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1 EXECUTIVE SUMMARY

The subject of this NDA 1s Xifaxan™ (rifaximin) tablets for the treatment of patients (> 12 years
of age) with travelers’ diarrhea caused by Escherichia coh - Rifaximin 1s a
denvative of nfamycin that binds to the B-subunit of bacterial DNA-dependent RNA polymerase
thereby inhibiting protem synthesis and the subsequent growth of the organism

The in vitro activity of rifaximin and other antimicrobial agents against enteropathogens 1solated
as a cause of travelers’ diarrhea was evaluated using National Commuttee for Climical Laboratory
Standards (NCCLS) agar dilution method With the exception of Campylobacter jejuni (MIC >
256 ng/ml), nnfaximin demonstrated n vitro activity against Shigella Salmonella Aeromonas
and E coli with MIC ranging from 8-64 pg/ml

The antimicrobial susceptibility to nfaximin of 408 clhinical 1solates of Vibrio cholera was
determined by the NCCLS disc diffusion method Based on studies by Jiang er al/ 2000, the
MIC of nfaximin against all Vibrio cholera 1solates tested 1n this study was sigmficantly below
the fecal concentrations of the drug as measured following the administration of rifaximin (800
mg/day for 3 days) 7,961 ug/g one day after imitiation of oral therapy, 7,425 pg/g on the second
day 4 405 ug/g on the third, 2,891 pg/g on the fourth, 3,266 pg/g on the fifth, and 154 ng/g on
the sixth day

The n witro activity of rifaximin aganst 93 chinical 1solates of Clostridia difficile was compared
to that of vancomycm and metromdazole Although nfaximin demonstrated activity, it had a
higher MIC against C difficile relative to vancomycin and metronidazole

The effect of nfaximin on fecal micro-flora, 1n companson with that of neomycin, using a rat
model was mvestigated Rifaximin treatment produced a sigmficant reduction 1n the number of
total aerobic bactenia and Salmonella spp, whereas, neomycin caused a reduction 1n Salmonella
spp but had no significant effect in the total bacterial count

The emergence of spontaneous resistant mutants was assessed by the NCCLS broth dilution and
agar dilution methods under anaerobic and aerobic conditions C difficile demonstrated lower
frequency of spontaneous resistance 1n the presence of rifaximin compared to Clostridia
perfringens Gram-negative 1solates acquired resistance to rifaximin at approximately the same
rate under aerobic (2 transfers) and anaerobic conditions (2-3 transfers) Mutation frequencies of
1x10%to 12 x 10 ® was reported for enteropathogemc (EPEC), 1 x 10 "to 1x 108 for
enterohemorrhagic (EHEC), 1x 10 8103 x 108 for enterotoxigenic (ETEC), and 2 x 10 ® for
enteroinvasive (EIEC) E coli 1solates

The safety and efficacy of nfaximin (200 mg ti1d) was evaluated in the chimical study,
RFID3001, in which ciprofloxacin (Cipro) was used as a comparator The pathogens encountered
mn the study were predommantly ETEC ST (heat stable toxin), ETEC LT (heat labile toxin),
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ETEC LT/ST, and enteroaggregative (EAEC) E coli However, other pathogens such as
Cryptosporidia, Giardia Salmonella Shigella Campylobacter Aeromonas Plesiomosas
species, and Vibrio cholera were also 1solated from a small number of patients In the chinical
study, the median TLUS were 24 3 hours for nfaxmmin, 42 8 hours for placebo, and 27 4 hours
for Cipro Of the patients with enteropathogenic E coli, 83% were considered clinically cured or
well However, only approximately 64% were clinically cured and free of enteropathogenic E
coli The data presented here shows that there 1s no correlation between chnical cure and
microbiologic outcome and the observations reported here are similar to those reviewed mn an
earher study (RFID9801, RFID9701 and RFID9601) Rifaximin was not active against
Campylobacter spp, Salmonella Shigella Vibrio cholera, Aeromonas, Plesiomosas,
Cryptosporidia, and Giardia lambhia

2 INTRODUCTION AND BACKGROUND

The subject of this NDA resubmussion 1s rifaximin tablets for the treatment of travelers’ diarrhea
of individuals’ > 12 years of age The FDA recommended that Salix conduct a second clinical
tnial using 200 mg of nfaximin adminmistered 3 times daily (t1d ) compared with Ciprofloxacin
(Cipro) and placebo This new tnial should demonstrate a chimcally meaningful benefit and a
statistically significant reduction in the duration of diarrhea between nifaximin and the placebo
groups Moreover, 1t was also recommended that Sahx should increase the number of patients
with pathogens other than E coli to assess the clhinical and microbiologic efficacy of nfaximin
The sponsor has conducted a second phase 3 clinical study to support the approval of nfaximn
for the treatment of travelers’ diarthea

Travelers’ diarrhea 1s one of the most prevalent health problems affecting people moving from
developed to undeveloped countries The condition 1s a clinical syndrome and 1s usually defined
by the passage of three or more unformed stools 1n a 24-hour period plus at least one symptom of
enteric disease such as abdominal pamn or cramps, nausea, vomuting, or fever The nisk of
travelers’ diarrhea 1s approximately 7% 1n developed countries and as high as 20-50% 1n the
developing world (Ericsson, 2003) The etiologic cause of travelers’ diarrhea may be parasitic or
viral, however, bactenial organisms such as enterotoxigenic E coli (ETEC), enteroaggregative £
coli (EAEC), Shigella species, Campylobacter jejuni, Salmonella species, Aeromonas species,
Yersima enterocolitica and non-cholerae Vibrio have been shown to cause the majonty of
illnesses associated with the disease

Rifaximin, a denivative of rifamycin, 1s a non-aminoglycoside, semi-synthetic antibiotic The
drug has been shown to be poorly absorbed by the stomach gastrointestinal tract and exerts its
action directly in the lumen (Jiang et a/ , 2000) The result 1s high fecal concentrations with trace
amount of the drug found i the plasma
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3 PRECLINICAL MICROBIOLOGY

31 Mechanmism of action

The mechanism of action was reviewed on March 14, 2002 by Peter Dionne (NDA # 21-361)
Bnefly, nfaximin exerts its antibiotic activity by binding to the B-subumt of bacterial DNA-
dependent RNA polymerase, thus inhibiting protein synthesis and subsequent growth of
MICro0rganisms

32 Activity in vitro

The 1n vitro activity of nfaximin was reviewed on March 14, 2002 by Peter Dionne (NDA # 21-
361) However, additional studies are presented within this review

321 Effect on enteric pathogens

The 7 vitro activity of nfaximin and several antimicrobial agents aganst 177 enteropathogenic
1solates was determned by the agar dilution methods according to the NCCLS guidelines (Sierra
et al ,2001) MICs at which 50 and 90% of the 1solates tested were inhibited and the percentages
of resistance were calculated for each antimicrobial agent used n the study (Table 1) No
information on how percent resistance was determined was provided The result shows that
nfaximin demonstrated MICso and MICyg values of 8-64 pg/ml against most of the enteric
pathogens tested except C jejunt (MICsoand MICgp values of 256 and 512 pg/ml, respectively)
and Y enterocolitica (MICyg 128 ug/ml) Nalidixic acid and Cipro showed comparatively lower
MIC values for all the enteropathogens tested (Table 1)

Table 1 The MICs of several antimicrobial agents for 177 enteropathogens

RFX RIF AMP CHL TET NAL Cip TMP
Miroorganssm No of S of % of % of « of % of ‘% of % of
solates” MIC, MIC,, MIC, MICyq ressi MIC, MIC, resst MICg, MIC, rcust MICq, MIC, resst MIC, MIC, rsst MICg, MIC,, reust MIC,, MIC,, resst
4l ance ance ance Jre ance ame
EaggEC ® 8 16 8 106 >18 ~SI18 897 N SN M4 >IW IR B39 4 16 38 b <006 3§ 16 > §7)
ETEC 38 8 13 8 6 I L8 S8 B4 06 64 %8 SIB S T <4 4 26 <hie <006 4 > 4713
Salmonella spp 1] 4 4 16 6 100 1] 13 3 3 > 42 s4 128 285 4 i 0 voe <Nos 0 <l o M4
C jguni” 12 6 517 4 8 2 >R 8 8 =4 16 16 >25 (1) . 128 12
Aeromnnas hydrophila it ] 8 4 i6 >8> 4 128 8 >IR <4 <4 <fifls  <0Dh 4 64
¥ cnterocolinca 0 64 128 16 P S8 > e 16 1% 4 16 of 4 <4 g n <06 <t O 1] bW
Shugella flenen 2 4 16 § 8 W i3 128 $3S 4 128 5 128 128 642 <4 4 0 <006 <006 O =18 =18 K
Shigetla sunner 36 X 16 R 16 95 3 >18 % 4 [ S SIS %1 <4 $ K3 <006 <006 O 128 =1 8

RFX nfaumin RIT nfampm AMP ampicitin CHE cMoramphenicol TFT tetracycine NAD paldie aod, CIP eiprofioxacn. TMP inmuthopnm EaggFC enturvaggregative E. cobit ETEC uaterutoxigenn

F colt
*The total number of isolates was 177

Fluven steans were susceptibk to crythromycn (MIC 1 pg/ml) for only ane wis thure a MIC of 4 gml Campylobacter sp showud 0% of the resistance to cvihromyan
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In another study, 408 V' cholera clinical 1solates from different geographical areas were tested
for susceptibility to nfaximin (Scrascia et al , 2003) Genetic relationships between 1solates were
identified by DNA fingerprinting Based on fingerprinting analysis, all 1solates were clustered
mto 23 clones Of the 408 1solates, a total of 359 V cholera O1 El Tor 1solates were from chinical
cases representative of outbreaks that occurred 1n Africa from 1985 to 1999 These were
clustered nto 16 clones Twelve 1solates from outbreaks in Central and South America and the
32 European 1solates were clustered into two clones based on DNA fingerprinting Finally, the
three clinical 1solates from India were classified mn three clones The antibactenal susceptibility
pattern of each 1solate was determined by the disc diffusion method n accordance with NCCLS
guidelines However, no mformation wath respect to MICs was provided for the 1solates from
India Table 2 shows the distribution of the MICs of nfaximin and tetracycline for the V' cholera
El Tor 1solates by geographic area Tetracycline showed lower activity agamst the African
1solates than for those 1solated in Europe and Amenica However, there were no differences 1n
the MIC of nfaximn among the three groups

