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METHODS OF TREATING HEPATIC
ENCEPHALOPATHY

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/102,349 filed 2 Oct. 2008, the
entire contents of which is hereby incorporated herein by
reference.

BACKGROUND

[0002] Hepatic encephalopathy (HE) is caused by a revers-
ible decrease in neurologic function associated with liver
failure and portosystemic venous shunting. HE occurs in 1 of
every 3 cases of cirrhosis, in cases of fulminant hepatic failure
reported in the United States (US), and is present in nearly
half of patients reaching end-stage liver disease. It may occur
at any age, but the peaks parallel those of fulminant liver
disease (peak=40’s), and cirrhosis (peak=late 50’s).

[0003] The incidence of HE is likely to increase with the
incidence of hepatitis C in the general population and cirrhot-
ics in aging patients. Acute HE signifies a serious prognosis
with a 40% likelihood of survival for 1 year. There is a need in
the art for a compositions and methods for treating and pre-
venting HE.

SUMMARY

[0004] Provided herein are compositions and methods for
the prevention and treatment of hepatic encephalopathy.
[0005] One embodiment is a method of treating or prevent-
ing hepatic encephalopathy (HE) in a subject comprising
administering to a subject a gastrointestinal (GI) specific
antibiotic. In one embodiment the GI specific antibiotic is
rifaximin. In another embodiment, the rifaximin is 1100
mg/day of rifaximin.

[0006] Another embodiment is a method of decreasing a
subject’s risk of a hepatic encephalopathy HE breakthrough
episode by administering a GI specific antibiotic to a subject
suffering from HE.

[0007] Yetanother embodiment is a method of maintaining
remission of hepatic encephalopathy in a subject by admin-
istering a GI specific antibiotic to a subject suffering from HE.
[0008] Still another embodiment is a method of reducing
the frequency of hospitalization visits by an HE patient, com-
prising administering a GI specific antibiotic to a subject
suffering from HE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG.1 is aline graph comparing lactulose daily use
between subjects taking placebos and subjects taking rifaxi-
min.

[0010] FIG. 2 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a breakthrough HE event.
[0011] FIG. 3 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first HE related hospi-
talization.

[0012] FIG. 4 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first increase in Conn
scores.

[0013] FIG. 5 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first increase in an
Asterixis grade.
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[0014] FIG. 6 depicts the time to first breakthrough over the
episode (up to 6 months of treatment, day 170 in the first
study) (ITT Population).

[0015] FIG. 7 is a comparison of time to first breakthrough
over the episode in the first study (rifaximin versus placebo
groups) and the second study (new to rifaximin group).
[0016] FIG. 8 depicts a comparison of time to first break-
through over the episode during placebo experience (the first
study) and after crossover to rifaximin experience (the second
study) among the first study placebo subjects who started
rifaximin in the second study.

[0017] FIG. 9 depicts the time to first he-related hospital-
ization (up to 6 months of treatment, day 170, in the first
study).

[0018] FIG. 10 depicts the time to first HE-caused hospi-

talization in the first study (ITT population).

[0019] FIG. 11 depicts the time to First Increase in Conn
Score (up to 6 months of treatment, day 170, the first study)
(ITT Population).

[0020] FIG. 12 depicts the time to first Increase in asterixis
grade (up to 6 months of treatment, day 170, the first study)
(ITT Population).

[0021] FIG. 13 depicts the Kaplan Meier estimates of dis-
tribution of time to first breakthrough HE for continuing
rifaximin subjects who did not have an HE episode in the first
study vs placebo.

DETAILED DESCRIPTION

[0022] The main pathogenesis of HE is related to nitrog-
enous substances derived from the gut adversely affecting
brain function. The most influential of these compounds is
thought to be ammonia, a byproduct of protein digestion that
is normally detoxified by the liver. Correlation of blood levels
with mental state in cirrhosis, however, is inaccurate, in part,
because the blood-brain barrier permeability to ammonia is
increased in patients with HE. Other gut-derived toxins have
also been proposed as being responsible for HE.

[0023] Inpatients with chronic liver disease, the occurrence
of'hepatic encephalopathy is associated with a low quality of
life compared to age-matched patients without HE. Overt HE
episodes are debilitating, can present without warning, render
the patient incapable of self-care, and frequently result in
hospitalization. Patients with HE experience symptoms
including fatigue, daytime sleepiness, and lack of awareness
(Conn score 1); and confusion and disorientation (Conn score
2) that significantly interfere with day-to-day function and
decreased ability for self care. Often, this lack of self care
leads to improper nutrition and non-adherence to therapy and
further escalates into more severe symptoms such as
increased somnolence, gross disorientation and stupor (Conn
score 3) or coma (Conn score 4).

[0024] A history of overt HE episodes and the severity of
HE episodes were also found to be predictive of decreased
survival in patients with chronic liver disease. In patients with
liver cirrhosis and a history of overt HE episodes, survival
probability was 42% at 1 year and 23% at 3 years after
experiencing an HE episode. In another analysis, the occur-
rence of an HE episode of Conn score 2 in patients with
cirrhosis was associated with a 4-fold increase in the risk of
death.

[0025] These toxic compounds gain access to the systemic
circulation as a result of decreased hepatic function or portal-
systemic shunts. Once in brain tissue, the compounds pro-
duce alterations of neurotransmission that affect conscious-
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ness and behavior. HE is attributed to global central nervous
system depression from nitrogenous compounds that result in
excitation of gamma-aminobutyric acid (GABA) and
decreased neurotransmission of glutamate.

[0026] Precipitating factors include azotemia (29%), seda-
tives, tranquilizers, analgesics (24%), gastrointestinal bleed-
ing (18%), excess dietary protein (9%), metabolic alkalosis
(11%), infection (3%), constipation (3%). Surgery, particu-
larly transjugular intrahepatic portal-systemic shunt (TIPS)
procedures, also may precipitate HE. HE due to unknown
causes accounts for only 2% of cases.

[0027] Initial manifestations are subclinical and require
psychometric testing for diagnosis. There are 4 progressive
stages of impairment known as the West Haven criteria (or
Conn score) which range from Stage 0 (Lack of detectable
changes in personality) to Stage 4 (Coma, decerebrate pos-
turing, dilated pupils) as discussed in more detail below.
[0028] HE is manifested as a continuum of psychomotor
dysfunction, impaired memory, increased reaction time, sen-
sory abnormalities, poor concentration and in severe forms,
as coma. Changes may be observed in personality, conscious-
ness, behavior and neuromuscular function. Neurologic signs
may include hyperreflexia, rigidity, myoclonus and asterixis
(coarse “flapping” muscle tremor). Cognitive tasks such as
connecting numbers with lines can be abnormal. Fetor hepati-
cus (sweet breath odor) may be present. Electroencephalo-
gram (EEG) tracings show nonspecific slow, triphasic wave
activity mainly over the frontal areas. Prothrombin time may
be prolonged and not correctable with Vitamin K. A com-
puted tomography scan of the head may be normal or show
general atrophy. Finally, signs of liver disease such as jaun-
dice and ascites may be noted.

[0029] Diagnosis of HE is made on the basis of medical
history, and physical and mental status examinations with the
required clinical elements being knowledge of existent liver
disease, precipitating factor(s), and/or prior history of HE. An
EEG may show slow-wave activity, even in mild cases. An
elevated serum ammonia level is characteristic but not essen-
tial, and correlates poorly with the level of encephalopathy
[0030] Management of patients with chronic HE includes
1) provision of supportive care, 2) identification and removal
of'precipitating factors, 3) reduction of nitrogenous load from
the gut, and 4) assessment of the need for long term therapy.
The nitrogenous load from the gut is typically reduced using
non-absorbable disaccharide (lactulose) and/or antibiotics.
[0031] Lactulose is considered a first-line treatment in the
United States, but is not currently approved in the U.S. for
either the treatment or prevention of HE. Lactulose is metabo-
lized by the intestinal bacteria of the colon, which leads to
reduced fecal pH, then to a laxative effect, and finally to fecal
elimination. The reduced fecal pH ionizes ammonia (NH;) to
the ammonium ion (NH,*) which is used by the bacteria for
amino acid and protein synthesis. This lowers the serum
ammonia levels and improves mental function.

[0032] Conventional therapy aims to lower the production
and absorption of ammonia. Lactulose is typically used in
doses 0f30-60 g daily. However, the dose can be titrated up to
20-40 g TID-QID to affect 2-3 semi-formed bowel move-
ments per day. If lactulose cannot be administered orally or
per nasogastric tube, for example to patients with stage 3 and
4 HE, it may be given as a 300 cc (200 g) retention enema.
[0033] For acute encephalopathy, lactulose can be admin-
istered either orally, by mouth or through a nasogastric tube,
or via retention enemas. The usual oral dose is 30 g followed
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by dosing every 1 to 2 hours until evacuation occurs. At that
point, dosing is adjusted to attain two or three soft bowel
movements daily.

[0034] Lactulose for is readily available over-the-counter.
A convenient and relatively tasteless formulation, often
referred to in the trade as “lactulose powder for oral solution”
can be obtained, for example, from Bertek Pharmaceuticals,
Sugarland, Tex. as Kristalose® in 10 and 20 gm packets. The
lactulose syrups commonly sold as laxatives include Cephu-
lac®, Chronulac®, Cholac®, and Enulose®. These syrups
can be substituted for lactulose powder by using sufficient
syrup to provide the desired dosage of lactulose; typically, the
named syrups contain about 10 gm lactulose in 15 ml of
syrup.

[0035] Broad-spectrum, Gl-active antibiotics including
neomycin, metronidazole, vancomycin and paromomycin
have been used with or without lactulose. Current guidelines
recommend neomycin at 1 to 2 g/day by mouth with periodic
renal and annual auditory monitoring or metronidazole at
250. Lactulose can induce diarrhea leading to dehydration, a
precipitating factor of HE.

[0036] Additionally, compliance with lactulose is limited
by patient dislike of its overly sweet taste. In addition, a
dosing schedule that is linked to bowel habits and side effects
of flatulence, bloating, diarrhea (which leads to dehydration),
and acidosis make lactulose difficult to use long-term.
[0037] Antibiotic use in treatment of HE is hampered by
toxicity associated with long-term use. Specifically, systemic
absorption of neomycin, metronidazole and ampicillin has
led to rare cases of nephrotoxicity, ototoxicity, S. enterocoli-
tis, and/or development of resistant bacterial strains. Addi-
tionally, neomycin inhibits only aerobic bacteria. Metronida-
zole is metabolized slowly in patients with hepatic
dysfunction, has a potential for alcohol interactions (disul-
furam-like effect), and high blood levels may result in sei-
Zures.

[0038] One gastrointestinal specific antibiotic is rifaximin.
Rifaximin is a nonaminoglycoside, semisynthetic antibiotic
derived from rifamycin O. It is a non-systemic, non-absorbed,
broad-spectrum, oral antibiotic specific for enteric pathogens
of the GI tract. Rifaximin was found to be advantageous in
treatment of HE relative to previously used antibiotics; e.g.,
negligible systemic absorption (<0.4%) regardless of food
intake or presence of GI disease and exhibits no plasma
accumulation with high or repeat doses. The lack of systemic
absorption makes rifaximin safe and well tolerated, thus
improving patient compliance and reducing side effects asso-
ciated with currently known treatments.

[0039] Rifaximin (INNj; see The Merck Index, XIII Ed.,
8304) is an antibiotic belonging to the rifamycin class of
antibiotics, e.g., a pyrido-imidazo rifamycin. Rifaximin
exerts its broad antibacterial activity, for example, in the
gastrointestinal tract against localized gastrointestinal bacte-
ria that cause infectious diarrhea, irritable bowel syndrome,
small intestinal bacterial overgrowth, Crohn’s disease, and/or
pancreatic insufficiency. It has been reported that rifaximin is
characterized by a negligible systemic absorption, due to its
chemical and physical characteristics (Descombe J. I. et al.
Pharmacokinetic study of rifaximin after oral administration
in healthy volunteers. Int J Clin Pharmacol Res, 14 (2), 51-56,
(1994)).

[0040] Rifaximin is described in Italian Patent IT 1154655
and EP 0161534. EP patent 0161534 discloses a process for
rifaximin production using rifamycin O as the starting mate-
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rial (The Merck Index, XIII Ed., 8301). U.S. Pat. No. 7,045,
620 B1 discloses polymorphic forms of rifaximin. The appli-
cations and patents referred to here are incorporated herein by
reference in their entirety for all purposes

[0041] A rifamycin class antibiotic is, for example, a com-
pound having the structure of Formula I:

CH; CH; CH;

wherein A may be the structure A :

OH

Al

[0042] or the structure A,

wherein, -X- is a covalent chemical bond or nil; R is hydrogen
or acetyl;

[0043] R, andR, independently represent hydrogen, (C, )
alkyl, benzyloxy, mono- and di-(C, ;) alkylamino-(C, ,)
alkyl, (C,_j)alkoxy-(C,_ ,)alkyl, hydroxymethyl, hydroxy-
(C,_4-alkyl, nitro or R, and R, taken together with two con-
secutive carbon atoms of the pyridine nucleus form a benzene
ring unsubstituted or substituted by one or two methyl or ethyl
groups; R; is a hydrogen atom or nil; with the proviso that,
when A is A, -x- is nil and R; is a hydrogen atom; with the
further proviso that, when A is A, -x- is a covalent chemical
bond and R is nil.

[0044] Also described herein is a compound as defined
above, wherein A is A, or A, as above indicated, -x- is a
covalent chemical bond or nil, R is hydrogen or acetyl, R, and
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R, independently represent hydrogen, (C,_,)alkyl, benzy-
loxy, hydroxy-(C,_,) alkyl, di-(C, ;) alkylamino-(C, ) alkyl,
nitro or R, and R, taken together with two consecutive carbon
atoms of the pyridine nucleus form a benzene ring and R; isa
hydrogen atom or nil; with the proviso that, when A is A, -x-
is nil and R is a hydrogen atom; with the further proviso that,
when A is A,, -X- is a covalent chemical bond and R, is nil.
[0045] Also described herein is a compound as defined
above, wherein A is A; or A, as above indicated, -x- is a
covalent chemical bond or nil, R is acetyl, R, and R, inde-
pendently represent hydrogen, (C,_,) alkyl or R, and R, taken
together with two consecutive carbon atoms of the pyridine
nucleus form a benzene ring and R is a hydrogen atom or nil;
with the proviso that, when A is A, -x- is nil and R is a
hydrogen atom; with the further proviso that, when A is A,,
-x- is a covalent chemical bond and R; is nil.

[0046] Also described herein is a compound as defined
above, which is 4-deoxy-4'-methyl-pyrido[1',2'-1,2]imidazo
[5,4-c]rifamycin SV. Also described herein is a compound as
defined above, which is 4-deoxy-pyrido[1',2":1,2]imidazo[5,
4-c]rifamycin SV.

[0047] Also described herein is a compound as defined
above, wherein A is as described above,-x- is a covalent
chemical bond or nil; R is hydrogen or acetyl; R, and R,
independently represent hydrogen, (C,_,) alkyl, benzyloxy,
mono- and di-(C,_;)alkylamino(C, ,)alkyl, (C, ;)alkoxy-
(C,_y)alkyl, hydroxymethyl, hydroxy-(C,_,)-alkyl, nitro or
R, and R, taken together with two consecutive carbon atoms
of the pyridine nucleus form a benzene ring unsubstituted or
substituted by one or two methyl or ethyl groups; R; is a
hydrogen atom or nil; with the proviso that, when A is A |, -x-
is nil and R is a hydrogen atom; with the further proviso that,
when A is A,, -X- is a covalent chemical bond and R, is nil.
[0048] Rifaximin is a compound having the structure of
formula II:

an

CHj3,

CH;

CH;

[0049] In certain embodiments, the antibiotic comprises
one or more of a rifamycin, aminoglycoside, amphenicol,
ansamycin, [-Lactam, carbapenem, cephalosporin, cepha-
mycin, monobactam, oxacephem, lincosamide, macrolide,
polypeptide, tetracycline, or a 2,4-diaminopyrimidine class
antibiotic. Exemplary antibiotics of these classes are listed
below.
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[0050] Rifaximin exerts a broad antibacterial activity in the
gastrointestinal tract against localized gastrointestinal bacte-
ria that cause infectious diarrhea, including anaerobic strains.
It has been reported that rifaximin is characterized by a neg-
ligible systemic absorption, due to its chemical and physical
characteristics (Descombe I. J. et al. Pharmacokinetic study
of rifaximin after oral administration in healthy volunteers.
Int J Clin Pharmacol Res, 14 (2), 51-56, (1994)).

[0051] Without wishing to be bound by any particular sci-
entific theories, rifaximin acts by binding to the beta-subunit
of'the bacterial deoxyribonucleic acid-dependent ribonucleic
acid (RNA) polymerase, resulting in inhibition of bacterial
RNA synthesis. It is active against numerous gram (+) and (=)
bacteria, both aerobic and anaerobic. In vitro data indicate
rifaximin is active against species of Staphylococcus, Strep-
tococcus, Enterococcus, and Enterobacteriaceae. Bacterial
reduction or an increase in antimicrobial resistance in the
colonic flora does not frequently occur and does not have a
clinical importance. Rifaximin is currently approved in 17
countries outside the US and was licensed by the Food and
Drug Administration (FDA) for the US in May 2004.

[0052] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion as claimed. In this application, the use of the singular
includes the pluralunless specifically stated otherwise. In this
application, the use of “or” means “and/or” unless stated
otherwise. Furthermore, the use of the term “including”, as
well as other forms, such as “includes” and “included”, is not
limiting. Also, terms such as “element” or “component”
encompass both elements and components comprising one
unit and elements and components that comprise more than
one subunit unless specifically stated otherwise. Also, the use
of'the term “portion” can include part of a moiety or the entire
moiety.

[0053] All documents, or portions of documents, cited in
this application, including but not limited to patents, patent
applications, articles, books, and treatises, are hereby
expressly incorporated by reference in their entirety for any
purpose.

[0054] One embodiment is a method of treating or prevent-
ing hepatic encephalopathy (HE) by administering a thera-
peutically effective amount of a gastrointestinal (GI) specific
antibiotic to a subject. Examples of gastrointestinal antibiot-
ics as used herein include rifamycin class antibiotics, such as
rifaximin.

[0055] Embodiments of the invention relate to the discov-
ery of the efficacy of gastrointestinal (GI) specific antibiotics
for the treatment and prevention of Hepatic Encephalopathy.
Embodiments relate to the use of GI specific antibiotics to
prevent the onset of HE symptoms and also to lengthen the
time to a first breakthrough HE episode. In one embodiment,
the time to a first breakthrough HE episode was measured by
an increase of the Conn score to Grade 22 (e.g., 0 or 1 to 22)
or a Conn and asterixis score increase of one grade each for
those subjects that have a baseline Conn Score of 0. In another
embodiment, the time to breakthrough HE episode was mea-
sured by the time to any increase from baseline in either the
Conn score (mental state grade) or asterixis grade, with
Kaplan-Meier estimates of cumulative proportions of sub-
jects with any increase at Days 28, 56, 84, 112, 140, and 168.
[0056] Another embodiment was a measurement of the
time to a first HE-related hospitalization or the time to devel-
opment of spontaneous bacterial peritonitis (SBP). Another
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embodiment was a mean change from baseline in blood
ammonia concentration over time or a mean change from
baseline in critical flicker frequency values over time. An
additional embodiment was indicated by a mean daily lactu-
lose consumption over time, shifts from baseline in Conn
scores over time; or shifts from baseline in asterixis grades
over time. Unless otherwise specified, a shift of'a value is the
change of that value from a baseline value.

