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SUMMARY

Background
Rifaximin therapy reduced risk of hepatic encephalopathy (HE) recurrence
and HE-related hospitalisations during a 6-month, randomised, placebo-
controlled trial (RCT) and a 24-month open-label maintenance (OLM)
study. However, the impact of crossover from placebo to rifaximin therapy
is unclear.

Aim
To study the impact of crossing over from placebo to rifaximin treatment
on breakthrough HE and hospitalisation rates using a within-subjects
design.

Methods
Adults with cirrhosis and history of overt HE episodes, currently in HE
remission, received placebo during the RCT and crossed over to rifaximin
550 mg twice daily during the OLM study. Rate of breakthrough overt HE
episodes, hospitalisations and incidence and rate of adverse events (AEs)
were analysed during RCT and first 6 months of OLM.

Results
Of 82 patients randomised to placebo in the RCT who crossed over to the
OLM study, 39 experienced an HE episode during the RCT compared with
14 during the OLM study (P < 0.0001). Significantly lower rates of HE
events were observed with rifaximin treatment compared with placebo
treatment (P < 0.0001). Rates of HE-related hospitalisation were numeri-
cally lower during rifaximin treatment compared with placebo treatment,
although not significant. Rates of most common AEs, serious AEs and
infection-related AEs were similar between the two treatments.

Conclusions
This analysis confirms the repeatability of results from the RCT on safety
and efficacy of rifaximin 550 mg twice daily in reducing the risk of hepatic
encephalopathy recurrence, and suggests these findings are translatable out-
side of a rigorous, controlled trial setting.
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INTRODUCTION
Hepatic encephalopathy (HE) is a potentially debilitating
complication of cirrhosis and is associated with neuro-
psychiatric symptoms and neuromuscular dysfunction of
varying severity.1, 2 The symptoms of HE can include
confusion, disorientation and poor coordination. Overt
HE imposes a substantial quality-of-life and socioeco-
nomic burden on patients and caregivers.3–5 Prevention
of HE episodes may positively impact both pre- and
post-liver transplantation outcomes.6, 7 The underlying
pathogenesis of HE is unknown, but it is thought to be
driven by cerebral oedema resulting from the combined
action of accumulation of gut-derived bacterial toxins
(e.g. ammonia), inflammation and oxidative stress.8–10

Most therapies for HE are, therefore, directed at removal
of gut-derived bacterial toxins or modulating gut micro-
biota levels.11–13

Rifaximin is a minimally absorbed, gut-targeted, oral
antimicrobial therapy that has been evaluated in a
randomised, double-blind, placebo-controlled, 6-month
trial (RCT).14 In patients with cirrhosis with a recent his-
tory of recurrent, overt HE, rifaximin significantly
reduced the risk of HE recurrence and HE-related hospi-
talisation, and improved patient quality-of-life with an
adverse event (AE) profile comparable to that of pla-
cebo.14, 15 Long-term treatment with rifaximin during a
≥24-month, open-label maintenance (OLM) study pro-
vided continued protection from HE recurrence, reduced
the risk of HE-related hospitalisation, and did not
adversely affect patient tolerability.16 The OLM study
was a controlled, yet pragmatic study comprised of dif-
ferent patient groups who were either continuing from
the RCT or were recruited specifically for the OLM
study. However, a direct comparison between rifaximin
and placebo is still needed to extend the findings of the
RCT into outcomes outside of the context of an RCT.

The objective of this study was to examine the repeat-
ability of the safety and efficacy findings from the RCT
by analysing data from patients initially treated with pla-
cebo who crossed over to receive rifaximin during the
OLM study.

METHODS

Study population
This study included adults with cirrhosis and a history
of overt HE episodes treated with placebo in a 6-month
RCT, who crossed over to receive rifaximin 550 mg
twice daily in a ≥24-month OLM study.14, 16 Patients eli-
gible for the RCT study had a documented history of

HE (Conn score ≥2; 5-point scale, where 0 = no abnor-
mality and 4 = coma) within 6 months prior to screen-
ing, a Conn score of ≤1 at enrolment, and a Model for
End-Stage Liver Disease (MELD) score ≤25.14 Eligible
patients in the OLM study had a documented Conn
score of ≥2 within the 12 months prior to screening and
a Conn score of ≤2 at enrolment. Patients from the RCT
were permitted to enrol in the OLM study and, if possi-
ble, were transitioned into the OLM study at the end of
treatment visit of the RCT. Episodes of HE precipitated
by gastrointestinal haemorrhage requiring ≥2 units of
blood by transfusion, by medication use, by renal failure
requiring dialysis or by injury to the central nervous sys-
tem were not considered previous HE episodes to enable
patients to meet eligibility criteria for either study.14

Each patient was required to have the support of a care-
giver for the entire duration of the study. The caregiver
assisted with attending scheduled and unscheduled study
visits, monitored any changes in the patient’s health or
HE status, reminded the patient to take study medication
and reminded the patient to complete daily diary entries.