Table 2 The MICsp and MICqp (ng/ml) of nfaximin and tetracychne among V cholera O1 El Tor
strains” distributed by geographic area

Rafaximin Tetracychne
No of strains/ R
geographic area MIC, MICgyq MICs, MICg,
359/Afnca 2 4 2 64
32/Europe 4 4 16 16
12/Amenca 2 2 1 2

“The MIC range of RFX and TET for the three strains of V cholerae
0139 and the two strains of V cholerae O1 classical biotype was
1-2 mg/L for both antimicrobials

In another study, in vitro activity of nfaximin aganst clinical 1solates of £ colt and Shigella
species was analyzed by the NCCLS agar dilution method (Sierra er al, 2001) The data,
provided 1n Table 3, shows that the MICso and MICqy of the three types of diarrhea causing E
coli were 8 and 16 pg/ml, respectively The hghest MIC observed was 32 pg/ml for
enteroaggregative and enterotoxigemic E colt 1solates The MICso and MICyy for Shigella
flexner1 Shigella sonner and Shigella dysenteriae was 4 and 8 pg/ml, respectively, while the
MICq for S sonner was 16 pg/ml Although some of the chinical 1solates of E coli showed MICs
as high as 32 pg/ml no chinical 1solates of Shigella species showed MIC > 16 ng/ml
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Table 3 Activity of nfaximin aganst E colr and Shigella species
MIC (mg/L)

Microorganism n range MICsq MICy
EaggEC 65 4-32 8 16
ETEC 44 1-32 8 16
EPEC 21 4-16 8 16
S flexner: 78 2-16 4 8
S sonnet 4q 8-16 4 16
S dysenteriae 4 4-8 4 8

EaggEC entervaggregative £ coli ETEC enterotoxigemc £ cole
EPEC enteropathogemc E col:

In another study, Jiang ef al 2000 measured the iz vitro susceptibility to nfaxinun of enteric
pathogens, and nifaximin fecal concentrations Rifaximin concentrations were measured in 39
fecal samples obtained from adult patients following oral admimstrations of rnifaximin (400 mg
b1d for 3 days) The authors stated that 120 ETEC 1solates, 17 Shigella 1solates, and 8
Salmonella 1solates were collected from fecal samples However, the time of sample collection 1s
not clear The National Commuttee for Clinical Laboratory Standards (NCCLS) agar dilution
method was used to determune the i vitro susceptibihity  One gram of stool sample was
collected and tested for nfaximin concentration post-treatment The nfaximin mmimum
inhibitory concentrations, MICsoand MICgg, for bacterial 1solates were 12 5 pg/ml and 50 pg/ml,
respectively Two ETEC and one Salmonella 1solates demonstrated MIC’s of < 0 098 pg/ml
MICs were 1n the range of < 0 098-20Q pg/ml for the Salmonella and ETEC 1solates and 1 25-
200 pg/ml for the Shigella 1solates The result in Figure 1 shows the rifaximin concentration
obtained from 39 patients Drug levels of 7,961 ng/g, were achieved on day one after the first
dose followed by a gradual reduction to 154 ug/g on day 6 The concentration on day 6 was
higher than the MICs for the bactenal 1solates The study presented here demonstrates that
rntfaximin 1s capable of attaiming high fecal concentrations following oral administration
However, the correlation between MIC or fecal drug concentrations and clinical outcome was
not measured 1n this study

Figure 1 Stool concentrations of nfaximin n 39 patients with traveler’s diarrhea tested after
treatment with 800 mg of nfaximin/day for 3 days

10000 00

500000

Helg

250000

000 T T T

gJ



Rifaximin
Salix Pharmaceuticals
322 ~—

33 Actvity in vivo
331 Effect on enteric pathogens

The effect of daily oral administration of nfaximin on fecal aerobic flora was ivestigated in
Male Wistar rats (Miglioli et @/ 2001) It 1s not known if these amimals exhibited symptoms of
diarrhea Eighteen rats weighing approximately 200 g were divided into three groups (6 in each
group), nfaximin, neomycin and placebo Each anmmal received a dose of 50 mg/kg/day p o
once a day in the moming for three days Following the final drug administration, fecal samples
were collected for both quantitative and qualitative evaluation of aerobic enteric flora One gram
of each specimen was homogenized and 10-fold serial dilutions (from 107 to 10%) were plated
and 1ncubated at 37°C overmight on the appropriate media The number of colony forming units
(CFU) per gram of specimen was recorded The mean numbers of CFUs are presented in Figure
2 Treatment with rifaximin resulted n a 3-log reduction 1n the total aerobic bacteria count The
number of CFU of Salmonella spp also decreased by as much as 3 logs The study shows that
rifaximin 1s capable of decreasing the aerobic fecal bacterial load However, no effect was
observed on fecal coliform (anaerobic bacteria)
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3 4 Drug resistance

The development of spontaneous resistance to rifaximm was evaluated by the NCCLS agar
dilution and broth dilution methods and resistance rates were compared between gram-positive
and gram-negative anaerobic and aerobic bacteria (Marchese et al  2000) Organisms were
mcubated either aerobically or under anaerobic conditions In the broth dilution methods,
bacterial mocula were adjusted to 10° CFU per mulliliter Isolates were then incubated under
appropriate atmospheric conditions at 37°C for 24 hours with increasing concentrations of the
test antibiotic  Ahiquots (0 1 ml) of these cultures were transferred from tubes containing the
highest concentration that permitted bactenal growth to another series of tubes with 1, 2, 4, and 8
times higher concentration of the same drug In the agar dilution method, the emergence of
spontaneous resistant mutants was determned by plating 0 1 ml of culture (10%- 10" CF U/ml)
onto three plates containing drugs at concentrations 2, 4, and 8 imes the MIC Samples were
then incubated under the appropnate conditions In addition, the frequency of mutants
spontaneously resistant to nfaximim was calculated as the ratio of the number of resistant cells
compared to the number of original inocula

All anaerobic 1solates were cultured 1n broth 1n the presence of subinhibitory concentrations of
nfaximin Table 5 describes the changes in MIC values obtained following senal transfers from
Jow drug concentration to higher drug concentrations Bacteroides spp and C perfringens
resistant clones were observed following 4-5 transfers The result in Table 6 describes the
mutation rates to nfaximin in relation to the MIC The data shows that C difficile demonstrated
relatively low incidences of spontaneous resistance (<1 x 10 8) to nfaximin at 2 x MIC compared
to 1solates of C perfringens (9 6 x 10 Tt0> 10 6)
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Table 5 Analysis of the development of mutants of anaerobic bactenia spontaneously resistant to

rifaxaimn

M croorganism MIC mge/] _

nfaximin

102 2 3 4 s
C dyfcle O 008 - - - -
CdfFfecl 2 © 008 - - - -
C pe Jr ngens 1 0 125 1 16 128 -
C perfringerns 2 O 125 2 32 128 -
F rnucleatwrn 33 128 - - i
F nuclcatierrn 2 a 64 128 - -
B distasonis 1 0 03 025 2 32 128
B distasonis 2 003 05 8 64 128
B fragtl 1 025 a 32 128 -
B fragilis2 0 25 4 64 128 -
P magnust 025 - - - -
P magn 2 0 25 - - -~ -
P mc os 025 - - - -
r mcro 2 025 - - - -

n 1t = Not tested
}  Number of transfers
05 = MIC

Table 6 Rate of emergence of anaerobic mutants spontaneously resistant to rifaximin

Microorganism Rifaxamur
C difficd 1 2 x MIC 110 8
4x MIC o]
8> MIC o]
C difficile 2 2xMIC 0
4 x MIC o]
8 x MIC 0
C perfringens 1 2 xMIC >10-¢
4 xMIC 93x10 7
8 x MIC 9 6x10-7
C perfringens 2 2xMIC >10-6
4 x MIC 7 2x10-8
8 x MIC 13x10-7
F nucleaturn 1 2 x MIC >10-4
4 x MIC 93x10-7
8 x MIC 96x10-7
F nucleatum 2 2x MIC >10-¢
4 x MI1C 72x10-¢
8 x MIC 13x10-7
B distasorus 1 2xMIC o
4 x MIC o
8 x MIC [¢]
B distasorus 2 2xMIC 4]
4 x MIC (]
8 x MIC o
B fragihs 1 2x MIC 17x10-7
4 x MIC 1% 10-3
8 x M1C 1x10 8
B fragihis 2 2xMIC 5x10-8
4 xMIC 4x10 8
8 x M1C 4x10-8

In the Gram-negative organisms, increases in MIC (4-128 pg/ml) were observed following 2-3
transfers (Tables 7 and 8) Under aerobic or anaerobic conditions, 1solates of E col:
[enteropathogenic (EPEC), enterohemorrhagic (EHEC), enterotoxigenic (ETEC) and
enteromvasive (EIEC)] were shown to acquire resistance following 2-3 transfers (Tables 7 and
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8) The frequency of spontaneous resistance was also determined and the data shows that under

aerobic growth conditions, the mcidence of resistance for EPEC was 1 x 10%to 12 x 108 for
EPEC, 1x 10 "to 1 x 10 ® for EHEC, 1x10°to3 x 10°® for ETEC, and 2 x 10 ® for EIEC

(Table 9)

Table 7 Development of mutants spontaneously resistant to rnfaximin under aerobic conditions

