These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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NDA 50717 &
Zambon Corporation EC 19 j1uss

Attention: Dr. Foma Rashkovsky —
Acting Director of Regulatory Affairs
Forest Laboratories, Inc.

One Meadowlands Plaza

East Rutherford, NJ 07073

Dear Dr. Rashkovsky:

Dlease refer to your September 29, 1994 new drug application (and your resubmission dated
June 28, 1996) submitted under section 507 of the Federal Food, Drug, and Cosmetic Act for
Monurol™ (fosfomycin tromethamine) 3 gram sachet.

We acknowledge receipt of your amendments dated june 28, October 23, and October 31,
1996.

This new drug application provides for single-dose therapy in the treatment of uncomplicated
urinary tract infection.

We have completed the review of this application, including the submitted draft labeling, and
have concluded that adequate information has been presented to demonstrate that the drug
product is safe and effective for use as recommended in the enclosed marked-up draft labeling.
Accordingly, the application s approved effective on the date of this letter.

The final printed labeling (FPL) must be identical to the enclosed marked-up draft labeling
dated December 19, 1996. Marketing the product with FPL that is not identical to this draft
labeling may render the product misbranded and an unapproved new drug.

Please submit sixteen copies of the FPL as soon as it is available, in no case more than 30 days
after it is printed. Please individually mount ten of the copies on heavy weight paper or
similar material. For administrative purposes this submission should be designated "FINAL
PRINTED LABELING" for approved NDA 50-717. Approval of this submission by FDA is
not required before the labeling is used.

Should additional information relating to the safety and effectiveness of the drug become
available, revision of that labeling may be required.

In addition, please submit three copies of the introductory promotional material that you
propose to use for this product. All proposed materials should be submitted in draft or mock-
up form, not final print. Please submit one copy to the Division of Anti-Infective Drug
Products and tvio copies of both the promotional material and the package insert directly to:
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Food and Drug Administration e
Division of Drug Marketing, Advertising and Communications,
HFD-40
5600 Fishers Lare T

Rockville, Maryland 20857
Please submit one market package of the drug when it is available.

We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314.81.

If you have any questions, please contact:

Beth Duvalt-Miller
Consumer Safety Officer
(301) 827-2125

Sincerely yours,

S/
David Feigal, §r., M.D., M.P.H.

Director
Office of Drug Evaluation IV
Center for Drug Evaluation and Research

ENCLOSURE
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ce: Concurrence Only:
Original NDA 50-717 HFD-520/SCS0/J. Bonaf% 0 hthe
HFD-520/Div. Files HFD-520/SMO/J. Soreth§* ¢/t
HFC-130 (include Izbeling) HFD-520/SPharm/R. Ostatberg (% 4114
HFD-92 (include labeling) HFD-520/ActSChen/D. Katague 17 i n-‘lﬁ' it
HFD-473 (include labeling) HFD-520/SMicro/A. Sheldon HVS € ATS
HFD-500 (include lzbeling) HFD-520/BioStat/D. Lin § f> /gy
HFD-638 (include labeling) HFD-520/ActDivDir/D. Feigat
HFD-735 (include labeling)

HFD-2/M. Lumpkin
HFD-520/Label File/B. Duvall-Milier
HFD-520/ActDivDir/D. Feigal
HFD-520/DepDir/L. Gavrilovich
HFD-520/CSO/8. Duvall-Miller
HFD-520/SMO/J. Soreth Qfafr it
HFD-520/Pharmy/S. Joshi
HFD-520/Micro/P. Dionne
HFD-520/BioPharm/F. Pelsor A7 /2/)%/5¢
HED-520/Chem/J. Timper
HFD-520/BioStat/S. Bell

HED-104/D. Feigal

HFD-101/L. Carter (with labeling)
HFD-830/E. Sheinin

DISTRICT OFFICE

HF-2/Msdwatch (with labeling)
HFD-40/DDMAC (with labeling)
HFD-613 (with labeling)

HFD-021/]. Treacy (with labeling)

drafted: bdm/December 19, 1996/M:\NDAAPP\N50717AP.WPD
r/d Initials:
final: ToFh 1215

APPROVAL
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NDA 50-717

Forest lLaboratories, Inc.
Attention: Michael M. Rosen, Fh.D.
Director of Regulatory Affairs

90% Third Avenue

New York, N.Y. 10022-4731

Dezr Dr. Rosen:

Reference is made to your new drug application (NDA) dated
September 29, 1994, submitted pursuant to Section 507 of the
Federal Food, Drug, and Cosmetic Act for MONUROL® (fosfomycin
tromethamine) sachet.

We also acknowledge receipt of your additional communications dated
October 14, 18 and 24, and December 15, 1994; and January 1 and 27,
February 3 and 16, March 22, April 28, May 15, June 13, 14, 20, 21
(two submissions) and 30, and July 7, 1995.

We have completed our review of this application, and it is not
approvable at this time.

Under section 507 of the Act and 21 CFR 314.125(b) (5) of the
implementing regulations, these applications have failed tr provide
substantial evidence consisting of adeguate and well-controiled
studies, as defined in 21 CFR 314.126, that fosfomycin tromethamine
will have the effect it is represented to have under the conditions
of use prescribed recomuended, or suggested in the proposed
labeliugs. Specifically, the two pivotal studies conducted in the
U.S. show an unacceptable eradication rate for cystitis. Moreover,
the safety profile of fosfomycin given as a 3 gram single dose
cffered no advantages over standard treatment regimens. If you
contemplate further studies with fosfomycin, you might consider an
alternative dosing regimen (e.g., 2 grams daily for three days) and
potentially increase the drug's efficacy and improve its safety
profile.

It is not always clear from case record data how patients who
failed fosfomycin therapy were further managed. In addition, the
evaluation of patients who developed diarrhea after fosfomycin
ingestion is often not recorded. The inclusion of such data in any
future trial with fosfomycin would be very important in assessing
the overall risk/benefit of the drug.

Further, as part of our commitment to provide you with a complete
assessment ¢f your NDA, the deficiencies noted in each section of
your NDA are detailed as follows:
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I.

COMMENTS REGARDING THE CLINICAL AND BTATISTICAL SBECTIONS OF
THIE NDA:

Clinical/Statistical:

Based on_ our review of the clinical studies and the
recommendation of the July 20, 1995, Advisory Committee, we
have concluded that the product does not offer a risk/benefit
profile which would justify the approval of this application
at this time. Specifically,

1. The two studies submitted to support this indication show
this product to be both clinically and statistically
inferior to drug productes already approved for this
indication.

2. The two studies demonstrated that this single-dose
product provided no safety advantage over the multiple-
day drug regimens currently approved.

In addition, we would like to let you know that the clinical
site inspections are still ongoing.

CANDA/HARDCOPY DEFICIENCIES:

Please note that the following items are listed tc¢ provide
feedback to you on the adequacy of the CANDA/hardcopy
submitted for the review of this application. The following
suggestions would improve the quality of the submission, both
electronic and hardcopy and expedite the review:

1. Provide 1 listing of patients where the clinical or
microbiological ouccome documented by the investigator is
different from the outcome as recorded by the company
medical monitor.

Z. Flag patients who recsived concomitant antimicrobials,
and QC the case record forms to verify that other
antimicrobial use is not documented.

3. Patients who received other antimicrobials for UTI signs
or symptoms or for a positive urine culture post-therapy,
should be assessed as FAILURES.

4. All Cfailures must be carried forward in the analysis.

5. Assess treatment failures as failures, even if their
follow-up falls outside of pre-defined time windows.

6. Place all investigators' comments, regardless of their
place in the CRF, in one electronic file.
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II.

IIX.

7.

Record, in a numeric field, the number of days post-
therapy that each follow-up visit occurred, including
unscheduled vigits.

COMMENTS KEGARDING TRE CHENISTRY, MANUFACTURING, AND CONTROLS
BECTION OF THIS NDA:

1-

4.

Please provide accelerated as well as real tire data to
substantiate your reguested expiry perioc of two years.

Determine the water vapor permeability of the sachet
pouch container closure system for the drug product.

Use the uninverted chemical nomenclature sanctioned and
employed by the In.arnational Union of Pure and Applied
Chemistry (IUPAC) and the World Health Organization (WHO)
in the description section of the label.

Please see the attachment for our ccmments regarding your
environmental assessment.

COMMENTS REGARDING TEE NICROBIOLOGY SECTION OF THIB NDA:

1.

Based on our review of the microbioclogy data submitted,
we have determined that the following organisms are
resistant to fosfomycin--they have MIC,, values which
exceed the susceptibility breakpoint.

Staphylococcus saprophyticus--MIC, values were > 64
ug/mL.

Entarobacter species--we now normally require each
species to be studied and listed in the labeling. The

MIC, values for species other than Enterobacter
aerogenes were > 64 ug/mL.

Providencia rettgeri--MIC,, values were > 64 ug/nL.
Providencia stuartii--MIC,, values were > 64 ug/mL.

Pseudomonas aeruginosa--Not usually an urinary tract
pathogen. MIC,, values were > 64 ug/mL.

Xanthomonas maltophilia--Not usually an urinary tract
pathogen. MICg values > 64 ug/mL.

Bagsed on our analyses of the study submitted, the QU
limits for Escherichia coii ATCC 29922 should be mm
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IV.

instead of mm, It appears that an error was made
when the data from Barry's study were interpreted. Gavan
statistics indicated limits of mm, but ¢this

included only 94.2% of the data. It was suggested that
the range be extended mm on each end, but since no
zones -of nm were found in the collaborative study, a
range of mm is indicated.

FDA knows that there is some controversy regarding QC
ranges for this drug, especially for MIC QC limits.
Although only one collaborative study was submitted to
the NLA (performed in 1991), two other MIC studies were
submitted to the scientific community (performed in 1994
and 1995). The 1994 study did not confirm the results of
the 1991 study so a new 1995 study was performed. Only
the 1991 study for zone diameters has been subnmitted.
Another 1994 study was performed. FDA must have all data
to determine QC ranges.

The statement

. should be deleted. The same
statement is made later but in a more appropriate manner;

The statement

'should be deleted since
the evidence for this is presented in only one brief
study and this does not seem to be the primary mode of
action of this drug.

COMMENTS REGARDING THE BIOPHARFACEUTICH SECTION OF THIS MDA:

In any resubmission of this application, please provide the
following information:

1.

The total recovery from urine and feces after a single 3
g dose was %t following intravenous administration and

¥ following oral administration. Please provide
information accounting for the remaining % of the drug.
This information can be obtained by conducting an in vivo
mass balance study.

You may also consider performing the following in vitro
experiments to charactarize the profile of fosfomycin in
gastrointestinal milieu.
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N
.

gastrointestinal milieu.

a. Provide a pH stability profile with kinetic rate
congtants for degradation of fosfomycin dissoclved
.at 37°C in buffer solutions pH 1.2, 4.5, 6.5, 7.5.
\Also, for these solutions provide the rate
constants and asrRay values for the 4 degradation
products: glycolic derivative; 1-hydroxy-2-
trometamoyloxy-n-propyl fosfonic acid; tromethamine
fosfate ester; and trometamoyloxy fosfomycin dimer,
Perform the study in each buffer solution up to 12
hours.

b. Simulate gastric passage by adjustment of a
solution of the drug substance to be pH 1.2 for 2
hours, then subsequently at pH 4.5 for 2 hours, pH
6.5 for 2 hours, and pH 7.5 for 2 hours. Assay and
evaluate, as above, the degradation of the drug
substance at each test station in the experiment.

Some PK parameters obtained from non-compartmental
analysis in study report #1 did not mstch those obtained
from compartmental analysis. Please explain the
difference.

Mean total recovery (A,.) rasult of fosfomycin in urine
(0-infinity) summarized in Table A6-8 (study report #1)
for treatment A (1433 mg) is different from that listed
in Table 19 (1128). The result of 1433 will give a urine
recovery of 48% rather than 38% which is the reported
recovery value for the study. The mean A,. for treatment
B is 1082 mg in both tables mentioned above. However, if
averaging the individual recovery in Table A6-8, the A,
value should be 1580 mg (53%). Among the individual
results in Table A6~-8, subject 8 has a A,,value of 6210.9
mg which is more than doubled amount of drug given (3000
mg). If subject 8 is considered an outlier, the mean A,
of Prosfomycin is 1360 wng. Please explain these
calculations.

Pleaxe define the value of A used tc calculate A,,. The
value obtained from the non-compartmental analysis is
different from the one obtained from compartmental
analysis, and the use of the wrong A will produce a
wrong A... Therefore, it may be more proper to use urine
recovery from 0-84 hours rather than A,,. Eighty four
hours cover more than 14 half-lives. The urine recovery
values from 0-8B4 hours are 37.6 for fast condition and
36.1 for fed condition.
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5.

10.

Your submission of December 15, 1994, stated that the
evidence of lack of metabolites "an exzmination of the
chromatograms generated from the urine and fecal samples
after oral and I.V. administration of fosfomycin from
study R/3700/0002 (Study Report #i) revealed no peaks
other than tosfomycin indicating that fosfomycin is
probably not metabolized®. This observation can only
support that fosfomycin has absorption under this
condition, but cannot rule out the existence of other
metabolites.

Please provide experimental data showing that the ionized
state of fosfomycin is likely to be reactive leading to
its degradation.

Please provide data to determine if dosage adjustment is
necessary in patients with renal impairment, including
the safety data and urinary coancentration data for a 3 g
dose to uremic patients.

The amount of sucrose is fairly large in the dosage form.
There might be a correlation between the amount of
sucrose used and one of the adverse reactions, diarrhea.

The model used in Study Report #2 for oral data fitting
is one compartmental model with first order absorption.
The fitting is poor. According to study #1 and I.V. data
in this study, the disposition of fosfomycin is described
by a two compartmental model. Therefore, the one
compartmental model used in this study is not proper.
The A, value obtained from the one compartmental fitting
may not reflect the terminal elimination rate. Thus, the
absclute bioavailability values calculated based on A
values might not be accurate. Urine recovery data may be
a better measurement of the biocavailability than the AUC
values calculated from wrong )\, values. Please note the
misuse of this PK model.

Scme of the assay validation data and assay results for
study #2 were documented under study #3. Please correct
this error.

PHASE 4 COMMITMENT
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v. COMMENTS REGARDING THE PHARMACOLOGY/TOXICOLOGY SEFTIONM OF THIS
NDA:

Based on our review, we believe that fosfomycin should be
designated Pregnancy Category C instead of Pregnancy Category
B. The teratogenic effects noted were: wavy ribs and
delaynd/retarded ossification of bones in the rat; increased
abortions, fetal resorptions and reduced fetal body weights in
the rabbit.

VI. COMMENTS REGARDING INBPECTIOMS OF THE SITES INVCOLVED IN THE
MANUTACTURE OF THIS PRODUCT:

We TrTemind you <that a satisfactory inspection of your
manufacturing facilities for conformance with current good
manufacturing practices (CGMP} is required before this
application may be approved.

Within 10 days after the date of this letter, you are required to
amend this application, or notify us of an intent to file an
amendment, or follow one of the other alternatives under 21 CFR
314.120. In the absence of such action on your part, the FDA may
proceed to withdraw this application. Any amendment
("resubmissior® for user fee purposes) should respond to all
deficiencies listed. A partial response will not be processed as
a resubmission and, therefore, the resubmission user fee review
clock will not be re-activated until complete responses to all
deficiencies have bean received.

Should you have any questions concerning this application,  lease
contact Ms, Maureen P. Dillon-Parker, Project Manager, at 301-443-
0257.

Sincerely yours,

- e 0(77}\ 9-19-95—
David Feig 1,'/. 4

Acting Deputy Director
Office of Drug Evaluation II
Center for Drug Evaluation and Research
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" NDA 50-717 concurrence:

NY-DO
HFD-520 i KFD-520/DepDir/Gavrilovich ,. . / ., /4 —
HFC-130 E HFD—520/SupHO/A,1f:rccht AL G S F
HFD-82 HFD-521/SPMS/Bo g -
HFD-500 12 8 /s
HFD-638
HFD-735
HFD~2/Lumpkin
HFD-520/DepDir/Gavrilovich
HFD-520/SMO/Albrecht/init 8/10/95 (< ‘?//d‘/‘?.f'
HFD-520/M0O/Soreth/init / L7
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HFD~520/Micro/Dionne/init /?T
HFD-520/SChem/Roy/init GO ) J
HFD-520/Chem/Timper/init{8/10/95 AT St 9/’7/77
HFD-713/SStat/Harkins/init AgN 979795 ,
HFD~713/Stat/Turney/init s7/AN 9/19/4% 40” 1|.qlﬁ‘:
HFD-426/SBiopharm/Pelsor/init 8/10/92;>
HFD-426/Biopharm/Wang/init 8/10/95 NSy
HFD-521/SPMS/Bona/init
HFD-521/PMS/Dillonparker

NDAFILE\N50717.FNL rd/8/8/95 rd 8/17/95, 9/15/95

v 00]5

NOT APPROVABLE
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PIVISION OF ANTI-INFECTIVE DRUG PRODUCTS
Review of Chemistry, Mapnufacturing, and Controls

NDA 50-717
CHEM.REVIEW #£: 1 REVIEW DAIE: 12/27/94

SUBMISSION/TYPE DOCUMENT DATE CDEP DATE COMPLETED DATE
original 9/28/94 9/29/94 12/28/94
Amendment - 12/15/)94 12/16/94 12/28/94

NAME § ADDRESS OF APPLICANT:

Zambon Gioup S.p.A.
Fine Chemicals Division
via Dovaro 36045 Almisano di Lonigo (Vicenza) Italy

The authorized agent in the United States is

Zzabon Corporation
One Meadowlands Plaza
East Rutherford, NJ 07073, USA

DRUG SUBOTANCE NAME

Established: Fosfomycin trometamol
USAN: Fosfomycin tromethamine

code #;: 21282

X/INDICATION:

Antibacterial, urinary tract

CHQP . CHE,NO, 259.20

{1) Phosphonic acid, (3-methyloxiranyl)-, 2R-cis)-,
compd, with 2-amino-2-(hydroxymethyl)-1,3~propanediol
¢1:1}; (2) (1R,28)-(1,2~-Epoxypropyl)phosphonic acid,
ccmpound with 2~amino-2~(hydroxymethyl)-1,3-propanediol
(1:1).

CAS~-78964-85~9.



NDA 50-717; Zambon Group S.p.A. page 2
Fosfomycin Trometamol (Monurol) Chemist \'4

Related documents:
DMY -

DMF

DMF

DMF

DMF

CONSULTS:

A corsult has been submitted on 12/27/94 to Dr. P.
Vincent, CDER environmental reviewer., Method
validation packages have been sent to the FDA New
York FDA laboratcry and the FDA Antibiotic Drug

= Branch: laboratory for evaluation. A consult was
sent to the Labeling and Nomenclature Committee to
evaluate the tradename, Monurol.



NDA 50-717; Zambon Group S.p.A. page 3
Fosfomycin Trometamol (Monureol) Chemistry Review #1

REMARKS/COMMEYT8:

The drug substance review has been accomplished in DMF

, for fosfomycin tromethamine. The DMF
holder is Zambon Group £.p.A., Vicenza, Italy.
Synthesis and controls for the drug substances should
be referenced to that document. There is one item
outstanding pertaining tc¢ an alternate source of
primary material in the synthesis of the drug
substance. Stability data for the drug product
currently has data to 18 months.

CONCLUSIONS & RECOMMENDATIONS:

cC:

Request that a nonapproval letter issue at this time.
The deficiencies noted pertaining to chemistry,
manufacturing, and controls are addressed to the firm
with regard to labeling, the container closure, and
stability. Consults for the methods validation and

environmental assessment are outstanding at the time of

this review. The establishment inspections have been
requested. The methods validation have been sent to 2
FDA laboratories for evaluation.

AN (2 [

J. Timper

Org. NDA 50-717
HFD-520/Division File
HFD-520,/SBRoy/Acting SUPVCHEM /ﬁy?s
HFD-520/Timper/CHEM 12/28/94
HFD-520/Soreth/MO

HFD-520/Joshi/Pharm Sl 7’
HFD~520/Soprey/Micro ~pk'

HFD~520/Dillon-Parker/CSC '
HFC-130/JAllen



AUG 19 1695

DIVISION OF ANTI~INFECTIVE DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA 50-717

CHEM . REVIEW #: 2 REVIEW DATE: 8/2/95

SUBMISSION/TYPE DQUUMENT DATE COER DATE COMPLETED DATE
Original 9/28/94 9/29/94 12/28/94
amendment 12/15/94 12/16/94 12/28/94

NAME & ADDRESS OF +PPLICANT:

Zambon Group S.p.A.
Fine Chemicals Division
Via Dovaro 36045 Almisanc di Lonigo (Vicenza) Italy

AGENT:

The authorized agent in the United States is

Zambon Corporation
One Meadowlands Plaza
East Rutherford, NJ 07073, USA

DRUG SUBSTANCE NAME
Establishel: Fosfomycin trometamol
USAN: Fosfomycin tromethamine

Code #; 21282

PHARMACOLOGICAL CATEGORY/INDICATION:

Antibacterial, urinary tract

ROUTE OF ADMINISTRATICN:

Bx/0TC: Rx

CHEMICAL NAME, STRUCTURAL

MOLECULAR WEIGHT:
C,H,QP . CH,NO, 259.20
{1) Phosphonic acid., (3-methyloxiranyl)-, (2R-cis) -,
compd, withr2-aminc-2- (hydroxymethyl) -1, 3-propanediol
{1:1); (2) (1lR,28)-(1,2-Epoxypropyl)phosphonic acid,

compound with 2-aminc-2- (hydroxymethyl) -1, 3-propanediol
{1:1).

CAS-78964-85-9.



NDA 50-717; Zazmbon Group S.p.A. page 2
Fosfomvgin Trometamol (Monuyol) ——  Chemistry Review #2

Related documents; See review #1.
CONSULTS ¢

Eovironmental assessment: A consult was sent on
12/27/94 to Dr. P. Vincent, CDER environmental

reviewer. The review was completed on 3/3/9% and
deficiencies were cited.

Method validation packages have been sent to the FDA
New York FDA laboratory and the FDA Antibiotic Drug

Branch laboratory for evaluation. This evaluation is
not yet accomplished.

A consult was sent to the Labeling and Nomenclature
Committee Lo evailuate the tradename, Mopurol

The name
was found acceptable on 3/15/95.

REMARKS/COMMENTS ;

The drug substance review has been accomplished in DMF

, for fosfomycin tromethamine. The DMF
holder is Zambon Group $.p.A., Vicenza, Italy.
Synthesis and contrels for the drug substances should
be referenced to that document. There are no
unresolved deficiencies in the DMF. Stability data for
the drug product submitted with the NDA was for &
months. The Establishment Evaluaticn Request has not
been completed by FDA inspectors at the time of this
review. Review #1 completed on 12/28/95.

CONCLUSIONS & RECOMMENDATIONS:

cC:

Recommend that a not approvable letter be issued. The
deficiencies noted in review #) are attached.
Deficiencies pertaining to the environmental assessment
are attached.

dri— gay

J. Timper

Org. NDA 50-717 -7
'HFD~520/Division File;)HFD-520/SBRoy/Aeting SUPVCHEM &A&é]"

HFD-520/Timper /CHEM 8/2/95; HFD--520/Soreth/MU
HFD-520/Joshi/Pharm; HFD-520/Soprey/Micro
HFD-520/Dillon-Parker/CS0O; HFC-130/JAllen

ly &/ 10/
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Consult 3414 (HFD-520)

MONUROL Fosfomycin Tromethamine
Oral Powder 3 grams

A review revealed several nares whilich sound or look like the
oroposed name: Monosyl, Monopril, Norel Plus Capsules. Due to
differences in product strength and in dosage form, the Committee
does not believe there is a significant potential for confusion
invelving any of these names with the proposed name.

The Committee has no reason to find the proposed name unacceptable.

L

CDER fabeling and Nomenclature Committee

- ., Chair

NOTE: The Ccmmittee notes that Martindale’s and the USP
Dictionary of USAN and International Drug Names list the
proprietary name for this product as MONURIL [note

spelling]. The Committee’s decision as stated above
would also apply to this variation of the proposed
tradename.

3fslas
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS D )

Review of Chemistry, Manufacturing, and Controls

NDA 50-717

CHEM.REVIEW #: 3 REVIEW DATE: 7/19/96

SUBMISSION/TYPE DOCUMENT DATE CDER DATE COMPLEYED DATE

Oniginal 9/28/94 6/25/94 12/28/94, Review #]

Amendment 12/15/94 12/16/94 12/28/94, Review #1
8/2/95, Review #2

Amendment 6/28/96 6/28/96 7/19/96, Review #3

Review #2 notes completion of the consult for trade name evaluation and completion of
the DMF review for drug substance (Adequate). No corresponding documents to the
NDA file for review.,

NAME & ADDRESS QOF APPLICANT:

Zambon Group S.p.A.
Fine Chemic " 's Division
Via Dovaro 36045 Almisano di Lonigo (Vicenza) Itaiy

AGENT:
The authorized agent in the United States:
Zambon Corporation
One Meadowlands Plaza
East Rutherford, NJ 07073, USA

DRUG SUBSTANCE NAME
Established: Fosfomycin trometamol

USAN: Fosfomycin tromethamnine
Code #: 21282
PHARMACOQLOGICAL CATEGORY TION:

Angibacterial, urinary tract
ROUTE OF ADMINISTRATION: Oral
Ry/OTC: Rx
CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA,
MCOLECULAR WEIGHT:
C:H,0,p . CH,;NO, 25920
(1R,28)-(1,2-Epoxypropyl)phosphonic acid, compound with 2-amino-2-
(hydroxymethyl)-1, 3-propanediol (1:1).
CAS-78964-85-9.

AV
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Related documents:
DMF

T

DMF
DMF

DMF

DMF
DMF’

CONSULTS:
( ¢ The firm’s response to the environmental assessment review performed by Dr.
P. Vincent, CDER environmental reviewer was sent for review to Nancy
Sager, Environmental Review Officer, on 7/17/96.
W e Method validation packages nave been sent to the FDA New York FDA
laboratory and the FDA Antiviotic Drug Branch laboratory for evaluaiion.
The result of that evaluation has not been provided at this time.
s A consult was sent to the Labeling and Nomenclature Committee to evaluate
the tradename, Monurol. The name was found acceptable on 5/15/95.
¢ An EER update was made on 7/17/96: #10532.
REMARKS/COMMENTS:
¢ The drug substance review has been accomplished in DMF , for
fosfomycin tromethamine. The DMF holder is Zembon Group S.; A
Vicenza, Italy. Synthesis and controls for the drug substances should be
referenced to that document. There are no issues that still require resolution;
the DMF is satisfactory.
o Ubpdated stability data provided in the current submission supports the 2 years
expiration dating requested by the firm.




ONCLUSIONS & RECOMMENDATIONS:
The application is approvable regarding chemistry, manufacturing, and controls.

The application is approvable since the EER (inspection request) and the
resubmission of the Environmental Assessment consult are not completed at this
time; see consults above. The methods validation have been sent to 2 FDA
laboratories for evaluation and that has not been completed and provided to the

division at this time.
[RUNRIS [«

1. Timper

Org. NDA 50-717

HFD-520/Division File

HFD-520/SBRoy/Team Leader Chemistry 'F/ ”2/ 7%
HFD-520/Timper/CHEM 7/19/96

HFD-520/SorethMC

HFD-520/Joshi/Pharm

HFD-520/Dionne/Micro

HFD-520/Dillon-Parker/CSO
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS
Review of Chemistry, Manufacturing. and Controls

NDA: 50-717 Chem. Review: 4  Review Date: 11/1/96

SUBMISSION/TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

Amendment( &7 6/28/96 5/28/96 713196

NAME & ADDRESS OF APPLICANT: Zambon Group S.p.A.
Fine Chemicals Division
Via Dovaro 36045 Almisano di
(Vicenza) ltaly

AGENT: Zambon Corporation

One Meadowslands Plaza

East Rutherford, NJ 07073

Proprietary; Monurol

Nonproprietary/USAN: Fosfomycin Tromethamine
Code Name#: £1282

Chem. Type/Ther. Class: 1S

A Suitablili tition/D atent Status: n/a
HARMAC ICAL ICATIQN: Antbacterial, urinary tract

DOSAGE FORM: Sachets, powder filled

ROUTE OF ADMINISTRATICON: Oral

Rx/OTC: Rx

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA,
MOLECULAR WEIGHT:

CH,0.F.CH,NO, 259.20
(1) Phosphonic acid, (3-methyloxiranyl)-,(2R-cis)-, coiapd, with 2-amino-2-
(hydroxymethyl)-1,3-propanediol (1:1); (2) (1R,28)-(1,2-

Epaxypropyl)phosphonic acid, compeund with 2-amino-2-(hydroxymethyl)-1,3-
propanediol (1:1).

CAS-78964-85-9.

CN'W
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REMARKS/COMMENTS:

¢ The environm.ental assessment is acceptable and a FONSI is atiached to this review.
s Method validation is not completed at the time of this ieview.
s Stability data support 24 months expiration dating.

Recommend approval regarding chemistry, manufacturing, and controls when an
acceptabic EER is issued.

\"Yﬂ/\ [(!l g6

J. Timper

cc:  Org. NDA 50-717
HFD-520/Division File ‘\ qiqb
HFD-520/Dunn/HFD-830 AR~~~ !
HFD-520/Timper/Chem 11/1/96
HFD-520/Soreth/MO
HFD-520/Joshi/Pharm
HFD-520/Sheldon/Micro
HFD-520/Dillon-Paiker/CSO
HFC-130/J Allen



DIVISION OF ANTI-IN) £CTIVE DRUG PRODUCTS

NDA#: 50-717 REVIEW DATE: 3/4/97 MAR -4 K97

REVIEWER: J. Timper

DOCUMENT DATE CDER DATE ASSIGNED DATE _
2/19/97 2120197 2/26/97

NAME & ADDRESS OF SPONSOR:
Zambon Corporation

One Meadowlands Plaza

East Rutherford, New Jersey 07073

U.S. AGENT:
n/a

PHARMACOLOGICAL CATEGORY/INDICATION:
Single dose urinary tract infection.

ROUTE OF ADMINISTRATION:
Oral

DRUG PRODUCT NAME:

Proprietary: Monurol

Nonproprietary/USAN: Fosfomycin Tromethamine

Remarks:
Package printing

The instructions printed on the package holding the sachet should correspond to the
“Preparation’ section of the package insert labeling. The stztement for dosing
instructions should be:

Chemist, HFI>-520

T (12N YV iq7
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ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT

FOR

NDA 50-717
MONUROL™
(fosfomycin tromethamine)
Oral Powder 3 grams
Division of Anti-Infective Drug Products

(dFD-520)

1

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH



FINDING OF NO SIGNIFICANT IMPACT
MONURQLT™™
(fosfomycin tromethamine)

Oral Powder 3 grams

NDA 50-717

The National Environmental Policy Act of 1969 (NEPA) requires all Federa! agencies to assess
the environmental impact of their actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product applications as an integral part of its
regulatory prccess.

The Food and Drug Adnunistration, Center for Drug Evaluation and Research has carefully
considered the potentiai environmental impact of this action and has concluded that this action
-will now have a significant effect on the quality of the human environment and that an
environmental impact statement therefore will not be prepared.

A
In support of their new drug application for MONUROLS, Zambon Corporation has prepared an
envircnmental assessment in accordance with 21 CFR 25.31a (attached) in the Tier O format
which evaluates the potential environmental impacts of the manufacture, use and disposal of the
product.

Fosfomycin tromethamine a chemically synthesized drug which is administered as an oral powder
(3 grams) in the single dose treatment of uncomglicated urinary tract infectinns (acute cystitis).
The drug substance is manufactured by the Zambon Group, S.p.A., Vicenza, Italy. The finished
drug product is manufactured by INPHARZAM SA, Switzerland. The finished drug product will
be used throughout the United States by patients.

D:sposal of the drug-gay resuit from out of specification lots, discarding of unused or expired
product, and user disposal of empty or partly used product and packaging. Returned or out-of-
specification drug substance and rejected or returned drug product will be disposed of at the
distribution site, in accordance with the solid waste regulation requirements. At U.S. hospitals
and clinics, empty or partially empty packages will be disposed according to hospital/clinic
regulations. From home use, empty or partially empty containers will typically be disposed of by
a community's solid waste management system which may include landfills, incineration and
recycling, while minimal quantities of unused drug may be disposed of in the sewer system.

2
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The Center for Drug Evaluation and Research has concluded that the product can be
manufactured, used and disposed of without any expected adverse environmental effects.
Precautions taken at the sites of manufacture of the bulk product and its final formulation are
expected to minimize occupational exposures and 2nvironmental release. Adverse effects are not
anticipated upon endangered or threatened species cr upon property listed in or eligible for [isting
in the National Register of Historic Places.

DATE Prepared by,
Phillip G. Vincent, Ph.D

Environmental Scientist
Center for Drug Evaluation and Research

al0 ke %Wél éo%/——‘

Concurred

Nancy Sager

Acting Supervisor/Team Leader
Environmental Assessment Team

Center for Drug Evaluation and Research

Attachments: Environmental Assessment
Matenia] Safety Data Sheet {drug substance)

-
-

K-



HFD-520/C. Debellas copy to NDA forignch—

HFD-357/FONSI File 50717
HFD-357/Docket File
HFD-205/FOI COPY

!
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FOREST LABORATORIES, INC.
ABBREVIATED ENVIRONMENTAL ASSESSMENT -
for

Zamben Corporation
East Rutherford, New Jersey

March 1986

Prepared By

L

..:JS PL ENVIRONMENTAL CONSﬁLTANTS CORP.

110 GREENWICH STIEET
NEW YORK, NY 10006
(212) 587-1287
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ABBREVIATED
ENVIRONMENTAL ASSESSMENT
STATEMENT
FOR
"NEW DRUG APPLICATION

| MONUROL ™
(FOSFOMYCIN TROMETHAMINE)
SACHET

—-—
-

This report has been prepared in accordance with the 21 CFR Chapter 1, April 1, 1994 .
Edition Part 25.31a(a) Format 1; and revised in accordance with the Federal Register, Vol.'61,
No.8, January 11, 1996.

Abbreviated Environmental Assessment for Proposed Approvals of FDA-Regulated
Products

2- 023




Prepared

For:

By:

Forest Laboratories, Inc.
909 Third Ave.

24th Floor

New York NY 10022

Zambon Corporation
One Meadowland Plaza
East Rutherford NJ 07073

ESPL Environmental Consultants Corporation
110 Greenwich Street
New York NY 10006

Contact
Forest Laboratories, Inc. Michael M. Rosen Ph.D.
909 third Ave. Director, Regulatory Affairs
24th Floor Tel: (212) 421-7850

New York NY 10022 Fax: (212) 750-9152
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PROPOSED ACTION

APPENDIX A:
Confidential Information

APPENDIX B:
Material Safety Data
Sheets

APPENDIX C:

Citation and Statement of
Compliance with
Environmental Regulations
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1.0 DATE

Originai Submission:

Amendment Submission:

September 1994

March 1996

2.0 NAME OF APPLICANT/PETITIONER

3.0 ADDRESS

Town:

State:

Contact Company:

Contact Person:

Zambon Corporation

One Meadowlands Plaza
East Rutherford, NJ 07073

East Rutherford
New Jersey

Forest Laboratories, Inc.
909 Thud Ave.

24th Floor

New York NY 10022

Michael M. Rosen Ph.D.
Director, Regulatory Affairs
(212) 421-7850
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4.0 DESCRIPTION OF PROPOSED ACTION

The intent of this report is to provide sufficient information as specified in
the Codes of Federal Regulations, Fcod and Drugs, 21 CFR Part 25. 31a, and
consistent with 40 CFR Part 150C.4(J) and 1502.21.

]

REQUESTED APPROVAL

MonuroL™ [fosfomycin tromethamine, USAN], a human drug
product, is @ new phosphonic acid derivative with antibacterial
activity. It is active at a low concentration against the most
common gram-positive and gram-negative bacteria involved in
urinary infections. The effectiveness and safety of MoNuroL™
has been demonstrated in two adequate and well controlled
clinical trials conducted in the United States. The approval
being sought for MoNUROL™ is for the single dose, (3 gm
fostomycin as the free base) oral treatment of uncomplicated
urinary tract infection (UTJ) in adults and children over 12 years
of age. Zambon Corporation is requesting the approval to
produce MOnUROL™ in sachet in Cadempino, Switzerland, and
to ship the packaged product to tne United States. Forest
Pharmaceuticals, Inc. {FFi), subsidiary of Forest Laboratories,
Inc. will be receiving the MONURCL™ sachets and will distribute
them frorn their St. Louis, Missouri facility for uze.

drug substance, drug-product-and-paekagi
countrﬁacﬂm%bmamd&mm

tAEAFis provided. T © &7 - 54‘——:"“6‘4—&34

NEED FOR THE ACTION

UT! is one of the most ¢ “on infections diagrosed in the
clinic or hospital setting. w.ls are second only to respiratory
tract infections as problems enccuntered by practicing
physicians. Most UTI’s respond- weli to oral antibiotic therapies
when those antibiotics are taken as directed. The benefit of
MONUROL™ tor the treatment of uncomplicated UTI lies in the
drug’s ability to produce excellent bacterictogical and clinical
results after only a single dose in the majority of women
treated. The benefit of MONUROL™ is a single-dose agent for
the treatrment of uncomplicated UTI, its effectiveness, ease of
use and improved co.npliance out weighs the low risk
associated with the use of the drug.

029
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Zambon Group, S.p.A., the paient company of Zamoon
Corparation is the developer of MONUROL™, who wiil
manufaciure the product at the Cadempino, Swiizerland facility
of their INPHARZAM SA, subsidiary. It is requested that
approval be given, by the FDA, for the use of this drug in an
environmentally sound, economically reasonable, and socially
acceptable manner.

LOCATION WHERE THE PRODUCTS WILL BE PRODUCED

The drug substance [fosfomycin tromethamine, USAN], is
manufactured at Zambon Group, S.p.A., Fine Chemicals
Division, located at Via Dovaro - 36045 Aimisano Di l.onigo
Vicenza, Italy. The facility is located in a flat industrial estate
with the surrounding area being relatively hilly. The surrounding
area is rural and the climate temperate.

As stated in the Drug Master File page 82, no
intermediates have been identified, different from the active
substance ‘osfomycin trcmethamine.

The manufacturing facility of INPFHARZAM SA, for MonuroL™
is located at Via Industrial, 6814 Cadempino, Switzerland. This
facility is located in an industrial estate with the surrounding
area being relatively flat. This estate includes various light
industrial oriented services. The climate of Czdempino,
Switzerland is cold in the winter and mild in the summer.
Winter precipitation and frequent snows, result in a good
accumulation of soil moisture by spring and minimize drought
during summer on most soiis.

The packaged product will be shipped to the United States. FPI
facility located at 13622 Lakefrony Drive, Earth City, Missouri,
will receive the packaged drug products for warehousing and
distribution out of their facility throughout the United States.
The consistent pattern of climate in St. Louis is cold winters

and long, hot summers. The environmernt at and adjacent to

the location from where MoNUROL™ will be distributed is a light
industiial nark, bordered by industrial, ihstitutional arca.

LOCATION WHERE THE PRODUCTS Will BE USED

The finished product will be ured throughout the United States
by patients and is not limited to a cenain geographical region of

2- 030
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the country. MoNUROL™ will be used at hospitals, clinics,
physician’s offices and/or patients’ homes (prescribed to the
patient for use) by the patient. The uitimate use of the product
will be treatment of uncomplicated UTI. The user’s
environment for MonuROL™ will be in and adjacent to hospitals
clinics, and patient’s resiuence, and generally will be in
commercial, institutional, and residential environments.

LOCATION WHERE THE PRODUCTS WILL BE D!SPOSED OF

Disposal of the product may be needed due t0 manufacturing
activities in the form of discarded out of specification lots, from
the discarding of returned and rejected gnods or from end
users. The rejected products will be disposed of at the
distribution site, in accordance with the solid waste regulation
requirements.

Since the product will be used throughout the United States by
patients, the disposal methods by the end user will vary, At
U.S. hospitals, pharmacies or clinics, empty or partially empty
packages wiil be disposed of according to hospital, pharmacy or
clinic procedures and/or that in the home, empty or partially
empty containers will typically be disposed of by a community’s
solid waste management system which may include landfills,
incineration and recycling, although minimal guantities of
unused drug may be disposed of in the sewer system.

The physical and chemical characteristics of MONUROL™ does
not require a controlled method of disposal of the waste
generated. MoONUROL™ i3 a white granular powder with a
characteristic odor of ManJarin and is very soluble in water with
a pH 4-5. Under normal conditions, MoNUROL™ will not remain
in the environment for any significant period because of the
high ratio of dilution and the susceptibility to biodegradation.
Therefore, upon the nead for disposal or termination of the
drug, or individual empty or partially empty units of finished
product, granular powder residue, will eventually end-up in a
municipaiity site, and treated as regular solid waste. Disposal -
of unused product and used empty containers should be in '~
approved waste disposal sites and specific for each medical
facility. Incineration may be used as an optional method of
dispossl, if preferred by the solid waste management facility,
but it is not thu required method. Although, the waste

2- 031
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enerated is non-regulated, care shall be taken to assure proper
9
disposal.

APPEARS THIS wAY
ON ORIGINAL
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IDENTIFICATION OF CHEMICAL
SUBSTANCES THAT ARE SUBJECT OF

THE PROPOSED ACTION

MoNUROL™ [fosfomycin tromethamine, USAN], is a phosphonic acid
derivatie and is the mono-acid salt of fosfomycin with tometamol. Its
antibacterial activity in the body is due to fosfomycin which inhibits bacterial
cell wall synthesis.

The following section provides a description of the materials used in the
formulation of the drug product. Information related to impurities and
degradates are reported in ZPD/94/31. “Identification and Characterization of
Fosfomycin Trometamol Degradation Products Z1282DA, Z1282DB and
Z1282DC", prepared by the Research and Development Department of the

Pharmaceutical Division, Enclosure N* 26 to the DMF Analytical
Test Specifications and Methods are reported in DMF . Section F, page
117 to 127,1.

a DRUG-SUBSTANCE

NOMENCLATURE:
Chemical Name: fosfomycin tromethamine, USAN
CAS Reg. # 78964-85-9
Molecular Weight: 2592
Molecular Formula: CH,,NO,P
Physical Phase: Solid
Additives: None
EGRADATION CTS:

Giycol derivative: NMT 0.5%
Z1282 DA: NMT 0.5%
Z1282 DB: NMT 027 -
Z1282 DC: NMT 0.2%

1

0 ;
| _-oH CH,0H
ne 7 |
~o® - H,N—C ——CH,0H
/ \ l
/ \
H O H CH,0H
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Notes:

EXCIPIENTS

Chemical Name:
Physica! Phase:
Additives:

Chemical Name:
Physical Phase:
Additives:

Chemical Name:
CAS Reg. #
Molecular Weight:
Structural Formula:
Physical Phase:
Additives:

Chemical Name:
CAS Reg. #:
Molecular Weight:
Structural Formula:
Physical Phase:
Additives:

Chemical Name:
CAS Reg. #
Molecular Weight:
Structural Formula:
Physical Phase:
Additives:

Mandarin Flavor
Solid

Sucrose, Gum Arabic, Butylhydroxyanisol

Orange Flavor
Solid

Dextrines, Gum Aravic

Saccharin, BP-USP
8107-2

183.18

CHNO,S

Solid

None

Sucrose, Food grade

§7-50-1
342.3
Ci:H20,,
Solid
None

Purified Water Eur. Ph’

7132-18-5
18.02
H,0
Liquid
None

Water is rernoved during process

Appendix A contains confidential information concerning the

composition of each MONUROL™ sachet.

Appendix B coatains Mater.al Safety Data Sheets (MSDS).

034
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6.0 INTRODUCTION OF SUBSTANCES INTO THE

ENVIRONMENT

The central question in an assessment of environmental impact is:
What effects will the proposed action have on the environment of the
area aftected by the action? More important, are any of these
predicted effects adverse, or could they be cause for concern?
{Usually, the term environmentai impact is reserved for those effects
considered significant, especially when they are undesirable or
potentially adverse, or those that call for a mitigation or intervention of
some kind}.

This section addresses the questions and concerns raised by the
introduction of substance into the environment. Its scope is the result
of several influences: United States Environmentai Protection Agency
(USEPA}, Missouri Department of Natural Resources. Division of
Environmental Quality regulations and recommendations, focal
agencies, research findings, and the experience of consultants, with
similar projects.

The basis for organizing the study and for presenting the results is a
list of environmental issues or "parameters” judged relevant to the
current project.

" he drug substance fosfomycin tromethamine {USAN), is
manufactured by Zambon Group S.p.A., Fine Chemicals Division,
located at Via Dovaro- 36045 Almisano Di Lonigo, Vicenza italy. The
drug product is manufactured by INPHARZAM SA, Division of
Zambon Group, S.p.A., located at Via Industrial 6814 Cadempino,
Switzerland. Since the production of the drug substance and drug
product occurs at a foreign country facility, appropriate certification
concerning environmental compliance has been compiled in Appendix
C. The following contains a description of the substances expected 1o
be emitted and the controls exercised:

a.&b. LIST OF SUBSTANCES EXPECTED TO BE EMITTED AND
CONTROL EQUIPMENT EXERCISED

The drug substance fosfomycin tromethamine {USAN]), is
manufactured in Lonigo, Italy. Substances that are emitted are
at low levels and are not likely to have a significant
environmental impact. This facility maintains an on-site waste
disposal system, which is authorized by tiie local authorities to
1221 sclid wastiz, process waste waters and air emissions, by
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the use of scrubbers and activated sludge. Controls are already
designed inta the production system in order to response to all
appropriate envircnmenta! national and locai law.

The production of the drug will take place in Switzerland. The
iINPHARZAM SA facility is constructed and designed to opesate
in full compiiance with current standards and FDA’s good
laboratory and manufacturing practices. Ailthough no contrcls
are required, this facility maintains HEPA filters with an
efficiency rating of 99.997% and a neutralization process (Sce
Appendix C for compliance citation by Switzerland authorities).
The facility has all required permits by both federa!l and cantonal
Swiss environmental protection laws and regulations to operate
plants for the production of pharmaceutical substances. The
federal and cantonal Swiss Department of Environmental
Protection has confirmed that substances released to the
environment as a result of the production of MONUROL™ at
INPHARZAM SA, does not constitute a threat to the
environment.

FP| is in compliance with all emission requirements set forth by
federal, state and loca! statutes and regulations applicable to
the distribution and warehousing 6f MONUROL™, in its facility at
13622 Lakefront Drive, Earth City, Missouri. Since, there are
no emissions associated with the warehousing and distribution
of MonuroL™, control equipment would not be required. In
addition said facility meets all applicable Federal Occupation,
Safety and Heaith Administration (OSHA) requirements.

CITATION OF AND STATEMENT OF COMPLIANCE WITH
APPLICABLE EMISSIONS LEVEL

PRODUCTION SITE

The drug substance is manufactured in Lonigo, Italy. The piant
is authorized to produce active substances for pharmaceuticals
by the Ministry of Health (DM n* 343 of 01/10/1991) and ,
specific authorization has been granted for fosfomycin Ca-
tromethamine (Min 800.8/91.22/2364). This facility maintains
an on-site scrubber towers and activated siudge. The plant is
authorized by local authorities to treat solid wcste, chemical
waste waters and fumes emitted from production. A statement
of compliance with all Applicable Federal, State and local
emission requirement has been provided in Appendix C.

2- 036
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The production of the drug will take place in Switzerland. The
INPHARZAM SA, facility is constructed and designed to operate
in full compliance with current standards and FDA’s good
laboratory and manufacturing practices.

The federal and cantonal Swiss Department of Environmental
Protection has confirmed that the substances released to the
environment as a result of the production of MONUROL™ at
INPHARZAM SA, do rot constitute a threat to the environment.

Additionally, the facility has all the permits required by both
tederal and cantonal Swiss environmental protection laws and
regulations to operate plants for the production of
pharrnaceutica! substances. A statement of compliance with all
Applicable Federal, State and local emission requirement has
been provided in Appendix C.

DISTRIBUTION & WAREH IN

The distribution and warehousing of the drug product will be
from FPI facility located at 13622 Lakefront Drive, Earth City,
Missouri.

AIR EMISSIONS

Under section 114 of the Act (42 U.S5.C.7414), U.S.
Environmental Protection Agency has been given the
broad authority to evaluate the compliance status of
emissions released by any source of pollutant. The Act
imposes restriction on air emissions and on emissions of
hazardous or toxic air pollutants. Air emissions are
regulated through issuance of permit by the state and
through emission limits adapted by the state in
accordance with Missouri State Implementation Plans

" (SIPs). Subsequent to this Act, the distribution site is
exempt from all air emission requirements promuigated by
USEPA., Missouri state and local agencies.

LIQUID WASTE
The discharge of waste water from a source of discharge
is requlated under Federal Water Pollution Control Act (33

U.5.C.1251), ar- reierred tc as the Nationa) Poliution

2-. 037
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Discharge Elimination System (NPDES) permit. The
vvaste water effluent 1o the sanitary sewer from the
subject facility is far below effluent limitation and
standards for any significant industrial user (SiU)
contributing to the public work treatment plant. The
proposed action does not release any substance other
than the sanitary waste and therefore does not require a
discharge permit.

SOLID WASTE

Solid waste generated will be discarded by a private
handler, Environmental Waste Management, for landfill.
The solid disposal methods are conducted in accordance
with the solid waste disposal reguiations of the State of
Missouri and county of St. Louis imposed on the facility.

THE EFFECT OF THE APPROVAL OF THE PROPOSED ACTION
WILL HAVE UPON COMPLIANCE WITH CURRENT EMISSIONS
REQUIREMENTS AT THE PRODUCTION SITE

PRODUCTION SIT

The drug substance fosfomycin tromethamine (USAN) is
produced in Lonigo, ltaly. This production will not have an
effect with the current emission requirements set forth by the
Regional Authority (See Appendix C).

The drug product is manufactured in Cadempino Switzeriand.
Appendix C contains a statement released by the federal and
cantonal Switzerland environmental protection authority
revealed that the production site has all the permits required by
both federal and cantonal Swiss environmental protection iaws
and regulations to operate plants. for the production of
pharmaceutical substances and is in comphiance with current
emission reguirements.

DISTRIBUTION SITE .

FP1 facility is designed for the distribution and warehousing of
pkarraceutica! products and meets all applicable requirements.
It is anticipated that the proposed action does not have an
effect on compliance with current emission requirements
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because the emission requirement does not apply to the facility
due to the nature of the operation.

IR EMI

There is no air emission source at the subject site (FPI
facility) due to the nature of the operation, i.e. only
distribution of the drug products. The approval of the
pioposed action will not change the current emission
requirements at the distribution site,

LQuiD WASTE

Liquid waste generated as a result of distribution and
warehousing operation is minimal. The approval of the
proposed action will not change the current emission
requirements at the distribution site {FP| facility).

LID

The FPI facility records indicated that combined waste
generated at the facility is 40 yd*/week. It is estimated
that the solid waste generated as a result of distribution
and warehousing operation is minimal and has no
significant enviroinmental erfect.

QUANTITIES AND CONCENTRATIONS OF SUBSTANCES
EXPECTED TO ENTER THE ENVIRONMENT

The drug substance entering the environment as a result of use
and disposal, has been estimated based on total fifth year
production estimates. If the following Expected Introduction
Concentration (EIC) calculation is less than 1 ppb, it is unlikely
to have a significant effect on the environment. Since the EIC
was calculated to be 0.12 ppb it is unlikely to have a significant
effect on the environment. Therefore, Tier O has been met.
Appendix A contains confidential information concerning the
production estimates of MONUROL™ sachet and calculation of .
the zIC. T
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LIST OF PREPARERS

Forest Laboratories, Inc.

909 Third Ave.
24th Floor
New York NY 10022

Richard S. Overton

Professional Experience:

Michae] M. Rosen Ph.D.

Professional Experience: .

Zambon Corporation
One Meadowlands Plaza

East Rutherford NJ 07073

M. Caimi, Ph.D.
Professional Experience:

Fabio Dotto, Ph.D.
Professional Experience:

Patricia Thomas
Professional Experience:

VP Operations and Facilities
32 Years, Pharmaceutical Industry
Management and Operations

Director, Regulatory Affairs
22 Years, Academic Research, and

_ Phazmaceutical Industry

Corporate Quality Assnrance
Manager
20 Years, Pharmaceutical Industry

Production Director
20 Years, Pharmacentical Industry

VP, Regulatory Affairs
20 Years Phamaceutical Industry

ESPL Environmental Consultapts Corporation

110'Greenwich Street

New York, New York 10006

Dr. Ali Gooya, Ph.D., M.E.

Professional Experience:

Ray Kahn, M.S.M.E.

Professional Experience:

Director Environmental Science
10 Years, Engineering,
Environmental Science

Director Environmental
Technologies

12 Years, Engineering,
Environmental Science and
Pollution Cnntrol
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Sidney Rosen, P.E.
Professional Experience:

Project Manager

42 Years, Engineering
Environmental Science and
Pollution Control
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~The undersigned official centifies that the information presented is true,

5

CERTIFICATION

accurate, and complete to the best of the knowled ¢ of the finn or agency
responsiblc for preparation of the environmental assessment”.

M. Caimi
Print Name
St znature
Fabi tt
mm ét
}
Sigjnamrc

Patricia m
Print Name

LT

Signature

—Corporate OA Director
Title
02.29.9
Date
uction
Title
29 / Ot/ 46
Date ' I
Regulat tfai
Title

Date ~
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American Chemical Society, Washington D.C., 1990
Amerncan Conference of Governmental Industrial Hygienists (ACGIH) Inc.
American Society for Testing and Materials (ASTM)

Codes of Federal Rules and Regulations
. 21 CFR Part 25.31(a)
. 40 CFR Part 1550.4(J) and 1502.21

Food & Drugs Administration

L Center for Drugs Evaluation & Research, Ms. Nancy Sager,
Acting Supervisor, Environmental Assessment Team and
Ms, Christina Good

. Center for Drugs Evaluation & Research
Division of Communications Management, HFD-210, Guidance
For Industry, For The Submission of an Environmental
Assessment in Human Drug Applications and Supplements

Handbook of Chemical Property Estimation Methods, W.J. Lyman, W.F. Reehl,
and D. H. Rosenblatt

Handbook of Environmental Data on Organic Chemicals, Verschureren, Lasala,
AM,, Jr., WE. Harding, and R.J. Archer, 1964

St. Louis County Department of Health

St. Louis Regional Department of Natural Resources
. Division of Environmental Quality Waste and Water Group

"Technical Assistant Document (TAD) 2.00" FDA Environmental Assessment
Teghnical Assistance Handbook, NTS PB 87-175354
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United States Environmental Protection Agency,
* Office of Air Quality Planning and Standards

. Air & Waste Management Division, Hazardous & Solid Waste
Program Branch
L Division of Hazardous Waste Management

Zambon Corporation,
- e DMF

)
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OSHA:

OTC:
PDP:
PMA:
SIPs:
TSCA:

UsS.C.:

yd*:
Yr:
ur

2

1

ACRONYMS

American Society for Testing and Materials
Chemical Abstract Service

Codes of Federal Rules and Regulations
Environmental Assessment

Food and Drug administration

Finding of no Significant Impact

Forest Pharmaceuticais, Inc.

Cubic Feet

Good Laboratory Practice

Gallon per Day

Generally Recognized as Safe

Department of Health and Human Services
Inves_igational New Drug Application
Cubic Meter

New Drug Application

National Environmental Policy Act of 1969
Not More than

Occupational Safety and Health Administration
Over the Counter

Product Development Protocol

Premarket Approval Application

State Implementation Plan

Toxic Substance Control Act

United States Code

Cubic Yard

Year

Microgram



APPENDIX B:

Material Safety Data Sheet
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MONURIL
(Festomycin Tromelamol)

1. DESCRIFTION

Generic Nome: Fosfomycin Trometamo!

