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The cause of inflammatory bowel disease is not completely understood.
However, there is now a strong evidence that resident intestinal bacteria,
which are normally considered to be commensal, can initiate the
pathological inflammation in a susceptible host. Although this may be
a good rationale for antibiotic use in the treatment of these diseases,
previous trials with different antibiotics have given controversial results
while their long-term use is accompanied by an elevated number
of adverse events. Rifaximin is an oral, minimally absorbed (<1% of
the ingested dose), antimicrobial agent that exerts its bactericidal
activity in the intestinal lumen, and is apparently free of systemic side
effects. The efficacy of a new gastroresistant formulation of rifaximin
(rifaximin-extended intestinal release) in moderately active Crohn'’s disease
has been recently shown in a multicenter, randomized, double-blind
trial. In open-label studies promising results have also been obtained in
ulcerative colitis and pouchitis. These findings need to be confirmed in
larger randomized-controlled studies.

The aetiology of inflammatory bowel diseases (IBDs) is not completely under-
stood. Genetic, immunological and environmental factors could play a role in the
development and maintenance of the intestinal inflammation in both Crohn’s
disease (CD) and ulcerative colitis (UC) [1.2]. Recently, the role of a dysregulated
immune response towards intestinal microbiota has been proposed as one of the
possible explanations of IBD pathogenesis [3.4]. Such a hypothesis implies a host
susceptibility induced by genetic mutations in microflora-sensing genes, such as
NOD2/CARD 15, that results in upregulation of mucosal proinflammatory cyto-
kine production [5.6]. A concentration of intestinal bacteria higher than controls
was observed in IBD patients as a result of impaired bacterial clearance [7]. More-
over, studies of luminal bacterial composition in patients with IBD have shown
a decrease of ‘beneficial’ bacteria, such as Bifidobacterium and Lactobacillus spp,
and an increase of pathogenic bacteria, such as Bacteroides and Escherichia coli (8.9).
The imbalance between protective versus harmful bacteria induces a dysbiosis that
can promote inflammation [10]. Furthermore, the role of luminal bacteria in the
pathogenesis of CD is also supported by the increase of inflammatory changes
consequent to the flow of intestinal contents into excluded ileal segments and
reinforced by the healing of lesions after diversion of fecal stream [11,12].

This large amount of data could be a strong rationale for the use of antibiotics
in the treatment of IBD. However, several open-label and randomized-controlled
trials have shown controversial results about the efficacy of ciprofloxacin [13-15],
metronidazole [16-18] or a combination of them [19,20] in the treatment of CD. No
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consistent evidence about the efficacy of either metro-
nidazole [21,22] or ciprofloxacin [23,24] in the treatment
of UC was observed. On the other hand, these agents
have been shown to be effective for the treatment of
pouchitis [25]. In addition, long-term use of these sys-
temic antibiotics is associated to a significant num-
ber of severe adverse events (AE) [20,26-28] that induce
treatment withdrawal in over 20% of cases and a poor
compliance in more than 30% of patients [29].

In recent years, the role of rifaximin — a rifamycin
derivative, oral, nonsystemic, antimicrobial agent has
been investigated for the treatment of IBD. This gas-
trointestinal selective antibiotic is currently approved
in USA for the treatment of traveller’s diarrhea [30]. In
addition, its usefulness for the treatment of irritable
bowel syndrome (IBS) [31], and hepatic encephalopathy
(32] has been demonstrated in controlled trials.

Rifaximin mechanisms of action in IBD
Rifaximin is minimally absorbed and exerts its bac-
tericidal activity in the intestinal lumen. The virtual
absence of rifaximin absorption has been documented
in animal and isotope studies, the maximum amount
of detectable antibiotic in the blood being 0.2 pg/
ml (33]. The human absorption of rifaximin has been
studied in healthy volunteers and in IBD patients.
After oral administration of 400-mg of rifaximin
to patients with mild-to-moderate UC, blood drug
concentration was found to be lower than 2 ng/ml
(detection limit of the analytical method) in most of
the plasma samples [34]. Very low plasma concentra-
tions of the drug were detected in a small number of
patients. The total amount of rifaximin excretion in
the urine after 24 h was only 0.0009% of the dose.
Notably, in another study, even after administration
of high doses (2 g daily) of rifaximin, plasma levels
of the antibiotic were undetectable in all the patients
(3s]. Consequently, since the systemic bioavailability of
the drug is very low, its tolerability and safety profile
is undoubtedly better compared with other systemi-
cally absorbed antibiotics, such as metronidazole or
ciprofloxacin [20,26-28].