[0057] Other measures of efficacy of the treatments
described herein included mean change from baseline in
Chronic Liver Disease Questionnaire (CLDQ) scores over
time; mean change from baseline in Epworth Sleepiness
Scale scores over time; and proportion of subjects who have
an Epworth Sleepiness Scale score >10. The evaluation of
severity of persistent hepatic encephalopathy may also be
based, for example, on Conn scores.

[0058] In another embodiment, a subject suffering from,
susceptible to or in remission from hepatic encephalopathy
(HE) can be administered a rifamycin class antibiotic for
between about 24 weeks and 24 months. In treating HE, the
rifamycin class antibiotic may be administered to the subject
for 12 months and longer, for example for a subject’s entire
life span. In one embodiment, the antibiotic is administered
daily until the death of the subject.

[0059] In one embodiment, the invention relates to a
method of decreasing a subject’s risk of having a break-
through event by administering to the subject a GI specific
antibiotic. In one embodiment, the for subjects having a last
HE episode equal to or greater than 90 days prior to starting
on treatment, the risk of failure occurrence was reduced by
58%. In another embodiment, the risk of failure occurrence
was reduced by between about 30-70%. In another embodi-
ment, the risk was reduced by about 40% to 70%.

[0060] In one embodiment, for subjects having a last HE
episode more than 90 days prior to administration of a GI
specific antibiotic, the risk of failure occurrence was
decreased by between about 60%. In another embodiment,
the risk of failure occurrence was decreased by between about
2%-80%.

[0061] In another embodiment, for subjects having two or
fewer HE episodes in the six months prior to starting on
treatment, the risk of a breakthrough HE episode was
decreased by about a 56%. In one embodiment, the risk of a
breakthrough HE episode was decreased by between about a
20%-70%.

[0062] Inanother embodiment, for subjects having greater
than two HE episodes in the six months prior to starting on
treatment, the risk of a breakthrough HE episode was reduced
by about 63%. In another embodiment, the risk was reduced
by about 30%-80%.

[0063] In one embodiment, the therapeutically effective
amount of a gastrointestinal (GD specific antibiotic com-
prises from between about 1000 mg to about 1200 mg/day.
[0064] In one embodiment, the therapeutically effective
amount of a gastrointestinal (GD specific antibiotic com-
prises from between about 1100 mg to about 1200 mg/day.
[0065] According to one embodiment, the therapeutically
effective amount of a gastrointestinal (GD specific antibiotic
comprises about 1150 mg/day.

[0066] In another embodiment, the therapeutically effec-
tive amount is a dosage regimen of one capsule or tablet of the
formulation two times each day, wherein each tablet com-
prises about 550 mg of the gastrointestinal (GI) specific anti-
biotic, such as rifaximin.
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[0067] In one embodiment, the therapeutically effective
amount is a dosage regimen of two capsules or tablets three
times each day, wherein each capsule comprises about 200
mg of the gastrointestinal (GI) specific antibiotic.

[0068] In one embodiment, the therapeutically effective
amount is a dosage of 275 mg of a gastrointestinal (GD
specific antibiotic administered four times per day. In another
embodiment, 275 mg of a gastrointestinal (GI) specific anti-
biotic is administered as two dosage forms two times per day.
[0069] Another embodiment is a method of maintaining
remission of HE in a subject by administering a GI specific
antibiotic to the subject.

[0070] Another embodiment is a method of increasing time
to hospitalization for treatment of HE by administering to the
subject a Gl specific antibiotic. In one embodiment, the
administration of a GI specific antibiotic reduces hospitaliza-
tion frequency by about 48%. In another embodiment, a GI
specific antibiotic reduces hospitalization frequency by from
between about 13% to about 69%.

[0071] Inone embodiment, treatment with the gastrointes-
tinal (GI) specific antibiotic maintains remission of HE in the
subject.

[0072] In one embodiment, the GI specific antibiotic is
administered to the subject for six months, one year, two to
three years or daily until the subject’s death.

[0073] In one embodiment, a Conn score for the subject is
improved over baseline following administration of a GI spe-
cific antibiotic.

[0074] Inoneembodiment, a quality oflife (QoL.) measure-
ment is improved from baseline with administration of a GI
specific antibiotic over a course of treatment with rifaximin.
[0075] In one embodiment, the GI specific antibiotic is
administered to the subject with lactulose, prior to treatment
with lactulose, or following treatment with lactulose.

[0076] In one embodiment, the GI specific antibiotic is
administered with one or more of align, alinia, Lactulose,
pentasa, cholestyramine, sandostatin, vancomycin, lactose,
amitiza, flagyl, zegerid, prevacid, or miralax.

[0077] In one embodiment, following treatment with GI
specific antibiotic, a Conn score (mental state grade) of a
subject decreases.

[0078] In one embodiment, following treatment with a GI
specific antibiotic, a Conn score increase from baseline is
increased.

[0079] In one embodiment, following treatment with a GI
specific antibiotic, a delay in time to an increase in Conn score
is about 54%. For example, the percentage delay in time to
increase in Conn score may be between about 30% to about
70%.

[0080] In another embodiment, administration of the GI
specific antibiotic prevents an increase in Conn score. For
example, administration of the GI specific antibiotic
increases the time to an increase from baseline in a Conn
score.

[0081] In one embodiment, administration of the GI spe-
cific antibiotic results in an increase of time to an increase
from baseline in an asterixis grade.

[0082] In another embodiment, administration of the GI
specific antibiotic results in a delay in the time to increase in
asterixis grade.

[0083] In another embodiment, administration of the GI
specific antibiotic results in an increase in time to first HE-
related hospitalization.
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[0084] In another embodiment, administration of the GI
specific antibiotic results in an increase in the time to devel-
opment of spontaneous bacterial peritonitis (SBP).

[0085] In another embodiment, administration of the GI
specific antibiotic results in a decrease in blood ammonia
concentration from baseline after administration of rifaximin.
For example, the decrease in blood ammonia concentration
may be from baseline to 170 days of about 6 pg/dL.

[0086] In another embodiment, administration of the GI
specific antibiotic results in an increase in critical flicker
frequency values from baseline after administration of rifaxi-
min.

[0087] In another embodiment, administration of the GI
specific antibiotic results in a decrease in daily lactulose
consumption from baseline over time after administration
with rifaximin.

[0088] In another embodiment, administration of the GI
specific antibiotic results in a decrease in daily lactulose
consumption is from between about 7 doses of lactulose to
about 2 doses of lactulose.

[0089] In another embodiment, administration of the GI
specific antibiotic results in a lactulose use that initially
increases from baseline. For example, the lactulose use may
be from between about 1 and about 30 days.

[0090] In another embodiment, administration of the GI
specific antibiotic results in a shift in baseline in Conn scores
over time after administration of rifaximin. For example, the
shift in baseline in Conn scores may be from between about 1
to about 2.

[0091] In another embodiment, administration of the GI
specific antibiotic results in a shift from baseline in asterixis
grades over time.

[0092] In another embodiment, administration of the GI
specific antibiotic results in a change from baseline in
Chronic Liver Disease Questionnaire (CLDQ) scores over
time.

[0093] In another embodiment, administration of the GI
specific antibiotic results in a change from baseline in
Epworth Sleepiness Scale scores over time after administra-
tion of rifaximin.

[0094] Asisknown,the Model for End-Stage Liver Disease
(MELD) score can be utilized to predict liver disease severity
based on serum creatinine, serum total bilirubin, and the
international normalized ratio for prothrombin time INR. The
MELD score and has been shown to be useful in predicting
mortality in patients with compensated and decompensated
cirrhosis. The maximum score given for MELD is 40. All
values higher than 40 are given a score of 40.

[0095] In another embodiment, subjects having a MELD
level of between about 1 to 24 responded to treatment for HE
using administration of the GI specific. In another embodi-
ment, subjects having a MELD level less than or equal to 10
responded to treatment with GI specific antibiotics.

[0096] In another embodiment, subjects having a MELD
level between 11 and 18 respond to treatment with GI specific
antibiotics. In another embodiment, subjects having a MELD
level between 19 and 24 respond to treatment with GI specific
antibiotics.

[0097] One embodiment of the invention is a method of
treating or preventing HE by administering 1100 mg of rifaxi-
min per day to a patient for more than 28 days.

[0098] Another embodiment is a method of decreasing
lactulose use in a subject. This method includes: administer-
ing rifaximin to a subject daily that is being treated with
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lactulose, and tapering lactulose consumption. For example,
the lactulose consumption may be reduced by 1, 2,3, 4, 5,6
or more unit dose cups of lactulose from a baseline level.
Alternatively, the lactulose use may be reduced by 5, 10, 15,
20, 25, 30, 34, 40, 45, 50, 55, 60, 65, or 70 g lactulose from a
baseline level. In one embodiment, the baseline use of lactu-
lose is no use.

[0099] One embodiment of the invention is a method of
maintaining remission of HE in a subject comprising admin-
istering 550 mg of rifaximin twice a day (BID) to the subject.

[0100] Another embodiment is a method of increasing time
to hospitalization for treatment of HE comprising, adminis-
tering to a subject 550 mg of rifaximin two times per day
(BID).

[0101] The term “administration” or “administering”
includes routes of introducing a GI specific antibiotic to a
subject to perform their intended function. Examples of
routes of administration that may be used include injection
(subcutaneous, intravenous, parenterally, intraperitoneally,
intrathecal), oral, inhalation, rectal and transdermal. The
pharmaceutical preparations may be given by forms suitable
for each administration route. For example, these prepara-
tions are administered in tablets or capsule form, by injection,
inhalation, eye lotion, eye drops, ointment, suppository, etc.
administration by injection, infusion or inhalation; topical by
lotion or ointment; and rectal by suppositories. Oral admin-
istration is preferred. The injection can be bolus or can be
continuous infusion. Depending on the route of administra-
tion, a GI specific antibiotic can’ be coated with or disposed in
a selected material to protect it from natural conditions that
may detrimentally effect its ability to perform its intended
function. A GI specific antibiotic can be administered alone,
or in conjunction with either another agent or agents as
described above or with a pharmaceutically-acceptable car-
rier, or both. A GI specific antibiotic can be administered prior
to the administration of the other agent, simultaneously with
the agent, or after the administration of the agent. Further-
more, a GI specific antibiotic can also be administered in a
proform, which is converted into its active metabolite, or
more active metabolite in vivo.

[0102] Administration “in combination with” one or more
further therapeutic agents includes simultaneous (concur-
rent) and consecutive administration in any order.

[0103] As will be readily apparent to one skilled in the art,
the useful in vivo dosage to be administered and the particular
mode of administration will vary depending upon the age,
weight and mammalian species treated, the particular com-
pounds employed, and the specific use for which these com-
pounds are employed. The determination of effective dosage
levels, that is the dosage levels necessary to achieve the
desired result, can be accomplished by one skilled in the art
using routine pharmacological methods. Typically, human
clinical applications of products are commenced at lower
dosage levels, with dosage level being increased until the
desired effect is achieved.

[0104] As used herein, an “increase” or “decrease” in a
measurement, unless otherwise specified, is typically in com-
parison to a baseline value. For example, an increase in time
to hospitalization for subjects undergoing treatment may be
in comparison to a baseline value of time to hospitalization
for subjects that are not undergoing such treatment. In some
instances an increase or decrease in a measurement can be
evaluated based on the context in which the term is used.
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[0105] “Carriers” as used herein include pharmaceutically
acceptable carriers, excipients, or stabilizers which are non-
toxic to the cell or mammal being exposed thereto at the
dosages and concentrations employed. Often the physiologi-
cally acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers include buft-
ers such as phosphate, citrate, and other organic acids; anti-
oxidants including ascorbic acid; low molecular weight (less
than about 10 residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counteri-
ons such as sodium; and/or nonionic surfactants such as
TWEEN, polyethylene glycol (PEG).

[0106] The term “effective amount” includes an amount
effective, at dosages and for periods of time necessary, to
achieve the desired result, e.g., sufficient to treat or prevent
HE ina patient or subject. An effective amount of'a G specific
antibiotic may vary according to factors such as the disease
state, age, and weight of the subject, and the ability of a GI
specific antibiotic to elicit a desired response in the subject.
Dosage regimens may be adjusted to provide the optimum
therapeutic response. An effective amount is also one in
which any toxic or detrimental effects (e.g., side effects) of'a
GI specific antibiotic are outweighed by the therapeutically
beneficial effects.

[0107] “Ameliorate,” “amelioration,” “improvement” or
the like refers to, for example, a detectable improvement or a
detectable change consistent with improvement that occurs in
a subject or in at least a minority of subjects, e.g., in at least
about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 100% or in a range
between about any two of these values. Such improvement or
change may be observed in treated subjects as compared to
subjects not treated with rifaximin, where the untreated sub-
jects have, or are subject to developing, the same or similar
disease, condition, symptom or the like. Amelioration of a
disease, condition, symptom or assay parameter may be
determined subjectively or objectively, e.g., self assessment
by a subject(s), by a clinician’s assessment or by conducting
an appropriate assay or measurement, including, e.g., a qual-
ity of life assessment, a slowed progression of a disease(s) or
condition(s), a reduced severity of a disease(s) or condition
(s), or a suitable assay(s) for the level or activity(ies) of a
biomolecule(s), cell(s) or by detection of HE episodes in a
subject. Amelioration may be transient, prolonged or perma-
nent or it may be variable at relevant times during or after a GI
specific antibiotic is administered to a subject or is used in an
assay or other method described herein or a cited reference,
e.g., within timeframes described infra, or about 1 hour after
the administration or use of a GI specific antibiotic to about 28
days, or 1, 3, 6, 9 months or more after a subject(s) has
received such treatment.

[0108] The “modulation” of, e.g., a symptom, level or bio-
logical activity of a molecule, or the like, refers, for example,
that the symptom or activity, or the like is detectably
increased or decreased. Such increase or decrease may be
observed in treated subjects as compared to subjects not
treated with a GI specific antibiotic, where the untreated
subjects have, or are subject to developing, the same or simi-
lar disease, condition, symptom or the like. Such increases or
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decreases may be at least about 2%, 5%, 10%, 15%, 20%,
25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 98%, 100%, 150%, 200%, 250%, 300%, 400%, 500%,
1000% or more or within any range between any two of these
values. Modulation may be determined subjectively or objec-
tively, e.g., by the subject’s self assessment, by a clinician’s
assessment or by conducting an appropriate assay or mea-
surement, including, e.g., quality of life assessments or suit-
able assays for the level or activity of molecules, cells or cell
migration within a subject. Modulation may be transient,
prolonged or permanent or it may be variable at relevant times
during or after a GI specific antibiotic is administered to a
subjectoris used in an assay or other method described herein
or a cited reference, e.g., within times descried infra, or about
1 hour of the administration or use of a GI specific antibiotic
to about 3, 6, 9 months or more after a subject(s) has received
a GI specific antibiotic.

[0109] The term “modulate” may also refer to increases or
decreases in the activity of a cell in response to exposure to a
GI specific antibiotic, e.g., the inhibition of proliferation and/
or induction of differentiation of at least a sub-population of
cells in an animal such that a desired end result is achieved,
e.g., a therapeutic result of GI specific antibiotic used for
treatment may increase or decrease over the course of a par-
ticular treatment.

[0110] The term “obtaining” as in “obtaining a GI specific
antibiotic” is intended to include purchasing, synthesizing or
otherwise acquiring a GI specific antibiotic.

[0111] The phrases “parenteral administration” and
“administered parenterally” as used herein includes, for
example, modes of administration other than enteral and topi-
cal administration, usually by injection, and includes, without
limitation, intravenous, intramuscular, intraarterial, intrathe-
cal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticulare, subcapsular, subarachnoid, intraspinal and
intrasternal injection and infusion.

[0112] The language “a prophylactically effective amount”
of'a compound refers to an amount of a GI specific antibiotic
which is effective, upon single or multiple dose administra-
tion to the subject, in preventing or treating HE.

[0113] The term “pharmaceutical agent composition” (or
agent or drug) as used herein refers to a chemical compound,
composition, agent or drug capable of inducing a desired
therapeutic effect when properly administered to a patient. It
does not necessarily require more than one type of ingredient.
[0114] The compositions may be in the form of tablets,
capsules, powders, granules, lozenges, liquid or gel prepara-
tions. Tablets and capsules for oral administration may be in
a form suitable for unit dose presentation and may contain
conventional excipients. Examples of these are: binding
agents such as syrup, acacia, gelatin, sorbitol, tragacanth, and
polyvinylpyrrolidone; fillers such as lactose, sugar, maize-
starch, calcium phosphate, sorbitol or glycine; tableting lubri-
cants, such as magnesium stearate, silicon dioxide, talc, poly-
ethylene glycol or silica; disintegrants, such as potato starch;
or acceptable wetting agents, such as sodium lauryl sulfate.
The tablets may be coated according to methods well known
in normal pharmaceutical practice. Oral liquid preparations
may be in the form of, for example, aqueous or oily suspen-
sions, solutions, emulsions, syrups or elixirs, or may be pre-
sented as a dry product for reconstitution with water or other
suitable vehicle before use. Such liquid preparations may
contain conventional additives such as suspending agents,
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e.g., sorbitol, syrup, methyl cellulose, glucose syrup, gelatin,
hydrogenated edible fats, emulsifying agents, e.g., lecithin,
sorbitan monooleate, or acacia; non-aqueous vehicles (in-
cluding edible oils), e.g., almond oil, fractionated coconut oil,
oily esters such as glycerine, propylene glycol, or ethyl alco-
hol; preservatives such as methyl or propyl p-hydroxyben-
zoate or sorbic acid, and, if desired, conventional flavoring or
coloring agents.

[0115] The phrases “systemic administration,” “adminis-
tered systemically,” “peripheral administration,” and “admin-
istered peripherally,” as used herein mean the administration
of'a GI specific antibiotic, drug or other material, such that it
enters the subject’s system and, thus, is subject to metabolism
and other like processes, for example, subcutaneous admin-
istration.

[0116] The language “therapeutically effective amount™ of
a GI specific antibiotic refers to an amount of a GI specific
antibiotic which is effective, upon single or multiple dose
administration to the subject, in inhibiting the bacterial
growth and/or invasion, or in decreasing symptoms, such as
HE episodes, relating to bacterial growth in a subject. “Thera-
peutically effective amount” also refers to the amount of a
therapy (e.g., a composition comprising a GI specific antibi-
otic), which is sufficient to reduce the severity of HE in a
subject.

[0117] As used herein, the terms “prevent,” “preventing,”
and “prevention” refer to the prevention of the recurrence,
onset, or development HE episodes or more symptoms of HE.
Preventing includes protecting against the occurrence and
severity of HE episodes.

[0118] As used herein, the term “prophylactically effective
amount” refers to the amount of a therapy (e.g., a composition
comprising a GI specific antibiotic) which is sufficient to
result in the prevention of the development, recurrence, or
onset of HE episodes or to enhance or improve the prophy-
lactic effect(s) of another therapy.

[0119] “Rifaximin”, as used herein, includes solvates and
polymorphous forms ofthe molecule, including, for example,
a, B, v, 9, € m, f and amorphous forms of rifaximin. These
forms are described in more detail, for example, in U.S. Ser.
No. 11/873,841; U.S. Ser. No. 11/658,702; EP 05 004 635.2,
filed 3 May 2005; U.S. Pat. No. 7,045,620; U.S. 61/031,329;
and G. C. Viscomi, et al., CrystEngComm, 2008, 10, 1074-
1081 (April 2008). Each of these references is hereby incor-
porated by reference in entirety.