Logborgtory Cone: 71282

Chemical Name: Mono (2-ammonium - 2 -
hydroxy - methyi-1, 3 propandiol)

(2R-cis)-(3-methyloxiranyl) phosphonate
Proptietary Name:  Monurik®

Clgss: Antibacteral, urinary tract

N CH-OH

™S OH . HaN-C—CH:OH

l‘ O ‘I
. : Ly o

/

Moleculor Formulg:  C7H18NO7P
Molecular Weight: 252 '

O
&N
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C. PHYSICAL AND CHEMICAL PROPERTIES

[ nerql Chorgcteristi
White or near white crystaline powder, characteristic
citnus fruit fiovor )
Solubilty:

Fosfomycin trometamol is:

- Very soluble in water

- Slightly soluble in 95% Methcnol
- Slightly soluble in Ethanol

- Insoluble in Acetone

- insoluble in Ether

- Insoluble in Chlonnoted Solvents

i int: between 116°0C and 1220C
Sp_e_c__g_ﬂgigﬁog between -12.5and -13.5
- (50 mg/ml aqueous solution)
DH: between 4.0 and 5.0
(5% w/v aqueous solution)

]

2 -
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Producs 1 Posfomycin trometamol

Empirical Formula t CqH, NO,P

Structural Feromula :

0

|

i!/ . HNeC-TH,
N / 4\\\0 S

SN
K U// H
Molecular Weight 1 259.2

CAS HNo. : 78364-85-5

Mono(2-ammonium-2-hydroxymethyl-
1,3-pzopandiol) (2R-¢cis)-(3-
mathyloxyranyl)phosphonate

Chemical name

Physical form

Hygroscopic, white crystalline powc:

Solubility 1 vary socluble in water, slightly
soluble in 95% ethanol and
maethanol, insoluble in acetcne,
ether and chlorinated solvents.

¥dlting point s 116° to 122°C

Lower flammabls limit : 160 mg/ml in air.

Autoignition temperatura t 130°C ‘ s

The data contained herein are based on biographiral sources
currsntly aveilebla to ua; therefore these data are not to
be taken as a warranty or rep :saentation for which Zambon
Group S.p.A. assumes legal responsibility.
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£Lilsaster hazarcs 1 The product is assured to be
combustible and can ignite
gpontaneocusly; sO an accurate
control of temperature is re-
guired during manufactuzing
oreratlions,
When heated to decomposition
t emits toxic fumes of-caxbon
cxides and nitrogaen oxides and
chosphorous oxides.
As the oxyranic zing iz present
explosive proprieties of the
supstance cannot ba excluded
but confirmation of this cannot
be found in literaturs.

Toxicity 1 No toxicological data is currently
available in literature.

On the bas’s of toxicological data of Posfomycin and Trometenmol

a slight toxicity of Fosfomycin trometamol can be hypothlzed.
Zpoxides are usually highly resctive and i{nstabie compounds

and can then interxiere with srructures and physiologlcal proces-
389 with conseguent harmfal effects on health. Principal toxic
manifestations e-e eyes and lungs irritation and dhermatitis.

Health hazard : 1t can be irritant to skin and eyes
end have a sensibilizating actien

Storage Precautions= : The product is hygzroscopic, preserve
in tight closed and <resistent con-
vainers with a desiccant inside,
away from easily flammable subgtan-
ces and from heat sources, in a cool
end dry place.

Handling precauticns 1 Avoid prolonged or rspsated
exposares, contact and inhala-
tien.

The wearing «f gloves, gogglea
and dust-pask is recommended.
Dust suction eguipment and
eye-wt hing fountains should

= ba ari.aged.
Special Fire Fighting 1 ¥Wiear gas mask; naebulired water,
carbon dioxide, chemical powder A

and foam should be smplcyed as
extinguishing media,.

The data contained herain are based on bilographical sourcoes
currentliy asvaileble to us; thercfore these da=a are not 1o
be taken "8 a warzanty or representation for which Zambon
Group S.D.A. assunes legal responsibility.
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pillacges 1 Collacs with tools which €O nCt csuse =iy
ecarks, wash tha floor and contamlinatsd
oblects with scap and water and treat the
residuals and the washings ag toxic and
- noxious rafusals.
?lace spillage in appropriate container
for weste disposal [incinerator); pre-
viously verify explosive proprietias
of the substance.

wn

oyes : irrigate thoroughly with running watar Icr ac
least 15 minutes. If irriration and buraing
persist consult a spacialized doctor.
gkxin . : remove contaminated clothing, wash the skin
. with plenty of soap anc wvater.
ingestion: 1f irzitation effects are present do not

provoke vomit, allow the patient to drink much
water or milk. Administer active charcoal.
inhalation: ramove the unfortunate from exposure place.

The data contained herein ars based on biographical sources
currently availab.e to us; tharefore these data are npot to
be taken a8 a warranty or reprasentation for which Zambon
Group S.p.A. assumas legal responsibility. .
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MANDARIN FLAVOR
(TANGERINE 15228-71)

Is Manufcctured by:

Givoudan S.p.A.
Via G. Di Vittono
20090 Segrate, Milon (toly)
(See informcrtive notes of the manufacturer - Encl. 13)

1
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INPHARZAM S.A. SPECIFICATIONS AND METHOD METHOD »* A/T)
OF ANALYSIS Daze 0494
PRODUCT MANDARIN FLAVOUR AG 15123 ?wm
CODE 2901069 SAMPLE QUANTITY 3200¢ )(::bam._
05/ 5/5¢
REFERENCE
: , €. Q.
RE-ANALYSIS 1 year Page 145 ;
T

COMPOSITION : ratural flavouring substances atomized with arabic gt;m and mixed with
: SUCrose. '

1) DESCRIPTION

SPECIFICATIONS

R)

2} IDENTIFICATION QF SUCROSE

3) IDENTIFICATION OF ARABIC GUM

4) IDENTIFICATION OF THE AROMATIC

light yellow powder with & cheracteristic |

: corresponds

1 corresponds

: corresponds

S7.0%

6.0 - 8.0% (viw)

: 04-06g/m

: complies

FRACTION ®R)
5) WATER (KF) ®) -
6) ESSENTIAL OIL CONTENT ®)
7} BULK DENSITY ®)
8) MICROSCOPIC EXAMINATION
NOTZS
- (®R) ;. indicate rourine tests
+ SUPPLIER . Givaudan

= PACKAGING AND STORAGE :

preserve in wellclosed containers protected from humddity
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ORANGE FLAVCR
(ORANGE 74016-71)

is manufactured by:
Givaudon S.p.A.
Via G. Di Vitterio

20090 Segrate, Milan (ltaly)
(See inforrmative notes of the manufacturer- Encl, 13)

2~
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INPHARZAM S5.A. SPECIFICATIONS AND METHOD METHOD 2° A4

OF ANALYSIS Dase 0454
PRODUCT  ORANGE FL/.VOUR 7401671 COMPILER
CODE 9901470 SAMPLE QUANTITY 100 ¢ rZ 2P
J 21 /5¢
REFERENCE —
D. C: Q.
RE-ANALYSIS 1 year Page 178 Q-«.—
. [ERE Y

COMPOSITION : natural and barure identical flsvouring substances combined with

maltodextrin.
SPECIFICATIONS
1} DESCRIPTION {(R) : yellow powder with 1 charactenste
orange odour
2) IDENTIFICATION OF MALTODEXTRIN : corresponds
3) IDENTIFICATION OF THE AROMATIC
FRACTION (R) : comesponds
4) WATER (X.F) R) : $71.0%
12«16 Q‘.—:-LIJIQL‘
5} ESSENTIAL OIL CONTENT (R) : M -AS% (viw) 2.
6) BULX DENSITY (R) : 04-06pm
7) MICROSCOPSC EXAMINATION . complies

-

NOTES

- R) : indicate routine 1ests
+ SUPPLIER . Cavaudan

+ PACKAGING AND STORAGE : preserve in well-closed containers protecied from humidiry
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APPENDIX C:

Citation and Statement of Compliance
with Environmental Regulations
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Zambon Group

FINE CHEMICALS DIVISION
Cerl Mg AL "L ANT

AN DRYP I
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TE_$7in fmad K39

Lonigo, February 7th, 1996

CERTIFICATE OF COMPLIANCE

ZAMBON GROUP S.p.A_ certifies that its manufacturing facility of Lonigo is
1. in compliance with all local and national eavironmental laws;
2. in compliance with alj emission requirements set forth m all permits;
and:
3. that approval and the subsequent increzse in production at the facility is not expected to affect

compliance with current emission requirements or compliance with environment:ll laws.
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Inpharzam sa

CH- 5814 Cadempeno
Cavelt poy: die 200
Tl 031 58 41 31
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Tedez 824 521 ph ch
Towlaz 091 5643 51

Vi il

Ns. . Cadempro. 01-February-1996

CERIIFICATE OF COMPLIANCE

INPHARZAM SA certifies that its manufacturing facility of Cadempino is:

1.

z.

in compliance with all local and national environmental i 1ws;

ir compliance with all emission requiréments set forth in all permits;
and:

. that approval and the subsequent increase in production at the facility is not expected to

affect compliance with current emission requirements or compliance with environmental
laws.
INPHARZAM S.A.

GeneffiM ager Progugtion Manager

Dr. Paolg’Ficravanti Dr.fF ipllpno

1}

“~
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; SN 10 gennato 1993

Repubbiica e Cantone
dei Ticino

Ji Dipartimento del territorio

CERTIFICATO DI PROTEZIONE AMBIERTALE
ENVIRONMENTAL PROTECTION CERTIFICATION

La Divisicne dell'ambier 12 de! Dipartimento del tamitorio certifica che lattivita produttiva delia diti

INPHARZAM SA o
ZONA INDUSTRIALE
6514 CADEMPINO

viene svolta nel pieno rispetto della normativa vigenite in materia di protézjone ambientale.
| controlii peredici, eseguiti dalle istanze cantonaii cormnpetenti, von hanno evidenziato situazion:
non conform, alla citata iegislazione.

The Deparntment for environmental protection ("Dipaitimento del termitonc?) confinns that the
company

INPHARZAM SA
ZONA INDUSTRIALE
6814 CADEMPINO

has 3l the parmits required by both federal and cantonal Swiss environmenta: protection faws
and regulations to operate plants for the production of pharmaceutical substances.

-

Duting our regular inspections of the plants it has always be ascertained a completely sé{n'sfactor,
environrnental situation.

We assess (0o, that the equipment and process for the production of Monuwiil, a granulate of
Fosfomycin Trometamel, are kept under controf and are in compliance with ail cantonal and
federal Swiss environmental laws.

$ ocid




« La Divisione dell ambiente del Diparimento del termiono é in paruicolare responsabile per
lapplicazione delle seguenti leggi.

The Department for environmenta/ protection is the authonty, that is competent on the temtory of
the canton Ticino to enforce particularly the following federal and cantonal laws and regulations

- Legge federale sulla protezione dell’ambiente del 07.10.1883

Federal Law on the protection of the environment

- Ordinanza contro linquinamento atmosfenco del 16.12.1985
Air pollution control reguiation

- Qrdinanza sulie sostanze pericolose per ambiente det 089, OB 1986
Reguialicn on ihe containmerit of enwronmentauy "nazariious subsiances

- Ordinanza sul traffico dei rifiuti speciali . del 12.11,1986
Regulation on the handling of hazardous waste -

- Ordinanza tecnica sui rifiut del 10.12.19%50
Technical wasie-matter regulation

. - QOrdinanza contro linquinamento fonico del 15.12.1986

Noise protection regufation .

- rdinanza sull'esame di impatto ambientale del 19.10.1988

Regulation on environmental compatibility audits

- Legge federale contro l'inquinamento delle acque del 24.01.1991
Federal law on water protection

- Ordinanza sulle immissioni delle acgque di rfiuto del 08.12.1875
Regulation on the introduction of waste-waler into tha pubdlic sewage system

- Ordinanza generale sulla protezione delle acgque del 19.06,1972
General regulation on waler prolection

- Qrdinat.za sulla classificazions dei liquidi nocivi alle acque del 28.09.19861
Regulation on the protection of water against water endangenng substances
Prescrizicni tecniche sui depositi liquidi del 21.06.1890
Regulation on equnpment for the storage and reloading of water endangenng
substances

DIPARTIMENTQ CEL TERRITQRIC
Il Diritove delly Divisione It Capo Sezione

delllambicnte: \ protpzione aria e acqua:
ﬁw

Mario Camani

—

arch. Mzrcallo Bernardi
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o e cracar: ael T.oino
© Usoisns Diparvrento del terriong
i va Canc Semon 12 .. - Dwmsione dellambiente
welone ;. (97 14375 . ) A . :
092242812 e
fan L QS i4u1) ; P n g e,
i ) . |
| . Sezione delfa protezione dell'aria e dell'acqu
syl 650] Bellinzona
wielono | ‘ Spenabile :
INPHARZAM SA.
6814 Lamooe ~ Cadempino
BeSrzona
12 settembre 1994
E N OE M BN E N E E B N NS S
N1 rderenerzo Vi rervmento
CERTIFICATE

As a contrclling authurity we confirm that the effluent of the wastewater pretreatment plout of
Inpharzam S.A.., in Cadempino are regularily monitored.

All the apalyses performed during 1994 have been found to be conform with the requirements
of the Federal Swiss Law conceming Water Protection and of the Ordinance for Wastewater

Discharge.

Sezione protezione aria ¢ acqua
I apo Sezione: Ufficio in ie ¢ jdroc -rburi:

fc LI . V
Dot M. Camani

=.Dol:t. E. Crivelli

@ 2= 067
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EMISSION PERMIT TABLE

Solid Waste

m—

Regional Authority

— wmm— r—
—

Permits for Lonigo, Italy Facility -
Emission Authorizing Agency Permit #
Air Regional Authority DGR 3319
Waste Water Regional Authority DGR 3318
|
DGR 3319

—




650

EMISSION PERMIT TABLE .

N—— e —— A—
—

I' | /" Permits {or Cadempino, Switzerland Faclility

It Emission Authorizing Agency Permit #
Air Department of Environmental See NDA, Section 3
Protection 00798-799
Waste Water Department of Environmental See NDA, Section 3
Protaection 00801 Appendix F
Solid Waste Department of Environmental | ---soeeee-
Protection
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Review and Evaluation of Pharmacology and Toxicolegy Data
bivision of Anti-Infective Drug Products, HFD-520

Date CDER Received: 01/30/95
Date Assigned: 02/01/95
Date Review Started: 02/02/95

Date 1st. Draft Completed: 92/02/95
Pate Review Accepted by Supervisor: 02/03/95

NDA # 50-717 (Safety Update dated 1i/27/95)
Number of Volumes: One
Drug: MONUROL™ (Fosfomycin Tromethamine)
Sponsor: Fforest Laboratories Inc. as AGENT for
Zambon Corp., East Rutherford, NJ
Contact Person: Michael M. Rosen 212/421-7850
Category: Antibiotic
Review Objectives: To ircorporate an ADME study in the NDA.

Index of Studies: One study (see below)

Effect of Probenecid on the Serum Levels and Urinary Excretion of
Fogfomycin Tromethamine.

Zambon Group (R&D), Report No. DBI 13/92 SM, 1-7 dated 6/30/92.
This study does not have GLP statement.

Study Objective: Probenecid (PB) inhibits the renal tubular
secretion of some antimicrobial agents. The aim of the present
study was to estimate the effect of PB on the serum levels and
urinary excretion of fosfomycin tromethamine (FT). Amoxicillin
{AMX) was used as positive control.

Methodology:

Animals: Female Swiss CD-1 mice weighing approximately 23-25 g
and 5 to 6 weeks of age.

Serum Levels: Two experiments were conducted at two different
times on a total of 280 mice. In each experiment four groups of
35 mice =ach were treated orally (gavage) as follows:

1. FT 50 mg/kg (as fosfomycin).

2. FT 50 mg/kg {as fosfomycin) and PB 17 mg/kg.

3.-AMX trihydrate 50 mg/kg (as amoxicillinj.

4., AMX trihydrate 50 mg/kg (as amoxicillin) and PB 17 mg/Xkg.

At 5, 10, 30, 60, 120, 240, ard 360 minutes following oral
treatment 5 mice of each group were sacrificed and blood
samples taken.

Urinary Levels: Four experiments were conducted at four
different periodsi on a total of 160 mice. In each experiment



\___../"I

NDA 50-717 2

four groups of 10 mice were treated orally (gavage) to the four
groups listed above for serum levels.

The pooled urine was collected, in metabolic cage for each
group a- the following intervals (h) following oral
treatmen.: 0-2, 2-4, 4-6, 6-24 and 24-48 hours.

Results:

srum Levels: There was ho apparent difference in the fosfomycin
-oncentration within both regimens. The concentrations were not
statistically different at each time interval,

Urinary Levels: For fosfomycin, alone or with PB, the
concentration for each period within corresponding regimens did
not appear to differ statistically.

Different results were observed when AMX was co-administered with
PB. Higher and statistically different serum levels of AMX were
found between 30 and 120 minutes after administration of both
drugs. The higher levels of AMX was ascrived to the delay in
antibiotic excreticn due to the effect of PB on the kidney
tubules. In fact, lower amounts of AMX appeared in the urine at
the first collection period (0-2 h) in the group treated with AMX
and PB.

The results showed that FT, differently from AMX, was not
eliminated by kidney via tubular secretion therefore, PB did not
influence its pharmacokinetic benavior.

In other words, the results showed that PB did not alter the
serum cr urine concentrations of fosfomycin confirming that its
renal elimination occurred via Jlomerular filtration. On the
contrary, serum and urinary levels of AMX, used as control drug
and known to be eliminated via tubular secretion, were strongly
influenced by simultaneous administration of PB.

GComments & Recommendatjon: None.

. (345"

. Joshi, D.V.M., Ph.D.
ce:
Orig.NDA
HFD-340
HFD-520
HFD-520/Pharm/Joshi Concurrence Only
HFD-520/M0O/8oreth HFD-520/Dep.Dir/L.Gavrilovich
HPFD-520/Ckem/Timper HEFD-520/SPharm/REOsterberg
HFD-520/Micro/BSoprey [L?w
HFD-520/C80/Dillon~Parker
HFD-520 /rd init. by REOsterber
R/D/2/2//FT/2/3/95 /SRJ i ;.f/p/ﬁf
N-50~717.8U v ‘

1/ b/fs’



Reviaw and Evaluation of Pharmacology and Toxicology Data
Division of Anti-Infective Drug Products, HFD-520

Date CDER Received: 09/30/94

Date Assigned: 10/05/94

Date Review Started: 10/06/94

Date 1st., Draft Completed: 11/14/94

Date Review Accepted by Supervisor: 12/30/94

NDA # 50-717 [Previous NDA # 20-477)
(Original Submission dated 9/29/94 and Amendments
dated 10/18/94 and 10/24/94)

Number of Volumes: 24 (original) + 2 (amendment)

Drug: MoNuroL™ (Posfomycin tromethamine; USAN), Sachets
Drug Code: 2-1282

Sponsor: 2Zambon Corporation, Eas® Rutherford, RJ

U.8. Agent: Forest Laboratories of New York, New York
Contact Person: Michael M. Rosen, Ph.D. 212/421-7850

Category: Antibiotic

Human Dosage: A single dose of 3 grams powder dissolved in 4 oz.
(proposed) of tap water.

Indication: Urinary tract infection (uncomplicated)

Chemistry: Fosfomycin tromethamine and Fosfomycin trometamol,
being one and the same have identical structural
formula:
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Formulation:
I
Ingredient ug/sachet
Fosfomycin tromethamine (equivalent 5,631.0

to fosfomycin base 3,000 mg) Z-1282

JMandarin Flavor

‘Orange Flavor

Saccharin

i
Sucrose

| TOTAL WEIGHT
removed during processing

Related Submissions: IND

Review Objectives: Review preclinical data with regard to safety
for the proposed marketing of the drug product.

Index of Studies: Please see next page.
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NDEX OF STUDIES: _Posfomyc Tromethamine
Item # Study Study#
Vel Page
5.4 ACUTE TOXICITY STUDIES
5.4.1.1 MOUSE: Oral 217 4% 14 667
5.4.1.2 MOUSE: Oral 4 5 14 704
5.4.1.3 MOUSE: Intravenous 4 6 14 | 741
5.4.1.4 MOUSE: Intraperitoneal 1216 7 14 | 778
5.4.1.5 MOUSE: Intraperitoneal 4 8* 14 | 809
5.4,2.1 RAT: Oral 1215 9* 14 856
5.4.2.2 RAT: Oral 4 10 14 894
5.4.2.3 RAT: Intravenous 4 11 14 | 931
5.4.2.4 RAT: Intraperitoneal 1213 12% 14 | 968
T )2.5 RAT: Intraperitoneal 4 13 15 1011
5.4.3.1 RABBIT: Oral 1214 14* 15 1048
5.4.3.2 RABBIT: Intravenous 5 15 15 | 1085
5.4.4.1 DOG: Oral 1218 le* 15 1080
5.4.4.2 DOG: Intravenous 6 17 15 } 1128
S8UBCHRONIC TOXICITY STUDIES
5.5.1.1 RAT: 4-Week Oral 88-3324 18* 15 1143
5.5.1,2 RAT: 12-Week Oral 16T19A 19 16 | 1545
5.5.1.3 RAT: 13-Week Oral HW16277- | 20 1?7 1910
124
(5.5.2.1 DOG: 4-Week Oral 88-3325 21% 18 | 2416
E5.5.2.2 DOG: 4-Week Oral 93-3181 22* 19 [ 2716
5.6,1 CHRONIC: DOG: 26-Week 23 19 | 3021
5.7 CARCINOGENICITY STUDIES -~ NONE
5.8 SPECIAL TOXICITY: RAT: 2-Week Oral 6277-123 | 24* 20 3143
_ — REPRODUCTION STUDIES
5.9.1.1.1 S8EGMENT I - RAT 9/TR-36 25 20 *260
5.9.1.1.2 SEGMENT I - RAT 406-002 26%* 20 1410




) NDA 50-717

5.9.2.1.1 BEGMENT II - RAT: Oral 10/TR-28 | 27 21 3677
5.9.2.1.2 SEGMENT II - RAT: Oral 406-003 28 21 3817
5.9.2.2.1 SEGMENT II - RABBIT 11/TR-37 | 29 21 4001
5.9.2.2.2 SEGMENT 1I - RABBIT 406-004 J0* 22 4112
5.9.3.1.1 SEGMENT III - RAT 12/TR-32 | 31 22 4306
5.9.3.1.2 | SEGMENT III - RAT 406-005 | 32+ 23 ] 4493
MUTAGENICITY STUDIES:
5.10.1 IN VITRO NON-MAMMALIAN CELL SYSTEM ]
5.10.1.1 Reverse Mutation- S.typhimurium 1212 33% 23 | 4820
5.10.1.2 Genetic Conversion ~ Sacch.cerevisie 1212 34 23 | 4884
! 5.10.1.3 Forward Mutation -~ S.pombe 1212 25 23 | 4896
'5.10.2 IN VITRO MAMMALIAN CELL SYSTEM
5.10.2.1 Gene Mutation in Chinese Hamster Cell | 116022 Je* 23 {4909
J}Lz.z Chromosome Aberration - Human 116022 37+ 24 | 4970
Lymphocytes
5.10.2.3. IN VIVO - Mouse Micronucleus Test 1159 igx* 24 5020
1
5.11 Absorption, Distribution, Metabolism 39,40 | 24 | 5050
& Excretion (ADME) 4L
[.5.12.1 Tissue Distribution & Mass Balance 43 24 | 5486
5.12.2 Placental Transfer 44 24 | 5546
5.13 Toxicolo of Degradation Products 45 24 | 5583
T Stedles merred viioh asterisK vere coniusTed Th Sompiisncs VIVE The

U.8. FDA GLP requirements.

Unless specified otherwise, all studies were conducted in the applicant's
laboratories, viz. Zambon Research Group, S.p.A., Rome/Milan, ITALY

TOXICOLOGY

\CUTE TOXICITY STUDIES: See next page
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ACUTE TOXICITY STUDIES:

S

Studies 1 thru 14 (Ref.# 4 to 17)

R
ijpecies/Strain | Route of Ad- | No,/Sex Dose (mg/kg) [not Mortality LDy, Ref !
ministration adjusted for Fosfo- (mg/kg) .
mycin base) No.
w#
MOUSE:
t-CD-1(ICR) Oral {Gavage) 10/sex 5000 No Mortality 4
itbred CD-1 Oral (Gavage} |, 10/sex 13,000 No Mortality 5
itbred CD-1 I.V. 10 males | 1300 to 4z00 72/150 1,652 &
1-CD-1(ICR) I.P. 10/sex 4000, 5000 45/90 4,441 - do | 7
4,344 - V9
itbred CD-1 I.P. 10/sex 4750-6000-C0d 64/130 - 1 5553 - dd 8
4000-7000-99 hr 5149 - 9@
nostdosing
BRAT:
1:CDfSD)BR Oral {Gavage) 10/sex 5000 No mortality 9
'rague-Dawley Oral {(Gavage) 10 males ! 13000 to 16000-d0 24 /40 14553 ~od 10
rague~Dawley I.V. 10 males | 1100 to 170CG-ddg 38/70 1364 - dd 11
rrague-Dawley I.P. 10/sex 2400 to 5000-00 36/90 4539 -0C 12
J400 to 5000-99 4342 -99
srague-Dawley I.P. 10/sex 4000 to 8500 74/170 6389 -od 12
6016 -9¢
RABBIT:
w Zealand Qral (Gavage) 3/sex 2000 No mortality 14
ite .
w Zealand I.V. Males 2/1200,3/1600,1/2000 } 4/6 (172000, 1360 - od 15
ite 3/1600)
DCG:
agle Oral (Gavage) | 2/sex 2/2000, 2/2000 No mortality 16
agle I.V. 2/sex 2(130, 2/260 No mortality 17 |
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SUBCHRONIC TOXICITY:

15. Four-Week Oral Toxicity Study in Rats via Gastric Intubatjon

with 2-1282 (Fosfomycin Tromethamine). (Ref # 18)
Project No. 88-3324

This study was conducted by

in compliance with the FDA GLP requirements. The final report
was dated Aug. 3, 1989.

bates of Treatment: 11/4-6/88 to 12/6/88.

Material Tested: 2-~1282; Lot No. 00000/89314

Animals: CD (SD) rats, 28~day olid and weighing 176-221 g males
and 147-173 g females at initiation.

Dose Selection: determined by sponsor (Zambon).

EXperimental Groups:

[
Group | Test Dose Level* | Dose Volume | No.of Rats
Material (mg/kg/day) | (ml/kg/day) [

gd 99
L — s
I. Controls** 0 10 15 15
II. z-1282(Low) ! 200(10¢ 5) 10 15 15
III. Z-1282(Mid) 800(426.1) 10 15 15
IV. 2-1282(High) | 3200(1704.3) | 10 ] 15 |

* Equfﬁzlent fosfomycin content in paféﬁfheéiéz
*» Distilled water (the vehicle)

Thee rats were administered the dose orally, by intubation, daily
(7 days/week) for 31-33 days consecutively.

Results:
General: One high dose male . died on day 1; cause of
death - dosing error; rat replaced by One mid-dose

female died accidently on day 29.
There were no treatment-related clinical signs.

Ophthalmoscopy: Conducted at pretest and at termination, thersz
was no indication of dose or compound-related ocular effects,

Body Weight & Food Consumption: These parameters in the drug
treated animals were comparable (or greater) to those in the
controls.
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Clinical Pathology: A dose-related increase in cholesterol
occurred in treated rats at termination. Differences from
control values were most significant in the high~dose males and
females. Statistically significant increases in SGPT and slight
increases in SGOT as compared to control values were also
observed in nigh-dose males and females. Theuse may be suggestive
of an effect on liver function. [Histologiczlly: no major liver
lesions]

Oorgan Weights: Absolute and relative liver weights of the high-
dose males and females were statistically significa tly greater
than those in the controls. ™“he absolute weight of the kidneys
was also slightly increased in the high-dose males.

Pathology: [control and high dose groups.). One gross
morphologic finding that appeared of greater incidence was
distended uterus in 3/15 high-dose females. Severity of this
abnormality was sin’'lar in high-dose and control females.

Conclusion: Based on the increase in cholesterol in the mid-
and high dose animals and the increase in liver weights in the
high-dose animals, the no effect level (NDEL) was 200 mg/kg/day
of Z-1282 administered orally in rats for a period of 4 weeks.

16. 2-1282 ~ Twelve Week Cral Texicity Study in the Rat.
Ref# 19

on NDA pp. 5-01546 and =47, Dr. L. Fonaromi, M.D., Head
Toxicological Dept of Zambon states, "This study was c«onducted by
Zambon Laboratories, Italy (liarch-June 1980). At that time the
GLP requlations were not operative in Italy. [CGLP regqulations
became effective in Italy on June 26, 1986]).

"In retrospective audit report submitted to FLA on Nov. 19, 1991.
two main observations had been pointed out:

1. Histological slides were not prepared for animals of
groups 2-D and E and that continued in the study for 16
weeks.

2. Records of dosage preparations were maintained

inconsistently.“
Animals: Sprague-Dawley CR/CD rats; 18/sex/group.
Groups: Controls and Z-1282 € 2530, 1000, or 4000 mg/Xg b.w.
[Equivalent fosfomycin content: 133.15, 532.60, 2130.4,
respectively] '

Route of Acdministration: Oral (by gavage}, once daily.
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Duration of Study: 12 weeks of treatnent -followed -bv -a 4-week - -
recovery (no treatment) period.
Results:

- There was no drug-related mortality.

- SGOT and SGPT levels were elevated at the high dose [both
SGOT and SGPT levels returned to normal after 4-week
recovery period].

- Liver weight increases and ridney weight increases were
evident in high dose males aad in high dose females.

- In females kidney weight increas«s were noted also at 250
and 1,000 mg/kg, respectively.

- Ceca were enlarged (distendod) in males and females at
4,000 ng/kg. Aczas of mucosal i.nflammation were observed in
the terminal ileum and colon.

- Histopatliolegic examination of kidneys from control, and
from high dose rats, showed changes characteristic of
spontaneous nephropeathy.

- Treatment ef.=cts did not persist during recovery.
- No histopatholegi> changes were cbserved in tissues from

yats at_the end of treatment, and in tissues from rats at
the end of recovery period.

conclusions: No effect level (NOEL) of 1000 mg/ka of Z-1282.

17. 13-Weex Oral Gavage Toxicity Study with Fogsfomycin
Tromethamine in Rats. Ref § 20

This study was_conducted by
Project No., HWI-6277-124 il compliance with the FDA GLP
requirements., The final report wa dated June 10, 1994.

Study Dates: (in life) 8/31/93 to 12/20/93

Material Tested: Fosfomycin tromethamine, batch No. 06740/30888;
white powder, 100% pure. '

Anjimals: : CD BR VAF/Plus ratcs 5 weeks old and welghing 183.9
to 264.5 g (do) and 124.5 to 164.9 g (99)
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study Design:

Group Test Dose Level* Dose Volume No.of Rats
Material {(mg/kg/day) (ml/kgsday)

dd P9

1. controls*+ 0 20 16*** 16

2. 2-1282 (Low) 250(133.1) 20 .16 15

3. 2-1282 (Mid) 1,000(332.6) 20 16 16

4. Z-1282 (High) | 4,000(2133.4) | 20 16 16

* Equivalent fosfomycin content in parenthesis,

** reyverse osmosis (RQO) water

*** Up to 6 animals/sex group were selected at random and
designated as recovery animals. The reccvery animals were dosed
for at least 13 weeks, tnen allowed 4-weesk post-treatment of
reversibility :..ilod.

Treatment: . 3 were dosed orally (gavage) once daily for 13
weeks.

Regults:

General: One high dose (4,000 mg/kg) female died

during week 2; necropsy indicated gavage error,

Clinical Observations: Rats giv~n 4,000 mg/kg showed swollen
abdomen, malformed feces, and brown perianal hair-coat. This
finding was consistent with the enlarged (higher) cecum weights.
Onr: mid-dose female also had swollen abdomen. Histologically no
changes in the G.I. tract of treated animals.

Body Weights: Mean beody weights and body weight gains for female
rats at the 1,000~ ana 4,000 mg/Kkg were generally higher than
those of the controls. This was due to increased cecum weights.
Mean food consumption was generally higher for both male and
female rats of the 1,000- and 4,000 mg/iig groups.

Clinical Pathology: {hematology, bhlood chemjistry, and uripnalysis]

- Test article-related changes were only seen in animals
treated with 1,000- and 4,000 mg/kg and with few exceptions
were reversed during recovery. The changes included:

~ lower RBC count, hemcglobin, hematocrit, mean corpuscular
volume, and mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, and platelet count at the 4,000
ng/kg level; o ’
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- Lower urine pH in males given 1,000 or 4,000 mg/kg and in
females given 4,000 mg/kg;

- lower total protein at the 4,000 ng/kg level;

- lower glchulin in males given 4,000 mg/kg and in females
given 1,000~ or 4,000 mg/kg;

- lower creatinine in females given 4,000 mg/kg;

- higher alanire aminotransferase in males given 4,000
mg/kg;

- higher calcinm in males givan 4,000 mg/kg;

- higher inorganic phosphcius in males and females given
4,000 mg/kg;

- lower chloride in males given 4,000 mg/kg.

All these findings were reversed by week 18, except lower
globulin in males and females given 4,000 mg/kg and higher
inorganic phosphorus in males given 4,000 mg/kg.

[ Also see histopathology report]

Qrgan Weights: Test article-reiated changes in organ weights in
both sexes at the terminal sacrifice included increased cecal and
liver weights, and decreased pituitary weights in all treated
groups, and increased kidrney weights in the high (4,000 mg/kg)
dose group.

At the recovery sacrifice, only significantly increased weights
persisted and only for male:.

Gross_Pathology: Test article~related changes macroscopic
changes included enlarged ceca in most treated groups and
reddening or mottling of mesenteric lymph nodes in the high-dose
males.

Histopathology: Conducted by
see report dated April 19, 1994 [NDA wvol. 17, pp 5-02406]).

Histopathology report was not submitted in its entirety in the
original submission of the NDA. oo T '

In response to my request, the applicant submitted the two
volumes {volume 1, pp 1-420; volume 2, pp 1-272] of the
histopathology report. (NDA Amendment dated 10/18/94)
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Histopathology Report =

- Although certain clinical pathologic variables appeared
lower {(of statistical significant) at 1000~ and 4000 mg/Kg
(namely: red cell count, hemoglobin, hematocrit, and
platelet count), there was reportedly no histopathologic
evidence to support the statistical inferences of
significance. Bone marrow c2llularity and hemopoiesis were
unremarkable. There was no evidence of neutrcpenia (w.b.c.
and differentials were within normal limits). There was no
evidence of tissue hemosiderosis to suggest red cell
breakdown (hemolysis}. There was no macroscepic hint at
necropsy of any clotting deficiency (bleeding) that could be
linked with (significant) platelet depletion. A None of the
findings were indicative of overt organ or tissue toxicity.
There was no drug-related aortality. All deviations were
not of record following a 4-week period of recovery. Except
for persistence of kidney welght increase, no latent
untoward reaction was observed.

- Apparent values for total protein and globulin in males at
the 4000 mg/kg level, and lowered globulin in females given
1000 and 4000 mg/kg, respectively, were without biologic
significance since mean body weights for females ac the 1000
and 4000 mg/kg levels were generally higher than those of
the control group, suggesting that male and female rats vere
not nutritionally deprived, and suggesting therefore that
liver function was adequate for protein synthesis.

Moreover, glucose and BUN values of all test groups were
within i1im't of control values.

- Ceca were enlarged in all test groups after 13 weeks of
treatment; a 4-week recovery period reduced the incidence of
cecal enlargement. This was attributed to the antibiotic as
test material.

- In the Jliver, there was no evidence of drug-induced enzyme
induction, intrahepatic cholestasis, degenerative or
proliferative change and drug allergy (eosinophilic or
granulomatous inflammation.

- In the kidney, there was no evidence of: i) renal
impairment (proximal tubular degeneration); ii) interstitial
nephritis (immunologic mechanism); iii) nephrocalcinosis;
and 1iv)} renal papillary necrosis.

Conclusions: A no-observable-effect-level (NOEL) could not be
established for this study because enlarged cecum and increased
cecal weights were observed in all treated groups. Animals
treated with 4,000 mg/kg also had evidence of perianal staining
and malformed feces suggesting a more pronounced effect on the
gastrointestinal tract at this dose than at the lower dosages.
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These effects on the gastrointestinal tract -may be due toa =~ =~ 7=
pharmacologic effect of the test article's antibiotic action.

After taking into consideration the gastrointestinal related

effects and increased organ weights, in which there were neither
histologic char s nor suggestion of overt toxicity, a no-
adverse-effect Jwuvel ({MOAEL) cof 1,000 mg/kg was datermined based
upon possible test-article related effects on body weights in

males at 4,030 mg/kg.

18. Jour-Week Oral Toxicity gStudy in the Dog via cCapsule
Adninistration with 2-1282. (Ref. # 21)

This study was conducted by

in compliance with the FDA GLP requirements. The final
report was dated August 16, 1989.
Dates of Treatment: 10/20/88 to 11/16-21/88

Material Tested: Z-1282; Lot No. 00000/89314 in gelatin
capsules.

Animals: Beagle dogs. At the initiation of treatment 6-month old
and mean weight were 7.4 (6.8-8.5) kg in males and 6.7 (5.2-7.4)
kg in females. 4/sex/group.

Dose Selection: determined by sponsor (Zambon).

Experimental Groups:

B
Group | Test Dose Level# No.of Dogs
Material (mg/kg/day)
I. Controls*x* 0 4 4
II. 2-1282 (Low) 100(53.3) 4 4
| III. Z-1282(Mid) 300(159.8) 4 4
IV, 2-1282(High) | 1,000(532.6 4 4 .

3 n mEr——e -
* Equivalent fosfomycin content in parenthesis.
** gelatin capsules. Ryt et .

Procedure: The dogs were administered-the-dose orally, in
gelatin capsules, daily (7 days/week) for 28-33 days
consecutively.

Results:

General: There was no mortality and physical observations showed
no adverse, treatment-related effects.
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Body Weight: The most significant effect in body weights =" = 77 .7 7°77
occurred in the high dose males, whose weights were approximately

10% lower than weights of control males during the first 3 weeks

of the study and 8% lower at termination. Body weight effects

were considered to be slight to moderate in the mid dose females

(8 to 10%) and moderate to severe in the high dese females (11 to

14%). These body weight effects in the high dose males and the

mid-and high dose females were generally more pronnunced during

the early part of the study and appeared to becume less marked

over time.

Food Consumption: Food consumption of the mid- and high dose
males and females was slicghtly lower or statistically ‘
significantly lower than the control values during week 1 of the
study but generally comparable to control values for the
remainder of the study.

ophthalmoscopic Examination: No treatment-related effects.

Clinjcal Chemistry: A statistically significant increase in
aspartate aminotransferase as compared to the control values was
observed in high dose males at termination of the study.

Hematology, Urinalysis: No treatment-related effects.

Organ Weights: Absolute and relative testes weights of the high
dose males were slightly but statistically significantly lower
than controls. [(Histologically no lesions in the testes reported;
1 high dose male had atrophy of the prostate].

Absolute and relative liver weights of the low-, mid- and high
dose males and femaleg were slightly but statistically
significantly greater than those of the contrel dogs.
[Histologically no liver abnormality reported)

Pathology: No treatment-related lesions were reported at
necropsy or on_histopathology.

Cconclusions: Based on the body weight effects seen in females
receiving 300 wmg/kg/day, the no adverse effect level (NOAEL) was
determined to be 100 mg/kg/day of 2-1282 in this study.

19. A Four-Week Toxicity Study of Fosfomycin Trometamol . - ,
{MONUROL} In the Dogq via Capsule Administration. (Ref # 22)

This study was conducted by
in compliance with the FDA GLP requirements.
The final report was dated April 28, 1994,

Reviewer's Note: This 4-week oral dog study is a repeat of a
similar study (# 18 reviewed above) conduct~d previously by
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Treatment Dates: 1/13/94 to 2/14/94. ~ -~ =~ = - 7o T

Material Tested: Fosfomycin Trometamol; Lot No. 06700-30888;
100% active ingredient.

Animals: Beagle dogs. At the initiation Of treatment dogs were
6-month old and mean weights were 10.3 (9.6-11.5) kg in males and
8.7 (7.5-10.1) kg in females. 4/sex/group.

Dose 8Selection: determined by sponsor (Forest Laboratories).

Experimental Groups:

Group | Test Material Dose Level* | No.of Dogs
(mg/kg/day)
dg LA
I. Controls** 0 4 4
IT. Fosfomycin Trometamol (Low) 100(53.3) 4 4
III. Fosfomy~in Trometamol (Mid) 300(159.8) 4 4
Iv. Fosfomycin Trometamol (High) | 1,000(532.6) 4 4

* Equivalent fosfomycin content in parenthesis.
** gelatin capsules.

Procedure: The dogs were administered the dose orally, in
gelatin capsules, daily (7 days/week) for 28-33 days
consecutively.

Results:

General: All dogs survived. Clinical signs associated with drug
treatment consisted of emesis and unformed/watery stools which
were seen primarily in males and females treated with 1,000
mg/kg/day (high dose group) and decreased over time.

Body Weight & Food Consumption: Clear effects on these
parameters were evident only in high dose males and females,

High dnse males and females exhibited mean body Weight losses
during the first one or two w:ecks of treatment and gained weight
during the remaining weeks. However, because of the initial body
weight losses, the body weights of these animals never caught up
with the body weights of che control dogs.

Mean food consumption values for the higr dose males and fenales
were statistically significantly lower than concurrent contrcl
values. No toxicologically significant changes in body weight or
food ccnsumption were seen in both sexes of the mid- or the lower
dose.
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Ophthalmoscopic Examination: It was perforked at™termihation” ahd’
revealed no effect of drug administration.

Clinical Pathology: There werc no effects on hematology or
clinical chemistry parameters. Urinalysis performed at
termination showed a trend towards decreased pH values in high
dose dogs. According to the investigators, this decease was not
an unexpected result with highly acidic (pH 4.4) Fosfomycin
Trometamol and was not considered toxicologically significant.

Oorgan Weights: No drug effects were noted.

Pathology: Both gross and microscopic examination revealed no
findings which were considered to represent systemic toxic
effects of the drug. Microsccpic changes in the gall bladder
were attributed to changes in the functional activity were seen
in dogs from all treated groups.

Conclusions: Based on clinical signs (emesis, water' stools) and
body weight losses seen in the high dose group, the no observed
adverse effect level of the drug was 300 mg/kg/day.

Toxicok netics: Mean serum Fosfomycin Trometamol
concentrations increased linearly with dose for both sexes of
dogs. No differences in the mean serum Fosfcomycin Trometamol
ccncentrations were observed between day 1 and day 28, indicating
constant exposure of the drug during the study period.

20. Pharmaco-toxicological Report on 2-1282.
Twentv-six weeks toxicity in the dog. (Ref. # 23) .

This study does nct contain a GLP statement. The final report
was dated April 1982. The study (Study 8) was conducted by Zambon
Pharmaceutici S.p.A. Research Laboratories, Bresso (Milano),
ITALY, between April and November 1981.

Materials Tested: 2-1282 (Fosfomycin contents = 53 26%) and
Calcium Fosfomycin (Fosfomycin contents = 71.13%). 2-1282 was
administerec in the form of extempcraneously prepared agueous
solutions diluted with fresh whole milk.

Animals: Beagle dogs ranging in age irom 9 to 13 months, and
weighing 8.4 to 14.5 kg (0d) and 6.5 to 12.4 kg (V).

Dose Belection: Dose levels were selected by Zambon's
investigators, and were based on the results of two previous
studies, one in dog (1) and one in man (2) listed on p. 23 of the
report. Quoted verbatim from the report:

"Results of tre study in the dog showed that:

oA -
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- Oral Z-:.282 f(at) 100 mg/ky produced peai. plasma fosfomycin
levels of about 40 mcg/ml at houl 2 after dosing. Levels
fell to .0 mcg/ml at hour 6. At hour 24, 51% of the dose
was excreted in the urine. ' '

- Oral calcivm fosfomycin (at) 200 mg,/kg produced peak
plasma fosfomycin levels of about 35 mcg/ml at hours 3-4
after dosing. At hour 24, 27% of the dose was excreted in
the urine.

"Results of the study 1n man showed that:

~ A single oral dose of fosfomycin {(at) 2 g (corresponding
to Z-1282 50 mg/kg) produced a peak plasma fosfomycin level
of about 20 mcg/ml at hour 2 after dosing. Computerized
simulation of repeated oral of fosfomycain 2 g at 6 hour
intervals showed attainment of a steady state after 4-5
doses which produced peak plasma fosfomycin levels of about
35 mcg/ml.

"On the basis of these results the following dose levels
were selected for the present study.

- Lowest Z-1232 oral dose: 100 mg/kg/day

This dose is capable of producing peak plasma fosfomycin
levels comparable to those attainable in man after oral 2Z-
1282 at 50 mg/kg t.i.d.

- Highest 2Z-1282 oral dose: 1600 mg/kg/day.

This dose is capable of producing peak plasma fosfomycin
levels in the dog about 3 times hiqglier than those attainable
after 100 mg/kg/day. A higher dose lev:l was not selected
because preliminary tests showed that chronic administration
of 2-1282 at doses over 1000 mg/kg/day produced severe toXic
efferts after a few days (vomiting and diarrhea with mucoid
and blood-streaked fzces.

- Calcium fosfomycin oral dose: 200 mg/kg/day
This dose is capable of producing plasma fosfomycin levels
approximating those attainable by 2-1282 at 1000 mg/+g/day."

BT

-
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Treatment Groups: <= oo~
Group Drug Dose * No. of Dogs
(mg/kg/day}
Males Females
A Placebo** - 4 4
B Z-1282 .00 (53.3) 3 3
C 2-1282 300 (159.8) 3 3
D 2-1282 1,000 (532.6) 4 4
E Calcium 200 4 4
fosfomycin
* Equivalent fosfomycin content in parenthesis.
** milk

The drugs were administered orally once daily, 7 days/week
for 26 weeks.

At the end of treatment, all dogs/sex/group were sacrificed
except 2 dogs/sex of groups A, D and E which were kept under
observation for 6 weeks after the end of treatment, and then

sacrificed.
Results:
General: There was no mortality. Diarrheal episocdes were

observed in all high-dose dogs and to a lesser extent in mid-dose
dogs. In the low-dose and calcium fosfomycin group these
episodes only slightly exceeded those of controls. These
episodes began on day 3 of dosing in females and after 1 week in
males. These episodes "produced no signs of distress and did not
affect normal food consumption.®

Body Weight: No marked changes in body weight were ocbserved
except for a marked decrease in 1 female dog of group D and 1
male and 1 female of group E.

Ophthalimoscopic and EXKG Examination: There were no drug-related

effects.

Yematology Blooed Chemist and Urinalysis: There were no drug-

related effects on these parameters.

Pathology: Macro- and microscopic examination did not reveal
differences fron control and treated groups.

conclusion: "Oral administration of 2~1282 at doses up to 1000
mg/kg/day for 26 weeks was well tolerated in the dog. The
diarrheal episodes prevailed at doses tar higher than those
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administered to man and were dose-dependent; commorn te¢ Z-1282and = 7=
calcium fosfomycin, and (were) reversible."

Bioavajlability of Test Drugs:

Z2-1282:

Plasma fosfomycin levels in 6 dogs given 2-1282 at 100 mg/kg
(i.e. 53 mg/kg of fosfomycin) were determined on days 0, 84, and
168 of treatment in blood samples collected 2, 4, and 24 hours

after dosing.

Mean plasma fosfomycin levels were 28.8 mcg/ml at hour 2 and 17.2
mcg/ml at hour 4.

Calcium fosfomycin:

Plasma fosfomycin levels in 8 dogs given oral calcium fosfomycin
at 200 mg/kg (i.e. 142 mg/kg of fosfomycin) were determined on
days 0, 84, and 168 of treatment in blood samples collected at 4,
6, and 24 hours after dosing.

Mean plasma fosfomycin levels were 17-18 mcg/ml at hour 4 and 28-
30 mcg/ml at hour 6.

Comparative Bjoavailability:
Fosfomycin was absorbed more readily and in amounts 2-3 times

greater after 2-1282 than after calcium fosfomycin.

There were no marked differences in absorption data between days
84 and 168.

SPECIAL TOXICOKINETIC STUDY
21. 2-Week Oral Gavage Toxicokinetic sStudy with Fosfomycin

Tromethamine in Rats. (Ref.§ 24)

Lab. Project ID:

r~ 's study was conducted by
in compliance with the FDA GLP requirements. The final report
was dated May 15, 1994.

Study Dates: August 25, 1593 to September 8, 1993.

Study Objective: To assess the toxicokinetics of Fosfomycin
Tromethamine, when administered daily by oral gavage to rats for
at least 2 weeks.

Methodology: There were 198 male and 198 female :CD BR
VAF/Plus rats assigned to 5 groups
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Group

Dose Level*
(mg/kqg)

concentrati-

on

Dose

No.

of Animals

Male

Female

1. Control 0

2. Low 250(133.2) 25 48 48

3. Mid-Tow 500(266.3) 50 48 48

4. Mid-High 1,000(532.6) _100 48 48
iL5. High 2,000(1065.2) 200 48 48

Dose Volume = 10 ml/kg

Blood samples were coilected (cardiac puncture) immediately
postdose and approximately 0.5, 0.7, 1.5, 3, 6, 8, and 12 hours
postdose on days 1 and 15 from 3 rats/sex/group/interval in
groups 2 thru 5 and immediately postdose only from animals in
group 1.

Serum samples were harvested and shipped overnight to Sponsor
{Forest Lab.} for analysis of Fosfomycin Tromethamine. Animals
were sacrificed and discarded without necropsy after blood
collection. Fosfomycin serum concentrations were determined by a
validated gas chromatography method using ritrogen-phosphorus
detection (NPD). Sensitivity of the analytical method was less
than 1 ug/ml.

Mean drug serum concentrations versus time curves were
constructed for each dose and sex to obtain the following
toxicokinetic parameters: time for maximum drug concentrations,
Taax: Maximum drug concentration, €., area under the curve, AUC
and elimination half-life, *,,.

esults:

General: All animals survived. There were no clear differences
in body weight, food consumption or clinical signs in drug-
treated animals compared with the controls.

Toxicokinetics: Report TK/3700/0001 dated April 18, 1994
submitted by Forest Laboratories, Inc. [NDA volume 20, pp 5-03229
to 03259)

- No differences were observed for T,,, C,, and AUC between

max
male and female rats. :
- C.x Values in male and female rats increased linearly with
increasing doses, from 250 to 2000 mg/kg/day. No apparent
differences were observed for the fosfomycin serum
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concentrations. Day 1% C,, values werehigher than Day 1
Cpax Values at 500, 1000 ard 2000 mg/kg/day dose levels.

- The overall mean * SD values for T, for male and ferale
rats were 1.3 * 0.60 hours.

- AUC,.,, values increased linearly with dose after single
dose (day 1) and at steady-state (day 15).

- The t,,, for fosfomycin in male rats were generally shorter
compared to female rats at 25¢ and 500 mg/kg/day doses;
whereas, at the 1000 mg/kg/day dose, the t,, values were
similar, approximately 2.5 hours. The t,, values showed
non-linear elimination at the highest dose level, with t,,
values for female rats ranging from hr and fbr
male rats ranging from hour.

REPRODUCTION STUDIES:

22. Fertility Study of Oral 2-1282 in the Rat: Ref. # 25

This study does not contain a GLP statement. The final report
was dated 1982. The study (Expt. No. TR 36) was conducted by
Zambon Pharmaceutici S.p.2. Research Laboratories, Bresso
(Milano), ITALY, between March -June 1981,

Material Tested: Z-12852, batch No.8
Animals: CD (SD) BR rats

No. of Animals: 96 Females (24 per dosage group)
96 Males (24 per dosage group)

equency and Duration o eatment: Oral (by intubation)
once daily.

Males (FO generation) daily for at least 63 before
mating, during the mating period and then until
necropsy.

Females (FO generation) daily for at least 14 days

before mating, during the mating period and then during
gestation period until 7th day post-coitus.

Mating Period: maximum of 14 d:ys.
Groups:
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Group Z-1282%* Volume Concentration of
{mg/kg/day) (ml/kg/dav) 2-1282 (mg/ml)

A. Control 0 10 0
B Low-dose 250(133.2) 10 - - 25
C. Mid-dose 500(266.3) 10 50
D. High-dose  1000(532.3) 10 . 100

* Equivalent fosfomycin content in parenthesis.

Necropsy: On the 21st day of gestation, the females were killed
and maternal organs checked, the uteri were removed and findings
were recorded as listed below:

- number of implantation sites ({Salewski's method)

-~ number of dead fetuses;

- number of early resorptions;

- number of late rescorptions;

- number of viable fetuses;

- individual fetal weight;

and va. ‘ous 1ndices obtained from the above numbers.

Results:

F~0 Generation:

‘here was no mortality

- soft feces and dilated stomachs were observed in aill
treated group males.

- Body weight was unaffected by treatment.

- slight reduction of food intake in the males of the
treated groups.

- No alterations wese observed during necropsies at term.

Reproductive Performance: The fertility, the mating and the
gestation indices of F0 were all in the normality range.

Observations on "litter of Fl Generation: . i

Implantation Sites: These were similar in control and treated
groups.

Viable Fetuses: Litter size of all grouns were within the normal
limits.

Dead Fetuses: One dead fetus was found in the high-dose ({1000
mg/kg/day)} group.
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Resorptions: The individual and mean group values were within
the nermal range.

Post-implantation losses: The individual values of these losses
were very low, only one low-dose female and one mid-dose female
had values i..gher than 20% '

B~v_Weights of vViable Fetuses: The individual and mean group
v, - were within range in all groups. :

External Examination: One fetus belonging to a low-dose litter
(B7/3) had a major malformation (ANURIA). According to the
investigators, "this phenomenon cannot be related to the
administration of the drug, because it was found only in one
fetus.

Visceral Examination: [Wilson technic performed only on control
and high-dose Jroups) "No fetus with appreciable alterations was
observed."

Skeletal Examination: The fetus with ANURIA was observed for
skeletal examination.

One skeleton of the litter B4/1 showed wavy ribs (minor anomaly).

Some "Variations" either in treated or control groups were
sporadically cbserved. "These differences in the pattern of
ossification, likely, represent no more than transient
retardation of the osteogenesis and are common findings in the
skeletal examination of rats."

23, Fertility and General Reproduction Study of Fosfomycin
Tromethamine administered Orally via Gavadge to 1CD_BR VAF
Plus Rats {(Seqgment I Evaluation). Ref. ¥ 26

This study was conducted by
= in compliance with the FDA GLP
regquirements. The final report was dated April 6, 19%4.

Material Tested: Fosfomycin Trometamol; Lot # 06700/30888.

Test Article Preparation: Solutions of Fosfomycin Trometamol
were prepared cdaily at concentrations of 0, 25, .50 and 100 mg/ml,
such that dosages of 0(vehicle), 250, 500 and 1009 mg/kg/day,
respectively were administered at a volume of 10 ml/kg.

Animals: :CD BR VAF/Plus, 6 weeks cld males, and 9 weeks old
females. 30 rats per dose group.

Dose Selection: By the Sponsor.

Dose Groups:
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Group Doge* No. of Rats Rat Numbers
{mg/kg/day) per sex Males Female

I (vehIcle) 30 9501-9530 9621-9650

IT 250 (133.2) 30 9531~-9560 9651~9680

ITI 500 (266.3) 30 9561-9590 9681-9710

v 1,000 (532.6) 30 9591-9620 9711-9740

* Equivalent fosfomycin content in parenthesis.

Treatment: Rats were dosed orally (via gavage) once daily
according to the following schedule:

Fo Males: 70 days prior to mating, throughout the 21-day
mating period and up to the day before their scheduled
sacrifice.

