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Abstract: The epidemiology of Clostridium difficile infections (CDI) has evolved during the
last decades, with an increase in the reported incidence, severity of cases, and rate of mortal-
ity and relapses. These increases have primarily affected some special populations including
the elderly, patients requiring concomitant antibiotic therapy, patients with renal failure, and
patients with cancer. Until recently, the treatment of CDI was limited to either metronidazole
or vancomycin. New therapeutic options have emerged to address the shortcomings of current
antibiotic therapy. Fidaxomicin stands out as the first-in-class oral macrocyclic antibiotic with
targeted activity against C. difficile and minimal collateral damage on the normal colonic
flora. Fidaxomicin has demonstrated performance not inferior to what is considered the “gold
standard” available therapy for CDI, vancomycin, in two separate Phase III clinical trials, but
with significant advantages, including fewer recurrences and higher rates of sustained clinical
cures. Fidaxomicin constitutes an important development in targeted antibiotic therapy for
CDI and must be considered as a first-line agent for patients with risk factors known to portend
relapse and severe infection.

Keywords: fidaxomicin, Clostridium difficile-associated diarrhea, CDAD, Clostridium difficile
infection (CDI), vancomycin, metronidazole

Introduction
Clostridium difficile, a gram-positive anaerobic spore-forming bacillus, has been
implicated in 20% to 30% of cases with antibiotic-associated diarrhea; in 50% to
70% of those with antibiotic-associated colitis; and in more than 90% of those with
antibiotic-associated pseudomembranous colitis.! Collectively, these conditions are
commonly known as C. difficile infections (CDI).>* In 2009, over 336,000 cases of
CDI were reported in the United States.’ In nature, C. difficile exists as a spore and it
is postulated that in vivo sporulation to the vegetative or toxin-producing form of this
organism is suppressed by the presence of normal intestinal microflora. CDI results
from a combination of disruption of the normal intestinal microflora and sporulation,
and the overgrowth of native or newly acquired C. difficile spores with an associated
production of clostridial glycosylating toxins.*” Because antibiotics alter the intestinal
microflora, antibiotic administration is the most common predisposing factor for acquir-
ing CDIL.! Other proposed mechanisms by which antibiotics might further influence
the risk of CDI include alteration of colonic adhesion of C. difficile and induction of
toxin production.®’

The epidemiology and clinical presentation of CDI has changed during the last
decades with an increased incidence of cases; more severe presentations; more frequently
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reported disease in community settings; and higher rates of
refractory, relapsing disease.'® Rising incidence of CDI and
increasing rates of complicated disease with limited therapeu-
tic options have prompted research for new agents to treat this
condition. Because there are no randomized controlled trials
evaluating the management of patients with severe compli-
cated or recurrent disease, these entities remain a challenge.
Recent efforts have focused on issues such as reducing the
risk of treatment failures and recurrences; reducing treatment-
related systemic adverse effects; preserving the intestinal
microbiota; and optimizing humoral immunity. The aims of
this article are to review treatment options for CDI and to
describe recent therapeutic advancements in management
with an emphasis on the newest available agent approved for
treatment of CDI, fidaxomicin.

Patients with classical manifestations of CDI such as
diarrhea, abdominal pain, nausea, vomiting, and a positive
diagnostic test for C. difficile should receive treatment.!
Familiarity with the basic CDI definitions can help treating
physicians select the appropriate pharmacologic interven-
tion in given cases based upon severity of the disease
(Table 1). These definitions are based on expert opinion, as
published in the most current guidelines for the management
of CDI.! The initial step in treating CDI, as recommended
in the guidelines, is the withdrawal of any offending anti-
biotic known to be associated with the development of the
disease."!" Unfortunately, in many clinical situations, patients
require concomitant systemic antimicrobials for concurrent
infection(s), resulting in higher rates of treatment failures
and recurrent disease.'?

Antibiotic treatment options for CDI
Until the US Food and Drug Administration (FDA) approved
fidaxomicin in May 2011, vancomycin was the only FDA

approved agent for the treatment of CDI. The current pub-
lished CDI guidelines, developed prior to the release of
fidaxomicin, advocate for treatment with oral metronidazole in
cases of mild to moderate disease, oral vancomycin for serious
CDI, and combination therapy with enteral vancomycin and
intravenous metronidazole in cases of ileus or toxic megacolon
(Table 1).""* New and alternative pharmacological regimens
used for the management of CDI are outlined in Table 2.