The rifaximin mechanism of action depends on
inhibition of RNA synthesis by binding the B-subunit
of the bacterial DNA-dependent RNA polymerase
(33.36]. Therefore, it exhibits a broad-spectrum 7z vitro
and 77 vivo activity against gram-positive and -negative
bacteria, including aerobes and anaerobes [33.36,37]. It
has been documented to be in detail active against bac-
teroides and Escherichia coli, that are frequently found
in the intestinal mucosa of CD patients [7], although it
seems not to be active against E. coli when it is adherent
to the mucosa. Moreover, rifaximin seems to modulate
the colonic microbiota of CD patients by increasing
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the concentration of Bifidobacteria, Atopobium and
Faecalibacterium prausnitzii, that are proved to exert
a beneficial effect on epithelial cell function and in gut
homeostasis [38]. Rifaximin has been also reported to
decrease in vitro the attachment of pathogenic bacte-
ria, such as Bacillus anthracis or Shigella sonnei, to the
epithelial cells of intestinal mucosa [39.40].

Other possible mechanisms of action of rifaximin, in
addition to direct bactericidal activity, have been dem-
onstrated in recent experimental studies. In a murine
model of colitis, rifaximin can reduce the severity of
trinitobenzene sulfonic acid-induced colitis and accel-
erates healing by preventing bacterial translocation
[41]. Moreover, this antibiotic, that is a gut-specific
human pregnane-X-receptor agonist [42], could exert a
preventive and therapeutic role in IBD through down-
regulation of inflammatory effects of tumor necrosis
factor-«kB on intestinal epithelial cells [43,44].

Rifaximin in Crohn’s disease

On the basis of such experimental background the
therapeutic role of rifaximin in the treatment of IBD,
particularly CD, has been investigated (Table 1).

In an open-label study the efficacy of rifaximin
200 mg three times daily for 16 weeks was evaluated
in 29 CD patients with Crohn’s Disease Activity Index
(CDAI) score >220 and <400. At the end of month 4,
mean + CDAI score was reduced by 43%, and 59%
of patients were in clinical remission defined as CDAI
score <150 [45].

In a multicentre, double-blind, randomized,
placebo-controlled trial [46] two doses of rifaximin
gastroresistant granules (extended intestinal release
[EIR]), 800 mg once a day, and 800 mg twice a day,
given for 12 weeks, were compared with placebo in
83 patients with mild-to-moderate CD. Immunosup-
pressors and or 5-aminosalicylic acid derivatives were
maintained during the study period. Clinical remis-
sion (CDAI < 150) was achieved in 52% of patients
treated with 800 mg twice a day compared with 32
and 33%, respectively, in once-daily administration
and placebo groups. Clinical response (reduction of
CDALI by 270 points from baseline) was seen in 67
and 48% with two dosages of rifaximin, and 41%
with placebo. No statistically significant differences
of efficacy were demonstrated probably because of
the small number of patients enrolled. The number
of the failures in the placebo group, however, was sig-
nificantly higher than those who received rifaximin
800 mg twice a day. Remission and response rates of
rifaximin 800 mg twice a day were significantly higher
than those of placebo and rifaximin 800 mg once a day
only in those patients with elevated C-reactive protein
values (p < 0.05). Such an observation suggests that
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response to rifaximin would depend on a reduction of
inflammation rather than merely to control symptoms
included in the CDAL.

Recently, data from the charts of 68 patients with
mild CD who received adjunctive therapy with rifaxi-
min at mean dose of 600 mg/day for 16 weeks were
retrospectively analyzed [47]. The use of concomitant
medications (e.g., steroids, anti-inflammatory agents)
was allowed. Surprisingly, remission was achieved in
67% of patients who received rifaximin monotherapy,
and in 58% of those who received rifaximin as adjunc-
tive therapy to steroid. These data probably reflect a
potential greater severity in the latter group. Nota-
bly, rifaximin seemed to be helpful for short-term
maintenance remission in a small subset of patients.