FO Females: 15 days prior to mating, throughout 21-day
mating period and dosing continued until the day before
scheduled sacrifice on:

(1) - Day 20 of presumed gestation (rats assigned to
) Caesarian section)- 35 to 48 dalily dcsages;

{(2) - Day 25 of presumed gestation (rats assigned to
natural delivery that did not deliver a litter) - 40 to
61 daily dosages;

(3) -~ Day 21 of lactation (rats that delivered litters)
- 56 to 72 dally dosages.

F1 generation: Although the F1 generation pups were
possibly exposed to the test article in utero during
gestation or via maternal milk during the postpartum period,
the offspring were not directly administered the test
article. -

Groas Necropsy:

FO males were sacrificed after the completion of mating
period (21 days)

F0 .Females (Caesarian sectioning): These welre sacrificed on
day 20 of presumed gestation; they were evaluated for
corpora lutea, the no. and distribution of implantation
sites, and early or late resorption.

;) Each fetus was removed from the uterus; one-half cof the
fetuses in each litter were fixed in Bouin's solution and
one-half in alcohol for future evaluation. [malformations]
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FO Females (natural delivery)

Those which did not deliver litters: were killed on day
25 of presumed gestation.

Those which delivered: On day 7 postpartum - all
litters with 9 or more pups were culled to 8 -
pups/litter- 4 pups/sex/litter- these constituted F-l

generation pups.

Results:

FUO Generation Male Rats: All males rats survived. Soft and
liquid feces occurred in 3, 3 and 2 rats in the 250, 500 and 1000
mg/kg/day dosage groups. On necropsy one lcw-dose group rat had
a spermatocele; this was not considered treatment-related.
[Testes were no% examined microscopically.]

The mating and fertility parameters (days in cohabitation,
fertility index) were unaffected by the test article.

FO Generation Female Rats:

A. Mortality and Clinical Obgservation: No female rats died
before scheduled sacrifice and no gross necropsy lesions
occurred. Soft and liquid feces occurred in statistically .
significant (P<0.01) number of rats given 500 and 1000
mg/kg/day dosages,

B. Body Weights: Premating: At premating, body weight
gains were statistically significant (P<0.05 to P<0.01) in

all groups administered the test article for days 1 to 8 of e e

the dosage period and in the 1000 mg/kg/day dosage for days
1 to 15. All groups administered the test article had
increased weights compared to the controls.

Gestation: Average body weight gains and bhody weights did
noet difier significantly among the groups for the entire
gestation-period (days 0 to day 20 of gestation). The
average weight of the rats in the groups administered the
test article continued to be higher than the control group
averages

Lactation: During lactation, average body weight gains were
significantly increased (P<0.05 to P<0.01) on days 7 to 14
of lactation for all groups administered the test article.
Averi.ge body weights were statistically significantly
changed (P<0.01) in all dosaga groups on day 14 of lactation
and 1.2 the 1000 mgykg/day dosage group on days 1 and 21 of
lactation. These increas:s were probably more related to
the normal variation during lactation and not related to
tent article.
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C.

Food_ Consumption: Premating: Absolute (g/day) feed
consumption values premating were statistically
significantly (P<0.05) reduced in the 250 and 500 mg/kg/day
dose groups for days 8 to 15 of dosage. Relative (g/kg/day)
feed consumption values were statistically significantly :
reduced (P<0.05) in the 250 and 1000 mg/kg/day groups for
days 1 to 8 of the dosage period.

Gestation: During gestation, absolute and relative feed

consumption values were generally increased for all ’ B
intervals compared to the controls. Significant increases ToreT
(P<0.05 to P<0.01) in absolute feed consumption occurred in

all dosage groups on days 7 to 14 and 0 to 20 of gestation,

in the 500 and 1000 mg/kg/day groups on days 14 to 20, and

the 500 ng/kg/day group on days 0 to 7 of the gestation.

Relative feed consumption values were statistically

significantly increased (P<0.01) for the 250 and 1000

mg/kg/day dosage groups on days 7 to 14 of gestation. These
increases were related to the incr=zased body weights in

these groups.

Lactation: During lactation, absolute and relative feed
consumption values were comparable among the dosage groups
for all intervals evaluated.

Estrous Cycling, Mating and Fertility: [see Tabla C-15 of.
the Report)

Dosages of test article as high as 1000 mg/kg/day did not
affect estrous cycling or any mating and fertility
parameters.

Caesarean-Sectioning, Litter Observations and Fetal Gross
External Alteraticn: [see Tables C-16 and C-17 of the
Report]

Each dosage yroup had 12 to 15 litters available for
evaluation.

Administration of dosages as high as 1000 mg/kg/day did not
affect any parameter evaluated at Caesarean-sectioning. The
litter averages for corpora lutea, implantation, litter
sizes, live fetuses, early and late resorptions, percent
live male fetuses, live fetal body weights, numbar of dams
with any resorptions and percent resorbed conceptuses per
litter were comparable among the four dosage groups and did
not significantly differ.

No gross external fetal alterations occurred All fetuses
appeared normal. ‘
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F. Natural Delivery and Litter Observations: [Tables C-18 to C-
21].

Pregnancy coccurred in 12 to 15 of the rats in each dosage
group assigned to natural delivery. All pregnant rats
delivered a litter. ‘

Evaluation of natural delivery and litter data did not
reveal any adverse effects of dosages of the test article as
high as 1000 mg/kg/day. There were no bioclogically
important differences am2ng the dosage groups in the
durations of gestation, numbers of dams with stillborn pups,
the number of dams with live-born pups per number of
pregnant rats, number of live-born pups, stillborn pups, pup
body weights, percent male pups, viability and lactation
indices or the numbers of litters with pup deaths.

The incidence of clinical and necropsy observa:zions in the
pups was comparable among the groups.

Conclusions: Fosfomycin Trometamol at doses as high as 1000
mg/kg/day did not affect any reproductive parameters in the male
or female rats of this study.

24. Teratogenesis Study in the Rat with %-1282 Administered by
Oral Route. Ref. # 27 Expt. No. TR 28

This study does not contain a GLP statement. The final report
was dated May 1982. The study (Expt. No. TR 28) was ccnducted by
Zambon Pharmaceutici S.p.A. Research Laboratories, Bresso
(Milano), ITALY, between March =-June 1980.

study Dates: Start of mating: March 18, 1980
Start of treatment: March 24, 1980
Start of FO delivery: May 8, 1980

Material Tested: Z-1282, batch No.6 was dissolved in distilled
water to provid2 concentrations of 25-, 50- and 1C0 mg/ml for the
dosages of 250, 500 and 1000 mg/kg/day in a volume of 10
ml/kg/day which was constant for all dose groups.

Animals: CD (SD) BR rats; 25 females/dosage group
Groups: Group 1: vehicle
Group 2: 250 (133.2) mg/kg/day of 7-1282
Group 3: 500 (266.3) mg/kg/day of Z-1282
Group 4: 1000 (532.6) mg/kg/day of Z-1282

[Equivalent fosfomycin content in parenthesis.)
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Method, Frequency and Duration of Treatme.t: Oral (by intubation)
once daily from 6th to 15th day of gestation. (mating/sperm

positive day = day 0)

Experimental: At the end of gestation period -1% pregnant females~
were sacrificed and their fetuses were examined. The remaining
females were allowed to deliver and the Fl- generation ‘w's checked

until weaning.

Necropsy: On the morning of day 21 of gestatlon, 15 females/group
were sacrificed and their fetuses were evaluated for - -
teratogenesis.

Observations on the Fetuses:

External Examination: All fetuses were examined for
deviation of their external appearance.

Visceral Fxamination: One-=third of the viable fetuses were
fixed in Bouin's solution for subsequent sectioning by
Wilson’s technic.

Skeletal Examination: The remaining fetuses were fixed in
96% ethanol and then stained by Alizarine Red S.

Observations on Litters After Spontaneous Dejjvery:

The remaining females, which were not sacrificed on gestation day
21 were allowed to deliver. The pups were observed up from birth
to day 21 (weaned). After weaning the pups were sacrificed.

Results: .

Maternal: There was no mortality. The mean body weight gain in
drug-treated females was similar to that in the controls. There
were no differences in food —onsumbtion between the drug-treated
groups in the first and third week of gestation. During the
second week (organogenesis phase) there was a moderate and dose-~
related reduction in food intake. This reduction was
statistically stgnificant.

Group mean values for implantation sites (ranged from
» were similar for all experlmental groups &nd were in the
range of normal variability.

Observations on Fetuses:
- The mean number of viable fetuses were within the normal

range, no dead fetuses were observed at the Caesarian
section.
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- A low incidence of resorptions was observed in all groups,
the number of resorptions per litter was always in the
normal range (less than 1.0).

- The mean group values of the viable fetuses body weight
were similar in all experimental groups.

A slight reduction in mean fetal body weights in the low-
dose group was due to the presence of a litter B-6 that
presented a considerably lower body weight.

External Examinatjon: No fetus with major malformation was
observed at the examination, four fetuses belonging to the
litter B-6 exhibited poor viability. [these pups had lower
body weights also; see above]

Visceral Examination: No major malformation was observed
during visceral examination.

Some minimal modifications, likely happened by chance, were
observed in the fetuses of low-dose group.

Skeletal Examination: The major part of the

"modifications (classified as Vvariations)" observed during
the examination of skeletal structures was delay in the
osgification of the skeletal districts (sic). According to
the investigators, "this phenomenon was presert either in
treated or control groups with various incidence. These
differences in the pattern of cssificetion, likely,
represent a transisnt delay of osteogenesis and are common
findings in the skeleton of rat fetuses."

Wavy ribs, observed in 4 fetuses 9f the low dose group, were
the only modifications classified as anomalies.

No malformation was found during the check of skeletons.
The incidence of skeletons unaffected by abnormalities was
similar in all groups and ranged within 81.2% and 89.3%.

Observations on Fl Generatjion; No substantial differences
between the treated and control groups was observed in data
obtained from Fl1 generation.

25,

Developmental Toxicity (Embryvyo-fetal toxicity and -
teratogenic potential) Study of Fosfomycin Trometamol

Administered Orally via Gavage to Crl:CD BR _VAF/plus
Presumed Pregnant Rats. Ref. # 28

This study was conducted by
in compliance with the FDA GLP
requiremerts. The final report was dated January 17, 1994.
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Study Dates: Day 0 of Presumed Gestation 8/18-23/93
Dosage Period (day 6 thru 15) 8/24-9/7/93
Caesarian Section (day 20) 9/7-12/93

ater] ested: Fosfomycin Trometamol; Lot 06700/30888

Test Article Preparation: Solutions of Fosfomycin Trometamol
were prepared daily at concentrations of 0, .25, 50 and 100 mg/ml,

such that dosages of 0(vehicle), 250, 500 and 1000 mg/kg/day,
respectively were administered at a volume of“}o ml/kg.

Arimals: :CD BR VAF/Plus; rats were mated in
25 presumed pregnant/dose group. -

Dose Selection: By the Spons‘r.

Dose Groups:

Group Dosex* No. of Rats Rat Numbers
(mg/kg/day) Female Rats Pregnant Females

I (vehlcle) 25

11 250 (133.2) - 25

III S00 (266.3) 25

v 1,000 (532.6) 25

* Equivalent fosfomycin content in parenthesis.

Treatment: Rats were dosed orally (via gavage) once daily from
day 6 thru day 15 of pregnancy.

Gross Necropsy: All rats were sacrificed on day 20. The
number of corpora lutea in each ovary were recorded. The uterus
of each rat was examined for pregnancy, number of implantationc,
live and dead fetuses and early and late resorptions were
recorded.

Examination of Fetuses for Terata: Approximately one~half of the
fetuses in each litter were examined for soft tissue alterations
by Wilson's sectioning technique. The remaining fetuses in each
litter were eviscerated, cleared, stained with alizarin red and
examined for skeletal alterations.

Results:

A. Mortality, Clinical and Necropsy Observations: All rats
survived until scheduled sacrifice. One high dose group rat

was apparently injured on or after day 15 of gestation; the
litter in this rat was essentially normal, with the
exception that fetal body weights were slightly reduced.
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B.

Maternal Body Weights and Body Weight Changes: Transient,
statistically significant (P<0.0l) increases in maternal
body weight gains occurred in all drug-treated groups on-
days 6 to 9 of gestation. Average body weight changes were
in drug-treated groups were comparable to those in the
control group. Average body weights on day 16 of gestation
(1 day post-treatment) in drug-treated groups were within
2.2% of the control group values.

During the post-dosage period (days 16 to 20 of gestation),
body weight gains were reduced {P>0.05) in all drug-treated
groups and significantly reduced (P<0.05) in the high-dose
(1000 mg/kg/day) grcup to 94.3%, 91.6% and 76.4% of the
control group value. The high dose group value was
considered biologicalliy important, because the difference
from the control group value was more than 10%.

This decrease in high dose group was due to one high-dose
dam having a litter of only orie early resorption and one
high~dose dam being injured. When the values for these dams
were excluded from the analyses of body weight data, the
significant increases (P<0.05 to P<0.01) in body weight
gains remained present in the groups given the test article;
and the reduction in body weight gain in the 1000 mg/kg/day
dose group during the post-dosage period was less severe
(85.9% of the control group value), but remained
biolegically important. Average body weights in the three
groups given the test article were within 1% of the control
group value on day 20 of gestation.

Absolute (g/day) and Relative (g/kdg/day) Feed_ Consumption
Values: These generally followed the trend in body weight
and body weight gains.

Caesarean-Sectioning and Litter Observations: There were
21(84.0%), 23(92.0%), 18(72.0%) and 22(88.0%) pregnant rats
Caesarian sectioned on day 20 of gestation in the
0(Vehicle), 250, 500 and 1000 mg/kg/day dosage groups,
respectively.

No Caesarean-sectioning or litter parameters were affected
by administration of the test article to the dams at dosages
as high as 1000 mg/kg/day. The litter averages for corpora
lutea, implantations, litter sizes, live fetuses, early and
late resorptions, fetal body weights, and the percentage of
male fetuses (sex ratio) were comparable among the four(all)
dosage groups and did not differ significantly.

Fetal Alterations: (Table 9 to 13 of the Report])

Fetal alterations were defined by the investigators as:
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1) malformations (irreversible changes that occur at
low incidence in this species and strain);

2) variations (common findings in this species and
strain and reversiblie delays of accelerations in

development) .
Vehicle Test Article (mg/kg/day}
No. Examined o 250 500 1000
No. of litters 21 23 18 21
No. of Live Fetuses 294 339 263 304
No. Zxamined for:
Soft tissue alterations 144 163 128 147
Skeletal alterations 150 176 135 157

The 1000 mg/kg/day dose group had significant increases
(P£0.05 to P<0.01) in the number of litters, the number of
fetuses and the percent fetuses per litter with an
alteration. These cobservations reflected increases in the
incidences of skeletal variations (reversible delays in
development) in this dosage group [significantly increased
(P<0.05 to P<0.01) numbers of litters had delayed
ossification of the sternum and pelvis and reduced average
numbers of ossified metatarsals]).

Exclusion of the values for the litter of high dose dam

, which was injured and had persistent weight loss
and severely reduced food consumption after day 15 of
gestation, identified that the statistical significance of
these parameters principally reflect the values for this
litter.

After exclusion of the values for this litter, the percent
of fetuses with any alteration per litter, the litter and
fetal incidences for incompletely and not ossified
sternebrue, the fetal incidences for incompletely and not
ossified pubes and ischia and not ossified pubes and for
incompletely ossified ischia alone as well as for ossified
numbers of metatarsals were no longer significant (P>0.05),
and these values were within the ranges observed
historically at the Test Facility

All other fetal gross external or skeletal) alterations in
the 1000 mg/kg/day dose group and all fetal gross external
or skeletal malformations and variations in the 250 and 500
mg/kg/day dose groups were also considered by the
investigators unrelated to the test article because the
values were neither statistically significant nor dose-~
dependent.
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All alterations in the fetuses in this study are described
below:

Fetal Gross External Alterations (Summary Table 10)

One 250 mg/kg/day dose group fetus (10426~2) had a
hemorrhagic area on the back,.

Fetal Soft Tissue Alterations (Summary Table 11)

No soft tissue alterations occurred in any fetus.

Fetal Skeletal Tissue Alterations (Summary Table 12 & 13)

Malformations: The 1st and 4th of the seven lumbar
vertebrae were left and right hemivertebra, respectively, in
250 mg/kg/day (low-dose) group fetus ; this fetus
also had absent, unilateral, bifid or asymmetric
ossification of the centrum of the 2nd, 5th, 13th or 14th
thoracic vertebra and Sth lumbar vertebra, as well as a
variation in sternal ossification (incomplete ossification
of the 1st sternal center).

Variations: All skeletal variations were reversible delays
in fetal ossification. The fetal and litter incidences of
delayed ossification in the sternebrae and pelvis were
significantly increased (P<0.01), and the litter average for
ossified metatarsal bones were significantly reduced
{P<0.05) in the 000 mg/kg/day dose group, as compared to
the control group values.

Conclusions (Investigators'): The developmental no-observable-
adverse-effect level for the test article is 1000 mg/kg/day.

26.

Teratogenesis Study in Rabbit with the Test article 2-1282
Administered by Oral Route: Ref. # 29

This study does not contair a GLP statement. The final
report was dated May 1982. The study (Expt. No. TR 37) was
conducted by Zambon Pharmaceutici S.p.A. Research
lLaboraturies, Bresso (Milano), ITALY, between April =-June
1981.

Study Dates: Start of uwating: April 16, 1981

Start of treatment: April 22, 1981
End of Killing: June 18, 1981

Material Tested: 2-1282, batch No.8 was dissolved in di...lled
water to provide concentrations of 100-, 200- and 400 mg/ml for
the dosages of 100, 200, and 400 mg/kg/day in a volume of 1
ml/kg/day which was constant for all dose groups.
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Animals: New Zealand White rabbits; 10 presumed pregnant
rabbits/group. The females were mated in the
investigator's lab. (Sperm positive day = day 0)

Dose Selection: Preliminary teratogenic studies with 2-1282 at
oral doses of 188, 375, 938, 1875 mg/kg/day in the rabbit showed
that signs of maternal toxicity began to show at 375 mg/kg/day
dose level. Therefore, 400- was chosen as the maximum dose and
100 mg/kg/day (2x higher tharn the daily clinical dose in humans).

ose Levels: Group A: Vehicle {(distilled water)
Group B: 100 (53.3) mg/kg/day of Z-1282
Group C: 200 (106.3) mg/kg/day of 2-1282
Group D: 400 (213.0) mg/kg/day of Z-1282
[Equivalent fosfomycin content in parenthesis. ]}

Treatment: All rabbits were dosed orally by gavage, once
daily from day 6th to day 18th of gestation.
Necropsy: On day 28 of gestation, the does were killed by
dislocation of cervical vertebrae. All fetuses were
killed by injection.
Results:
OBSERVATION ON DAMS:
Mortality:
Six females died during the study, but death not related to
treatment. o
Group Dose Level Animal No Day of death
(mg/kg/day) tatj a
A 0 4th (prior to treatment)
B - 100 16th (misintubation)
5th (prior to treatment)
D 400 8th (misintubation)
22nd necropsy-Negative
12th " - v
Clinical Signs: Soft feces were observed spdradically in all

drug treated and control males.

Body Weight: A moderate reduction in body weight occurred in all
treated animals during the first period of treatment (day 6 to 9
of gestation).
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Necyropsies of Dams at Term: There were no changes which could be
clearly related to treatment. Purulent pneumonia was likely due
to misintubation in a mid-dose dam This animal was
excluded from the computing data.

Fertility: The fertility indices for all experimental groups
(71%-80%) were in the normal range.
Resoxrptions, Post-Implantation Losses: The administration of Z-

1282 gave rise to an increase in the mean number of resorptions
per litter; this phenomenon was more marked only in the mid~-dose
group{. The post-implantation loss d.d not show any significant
difference between the drug-treatea and control groups even if
mean percent values of treated groups was slightly out of the
normal range observed in the rabbit.

Implantation Sites: Group mean values of implantation sites were
in the rnormal range.

Abortions: One low-dose female aborted during the study.

OBSERVATICNS ON FETUSES:

Viable Fetuses: The mean number of viable fetuses was slightly
higher in mid-dose group (200 mg/kg/dav) and in high-dose group
(400 mg/kg/day). This phenomencn was related to the higher
number of implantation sites in these groups.

Dead Fetuses: Seven dead fetuses were distributed in all
experimental groups with low incidence.

Body Weiyht of Viable Fetuses: The mean body weight showed a
reduction (between 5 and B8%) in all treated groups. However, the
decrease was very low, not dose-related, no: significant and was
not considered to be of biological importance. ' '

External Examination: _At the necropsy 2 fetuses (both belonging

to a litter of low-dose group) with external minor anomalies
(abnormal flexure of forelimbs). This was considered to be
spontaneoucs change because of its low incidence.

Visceral Examination: No fetus with visceral anomalies.

Skeletal Examination:_ One fetus with "malformation" was found:
the fetus, belonging to the litter of mid-dose showed
irregular ossification of one thora~ic vertebra.

Either in treated or control group groups and with a similar
incidence were also observed some skeletal "modifications
classified as minor anomalies and variations"; these differences
in the pattern of ossification, likely, represent no more than
transient retardation of osteogenesis and according to the
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investigators were common findings in the skeletal examination of

rabbit fetuses,

27. Developmental Toxicity (Embryo-fetal toxicity and
teratogenic potential} study of Fosfomycin Trometamol

Administered Orally via stomach tube to New Zealand Rabbits.

Ref. # 30

This study was conducted by ]
in compliance with the FDA GLP
requirements. The final report was dated January 17, 1994.

Study Dates: Arrival Date of Rabbits: 8/13/93
Dosage Period (day 6 thru 18) 8/15-30/93
Caesarian Secticn (day 29) 9/7-10/93

Material Tested: Fosfomycin Trometamol; Lot 06700/30888

Test Article Preparation: Solutions of Fosfomycin Trometamol
were prepared daily at concentrations of 0, 25, $9 and 100 my/ml,
such that dosages of o0(vehicle), 250, 500 and 1000 mg/kg/day,
respectively were administered at a volume of 10 ml/kg.

Animals: New Zealand White rabbits; 20 pregnant/group

Dose Selection: By the Sponsor.

Dose Groups:

Group Dosex No. of Rabbit Numbers
(mg/kg/day) Female Rabbits Pregnant Females

I (vehlcle) 20

IT 250 (133.2) 20

ITITI 500 (266.3) 20

IV 1,000 (532.6) 20

* Equivalent fosfomycin content in parenthesis.

Treatment: Rabbits were dosed orally (via stomach tube) once
daily from day 6 thru day 18 of pregnancy.

Gross Necropsy:

All surviving rabbits were sacrificed on day 29 of presumed
gestation and necropsied. The nhumber of corpora lutea in each
ovary was recorded. The uterus was excised and examined for
pregnancy, number and distributior of implantations, early and
late resorptions and live and dead fetuses. Each fetus was
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weighed, sexed and examined for gross external, soft tissue and
skeletal alterations.

Results:

A.

B&C.

Mortalit Clinical_ and rocropsy observations:

Mortality: Two mid-dose (500 mg/kg/day) group females
were found dead on day 26 of gestation,

These deaths were drug-related because these females had

reduced body weight and reduced food consumption.

Doe . The litter consisted of 8 fetuses and 2 late
resorptions; the fetuses appeared normal for their
developmental age.

Doe : rhe litter consisted of 2 fetuses that
appeared normal for their developmental age.

Abortions: Abortions occurred in 0, 4(20%), 7(36.8%) and
9(47.4%) pregnant does in the vehicle, 250, 5C0 and 1000
mg/kg/day dose groups. One control group doe and one high
dose group doe delivered on day 29 of yestation.

The deaths, abortions and premature delivery were considered
as secondary effects of the test article's antibiotic action
on the gastro-intestinal system.

Clinical & Necropsy Observations: Clinical observations
attributable to the antibiotic activity included absent/no
feces, dried feces, soft or liquid feces in drug-treated
groups.

Maternal Body Weights and Feed Consumption: Persistent.
significant reductions (P<0.05 to P<0.01) in maternal body
weights occurred in all drug-treated groups beginning on
days 14-15 of gestation. These reductions were preceded by
reduced food consumption.

Caesarean-Sectioning and Litter Observations:

Caesarian-section chservation were based on 19, 16, 10 and 9
pregnant cloes on day 29 of gestation in the four groups,
respectlvely

Groups given 250 mg/kg/day and higher doses of Fosfomycin
Trometamol had significant increases (P<0.05 to P<0.01) in
the litter averages for early resorptions and in the numbers
of does with any resorption; these dosage groups also had
significantly reduced (P<0.01} fetal body weights. The 500
and 1000 mg/kg/day dose groups had increased litter averages
for the total number of resorptions (P<0.0% to P<0.01) and
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the percentage of resorbed conceptuses (P<0.0l1). These
effects of the test article did not significantly affect
live litter sizes, although the average number of live
fetuses tended to be reduced in the high dose group.

All other Caesarean-sectioning parameters were unaffected by
the test article. The significant increase (P<0.05) 1in the
average number of implantations in the mid-dose group was
considered unrelated to the test article because the value
was not dose-dependent.

E. Fetal Alterations:

Signi{icant ircreases (P<0.05 to P<0.01) in the number of
fetuses with any alteration observed and the percentage of
fetuses with any alteration per litter occurred only in the
high-dose 1000 mg/kg/day group. These observations were
based on the reduced number of fetuses available for
examination in the 1000 mg/kg/day dose group (51 fetuses}),
compared with the control group number (142 fetuses).

High dose group fetal incidences (P<0.05 to P<0.01) included
short shout, micrognathia, an internasal ossification site,
short nasal-frontal suture, large parietal suture, short
mandibles, large posterior fontanelle, and angulated hyoid-
alae.

The investigatecr states, "These observations were considered
unrelated to the test article because litter incidences were
not significant, observations generally occurred in fetuses
from only one high dose litter and the value for increased
skeletal variation, such as internasal ossification site,
fell within the ranges observed historically at the Test
Facility.™

Conclusions:

The maternal no-owvuservable-adverse-effect-level (NOAEL) for
Fosfomycin Trometamol is less than 250 mg/kg/day. The 250,
500 and 1000 mg/kg/day dosages caused abortions, reduced
body weight and food consumption; the 500 mg/kg/day dosage
also caused 2 deaths, and the 1000 mg/kg/day also caused one
premature ¢ 2livery.

Reviewer's Note: The fetal NOAEL for Fosfomycin Trometamol
could not be determined from this study.

28. Perinatal and Postnatal Toxicity Study in Rats with Test
Article Z2-1282: Ref., # 31 Expt. No. TR 32

This study does not contain a GL' statement. The final report
was dated May 1982. The study (Expt. No. TR 32) was conducted by
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Zambon Pharmaceutici S.p.A. Research Laboratories, Bresso
(Milano), ITALY, between September 1980 to March 1981

Study Dates:

Start of mating [F0): September 3, 1980
Start of treatment [F0): September 19, 1980
Start of mating [F1}: January 18, 1981

End of necropsies [F2]: March 23, 1981

Material Tested: 2-1282, batch No.7 was dissolved in distilled
water to provide concentrations of 25-, 50- and 100 mg/ml for the
dosages of 250, 502 and 1000 mg/kg/day in a volume of 10
ml/kg/day which was constant for all dose groups.

Animals: ©D (SD) BR rats; FO generation: 20 females/dosage group

Groups: Group A: vehicle
Group B: 250 (133.2} mg/kg/day of Z-1282
Group C: 500 (2€6.3) mg/kg/day of Z-1282
Group D: 1000 (532.6) mg/kg/day of Z-1282
[Equivalent fosfomycin content in parenthesis.)

Method, Frequency and Duration of Treatment: Oral (by intubation)
once daily from 15th postcoitum day to 21st day postpartum. FO

generation only.

Experimental Design/Methodology: FO generation females were
allowed to deliver pups [F1].

Fl generation rats were checked for morphological, behavioral and
reproductive development; Fl were mated; F2 generation rats were
observed for morphological development until weaning.

Fl Generation: During their first 30 days of life all F1
generation pups were subjected .o morphological and behavioral
tests. -

On day 30th post-partum 440 F1 generation pups (55 males and 55
females per experimental group) were allocated to the following
subgroups:

SUBGROUP 1: 15 males per experimental group;
SUBGROUP_ 2: 25 males and 25 females per experimental group;
SUBGRQUP 3: 15 males and 30 females per experimental group.

The remaining 138 puss were sacrificed on day 30 post-partum
and were necropsied.

Observations on F1 Generation:

All Pl pups they were observed for:
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1. Litter size and viability:

2. Cculling: on postpartun day 1, litters were reduced
(maximum of 10 (5/sex) pups);

Body weight: Postpartum days 1, 4, 21, and 30.

(=

Pinnae detachment: Dby postpartum day 4.
Eye opening: by postpartum day 14.
Righting on surface: postpartum day 2.
Auditory startle reflex: postpartum day 15.
Postural adjustment: postpartum day 18.

o ~Jdoau b

Subgroup 13 (15 young male rats) These were subjected to:

e
&

1. Rota-rod test: postpartum day 32 % 1
2. Thermorequlation test: postpartum day 50 % 3
3. Necropsy: After completion of all tests.

Subqroup 2 (25 males + 25 females) These were subjected to:

1 Water maze test: postpartum day 43 * 3.

2. Percent regular estrous cycles: postpartum day 60

3 Testes exXaminacion: postpartum day 60 * 1 & necropsy

4 Necropsy o. females of SUBGROUP 2: after estrous cycle
check.

Subgroup 3: (15 males + 30 females)

PREMATING:

1. Clinical signs: postpartum days 45, 60, 75, 90, 105.

2. Body weights: postpartum days 45, 60, 75, 90, 105.

Mating of rats of Subgroup 3: On postpartum day 110 * 10,
house 1 ¢ and 2 @9 for 14
days. (avoid mating siblings)

Females presumed to be pregnant were allowed to litter.

Males: necropsy after the mating period.

POSTMATING:

1. Clinical signs:

2. Body weights:

3. Partum: Duration of gestation, problems at labor.
4. Necropsy:

Females that delivered after weaning(postpartum day 21)
Females that did not deliver: kill on postcoitum day 25.

Observations on F2 Generation:

1. Litter size and viability
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Body weights: on postpartum days 1, 4 and 21.
Mortality: on postpartum days 1, 4 and 21.
Necropsy: all F2 pups on postpartum day 21.

OBSERVATIONS ON FO GENERATION:

1.

Mortality: None; one female (Al5) died during
lactation period, death caused by cage overflowing of
water,

Fertility: It was in the normal range.

Maternal Body Weights during Gestation & Lactation:
Similar to control values. A treatment related
increase in body weight gain was observed between
gestation day 7 and 14 and between lactation day 1 and
2.

Clinical Signs: No relevant signs.

Necropsy of FO: No adverse findings; exception that &
females each of groups B, C, and D were not pregnant.

Post-implantation Loss: These ranges between 5.9 (2590
mg/kg) and 10.9 (500 mg/kg), these values were in the
normal range.

OBSERVATIONS CN F1 GENERATION:

1-

All F1 Generation Pups:

Partum, litter size and viabhility: Spontaneous
deliveries occurred in normal period. The survival
index wz2s normal in all groups.

Body Weights: These were normal.

Morphological Development: Eye opening and pinna
detachment were normal.

Behavioral Development: Postural adjustment, righting
reflex, and auditory reflexes were normal.

Fl1 Generation SUBGROUP 1:

Rota-rod Test: In all groups improvements in
performances were observed; the best results were
observed in the control and high-dose groups.

Thermoregulation Test: At 50th day were normal.
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II c.

ITI.

Iv.

Fl1 Generation SUBGROUP 2: - e

Water maze Test: Mean times of escape were similar for

Estrous Cycle: The percentage of regular estrous cycle
verified at the second month of life was in normal

Testes Examination: At gross necropsy, one rat was
found to have hypotrophic testes that weighed 0.8 g.
Absolute and relative testes weights did not show any

Pre-mating period- body weights: The body weight trend
from weaning to mating was regular for both sexes in

Mating: The fertility rate of Fl generation was

Body Weight: The mean body weight of pregnant females
showed significantly lower values in low- and high-dose

Partum: Mean gestation lengths were similar in all

o all experimental groups,
2.

range.
3.

significant difference,

Fl Generation SUBGROUP 3:
1.

all experimental groups.
2.

satisfactory in all groups.
3.

groups at post-partum day 21.
4.

groups.

NECROPSIES OF F1 GENERATION: No gross changes were

observed.

1.

Post-implantation loss: These ranges between 1.8%
{high-dose) and 9.3% in contrels.

OBSERVATIONS ON_F2 GENERATION:

Litter size & Viability:__The survival index normally
ranged from 95.%% in mid-dose to 98.6% in controls.
The mean number of viable fetuses at birth and at
weaning were similar in all groups.

Body Weight: The mean kody weight values presented
statistical significance at different scheduled tiues
and for different groups. However, these reductions
were not dose related and were without toxicological
meaning since they were within 10% in comparison with
control aroup.

Mean body weights of F2 generation were lower than
those of F1 generation; this difference was possibly
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due tc larger litter size of F2 generation not
subjected to culling at birth,

3, Necropsy: No gross changes were observed in all F2
generation animals.

Conclusions:

- The administration of 2-1282 did not affect any parameters
in FO generation not even at high dosage.

- The parameters measured in Fl generation (body weight,
morphological development, behavior tests) were in all
instances in the range of normality.

- The reproductive performance of Fl generation was
unaffected by drug treatment.

- The observation in F2 generation during lactation period
(body weight and viability) did not show any differences
among the groups.

) 29. Perinatal and Postnatal Reproduction Study of Fosfomycin

Trometamol administered Orally via Gavage to Female
Rats (Seqment III Evaluation., FRef. ¥ 32. Protocol 406-005

This study was conducted by
in compliance with the FDA GLP
requirements. Th= final report was dated January 17, 199%4.

Study Dates: Arrival Date of Rats: 7/27/93
Mating Period: 8/8/93 - 8/13/93
Dosage Period (gestation
day 15 thru postpartum day 25) 8/24/93 - 9/25/93

Material Tested: Fosfomycin Trometamol; Lot 06700/30888

Test Article Preparation: Solutions of Fosfomycin Trometamol
were preparecd daily at concentraticns of 0, 25, 50 and 100 mg/ml,
such that dosages of 0(vehicle), 250, 500 and 1000 mg/kg/day,
respectively were administered at a volume of 10 ml/kqg.

Animals: :CD BR VAF/Plus [Sprague-Dawley] rats; 25 pregnant
rats/group.

) Dose Selection: By the Sponsor.

Dose Croups:
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Group Dose* No. of Rats Rat Numbers
(mg/kg/day) _Female Rats Pregnant Females

I {vehlcle) 25

II 250 (133.2) 25

I1T1 500 (266.3) 25

IV 1,000 (532.6) 25

* Equivalent fosfomycin content 1n parenthesis.

Treatment: Rats were dosed orally (via gavage) once daily from
day 15 of presumed gestation through day 25 of lactation.

Regults:

- No deaths occurred before schedule sacrifice and all
pregnant dams delivered litters.

- Soft or liquid feces occurred in one mid-dose group rat
and in 18 (P<c.01} high-dose rats during the lactatica
period. All other clinical and necropsy observations were
un-elated to the test article.

- Body weight gains and body weights were slightly increased
(day 15 to 20 of gestation) in low-dose and higher doses of
Fosfomycin Trometamol. On day 20 of yestation all average
body weights were within 4% of the controi value. Body
weight gains for days 15 to 20 of gestation were 9.7%, 5.2%
and 14.1% above the control group value for the low-, mid-
and high dose groups, respectively. These increases in body
weight gains were statistically significant (P<0.01) in the
mid- and high dose groups on days 4 to 7 of lactation and
for the entire lactation period. Reflecting the increased
body weight gains in the three drug-treated groups, body
weights were significantly increased (P<0.05 to P<0.01) in
the mid- and high dose groups on days 7 thru day 21 of
lactation.

- Absolute (g/day) and relative (da/kg/day) feed consumption
values were significantly reduced (P<0.05 to P<0.01) on days
15 to 20 of gestation in all drug-treated groups; relative
feed consumption values on days 0 to 21 of gestation were
significantly reduced (F<0.01) in the low- and high dose
groups.

During lactation, absolute feed consumption values were
significantly increased (P<0.05 to P<0.01) in the three
drug-treat.d groups; relative feed consumption values were
comparable and did not significantly differ during
lactation.
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- Administration of Fosfomycin Trometamol at doses as high
as 1000 mg/kg/day did not affect any parameter evaluated at
natural delivery or during the 21~day lactation period
{durations of gestation and parturition, averages for
implantations and live litter sizes, number of indices, sex
ratios, body weights and clinical and necropsy
observations).

- Pup viability and growth were enhanced in the drug-treated
groups; these groups had significantly fewer (P<0.05 to
P<0.01) pups cannibalized or found dead on days 2 to 4
postpartum. The viability indices were significantly
increased (P<0.01) in the mid- and high dose groups. Pup
body weights were significartly increased (P<0.0f% to P<0.01)
in the drug-treated groups on day 21 of lactation.

Reviewer's Comment:

Please note that all F° generations pups were sacrificed on
21 days postpartum [of FO generation dams].

F1l generation pups were ncither tested for behavioral nor
reproductive performance [as was done in the Segment III
study conducted by Zambon Lakoratories].
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MUTAGENICITY STUDIES:

A- In Vitro Non-Mammalian Cel] System: Ref. # 33, 34, 35

Parameter Salmaonella Saccharomyces lSchizosaccharomYcees
_Jtyphimurium | __cervisiae | . _pombe
 ———— — ———— “ T — e e e ———————
Study Ref. No 33 34 35
Laboratory Zambon Research
GLP Study-Year | Yes (1989) No (1983) No (1983)

)

Strain TA-98,TA-10C, Not applicable Not applicable
TA-1533,TA-1537
TA-1538
Fosfomycin 1¢, 30, 100, 250, 500, 1000 250, 500, 1000
Tromethamine 300,1000 mcg ppm/plate* ppm/platex*
Concentration | per plate
Result No increase in No significant No significant

the reversions
in §. strains
with or without
metabolic

increase 1n the
frequency of
genetic
conversion with

increase in the
frequency of genetic
conversion with or
without metabolic

activation or without activation
metabolic
activation

* Study with fosfomycin, not with fosfomycin tromethamine.

B- In Vitro Mammalian Cell System: Ref. ¥ 36, 37
e — ——
Parameter Chinese Hamster Cells Lymphocytes
Study Ref.# 36 37
GLP (Year) - Yes (1989) Yes (1989)
Strain V-79 Human

Fosfomycin Tromethamine 525 to 10,000 mcg/ml 46.4 to 10,000 mcg/ml

in concentrations up
to 10,000 mcg/ml did

Results in concentraiticns up
to 36.8 mM did not
increase the frequency | not increase the
of mutations. frequency of

L mutations.

) Both studies were conducted by
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c. Mutagenicity Evaluation of 2-12B2 in the in Vivo Mouse
Micronucleus Test: Ref. # 38.

This study was conducted by Zambon Farmaceutici S.p.A.
Laboratories, Study No. 1159 in compliance with the FDA GLP
requirements. The final report was dated 1987.

Material Tested: 2-1282, Lot No. 23 dissolved in water at
concentrations of 600 mg/ml for group dosed at 12 g/kg, and 300
mg/ml for group dosed at 6 g/kg.

Animals: Charles River CD-1 mice 5 weeks old; 5/sex/group.

Groups: A total of 19 groups in which 2-1282 was administered
at doses of 300~ and 600 mg/kg was administered orally;
cyclophosamide 50 mg/kg intraperitoneally served as positive
control.

Methodology: Mice were killed at 24, 48, and 72 hours after the
treatment. The bone marrows of both femora were taken in a
centrifuge tube containing about 7 ml of fetal calf serum. The
cells were spread on glass slides; 2 slides for each animal were
prepared and the slides weire stained by May-Gruenwald solution
and counterstained by Giemsa stain. The slides were examined and
one thousand polychromatic esrythrocytes (PCE) per animal were
scored for the incidence of micronuclei. The ratio of PCE to
normochromatic erythrocytes vas determined for each animal.

Results: One high-dose animals was found dead
- The positive control induced a high frequency of
micronucleated PCEs' in comparison with the neqgative
cuntiols in poth sexes.
- Animals expnsed to 2-1282 showed no significant
differences in micronucleus frequency at any dose level or
killing time and the corresponding control values.

Conclusions: _2-1282 was considered non active in this assay.
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Pharmacologic effects of fosfomycin tromethamine (Z-1282) on
various organ systems and functions as well as drug interactions,

as tabulated in the NDA, are reproduced below:

ORGAN BYBTEMS:

2611 EFFECT OF Z-1282 ON THE CENTRAL NERVOUS SYSTEM (Ref 1)
RS,
Study Ten Rouie of Dose Effect on
F Parameter Model | Adnmunistrabon {mgg) Parameter
General Bebhavior Mouse Oral 10,30.100,300.1000 | Nocffect
Mouse | Intrapentoneal | 10,30,100,300.1000 [ Siight etfect on spostancous
movement and aleriness:
plosis -- a3t 300 & 1000
mp/Xg with peak effect 1-2
hours afier treatment
Body Tempetrature Mouse Oral 10,30,100,300,1000 | No effe
Mouse | Intrapentoneal | 10,10,100,300.1000 | No effect
Hexobarbital induced | Mouse Onl 3.10,30.100.300 No effect
Hypnonis
Motor Coordination Mousc Oral 3,10,30,100,300 No effect
Mouse | intrapemitoneal 3,10.30.100.300 No effect
Spontaneous Motiity | Mouse Oral 10,30C No effect
Pawn Threshold:
Acetic Aad Wnthing | Mouse Oral 10.30,100300 | No snalgesic effect
Hot Plate Mouse Oral 300 No analgesic effect
m-_m
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2612 EFFECT OF Z-1282 ON CARDIOVASCULAR AND RESPIRATORY
SYSTEMS (Ref 1)
Study Ten Route of Dow: Effeci on
Parameter Maxieh Adrmuinration (mpAg) Paramerer
Cawrdrovascular Ra intravenous FO0Q -« wfused at |7 No etiect on bean rate.
Funciion {anesthet ized ) mgAgmunuie for 60 | svmobw pressure. o ECG.
Munates at 3 rate of 3 siight Wcrease 1n diastolic
€1 mlimie pressry M end of nfusion
Rabiw lorvvenows 1000 — aufused a1 17 | No effect on hean raie.
{ ansemhwetized’} mg/gmunuie lor 60 | symolxc and diastolic
muniies ot a rale of | pressures, or ECG. no
I 0 mifmunue effect on aruenal blood pO),,
pCO,. and pH.
Resporaiory Rat Intravencus 1000 — wnfused a1 |7 | No effect on respinisy
Functhon (avesthetized)} mg/pimuncte for 60 | frequency, udal volums,
unuies o 8 rate of runuse!t volune.. including
U} mLimunate wnspuratory iume (T,) ond
expusicry teme (T,)
Rahb lneravenous 1000 — infused ot [7 | No effect on respursiory
{avesthetized) ma/kpmunate for 60 | brequency. bd:, volume.
WA AL A vaig of | Zubuse voluime ', oclading
1 0 ral/musee sopersory umt (TJed )
oepuncry wer (Ty).
;ff
2613 EFFECT OF 2-1282 ONTTIE GASTROINTESTINAL SYSTEM (Ref 1)
Slugy Tent Rowte of Derse Efect on
Parameter Mode! | Admimstraron {mpA g Parameter
lniestinal Motihty Mo Ol 3.10.30.100.300 | No sumwlani or wnhsbitary
{Charcoal Propulswn) «ffect by 2il oral doses on
wnsestin ) propulson of
charcoal
[rieminal Mouhty Rat Cral 30300 No sumulary or indubsiary
(Charcoal Propulsan) cffect by hoth oral dowey on
intestingl propulson of
charcos)
Bux Secreticon Ra Ol 100300 No effoct st eyt dowe on
bkt vOluTe secreton
Spontapmous tecal Ra O 100 300 At both doses, » sisght and
ouput transent. decreased feca)
output observed first rwo
hours after domng. effect
not dose -relsted
lwestungl Conracon
Fostorrycw langg | Ovgen Badh - 2x10°'M No relaxant or contraciing
T roreth s (G .Prg douen) achivity on moooth musc e
Acaryicholme-mduced by | Orpwm Beth - 2x0*'M No weerference with scuon
(G.Prg eum) of scetyicholine
Histarnme- axdhced nnge | Orpan Bath - Ix10°M No lerforence wilh suon
(G Pig Jeum) of hyslamne
Serowonun- uduced aviie { Organ Hath - Ix10*'M No gwerferencs with acuon
{Ci.Prg doam) of seroecvun
C alciame undhacst lavitg | Organ Bath - Ix10*Mw No gierference wilh scion
1G.Prg Umam) Sxl0 M of calcuan wons
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MUSCULAR BYSTEM:
26141 EFFECT ON SMOOTH MUSCLE (GUINEA PIG TRACHEA)
Study Temt Rouie of Dose Effect on
k Parameter Mode| Administration (conceniration) Parameter
— o -
y Muscle Contraction:
Fosfomycin o vitro Organ Bath -- 2x10°M No refaxant or contracting
Tromethamine (Trachea: Spirals) activity on smooth musc’e
Acetylcholine-induced Invitro Organ Bath -~ 2x10°M No interference with action
{Tracheal Spirals) of anetylcholine
Histamune-'nduced I[o_vitro Organ Bath -- 2x 107 M No interference with action
(Tracheal Spirals) of histamine
Calcium-induced g viro Organ Bath - Ex I0*Mic | No interference with action
(Tracheal Spirals) 5xi0'M of calcium ions
h; S _-w
26,142 EFFECT OF Z-1282 ON STRIATED MUSCLE (RAT DIAPHRAGM)
Study Tes: Route of Dose
Parameter Moc  : Administration | Concentration
Neuromuscular Transmission
(Phrenic nerve-Diaphragm):
Fosforycin Tromethamine In vitro Organ Bath I x 10* Mo | Noinhibiory etfect on
2x10°M transmussion of nerve
impulse or on blocking
action at neuromuscular
junction (receptor level)
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EECONDARY PHARMACOLOGIC ACTION:

2.6.1.51 EFFECT ON PYREXGA
Study

Parameter

Roue of Effect on

Administration {m,

.
Pyrexia { Y east-induced)

No antipyretic effect
observed in fevered rats
a1 either dose

26152 EFFECT ON DIURESIS AND KIDNEY FUNCTION

-,

m 1
Effect on
Parameter

Study Test Route of Dose
Parameter Maodel | Admimisiration :
AT,

Diuresis Rat Oral 30,100,300 | At 30 and 10¢ mp/kg. 0 sigmificant
change in diuresis; at 300 mg/kg. a slight
transient inhibition of wine output 60
minutes atter dosing. Effect disapreared
within 120 minutes after admumistration.

Unne pH was not affected.

Kidney Function Rat Oral 250.500,100C § Mo changes in volume of unine output,

{4 & 15 days) | specific gravity or compasition of unine
either on day 4 or on day 15, No effect on
kidney structure and function.

26153 EFFECT ON PLATELET AGGREGATION

Rourc of
Administration

Platelet Aggregation X Rat Oral 100300 | No modifying effect o~ gregation of
(Aggregometry) | (Ex vive) platelets even wh..s oblained from rats
previously treated at either dose jevel,
Plateiet aggregation induced 1o vitre by
cither arschidonic acid or collagen.

lnvitro Platelet-nch 10*M, | Mo modifiing effect on aggregation of
plasmaintest | 10*M. | platelets induced jn vigro by cither
drug solulions 1G*M | arachidoruc acid oc collagen.
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DRUG INTERACTION (ANIMALS)
26161 EFFECT OF Z-1282 ON COMMONLY USED DRUGS (Ref 2)
Drug Test Route of Dose T Inflsience of each dose of
Interactien Studv Model | Administration (mg‘kg) Fosfomvcin Tromethamine
Morphine Mouse Cral 3.10.30,i00.300 | No interactior: demonstratest; did
(analgesic) not modify analgesic effect oF
momhine
Diazepam Mouse Orai 30,300 No mteraciron demonstrated, did
{(anuconvulsant) not madaty anhiconvulsant
acuviry of diazepamr
Arminophylling Rat Ural 300 Na mteraction demonstrated, did
(bronchodilator) rui modify the bronchodilating
response of aminophylline
Acetaminophen Rat Oral 30.300 No interaction demonstrated., did
{antipyretic) not affect acetamunophen anti-
pyretic activity
Hydrochlorothiazide Rai Oral 30,100,300 No interaction demonstrated; did
{disrenc) not affect the diuretic effect
induced by hydrochlorothiazide
Bunviscopolamine Invitro | Organ Bath -- Ix10*M No interaction demonstrated, did
{spasmolviic) (G.Pig ileum) not modify the effect of butyl-
scopolamine on induced con-
iractions of guinea pig ileum
nammh——— — — amptei]
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2.6.1.6.2 EFFECT OF COMMONLY USED DRUGS ON Z-1282 (Ref 3)
Drug Influence on EfTecuiveness of
L‘* Intersction Studv Test Mode! Bacicnal Sieains Fostomyein Tromethamine
Merphine Mouse Staphylococyus aureyy or No negslive inieraction apparent,
(analgesic) Sepucemia Eschenchia coly antbotic effectiveness retained
Duzepam Mouse Staphviococcys aurcys or No hegative interachion apparent,
(#nhiconvulsant) Seplicemia Eschenchua cob antitvol ellzctivencss ectaned
Ammophylluy: Mouse Staphylococgus aureus or No negative mieraction apparent;
{bronchodilator) Septicemaa Eschenchia col antibiolie etfectiveness retaned
Acctaminophen Mouse Staphvincoccus aurcus of No negative intersclion apparent,
(antpyrenc) Septiceinia henchia coh anlitsotic elTechiveness retained
Hydrochlorothiazide Mousc Staphilococtus ay-cus or No negative interaction apparent,

(diurenic) Seplicermis Eschenchia cob anlioue effectiveness retained
Burylscopolsmine Mouse Staphvlocoucus aureus or No negalive intersction spparent:
(spasmciviic) Sepiicerna Eschenchis coli anhibiotic elfectiveness retained
Ciprotloxacin Mousc Staphslococcus gureus of No negative inleraction apparent
(antibactenal) Septicemia Eschenchiz col
Cefomerd Mouse Staphy cus BUreus or Eschenchia coli
(antibactenal) Septicernua Sschenchia coli No negative inleraction.,
Staphviococcys ayreus:
Synergisuc effect cvident
Nitroiunnton Mouse Staphylococcus aureus or No negative interaction apparent
{anvhactenal) Septicermia Eschenchia coly
Cotnmoxazole Mouse Staphy us gureys or No negative interaction appetent
{antibacienal) Seplicemia herich)g cob
Morphine In witro 21 Unnary + 2 Standard Potentstion efect on Proteus sp
and on Klebpells 3p
Diazepam lavire 19 Urinary + 2 Sandard Potentiation eflert on Proteys mp.
and on E, gofi
Aminophylline Inwire 21 Unnary + 2 Standard No negative interaction
Acetarninophen Invitro 21 Uninary = 2 Standard No negative interaction
Hydrochlorothiazide lp.vitro 16 Unnary + 2 Standard No negative interaction
Butylscopolamine lpwnirg 21 Urtnary + 2 Standard No negative interacton
Ciprotloxacin lavitro 44 Uninary + 3 Standard Additve effect on mayonty
Cefoniia [n vitro 44 Urinary + 3 Standard Additive effect on majonty
) Nitrofuranion In_vitro 44 Urinary + 3 Standard Addinve effect on majonty
Cotnmoxazolc In_vitre 44 Unnary + 3 Sandard Addiuve effect on majonty

S—
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Absorption, Distribution, Metabolism & Excretion:

The MOUSE: Ref. # 39

Swiss albino female mice (total of 70) were administered
fosfomycin tromethamine 2t a single dose of 30 mg/kg corally
(gavage) and 10 mice/time interval were sacrificed at 15,
30, 60, 120, 240, and 360 minutes after drug administration.

Results:
Peak serum concentration of fosfomycin tromethamine was
reached in mice within 15 minutes following dose. Recovery
in vrine was 28% for the first & hours, 55.8% arter 24
hours.

C 8.65%5 * 2,57 ug/mL

15 minutes

Urine Recovery: 6 hours: 27.8%
24 hours: 55.8%

The RAT: Ref. # 40

Sprague~Dawley female rats were administered fosfomycin
tromethamine at a singlzs dose of 50 mg/kg orally (gavage)
and 6 rats/time interval were sacrificed at 0.5, 1, 2, 4, 8
hours after drug administraticn.

Results:

Peak serum concentration in rats occurred one hour after
dose administration. Recovery in urine for the first 8
hours was 36.5%; after 24 hours 49.2%.

Cox ™ 16.6 + 3.55 pg/mL
Tax 1 hour
Urine Recovery: 8 hours: 36.5%

24 hours: 49.2%
The DOG: Ref. # 41
Group 1: _Six Beagle male dogs were administered fosfomycin

tromethamine at dose of 50 mg/kg in cachets orally once
weakly over a period of 4 weeks.
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Group 2: Six Beagle male dogs were administered fosfonycin
tromethamine at dose of 500 mg/kg in cachets orally once
weekly over a period of 2 weeks.

Blood sampl.es were collected at 1/2, 1, 2, 3, 4, 6, 8 and 24
hours after dosing. Urine samples were collected at 6 and
24 hours after dosing.

Results:
Group 1l: Peak serum concentration in dogs was observed at 2
hours after dosing (50 mg/Xg). The urine recovery rate at 6

kours was 52.2%; after 24 hours 62%.

Group 2: After a single dose of 500 mg/kg, the peak serum
concentration was observed at 2 hours. Urinary recovery was
22.9% of the dose during the first 6 hours; at 24 hours
41.6%

Chax for 50 mg/kg dose 39.61 * 12.78 ug/mL
Cnax for 500 mg/kg dose 91.33 + 12.50 ug/mL
T..x for both groups 2 hours
Jrine Recovery: 50/6 hours: 52.2%

500/6 hours: 22.9%

50/24 hours: 62.0%

500/24 hours: 41.6%

Tissue Distribution and Mass Balance: Raf. # 43

Male rats were administered a single oral (gavage) dose of
fosfomycin tromethamine € 50 mg/kg. Blcod and plasma peak
concentrations were achieved 1 hour after drug
administration. In all organs (e.g. brain, thymus,
adrenals, stomach, small intestine, bladder, kidneys, lungs,
liver, spleen and heart) analyzed by mass spectroscopy/gas
chromatography the peak concentrations were always ohtained
1 hour after dosing. The kidney was_the target organ. The
hignest C,,, for all tissues analyzed was found in the
kidney. The level of fosfomycin in kidney was about S-times
the concentration in plasma and about 7-times the
concentration in blood at 1 hour post dosage. The next
highest drug concentration was found in the lung and was 7-
times less than in kidney.

Twenty-tour hours after drug administration, fosfomycin was
below limit of detection in blood and most tissues.
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Forty-eight hours after drug administration, 89% of the
dosage was recovered in urine and about 9% in feces as
unchanged fosfomycin.

T rax 1 hour
Crax 11.20 * 1.60 4 mL (Plasma)
14.31 £ 3.46 p mL (Blood)
Urine Recovery: 0-8 hours: 56%
8-24 hours: 0.3%
0~24 hours: 79%
0-48 hours: B8.5%
Feces Recovery: 24 hours: 10.5%
48 hours: 11.6%
Tissue ccncentration
(at T,,,) Brain: 0.35 % 0.33
Thymus: 3.64 = 2.18
Adrenals: 4.67 * 3.02
Stomach: 8.11 % 3.83
Small Intestine: 149.93 * 32.94
Bladder: 17.81
Kidneys: 74.86 * 23.29
Lungs: 10.21 * 4.96
Liver: 7.63 t 2.90
Spieen: 4.51 + 1.30
Heart: 8.50 * 4.13

Placental Transfer in Pregnant Rats: Ref., # 44

Placental transfer of fosfomycin was determined in pregnant
rats on gestational days 14 and 19 after giving a single
oral (gavage) dose of 50 mg/kg.