Mucroosipmtems, - MiCHGet i ool
v }}r AL w | mfaxdmin P ST N SR ETRSUR

3

ol

1 2 L 4
C freundrr 1445 64 128 - - -
C frewund 1539 32 128 - - -
P retige 141 8 16 128 - -
I rettger: 187 8 64 128 - -
A morgane 1 32 128 - - -
Af morgan 2 12 128 —_ - -
P rmural s 16 64 128 ~ -
r rmrabls2 32 128 - - -
P vuigaris 1 16 128 - - -
P vulgaris 2 4 64 128 — -
L coli (EPEC) 1 32 128 - - -
E col! (EPEC)2 16 128 - — -
E col (EHEC) 1 32 128 - - -
£E coli (EHEC) 2 32 128 - - -
E colt (ETEC) 1 32 128 - - -
E col (ETEC)2 16 64 128 - —
E coli (EIEC) ) 64 128 - - -
E coli (EIEC) 2 32 128 - - -
S enterrdsi 16 128 - - -
S ern ertdes2 16 128 - - —
nt = Not tested
5

! Number of transfers

Table 8 Development of mutants spontaneously resistant to nfaximin under anaerobic

conditions
)

Microorganism MIC, mgn

nfaxuman

"’ 2 3 4 s
< freundsi 1445 128 - - -
C frewund i 1539 nt - - - .
P reug ri141 32 128 - - -
P retrgeri 187 64 128 — - -
M rmorgan 1 64 128 - - -
A rmorgarni 2 32 128 - - -
P rurabilrs 1 a9 64 128 - -
P rrabls2 32 128 - - -
P vulgar st 32 128 - - -
P vulgar s 2 16 128 - - -
E col (EPEC) 1 128 - - - —
L coli (EPEC) 2 32 128 — - -
£ colt (EHEC) 1 128 - - - -
E col! (EHEC)?2 64 128 - - -
£ coli (ETEC) 1 64 128 - - -
E colt (ETEC) 2 32 64 128 - -
£ coli (EIEC) 1 nt - - — —
E coli (EIEC) 2 64 128 - - -
S enteriridis 1 128 - - - -
S enteridis 2 16 128 - - -

nt = Not tested
! Number of transfers
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Table 9 Rate of emergence of spontaneously resistant to rnfaximin under aerobic and anaerobic
conditions

Microorgan sm Rafaxionn
acrob © anscroblc

P ore geri2 2 xMIC 410 110
o

o
AL morganit t 2 x MIC 1 =10 210
0

N
X
£
0
"
X
s

AL mo gan 2

P o rabilis 2 2 x MIC

-w
w
X
)

> 1O
P mrabls2 2xMIC

Wb

3
.V—-—
XXOxXxOXXX

P vulga is ) 2 > MIC

®

36

P culgar s2 2=xMIC

0

NNWAOROCONCONWW= 00 mamruwmrs=00NQO~NUNYNWANNNY
-y

XXXXXXXXXX

3055

E o! O1235 (EPEC) 2 x MIC

E ol OB6(EPEC) 2 xMIC

X
-
-]

XX X
5oc

E ol O137 (EHEC) 2 x MIC

E col O157(EHEC) 2 = MIC

XXXAXXX

6330005
XXX
655

E coll ORS (ETEC) 2xMIC

~,OC=mNOOC~emASC e mbN

]

£E col O159(ETEC) 2 MIC

)
xxx9
300

v

£ coli O28B (EIEC) 2> MIC

E of O 2a(EIEC) 2 MIC

X
Qo
»
X
[}

Sene dads 2 = ™MIC

- N

S eneilids2 2x MIC

»

X

S

-

n

XXXXXX

253350
0000000 0000~

In summary, the frequency of emergence of spontaneous resistance were in the range of

<lx 10 to 1 7x 107 for C difficile The frequency of spontaneous resistance was i the range
of 10 8 to 10 ® for aerobic and anaerobic gram negative orgamsms The study demonstrates that
rifaximin contnibutes to the emergence of spontaneous resistance iz vitro and resistant mutants

were more easily selected following pre-incubation of the test bactena at sub MIC levels of the
test drug

4 Chmcal Microbiology
41 Study RFID3001

The sponsor conducted a phase 3, randomized, double blind, placebo and active (Cipro, S00 mg,
b 1d, for 3 days) controlled study (RFID3001) 1n patients >18 years of age, to evaluate the safety
and efficacy of nfaximn (200 mg orally, t1d, for 3 days) for the treatment of travelers’ diarrhea
due to enteropathogenic organisms The study was conducted at 7 sites in 4 countries including
India, Mexico, Guatemala, and Peru Individuals who showed evidence of acute diarrhea (< 72
hours), defined by passing 3 or more unformed stools during the 24 hours preceding enrollment,
and accompanied by 1 or more of the following qualifying signs and symptoms abdomuinal pain
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or cramps, excesstve gas/flatulence, nausea, vomiting, fever, (> 100 °F), fecal urgency, blood
and/or mucus 1 the stool, were included in the study Exclusions included evidence of acute
diarrhea for > 72 hours, moderate or severe dehydration, females pregnant or breastfeeding
Please refer to the Medical Officer’s review for more details

The study peniod lasted 4-5 days and included 3 chinic visits Subjects were asked to maintain a
daily diary on stool consistency and clinical symptoms Stool samples were obtained for
mucrobiologic assessment from each subject at pretreatment (visat 1), 24 hours after the first dose
of nfaximin (Day 2 wisit 2), and Day 3 or 5 following the mitiation of treatment (visit 3) The
test of cure was performed at visit 3 However, results of microbiologic assessments at visit 2
were not included Samples underwent gross observation for blood and mucus, and microscopic
assessments were based on speciation, and iz vitro susceptibility testing £ coli enterotoxin
(heat-stable and heat labile) were detected with oligonucleotides labeled by T4 polynucleotide
kinase and [** P]-ATP Microbiological success was dependent on total eradication of the
organism in question No mmformation was provided on the number of patients expeniencing
relapse

The primary clinical endpoint was shortening the time to last unformed stool (TLUS) Efficacy
assessments were made based on information recorded in the patient’s diary The secondary
efficacy endpoints were the number of unformed stoo! passed per given time 1mproving
diarrheal symptoms, the number of subjects with wellness, the number of subjects who failed
treatment, persistence of chimcal symptoms, and microbiologic eradication/persistence

Wellness or clinical cure was defined by the absence of watery stool or no more than 2 soft
stools passed within a 24 hour period 1n conjunction with no other chinical symptoms except for
mld excess gas/flatulence, and absence of unformed stool within a 48 hour interval with no fever
(= 100 °F) with or without other clinical symptoms

A total of 399 patients with travelers’ diarrhea were enrolled (Table 10) Of the 399 subjects, 248
were microbiologically evaluable The majonty of the subjects had £ coli as the etiological
agent Bactenal pathogens 1solated from stool samples were enterotoxigenic £ colt (ETEC) ST,
ETEC LT, ETEC LT/ST, Salmonella Shigella Campylobacter pylort Aeromonas, Plestomonas
species, and Vibrio cholera In addition, individuals with protozoan parasites such as
Cryptosponidia, Giardia lambha were also 1solated n the study Non-ETEC bactenal enteric
pathogens (Salmonella Shigella Campylobacter, Aeromonas, and Vibrio species) accounted for
49 out of a total of 146 1solates (33%) in the MITT nifaximin treatment arm and 17 out of the 70
(24%) 1solates from patients in the placebo arm and 14 out of 66 (21%) 1n the Cipro treatment
arm Mixed pathogen infection accounted for 36/128 (28%) patients 1n the nfaximin treatment
arm, 18/62 (29%) 1n the placebo group and 16/58 (27%) 1n the Cipro group
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Table 10 Summary of population analysis

Number (92) ot Subjects

Analys s Populations Rifaxsm n Placebo Cipro
Total No Subjccts Randormized (1 17T (N=197 ) (N=101) (N=101)
Populat on)
No Subjects in MITT Populauon 128 (65 0%) G2 (61 4%) 58 (57 4a%)
No Subjects Excluded from MITT 69 (35 0%) 39 (38 6 &) 43 (42 (%)
Population

No positive pretreatment stool sample 67 (3407) 38 (37 6 %) 37 (36 6 )

No posttreatment stool sample 2 (1 O%) 1 (1 OA&) 6 (5 9%)

T mubjec ko wora " > ~ - it o win ) > AR A X O7 > we ‘oo
rae randomisc ) o rF fux N ax Subjac x ML XN 32O wnd # 1O 2% respec valy €% 0y e tivs
Tandory ixn b for hans subjec s vwaas bnel Jdoe 3 he du ogrop e und o e oy analyxos b ' o

Bever D ra Ao dra §ns woerc e i oA Reps 80 e n BIOe 3 in o s oy o wsiysos

While £ coli was the most common pathogen identified at all locations, Plesimonas species
Giardia and Campylobacter pylor1 were more prevalent at site 100 1 Calcutta, India (Table 11)
Of the 14 clinical 1solates of Campylobacter pylori, 5 were found to be associated with mixed
infections Giardia species was commonly associated with ETEC as mixed infection at site 101
(Goa) followed by site 100 (Calcutta), occurnng in 3 and 5 patients, respectively Mixed
infection with Entamoeba and ETEC occurred 1n 3 patients at the Calcutta site  Vibrio cholera
was 1dentified in association with ETEC only at the Calcutta study site, occurning in 2 patients
Salmonella species was 1dentified among mixed infections 1n the stool samples from the Goa
site  Moreover, they were also commonly associated with members of the Vibrio spp,
Plesimonas and Aeromonas species

Table 11 Enteric pathogens identified by site in the rifaximin treatment arm (MITT population)

Identified pathogens | Site 100 { Site 101 | Site 107 | Site 200 Site 242 Site 269
(Calcutta) | (Goa) (Antigua) | (Guadalajara) | (Cuernavaca) | (Lima)
Aeromonas spp 1 2 0 0 0 0
Campylobacter spp 2 14 4 4 0 0
E coh 28 18 31 17 3 0
Plesimonas spp 0 5 0 0 0 0
Salmonella spp 0 4 0 0 0 0
Shigella spp 2 2 0 3 0 0
Guarda spp 5 7 0 1 1 1
Entamoeba spp 3 0 0 0 0 0
Cryptosporidia spp 1 2 0 3 0 0
Vibrio cholera 2 0 0 0 0 0