[0120] “Polymorphism™, as used herein, refers to the occur-
rence of different crystalline forms of a single compound in
distinct hydrate status, e.g., a property of some compounds
and complexes. Thus, polymorphs are distinct solids sharing
the same molecular formula, yet each polymorph may have
distinct physical properties. Therefore, a single compound
may give rise to a variety of polymorphic forms where each
form has different and distinct physical properties, such as
solubility profiles, melting point temperatures, hygroscopic-
ity, particle shape, density, flowability, compactibility and/or
x-ray diffraction peaks. The solubility of each polymorph
may vary, thus, identifying the existence of pharmaceutical
polymorphs is essential for providing pharmaceuticals with
predictable solubility profiles. It is desirable to investigate all
solid state forms of a drug, including all polymorphic forms,
and to determine the stability, dissolution and flow properties
of each polymorphic form. Polymorphic forms of a com-
pound can be distinguished in a laboratory by X-ray diffrac-
tion spectroscopy and by other methods such as, infrared

2
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spectrometry. For a general review of polymorphs and the
pharmaceutical applications of polymorphs see G. M. Wall,
Pharm Manuf. 3,33 (1986); J. K. Haleblian and W. McCrone,
J. Pharm. Sci., 58,911 (1969); and J. K. Haleblian, J. Pharm.
Sci., 64, 1269 (1975), all of which are incorporated herein by
reference.

[0121] As used herein, “breakthrough HE,” includes, for
example, an increase of the Conn score to Grade =2 (e.g., 0
or 1 to 22) or a Conn and Asterixis score increase of 1 grade
each for those subjects that have a baseline Conn score of 0.
[0122] As used herein, “time to the first breakthrough HE
episode,” includes, for example, the duration between the
date of first administration of rifaximin and the date of first
breakthrough HE episode.

[0123] As used herein, “time to first HE-related hospital-
ization,” includes, for example, the duration between the first
dose of rifaximin and the date of first HE-related hospitaliza-
tion.

[0124] Asusedherein, “timeto an increase from baselinein
the Conn score” includes, for example, the duration between
the first dose of rifaximin and the date of first increase in Conn
score.

[0125] Asusedherein, “timeto an increase from baselinein
the asterixis grade”, includes, for example, the duration
between the first dose of rifaximin and the date of first
increase in asterixis grade.

[0126] As used herein, “mean change from baseline in the
fatigue domain score of Chronic Liver Disease Questionnaire
(CLDQ), at end of treatment (EOT)” is the mean score with a
baseline from before the first administration of rifaximin.
[0127] As used herein, “mean change from baseline in
blood ammonia concentration at EOT,” includes the mean
score with a baseline from before the first administration of
rifaximin.

[0128] As used herein, the “time to diagnosis of spontane-
ous bacterial peritonitis (SBP),” includes, for example, the
duration between the first dose of rifaximin and the date of
first episode of SBP.

[0129] As used herein, the “mean change from baseline at
each post-baseline in critical flicker frequency values,” is
measured, for example, from a baseline established before the
first administration of rifaximin.

[0130] “GI specific antibiotic,” and “GI antibiotic” as used
herein include antibiotic known to have an effect on GI dis-
ease. For example, a rifamycin class antibiotic (e.g., rifaxi-
min), neomycin, metronidazole, teicoplanin, ciprofloxacin,
doxycycline, tetracycline, augmentin, cephalexin, penicillin,
ampicillin, kanamycin, rifamycin, vancomycin, rifaximin,
and combinations thereof are useful GI specific antibiotics.
Even more preferable are GI specific antibiotics with low
systemic absorption, for example, rifaximin. Low systemic
absorption includes, for example, less than 10% absorption,
less than 5% absorption, less than 1% absorption and less than
0.5% absorption. Low systemic absorption also includes, for
example, from between about 0.01-1% absorption, from
between about 0.05-1% absorption, from between about 0.1-
1% absorption, from between about 1-10% absorption, or
from between about 5-20% absorption.

[0131] Asused herein, “subject” includes organisms which
are capable of suffering from a bowel disorder or other dis-
order treatable by rifaximin or who could otherwise benefit
from the administration of a rifaximin as described herein,
such as human and non-human animals. Preferred human
animals include human subjects. The term “non-human ani-
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mals” of the invention includes all vertebrates, e.g., mam-
mals, e.g., rodents, e.g., mice, and non-mammals, such as
non-human primates, e.g., sheep, dog, cow, chickens,
amphibians, reptiles, etc. Susceptible to a bowel disorder is
meant to include subjects at risk of developing a bowel dis-
order infection, i.e., subjects suffering from immune suppres-
sion, subjects that have been exposed to other subjects with a
bacterial infection, physicians, nurses, subjects traveling to
remote areas known to harbor bacteria that causes travelers’
diarrhea, etc.

[0132] The language “a prophylactically effective amount”
of a compound refers to an amount of a compound of the
invention of formula I, formula II, or otherwise described
herein which is effective, upon single or multiple dose admin-
istration to the subject, in preventing or treating hepatic
encephalopathy.

[0133] Another embodiment includes articles of manufac-
ture that comprise, for example, a container holding a phar-
maceutical composition suitable for oral administration of
rifaximin in combination with printed labeling instructions
providing a discussion of when a particular dosage form
extends remission of HE or prevents or delays future episodes
of HE. The dosage can be modified for administration to a
subject suffering from HE, or include labeling for adminis-
tration to a subject suffering from HE. Exemplary dosage
forms and administration protocols are described infra. The
composition will be contained in any suitable container
capable of holding and dispensing the dosage form and which
will not significantly interact with the composition and will
further be in physical relation with the appropriate labeling.
The labeling instructions may be consistent with the methods
of treatment as described hereinbefore. The labeling may be
associated with the container by any means that maintain a
physical proximity of the two, by way of non-limiting
example, they may both be contained in a packaging material
such as a box or plastic shrink wrap or may be associated with
the instructions being bonded to the container such as with
glue that does not obscure the labeling instructions or other
bonding or holding means.

[0134] In one embodiment, the instructions will inform or
advise a health care worker, prescribing physician, a pharma-
cist, or a subject that they should advise a patient suffering
from hepatic encephalopathy that administration of rifaximin
may induce cytochrome P450. In another embodiment, the
instructions will inform the subject and/or the healthcare
provider that there is an extended time to remission or relapse
of subjects that take rifaximin. In another embodiment, the
instructions will inform the subject and/or the healthcare
worker or provider that rifaximin does not significantly alter
the C,, ., AUC,,, or AUC, ,, of midazolam. In another
embodiment, the instructions will inform the subject and/or
the healthcare worker or provider that rifaximin does not
increase the risk of QT prolongation.

[0135] Packaged compositions are also provided, and may
comprise a therapeutically effective amount of rifaximin tab-
lets or capsules. Kits are also provided herein, for example,
kits for treating HE in a subject. The kits may contain, for
example, rifaximin and instructions for use when treating a
subject for an HE. The instructions for use may contain pre-
scribing information, dosage information, storage informa-
tion, and the like.

[0136] Kits may include pharmaceutical preparations of the
GI specific antibiotics along with pharmaceutically accept-
able solutions, carriers and excipients.
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[0137] The a, B, y, delta, epsilon and amorphous forms of
rifaximin can be advantageously used in the production of
medicinal preparations having antibiotic activity, containing
rifaximin, for both oral and topical use. The medicinal prepa-
rations for oral use may contain rifaximin a or § or y together
with other excipients, for example diluting agents such as
mannitol, lactose and sorbitol; binding agents such as starchs,
gelatines, sugars, cellulose derivatives, natural gums and
polyvinylpyrrolidone; lubricating agents such as talc, stear-
ates, hydrogenated vegetable oils, polyethylenglycol and col-
loidal silicon dioxide; disintegrating agents such as starchs,
celluloses, alginates, gums and reticulated polymers; color-
ing, flavoring and sweetening agents.
[0138] Solid preparations of gastrointestinal specific anti-
biotics administrable by the oral route include for instance
coated and uncoated tablets, soft and hard gelatin capsules,
sugar-coated pills, lozenges, wafer sheets, pellets and pow-
ders in sealed packets.
[0139] Medicinal preparations may contain gastrointesti-
nal specific antibiotics together with usual excipients, such as
white petrolatum, white wax, lanoline and derivatives
thereof, stearylic alcohol, red iron oxide, propylene glycol,
talc, sodium lauryl sulfate, ethers of fatty polyoxyethylene
alcohols, disodium edentate, glycerol palmitostearate, esters
of fatty polyoxyethylene acids, sorbitan monostearate, glyc-
eryl monostearate, propylene glycol monostearate,
hypromellose, polyethylene glycols, sodium starch glycolate,
methylcellulose, hydroxymethyl propylcellulose, sodium
carboxymethylcellulose, microcrystalline cellulose, colloi-
dal aluminium and magnesium silicate, titanium dioxide, pro-
pylene glycol, colloidal silicon dioxide, or sodium alginate.
[0140] West Haven Criteria (Conn Score):
[0141] Measurements of change in mental status may be
done, for example, by the Conn score (also known as the West
Haven score). The Conn score has been widely used as a
measure of mental state in HE studies and is based on the
criteria of Parsons-Smith as modified by Conn. Asterixis will
not be considered when assessing the subject’s status using
the Conn scoring criteria listed below.
[0142] The scale used in the Conn scoring system is pro-
vided below.
[0143] Grade 0=No personality or behavioral abnormal-
ity detected
[0144] Grade 1=Trivial lack of awareness, euphoria or
anxiety; shortened attention span; impairment of addi-
tion or subtraction
[0145] Grade 2=L.ethargy; disorientation for time; obvi-
ous personality change; inappropriate behavior
[0146] Grade 3=Somnolence to semi-stupor, responsive
to stimuli; confused; gross disorientation; bizarre behav-
ior

[0147] Grade 4=Coma; unable to test mental state

EXAMPLES

[0148] It should be appreciated that embodiments of the
invention should not be construed to be limited to the
examples, which are now described; rather, the invention
should be construed to include any and all applications pro-
vided herein and all equivalent variations within the skill of
the ordinary artisan.

Example 1

[0149] Subjects were instructed to take one tablet of 550 mg
of rifaximin by mouth 2 times per day—approximately every
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12 hours. The rifaximin may be co-administered with other
medications, for example, lactulose, antidepressants, anti-
inflammatory, methadone, prescription and non-prescription
sleep aids (e.g., Lunesta™ (eszopiclone) and Ambien®
(zolpidem tartrate)), and antihistamines, diuretics, laxatives
or stool softeners, neurontin (gabapentin) and lyrica (pre-
gabalin).

[0150] Lactuloseusewas optional for subjects. For subjects
who used lactulose, it was titrated to a dose during the 3 to
7-day observation period according to accepted medical prac-
tice.

Asterixis Grade

[0151] Asterixis (flapping tremor) was determined with the
subject holding both arms and forearms extended with wrists
dorsiflexed and fingers open for 230 seconds. Asterixis was
measured on a continuum of' 5 grades, e.g., grades 0 and 4=no
abnormal movement vs. almost continuous flapping motions,
respectively as shown below:

Grade 0=No tremors;

Grade 1=Rare flapping motions;

Grade 2=Occasional, irregular flaps;

Grade 3=Frequent flaps; and

Grade 4=Almost continuous flapping motions.

[0152] Efficacy inregardto asterixis grade was measured as
time to any increase from baseline in asterixis grade. Time to
an increase in asterixis grade was computed as the number of
days from the first dose of rifaximin to the initial occurrence
of an increase from baseline in asterixis grade.

[0153] Breakthrough HE Episode

[0154] Relative risk of experiencing a breakthrough HE
episode (e.g., Conn score Grade 22, (e.g.,0or 1 to Z2)ora
Conn and asterixis score increase of 1 grade each) for each
subject in the trial taking either rifaximin or the placebo was
measured. The analysis compared time to first breakthrough
HE episode for rifaximin versus placebo using survival analy-
sis methods. Time to first breakthrough HE episode was com-
puted as the number of days from the first dose of rifaximin to
the initial occurrence of breakthrough HE (e.g., Conn score
Grade Z2, or a Conn and asterixis score increase of 1 grade
each).

[0155] Change in mental status was measured by the Conn
score (also known as the West Haven score). The Conn score
has been widely used as a measure of mental state in HE
studies and is based on the criteria of Parsons-Smith as modi-
fied by Conn. The scale used in the Conn scoring system is
described above.

[0156] Subjects had a Conn score of 0 or 1. An increase in
the Conn score of greater than or equal to grade 2 was con-
sidered as a breakthrough HE episode.

[0157] Hepatic Encephalopathy Scoring Algorithm
(HESA)
[0158] The Hepatic Encephalopathy Scoring Algorithm

(HESA) is a method that uses both clinical and neuropsycho-
logical assessments to assess mental status. The Algorithm
has been validated previously and has been correlated with
the Conn criteria.

Critical Flicker Frequency scores

[0159] The critical flicker frequency (CFF) was assessed
for each subject using a specialized CFF instrument. The CFF
is the frequency at which the subject observes a constant light
transition to a flickering light and is measured in Hertz (Hz).
CFF is an objective assessment of mental status. A CFF value
of 39 Hz has been shown to be the threshold for separation
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between subjects who have manifest HE (e.g., Conn 2 1) and
those without HE symptoms (e.g., Conn=0), with a lower
CFF value indicating more severe HE (43).

[0160] The CFF was measured on a continuous scale and
was the mean of 8 separate fusion-to-flicker transition tests
performed in rapid succession.

[0161]
[0162] Venous blood samples (10 mL) were collected and
ammonia concentrations were obtained by methods known in
the art.

[0163] Time to increase from baseline in either the Conn
score (mental state grade) or asterixis grade

[0164] To analyze the time to a first breakthrough HE epi-
sode, survival analysis methods were used to assess the effec-

Ammonia Concentrations

tiveness of the rifaximin treatment on the time to increase
from baseline in either the Conn score (mental state grade) or
asterixis grade. Time to increase in either the Conn score or
asterixis grade was computed as the number of days from the
first dose of rifaximin to the initial occurrence of either an
increase from baseline in Conn score or asterixis grade. The
analysis of time to increase in either Conn score or asterixis
grade were based on the comparison of time to event between
rifaximin and placebo.

[0165] Time to First HE-Related Hospitalization

[0166] The effect of rifaximin on time to first HE-related
hospitalization was determined. Time to first HE-related hos-
pitalization was computed as the number of days from the first
dose of rifaximin to the first hospitalization for an HE related
event. The analysis of time to first HE-related hospitalization
was based on the comparison of time to hospitalization
between rifaximin and placebo.

[0167] Time to Development of Spontaneous Bacterial
Peritonitis
[0168] The effect of rifaximin on time to development of

spontaneous bacterial peritonitis (SBP) was determined.
Time to development of SBP was computed as the number of
days from the first dose of rifaximin to the time of peritoneal
fluid collection that resulted in a positive test for SBP. The
analysis of time to development of SBP was based on the
comparison of time to event between rifaximin and placebo.

[0169] Mean Change from Baseline in Blood Ammonia
Concentration and Critical Flicker Frequency Values Over
Time

[0170] Mean values and mean changes from baseline in
blood ammonia concentration and critical flicker frequency
values were collected. Analyses of blood ammonia concen-
trations and critical flicker frequency values were based upon
quantitative values (not qualitative grades). Treatment difter-
ences for mean change from baseline in these parameters was
estimated using a mixed effects model with fixed effects for
time and baseline value.

[0171]

[0172] A subject’s daily lactulose consumption was used to
compute mean daily lactulose consumption for each month.
Treatment differences for mean change from baseline in
mean daily lactulose consumption were estimated.

Mean Daily Lactulose Consumption Over Time
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[0173] CLDQ

[0174] The CLDQ includes 29 items in the following six
domains: abdominal symptoms (three items), fatigue (five
items), systemic symptoms (five items), activity (three
items), emotional function (eight items), and worry (five
items). Summary scores for the CLDQ overall and each of the
six domains were computed and summarized at baseline and
Days 28, 56, 84, 112, 140 and 168 using descriptive statistics.
Treatment differences for mean change in overall score and
domain scores from baseline to Days 28, 56, 84, 112, 140 and
168 were collected summarized and compared between treat-
ments.

Treatment differences for mean change from baseline to EOT
were determined as the change from baseline at EOT in
fatigue domain score of Chronic Liver Disease Questionnaire
(CLDQ). Similarly, the mean change from baseline in blood
ammonia concentration at EOT was also determined.

[0175] Assessment of Quality of Life

[0176] The SF-36, Chronic Liver Disease Questionnaire
(CLDQ), and Epworth Sleepiness Scale were used to measure
health related quality of life. The 29 item CLDQ question-
naire consists of the following domains: fatigue, activity,
emotional function, abdominal symptoms, systemic symp-
toms, and worry.

[0177] Epworth Sleepiness Scale

[0178] Total scores for the Epworth Sleepiness Scale were
computed and summarized at baseline and Days 28, 56, 84,
112, 140 and 168 using descriptive statistics. Treatment dif-
ferences for mean change in total scores from baseline to
Days 28, 56, 84, 112, 140 and 168 were summarized and
compared between treatments.

[0179] FIG. 1 is a line graph showing Lactulose daily use
between subjects taking placebos and subjects taking rifaxi-
min as described above.

[0180] FIG. 2 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a breakthrough HE event
for the placebo group and the rifaximin group. As indicated
there was an increased time to breakthrough HE events for
subjects taking rifaximin in comparison to subjects taking the
placebo.

[0181] FIG. 3 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first HE related hospi-
talization. As indicated there was an increased time to hospi-
talization for subjects taking rifaximin in comparison to the
placebo group.

[0182] FIG. 4 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first increase in Conn
scores. As indicated there was an increased time to the first
increase in Conn scores for subjects taking rifaximin in com-
parison to the placebo group.

[0183] FIG. 5 is a line graph showing Kaplan Meier esti-
mates of the distribution of time to a first increase in Asterixis
grade. As indicated there was an increased time to the first
increase in Asterixis grade for subjects taking rifaximin in
comparison to the placebo group.