Metronidazole

Widespread use of metronidazole over vancomycin was
advocated in the 1995 Healthcare Infection Control Practices
Advisory Committee guidelines in an effort to reduce
the spread of vancomycin-resistant Enterococci (VRE).!
However, acquisition of VRE may arise from exposure to
either metronidazole or vancomycin.' Recent reports show
declining efficacy of metronidazole.!®!® Rates of treatment
failure have increased from ~3% before the year 2000
to >18% after 2000.'® Although treatment failures may be
related to reduced susceptibility of C. difficile strains, treat-
ment failures could as well be related to inadequate fecal
concentrations of metronidazole.'!

Metronidazole remains a widely used agent for CDI treat-
ment given its inexpensive cost and availability. Two random-
ized trials, however, have shown vancomycin to be superior to
metronidazole for severe, but not for mild to moderate, CDI
disease.'®!” Limitations of metronidazole include side effects
of nausea, metallic taste, disulfiram reactions with alcohol
use, dose-dependent irreversible peripheral neuropathy, and
inferior efficacy in severe CDI.

Vancomycin
Until 2011, oral vancomycin was the only FDA approved
treatment for CDI, making it the only comparator in

Table | Definitions and recommendations for the treatment of Clostridium difficile infection

Clinical definition Clinical and laboratory data

Recommended therapy

Initial episode,
mild or moderate
Initial episode,
severe

Initial episode, Hypotension or shock, ileus, megacolon.

severe complicated

First recurrence -
Second recurrence -

Leukocytosis with WBC = 15,000 cells/uL,
serum creatinine level = 1.5 times the baseline level.
Leukocytosis with WBC = 15,000 cells/uL,
serum creatinine level = |.5 times the baseline level.

Metronidazole 500 mg PO every 8 hours for

10—14 days.

Vancomycin 125 mg PO every 6 hours for

10—14 days.

Vancomycin 500 mg PO/NG tube every 6 hours,
plus metronidazole 500 mg IV every 8 hours. If
complete ileus, consider vancomycin rectal enemas.
Same as for initial episode.

Vancomycin tapered and/or pulse regimen.

Adapted with permission from Cohen SH, Gerding DN, Johnson §, et al; for Society for Healthcare Epidemiology of America, Infectious Diseases Society of America. Clinical
practice guidelines for Clostridium difficile infections in adults: 2010 update by the society for healthcare epidemiology of America (SHEA) and the infectious diseases society

of America (IDSA). Infect Control Hosp Epidemiol. 2010;31(5):431—455."

Abbreviations: WBC, white blood cell; PO, orally; NG, nasogastric; IV, intravenously.
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studies evaluating new agents for this indication.!”-?>%3
Advantages over metronidazole include high intraluminal
concentrations with low levels of systemic absorption
after oral administration and higher efficacy for treatment
of primary episodes of CDI, especially in severe cases.
Limits to its widespread use include high levels of relapse
(25%-35% in four recent clinical trials), acquisition
cost, and concerns for bacterial colonization and over-
growth of Staphylococcus and Enterococcus, including
vancomycin-resistant strains."-'!7-2>2 Multiple treatment
strategies for management of recurrent CDI including use
of higher doses and/or extended duration of vancomycin
therapy have not shown improved clinical outcomes. Pro-
longed vancomycin given either as a tapered regimen or in
pulsed dosing, postulated to allow recovery of intestinal
microbiota while inhibiting germination of residual spores,
have shown higher rates of cure and fewer recurrences
compared to standard 10-14 day regimens.?*-*¢

Fidaxomicin, a new therapeutic
alternative for CDI

Fidaxomicin, a first-in-class 18-membered macrocyclic anti-
biotic previously known as OPT-80, PAR-101, and difimicin
was approved in May 2011 by the FDA for the treatment of
adults with CDI.27%

Mechanism of action

Fidaxomicin is a bactericidal antibiotic that has a lower in vitro
minimum inhibitory concentration (MIC) against C. difficile
strains, including NAP1/B1/027, than does metronidazole or
vancomycin.> It has very limited activity against other bowel

flora and modest activity against Staphylococcus spp. and
Enterococcus, including vancomycin-resistant Enterococcus.’!
It inhibits bacterial protein transcription by interfering with
ribonucleic acid (RNA) polymerase, producing a rapid
suppression of RNA synthesis, followed by an inhibition
of protein synthesis and, ultimately, deoxyribonucleic acid
synthesis.*?3* It acts at a different site and step of RNA syn-
thesis than rifamycins, and thus far no overlapping antibiotic
resistance has been described.?*3¢ Fidaxomicin is more potent
at suppressing clostridial RNA polymerase than against other
bacterial species.