Chnical and microbiological responses at Visit 3 for each treatment arm are presented by
pathogen 1n tables 12, 13 and 14 There were a total of 100 patients with £ colr 1n the nfaximin
treatment arm, 52 patients 1n the placebo, and Cipro treatment arm, respectively This includes
patients with mixed infection at baseline Rifaximin had a microbiological eradication rate of
75% and a chimical cure rate of 83% In the placebo arm, the microbiological eradication rate was
71% and the chinical cure rate was 62% while 1n the Cipro arm, the microbiological eradication,
and chnical cure rates were 90% and 81%, respectively

BEST POSSIBLE COPY
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In addition, there were a total of 10 patients with Shigella in the nfaximin treatment arm Of that,
7 were 1solates of Shigella sonner Rifaximin had a microbiological eradication rate of 86% and a
chinical cure rate of 100% In the placebo (n=5) and Cipro (n=2) arm, there were very few
patients with Shigella spp There were a total of 1 Shigella sonner 1n the placebo and Cipro
treatment arms, respectively Cipro and placebo had a microbiological cure rate of 100% and
50%, respectively The median TLUS was 44 8 hours for rnifaximmn, 120 hours for placebo and

15 6 hours for Cipro
Table 12 Chmnical and microbiological response in patients treated with nfaximin (Study
RFID3001)
Pathogen No with Climcal | Chimcal Micro Eradication | Median
Culture Outcome | Cure with RFID3001 /N TLUS n hrs
Pre- Cure Micro (range)
treatment (%) Eradication
(%)
Giardia lambha | 15 10 4 6/15 (40%) 46 5 (0-120)
(67) 27)
Entamoeba spp | 3 3 1 1/3 (33) 61 (6-653)
(100) (33)
Cryptosporidium | 6 3 1 2/6 (33) 94 8 (24 4 120)
spp. (50) (17)
Shigella sonnei 7 7 6 6/7 (86%) 44 8 (16 S1)
(100) (86)
Shigella flexnert | 2 2 2 2/2 (100%) 5565 (42 6-
(100) (100) 68 7)
Shigella boydun | 1 1 1 171 (100%) 257(257)
(100) (100)
Salmonellaspp | 4 0 0 2/4 (50%) 120 (71 8-120)
Campylobacter | 24 6 5 9/24 (37 5%) 120 (0-120)
Jejunt (25) (21)
Aeromonas spp | 3 1 1 2/3 (67%) 120 (18 3-120)
(33) (33)
Plesiomonas spp | 5 2 1 4/5 (80%) 71 8 (40 3-120)
(40) (20)
Vibrio cholera 2 1 1 2/2 (100%) 40 65 (0 81 3)
(59) (50)
E coli-LT 35 30 21 24735 (69%) 25 8 (0-120)
(86) (60)
E coli-ST/LT 24 17 13 19/27 (79%) 323 90-120)
()] (59
E coli-ST 12 11 8 8/12 (67%) 81 (0-120)
©2 | (67)
E coli (EAEC) | 29 25 22 23129 (79%) 24 (0-120)
(86) {76)
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Table 13 Chnical and mucrobiological response i patients treated with placebo (Study
RFID3001)

Pathogen No with Chmical | Chnical Micro Median TLUS
Culture Outcome | Cure with Eradication n hrs
Pre- Cure Micro
treatment (%) Eradication | (%)
(%)
Guardia lamblia 9 6 1 2 76 15
©n __|an (22)
Entamoeba spp 1 0 0 0 120
Cryptosporidium 4 1 0 1(25) 106
spp (25)
Shigella sonnei 1 0 0 1 (100) 120
Stigella flexnert 4 3 2 2 (50) 27 85
75) (100)
Shigella boydn NA NA NA NA NA
Salmonella spp 1 1(100) 1(100) 1 (100) 583
Campylobacter 10 3 1 4 (40) 120
Jujunt (33) (10)
Aeromonas spp 1 1 1 i 675
(100) (100) (100)
Plesiomonas spp NA NA NA NA NA
Vibrio cholera NA NA NA NA NA
E coli-LT 13 9 7 10/13 379
(69) (54) (amn
E coli ST/LT 10 5 3 6 68 75
0 |G (60)
E coli-ST 7 4 3 4 684
(57 (43) (57
E coli (EAEC) 22 14 11 17 424
©)_ | (50 (77)
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Table 14 Chmcal and microbiological response in patients treated with Cipro (Study
RFID3001)

Pathogen No with Chmcal | Clinical Micro Median TLUS
Culture Outcome | Cure with Eradication in hrs
Pre- Cure Micro
treatment (%) Eradication { (%)
(%)
Guardia lambhia | 5 3 2 3 394
(60) (40) (60)
Entamoeba spp | NA NA NA NA NA
Cryptosporidium | 6 4 1 2 705
spp (67) an 33
Shigella sonner 1 1 I 1 156
(100) (100) (100)
Shigella flexner: | 1 1 1 1 175
(100) (100) (100)
Shigella boydn NA NA NA NA NA
Salmonella spp 2 2 2 2 131
(100) (100) (100)
Campylobacter 9 4 3 6 661
Jejunt 44 33) (66)
Aeromonas spp 1 1 1 1 551
(100) (100) (100)
Plesiomonas spp | NA NA NA NA NA
Vibrio cholera NA NA NA NA NA
E col-LT 14 11 9 12 234
(78) (64) (86)
E col-ST/LT 15 13 13 15 283
87) @7 (100)
E col-ST 4 4 4 4 0
{100) (100) (100)
E coli (EAEC) 19 14 13 16 273
()] (68) 84

In addition, an analysis of the overall microbiological eradication rate, by study site, was
conducted Table 15 (A-D) shows the distributions of different enteropathogens at the different
study sites and compared eradication rates of nfaximin, placebo, and Cipro The data show that
rifaximin does not offer any significant benefit over placebo at microbiological eradication
Moreover, at some sites, eradication rates of placebo appear to be superior to that of nfaximn
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Table 15 Over all microbiological eradication efficacies in the MITT population

A Study site 100 Stramn Rafaximin (# of 1s0lates) Placebo (# of 1solates) Chipro (# of 1solates)
Calcutta % Eradication % Eradication % Eradication
E coli (28) 78 6 (14)643 (15)93
C jeuni (2)100 (2) 50 (1) 100
Giardia spp (540 4)25 (3)33
Shigella sonnet (2)100 (1) 100 (1) 100
Shigella flexner: NA NA (1) 100
Vibrio cholera (2)100 NA NA
Entamoeba 3)33 NA NA
Cryptosporidium o (Ho (1) 100
Aeromonas (1060 NA NA
B Study site 101 Strain Rifaximun (# of 1solates) Placebo(# of 1solates) Cipro (# of 1solates) % Eradication
Goa % Eradication % Eradication
E coli (18)778 (1191 (18)94 4
C jejum (14)357 @75 (6) 83
Cryptosporidium (2) 50 NA (3) 67
Grardia spp (7)43 (2) 50 (2) 100
Shigella sonnei (Ho NA NA
Shigella flexner: (1) 100 (3) 67 NA
Plesimonas (5) 100 mno NA
Salmonella Group C1 (1) 100 NA NA
Salmonella Group B (1) 50 NA NA
Aeromonas (2) 50 (1) 100 (1) 100
C Study site 107
Antigua Strain Rifaximin (# of 1solates) Placebo (# of i1solates) Cipro (# of 1solates)
% Eradication % Eradication % Eradication
E colt (3071 (16) 75 (8) 75
Shigella flexner: (3)100 (Ho NA
C jegum )25 (no (1o
Salmonella Group C1 | NA (1) 100 (1) 100
Salmonella Group C2_ | NA NA (1) 100
D Study site 200
Guadalajara. Strain Rifaxaimun (# of 1solates) % | Placebo (# of 1solates) Cipro (# of 1solates) % Eradication
Eradication % Eradication
E col (17) 88 (6) 33 (9) 100
Shigella sonne: (3) 100 NA NA
Giardia spp no NA NA
C jeyuni 4)25 no (1o
Cryptosporidium 3)33 no 0
C Study site 242
Cuernavaca Stramn Rifaximin (# of 1solates) % | Placcbo (# of 1solates) | Cipro (# of 1solates) % Eradication
Eradication % Eradication
E coli (3)67 (3)100 (2) 100
Giardia 1o NA NA
C jegum NA 2)0 NA
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Rufaximin was compared to placebo and Cipro with respect to the number of subjects who were
mfected with E coli, Shigella flexner1, or Shigella sonner only (Table 16) TLUS, wellness, and
overall microbiological eradication for each patient was analyzed The result shows that the E
colt microbiological eradication rate for both nfaximin and placebo was 76% and 70%,
respectively, while Cipro demonstrated an eradication rate of 94% The clinical cure rate for £
colr was 84% for nfaximin and approximately 80% for placebo and Cipro, respectively
Moreover, the TLUS for nfaximin, placebo, and Cipro was 23 9, 25 4, and 23 4, respectively
Such differences appear to be related to the study site (for details please refer to Statistician
review) The Shigella spp eradication rate was 100% for nfaximin with a median TLUS of 30 6
hours for S sonner and 55 7 hours for S flexner: In the placebo arm, the TLUS for § flexner:
was 75 9 hours and 1n the Cipro arm the TLUS of the individual infected with S sonner was 15 6
hours

Table 16 Chnical and microbiological response for patients with single mfection

Pathogen Number of | Chnical Micro Eradication | Median
patients outcome cure TLUS (hrs)