The last study of rifaximin in CD recently pub-
lished was an international, multicenter, randomized,
double-blind trial, performed in 402 moderately active
CD patients from 55 European centers and Israel [48].
The efficacy and safety of 400-, 800-, and 1200-mg
rifaximin-EIR, given twice daily for 12 weeks, was
evaluated. Concomitant therapy with mesalamine,
thiopurines, methotrexate, and probiotics could be
maintained at the same dosages throughout the full
duration of the trial. At the end of the treatment
period a statistically significant different remission rate
(as defined as CDAI <150) was observed in the 800 mg
twice a day group: 62% of patients were in remis-
sion compared with 43% of those in placebo group
(p =0.005). A difference was maintained throughout
a subsequent 12-weeks follow-up period without treat-
ment. No significant differences with placebo were
observed with 400-mg and 1200-mg doses of rifaxi-
min-EIR, most likely due to significantly higher rates
of withdrawal observed among the latter group. More-
over, a posthoc explorative subgroup analysis revealed
that patients with an early disease (as defined as first
diagnosis < 3 years before enrollment in the study),
colonic involvement or a baseline CRP level >5 mg/l
were significantly more likely to achieve remission
with rifaximin-EIR 800 mg twice a day compared
with placebo.

The therapeutic role of rifaximin in a pediatric set-
ting was retrospectively evaluated collecting clinical
data of 23 children, approximately half having CD
and half UC [49]. Overall, 61% of these children had
experienced relief of symptoms including diarrhea,
abdominal pain and rectal bleeding.

Rifaximin in UC

Traditionally, the use of antibiotics in UC was lim-
ited to the treatment of the septic complications of
the severe attacks of the disease. This may explain
why rifaximin in the treatment of UC has not been
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extensively investigated (Table 1). The only double-
blind, placebo-controlled trial was not randomized [s0].
In this study 28 patients with moderate-to-severe UC,
and were nonresponders to steroid treatment, received
either rifaximin 400 mg b.i.d. or placebo for 10 days.
Although there was no statistically significant differ-
ence with placebo in clinical outcome between the
two groups, in 64.3% of rifaximin-treated patients
a significant reduction in stool frequency (p < 0.02),
rectal bleeding (p < 0.05) and sigmoidoscopic score (p
< 0.05) was observed.

Other uncontrolled experiences with rifaximin in
UC were reported in Italy. In an open-label study,
30 patients with mild-to-moderate UC flare-up in the
course of mesalazine maintenance treatment received
rifaximin 400 mg b.i.d. for 4 weeks as adjunctive
therapy [s1]. Clinical remission was obtained in about
77% of patients.

In a recent small pilot experience, six mesalazine-
intolerant UC patients, in remission after a course of
oral steroids, were treated with a combination of rifaxi-
min 400 mg plus the probiotic agent Saccharomyces
boulardii for three months [s2]. At the end of the study
period, all patients were still in clinical remission.

On the basis of available evidences, definitive indica-
tions for the use of rifaximin in UC cannot be drawn
and other, randomized, placebo-controlled studies are
warranted.

Rifaximin in pouchitis

Pouchitis is a nonspecific inflammation of the
ileal reservoir that occurs in up to 50% of patients
after restorative proctocolectomy with ileal-pouch
anastomosis [53].

To date, only one randomized, double-blind,
placebo-controlled trial of rifaximin for pouchitis has
been published (Table 1) [54]. In this small pilot study,
18 patients with active pouchitis were randomized to
receive oral rifaximin 400 mg or placebo three-times
daily for 4 weeks. At the end of the study period,
two patients (25%) in the rifaximin group were in
remission (defined as a Pouchitis Disease Activity
Index [PDAI] score <7 points and a decrease in the
baseline PDALI score = 3 points) compared with none
out of nine patients treated with placebo (p = 0.2).
This difference was not statistically significant.

In an open-label study [35) the efficacy of a combi-
nation of rifaximin 1000 mg b.i.d. and ciprofloxacin
500 mg b.i.d. for 2 weeks had been previously reported
in 18 patients with chronic active, treatment-resistant
pouchitis. Either improvement (defined as a decrease
of at least three points in PDAI score) in 55.5% or
remission (defined as PDAI score of 0) in 33.3% were
obtained, without any side effects.

Clin. Invest. (2013) 3(12)
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Table 1. Clinical trials with rifaximin in inflammatory bowel disease.

Study

Open-label study: efficacy of rifaximin in
CD patients with CDAI 220-400

Multicenter, double blind, placebo-
controlled RCT: efficacy of rifaximin-EIR in
patients with mild-to-moderate CD

Retrospective study: efficacy of rifaximin
as an adjunct to steroids in patients with
mild CD

Multicenter, double-blind, placebo-
controlled RCT: efficacy of rifaximin-EIR in
patients with moderate CD

Double-blind, placebo-controlled,
nonrandomized trial: efficacy of rifaximin
as an adjunct to steroids in patients with
active UC

Open-label study: efficacy of rifaximin in
patients with mild-to-moderate active UC

Double-blind placebo-controlled RCT:
efficacy of rifaximin in patients with active
pouchitis