Example 2

[0184] The following tables provide further evidence sup-
porting the advantageous use of GI specific antibiotics, such
as rifaximin, to treat subjects suffering from HE.
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TABLE 1

Time to Onset of Breakthrough HE Episode

Placebo 550 mg Rifaximin BID
(N =159) (N =140)
Cumulative Conditional Cumulative Conditional
At Occurrences of Occurrences of  Probability of At Occurrences of Occurrences of  Probability of
Days Risk Events Events Events (SE)  Survival  Risk Events Events Events (SE)  Survival
[0-28) 158 20 20 0.13 (0.03) 1.0000 140 13 13 0.09 (0.02) 1.0000
[28-56) 137 23 43 0.17 (0.03) 0.8734 126 4 17 0.03 (0.02) 0.9071
[56-84) 113 14 57 0.12 (0.03) 0.7262 120 6 23 0.05 (0.02) 0.8783
[84-140) 98 10 67 0.10 (0.03) 0.6363 112 7 30 0.06 (0.02) 0.8344
[140-168) 84 6 73 0.07 (0.03) 0.5713 98 1 31 0.01 (0.01) 0.7820
>=168 38 0 73 0.00 (0.00) 0.5305 46 0 31 0.00 (0.00) 0.7740
Harzard Ratio: 0.421
95% CI: (0.276, 0.641)
p-value: <.0001
TABLE 2

Time to Onset of Breakthrough HE Episode by Baseline Conn Score Level

Placebo 550 mg Rifaximin BID
(N =107) (N=93)
Cumulative Conditional Cumulative Conditional
At Occurrences of Occurrences of  Probability of At Occurrences of Occurrences of  Probability of
Days Risk Events Events Events (SE)  Survival  Risk Events Events Events (SE)  Survival
[0-28) 107 13 13 0.12 (0.03) 1.0000 93 11 11 0.12 (0.03) 1.0000
[28-56) 93 16 29 0.17 (0.04) 0.8779 81 3 14 0.04 (0.02) 0.8817
[56-84) 77 7 36 0.09 (0.03) 0.7269 71 1 15 0.01 (0.01) 0.8491
[84-140) 69 5 41 0.07 (0.03) 0.6608 75 3 18 0.04 (0.02) 0.8380
[140-168) 61 4 45 0.07 (0.03) 0.6129 68 1 19 0.01 (0.01) 0.8042
>=168 27 0 45 0.00 (0.00) 0.5724 32 0 19 0.00 (0.00) 0.7924
Harzard Ratio: 0.441
95% CI: (0.258, 0.754)
p-value: 0.0028
TABLE 3
Time to Onset of Breakthrough HE Episode by Prior Lactulose Use
Placebo 550 mg Rifaximin BID
(N =142) (N=123)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of
Days Risk  of Events of Events Events (SE)  Survival Risk Events Events of Events (SE) Survival
[0-28) 141 19 19 0.13 (0.03) 1.0000 123 12 12 0.10 (0.03) 1.0000
[28-56) 121 21 40 0.17 (0.03) 0.8652 110 4 16 0.04 (0.02) 0.9024
[56-84) 100 13 53 0.13 (0.03) 0.7151 104 5 21 0.05 (0.02) 0.8696
[84-140) 86 10 63 0.12 (0.03) 0.6221 97 7 28 0.07 (0.03) 0.8278
[140-168) 73 5 68 0.07 (0.03) 0.5498 84 1 29 0.01 (0.01) 0.7678
>=168 33 0 68 0.00 (0.00) 0.5121 39 0 29 0.00 (0.00) 0.7586

Harzard Ratio: 0.424
95% CI: (0.274, 0.655)
p-value: 0.0001
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TABLE 4

Time to Onset of First HE-Related Hospitalization

Placebo 550 mg Rifaximin BID
(N =159) (N =140)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences Occurrences  Probability of

Days Risk  of Events of Events Events (SE)  Survival Risk  of Events of Events Events (SE)  Survival

[0-28] 154 11 11 0.07 (0.02) 1.0000 138 6 6 0.04 (0.02) 1.0000
[28-56] 131 14 25 0.11 (0.03) 0.9286 125 4 10 0.03 (0.02) 0.9564
[56-84] 106 7 32 0.07 (0.02) 0.8293 113 5 15 0.04 (0.02) 0.9258
[84-140] 86 8 40 0.09 (0.03) 0.7743 100 5 20 0.05 (0.02) 0.8848

[140-168] 66 2 42 0.03 (0.02) 0.7023 86 3 23 0.04 (0.02) 0.8403
>=168 30 0 42 0.00 (0.00) 0.6810 39 0 23 0.00 (0.00) 0.8108
Harvard Ratio: 0.521
95% CI: (0.313, 0.868)
p-value: 0.0107
TABLE 5
Time to Any Increase from Baseline in Conn Score
Placebo 550 mg Rifaximin BID
(N =159) (N =140)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of

Days Risk  of Events of Events Events (SE)  Survival Risk Events Events of Events (SE) Survival

[0-28) 156 26 26 0.17 (0.03) 1.0000 139 17 17 0.12 (0.03) 1.0000
[28-56) 125 21 47 0.17 (0.03) 0.8333 119 5 22 0.04 (0.02) 0.8777
[56-84) 100 15 62 0.15 (0.04) 0.6928 109 9 31 0.08 (0.03) 0.8407
[84-140) 80 10 72 0.13 (0.04) 0.5883 94 5 36 0.05 (0.02) 0.7713

[140-168) 62 5 71 0.08 (0.03) 0.5143 79 0 36 0.00 (0.00) 0.7302

>=168 27 0 71 0.00 (0.00) 0.4729 37 1 37 0.03 (0.03) 0.7302

Harzard Ratio: 0.463
95% CI: (0.312, 0.685)
p-value: <.0001

TABLE 6

Time to Onset of Breakthrough HE Episode by Baseline MELD Score Level

Placebo 550 mg Rifaximin BID
(N=44) (N=34)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of

Days Risk  of Events of Events Events (SE)  Survival Risk Events of Events Events (SE)  Survival
[0-28) 44 2 2 0.05 (0.03) 1.0000 34 1 1 0.03 (0.03) 1.0000
[28-56) 42 4 6 0.10 (0.05) 0.9545 33 0 1 0.00 (0.00) 0.9706
[56-84) 38 1 7 0.03 (0.03) 0.8636 32 0 1 0.00 (0.00) 0.9706
[84-140) 37 3 10 0.08 (0.04) 0.8409 32 1 2 0.03 (0.03) 0.9706
[140-168) 33 4 14 0.12 (0.06) 0.7727 28 0 2 0.00 (0.00) 0.9398
>=168 14 0 14 0.00 (0.00) 0.6791 13 0 2 0.00 (0.00) 0.9398

Harzard Ratio: 0.171
95% CI: (0.039, 0.754)
p-value: 0.0197
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TABLE 7

Time to Onset of Breakthrough HE Episode by Baseline MELD Score Level

Placebo 550 mg Rifaximin BID
(N=86) (N =85)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of
Days Risk  of Events of Events Events (SE)  Survival Risk Events of Events Events (SE)  Survival
[0-28) 86 15 15 0.18 (0.04) 1.0000 85 8 8 0.09 (0.03) 1.0000
[28-56) 70 13 28 0.19 (0.05) 0.8246 77 2 10 0.03 (0.02) 0.9059
[56-84) 56 11 39 0.20 (0.05) 0.6703 73 3 13 0.04 (0.02) 0.8822
[84-140) 45 7 46 0.16 (0.05) 0.5387 68 6 19 0.09 (0.03) 0.8459
[140-168) 36 2 48 0.06 (0.04) 0.4539 58 1 20 0.02 (0.02) 0.7713
>=168 16 0 48 0.00 (0.00) 0.4284 27 0 20 0.00 (0.00) 0.7580
Harzard Ratio: 0.329
95% CI: (0.195, 0.556)
p-value: <.0001
TABLE 8

Time to Onset of Breakthrough HE Episode by Baseline MELD Score Level

Placebo 550 mg Rifaximin BID
(N=14) N=11)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of
Days Risk  of Events of Events Events (SE)  Survival Risk Events of Events Events (SE)  Survival
[0-28) 14 3 3 0.21 (0.11) 1.0000 11 1 1 0.09 (0.09) 1.0000
[28-56) 11 4 7 0.36 (0.15) 0.7857 10 0 1 0.00 (0.00) 0.9091
[56-84) 7 2 9 0.29 (0.17) 0.5000 10 3 4 0.30 (0.14) 0.9091
[84-140) 5 0 9 0.00 (0.00) 0.3571 7 0 4 0.00 (0.00) 0.6364
[140-168) 4 0 9 0.00 (0.00) 0.3571 7 0 4 0.00 (0.00) 0.6364
>=168 2 0 9 0.00 (0.00) 0.3571 3 0 4 0.00 (0.00) 0.6364
Harzard Ratio: 0.403
95% CI: (0.123,1.313)
p-value: 0.1315
TABLE 9
Time to Onset of Breakthrough HE Episode by Prior Lactulose Use
Placebo 550 mg Rifaximin BID
(N =134) (N=127)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences Occurrences  Probability of

Days Risk  of Events of Events Events (SE)  Survival Risk  of Events of Events Events (SE)  Survival

[0-28] 134 18 18 0.13 (0.03) 1.0000 127 12 12 0.09 (0.03) 1.0000
[28-56] 115 20 38 0.17 (0.04) 0.8652 114 4 16 0.04 (0.02) 0.9055
[56-84] 95 14 52 0.15 (0.04) 0.7147 108 6 22 0.06 (0.02) 0.8737
[84-140] 80 9 61 0.11 (0.04) 0.6094 100 6 28 0.06 (0.02) 0.8252

[140-168] 68 5 66 0.07 (0.03) 0.5408 88 1 29 0.01 (0.01) 0.7754
>=168 31 0 66 0.00 (0.00) 0.5011 41 0 29 0.00 (0.00) 0.7666

Harvard Ratio: 0.399
95% CI: (0.258,0.618)
p-value: <.0001
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Time to Any Increase from Baseline in Asterixis Grade
Placebo 550 mg Rifaximin BID
(N =159) (N = 140)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of
Days Risk  of Events of Events Events (SE)  Survival Risk Events of Events Events (SE)  Survival
[0-28) 154 20 20 0.13 (0.03) 1.0000 137 13 13 0.10 (0.03) 1.0000
[28-56) 120 15 35 0.13 (0.03) 0.8697 116 7 20 0.06 (0.02) 0.9048
[56-84) 91 4 39 0.04 (0.02) 0.7610 101 7 27 0.07 (0.03) 0.8499
[84-140) 76 6 45 0.08 (0.03) 0.7275 87 3 30 0.03 (0.02) 0.7910
[140-168) 61 4 49 0.07 (0.03) 0.6701 74 1 31 0.01 (0.01) 0.7637
>=168 27 1 50 0.04 (0.04) 0.6262 34 1 32 0.03 (0.03) 0.7534
Harzard Ratio: 0.646
95% CI: (0.414, 1.008)
p-value: 0.0523
TABLE 11 TABLE 12-continued

Mean Change from Baseline in Blood Ammonia Concentration (ug/dL)

550 mg Rifaximin

Mean Change from Baseline in Critical Flicker Frequency Test (Hz)

550 mg Rifaximin
Placebo BID Placebo BID
Assessment Time (N =159) (N =140) P-value Assessment Time (N =159) (N =140) P-value
Day 28 .
Change from Baseline to Day 140
n 126 121
n 70 87 0.0266
Mean 89.3 88.4
Mean 1.1 1.4
SD 48.19 49.02
Median 87.0 74.0 SD 410 4.84
Min 5 25 Median 0.9 1.5
Max 315 326 Min -12 15
Change from Baseline to Day 28 Max 12 12
n 117 117 0.6268
Mean -1.1 -2.1 TABLE 13
SD 48.32 44.37
. Mean Change from Baseline in Critical Flicker Frequency Test (Hz)
Median 1.0 -2.0
Min -252 -164 550 mg Rifaximin
Max 133 176 Placebo BID
Assessment Time (N =159) (N =140) P-value
EOT
TABLE 12 n 155 139
Mean 37.6 37.8
Mean Change from Baseline in Critical Flicker Frequency Test (Hz) SD 598 4.88
Median 37.9 37.8
550 mg Rifaximin Min 21 75
) Placebo BID Max 50 49
Assessment Time (N =159) (N =140) P-value Change from Baseline to EOT
Day 140
_— n 155 139 0.0320
n 70 87 Mean 0.4 0.9
Mean 38.7 38.7 SD 4.70 4.75
SD 5.47 4776 Median 0.2 0.1
Median 38.8 389 Min -12 -14
Min 26 27 Max 16 11
Max 50 49
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TABLE 14

Number of Subjects in Each Level of Change from Baseline in
Conn Score by Treatment Group

Odds Ratio
Assessment Placebo 550 mg Rifaximin BID (550 mg Rifaximin  95% CI for Odds
Time Statistics (N =159) (N =140) BID/Placebo) Ratio P-value
Change from Baseline to EOT
-1 n (%) 18 (11.5%) 26 (18.7%) 2.46 (1.49, 4.09) 0.0005
0 n (%) 100 (63.7%) 101 (72.7%)
1 n (%) 29 (18.5%) 10 (7.2%)
2 n (%) 9 (5.7%) 2 (1.4%)
3 n (%) 1 (0.6%) 0
n 157 139
Mean 0.2 -0.1
SD 0.74 0.56
Median 0.0 0.0
Min -1 -1
Max 3 2
TABLE 15
Number of Subjects in Fach Level of Change from Baseline in Asterixis
Grade by Treatment Group
(550 mg Rifaximin Odds Ratio
Assessment Placebo BID 550 mg Rifaximin 95% CI for Odds
Time Statistics (N =159) (N =140) BID/Placebo) Ratio P-value
Change from Baseline to EOT
-2 n (%) 1 (0.6%) 1 (0.7%) 1.88 (1.10,3.23) 0.0207
-1 n (%) 14 (8.9%) 18 (12.9%)
0 n (%) 114 (72.6%) 108 (77.7%)
1 n (%) 18 (11.5%) 10 (7.2%)
2 n (%) 8 (5.1%) 2 (1.4%)
3 n (%) 1 (0.6%) 0
4 n (%) 1 (0.6%) 0
n 157 139
Mean 0.2 0.0
SD 0.76 0.54
Median 0.0 0.0
Min -2 -2
Max 4 2
TABLE 16 TABLE 16-continued

Mean Change from Baseline for Epworth Sleepiness Total Score

Mean Change from Baseline for Epworth Sleepiness Total Score

550 mg Rifaximin 550 mg Rifaximin
Placebo BID Placebo BID
. Assessment Time (N =159) (N =140) P-value
Assessment Time (N =159) (N =140) P-value
Change from Baseline to Day 28
Day 28
N 90 86 0.0593
N 91 87 Mean -1l -0.2
Mean 9.1 10.0 SD 4.79 3.53
SD 4.84 5.51 Median -1.0 0.0
Median 8.0 9.0 Min -17 -14
Min 0 0 Max 14 7
Max 21 23
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Time to Onset of First HE-Related Hospitalization

Placebo 550 mg Rifaximin BID
(N=159) (N = 140)
Cumulative Conditional Cumulative Conditional
At Occurrences Occurrences Probability of At Occurrences of Occurrences  Probability of
Days Risk  of Events of Events Events (SE)  Survival Risk Events of Events Events (SE)  Survival
[0-28) 155 11 11 0.07 (0.02) 1.0000 139 4 4 0.03 (0.01) 1.0000
[28-56) 132 12 23 0.09 (0.03) 0.9288 130 4 8 0.03 (0.02) 0.9711
[56-84) 108 7 30 0.06 (0.02) 0.8440 119 4 12 0.03 (0.02) 0.9411
[84-140) 88 4 34 0.05 (0.02) 0.7893 106 5 17 0.05 (0.02) 0.9094
[140-168) 72 2 36 0.03 (0.02) 0.7535 92 2 19 0.02 (0.02) 0.8665
>=168 34 0 36 0.00 (0.00) 0.7325 43 0 19 0.00 (0.00) 0.8475
Harzard Ratio: 0.500
95% CI: (0.287,0.873)
p-value: 0.0129
Example 3 [0189] Although in vitro studies demonstrated the potential
) o of rifaximin to interact with cytochrome P450 3A4
[0185] Induction of CYP3A4 by rifaximin was observed (CYP3A4), a clinical drug-drug interaction study demon-

based on decreased midazolam AUC by ~25%. A higher
systemic exposure is expected in a majority of the target
patient population.

[0186] When rifaximin was orally administered at high
doses (1650 mg/day) for at least 7 days, the mean C,, .,
AUC,_,, and AUC,_, of midazolam were reduced by <25%.
Rifaximin is a potential CYP3A4 inducer, in vitro studies
have shown it to have a lower induction potency than
rifampin. (The estimated intestinal lumen concentration of
rifaximin is approximately 5 pM. In the in vitro study,
CYP3 A4 activity was induced 1.7-fold and 1.8-fold at rifaxi-
min 1 uM and 10 uM; at the same concentrations, rifampin
induced CYP3A4 3.7-fold and 4-fold, respectively. Further-
more, rifaximin’s gut-targeted distribution is believed to limit
its CYP3A4 induction mechanism to the intestine, sparing
hepatic induction as a result of low systemic exposure. That
is, there is a separation of intestinal and hepatic induction for
rifaximin This is shown in studies disclosed herein in humans
receiving rifaximin, as supported by the absence of induction
when either intravenous or oral midazolam was administered
following rifaximin 200 mg TID for up to 7.

[0187] Without wishing to be bound by any particular sci-
entific theory, it is thought that any risk of hepatic CYP3A4
induction likely is further mitigated in hepatically impaired
patients, for whom significant fractions of portal blood flow
are shunted around the liver;® therefore, their increased sys-
temic exposure should be accompanied by a proportional
decrease in exposure to hepatocytes and the patients should
incur no net increase in risk of hepatic CYP3A4 induction.

Example 4

[0188] Two clinical drug-drug interaction studies were
conducted with the rifaximin 200 mg tablet and one drug-
drug interaction study with the 550 mg tablet. Two studies
using midazolam, a known substrate for CYP3A4, and 1
study using an oral contraceptive containing ethinyl estradiol
and norgestimate were conducted to assess the effect of
rifaximin on the pharmacokinetics of these drugs. Based on
the results of these studies and in vitro induction and inhibi-
tion studies using human liver fractions, no clinically relevant
drug interactions are anticipated with XIFAXAN.

strated that rifaximin did not significantly affect the pharma-
cokinetics of midazolam either presystemically or systemi-
cally. An additional clinical drug-drug interaction study
showed no effect of rifaximin on the presystemic metabolism
of'an oral contraceptive containing ethinyl estradiol and norg-
estimate. Therefore, clinical interactions with drugs metabo-
lized by human cytochrome P450 isoenzymes are not
expected.

[0190] Two studies have been performed to evaluate the
potential for drug interactions with midazolam. The first was
an open-label, randomized, crossover, drug-interaction trial
designed to assess the effect of rifaximin 200 mg adminis-
tered orally (PO) every 8 hours (Q8H) for 3 days and every 8
hours for 7 days, on the pharmacokinetics of a single dose of
either midazolam 2 mg intravenous (IV) or midazolam 6 mg
PO. No significant difference was observed in the metrics of
systemic exposure or elimination of IV or PO midazolam or
its major metabolite, 1'-hydroxymidazolam, between mida-
zolam alone or together with rifaximin. Therefore, rifaximin
was not shown to significantly affect intestinal or hepatic
CYP3A4 activity.

[0191] The second study, an open-label, drug-interaction
study examined the effect of rifaximin, 550 mg three times
daily, on orally administered (PO) midazolam 2 mg when
dosed for 7 and 14 consecutive days. In this study rifaximin
was shown to be a weak inducer of CYP3A4; given the low
systemic exposure of rifaximin, this interaction is believed to
be limited to the gastrointestinal tract. This induction is both
dose- and dosing-duration dependent. When rifaximin was
orally administered at high doses (1650 mg/day) for at least 7
days, the mean C, ., AUC, , and AUC,_, of midazolam
were reduced by <25%.

[0192] In vitro hERG potency and in vitro protein binding
of rifaximin. In the in vitro hERG studies, rifaximin concen-
trations up to 300 puM failed to achieve 50% inhibition of the
hERG potassium current. Due to rifaximin precipitation at
300 uM, the IC,, was estimated to be greater than 100 uM. In
fact, 50% inhibition could not be achieved; at 100 uM, mean
inhibition was 34.5%. The highest C,, ., observed in a hepati-
cally impaired patient in a study was 52.2 ng/mL (0.0664
uM); the highest free fraction observed in a subset of plasma
samples from patients enrolled in this study was 44.7%.
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Using these numbers, the highest anticipated free plasma
exposure would be 0.03 uM, which represents a reduction of
Z3000-fold in comparison with the highest concentration at
which rifaximin could be tested in the hERG experiments.
This safety margin greatly exceeds the 30-fold separation
between hERG IC,, and unbound C,, . that is commonly
associated with minimization of risk of clinical QT prolon-
gation.*

Example 5

[0193] Anefficacy parameter for a first study was the occur-
rence of an episode of breakthrough overt HE during treat-
ment. Breakthrough overt HE episodes were measured by
using the Conn score (or West Haven grade), and the asterixis
grade. A breakthrough overt HE episode, as defined for the
first study, was a marked, clinically significant deterioration
in neurological function that can result in a deleterious effect
on self care, and lead to hospitalization. The efficacy end-
point, time to first breakthrough overt HE episode, showed a
highly significant protective effect of rifaximin (p<0.0001 for
between-group difference in relative risk). Rifaximin treat-
ment resulted in a 57.9% reduction, when compared with
placebo, in the risk of experiencing breakthrough overt HE
during the 6-month treatment period.