Efficacy studies and comparative
analysis

Two large, concurrently run, double-blind randomized
noninferiority trials (OPT 101.1.C.003 and OPT 101.1.C.
004), compared fidaxomicin to vancomycin in the treatment
of CDI.*** Patients with a new onset or first recurrence of
CDI within 3 months prior to randomization were assigned
to receive either fidaxomicin (200 mg twice daily) or van-
comycin (125 mg four times daily) orally for 10 days. The
primary endpoint of a noninferior clinical cure (resolution of
CDI symptoms and no need for further therapy at the end of
therapy) between the two treatment arms was met in both the
modified intention-to-treat analysis and the per-protocol anal-
ysis (Figure 1). The analysis of secondary endpoints of CDI
recurrence and global cure (clinical cure and no recurrence
of disease at 28 days after completion of study drug therapy)
showed that significantly fewer patients in the fidaxomicin
group than in the vancomycin group had recurrence of CDI
(Figure 2), and consequently, those treated with fidaxomicin

B Fidaxomicin Vancomycin
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Figure | Rates of clinical cure at end of treatment (primary efficacy endpoint) in the fidaxomicin Phase Ill trials (studies 003 and 004).22%

Notes: Modified intent-to-treat: patients underwent randomization and received =| dose of study medication. Per protocol: patients in the modified intent-to-treat
population who received =3 days of study medication (in cases of failure) or =8 days (in cases of clinical cure) with documented adherence to study protocol and who
underwent end-of-treatment evaluation.

Reproduced with permission from Cornley OA. Current and emerging management options for Clostridium difficile infection: what is the role of fidaxomicin? Clin Microbiol
Infect. 2012;18 Suppl 6:28-3572 and Louie TJ, Miller MA, Mullane KM, et al; for OPT-80-003 Clinical Study Group. Fidaxomicin versus vancomycin for Clostridium difficile
infection. N Engl | Med. 201 1;364(5):422-431.2

Abbreviation: ns, not significant.
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Figure 2 Rates of sustained clinical cure (clinical cure without recurrence of diarrhoea during the 30-day follow-up period) in the fidaxomicin Phase Il trials (studies 003
and 004).22%

Notes: Modified intent-to-treat: patients underwent randomization and received =1 dose of study medication. Per protocol: patients in the modified intent-to-treat
population who received =3 days of study medication (in cases of failure) or =8 days (in cases of clinical cure) with documented adherence to study protocol and who
underwent end-of-treatment evaluation.

Reproduced with permission from Cornley OA. Current and emerging management options for Clostridium difficile infection: what is the role of fidaxomicin? Clin Microbiol
Infect. 2012;18 Suppl 6:28-357% and Louie TJ, Miller MA, Mullane KM, et al; for OPT-80-003 Clinical Study Group. Fidaxomicin versus vancomycin for Clostridium difficile

infection. N Engl | Med. 2011;364(5):422-431.2

had a statistically significant improved rate of global cure.
Although the numbers of subjects who were infected with
NAP1/BI/027 strains in these trials were small, the rates of
cure and global cure in the per-protocol analysis were not
significantly different in those treated with fidaxomicin than
in those treated with vancomycin.

A post hoc exploratory intent-to-treat time-to-event
meta-analysis of the combined data from these two trials
was performed, to allow increased power with 1164 total
subjects, using a fixed effects meta-analysis and Cox
regression models.’” There was no evidence found of het-
erogeneity in the primary and secondary outcomes in either
the modified intention-to-treat or per-protocol populations
(P > 0.3). Overall, the results of this analysis again dem-
onstrated noninferiority of fidaxomicin when compared to
vancomycin for clinical cure and superiority of fidaxomicin
over vancomycin in reduction of recurrence and global cure
(P < 0.0001). When compared to vancomycin, treatment
with fidaxomicin was associated with an overall 40% reduc-
tion in persistent diarrhea, recurrence, or death through the
40-day study period (P < 0.001). There was no evidence to
show that the significant differences in relapse and global
cure in the fidaxomicin- compared to the vancomycin-
treated subjects was altered according to disease severity,
prior history of CDI, previous antibiotic therapy for CDI,
inpatient/outpatient status, age, or baseline albumin or
creatinine levels. Patients treated with fidaxomicin for CDI
due to non-NAP1/BI/027 strains and with hemoglobin lev-
els higher than 10 g/dL experienced a greater benefit than
those infected by NAP/1/BI/027 strains or with hemoglobin
levels lower than 10 g/dL. In the case of severe anemia,

