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Fidaxomicin (Dificid), a Novel Oral
Macrocyclic Antibacterial Agent

For the Treatment of Clostridium difficile—
Associated Diarrhea in Adults

Martin Paspe Cruz, PharmD, CGP, BCPP

INTRODUCTION

As its name suggests, Clostridium dif-
ficile-associated diarrhea (CDAD) is a
common infection caused by the toxin-
producing bacterium C. difficile. The in-
fection can result in inflammation and
cellular damage in the colon, leading to
potentially severe complications, includ-
ing enterocolitis with toxic megacolon,
and possible death.!* CDAD accounts
for more than $1.1 billion in health care
costs each year in the U.S.>® The disease
is usually associated with antimicrobial
exposure, gastrointestinal (GI) surgery,
advanced age, a compromised immune
system, and long stays in health care set-
tings, among other risk factors (Table
1).5™Between 1999 and 2004, the mor-
tality rate associated with CDAD in-
creased from 5.7 to 23.7 deaths per 1 mil-
lion people in the U.S.'° Individuals
become infected if they touch items or
surfaces contaminated with the bacteria
or spores and then touch their mouths.®

For decades, therapies for CDAD have
been studied in numerous comparative
randomized trials, but current treatment
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guidelines favor metronidazole and oral
vancomycin (Vancocin, ViroPharma) 512
Current guidelines from Infectious Dis-
eases Society of America (IDSA) state
that vancomycin is the drug of choice
for the treatment of severe CDAD,
whereas metronidazole is the drug of
choice for mild-to-moderate CDAD."®
Because of concerns about emerging
vancomycin-resistant enterococci and
cost, however, metronidazole may be pre-
ferred.>1+-16

In May 2011, the FDA approved fidax-
omicin (Dificid, Optimer Pharmaceuti-
cals) for the treatment of CDAD based on
recent data from a large phase 3 trial that
compared fidamoxacin with vancomycin
in infected patients.” Fidaxomicin is the
first antibacterial agent approved for
CDAD in nearly 30 years.

According to the drug’s labeling, fi-
daxomicin should be used only for
infections that are known or are strongly
suspected to be caused by C. difficile to
avoid the development of drug-resistant
bacteria, which would lessen the effec-
tiveness of fidaxomicin.'” To date, fidax-
omicin and vancomycin are the only
medications approved for the treatment
of CDAD.

No prophylactic therapies are used in
patients with CDAD, but preventive
measures include the judicious use of
antibacterial agents, thorough hand-
washing between patient contacts, cau-
tious handling of an infected patient or of
items in the patient’s immediate envi-
ronment, proper disinfection of objects,
education of staff members, and isola-
tion of the infected patient.”

CHEMISTRY AND
PHARMACOLOGY

Fidaxomicin is a locally acting bacteri-
cidal macrolide agent derived from fer-
mentation of the actinomycete Dacty-

losporangium aurantiacum. Fidaxomicin
is not effective for systemic infections
because of its minimal absorption.!”

The drug’s chemical name is Oxacy-
clooctadeca-3,5,9,13,15-pentaen-2-one, 3-
[[[6-deoxy-4-O-(3,5-dichloro-2-ethyl-4,6-
dihydroxybenzoyl)-2-O-methyl-3-D-man-
nopyranosyl]oxy]methyl]-12-[[6-deoxy-
5-C-methyl-4-O-(2-methyl-1-oxopropyl)-
B-D-lyxo-hexopyranosyl]oxy]-11-ethyl-8-
hydroxy-18-[ (1R)-1-hydroxyethyl]-9,13,1
5-trimethyl-, (3E,5E,8S,9E,11S,12R,13E,
15E,18S). Figure 1 illustrates the drug’s
structural formula.

Fidaxomicin is available in white to off-
white film-coated, oblong tablets. The
inactive ingredients are microcrystalline
cellulose, pregelatinized starch, hydroxy-
propyl cellulose, butylated hydroxy-
toluene, sodium starch glycolate, mag-
nesium stearate, polyvinyl alcohol, titan-
ium dioxide, talc, polyethylene glycol,
and lecithin (soy).!”