[0194] In addition, this study also showed that the time to
first breakthrough overt HE also showed a highly significant
protective effect of rifaximin when analyzed in separate geo-
graphic regions, North America versus Russia.

[0195] Rifaximin treatment results in fewer overt HE epi-
sodes that may otherwise incapacitate the patient, may alle-
viate the burden on family members who are required to care
for the patient, and reduces the burden of hospitalization in
this patient population and the healthcare system.

[0196] In a second study, similar results were shown, for
example, the second study with respect to time to first break-
through overt HE episode: the Kaplan-Meier estimates of
time to first breakthrough overt HE episode were similar
between the rifaximin group in the first study and new rifaxi-
min subjects in this second study. Also, similar proportions of
subjects had breakthrough overt HE in the rifaximin group of
the first study (22%, 31 of 140 [rifaximin group]) and in the
new rifaximin group of the second study (27.6%, 54 of 196).
[0197] Additionally, when the first study placebo subjects
crossed over to rifaximin therapy by entering the second
study, a protective effect of rifaximin was observed: the first
study a 70% reduction in risk of experiencing breakthrough
overt HE during rifaximin treatment in the second study when
compared with their prior placebo experience in the first
study. This reduction took place in spite of the aging and
presumably progressing nature of the population with chronic
liver disease.

[0198] The second study also showed that the protective
effect of rifaximin was durable: the estimate of time-to-first
breakthrough HE demonstrated long-term maintenance of
remission from breakthrough HE when rifaximin subjects in
remission after participation in the first study were followed
in the second study (up to 680 days of rifaximin therapy;
median exposure durations were 168 days in the first study
and 253 days in the second study). The incidence of break-
through HE episode for these rifaximin subjects relative to the
first study placebo was lower, an indication of fewer break-
through HE episodes with rifaximin treatment.

[0199] A critical flicker frequency (CFF) assessment, a rec-
ognized quantitative measure of CNS dysfunction, was an
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efficacy endpoint in the first study. CFF tests utilize the cor-
relation between cerebral processing of oscillatory visual
stimuli and CNS impairment due to increased HE severity.
This test identifies a frequency at which a flickering light is
perceived as steady. A decline in this frequency has been
associated with increasing severity of HE. Likewise, eleva-
tion in blood ammonia, another endpoint in the first study, is
a quantitative assessment associated with the CNS effects
underlying overt HE.

[0200] Comparisons of changes from baseline to end of
study in CFF results and in venous ammonia levels showed
statistically significant, greater improvement over the course
of'the study in the rifaximin group when compared to placebo
(p=0.0320 for CFF changes and p=0.0391 for venous ammo-
nia changes). In the first study, a correlation between CFF
results and breakthrough overt HE (primary efficacy mea-
sure) was noted. Venous ammonia levels were found to be
correlated to the occurrence of breakthrough overt HE in the
first study.

[0201] Results for other efficacy endpoints also demon-
strated protective eftects of rifaximin. In particular, the other
efficacy endpoint of time to first HE-related hospitalization
showed a reduction in risk for rifaximin subjects.

[0202] In the first study, the analysis of time to first HE-
related hospitalization (e.g., hospitalization directly resulting
from HE orhospitalization complicated by HE) demonstrated
that the reduction in risk of hospitalization due to HE was
50% in the rifaximin group, when compared with placebo,
during the 6-month treatment period. The HE-related hospi-
talization rate was 0.38 event/person exposure years (PEY),
rifaximin versus 0.78 event/PEY, placebo after normalization
to exposure.

[0203] In the first study, the risk of HE-caused hospitaliza-
tion (e.g., hospitalization directly resulting from HE only)
was reduced by 56% in the rifaximin group when compared
with placebo. The HE-caused hospitalization rate was 0.30
events/PEY in the rifaximin group versus 0.72 event/PEY in
the placebo group.

[0204] Inthe first study, the risk of all-cause hospitalization
rate was reduced by 30% in the rifaximin group when com-
pared to placebo. The all-cause hospitalization rate was 0.92
events/PEY in the rifaximin group versus 1.31 event/PEY in
the placebo group.

[0205] Inthe second study, the low HE-caused hospitaliza-
tion rate was maintained at rates consistent with those in the
first study: HE-caused hospitalization rate was 0.29 event/
PEY and all cause hospitalization in the second study was
0.66 event/PEY. The consistently low HE-related/HE-caused
hospitalization rate in rifaximin-treated subjects in the first
study and in the second study was at least partly a result of
maintaining remission from demonstrated HE in subjects
with end-stage liver disease.

[0206] Hepatic encephalopathy is associated with a low
quality of life compared to age-matched patients without
HE.Patients with HE experience symptoms including fatigue,
daytime sleepiness, and lack of awareness (Conn score 1);
and confusion and disorientation (Conn score 2) that signifi-
cantly interfere with day-to-day function and decreased abil-
ity for self care. Often, this lack of self care can lead to
improper nutrition and non-adherence to therapy and can
further escalate into more severe symptoms such as increased
somnolence, gross disorientation and stupor, which require
hospitalization. Rifaximin treatment protects against HE
related/caused hospitalization, thereby improving the func-
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tional status for the patient and benefiting his/her caregiver;
and reducing the economic cost related to liver cirrhosis and
associated HE.

[0207] There are limited treatment options in the United
States for patients with recurrent HE. Neomycin sulfate is
only approved for the adjunctive therapy in hepatic coma.
Conventional therapy aims to lower the production and
absorption of ammonia. Nonabsorbable disaccharides, eg,
lactulose or lactitol, are typically used as first-line therapy for
HE. There is evidence that nonabsorbable disaccharides
lower plasma levels of ammonia by changing nitrogen
metabolism in colonic flora and increasing fecal excretion of
nitrogen.Broadspectrum, GI-active antibiotics including neo-
mycin, metronidazole, vancomycin, and paromomycin have
been used with or without lactulose. These antibiotics appear
to act indirectly by inhibiting the splitting of urea by deami-
nating bacteria, thus reducing the production of ammonia and
other potential toxins. Current guidelines recommend (not
FDA approved) antibiotic therapy with neomycin or metron-
idazole as an alternative to treatment with nonabsorbable
disaccharides.

[0208] Common side effects of nonabsorbable disaccha-
ride (e.g., lactulose) therapy include an unpleasant taste that
can hinder treatment compliance, a dosing schedule that is
linked to bowel habits, and GI side effects such as bloating,
abdominal cramps, and diarrhea. Diarrhea resulting in dehy-
dration has been reported with the use of lactulose, a signifi-
cant consequence for patients with HE as electrolyte abnor-
malities can worsen HE and lead to renal dysfunction.
[0209] Theuse of systemically absorbed antibiotics such as
neomycin in the treatment of HE is hampered by ototoxicity
and nephrotoxicity associated with long-term use. The inci-
dence of aminoglycoside-induced nephrotoxicity is substan-
tially greater in patients with advanced liver disease than in
patients without liver disease. The frequency of aminoglyco-
side-induced nephrotoxicity in the general population is 3%
to 11%. Leitman reported that nephrotoxicity occurred in
73% of patients with liver disease versus 34% of patients
without liver disease who received aminoglycosides by intra-
venous administration during hospitalization; and Cabrera
reported that renal tubular damage or functional renal impair-
ment was observed in 60% of aminoglycoside-treated cir-
rhotic patients (intravenous administration during hospital-
ization). Additionally, a high mortality rate and sustained
renal damage were noted in cirrhotic patients who developed
aminoglycoside-induced renal tubular damage. Therefore,
aminoglycosides are now widely considered as contraindi-
cated in patients with advanced liver disease.

[0210] Rifaximin is an attractive therapy for the treatment
of'patients with HE because of its demonstrated effectiveness,
favorable safety profile, and because of disadvantages of sys-
temic aminoglycosides and nonabsorbable disaccharides.
Rifaximin has a broad spectrum of'in vitro antibacterial activ-
ity against both Gram-positive and Gram-negative bacteria
and against acrobic and anaerobic isolates.

[0211] Since rifaximin is poorly absorbed after oral admin-
istration, the drug is selectively active in the gastrointestinal
tract. Additionally, there is a low risk of drug-drug interac-
tions with the use of rifaximin. Rifaximin has a lower rate of
fecal eradication of pathogens compared with other com-
monly used antibacterial drugs and causes minimal alter-
ations in gut flora suggesting that rifaximin has a different
mechanism of action than other commonly used drugs in
enteric bacterial infection, such as the fluoroquinolones. The
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risk of the development of antibiotic resistance is low during
chronic treatment with rifaximin when compared to other
systemic antibiotics such as neomycin, possibly because
resistance is mediated by a mutation in host cell DNA and is
not plasmid based.

[0212] In a retrospective chart review, the numbers and
durations of hospitalizations due to HE, the total cost of
therapy, and HE endpoints (asterixis grade, Conn score) were
found to be dramatically reduced when compared to lactulose
treatment in patients with HE who received lactulose daily for
6 months and then received rifaximin daily for 6 months.

[0213] The first study was designed to overcome the limi-
tations of previous studies reported in the literature (e.g.,
heterogeneous subject populations, small population size,
short durations, and insufficient endpoints for mental status).

[0214] First, treatment duration was increased to 6 months.
This longer duration was planned to allow for a greater num-
ber of subjects to experience an HE episode than if the study
was limited to <6 weeks. Also, the longer treatment duration
provided an opportunity to evaluate the long-term safety of
rifaximin in subjects with chronic hepatic cirrhosis and asso-
ciated recurrent, overt, episodic HE. The study investigated
consequences of HE with respect to patient care and eco-
nomic cost by measuring hospitalizations due to HE episodes
as a key secondary efficacy endpoint.

[0215] To evaluate overt HE episodes by using clinically
relevant criteria in the first study and study the second study,
mental status impairment was measured by using Conn score
(West Haven criteria) and the severity of neuromotor abnor-
malities was measured by asterixis grade. The Conn score
ranges from Stage 0 (lack of detectable changes in personal-
ity) to Stage 4 (coma, decerebrate posturing, dilated pupils).
The Conn score is the recommended and widely used gold
standard for grading the severity of impaired mental status in
overt HE. Asterixis (flapping tremor) is a neuromotor symp-
tom of overt HE that increases in severity with worsening
neurological impairment.

[0216] The control group for the first study received
matched placebo tablets in parallel with rifaximin treatments
in the active group. The second study was an ongoing open-
label, treatment-extension study to evaluate the long-term
safety of rifaximin 550 mg BID in subjects with a history of
recurrent, episodic, overt HE. In addition to safety measure-
ments, Conn scores and asterixis grades were assessed during
the course of the study to measure the protective effect of
rifaximin against breakthrough overt HE during treatment for
up to approximately 1 year in subjects who completed up to 6
months of rifaximin treatment in the first study and then
entered the second study; in subjects who received placebo in
the first study and crossed over to rifaximin treatment in the
second study; and in patients with a history of HE who
entered the second study as new subjects.

[0217] The dosage regimen used (550 mg BID) was based
on past clinical experience with rifaximin in patients with HE
and other subject populations. In several previous studies,
rifaximin was safe and effective in subjects with HE at a dose
01’1200 mg per day with or without concomitant lactulose. In
a 6-month study of rifaximin versus neomycin (14 days on-
treatment and 14 days off-treatment per month),® rifaximin
1200 mg/day and neomycin (3 g/day) had comparable effi-
cacy in patients with HE. Aminoglycoside antibiotics are
contraindicated in patients with advanced liver disease
because of the risk of nephrotoxicity.
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[0218] An efficacy endpoint was the time to first break-
through overt HE episode. A breakthrough overt HE episode
was defined as an increase of Conn score to Grade 22 (e.g., 0
or 1 to £2) or an increase in Conn and asterixis score of 1
grade each for those subjects who entered the study with a
Conn score of 0. Time to breakthrough overt HE episode was
the duration from time of first dose of study drug to the first
breakthrough overt HE episode. Subjects who completed the
study and did not experience a breakthrough overt HE epi-
sode were censored at the time of their 6-month visit. Subjects
who terminated early for reasons other than breakthrough
overt HE were contacted at 6 months from randomization to
determine if subjects had experienced a breakthrough overt
HE episode or other outcome (e.g., mortality status); and, if
the subject had no breakthrough overt HE event prior to
contact, he/she was censored at the time of contact. There-
fore, complete capture was achieved for breakthrough overt
HE episodes up to 6 months postrandomization. Subjects in
the study had =2 episodes of overt HE equivalent to Conn
score 22 within 6 months priorto screening (i.e., subjects had
documented recurrent, overt HE). At the baseline assessment,
subjects were in remission with a Conn score of 0 or 1. A
breakthrough overt HE episode, as defined above, was a
marked deterioration in neurological function.

[0219] Other efficacy endpoints in the first study included,
for example:

1. Time to first HE-related hospitalization;

2. Time to any increase from baseline in Conn score (mental
state grade);

3. Time to any increase from baseline in asterixis grade;

4. Mean change from baseline in fatigue domain scores on the
CLDQ at end of treatment; and

5. Mean change from baseline in venous ammonia concen-
tration at end of treatment.

[0220] Presented herein are the results of the first study and
second study. The first study was a double-blind, randomized,
placebo-controlled study evaluating the efficacy and safety of
rifaximin 550 mg BID as compared to placebo. Subjects in
remission from demonstrated recurrent, overt, episodic HE
associated with chronic, hepatic cirrhosis were randomized
on Day 0 (Visit 2) according to a 1:1 ratio to receive rifaximin
550 mg BID or placebo for 6 months. The primary efficacy
endpoint was the time to breakthrough overt HE. Break-
through overt HE was defined as an increase of Conn score to
Grade 22 (e.g., 0 or 1 to £2) or an increase in Conn and
asterixis score of 1 grade each for those subjects who entered
the study with a Conn score of 0. Subjects discontinued from
the study at the time of breakthrough overt HE episode. After
participation in the first study, subjects had the option to
enroll in the open-label, treatment-extension study (the sec-
ond study).

[0221] A total of 299 subjects were randomized to receive
rifaximin (140 subjects) or placebo (159 subjects). All ran-
domized subjects received at least 1 dose of study drug. A
total of 251 (84%) (116 [rifaximin], 135 [placebo]) subjects
completed the study as specified in the protocol (e.g., com-
pleted 6 months of treatment or withdrew from the study at
the time of breakthrough overt HE).

[0222] Subjects in the study had =2 episodes of overt HE
equivalent to Conn score 22 within 6 months prior to screen-
ing (e.g., subjects had recurrent, overt HE). At the baseline
assessment, subjects were in remission with a Conn score of
Oor 1. A breakthrough overt HE episode was a marked dete-
rioration in neurological function. Breakthrough overt HE
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episodes were experienced by 31 of 140 subjects in the rifaxi-
min group and by 73 of 159 subjects in the placebo group
during the 6-month treatment period (up to Day 170). Com-
parison of Kaplan-Meier estimates of time to breakthrough
overt HE between groups showed a protective eftect of rifaxi-
min (p<0.0001). These data show that rifaximin treatment
resulted in a 57.9% reduction, when compared with placebo,
in the risk of experiencing breakthrough overt HE. Rifaximin
treatment results in fewer overt HE episodes that may other-
wise incapacitate the patient, may alleviate the burden on
family members who are required to care for the patient, and
reduces the burden of hospitalization in this patient popula-
tion and the healthcare system.

[0223] The following prognostic factors were found to be
predictors of breakthrough overt HE episodes: baseline age
(p=0.0160), MELD score (p=0.0003), duration of current
verified remission (p=0.1089), and number of prior HE epi-
sodes (p=0.0022). These data show that rifaximin treatment,
resulted in a 60% reduction, when compared with placebo, in
the risk of experiencing a breakthrough overt HE episode
during the course of this study (p<0.0001).

[0224] Time to first HE-related hospitalization; and the fre-
quencies of HE-related and all-cause hospitalizations

[0225] Hepatic encephalopathy-related hospitalizations
(hospitalization directly resulting from HE or hospitalization
complicated by HE) were reported for 19 of 140 subjects and
36 of 159 subjects in the rifaximin and placebo groups,
respectively. Rifaximin had a protective effect against HE-
related hospitalization during the 6-month treatment period.
Subjects in the rifaximin group had a 50% reduction in the
risk of hospitalization due to HE during the 6-month treat-
ment period when compared with placebo. The HE-related
hospitalization rate was 0.38 events/PEY in the rifaximin
group versus 0.78 event/PEY in the placebo group.

[0226] Hepatic encephalopathy-caused hospitalizations
(hospitalization directly resulting from HE only) were
reported for 15 of 140 subjects and 33 of 159 subjects in the
rifaximin and placebo groups, respectively. Rifaximin had a
significant protective effect against HE-caused hospitaliza-
tion during the 6-month treatment period; hazard ratio in the
rifaximin group relative to placebo was 0.438 (95% CI: 0.238
to 0.807) (p=0.0064) for the risk of HE-caused hospitaliza-
tion. Subjects in the rifaximin group had a 56% reduction in
the risk of hospitalization due to HE during the 6-month
treatment period when compared with placebo. The
HE-caused hospitalization rate was 0.30 events/PEY in the
rifaximin group versus 0.72 event/PEY in the placebo group.
[0227] All-cause hospitalization was also lower in the
rifaximin group (46 of 140) than in the placebo group (60 of
159) (30% reduction in the rifaximin group compared with
placebo). The all cause hospitalization rate, after normalizing
for subject exposure, was 0.90 events/PEY in the rifaximin
group and 1.26 event/PEY in the placebo group. The HE-
related hospitalization rate was 0.38 event/PEY in the rifaxi-
min group and 0.78 event/PEY in the placebo group. Rifaxi-
min treatment protects against HE-related hospitalization,
thereby improving the quality of life for the patient and for
his/her caregiver, and reducing the economic cost related to
liver cirrhosis and associated HE.

[0228] Time to any increase from baseline in Conn score
and time to any increase from baseline in asterixis grade
[0229] Protective effects of rifaximin were observed with
respect to both of these endpoints when analyzed indepen-
dently; hazard ratio in the rifaximin group relative to placebo
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was 0.463 (95% CI: 0.312 t0 0.685) (p<0.0001) for the risk of
experiencing an increase in Conn score and 0.646 (95% CI:
0.414 to 1.008) (p=0.0523) for the risk of experiencing an
increase in asterixis grade during the 6-month treatment
period.

[0230] Changes from Baseline in Venous Ammonia Levels
at End of Treatment

[0231] Subjects in the rifaximin group had greater reduc-
tions in venous ammonia levels when compared to placebo-
treated subjects (p=0.0391). Venous ammonia levels, a quan-
titative assessment that is associated with the CNS effects
underlying overt HE, was found to be highly correlated to the
occurrence of breakthrough overt HE as determined by the
clinical evaluation of Conn score (or a combination of Conn
score and asterixis grade).

[0232] Tracking of Conn Scores and Asterixis Grades:
Changes from Baseline in Conn Scores and Asterixis Grades
[0233] A favorable treatment effect of rifaximin was
observed, when compared with placebo, with respect to the
proportions of subjects who had changes of -1 (improve-
ment) or 0 (no change); or 1, 2, or 3 (worsening) in Conn score
from baseline to end of treatment (last postbaseline assess-
ment or assessment at time of breakthrough HE). In the rifaxi-
min group compared to placebo, higher proportions of sub-
jects experienced Conn score changes of -1 or no change
(77.1% versus 53.9%) and lower proportions of subjects had
Conn score changes of 1, 2, 3, or 4. Thus, treatment with
rifaximin was more effective than placebo in the prevention of
worsening of Conn score (2.46 times versus placebo, p=<0.
0001).