Maternal Tissues: In maternal kidneys, liver and plasma,
the highe3t levels of fosfomycin was found 2 hours after
drug administration at gestation day 14 and 19. The
concentrations of fosfomycin in the kidney were always
higher than in liver or in plasma when compared at the same
time interval. Fosfomycin concentrations at T,,, were 12 and
8.5 times greater in maternal kidneys than in maternal liver
at gestation day 14 and 19, respectively. Kidney
concentrations of fosfomycin were 2.9 - 3.8 times greater
than plasma concentrations when measured at 2, 4, 6 and 24
hours after dosing on gestation day 19. The levels of
fosfomycin were below the level of detection in plasma,
kidneys and liver 24 hours post dosing on gestation day 14.
However, the levels of fosfomycin were still detectable in
plasma, kidneys and placenta 24 hour post dosing on
gestation day 19.
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Fetal Tissues: Fosfomycin readily crossed the placenta.
Fosfomycin was detectable in the fetus pool at gestation day
14 and in fetal kidney and liver up to 6 hours after dosing
on gestation day 19. The fetal kidney, as in the case of
maternal kidney, was the major site of accumulation of
fosfomycin. Maximal accumulation of fosfomycin either in
the fetal pool or in fetal kidney and liver was between 2-4
hours post dosage. In contrast, maximal accumulation in
amniotic fluid occurred between 2-4 hours post dosage. At
gestation day 14 the levels of fosfomycin in the fetal pool
were below the level of detection 24 hours post dosage. At
gestation day 19 fosfomycin was detectable only in amniotic
fluid.

Toxicology of Degradation Products of Fosfomycin
Tromethamine: Ref. # 45

TOPKAT Toxicity Estimation Report for Forest Laboratories
dated 8 August 1994. This report was written by
Ref. # 45.

Background; During the conduct of stability studies of
Fosfomycin Tromethamine under various conditions, four
degradants were identified as: [for structures, see NDA vol.
12, pp 2-00233-234]

Degradant A: 1-Hydroxy-2-trometamoyloxy-n-propyl
Phosphonic Acid.

Degradant B: Trometamol Phosphate Ester.

Degradant C: Trometamoyloxy Fosfomycin Dimer

Degradant D: 1,2-Dihydroxypropylphosphonate

This report is based on computations of a computer software
program called The report states:

Reviewer's Comment: I have included this report to identify the

degradants of fosfomycin tromethamine. This is neither an in
vitro nor in vivo study. I find difficult to evaluate this
report.
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Comments:

1.

Fosfomycin tromethamine was developed by Zambon Group,
S.p.a. Italy.

The applicant's proposed use is a single oral dose of 3 gram
of Fosfomycin tromethamine. This would be eguivalent to a
single exposure € 60 mg/kg in a 50 kg person.

Preclinical toxicology studies of up to 12-13 week in the
rat and 4 to 26 weeks in the dog were submitted and
reviewed.

The lowest No-adverse effect level (NOAEL) of 100 mg/kg/day
reported in the 4-week dog study is 1.67 times the human
dose. However, the actual safety margin wculd be larger
since the comparison was based upon a subchronic toxicology
study whereas human exposure is based upon single dosage
use. [In other subchronic studies the NOAEL was generally
1,000 mg/kg/day or about 10.7 times the human dose.)}

Fosfomycin tromethamine was first approved in Italy in 1986.
fince then it has been marketed abroad, e.g. since 1992 as
MONURIL in U.K. Thus, the drug has a history of human
exposure abroad.

Increased abortions, fetal resorptions and reduced fetal
body weights, noted in the teratology study in the rabbit,
were associated with the antibiotic action on intestinal
microflora in dams. This was due to unique susceptibility
of the rabbit to antibiotics; generally rabbit is not
considered a choice species for terata studies for
antibiotics.

The applicant' proposed Pregrancy Category .no terata
effects] should be changed to Pregnancy Category The
terata effects noted were: wavy ribs and delayed/retarded
ossification of bones in the rat; increased abortions, fetal
resorptions and reduced fetal body weights in the rabbit.
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Recommendation:

58

I see no objection from the safety standpoint to the
approval of this NDA; however, the Pregnancy Category should
be changed fron in the labelling.

co:
orig. NDA

HFD-340

HFD-520

HFD-520/Pharm/Joshi
HFD-520/M0O/Screth
HFD-520/Chem/Roy
HFD-520/C80/Dillon~Parker
HFD-520 /rd init. by REOsterberg
R/D/11/14/94/FT/1/6/95/8RJ ,
N-50-717.FOS /ap

Afefas

- Joshi' D-v.H., PhID.

concurrence Only
HFD-520/Dep.Dir/L.Gavrilovich
BFD-52OIBPharm/REOStorberqQﬁp

/
Al



MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration
Center for Drug Evaluation & Research

Date: Aawvgust 4, 1996 -
»
To: NDA ©0-717 Files, Monuril™ (fosfomycin tromethamine)
Sachet
From: Pharmacology Team Leader, Division of Anti-infective

Drug Products, HFD-520C ﬂWy 57#?&

Subject: NDA 50-717 (NDA Original Amendment dated 6-28-96);
Pharmacology Amendment

Through: Lillian Gavrilovich, M.D., Deputy Director, , 7/‘? e
Division of Anci-Infective Drug Products, HFD-520/A&'*7' ¥

The sponsor's submission argues that fosfomycin's pregnancy
category should be Category and the submission provides
additional analysis to support their claim. The sponsor claims
that the incidences of wavy ribs and delayed ossification of the
pelvis, ischia and sternal centra of rats were the consequence of
the high dose (1000 mg/kg/day) in producing maternal toxicity.

It has been the position ¢f the pharmacology group tn view wavy
rihs and delays in ossification in foeti at doses which are
maternally toxic as consequences of maternal toxicity and pet as

a direct effect upon the foeti. Thus, I can support the
sponsor's claim for a Pregnancy Category in this case.

In the rabbit, increased abortions, fetal resorptions and reduced
fetal body weights were produced by the drug. However, both Dr.
Joshi and 1 agree that since rabbits appear to be an
ineppropriate specie for the evaluation of the fatotoxic
potential of an antimicrobial, the results reported for the
rabbit study are also due to perturbations in the intestinal
flora and subseguent nutritional changes in the dams. Thus these
fetal changes have not been directly induced by the drug. This
information also supports the sponsor's contention that Monuril™
be given a Pregnancy Category

cc:
NDA Files

HFD-520 (Joshi)
HFD-5%20 (Feiaal)
HED 520 (Soreth)
Bl G20 (Deedse ] Las)



Review and Evaluation of Pharmacclogy and Toxicology Data
Division of Anti-Infective Drug Products, HFD-520

Date CDER Receivud: 06/28/96
Date Assigned: 07/12/96
Date Review Btarted: 07/17)9%6

Date ist. Draft Completed: 07/30/96
Date Review Accepted by Team Leader: 08/01/96

NDA # 50-717 (NDA Orig. Amendment dated 6/28/96)
Number of Volumes: One

Drug: Mcaurii™ (fosfomycin tromethamine) Sachets
Sponsor: Zambon Corporation, East Rutherford, NJ.

U.8. Agent: Forest Laboratories, Inc., New York, NY
Contact Person: Michael M. Rosen, Ph.D. 212/421-7850

Category: Antibiotic.

Human Dosage: A single dose of 2-grams powder dissclved in 4 oz.
{proposed)} of tap water.

Indication: Urinary tract infection (uncomplicated)

Review Objective:

In my review dated 1/18/95 of the original NDA, I had
recommended that the pregnancy category should be changed
from

In this amendment ‘he applicant has submitted a write-up on
the ([reproductive] developmental toxicity in the rat and the
rabbit to support their proposed Pregnancy Category

[rather than the recommended Pregnancy Category

The applicant suggests that because of maternal toxicity
and/or the~injury during dosing on day 15, the terata noted
in 8 pups of rat be excluded from the results.
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Review & Comments:

I have reviewed again the rat teratology study conducted by
. I have prepared a Table (see

attached) specifically with regard to skeletal abnormalities
in all high dore rats and after excluding rat

Please note the following:
- the incidence of wavy ribs was not affected;

~ The incidences of abnormalities in the pelvis and
ischia of litters were still statistically highly
significant (p >0.01).

- The incidence of abnormalities in sternal centra were
numerically very close; 28.6% and 25.0% (litters) and
4.4% and 3.4% (fetuses) in all rats and after excluding
rat

Increased abortions, fetal resorptions and reduced fetal
body weights, noted in the teratology study in the rabbit,
were associated with the antibictic action on intestinal

) microflora in dams. This was due to unique susceptibility
of the rabbit to antibiotics; generally rabbit is not
ccnsidered a choice species for terata studies for
antibiotics.

Recommendation:

The drug is approvable; Pregnancy category should remain

§/at
8. Joshi, D.V.M., Ph.D.

cc:
orig.IND -

HFD-340

HFD-520

HFD-520/Pharu/Joshi Concurrence Only

HFD-I20/M0O/8oreth HFD-520/L.Gavrilovich o,
HEFD-5<0/Chem/Timper HFD-5200/TLPharm/REOsterberg :‘{;,
HFD-520/Micro/Dionne SO al,
HFD-520/CS0/Debellas At ‘f/ét/ . AL

HFD-520 /rd init. by REOsterherg ‘ )
R/D/7/30/96/FT/8/1/96/6RJ /ﬁf_,&aw&c

) N-5C~717.003 W@W/ %/fé

E+ ;b - T2 ‘//;C_(:‘} CAL
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Table: BS8keletal Abnormalities in Rats Treated with Fosfomycin
Skeletal Controls-aAll High Dcse (1000 mgékg)
Abnormality . e
All (Prior to After Exclusion
i Exclusion)
Litter Fetuses Litter Fetuses Litter Fetuses
| _in=21) {n=150) n=21 (n=1%7) | !n=20! sn=149!
Wavy Ribs [ 1 (4.8) 2 (1.3) F 3 (14.3) | 4 (2.5) 3 (15.0) 4 (2.7)
Sternal Centra 1 (4.3) 1 (0.7) § 6 (28.6)%* | 7 (4.4)%« 5 {25.0) 5 (3.4)
Summarization
Pelvis- 2 (9.5) | 3 (2.0) [[9 (42.8)** | 15 (9.6)}*» | 8. (40.0)** | 9 (6.0)
Summarization
Pubes- 2 (9.5) 3 (2.0) 7 (33.3)%*| 13 (8.3)** || 6 (30.0) 7 (4.7)
Incompletely
Ossified
Ischia- 2 (9.5) 3 (2.0) 6 (28.6)** | 10 (6.4)** || 5 (25.08%% [ 5 (3.4)
Incompletely
Ossified
Pubes- Not 0 0 1 (4.8) 1 (C.6) 1 (5.0) 1 (0.7)
Ossified

' After excluding litter of Rat

% P >9,01







STATISTICAL REVIEW AND EVALUATION

NDA: 50-717

Generic Drug Name:  fosfomycin tromethamine .
Drug Trade Name: MONUROL™ DEC 17 1996
Formulation: oral powder in 3 gram sachet

Drug Class: 1S

Applicant: Zambon Corporation, Division of Zambon Group, SpA _
Indications: uncomplicated urinary tract infections (acute cystitis)

Documents Reviewed: NDA Volumes 1, 8, 9, 10, 11, 12 dated May 17, 1896 submitted as original
amendment for NDA 50-717.
NDA Volume 1 dated June 28, 1996 submitted as original amendrnent for
NDA 50-717.
Electronic submission of data for study MON-US-03 dated July 25, 1996.
Statistical Review and Evaluation for NDA 50-7 17 dated August 18, 1955,
Medica! Officer's reviews of Protocsl MON-US-01 and MON-US-02.

Type of Review: Clinical/Statistical
Medical Ctficer; Janice Soreth, M.D., HFP-520

Statistical Reviewer: B. Sue Bell, Ph.D., HFD-725
Project Manager: B. Duvali-Miller, HFD-520

b EXECULIVE SUIMITIAIY ....o.ooi ittt creettte e et eee et b ee et e eesbas et eaaeeessd e m R et e e enre e beaessmntbeassansneaanereeeasns 1
1. Background........................ e eeauerae e iteeeitareeeaeenre e arteaeeaataetans eeant e e e bear e ey eaa areesnsbeeanaaeeerraeean 3
n. Protocol MON-US-03 .. e e e e et e st e s e e e as et eeas g e e et e aaaans seeneaneaas >
HLA. StUAY DESIGN ..o i et e et see s st ea e et s et bbb b ae e s sae e e rean 3
Hi.B. Efficacy............ e e et e e eaeieeeeeaetesieseesiesstesteeieessiestbeeenossieesssieenaeeeaneessteteines 4
LG, SaIOEY ...ttt et b e p et e e cre st a e e e nhe 9
Iv. Integrated Summaries of Efficacy and Safety.............c.occcoiii i e 10
IV EFICBOY ..ot ettt s e e et s e e et e s et e ea e e ee e e r e e e e aaan e 10
VLB, SBIOY ..ottt SO O OO UURRPROSUVOTION 14
V. SUMITANY And CONCIUSIONS ...ttt ettt st e raae st st et e s s e e reeese e s nseareenresideanr e 16

I. Executive Summary

The app..cant requests approval of a single 3 gm dose of fosfomycin tromethamine (MONUROL™,) fer the
treatment of uncomplicated urinary tract infections (UTI1) in wemen. To support the UTI indication, the
applicant has submitted data from three domestic, randomized, parallel group, double-blind, double
dummy studies which compare the safety and efficacy of a single 3 gm dose of fosfomycin tromethamine
(FT) to one of tha following: a 7 day course uf ciprofioxacin (CP) 250 mg q. 12 h. (protocol MON-US-01),
a 10 day course of trimethoprim/sulfamethoxazoie (TMP/SMX) 160/800 mg q. 12 h. {protocol MON-US-
02), or a 7 day course of nitrofurantoin monohydrate/macrocrystals (NF) 100 mg q. 12 h.

The primary efficacy variable is the rate of all bacteriologic eradication at 5-11 days after the longer course
of treatment in the medical officer’s evaluable patient group. Consistent with DAIDP's Points to Consider,
the statistical comparison is based upon the two-sided 95% confidence interval of the difference in
fosformycin tromethamine rate minus the comparator's rate. The confidence intervals are reported as n, ,
n. (95% CI) p,. p, where n, is the number in the test group, n, is the number in the control group, p, is the
percent cured in the test group, and p. is the percent cured in the control group.
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The applicant's original request was hased vpon studies MON-US-01 and MON-US-02 and was not
approved because these studies failed to show that FT was therapeutically equivalent in efficacy to either
the CP or the TMP/SMX treatments for this indication. The 95% confidence intervals for these studies
WETE 265 222 (-30% , -18%) ysx oox NG 249 197 (-23% , -12%) 4%, sex COMparing FT to CP and FT 10
TMP/SMX, respectively. Since the efficacy percent of both comparator treatments is greater than 90%,
DAIDP’s Points to Consider requires that the confidence interval cross zero and that the lower bound be

greater than -10%.

This amended application is based upon study MON-US-03 that shows FT is comparable to NF-which is
ar approved drug for uncorplicated UTI. The 95% confidence interval for this study comparing FT to NF
IS a2 28 (-9% , 7%) 15w .7ex - Since the efficacy percent of both treatments is in the range of 70% to 78%,
DAIDP's Points to Consider requires that the confidence interval cross zero and that the lower bound be
greater than -20% to establish equivalence of two treatments,

Included in the amended application was a revised analysis of the results of the first two studies

performed by the applicant. In this analysis the applicant sought to follow the guidance provided in
response to the original application. Figure 1 graphically compares the results of the applicant's and the
medical officer's analysis of the data from each study. Even in the applicant's reanalysis, FT is still Shown
to be inferior to CP and TMP/SMX in the treatment of uncomplicated UTI in women.

Figure 1. 856% Confdence inlenvals of Difwences in Becerbiogic Eradcation Rews
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Statistical evaluation of safety is based upon the Fisher’s exact test comparing the rates of at least nuie adverse event
in each of the treatment groups. A single dose of FT is not statistically different in safety from either CP (p=0.46)
or NF {(p=0.61). FT is statistically superior in safety to TMP/SMX (p=0.02). In all three studies, FT has a
statistieally significantly higher rate of diarrhea than its comparator with p-values of 0.04, <0.01, and 0.005 for CP,

TMP/SMX, and NF, respectively.
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11. Background

As discussed in the Executive Summary above, this application was not approved based upon the original
submission. In this amendment, the applicant has provided an additional study MON-US-03, a revised analysis of
the two eartier studies MON-US-01 and MON-US-02, and reised integrated summaries of efficacy and safety.

The focus of this review is study MON-1JS-03 and the updated integrated summaries of efficacy and safety. Refer
to the Statistical Review and Evaluation dated August 18, 1995 for a detail review and analysis of studies MON-

US-01 and MON-US-02.
IIL. Protocol MON-US-03

HILA. Study Design

The primary objective of the study was to compare the efficacy of a single dose of fosfomycin tromethamine (FT)
(3 gm dose sachet) to nitrofurantoin monohydrate/macrocrystals (NF), 100 mg every 12 hours for seven days, in
female patients with uncomplicated urinary tract infection. The secondary objective was 1o compare the safety
prefile of FT with that of NF, This study was designed as a prospective, parallel, active-controlled, multicenter trial
with patients randomly allocated to either FT or NF. The primary efficacy endpoint was bacteriological cure. The
total study period was seven weeks consisting of seven days of therapy plus 4-6 weeks follow-up. Patients assigned
to the FT group received a 3 gm single dose of FT followed by placebo NF capsules eveiy 12 hours for seven days.
The patients who were assigned to the NF group were treat::d with the fosfomycin placebo sachet at the start of
therapy, followed by NF capsules 100 mg every 12 hours fo seven days.

Investigative sites through the United States were pre-qualified wnd then 27 appropriate centers were sclected for
study participation. Of these 27 centers, 26 actually enrolled pativnts. There was a target of 20 patients per center
but 17 of the 26 centers failed to meet this goal with 8 centers enroliing less that 10 patients.

REVIEWER COMMENT: Imvestigators Costantini at study s.te 8] and Iravani at study site 87 were also
participants in protocols MON-US-01 and MON-US-02. Further, these two investigators contributed a large
proportion of the applicant’s evaluable patients contributing 19%, £1% and 22% of protocols MON-US-0], MON-
US-02, and MON-US-03, respectively.  This raises a question as to the independence of these three studies.
Imvestigators Harnack and Ginsburg participated in 2 of the 3 studies.

Although the application shows that investigator Liotti at study site 88 enrolled one patient who was randomized to
receive NF (volume 1, page 10-01747), no data was provided for this paiient in this center ins the SAS darasets
provided by the applicant.

Investigator Ginsburg was a participant in both protocols MON-US-02 and MON-US-03. Refer (o the medical
officer’s report for MON-US-02 for a discussion of reasons why this investigator’s data was excluded from analysis
of MON-US-02's efficacy results. In MON-US-03, the bacteriologic cure rates for Ginsburg's site was 75% (12/16)
Jor FT and 83% (10712} for NF. Ginsburg's center was not excluded from the unalysis of MON-US-03 since the
cure rates were basically consistent with those observed at other sites and, uniike in MON-US-02 where it was the
largest contributor of patients, this center coniributed less than 6% and was ranked sixth of the 25 centers in MON-
US-03. The applicant stated that the laboratory problems experienced in the pr svious study were addressed during
the conduct of this study by changing laboratories (volume |, page 10-01755). However, 35 of the 51 patients
enrolled at this site had already been processed using the in-house laboratory. The applicant performed an analysis
excluding this site and found thot it did not affect the conclusions.

Non-pregnant, non-lactating females of age 12 or older with clinical signs and/or symptoms of uncomplicated UT!
were cligible for enroliment. Patients with recurrent UTI or evidence of factors predisposing to the development of
UT1 were exciuded. Also excluded were patients with onset of symptoms for this UT) episode > 96 hours earhies,
symptoms suggestive of upper UTI, and patients with known or suspected hypersensitivity to either FT or NF.
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Patients who met the inclusion/exclusion criteria (see medical officer’s review for further details) were randomized
and began receiving treatment before baseline urine culture results were known.

REVIEWER COMMENT: Although the protoco! permitted the inclusion of females 12-17, only three 17-year-olds
and one 15-vear-old were included in the evaluable group. Two additional 17-year-olds were excluded as

screening failures.

The initial baseline visit occurred on study day 0 when interested and qualified patients reviewed and signed the
informed consent document, took a pre-therapy pregnancy test, had their medical history documented, and received
a physical examination including vital sign measurements, Clinical laboratory evaluation, urinalysis and a
quantitative urine culture and susceptibility test of the isolated uropathogens were also done as part of the baseline
evaluations. Afizr randomization, a sachet of either placebo or study medication was administered in the office and
patients were sent home with the appropriate NF or placebo capsules.

At two to four days after the {irst dose of study medication, patients were contacted by telephone to determine their
medical status. Only patients with continuing or worsening symptoms were immediately evaluated in the clinic.
Three follow-up visits to the clinic were required: Visit 2 (5-9 days afier first dose), Visit 3 (11-15 days after first
dose), and Visit 4 (4-6 weeks afier 1ast dose). Ar all clinic visits, vital signs were recorded, a clinical evaluation was
made, a urine sample was obtained, analyzed and cultured, and adverse events were elicited. An exit physical
examination was performed at Visit 4.

I11.B. Efficacy

The primary efficacy endpoint was bacteriological cure and secondary endpoints included assessments of
superinfection, recurrence or new infection and clinical response. A successful overall clinical response required
both a bacteriological cure and the absence of UTI symptomatology. The applicant’s primary bacteriological
evaluation windows were studv days 5 to 11 for FT and study days |1 to 17 for NF.  The medical officer used
study days 1) to 17 for both FT and NF. The applicant made four assessments of bacteriological response in three
temporal windows. The as-=ssments made were: Day 5-1] (Visit 2), Day 11-17 (Visit 3), After Day 17 (with
respect to original uropat.ogen only), After Day 17 (taking into consideration not only the original uropathogen but
also the incidence of new infectior and recurrence). To distinguish between the two assessments made after Day
17, the evaluation that takes into consideration new infection/recurrence is hereafter called the “Final Visit”
evaluation,

REVIEWER COMMENT: For this review, the bacteriological cure al the final visit 4-6 weeks afier the last dose is
based upon the medical officer’s “all sustained eradication” from the statistical review of MON-US-01 and MON-
US-02 and the applicant’s reporting of “Final Visit" bacteriological results in the amended application.

Bacteriological evaluations were based upon urine specimens obtained by the midstream clean catch technique. The
baseline was based upon urine collected within 96 hours prior to starting treatment. The urine cultures were
performed by the local laboratory assoc ..ted with the clinical site, Bacteriological cure and failure rates were
calculated for the evaluablepopulation that included all patients who had 210° CFU/mL of a known uropathogen on
baseline culture and who either completed the study or were discontinued due to trcatment failure or failure-related

reasons,
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Table | provides an accounting of the patients included in the ITT, the modified ITT, and the evaluable populations
fur both the applicant’s and the medical officer’s analysis. There js little difference between the applicant’s and
medical officer’s evaluable groups. The medical officer reviewed the CRFs for those patients whom the applicant
had discontinued and returned two FT treated patients and one NF treated patient to the evaluable populations.

Table 1: Applicant's and Medical Officer's accounting of patients enrolied in protocol MON-US-03,

fosfomycin nitrofurantain
N % of Total N % of Total Total

~r

Applicant’s Analysis Groups

Fatients randomized (ITT) 375 50% 374 50% 749
Patients without 10° CFU/mL of a known

uropathogen at baseline. 103 48% 143 52% 216
Patients with a baseline pathogen (MITT) 272 51% 281 49% 533
Patients excluded for reasons such as lost to

{oliow-up or protocol viclations, 12 33% 24 67% 36
Evaluable patient population 260 52% 237 48% 497
Medical Officer's Analysis Groups

Patients randomized (ITT) 375 50% 374 50% 749
Patients without 10° CFU/mL of a known

uropathagen at baseline. 103 48% 113 52% 216
Patients with a baseline pathogen (MITT) 272 51% 261 49% 533
Patients exciuded for reasons such as lost to

follow-up or protocol violations. 10 30% 23 70% 33
Evaluabie paliznt population 262 52% 238 48% 500

REVIEWER COMMENT: [n the NDA, the applicant used the term ITT o refer to the population that is normally
referred 1o as the modified ITT population and used the term modified ITT for what is normally referred to as the
evaluable or per protocol populaiion.  For consistency with the statistical reviews of the other two protocols
included in this NDA and with other DAIDP reviews, the more conventional use of these terms will be used rather
than the applicant’s. Basically, the ITT population includes all randomized patients, the modified ITT population is
a subset of the ITT population that includes those who were randomized and whu have a baseline pathogen, and the
evaluable population is a subset of the modified ITT population that excludes patients with protocol violations that
are noi related to reatment failure.

REVIEWER COMMENT: Note that twice the patients were excluded from the NF arm as from the FT arm (12 fc
FT versus 24 for NF). This difference was due to NF losing more patients to follow-up and discontinuations due to
adverse experience/iniercurrent iliness during the first few week of study drug administration.

Bacteriological cure at a time point required that a urine culture be taken and that all of the uropathogens, found at
baseline at levels > 10° CFU/mL, were reduced to levels < 10* CFU/mL. 1f more than one sample was taken

within the window, the worst case was used,

REVIEWER COMMENT: Once a patient has been designated a bacteriological failure then that patient should be
considered a bacteriological failure at all remaining visits, For 11 patients (6 in FT arm and 5 in NF arm) this did
not appear to be the case. The CRFs for these patients were reviewed. Although the bacteriologic . utcome at the
applicant’s primary assessment window did not require revision, most other assessments including the clinical
outcomes and the final bacteriological ouicome were reclassified from success to failure for these ! ] patients.
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Table 2 summarizes the resuits from both the applicant’s and the medical officer’s primary outcome assessment
which is bacteriological cure. As can be seen by the 95% confidence intervals of the difference in the percent cured
by FI' minus the percent cured by NF, FT is comparable to NF in bacteriological efficacy at all time points based
upon the criteria established in DAIDP's Points to Consider. The confidence interval crosses zero and is within the
Jower bound of -20% required when the cure rate is between 70% and 30%. ‘

Tabie 2: Applicant’s and Medicaj Officer's bacteriological evaluation of the
evaluabie populations at three foliow-up time points for protocol MON-LIS-G3
where cured is the bactericlogical eradication of the baseline pathogen.

]

M evaluable

n cured / %

cured N evaluable

n cured / %
cured differencein %

95% Cl of

Applicant’s Evaluation
by 5-11 days after longer tharapy
by 511 days pos! therapy
at final visit 4-6 weeks after last dose

Meadicat Officer's Evaluation
by 5-11 days after longer therapy
by 511 days post therapy
at final visit 4-8 weeks after last dase

fosfomycin
200/ 260 7%
2157260 83%
170/ 260 65%

fosfomycin
196 / 262 75%
2157262 B2%
164 7 262 63%

nitrofurantoin
1791237 76%
1781237 76%
147 1 237 62%

nitrofurantoin
180/238 76%
1807238 76%
143/ 238 60%

(-7%, 9%)
(-0%, 15%)
(-6%, 12%)

{-9%., 7%)
(-1%, 14%)
(-7%. 11%)
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By pathogen cure rates based upon the medical officer’s evaluable population are provided in Table 3. This table
includes those pathogens that the applicant included in the Indications and Usage section of their proposed label,

The assessment of UTI symptomatology was evaluated using a four point scoring system for six key UTI

symptoms. The six UTI symptoms evaiuated were the following: flank tendemess, suprapubic tenderness, dysuria,
urinary urgency, urinary buming, and urinary frequency. The following scores were used: © for absent or normal,
1 for very mild or slight, 2 for moderate, and 3 for severe. A paticent was classified as a cure if the six UTI]
symptoms assessed were all scored as 0 and no concomitant antibiotic for UTT was taken in the period from baseline
evaluation to the relevant assessment. Table 4 presents both the applicant’s assessment and the medical officer's
assessment of clinical cure‘b&sed upon symptomatalogy.

REVIEWER COMMENT: In reviewing the applicant's data, patients were found who had moderate (o severe
symptoms at g visit but who were classified as symptomatic successes at thai visit. For consistency with ihe
protacol, such patients were reclassified as failures for the medical officer 's evaluation.

Note that the applicant’s clinical success rates for FT improves over time from 69% 10 75% for the visit 5-11 days
after the 1-day FT therapy and the visit 5-11 days after end of the 7-aay NF therapy, respectively. This is because
some patients were Jailures at the visit during study days 5-11 but were free of symptoms at the visit during study
days 11-17. In the medical officer’s assessment, these failures should be carried forward as failures. When
considered in conjunction with other misclassifications, the resull is that the medical officer’s ¢linical success rates
are 68% and 63% for the visit 5-11 days after the end of the |-da, FT therapy and the visit 5-11 days afier the and
of the 7-day NF thzrapy, respectively.
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The applicant also included an outcome of “overall clinical assessment” which was derived from reguiring voth a
bacteriological success and a clinical success. However, the focus of this review is on the bacteriological cutcome
and the clinical symptomalogical ouicome considered independently rather than in a derived combination.

Tabile 4: Applicant’s and Medical Officer's evaluation of clinical symptoms in the evaluable
populations at three follow-up time points for protocol MON-US-03
where clinical cure requires relief of UTI symptoms,

ncured / % ncured / % 95% Cl of
Nevaluable cured Nevaluable cured differencein%
Applicant’s Evalvation fosfomycin nitrofurantoin
by 5-11 days after longer therapy 196/ 260 75% 182 /237 T7% (-9%, 6°9)
by §-11 days post therapy 180 /260 69% 1827237 7% (-16%, 1%)
at final visit 4-6 weeks after last dose 183 /260 70% 156 /237 66% {-4%, 13%)
Medical Officer's Evaluation fosfomycin nitrofurantoin
by 5-11 days after langer therapy 164 /262 63% 183/238 T7% {(-23%.-6%)
by 5-11 days post therapy 177 1 262 68% 183 /238 77% {-18%.-1%}
at final visit 4-6 weeks ailer last dose 144 1 262 55% 154 /238 65% (-19%, -1%)

Subgroup analysis for age, race, and weight was performed on the key bacteriologicai and clinical outcomes. Table
5 below presents the results for the subgroup analysis at 5-11 days post therapy in the applicant’s evaluable group
based upon the bacteriological cure rates. As can be noted by the p-values of the statistical tests, there were no
differences between the levels i any of the subgroups. This was also the case for the clinical outcome as well as at
the 4-6 week follow-up visit.

Table 5: Analysis of bacteriological efficacv by subgroup based upon rate of bacteriolugic cure
at 5-11 days post therapy in the applicant's evaluable group for protocol MON-US-03.

n cured / % n cured / % p-value p-value
Subgroup N evaluable cured Novaluable cured Fisher's Exact Breslow-Day
fosfomycin nitrofurantoin

<45 188 /220 85% 1587194 81% 0.29 0.557
45-65 18725 72% 17132 53% 0.18

>85 9715 60% 4/11 36% 0.43

caucasian 1807221 81% 156 /203 77% 0.28 0.184
black 22/24 92% 19/27 70% 0.08

other 13715 87% 417 57% 027

< 110 pounds - 14 /16 88% 13714 93% 1.00 0.539
110-150 pounds 1397168 83% 107 1 147 73% 0.04

> 150 pounds 62/76 82% 59/76 78% 0.69



HDA 50-717 MONUROL™ (fosfomycin tromethamined 3 gram sachets 9

I11.C, Safety

In this clinical study, 192 of 375 (51%) FT- reated patients and 184 cf 374 (49%) NF-treated patients reportec at
least one adverse event during the study period. A total of 417 adverse events -./ere reported by FT-treated patients
and 192 events were reperted by NF-treated patients. The majority of these adverse events were considered 10 be '
mild to moderate in severity. Table 6 presents the adverse events experienced by greater than 1% of the patients by
body system. Significantly more FT-treated patients reported diarrhea (14.7% versus 8%) and significantly more
NF-treated patients reported pruritus (1.6% versus 0%%). Seven patients in the FT group and 16 in the NF group
were discontinued from the study due to an adverse cvent or intercurrent iliness. No patient experienced a serious

advarse event.

Tabie 6: Occurrence of Adverse Events in 1.0% or more of patients enrolled in protocol MON-US-03

FT (N =375, NF (N = 374}
Body System Adverse Events Number % of Number % of p-value
of Patients Patients of Patients pPatients Fisher's Exact
Body as a whole headache 38 1.0 45 12.0 0.418
Body as a whole pain 15 4.0 16 4.3 0.857
Body as a whole back pain 13 35 11 29 0.836
Body as a whole abdominal pain 12 3.2 5 13 0.139
Body as a whole asthenia 3 08 6 16 0.340
Body as a whole fever 2 0.5 5 1.3 0.286
Bedy as a whole flu syndrome 2 0.5 4 1.1 0.451
Digeslive diarrhea 55 147 30 8.0 0.005
Digestive nausea 25 6.7 32 86 0.339
Digestive dyspepsia 8 21 12 3.2 0.376
Digestive vomiting 2 a5 8 2.1 0.063
Digestive flatulence 2 0.5 4 1.1 0.451
Nervous dizziness 13 a5 10 2.7 0.673
Nervous somnolence 4 1.1 0 0.0 0.124
Respiraiory rhinitis 16 43 22 5.8 0.324
Respiratory pharyngitis 15 40 11 29 0.550
Respiratory sinusitis L] 21 6 16 0.789
Respiratory bronchitis 5 1.3 3 0.8 0.725
Respiratory cough increased 5 1.3 0 0.0 0.062
Skin and skin structures  rash 2 05 7 19 0.107
Skin and skin structures  pruritus 0 0.0 6 1.6 0.045
Urogerital vaginal moniliasis 18 4.8 17 45 1.000
Urogental vaginitis 14 37 13 35 1.000
Urogenital dysmenorrhea 8 21 8 2.1 1.000
Urogenital urinary frequency 6 1.6 4 1.1 0.752
Urogenital Hysuria 5 1.3 6 1.6 0.773
Urogenital Unne abnormalititias 0 0.0 4 11 0.062
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IV. Integrated Summaries of Efficacy and Safety

IV.A. Efficac

Table 7 presents the medical officer’s bacteriological evaluations of all three clinical trials that have been submitted
in support of this NDA. The medical officer’s test of cure is at the time point that is 5-11 days aft=r the longer
trcatment arm. The applicant’s primary assessment point was at 5-11 deys after end of therapy. A long term
follow-up was captured at 4-6 weeks after the end of therapy. - -

REVIEWER COMMENT: in the NDA, the applicant suggested making the tes’ ~f cure window at 5-11 days after
the start of therapy. Use of this time point implies that test for cure for the longer treatment arms be made while
patients are still on therapy which is unacceptable. For the NDA submission, the applicant used as their test of cure
a window 5-11 days afier the end of therapy. This required an additional visit so that patients came in at what
would have been 5-11 days afier the end of each treatment arm. This was consistent with the choice of a primary
efficacy window by the statistical reviewer of the first two studies. However, the medical officer’s primary efficacy
window is 5-11 days after the end of the longer therapy. The sponsor will be sensitive 1o the medical officer's
choice of a test of cure wii dow because it reduces their efficacy by 3%, 4%, and 7% for ciudies MON-US-01, MON-
US-02, and MON-US-03 respectively. This reduction in apparent efficacy is most likely due to the potential for self-
reinfection during the additional week of therapy required for the comparator arms At 4-6 weeks the efficacy of
FT drops by 14% in the pooled siudies in contrast with a drop of 10%, 11% and 16% for ciprofloxacin, TMP/SMX,
and nitrofurantoin, respectively.

Table 7: Medical Officer's bacteriological evaluation of the evaluable population for each of the
three UTI studies where cured is the bacteriological eradication of the baseline pathogen.

ncured/ % n cured / % 95% Ct of
N evaluable cured N evaluable cured differencein%

Pooled Studies fosfomycin

by 5-11 days after ionger therapy 591 /7T T7%

by 5-11 days post therapy 630/771 B82%

at final visit 4-6 weeks after last dose 48R3 /771 63%
Study MON-US-01 fosfomycin ciprofloxacin

by 5-11 days after longer therapy 194 / 260 75% 21917222 9% {-30%, -18%)

by 511 days post therapy 2037260 78% 2191222 99% (-26%, -15%)

at final visit 4-6 weeks after last dose 158 7 260 81% 197 /222 89% (-36%, -20%})
Study MON-US-02 fosfomycin TMP/SMX

by 5-11 days after ionger therapy 201 /249 81% 184 /197 98% (-23%, -12%)

by 5-11 days post therapy 212 /249 85% 194 /197 98% (-19%, -8%)

at final visit 4-6 weeks after last dose 1681 1 249 65% 172 /1197 87% {-31%, -15%)
Study MON-US-03 fosfomycin nitrofurantoin

by 5-11 days afler longer therapy 196 1 262 75% 180/238 76% (-9%, 7%)

by 5-11 days post therapy 215/ 262 82% 180/238 76% (-1%, 14%)

at final visit 4-6 weeks afler last dose 164 / 262 63% 143 /238 60% (-7%, 11%)
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Table 8 presents the applicant’s bacteriological evaluations of all three clinical trials that have been submitted in
suppon of this NDA. The source of this information was the NDA original amendment volume | of | stamped June
28, 1996. in this amendmest, the applicant reanalyzed the first hwo studies, MON-US-01 arid MON-US-02, 1o be
consistent with the prccese used in the original medical and statisticz! reviews of these studies. By comparing with
the above table of the medical officer’s results, it can be seen that thers are no striking ditferences in the two
analyses. The applicant’s results are biased slightly in their favor but not sufficient to change the conciusions from
those that resulted from the medical officer’s original analysis.

Tavle B: Applicant's bacteriological evaluation of the evaluable population for each of the —
three UTt studies where cured is the bacteriological eradication of the baseline pathogen.

N evaluahle

n cured/ %

cured N evaluuble

ncured/ %

85% Cltol

cured differancein %

Pooled Studies
by 5-11 days afier longer therapy
by 5-11 days post therapy
at final visit 4-6 weeks afler last dose

Study MON-US-01
by 5-11 days atter \cnger therapy
by 5-11 days post therapy
at finzl visit 4.6 weeks after last dose

Study MON-US-02
by 5-11 days after longer therapy
by 5-11 days post therapy
at final visit 4-6 weeks after last dose

Study MON-US-03
by 5-11 days after longer therapy
by 5 11 days post therapy
at final visit 4.6 weeks after last dose

fosfomycin
629/ 801 78%
6737801 84%
514 1 BOA €4%

fosfornycin
2051/ 268 T8%
222 /268 83%
164 [ 268 61%

fosfom, cin
2241273 B2%
2361273 86%
180/273 66%

fosfomycin
2001260 T1%
215/ 260 83%
170 1 260 65%

ciprofloxacin
2371245 97%
2371245 97%
206/ 245 84%

TMP/SMX
2221238 93%
2221239 3%
184 /1239 7%

nitrofurantoin
179/ 237 76%
179/ 237 16%
147 1237 62%

(-26%, -14°%)
(-19%, -8%)
(-31%, -15%)

(-16%. -5%}
{-12%, -1%)
(-19%, -3%)

(-7%, 9%)
(0%, 15%)
(-6%, 12%)
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Table ¢ provides cure rates for those pathogens that the applicant in¢luded in the Indications and Usage section of
the proposed label. Fosfomycin data has been pooled across the three studies. The data is reported for 5-11 days
after the longer course of therapy, 5-11 days post-freatment, and 4-6 weeks posi-treatmnent.
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Table 10 provides both the medical officer's and the applicant's analysis of clinical efficacy for each of the three
studies at each of the three follow-up time points. Also included is an a summary of fosfomycin’s clinical efficacy

pooled across the studies.

Table 10: Clinlcal evaluation by both the medical officer and the applicant
for each of the three UT! studies where clinical success requires rellef of symptoms.

n cured / %

n cured / %

95% Ci of

N evaluable cured N evaluable cured difference in %

Medical Officer's Evaluable Population

Pooled Studies

by 5-11 days after longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks after last dose
Study MON-US-01

by 5-11 days after longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks afler last dose
$tudy MON-US.02

by 5-11 days after longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks after last oose
Study MON-US-03

by 5-11 days after longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks after last dnse

fosfomycin
542 /771 70%
5751771 75%
4617771 60%
fosfomycin
189 /260 73%
199 7 260 TT%
1531260 59%
fosfomycin
189 /249 76%
199 7249 B80%
164 1 249 63%
fosfomycin
164 1 262 63%
177 1262 68%
144 1 262 55%

ciprofloxacin
213/ 222 96%
2131222 26%
196/ 222 B88%

TMPISMX

186/ 197 94%
186 /197 94%
17371197 88%

nitrofurantcin
183/238 771%
1857238 7%
154 1238 65%

Applicant's Evaiuable Populatiop

Pooled Studies

by 5-11 days afier longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks after last dose
Study MON-US-01

by 5-11 days after longer therapy

by 5-11 days post therapy

at final visit 4-6 weeks after tast dose
Study MON-US-02

by 5-11 days a‘ter longer therapy

by 5-11 diys post therapy

at final visit 4-6 weeks after last dose
Study MON-US-03 -

by 5-11 days after longer therapy

by 5-11 days posi therapy

at finai visit 4-6 weeks after last dose

fosfomycin
623 /801 7%
584 1 801 73%
580 / 801 72%
fosfomycin
208 /7 268 78%
205/ 268 76%
189/ 268 1%
fosfomycin
2191273 80%
1991273 73%
208 /273 76%
fosfomycin
196 / 260 75%
180/ 260 69%
183 / 260 70%

ciprofloxacin
220/ 245 90%
220/ 245 90%
2111248 B6%

TMPISMX

204 1239 B5%
204 7239 85%
199 /239 83%

nitrofurantoin
1827237 77%
18217237 77%
156 1 237 66%

(-30%. -17%)
(-26%, -13%)
(-37%, -22%)

{-25%. -12%)
(-21%, -8%)
(-30%, -14%)

(-23%, -6%)
{(-18%, -1%)
(-19%,-1%)

(-18%., -6%)
(-20%, -7%)
(-23%, -B%)

(-12%, 2%)
(-20%, -5%)
(-14%, (%)

(-9%, 6%)
{(-16%. 1%)
(-4%, 13%)
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IV.B. Safety

The applicant  .naumitains that FT shows a more favorable safety profile when compared to TMP/SMX, an equal or
better profile when compared to NF, and an equal profile when corm.pared to CIPRO.” Table 1} summarizes the
adverse events for the three clinical trials conducted under protocols MON-US-01, MON-US-02, and MON-US-03.
Statistical evaluation of safety is based upon the Fisher's exact test comparing the rates of at least one adverse event
in each of the treatment groups. A single dose of FT is not statistically different in safety from either CP (p=0.46)
or NF {(p=0.61). FT is statistically superior in safety to TMP/SMX (p=0.02).
Table 11: Summary of adverse events in FT and comparator treatment groups in the

ITT populations of MON-US-01, MON-US-02, and MON-US.03.

FT {N=1233) CP (N=445) TKIPISMX {N=428) NF {N=174)
Category n % n Yo n % n %
Patients with AEs 567 46.0% 193 43.4% 212 49.5% 184 49.2%
Patients with Probably or
Definitely Related AEs 81 6.6% 28 6.3% 45 10.5% 21 56%
Patients with Severe AEs 53 4.3% 18 4.0% 27 6.3% 21 56%
Patients with Serious AEs 3 0.2% 1 0.2% 5 1.2% 0 0.0%
Patients Discontinued due to
all AEs 20 1.6% 6 1.3% 18 42% 15 4.0%

Patients Discontinued due to
AEs Related to Drug 12 1.0% 5 1.1% 18 4.2% 1 2.9%
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Table 12 provides a listing of the adverse events reported by (.5% or more of the FT-treatea 1TT population. The
number and percent reporting the adverse event in the comparator arms is aiso included in the table for comparison.
In each of the three studies, FT has a statistically significantly higher rate of diarrhea than its comparator with p-
values based upon a Fisher’s exact test of 0.04, <0.01, and 0.005 for CP, TMP/SMX, and NF, respectively.

Table 12: Number and percentage of patienis experiencing an adverse reaction
in descending order by parcent reporting the event in the FT-treated population

FT cP "MP/SMX NF
(N=1233) (N=445) (N=428) - -|N=374)
Body System Adverse Events n % n % n % n %
Digestive diarrhea 128 104% 19 43% N 26% 30 8.0%
Body headache 127 103% 42 94% 46 107% 45 12.0%
Digestive nausea 64 52% 21 47% 43 100% 32 8.6%
Respiratory . rhinitis 55 4.5% 19 4.3% 13 3.0% 22 5.9%
Urogenitai vaginitis 52 42% 21 AT7% 17 40% 13 3.5%
Urogenital vaginal moniliasis 42 34% 20 45% 9 21% 17 4.5%
Body back pain 37 c% 13 29% 5 1.2% 11 2.9%
Urogenital dysmenorrhea 32 26% 7 16% 5 1.2% 8 2.1%
Respiratory pharyngitis 3 2.5% 7 16% 9 21% 11 2.9%
Nervous dizziness 28 23% 14 31% 16 37% 10 2.7%
Body abdominal pain 27 2.2% 5 11% 2 0.5% 5 1.3%
Body pain 27 2.2% 6 1.3% 11 2.6% 16 4.3%
Digestive dyspepsia 2 18% 7 16% 7 16% 12 3.2%
Body asthenia 21 1.7% 2 04% 9 21% 6 1.6%
Skin and skin structures rash 17 1.4% 5 11% 22 5.1% 7 1.9%
Respiratory sinusitis 15 1.2% 5 11% 5 1.2% 6 1.6%
Respiratory bronchitis 13 1.1% 1 02% 0 0.0% 3 0.8%
Body flu syndrome 11 0.9% 4 09% 5 1.2% 4 1.1%
Urcgenital urinary tract infection 11 0.9% 4 09% 0 0.0% 2 0.5%
Digestive vormiting b 0.9% 2 04% 12 28% 8 21%
Respiratory cough increased 10 0.8% 6 1.3% 4 0.9% ] 0.0%
Body infection 10 0.8% 2 04% 4 0.9% 0 0.0%
Digestive abnormal stoois 9 0.7% 0 00% 0 0.0% 0 0.0%
Body fever 7 0.6% 1 0.2% 6 1.4% 5 1.3%
Digaztive flatulence 7 0.6% 1 02% 4 0.9% 4 1.1%
Ut Lqesinal urinary frequency 8 0.6% 1 02% 0 0.0% 4 1.1%
Uroyer. '« dysuria 6 0.5% 0 00% 1 0.2% 6 1.6%
Cardioyescitar migraine 6 0.5% 2 04% 1 0.2% 2 0.5%
Musculoskeletal myalgia 6 0.5% 2  04% 0 0.0% 2 0.5%
Skin and skin structures  pruritus 6 0.5% 5 1.1% 9 2.1% 6 1.6%
Nervous somnolence 6 0.5% 0 00% 2 0.5% 0 0.0%
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V. Summary and Conclusions

Efficacy

Statistical evaluation of efficacy is based upon the two-sided 95% confidence interval of the fosfomycin
tromethamine minus comparator difference in the rate of all bactericiogic eradication rate at 5-11 days afier the end
of the longer treatment arm in the medical officer’s evaluabie patient group. The confidence intervals are reported
as n,, n, (95% Cl} p,, p, where n, is the number i the tesi group, n, is the number in the control group, p, is the
percent cured in the test group, and p. is the percent cured in the control group. o

In siudy MON-US-01, the 95% confidence interval is 455 25, (-30%, - 18%) 40 oo, Which demonstrates that a single
dose of 3 gm fosfomycin tromethamine is therapoutically inferior in efficacy to 7 days of ciprofloxacin 250 mg q.
12h. in the treatrnent of uncomplicated urinary tract inifections in women.

In study MON-US-02, the 95% confidence interval is 5,5 97 (-23% , -12%) 5,4, o504 Yvhich demonstrates that a single
dose of 3 gm fosfomycin tromethamine is therapeutically inferior in efficacy to 10 days of
trimethoprim/sn!famethoxazole 160/800 mg q. [2h. i the treatment of uncomplicated vrinary tract infections in

women.

In study MON-US-03, the 95% confidence interval is ;4 334 (9%, 7%) 15 6% Which demonstrates that a single
dose of 3 gm fosfomycin tromethamine is therapeutically equivalent in efficacy to 7 days of nitrofurantoin
monohydrate/macrocrystais 100 mg q. 12h. in the reatment of uncomplicated urinary tract infections in women,

Safety

Statistical evaluation of safety is based upon the Fisher’s exact test comparing the rates of at least one adverse event
in each of the treatment groups.

A single dose of 3 gm fosfomycin tromethamine is not statistically significantly different in safety from either 7
days of ciprofloxacin 250 mg q. 12 hr. or 7 days of nitrofurantoin monchydrate/macrocrystals 100 mg q. 12h.. In
study MON-US-01, the rate of at least one adverse event is 46% (199/432) for fosfomycin tromethamine and 43%
{193/445} for ciprofloxacin which produces a Fisher’s exact p-value of 0.46. In study MON-US-03, the rate of at
least one adverse event is 51% (192/375) for fosfomycin tromethamine and 49% (184/374) for nitrofurantoin which

produces a Fishier’s exact p-value of 0.61.

A single dose of 3 gm fosfomycin tromethamine is statistically superior in safety to 10 days of
trimethoprim/sulfamethoxazole 160/800 mg q. 12 h. In study MON-US-02, the rate of at least one adveise evert is
41% (176/426) for fosfomycin tromethamine and 50% (212/428) for trimethoprim/sulfamethoxazole which

produces a Fisher’s exact p-value of 0.02.

In all three studies, fosfomycin tromethamine has a statistically significantly higher rate of diarrhea than its
comparators. This is the only adverse even where the direction of the effect was consistent across all three studies.
In study MON-US-01, the rate of diarrhea is 8% (33/432) and 4% (19/445) for fosfomycin tromethamine and
ciprofloxacin, respectively (p=0.04). In study MON-US-02, the rate of diarrhea is 9% (40/426) and 3% (11/428) for
fosfomycin tromethamine and trimethoprim/sulfamethoxazole, respectively (p<0.01). In stady MON-US-03, the
rate of diarrhea is 14.7% (55/375) and 8% (30/374) for fosfomycin tromethamine and for nitrofurantoin,
monohydrate/macrocrystals respectively (p=0.005).

Subgroup analyses by age (18-44,45-65, and >65) and race (white, black, and other) did not reveal any noteworthy
subgroup differen vith respect to efficacy or safety.
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Conclusion

A single dose of 3 gm fosfomycin romethamine meets DAIDP's guidelines for estabiishing therapeutical
equivalence in cfficacy to 7 days of nitrofurantoin monohydrate/macrocrystals 100 mg q. 12h. in the treatment of
uncomplicated urinary tract infections in women. However, the label shouid indicate that this treatment is
therapeutically inferior to treatments of either 7 days of ciprofloxacin 250 mg q. 12h. or 10 days of
trimethoprim/sulfamethoxazole 160/800 mg q. 12h. for this indication.

U - -
5 72 5
oL o))
B. Sue Bell, Ph.D.
Mathematica: Statistician, DOB 1V

o..,(ﬂr'l«--t ‘L—: {%7/76

Concur: Daphne Lin, Ph.D.
Acting Team Leader, DOB 1V

Jfit AP

Ralph Harkins, Ph.D.
Division Director, DOB IV

CC:

Archival: NDA 56-717

HFD-520

HFD-520/. Feigal

HFD-725/R. Harkins

HFD-725/D. Lin

HFD-520/Meaical Officer/). Soreth
HFD-520/Project Manager/B. Duvall-Milier
HFD-520/Project Manager/C. Debellas
HFD-725/BioStat/S. Bell

HFD-344/M. Thomas

Chron

This review contains 17 pages



/‘/

STATISTICAL REVIEW AND EVALUATION

NDA: 50-717 .-

Ao 18 035
Applicant: Zambon Corporation/ Forest Laboratories, Inc.
Name of Drug: fosfomycin tromethamine (MONUROL™)

Documents Reviewsd: NDA volumes 1.66-1.73, stamp dated Se »or 29, 1954
Statistical Amendment {(electronic datas - iion}, dated January 5, 1995
Addiional slectronic data submitted by .,  ton May 18,1885
Medical Officer's electronic data (Study 01), received June 14, 1985
Medical Officer's slectronic data (Study 02), received June 28, 1995
Draft Medical Officer's Review (Study 02), received July §, 1995
Draft Medicai Oficer's Review (Study 01), received July 8, 1885

indication: uncompiicated urinary tract infections (acute cystitis)
Medical input: Janice Soreth, M.D., HFD-520
L AB ST RACT . ... i e e e e e e e 2
L OINT RO DU G TION . ...t ettt it e et e et e 2
L BV ALUATION .. e e e e 3
A, STUDY DESIGN . . .. e e e 3
HB. OUTCOME DEFINITIONS ... ... .. i e it e e 4
HLB.1. BACTERIOLOGIC EFFICACY . ... it i ettt aaann 4
B.1a APPLICANT ... it i i i e e e e 4
NB.1.b MEDICALOFFICER ............ ... ... cooiin... s 6
MB.2 CLNICAL BRI CACY . . .. i e et et 7
B 2a APPLICANT ... . ... i i i e e e 7
MB2b. MEDICALOFFICER ....... ... ... ... i, 8
BB SARE Y i e e e ]
.C. EXCLUSION CRITERIA FOR PATIENTANALYSISGROUPS . ....................... 9
1.C.1. MODIFIED INTENT TO TREAT PATIENTS . ... ... ... s 8
M APPLICAIT .. i et et e 9
MC AL MEDICAL OFFICER ....... ... . it eea ]
.C 2. EVALUABLE PATIENTS ... .. e e e 9
Sl C 28 APPLICANT . e e 9
MC2b. MEDICAL NFFICER .. ... .. . ... i, 10
D ANALYTICAL METHODS ... . .. . i e e e e 10
MDA APPLUCANTMETHODS ... .. 10
HD.2 REVIEWERMETHODS .. ... . . .. e 1
. RESULY S . e e 12
HLE.1. PROTOCOL MON-US-B1 . ... .. .. e e 12
HLE2 PROTOCOLMON-US02 . ... ... . e 21
V. SUMMARY ANDCONCLUSIONS ... .. .................. e 29



NDA S0-717 fosfonm sin tremetharrine (MONUROL™) 2

L ABSTRACT

The applicant requests approval of a single 3 gm dose of fosfomycin tromethamine (MONUROL™) for the
freatment of uncomplicedad urinary tract infections. To suppart their indication, the applicant has submitted data
from two domesdic, landomized, paraliel group, double-biind, double dummy studies which compare the safety
and efficacy of a single 3 gm dose of fosfomycin tromethamine (FT) to either a 7 day course of ciprofloxacin
{CP) 250 mg q. 12 h. (protocol MON-US-01) or a 10 day course of trimethoprim/sulfamethoxazole (TS)
180/800 mg q. 12 h. (protocol MON-US-02) in the treatment of women with uncompiicated urinary tract
infections. The primary sfficacy variable is the rate of all bactericlogic sradicstion at 5-11 days post treatment
in the madical officer's evaluable pstient group. in study 01, the eradication rate is 78% (203/280) for FT versus
99% (219/222) for CP [95% C.1.(-26%, -15%)). in study 02, the eradication rate is 85% (212/249) for FY versus
80% (194M197) for TS [95% C.L:(-19%, -8%)]. The overall rate of advarse events is similar across treatments
in study 01 [48% (189/432) for FT versus 43% (193/445) for CP, p=0.48), and lower for F7 in study 02 [41%
{176/426) FT versus 50% (212/428) for TS, p=0.02]. in both studies, FT had a higher rate of diarrhea than its
comparator [study 01: 8% (33/432) versus 4% (15/445), p=0.04; study 02: 9% (40/426) versus 3% (11/428),
p<0.01}. Compared to a 7 day course of ciprofloxacin 250 mg q. 12 h. or a 10 cay course of
timethoprim/sulfamethoxazole 160300 mg q. 12 h., a single 3 gm dose of fosfomycin trumethamine is inferior
in efficacy, and does not have a substantial safety advantage for the treatmerrt of uncomolicated urinary traci
infections in women.