Table | Risk Factors for Clostrid-

ium difficile~Associated Diarrhea

» Advanced age

* Antibiotic therapy

* Immunosuppressive therapy

* Multiple and severe underlying
diseases

* Placement of a nasogastric tube

* Prolonged hospital stay

* Recent surgical procedure

* Residing in a nursing home

* Sharing a hospital room with a
C. difficile—infected patient

* Use of antacids

Data from American Society of Health-
System Pharmacists;® Schroeder MS.Am
Fam Physician 2005;7| :921-928;7 Dallal RM,
et al. Ann Surg 2002;235:363-372;% and
Bartlett JG. N Engl | Med 2002;346:334—
3397




In vitro, fidaxomicin is primarily active
against Clostridium species, including
C. difficile, via inhibition of RNA poly-
merases. The minimum inhibitory con-
centration (MIC) quality-control range for
the C. difficile strain is 0.03 to 0.25 mcg/
mL (via American Type Culture Collec-
tion 700057). During clinical trials, fidax-
omicin’s low incidence of spontaneous
resistance to C. difficile ranged from less
than 1.4 x 109 to 12.8 x 10, Some re-
sistance to fidaxomicin was observed
with a specific mutation (Val-1143-Gly) in
the RNA polymerase beta subunit.!

In vitro, fidaxomicin and its main
metabolite (OP-1118) were synergistic
with rifampin and rifaximin against
C. difficile, with fractional inhibitory con-
centration (FIC) values of 0.5 or less."”
Fidaxomicin demonstrates a post-anti-
biotic effect against C. difficile lasting
from 6 to 10 hours.'"!8

PHARMACODYNAMICS
AND PHARMACOKINETICS

Fidaxomicin acts locally on C. difficile
in the GI tract. In a 10-day dose-ranging
study, the drug’s efficacy showed a dose—
response relationship at dosages of 50,
100, and 200 mg twice daily.'”

After fidaxomicin 200 mg twice daily
was administered for 10 days in clinical
trials, the maximum plasma concentra-
tion (C,,,,) of both fidaxomicin and its
OP-1118 metabolite within the time to
maximum plasma concentration (T},
window (1-5 hours) was two-fold to six-
fold higher than in healthy adults. In ad-
dition, plasma concentrations were 2 to
179 ng/mL for fidaxomicin and 10 to

829 ng/mL for the OP-1118 metabolite.
The mean plasma concentrations of fidax-
omicin and OP-1118 were about two-fold
to four-fold higher in patients 65 years of
age or older than in younger patients.!”

After a single-dose of oral fidaxomicin
200 mg in 14 healthy adult men, the
median C,, of filaxomicin was 5.2 ng/
mL, compared with 12.0 ng/mL with
OP-1118. Fidaxomicin and OP-1118 had
a median T, of 2.00 and 1.02 hours,
respectively. The median AUC was
62.9 ng ® hours/mL with fidaxomicin
and 118 ng ® hours/mL with the metabo-
lite.”

After 28 healthy adults took fidax-
omicin with a high-fat meal, systemic ab-
sorption was minimal, and the C,,,, of
both fidaxomicin and its metabolite was
decreased (by 21.5% and 33.4%, respec-
tively) compared with the fasting state.
Fidaxomicin may be taken with or with-
out food. The drug is metabolized to its
active metabolite via hydrolysis of the
isobutyryl ester, which occurs primarily
in the intestine and therefore does not
depend on hepatic CYP450 enzymes.
Fidaxomicin is eliminated primarily in
feces (more than 92%), and only a small
fraction of the administered dose (0.59%)
is recovered unchanged in the urine."”

PIVOTAL CLINICAL TRIALS

In a prospective, double-blind, ran-
domized, parallel-group study, fidax-
omicin was compared with vancomycin
in 629 adults with CDAD. For 10 days,
patients received either vancomycin
125 mg four times daily (n =327) or fidax-
omicin 200 mg twice daily with inter-

information.'”)

Figure | Structural formula of fidaxomicin. (From Dificid prescribing
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vening placebo for the other two doses
(n = 302). The patients had either no
history of CDAD or only one prior CDAD
episode in the previous 3 months.
Patients with life-threatening infections,
hypotension, septic shock, peritoneal
signs, significant dehydration, or toxic
megacolon were excluded from the
study.16:17:19

In the per-protocol group, nonrespond-
ing patients received at least 3 days of
treatment, and cured patients received at
least 8 days of treatment. In the modified
intent-to-treat group (mITT), all ran-
domized patients received at least one
dose of study drug. Non-inferiority was
established if the lower limit of the one-
sided 97.5% confidence interval (CI) for
the treatment difference was greater
than -10%.161719