there is no obvious explanation for this finding; however,
this interaction did not persist in a fully adjusted multivariate
model suggesting a potential confounder. On the other hand,
both subgroup analyses and multivariate analysis confirmed
the smaller benefit appreciated in the few patients enrolled
who were infected with NAP1/BI/027 strains treated with
fidaxomicin. Of note, the data showed a nonstatistically
significant 22% reduction in persistent or recurrent diar-
rhea or death in those with NAP-1strain infections. Given
that only 292 of the 814 strains assayed were NAP1/
BI/027, even in the combined dataset the number of cases
was underpowered to definitively conclude whether or not
fidaxomicin has a beneficial effect for treating CDI due to
NAP1/BI/027 strains.*’

Certain groups of patients with CDI are at a significantly
higher risk of recurrences including older patients, patients
requiring concomitant antibiotic therapy, patients with severe
renal impairment, cancer patients, and those with severe CDI
(Figure 3). Post hoc subgroup analysis of combined data from
studies OPT 101.1.C.003 and OPT 101.1.C.004 explored
these high-risk populations. Overall, use of fidaxomicin in
patients with conditions associated with a high risk for recur-
rence had significantly improved outcomes.'>37#!

In the subjects that required concomitant antibiotic
therapy for concurrent infections randomized to fidaxomicin,
the cure rate was 90.0% compared with 79.4% (P = 0.04)
in those treated with vancomycin.'? Fidaxomicin therapy was
associated with 12.3% less recurrences compared to vanco-
mycin therapy (P =0.048). In subjects with renal impairment
(RI), CDI cures declined and recurrences increased with
progressively declining renal function.?”
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Figure 3 Rates of high-risk patients achieving sustained clinical response (vancomycin versus fidaxomicin).

Cure rates were similar for normal (91%) and mild RI
(92%), but fell to 80% for moderate and 75% for severe RI
(P < 0.001). Recurrence rates were 16%, 20%, 27%, and
24% for normal, mild, moderate, and severe RI (P =0.009).
Fidaxomicin was associated with significantly lower odds of
recurrence (odds ratio [OR] = 0.46, confidence interval [CI]
0.32-0.66) and superior sustained response (OR = 1.85, CI
1.39-2.47) than vancomycin. In patients with severe renal
dysfunction, recurrence occurred in 15% of fidaxomicin-
treated subjects compared to 35% of those randomized to
vancomycin. Odds of recurrence were 54% lower and odds
of sustained response were 85% greater with fidaxomicin
relative to vancomycin. In patients with a diagnosis of
cancer, CDI cure was more likely in those randomized to
fidaxomicin than in subjects on vancomycin (P = 0.041),
recurrence was less likely (P = 0.025), and the sustained
response rate was significantly higher (P =0.03).3** A post
hoc analysis, using regression modeling of the two pivotal
double-blind randomized multicenter studies, showed that in
comparison to vancomycin, those patients who were treated
with fidaxomicin had a 60% lower risk of recurrence after
adjusting for age, concomitant antibiotics, and C. difficile
strain.*!

Advantages

Fidaxomicin has potential advantages over other drugs
used to treat CDI and a number of properties that appear
to be ideally suited to the treatment of CDI.*? Fidaxomicin
is bactericidal, with lower MICs against C. difficile when