Il INTRODUCTION

The applicant requests the foliowing indication in the indications and Uisage section of the proposed label:

The foliowing treatment regimen is suggested in the Dosage and Administration section of the proposed
tabel:
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Hii. EVALUATION

ULA. STUDY DESIGN

MON-US-01 and MON-UIS-02 were domestic, randomized (1:1 ratio), parallel-group, active-controlied, double-
blind, double-dummy, multicenter trisis. Patients received either a 3 gm single oral dose of fosfomycin
tromethamine packaged in & sachet, ciprofloxsicin 250 mg tableis every 12 hours for seven days (study 01) or
trimethoprim/sulfamethoxazole 1860/800 my tablets every 12 hours fur ten days (study 02). To maintain the
study blind, FT patients received 7 days (study 01) or 10 days (study 02) of piscebo tablets, and CP or TS
patients received a placebo sachet on the firet day of therapy.

Non-pregnant. non-tactating females of age 18 or older with clinical signs and/or symptoms of uncomplicated
UT! were eligibie for enroliment. Patients who met the inclusion/exciusion criteria (see medical officer's review
for detaiis) were randomited to treatment before bassline urine cutture results were known. According to
protocol, if the beseline culture did not isolate an organism Or an organism was soizied st insufficient quantitiag
(<10° CFU) the patient was t0 be removed from the trial and trested according to the investigator's discretion.

By protocol convention, the baseline visit was desvignated as Visit 1. Four additional follow-up contacts
(designated as Visits 1A, 2, 3, and 4) were required. The timing of these contacts in reiation to study day is
pressrvied in Table 1. By conveniion, the first day of therapy was designated as study day 0, and =il subsequent
study days were defined in tertns of the number of daye after the ficst day of therapy. Note that due to the
double-biind nature of the studies, all paienis received either 7 days (study 01) or 10 days (study 02) of therapy.
Howewver, in reality, the FT patients only received one day of active tharapy. Therefare, Table 1 also presents
descriptions of the visit timing from both blindew and unblinded perspectives.

TABLE 1: Protocol Defined Visit Schedule

w
Study Timepoint Study Timepoint
MON-UJS | MON.LIS {treatment blinded) {treatment unblinded)
-01 02
4
1 0 0 baseiine assessment | FT: first day of therapy
first day of therapy CP: first day of therapy
TS : first day of therapy
1A 2-4 2-4 48-96 hrs after first FT: 2-4 days post therapy
dose of therapy CP: days 3-5 on therapy
TS: days 35 on therapy
2 59 = 58 5-9 days <fter first FT. 5-9 days post therapy
dose of therapy CP: days 6-7 on thetapy or
1-3 days post therapy
TS: days 8-10 on therapy
3 11-15 14-18 | 5-9 days after iast FT: 11-15 days post therapy (Study 01)
idose of therapy 14-18 days post therapy (Study 02)
CP:. 5-9 days post therapy
TS 5-9 days post therapy
4 34-48 17-51 | 4-6 weeks after last FT: 5-7 weeks post therapy
dose of therapy CP: 4-8 wesks post therapy
TS: 4-8 weeks post therapy
R e A
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The procedures performed at each visit are presented in Table 2. Note that Vislt 1A was an optional clinic visit.
However, & telephone contact was required. The ncted evaluations for Visit 1A wers parformed only if the

patient was symptomatic.
- Laborefory parameters (hematology andd blood chemistry) were not measured when

BEVIEWER COMMENT.
FT patients were on therapy The earkiest post baseline jeborstory meesivements for FT were taken at 5-9

days poit therapy.

TABLE 2: Pretocol Defined

Assessment/Observation

Inclusion/Exciusion
jinformed Consent
Randomization/Administration of Treatment’
IMedical History
§Physic -i Examination
fvits! Signs
Clinical Evalustion
Pregnancy Test
Bacteriology (Urine Culture and Sus:eptibility)
Urinalysis
Hematology
Chemistry

Adverse Events

* Visit 1A was an optionsl clinic visit. A telephone contact was recusired.
" The sachet and first tablet ware administered ur:der the observition of the vvestigator.
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LB, QOUTCOME DEFINITIONS
5.1, BACTERIOLOGIC EFFICACY

¥iB.1.a. APPLICANT
According to section 10.1 of the sppiicant's protocols, bacterioiogic outcomes wery defined us follows:
At early post therapy visik (Visit 2 for FT. Visit 2 for CP and TS ©

Cuic: All initially susceptible pathogens (- 10° CFU) are reduced to <1("* CFU 5-9 days
after the |ast dosa of study medication.

Failure: Persistence of - 10° CFU of the initially susceptible pathoren. it vill be considered
a bactericlogic failure if the pathogen is present at leveis > 10° CFLI at 48-95 hours
after the first dose of thempy or if the pathogen i inlially eliminated at 48-96
hours after the first dose of therapy and is re-isolated at 5-9 days post therapy.
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Superinfection: Growth of > 10° CFU of a different pathogen during therapy.

Impossible to Evaluate: A bacteriologic evaluation of cuse or fallure cannot be made due to, but not limited
to such reasons ss no bacterial pathcgen solated pretherapy, urine specimens not
obteined at protocol specified ime intervals, concomitant antimictobial
sdministration interfered with analysis, etc.

Recurrence: Growth of >10° CFU of an initially susceptible pathogen at 4-8 weeks post therapy
after demonstration of a bacteriologic cure.

New infection: Growth of > 10° CFU of a differerit new pathogen at 4-8 weeks post therapy.

BEVIEEWER COMMENTS: These bactenoiogic oufcomes were assigned by the soplicant’s medicel monior.
By design, the CRF collected information on esach urine culture, but did not collevt the investigator's
inferpretation of the wrine cullure information.

By definition, the outcome of supeninfection can occur only for CP or TS patients.

The outvomes of superinfection, recurrence, and new infection were evaluated individually in terms of yes/io
respnses. The appucant did not assign outvomes which account for all patients st 4-6 weeks post therspy.
i a patient is a bacteriologic failure at 5-9 days post therapy, ha/she should be designated as such st 4-8
weeks post therapy. If a patient is & bacteriologic cure at both time points, this should be reflectud at tho 4-6
weeic assossment. The outtome of new infection is mutually excluzive of the outcome of tho initial infection;
i.e., a patient may have eradication of the onginal infection with a new infection.

This reviewer performod an analysis of the applicant’s data which accounts for all patients at the late post
therapy visit using the following conventions:

Sustained Cure: bacteniclogic cure at the sarly post therapy visit with documentation of no new
infection or no recurrence at the late post therapy visit.

Sustained Cure

with New Infection: bacteniologic cure &t the eerly post therapy visit with documentation of a new infection
at any time post therapy (tming of new infections was not available on the applicant's
database) and with documentation of no recurrenco at the late post therapy visi.

Recumence: becteriologic cure ol the early post therapy visit with documentation of recurrence af
_the late post therapy visit.
Early Bacteriologic
Failure: bacteriologic failure at the early post therapy visit
No Evaiuation: no oufcome recorded on the database for the early post the apy visit or for the iate
post therapy visit

Note that by protocol, visi timing was part of the definitions of the applicant’'s bactenioiogic oultome. In section
3.8.3.1 of the study reports, the applicant extended the visit windows "in an effort fo capture and analyze all
available and appropriate data.” The appiicant’s extended visk windows are presented i) Tabie 3.

The fact that visk bming was ¥nked (o bacteriologic oufcome is @ major Naw in the applicant’s analyses of the
data. According to the sppiicant's definitions, a bacteriologic assessment had to be made exactly within the
specified ime window (3ee Table 3}, or the medicul monitor would assign patient’s oulcome as "impossibie
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fo Evaluate” or "No Evaluation™ Clearly, this is an inappropriate way fo handle treatment failxas or
recumences, since thase oul:omes fend 1o occur 8t unschedkied visits. Fuiihermore, * is misieading fo assign
the oufcorne of “impossible Yo Evaluate” or "No Evalustion” to pabents who actually *.ad sssessments made,
but were not within the specified time window. When the applicant assigned the outvome of “impessibie to
Evaluste” or “No Evaiuation” the reason for this outcome was not provided.

TABLE 3: icant's Window of for Bacteriological and Clinical Evalustions
' TIME WINDOW (in terms of study day)

Evaluation Fr CP TS
Pre-Prirnary (Used for superinfection)® N/A 18 1-9
Pre-Primary (Used for new infection) 14 7-10 10-13
Primary (Used for primary efficacy evaluations snd 511 11-17 14-20 J
determination of new infection)

IPost—Primnry(lhodforhcdmminaﬁonof :12 > 18 -1 I
recurrence and new infaction

* Supsrimieticn was ot & possible outcome for patisnts in the FT group

B.B.1.b, MEDICAL OFFICER
The medical officar assigned pactericlogic outcomes as foliows:

Eracication: All pathogens with : 10° CFU at baseline are reduced to <10* CFU.

Eradication with

New Infection: All pathogens with - 10° CFU at baseline are reduced to <10* CFU, with presence
of a new pathogen at levels > 10° CFU during earty post therapy period

Persistence: Any ps‘hogen with :10° CFU at baseline is present at - 10 CFU at least 48-98
hours aiter the wrst dose of therapy.

Presumed

Persistence: Presence of clinical symptoms during the early post therapy period, but a urine

culture was nut taken at the same time as the clinical assessment.

Al iate post therapy visi{ /it 4 for all restments):

Sustained eradication:  All pathogens with - 10° CFU at baseline are reduced to <10* CFU during earty
poat therapy and remain at <10* CFU during 1ate post therapy.

Sustained Eradication

with New Infection: All pathogens with .10° CFU at baseline are reduced to <10* CFU during early
post therapy and remain at <10* CFU during lote post therapy, with presence
of a new pathogen ai levels > 10° CFU during late post therapy period.

Recurrsnce. Growth of - 10" CFU of an irdtially susceptibie pathogen during late post therapy
after demonstration of bacteriologic eradication during early post therapy.
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Presumed Recurrence: Presence of clinical symptoms during the late poet therapy period after
desmonstration of bactericlogic eradicstion during earty post therapy, but a urine
culturs was not taken at the same time as the clinical assessment.

Early Bacteriologic Eradication/Clinical Failure
Whh Concomitant
Antibiotic: Patients who ware clinical fadure/bacteriologic eradication at early posi therapy who
-~ weTe given a concomitant antibiotic for clinical aymptomns, thus precluding a late
post therapy bacteriologic sssessment.

Early Pervisternce: Farestence or presumad persistence of pathogen -uring sarly post therapy period.
Earty New Infection: Presence of new infection during esrly post therapy period.

BEVIEWER COMMENT. By study profocol, FT patierts had 3 post therapy visits (5-9 days, 11-15 days or 14
18 days, and 5-7 weekz post treatment) where as CP or TS patients had only 2 posi therapy visis (5-0 days
and 4-8 weeks post trestment). To make use of this extra piece of information for the FT group, the medical
officer made the distinction between "early recumencs” ancd “lafe recurrence” only for FT patieits. A FT

recurrence was defincd as "early” if it occurred on study day 12-17 (study 01) or study dey 12-20 (study 02).
A FT recurrence was dofined as “leie” i # occured on study day > 18 (study 01) or study day .21 (study 02).

W.B.2, CLINICAL EFFICACY
M.B.2.a, APPLICANT
According to section 10.2 of the applicant's protocols, clinical outcomes were defined s follows:

Cure: All pre-therapy sighs and symptoms have subsided in a reasonable petiod of tme with no
evidence of their resurgence at the follow up visit 5-9 days post therapy.

improvement. Mast but not a!l pre-therapy signs and symptormns have subsided in a reasonable period of
time without complete resolution at the follow up visit 5-9 days post therapy.

Failure: No apparent response to tharapy. Persistence of all pre-therapy signs and symptoms st 5-9
days post therapy.

Unassessable: A clinical judgement of cure, improvement, or failure cannot be made due to, but not
limited t such ressons as improper dose or length of therapy, concomitant antimicrobial
therapy, no pathogen isciated, therapy discontinued due to adverse reactions, inadequate
colony count, inadequate or no follow up cultures. The investigator will be required to
state the circurnstances which cause the case to be rated as non-evaluable.

BEVIEWER COMMENTS: These chinical oidcomes were assigned by the study investigators.

Although the ¢l nical signs and symptoms at each visit (lank tenderness, suprapubic tendemess, frequency,
dysuria, burning, urgency) wee assessed individually on & 4 point scale (O=absent/hormal Txmild,
2=moderate, 3=severa), the overall chnical eveluation was not directly derived from these individual symptom
scores.
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By protocol and CRF design, the investigator did not make an overadl clinical evaiuation at the late post therapy
visit (Vizit 4). Thevrelore, the applicant did not make any assessments of clinicel outcome st the late post

therapy visk.

Therv was no space on the CRF for the investigetor to stets the circumstances which caused the putient to
have a clnical evaluation of “unassessable”

Since the ciinical and bacteriologic assessments were supposed o be independert, bacteriologic
circumstances should not have made a patient clinically “unassessabie”.

Note that by protocol, visit timing was peart of the definitions of the applicant’s clinicel cutcome.  in sechion
3.6.3.1 of the study reports, the applicant extended the visit windows "in an effort to capture and analyze ak
avaiable and approprisie dals.” The appiicant’s extendad visi windows are presented in Table 3 above. See
additional comments in section /1.B.1.a. above.

B.B.2.b. MEDICAL OFFICER
The medica! officer assigned clinical outcomes ss follows:

Cure: Al or nearty all pre-therapy signs and symptoms are sliminated. One sign/symptom
of a mild nature was accepiad as & cure.

Failure: Persistence of pre-therapy signs and symptoms. One or more signs/symptoms of
2 moderate nature or two or more signs/symptoms of a mild nature were
¢ nsidered failures.

At iate posi tiverapy visit (Vieit 4 for ajl freatments):

Sustained Cure: All or nearty all pre-therapy signs and symptoms eliminated during earty post
therapy without resurgence during late post therapy.

Relapse: All or nearly all pre-therapy signs and syrmptoms eliminated during early post
therapy with resurgence of one or more sighs/symptoms during late post therapy.

Early Clinical Cure/Bactariologic Persistence With

Concomitant
Antbiotic: Patients who wers bacteriologic persistence/clinical cure at early post therapy who
_were given a concomitant antibiotic for the persistent organism. thus precluding
a lute post therapy clinical assessment.
Early Failure: Presence of clinical sigha/symptoms during early post therapy period.

REVEWER COMMENT: By study profocol, FT patients had 3 post therapy visits (5-9 days, 11-15 days or 14-
18 days, and 5-7 weeks post ireatment) where as CP or TS petients had only 2 post therapy visits (5-9 days
and 4-8 weeks post treatment). To make use of this extra piece of information for the FT group, th.. medical
officer made the distinction between "early relapse” anc “iste relapse” only for FT patients. A FT relapse was
defined as "early” if k occiared on study day 12-17 {study 01) or study day 12-20 (study 02). A FT relapse
was defined es "lale” if i occurred on study day - 18 (study 01) or study day 21 (study 02).
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REB.3. SAFETY

According the applicant's protocois attribution of clinical adverse svents was sssigned by the investigator ss
foliows.

Definitely related: Reiationship has been confirmed by dechallenge and rechalienge; remission and
recurrence foliow a reasonabile temporal sequence.

Probably reiated: 'Strong suspicion of drug association when type, time course, and relationship to
dosing und/or dechalienge are considered.

Possibly ralated. As suggestec! by type, time, course, reiationship 1o taking of medication and sxternal

everis; may follow a known response pattern to suspected drug but could have been
produced by patient's clinical state and/or other therapy.

Unlikely: Drug relatznship very unlikely; no clear external cause; does not follow a known
response pattern to drug.
Not related: Clearly pre-axisting or caused by a specific extraneous event; not worsened by the

study treatment; not & known response pettern.

Cilinical adverse events were aiso graded on the foliowing scaie:

Mild: Discomfort without disruption of daily activity.

Moderate: Diascomfort sufficient to reduce or affect norma! Zaty activity.
Severe: Incapacitating with inabiity to work or perform nofmal daily activity.

ILC. EXCLUSION CRITERIA FOR PATIENT ANALYSIS GROUPS
M.C.1. MODIFIED INTENT TO TREAT PATIENTS

N.C.1.a. APPLICANT

According to section 3.8.1.5 of the study reports, a patent is sxcluded from the applicant's modified intent to
treat group if she did not have a positive urine culture (- 10° CFU of a least one pathogen) at baseline (study
day -2 to 0).

BC.Lh, MEDICAL OFFICER
The medical cfficer did not define or svaiuate patients for a modified intent to treat poputation.

MC.2. EVALUABLE PATIENTS
WC.2a, APPLICANT
According to section 3.8.1.5 of the study reports, a pstient is excluded frain the applicant's evaluable group if

she did not have a positive urine culture (. 10° CFU of a ieast ane pathogen) at baseline (study day -2 to 0), if
the molated baseline pathogen was not susceptible to both study antibiotics or susceptibility testing was not
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done, if the patient was not compliant with taking the study medicsiion (took <10 tablets in study 01 or <14
tablets in study 02) or compliance was uninown, or if the medicel monitor did nat deem the petient approprizte
for analysis.

REVIEWER COMMENTS: The study reports stafe that the medicel monifor review of patiernts was pefformed
prior to breaidng the studly biind. However, the exciusion critena used by the applicant’s inedical monitor was
not documenied in the study reports. Most patients who were exciuded by the medicel monitor were given the
exclusion reason “other”. The applicant provided more information on Jis “other™ group via facsimile
transmission on May 25, 199¢. According fo the appiicent, the medical monitor exciuded patients based upon
a roview of past medical history, past history of liness, and pest surgicel history, however, no specific or
consistently apphed criteria wers given,

The reader shou/d note that according to the applicant’s svaluabilly criteria, & FT patient could be exciuded
for not taking the appropriate number of piacebo tabiets.

The reader should aiso note that the liming of patient post-baseline visis was not 8 criterion for exciusion from
the appiicart’s patient analysis groups. ¥ an otherwise svaluable palisnt did not have a visit within the specified
visit windows, the patient was deemed evaluable for analysis, but given the oulcome “No Evaluation”. See
addiional comments in section I1.B. 1.a.

N.C.2.0 MEDICAL OFFICER

A patient is excluded from the medical officer's svaiuabile patient group if there is no bassiine pathogen with
-310° CFU, if there is no visit at 5-11 days post therapy (dovs not apply to bacteriologic persistence or clinical
failure), if there is no visit at =21 days post therapy (cdoss not apply to bacteriologic recurrence or clinical
relapee), if the patient took <10 tablets (CP patisnts only) or <14 tablets (TS patients only) or tablet compliance
unknown (does not zoply 1o FT patients), f the patient had an imtercurrent iliness, if & concomitant antimicrobial
was given for ancther lliness, or if the petient had a protocol viciation with respect to dissase diagnosis.

REVIEWER COMMENT Due fo data inconsistencies, the medical officer 8i30 exciuded all patients from
investigator Ginsberg of study 02. See the medical officer’s review for detais.

LD, ANALYTICAL METHODS

ILD.1. APPLICANT METHODS

According to section 3.10 of the study reports, the appiicant compared freatsent groups with respect to
baseline demographic variables using & \-test for quantitative viriables, and a Chi-square contingency table
analysis or Fisher's exact test for qualitative variables.

The appiicant compared trestment groups with respect to bacteriological and clinical cure rates (on the patient
level) using a Fisher's exact test. One sided 95% confidence imervals for the t~eatment difference in cure rate
{comparator mirius fosformycin) were alsc computed using a norMmal approXimutan to the binomial distribution.
When computing cure rates, all patients with outcomes of "no evalustion™ were exciuded.

The apphcant did not perform center-adjusted analysia because approximately two-thirds of the centers fad
fewer than ten patients in one or both of the treatment groups. However, descnptive analyses by center were
provded.

The applicant did not perform statistical tests of bacteriologic cure rates on the pathogen level. However,
descriptive analyses by pathogen were provided.
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With respect o categorical safety outcomes, the applicant compared treatments using Fishar's exact test. For
quantitative safety variables such as viial sign measurements, serum chemistry and hematology resuils, the
applicant compared treatment groupe at baseline using a two sampie t-test. At each post-baseiine visi, the
treatment groups were compared with respect to the mean change from baseline using a two sampie t-test.
Within each treatment group, the significance ¢! the mesn chunge from baseline was determined using a
paired t-test,

For all tests of hypotheses, the applicant declared statistical significance if the two-sided p-value was - 0.05.

REVIEWER COMMENTS: The appiicant's primary efficacy variable was not specified in the profocoi or sty
report.

The applicant's method for computing cornfidence intervals is not appropriate for demonstrating efficacy
equivalence. According to the DAIDP "Pointr to Consider” document, two-sided 95% confidence intervals of
the FT minus comparator difference in cure rates shouid be used.

iLD.2, REVIEWER METHOWLS

Treatment group comparsans with respect to beseline demographic characteristics, baseline disease
characteristics, and inciusicn into the patient analysis groups were performed using the Fisher's exact test, chi-
square test, two sample t-test or Wilcoxon rank sum test where appropfiate.

The treatment groups were cumpered for efficacy, equivalence using two sided 95% confidence intervals of the
FT minus comparator difterence in "success™ raie of each efficacy variable of interest. The confidence
intervals were computed using a nor hal approximation to the binomial distribution anc incorporated a confinuity
comection. The confiience intervals were interpreted using the guideline outlined on page 20 of the dru t DADP
"Points to Consider” document. Efficacy equivalence analyses were performed for the following variables:

. all bacteriotogic eradication &t 5-11 days post treatmant (includes sradication/cure, eradication/cure
with superinfection, and eradication/cure with new infection)

. bacteriologic sradication/cure at 5-11 days post trestment

. all bacteniologic eradication by the end of the longer course of therapy (day 17 for study 01 and day
20 for study 02; includes eradication and e2adication with now infoction; computed for MO data only)

. bacteriologic eradication by the snd of the longer course of therapy (MO data only)

. all sustained eradication st 4-8 weeis post therapy ( includes sustained eradication/cure an sustained

eradication/cure with nevs infection)

sustained bacteriologic eradication at 4-8 wesks post therapy

bacteriologi~ aradication of £. coli isolates at 5-11 days post treatment (MO data only)

bacteriologic eradication of E. coli isoiates by the end of the longer course of therapy (MO data only)

bacteriologic sradicstion of £. coli isolates st 4-8 waeks post treatment /MC data only)

clinical cure or improvement st 5-11 days post treatment

clinics! cure at 5-11 days nost treatment

clirical cure at the end of the longer course of therapy (MO data only)

sustained clinical cure at 4-8 weeks post therapy (MO data only)

"overall success™ at 5-11 days post treatment (overall success definad as a bacteriologic eradication

or bactanologic eradication with new infection ang clinical cure; computed for MO data only)

. "complete success” at 5-11 days post trestment (compiete success defined as a bacteriologic
sradication or bacteriologic eradication with new infection and clinical cure gnd no adverse event;
computed for MO data only)

[ L] L] L] L] L] L] [ ] -

This reviewer considers the rate of all bacteniclogic eradication at 5-11 days post reatment in the medical
oficer's evaiuable patiert group to be the primary efficacy vanable. All othe: afficacy variables are considered
secondary.

Subset efficacy analyses by age (<85 versus >55) and race (white, biack, other) were performed [’ the primary
efficacy variable.
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Trestment group comparisons of adverse event rates weare performed using Figher's exact test. Comparisons
were made for the foliowing variabies:

patients with at least one adverse event

petients with at least one adverse svent by body system
patients with at least one adverse event by each type of event
patients with at least one severe adverse svent

patients discontinued due to an adverse event

L] L ] » L] -

Subset safety analyses by age (<85 versus >85) and race (white, black, other) were performed for the reteof
at least one adverse event. All patients who took at ieast one dose of study medication are inciuded in the

safety analyses.
Unless otherwise stated, all tests are two sided, and the leve! of significance is 0.05.

Alf tabulated data presented in this review were obtained from the applicant's study reports, the applicant's SAS
data sets, the medical officer's draft reviews dated 7/8/95 (study 01) and 7/5/95 (study 02), and the medical
officer's Paradox data bases dated 8/14/95 (study 01) and 6/29/95 (study 02).

BEVEWER NOTE: When the medical officer's analysis group exclusion criteria as stated in section l.C.2.b.
were applied to the medical officer’s data bases, the resultant groups of evaluable patierts differed from those
presented in the medical officer’ s draft reviews. However, the inconsistencies did not grossly impact study
conclusi-ns. In this review, the medical officer’s evaluable patient groups as presented in the medical officer's
draft reviews of 7/6/5 (study 01) and 7/5/95 (study 02) are used in ali eficacy analyses.

ILE. RESULTS

REVEWER NOTE: Three investigators (Hamack, Costantini, and lravani) parbcipated in voth studies. These
centers enrolled 17% (147/877) and 21% (179/854) of the patients in protocols MON-US-07 and MON-US-02,
respectively. The independence of these Irials is questionabie.

BLE.1. PROTOCOL MON-US-01

A total of 877 patients were enrolled across 32 centers. Enroliment by center ranged from 1 to 74. By
randomization, 432 and 445 patients were allocated to raceive FT and CP, respectively.

The number of patients includad in each analysis group is displayed in Table 4. in each analysis group, the
percentage of included FT patients is numerically greater than the percentage o inciudnd CP patients.
However, the trextment difference is significant only in the MO evalizable group. The treatment difference in
the percentage of patients included in this analysis group is main’y due to an imbaiance with regard to the
number of patients without a pathogen &t beseline (142 "34%) for FT varsus 180 (40%) for CP). An imbalance
aiso existy with regard to the number of patier.a exciuded by u = MO fur a missing of late 5-11 day post therapy
visit [5 (1%) for FT versus 11(3%) for CP, see medicai officer’'s raview]. This phenomenon is directly linked
to treatment efficacy, since 2 "cure” cutside the 5-11 day window would be excluded from the analysis, but a
“failure” outside of the window would not be excluded from the anaiysis.

TABLE 4: Study 01 Patients Included in Analysis Groups

FT (N=432) CP (N=445)
analysss group included (%) included (%) prvalue’
applicant modified [TT 283 136) 265 (60) 0.070
applicant evaluabiz 2 (53) 212 (49) 0.091
MO evaluabie 280 80 222 0.002

' P-vaiue from Figher's exact tset.
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Within the analysis groups, the treatments did not differ significantly with respect to baseline demographic characteristics or baseline disease characteristics. In
general, patients studied were young, white females.

Only 10 of the 32 centers had at ieast 10 patients per reatment included in zny of the analysis groups. Since enrollment by center was generaily small, meaningful
by center anak.zes coul not be pedformed.

Bacteriologic resuits at 5-11 days post ireatment a-e presented in Tabie 5. The rate of all eradication for FT is 83%, 84%, and 78% in the applicant modified ITT,
applicant evaluable, and MO evaluable groups, respactizely. For CP, the rate of all eradication is 98% in all analysis gsoups. The rates for eradication/cure are
similar. At 5-11 days post treatment in all a-ralysis groups, tha 85% confidence intervals show that FT has a significantly lowes rate of all eradication, and a
significantly iower rate of oradicationfcut7 than CP.

TABLE §: Study G1 Bacterioiogic Outcomes at Earty Post Therapy Visit (5 to 11 days post treatment)
study day S-11 for tudy day 11-17 for CP

evajuable

modified ITT
I applicant applicant MO
rFT {N=283) | CP (N=263) § FT (N=231) | CP(N=212) | FT (N=260) | CP (N=222) |
— n (%) n (%) n_ (%) n (%) n (%) n () ]

ail sradication

eradication/cure
cure with superinfection (applicant outcome only)
eiadication with new infection (MO outcome only)

all persistence

persistence/failure
presumed persistence

apphlicant "no evaluation™
_denominator excluding applicant "no evahuation®

B sradicationfeweonty  __ § (210 |

(-26, -15)

{-20, -10)

* This calegory is excluded from tw applicart analyses. The reasons for "no evaluation” were not provided by the applicant.
? Two sided 95% confidence ‘ntervals of the FT minus CP difference in “success™ rate computed by the revik e using a normal approximation to the binomial and incorporatityg a continuity cormection.
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Bactericlogic results at the end of the longer course of therapy (study day 17) for the MO evaiuabic analysis
group are presentad in Table 6. The rate of &l eradication is 75% for FT compared to 98% for CP. The rates
for eradication only are similar.  The confidence interval resuits show that at the end of the longer course of
therapy, FT has a significantly lower rate of all eradication, and a significantly lower rate of sradication than CP.

TABLE 6: Study 01 Moducal Oflioer Bamnologlc Ouh:omu By Study Day 17

CP (N=222) |

all eradication

219

eradication

218 (98) I

eradication with new infection 7 (3) 1 (<1)

all persistance/eariy recurmence
MO sarly recurrence (study day 12-17 for FT oniy)
persistence
presumed persistence

all eradication

_ ondicatin only 7 '

—_——— =

! Two sided 95% corficerion intervals of the FT minus CP difference in “success™ rate computed by the reviewer using 8 normal
approximation to the tinomial and incorporating a continuity correction.

Bacteriologic results at 4-& weeks post treatment are presented in Table 7. The rate of all sustained eradication
for FT is 71%, 71%, and €1% in the applicent modified ITT, applicant evaiuable, and MO evaluable groups,
respectively. The v of il sustained eradication for CP is 95%, 86%, and 89% in the apg kcant moditied ITT,
applicant eva! nd MO evaluable groups, respectively. At 4-8 weeks post treatment in all analysis
groups, the 85% cu.  .ence intervais show that FT has a significantiy lower rate of all sustained eradication
than CP.

The rate of sustained eradication/cure for FT is 64%, 85%, and 57% in the aplicant modified ITT, applicant
evaluable, and MO evaluable groups. respectively. The rate of susteined eradication/cure for CP is 91%, 92%,
and 86% in the applicant modiir~ ITT, applicant evalusbie, and MO evaluable groups, respectively. At4-6
weeks post trex'ment in all analys. - sjroups, the 95% confidence intervals show that FT has a significantly lower
rate of sustained eradication/cure than CP.

Bacteriologic results for E. coli icolates in the MO svaluable analysis jroup are presente:d in Tabie 8. The rate
of E. coli aradication for FT is 81%, 77%, and 69% at 5-11 days post treatment, by study day 17, and at 4-6
woeks post trestment, respectively. The rate of E. co eradication for CP is 93%, 98%. and 90% at 5-11 days
post trestment, by study day 17, and at 4-6 wesks post treatment, respectively. As demonstrated by the 85%
confidence interval resuits, FT has a significantly lower rate of £. Cof eradicatior than CP at all ime points. Due
to smali numbers of isolates, meaningful analyses of other wrinary pathogens could not be performed.
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TABLE 7 : Study 01 Bacteriologic Outcomes at Late Post Therapy Visit (approximately 4-C weeks post treatment)
7 day »12 for FT, study day - 18 for CP

modified ITT evali:able
outcome ¥
applicant applicant ' MO
{conip-ted by reviewer) \ {computed by reviewer) _ .
FT (N=283) | CP (N=265) § FT (N=231) | CP(N=212) | FT (N=280) | CP (N=x22)
- 7 » n (%) n_ (% ) n %) | n (%) § n W n (%)
alt sustained eradication 183 (T1) | 210 (95) | 183 (71) | 173 (98} J 158 (&1) | 197 (89)
sustained eradication/cure 188 (84) | 207 (1) | 141 (85) | 188 (92) F 148 (ST) | 192 (86)
sustained erad./cure with new infection 1 T 8 (4) 12 ) 7 (4) 10 4) 5 2
all recurrenceipersistence 75 29 10 1] L 3] {29) 8 {4) 87 (33) 20 (9)
applicant recurrence (reqardiess of timing) 30 (12) 8 4 § 28 {(13) 7 (4) | . - - -
MO early recurrence (study day 12-17 for F7 only) . - - - - - - - 9 3 - -
MO ato recurrsnce (study day >18) - . - - - - - - B 18 M 11 (5)
MO presumed iate recuirsnce (study cay -18) - - - - - - - - 2 (&) 8 3)
early persistence/Mail (documented or presumed) 45 (17 2 (1 ¢ 35 (i8) 1 (<1) _ 57 (22) 3 (1)
MO patients without long term bactsriologic follow up® . - - ! - . - - 15 (6) 5 2)
oarly bact. erad / cliniczl failure with concomitart antibiotic . - - - - - - 8 {3) 4 {2)
sariy eradication with new infection - - - - - - - 7 3) 1 {<1)
applicant "no evaluation™ i 25 45 18 M - . 1
applicant “no evaiuation” of aarly visit 13 32 | 7 24 . -
applicant "no evaluation” at late visit 12 13 8 7 - -
denominator excluding applicant "no svailuation” 258 220 j 2168 181 } 220 222
Ca— . G o o - . - _ - S
ail sustained eradicstion

(-31,18) | (-32,497) | (-38, -20)
A3420 ksl 3T, 22
®ag 3 woret case armiysis, ihaes palierts have been inciuded in s medical officer aralyses as baciericlogic falkwes. According io the medical officer, most of thess patients received a concomitant antiblotic sfter the
oarly post therapy visit.

* This category Is excluded from the applicant analyses. The ressons for "no evaluation™ weare not proviied by the applicant.
* Two shded 95% confidence intervale of the FT minus CP diffarence in "success™ rate computed by the reviewer using a normal appraximation to the binomial and incorporating a continuity correction.

_sustained eradication/cure
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TABLE 8: Study 01 85% C.i. of the FT minus CP Difference in Bacteriologic Eradication Rate
for E. Coli isolates

I FT (N=216)
(%)

CP (N=187)
(%) |
(8)

85% C.I*

n n

23,11

oarly post therapy visit

175 81 184
(5-11 days post therapy)
by study day 17 167 {n 184 (98) (-27,-1%)
(5-17 days post therapy for FT;
5-11 days post therapy for CP)
late post therapy visit 149 (69) ies (80) (-29, -13)

approxmately 4-8 weeks thera

* Two riced 95% conficence inturvals ¢f the FT minua CP differsnce in "success™ rate computed by the reviewer Using & nofmal approximetion
1o the binomial and INCOrPorating & continuity cormection.

Chinical results at 5-11 days post reatment are presentsd in Table 3. The rate of cure or improvement for FT
is 98%, 83%, and 77% in the applicant modified ITT, applicant svuluable, and MO evaluable groups,
respectively. The rate of cure or improvement for CP is 100%, 5%, and 96% it the applicant modified [TT,
appiicant evaluable, and MC evaluabile groups, respectively. At 5-11 days post treatment in all analysis groups,
the §5% confidence intervais show that FT has a significantly lower rate of cura or improvement than CP.

The cure rate for FT & 81%, 83%, and 77% in the applicant modified [TT, applicant evaluable, and MO
evaluable groups, respectively. The cure rate for CP is 94%, 85%, and 98% in the applicant modified IT T,
applicant evaluabie, and MO evaluable groups, respectively. At 5-11 days post treatment in all analysis groups,
the 85% confidence intervals show that FT has & sighificantly lower cure rate than CP.

Tables 10 and 11 display clinicai results at the end of the longer course of therapy (study day 17) and at 4-6
weeks post therapy, respectively, for the MO evaluable anatysis group. At study day 17, the cure rete is 73%
for FT compared W 96% for CP. At 4-8 weeks post therapy, the sustained cure rate is 58% for FT vompared
to 88% for CP. The confidence interval results show thiat FT has a significantly lower cure rate than CP at both
time points.

At 5-11 days post treatment, the rate of "oversll success” (defined as & bactericiogic eradication or bacteriologic
eradication with new infection and clinical cure) in the MO evaluabie analysis group is 87% (174/230) for FT
ard 85% (211/222) for CP. The 95% confidence inerval of the FT minus CP diffarence in overail success rate
is (-35%, -21%), which shows that FT has a significantly lower rate of overall success than CP.

At 5-11 days post teatment, the rate of "complote success” (defined s & bacteriologic eradication or
bactariclogic eradication with new infection gnd clinical cure gnd no adverse event) in the MO eveiuable
analysis group is 37% (95/280) for FT and 50% (112/222) for CP. The 95% confidence interval of the FT minus
CP difference in compiete success rate is (-23%, -5%), which shows that FT has a significantty lower rate of
compiete success than CP.

REVEWER COMMENT: in the MO evaluable analysis group, 54% {141/261) of FT patients and 55% (121/222)
of CP petierts did not have an adverse everr. The 95% corfidence interval of the FT minus CP difference in
the rete of no aadverse evert is (-10%. 9%), which shows that the treatments are similer with respect fo the rete
of no adverse events.
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TABLE %. Study 01 C!lmcal Outcome: at Eariy Post Therapy Visit (5 to 11 days post treatmont‘

evaiuable

outcome
applicant

T (N=283) | CP (N=265) | FT (N=231) | CP(N=212) CP (N=222) |
n @ |n ®wlnr |0 ™
B cure or improvement 247 {98) 230 B ) 7 (8
cure 200 @) |27 @9 |17 ®y
improvement | 40 (16) 13 {8) 0 {0)
tailure s Wwilo @ |3 un
apphicant "no evaluation™ | 7 3s 17 24 . .
denominator excluding applicant "no evaluation” | 256 230 214 188 28C 222

cure or imgrovement {-18, -8) (-28, -13)
cure _ _ - : _ -18, -§ | -26,-13
* This category is exciuded from the applicant anelyses. The reasons for “no evaluation™ wers not provicded by the applicant.
* Twes alidied 95% confidence intervals of the FT minus CP difference in "success™ rate computed by he raviewe! using a normal approximation 1o the binomial and iNcorporating » continuity correction.
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TABLE 10: Study 01 Medical Officar Ciinical Outcomes By Study Day 17
5-17 da therapy for FT, 511 d therapy for CP

MO evaluable patients
CP (N=222) i

owtcome

cure
all failure

MO early relapse (study day 12-17 for FT only)
eanrly faliure

"~ rate computed by the Meviewsr UInG & NOTMal apprEXmEton

* Two sided 95% confidence intervels of e FT minus CP difference in “success
to the binomial and INCOMPorating & Sontinuity cofmection.

TABLE 11: Study 01 Meadical Officer Ciinicel Cutcomes At the Late Poxt Therapy Visit
{(approximately 4-6 weeks poct treatment)
d 212 for FT, stud 218 for CP

MO evaiuuble patients
FT (N=260)
(%)
{59)

153

sustained cUre
all tallure

a7 {33) 24 {11)

MO early relapse (study day 12-17 for FT only)
MO ste relapse (study day :18)
early failure

10 @& | - .
13

23)

6 15

patients without long term clinical follow up®

8

early bacteriologic fdlurolciminl cure with concomitant antibiotic |
| [ 95% c1* sustained cure m

* Two sicled 95% confidence intervaie of the FT minus CP diffecence in "success ™ rales compined by the reviewer using a NorMal approximation
to the binomial and INCOrPOrating & continuity comection,
®As 3 worst case analysie, thess pahents heve been invciuded clirecal “faikres”, SKCE they Necsived 3 CONCOmMEaNnt artitichc

Subset efficacy analyses by age (<65, >85) and race (white, biack. other) for the rate of all bartendiogic
eradication at 5-11 days post tregiment in the madical officer's evaluabis group are presentsc in Table 12.
Confidence interval results were performed only for those subsets with > 10 patients per treatment group.
Efficacy resulis were consistent acroes the subgrouns.
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w
TABLE 12: Study 01 Subgroup Efficacy Analysis of Rate of All Bactsriclogic Eradication

At 5-11 Days Post Treatment According to Madical Officer Evaluable Grou
sradicstion rate

subgroup CP 5% C.1°

2107213 (99)
0 (100)

2007202 (99)
12/13 (92)
777 100

(-26, -14)

age <65
age >65

race white
race biack
race other

(-27,-15)
(52, 12)

* Two sicld 95% confidencs ntervals of the FT menus CP difference in “suctess™ rate computed by the reviewsr uging 8 NormMmal approdmation
10 the binomial and INcorporating & continuity comecton.  Confidence intervaie ane presented only fof thoss SUDEroups with al lsest 10 patienis
per trestrment group.

A summary of safely outcomes as reportad in the applicant's study report is presented in Table 13. FT arxi CP
are similar with respect t the rates of at laast one adverse event, at least one restment relsted adverse svent,
at least one cavere adverse avent, and discontiuation due to an adverse event. FT has significantly higher
rates of at least one metabolic and nutriional system adverse everti, at least one disrrthea adverse event, and
at least one rash adverse event.

REVEEWER COMMENT: Using the appiicant’s SAS data sets, this reviewer could not exactly reproduce some
of the applicant's tabiulations of adverse events presented in the study report. However, the discreparncies
are minor and do not impact study conclusions.

Il y . B n . i
TABLE 13: Study 01 Summary of Safety Outcomes' -}

4‘ :

| FT CcP

l outcome (N=432) | (N=445) §5% C.I.°

l value?

. A (%) ] n (%)
at least one adverse event (AE) 199 (48) | 183 (43) | 048 {-4.10)
at ieast one freatment reiated (definitely or probably) AE | 38 {8) 28 ()] 0.30 (-2, 8)
at laast one savere AE- 14 3 i3 @) 0.50 {4, 2)
discontinued due to an AE - S 6 1) | >0.99 -2, 2
at least one metabolic and nutriional system AE 8 {2) 2 {<1) | 0.04 0, 3)
at least one diarrhea AE a3 (8) 19 (4) 0.04 {0.7)
a! least one rash AE 10 ¢ 3 1 0.05 0.3

' Numbars wars obtained from the appiicant's study report tables. Outcomes are presented only for thoss body system and individual svents
with a statistically sgreficant trestrment difference (0.05 lavel)

! Two sided p-valus from Fisher's ©act test

3 Two sicded 95% confidence intervale of the FT minus CP differencs in evant rle computed by the reviewer Using & NOMTIGl ADEroximebion to
the binomisl and ncorporeting a continuity correction.
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Subset safety anslyses by age (<65, >85) and race (white. biack, other) for the rate of at least one adverse
ovent are presented in Table 14. No noteworthy subgroup differences were observed.

TABLE 14 Sudy 01 Subgroup Safety Anatysis o; Rets of *Lesst One Adverse Event '

adverse svent rate ‘
subgroup
b9 l . FT
N (%)
e e T

all patients 193/432 (45)
age <85 178397 (45)
age >65 15735 (43)
race white 112374 (48)
race black 14/41 (34)
race other E _ m7 ‘41l

! Numbers ware obtasned from reviewsr snslyess of the applicant's SAS data sets.

! Two side: p-vaius from Fioher's aact test.

* Two siciad B5% confidonce imervals of the FT minus CP difference in svent rate computed by the nviewer USING & NOMaI eppradmation to
the binomial and Ncorpareting & continuity comraction.



NDA 50-717 fosformycin tromethammne (MONUROL™) 21

B.E.2, PROTOCOL MON-US-02

A total of 854 patients were earolied across 30 certers. Enroliment by center ranged from 3 to 78. By
randomization, 426 and 428 patents were aliocated to receive FT anc TS, respectively.

The number of patiers included in each analysis group is displayed in Table 15. In each analysis group, the
parcentage of included FT patients s numerically greater than the percentage of inciuded CP patients.
However, the treatment difference is significant only in the MO evaluabie group. The treatment difference in
the percentage of patients included in this analysis group is mainly due to an imbalance with regard to the
number of patients without a pathogen at baseline [115 (27%) for FT versus 148 (34%) for TS]. An imbalance
also exists with regard to the number of patients excluded by the MO for a missing or late 5-11 day post therapy
visit {1 (<1%) for FT versus 11(3%) for TS, see maedical office”’s review]. This phenonmenon is directly kinked
to treatment sfficacy, since a "cure” outside the 5-11 day window would be excluded from the analysis, but a
“failure” outside of the window would not be exciuded from the analysis.

TABLE 18: Study 02 patients Included in Analysis Groups |

f | FT (N=426) TS (N=428)

i analysis group lue' |
! e g included (%) |included (%) pva ;

applicant modified (TT 201 (88) 268 €2) 0.081
I applicant evaluable 213 (50) 193 (45) 0.171
MO evaiuable 249 S8 197 48 <0.001
! Puvsiue from: Fisher's exact test.

Within the analysis groups, the treatments did not differ significantly with respect to baseline damographic
characteristics or baseline dissase characteristics. in general, patients studied were young, whie females.

Only 7 of the 30 centers had at least 10 patients per trestment included in any of the analysis groups. Since
enroliment by center was generally small, meaningful by center analyses could not be performed.

Bacterniologic results st 5-11 days post trestment are presented in Table 16. The rate of all eradication for FT
is 89%, 90%, and 85% in the applicant modified ITT, applicant evaluable, and MO evaiuable groups,
respectively. For TS, the rate of all eradication is 88% iri all analysis groups. The rates for eradication/cure are
similar. At 5-11 days post treatment in aiil anaiysis groups, the §5% confidence intervals show that FT has a
significantly lower rate of ali eradication, and a significantly lower rato of eradication/cure than TS.

Bacteriologic resuits at &he end of the longer coursa of therapy (study day 20) for the MO eveluable analysis
group are presented in Table 17. The rate of zil eradication s 31% for FT compared to 98% for TS. The rates
for eradication only are similar,  The confidence intarval results show that st the end of the longer course of
therapy, FT has a significantly iower rate of all erdication, and a significantly lower rate of eradication than TS.
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evaluable
outcome )
upplicant sppiicant MO
FT (N=291) | TS (N=268) | FT (N=213) | TS (N=183) | FT (N=249) | TS (N=197) |

n (%) n (%) n (%) n (%) n (%) n (%)
al eradication 246 (89) [ 207 (98) J 187 (%0) | 168 (%28) f 212 (885) | 194 (98)
eradication/cure 246 (089) | 208 (98) § 187 (BO) | 185 (89) Q204 (82) | 190 (98)

cure with superinfection (agplicant outcoms only) - (<1} § - 1 (=1) - -
eradication with new infection (MO outcome onty) - - - - 8 3 4 2
alt persistence 30 {11} 4 {2) 21 {10) 3 {2) ” {18) 3 {2}
persistonce.Yailure 0 a1y ] 4 @ 121 0| 3 @ 1y 09|37 @

) presumed persistence - - - - - -

applicant "no evaluation™ 15 58 5 24 - - - .
denominator excluding applicant “no evaluation™ § 27¢ 211 | 208 169 249 197
_ 2.7 3 ol k] all eradication {-13, 4} (-13,3) (-19, 8)
eradication/cure _ 13, 4 _ A% -3| ] -20, -§

* This catagary » exciuded from the applicant analysss. The ressons for “no evalustion” wers not provided by the applicant.
* Two sidad 95% conficences intervals of the FT minus TS difference in “success™ rate computed by the reviewer using a normal approximation 0 the binomial and iIncorporating a continuity correction.
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JABLE 17 Study 02 Medical Officer Bacteriologic Outcomas By Study Day 20

5-20d therapy for FT, 5-11 Jda therapy for TS
MO evaliable patersts
cutcome

FT (N=248) | TS (N=197)

n (%) n (%)

all eradication \98)
eradication 190 @76) 190 ()

eradication with new infection 1 (4) 4 (2)

all persistance/sarly recurrence 48 (19} k (2)

MO sarly recurrence (study day 12-20 for FT only) 1 (4) - -
persistence kY) (15 3 (4]
presumad persistence

all eradication

sradication/cure

* Two sided 95% ccnfidence intervals of e FT minus TS difference in "sucosss ™ rile compn $ed by the reviewer Lsing & ROMal Approximabon
1o the bnomial SNd INCOMPOrEtING a CONMALY corraction,

Bacteriologit results M 4-8 wesk: post trestment are presented in Table 13. The rate of all sustained
eradication for FT & 79%, 81%, and 65% in the applicant modified T, applicant evaluable, and MO evaluable
groups, respecively. The rate of ali sustained eradication for TS is 82%, 92%, and 87% in the applicant
maodified [TT, spplicant evaluabie, and MC evaiyable groups, respectively. At 4-8 weeks post freatment in all
snalysis groups, the 95% confidence interva:s show that FT has a significantly lower rate of all sustained
aradication than TS,

The rate of sustained sradication/cure for FT is T4%, 75%, andt 84% in the appicant modified T, applicant
evaiuable, and MO evaluable groups, respectively. The rate of sustained eradication/cure for TS is 88%, 87%,
and 84% in the applicant modified [TT, applicant svaluable, and MO svsiuabie groups, respectively. At 4-8
weoeks post treatment in all analysis groups, the 95% confidence intervais show that FT has a significantly lower
rate of sustsined sradication/cure than TS.

Bacteriologic results for £. coli isolates in the MO evaluable analysis group are presentsd in Table 1. The
e of E. colf sradication for FT is 86% and 70% st 5-11 days post treatment and at 4-8 weeks post treatment,
respectively. The rate of E. co¥ eracicstion for TS is 98% and 90% st 5-11 days post treatment and at 4-8
weeks post restment, fespectively. As demonstrated by the 85% confidence interval results. FT has a
significantly lower rate of £. cok eradic..tion than TS at both time points. E. coli eradication rtes by study day
20 were not provided in the maedical officer's review. Due to small numbers of icolates, meaningful analyses
of other urinary pathogens couki not be performed.

Chnical resufts at 5-11 days post treatment are presemed in Table 20. The rate of cure of improvement for
FT is 89%, 76%, and 80% in the applicant modified (TT, applicant evaluabie, and MO evaluable groups,
respectively. The rate of cure or improvement for TS is 100%, 93%. and 84% in the applicant modified ITT,
appiican: eveluable, and MO svaluable groups, respeciively. At 5-11 days powt treatment in all anaiysis groups,
the 95% confidence intervais show that FT has a significantly lower rate of cure of improvement than 7S,

T cure rete for FT is 77%, 76%, and 30% in the applicant modifie J ITT, applicant evaluable, and MO
evaluable groupt, respectively. The cure rate for TS i 93%, 93%, and 84% in the applicant modified ITT,

applicant evelusbie, and MO svaiuable groups, respectively. At 5-11 days post trestment in all analysis groups,
the 5% confidence intatvais show that FT has a significanity lower cure rate than TS,
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TABLE 18 : Study 02 Bacterioiogic Outcomaes at Late Post Therapy Visit \approcdmately 4-8 weeks post treatment)
da day .21 for TS

medified ITT

appilcant
{computed by reviewer)

FF (N=281) | TS (N=288)

n (%) (%)

al sushlmT sradication 200 (79) | 190 (92)

evaluchie

outcome

applicant MO

(computed by reviewer)
FT (N=213) | TS (N=193)
(%)
164 (81) | 188 (92)

FT (N=248)
(%)

TS (N=197)

4

n n n n

sustained e7adication/cure 98 (74) 181 (38) 152 (79 147 (87)
sustained erad /curs with new infection 13 9 9 4) 12 {8} 8 {5)
I all recurrencel/persistence &8 {21) 18 (1] » {19) 13 (8) 78 (30) 17 (1] I

applicant recurrenca (regardiess of timing) 25 ()] 12 8) 18 9 10 (.} - - - -
MO early recurrence (study day 12-20 for FT only) - . . . . ; i@ . .
MO late recurrence (study day >21) - - - - - - - 27 (an 14 N
MO presumaed late recurrence (study day -21) - - - - - - - - - - .
oarly persistence/fail (documentsd or presumed) 3 (11) 4 {2) 2i (10} 3 (2 37 (15) 3 {2)
MO patients without long term bacteriologic follow up® - - - - - - - - 13 (8) 8 4)
early bact. erad / cinical fallure with concomitant antibiotic - - - - - - - - 2 M 4 2
early eradication with new infection - - - - 1 - - - - 1 ) 4 @)
applicant "no evailuation™ 27 60 10 25 - -
appiicant “no evalugtion” at early visit 12 5 5 24 - -
appiicant "no evaluation® at late visit 15 55 5 1 - -
denominator exciuding applicant "no svsiuation” 264 206 203 169 249 197

0% CL™ all sustained eradication (-20,-T) (-19, 4) (-31, -18)
_ sustained eradication/cure ; -21, § ) {-21, 4 _ _{-28,-12

g 5 worst case armlysis, these patients Fave been included in the medical officer analyses ae bacieniclogic: fallures  According 1o the medical officar, most of thees patrents received a concomitant antibiotic after
the sarly post theragy viell.

* This categary is excluded from the applicant analyses. The ressons for “no evalustion™ were not provided by the applicant.

* Two sidad 95% cordidance irtervals of the FT minus TS difference in “success™ rate computed by e reviewer using a normal approximation o the binomisl and incorporsting a continuily comection.
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JABLE 19: Study 02 95% C i. of the FT minus TS Difference in Bacteriologic Eradication Rata for E. Coli Isolates
According to Medical Officer Evaluable Group

oradication rate
study time
FT(N=207) | TS (N=174) | 95% C.\.
n (%) n (%)

early post thar,py visit (5-11 days post therapy)
by study day 20 (5-20 days post therapy for FT, 5-° 1 days post therapy for 7S)
__lawe post therary vieki (approximately 4-6 weeks post therapy

* Two sided 95% confidence inturvals of the FT minus TS difference in "success™ rate computed by the reviewer using a normal approximation to the binomiai and incorporating s contnulty o, mar.don.

dy dey 5-11 for FT, study day 14-20 for TS

[- TABILE 20: Study 02 Clinical Outcomes at Early Post Therary Vicit (S to 11 days post treatment)

upplicart MO
FT (N=213) | TS(N=193) | FT (N=249) | TS (N=197)
('5) n__ () (* n ('5) _

cure of improvement

cure
improvement

failure

applicant “no evaluation™

denominator excluding anplicant "no ,, ] 265

cure or improvemen?

cure
o

* This oatoory B excluded from the applicant snatyses. The ressons for "no evalustion™ were not provided by the applicant.
* Two sided 53% confidence intervals of tha FT minus TS difference in “success™ rate computed by the reviewer using a normal approximation to the binomial sw] incorporating a continuity correction.
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Tables 21 and 22 display clinical results at the enci of the longer course of therapy (study day 20) and st 4-6
wesks post therapy, respectively, for the MO evaluable analysis group. At study day 20, the cure :ste is 76%
for FT compared to 84% for TS. At 4-8 weeks post therapy, the sustainad cure rate is 88% fri £FT compured
to 88% for TS. The confidence interval resuits show that FT has a significantly lower cure rae than TS at both

" TABLE 21: SmdyOZModmIOfIicﬂChrmlOuwomBysmdyDlym

TS (N=197‘)I
(%) n (%)
(84)

MO eariy relapse (shudy day 12-20 for FT only)
earty Jailure

CUWv:

" Two sided 95% confidence irdwrvels : / the FT minus TS dffersnce in "acoess™ rete computed by the reviewer LUsing & norme; approximation
to the teromial and incXporeting & continuity cormction.

N e N MR
TABLE 22. Study 02 dedical Officar Clinical Outcomes At the Late Post Therapy Visit
{upproximataly 4-8 weeks post treatment)

SM dev >12 for £T, Mdax 221 for TS !

MG evaluable patients

outcoms
FV (iv=249) | TS (N=197) !
N, =, " - n - (%) -t |
sustained cure 184 {&8) _
all fatlure 76 (30) 22 {11} )

MO eafly rolapse (study day 12-20 for FT anty) 10 (4) - -
MO iate relapse (study day 221 16 -] 14 &)
aarty failure 50 (20) 1 (&)
patients without long term zlinical follow up® 9 {8) 2 14)) g

early bactenriclogic failure/clinical cure with concomits: £ antibiotic

* Two vided 125+ confidence intarvals of the FT mirnve TS diferercs in "sucoses” ralo conested by the reviswor using & re.mial Approder abicit
to the binom'sl and INcorporating & continuity Somection
2 /a8 wordt cose analysis, these petionts heve bean inchided clinicsl "faliures™, sinoe they raceivad 8 concomitim Sntibintic.
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At 5-11 days post treatment, the rats of "overall success” (definec ss a bacteriologic eradication -
bacteriologic eradication with new infzciion gand Slinica) cure) in the MO evaluabie analysis group is 78%
(188/249) for FT and 94% (185/197) for TS. The 95% confidence interval of the FT minus TS difference in
overail success rata is (-25%, -12%}, which shows that FT has a significantly lower rate of overall success than
TS.