The primary efficacy endpoint was the
rate of clinical cure, defined as equal to
or less than three unformed stools over
2 consecutive days or a marked reduc-
tion in unformed stools with continuing
abdominal discomfort.!61719

In the per-protocol group, clinical cure
rates were 92.1% with fidaxomicin
(244/265) and 89.8% with vancomycin
(254/283), respectively (lower limit of
97.5% CI for the difference, —2.6%). In the
mITT group, clinical cure rates were
88.2% (253/287) and 85.8% (265/309),
respectively (lower limit of 97.5% CI for
the difference, -3.1%) 161719

During the 4 weeks following therapy,
significantly lower recurrence rates were
noted with fidaxomicin than with van-
comycin in the per-protocol group (13.3%
vs. 24.0%, respectively; P = 0.004). Sig-
nificantly fewer recurrences were also
observed with fidaxomicin, compared
with vancomycin, in the mITT group
(15.4% vs. 25.3%, respectively; P=0.005).

There was no significant difference
between fidaxomicin and vancomycin in
the rate of recurrence in patients infected
with the hypervirulent NAP1/B1/027
strain of C. difficile. Fidaxomicin, how-
ever, provided a 69% relative reduction
in the risk of recurrence of non-NAP1/
B1/027 strains compared with van-
comycin. There were no significant dif-
ferences between the two medications
in terms of adverse events.!617:19

Fidaxomicin and vancomycin were
also compared in a prospective, double-
blind, randomized, parallel-group trial
involving 509 adults with CDAD. The
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patients were randomly assigned to re-
ceive 10 days of treatment with fidax-
omicin 200 mg twice daily (n = 253) or
vancomycin 125 mg four times daily
(n=256). The primary efficacy endpoint
was the rate of clinical cure, defined as an
improvement in diarrhea or other symp-
toms at the end of therapy. The non-
inferiority value was the lower limit of
the 95% CI for a treatment difference
greater than —10%.11719

Clinical cure rates were 88% and 87%
for fidaxomicin and vancomycin, respec-
tively (treatment difference, 1%). A sus-
tained response, defined as no recur-
rence at 25 days after the end of treat-
ment in patients who had achieved a
clinical cure, was observed in 72% of the
fidaxomicin group and in 57% of the
vancomycin patients (treatment differ-
ence, 15%).161719

Thus, the study findings show that
twice-daily fidaxomicin was non-inferior
to four-times-daily vancomycin in achiev-
ing a clinical cure in patients with CDAD;
however, it was superior to vancomycin
in reducing the recurrence of acute
symptoms of the disease. 61719

SAFETY PROFILE

Contraindications
There are no contraindications to the
use of fidaxomicin."

Warning and Precautions
Fidaxomicin is not effective for the
treatment of systemic infections because
of its minimal systemic absorption.
Therefore, to avoid promoting the de-

velopment of drug-resistant bacteria,
fidaxomicin should not be administered
in the absence of a proven or strongly
suspected C. difficile infection.!”

Adverse Reactions

In controlled clinical trials, the most
common adverse reactions (with an in-
cidence of 2% or more) associated with
fidaxomicin included nausea, vomiting,
abdominal pain, GI hemorrhage, anemia,
and neutropenia (Table 2).17

The safety of fidaxomicin was evalu-
ated in 564 patients with CDAD in two
active-comparator controlled trials in
which 86.7% of patients received a full
course of therapy. Thirty-three patients
(5.9%) who were treated with fidaxomicin
withdrew from the trials because of
adverse reactions, primarily vomiting.!”

The following adverse reactions were
reported at an incidence of less than 2%
in controlled trials of fidaxomicin: ab-
dominal distention, abdominal tender-
ness, dyspepsia, dysphagia, flatulence,
intestinal obstruction, megacolon, in-
creased alkaline phosphatase levels,
decreased bicarbonate levels, elevated
hepatic enzymes, decreased platelet
count, hyperglycemia, metabolic acido-
sis, drug eruption, pruritus, and rash.!”