compared to vancomycin and metronidazole, and it has a
prolonged postantibiotic effect of approximately 10 hours
(range 9.5-12.5 hours) allowing for twice daily dosing.*
After oral dosing, fidaxomicin achieves fecal concentra-
tions well above the MIC of 0.25 mcg/mL for C. difficile
with fecal concentrations within 24 hours of the last dose of
639-2710 mcg/g for fidaxomicin and 213-1210 mcg/g for
OP-1118, the major metabolite of fidaxomicin. Fidaxomicin
has minimal systemic absorption with plasma concentra-
tions within the Tmax window (1-5 hours) of 0.3-197 ng/
mL for fidaxomicin and 0.29-871 ng/mL for OP-1118, even
in patients with severe CDI.***® Fidaxomicin has a very
narrow spectrum of antimicrobial activity when compared
to vancomycin and metronidazole; therefore, it has less
impact on the normal intestinal microbiota, predominantly
on the members of clostridial clusters XIVa and IV, the
Bacteroides/Prevotella group, and it has an indifferent effect
on bifidobacteria.**' Clinical and bacteriological cure in
patients with CDI is therefore achieved with minimal effects
on the composition of the microbiome, thus allowing for a
more rapid restoration of the commensal microflora, thereby
reducing the risk of C. difficile colonization, reinfection, and
proliferation.**! Fidaxomicin has moderate activity against
other gram-positive organisms, including Staphylococcus sp.
and Enterococci.’'** In a recent study, treatment for CDI
with fidaxomicin was less likely to promote acquisition of
VRE and candida species when compared to vancomycin,
a potential benefit in the relationship with infection control
implications.® Fidaxomicin blocks gene transcription,
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halting bacterial sporulation and suppressing toxin pro-
duction.’'* Reappearance of toxin in fecal filtrates was
observed in 28% of vancomycin-treated patients samples
(29 of 94), compared with 14% of fidaxomicin-treated
patient samples (13 of 91; P = 0.03).5! In a recent study,
the effects of fidaxomicin, its major metabolite (OP-1118),
vancomycin, and metronidazole on the expression of toxin
genes and toxin proteins in four strains of C. difficile,
including two hypervirulent NAP1/BI/027 isolates, were
compared.’ Subinhibitory levels of fidaxomicin and
OP-1118, but not vancomycin or metronidazole, suppressed
both sporulation and toxin production (>60%) in C. difficile
through at least 1 week of culture.’>> Suppression of toxin
production may contribute to the improved sustained clinical
response observed with fidaxomicin when compared to van-
comycin.’"*? Inhibition of sporulation may well impact the
rate of recurrences seen in patients treated with fidaxomicin
in comparison to vancomycin and reduction of the shedding
of spores has the potential benefit of decreasing transmission
of C. difficile in hospital settings; however, further studies
are needed to determine this impact of fidaxomicin on C.
difficile transmission.*

Based on online reviews, the patient satisfaction ratings
are very favorable with rapid resolution of symptoms and
frequency of diarrhea even after failed attempts of therapy
with vancomycin and metronidazole.*%¢

Safety and tolerability

In nonclinical studies, high doses of fidaxomicin were
administered to dogs (approximately 1 g/kg/day) with no
target organ toxicities reported.*® In the Phase III clinical
trials, the safety profile of fidaxomicin was comparable with
oral vancomycin with no differences in the rates of serious
adverse events or death.”>*

Anemia and leukopenia have been reported in patients
receiving fidaxomicin and vancomycin at almost identi-
cal rates, although no specific bone marrow toxicity was
observed with fidaxomicin in the nonclinical trials. In patients
who developed leukopenia, the incidence of infection result-
ing in death was similar between fidaxomicin (2%) and
vancomycin (1.9%).

Fidaxomicin is FDA category B for pregnancy as animal
reproduction studies have failed to demonstrate any risk
to the fetus; however, there are no adequate and well con-
trolled studies in pregnant women.* The available evidence
is inadequate for determining infant risk when used during
breastfeeding, and caution is advised when administering
fidaxomicin to a nursing mother.

Other antibiotics

Nitazoxanide

In small trials, nitazoxanide efficacy appears to be compa-
rable to metronidazole and vancomycin for the treatment of
CDI.°73 Given limited studies and high cost, nitazoxanide
use for the management of CDI is uncommon.

Rifaximin

Rifaximin is a semisynthetic, nonsystemic antibiotic with
excellent in vitro activity against C. difficile and limited
impact on the intestinal microbiome. Uncontrolled small
studies have evaluated rifaximin for the management of
CDI unresponsive to multiple courses of metronidazole and
vancomycin.”* Use of rifaximin in treating CDI is limited
by sparse supportive evidence, acquisition cost, and due to
reports of the development of C. difficile resistance associated
with its use for CDI treatment.

Teicoplanin

It has in vitro activity that is comparable to that of vanco-
mycin against C. difficile. Teicoplanin has been found to
be superior to vancomycin for curing CDI; however, these
clinical trial results should be interpreted with caution given
that these data were derived from studies with small numbers
of patients and a high risk of bias.®*** Teicoplanin is not
available for use in the United States.