Study design
Details on the designs of the RCT and OLM study have
been previously published.14, 16 Briefly, the RCT was a
double-blind, placebo-controlled, multicenter trial (Clini-
calTrials.gov identifier, NCT00298038), and patients were
randomly assigned to receive either rifaximin (Xifaxan;
Salix Pharmaceuticals, Inc., Raleigh, NC, USA) 550 mg
twice daily or placebo for 6 months. The OLM study
was a multicenter study (ClinicalTrials.gov identifier,
NCT00686920) in which patients received rifaximin
550 mg twice daily for ≥24 months.16 Participants in the
OLM study were either newly enrolled or continued
from the RCT, and included patients who had received
placebo during the RCT. Concomitant therapy with lac-
tulose was optional during both studies.14 The protocols
for the RCT and OLM study were approved by the insti-
tutional review boards of each center, and all patients or
their legally authorised representatives provided written
informed consent.14, 16

Assessments
Clinic visits during the RCT occurred on days 7 and 14
and every 2 weeks thereafter through day 168 (end of
treatment period), and patients were monitored by tele-
phone during weeks without clinic visits. Clinic visits
during the OLM study occurred at months 1 and 3, and
then every 3 months thereafter until the end of treat-
ment, with additional telephone contacts at week 2 and
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every 6 weeks after month 3. In both protocols, if a sub-
ject developed signs or symptoms of HE between clinical
visits, the site conducted an unscheduled visit to evaluate
the subject. Also, the investigator was required to make
every effort to determine when the onset of recurrent
HE symptoms first developed, which could have
included, for example, a retrospective review of medical
records from a treating physician and/or a discussion
with the caregiver or patient regarding the symptoms
experienced. Efficacy end points analysed included the
rate of breakthrough episodes of HE and HE-related hos-
pitalisations. Breakthrough overt HE was defined as an
increase in Conn score to ≥2, an increase of 1 grade each
for both Conn score and asterixis score for patients who
had entered with a Conn score of 0, or an increase in
Conn score to ≥3 for patients who had entered the OLM
with a Conn score of 2. Safety assessments included
monitoring of AEs, clinical laboratory tests, vital signs,
and concomitant medications. Changes from baseline in
clinical laboratory parameters to day 168 (or end of
treatment) in the RCT and OLM study were assessed.

Statistical analysis
Efficacy and safety analyses were conducted for patients
who were treated with placebo in the RCT and during
the first 6 months of treatment for those who crossed
over to rifaximin treatment in the OLM study. Demo-
graphical and baseline disease characteristics were sum-
marised using descriptive statistics. Data are mean � s.d.
unless otherwise noted. The Cox proportional hazards
model was used, with a two-sided test and a significance
level of 0.05, to compare the time to breakthrough

episode during placebo treatment in the RCT with tim-
ing during rifaximin treatment in the OLM study. Kap-
lan–Meier methods were used to estimate the percentage
of patients maintaining HE remission over time. Per-
son-years of exposure (PYE) for rifaximin was calculated
as total exposure in days � 365.25. Rate of AEs was cal-
culated as number of patients with an event � PYE, in
which PYE reflected exposure up until the AE occur-
rence and, therefore, may have differed from the PYE
for the entire patient group.

RESULTS

Patient population
A total of 299 patients were randomised to receive rifaxi-
min (n = 140) or placebo (n = 159) in the 6-month
RCT. Of the 159 patients who received placebo in the
RCT, 82 patients were enrolled in the OLM study and
crossed over to rifaximin treatment (Figure 1). The 82
patients in this crossover group were predominantly
male (62.2%) and white (90.2%), with a mean age of
55.8 � 9.2 years. At baseline of the RCT phase, 69.5% of
patients had experienced two breakthrough HE episodes
in the previous 6 months, 22% had experienced three
episodes and 8.5% had experienced >3 episodes. The
mean time since first diagnosis of HE was
18.8 � 19.6 months. Comparing baseline disease charac-
teristics during the two treatments, mean MELD scores
were similar at baseline in both the RCT and OLM study
(Table 1). The distributions of Conn scores and asterixis
grades were also similar at baseline across the two treat-
ment periods.