Open-label study: efficacy of rifaximin plus
ciprofloxacin 500 mg b.i.d. in patients with
resistant chronic pouchitis

Phase Patients Duration Primary end Rifaximin Outcome Ref.
(n) (weeks)  point dose (mg)

II 29 16 Remission 200 t.i.d. Remission 59%  [45]
(CDAI <150)

II 83 12 Remission 800 b.i.d. Remission 52%  [46]
(CDAI <150) vs placebo

33% (NS)

II 68 16 Remission 200 mg t.i.d. Remission 67%  [47]
(CDAI <150)

I 402 12 Remission 400-1200 Remission [48]
(CDAI <150) b.i.d. 62% vs

placebo 43%
(p = 0.005)

II 28 2 Improvement 400 mg t.i.d. Improvement (s0]
of clinical and > placebo (NS)
endoscopic
scores

II 30 4 Clinical 400 b.i.d. Remission 77%  [51]
remission

I 18 4 Remission 400 t.i.d. Remission 25% [54]
(PDAI = 0) vs placebo 0%

(p=0.2)

II 18 2 Remission 1000 b.i.d. Remission 33% 3]
(PDAL = 0)

b.i.d.: Twice daily; CD: Crohn's disease; CDAL: Crohn's Disease Activity Index; EIR: Extended intestinal release; NS: Not significant; PDAL Pouchitis Disease Activity Index;
RCT: Randomized controlled trial; t.i.d.: Three-times a day; UC: Ulcerative colitis.

Recently, data of a historical cohort of patients
with pouchitis followed-up at Cleveland Clinic have
been published [ss). Fifty-one patients with antibiotic-
dependent pouchitis, after the induction of remission,
received maintenance treatment with rifaximin at doses
ranging from 200 to 1800 mg/day (median 200 mg/
day) for up to 24 months. At month 3, 65% of patients
were in remission and that was maintained in 79, 58 %,
and 6%, respectively, at months 6, 12 and 24.

Clinical safety data

Rifaximin has been proved to be safe and well tolerated in
healthy subjects and in IBD patients. In a large random-
ized, double-blind, placebo-controlled, trial conducted
in moderately-active CD no significant differences in the
number of AEs were observed between rifaximin-EIR
and placebo groups [48]. In detail, headache (6%), nausea
(4%), flatulence (2%), nasopharyngitis (2%) and fever
(2%) were the most common reported drug-related AEs.
However, a significantly higher proportion of patients in
the rifaximin-EIR 1200-mg twice daily group discontin-
ued the treatment due to AEs (p = 0.01).

Safety of rifaximin was also analyzed in clinical tri-
als for IBS, and hepatic encephalopathy (HE). In a
recent meta-analysis [56] including five randomized,
placebo-controlled, trials with rifaximin for IBS the
percentage of patients reporting AEs resulted similar
between the rifaximin and placebo groups. The most
frequent AEs (all <6%) included headache, upper
respiratory infection, nausea, nasopharygitis, diarrhea
and abdominal pain. Serious AEs, such as confusional
state, disorientation, dehydration, hypoxia, respiratory
acidosis, hypotension, have been reported in less than
1% of patients. A meta-analysis including 12 random-
ized-controlled trials in the treatment and prevention
of HE [57] showed that the patients who received rifaxi-
min (n = 980) had less risk of suffering from diarrhea
compared with those (n = 988) who received nonab-
sorbable disaccharides or another oral antibiotics, such
as neomycin and paramomycin (Overall response =
0.20, 95% CI: 0.04-0.92; p = 0.04), although the rate
of a combination of abdominal pain, nausea, anorexia
and weight loss was similar between the two groups (p
=0.40; p = 0.06, respectively). However, the markedly
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increased systemic absorption of rifaximin observed
in liver cirrhosis patients compared with controls has
caused some concern about long-term administration
for HE prevention [s8]. Although plasma concentrations
as high as 10 ng/ml have been detected in cirrhotics
591, these levels, however, are still lower compared with
those observed for systemically absorbed antibiotics.

Another issue for concern may be the potential
onset of Clostridium difficile infection during long-
term rifaximin therapy. Indeed, a drug-related C. 4if*
ficile colitis was reported in one (1%) CD patient who
received rifaximin-EIR 800 mg twice daily for 12
weeks [48]. In addition, C. difficile infection occurred in
two (1.4%) cirrhotics during their 6-month treatment
with rifaximin for HE [32]. Indeed, these events are
unexpected, since rifaximin has been successfully used
in the treatment of C. difficile refractory infections
(60}, and could be due to the infrequent development
of rifaximin-resistant strains.

