictive definitions
that risk misclassifying CDI treatment response as failed.
Continued use of these definitions, regardless of the
emphasis placed on sustained clinical response, could
therefore be a potential hindrance to the development of
new CDI therapeutics.

For example, medication A is considered the gold
standard for CDI treatment and is serving as the
comparator for a new medication (B) in clinical trials.
Medication A has an initial clinical cure rate of 86%, and
75% of those with initial clinical cure attain a sustained
clinical response at 30 days after the completion of
therapy. We expect, based on phase 2 trials, that
medication B will have an initial clinical cure rate of 72%,
with 90% of those cases with a sustained clinical
response.

To appropriately power this hypothetical study, a large
sample would be required to assess differences in the
sustained clinical response rates between medications A
and B since the 14-28% of the population without initial
clinical cure would be excluded from sustained clinical
response evaluation. This attrition of people would
hinder the ability to detect a true difference in the rates of
sustained clinical response, and bias the analysis towards
finding no difference in primary outcomes. Refining an
initial clinical cure definition to detect more clinically
relevant measures of success could simultaneously lower
the burden of enrolment and increase the number of
people that are eligible for sustained clinical response
evaluation, leading to fewer type II (false negative) errors
as investigators would be more likely to appropriately
reject a null hypothesis that medications A and B are
equal, if true. Furthermore, a more inclusive initial
clinical cure definition could increase the sensitivity of
sustained clinical response as a primary outcome as
people with CDI recurrence still would not attain
sustained clinical response, making the risk of increasing
type I (false positive) errors negligible.

To illustrate these points, if the previous example
represented results from a head-to-head, phase 3 trial, and
initial clinical cure was the primary outcome, medication
B would not be considered non-inferior to medication A
because the difference in the initial clinical cure rate
would be more than 10%. If 1000 people received each
medication, 860 people given medication A and 720 people
given medication B would attain an initial clinical cure.
However, sustained clinical response would occur in a
similar number of people (645 people given medication A
vs 648 given medication B) as a result of the higher rate of
sustained clinical response with medication B. Although
medication B would be considered non-inferior to
medication A if sustained clinical response was measured
as the primary endpoint, the exclusion of almost
300 people who did not attain initial clinical cure following
medication B requires a substantial increase in sample
size to find a significant association as a result.
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To underscore the decreased enrolment burden of a
more clinically accurate initial clinical cure definition, we
present an additional scenario in which initial clinical
cure is compared with a more inclusive measure of
initial response. In this scenario, if two drugs,
medications C and D, both have initial clinical cure rates
of 80%, but recurrence rates of 25% (C) and 10% (D),
then a sample size of 243 people per group would be
needed to detect this difference in sustained clinical
response. However, if a more inclusive initial response
measure was applied, which increased the initial response
rate to 85% for both drugs (with the same recurrence
rates), only 193 people per group would be required.
Overall, 100 fewer people would need to be enrolled to
show the same sustained clinical response difference
through use of a less restrictive response definition.

These limitations of non-clinically relevant initial
clinical cure definitions have been presented in CDI
clinical trials since 2011, based on the date enrolment
was commenced.”?” Cadazolid did not demonstrate
non-inferiority to vancomycin in one of its two phase 3
trials with a definition of initial cure consisting of fewer
than three UBMs per day maintained for at least two
consecutive days at the end of treatment.* However,
predefined exploratory analyses with investigator-
assessed measures of clinical cure and sustained
response determined cadazolid would be non-inferior to
vancomycin if these different endpoints were applied,
bringing into question the validity of the current
endpoints.”® The phase 3 trials assessing use of
adjunctive bezlotoxumab versus placebo with standard-
of-care antibiotics help to show that a strict definition of
fewer than three UBMs per day for initial clinical cure
might not be appropriate to establish response to CDI
treatment.”* In the MODIFY I trial,” initial clinical cure
was attained in 299 (77%) of 386 people receiving
bezlotoxumab and 327 (83%) of 395 people receiving
placebo (adjusted difference —5-3%; 95% CI-10-9t0 0- 3)
whereas initial clinical cure was attained in 326 (83%) of
395 people receiving bezlotoxumab and 294 (78%) of
378 people receiving placebo in the MODIFY II trial*
(4-8%; —0-9 to 10-4). As the direction of non-inferiority
related to bezlotoxumab was equal and opposite across
the two trials,” bezlotoxumab is unlikely to have
influenced these differences. However, since the
95% CIs crossed the —10% threshold used to establish
non-inferiority in MODIFY I and MODIFY II, both trials
found standard-of-care treatment for CDI was not non-
inferior to standard-of-care treatment. Although initial
clinical cure was an exploratory endpoint in these trials,
it was also defined conservatively as less than or equal to
two UBMs per 24 h for two consecutive days after the
end of treatment. Both the lack of agreement between
the trials and their underlying inability to capture
similar initial clinical cure outcomes in two groups of
standard-of-care antibiotics underscore the limitations
of restrictive initial clinical cure definitions.