Bacitracin

In a randomized, double blind, crossover trial, oral bacitracin
demonstrated comparable effectiveness to vancomycin for
the treatment of CDI.%° Bacitracin, was found to be less effec-
tive than vancomycin in eradicating C. difficile and its toxin
from patients’ stools; however, no relationship between the
development of recurrences and the presence of C. difficile
and its toxins at the end of therapy could be discerned. Given
in vitro evidence of resistance, bacitracin is considered to
have a limited role in the therapy of CDI.*

Tigecycline

Limited case reports have suggested that tigecycline alone or
in combination with more traditional therapeutic options like
vancomycin or metronidazole, could be used in the treatment
of severe CDI when prior therapy has failed.®® The precise
role of tigecycline in the treatment of CDI remains unclear
and further studies are needed.

Fusidic acid
Fusidic acid was compared to metronidazole in the first epi-
sode of CDI. In the fusidic acid group, 83% were clinically
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cured in comparison to 93% in the metronidazole group
(P=0.116) at the first follow-up visit, and the rates were 27%
and 29%, respectively.®”*® The development of resistance in
C. difficile is frequent in patients treated with fusidic acid
with no apparent negative impact on therapeutic efficacy
noted.*”-68

Investigational new antimicrobial

and nonantimicrobial agents

Numerous antibiotic and non-antibiotic alternatives for the
treatment of CDI have been recently described or are cur-
rently under study evaluation.

Ramoplanin

Ramoplanin is a lipoglycodepsipeptide antibacterial with
similar, but considerably more potent activity than vanco-
mycin against C. difficile and VRE, with little impact on
anaerobic organisms and no cross resistance to vancomycin
reported to date.**%70 In a Phase II study, ramoplanin was
compared to vancomycin for CDI treatment in 86 subjects
who were randomly assigned to receive 10 days of oral
therapy with either ramoplanin 200 mg twice daily (n = 28),
ramoplanin 400 mg twice daily (n = 29), or vancomycin
125 mg orally four times daily (n = 29).” Clinical cure,
defined as either complete or partial response, was achieved
in 83% of the ramoplanin 200 mg arm, 85% in the 400 mg
group, and 86% in the vancomycin group. Ramoplanin
appeared to be equally effective compared to vancomycin,
but larger trials are necessary to further elucidate its role in
the treatment of CDI. A Phase III noninferiority protocol

with vancomycin as the comparator has been approved by
the FDA.

CB-183,315

CB-183,315 is an orally available lipopeptide antibiotic,
currently in Phase III clinical development, that is structurally
related to daptomycin with in vitro efficacy against VRE and
C. difficile, including strains resistant to fluoroquinolones and
metronidazole, and with elevated MICs to vancomycin.”*"
A Phase II study compared two doses (125 mg versus 250 mg
twice daily) of CB-183,315 to vancomycin (125 mg four
times daily) in 209 subjects with CDIL.>* The higher dose
CB-183,315 demonstrated a clinical cure rate comparable to
oral vancomycin. However, while recurrence or relapse was
35.6% in the oral vancomycin arm and 27.9% in the low dose
CB-183,315, in the high dose CB-183,315 group it was only
17.2% (P=0.035). The NAP1/BI/027 strain of C. difficile was
isolated in 32% of subjects in this trial. The clinical response
rate in these subjects was comparable across the CB-183,315
and oral vancomycin groups. A modest, but not statistically
significant, reduction in relapse rates in those treated with
CB-183,315 was noted.

Non-antibiotic therapeutic alternatives
The immune response to C. difficile colonization is the
major determinant of the magnitude and duration of clinical
manifestations. Intravenous immunoglobulin (IVIg),
monoclonal antibodies, immunization, and donor fecal
transplantation have been used in recent years with encourag-
ing results or are currently under study (Table 3).

Table 3 Non-antibiotic alternatives and investigational new agents for the management of CDI

Comments

Agent

IVig Multisystemic side effect profile. Most commonly renal failure. Efficacy for use in adults is inconclusive;

in pediatrics, evidence favors efficacy.

Fecal transplantation

Infusion of feces from a healthy donor. Most evidence comes from single center case series and case reports.

A recent multicenter, long-term follow-up study has shown positive results.