At 5-11 days post trestment, the rate of “compiete success” (defined &8 a bacteriologic eradication or
bacteriologic eradication with new infection and clinical cure and no adverse event) in the MO evaluable
snalysis group is 41% {103/248) for FT and 43% (85/197) for TS. Tiw 95% confidence interval of the FT
minus TS difference in complete success rate is (-11%, 8%), which shows that FT and TS are comparabie
with respect to the rete of complete success.

REVIEWER COMMENT: in the MO evaluabie analysis group, 54% (134/249) of FT patients and 46% (90/197)
of TS patients did not have an adverse everX. The 95% confidence interval of the FT minus TS difference in
the rate of no adverse event j: (-2%, 18%). Akhough the confidence interval includes zero, the direction of
the interval highlights FT's lower rate of adverse events Compuradio TS.

Subset eff:icacy analyses by age (-3%, >85) and race (white, black, other) for the rate of all bactenologic
eradication at 5-11 days post treatment in tha medical officei's evaiuabie group are presented in Table 23.
Confidence interval results were pe;ijormed only for those subsets with > 10 patients per treatmernt group.
Efficacy resul’s wers consistent across the subgroups.

TABLF “s. * xdy 02 Subgroup Efficacy Aralysis of Rate of All Bacteriologic Eradication
L Dan Poctrem According to Medical rEnluablo Group
eradication ra»
subgroup
FT 5 95% C.1*

age <65 195/228 (86) 1771180 ®8) | 18, -7)

age >65 171 (81) 1717 (100) (41, 3)
race white 1751209 ) 1691172 (98) (20, -9)
race biack 27129 93) 14/14 (100) 21, 8)
race other 1011 91 1111 100 .35, 1

! Two siced 95% corSZence intervais of the FT mi ws TS difference in “succees™ rate computed by the rewewer using a normal approsdimation
© the binormi and incorporating & continull; conr.ction.  Cornfidencs inivrvais are Dresented only for those subgrouta with ot least 10 patients.
per trestmant group.

A summary of szfety outcomes as reported in the applicant's study report is presented in Table 24. FT and
TS are similar with redpect to the rate of st least one severo sdverse event. Compared to TS, FT hss a
significantly iower rate of at least one adverse event, st iesin one treatment reiated adverse event and
discontinuation due to an adverse event. FT also has significantly lower rates of at least one nervous system
adverse event, at least one skin and siin structure system adverse event, at isast one nausea adverse svent,
at least one canstipation adversa event, at least ore dirziness adverse event, and at least one rash adverse
event than TS. However, FT has significantdy highor rates of at lesst one diarrthea edvere event and af least
one abnormal stel adverse event.

REVIEWER COMMENT: Using the applicant's SAS data sets, this reviewer couid not exactly reprodiuce
some of the applicant's tsbulatinns of adverse events presented in the study report However, the
discrepancies are minor and do not impact study conciusions.

Subset safety analyses by age (<85, >85) and race (white, black, other) for the rate of at least one adverse
event zre presentad in Table 25. No noteworthy subgroup differencos were observed.
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‘{ ’ ‘ TABLE 24: Study 02 Summary of Safety Outcomes’_
| FT TS ‘
outcome (N=426) (N=428) p- 5% C.1*
I ) L0 ) i N
at least one adverse event (AE) 176  (41) | 212 (50) | 0.02 (-15.-1)
at least one freatment related (definitely or probably) AE 25 6 45 (11) | 0.02 (-8.-1)
at least one severs AE 20 (5 | 27 (& 0.37 52
discontinued due to an AE 7 18 4) | 0.04 -5, 0 :
gt least one nervous system AE 12 &) 30 (7) | <0.01 {-7,-1)
at least one skin and skin structure system AE 12 3 41  (10) | <0.01 {-10,-3)
at least one nausea AE 21 {S) 43 (10) | <0.1 -9.-1) I
st least one diarrhes AE 40 (t°)] 11 {3 | <0.01 3.10)
at least one constipation AE 0 (@) 8 {2) | <0.01 -3, 0) I
at least one abnormial stooi AE 5 (1) 0 0) 0.03 0.2 <|
at least one dizziness AE 5 () | 15 @) | 0.04 (-5.0)
at least one rash AE 3 W 122 (5 | <001} (7.-2) I

' Nurmbers were obtained from the applicant's study report tables. Outcomes are pressnited only for those body systern and individual svents

with a statistically sighificant trestment difference (0.05 level).
 Two sided p-value from Fisher's sxact test.

} Two sided 95% confidence intervale of the FT minus TS cifference in svent rate compuied by the reviewer using a normal approximation

to the binmial and incorporating & continuity comrechion.

TABLE 2§: 02 Subgrou, Analysis of Rate of at Least One Adverse Event '

adverse svent rate
subgroup
FT 5 pvelue:] 95%cC1?
N (%) nN (%)

all patients 176/426 41) 208/420 (48) 2.03 (-14,0)
age <85 163/287 (41) 194/3604 (48) 0.02 (-15,-1)

I age >B85 13/28 (45) 14734 (41) 0.80 (-24, 21)

race white 1527361 {42) 1807369 (49) 0.08 (-14, 1)
race black 16/46 {35) 17736 47) 027 (-38,11)

race other 8/19 42 11/23 49 0.76 -4%, 29

' Numibers were obtsined from the applicants SAS data sats.
? Two sided p-value from Fishers exact test.

! Two sided 95% confidence intervals of the FT minus TS differance in svent rate computed by the reviewsr using: a normal approximation

to the binomual snd iNCoOorating a continuity correction.
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IV, SUMMARY AND CONCLUSIONS
(Which May be Conveyed to the Sponsor)

Statistical evaiuation of efficacy is based upon the iwo-gided 95% confidence interval ¢f the fosfomycin
trometharnne minus comparstor difference in the rate of all bactenologic eradication rate at 5-11 days post
trestment in the medical officer's evaluabile patient group.

Statistical svaiuaton of sziety is primarily based upon the two-sided Fisher's exact test trestment comparison
oi the rate of at least ohe adverse svent in the safety snalysis group. Trestment comparsons of rates of
indiwdual adverse evenis are also considered.

1. in study MON-US-01, the 95% confidence interval is » 1, (-26%, -15%) 14, e, Whicn demonstrates that
a single dose of 3 gm fosfornycin ttomsthamine is inferior in efficacy to 7 days of ciprcfioxacin 250 mg q. 12h.
in the treatment of uncomplicsted urinary tract infections in women.

2. In study MON-US-02, the 95% confidence interval i 2, -~ (-19%, -8%) ,ox se. Which demonstrates that
s single dose of 3 gm fosfomycin tromethamine &  inferior in efficacy to 10 days of

mmommmnwm1moomq 12 h. in tho treatment of uncomplicated urinary tract infections
in women.

3. In study MON-UIS-01, the rate of at least one adverse svent is 46% (189/432) for fosfomycin tromethamine
and 43% (183/445) for ciprofiamcin. The Fisher's amct fest p-value is 0.48, which indicates that a single dose
of 3 gm fosfomycin tromethamine is not sighilcantly different in safety from 7 days of ciprofioxacin 250 mg
q. 12h. in the treatrveart of uncomplicuted urinary tract infections in women.

4. In study MON-US-02, the rate of at loast ons adverse event is 41% (178/426) for fosfomycin tromethamine
and 50% {(212/428) for tnmethoprim/ulfamethoxazole. mmcndbdp-nfuolooz which indicates
that a singie dose of 3 gm fosfomycin tromethamine superior in safety to 10 days of
mmmm1moomq 12 h. in the treatment of uncomiplicated urinary fract infections
in women.

5. In both studies, fosfomycin tromethamino has 2 significantly higher rats of diarrhoa than its comparator.
This is the only adverse event where the direction of the affect was consistent across the two studies. In study
MON-US-01, the rate of cliarher is 8% (3V432) and 4% (18/445) for fosfomycin tromethamine and
ciprofioxacin, respeciively (p=0.04). In shudy MON-US-02, the rate of diarrhea is % (40/426) and 3% (11/428)
for fosfomycin tromethamine and trimethopfim/sulfamethoxazole, respectively (p<0.01).

6. Subgroup analyses by age (<85 and >85) and race (white, black, and cther) did not reveal any noteworthy
subgroup differences with respect to efficacy or safety.

BREVIEWER CONCLUNONS: From a statistical standpoint, the applicant has falled to provide two
independent, adequate and well controlied trisis which demonstrate that a single dose of 3 gm

fosfomycin tromethamine is tharapeutically equivalent i efficacy to sn approved comparator for the
treatment of uncomplicated urinary tract infections in women.

While a single dose of 3 gm fosfomycin tromethamine may have a slight safety advantage over 10
days of tnimethoprimv/suifamethoxazole 180800 my . 12 h., the cbserved differences are not
suhstantial enough to compensate for the lack of efficacy.

RECOMMENDED REGULATORY ACTION: This reviewer doss not recommend approval of a single
dose of 3 gm fosfomycin tromethamine for the treatinent of uncompliceted urinary tract infections in
WO
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REMARK 3/COMMENTS:

Since thes s a non-sterile oril product there is no micrabjology involved in
the Chermstry, Marnutacturing, and Controls of the praduct, except for a
total Microbial Count performed on the purified water used. The water
meets European Pharmacopeia standards since the product is made in
Switzerland. The limits on microbial testing are NMT cfu/mL and no
cohforms or Pseudomonas aeruginosa present. These limits meet the
standard for EPA drinking water and are satisfactory.

CONCLUSIONS & RECOMMENDATIONS:

The application is approvable from the microbiological viewpoint under
section 507 of the Act when changes are made in the MICROBIOLOGY
section of the package insert. The final decision on susceptiblity breakpoints
will be made after this drug is present to the Advisory Committee.

The changes needed should be sent to the sponsor. These revisions are
listed as notification to the sponsor at the end of this review on pages
97-101.
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INTRODUCTION

Fosfomycin tromethamol is a phosphonic acid derivative and is the
mono-acid salt of fosfomycin with tromethamine. The antibacterial activity
of fosfomycin tromethamine is due to fosfomycin. This activity is due to
inhibition of cell wall synthesis.

The sponsor wishes to be approved for single three gram dose
treatment of uncomplicated vrinary tract infections due to susceptible strains
of Escherichia coli, Klebsiella pne_moniae, Enterococcus faecalis, Proteus
mirabilis, Enterobacter species, and Staphylococcus saprophylicus.

PRECLINICAL EFFICACY (/N VITRO)
MECHANISM OF ACTION

Fosfomycin exerts its inhibitory action on one of the first steps of
peptidogiycan biosynthesis. Fostomycin has a molecular structure that
resembles p-enoipyruvate. Since its structure resembles that of
p-enolpyruvate it is able to bind with enolpyruvyl transferase and irreversibly
block the condensation of uridine diphosphate-N-acetyl-glucosamine with p-
enolpyruvate.

All procaryotic cell walls have one common chemical denominator:
presence of mureins. The mureins constitute the principle strengthening and
shape-determining constituents of the wall. In gram-positive bacteria murein
content is usually greater than 50% of the cell wali. Mureins hnve two
amino sugars; N-Acetyiglucosamine and N-Acetyimuramic acid in a ratio of
1:1. They als¢ contain L-alanine, D-glutamic acid, meso-diaminopimelic acid
or LL-diaminopimelic acid or L-lysine, and D-alanine. In ali mureins the
composition of the poly{amino sugar) moiety is the same, it consists of
alternating N-acetylmuramyl and N-acetylglycosaminyl residues, attached by
B-1,4 linkages. There is variation, however, in the compaosition of the
peptide side chain attached to this structure. The main difference is in the
nature of the diamino acid at position 3 in the peptide chain and in the
presence and nature of supplementary amino acids, which serve as a peptide
bridgc between cross-linked peptide chains. Gram-negative bacteria have
maeso-diaminopimaelic acid in the third positian of the side chain and a peptide
bond links the terminal carboxyl group of D-alanine on one chain with the
amino group of diaminopimelic of the nex: chain, Gram-positive bacteria
usually have amino acids in peptide bridges between the tetrapeptide chains.
These bridges are usually made up of L-alanine of glycine amino acids.
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The first step in the synthesis of the murein structure
The steps involved in this synthesis

are

Listed below are the steps involved in the synthesis

Inthe second stage of cell wall synthesis



P |
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Kahan et al {1) did an extensive study on the mode of action of
fosfomycin. The first indication that fcsfomycin inhibited _ell wall
biosynthesis was the observation that bacteria exposed to inhibitory
concentrations in media of high osmolarity formed spheroplasts. The
authors showed that fosfomycin blocked the incorporaticn of
diamino['*Cipimelic acid into cell walls but did not block the incorporation of
leucine into protein. They tried to determine the stage of cell wall synthesis
that was blocked by analyzing the N-acetylamino sugar ester pool ot
fosfomycin treated cells. All known inhibitors of cell wall synthesis induce
the accumulation of these compounds. The composition of the attached
peptide chain is diagnostic of the site of inhibition. Fasfomycin failed to
induce “e accumulation of such sugar esters. Penicillin, however, is less
effective in inducing the accumulation of these sugar esters in cells first
exposr: to fosfomycin. Since penicillins act on the later stages of cell wall
syathesis, fosfomycin must act at an earlier stage. A survey of the
sensitivity to fosfomycin of enzymes concerned with the incorporation of
“-nine into cell wall precursors proved negative. The authors found that
» Jvyl transferase activity could be completely inhibited by fosfomycin.
The percentage innibition increases with time of incubation, which suggested
10 them that the enzyme becomes progressively inactivated. Increases in the
amount of substrate (UDP-N-acetylglucosamine) had little effect upon the
degree of inhibition. The degree of inhibition decreased markediy as the
concentration of phosphoenolpyruvate in the reaction mixture increased, it
appears that fosfomycin inactivates the transferase by serving as a
phosphoenolpyruvate analog. When no phosphoenolpyruvate was present,
fosfomycin showed maximum sensitivity for the enzyme. Enzyme activity
could not be restored even by prolonged dialysis. UDP-N-acetyglucosamine
was needed for inactivation of the enzyme by fosfomycin. Using
radioactivity labeled fosfomycin, the authors were able to show covaient
binding of fosfomycin to enzyme.

The sponsor has also provided another reference (2) in which the
authors state that fosfomycin appears to inhibit synthesis of penicillin
binding protein involved in the final stage cf cell wall synthesis. In this study
Enterococcus faecium bacteria treated with fosfomycin showed alteration in
penicillin-binding protein. PBP1 and PBP6 showed a decrease inversely
proportional to drug concentration. |t was shown that fosfomycin did not
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compete with penicillin for binding PBPs and it did not inhibit
carboxypeptidase activity. The sponsor wants to state in the labelling for
fostfomycin that the drug also inhibits synthesis of penicillin binding proteins
involv~7 In the final stage of peptidoglycan polymerization. Since this is the
only reference on this mode of action and it appears that there is no
explanation of why fosfomycin decreases PBPs, this statement should not be
in the label. This may be a secondary effect caused by the fact that since
the first step in cell wall synthesis has been blocked the cell has no need for
the enzymes (PBPs) needed in the final stage of cell wall synthesis and may
just not be producing them.

This submission contains two papers that show that fosfomycin
reduces the adherence of bacteria to uroepithelial cells. Albini et al (3)
evaluated the effect of fosfomycin on the adhesion of Escherichia coli and
Proteus mirabilis to human uroepithelial cells. A mixture of bacteria and
epithelial cells were mixed in human urine at pH 6 and incubated for three
hours. Fosfomycin was subsequently added to a concentration of 1,000
ug/mL. At 0,1,2,4,6 and 24 hours samples were taken and the numbers of
adhering bacteria and colony-forming units were determined. They found
that on¢ hour of exposure caused an almost complete inhibition of
adhesiveness. Carlone et al (4} studied the adhesion of the same two
organisms to human uiroepithelial ceils. Bacteria and cells were allowed to
incubate for one hour in phosphate-buffered saline. Fosfomycin at 1/4 and
1/8 the MIC {(MIC value was 32 ug/mL for botii organisms) for the organisms
was added at the beginning of the incubation. A control without drug was
also run. Unattached bacteria were then eliminated by filtering the
suspension through a 5 ym membrane filter. After repeated washings the
cells were piaced on a microscope slide, air-dried, fixed and stained. The
number of bacteria attached to 40 urecepithelal cells were counted. The
authors found that adhesion was approximataly 55% of the controi when
using 1/8 the MIC and approximately 44% of the contr.Jl when using 1/4 the
MIC for hoth organisms.

Since the enzyme th it is the target of fosfornycin is inside the cell, the
drug must gain entry before it can exert its effect. There are two pathways
that can be used to get the drug into the cell: 1) the cunstitutive L-a-
glycerophosphate transport system, or 2} the inducible hexose phaosphate
pathway. Phosphate ions inhibit uptake via the L-g-glycerophosphate
system. Culture media containing phosphate buffers inhibit the uptake of
fosfomycin into cells. The aiternative hexose phosphate pathway og.erates
only under conditions of induction by hexose phosphates. Bacteria with this
inducible pathway show lower MIC vaiues when glucose-6-phosphate is
added to the media.
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Kaian et al (1) found that there was wide varnation in intrinsic
sensitivity to fosfomycin from one bacterial species to the next. No major
differences were found in either the content of pyruvyl transferase or in the
enzymes’s sensitivity to tosfomycin in extracts from five species that
covered a range of /n vivo susceptibilities. Differences were also not found
between extracts of a sensitive strain and of a resistant isglate derived from
it. Because no evidence could be found for metabolic inactivation of
fosfomycin, the authors concluded that sensitivity was determined primarity
by permeability of the bacterium by the drug. They also showed that certain
highly sensitive strains had accumulation of fosfomycin in the cell much
higher than that in the medium. Since fosfomycin and L-a-glycerophosphate
have similar structures the authors investigated the role of the L-o-
glycerophosphate transpori system. They found that all strains that exhibit
sensitivity to fosfomycin possess an ability to metabolize L-a-
glycerophosphate and aimost alf strains acquiring resistance to fosfomycin,
except Klebsielfa/Aerobacter species, show virtually no metabolism of L-a-
glycerophosphate. If L-a-glycerophosphate is incorporated into the growth
medium at T mM the uptake of labeled fosfomycin is blocked, presumely by
competing with fosfomycin for the enzymes needed for uptake. Phosphate
ions, which inhibits L-a-glycerophosphate transport also blocks fosfornycin’s
action on the bacterium. E. coli mutants that lack the genes (g/ipT) for this
transport system were resistant to fosfomycin.

Kalan et al (1) discovered an alternate transport pathway for
fosfomycin. This was discovered when cells showed an enhanced
sensitivity to fosfomycin when grown on media with small proportions of
blood. The authors were able to isolate this potentiator from lysed red blood
cells and determined it to be a mixture of glucose-6-phosphate, fructose-6-
phosphate, and glucose-1-phosphate. Erythrocvte enzymes liberated by
hemolysis acted on broth constituents to produce these compounds. The
authors associated this potentiating effect with another known bacterial
transport system, the hexose phosphate uptake system (genetic designation
uhp). This uptake systems only works in the presence of a competent
inducer. If no inducer was present then fosfomycin was not transported into
the celi. This uptake system is also not found in every species of hracterium.
It seems to be confined to the Enterobacteriaceae (excluding Proteus
species) and to Staphylococcus species. isomerization of fructose-6-
phosphate and mannose-6-phosphate is needed before they can activate the
uptake system. Isomerization of glucose-1-phosphate is also needed. Just
as with the L-g-glycerophosphate uptake pathway the connection between
tosfomycin activity and hexose-phosphate uptake could be seen. Resistant
organmsms isolated from media that contained both glucose-6-phosphate and
fosfomycin (at concentrations below the level inhibitory when g/p7 alone
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provides transport) were invariably found to be uhp and hinh evnis of
glucose-6-phosphate antagonized the action of fosfomycir when nduced
cells were tested for sensitivity, presumably due to competition for the vhp
binding sites. The authors showed that the expression of the g/pT and uvhp
systems correlates both with the susceptibility of strains to fosfomycin and
with their ability to allow entry and accumulation of fosfomycin. In the
absencet of inducers, the wild-type gipT ™, uhp * cell merely equilibrates with
the external levels of radioactive fosfomycin, whereas the g/T " uhp ~ mutant
forbids entry of the drug. After growth in glycerol, which induces fuli
expression of the g/T system, the g/T * strain showed a slight accumulation
of fosfomycin and hecame more sensitive, whereas the g/T ~ strain was
uninfluenced. When the strains were cultured on glucose-6-phosphate and
resuspended in fresh, unsupplemented medium {t0 minimize competition by
unutilized glucose-8-phosphate for the transport system), both strains
showed a fivetold accumulation of tosfomycin within the cells over external
concentrations. The resistant strain now demonstrated a high susceptibility
that approximated that of the parent strain.
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ANTIMICROBIAL SPECTRUM OF ACTIVITY

Since fosfomycin has been used in Europe and Japan for a number of
years there are many studies from these countries on its in vitro activity. In
order to document fosfomycin’s activity against isolates from the United
States against uropathogens from a large geographical distribution and to
confirm the drug's activity using NCCLS methods, the sponsor contracted
for two studies. In the initial pre-clinical study, Barry et al (5) determined the
in vitro activity of fosfomycin against 352 isolates. The organisms, obtained
from a wide variety of geographic locations throughout the United States,
represented 25 species often found in urinary tract infections. The authors
performed both agar dilution and broth microdilution susceptibility tests using
NCCLS procedures. The authors did test both with and without added
glucose-€-phosphate {G-6-P). Concentrations of G-6-P from pg/mL
were tested. The investigators found that there was no advantage to
concentratior:s higher than 25 yg/mL, and that MICs were much higher for
many isolates if no G-0-P was added. They also showed that resuits were
almost identical when tests were performed in G-6-P augmented Mueller-
Hinton broth (MHB} or Mueller Hinton agar {MHA}. Fosfomycin inhibited
83.5% (294/352) of the isviates tested at <64 pg/mL and 81.2% (321/352)
of the isoiates tested a1 <128 ug/mL. As will be seen in almost all studies
there was a wide range in the MIC values within the species. MIC values
often ranged from the lowest to the highest tested value (usually between

H#9/mL and 4g!mL). |t appears that in almost every popuiation there
are some resistant isolates. The resuits of this and all other studies wiil be
given in summary tabies of results for each species at the end of the
discussion of /in vitro activity.

in the second study, Barry {6} obtained agar dilution MICs from 3,167
LUnited States isolates using NCCLS methods with Mueller-Hinton agar
supplemented with 25 ya/mL of glucose-6-phosphate. Among 1597
Escherichia colf isolates all strains had MIC values of <128 yg/mL and only
two had MICs of 128 ug/ml. Morganella morganii and Enterobacter
agglomerans were more resistant than the other Enterobacteriaceae.
Staphylococecus saprophyticus showed the most variation in results. Only
52% of 128 strains were susceptible to 64 uyg/mL, 12% had MICs ot 128
4a/mt, and 36% had MIC vaiues of 2256 ug/mL.

Other studies were performed mostly outside the United States.
Given below by species are Tables which give a summary of the in vitro

activity of fosfomycin.
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ENTEROCQOCCI

Table 1

Page 13 of 101

GRAM-POSITIVE AEROBES

In vitro activity of fostomycin against Enterococcus species

investigator

Country

Mathod

MmiC,,

Bacry (B) USA 41 3z 64
32 64
B 2 | s
3z 64

——
3z 64
32 64
32 64

)

King i8) (4] 4 25 _1 32 64
Wise (9) UK 47 16 16
Naber (10} Germany 9 32 64

- i
Ravizzola Spain 94 3z 64

(13}

az 64
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Enterococcus durans

Table 2
In vitro activity of fosfomycin against Enterococcus durans
investigator Country # Tasted Method Range MIC,, MIC,,
Barry {5) USA 5 az 512
32 >512
Barry (6) USA () T 32 >512
2k TN

The MIC,, value in both studies is high and not enough isolates were tested.

Enterocacecus faecalis

Table 3
In vitra activity of fosfomycin against Enterococcus faecalis

R H R

Investigator Country . Mic,, | MIC,, l
Barry (5) USA
32 32
Pinssi (12} Haly 2 32 64
Gismando Spein 30 312 5¢
{14)
25 200
Barry (6) USA 196 32 64
Co S s N T S S

The MIC,, value in all studies was 64 ug/mL or below, two studies were

performed in the United States and a sufficient rumber of isolates were

tested.
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Enterococcus faecium

Table 4
In vitro activity of fosfomycin against Enterococcus faecium

M —— -

investigator

Barry (5) USA 10 64 64
64 64
Barry (6} uUsA a3 32 64
- I ]

The MICq, value in all studies was 64 pg/mL. Although there were only twe
studies that spaciated this organism and only 43 isolates were tested, it
appears that the activity of fosfomycin against this species corresponds to
that shown when the genus was not speciated. There were many isolates
tested as just Enterococcus species and almost all studies had an MICg,
value of 64 yg/mb. Since it is unlikely that Enterococcus will be speciated if
found in an uncomplicated urinary tract infection and it appears that
fosfomycin has the same /n vitro activity against both Enterococcus faecalis

andg £nterococrus faecium



NDA 50-717 Page 16 of 101
ZAMBON CORPORATION
MONUROL™ (Fosfomycin tromethamine)

STAPHYLOCOCCI

Staphylococcus aureus
Table 5

In vitro activity of fosfomycin against Staphylococcus aureus

King (8 UK 40 a 8
Wise (9) 1] 4 20 : 2 2
Ravizzola Spain 158 32 > 256
(13)
4 > 256
Gismondo Italy 93 8.25 12.5
{(i4)
25 50
= % - - - - S —

Although the MIC,, value in many studies was below 64 ug/mL, this
organisms is not an usual unnary tract pathogen. No studies were
performed in the United States.

Staphylococcus epidermidis

Table 6
In vitro activity of fosfomycin against Staphylococcus epidermidis
o P S A

Wise (9} L UK 19 8 128

This organism is not an usual urinary tract pathogen. No studies were
performed in the United States.
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Staphylococcus saprophyticus

In vitro activity of fosfomycin ayainst Staphylococcus saprophyticus

Table 7

Page 17 of 101

Barry (5)
64 512
128 >256
64 258
64 512
64 256
64 256
Wise (9} UK 42 64 >128
Pinasi {12} Italy 19 4 64
spaciss
Barry (6) USA 128 64 >512
S i L

The MIC,, value in all studies, except for the Pinasi study in which all
species of Staphylococcus were incluced, were > 128 ugimL. This orgamsm

is @ major pathogen in urinary tract infections and mav be inciuded in the

clinical efficacy section of the package insert if the Medical Officer

determines that infecticns caused by it are cured. This organism will alse
probably be the one that determines the resistant breakpoint for this drug

since it is the only major urinary pathogen with MICs that are high enough to

be resistant and not cured.
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SUMMARY OF GRAM-PQSITIVE ACTIVITY

The following gram-positive organisms may be included in the package
insert. Other organisms may be included in the section of organisms that
fosfomycin has been shown to have clinical efficacy for if the Medicai
Officer determines that they should be listed. Conversely, if the clinical
picture or intend to treat analysis reveals that some of the genera/species
that are susceptible by /n vitro methods are not clinically cured, they will be
deleted even though the /n vitro resuits demonstrate otherwise. Further, if
any of these genera/species are not relevant to urinary tract infections, they

will be deleted.

The following gram-positive organism that the applicant has listed in
the labelling should be removed unless the Medical Officer determines that

fosfomycin has clinical efficacy against it:
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GRAM-NEGATIVE AEROBES
ACINETOBACTER

Acinetobacter calcoaceticus anitratus

—

investigstor

In vitro activity of fosfomycin against Acinetobacter calcoaceticus

Page 19 of 101

Barry {5} USA 10 128 128
128 128
128 128
V28 128
128 128
128 128
128 256
King {8) UK 35 128 128
—
Barry_{6) USA 47 128 512
s
Spac

The MIC,, values were all 128 ug/mL or higher. This organism is also not an
usual urinary pathogen.
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Citrobacter species

CITROBACTER

Table 9

In vitro activity of fosfomycin against Citrobacter spocies

Page 20 of 101

investigator

Barry (5) USA a0
Wise (9 UK 9
Pinasi {12) italy 18
Ravizzols Spain 49
{13)

Method

e
2 4
=1 2
16 16
8 16
<1 4
2 4
2 4
0.5 1
0.5 2
256 >256
8 > 256
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Citrobacter diversus

Table 10

Page 21 of 101

In vitro activity of fosfomycin against Citrobacter diversus

Barry (5}

N

N

10

Barry (6}

USA

50

8 16

<1 2

s2 a
..—:J

Citrobacter freudii

In vitro activi

.

et | wemos |

Table 11

ty of fosfomycin against Citrobacter freudii

Barry (5)
King (&) UK 20
Barry {8} USA 100

=<1 2
0.5 2
<2
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Citrobacter koseri

Table 12
In vitro activity of fosfomycin against Citrobacter koseri

King (8)

e

The MIC,, value in most studies that were performed with glucose-6-
phosphate added to the medium was ug/mL. Only one study
perfarmed in the United Kingdom (no USA studies) was performed with
Citrobacter koseri isolates and only 20 isolates were tested. -

Although only 80 isolates of Citrobacter diversus were tested as individual
species the MICy, values were well below 64 yg/mL and studies performed
as Citrobacter species which included many C. d:versus isolates had low

MIC4, values.
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Enterobacter species

ENTEROBACTER

In vitrn activity of fosfomycin against Enterobacter species

Page 23 of 101

Barry (5} UsA 45
Wise {9) UK 10
Pinasi 112) Italy 14
Ravizzols Spain 81
1t
Gismando Italy 30
'14)

6 | a2
T a2 128
N 256 > 256
—_—
512 >£12
1T 32 128
T 32 256
64 256
B 1 64
B 8 16
64 > 256
B 2 > 256
T 1256 50
50 200
S
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Enterobacter aerogenes

Table 14
In vitro activity of fosfomycin against Enterobacter sercgenes
- T
Barry (5) USA 15 512 512
N
16 64
King (8) UK 30 4 8
Barry (6) USA 102 i€ 64
— T T

Enterobacter agglomerans

Table 15
In vitro activity of fosfomycin against Enterobacter
~ e, wates Ty )

Investigator

128 §12

Barry {5} USA 10

16 128

18 256

Barry-{8} UsA 48
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Enterobacter cloacae

Table 16
In vitro activity of fosfomycin against £nterobacter cloacae

Investigetor

T “ ) USA 20 >512
32 128
King {B) uK 25 Bl 32 256
Barry (6} USA 102 T 16 128
l . i

In most studies of individual species except for £. aerogenes studies the
MIC,, value was 128 ug/mL or greater. The MIC,, values in the studies in
which Enterobacter aerogenes were tested were ug/mL when
glucose-6-phaosphate were added.
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ESCHERICHIA

Table 17
In vitro Activity of Fosfomycin against Escherichia coli

investigator # Tested

Barry {5)
2 8
G4 128
16 64
2 8
2 8
4 16
Resves (7} UK 56 -- 2 4
King {8) UK 45 2 8
-

Wise (9) UK 49 1 4
Naber (10} Germany 191 2 16
Lerner {1 1) us 45 Chicago 1 16

= 32 Wayra i 4 32
State
Pinast (12) Italy 73 0.5 2 9
Ravizzola Spain 161 8 256
(13}
k| 16
Gismando Italy 45 12.5 S0
{14)
25 200
Barry {6} us 1597 <2 52
e AR
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it apcears that the MICy, value in most studies i1s between 2 and 16 yg/mL
when the media is supplemented with 25 ug/ml of glucose-6-phosphate.
When not supplemented with glucose-6-phosphate the MIC values are much
higher. It appears that the MIC value may also be higher in urine and in
nutrient broth. Since the MIC,y, value in most studies is well below

64 pg/mL , there were a sufficient number of studies both in the Uniteo
States and in other countries and a large number of isolates were tested

KLEBSIELLA

Klebsiella species
Table 18
In vitro activity of fosfomycin against Klebsiella snecies

Barry (5} USA 30 ig az
32 64
T r*
258 >256
512 >512 'f
—— —-{
16 64
64 128
- 64 128 {
- 4
King {8) uK 45 4 32
-
Wise {9} UK 51 16 64
Pinasi (12) ltaly 12 16 64
Ravizzola Spain 74 4 >256
(1
18 128
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Klebsiella oxytoca

Table 19
In vitro activity of fosfomycin against Klebsiella oxytoca

Investipator # Tasted
Barry {5} USA 10 512 »512
a 32
—
Barry {6) USA 51 8 32
o A‘ L]

Klebsiella pneumoniaa

Tabte 20
in vitro activity of fosfomycin against Klebsiella pneummoniae

ivestgatr
UsA 20

Barry (5}
32 I 64
Lernar {11) USA 13 1 32 64
Barzy [6) USA 184 T 16 128

_— .

In most studies performed with 25 ug/mL of glucose-6-phosphate added to
the media, the MIC,, value was either 32 or 64 ug/mL. Most studies were
perfurmed in the United States. Although there were only 61 isolates of K.
oxytoca tested as individual species, many were probably inciuded and
tested as Klebsiella species ind all specias seem to have approxima eiy the
same MICs. There was an adequate number of isolates of K. pneumoniae

tested.
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Morgane!/a morganii

MOGGANELLA

Table 21

In vitro activity ot tostomycin against Morganelia morganii
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lnvestigator # Testad
Barry (5) USA 1Cc 128 > 256 1?
288 512
256 >256
256 >512
256 >512
256 >5612
( 256 >512
| e
'l
King (8) UK 20 >256 | >256
Wise {9) UK 17 >128 >1 ZB—F
§  Ravizzola Spain 58 64 >256
(13
64 > 256
Barry (6) usa 49 256 512
N I st . “___A

The MIC,, value in all studies was > 256 ug/mL.
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2 64
T 2 32
T 4 128
4 >128
1T 32 >128
T 4 64
2 64
1 8 128
1 8 128
T 12.5 50
1: 50 200
52 l 32

PROTEUS sp.
Proteus mirabilis
Table 22
In vitro activity of fosfomycin against Proteus mirabilis
Investigator # Teosted
Bacry (5) USA 15
King (8} UK 40
Wise {9} UK 49
Naber {10} Germany 19
Lerner 111) USA g
Pinasi (12) Italy 22
Ravizzola Spain 64
{13}
Gismando taty 34
{14)
Sarry {8) USA 102

The a<idition of glucose-6-phosphate does not seem to effect the /in vitro
activity of ‘asfomycin against Proteus mirabilis. The MICy, value in most

studies varics from

isolates test.d and the United States studies hac

or less,

-

ug/mL. Since there is a large number of
AT, values of 64 pg/mL
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Proteus vulgaris

Table 23
In vitro activity of fosfomycin against Proteus vulgaris

Investigator # Tested
Barry (5)
4 128
King {8) UK 25 8 32
Wise (9) UK 1?7 16 32
Pinasi (12} Italy 18 indole 128 >512
positive
Ravizzola Spain 39 2 |
(13
1 8
Barry {6) UsAa 49 52 8
The MIC,, values ranged from pg/mL. The >512 pyg/mi value,

however, was from a study in which species were classified as indole
positive only so other species may have been included. The study with the
128 pug/mL value only tested ten isolates so one isolate may have . aused the
slightly higher than usual value. Other studies had MIC,, values of

ug/mlL.
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PROVIDENCIA sp.

Providencia rettgeri

Table 24
In vitro activity of fosfomycin against Providencia rettgeri

—rz—
Inveastigator I Country | # Teated ! Method | Range | MIC,, I MIC,,
Bary {5) UsA 10 8 256
8 128
King (8) UK 20 64 > 256
1 Wise (3} ux 5 16 >128
Ravizzola Spain 45 128 > 256
{13)
128 > 256
Gismondo haly 28 100 ~>200
114)
200 > 200
Barry (6} USA 41 8 64

Except f;r one of the Barry studies which had an MICy, value of 64 ug/mL,
all studies had MIC,, values of 128 ug/mL or higher. Many studies had
MIC,, values greater than the highest dilution tested {i.e. > 256 ug/mL).
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Providencia stuartii

Table 25
In vitro activity of fosfomycin against Providencia stuartii

P
investigator
Barry {5) USA
32 128
King (B} ux 35 &4 > 256 |
Barry (6) usa a4 I 16 128
R e

Al! studies had MIC,, values of 128 yg/mL or higher. Since it appears that
the susceptible breakpoint will be 64 ug/mL,
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Pseudomonas species

PSEUDOMONAS sp.

Page 34 of 101

Table 26
In vitro activity of fosfomycin against Pseudomonas species
N N — S
Insestigator Country # Tested Method Range MIC,, MIC,,
Barry (5) Usa k1] 128 2586
84 258
128 512
64 254
84 256
64 256
64 256
King {8) uK a3 >2686 1 >256
Ravizzols Spain 64 256 > 256
13}
258 >256
Gismando Inaly 40 80 200
(14)
50 >200
. ol P —
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reudomonas aeruginesa

Table 27
In vitro activity of fosfomycin against Pseudomonas aeruginosa

Barry {5}
64 128

King (8) UK 35 128 256

Wise {9) ux 48 128 >128
Pinasi {(12) italy 34 a2 256

— —
Barry (6) USA 100 32 64 J
—

The MIC,, value for P. ge-:'ginosa in these studies was 64 ug/mL or higher.
Many isolates had high MIC values. This organism is afso not an usual
urinary pathogen in uncomplicated urinary tract infections.

Psesudomonas cepacia

Table 28
~In vitro activity of fosfomycin again<t Pseudomonas cepacia

T |

# Tested Method

This organ zm is not an usual urinary tract pathogen, its MiCs are high and
not enough studies or isolatas were tested.
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Pseudomonas fluorescens

Table 29
In vitro activity of tasfomycin against Pseudomonas fluorescens

Banry (5) UsAa 5 54 256

This organism is not ar. usual urinary tract pathogen. its MICs are high and
not enough studies or isolates were tested.

Pseudomonas putida

Table 30
In vitro activity of fosfomycin against Pseudomonas putida
5 . I y PN

Investigator # Teszed

Barry (5)

128 256

_'-né—m;

This organism is not an usual urinary tract pathogen, its **'’s are high and
not enough studies or isolates were tested.

-
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Pseudomonas stutzeri

Table 31
In vitro activity _of fosfomy_cin against Pseudomonas stutzeri

M

‘nvastigator

Barry {5)

j ’ 64 64
= o sy )

This organism is not an usual urinary tract pathogen and not enough studies
ar isolates were tested.
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Serratia marcescens

SERRATIA sp.

Table 32

in vitro activity of fosfomycin against Serratia marcescens

Page 38 of 101

—
# Tested
Barry (5) USA 20
King {8} UK 25
Wise (9} UK 19
Pinasi (12) Italy 14
" spacios
ll Barry (6) USA 98

8 16
16 3z
16 64
16 64
18 16
16 32
32 64
16 32
128 128
16 >512
8 32

The MIC4, value in most studies was 32 pg/mL or below when gluccse-6-

phosphate was used. The addition of glucose-6-phosphate made at most a
one tube dilution difference. One study had an MIC,, vaiue of >512 ug/mL,
but this study inctuded other Serratia species. In both United States studie_s

the MIC,, value was 32 ug/mL or less.
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XANTHOMONAS

Xanthomonas maltophilia

Table 33
In vitro activity of ‘osfomycin against Xanthomonas maltophilia

Investigator ! Country # Tasted
Barry (5) USA 5 64 258
—f——
64 256
- ——
Barry (€} usA a9 64 128
N

This organism is not an usual urinary tract pathogen and not enough studies
or isolates were tested. The MICs were also high.
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SUMMARY OF GRAM-NEGATIVE ACTIVITY

The following gram-negative organisms may be included in the
package insert. Other organisms may be included in the section of
organisms that fosfomycin has been shown to have clinical efficacy for if the
Medical Officer determines that they should be listed. Conversely, if the
clinical picture or intend to treat analysis reveals that some of the
genera/species that are susceptible by /n vitro methods are not clinically
cured, they will be deleted even though the /n vitro results demonstrate
otherwise. Further, if any of these genera/species are not relevant to urinary
tract infections, they will be deleted.

The follewing gram-negative organisms that the applicant has listed in
the iabelling should be removed uniess the [Aedicai Officer determines that
fosfomycin has clinical efficacy against it:
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ORGANISMS ALLOWED IN THE LABEL

The following organisms will be allowed in the package insert from the
microbioiogical {/n vitro activity) viewpoint. These organisms will be divided
between the clinical efficacy list of organisms an¢i the /n vitro only list after
the Medical Officer has decided for which organisims fosfomycin has clinical
efficacy against.
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BACTERICIDAL ACTIVITY

Reeves et al {7} investigated the bactericidal activity of fosfomycin
using two strains each of Escherichia coli and Enterobacter cloacae and one
strain each of Klebsiella pneumoniae, Citrobacter freundii and
Staphylococcus aureus. The authors used Diagnostic Sensitivity Test Agar
and added Lg/mlL of G-6-P. Table 34 shows the results of this study.
The mean 99.9% {3 log reduction; bactericidal activity) kill time at 8X MIC
was 2.2 hours (range hours) and at 2X MIC was 2.9 hours (range

hours) for six of the seven strains; a 99.9% kill was not achieved
with £. co/i 10418 at 2X MIC. Urine levels of fosfomycin are often greater
than 8X MIC for many organisms, especially £. co/i. Recovery was seen at
the 24 hour time point for both £. coli strains and Enterobacter 7 at both 2X
and 8X concentrations, and at the 2X concentration for the Klebsiella 456
and S. aureus strains. These organisms were never fully eradicated sven
after 24 hours. No recovery was seen for the other tested organisms.
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Table 34
Rate of Bacterial Killing achieved with Fosfomycin
Bacterial MIC (pzg/mL) Fold MIC Kill Time in Hours
strain I
S. aureus 32 2X 2.2 5.2
Oxford
8x 1.6 2.1
£E. coli 10418 4 2X 2.5 NA
8Xx 1.8 28
E. coli 333 4 X 2.1 29
8X 1.6 2.4
Kiebsiells 456 16 2X 0.9 1.8
8Xx 0S8 18
E. cloacae 7 64 2X 1.9 2.2
8x 1.2 1.7
E. cloecae 415 2 2X 1.6 286
8x 1.4 2.2
C. freundii 4 2X 1.4 28
| 8Xx 1.0 2.2

Lerner et al {11) examined the bactericidal effect of fosfornycin with
various strains by diluting logarithmically grown cultures to 10’ CFU/mL in
nutrient broth with  ug/mL of G-6-P added. Sets of killing curves were
obtained with fosiomycin against two isolates of Escherichia coli, Klebsiella
pneumoniae, and Proteus mirabilis. The fosformycin MICs for these strains
ranged from ug/imL. Strains were tested with fosfomycin at 1X, 4X
and 20X MIC of each strain. The viable cell count of all strains declined
rapidly by about three logs (definition of bactericidal) in 1-2 hours, even in
the presence of only 1X MIC of drug. No evidence of recovery could be
seen by the five hour time point, except for the £. co/i 61 culture at 1 X MIC
concentration. The study was not carried out for longer time periods.
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Pinasi et al (12) tested twelva bacterial strains with different MICs to
fosfomycin. They used human urine at pH 6.5 to simulate ciinical
ccnditions. Concentrations of fosfomycin were used that simulated those
present in human urine follcwing an oral administration of a 3 gram dose.
The three £. coli strains with MICs ¢f 0.5, 32 and 128 ug/mL were sterilized
{no growth seen) in 2, 6, and 4 hours, respectively. The urine culture of P.
aeruginosa with an MIC of 2 uyg/mL was sterilized in six hours. A strain of
K, aerogenes with an MIC of 128 ug/mL was sterilized in 2-4 hours, while
two strains of K. pneumoniae and a strain of £. cloacae with MICs of 256
ug/mbL were sterilized in 6-8 hours. Two strains of Enterococcus faecalis
with MICs of 32 and 128 ug/mL, were sterilized in 24 and 30 hours,
respectively. A strain of Proteus mirabilis with an MIC of 0.5 ug/mL was
sterilized in 6 hours. Fosfomycin was not able to sterilize a culture ¢f
Provioencia stuartii with an MIC >512 uyg/mbL. All MICs were determined in
Muller-Hinton agar with added glucose-6-phosphate.

Reeves’ and Lerner’'s studies show that fosfomycin is bactericidal at
concentrations fold greater than the M!C value for most organisms.
Reeves' study, however, showed that growth recovered in many cases after
24 hours. Since this drug will be dcsed oniy once, this may have clinical
significance. Lerner's study only evatuated growth for 5 hours, so no
information can be derived on what happens after most bacteria are killed.
Both of these studies were not performed in urine which is where this drug
will be used and only used doses 2 to 8 times that of the MIC. The Pinasi
study more closely represents what happens in urinary tract infeciions and
showed that a 3 gram dose (the dose given in the NDA) will steritize cultures
of the most common urinary tract pathogens in a short period of time.
Cultures of Enterococcus faecalis were the most difficult to sterilize (a
Providencia stuartii was not sterilized, but this pathogen is not in the
Indications section). No cuitures of Staphylococcus saprophyticus were
tested. _It appears that when dosed as indicated in the NDA that fosfornycin
is bactericidal for most urinary tract pathogens.



NOA 50-717 Page 45 ot 101
ZAMBON CORPORATION
MONUROL™ (Fosfomycin tromethamine)

FACTORS INFLUENCING /N VITRO ACTIVITY

The i vitro activity of fosfomycin varies considerably with the
conditions under which it is tisted. Various factors such as type of culture
media, addition of urine, addition of human bliood or serum, pH of the media,
and inoculum size affect the antibacterial activity of fosfomycin.

TYPE OF MEDIA

in phosphate-rich media such as Mueller-Hinton agar or broth,
fosfomycin MICs are greater than those obtained in less enriched media such
as nutrient broth or agar. Greenwood et al (15) studied the activity of
fosfomycin in different culture mecia in the presence and absence of
glucose-6-phosphate. Results of this study are presented in Table 35. In
general MICs in Mueller Hinton broth were higher than those in nutrient both
or Eugonbroth, while Isosensitest broth was in between. The effect of
glucose-6-phosphate was often great, but it was not uniferm across all
species tested. Although a four-fold or greater reduction in MIC was
achieved for many strains, others appeared unaffected. Proteus spp.,
Pseudomanas aeruginosa, and Serratia marcescens appeared to be least
affected by glucose-6-phosphate, while Escherichia coli was the most
affected. The effect of glucose-6-phosphate is due to the mechanisms of
uptake of fosfomycin into bacteria. The primary means of celi entry involves
the enzyme that transports L-a-glycerophosphate. The efficiency of this
enzyme is reduced with increasing concentrations of glucose or phosphates
in the test medium. Some species have a seccndary entry system which
involves the inducible enzyme responsible for hexose phosphate transport;
this enzyme is induced in the presence of glucose-6-phosphate. This systemn
counteracts the inhibition of the L-a-glycercphosphate system caused by
glucose and phosphates in the media.

- Barry et at {5) evaluated the effect of various corncentrations of
glucose-6-phosphate on fosfomycin MICs in Mueller Finton agar and broth
(See tables of activity under Antimicrobial Spectrum of Activity]. They
found that the addition of 25 ug/mL of G-6-P to broth or agar improved
fosfomycin’s activity against £. cofi, Citrobacter sonp., Klebsiella spp., and
Enterobacter spp. S. marcescens, Proteus spp., M. morganii, Providencia
spp., Pseudomonas spp., Enterococcus spp., and S. saprophyticus were not
markedly influenced, probably because they lack a2 hexose transport system.
The addition of higher concentrations of glucose-6-phosohate {up to
200 pg/mL) did not further increase fosfomycin’s activity significantly.
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_In vitro Activity of fosfomycin in five culture broths

Table 35
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Organism (n)

Mueller Hinto. Nutrient broth isosensitest Eugonbroth

- G6P + G&6P + G6P + - 6GP + 6P
Stapaylococci (8] 16-R 4-R 1-64 0.5-4 2-R 1-16 0.25-R 0.25-64
Enturococci {2) 4-32 4 8-16 1-32 2-8 4-8 0.5-4 (.25-0.5
Escherichia coli {14) R 4-R 8-R 1R 64-R 1-R 8-R 0.5-72
Proteus spp (B} 8-R 8-R 0.25-R 0.25-R 4-R 2-R 0.25R 0.25-R
Pssudomonas aeruginosa {17) 8-R B-H 4-R 4-R 32-R 32-R 4-R 4-R
Kiebsiella/Enteronacter spp (8] R R 4-R 4-R R 15-R 32-R 8-R
Serratisa marcescens (4) R R 16-32 16-32 R 64-R 16-32 16-32
Citrobacter spp (2) R 4-8 0.5-1 0.5-1 R 1-2 B8-16 0.5-2

R= =2 128 yg/mL
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ADDITION OF URINE

Ferrara et al {15) showed that the activity of fosfomyzin, against three
strains of bacteria, was decreased by the addition of 50% urine to tihe
culture medium or by the use of urine as culture medium. The results of this

experiment can be seen in Table 36,

Table 36

Effect of Urine on the /n vitro activity of fosfomycin
N L A
Organism MIC (zg/mL)

S
Nutrient Broth Urine WJ
e o R
E. coli 50 200
P. mirabilis 50 200
E. faecalis 80 200
R — B .. Y

There was a four-fold increase in the MIC of fosfomycin in all cases. An
ncrease in the MICs of other antibiotics was also observed in the same
experiment. Even with this increase the concentration of
fosfomycin in urine {(as high as ug/mL} is well above the MIC for
many urinary pathogens.

Gismondo et al (14) compared MICs of fosfomycin in nutrient broth
supplemented with 0.1% glucose with MICs in urine. These results can be
seen in the tables in the Antimicrobial Spectrum of Activity section of this
review. The authors found that the MICs were usually 2-4 fold higher in
uring for most species tested.

These studies show that urine usually increases the MIC value for
most organisms by 2 te 4-fold. This slight increase in MIC should not have
an adverse effect on the clinical use of this drug for urinary tract infecticns
since the drug is mainly excreted in the urine and concentrations are weli

above even these increased MIC values.
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HUMAN 5L00D OR SERUM

The supplementation of media with human btood produced a minimal
increase in the antibacterial activity of fosfomycin. Ferrara et al (16)
reported that the addition of hurnan blood to nutrient agar caused a 2- to 4-
fold decrease of the MIC of fosfomycin for many strains. Table 37 shows
that results of their study. This decrease is due to the enzymes in the red
blood ceus that work on the constituents in the broth to produce glucose-6-

phosphate.

Table 37
Effect of Blood on the in vitro Actij'rit_v of Fosfomycin
Organism MIC (yg/ml)
Nutrient Agar Nutrient Agar + 10% Human Blood

S. sureus 50 25

S. aureus 12.5 _ 6.2

S. sureus 100 25

S. epidermidis 25 12.5

S. spidermidis 25 25

£. faecals 50 12.5

E. feecails 25 12.5

E. coli 12.5 6.2

E. col 25 12.5

K. pneurmonise 50 50

K. pneumonise 25 25

£E. asrogenes K 1.6
__E:_ aerogenas 100 5

P. mirabilis 12.5 25

P. mirabilis 100 100

M. morgeni 100 100

P. asruginoss 50 50

P. seruginosa 50 50

— — — e ——
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These same authors also studied the influence of human serum on the
activity of fosfomycin. They used nutrient broth containing 10 and 20%
heat inactivated human serum. They reported that the presence of human
serum only elevated fosfomycin’s MICs by a factor of They
found, however, that there was a in the MIC in serum with
a strain of P. mirabilis. These resuits are shown in Table 38.

Jakle 38
Effect of Serum on the /n vitro Activity of Fosfomycin
___ I . L L

Organism I MIC {g/mL)

Nutrient Broth Nutrient Broth Nutrient Broth

+ 10% Serum + 20 % Seruym

S. aursus 12.5 25 50
S. opidermidis 25 100 100
E. faacsiis 25 100 100
E. coli 12.5 25 100
K. pneumonise 12.5 25 25
E. aercgenas 6.2 12.5 25
P. mirabilis 6.2 1G0 100
M.morg=rii 100 100 100 .
P. aeruginosa 12,5 J- 25 25

. nce this drug is being used for urinary tract infections, the effect of
human blood or serum should not be important.
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pH OF MEDIA

Ferrara et al {16} investigated the antibacteriai activity of fosfomycin
by a macrodilution method in nutrient b-oth at pH values of 6.0, 7.4, and
8.5. The inoculum was 10° CFU/mL. The assay was carried out on three
strains each of S. aureus and £. coli. The results are seen in Table 39.
Increasing pH decreased the activity of fosfomycin.

Table 39
mﬂuence of pH on the /n vitro Activity of FosfoTycin

Organism MIC (zrg/mi.)

E. coli CH79 31 25 100
E. coli CH 64 3.1 12.5 ' 50
E. coli CH 60 3.1 25 100
S. aureus CH 184 3.1 12.5 25
S. aureus CH 192 12.5 50 200
S. aureus CH 179 25 50 200

e

Wise et al {9) studied the effect of pH on the MICs of fosfomycin in
urine. MICs were determined in urine at pH 5, 6, 7, and 8 against two
strains each of Escherichia coli, Klebsiella, Pro sus mirabilis and
Pseudomonas aeruginosa. In this study the lowest MICs were not at the
lowest pH (which was pH 6) as ir the study using nutrient broth, but at pH
6-7 and.not at pH 5. Human urine has a pH of 6 in most instances when it
is tesied, which is the pH at which fosfomycin has its highest activity.
Tabte +Q shows the results of this study.

These studies show that the drug should work its best in human urine
at pHs around 6, which is the pH value of most human urine.
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Table 40
Effect of pH on the in vitro Activity of Fosfomycin in Urine

Organism MIC {(rg/mlL)

pﬂ 5 pH 6 pH 7 pH 8
E. coli 32 4 8 16
E. coli 16 2 8 8
Klebsiella spp 16 16 8 64
Klebsiella spp 4 8 8 32
P. mirabilis 32 64 64 64
P. mirabilis 32 32 32 32
Ps. aeruginosa 16 <2 8 32
Ps. aeruginosa <4 4 =4 <4

INOCULUM EFFECTS

rerrara et al {16} studied the effect of three different inoculum sizes
(103, 10° and 10° CFU) against S. aureus, E. coli, Proteus mirabilis, and K.
pneumoniae and other bacteria. Inocula were transferred by a multipoint
inoculato: on nutrient agar plates, in which serial diluticns of fosfomycin
were prepared. The assays were performed at different pH and in the
presence and absence of glucose-6-phosphate at a concentration of 25
ug/mL. The resuits of this study can be seen in Table 41. The MICs of
fosfomycin were not significantly affected when the inoculum size went
from 10° to~10° CFU, but at 10° CFU the MIC usually increased by 2- to 4-
fold and in a few cases by 16-fold. Urinary tract infections usually have a
high number of bacteria {often as high as 108 CFU/mL of urine) and a pH of
around 6. It appears from Table 41 that K. pheumoniae may be the most
affected by these conditions.