Rafaximin

E coli 55 84% 76% 239

S sonnet 5 100% 100% 6

S flexneri 2 100% 100% 557

Placebo

E coli 30 80% 70% 254

S sonnei NA NA NA NA

S flexneri 2 50% 50% 759

Cipro

E coli 33 79% 94% 234

S sonnet 1 100% 100% 156

S flexneri NA NA NA NA

NA not available

Individuals infected with C jejum showed no relief m TLUS when rifaximin was admimstered
While the medial TLUS was 120 hours, microbiological eradication was 37 5% Furthermore,
individuals infected with C jejun: had a median TLUS of 120 and 66 hours for placebo and
Cipro, respectively Both nfaximin and placebo demonstrated similar eradication rates while
Cipro had a 66% eradication rate agamnst C jejum

When nifaximin was administered to mdrviduals infected with Salmonella spp , a median TLUS
of 120 hours and a 50% eradication rate was reported A median TLUS of 58 and 13 hours was
reported for placebo and Cipro, respectively Moreover, based on chinical result, and
microbiological eradication data, nfaximin appears meffective aganst Giardia lambhia,
Entamoeba spp , Cryptosporidium spp , Aeromonas spp , and Plesiomonas spp (Table 12)

The MIC was determuned on all available 1solates at baseline and at test of cure (visit 3) using the
NCCLS agar dilution method Bacterial colonies from each stool sample were transferred to
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peptone stabs and shipped to the
— E coli chinical 1solates were 1dentified by production of heat labile (LT) or heat stable
(ST) enterotoxin Protozoan parasites, ncluding Giardia lamblha, Cryptosporidia species, and
Entamoeba histolytica were 1dentified by use of enzyme immunoassays ~~ A summary
of the pretreatment in vitro MICs for all pathogens 1solated form the clinical study 1s presented mn
Table 17 The MIC values for E coli ranged from 0 0625 to > 1024 pg/ml for ETEC and 0 5-32
ng/ml for EAEC However, there was no correlation between baseline MICs and the clinical or
the microbiological outcome 1n the study

Nt

Table 17 Pretreatment Rifaximin MIC’s for pathogen 1solates from clinical trials

MIC pg/mL
Pathogen Number of Isolates Median Range
Enterotoxigenic E coli 347 16 00625 to >1024
Enteroaggregative £ col 74 4 0 50-32
S sonne: 21 8 0 50-256
Shigella flexneri” 17 8 0 062564
Plesiomonas shigelloides® 7 4 2-16
Aeromonas hydrophilia® 6 4 025-16
“ = Clmcal effectiveness has not been establhished for these pathogens

There were 10 patients that had an increase (4-256 folds) 1n their post-treatment rifaximin MIC
compared to baseline MIC All 1solates were 1dentified as E coli that persisted following
treatment and of these 10, two had mixed infection at base line (Table 18) The data shows that
the median TLUS was 29 65 hours n 9 out of 10 patients reporting wellness More importantly,
6 out of 10 patients had a TLUS of less than 48 hours Increases n post-treatment MIC were
only observed 1n the nfaximin arm, not 1n the placebo or the Cipro treatment arm

Table 18 Effect of MIC ncrease on chimcal outcome

Pathogen Pretreatment Post treatment | TLUS Wellness Micro
MIC MIC response

ETEC ST 2 8 0 Yes P
ETECLT 8 > 1024 22 Yes P
ETEC ST/LT 4 256 93 Yes P
ETEC/LT 4 > 1024 475 Yes P
ETECLT 4 16 258 Yes P
ETEC ST/LT 4 > 1024 90 8 Yes P
ETEC LT 4 > 1024 335 Yes P
ETECLT 4 > 1024 925 Yes P
*ETEC-LT 2 16 143 Yes P
*ETEC LT 4 > 1024 120 No P

Median

29 65

* Mixed infection at baseline
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Overall, the study RDID3001 shows rifaximin was effective in reducing the TLUS as compared
to placebo n patients with E colt The chnical efficacy of the drug appears to be similar to that
of Cipro However, there was no correlation between climical and microbiological outcome This
study supports the findings observed in studies reviewed earhier (RFID9801, RFID9701 and
RFID9601, see Table 19)

Page 21

Table 19 Climcal and microbiological response in patients treated with nfaximin (Study
RFID3001)

Pathogen Micro Eradication Median TLUS 1 hrs
RFID3001 RFID9801, RFID3001 RFID9801,

RFID9701 RFID9701
and and
RFID9601 RFID9601

Giardia lambla 6/15 (40%) 5/9 (55 5%) 46 5 (0 120) 325

Entamoeba spp 173 (33) 3/5 (60%) 61 (6-653) NA

Cryptosporidum spp | 2/6 (33) 18/34 (53%) | 948 (244 120) | 4125

Shigella sonnei W1 (86%) 8/9 (89%) 44 8 (16-51) 30

Shigella flexneri 2/2 (100%) 2/4 (50%) 5565426 189

Shigella boydu 1/1 (100%) NA gg ;)(25 7) NA

Salmonella spp 2/4 (50%) 9/15 (60%) 120 (71 8-120) NA

Campylobacter 9/24 (37 5%) 5/6 (83%) 120 (0-120) 535

Jujunt

Aeromonas spp 2/3 (67%) 1/1 (100%) 120 (18 3-120) NA

Plesiomonas spp 4/5(80%) 1/1 (100%) 71 8(403-120) (O

Vibrio cholera 2/2(100%) NA 40 65 (0-81 3) NA

E col-LT 24/35 (69%) 23/28 (82 1%) | 25 8 (0-120) 2525

E coh-ST/LT 19/24 (79%) 32/39 (82 1%) | 32 3 90-120) 325

E col-ST 8/12 (67%) 40/61 (65 5%) | 81 (0-120) 3025

E col (EAEC) 23/29 (79%) NA 24 (0-120) NA

E coli 75/100 (75%) | 99/143 (69%) | 249 (8 1-323) 3025
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5 CONCLUSION

Rifaximin demonstrated i vitro activity against enteropathogemic organisms with the exception
of C jejumi, where MIC values of > 256 pg/ml was reported In another in vitro study, the
emergence of spontaneous resistant mutants was observed in some Gram-positive and Gram-
negative organisms under aerobic and anaerobic conditions following 2-3 transfers Furthermore,
an mcreased mutation rate was observed m enteropathogenic 1solates of E colr

Rafaximin was shown to reduce the total number of fecal aerobic bactena in rats However, no
effect on fecal anaerobic coliform bactenia was observed

The clinical study (RFID3001) measured the clinical efficacy of nfaximun at 7 sites mn 4
countnies The primary efficacy endpoint was the reduction of TLUS in patients receiving
rifaximin compared with placebo and Cipro The majonty of the 1solates were £ coli 1n ongin
However, some patients had mixed infection at baseline with pathogens other than £ coli Of
these patients who were infected with £ coli, 83% were considered clinically cured However,
only 64% were chinically cured with microbiological eradication The clinical cure rate for those
colomzed with Shigella sonner was 100%, and 86% were considered chinically cured with
microbiological eradication A median TLUS of 24 9 hours for those patients with £ colr and
44 8 hours for those with Shigella sonner was reported Rifaximin also appeared less effective
than Cipro agaimnst Campylobacter jejuni Individuals who were nfected with C jejun: had a
TLUS of 120 hours

There 1s no correlation between clinical outcome and microbiological eradication and from a
microbiological judgment, nfaximin does not show any significant increase n efficacy compared
to placebo against enteropathogens The lack of correlation may be due to hmitations of the stool
examination procedure In study RFID3001, E coli enterotoxm production was detected by
ohgonucleotide labeled probes, however, the sensitivity of this techmque 1s hmited due to the
short half life of some bactenal toxins

The study consisted primanly of £ coli 1solates, few (n=11) Shigella 1solates, of which two
Shigella flexner: and 7 Shigella sonner 1solates were m the nfaximin treatment arm Therefore,
there were not enough Shigella 1solates to make a conclusive statement concerning chinmical
efficacy of nfaximin against Shigella spp The data obtained 1n this study corroborated those
results of the previously reviewed Phase III study (RFID9801, RFID9701 and RFID9601)
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6 LABEL

6 1 Sponsor’s proposed labeling

Microbiology

Rifaximn acts by binding to the beta-subumt of bacterial DNA-dependent RNA polymerase resulting in inhibition
of bactenal RNA synthes;s Rifaximin has been shown to be active against the following «—  m chnical
studies of infectious diarrhea as described in the INDICATIONS AND USAGE section E coli (enterotoxigenic
and enteroaggregative strains) -_

Susceptibility Tests

INDICATIONS AND USAGE
LUMESTAT™ Tablets are indicated for the treatment of patients (>12 vears of age) with travelers’ diarrhea caused
by

6 2 COMMENTS

The sponsor states that Rifaximin has been shown to be active against the following pathogens in
chinical studies of infectious diarrhea as described in the INDICATIONS AND USAGE section
E colir (enterotoxigenic and enteroaggregative strains) - There 15 sufficient
1solates to make a clinical claiam with respect to E colr -

/ -
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6 3 FDA’s version of the label

Microbiology
Rifaximin acts by binding to the beta-subunit of bacterial DNA-dependent RNA polymerase

resulting 1n inhibition of bactenal RNA synthesis

Escherichia coli has been shown to develop resistance to rifaximin i vitro However, the climcal
signmificance of such an effect has not being studied

Rifaxymin 1s a structural analog of nfampin Orgamisms with high nfaximin minimum inhibitory

concentration (MIC) _values_also have elevated MIC values against nfampin Cross resistance
between nifaxumin and other classes of antimicrobials has not being studied

Rifaximi has been shown to be active against the following pathogens n chimcal studies of
infectious diarrhea as described in the INDICATIONS AND USAGE section

Escherichia coli (enterotoxigenic and enteroaggregative stramns) =~ ——7 o—————

Susceptibility Tests
In vitro susceptibibty testing was performed according to the National Commuttee for Chinical
aborato tandards (NCC agar dilution method M7- However, the correlation betwee

usceptibility testing and chinical outcome has not been determined

/
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INDICATIONS AND USAGE

Xifaxan™ Tablets are indicated for the treatment of patients (> 12 years of age) with travelers’
diarrhea caused by noninvasive strans of Escherichia coli — (see Miucrobiology,
CLINICAL STUDIES and WARNINGS)
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8 RECOMMENDATIONS