[0234] For changes from baseline to end of treatment in
asterixis grade, significantly higher proportions of subjects in
the rifaximin group versus the placebo group had changes
from baseline in asterixis grades of -2, -1, and 0 (88.5%
versus 77.0%), and significantly lower proportions of sub-
jects had changes of 1, 2, 3, or 4 (11.6% versus 23.2%). Thus,
treatment with rifaximin was more effective than placebo in
the prevention of worsening of asterixis grade (1.92 times
versus placebo, p=0.0262).

[0235] Changes from Baseline in CFF Results

[0236] Increases in CFF results represent improvement in
neurological function in patients with HE.'®!* Subjects in the
rifaximin group had significantly greater increases in CFF
results from baseline to end of treatment when compared with
placebo. Mean changes (sstandard deviation [SD]) in CFF
results were 0.945 (£4.75) in the rifaximin group versus 0.355
(£4.70) in the placebo group (p=0.0320 for between-group
difference). Similar to venous ammonia levels, CFF was
shown to be highly predictive of breakthrough HE.

[0237] Medianexposure to study drug was 168 days (range:
10 to 178) in the rifaximin group and 110 days (range: 6 to
176) in the placebo group. A total of 64 subjects (33 [rifaxi-
min] and 31 [placebo]) received treatment for 141 to 168 days
and 98 subjects (57 [rifaximin] and 41 [placebo]) received
treatment for >168 days. Duration of exposure results are
consistent with the finding that lower proportions of subjects
in the rifaximin group than in the placebo group experienced
breakthrough overt HE resulting in study discontinuation (per
protocol, subjects discontinued from the study after break-
through overt HE).

[0238] The percentages of subjects who had treatment-
emergent AEs, severe TEAEs, drug-related TEAESs, treat-
ment-emergent SAEs, TEAEs resulting discontinuation, and
who died were similar between placebo and rifaximin groups.
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A total 079.9% of subjects (239 0 299) experienced TEAEs
during the course of the study. The most common TEAEs
(e.g., in 210% of total subjects [combined placebo plus
rifaximin]) experienced by subjects were the following: diar-
rhea (10.7% [rifaximin] versus 13.2% [placebo]), nausea (14.
3% versus 13.2%), peripheral edema (15% versus 8.2%),
fatigue (12.1% versus 11.3%), dizziness (12.9% versus
8.2%), ascites (11.4% versus 9.4%), and headache (10% ver-
sus 10.7%).

[0239] The second study is an ongoing open-label, treat-
ment-extension study evaluating the long-term safety of
rifaximin 550 mg BID in subjects with a history of recurrent,
overt, episodic HE. All eligible subjects had a history of overt
HE episodes with a documented severity equivalent to Conn
score 22 within 12 months prior to screening (Z1 qualifying
episode was required), a Conn score of =2 at the baseline
assessment, and either participated in the first study or were
new subjects. Unlike the first study, subjects were not
required to withdraw from the study after experiencing a
breakthrough overt HE episode.

[0240] A total of 267 subjects were enrolled and 208 were
active at the time of the interim clinical cutoff. Additional data
were collected for the interim report up to the time of database
freeze.

[0241] Conn scores and asterixis grades were assessed dur-
ing the course of the study. Therefore, it was possible to
determine time to breakthrough overt HE episode for subjects
who completed 6 months of rifaximin treatment in the first
study and then entered the second study, subjects who
received placebo in the first study and then started rifaximin in
the second study, and in new subjects who started rifaximin
therapy in the second study. In subjects who took rifaximin
for up to 680 days (1.9 years), breakthrough overt HE epi-
sodes during the treatment period were experienced by 72 of
266 subjects (27.1%) overall: 54 of 196 subjects (27.6%) in
the new rifaximin group and 18 of 70 subjects (25.7%) in the
continuing rifaximin group.

[0242] Time-to-first-breakthrough HE profiles were simi-
lar between the rifaximin group in the first study and the new
rifaximin group in the second study. A durable protective
effect of rifaximin was observed in subjects who received
rifaximin starting in the first study and continuing in the
second study (median exposures to rifaximin were 168 days
in the first study and 253 days in the second study)

[0243] A total of 133 of 266 subjects were hospitalized for
any cause: 98 in the new rifaximin group, and 35 in the
continuing rifaximin group. Normalizing for subject expo-
sure, this represents a hospitalization rate of 0.60 event/PEY.
A total of 59 were hospitalized due HE episodes (e.g., HE-
caused). Normalizing for subject exposure, this represents an
HE-caused hospitalization rate of 0.29 event/PEY. The low
HE-caused hospitalization rate was consistent between
rifaximin therapy in the second study (0.29 event/PEY ) and in
the first study rifaximin (0.30 event/PEY) at least partly as a
result of maintaining remission from demonstrated HE in
subjects with end-stage liver disease. Tracking of Conn
scores and asterixis grades: changes from baseline in Conn
scores and asterixis grades Conn scores were generally main-
tained or improved with rifaximin use up to 18 months. At the
last visit, 70.7% of subjects (188 of 266 subjects) had no
change and 20.3% (54 of 266) had improvements in Conn
scores compared with baseline, indicating that mental status
was maintained or improved in the majority of subjects (91%)
over the treatment period. Of the 84 subjects (70 new rifaxi-
min and 14 continuing rifaximin) who entered the study with
Conn scores of 1, 2, or 3 (e.g., those subjects for whom
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measurable improvement was possible), 54 subjects (54/
84=64.3%) showed a 1-grade (47 subjects; 56.0%) or 2-grade
(7 subjects; 8.3%) improvement from baseline at the last visit
recorded for the interim analysis. All subjects were capable of
worsening over time, and 24/266 subjects (9.0%) did so by 1
or 2 grades.

[0244] Like Conn scores, asterixis grades were generally
maintained or improved with rifaximin use up to 18 months.
At the last visit, 77.1% of subjects (205 of 266 subjects) had
no change and 16.2% (43 of 266) had improvements in
asterixis scores compared with baseline, indicating that neu-
romotor symptoms associated with increasing neurological
impairment were maintained in 83.3% of subjects over the
treatment period. Of the 67 subjects (55 new rifaximin and 12
continuing rifaximin) who entered the study with asterixis
scores of 1, 2, or 3 (e.g., those subjects for whom improve-
ment was possible), 43 subjects (43/67=64.2%) showed a
1-(34 subjects; 50.7%), 2-(4 subjects; 6.0%), or 3-grade (5
subjects; 7.5%) improvement from baseline at the last visit
recorded for this interim analysis. All subjects were capable
of' worsening over time, and 18/266 subjects (6.8%) did so by
1,2, or 4 grades; the incidence of worsening asterixis grades
were similar between the new (12/196 subjects; 6.1%) and
continuing (6/70 subjects; 8.6%) rifaximin groups.

[0245] Median exposures in study the second study were
253 days (range: 7 to 680) in the new rifaximin group (sub-
jects who received placebo in the first study or subjects who
did not participate in the first study), 265.5 days (range: 10to
673) inthe continuing rifaximin group (subjects who received
rifaximin in the first study and the second study), and 255
days (range: 7 to 680) in the all rifaximin group (all subjects
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tion and nausea (12.8% each); and abdominal pain and ascites
(10.5% each). Note that signs and symptoms associated with
HE were not considered AEs unless they met the definition of
an SAE, so the number of subject with HE counted in efficacy
analysis (72 subjects; 27.1%) is higher than that counted for
the safety analyses (57 subjects; 21.4%).

[0247] Most TEAEs were mild or moderate in intensity,
with 40.2% of subjects experiencing at least 1 TEAE that was
judged by the investigator to be severe. The incidence of
TEAEs considered related to study drug was comparable
between the new rifaximin group (7.7%) and the continuing
rifaximin group (7.1%). Treatment-emergent SAEs were
experienced by 47.4% of subjects.

[0248] FIG. 1 illustrates Kaplan-Meier estimates of time to
first breakthrough overt HE episode by treatment group in the
ITT population. Table 18 presents Kaplan-Meier estimates of
the proportions of subjects who experienced breakthrough
overt HE over the course of the Treatment Period and results
of'statistical analyses. Subjects who completed the study and
did not experience a breakthrough overt HE event were cen-
sored at the time of their 6-month visit. Subjects who termi-
nated early for reasons other than breakthrough overt HE (eg,
liver transplant, AE, subject request) were contacted at 6
months from date of randomization to determine if subjects
had experienced a breakthrough overt HE episode or other
outcome (e.g., mortality status). Subjects without break-
through overt HE were censored at the time of contact or
death, whichever was earlier. Therefore, complete capture
was achieved for breakthrough overt HE episodes up to 6
months.

TABLE 18

The First Study: Kaplan-Meier Estimates and Statistical Analyses of Time
to First Breakthrough Overt HE (up to 6 Months of
Treatment, Day 170) (ITT Population)

Placebo (N = 159)

Rifaximin (N = 140)

Probability of Probability of
Treatment Cumulative on Number Cumulative on
interval At Number number Event probability  breakthrough At of number Event probability  breakthrough
(days) risk? ofevents®  of events (SE)° overt HEY risk?  events® of events (SE)* overt HEY

0to <28 158 20 20 0.13 (0.03) 1.0000 140 13 13 0.09 (0.02) 1.0000
28 to <56 137 23 43 0.17 (0.03) 0.8734 126 4 17 0.03 (0.02) 0.9071
56 to <84 113 14 57 0.12 (0.03) 0.7262 120 6 23 0.05 (0.02) 0.8783
84 to <140 98 10 67 0.10 (0.03) 0.6363 112 7 30 0.06 (0.02) 0.8344
140 to <168 84 6 73 0.07 (0.03) 0.5713 98 1 31 0.01 (0.01) 0.7820
=168 38 0 73 0 0.5305 46 0 31 0 0.7740

Hazard ratio: 0.421°

95% CI: (0.276, 0.641)

p-value <0.0001

Table footnotes are on the next page.

“Number of subjects at risk during the treatment interval, estimated using the life table method. Assuming that censored cases were atrisk for half of the interval, they only counted for half
in figuring the number at risk.
'umber of events occurring during the treatment interval.

“Estimate of the probability of experiencing breakthrough overt HE during the treatment interval. Standard error (SE) estimated by using Greenwood’s formula.
“Estimate of the probability of no breakthrough overt HE until at least the beginning of the next treatment interval.

°Hazard ratio estimate (hazard of breakthrough overt HE in the rifaximin group compared with the placebo group) determined from the Cox proportional hazards model. P-value based on
the Score statistic.

who received rifaximin in the second study). At the time of [0249] Breakthrough overt HE episodes were experienced

this interim analysis, most subjects had received rifaximin for
6 to <9 months (21.4%) or 9 to <12 months (32.3%).

[0246] At the time of this interim analysis, TEAEs were
reported in 230 subjects (86.5%). The most common TEAEs
(e.g.,in Z10% oftotal subjects) experienced by subjects were
the following: peripheral edema (15.8%); urinary tract infec-

by 31 of 140 subjects in the rifaximin group and by 73 of 159
subjects in the placebo group during the 6-month period since
randomization (up to Day 170). Comparison of Kaplan-
Meier estimates of time to breakthrough overt HE between
groups showed a protective effect of rifaximin (p<0.0001).
These data show that rifaximin treatment resulted in a 57.9%
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reduction, when compared with placebo, in the risk of expe-
riencing breakthrough overt HE during the course of this
study. Rifaximin treatment results in fewer overt HE episodes
that may otherwise incapacitate the patient, may alleviate the
burden on family members who are required to care for the
patient, and reduces the burden of hospitalization in this
patient population and the healthcare system.

[0250] To investigate the potential effect of prognostic fac-
tors on breakthrough overt HE episode, the following prog-
nostic factors were examined:

[0251] Sex (male vs. female);

[0252] Age;

[0253] Race (white vs. non-white);

[0254] Analysis Region (North American vs. Russia);
[0255] MELD Level;

[0256] Conn Score (0 vs. 1);

[0257] Diabetes at Baseline (Yes vs. No);

[0258] Duration of current verified remission; and

[0259] Number of HE Episodes within the past 6 months

prior to randomization.

[0260] Strong independent predictors of breakthrough
overt HE episodes were the baseline age (p=0.0160), MELD
score (p=0.0003), duration of current verified remission (p=0.
1089), and number of prior HE episodes (p=0.0022).

[0261] These data show that rifaximin treatment, after
adjusting for significant prognostic factors, resulted in a 60%
reduction, when compared with placebo, in the risk of expe-
riencing a breakthrough overt HE episode during the course
of'this study. The most influential prognostic factors were age
(p=0.0315) and baseline MELD score (p=0.0003).

[0262] The results indicate that the highly significant pro-
tective effect of rifaximin (p<0.0001) against breakthrough
overt HE episodes was maintained in the presence of statis-
tically significant competing factors.

[0263] In the second study, median exposures were 253
days (range: 7 to 680) in the new rifaximin group (subjects
who received placebo in the first study or subjects who did not
participate in the first study), 265.5 days (range: 10to 673) in
the continuing rifaximin group (subjects who received rifaxi-
min in the first study and the second study), and 255 days
(range: 7 to 680) in the all rifaximin group (all subjects who
received rifaximin in the second study

[0264] In subjects who took rifaximin for up to 680 days
(1.9 years), breakthrough overt HE episodes during the treat-
ment period were experienced by 72 of 266 subjects (27.1%)
overall: 54 of 196 subjects (27.6%) in the new rifaximin
group and 18 of 70 subjects (25.7%) in the continuing rifaxi-
min group. FIG. 2 compares subjects who participated in the
double-blind, randomized the first study with new rifaximin
subjects in the long-term, open-label study, the second study.
[0265] The Kaplan-Meier estimates of time to first break-
through overt HE episode were similar between the rifaximin
group in the first study and new rifaximin subjects in the
second study. Also, similar proportions of subjects had break-
through overt HE in the rifaximin group of the first study
(22%; 31 of 140 [rifaximin group]) and in the new rifaximin
group of the second study (27.6%, 54 of 196). Adjusted for
exposure, rates of breakthrough HE episodes were 0.62
events/PEY in the rifaximin group from the first study com-
pared to 0.38 events/PEY for new rifaximin subjects in the
second study. These data demonstrate that protection against
breakthrough overt HE in subjects who received rifaximin
was consistent between the 2 studies.
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[0266] Note for FIG. 7, the survival distribution estimate on
y-axis represents the proportion of subjects without break-
through overt HE.

[0267] The first study data on time to first breakthrough
overt HE episode are shown for the rifaximin group (small
dashes) and the placebo group (straight line). The second
study data on time to first breakthrough overt HE episode in
the new rifaximin group are shown in large dashes.

[0268] In FIG. 8, the first study placebo subjects were fol-
lowed after they crossed over to rifaximin therapy in the
second study. Breakthrough overt HE was experienced by 15
of 82 during rifaximin treatment versus 39 of 82 during pla-
cebo treatment. A striking protective effect of rifaximin was
observed in the comparison of Kaplan-Meier estimates of
time to first breakthrough overt HE between placebo experi-
ence in the first study and rifaximin experience in the second
study. The hazard ratio of rifaximin to placebo was 0.302
(95% CI: 0.166 to0 0.549, p<0.0001 for between group differ-
ence in relative risk). This result represents 70% reduction in
risk of experiencing breakthrough overt HE during rifaximin
treatment in the second study when compared with their prior
placebo experience in the first study.

[0269] Note for FIG. 8, the survival distribution estimate on
y-axis represents the proportion of subjects without break-
through overt HE. the first study data on time to first break-
through overt HE episode are shown in the left panel for the
placebo group. The right panel shows time to first break-
through overt HE in the second study among the first study
placebo subjects (n=82) who crossed over to rifaximin
therapy in the second study. The vertical line between the left
and right panels marks the end of the double-blind study and
start of the open-label study.

[0270] FIG. 9 illustrates time to first HE-related hospital-
ization (e.g., hospitalization directly resulting from HE or
hospitalization caused by HE) by treatment group in the ITT
population in the first study. Table 19 presents estimates of the
proportions of subjects who had their first HE-related hospi-
talization over the course of the Treatment Period and results
of statistical analyses. Subjects who discontinued prior to
hospitalization due to HE and prior to completion of the
6-month treatment period were censored at the time of dis-
continuation. Hepatic encephalopathy-related hospitaliza-
tions were reported for 19 of 140 subjects and 36 of 159
subjects in the rifaximin and placebo groups, respectively.
Rifaximin had a protective effect against HE-related hospi-
talization during the 6-month treatment period; hazard ratio
in the rifaximin group relative to placebo was 0.500 (95% CI:
0.287 to 0.873) (p=0.0129) for the risk of HE-related hospi-
talization. This hazard ratio represents a 50% reduction, when
compared with placebo, in the risk of hospitalization due to
HE during the 6-month treatment period. Consistent with
these results, the HE-related hospitalization rate was 51%
lower (0.38 event/PEY, rifaximin versus 0.78 event/PEY, pla-
cebo) in the rifaximin group in the first study, after normal-
ization to exposure.

[0271] Note for FIG. 9, the survival distribution estimate on
y-axis represents the proportion of subjects without HE-re-
lated hospitalization. Dashed line represents rifaximin group
and solid line represents placebo group. Open circles and
open triangles represent censored subjects. Subjects who dis-
continued prior to hospitalization due to HE and prior to
completion of the 6-month treatment period were censored at
the time of discontinuation. Hepatic encephalopathy-related
hospitalization was recorded on the HE-related hospitaliza-
tion CRF.
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TABLE 19

The First Study: Kaplan-Meier Estimates and Statistical Analyses of Time
to First HE-Related Hospitalization (up to 6 Months of Treatment, Day
170) (ITT Population)

Placebo (N =159)

Rifaximin (N = 140)

Probability of Probability of
Treatment Cumulative on HE- Number Cumulative on HE-
interval At Number number Event probability related At of number Event probability related

(days) risk® ofevents®  of events (SE)© hospitalization? risk® events®  of events (SE)© hospitalization?
0to <28 155 11 11 0.07 (0.02) 1.0000 139 4 0.03 (0.01) 1.0000
28 to <56 132 12 23 0.09 (0.03) 0.9288 130 4 8 0.03 (0.02) 09711
56 to <84 108 7 30 0.06 (0.02) 0.8440 119 4 12 0.03 (0.02) 0.9411
84 to <140 88 4 34 0.05 (0.02) 0.7893 106 5 17 0.05 (0.02) 0.9094
140 to <168 72 2 36 0.03 (0.02) 0.7535 92 2 19 0.02 (0.02) 0.8665
=168 34 0 36 0 0.7525 43 0 19 0 0.8475

Abbreviations:
CI = confidence interval;

SE = standard error.

“Number of subjects at risk during the treatment interval, estimated using the life table method. Assuming that censored cases were at risk for half of the interval, they only counted for half

in figuring the number at risk.
“Number of events occurring during the treatment interval.

“Estimate of the probability of experiencing HE-related hospitalization during the treatment interval. Standard error (SE) estimated by using Greenwood’s formula.

“Estimate of the probability of no HE-related hospitalization until at least the beginning of the next treatment interval.

°Hazard ratio estimate (hazard of HE-related hospitalization in the rifaximin group compared with the placebo group) determined from the Cox proportional hazards model. P-value based

on the Score statistic.

[0272] The effect of rifaximin therapy on HE-caused hos-
pitalizations (e.g., hospitalization directly resulting from HE
only) was also determined. FIG. 5 illustrates time to first
HE-caused hospitalizations by treatment group in the first
study.