Study 3002 (OLM study)

Randomization 1:1
Placebo

Placebo

(n = 159)

(n = 82)

(n = 65)

(n = 170) (n = 70)

(n = 140)
Rifaximin

rifaximincrossover
New

patients
Continuing

Completed
6 months of
OLM study

Study 3001 (RCT)

Discontinuations, n (%)
All discontinuations: 17 (21)

Death: 7 (9)
Patient request: 5 (6)

Liver transplantation: 3 (4)
Other: 2 (2)

Figure 1 | Patient disposition.
OLM, open-label maintenance;
RCT, randomised, controlled
trial. Data from Bass et al.14
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Efficacy
The comparison of time to first breakthrough overt HE
episode (using Kaplan–Meier methods) between the pla-
cebo experience in the RCT and during the first
6 months of rifaximin treatment in the OLM is shown
in Figure 2. The ratio of the incidence of breakthrough

overt HE episode for rifaximin treatment relative to pla-
cebo treatment was 0.21 (95% CI: 0.10–0.44; P < 0.0001
for between group difference in relative risk). This result
represents a 79% reduction in the risk of experiencing
breakthrough overt HE during rifaximin treatment in the
OLM when compared with their prior placebo experi-
ence in the RCT, and corresponds to a number needed
to treat of 3 to prevent a breakthrough HE episode dur-
ing 6 months of treatment. Of the 82 patients, 39
patients (47.6%) experienced an episode of HE during
placebo treatment in the 6-month RCT, and 14 patients
(17.1%) experienced an HE episode during rifaximin
treatment during the first 6 months of the OLM study.
This represents a significant reduction in the rate of
breakthrough HE events after switching from placebo to
rifaximin treatment (P < 0.0001). Of the 39 patients who
had an HE episode during placebo treatment in the
RCT, only 13 (33.3%) also had an HE episode during
the first 6 months of treatment with rifaximin in the
OLM study.

The temporal profile of HE breakthrough events
across the 82 patients could be described with four cate-
gories: (i) HE breakthrough episode occurrence in the
RCT only: n = 26; (ii) occurrence in both the RCT and
OLM study: n = 13; (iii) occurrence in the OLM study
only: n = 1; and (iv) no occurrences in the RCT or
OLM study: n = 42. Patients with no occurrence of HE
in the RCT or OLM study had a slightly lower mean
(�s.d.) MELD score (11.1 � 3.7) at baseline compared
with patients who experienced an HE occurrence during
the RCT (13.1 � 4.0) or during the RCT and OLM
study (13.2 � 3.5).

There was a trend towards reduction in HE-related
hospitalisations during the first 6 months of rifaximin

Table 1 | Baseline disease characteristics for the RCT
and OLM study

Parameter

RCT placebo
treatment
(n = 82)

OLM study
rifaximin
treatment
(n = 82)

Duration of current remission,
days, mean (s.d.)

72.7 (50.5) 156.6 (125.6)

MELD score, mean (s.d.) 12.1 (3.8) 12.1 (3.9)
MELD score, n (%)
≤10 30 (36.6) 34 (41.5)
11–18 46 (56.1) 44 (53.7)
≥19 6 (7.3) 4 (4.9)
Conn score, n (%)
0 59 (72.0) 56 (68.3)
1 23 (28.0) 19 (23.2)
2* 0 7 (8.5)
Asterixis grade, n (%)
0 59 (72.0) 60 (73.2)
1 19 (23.2) 15 (18.3)
≥2 4 (4.9) 7 (5.4)

HE, hepatic encephalopathy; MELD, model for end-stage liver
disease; OLM, open-label maintenance; RCT, randomised, con-
trolled trial.