Greenwood et al {17} reported that only 9% of the strains studied
showed an inoculum effect when tested at pH 5.5 in the presence of
glucose-6-phosphate, compared to 37% of the strains tested at pH 7.1 and
22% of the strains tested at pH 7.9. Human urine is usually closer to pH
5.5 or 6.0 than to pH 7.0, so the resuit at pH 5.5 is probably closer to what
happens in unnary tract infections. These results are shown in Table 42.
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Table 41
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Effect of inoculum Size on /n vitro Activity of Fosfomycin

-Fold Increase in MIC from 10° to 10® CFU

Organism
{number of strains) pH 6 pH 7.4 pH B85
- G-6-p + G-6-P
5. aureus (4) 4.68 8.06 5.16 9.81 4.57 B.01
S. faacalis (5} 3.75 3.17 3.6 2.66 3.2 2.2%
. pneumoniar {4} 15.16 18.7 6.73 15.2 2.12 8
E. aerogenes (5] 4.0 3.7¢ 3.11 2.67 2 1.83
P. mirabilis (4) 4.0 5 4.37 5.37 4.31 5.35
Indole-pasitive 3.07 5.48 1.45 2.66 1.6 1.88
Proteus (4)
P. aeruginosa (4) 3.73 4 6.55 4 3.55 4.66
| Serratia spp (5) 2.89 3.76 4.52 2.95 1.86 6.38
Table 42
Inocutum Effects Observed with Fosfomycin at Three pH Levels
B .
% aof 53 Strains Showing an Inoculum Effect *
pH
- G-6-P + G-6-P

5.5 10 9

7.1 8 37

7.9 14 22

4-fold or greater increase in MIC when inoculum raised fram 10° to 10°

CFU/spot
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POST ANTIBIOTIC EFFECT

This submission contains one report on the post antibiotic effect of
fosfomycin. The post antibiotic effect defines the time in which an
antibacterial agent continues to inhibit the growth of bacteria after the
concentration of drug has fallen below the MIC. A prolonged post antibiotic
effect may extend the effectiveness of a drug, permitting an extension of the
interval between doses.

The post antibiotic effect (PAE) is typically measured as the difference
in time required for the control and test cultures to increase one log,, after
drug removal. Albini et al {18} incubated £. co// in Mueller Hinton broth for
one hour in the presence of 0, 10 100 and 1000 pg/mL of fosfomycin. The
bacteria were then suspended in the same volume of culture medium as that
used initially, without the antibiotic, and incubated. The post antibiotic
effect was determined by measurinj the viability of the cells by ATP
production {measured as bioluminescence). The post antibiotic effect valuas
obtained were 0.9 hours for 10 yg/mv, 2 hours for 100 pg/mL, and 3.6
hours for 1000 ug/mL.

The post antibiotic effect due to foxfomycin does not appear to be
remarkabte. The clinical significance of an /n vitro post antibiotic effect is
not well established. Given the fact that fosfomycin will be dosed as a
single treatment any post antibiotic effecc as short as 3.6 hours seems

insignificant.
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MECHANISM OF RESISTANCE STUDIES

There appears to be no enzymes, such as f-lactamases, that hydrolyze
fosfomycin.

There are three types of mutations that have been reported that will
cause a bacteria to become resistant to fosfomycin. The most common type
of mutations are on the chromosomal genes g/p 7 and Uhp, which control
transport of L-a-glycerophosphate and hexose phosphate, respectively.
These mutations result in impaired uptake in the transport of carbohydrates.
Kahan et al {1} demonstrated after examining 24 strains, that all strains that
exhibit any sensitivity to fosfomycin possess an ability to metabolize L-a-
glycerophosphate. They found that the most sensitive strains displayed the
higher rates of metapclism. They also found that with the exception of
Klebsiella/Aerobacter species all of these strains upon acquiring resistance to
fosfomycin by mutation also lost their ability to metabolize L-a-
glycerophosphate. if L-g-glycerophosphate is added to medium the uptake
of fosfomycin can be blocked, presumably as a consequence of competition
for the transport system. E. coli {g/ipT ) mutants were found to be resistant
to fosfomycin.

Jus® as the different sensitivities of various strains can be attributed to
the level of activity of the L-g-glycerophosphate transport system, it is also
possible to associate these sensitivities with another known bacterial
transport system, the hexose phosphate uptake system. This system needs
to be induced before it can be expressed. It also is confined to the
Enterobacteriaceae {excluding Proteus species) and to Staphylococcus.
Kahan et al {1) were able to show that resisters isolated from media that
contained both glucose-6-phosphate and fosfomycin (at a concentration
below the level inhibitory when ¢/oT alone provides transport} were vhp ~ .
Kadner and Winkler {19) used an £. col/i strain that was g/pT ~ (so that it
lacked the L-a-glyc :-ophosphate transport system) and grew cells on
medium supplemented with glucose-6-phosphate, after two cycles of growth
with fosfomycin 70 to 90% of the survivors were unable to grow on medium
supplemented with glucose-6-phosphate. Most of the bacteria that grew
{ones resistant to tosfomycin) had a mutation that blocked the hexose
phosphate transport pathway. All of these mutants exhibited wild-type
growth rates with glucose as a carbon source. These bacteria could also
use lactose, gluconate, mannito!, ribose, glycerol, or galactose as carbon
scurce.
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Tsuruoka and Yamada {20) selected fosfomycin resistant £. coli by
growing the bacteria in the presence of 10 ug/mL of fosfomycin and
transferring the cells that grew to fresh nutrient broth with fosfomycin at
50 pg/mL and then to 100 ug/mL. The authors found two groups of
resistant cells, distinguishabie by colony size on nutrient agar. One group
had smaller colonies and the second group had larger colonies
indistinguishable from the parent strain. Many of the smaller colony-forming
isolates fell into two classes: those which seemed to be decreased in
utilization of several carbohydrates inciuding L-a-glycerophosphate, but not
glucose-6-phosphate, and those which seemed to be decreased in utilization
of L-a-giycerophosphate only. Most of th2 larger colony-formers seemed
decreased in utilization of L-a-glycerophosphate only. About 50% (43/79) of
the smaller colony ferming isolates were decreased in the utilization of
several carbohydrates and about 40% (33/79) of them were decreased in
the utilization of L-a-glycerophosphate only, and the other three were not
examined because they failed to grow on the indicated carbohydrates, but
did grow in nutrient agar. About 90% (37/40) of large colony forming
isolates were not decreased in use of several carbohydrates except L-c-
glycerophosphate and the remainder were decreased in the use of several
carbohydrates including L-a-glyceropnhosphate. The authors examined an
isolate of both the smaller colony formers (FR 90) which was decreased in
utilization of several carbohydrates and one of the larger colony formers (FR
9%) which was decreased in the use of L-a-glycerophosphate only. When
nutrient broth was used the growth of FR 90 was about 80 minutes in
doubling time, while that of FR 85 was about 45 minutes (same as parent
strain}. FR 95 could not use L-a-glycerophosphate but grew well on glucose
and glycerol. FR 80 was incapable of growth on L-a-glycerophosphate,
glucose, or glycerol and other carbohydrates but grew well on glucose-6-
phosphate although the onset of growth was delayed 3 to 4 hours in
comparison to the that of the parent strain. Both isolates which were
capable of growth in the presence of 200 pyg/mL of fosfomycin were
sensitized to the drug by the addition of glucose-6-phosphate in the growth
medium. FR 90 was sensitized by cyclic AMP, while FR 95 was not. Cyclic
AMP also restored the utilization of L-u-glycerophosphate and glycerol in
FR 90, but not in FR 85. This effect is though to be due to the induction of
the g/ipT gene. The authors stated that FR S0 resembies a mutant which
lacks enzymes of the phosphoenolpyruvate phosphotransferase system,
whila FR 95 seemed to be glipT
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Murations that diminish the affinity of fosforycin for its target
enzyme also make cells resistant, aithough there is also a decrease in the
affinity of the enzyme for phosphoenolpyruvate, resuiting in a lower rate of
synthesis of peptidoglycan. Venkateswaran and Wu (21) described the
isolation of a fosfomycin resistant mutant of £. co/i K12 which grows
normally in minimal media containing L-a-glycerophosphate or glucose-6-
phosphate as sole carbon source. The authors picked fosfomycin resistant
cells that grew in minimal media supplemented with amino acids and either
L-a-glycerophosphate or glucose-6-phosphate as the sole carbon source.
None of these mutants had an elevated level of enolpyruvyl transferase
activity in the crude extract. They picked one mutant, strain E187, which
showed increased resistance to this enzyme towards fosfomycin., The
minimal concentration of fosfomycin needed to lyse cells of mutant E187
was very high in comparison with that needed for wild-type cells. The
minimal amount needed for lysis of mutants could be lowered by growth in
media contain' j L-a-glycerophosphate or glucose-6-phosphate. E187 grew
on minimal meaia containing glucose, glycerol, DL-a-glycerophosphate, or
glucose-6-phosphate as did the wild-type cells. E187, however, grew poorly
in rich media at 42°C and became elongated and less rigid before gradually
undergoing lysis. Both the rate of growth (increase in turbidity) and the rate
of cell wall synthesis {incorporation of *H-diaminopimelic acid) were
unaffected by a concentration of fosfomycin {0.3 mM) that rapidly lysed
wild-type celis. When a crude extract of the wild type strain was
preincubated with 0.05 mM fosiomycin at 37°C, the activity of enolpyruvy!
transferase was irreversibly inactivated. On the other hand, the activity of
this enzyme in the crude exiract of E187 cells was more resistant to this
inactivation by fosfomycin. When increasing amounts of fosfomycin were
added to the crude extracts of wild type and mutant cells in the presence of
varying amounts of phosphoenol pyruvate, the mutant enzyme appeared to
have fourfold lower affinity toward fosfomycin than that of the wild type.
This might @ccount for the resistance of this mutant to fosfomycin. There
was also a three to fourfold increase in the K tor phosphoenol pyruvate of
the mutant enzyme as compared to that of the wild type, which results in a
lower rate of synthesis of peptidoglycan and indicates that the enzyme also
has less affinity for its naturat substrate.
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The third type of mutation is plasmid-mediated and involves the
inactivation of fosfomycin by the formation of an adduct between
fosfomycin and glutathione. This is accomplished by an intracellular
glutathione S-transferase that catalyzes the formation of a covalent bond
between the sulfhydryl residue of the cysteine in glutathione and the C-1 of
fostomyecin.

Mendoza et al {22) first described the isolation of plasmids conferring
resistance to fosfomycin from clinical isolates of Serratia marcescens. They
tested 31 strains for transfer of resistance to £. co/i. They discovered at
least two different plasmids of 97 and 57 megadaltons coding for high levels
of resistance to fosfomycin. The plasmids are different in size, show a
distinct antibiotic resistant pattern, and give rise to a different minimal
inhibitory concentration for tosfomycin. The 97 megadalton plasmids,
pOUSB00 and pOU700 although from different parenteral Serratia strains are
ir.distinguishzble on agarose gel electrophoresis and seem to specify identical
minimal inhibitory concentrations of various antibiotics. Tne plasmid derived
from strain SM5 was designated pQUSCQ, and that derived from SM7 was
called pOU700. Thzse two plasmids are probably the same. They both carry
resistance to carbenicillin, sulfonamide, kanamycin, gentamicin, tetracycline,
and chloramphenicol in addition to fosfomycin. Transconjugants obtained
from strain SM9 carried a single plasmid (pOU900)} of 57 megadaltons. This
plasmid carried resistance to carbenicillin, streptomycin and fosfomycin.

Suarez and Mendoza (23) found that conjugative plasmid-encoded
fosformycin resistance has extended to Serratia liquefaciens and K. oxytoca
{(pUOS00) and K. pneumoniae, K. oxytoca, and E. coli (pUO500). No
transmissibility was found among £. cloacae, Proteus and Morganella spp., P.
stuartii, and Pseudomonas spp. Besides gram-negative species, plasmid-
mediated fosfomycin resistance has also been seen in S. epidermidis (24).
Unlike transport mutants, these isolates were quite capable of incorpnrating
the drug, and they have a fully sensitive enolpyruvyl transferase.

Using E. coli, Arca et al (25) showed that plasmid-resistance to
fosformycin is due to the formation of an adduct between fosfomycin and
glutathione (y-Glu-Cys-Gly). The responsible enzyme is glutathione S-
transferase, which catalyzes the formation of a covalent bond between the
sulfhydryl residue of the cysteine in gliutathione and the C-1 of fosfomycin.
This bonding was determined by chemical shifts in the NMR analysis of the
product with pH. This result was confirmed by obtaining an extract of
fosfomycin resistant cells, which was dialyzed to eliminate any possible
intracytoplasmic glutathione. The undialyzed extract was capable of
modifyirig fosfomycin, but this activity was lost upon dialysis and was
recovered by addition of exogenous glutathione. The degree of modification
was a function of the amount of glutathione added.



NDA 50-717 Page 58 of 101
ZAMBON CORPORATION
MONUROL™ {Fosfomycin tromethamine}

Arca et al {26) purified and characterized the glutathione S-transferase
responsible for the modification of fostomycin. They found that it was a
homodimer of two 16,000 dalton polypeptides, which showed an antiparallel
structure.

Many papers reported on the frequency of development of resistance.
Courtieu et al {27) used 109 fosfomycin susceptible isolates, an inoculum of
a2 10" and 107 dilution of a 24 hour broth culture and Mueller Hinton agar
plates containing <50 pyg/mL of fosfomycin. Resistant coionies were seen in
24 hours of incubation. Of 109 isolates, stable mutants were detected in 88
and unstable mutants in 13. By species, the number of isolates producing
resistant mutants/the numher of isolates tested were as follows: S. aureus
41/46, E. coii 2/2, Serratia 11/11, Proteus 32/33, and P. aeruginosa 15/17.
The mutation frequencies were as follows: 8 strains, no mutants detected;
39 strains at 1:10% 46 a2t 1:107; and 16 at 1:105%. The frequency of
mutations appears to be slightly higher than usuaily seen for many
antibiotics (usually around 10° to 107) but the rate seen in this experiment is
to 250 pyg/mL of drug, which is well below the level available in the urine for
an extended period cf time after the 3 gram dose being evaluated in this
submission.

Ferrara et al {16) determined the frequency of emergence of resistant
variants to fosfomycin (in the presence of different selecting concentrations}
in nutrient broth and in urine at different pH (6, 7.4, 8.5 ) values. The
lowest incidence of resistant variants was observed at acid pH 6 (the normal
pH of human urine) . When the concentration was 2000 ug/mL, Klebsiella
pneumoniae was the only tested species that demonstrated resistant variants
{at pH 8.5 only). These mutations occurred at a frequency of 10%. In the
presence of 1000 ug/mlL, K. pneumoniae and a strain of indole positive
Proteus showed some incidence of resistant variants at pH 6 {at 10°
frequency) white at pH 7.4 and 8.5 these species and Pseudomanas showed
resistant variants {at a frequency of 10%to 107). The same trend was
observed in—the presence of 500 ug/mlL, but only at 250 pg/mL did some
resistant variants of S. aureus, K. pneumoniae, indole-positive Proteus and P.
aeruginosa appear at higher frequencies of 10% to 10® £ cofi and P.
mirabilis {usually associated with urinary tract infections) were the species
less prore to resistant variants.
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Rossi et al {28B) used an inoculum of 107 bacteria/mL and plated them
on Brain-Heart agar contairing 150, 1000, and 2000 ug/mL of fosformycin.
After 18 hours of incubation the number of colonies formed on these plates
were counted. Only at 150 yg/mL were resistant mutants selected at a rate
higher than 1 x 107. Enterococcus faecalis, P. aeruginosa and Proteus
snowed the greatest mutation rate. Once again, £. coli the most common
urinary tract pathogen showed the least tendency toward mutation. These
mutants were found to be susceptible to 1000 and 2000 ug/mL of
fosfomycin. At the two higher concentrations the frequency of resistant rate
was > 107,

EPIDEMIOLOGICAL STUDIES

Fosfomycin has been used in Europe, especially in Spain, for @ number
of years so there are studies that have been performed to assess the
resistance profile after several years of clinical use.

Naber and Thyroff-Freiesinger {10) in Germany determined the activity
of fosfomycin against 249 pathogens causing uncompiicated urinary tract
infections in females. They used an MIC of <128 pyg/ml as susceptible.
The overall MIC, value was 4 pyg/mL and the MICg, value was 64 ug/ml.
They found that 97% of the isolates were susceptit.le. The susceptibility
rates for designated species were: £. coli, 100%; P. mirabilis, 80%; other
gram-negative rods, 31%; Staphylococcus spp., 8B4%, and Enterococcus
spp., 100%.

Schito et al (29) performed a study tn assess the resistance profile for
fosfomycin after several years of clinical use in ltaly. They explored the
susceptibility of 6,021 urinary isolates from three teaching hospitals in 13380
to fosfomycin and eight other drugs v'sing NCCLS agar-diffusion methcds.
They found that gram-negative strains, notably €. co/i (41.6% of al! strains)
predominat€d, representing 82.2% of strains from out-patients, 70.2% from
in-patients, and 74.1% overall. The frequency of isolation of resistant
strains is shcwr for fosfomycin, norfloxacin, and netilmicin in Table 42
below. Fosfomycin showed the lowest rate of resistance. This was
followed by norfloxacin and netilmicin. Amoxiciliin was the least active
compound with resistance in 41.4% of the isolates (data not shown in
Table). The resuits shown in the Table are ranges from three different
hospitals and show that their are ditferences in resistance even within the
same country at different sites. The results also indicate that fosfomycin i3
still active in Italy.
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Table 43

Antibiotics Most Active /n vitro Against ZJommon Urinary Pathogens in Italy
Pathogen (number) % ot Isolates Resistant to *

. Fosfomycin Norfloxacin Netilmicin
E. coli (2508) 0.310 2.7 0.3t01.8 0.7 to 3.4
Enteroc .ccus spp. (917) 1.2t0 2.1 22.6 to 35.7 to 59.6

57.0
Staphylococcus spp. (623) 6.3 to 6.7 20 to 33.8 1.6 to 16.41_
Proteus spp. (467) 9.9t0 15.3 0.0t 6.8 6.6 to 16.9
Klebsiella spp. (421) 0.9t 4.6 1110 7.5 2.3t0 4.4
Enterobacter spp. {269) 3.81t06.5 6.5 to 25.8 15.2t0 27.4
Other {226) 0.0 to 15.8 9.1 to 30.7 13.6 to 29.8
Total (5431) 2.8t0 3.9 9.8 to 13.1 10.0 to 16.3

* Range of results from three study centers

Pseudomonas species were not tested

Greenwood et al (30) determined the activity of fosfomycin against
500 urinary pathogens obtained from patients in Great Britain in 1992.
Tests were performed using Isosensitest agar fortified with glucose-6-
phosphate. Using a susceptibility breakpoint of 64 uyg/mL, the authors found
83% of isolates to be susceptible to fosfomycin (89% of the out-patient
strains and 77% of the in-patients strains). The degree of susceptibility was
similar to that of cephalexin, nalidixic acid, and trimethoprim {84%, 83%,
and 82%, respectively}. Less susceptibility was seen with ampicillin {60%:).
nitrofurantoin {74%), and sulfamethoxazole {70%). The relative fosfomycin
susceptibility is shown in Table 44. Results show that some K/ebsiella and
streptococci are resistant at =64 yg/mL. Only three of the Klebsiella strains
{7%) and two {6%) of the streptococci were resistant to =256 pyg/mL of
fosfomycin {a concentration that is well below urinary levels). These results
offer an estimate of the baseline level of resistarce in the population since
fosfomycin has not been marketed in the United Kingdom and has been used
only on a very imited experimental basis.
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Table 44
Fosfomycin Susceptibility of Urinary Isolates iin Great Britain

""‘l
E. coli 324 95
Klebsiella spp. 42 52
Proteus spp. 46 85
Other Enterobacteriaceae 10 90
__{’seaa'omonas spp. 17 12
Staphylococcus spp. 25 76
Streptococcus spp. 36 47

In Spain where the drug has been used extensively for a number of
years in various infections, it appears that the level of resistance has leveled
off. Data from annual surveys {23) in one hospizial |
reveal that fosfomycin resistance frequency in Serratia marcescens has
reached an equilibrium since 1982 (paper published in 1991) at about 50%
susceptibility. Screenings of blood and urine samples consistently show
more that 90% susceptibility of £, co/f and S. aureus, from 80 to 45%
suscentibility of S. epidermidis, from 50 to 35% susceptibility of ~.
aeruginosa, and from 50 to 66% suscegptibility of S. marcescens. In a
siar study in in Valencia, Spain comparisons of the
f.  aencies of susceptibility to fosfomycin from 1973 to 1384 have reveaied
consistent 90% susceptibility of S. aureus, Salmonella spp., Shigella spp.,
and £. coli; 80 to 90% susceptibility of £. faecalis, Klebsiella spp., Serratia
spp.- and P.~vmnirabilis; and over 70% susceptibility of Enterobacter spp. and
P. aeruginosa. The overall susceptibility frequency in Valencia is 82%.

These data reveal that the frequency of resistance to fosfomycin, In
countries where it has been used, has not reached epidemic proportions.
High and prolonged urine levels should greatly diminish the likelihood of
resistance development.
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PRECLINICAL EFFICACY (/N VIVO)

PHARMACQOKINETICS/BIOAVAILABILITY

The information in this section is taken from the studies submitted in
the NDA and have not been evaluated by a Biopharmaceutical Reviewer at
the gresent time.

The tromethamine salt of fosfomycin is highly soiuble in water and
well-absorbed arter oral administration. Most investigators report urine
concentrations of fosiomycin of ug/mi following a single orat
dose of fosfomycin tromethamine containing three grams of fosfomycin
base. Segel et al (31) reported mean concentrations of 977, 2895, 1741,
724, 479, 171, and 67 ug/mL at the following intervals after oral dosing: O-
2, 2-4, 4-6, 6-12, 12-24, 24-36, and 26-48 hours.

The sponsor conducted a study to determine the pharmacokinetics in
fed and fasted subjects who received a single oral dose of fosfomycin
tromethamine containing three grams of fosfomycin base. This study was a
single dose, single-center randomized two-way crossover (oral) study
followed by a single-dose period {IV}). Twelve healthy male and twelve
female subjects were used. The study lasted three weeks. For the first two
weeks, subjects received on the first day of each week a 3 gram dose of
fosfomycin with 180 mbL of water either after a 10 hour overnight fast or
immediately following a standard high-fat bieakfast. During the final visit
(third week) subjects received 3 grams of fosfomycin (as the disodium salt)
intravenously.

The study showed that food did not significantly affect urinary
concentrations {sponsor's data}). Fosfomycin does appear to be more rapidly
absorbed under fasting conditions. Subjects that received a high fat diet had
concentrations of fosfomycin in the urine greater than 64 ug/mL for 16-24
hours, and the concentration was above 128 yg/mL for at least 10-12 hours.

Following single oral doses of fosfomycin tromethamine, mean peak
serum concentrations of fostomycin were 26.28 ug/mL two hours post
dosing in fasted patients and 18.07 yg/mL at four hours post dosing in fed
patients. The serum half-life is about 5.7 hours. About 20% of the dose
was found in fecal samples.

The absolute bioavailability of oral dosing with fosfomycin
tromethamine was 37% and 30% following fasted and fed conditions,
respectively. Food decreased both the rate and extent of absorption. Over
90% of fostomycin following IV treatment is recovered in urine. Pracucally
no fosfomycin was excreted in the feces following IV administration.
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ANIMAL PROPHYLACTIC AND THERAPEUTIC STUDIES

Two studies were submitted in the NDA which evaluated the efficacy
of fosfomycin in experimental mouse and rat models of infection produced
by a variety o bacterial pathogens.

Aibini {32) compared the efficacy of the calcium and tromethamine
salts of fosfomycin against experimental infections in mice with a range of
microorganisms. The mice were challenged by the intraperitoneal route with
the test organism suspended in 0.5 mL of 5% hog gastric mucin. The
bacterial challenge dose used was at least 50 times the median lethal dose
{LDso), and ali untreated animals died within 48 hours post challenge.
Fosfomycin tromethamine and calcium salt were administered orally in
different doses one hour after challenge. Ten animals were used for each
dose level. The number of animals surviving on day five was used to
calculate the 50% protective dose (PDs,). Table 45 shows the resuits of this
mouse protection study. Against all infections, fosfomycin tromethamine
and calcium fosfomycin show a high degree of efficacy, and the two salts
appear to be squivalent. A 3 gram dose is equivalent to about 43 mg/kg ‘n a
70 kg person. The PD,, doses in this experiment are all well below the
normal human dose on a mg/kg basis.

Table 45
Etficacy of Fosfomycin in Experimental Infections in Mice
[ PD,, of Fostomycin Salt in mg/kg
Organism Challenge {95% Confidence Limits)
Dose
Cells/Mouse Calcium Tromethamine
E. coli 21301 4.6 x 10’ | 1.98 1.93
(1.15-3.41) {1.08-3.46)
P. mirabilis Vi 4.5 x 10° 0.188 0.158
{0.121-0.291 (0.109-0.231}
Pasteurella multocida 1.0x10° 16.1 14.8
NCTC 10722 {10.9-23.7) (11.2-19.4)
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The effectiveness of a single orai dose of fosfomycin against
experimentally induced bacterial cystitis in rats was evaluated and compared
to the effectiveness of single doses of norfloxacir:, trimethoprimy/
sulfamethoxazole, and pipemidic acid by Dubini and Riviera {54). Infections
were produced with clinical isolates of Klebsiella pneumoniae, Proteus
mirabilis, and Escherichia coli. The susceptibility of these three strains was
evaluated /n vitro by broth dilution in Mueller Hinton broth. Forty-five rats in
each group were infected with a culture of about 2 x 10® CFU/mL of one of
the three bacterta. Twc hours after infection into the bladder, a single oral
dose of the different antibiotics was administered. Five rats in each of the
above three groups were given either a 60 mg/kg dose or a 200 mg/kg dose
of one of the four antibiotics. A total of 120 rats were treated and 14 were
kept as untreated controls. Twenty-four hours after treatment the animals
were killed and their bladders removed and homogenized. The sizspensions
were diluted and plated on selective agar ior each of the three organisms
tested. The CFUs were counted after 24 hours incubation. Tables 46-48
show the results obtained /in vivo tor the four drugs against each of the three
infections in comparison with the corresponding M!Cs.

Tablz 46
Activity of Fosfomycin and Comparison Agents Against
Experimental Cystitis in Rats Produced with K. pneumoniae

ClruU/Bladder {Mean of 5 Rats)
Antibacterial Agent MIC {pg/mL) After Single Oral Dose of
K 60 mg/kg 200 mg/kg
None-Control .- 3.1x 107
’-_Fosfomycin 100 9.2 x 10° _3.9x 10°
Norfloxacia 0.19 9.7 x 10° 1.0 x 10°
Pipemidic Acid 12.5 4.6 x 10° 1.8 x 10°
Trimethoprim/ 0.78 2.8x 10° 1.7 x 10°
Sulfamethoxazole
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Table 47
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Activity of Fosfomycin and Comparison Agents Against
Experimental Cystitis in Rats Produced with £. col/

Antibacterial Agent

MIC (zg/mL)

CFU/Bladder {(Mean of 5 Rats}
After Single Oral Dose of

60 mg/kg | 200 mg/kg -J

None-Control 2.5x 10°

Fosfomycin 6.25 8.8 x 10° 4.0 x 10°
Norfioxacin 0.04 1.2 x 10° 3.0 x 10?
Pipemidic Acid 0.78 4.6 x 10° 1.2 x 10°
Trimethoprim/ 0.19 1.8 x 10° 4.5 x 10’
Suliamethoxazole

Table 48

Activity of Fosfornycin and Comparison Agents Against
Experimental Cystitis in Rats Preduced with P. mirabilis

Antibacterial Agent

MIC {yg/mi)

CFU/Bladder {Mean of 5 Rats)
After Single Oral Dose of

60 mg/kg 200 mg/kg

Sultamethoxazole

W—_—F—_—r—————_—r
None-Control - 3.4 x 10°
Fosformycin 12.5 1.8 x 10° 9.3 x 10°
Norfloxacin 0.09 2.3 x19° <1.0 x 10¢
Pipemidic Acid 1.56 1.1 x 10° 7.8 x 10°
Trimethoprim/ 0.19 1.8 x10° 1.0 x 10°

It appears that a single oral dose of 60 mg/kg body weight wzs
sufficient to decrease the CFU by 2-4 logs/bladder when the infectian is
caused by K. pneumoniae, except for fosfomycin which showed less than
one log reduction at this dose. Administration of a larger dose further
decreased the CFU/bladder. Norfloxacin and pipemidic were the most

effective drugs against this infection, which corresponds to the /n vitro MICs

for these agents against K. pneumoniae.
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Against £. coli infection a single dose of 60 mg/kg decreased the CFU
by logs. The etfectiveness of fosfomycin was about the same as that of
pipemidic acid, better than that of trimethoprim/suifamethoxazole and
slightiy less than that of norfloxacin {even though fosfomycin’s MIC was
about 100 times that of norfloxacin for this organism). The higher dose was
more effective for fosromycir,, norfloxacin anu
trimethoprim/sulfamethoxazole although only the later showed very much of
an increase in effectiveness.

Against P. mirabilis infection a single dose of 60 mg/kg of fosfomycin
or pipemidic acid had about the same effectiveness, which was slightly less
thain that of trimethoprim/sulfamethoxazole and slightly less again than that
of norfloxacin. The 20C mg/kg dose gave better resuits for all drugs.

These result show thai a dose of 200 mg/kg body weight of
fosfomycin effective for urinary infections caused by E. coli and P. mirabilis.
At this dose fosfomycin had the same effect against £. co/ infection as
norfloxacin, even though it's in vitro MIC is about 100 times that of
norfloxacin. The data for P. mirabilis show that fosfomycin had activity
equal to that of pipem'dic acid and trimethoprim/sulfamethoxazoie although
the in vitro sensitivity of the strain to fosfomycin is much less than to the
other two drugs. This lack of correlation between /n vitro and in vivo
activity may be due to the effective absorption of fosfomycin from rat
intestine, which leads to peak urinary concentrations of 1500-2500 ug/mL
after a single oral dose of 200 mg/kg. This would indicate that a 200 mg/kg
dose in the rat may be equivalent to a 3 gram oral human dose, proposed for
marketing in this application. Fosfomycin did not give very good results in
this study against infection caused by K. pneumoniae. The strain in this
experiment had a high MIC value. From this experiment it appears that
fosfomycin at a 3 gram single dose may be effective for uncomplicated
urinary tract infections, but may not be effective against urinary K.

pneumoniae infections.
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CLINICAL EFFICACY (CLINICAL MICROBIOLOGY)

ISOLATES/RELEVANCE TO APPROVED INDICATIONS

The sponsor presented the following studies for the indication of single dose,
oral treatment of uncomplicated urinary tract infections in women.

MON-US-01--Multicenter, randomized, double-blind, double-dummy
comparison of fosfomycin as a single 3 gram dose vs
ciprofloxacin 250 mg tablet twice a day for seven days.

MON-US-02--Muiticenter, randomized, double-blind, double-dummy
comparison of fosfomycin as a single 3 gram dose vs
trimethoprim/sulfamethoxazole 160mg/800rmg tablet twice a
day for ten days.

A total of 1731 women were enrolled--B58 received fosfomycin, 445
receivad ciprofloxacin, and 428 received trimethoprim/sulfamethoxazole.

Of the 858 who received fosfomycin 574 were evaluated for efficacy in the
intent to treat analyses; in these patients a urine culture was take prior to
therapy and that culture yielded one or more uropathogens with a count of
>10° CFU/mL. Bacteriological and clinical effectiveness were evaluated 5-
11 days following completion of active treatment {Visit #2 for fosfomycin;
Visit #3 for comparators]. A satisfactory bacteriological response indicates
that the uropathogen detected at baseline was eradicated at Visit #2 for
fosfomycin. The same organism or another species may be present at a later
timepoint and the sponsor has still classified this as a bacteriological
success.

Pathogens found in the above studies:

Escherichia coli--412 of 466 (88%) satisfactory bacteriological response.

Kiebsiella pneumonjae--23 of 31 (74%) satisfactnry bacteriological response.

Proteus mirabilis--19/23 (85%) satisfactory bacteriological response.

Staphylococcus saprophyticus--8/13 (62%) satisfactory bacteriological
response.

Enterococcus faecalis--20/23 (87%) satisfactory bacteriological response.

Enterobacter spp.--9/11 {82%) satisfactory bacteriological response.

Enterobacter aerogenes--5/7 (71%) satisfactory bacteriological response.

Enterobacter cloacae--3/3 (100%) satisfactory bacteriological response.

These pathogens are the ones the sponsor has listed in their microbiology
subsection 2f the proposed label as having both in vitro and clinical efficacy.
The final determination of the organisms to include in the indications tor this
drug will be provided by the medical revizwer.
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DISK CONTENT STUDIES

——

| 4

Pinasi et al (12) did a study comparing 5 '+g and 200-ug fosfomycin
disks with and without 50 ug of glucose-6-ph ate (G-6-P) added to the
disks. They compared the MiICs obtained usi agar dilution method
using Mueller-Hinton agar supplemented witiy 1L pyg/mbL G-6-P and zone
diameters obtained with these different disks for 245 bacterial strains
isolated from urinary infections. The regression lines and the correlation
coefficients for each of the four disks types is given below:

50-ug disk nc G-6-P: -2.37x + 28.02 r= -0.822
50-ug disk + 50 ug G-6-P: -1.77x + 249 r= -0.832
200-ug disk no G-6-P: -2.67x + 34.7 r= -0.866

200-ug disk + 50 yg G-6-P: -1.65x + 38.8 r= -0.755

These data show that the relation between MIC and zone size was
dependent on the presence of G-6-P. The slope values of the regression
lines obtained with both the 50-xg and 200-ug disk in the absence of G-6-P
were significantly higher (p <0.01} than the corresponding slope values
without G-6-P. Without G-6-P the slope value with the 200-ug disk was
significantly higher (p <0.05) than that obtained with the 50-ug disk, but
with G-6-P the two slope values were about the same. Since a single oral 3
gram dose gives about 2000 ygg/mL in the urine, the authors decreased this
value 10 times and used a susceptible breakpoint of 200 ug/mL. Using this
breakpoint the authors then plotted the data and determined the number of
false susceptible and false resistant isolates. They discovered that there
were more false resistant strains with both disks when no G-6-P was
present. The percentage of f~Ise resistant strains was 8.2% in the case of
the 59-ug disk and 3.3% in the case of the 200-ug disk. When G-6-P was
added the false resistant percent was 0.4% for the 200-yg disk and 3.3%
with the 50-uyg disk. The authors recommend the 200-ug disk with 50-ug of
G-6-P added to it since this gives the lowest percentage of major errors.
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Ptaller et al (34) determined t'e interpretive errors ohserved when
they prepared and tested 200-ug disks containing 0, 25, 50, or 180 ug of
glucose-6-phosphate (G-6-P} against 350 common urinary tract gathogens.
The disk test results were compared with broth microdiiution MICs abtained
using fosfomycin plus 25 pg/ml G-6-P. These authors used a susceptible
breakpoint of <128 ug/mL and resistant =256 pyg/mL and performed tests
according to the procedures outlined by NCCLS. They determined that the
corresponding breakpoints were essentially the same for all the
supplemented disks. With these breakpoints they determined the error rates
for each of the four disks. The results of this study are presented in
Table 49,

Table 49
Evaluation of Fosfomycin Disks with Varying
Amounts of G-6-P

“ Disk {ug) Criteria limm) Error Rate (%) .H

Fosfomycin G-6-¢ Susceptible Intermediate Rasistant Very | Major | Minor
—————— % -\
200 0 =16 13-15 <12 21.9
200 25 z216 13-16 <12 0 3.7 10.8
200 50 >16 13-15 <12 0 2.8 6.3
200 100 =16 13-15 <12 0 2.8 54 "

These data show that fosfomycin disks without added glucose-6-
phosphate gave false-resistant results in many cases (21.9%)}. The addition
of G-6-P decreased the major errors 1o 3.7% with 25 zg and to 2.8% with
either 50 or 100 pg added. The authors recommend a disk with either 50 or
100 ug of G-6-P added.

Both studies rcommended a 200-ug fosfe nycin disk. Pinasi
recommends this disk also contain 50 ug of G-o-P and the Pfaller study
agrees that the disk contain either 50 n- 100 ug of G-6-P. A 2C0-ug disk
with 50-ug of G-6-P was used in the clincial trails and is recommended in the
labeling for this drug.
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MIC BROTH/AGAR DILUTION COMPARISONS
Barry et al {5) performed agar dilution and broth microdilutppn
susceptibility tests according to NCCLS procedures with the media fortified
with 25 yg/mL of G-6-P. The data are presented in Table 50 and show that
susceptibility results were virtually identical when tests were performed in G-
6-P augmented cation-adjusted Mueller Hinton broth {CAMHB) or Mueller
Hinton agar (MHA).

Table 50
Comparisor: of Broth and Agar-Dilution Tests for Determining
the Antibacterial Activity of Fosfomycin /7 vitro

B MIC (wg/mL)

Organism

(No. Tested) Broth Microditution Agar Dilution

Escherichia coli (31) |
. Citrobacter sgp. {30) <1.0 2.0 2.0 4.0 _J

Klebsiella spp. (30) 32 64 16 32 _

Enterobgcter spp. (45) 32 128 16 32

Serratia marcescens (20) 16 2 8.0 16 |

Proteu's spp. {25) 20 128 ND* NO N

Meorganella morganii (10) 256 512 128 >256 |

Providencia spp. (25} 16 128 16 128

Pseudomonas spp. {35} 64 256 128 266 _J}

Acinetobacter 128 128 128 128

calcoaceticus

subsp enjtratus 4£10) -

Enterococcus spp. (41} 32 64 32 64 __“

Staphylococcus 64 512 128 512

saprophytict:s (30}

* ND = No data. Proteus species were not tested in agar

fwantscheff examined the activity of fosfomycin against a variety of
Staphylococcus species (35). He used both broth microdilution and agar
dilution methods. The results are given in Table 51. -
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Table 51

In vitro Activity of Fosfomycin against Staphylococcus Spercies )

Nc. of Strains Susceptible No. of gta'ains Susceptible ’
Organism No. Tested to < 16 pg/ml to < 64 yg/mlL

% . 1 Broth Agar Broth Agar
S. aureus

S. ep’dermidis 23 18 16 20 19
S. hominis 22 15 1 20 13
£. haemuolyticus 20 15 7 20 14
S. warneri 20 13 2 18 10
S. capi « 20 0 0 0 0
S. simulans 8 6 8 8 8
S. saprophyticus 5 4 0 5 1
| 5. cotnii 2] 1 1 2 2
" S. xylosis 2 1 2 2 2 2
" S. auricularis 1 0 0 0 o

——— ——

Unlike the studies that Barry performed, this study indicates that there is a
difference in the two methods. Lower M'Cs were obtained in most cases
when broth microdilution methods were used. This study only studied
staphylocccci, however, and there is no indication if this is true for other
gencra. The auther also used DST {Diagnostic Test) agar for the agar
dilutron test and Muelier Hinton broth for the broth microdilution test and
used 20 ug of G-6-P instead of the £0 yg that Barry used. It appears that if
NCCLS methods are used the diference between agar dilution and broth
microdilutiormmethods is nct great and that either method may be used.
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MIC/DISK DIFFUSION CORRELATION STUDIES

Barry et al {36) performed a study using 149 microorganisghs seiected
from common uropathogens that would normally be tested by the disk
procedure and which included a wide range of on-scale MICs. Disk
containing 200-ug of fosfomycin and 50 ug of glucose-6-phosphaty were
prepared by Difco Laboratories. Agar dilution test were carried out
according to NCCLS metnods using two-fold dilutions of fosfomycin ranging
from 2.0 to 512 pyg/mL. All test were performed in Mueller Hinton agar
supplemented with 25 yg/mL of G-6-P. Disk diffusion tests were also
performed acccrding to NCCLS procedures. All strains were tested in
triplicate and the modal MIC was plotted against the average zone diameters.
Control strains were also tested along with the test organisms. The
regression line correlating MICs to zones of inhibitiocn gave the regression
formula y =-1.9x + 44.8 with a correlation coefficient r=0.70. This study
compares fairly well with Pinasi‘s {12) study in which the regression fcrmula
was y=-1.65x + 38.8 with a correlation coefficient of r =0.755 when MICs
obtained using an agar dilution test and Mueller-Hinton agar with 10 yg/mL
of G-6-P were compared with zone diameters using a 200-ug fosfomycin
disk with 50-pg of G-6-P.

Barry’'s study showed that zone-diameter breakpoints of =16 mm and
<12 mm correlated with MICs of <64 ug/mL and =256 ug/m.L,
respectively. The investigators proposed a three category system to avoid
interpretive errors. Zone diameter of 13-15 mm correlated with a
intermediate category ot MIC = 128 ug/mbL. With this three category
system, they obtained no false-susceptible (very major errors) and only three
(2%) false-resistant (major errors) isolates. Of the 149 selected strains, 36
had intermediate MICs of 128 pg/mL, including 9 nf 10 Acinetobacter spp.,
1 of 10 Pseudomonas aeruginosa, 7 of 8 Pseudomonas fluorescens, 3 of 4
Pseudomonas stutzeri,  of 5 Xanthomonas maltophilia, 9 of 15
Staphylococcus saprophyticus, 1 of 10 Klebsiella pneumoniae and 1 of 5
Providencia 3ruartii. Only the Staphylococcus saprophyticus and the one
Klebsiella pneumoniae would normally be tested for this drug. Of these 36
strains with intermediate MICs, 25 were resistant according to the disk test
critenia. Five of the nine Staphylococcus saprophyticus struins with
intermediate MICs were susceptible in the disk test and four were
intermediate. Only 11 strains gave intermediate zones of 13-15 mm and five
of these 11 strains were susceptible in agar dilution tests.
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Pfaller et al {34) cormnpared MICs and zone-diameters from 350
bacterial isolates using a susceptible breakpoint of <128 yg/mi. ~Broth
microdilution was used to determine MICs in Mueller Hinton brotp
supplemented with 25 ug/mL of G-6-P. Disk diffusion testes were performad
using disk with 200 ug of fosfomycin and 0, 25, 50, or 100 ug of G-6-P.
Regressicn analyses were performed by the method of least squares and
error rates for diffusion tests with each of the four different disks were
calculated. Using breakpoints of <128 yg/mL for susceptible and =256
ug/mL for resistant the corresponding zone diameters breakpoints for the
200 ug disks with 50 ug of G-6-P were =216 mm and <12 mm,
respectively. A 3-mm intermediate category was arbitrarily assigned,
although there was no intermediate MIC category. With these breakpoints
{See Table 439) there were no false-resistant (very major errors} results and
only 2.8 % major errors. Most of these major errors would be eliminated
{only one isolate would be in this category)} with the inclusion of an
intermediate MIC category of 128 pg/mL.

QUALITY CONTROL STUDIES {MIC AND DISK DIFFUSION)

Five laboratories coliaborated in a study designed to develop MIC
limits for quality control strains (36). Each participant prepared broth
microdilution trays using 7 different lot of Mueiler Hinton broth, and a control
lot of trays was distributcd to all participants. The participarnts tested three
quality control stains. Each performed 20 separate tests with the lot of trays
that they prepared and five additional tests with the common lot of trays.
MIC limits were de‘ined as the mode plus/minus oene doubling dilution
interval. If the true mode appeared to fall between the even log, dilution
intervals that were tested a four dilution range was used. The distribution of
MIC values obtained is shown in Table 52.
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Table 52
Distribution of MIC Values for Quality Contro! Strains with Fosfomycin
Control Strain Number of Times Each MIC {zg/mL) Recorded-

c.25 0.5 1.0 2.0 4.0 8.0 16 32 64
E. coli ATCC 25922 1 (1o 52 42 8 2
P. aeruginoss 6 [46 a7 32) 4
ATCC 27853
S. aureus 15 27 12 57 14
ATCC 29213
E. fsecalis {15 a0 20}
ATCC 29212

* WMHCs that are within th2 proposed control limits are enclosed within brackets

Test with Enterococcus faecalis and Pseudomonas aeruginosa control strains
were fairly reproducible and control limits {(mode * one doubling dilution)
included three-dilution interval ranges. A four-dilution interval range was
needed for Escherichia coli because the mode appeared to fall between 1.0
and 2.0 ug/mL. The results with Staphylococcus aureus were too variable (o
be useful and the use of this strain as a quality control strain is not
recommended. The recommended quality control ranges in dilution
susceptibility tests are as follows:

Enterococcus faecalis ATCC 29212 16 to 64 ug/mL
Escherichia coli ATCC 25922 0.5 to 4.0 pg/mL
Pseudomonas aeruginosa ATCC 27853 2.0 to 8.0 yg/mL

As part of additional ongoing studies with climica! isolates, quality control
agar-dilution tests were performed with reference strains. These tests were
done in Muetier Hinton agar cantaining 25 ug/mL G-6-P. In 64 of 60
(98.5%) tests, the MIC for £. coli ATCC 25922 was < 2 ug/mL; only one
test was outside of the QC maximum with an MIC of 64 ug/mL. Al of the
59 results with £, faecalis ATCC 29212 were within the 16 to 64 yg/mL QC
range. Since Fseudomonas aerug'nosa is not indicated for this drug, it was
not tzsted in the clinical trials.
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Although only one collaborative study was submitted to the NDA
{performed in 1991), two other studies were recently submitted 1e-the
NCCLS (performed in 1994 and 1995). The 1994 study did not gonfirm the
results of the 1991 study so a new 1995 study was performed. Since we
do not have all the data, thc QC ranges established by the FDA may be
cifferent from those finally approved by the NCCLS. The NCCLS did not
vote on the selection of QC ranges for the sponsor’s submissiun at its
meeting since the 1994 data was not included in the final analysis.

Barry et al {36) also collaborated in a six laboratory effort to develop
quality control imits for disk diffusion tests. Investigators performed
replicate procedures with three different quality contro! strains of bacteria.
Two different manufacturers, _

prepared the disks containing 200 ug of fosfomycin and
50 ug of G-6-P. The study participants used different lots of Mueller Hinton
agar and a lot common to all laboratories. Each participant perforrned 30
separate tests (20 on the lot of agar assigned to them and 10 on the
common lot control medium), thus generating 300 zone diameter
determinations. In one laboratory, the zone diameters produced with S.
aureus were miarkedly different from the other five sites. The overall range
of values for the latter were 23 to 35 mm for commoen and unique lots of
media. The ou.ilying facility provided a zone diameter range of 36 to 44 mm.
If the zones from this laboratory were included, Gavin statistics would

produce a range of mm for all the data, but 20.8% of the zones
would be excluded. If the results from this laboratory were eliminated from
further consideration a range of mm would result and only 8.3% of

the zones would be excluded. Since thi; laboratory had targe zones even on
the common 1ot of media. it appears that an unknown problem existed in this
laboratory during the perfcrmance of this testing. Zone diameter limits for
each control strain were tentatively defined using the median's statistics of
Gavan. Table 53 shows the distribution of zone sizes for the five
laboratories with data that was not excluded.

-
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Table 53
Distribution of 2one Diameters in 300 Replicate Tests in Five
Laboratories Using 20C pg Fosfomycin Disks .
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Numbes of Times Each Zone Diameter Recorded
Zone Diamster {mm) E. coli S. aureus P. seruginosa
ATCC 25922 ATCC 25923 ATCC 27853
20 2
21 2*
22 8 2
23 36 3* 1
24 62 3 2
25 62 8 13
26 58 20 25
27 41 40 23
28 28 44 20
29 1 60 20
30 o* 61 25
N 32 21
32 18 18
33 . 8
34 1 19
35 1¢ 28
- 36 29
37 21
38 17
39 q
40 |

* Asterisks designate zones outside of proposed control limits: useful limits could not be

defined for disk diffusion tes!s with P. aeruginosa ATCC 27853.
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The medians statistic of Gavan defined 7 mm ranges of acceptable curic
sizes for £. coli ATCC 25922 (23-29 mm) and S. aureus ATCC 25923 (26-
32 mm when laboratory  is excluded). However, these ranggs would
include less than 95% of the reported values (94.2% for E. co/i and 91.7%
for S. aureus). To be consistent with NCCLS practice, these ranges need to
be extended one mm at each end (only at the lower end for £. colf since
there are no 30 mm zones). The adjusted ranges are mm for E. coli
ATCC 25922 (98.8% of data) and mm for S. aureus ATCC 25923
{97.3% of datal. The sponsor has incorrectly listed the range for £. coli in
the proposed label as mm. Gavan statistics give a range of mm
for Pseudomonas aeruginosa ATCC 27853. This range, however, excludes
39.2% of the data. A 14-mm range mm) would be needed for
tests with P. aeruginosa ATCC 27853 1o include 95% of the data. The
extensive intralaboratory variability in zone diameters makes this strains
useless for Quality Contro! Testing. Disk zone diameter QC tests performed
with reference strains during the clinical trails showcd that among 62 zones
diameters observed with S. aurcis ATCC 25923, 96.8% (60 values) were

within the mm limits; the other two zones diameters were 24 mm,
With £ coli ATCC 25922, 65 zone diameters ranged from mm.
Only one, at 18 mm, was below the mm range.

Cnce again, only the 1991 study was submitted to the NDA. Ancther
study was performed in 1994 and submitted to the NCCLS. Since we do
not have all the data to review, our QC ranges may be different than those
finally approved by the NCCLS.

CROSS RESISTANCE/CROSS SUSCEPTIBILITY STUDIES

Fosfomycin exerts iv> effect on bacterial cells by blocking the first step in
cell wall synthesis. It s, therefore, in a class by itself and there are no other
similar drugs to compare it too. The only studies that have shown cross
resistance between fosfomycin and other drugs are those in which
resistance to fosfomycin is conferred by plasmids. These mutants were also
resistant to carberucillin, streptomycin, kanamycin, gentamicin, tetracycline,
chloramphericol, and sufonamides. None of these drug’s mode of action is
simiiar to that of fosfomycin and resistance comes .rom the fact that the
plasmid carries many tesistant factors on it.

During the clinical trials, 129 patients showed the same species of
pathogen pre and post treatment. The microbes were tested to see if they
shifted from an initial interpretation of susceptible to post tharapy resistance,
Of the 129 isolates {28 of them K/ebsiella pneumonize isolates) four
Kiebsiella pneumoniae 1solates went from an MIC of pg/mLb to an MIC of

tg/ml and thus developed resistance to fosfomycin.
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ANAEROBIC STUDIES

Fosfomycin is not indicated for anaerobic bacteria and no studies
were, therefere, performed on anaerobes.

HAEMOPHILUS AND NEISSERIA STUDIES

Fosfemycin is not indicated for these two organisms and no studies
were, therefore, performed.

APPEARS THIS WAY
ON ORIGINAL
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BACTERIOLOGICAL EFFICACY

CORRELATION OF TEST RESULTS WITH OUTCOME
Correlation of Qutcome with and without G-6-P

Data relating the bacteriological success obtained with
fosfomycin therapy to the MICs obtained against baseline pathogens, are
summarized in Table 54. Results with and without the addition of G-6-F
{glucose-6-phosphate) are compared for the species in which G-6-P
enhanced activity.

Tahle 54
Relationship Between MICs with and without
G-6-P and Bacteriological Success

Species Presence No. of isolates in I No. of |
of G-6-P MIC Range Bacterio % *
in Cures Cures
MHE <64 128 | 2256
gg/mL | pgimlL | pgiml
C. diversus - 1 0 0 1 100 |
+ 1 0 0
E. aerogenes - o 1 4 3 60
+ 5 o 0
E. cloacae - 1 1 0 2 100
+ 2 0 0
E. cofi . s 10 3 350 89
B + 394 0 o
K. pneumoniae - 1 4 24 21 72
+ 25 4 0
Al Species .- 384 16 A 317 87
+ 427 4 0
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As seen in the above table the need for the addition ot G-6-P is
especially relevant in tests involving K. pneumcniae. In 21 of 28 gases
{72%) bacteriological cure was obtained with fosfomycin in this gpecies,
Tests not using G-6-P would have falsely predicted that 24 of the isolates
were not susceptible (MIC = 256 yg/mL}, and that four were in the
intermediate range. Only one isolate would be considered susceptible. On
the other hand, with the addition of G-6-P, 2% of the isolates were found to
be susceptible and four were in the intermediate category. These data
clearly support the contention that the use of G-6-P in the medium provides
fosfomycin clinical isolate susceptibility values that provide a better
correlation with bacteriological outcome. This 1atter classification is much
more appropriate than the first one without G-6-P. Table 55 gives a more
detailed summary of the results with K. pneumonae broken down by MIC

values.

Table 55
Influence of G-6-P in Susceptibility Tests on the Predictability
of Fosfomycin Therapy Against K. pneumoniae

mic Tested without G-6-P Tested with G-6-P
{trg/mL)

No. of isolates No. ot Cures No. ot Isclates No. of Cures
4 0 3 "
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In the case of Escherichia coli, where there was an 89%
bacteriological cure rate among 394 isolates, the deletion of G-6-R-from the
- test medium would predict that 12 successful curas were in the {ptermediate
or resistant category {Table 56}. Once again the need for G-6-P is shown.

Table 56
Influence of G-6-P in Susceptibility Tests on the Predictability
of Fosfomycin Therapy Against Escherichia coli

MIC Tested without G-6-P Tested with G-6-P
No. of isolates No. of Cures No. of Isolates No. of Cures
378
4 0 8 8
8 1 1 3 2
16 12 9 2 1
32 153 137 0
64 215 191 3 3
= 128 10 10 0
256 2 1 0
| 512 1 1 Y
% 64 381 338 394 350
* | 10 10 0O
F_; 256 3 2 0
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Correlation of MiCs with Outcome

MICs obtained from baseline pathogens were related to thg
bacteriological cutcomes obtained during clinical trials against uncomplicated
urinary tract infections in women. Results are given in Table 57.

Table &7
Relationship Between MICs and Bacteriological Success

Species MiC | No. ‘ Na.
{g/mL} isclates Cured
Citrobacter diversus 2 1 1
Enterobacter serogenes 8 2 2
16 3 1
Enterobacter cloacae 4 2 2
Enterococcy., faecalis 16 2 2
32 17 14 !
B 64 4 4 1
Escherichie coli 2 378 336
4 8 8
3 2
1 fi__ 2 1
64 3 3
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Table 57 {cont)

Page 83 of 101

Relationship Between MICs and Bacteriological Success

Species MiC No. No.
Isolates

Klebsiella pneumoniae 4 3 3
8 1 7
16 8 4
32 2
128 4 4

Prateus mirabilis 2 14 12
4 3 2
8 1 1
32 1 0
128 1 1
256 1 1
Providencia rettgeri 2 1 1
Staphylococcus 2 1 1
saprophyticus 64 6 4
512 3 1
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From the above table it can be seen that MICs and bacteriological—outcome
are related as follows:

MIC Cure/No. Isolates % Cure
2 351/395 88.9
4 15/16 93.8
8 12/17 70.€é
16 8/15 53.3
32 17/21 81.0
64 11/13 84.6
128 5/5 100
256 11 100
512 1/3 33.0

This data indicates that some failures have an MIC of 2 uy/mL. There is also
a lower cure rate at 8 and 16 yg/mL, but if the susceptibility breakpoint is
set at 8 or 16 ug/mL then the isciates at 32 an 63 ug/mL would be
considered resistant (or at least intermediate) and the cure rate for these
isolates is almost as high as for those at 2 pg/mbL. it appears that isolates at
128 and 256 pg/ mL are also cured, but there are very few of them,
especially at 256 pg/mL. |t appears that isolates at 512 ug/mL are not cured
very well, but once again there are only a few of them to base this
judgement on. The best situation is probably to set a breakpoint for
susceptible at 64 or 128 ug/mL and consider isolates above them resistant.
The only comrnon urinary pathogen that would normally fall in this area is
Staphylococcus saprophyticus and breakpoints would probably be useful to
predict susceptibility for this species. Unfortunately, there are only 10 of
these isolates and only three of them have MICs > 64 yg/mlL. If we use a
breakpoint of 64 ug/mL for susceptible and 128 ug/mL for intermediate,
since this eliminates many maijo’ errois vwhen comparing MICs and zone
diameters, we should be able to predict a* least that certain isolates (those
with MICs of = 256 ug/mL) will usually tead to failure. Predicting a success
is much harder since many isolates with low MICs (8 to 16 ug.mL and even
at 2 pug/mi) sometimes lead to failures.