[0273] Hepatic encephalopathy-caused hospitalizations
were reported for 15 of 140 subjects and 33 of 159 subjects in
the rifaximin and placebo groups, respectively. Rifaximin had
a significant protective effect against HE-caused hospitaliza-
tion during the 6-month treatment period; hazard ratio in the
rifaximin group relative to placebo was 0.438 (95% CI: 0.238
to 0.807) (p=0.0064) for the risk of HE-caused hospitaliza-
tion. Subjects in the rifaximin group had a 56% reduction in
the risk of hospitalization due to HE during the 6-month
treatment period when compared with placebo. The
HE-caused hospitalization rate was 0.30 events/PEY in the
rifaximin group versus 0.72 event/PEY in the placebo group.
[0274] Note for FIG. 10, the survival distribution estimate
on y-axis represents the proportion of subjects without HE-
caused hospitalizations. Dashed line represents rifaximin
group and solid line represents placebo group. Open circles
and open triangles represent censored subjects. Subjects who
discontinued prior to hospitalization were censored at the
time of discontinuation.

[0275] The effect of rifaximin therapy on all-cause hospi-
talizations was also determined. In the double-blind the first
study, 46 of 140 rifaximin subjects and 60 of 159 placebo
subjects were hospitalized due to any SAE. The risk of all-
cause hospitalization was reduced by 30% in the rifaximin
group when compared to placebo (p=0.0793 for between-
group difference in relative risk). The all-cause hospitaliza-
tion rate was 0.92 events/PEY in the rifaximin group versus

1.31 event/PEY in the placebo group. These data demon-
strated that rifaximin treatment reduced the burden of HE-
related/caused hospitalization when compared to placebo
treatment in the first study. Also, a low HE-related/caused
hospitalization rate was consistently observed during rifaxi-
min therapy in the first study (0.38 event/PEY) and in the
second study (0.29 event/PEY), at least partly as a result of
maintaining remission from demonstrated HE in subjects
with end-stage liver disease.

[0276] FIG. 11 illustrates time to any increase from base-
line in Conn score by treatment group in the ITT population.
Table 20 presents estimates of the proportions of subjects who
had any increase in Conn score over the course of the Treat-
ment Period and results of statistical analyses. Subjects who
discontinued prior to experiencing an increase in Conn score
and prior to completion of the 6-month treatment period were
censored at the time of discontinuation. By evaluating the
time to any increase from baseline in Conn score, it was
possible to compare the earliest worsening in mental status
between subjects in the rifaximin and placebo treatment
groups, even if the worsening did not reach the definition of
breakthrough HE (eg, increase in Conn score from 0 to 1).
Increases in Conn score were reported for 37 of 140 subjects
and 77 of 159 subjects in the rifaximin and placebo groups,
respectively. A highly significant protective effect of rifaxi-
min was observed; hazard ratio in the rifaximin group relative
to placebo was 0.463 (95% CI: 0.312 10 0.685) (p<0.0001) for
the risk of experiencing an increase in Conn score (e.g.,
worsening in mental status) during the 6-month treatment
period.
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The First Study: Kaplan-Meier Estimates and Statistical Analyses of Time to
First Increase in Conn Score (up to 6 Months of Treatment, Day 170)

(ITT Population)

Placebo (N = 159)

Rifaximin (N = 140)

Treatment Cumulative Probability of Number Cumulative Probability of

interval At Number number Event probability —noincreasein = At of number Event probability  no increase in

(days) risk® ofevents®  of events (SE)© Conn score?  risk® events®  of events (SE)© Conn score?
0to <28 156 26 26 0.17 (0.03) 1.0000 139 17 17 0.012 (0.03) 1.0000
28 to <56 125 21 47 0.17 (0.03) 0.8333 119 5 22 0.04 (0.02) 0.8777
56 to <84 100 15 62 0.15 (0.04) 0.6928 109 9 31 0.08 (0.03) 0.8407
84 to <140 80 10 72 0.13 (0.04) 0.5883 94 5 36 0.05 (0.02) 0.7713
140 to <168 62 5 71 0.08 (0.03) 0.5143 79 0 36 0 0.7302
=168 27 0 71 0 0.4729 37 1 37 0.03 (0.03) 0.7302

Abbreviations:

CI = confidence interval;
SE = standard error.

“Number of subjects at risk during the treatment interval, estimated using the life table method.

"Number of events occurring during the treatment interval. Assuming that censored cases were at risk for half of the interval, they only counted for half in figuring the number at risk.
“Kaplan-Meier estimate of the probability of experiencing an increase in Conn score during the treatment interval. Standard error (SE) estimated by using Greenwood’s formula.

“Estimate of the probability of no increase in Conn score until at least the beginning of the next treatment interval.
°Hazard ratio estimate (hazard of experiencing an increase in Conn score in the rifaximin group compared with the placebo group) determined from the Cox proportional hazards model.

P-value based on the Score statistic.

[0277] FIG. 12 illustrates time to any increase from base-
line in asterixis grade by treatment group in the ITT popula-
tion in the first study. Table 21 presents estimates of the
proportions of subjects who had any increase in asterixis
grade over the course of the Treatment Period and results of
statistical analyses. Subjects who discontinued prior to expe-
riencing an increase in asterixis grade and prior to completion
of'the 6-month treatment period were censored at the time of
discontinuation.

subjects in the rifaximin and placebo groups, respectively. A
protective effect of rifaximin against an increase in asterixis
grade (e.g., worsening in neuromotor functioning) was
observed that showed a trend toward statistical significance;
hazard ratio in the rifaximin group relative to placebo was
0.646 (95% CI: 0.414 to 1.008) (p=0.0523) for the risk of
experiencing an increase in asterixis grade during the
6-month treatment period.

TABLE 21

The First Study: Kaplan-Meier Estimates and Statistical Analyses of Time to
First Increase in Asterixis Grade (up to 6 Months of Treatment, Day 170)

(ITT Population)
Placebo (N = 159) Rifaximin (N = 140)

Probability of Probability of

Treatment Cumulative 10 increase in Number Cumulative 1o increase in
interval At Number number Event probability asterixis At of number Event probability asterixis
(days) risk? ofevents®  of events (SE)° grade? risk?  events® of events (SE)* grade?
0to <28 154 20 20 0.13 (0.03) 1.0000 137 13 13 0.10 (0.03) 1.0000
28 to <56 120 15 35 0.13 (0.03) 0.8697 116 7 20 0.06 (0.02) 0.9048
56 to <84 91 4 39 0.04 (0.02) 0.7610 101 7 27 0.07 (0.03) 0.8499
84 to <140 76 6 45 0.08 (0.03) 0.7275 87 3 30 0.03 (0.02) 0.7910
140 to <168 61 4 49 0.07 (0.03) 0.6701 74 1 31 0.01 (0.01) 0.7637
=168 27 1 50 0.04 (0.04) 0.6262 34 1 32 0.03 (0.03) 0.7534

Abbreviations:

CI = confidence interval;
SE = standard error.

“Number of subjects at risk during the treatment interval, estimated using the life table method. Assuming that censored cases were atrisk for half of the interval, they only counted for half

in figuring the number at risk.
'umber of events occurring during the treatment interval.

“Estimate of the probability of experiencing an increase in asterixis grade during the treatment interval. Standard error (SE) estimated by using Greenwood’s formula.
“Estimate of the probability of no increase in asterixis grade until at least the beginning of the next treatment interval.
°Hazard ratio estimate (hazard of experiencing an increase in asterixis grade in the rifaximin group compared with the placebo group) determined from the Cox proportional hazards model.

P-value based on the Score statistic.

[0278] By evaluating the time to any increase from baseline
in asterixis grade, it was possible to compare the earliest
worsening in neuromotor functioning between subjects in the
rifaximin and placebo treatment groups. Increases in asterixis
grade were reported for 32 of 140 subjects and 50 of 159

Subjects ranked their level of fatigue by using a 7-point scale
from the worst response (1, high degree of fatigue) the best
response (7, minimal fatigue). Minimal differences between
placebo and rifaximin groups were observed in the changes
from baseline in CLDQ fatigue scores. Mean (SD) fatigue
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scores were 3.34 (1.406) versus 3.28 (1.326) at baseline and
3.51 (1.529) versus 3.57 (1.527) in the placebo and rifaximin
groups, respectively. Because of altered mental and neuro-
motor status, it was not possible for subjects to complete the
CLDQ assessment during an overt HE breakthrough episode.
[0279] Table 22 summarizes changes from baseline to end
of treatment in venous ammonia level by treatment group in
the first study.

[0280] In the first study, venous ammonia levels were
highly variable over the course of the study. However, sub-
jects in the rifaximin group had significantly greater reduc-
tions in venous ammonia levels when compared to placebo-
treated subjects (p=0.0391). Venous ammonia levels, a
quantitative assessment that is associated with the CNS
effects underlying overt HE, was shown to be highly predic-
tive of the occurrence of breakthrough overt HE as deter-
mined by the clinical evaluation of Conn score (or a combi-
nation of Conn score and asterixis grade), thereby
underscoring the reliability and clinical relevance of the pri-
mary efficacy measure. The significant correlation of the pri-
mary efficacy endpoint to a venous ammonia levels demon-
strates the reliability and clinical relevance of the primary
efficacy measure in the first study.

TABLE 22

The First Study: Mean (SD) Changes from Baseline
in Venous Ammonia Level by Treatment Group (ITT Population

Placebo Rifaximin

N=159 N =140

(ng/dL) (ngrdL)
Baseline n =146 n=132
Mean (SD) ammonia level 90.3 (52.48) 87.9 (47.76)
End of treatment n =141 n=132
Mean (SD) ammonia level 88.4 (45.75) 83.9 (45.02)
Change from baseline to end of treatment n =131 n=125

Mean (SD) change in ammonia level -0.3 (58.13) -5.7 (46.77)

Note:

Baseline value was the last available value prior to first dose of study drug, and end of
treatment value was the last available post-baseline value during the treatment period.

The Second Study

[0281] In the second study, Conn scores were generally
maintained or improved with rifaximin use up to 18 months.
At the last visit, 70.7% of subjects (188 of 266 subjects) had
no change and 20.3% (54 of 266) had improvements in Conn
scores compared with baseline, indicating that mental status
was maintained or improved in the majority of subjects (91%)
over the treatment period. Like Conn scores, asterixis grades
were generally maintained or improved with rifaximin use up
to 18 months. At the last visit, 77.1% of subjects (205 of 266
subjects) had no change and 16.2% (43 of 266) had improve-
ments in asterixis scores compared with baseline, indicating
that neuromotor symptoms associated with increasing neuro-
logical impairment were maintained in 83.3% of subjects
over the treatment period. The last visit for the second study
is the last visit recorded for the interim analysis.

[0282] Maintenance or improvement in Conn scores were
observed for >85% of subjects during rifaximin treatment for
up to 840 days; mean (xSD) exposure for all rifaximin expe-
rience was 273.8 (160.92) days (exposure results are present
in detail in the ISS, Module 5.3.5.3.2). A total of 65.5% of
subjects (220 0f337) had no change in Conn score and 21.1%
(71 of 337) had improvements in Conn score from baseline to
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last visit. Similarly, maintenance or improvements in
asterixis grades were observed for >90% of subjects during
rifaximin treatment. No change from baseline in asterixis
grade was reported for 75.2% of subjects (252 of 337), and
17.3% had improvements.

[0283] Of the 118 subjects who entered the study with a
Conn score of Z1, e.g., those subjects for whom improve-
ment was possible, 62.2% (71 of 118) showed an improve-
ment from baseline to Conn score 0 at last assessment. Also,
ofthe 99 subjects who entered with an asterixis grade of =1,
ie those subjects for whom improvement in asterixis grade
was possible, 58.6% (58 of 99) showed improvement in
asterixis grade from baseline to end of study.

[0284] Changes from baseline in Conn scores and asterixis
grades to last visit were similar among new rifaximin subjects
in the second study (e.g., started rifaximin in 3002), continu-
ing rifaximin subjects (e.g., received rifaximin in the first
study and in the second study), and all rifaximin experience
subjects (e.g., received rifaximin in the first study or in the
second study).

[0285] These results support those from the first study, in
which treatment with rifaximin was significantly more effec-
tive than placebo in the prevention of worsening of Conn
score (2.46 times versus placebo, p<0.0001) and in the pre-
vention of worsening of asterixis grade (1.92 times versus
placebo, p=0.0262).

[0286] Changes from Baseline in CFF Results (the First
Study)
[0287] Increases in CFF results represent improvement in

neurological function in patients with HE. Subjects in the
rifaximin group had significantly greater increases in CFF
results from baseline to end of treatment when compared with
placebo (Table 23). Mean changes (+SD) in CFF results were
0.945 (£4.75) in the rifaximin group versus 0.355 (£4.70) in
the placebo group (p=0.0320 for between-group difference).
[0288] Similar to the correlation for venous ammonia lev-
els, there was a strong correlation between the quantitative
assessment of CFF results and the occurrence of break-
through overt HE.

TABLE 23

Mean (SD) Changes from Baseline
in CFF Test Results by Treatment Group (ITT Population

Placebo Rifaximin

N-159 N-140

(Hz) (Hz)
Baseline n=159 n=140
Mean (SD) CFF result 37.41 (6.03) 36.90 (5.47)
End of treatment n=155 n=139
Mean (SD) CFF result 37.60 (5.98) 37.81 (4.88)
Change from baseline to end of treatment n =155 n=139

Mean (SD) change in CFF result 0.355 (4.70) 0.945 (4.75)

Note:
Bascline value was the last available value prior to first dose of study drug, and end of

treatment value was the last available post-baseline value during the treatment period.

[0289] A retrospective chart review was performed for 145
patients with HE who received lactulose 30 mL twice daily
for 26 months followed by treatment with rifaximin 400 mg
3 times/day for =6 months. Dramatic differences were
observed in favor of rifaximin treatment. Compliance of
Z75% was significantly better during rifaximin treatment
than during lactulose treatment; 92% versus 31% of patients
received Z75% of scheduled rifaximin and lactulose doses,
respectively. Total number of hospitalizations, duration of
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hospitalizations, HE endpoints, and cost of therapy were
compared between the 2 treatment regimens. Significantly
fewer hospitalizations (0.5 versus 1.6) and days hospitalized
(2.5 versus 7.3 days) were reported for rifaximin treatment
versus lactulose treatment (p<0.001), and hospitalization
charges per patient were $14,222 compared with $56,635
during rifaximin and lactulose treatments, respectively.

[0290] With respect to HE endpoints at the end of the treat-
ment periods, asterixis was reported for 63% (rifaximin) ver-
sus 93% (lactulose) of patients (p<0.001), and Conn scores of
3 or 4 were observed for 6% (rifaximin) versus 25% (lactu-
lose) (p<0.001). In addition, significantly more patients had
diarrhea, flatulence, and abdominal pain during lactulose
therapy than during rifaximin therapy (p<0.001).

[0291] Hospitalizations and cost of therapy were analyzed
in a chart review of 39 liver transplant patients who presented
with HE Conn scores of 2 during the interval from January
2004 to November 2005. Twenty-four patients were treated
with lactulose and 15 were treated with rifaximin. Nineteen
hospitalizations were reported for the lactulose group and 3
hospitalizations for the rifaximin group. The average length
of'stay was significantly shorter in the rifaximin group than in
the lactulose group (3.5 days [range, 3-4] versus 5.0 days
[range, 3 to 10] [p<0.001]). The average annual total cost of
treatment (hospitalization, emergency room visit, and drug
cost) per patient was $7958 for the rifaximin group and $13,
285 for the lactulose group. Although the cost of rifaximin
was substantially higher than the cost of lactulose, total cost
of treatment (hospitalization plus drug cost) was 1.67-fold
higher in patients who were treated with lactulose.

[0292] Durability of Rifaximin Treatment Effect

[0293] Data from the second study provide information on
the long-term durability of rifaximin for the protection
against breakthrough overt HE episodes. Rifaximin treated
subjects from the first study who were in remission at the end
of the first study (6 months treatment) were followed during
open-label study the second study (n=60). Time to first break-
through HE episode is shown for the rifaximin rollover sub-
jects (the first study plus the second study) and the first study
placebo subjects in FIG. 15. The incidence of breakthrough
overt HE in these rollover rifaximin subjects was compared to
placebo subjects in the first study. The incidence of break-
through HE episode for rifaximin subjects was dramatically
lower than the first study placebo group (ratio of rollover
rifaximin to placebo was 0.0797 after adjusting for exposure
time, p<0.0001 for difference between rifaximin and placebo.
[0294] These results demonstrated that rifaximin had a
durable protective effect beginning in the first study and con-
tinuing in the second study (median exposures to rifaximin
were 168 days in the first study and 253 days in the second
study).

[0295] Note for FIG. 13, the survival distribution estimate
on y-axis represents the proportion of subjects without break-
through overt HE. Dashed lines represents rifaximin treated
subjects from the first study who were in remission at the end
of the first study (6 months treatment) and were followed
during open-label study the second study (n=60), and solid
line represents the placebo group in the first study. The ver-
tical line marks the end of the double-blind study and start of
the open-label study. Open circles represent censored sub-
jects in the first study placebo group and open triangles rep-
resent censored subjects in the continuing rifaximin group.
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Subjects who discontinued prior to the first breakthrough
overt HE episode were censored at the time of discontinua-
tion.

[0296] Unlike the first study, in which subjects were dis-
continued from the study after experiencing their first break-
through overt HE episode, subjects had the option of continu-
ing rifaximin therapy in the second study after experiencing
breakthrough overt HE. Therefore, the incidence of break-
through overt HE over time during rifaximin therapy was
evaluated. Table 24 presents breakthrough overt HE episodes
by total number of HE episodes during the course of the study.
[0297] Inthe all rifaximin group, 27.1% of subjects (72 of
266) had Z1 breakthrough overt HE episode. Of the 72 sub-
jects with breakthrough HE, most had 1 (44 subjects) or 2 (18
subjects) episodes. Ten subjects had 3 or more breakthrough
HE episodes in the second study.

TABLE 24

the second study: Breakthrough Overt HE Episodes
by Number of Repeat Episodes

New Continuing All
Rifaximin  Rifaximin Rifaximin
N=196 N=70 N =266
1 (%) 1 (%) 1 (%)
Subjects with 21 breakthrough 54 (27.6) 18 (25.7) 72 (27.1)
overt HE episode
Total number of HE episodes®
during the study:
1 34 (17.3) 10 (14.3) 44 (16.5)
2 12 (6.1) 6 (8.6) 18 (6.8)
3 4(2.0) 0 4(1.5)
4 1(0.5) 1(1.4) 2(0.8)
5 1(0.5) 0 1(04)
6 0 1(1.4) 1(04)
10 2 (1.0 0 2(0.8)

Abbreviation:
HE = hepatic encephalopathy
“Number of HE episodes. Subjects were counted only once for each number of overt HE

episodes. For example, if a subject experienced 3 episodes, he/she was included in the row
showing 3 episodes only, and was not also counted in the rows for 2 and 1 episodes.

Effect of Rifaximin on the Incidence of Overt HE Episodes
(HE Burden)

[0298] The effect of rifaximin therapy on the incidence of
overt HE episodes (e.g., burden of HE), the numbers of HE
episodes in the first study or the second study were compared
to the numbers of HE episodes in the absence of rifaximin
therapy. The 6-month interval prior to the first study or the
12-month interval prior to the second study was compared
against rifaximin therapy in either study. The time of partici-
pation in the first study did not reflect experience in the
absence of rifaximin therapy, therefore, for subjects who
rolled over to the second study without an HE episode in the
first study, the 12-month interval prior to the second study was
used for comparison. Most subjects in the second study (152
0f'266) were also in the first study. Overt HE episodes in the
second study were combined with the first study because,
unlike the first study, subjects in the second study had the
option of remaining on rifaximin after experiencing their first
breakthrough HE episode. The numbers of overt HE episodes
experienced during the 6-month or 12-month intervals prior
to the first study or prior to the second study were known.
While 30.8% of subjects had >2 HE episodes during the
6-month or 12-month interval prior to rifaximin therapy, only
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3.6% of subjects had >2 HE episodes during rifaximin
therapy for up to 840 days (median exposure=253 days [~8
months]) in the first study plus the second study. This differ-
ence in the incidence of HE episodes while subjects were
receiving rifaximin when compared to the absence of rifaxi-
min therapy suggests a strong effect of rifaximin in relieving
the burden of overt HE episodes in patients with recurrent,
overt HE associated severe liver disease.