* Baseline Conn score inclusion criteria differed between the
two studies. For the RCT, patients were required to have a
Conn score of 0 or 1 at enrolment. For the open-label study,
patients could have a Conn score of 0, 1 or 2.
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Figure 2 | Time to first
breakthrough HE event during
placebo treatment in the RCT
and during rifaximin treatment
in OLM study. Open circles
and open triangles represent
censored data. *Event rate
was calculated for 168 days of
the RCT and the first 168 days
in the OLM study. HE, hepatic
encephalopathy; OLM, open-
label maintenance; RCT,
randomised, controlled trial.
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treatment in the OLM study (12 events; rate = 0.36
events/PYE) vs. placebo treatment in the RCT (15
events; rate = 0.57 events/PYE; P = 0.365; Figure 3).
However, there was no reduction in all-cause hospitalisa-
tions during the first 6 months of open-label rifaximin
treatment.

Safety
The rate of the most commonly reported AEs (ascites,
headache, nausea and peripheral oedema) in the 82
patients during first 6 months of the OLM study was
similar to that observed for the same patients in the
RCT (Table 2). The most common serious AEs (occur-
ring in ≥2 patients) during 6 months of rifaximin treat-
ment were anaemia, ascites, cellulitis and hyponatremia
in three patients each, and acute renal failure, chest pain,
hepatic cirrhosis, hypoglycaemia, hyperkalemia, pneumo-
nia and urinary tract infection in two patients each. The
most common serious AEs during the RCT in this group
were atrial fibrillation, bacterial peritonitis and cellulitis
in two patients each.

Rates of the most commonly reported infections dur-
ing 6 months of rifaximin treatment in the OLM study
were generally comparable with those observed during
placebo treatment. No clinically significant changes in
laboratory values from baseline to month 6 of rifaximin
in the OLM study were observed. In addition, no signifi-
cant differences in mean change from baseline were
noted for coagulation test results when comparing pla-
cebo treatment during the RCT to 6 months of rifaximin
treatment in the OLM study (prothrombin time; �0.04 s
vs. 0.42 s, respectively) and international normalised
ratio (�0.04 vs. �0.01, respectively).

DISCUSSION
Rifaximin 550 mg administered twice daily for 6 months
has been shown in an RCT to maintain HE remission
vs. placebo in patients with cirrhosis and a recent history
of overt HE.14 In addition, the durability of HE remis-
sion with daily rifaximin therapy was demonstrated dur-
ing long-term administration of rifaximin 550 mg twice
daily for at least 24 months.16 The current post hoc
analysis examined the repeatability of these findings for
rifaximin by evaluating the response of patients who
were initially treated with placebo during the RCT and
crossed over to treatment with rifaximin for 6 months in
the OLM study. Evaluating patients who crossed over
from placebo to rifaximin therapy minimised patient
heterogeneity during analyses, as each patient acted as
his or her own control.

The current analysis confirmed and expanded upon
results from the RCT and OLM study by demonstrating
that patients who switched from placebo to rifaximin
treatment in the OLM study experienced a significant
protective effect against HE recurrence. More than 65% of
the patients who experienced an overt HE episode during
placebo treatment in the RCT were protected from a
recurrent episode during the first 6 months of rifaximin
therapy in the OLM study. It is intriguing that the NNT
of 3 observed in this analysis is similar to what was
reported in the RCT (NNT of 4).14 This is encouraging,
because it indicates that the efficacy of rifaximin to pre-
vent HE was maintained and is translatable to conditions
outside of a rigorous, randomised and controlled trial.
Prospective studies in independent populations during
routine clinical practice are, nevertheless, important for
confirming these findings. Also noteworthy is that 16% of
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Figure 3 | Rate of HE
breakthrough episodes and
HE-related and all-cause
hospitalisations. The event
rate was calculated for the
first 6 months of rifaximin
exposure during the OLM
study. *P < 0.0001 vs. placebo
administration during the RCT.
HE, hepatic encephalopathy;
OLM, open-label maintenance;
PYE, person-years of
exposure; RCT, randomised,
controlled trial.
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patients had a recurrence of HE during both placebo and
rifaximin treatment. It is not clear from the data why
these particular patients were pre-disposed to break-
through HE episodes, but it shows that patients with HE,
despite treatment, may still need continued care to receive
prompt medical treatment if HE episodes recur.