Probiotics

Multiple studies favor the use of probiotics for the prevention of CDI and antibiotic-associated diarrhea;**-*

however, appropriately powered studies are needed to confirm these findings. Guidelines do not recommend
the routine use of probiotics given the lack of definitive evidence of effectiveness and potential risk of blood

stream infection.
Investigational new agents
CDAIl and CDBI

Human monoclonal antibodies against C. difficile toxins A and B. Phase Il trial for prevention of CDI,

recurrence (MODIFY | [NCTO01241552] and MODIFY Il [NCTO1513239]).8#

ACAM-CDIFF
VP 20621

Active C. difficile toxoid vaccine. Phase Il placebo-controlled for primary CDI prevention (NCT00772343).%-%
Nontoxigenic C. difficile. Phase Il trial for prevention of CDI recurrence (NCT01259726).%

Adapted with permission from Cornley OA. Current and emerging management options for Clostridium difficile infection: what is the role of fidaxomicin? Clin Microbiol Infect.
2012;18 Suppl 6:28-3572 and Venugopal AA, Johnson S. Current state of Clostridium difficile treatment options. Clin Infect Dis. 2012;55(52):S71-576.7
Abbreviations: CDI, Clostridium difficile infection; IVlg, intravenous immunoglobulin; CDAI, Clostridium difficile toxin A; CDBI, Clostridium difficile toxin B; VP, ViroPharma.
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Intravenous immunoglobulin

(IVIg)/monoclonal antibodies

Although pooled IVIg has been used in cases of severe acute
and recurrent CDI, there are no randomized controlled clinical
trials evaluating efficacy.”** IVIg may be considered as an
adjunctive treatment option in those who are hypogammaglob-
ulinemic, have failed initial therapies, or in seriously ill patients
in whom surgery is being considered, until results from large,
randomized controlled trials should become available.*

Human monoclonal antibodies against
C. difficile toxins A (CDAI) and B (CDBI)

A single infusion of human monoclonal antibodies
against C. difficile toxins A (CDA1) and B (CDB1) dosed
at 10 mg/kg body weight was evaluated in a Phase II ran-
domized, double-blind, placebo-controlled study in the treat-
ment of 200 symptomatic individuals with CDI who were
being treated with standard therapy of either metronidazole
or vancomycin.’! The primary outcome was recurrence of
infection during the 84 days after the administration of the
study drug. The rate of recurrent CDI in the group of patients
treated with monoclonal antibodies was 7% versus 25% in
the placebo group (P < 0.001). The recurrence rates among
patients with the epidemic BI/NAP1/027 strain were 8% for
the antibody group and 32% for the placebo group (P =0.06).
However, there were no significant differences in the sever-
ity of diarrhea, the median or mean number of days to the
resolution of diarrhea, or in treatment failures between the
two groups. Phase I1I trials validating monoclonal antibody
therapy of CDI are currently underway.?>%3

Recombinant single-domain antibody fragments targeting
the cell receptor binding domain of toxin A and toxin B have
shown favorable characteristics such as high production yield,
potent toxin neutralization, and intrinsic stability.®* These
recombinant single-domain antibody fragments are attractive
systemic therapeutics, but more studies are needed to assess
its true efficacy in the treatment of CDI.

Fecal transplantation

Fecal transplantation or bacteriotherapy, also referred to
as fecal microbiota transplant and intestinal microbiota
transplant, using intestinal microorganisms from a healthy
donor, has been used to treat patients with relapsing CDI as an
alternative to antibiotic therapy in an effort to restore normal
colonic microbiota with positive results.®*%¥ Challenging
issues including donor selection (related versus unrelated
donor), screening donors for transmissible infectious

diseases, standardization of stool preparation techniques,
insurance reimbursement for the procedure and donor testing,
and long term safety and efficacy concerns need to be evalu-
ated systematically. A systematic literature review, including
27 studies and case reports, found 317 evaluable subjects and
reported an overall success rate of 92%, with 89% of patients
responding after a single treatment.* Randomized controlled
clinical trials are needed to support this approach and to better
determine the best route of transplantation.

The first attempt at an open-label, randomized, controlled
trial evaluating fecal bacteriotherapy in patients with relapsed
CDI after at least one course of vancomycin or metronidazole
was recently published.® In this study, the subjects were
randomly assigned to one of three therapeutic interventions:
either vancomycin 500 mg orally four times daily for 4 or
5 days followed by bowel lavage on the last day of antibiotic
therapy with subsequent infusion of donor feces through a
nasoduodenal tube the next day; vancomycin 500 mg orally
four times daily for 14 days; or vancomycin 500 mg orally for
4 or 5 days followed by bowel lavage on the last day of antibi-
otic therapy. The primary endpoint of the study was resolution
of CDI-associated diarrhea (cure) without relapse at 10 weeks
after initiation of the therapeutic regimen. Response rate to the
fecal bacteriotherapy group was 81% after the first infusion,
while in the vancomycin only group, the response rate was
31% (P < 0.001) and in the vancomycin followed by bowel
lavage group, the response rate was 23% (P < 0.001). This
finding supports prior uncontrolled reports and encourages
further investigation into optimal use of antibiotics and fecal
bacteriotherapy in the management of CDI and of the role of
the fecal microbiome in the management and prevention of
other gastrointestinal and metabolic conditions.