This NDA 1s approvable with respect to the microbiology pending an accepted version of the
label

Microbiologist, HFD-590
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MICROBIOLOGY REVIEW

DIVISION OF SPECIAL PATHOGEN AND IMMUNOLOGIC DRUG PRODUCTS

(HFD-590)

NDA#_ 21-361 REVIEWER
CORRESPONDENCE DATE
CDER DATE
REVIEW ASSIGN DATE
REVIEW COMPLETE DATE

SPONSOR Salix Pharmaceuticals, Inc
3600 W Bayshore Road, Suite 205
Palo Alto CA 94303

CONTACT PERSON_  Debra Hathaway, M S
Regulatory Affairs Consultant
Phone Number (605) 849-5908

SUBMISSION REVIEWED Orniginal NDA Submission

DRUG CATEGORY Antimicrobial Rifamycin

INDICATIONS — Diarrhea n Travelers
DOSAGE FORM 200 mg Tablet
DRUG PRODUCT NAME
PROPRIETARY Lumenax™
NONPROPRIETARY/USAN Rifaximin

Peter A Dionne
21-DEC-01
26-DEC-01
31-DEC-01
14-MAR-02

CHEMICAL NAME [2S-[2R*,16Z,18E,20R*,21R*,225*,235*,245*,25R*-
26S*,27R*,28E)]-25-(Acetyloxy)-5,6,21,23-tetrahydroxy-27-
methoxy-2,4,11,16,20,22,24,26-octamethyl-2,7-
[epoxypentadeca[1,11,13]}-tnenimino]benzofuro
[4,5-elpyndo[1,2-albenzimidazole-1,15(2H)-dione

STRUCTURAL FORMULA

Molecular Formuia Ci3Hs51N504,
Molecular Weight 785 89
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SUPPORTING DOCUMENTS
IND 52,980—Salix IND for rifaximin for —— diarrhea

REMARKS/COMMENTS

This oniginal New Drug Application is for Lumenax (rifaximin) tablets Rifaximin is
a semi-synthetic antimicrobial denived from nfamycin SV Rifaximin acts by binding to
the beta-subunit of the bactenial DNA-dependent RNA polymerase, resuiting in inhibition
of bacterial RNA synthesis There 1s negligible absorption of nfaximin from the
gastrointestinal tract following oral dosing Fecal concentrations of rifaximin after
200 mg oral dosing have been established at about 8,000 pg/g feces

The sponsor 1s requesting an indication of traveler’s diarrhea caused by
Escherichia coli « _—

-

Two randomized comparative controlled Phase 3 studies, RFID9701 and
RFID9801, provide the primary support for the clinical efficacy of nfaximin for the
treatment of infectious diarrhea in travelers RFID9701 compared the clinical efficacy
and safety of rifaximin to a standard regimen of ciprofloxacin RFID9801 1s a placebo-
controlled study that investigated the superniority of rifaximin to placebo In each study
medication was taken for three days with one to two days of additional observation after
the end of the study In study RFID9701 nfaximin was dosed at 400 mg twice a day In
study RFID9801 nfaximin was dosed at 200 mg and 400 mg three times a day

Supportive information is also provided by one dose-comparison Phase 2 study,
RFiD9601 In this study three dose regimens of nfaximin (200 mg, 400 mg, and 600 mg
three times a day) were compared to a standard regimen of
trimethopnm/sulfamethoxazole Study medications were taken for 5 days

The sponsor is asking for a dosing regimen of 200 mg three times a day for 3
days Only study RFID9801 used this dosing

CONCLUSIONS & RECOMMENDATIONS

From the microbiological viewpoint it appears that this application i1s not approvable
/ There also appears to be no

correlation between bactenal eradication and clinical efficacy (time to last unformed

stool) Placebo eradicated organisms from patients stool samples as well as rifaximin
did
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EXECUTIVE SUMMARY

This apphlication i1s for a new drug nfaximin  The application provides data to
support an indication of =~ diarrhea in travelers Rifaximin 1s a semi-synthetic
antimicrobial denved from rifamycin SV Rifaximin acts by binding to the beta-subunit of
the bacterial DNA-dependent RNA polymerase, resulting in inhibition of RNA synthesis

From the microbiology viewpoint this application should not be approved
Eradication rates for placebo were equivalent to those for nfaximin  The only organism
that was treated with the proposed dose In adequate numbers to draw any conclusions
was Escherichia coli

There 1s negligible absorption of rifaximin from the gastrointestinal tract following
oral dosing Fecal concentrations of nfaximin after 200 mg oral dosing have been
established at about 8,000 pg/gram of feces

Data have been provided that show the m vitro activity of rifaximin against
pathogens that cause diarrhea These data are shown in TABLE A

TABLE A—In Vitro Activity of Rifaximin

No of pog/mL B

Organism Strains MICs, MICy,  |MIC Range
lAeromonas spp 27 125 100 12 5->200
lAeromonas spp 17 16 64 16-512
lAeromonas spp 3 16 16 8-16
Campylobacter spp 35 >200 >200 0 195->200
Campylobacter jejuni 24 128 256 0 25-512
Campylobacter spp 11 32 64 8-64
Clostndium difficile 93 0 004 2 0 004 — 128
Clostridium spp 38 0 001 0 005 <0 0001-2
Enteroaggregative E coll 65 8 16 4-32
Enteroaggregative E coll 62 64 128 8-128
Enterotoxigenic E cols 44 8 16 1-32
Enterotoxigenic £ coli 163 50 100 6 25->200
Enterotoxigenic E coli 77 64 64 14-1024
Enterotoxigenic E colt 347 32 64 0 098-512
Plesiomonas shigelloides 25 50 200 12 5->200

lesiomonas shigelloides 30 32 128 16-256
Plesiomonas shigelloides 2 4 8 4-8
Salmonella spp 53 50 100 6 25->200
Salmonella spp 47 64 128 32-256
Salmonella spp 32 32 50 6 25-64
Shigella dysenteriae 4 4 8 4-8
Shigella flexner 78 4 8 2-16
Shigella sonne 4 4 16 8-16
Shigella spp 88 ~ 50 100 25->200
Shigella spp 65 64 128 2-256
Shigella spp 27 32 64 0 098-256
Vibrio cholerae 25 100 100 6 25-100
Vibrio spp 18 32 128 2-128
Vibrio spp 5 16 32 8-32
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These data demonstrate that nfaximin’s MICgy, against Eschenchia coli1s around
32-64 pg/mL  Campylobacter species, especially C jejuni, has a higher MiCq of about
256 pg/mL  Salmonella species have MICg values of 64-128 pg/mL  Shigella species
have somewhat lower MICg values of 8-64 pg/mL

TABLE B compares the in vitro activity of nfaximin with that of other agents

TABLE B
Distribution of MICqgs of Eleven Agents Against Enteropathogens

Antimicrobial MICso (ng/mL) (Number of isolates tested)
Agent ETEC EAEC Salmonella Shigella Campylobacter Others®

(N=97) (N=75) (N=46) (N=35) (N=9) (N=21)
Rifaximin 32 32 64 64 32 4
Amdinocillin 8 16 2 16 4 1
Ampicillin >1024 >1024 4 512 64 512
Azithromycin <0015 <0015 1 05 025 Not tested
Ceftnaxone <0015 003 0125 003 2 Not tested
Ciprofloxacin 025 025 003 003 006 <0 015
Doxycycline 64 64 128 128 64 4
Levofloxacin 1 1 025 025 Q25 0 06
Nalidixic acid 256 128 16 8 4 32
Tnmethoprim 1024 >1024 1024 1024 64 128

 Others include non-cholera-causing vibrios P shigelloides and Aeromonas species
ETEC = Enterotoxigenic E coli EAEC = Enteroaggregative E colt

These data show that nfaximin has higher MICgq, values against Campylobacter
spectes compared to other enteropathogens Rifaximin’s activity i1s better than or
comparable to most other agents tested except for the fluoroquinolones The
fluoroquinolones, especially ciprofloxacin, have a much lower MIC values for most
enteropathogens when compared to nfaximin

Development of resistance to nfaximin is probably similar to that of nfampin
Rifampin resistance 1s primarily due to chromosomal one-step alteration in the drug
target, DNA-dependent RNA polymerase

The rate of selection of spontaneous rifaximin-resistant mutants was correlated
to the drug concentration employed and to the bacterial species tested Spontaneous
mutations can easily be detected when a low concentration of drug i1s present At the
highest dose used (8 x MIC), the frequency of emergence of spontaneous mutants
ranged from <1 x 10°to 1 6 x 10 for Gram-posttive aerobic and anaerobic cocct  For
Gram-negative bactenia the range was <1 X 10 °to17x107 In comparison to Gram-
positive coccl, drug-resistant mutants of Gram-negative bactena usually emerged with a
shghtly lower incidence Rates were lower under anaerobic conditions These values
are higher than those seen with most fluoroquinolones When grown in sub-inhibitory
concentrations of nfaximin all organisms showed a rapid increase in MIC values
Rifaximin, which 1s similar to nfampin in structure and mode of action, probably has
rifampin s tendency to select resistant strains with treatment This drug i1s going to be
used for diarrhea, however The proposed oral dosing leads to extremely high
intraluminal concentrations of the drug, which should prevent the development of
resistance

Incubation with sub-inhibitory concentrations of nfaximin does not seem to
increase nfampin MIC values for Mycobacterium tuberculosis Oral treatment of guinea
pigs infected with Mycobacterium tuberculosis with rifaximin for 90 days did not increase
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nfaximin or nfampin MIC for Mycobacterium tuberculosis The 3 days of treatment used
in the submitted clinical tnals did not lead to an increase in nfaximin MICs for any of the

detected pathogens

Rifaximin given orally was ineffective in a Mycobacterium tuberculosis guinea pig
model of infection Rifampin was effective in this model Rifaximin was also ineffective
in mice infected with Staphylococcus aureus when given orally, but was effective when
subcutaneously dosed Oral gentamicin was also ineffective in this mouse model