Similarly, there was a trend towards a lower rate of
HE-related hospitalisations in these patients during the
first 6 months of the OLM study compared with placebo
administration during the RCT. While not reaching sta-
tistical significance in this analysis, it should be noted
that Mullen et al. reported a marked reduction in the
rate of HE-related hospitalisations, relative to historical
placebo controls, when investigating long-term (≥2 year)
outcomes in the entire population (N = 392) exposed to
rifaximin.16

This study design and findings are analogous to a ret-
rospective study that compared incidence of HE-related
hospitalisations in patients with HE who were treated

with lactulose for ≥6 months followed by rifaximin for
≥6 months, and demonstrated that rifaximin treatment
was associated with a lower frequency and shorter dura-
tion of hospitalisations.17 Consistent with these findings,
a case–control study in a group of patients with alcoholic
cirrhosis demonstrated an independent association
between long-term administration (up to 5 years) of rif-
aximin and a lower risk of developing HE, variceal
bleeding, spontaneous bacterial peritonitis and hepatore-
nal syndrome.18

The safety profile and rates of AEs observed in this
patient population were similar to what was previously
reported for patients in the RCT and long-term OLM
study,14, 16 and rifaximin appears to be suitable for
maintenance therapy in patients with cirrhosis and a his-
tory of HE. The favourable safety profile of rifaximin
may be attributed to its minimal systemic absorption,
gut-targeted local action and low risk for development of
bacterial antibiotic resistance.19, 20

The ability of the patients to serve as their own con-
trols to compare rates of HE breakthrough events,
HE-related hospitalisations and AEs before and after ini-
tiation of rifaximin therapy is a strength of this study.
The trend towards reduction in hospitalisations is a criti-
cal issue in patients with cirrhosis, given the high costs
as well as risk for nosocomial infections.3, 21

The post hoc nature of the analyses, as well as the
open-label and, thus, unblinded administration of rifaxi-
min in the OLM, are study limitations. In addition, the
less frequently scheduled contacts with study personnel in
the OLM relative to the RCT may have compromised the
ability to detect breakthrough HE episodes in the OLM
period. It should be emphasised, however, that as a part
of the inclusion criteria, caregivers were required to be
available and to provide ongoing patient support during
the entire duration of the study. Any changes in mental
status prompted an unscheduled visit to the study site.
Importantly, the majority of breakthrough HE episodes in
both treatment periods (59% in the RCT vs. 86% in the
OLM, P = 0.10 by Fisher’s exact test) were diagnosed by
retrospective review rather than in-person assessment of
the patient. Finally, the Kaplan–Meier curve describing
the time to first breakthrough HE episode for rifaxi-
min-treated patients in the OLM was nearly superimpos-
able to that obtained for the rifaximin-treated patients in
the original RCT.14 Taken together, these findings suggest
that the less frequently scheduled visits in the OLM did
not contribute appreciably to the present findings.

In conclusion, findings from this study lend further
support to the repeatability and durability of rifaximin

Table 2 | Summary of adverse events

Adverse events

RCT placebo
treatment (n = 82;
PYE = 26.6)

OLM study
6-month rifaximin
treatment
(n = 82;
PYE = 36.4)

Most common AEs*, n (rate†)
Ascites 5 (0.19) 9 (0.27)
Headache 9 (0.38) 0 (0.0)
Nausea 11 (0.47) 9 (0.26)
Peripheral oedema 9 (0.36) 10 (0.29)
Infection-related AEs‡, n (rate†)
Cellulitis 2 (0.08) 6 (0.17)
Peritonitis 3 (0.11) 2 (0.06)
Pneumonia 0 (0.0) 3 (0.08)
Sepsis/septic shock 2 (0.08) 3 (0.08)
Urinary tract/
kidney infection

7 (0.29) 5 (0.14)

AE, adverse event; PYE, person-years of exposure; RCT, rando-
mised, controlled trial.

* Reported in ≥10% of patients during therapy with either
treatment.

† AE rates were calculated as number of patients with an
event � PYE, in which PYE reflected exposure up until the AE
occurrence and, therefore, may have differed from the PYE for
the entire patient group.

‡ Reported in ≥2 patients during therapy with either treat-
ment. Peritonitis included bacterial peritonitis. Pneumonia
included lobar pneumonia. Sepsis/septic shock included bac-
teremia, Escherichia bacteremia, fungemia, Klebsiella bactere-
mia, Staphylococcus bacteremia and urosepsis.
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treatment effects. This analysis, although limited in cer-
tain regards, reinforces the potential benefits of daily rif-
aximin therapy in maintaining HE remission for patients
with cirrhosis and a history of recurrent HE.
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