Considerations for a clinical trial definition

Much of the knowledge gained in the field of CDI
research over the past 40 years can, and should, help to
inform new measures of clinical success in clinical trials.
First, the appropriateness of a standardised threshold for
UBMs per day in determining success should be
questioned. People with a wide range of UBMs per day
are typically included in clinical trials, yet baseline stool
frequency is not considered in assessing cure. Whether
the application of the same stool frequency threshold
makes intuitive clinical sense when assessing an
individual with more than ten UBMs per day at
enrolment, or an individual with four UBMs per day
should be carefully considered. Second, the pathogenesis
of persistent symptoms at the end of treatment requires
attention. Continued diarrhoeal movements of any
number within 2 days of completing treatment has been
considered a failure of antibiotic therapy, yet various
disease processes can influence the response time even
in the presence of effective antibiotics: toxin-induced
colonic mucosal damage and inflammation,” micro-
biome disruption resulting in reduced resorption of
water,®* transient functional bowel disorder, or some
combination of these factors yet to be discovered.
Although CDI can present with several associated
symptoms beyond diarrhoea, such as abdominal
cramping, pain, bloating, and nausea, determination of
cure objectively relies on diarrhoeal resolution rather
than patient-reported outcomes or a global clinical
assessment. Consideration should be given to broadening
our measures of short-term outcomes to capture a well
rounded clinical picture. Third, an emphasis on
including long-term outcomes, such as recurrence, in
the primary efficacy outcome of clinical trials should be
considered. The shift towards assessing for a sustained
clinical response has partly achieved this goal, but its
reliance on initial clinical cure still limits the ability of
sustained clinical response in its current form to
accurately capture outcomes. Increased attention is
warranted to better define which people should undergo
an evaluation for a sustained clinical response, to
increase the sensitivity of this measure.

Recommendations for new definitions

Here we propose the use of a new set of clinical trial
endpoints: initial response and sustained response
(panel). Although we acknowledge the importance of
measuring short-term outcomes, we support use of a less
restrictive definition of initial response to increase the
validity of sustained response. We recommend defining
initial response as any substantial improvement in
diarrhoea (three or fewer UBMs per day, >50% reduction
in UBMs per day, >75% decrease in stool volume for
people with ostomy, or attainment of bowel movements
of Bristol Stool Form Scale types 1-4, on average) by
day 2 after completion of primary CDI therapy (ie,
assessed on day 11 and day 12 of a 10-day treatment
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course) and following an investigator determination that
CDI treatment can be ceased.””™®* This determination
can take into consideration the resolution of other CDI-
related symptoms that could be considered as secondary
trial outcomes (appendix p 2). We highlight the use of the
term response in this short-term outcome assessment
since we prefer to reserve the term cure for people who
do not have any recurrence. Hence, we define sustained
response as people with initial response and without the
need for retreatment of CDI by day 30 after the
completion of primary CDI therapy (ie, assessed on day
40 of a 10-day treatment course).** Although some
people might have CDI recurrence up to 8 weeks after
primary infection,” we acknowledge that a range of
events could occur in an 8-week follow-up period that
confound the investigators’ ability to discern a given
antibiotic’s treatment effect, such as exposure to non-
CDI treatment antibiotics. We use the term sustained not
to denote the absence of recurrence, but instead to avoid
confusion with the past varied use of the terms clinical
cure or cure within the comprehensive body of CDI
literature. Although this set of definitions could be
applied to all individuals with CDI outside of the context
of a clinical trial, the purpose of these definitions are to
assess CDI treatment antibiotic response outcomes for
clinical trials. Therefore they are not intended to be
applied to populations typically excluded from clinical
trials (eg, patients with fulminant CDI).>¢#1

Age-based criteria for CDI trial enrolment should be
applied to paediatric studies. We recommend that
enrolment of children in CDI treatment trials is restricted
to patients aged 2 years and older. This recommendation
is made for several reasons. First, children younger than
2 years have higher rates of C difficile colonisation, and
evidence for C difficile causing clinical disease in infants
is scarce.” Due to the need for further evidence that there
is an unmet need to treat CDI in this population, experts
question the ethics and feasibility of including children
younger than 2 years in clinical trials of CDI antibiotic
treatments.”® These observations are supported by
findings in the fidaxomicin phase 3 paediatric trial
showing differences in age-related efficacy. The subgroup
of children younger than 2 years did not attain treatment
efficacy; these children were probably colonised but not
infected with C difficile.® If children younger than 2 years
are included in studies for the purposes of generating
paediatric safety data, we strongly recommend excluding
data from participants from primary analyses of
treatment efficacy.

As the clinical goals have shifted for the treatment of
CDI, so too should the definitions that guide clinical
trials. The set of definitions proposed here will capture
clinical success more accurately and highlight the need
for further research. These definitions are intended to
capture the treatment effects of primary antibiotic
therapy. As CDI management continues to progress to
include vaccination, faecal microbiota transplantation,
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Panel: Proposed outcome definitions for Clostridioides
difficile infection (CDI) clinical trials

Initial response

+ Any significant improvement in diarrhoea by day 2 after
completion of primary CDI therapy plus investigator
determination that CDI treatment can be stopped

+ Improvement in diarrhoea measured as any one or more of
the following: three or fewer unformed bowel movements
per day; more than 50% reduction in number of stools;
more than 75% decrease in stool volume (ostomy or rectal
collection device); or attainment of bowel movements of
Bristol Stool Form Scale types 1-4, on average

Sustained response
+ Attained if initial response present with no need to retreat
for CDI by day 30 after completion of primary CDI therapy

microbiota-based biotherapeutics, and non-toxigenic
C difficile, among other approaches, continued efforts are
needed to ensure the accurate measurement of each
treatment’s effect, either alone or in combination with
other therapies.
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