Data from two Phase lll and one Phase Il studies have been submitted in this
application In the Phase Il study, RFID9601, rifaximin was dosed at 200 mg, 400 mg,
or 600 mg twice a day for 5 days Trimethoprim/sulfamethoxazole was used as a
comparator TABLE C shows the pathogen eradication rate for this study

TABLE C
Microbiological Cure Rate by Pathogen (Study RFID9601)
200 mg tid Rifaximin { 400 mg tid Rifaximin | 600 mg tid Rfaximin TMP/SMX
No No No No
Pathogen No | Eradicated (%) | No | Eradicated (%) | No | Eradicated (%) | No | Eradicated (%)

Escherichia colt 7 7/7 (100 0%} 3 1/3 (33 3%) 2 2/2 (100 0%) 6 6/6 (100 0%)
Shigelila sonnet 1 1/1 (100 0%) 0 -— 1 0/1 (00 0%) 0 —
Saimonelfa Group C1 1 1/1 (100 0%) 0 — 1 0/1 (00 0%) 1 1/1 (100 0%)
Salmonella Group C2 0 — 1 1/1 (100 0%) 0 — 0 —
Campylobacter jejuni 2 2/2 (100 0% 0 — 0 - 0 —
Cryptospondium 0 — 1 1/1 (100 0%) 0 — (¢ —
parvum
TOTAL 11 | 11/11 (100%) 5 3/5 (60%) 4 2/4 (50%) 7 7/7 (100%)

The data in the above Table indicate that there were too few isolates of any species to
draw any rehable conclusions about the eradication rate

In study RFID9701, 400 mg rifaximin taken twice a day was compared to
ciprofloxacin taken twice a day for treatment of infectious diarrhea in travelers

Treatment was for 3 days TABLE D shows the pathogen eradication rate for this study

TABLED
Microbiological Cure Rate by Pathogen (Study RFID9701)
Rifaximin Ciprofloxacin
400 mg bid 500 mg bid
No No
Pathogen No | Eradicated (%) | No | Eradicated (%)
Escherichia coli 35 | 24/35(686%) | 36 30/36 (83 3%)
Shigella sonnet 4 3/4 (75 0%) 1 1/1 (100 0%)
Shigella flexner: 1 1/1 (100 0%) 5 4/5 (80 0%)
Salmonella species 0 1 1/1 (100 0%)
Salmonella Group C1 2 1/2 (50 0%) 3 2/3 (66 6%)
Salmonella Group C2 1 1/1 (100 0%) 2 2/2 (100 0%)
Campylobacter jejuni 2 2/2 (100 0%) 0 —
Entamoeba histolytica 1 0/1 (0 0%) 0 e
Grardia Lamblia 0 -— 1 0/1 (0 0%)
Cryptospondium parvum 1 1/1 (100 0%) 2 1/2 (50 0%)
TOTAL 47 | 33/47(702%) | 51 | 41/51(803%)
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From the above TABLE it can be seen that there were very few of any organisms
other than Eschenichia coli  The dosage regimen in this study was not the one proposed
for the product in this application (200 mg tid for 3 days) It appears that the eradication
rate for nfaximin is not as good as for ciprofloxacin

Study RFID9801 compared nfaximin doses of 200 mg and 400 mg taken three
times a day with placebo Dosing was for 3 days in this study This was the only study
that included the proposed dose regime of 200 mg rifaximin taken three times a day for
three days TABLE E shows the pathogen eradication rate for this study

TABLE E
Microbiological Cure Rate by Pathogen (Study RFID9801)
Placebo Rifaximin Rifaximin
200 mg td 400 mg tid
Pathogen No No No — No No No

Eradicated (%) Eradicated (%) Eradicated (%)
Escherichia coli 54 40/54 (741%) | 54 | 38/54 (70 4%) 41 27/41 (65 9%)
Shigella species 0 — 0 p— 1 1/1 (100 0%)
Shigella sonnet 2 212 (100 0%) 2 2/2 (100 0%) 1 1/1 (100 0%)
Shigella flexneri 0 — 2 1/2 (50 0%) 1 0/1 (0 0%)
Salmonella Group C1 1 1/1 (100 0%) 2 1/2 (50 0%) 4 3/4 (75 0%)
Salmonella Group C2 1 1/1 (100 0%) 0 — 3 1/3 (33 3%)
Campylobacter jejuni 1 0/1 (0 0%) 2 112 (50 0%) 0 —
Campylobacter coli 1 1/1 (100 0%) 0 — 0 —
Aeromonas sobna 1 1/1 (100 0%) 0 — 0 —
Aeromonas hydrophila 0 — 0 — 1 1/1 (100 0%)
Entamoeba histolytica 1 1/1 (100 0%) 1 1/1 (100 0%) 3 2/3 (66 6%)
Giardia lambila 4 3/4 (75 0%) 6 4/6 (66 6%) 3 1/3 (33 3%)
Cryptospondium parvum 11 7/11 (63 6%) 18 12/18 (66 6%) 14 4/14 (28 6%)
Plesiomonas shigelloides 1 1/1 (100 0%) 0 — 1 1/1 (100 0%)
Vibrio fluvialis 0 -—- 1 1/1 (100 0%) 1 0/1 (0 0%)
Vibrnio parahaemolyticus 1 1/1 (100 0%) 0 — 1 1/1 (100 0%)
TOTAL 79 59/79 (74 7%) | 88 | 61/88 (69 3%) 75 43/75 (57 3%)

From the above TABLE it can be seen that there were very few of any organisms
other than Escherichia coli  Only one arm in this study used the proposed dosage
regimen (200 mg tid for 3 days) Both rifaximin dosage regimens had about the same
eradication rate with the lower dose giving shghtly better eradication The eradication
rate for placebo was as good as or better than that for the drug Only about half the
patients had an organism detected pre-treatment There were only four Shigella
species and two Salmonella species treated with the proposed dose

The data from all these studies combined indicate that nfaximin 1s no better than
placebo at eradicating pathogens Only about half the patients In these studies had a
pre-treatment pathogen detected Rifaximin appears to be slightly less effective in
eradicating pathogens than 1s ciprofloxacin but the difference may not be significant
Almost all the Cryptosporidium parvum patients were from Kenya Many
of them had another pathogen along with the Cryptosporidium parvum These other
organisms may be the cause of the diarrhea

P—
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PRECLINCIAL EFFICACY (IN VITRO)

MECHANISM OF ACTION

Rifaximin is a structural analogue of nfampin and, therefore, would be expected
to have a mechanism of action that is similar to that of nfampin  Rifampin inhibits DNA-
dependent RNA polymerase activity in susceptible cells Rifampin interacts with
bacterial RNA polymerase but does not inhibit the mammalian enzyme The inhibition
potential of rnifaximin compared to nfampin on DNA, RNA, and protein synthesis in
Escherichia coli was studied (1) In this study the effect of nfaximin, nfampin, and
chloramphenicol on the incorporation of **S-methionine, *H-unndine, and *H-thymidine
by E coli (ATCC 8739) was examined Aliquots of the radiolabeled matenal were added
to E colicultures The antibiotics were added to the cultures and samples were taken
at 7 to 29 minute intervals after addition Samples were measured for incorporation of
the radiolabeled compounds Rifaximin and nfampin did not affect **S-methionine
incorporation At rifaximin and rifampin concentrations of 30 pg/mL *H-urindine
incorporation was depressed indicating that PNA synthesis was affected Rifaximin and
nfampin did not affect *H-thymidine incorporation Similar to nfampin, rifaximin
selectively inhibited RNA synthesis in £ colr

ANTIMICROBIAL SPECTRUM OF ACTIVITY
ANTIMICROBILA ACTIVITY—SPONSOR STUDIES

Six studies were conducted to evaluate the antimicrobial activity of rfaximin
against various bactenal isolates from clinical tnals TABLE 1 summarizes rifaximin
MICso, MICq, and MIC ranges for pathogens associated with infectious diarrhea from
these studies (2,3,4,5,6,7) One study (4) only tested a upper rifaximin concentration of
200 pg/mL, which was too low to establish MICs for many of the isolates

For the 1,607 clinical 1solates tested, the highest MIC was 1024 ug/mL
Clostrnidium species were found to be the most sensitive organisms tested with an MICq
range of 0 005-2 0 pg/mL  The MICs and MICg, ranges for Eschernichia coli were
8-64 ng/mL and 16-128 ug/mL, respectively Campylobacter species have a higher
MICgo value of >100 pg/mL to about 256 ug/mL in most studies The MICy, value for
Salmonella species varies from around 8 0 ug/mL to about 128 pg/mL  Shigella species
seem to have a MICg4 range similar to that for Salmonella species
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In Vitro Activity of Rifaximin—Sponsor Studies®

No of pug/mL l
rganism Strains | MIC;, MICy, [MIC Rang_;eb Study No

Aeromonas spp 27 125 100 12 5->200 4
Aeromonas spp 17 16 64 16-512 5
Aeromonas spp 3 16 16 3-16 6
Campylobacter spp 35 >200 >200 |0 195->200 4
Campylobacter jejuni 24 128 256 0 25-512 5
Campylobacter spp 11 32 64 8-64 6
|Clostridium difficile 93 0 004 2 0 004 — 128 3
Clostridium spp 38 0 001 0005 [|<00001-2 7
Enteroaggregative E coli 65 8 16 4-32 2
Enteroaggregative E coli 62 64 128 8-128 5
Enterohemorrhagic E colt 17 50 >200 |25->200 4
Enteroinvasive E coli 20 50 100 6 25->200 4
Enteropathogenic E colr 21 8 16 4-16 2
Enterotoxigenic E colr 44 8 16 1-32 2
Enterotoxigenic E coli 153 50 100 6 25->200 4
Enterotoxigenic E coli 77 64 64 4-1024 5
Enterotoxigenic E col 347 32 64 0 098-512 6
Hep-2 adherent E coli 50 50 100 12 5->200 4
Plesiomonas shigelioides 25 50 200 12 5->200 4
Plesiomonas shigelloides 30 32 128 16-256 5
Plesiomonas shigelloides 2 4 8 4-8 6
Salmonella spp 53 50 100 6 25->200 4
Salmonella spp 47 64 128 32-256 5
.Salmonella spp 32 32 50 6 25-64 6
Shigella dysentenae 4 4 8 4-8 2
Shigella flexnen 78 4 8 2-16 2
Shigella sonnei 4 4 16 8-16 2
Shigella spp 88 50 100 25->200 4
Shigella spp 65 64 128 2-256 5
Shigella spp 27 32 64 0 098-256 6
Vibrio cholerae 25 100 100 6 25-100 4
Vibrio spp 18 32 128 2-128 5
Vibrio spp 5 16 32 8-32 6
Total or Range® 1607 ]0 001-128j 0 005-256 <0 001-1024