The development of resistance to rifaximin is
mainly due to a chromosomal single-step alteration
in the DNA-dependent RNA polymerase which is the
drug target. This chromosomal-mediated resistance is
less frequent than that commonly acquired by bacteria
to aminoglycoside antibiotics, such as neomycin or
bacitracin, which is due to a plasmid-mediated mecha-
nism [33]. The selection of resistant mutant strains to
rifaximin is very rare for anaerobic bacteria, such as
C. difficile, particularly after exposing the microorgan-
isms to the high level of antibiotic within the intesti-
nal lumen. Furthermore, the occurrence of C. difficile
infection in cirrhotic patients could be facilitated by
concomitant proton-pump inhibitors use or be due to
previous multiple courses of systemic antibiotics.

Future perspective

The potential role of intestinal bacteria in triggering
inflammation in IBD patients unlocks new thera-
peutic strategies. However, data of clinical trials are
controversial, and long-term antibiotic therapy may
cause side effects. The role of rifaximin, — an oral,
minimally absorbed, antimicrobial agent, — has been
recently investigated in IBD treatment. Results of both
open-label and randomized trials suggest an accept-
able efficacy, mainly for symptom control. In detail,
rifaximin therapy seems to be more effective in mild-
to-moderately active CD, in those patients with colon
involvement, and in early disease. On the contrary,
the role of rifaximin therapy in patients with either
UC or pouchitis is not supported by consistent data,
although few open-label studies reported an overall
improvement. However, to date, only a few studies
have been published, the majority of them being open-
label designed with small sample sizes. Consequently,
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the available evidence is limited and no definitive
conclusions can be drawn.

Some obvious issues need to be addressed in future
studies. First, the role of rifaximin in the maintenance
of remission in IBD remains to be investigated, and
safety data on long-term administration of the antibi-
otic are still lacking. Indeed, the longest study period
available is limited to 16 weeks [47]. Second, it could
be interesting to evaluate the efficacy of rifaximin as
monotherapy because it has always been used as an
adjunctive therapy to concomitant therapy, such as
mesalamine, thiopurins, immunosuppressants or ste-
roids, Third, although the results of randomized tri-
als with rifaximin-EIR in CD seem to suggest a more
favorable effect when the colon is involved (48], the effi-
cacy of the antibiotic according to disease localization
has to be evaluated more deeply in future studies. More-
over, evaluation of rifaximin efficacy in IBD was based
only on clinical indicators, some of which — that is,
abdominal pain, well-being — are subjective. Therefore,
the overall improvement with rifaximin cannot be nec-
essarily related to a regression of active mucosal inflam-
mation. Consequently, the assessment of the mucosal
healing that allows a more objective evaluation should
be considered as primary outcome in future trials. In
detail, endoscopic evaluation before and after rifaximin
therapy could be useful to assess the actual impact of
active inflammation on symptoms. Another issue which
needs to be clarified is whether the long-lasting effects
of rifaximin depend on either a direct effect on the
intestinal inflammation or changes in the intestinal
microbiota. Therefore, modifications of gut microbiota
following rifaximin therapy in IBD patients need to be
evaluated in future studies. In addition, whether rifaxi-
min exerts a specific antibiotic effect against yet to be
identified harmful bacteria in IBD patients should be
proved in comparative studies including other nonab-
sorbable antibiotics. Finally, the incidence of C. difficile
infection following long-term rifaximin therapy needs
to be further estimated in large studies.

In conclusion, rifaximin appears to be an effective
and safe nonabsorbable antibiotic for treating a subset
of IBD patients. Further randomized-controlled studies
are warranted to confirm these preliminary results.
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Executive summary

activity in the intestinal lumen.

blind, randomized trial.

800 mg b.i.d. for 12 weeks.

inflammatory bowel disease.

m Rifaximin is a rifamycin derivative, oral, nonsystemic, antimicrobial agent that is minimally absorbed and exerts its bactericidal

m Efficacy of rifaximin in inducing remission in moderately active Crohn’s disease has been demonstrated in a multicenter, double-
m Small, open-label, studies seem to suggest efficacy of rifaximin in ulcerative colitis and pouchitis.

m Rifaximin has been proved to be safe and well tolerated in inflammatory bowel disease patients.

m One case (1%) of drug-related Clostridium difficile colitis was reported in a patient with Crohn'’s disease who received rifaximin

m Optimal dose and duration of treatment have to be established in larger, placebo-controlled, randomized trials.
m Assessment of mucosal healing should be considered as a primary end point in future trials evaluating efficacy of rifaximin in
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