Drug Interactions

Fidaxomicin and its major metabolite,
OP-1118, are substrates of the efflux
transporter P-glycoprotein (P-gp), which
is expressed in the GI tract. When cyclo-
sporine, a P-gp inhibitor, was given with
fidaxomicin, the plasma concentrations

Table 2 Selected Adverse Reactions With an Incidence of 2% or Higher

In Controlled Trials Comparing Fidaxomicin and Vancomycin

Fidaxomicin Vancomycin

System Organ Class (n=564) (n=583)
(Preferred Term) % %
Blood and lymphatic system disorders

Anemia 2 2

Neutropenia 2 |
Gastrointestinal disorders

Nausea I I

Vomiting 7

Abdominal pain 4

Gastrointestinal hemorrhage 4

From fidaxomicin (Dificid) prescribing information.'”
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of fidaxomicin and OP-1118 were signif-
icantly increased. The labeling for fidax-
omicin, however, does not recommend a
dose reduction when the drug is admin-
istered with cyclosporine.'”

Pregnancy and Nursing

Fidaxomicin is a Pregnancy Category
B drug. No adequate or well-controlled
studies have been conducted in pregnant
women.

No evidence of fetal harm was ob-
served when pregnant rabbits and rats
were given intravenous fidaxomicin at
doses up to 7.0 and 12.6 mg/kg, respec-
tively. This represented approximately
66 and 200 times the human plasma ex-
posure (AUC,_,).Y7

Caution is advised when administering
fidaxomicin to nursing mothers because
it is not known whether fidaxomicin is
excreted in human milk.!”

DOSAGE AND ADMINISTRATION

The recommended dosage of fidax-
omicin for the treatment of adults with
CDAD is 200 mg twice daily with or with-
out food for 10 days. No dosage adjust-
ment is required based on the patient’s
renal function, age, or sex.!”

P&T COMMITTEE
CONSIDERATIONS

Fidaxomicin may be added to the for-
mulary as a treatment option for patients
with CDAD, especially in those with re-
current or treatment-resistant disease.
The drug’s approval was based on the
results of two randomized, double-blind,
non-inferiority studies involving more
than 1,100 patients with CDAD. In these
trials, the clinical response in patients
treated with fidaxomicin was similar to
the response in patients who received
vancomycin. However, more patients
who received fidaxomicin achieved a
sustained cure compared with the van-
comycin patients.

Common adverse reactions associated
with fidaxomicin included nausea, vom-
iting, abdominal pain, GI hemorrhage,
anemia, and neutropenia.

The lack of serious adverse events and
of adverse drug—drug interactions, along
with convenient twice-daily oral dosing,
makes fidaxomicin an appealing alterna-
tive to the other agents currently used to
treat patients with CDAD (.e., vanco-
mycin and metronidazole).



Table 3 Cost of Current Therapies for Clostridium difficile—-Associated

Diarrhea

Drug Dosage Regimen

Cost Per Dose
(AWP)

Cost Per Treatment
(AWP)

Fidaxomicin 200 mg twice daily

for 10 days

$168.00

$3,360 (10 days)

Metronidazole | 500 mg three times

daily for 10 to 14 days

$0.69 (generic)

$20.70 (10 days)
$28.98 (14 days)

Vancomycin 125 mg four times $34.82 (Vancocin $1,392.80 (10 days)
daily for 10 to 14 days | HCI pulvules) $1,949.92 (14 days)
AWP = average wholesale price.'*?
COST 2. Gerding DDN, Johnson S, Peterson LR,

The average wholesale price for 10
days of therapy with fidaxomicin 200 mg
twice daily is $3,360, compared with
$1,273 for 10 days of therapy with van-
comycin capsules and only $21.90 for
10 days of therapy with generic metron-
idazole (Table 3).2

CONCLUSION

Fidaxomicin (Dificid) is a macrolide
antibacterial agent indicated for adults
with CDAD. Fidaxomicin was approved
on the basis of two randomized, double-
blind, non-inferiority studies in which the
clinical response to twice-daily fidax-
omicin was similar to the response to
four-times-daily vancomycin. However,
higher clinical cure rates were achieved
with fidaxomicin than with vancomycin.

C. difficile is a bacterium that can
cause diarrhea, colitis, serious intestinal
conditions, and death in severe cases.
People at risk for CDAD include the eld-
erly, patients in hospitals or nursing
homes, and patients taking antibiotics
for another infection.

Fidaxomicin provides a new thera-
peutic option for CDAD, and it is the first
antibacterial medication approved for
this indication in almost 30 years. Fidax-
omicin is not effective for systemic
infections and should not be used until
C. difficile infection is confirmed in order
to avoid the development of drug-resis-
tant bacteria.
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