®Including patients from Mexico, Zambia Egypt, India, Jamaica, Kenya, Zambia and
Guatemala between 1992-2000
®MIC values reported as greater than were above the highest tested dilution concentration
“Excludes MIC values that were not determined, e g >200 pg/mL
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Antimicrobial susceptibility testing was also performed against anaerobic
bacteria (7) Results are shown in TABLE 2

TABLE 2
In Vitro Activity of Rifaximin against Strict Anaerobic Bactena
pg/mL
Number of
[Organism Isolates MICs, MICgo Range
Bacteroides 32 02 1 01->256
Bacteroides distaeonis 5 01-32
Bacteroides fragilis 8 02->256
Bacteroides ovatus 4 02-1
Bacteroides thetaiotamicron 9 02
Bacteroides uniformis 2 02
Bacteroides vulgatus 4 02-4
Bifidobacterium 18 2 4 02-8
Bifidobacterium adolescentis 5 05-4
Bifidobacterium longum 2 02-2
Bifidobacterium angulatum 1 02
Bifidobacterium eriksonii 4 2-8
Bifidobacterium dentium 3 2-4
Bifidobactenium magnum 1 4
Bifidobacterium bifidum 2 2—-4
Clostridium 38 0 001 0 005 <0 0001-2
Clostridium barati 5 0 0002-0 0005
Clostridium bifermentans 1 <0 0001
Clostnidium difficile 11 <0 0001-0 001
Clostndium paraputrifucum 1 0 005
Clostndium perfringens 14 0 002-0 01
Clostridium sordeliln 3 <0 0001-0 002
Clostrnidium sporogenes 3 0 5-2
Fusobacterium 4 2 16 2-16
Fusobacterium necrophorum 1 16
Fusobacterium nucleaturn 3 2-8
Peptostreptococcus 7 2 256 2-256
Peptostreptococcus anaerobius 1 16
Peptostreptococcus magnus 4 2-256
Peptostreptococcus micros 1 2
Peptostreptococcus productus 1 16
Prevotella 4 2 4 1-4
Prevotella bivis 3 1-4
Prevotella buccae 1 2
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ANTIMICROBIAL ACTIVITY—LITERATURE STUDIES

Tables 3 summarnize the antimicrobial activity of nfaximin against various chinical
isolates This table was compiled from studies found In the literature

TABLE 3
In Vitro Activity of Rifaximin _(Literature Studies)
Organism No of MICs5, MICy, | MIC Range® | Reference
Isolates | (ug/mL) | (pg/mL) (ug/mL)

Acinetobacter species 10 2 4 0 06-4 8
Bacillus cereus 7 006 - 003-0 12 8
Campylobacter jejuni 54 1256 >100 0 78->100 9
Citrobacter species 4 -— >25 12->25 10
Clostnidium difficile 59 039 >100 0 10->100 9
Staphylococcus coagulase-negative 20 <0015 <0 015 <0 015 8
Enterobacter species 6 12 12 12 10
Enterobacter agglomerans 10 4 8 1-8 8
Enterococcus faecalis 21 2 8 05->8 8
Enterococcus species 10 025 2 <0015->4 8
Escherichia coli 15 625 125 0 7->25 10
Haemophilus influenzae 58 025 2 <003-2 8
Moraxella catarrhalis 20 <0 03 <0 03 <0 03-0 06 8
Neisseria species 16 05 2 <0 03-2 8
Proteus species 26 6 25 25 3 12->50 10
Proteus mirabilis 20 4 4 1-4 8
Proteus vulgans 10 4 4 2->8 8
Providencia stuarti 10 4 4 2-4 8
Salmonella species 56 312 6 25 0 78->25 10
Salmonella enteritidis 10 2 8 2->8 8
Serratia species 10 25 >50 12->50 10
Shigella species 10 4 8 2->8 8
Staphylococcus aureus 30 003 10 <0 005-30 10
Stapylococcus aureus (Methicilhin-S) 40 <0 015 <0015 | <0015-003 8
Staphylococcus epidermidis 20 <0 015 <0 015 <0 015 8
Staphylococcus haemolyticus 10 <0 015 <0 015 <0 015->8 8
Streptococcus Group A 19 012 025 <0 03-0 25 8
Streptococcus Group B 20 012 025 0 06-0 25 8
Streptococcus Group C F G 14 <0 03 0 06 <0 03-05 8
Streptococcus pneumoniae 30 <003 006 <0 03->4 8
Stenotrophomonas maltophilia 10 8 <8 <0 015-<8 8
Yersinia enterocolitica 74 6 25 125 02125 9
Yersinia knistenseni 12 156 125 039125 9
Yersimia fredenkseni 2 --- — 312 9
Yersinia pseudotuberculosis 1 -— -— 6 25 9
Yersinia intermedia 2 - -— 156-3 12 9

® MIC values reported as greater than were above the highest tested dilution
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IN VITRO COMPARISON WITH OTHER AGENTS

Table 4 1s from a study (11), which looked at the in vitro susceptibility of
enteropathogens causing traveler’s diarrhea in four geographic regions

TABLE 4

Distribution of MICg.s of Eleven Agents Against Enteropathogens

Antimicrobial MICgo (rg/mL) (Number of tsolates tested)
Agent ETEC EAEC Salmonella | Shigella | Campylobacter | Others®
(N=97) | (N=75) (N=46) (N=35) (N=9) (N=21)
Rifaximin 32 32 64 64 32 4
Amdinocillin 8 16 2 16 4 1
Ampicillin >1024 >1024 4 512 64 512
Azithromycin | <0015 | <0015 1 05 025 Not tested
Ceftnaxone <0015 003 0125 003 2 Not tested
Ciprofioxacin 025 025 003 003 0 06 <0015
Doxycycline 64 64 128 128 64 4
Levofloxacin 1 1 025 025 025 006
Nalidixic acid 256 128 16 8 4 32
Trimethoprim 1024 >1024 1024 1024 64 128

? Others include non-cholera-causing vibrios, P shigelloides, and Aeromonas species
ETEC = Enterotoxigenic E coli, EAEC = Enteroaggregative £ coli

Table 5 summarizes the antimicrobtal activity of nfaximin compared to eight
standard agents This table 1s compiled from data from two sponsor studies (2, 3) One
study compared activity against enteropathogens (2) and the other study only tested
activity against Clostridium difficile (3)

These data show that nfaximin has the highest MICq value against
Campylobacter species compared to other enteropathogens Rifaximin’s activity 1s
better than or comparable to most other agents tested except for the fluoroquinolones
The fluoroquinolones, especially ciprofloxacin, have much lower MIC values for most
enteropathogens when compared to nfaximin

In another study (12) done by the sponsor, the activity of rifaximin and
tetracycline were evaluated against 111 strains of Vibrio cholerae Rifaximin and
tetracycline were found to have MIC ranges of 0 5-2 pg/mL and 0 5-64 ng/mL,
respectively
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TABLE 5
Comparative Activity (MIC4) of Rifaximin and Eight Other Agents

MICq (na/mL) (Number of Isolates Tested)
EAEC ETEC | Salmonella | Campylubacter | Aeromonas Yersinia Shigella | Shigella | Clostridium
Antimicrobial Agent | (N=28) | (N=38) | species Jeyuni hydrophilia | enterocolitica | flexnen | sonner difficile
(N=14) (N=12) (N=11) (N=10) (N=28) | (N=36) (N=93) Reference

Rifaximin 16 16 4 512 8 128 16 16 2 2,3
Ampiciliin >128 >128 >128 >128 >128 >128 >128 >128 -—- 2
Chloramphenicol >128 >128 64 >128 8 128 128 128 -—- 2
Tetracycline >128 >128 128 16 >128 64 >128 >128 - 2
Nahdixic acid 16 4 4 >256 <4 8 <4 8 —- 2
Ciprofloxacin <0 06 <0 06 <0 06 32 <0 06 <0 06 <0 06 <0 06 --- 2
Trnimethoprim >128 >128 16 128 64 16 >128 >128 - 2
Metronidazole 025 3
Vancomycin 2 3

ETEC = Enterotoxigenic E coll, EAEC = Enteroaggregative E coli




NDA # 21-361
Rifaximin Tablets Page 14 of 56
Salix Pharmaceutical Inc

ASSESSMENT OF BACTERIAL RESISTANCE

Development of resistance to nfaximin 1s probably similar to that of nfampin
Rifampin resistance 1s pnmarily due to a chromosomal one-step alteration in the drug
target, DNA-dependent RNA polymerase

SPONTANEOUS FREQUENCY OF MUTATION

The spontaneous mutation frequency of nfaximin for a number of organisms was
determined by the sponsor (13) and compared to the rate for other agents In these
expenments a high bactenal inocula (10%-10'° cfu/mL) were added to agar containing
each antibiotic at various concentrations above the MIC (2, 4, and 8 times) Two
isolates of each species were analyzed Other representative strains were also
included

The frequency of emergence of spontaneous resistant mutants to rifaximin and
vancomycin in anaerobic gram-positive strains was determined by using Wilkins-
Chalgren agar plates After incubation at 37 C for 48 hours colonies were counted and
the mutation frequency was calcuiated Results are shown in TABLE 6