[0299] Hepatic encephalopathy is a serious, rare, complex,
episodic, neuropsychiatric syndrome associated with
advanced liver disease. Hepatic encephalopathy is a formi-
dable burden on the patient, his/her family, and the healthcare
system. Overt HE episodes are debilitating, render the patient
incapable of self-care, and frequently result in hospitaliza-
tion. Rifaximin has been granted orphan drug status for the
HE indication because the disease is serious and chronically
debilitating (further described in Section 1.1); and there is a
low incidence of HE in the general population. Also, there is
an unmet medical need for patients with HE because of limi-
tations of the current standard of care.

[0300] Without wishing to be bound by any specific scien-
tific theories, it is believed that the mechanism of action of
rifaximin depends on the inhibition of DNA-dependent RNA
polymerase of the target microorganisms, leading to the sup-
pression of initiation of chain formation in RNA synthesis.
Rifaximin has a lower rate of fecal eradication of pathogens
compared with other commonly used antibacterial drugs and
causes minimal alterations in gut flora suggesting that rifaxi-
min has a different mechanism of action than other commonly
used drugs in enteric bacterial infection, such as the fluoro-
quinolones. The antibacterial properties of rifaximin appear
to result from bactericidal activity at rifaximin concentrations
greater than or equal to the MIC, and from alterations in
bacterial morphology and physiological functioning, which
have been observed at sub-MIC concentrations.

[0301] It was unexpectedly discovered herein, that the risk
of the development of antibiotic resistance is low during
chronic treatment with rifaximin when compared to other
systemic antibiotics such as neomycin. The low risk of anti-
biotic resistance during rifaximin therapy is likely due to the
fact that resistance to rifaximin is not plasmid-mediated but
instead requires a stable mutation in host cell DNA; therefore,
dissemination of resistance and cross-resistance to other anti-
biotics by plasmid-based mechanisms are eliminated. Also,
bacteria at sites outside of the GI tract are not exposed to
appreciable selective pressure because of negligible systemic
concentrations of rifaximin. Additionally, microbiological
data from a study of patients with ulcerative colitis who were
receiving high doses of rifaximin showed that rifaximin-re-
sistant bacterial colonies generated during in vivo exposure to
rifaximin were unstable and susceptibility returned after a
brief period of treatment interruption.

[0302] Rifaximin treatment results in fewer overt HE epi-
sodes that may otherwise incapacitate the patient, may alle-
viate the burden on family members who are required to care
for the patient, and reduces the burden of hospitalization in
this patient population and the healthcare system. The follow-
ing are results from the second study with respect to time to
first breakthrough overt HE episode:

[0303] The protective effect was reproducible: the time to
first breakthrough overt HE episode results were similar
between the rifaximin group in the first study and new rifaxi-
min subjects in the second study; and 22% and 27.6% had
breakthrough overt HE in the first study rifaximin group and
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the second study new rifaximin group, respectively. Adjusted
for exposure, rates of breakthrough HE episodes were 0.62
events/PEY in the rifaximin group from the first study com-
pared to 0.38 events/PEY for new rifaximin subjects in the
second study. These data demonstrate that protection against
breakthrough overt HE in subjects who received rifaximin
was consistent between the 2 studies. Additionally, when the
first study placebo subjects crossed over to rifaximin therapy
by entering the second study, a striking protective effect of
rifaximin was observed in the comparison of Kaplan-Meier
estimates of time to first breakthrough overt HE between
placebo experience in the first study and rifaximin experience
in the second study. The hazard ratio of rifaximin to placebo
was 0.302 (95% CI: 0.166 to 0.549, p<0.0001 for between
group difference in relative risk). This result represents 70%
reduction in risk of experiencing breakthrough overt HE dur-
ing rifaximin treatment in the second study when compared
with their prior placebo experience in the first study. This
reduction took place in spite of the aging and presumably
progressing nature of the population with chronic liver dis-
ease.

[0304] The protective effect was durable: the Kaplan-Meier
estimate of time-to-first breakthrough HE demonstrated long-
term maintenance of remission from breakthrough HE when
rifaximin subjects in remission after participation in the first
study were followed in the second study (up to 680 days of
rifaximin therapy; median exposure durations were 168 days
in the first study and 253 days in the second study). The
incidence of breakthrough HE episode for these rifaximin
subjects relative to the first study placebo was dramatically
low, an indication of fewer breakthrough HE episodes with
rifaximin treatment (p<0.0001 for difference in relative risk
between rifaximin and placebo).

[0305] Results for other efficacy endpoints also demon-
strated statistically significant protective effects of rifaximin.
In the first study, the analysis of time to first HE-related
hospitalization (e.g., hospitalization directly resulting from
HE or hospitalization complicated by HE) demonstrated that
the reduction in risk of hospitalization due to HE was 50% in
the rifaximin group, when compared with placebo, during the
6-month treatment period (p=0.0129 for between-group dif-
ference in relative risk). In the first study, the risk of HE-
caused hospitalization (e.g., hospitalization directly resulting
from HE only) was reduced by 56% (p=0.0064 for between-
group difference in relative risk), and the risk of all-cause
hospitalization was reduced by 30% in the rifaximin group
compared with the placebo group (p=0.0793 for between-
group difference in relative risk). In the first study, the risk of
all-cause hospitalization rate was reduced by 30% in the
rifaximin group when compared to placebo (p=0.0793 for
between-group difference in relative risk). The all-cause hos-
pitalization rate was 0.92 events/PEY in the rifaximin group
versus 1.31 event/PEY in the placebo group.

[0306] Inthe second study, the low HE-caused hospitaliza-
tion rate was maintained at rates consistent with those in the
first study: HE-caused hospitalization rate was 0.29 event/
PEY and all cause hospitalization in the second study was
0.66 event/PEY. The consistently low HE-related/HE-caused
hospitalization rate in rifaximin-treated subjects in the first
study and in the second study was at least partly a result of
maintaining remission from demonstrated HE in subjects
with end-stage liver disease.

[0307] The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many changes
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and modifications can be made thereto without departing
from the spirit or scope of the appended claims.

What is claimed is:

1. A method of treating or preventing hepatic encephalopa-
thy (HE) comprising administering to a subject in need
thereof a gastrointestinal (GI) specific antibiotic.

2. The method of claim 1, wherein the GI specific antibiotic
maintains remission of HE in the subject.

3. A method of decreasing a subject’s risk of a hepatic
encephalopathy (HE) breakthrough episode comprising
administering a GI specific antibiotic to a subject suffering
from HE.

4. The method of claim 3, wherein the risk of the episode
for subjects having a last HE episode equal to, or greater than,
90 days prior to the administration is reduced by about 58%.

5. The method of claim 3, wherein the risk of the episode
for subjects having a last HE episode equal to, or greater than,
90 days prior to the administration is reduced by between
about 30% to 70%.

6. The method of claim 3, wherein the risk of the episode
for subjects having a last HE episode greater than 90 days
prior to the administration is decreased by between about
60%.

7. The method of claim 3, wherein the risk of the episode
for subjects having a last HE episode greater than 90 days
prior to the administration is decreased by between about 2%
to 80%.

8. The method of claim 3, wherein the risk of the episode
for subjects having two or fewer HE episodes in the six
months prior to the administration is reduced by about 56%.

9. The method of claim 3, wherein the risk of the episode
for subjects having 2 or fewer HE episodes in the six months
prior to administration is reduced by between about 20% to
70%.

10. The method of claim 3, wherein the risk of the episode
for subjects having greater than two HE episodes in the six
months prior to rifaximin administration is reduced by about
63%.

11. The method of claim 3, wherein the risk of the episode
for subjects having greater than two HE episodes in the six
months prior to the administration is reduced by between
about 30% to about 80%.

12. The method of claim 3, wherein the risk of the episode
is decreased by about 58%.

13. The method of claim 3, wherein the risk of the episode
is decreased by between about 40% to about 70%.

14. A method of maintaining remission of HE in a subject
comprising administering a GI specific antibiotic to a subject
suffering from HE.

15. A method of reducing the frequency of hospitalization
visits by an HE patient, comprising administering a GI spe-
cific antibiotic to a subject suffering from HE.

16. The method of claim 15, wherein administration of
rifaximin reduces hospitalization frequency by about 48%.

17. The method of claim 15, wherein administration of
rifaximin reduces hospitalization frequency by from between
about 13% to about 69%.

18. The method of claim 1, 3, 14, or 15 wherein the GI
specific antibiotic comprises a rifamycin class antibiotic.

19. The method of claim 1, 3, 14, or 15, wherein the GI
specific antibiotic comprises rifaximin.

20. The method of claim 19, wherein 550 mg of rifaximin
is administered to the subject two times per day (BID).
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21. The method of claim 19, wherein 275 mg of rifaximin
is administered to the subject four times per day.

22. The method of claim 19, wherein 275 mg of rifaximin
is administered to the subject as two dosage forms two times
per day.

23. The method of claim 1, 3, 14, or 15, wherein the GI
specific antibiotic is administered to the subject for six
months.

24. The method of claim 1, 3, 14, or 15, wherein the GI
specific antibiotic is administered to the subject for one year.

25. The method of claim 1, 3, 14, or 15, wherein the GI
specific antibiotic is administered to the subject for two to
three years.

26. The method of claim 1, 3, 14, or 15, wherein the GI
specific antibiotic is administered daily to the subject until the
subject’s death.

27. The method of claim 1, 3, 14, or 15, wherein a Conn
score of the subject is improved over baseline following
administration of a GI specific antibiotic.

28. The method of claim 1, 3, 14, or 15, wherein a quality
of'life (QoL) measurement is improved from baseline follow-
ing administration of a GI specific antibiotic.

29. The method of claim 1, 3, 14, or 15, further comprising
administering lactulose.

30. The method of claim 1, 3, 14, or 15, further comprising
administering one or more of align, alinia, Lactulose, pentasa,
cholestyramine, sandostatin, vancomycin, lactose, amitiza,
flagyl, zegerid, prevacid, or miralax.

31. The method of claim 1, 3, 14, or 15, wherein a Conn
score (mental state grade) of the subject decreases.

32. The method of claim 1, 3, 14, or 15, wherein time to a
Conn score increase from baseline for the subject is
increased.

33. The method of claim 32, wherein the delay in time to
increase in Conn score of the subject is increased by about
54%.

34. The method of claim 32, wherein the delay in time to
increase in Conn score is increased between about 30% to
about 70%.

35. The method of claim 1, 3, 14, or 15, wherein adminis-
tration of the GI specific antibiotic prevents an increase in
Conn score of the subject.

36. The method of claim 1, 3, 14, or 15, wherein there is an
increase of time to an increase from baseline in an asterixis
grade of the subject.

37. The method of claim 1, 3, 14, or 15, wherein there is a
delay in the time to increase in asterixis grade.

38. The method of claim 1, 3, 14, or 15, wherein there is an
increase in time to a first HE-related hospitalization of the
subject.

39. The method of claim 1, 3, 14, or 15, wherein there is an
increase in the time to development of spontaneous bacterial
peritonitis (SBP) of the subject.

40. The method of claim 1, 3, 14, or 15, wherein there is a
decrease in blood ammonia concentration from baseline after
administration of the GI specific antibiotic of the subject.

41. The method of claim 40, wherein the decrease in blood
ammonia concentration from baseline to 170 days is about 6
ng/dL.

42. The method of claim 1, 3, 14, or 15, wherein there is an
increase in critical flicker frequency values from baseline
after administration of a GI specific antibiotic to the subject.
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43. The method of claim 1, 3, 14, or 15, wherein there is a
decrease in daily lactulose consumption from baseline over
time after administration with the GI specific antibiotic to the
subject.

44. The method of claim 43, wherein the decrease in daily
lactulose consumption is from between about 7 doses of
lactulose to about 2 doses of lactulose.

45. The method of claim 44, wherein lactulose use of the
subject initially increases from baseline.

46. The method of claim 45, wherein the initial increase in
lactulose use is from between about 1 and about 30 days.

47. The method of claim 1, 3, 14, or 15, wherein there is a
shift in baseline in Conn scores over time after administration
of the GI specific antibiotic to the subject.

48. The method of claim 47, wherein the shift in baseline in
Conn scores is from between about 1 to about 2.

49. The method of claim 1, 3, 14, or 15, wherein there is a
shift from baseline in asterixis grades over time after admin-
istration of the GI specific antibiotic to the subject.

50. The method of claim 1, 3, 14, or 15, wherein there is a
change from baseline in Chronic Liver Disease Questionnaire
(CLDQ) scores over time after administration of the GI spe-
cific antibiotic to the subject.

51. The method of claim 1, 3, 14, or 15, wherein there is a
change from baseline in Epworth Sleepiness Scale scores
over time after administration of the GI specific antibiotic to
the subject.

52. The method of claim 1, 3, 14, or 15, wherein subjects
having a meld level of between about 1 to 24 respond to
treatment with GI specific antibiotics.

53. The method of claim 1, 3, 14, or 15, wherein subjects
having a meld level less than or equal to ten respond to
treatment with GI specific antibiotics.

54. The method of claim 1, 3, 14, or 15, wherein subjects
having a meld level between 11 and 18 respond to treatment
with GI specific antibiotics.

55. The method of claim 1, 3, 14, or 15, wherein subjects
having a meld level between 19 and 24 respond to treatment
with GI specific antibiotics.

56. A method of treating or preventing HE comprising
administering 550 mg of rifaximin for more than 28 days.

57. A method of decreasing lactulose use in a subject,
comprising:

administering rifaximin to a subject daily that is being

treated with lactulose; and

tapering lactulose consumption.

58. The method of claim 57, wherein tapering comprises
reducing lactulose consumption by 1, 2,3, 4, 5, 6 or more unit
dose cups of lactulose from a baseline level.

59. The method of claim 57, wherein tapering comprises
reducing lactulose consumption by 5, 10, 15, 20, 25, 30, 34,
40, 45, 50, 55, 60, 65, or 70 g lactulose from a baseline level.

60. The method of claim 57, wherein tapering comprises
reducing lactulose consumption.

61. The method of claim 57, wherein the tapering is from a
baseline to no consumption of lactulose.

62. A method of maintaining remission of HE in a subject
comprising administering 550 mg of rifaximin BID.

63. A method of increasing time to hospitalization for HE
comprising, administering to a subject 550 mg of rifaximin
two times per day (BID).

64. A method of treating a patient suffering from hepatic
encephalopathy, comprising:
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advising a patient suffering from hepatic encephalopathy
that administration of rifaximin may induce cytochrome
P450 activity; and

administering rifaximin to the patient in order to treat the

hepatic encephalopathy.
65. The method of claim 64, wherein the cytochrome P450
activity is cytochrome P450 3A4 (CYP3A4) activity.
66. The method of claim 64, wherein administering rifaxi-
min comprises administering 1100 mg of rifaximin per day to
the patient.
67. The method of claim 64, wherein administering rifaxi-
min comprises administering rifaximin twice per day to the
patient.
68. The method of claim 64, further comprising advising a
patient that is taking a cytochrome P450 substrate to seek
additional medical guidance.
69. The method of claim 64, wherein advising the patient
comprises providing the patient with written material.
70. The method of claim 69, wherein the written material is
on a drug label.
71. A method of administering rifaximin as a treatment for
hepatic encephalopathy, comprising:
advising a health care worker that patients being adminis-
tered rifaximin as a treatment for hepatic encephalopa-
thy may induce cytochrome P450 activity; and

administering the rifaximin to the patient in order to treat
the hepatic encephalopathy.

72. The method of claim 71, wherein the healthcare worker
is a doctor, a nurse, or a pharmacist.

73. The method of claim 71, wherein advising the health
care worker comprises providing the health care worker with
written advice.

74. The method of claim 71, wherein the cytochrome P450
activity is cytochrome P450 3A4 (CYP3A4) activity.

75. A method of increasing the time between breakthrough
events for a patient suffering from hepatic encephalopathy,
comprising administering to the patient an effective amount
of rifaximin that extends the time between hepatic encepha-
lopathy breakthrough events.

76. The method of claim 75, wherein the time between
breakthrough events for the patient is extended to greater than
six months.

77. The method of claim 75, wherein the time between
breakthrough events for the patient is extended to greater than
twelve months.

78. The method of claim 75, wherein the effective amount
of rifaximin comprises 1100 mg of rifaximin per day.

79. A method of lowering the risk of antibacterial resis-
tance when treating chronically with an antibacterial compo-
sition, comprising administering rifaximin chronically to
treat irritable bowel syndrome, travelers’ diarrhea, small
intestinal bacterial overgrowth, Crohn’s disease, pancreatitis,
pancreatic insufficiency, peritonitis, hepatic encephalopathy,
pouchitis, infectious diarrhea, inflammatory bowel disease,
diverticular disease, Clostridium, C. difficile disease, H.
pylori infection, enteritis and colitis and other related condi-
tions. A method of alleviating caretaker burden comprising,
administering rifaximin to a subject in need thereof to treat
hepatic encephalopathy.

80. A method of reducing hospitalization rate comprising,
administering rifaximin to a subject in need thereof to treat
hepatic encephalopathy.
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81. The method of claim 80, wherein the subject is less
likely to have improper nutrition compared to a subject not
administered rifaximin.

82. The method of claim 80, wherein the rate of non-
adherence to therapy is decreased in the subject compared to
a subject not administered rifaximin.

83. The method of claim 80, wherein the subject is less
likely to further escalate into more severe symptoms com-
pared to a to a subject not administered rifaximin.

84. The method of claim 80, wherein the more severe
symptoms comprise one or more of increased somnolence,
gross disorientation and stupor.

85. A method of reducing the economic cost related to liver
cirrhosis and/or associated HE comprising administering a
subject suffering from HE a rifamycin class antibiotic.

86. A method of increasing the mental status in a subject
comprising, administering rifaximin to the subject, thereby
increasing the mental status in a subject.

87. The method of claim 86, wherein the mental status is
measured using a Conn Score.

88. The method of claim 86, wherein the mental status is
measured using asterixis grade.

89. The method of decreasing the number of overt HE
episodes in a subject comprising, administering rifaximin to
the subject, thereby decreasing the number of overt HE epi-
sodes.

90. The method of claim 89, wherein the subject has liver
disease.

91. The method of claim 89, wherein the subject has
decreased numbers of overt HE episodes for at least 2 years.
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92. The method of claim 89, wherein the effective amount
of rifaximin comprises 1650 mg of rifaximin per day.

93. A method for increasing the chance of survival of a
subject having HE, comprising administering to the subject
rifaximin, thereby increasing the chance of survival for the
subject.

94. A method of administering rifaximin as a treatment for
hepatic encephalopathy, comprising:

advising a health care worker that rifaximin does not

increase the risk of QT prolongation; and
administering the rifaximin to the patient in order to treat
the hepatic encephalopathy.

95. The method of claim 94, further comprising the step of
advising the health care worker that there is a greater than 30
fold difference in the hERG 1050 value and the unbound
Cmax value.

94. A method of administering rifaximin as a treatment for
hepatic encephalopathy, comprising:

advising a health care worker that rifaximin does not sig-

nificantly alter the C AUC,_, or AUC,_,, of mida-
zolam; and

administering the rifaximin to the patient in order to treat

the hepatic encephalopathy.

95. The method of claim 94, wherein the subject is admin-
istered 1650 mg/day of rifazimin.

96. The method of claim 95, wherein the subject is admin-
istered 1650 mg/day of rifazimin for at least 7 days.

maxs
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