Probiotics

Probiotics are preparations of live microorganisms, includ-
ing the Bifidobacterium, Saccharomyces, and Lactobacillus
species, and have been used as an attempt to prevent or treat
CDI.”* The postulated mechanisms of action advocating
use of these products include the fact that probiotics enhance
mucosal barrier function because they have been reported to
enhance mucin secretion, provide colonization resistance,
produce bacteriocins, increase production of secretory immu-
noglobulin A, produce a balanced T-helper cell response, as
well as increase production of interleukin 10, and transform
growth factor beta, both of which play a role in the develop-
ment of immunologic tolerance to antigens.’! In vitro studies
have shown that Saccharomyces boulardii acts as an antitoxin
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blocking toxin receptor site and causes direct destruction of
C. difficile toxins A and B.”'-*?

Recently published studies and reviews favor the use of
probiotics for the prevention of CDI and antibiotic-associated
diarrhea.?>3 However, many potential flaws in study designs
were identified in these trials and additional, appropriately
powered studies are needed to confirm these findings.
Current treatment guidelines do not advocate the routine
use of probiotics for the treatment of CDI given the lack of
definitive evidence of effectiveness and the potential risk of
bloodstream infection.!

ACAM-CDIFF

A C. difficile toxoid vaccine as an immunologic approach
for the prevention and treatment of CDI is currently under
investigation.”* ¢ An intramuscular antitoxin A and B vaccine
was found to be well tolerated in 200 subjects in six Phase |
studies with successful subsequent production of IgG against
toxin A and B in most subjects.”*** Lower response rates in
those aged over 70 years compared with those aged 25 years
were observed. A Phase II study was completed in June 2012
comparing C. difficile toxoid vaccine versus toxoid vaccine
with adjuvant versus placebo. The final results of this study
have not been published.”

Clostridium difficile-conjugated vaccines
C. difficile can express three polysaccharides (PS-1, PS-2,
and PS-3) on the surface of the microorganism.””*® Current
ongoing investigations using PS-2, a complex made up of
hexaglocosyl repeating blocks as targets for conjugated
C. difficile vaccines, are in development. A glucoconjugate
vaccine composed of PS-2 and the diphtheria toxoid variant
CRM has been shown to be highly immunogenic in mice.”’
Two independent studies have described the chemical synthe-
sis of the phosphorylated and nonphosphorylated hexagly-
cosyl repeating blocks of PS-2.% These molecules, when
conjugated to a protein carrier, are immunogenic in mice.
Notably, these investigators have described that the stools of
hospitalized patients infected with C. difficile were found to
contain specific IgA antibodies that recognize the synthetic
nonphosphorylated hexasaccharide, suggesting that PS-2
is antigenic in humans.” Both the natural polysaccharide
and the synthetic substructure are currently under study as
potential conjugate vaccine candidates against CDI.

VP 20621

VP20621 is comprised of non-toxigenic C. difficile spores that
have been shown to be protective against CDI challenge in

the hamster model.'” In humans, multiple doses of VP20621
were well tolerated in 27 volunteers at all dose levels, and oral
administration resulted in positive non-toxigenic C. difficile
stool cultures by day 6, suggesting rapid colonization of the
GI tract. Currently, a Phase II trial, evaluating the safety
and efficacy of VP20621 administered after the completion
of standard CDI therapy for the prevention of recurrence of
CDI in adults is ongoing.3*1%!

Conclusion

Fidaxomicin represents an important development in the
treatment of CDI with significant advantages over the
other currently available antimicrobial agents. Fidaxomicin
should be considered as first-line therapy for the manage-
ment of CDI with high risk for relapse and recurrent CDI
especially in those populations, including those receiving
concomitant antibiotics, those with first relapse of CDI,
those with renal dysfunction, older individuals, and in those
with cancer.'>37 4
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