The relationship between zone diameters obtained from kaseline
pathogens and bacteriological outcome was aiso investigated. Most zones
were between mm. Tabie 58 shows this relationship for

tindividual species.
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Tabie 58
Relationship Between Zone Diameter and Bacteriological Outcome
Species Zone Diameter (mm} No. Isolates No. Cured

trmar diversus 23 1 1
Enterobacter seragenes 18 3 2
21 2 1

Entarobactr cloacae <1 1 1
22 1 1

| Enterococcus faecalis 14 1 1
15 1 0

i 4 4

19 2 2

20 4 4

21 4 4

22 1 1

23 2 2

24 3 2

25 1 0

Kiebsiella pneumoniae 6 1 1
11 1 1

12 1 1

- 15 1 1 _

16 5 4

17 2 o

18 6 3

19 S 5]

- ]
20 6 5
21 1 0
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Table 58 {continued)
Relationship Between Zone Diameter and Bacteriological Outcome

Species Zone Diemeter {mm) No. Isolates Nn. Cured
Escherichia coli 12 1 1
14 1 1
17 2 2
19 1 1
20 3 3
| 21 5 4
22 21 18 I
23 45 42
24 65 55 “
25 108 97
26 79 65
27 a4 39 |
28 16 14 f
29 3 3
Prateus mirabilis 1 1 1
17 1 1
19 1 o
25 2 2
- 26 1 0
29 3 3
30 2 2
31 1 1
32 4 3 ]
33 1 1
34 4 3
Providencia rettgerf 26 1 1
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Table 58 (corntir: .Jj
Relaticnship Between Zone Diameter and Bacteriological Qutcome

[ [ T !
Species 2one Diameter (mmj No. Isolates No. Cured

Staphylococcus 6 3 1
saprophyticus 13 2 2
15 3 2
16 1 0
35 1 1

From the above table it can be seen that zone diameter and
bacteriological cure rate is related as follows:

Zone Diameter {mm) No. Cured/No._Isolates % _Cured
6 2/4 50
1 2/2 100
12 2/2 100
13 2/2 100
14 2/2 100
15 3/5 €0
16 4/6 66.6
17 3/5 60
18 7/10 70
19 10/12 83.3
20 12/13 82.3
21 9/12 75
22 20/23 87
23 45/48 93.8
24 57/68 83.8

~ 25 99/111 89.2
26 66/81 81.5
27 39/44 88.6
28 14/16 87.5
29 6/6 100
30 2/2 100
31 1/1 100
32 3/4 75
33 1/1 100
34 3/4 75

35 L¥A 100
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As can be seen there are very few zones smaller than 18 or greater than 28
millimeters on which to base a breakpoirt. The percentage cures does not
really tell us much about these zone diameter since one or two failures can
cause the percentage cures to decrease greatly since the number of isolates
is smali. Most of the cure rates for zone diameters that had a sufficient
number of isolates varied from the low 80’'s to 90's percent. There does not
seem to be a logical breakpoint for susceptibility. There may be some
evidence of a difference between zone diameters of 18 and 19 (cure rates of
7G% or lower for zones of 15-18 mm and 83.3% or greates {except for
21mm at 75% and 26 mm at 81.5%} for larger zones, respectively), but this
may be due to the low number of isolates present at the smaller zone
diameters.

The regression line calculated from the data from the clinicatl trials in
which both an MIC and a zone diameter were given for the baseline
pathogen gave the line y = -0.028x + 24.4 with a correlation coefficient of
only -0.509. This indicates that there is basically no correlation between
zone diameters and MICs. This is probably due to the fact that most of the
MICs had a value of 2 yg/mL and almost all zone diameters were
mm. There were almost no large or small zone diameters or high MICs. This
regression line gives a zone diameter of 22 mm for an MIC of 64 ug/mL, 20
mm for an MIC of 128 pyag/mL, and 15 mm for an MIC of
256 yg/mL, If 15 mm is used as resistant and 22 mm as susceptible, we
have a very large intermediate zone range of mm. This is
unacceptable. If 22 is used as susceptible and the normal three millimeters
for intermediate, this gives us 21, 20 and 19 mm as intermediate and 18
mm as resistant. This gives us 19/505 zone diameters that would be
classified as major errors. This is 3.8% which is above the acceptable 1%
range. This regression line does not represent what Barry et al (36) or
Pfaller et al {34} found. Barry’'s study found that a susceptible breakpoint of
>16 mm correlated with an MIC of < 64 pg/mL and a zone of <12 mm
corretated with an MIC of = 256 pg/mL. Pfaller’s study found a suceptibie
breakpoint of =16 mm correlated with an MIC of 128 ug/mL. In Pfaller’s
study these breakpoints led to 2.8% major errors, which were eliminated if
breakpoints of =16mm and <64 yg/mL were used for susceptible. Both of
these studies used a variety of organisms that had a wide dispersion of MIC
values and zone diameters and thus had more isolates at either end of the
susceptibility spectrum. It appears that the data obtained from the clinical
trials leads to a skewed regression line since almost all MICs are 2 yg/mL
and most zones are 22 to 28 mm. The data obtained from Barry's and
Pfaller's studies appear to mare closely represent what the zone diameter
breakpoints should be for fosfomycin.
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The major question for this drug product is the need for susceptibility
testing. This product will be used for UTI and will be given as a single dose
product. In most cases susceptiblity testing probably will not be performed.
The patient will visit and an vninary tract infection will be verified. The drug
will be given and if the patient is cured, she will not come back for another
visit. If the patient is not cured, she will come in again and another drug wili
be administered.

If the need for susceptibility testing is confirmed, the foilowing zone
diameters and MIC breakpoints should be considered for fosfomycin:

MIC (pa/mL) interpretation
<64 S =Susceptible
128 | =intermediate
=256 R = Resistant

Zone Diameter (mm) Interpretation
=16 S =Susceptible
13-15 | =Intermediate
< 12 R = Resistant

The following Quality Control criteria should be used:

Organism MIC Limit {ug/mL) Zone Diameter (mm)
E. coli ATCC 25922 22-28

E. faecalis ATCC 29212 e
P. aeruginosa ATCC 27853 weees
S. aureus ATCC 25923 25-33
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INTERPRETATIVE CRITERIA ESTABLISHED

The final interpretative criteria will be established after the clinically relevant
organisms are determined for this product. The propused criteria beiow,
however, will probably be the final criteria no metter what organisms are
given. Staphylococcus sapropiyticus is the organism that usually falls close
to the borderiine of the criteria given below. If this organisin is not given as
a causative pathogen, the use of susceptibility criteria becomes less useful,
since most other organisms havr only a few isolates near these breakpoints.
These breakpoints may, however, be usciul in explaining why an infection is
not cured. Most organisms that had MICs of 64 ug/mL or less gave a
satisfactory bacteriological response when treated with fosfomycin. There
were almost no isolates above this MIC {except for a few isolates of S.
saprophyticus).

The following criteria should be used:

MIC (ug/mL) ZONE DIAMETER (MM} INTERPRETATION
< 64 > 16 SUSCEPTIBLE (S)
128 13-1% INTERMEDIATE (I}

> 256 < 12 RESISTANT (R}
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The following issues should be discussed (perhaps at an advisory committee
meeting.

1) Since uis product is going to be given as a single dose to women
with uncomplicated UTI infections is there a need for susceptiblity

breakpoints?

2) Should the sponsor be required to submit all data and studies that
have been completed to the NDA. Two studies on ranges for Quality
Control organisms were submitted to the NCCLS, but never submitted
to the NDA for review. A third clinical trial vsas also performed and

never submitted.
The following information should be relayed to the sponsor:

1) The following organisms that are listed in the proposed labeling should
be deleted:
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The MICRCBIOLOGY section of the package insert should be revised to read
as follows:
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NDA Suitabilite Petition/DESI/P Status:

Patent 4,863,908 expires 2/23/2005--method of UTI treatment witk fosfomycin
tromethamine; Patent 5,162,309 expires 11/10/2009--relates to solid fosfomycin
tromethamine physico-chemical characteristics; Patent 5,191,094 expires 3/2/2010--
relates to process of preparation of fosfomycin tromethamine. All patents held by
Zambon Group, Vincenza, [taly.

PHARMACOLOGICAL CATEGORYX/INDICATION: Antibiotic/single dose

treatment of uncomplicated UTI]

DOSAGE FORM: Powder (Sachets)
STRENGTHS: 3 grams

ROUTE OF ADMINISTRATION: Oral

DISPENSED: X Rx ___ OTC
CHEMICAL NAME, STRUCTURAL FORMULA, MOI “CULAR FORMULA,
MOL.WT:

Chemical Name: Mono-(2-ammonium-2-hydroxymethyi-1,3-propanediol}-(2R-cis)-(3-
methyloxiranyl)phosphonate-(2R-cis)-(3-methyloxiranyl)phosphonic acid, compd. with
2-amino-Z-(hydroxymethyl)-1,3-propanediol (1:1)

Chemical Structure:
)
il oM ot
Hf\ »P:ou H,N iﬂ:u: H
AR, AT
H CH,0H

Moleculat Formula: C;H,gNO,P
Meccuiar Weight; 256.2
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SUPPORTING DOCUMENTS: DMF
DMF
DMF
DMF
DMF
DMF

RELATED DOCUMENTS: IND
CONSULTS: None
KEMARKS/COMMENTS:
{I) AMENDMENT--28-JUN-96

The amendment dated June 28, 1996 is a response to the Non-Approval Letter dated
September 20, 1995. Each of the Comments is listed below along with the Sponsor's
response and Reviewer Comments.

1. Based on our review of the microbiology data submitied, we have determined
that the following organisms are resistant to fosfomycin--they have MIC,, values
which exceed the susceptibility breakpoint.

Enterobacter species--we now normally require each species to be studied and
listed in the labeling. The MICq, values for species other than Enterobacter
aerogenes were > 64 ug/mlL.

Response:

"Due to limited data for Enterobacter species isolates in the clinical trials, at
present, species other than Enterobacter aerogenes should not be considered
susceptible to FT."

Reviewer Comments. Response is satisfactory

Providencia retigeri--MICg, values were > 64.g/mL.

Response:

"Due to limited data for Providencia rettgeri isolates in the clinical trials, at
present, this organism should not be considered susceptible to FT."
Reviewer Comments: Response is satisfactory
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Providencia stuartii--MICg, values were > 64.g/mL.

Response:

"Due to limited data for Providencia stuartii 1solates in the clinical trials, at
present, this erganism should not be considered susceptible to FT."
Reviewer Comments: Response is satisfactory

f

Pseudomonas aeruginosa--Not usually an urinary tract pathogen. MICy, values
were > 64.g/mL.

Response:

"Due to limited data for Pseudomonas aeruginosa solates in the clinical trials,
at present, this organism should not be considered susceptible to F1."
Reviewer Comments: Response is satisfactory

Xanthomonas maltophilia--Not usually an urinary tract pathogen. MICy, values
> 64 wg/mL.
Response:
"Due to limited data for Xanthomonas maltophilia isolates in the clinical trials,
at present, this organism should not be considered susceptible to FT."
Reviewer Comments: Response is satisfactory

This name of the organism has been changed by the
nomenclature committee and is now

Staphylococcus saprophyticus--MICgy, values were > 64 ug/mL.
Response:
"The antibacterial spectrum of FT has been investigated in a study of 3,176
isolates representing 21 species associated with urinary tract infection. This
study was included in NDA (now 50-717) for Monurol as Reference 61
in Volume 56, T .ges 7/00888-00901. There were 128 isolates of
Staphylqcoccus saprophyticus in this sample, 52% of which were susceptible to
< 64 ug/mL, with an additional 12 % susceptible to 128 ug/mL."
"In the modified ITT populations of Studies, MON-US-C1, MON-US-02 and
MON-US-03, there were 26 patients with uncomplicated UTIs in which
Siaphylococcus saprophyticus was the uropathogen identified on baseline
culture. Table 1 shows the agar dilntion MICs and disk diffusion zones of
inhibition of these 26 S. saprophyticus 1solates and the bacteriological outcomes
of pat:ents infected with these organisms. The agar dilution and disk diffusion
testing was done by the central 1eference laboratory in the trials,

on 21 of the isolates. The other
five 1solates were not received by the central laboratory so that only disk
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diffusion resuits, which were obtained at the local laboratories are available. At
the primary efficacy assessment 5-11 days afier single-dose FT, 17/26 (65%)
patients were cured of their infection. Fourteen of the 17 patients who .
expertenced a cure at the initial visit remained free of infection at the final visit
25-57 days after FT treatment.” '
TABLE 1
In Vitro Susceptibility Test Results and Bacteriological Qutcomes
Patients with Uncoraplicated UTI due to Staphylococcus saprophyticus

Pt ID MIC Disk Zone | Dick Zone Bact Ouicome | Bact Outcome
Study/Center/Patient | {CMI) (CM]) (Local Lab) | (Primary Visit) (Final Visit) |
- 0 Fail T

21 Cure Cure
512 6 - { Fail

No zone | Cure Cure

2 35 Cure Cure
&4 16 .- Fail

64 15 -- Cure Cure

512 6 - Cure Cure

. 64 15 -- Cookare v Cure

o4 13 - Cure Cure

512 6 - Fail -
- -- 40 Cure Cure ’

! 512 6 - Fail

1°.8 8 - Cure Cure

i ) 64 17 - Cure Fail

] 2 36 - Cure Cure
i 64 16 - Fail

i 32 19 - Cure Cure

s 13 - Cure Cure

I 256 6 - Curc Fail
L - - 16 Fail
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TABLE 1 (continued)
In Vitro Susceptibility Test Results and Bacteriological Qutcomes
Patients with Uncomplicated UTI wue to Staphylococcus saprophyticus

Pt ID MIC Disk Zone | Disk Zone Bact Outcome Bact Outcome
Study/Center/Patient | (CMI) (CMD (Local Lab) | (Primary Visit) {Final Visit)
o4 17 - Cure Cure
256 6 -- .Cure Cure
64 15 -- Fail
! 256 9 -- Cure Cure

512 6 - Fai’

Abbreviations

Bact Qutcome Bacieriological outcome

CM1 Ciinical Microbiology Institute, Inc., the reference laboratory

Disk Zone Zone of mhibition by the disk diffusion method

Local Lat Investigator's local laboraiory

Moo Minimnm inhibitory concentration by the agar dilution method

Pt ID No. Patient's identification number

“The data show that in vitro susceptibility testing of S. saprophyticus isolates in
the clinical trails was only a fair predictor of a patient's response to therapy.”

@ "Agar dilution MIC resuits were available for 21 patients (Table 2). Ten
of 13 patients (77 %) whose isolates of S. saprophyticus had MICs of
<128 ug/mL, which defines organisms as susceptible or intermediate, - °
were cured at the primary assessment visit. Although an MIC of
2256 ug/ml defines organisms as resistant to FT, 3/3 (100%) o1 patients
with MIC values of 256 ug/ml w=re bacteriological cures. Even at an
MIC of 512 ug/mL, which was the value for 5 isolates, one patient
(20%) was a cure."
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Relationship between MIC and Bacteriological Response

TABLE 2

(Primary Assessment Window)

Uncomplicated UTI due to Staphylococcus saprophyticus

PAGE 7 OF 31

MIC Interpretive No. Isolates No. Cure No. Fail
(g/m4i) Criteria (%) (%)
' 2 Susceptible 2 2 0
(100%) (0%)
32 Susceptible 1 1 0
(100%) -(0%)
64 Susceptible 9 6 3
(67%) (33%)
128 Intermediate I 1 0
(100%) (0%)
256 Resistant 3 3 0
(100%., (0%)
512 Resistant 5 1 4
(20%) (80%)
viati
MIC Minimal Inhibitory Concentration by agar dilution methcd using
Mueller-Hinton agar media supplemented with 25 »g/ml of giucose-6-
phosphate
No. Cure Number of patients with bacteriological cure at primary assessment
No. Fail Number of patients with bacteriological failure at primary assessment

No. Isolates

Number of isolates of S. saprophyticus

"Disk diffusion results were available for 26 patients (Table 3). Eleven
of 15 patients (73 %) whose isolates had zone diameters of 213 mm,
which defines organisms as intermediate to FT, we. ¢ cured. Six of 11
patients (55%) whose isolates of S. saprophyticus had zone sizes of <12
mm, which defines organisies as resistant to FT, were also cured.”
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TABLE 3

PAGL 8 OF 31

Relationship between Zone Diameter and Bacteriological Response
(Primary Assessment Window)

Uncomplicated UTI due to Staphylococcus saprophyticus

Disk Zone Interpretive No. Isolates No. Cure No. Fail
(mm) Criteria 1%) (%)
<12 Resistant 11 6 5
(55%) (45%)
13 Intermediate 2 2 0
(100%) -(0%)
14 Intermediate 0 0 0
15 Intermediate 3 2 i
(67 %) t33%)
> 16 Susceptible 10 7 3
(70%) (30%)
breviati
Disk Zone (mm) Zone of inhibition in millimeters by disk diffusion using disks
containing 200 n.g of fosfomygin and 50 g, of glucose-6-phosphate
No. Cure Number of patients with bacteriological cure at primary
assessment
No. Fail Number of patients with bacteriological failure at primary
assessment
No. Isolates Number of isolates of S. saprophyticus
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"In Study MON-US-03, which compared fosfomycin (FT) to nitrofurantoin
(NF), a drug approved for the treatmeni of uncomplicated UTI due to §.
saprophyticus, 13 patients treated with FT and 12 patients treated with NF had
S. saprophyticus as the baseline pathogen. Of the three studies submitted to the
NDA, MON-US-03 had the largest number of FT treated patients with this
uropathogen. The bacteriological cure rate for FT *n we primary assessment
window was 9/13 (69%) for FT and 10/12 :2%) for NF, which are similar for
this sized sample.”

"In view cf the similarity of .ure rates for FT and NF and the inability of in
vitro susceptibility testing to consistently predict response to FT for this species,
it is proposed that 5. saprophyticus be included in the Indications and Usage
section as a uropathogen for which F[ treatment is an acceptable choice and be
included in the Microbioiogy section of F1's labeling as an organism against
which FT has been shown to be active.”

Reviewer Comments: The reference referred to by the applicant was one of
many studies inciuded in the original NDA submission that tested isolates of
Staphylococcus saprophyticus (see TABLE 4). In all of these studies except the
Pinasi study in which all species of Staphyiococcus were included, The MICq,
values were > 128 pg/ml.. The MICq, value in these studies was 64 wg/mL or
higher. Since in order to be included in the in vitre activity listing in the
labeting the osganisms must have an MICg,, value less-than or equal to the
susceptibility breakpoint (64 ug/ml for fosfomycin) the reference study and
most of the other studies in which this organism was tested indicate that

The fact that many isolates that are resistant, using in vitro testing, are *
bacreriological cures is not unusual. Many of the isolates that are indicated as
being susceptible may also be bacieriological failures in clinical trials. In vitre
testing 18 only a rough estiruate of what might happen in clinical trials. Table 2
shows that most of the isolates with MIC values of 512 pg/mL are failures as
would be expected. Although all three izolatcs with MIC values of 256 ng/mL
were cured, there were only three isolates and it is difficult to base conclusions
on such a small number of isolates. Table 3 shows that isolates with zone sizes
that indicate they should be resistant have only a 55% bacteriological cure rate
while isolates with intermediate or susceptible zone diameters have a higher cure
rate.

In study MON-US5-03. the cure rate for fosfomycin was only 69%
compared to a cure rate for nmitrefurantoin of 83 % for infections caused by
Staphylococcus saprophyticis. Table 5 shows that nitrofurantoin has better in
vitro activity against Staphvi>coccus saprophyticus than fosfomycin.
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TABLE 4

In vitro activity of fosfomycin against Staphylococcus saprophyticus

PAGE 10 OF 31

Investigator | Country I # Tested | Method Range
Barry UsA 30 128

Wise UK 42
Pinasi Italy i%
species
Barry USA i28

** The same 30 isolates were tested under each of the conditions stated.

MiIC
£12
64 512
1 128 > 256
© 84 256
64 512
64 256
64 256
64 >128
—t— ) P
I o | sum)
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TABLE 5
Susceptibility of Baseline Pathogens to Individual Study Drugs
Modified ITT Population (STUDY MON-US-03)

FT NT
Susceptibie? Susceptible?

Yes Int No N/D Yes Int No N/D

Citrobacter diversus 2
Enterobacter 0
Enterobacter aerogenes 4
Enterobacter cloacae 2

Enterococcus faecalis 3
Enterococcus group D |
Escherichia coli 3
Klebsiella 1
1
1
2
1

o

S = ) R W O e
N

Klebsiella ozaenae
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa
Staphylococcus
saprophyticus 13
Streptococcus Group D 1

()
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Sub-Total 466 12 17 6 405 35 44 17

Total Number of Pathogens
Tested 495 484

N/D = Not Tested

Int = Intermediate Susceptibility

Note: For FT, intermediate susceptibility size= 13-15 inm. For NF, intermediate
susceptibiiity size zone =15-16 mm.

If it 1s determined that fosfomycin is indicated for uncomplicated UTI caused by
Staphylococcus saprophyticus then this organism will be allowed in the
microbiologyv subsection in the histing of organisms for which both in vitro and
clinical efficacy have been shown but the following statement should follow its
lisung: "(although many strains are resistant in vitro, clinical efficacy has
been demonstrated)”.
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2.

Based on our analyses of the study submitted, the QC limits for Escherichia coli
ATCC 25922 should be mm instead of mm. It appears that an error
was made when the data from Barry's study were interpreted. Gavan statistics
indicated limits of mm, but this included only 94.2% of the data. It was
suggested that the range be extended mm on each end, but si..ce no zones of
mm were found in the collaborative study, a range of mm is indicated.

Response:
"Due to an error. the adjusted QC range for £. coli was stated to be

mm, rather than mm in subsection 7.9.4 Quality Control Guidelines
for Disk Diffusion Susceptibility Tests of the Microbiology Section of the NDA
(Volume 48, Page 7/00093). This erroneous value also appeared in subsection
7.13(J) Conclusions (Volume 48, Page 7/00120)."

"In this submission, reports of studies which have generated data designed to
determined and evaluate the QC parameters for fosfomycin susceptibility tests
are included, together with a synopsis of the studies and conclusions drawn from
them. With regard to QC limits for E. coli ATCC 25922 by the disk diffusion
method, the synopsis provides justification for a range of mm (Exhibit 4,
Page 3). It a narrower range of mm is still preferred by the Agency,
Forest would like the opportunity to discuss this issue further.”

Reviewer Comments: The applicant's response is satisfactory. The study

"~ ~incinded<a the origmal submission was performed in 1991 and Gavan statistics v

gave a range of mmn. This range included only 94% of the total
number of zones reported by all six laboratories. To aitain the 295%
requirement of MCCLS Document M-23, one millimeter was added to each end
f the range and this included 98.9% of all test resulis. A reviewer error was* '
niade in copying the data and there were nine zone diameters of  mm in the
1991 study. In a subs. quent ten-laboratory study performed in 1994, 96% of

the 1 =sults fell within this mm range and only 93% were within a range
of . mm. A range mm for . ATCC 25922 is
acceptavte
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FDA knows that there is some controversy regarding QC ranges for this drug,
especially for MIC QC limits. Although only one collaborative study “vas
submitted to the NDA (performed in 1991), two other MIC studies were .
submitted 10 ihe scientific community (performed in 1994 and 1995). The 1994
study did not confirm the results of the 1991 study so a new 1995 study was
performed. Only the 1991 study for zone diameters has been submitted.
Another 1994 study was performed. FDA must have all data to determine QC
ranges.

Response:

"Additional studies bearing on the determ: nation of MIC QC ranges for
tosfomycin by the microbroth and agar diiation methods are presented in
Exhibit 4. A synopsis of the results and conclusions are also included. With
regard to the broth microdilution method, the experimental data demonstrated
that useful QC limits for the standard test organisms were difficuli to define,
primarily because of failure to precisely control inoculum size. Therefore, agar
dilution 1s recommended as the standardized dilution susceptibility testing
method for the quantitative measurement of the in vitro activity of fosfomy .a
against bacterial isolates. Exhibit 4 provides confirmation that acceptable ,- [
QC ranges for the four standard QC organisms are achievable by the agar
dilution technique.”

Reviewer Comments: Information is submitied on quality control studies of
susceptibility tests with fosfomycin performed-by:

Disk Diffusi

In 1991 a six laboratory study following the approach outlined in
Document M-23 of the NCCLS was conducted to determine the appropriate QC
zone diameter ranges for Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, and Pseudcinonas aeruginosa ATCC 27853 when testing
fosfomycin with disks containing 200 ug fosfomycin and 50 ug glucose-6-
phosphate. Each laboratory generated 60 zone diameters for each organism.
This was the study presented in the original NDA,

In 1994 another ten-laboratory reproducibility study was conducted to
confirm the QC ranges found in the 1991 study. Each of the ter laboratories
generated 10 zone diameters for each control strain.

The resuits of disk tests ini the two studies are summarized in TABLE 6.
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TABLE 6
Fosfomycin Disk Test QC Studies
Six laberatory Study generating 300 zones per strain (1991)
Ter laboratory reproducibility Study generating 100 zones per strain (1994)

Number of Times each Zone Diameter Reported

Zone Diameter E. coli S. aureus . P. aeruginosa

(mm) ATCC 25922 ATCC 25923 ATCC 27853
1991 1994 19917 1994 1991 1994

18 \ 1
19
20 2
21 2 R 2
22 5 3 2 1
23 36 7 3 I
24 62 14 3 2 2 2
23 65 18 8 6 13 2
26 60 26 20 4 25 10
27 54 18 40 9 27 10
28 46 7 44 15 20 3
29 16 3 60 25 23 7
30 9. e 51 19 35 21
31 32 13 32 19
32 18 __ 5 32 14
33 9 25 3
34 1 23 -
35 i 29
36 29
37 21
38 - 17
39 4

2 Excludes data from | of 6 laboratories because zone were >36 mm in diameter
b Horizontal lines identify the upper and lower limits that included 295% of all data
points. Realistic limits could not be defined for tests of P. aeruginosa ATCC 27853,
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Using the mediz a statistic of Gavan, the calculated QC range for E. coli
ATCC 25922 would be mm. This range includes only 94% of the total
number of zones reported by all six laboratories in the 1991 study. To obtain
the 295% requirement of M-23, one millimeter was added to each end of this
range. the resulting mm (9 mm) range included 98.9% of all test
results. In the subsequent ten laboratory stvdy 96% of the results fell within
this mm range, and only 93% were within a Tum range.

Using the median statistic of Gavan, the calculated QC range for
S. aureus ATCC 25923 would be mm. One of the six laboratories was
excluded from the calculations and TABLE 6 because all of its zone diameters
were >35 mm on the agar medium used only by this laboratory, but were
satisfactory on the common lot. It appears that they had a bad lot of agar. This
recommended range included 97.4% of the results of the original study and 98%
of the resulis 1n the ten laboratory confirmation study.

For P. aeruginosa ATCC 27583, the range of zone diameters reported in
both studies was too broad to be useful for QC purposes. Thnis 2rganism is not
recommended for disk tests.

The following QC ranges wiil be placed in the label:

ic codilution Tests

In the past six years four studies have been performed attempting to _ .
determine and evaluate QC parameters for fosfomycin broth microdilution tests.
In 1991 a five laboratory study was performed following the method of
Document M-23 of the NCCLS. Fosfomycin was serially diluted in broth
containing 25 ng/mlL of glucose-6-phosphate. QC organisms included
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213,
Pseudomonas aeruginosa ATCC 27853, and Emterococcus faecalis ATCC
29212, Each laboratory generated 25 MICs for each organism. This was the
study submitted in the original NDA.

In 1994, a reproducibility study was conducted and that generated 10
MICs from each of the ten laboratories for each organism (one laboratory
reported on 8 MICs for each orgamsm). This study was intended to assess the
appropriateness of the QC ranges derived from the first study.

In 1995, another study involving 8 laboratories was performed following
the M-23 guidelines. In this study specific instructions on reading endpoints for
traihng pheromena and skipped wells were provided to each participant. The
endpoints were to be defined as an 80% inhibition of growth or a sharp decrease
in grown as compared to that seen in the growth control well.  .nall buttons,
trathng L:ight growth and skipped wells were to be ignored.
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In 1996 a three laboratory study designed to identify the more important
variables that affect fosfomycin MIC endpoints was performed. This study
produced 54 MIC results (18 from each laboratory) for each organism. .

The MIC distribution for each organism in each of the four studies is
given in TABLE 7. The modal MIC value in the four studies varied by over a
three-dilution range for three organisms and over a two dilution range for
Escherichia coli ATCC 25922. The MIC range encompassing 95% of the
results for three organisms differed from study to study. Escherichia coli
ATCC 25922 control ranges required four to six two-fold concentrations to
include 95% of the results. No useful QC limits could be defined for
fosfomycin testing by broth microdilution

The 1996 study was designed to test the variables in the test $ystem that
could cause the variation in the above studies. It was found that the major
variable affecting MIC results was the inoculum size. With E. coli ATCC
25922, for example, a half log change in inoculum concentration resulted in a
one to two dilution change in MICs. The authors state that unless the inoculum
concentration is more precisely controlled than is currently practical, fosfomycin
MICs by broth microdilution are not likely to be reproducible. It is
recommended that broth microdilution susceptibility testing of fosfomycin noj
be considered for clinical laboratory use and that disk diffusion tests be used.




NDA 50-717
ZAMBON CORPORATION
MONUROL (FOSFOMYCIN TROMETHANMINE)

PAGE 17 OF 31

TABLE 7
Fosfomycin broth microdilution QC studies: Frequency distribution of MICs obtained with four QC
orgaryisms in four multi-laboratory studies performed in 1991, 1994, 1995, and 1996

Number of times each MIC was recorded for each organism in each study

MIC E. coli ATCC 25922 S. aureus ATCC 29213 P. aerug. ATCC 27853 E. faecalis ATCC 29212

lep/mby 159} 1994 1995 1996 1991 1994 1995 1996 1991 1994 10935 1996 1991 J9%4 1995 1996
0.125 _ 1

0.25 1 1 15 7 o

05 10 8 6 27 1. 43 3 -

1 52 21 66 5 2 22 7219 6 i i 2

2 42 28 98* 23 57 21 64 13+ % 317 |

4 i8 23 13 14, 3+ 48 7 37 25 99% 32+

8 2 16 46 18 s 2 30 72 13 2 1

16 2 71 4 y 4 17 26 2 15 __ 26 .
32 iz 1 10 6 90* 2 52 n
64 3 5 5 20 54 43 40+
128 yll 32 10S* I
256 s 13

512 3

>512 !

* Mode of each series

__ Horizontal lines enclose MIC values that include » 95% of the data in each study year.
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I
In 1996 a seven laboratory study was conducted to determine the
fosfomycin QC ranges for the four standard QC organisms when tested by agar

dilution. Each laboratory tested each QC strain 32 times--16 on a Mueller-
Hinton agar lot unique to their laboratory and 16 on a lot common to all
participant laboratories. Colony counts were performed on each inoculum
preparation. The inoculum concentrations varied somewhat among the seven
participants with average colony counts ranging from 8.4 x 10° CFU/spot to
6.8 x 10° CFU/spot. No correlation between inoculum concentrations and
fosfomycin MICs was observed within this range of colony counts. TABLE 8
shows the results of this study.

TABLE 8
Fosfomycin agar dilution QC study. Frequency distribution of MICs
obtatned i1n a seven-laboratory study--199¢

E. coli S. aureus P.aeruginosa F. faecalis
MICs Geg/mL) ATCC 25922 ATCC 29213 ATCC 27953 ATCC 29212
0125 16
0.25 _
0.5 25 17
i 134 92 ——
2 __48 97 33
4 b 16 18l e el
8 8
16 -
32 94
64 128- -
128 —_
256

-

All (100%) of the fosfomycin MICs fell within the proposed ranges for .
aureus ATCC 29213, P. aeruginosa ATCC 27953, and E. faecalis ATCC
29212, With E. coli ATCC 25922, 16 MIC results were < 0,125 .g/ml., which
18 two log, concentrations below the low end of the proposed range. These 16
results all occurred with the unique lot of Mueller-Hinton agar from one
laboratory. The common lot MICs for this laboratory were within the proposed
range. The unique ot of this laboratory appears to be a problem lot and should
he excluded from the results. Excluding this laboratory, 99.5% of the
remaining testes were within the proposed range. Differences in the mnoculum
concentration do not seem to affect agar dilution MICs as they do microdilution
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MICs, all resuits are included within a four dilution range and szem to be
consistent between laboratories. The foliowing fosfomycin agar dilution QC
ranges should be in the label along with a statement that broth microdilution
should not be used to determine fosfomycin MICs:

3. The statement
should be deleted. The same

statement is made later bui in a more appropriate manner;

Response:
“The statement will be deleted.”
Reviewer response: The response is satisfactory and the statement wilt be

deleted.

4, The statemenrt
should be deleted

since the evidence for this is presented in only one brief study and this does not
seem to be the primary mode of action of this drug.

Response:
The statement will be deleted.”
Reviewer response: The response is satisfactory and the statement will be

deleted.

-
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(1) AMENDMENT--7-MAY-96

CLINICAL MICROBIOLOGY (STUDY MON-US-3) -
. )

The sponsor has amended this application on May 17, 1996 to include an
additional clinical study, MON-US-03-"Single Dose Fosfomycin Tromethamine versus
Muluple Dose Nitrofurantoin Monohydrate/Macrocrystals for the Treatment of
Uncomplicated Urinary Tract Infections in Female Patients.

MON-US-03--Multicenter, randomized, double-blind, double-dummy comparison of
fosfomycin as a single 3 gram dose vs nitrofurantoin 100 mg capsule
every 12 hours for seven days.

A total of 749 patients were cnrolied--375 received fosfomycin and 374 received
nitrofurantoin. Of the 375 who received fosfomycin, 103 patients had no baseline
pathogen at levels » 10° CFU/mL and were not evaluated in the Intent to Treat {(ITD or
the Modified ITT analyses. Twelve patients were excluded from the ITT population for
reasons other than treatment failure or treatment failure-related reasons and were not
included in the Modified ITT analyses, there were, therefore, 260 patients in the
Modified ITT group that were evaluatcd. Bacteriological and clinical effectiveness
were ¢valuated™5-11 days following completion of active treatment [Visit #2 (days 5 to

I Dfor fosfomycin; Visit #3 (days 11 to 17) for nitrofurantoin). Evaluation was also
parformed at Visit #4 (after study day 17) for recurrence of new infection. A patient

who had a urine culture taken at or 96 hours prior to Day 0 that yielded one or more _ |

uropathogens with a count of * 10° CFU/mL was defined as having a bacteriological
cure in the Day 5 to 11, Day 11 to 17, or after Day 17 window if all uropathogens
found at baseline at levels = 10° CFU/mL were reduced to levels < 10* CFU/mL. If
more than one sample was taken the worst case was used. If a concomitant antibiotic
for U'f1 was taken, this was a bacteriological failure. Patients who had a documented
bacteriological cure in the Primary Evaluation Window were considered to have
recurrence if one or more of the cutiures evaluated after documentation of a cure
showed that the original pathogen was again present at levels of > 10 3 CFU/mL or a
concomitant antibiotic for UTI was started after documentation of a cure. 1f a new
species of pathogen was detected after a cure this was indicated as a new infection.
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In this study there were 220 isolates of Kscherichia coli. One isolate was not
tested {ur susceptibility. The susceptibility testing of E. coli isolates produced zone
diameters of 18 to 30 mm. Most isolates had zones from 22 to 28 mm. All isolates
were, therefore, susceptible (> 16 mm). Almost all MICs for these isolates were
2 ug/mL. There was no correlauon between bacteriological failures and zone
diameters.

Proteus mirabilis. Total 10 isolates (All susceptible by proposed breakpoints)j4/20
Failures)

19 16 Failure
27 2 Failure
28 4 Success
30 2 Success
30 2 Failure
31 2 Success
32 2 Fatlure
33 2 Success
33 2 success
35 2 Success

Although *he isolates with the smallest zone diameters were failures one large zone
diameter isolates also failed. Serlee g ea,

Klebsiella pneumoniae: 11 total isolates (2 resistant, 2 Intermediate, 7 susceptible).
No MICs performed.

0 (may be 6 mm) Resistant Failure
10 Failure
15 Intermediate Failure
13 Success
17 Susceptible Success
17 Success
17 Success
18 Success
18 Success
19 Success
25 Success

These isolates fit into the proposed breakpoint scheme for zone diameters very well.
The two resistant isolates were failures, the two intermediate isolates were split and all
the susceptible 1solates were successes.
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Staphylococcus saprophyticus: 13 isolates (6 resistant, | intermediate, | not done, 5
susceptible). No MIC testing performed.

Not Done Failure
0 (may be 6 mm) Success
6 Resistant Success
6 Failure
7 Success
10 Success
1l Success
13 Intermediate ~__ Success
16 Failure
16 Success
18 Success
18 Failure
33 Success

There appears to be little correlation between zone diameter and cuicome for this
organism.

Other pathogens.

Orpanism Zone diameter (mm) Qutcome (5-11 days}
Citrobacter diversus 27 (MIC=2) Success
Enterobacter aerogenes 15 Failure
Enterobacter aerogenes 14 Success
Enterobacter 0 Failure
Enterococcus faecalis 26 Success
Enterococcus group D 25 Success
Klebsiella ozaenae 21 Success
Streptococcus group D 14 Success
Streptococcus group D 30 Failure

Only the Enterobacter 1solate was resistant and it failed. There were three intermediate
1solates and 2 of the 3 were successes. Only one of the {ive susceptible isolates failed.

It appear: that the proposed breakpoints of > 16 mm, Susceptible; 13-15 mm,
Intermediate: and < 12 rom, Resistani work well except for Sraphylococcus
saprophyticus which tends to have a successful outcome even though the breakpoints
predict a resistant isolate. All £. coli 1sclates which were the vast majority of the
pathogens detected were susceptible. There were some failures, but the failures were
not clustered at any zone diameter range.
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Bacteriological Cure Rates 1n the Primary Assessment Window by Pathogen is
given in the fellowing TABLE.

TABLE 9 (STUDY MON-US-3) )
Bacteriological Cure Rate in the Primary Assessment Window by Pathogen

Pathogen FT NF

T No. Cures/Total (%) No. Cures/Total (%)

Citrobacter diversus 1/1 (100) 1/1 (100)
Enterobacter 0/1 (0) 0/0 ()
Enterobacter aerogenes 172 (50 376 (50)
Enterobacter cloacae 0/0 (-) 2/2 {100)
Enterococcus faecalis 171 (100) 1/2 (50)
Enterococcus group D 1/1 (100) 0/0 (-)
Escherichia coli 188/220 (86) 145/186 (78)
Klebsiella 0/0 (9 1/1 (100)
Klebsiella ozaenae 1/1 (100) 0/0 (-)
Klebsiella pneumoniae 8/11 (73) 10/13 (77)
Proteus mirabilis 6/10 (60) 6/14 (43)
Pseudomonas aeruginosa 0/0 () G/1 ()
Staphylococcus saprophyticus 8/13 (69) 10/12 (83)
Streptococcus group D 1/2 {50) 0/0 ()

Total 217/263(83) 1791238 (75)

Note: More than one pathogen may have been isolated from one patient. Therefore, the
number of pathogens may exceed the number of patients. -



NDA 50-717 PAGE 24 OF 31

ZAMBON CORPORATION
MONUROL (FOSFOMYCIN TROMETHAMINE)

Bacteriological cure rates at each evaluation window are shown in TABLE 10.

TABLE 10
Bacteriological Evaluations --Study MON-US-03
FT NF
No. (%) No. (%)
(N=260) (N=237)
Days 5-11 (Primary Assessment Window for FT')
Cure 215 (83) 209 (88)°
Failure 45 (17 28 (12)
Days 11-17 (Primary Assessment Window for NF)
Cure 200 (7N 175 (76)
Failure 60 (23) 58 (24)
After Day 17*
Cure 181 (70) 155 (65)
Failure 79 (30) Cvwne — B2 (35)

* Eradication with respect to the original pathogen only
Two FT treated patients that were considered cures had exactly 10* CFU/mL of the
original pathogen present [one at the after Day 17 visit--patient and one at the
Day 5-11 visit--patient One NF treated patient had exactly 10* CFU/mL of
the original pathoger present at Day 5-11 visit--patient

Patients may Ssiill be recziving NF at this visit. The Day 11-17 visit is the primary
efficacy visit for NF treated patients.

Recurrence and new infections were also assessed. Recurrence was assessed after
documentation of a bacteriological cure. New infection could occur any time post
therany. Recurrence was not possible in 45 of the fosfomycin patients and in 58 of the
nitrofurantoin patients due to their bacteriological failure at the primary evaluation
visit. Of the remaining patients (84 %) of FT patients and 153/179 of the NF
patients had no recurrence. As for new infections 239/260 (92 %) of the FT patients
and 218/231 (94%) of NF patients had no new infections. TABLE 11 shows these
results.
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TABLE 11
Bacteriological Evaluations of Recurrence and New Infection (Study MON-US-03)
FT ‘ NF
No. (%) No. (%)
(N =260) (N=237)
Recurrence
No 180 (84) 153 (86)
Yes 35 (16) 26 (15)
Not Evaluable 45 58
New Infection
No 239 (92) 218 (94)
Yes 21 (8) 13 (6)
Not Evajuable 0 6
The outcome at-the final visit was also examined. A patient was a failure is they were S

not cured or developed a new infection or had a recurrence of the original pathogen.
Patients who required additional antibiotic therapy for UTI were also failures. These
results are shown in TABLE 12.

TABLE 12
Bacteriological Evaluations of Cure and Failure--At last Visit (Study MON-US-03)
Outcome At Fmal Visit FT NF
No. (%) No. (%)
(N =260) (N=237)
CURE 170 (65) 147 (62)

FAILURE 90 (35) 90 (38)

These data show that as far as bacteriological cure the two antibiotics are about equal
against uncomplicated UTI in female patients.
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TABLE 13 compares the fosfomycin bacteriological cure rates for each pathogen in the
three studies.

MON-US-01--Multicenter, randomized, double-blind, double-dummy comparison of
fosfomycin as a single 3 gram dose vs ciprofloxacin 250 mg tablet twice a
day for seven days.

MON-US-02--Multicenter, randomized, double-blind, double-dummy comparison of
fosfomycin as a single 3 gram dose vs trimethoprim/sulfamethoxazole
160mg/800 mg tablet twice a day for ten days.

TABLE 13
Bacteriological Cure Rate in the Primary Assessment Window by Pathogen
Pathogen Study MON-US0I Study MON-US-02 Study MON-US-03
No. Cures/Totat (%) No. Cures/Total (%) No. Cures/Total (%)

Citrobacter diversus 2/2 (100) /1 {160y 171 (100)
Citrobacter freundii 1/1 (100) 272 (100)
Enterobacter -- 1/1 (100) /1 (0)
Enterobacter aerogenes 213 (67) 21346 172 (50)
Enterobacter cloacae 1/1 (100) 272 (100)
Fnierococcus faecalis 5/5 (100) 3/4 (715) M (0
Enterococcus group D 3/4 (75) 5/6 (83) 171 {100)
Escherichia coli 1947227 (85) 2007229 (87) 188/220 (85)
Kiebstella 213 (6T 1/3 (33)
Klebsiella ozaenae --- /1 (100)
Klebsiella preumoniae 9/13 (69) 6/9 (67) 8711 (73)
Proteus 172 (50)
Prateus mirabilis 6/8 (75) 11711 (100) 6/10 (60)
St snylococcus saprophyticus 5/8 (63) 375 (60) 9713 (69
Streptococcus group D 1/1 (100) 2/2 (100; 11 (100)

Jotal 2327279 (B3) 239/278 (86} 2171263 (83)

The eradication rates are about equal in each of the three studies.

In the three studies the eradication rates for the most frequent pathogens were as
follow:

Escherichia coli 582/656 (89%)
Klebsiella pneumoniae 23/33 (70%)
Proteus mirabilis 23129 (79%)
Staphylococcus saprophyticus 17/26 (65%)

All pathogens 688/819 (B4 %)
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(1I1) AMENDMENT-30-JUL-96
The MICROBIOLOGY section of the package insert should read as follows:

Fosfomycin (the active component of fosfomycin tromethamine) has in virro activity
against a broad range of gram-positive and gram-negative aerobic bacteria which are
associated with uncomplicated urinary tract infections. Fosfomycin is bactericidal in
urine at therapeutic doses. The bactericidal action of fosfomycin is due to its
inactivation of the enzyme enolpyruvyl transferase, thereby irreversibly blocking the
condensation of uridine diphosphate-N-acetylglucosamine with p-enolpyruvate, one of
the first steps in bacterial cell wall synthesis. It also reduces adherence of bacteria to
ureopithelial cells.

There i1s generally no cross-resistance between fosfomycin and other classes of
antibacterial agents such as beta-lactams or amincglycosides.

tFosfomycin has been shown to be active against most strains of the following
microorganisms both in vitro and in clinical infections as described in the
INDICATIONS AND USAGE section:
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REFERENCES

1. National Committee for Chinical Laboratory Standards, Mcthods for Dilution
Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically--Third
Edition; Approved Standard NCCLS Document
M7-A3, Vol. 13, No. 25 NCCLS, Villanova, PA, December, 1993.

2. National Committee for Clinical Labouratory Standards, Performance Standard
for Antimicrobial Disk Susceptibility Tests--Fifth Edition; Approved Standard
NCCLS Document M2-A5, Voi. 13, No. 24 NCCLS, Villanova, PA,
December, 1993.

This revision of the microbiole,_y section varies from that submitted by the sponsor in
their amendment dated July 30, 1996 in the following places:

in the tirst paragraph the sponsor states.

This has been altered to read,
Although this mode of activn may be unique
at the present time, other drugs with a similar mode of action could be approved and
this statement wonld-thén-be false and would require a change.

The staiement
has been changed to read,

The headings for the two lists of organisms have been alicred to wording tha. was
standardized imrthe January 26, 1993 letter to ALL NDA HOLDERS.

The statement
has been added after
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The positions of the dilution and diffusion techniques subsection of the susceptibifity
tests section have been changed se that the dilution techniques subsection is first under
the susceptibility tests which is now our Division's standardized format. The wording
of these sections has also been altered to our now standardized format. The wording

have been added to the dilution techniques
subsection o indicate that this method should nct be used due to the problems
encountered when quality control limits were being tested.

The definition of ' has been altered to indicate what this truly means for
this drug which is that this category is a buffer zone and that the result sheuid be
considered equivocal. The sponsor has added the statement

Since this drug s only for urinary tract infections and the
indication was granted because the drug concentrates in the unine, the iermediate
category does not imply clinical applicability in body sites where the drug is
concentrated, In this case this category i1s only a buffer zone which tends to indicate
that the drug may or may not work, it does not mean that if higher doses are used or the
drug s more concentrated in some fluid than it is normally in blood that 1t might work.

Conclusi I R tati

From the microbiological viewpoint the drug should be approved with 1 microbiology
section of the package insert written as stated above.

I ¢ Dimnd
~ Peier A. Dionne

Review Microhiologist

ces Orig. NDA 50-717
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

BACKGROUND:

The purpose of this submission is to respond to the Agency letter to the sponsor dated

September 20, 1995. The letter informed the sponsor that the application was not approvable.

The ietter contained 10 comments regarding the Biopharmaceutics Section of the NDA. In
addition, the letter requested one Phase IV study to document the afiaci of calcium salts on
the bioavailability of fosfomycin.

Two comments requested the sponsor 0 fulty document the disposition of fosfomycin following
oral administration of fosfomycin troyr athamine by a combination of in vivo and in vitro methods.
Four comments requested the spor sor to provide further clarification for the pharmmacokinetics data
analyses, Two comments criticizr.d analytical methodology reports. One comment requested
further evaluatior: of dose adjus'ment for patients with renal insufficiency and one comment
suggested an association betwaen the amount of excipient (sucrose) and the frequency of the
adverse reaction, diarrhea.

The submission included a ravised proposal for final product labeling.

COMMENTS: -

1. The sponsor conducted two in vitro studies to evaluate the stability of fosfomycin at pH 1.2,

4.5, 6.5 and 7.5. The results showed that fosfomycin trometamol drug substance is not stable
at pH 1.2. At this pH, the glycol derivative was the major degradation product, accompanied
by less thar. % of 1-hydroxy-2-trometamoyloxy-n-propyl fosfonic acid (Z1282DA) (See
Attachments, Figures 2). Fosfomycin is stable at pH 4.5, 6.5 and 7.5 where giycol formation is
negligible (See Attachments, Figures 3-5).

Since fosfomycin degrades at pH 1.2, the sponsor expects that in the human stomach some
degradation of fosfornycin takes place. The spansor noted that about % of the oral dose of




fosfomycin tromethamine was recovered as for‘omycin during human bigavailabiity studies.
In contrast, the pH of rat stomach is about at which pH fosfomycm is stable and about
% of the oral dose wag recovered as fosfomycm e R

in any event, the sponsor stated that they are synthesizing''C fosfomycun They will use the
radiolabeled material to do additional ADME studies in rats and mice, as well as himans.

2. The sponsor provided a lengthy analysis to compare fosfomycin phamacokinetic
parameters estimated by compartmental methods and non-compartmental methods

3. The sponsor noted correction:s to the analytical methodology reports.

4. Since MONUROL therapy is a single dose, there is no concem about the accumulation of
plasma concentrations in patients with renal insufficiency. Rather, the concemn is whether the
3 gm dose is adequate to treat urinary tract infections in patients with renal insufficiency.

The sponsor reported that although urinary excretion of fosfomycin decreased as the degree
of renal failure increased, unnary concentrations of fosfomycin remained greater than 100
pg/mL for sufficient time to be effective.

5. The sponsor noted that they did not find a dose-response relationship between oral
fcsfomycin tromethamine and diaithea. The sponsor further noted that the incidence of
diarthea following iv administration (iv formulation did not contain sucrose) was comparabie,
therefore, it is unlikely that there is any substantial correlation between sucrose and giarrhea

6. The sponsor stated that they are willing to cornmit to conduct a pharmacokinetics drug-drug
interaction study of calcium containing antacids and fosfomycin in Phase IV.

7. The proposed final product label should be revised to include the following information.

"







The label comments were faxed to the sponsor on December 10, 1996 and discussed briefly
auring a meeting between FDA and the sponsor on December 12, 1996. During the meeting,
the sponsor indicated that they wiill arrange for a telecon to discuss our proposed revision in
more detail.

RECOMMENDATIONS:

The information submitted by the sponsor (letter dated: June 28, 1996) is acceptable. The
Office of Clinical Pharmacology and Biopharmaceutics looks forward to reviewing the results
of the "*C-fosfomycin mass balance study in humans and the pharmacokinetics drug-drug
interaction study of calcium containing antacids and fosfomycin, when they are submitted to
the Agency. The proposed MONURQCL label should include our comments

ST i KN M 12)08/5,

Francis R. Pelsor, Pham. D.
Division of Pharmaceutical Evaluation Il

VA Uity ©Culans
e

FT Initialed by NFleischer, Ph.D. V]S

CC:
ND 80-717 u.ig.

HFD-520 (Soreth, Duvall-Miller)
rence-Bott-PKEN-13B-31)
D-880 (DPEII, Pelsaor)
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BIOPHARMACEUTICS REVIEW
NDA 50-717

SYNOPSIS

Fosfomycin Tromethamine is a synthetic broad spectrum antibacterial agent, adnfnistered
orally, intended for single dose therapy in the treatment of uncomplicated urinary tract infection
tor women. The recommended dosage for adulis and children over 12 years is one sachet
containing 5.631 grams of fosfomycin tromethamine (equivalent to 3 grams of fosfomycin). The
contents of a single-dose sachet should be dissolved in 3 to 4 ounces of tap water and be taken
orally.

This submission consists of eighteen human pharmacokinetic studies of which three are
pivotal studies. Others are supportive studies. These studies evaluated the bioavailability of
fosfomycin, food effect, gender effect, age effect, PK of patients with impairment of renal
function, PK of pregnant women, drug interaction (co-administrated with cimetidine or meto-
clopramide) and tissue concentrations. The summary of these PK studies is shown in table L.

RECOMMENDATION:

I. The Pharmacokinetics and Biopharmaceutics Scction of the subrission is accefSt¥bic™o the
Division of Biopharmaceutics provided the comments (1) to (6) on pages 10-11 to ihe firm is
adequately addressed.

2. More information is needed to determine the dose adjustment for renal impaired patients (see
comment (2) on page 11).
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COMMENTS (need not to be sent to the spopser):

T

(1) In Study Report #13, pharmacokinetics of Monurol was study in healthy subjects, elderly
subjects and subjects with impaired renal function. According to their creatinine clearances
(mean values of 54, 16 and 7 ml/min, the subjects with renal function impairment were
divided to groups 1, 11 and 1I1. The mean Cmax values (26.02, 35.66 and 27.44 ug/mL) after
25 mg/kg oral administration of FT to patients in group 1, II and 1I} are comparable to that of
healthy volunteers after 50 mg/kg oral dose of FT (26.8 pg/mL, study report #4) and that
after 3 g oral dose (26.1 pg/mL, study report #1). The AUC values (388.5, 1266.8 iind
2108.6 pg.h/mL) for group I, Il and III are 2, 7 and 11 times of that of heathy volunteers after
50 mg/kg oral administration of FT (181.5 pg.h/mL, study #4) and that after 3 g dose (184
pg.h/mL, study #1). No safety data were reported in this study for these Cmax and AUC
values. Furthermore, the mean dose used in this study for each group ranged from 1.667 to
2.032 g which is lower than the recommended dose (3 g) for the treatment. If the same dose
{3 g) 1s given to patients with normal renal function and with renal impairment, both Cmax
and AUC values could be much higher than the Cmax and AUC ranges studied. Then, the
safety at this dosing level may becomnie an issue. On the other hand, in order to have an -
effective therapy, urinary concentration of the drug has to be higher than the MIT. [T this
study, the author only mentioned that urinary concentrations of FT remained effective during
48 hours for the subjects with mean creatinine clearance of 7 mi/min (> 100 pg). The urinary
concentrations were not reported for any group studied. If urinary concentration can not be
maintained above MIC, dosage of FT should be adjusted when safety permits.

COMMENTS (need to be seni to the sponsor):

(1) In study report #1, the total recovery (urine and feces) after a single 3 g dose was %
following intravenous dose and % and % respectively following oral administration
under fasung and fed conditions. There was no discussion of where the rest of the drug went,
especially for those following oral administration which accounted for % of the dose.



This question was raised in the 45 day meeting. The sponsor's response on December 15, -
1994 is not satisfactory. The evidence of lack of metabolites they provided is that "an &3>t~
examination of the chromatograms generated from the urine and fecal samples after oral and “'f
L.V. administration of fosforrycin from study R/3700/0002 (Study Report #1) revealed no ‘1, i
peaks other than fosfomycin indicating that fosfomycin is probably not metabolized". This . -\

observation can only support that only fosfomycin has absorption undcr thls condxtxon, but "‘-»W -
can not rule out the existence of other mctabohtes ; 1

R AT «""‘,\ T

The sponsor also proposed that since fosfomycin was a strong acid, ionization of fosfomycin”'
was likely in the milieu of the intestinal tract. They believe in the ionized state fosfomycin is™
likely to be reactive leading to its degradation.- This statement needs to be supported by ;
experimental data. P
Ideally, clearest information for the  * loss of the drug can be obtained by conducting an in
vivo mass balance study. In any event, considering the unstable characteristics oY the
compound and potential penetration problem caused by the compound breaking down to
smaller molecules, the following in vitro experiments are suggested to more fully-

characterize the profile of fosfomycin in gastrointestinal milieu. -

1. Provide a pH stability profile with kinetic rate constants for degradation of fosfomycin
dissolved at 37°C in buffer solutions pH 1.2, 4.5, 6.5, 7.5. Also for these solutions
provide the rate constants and assay values for the 4 degradation products: glycolic
derivative; 1-hydroxy-2-trometamoyloxy-n-propy! fosfonic acid; tromethamine fosfate
ester; and trornetamoyloxy fosfomvcin dimer. Perform the study in each buffer solution

up to 12 hours.

2. Simulate gastric passage by adjustment of a solution of the drug substance to be pH 1.2
for 2 hours, then subsequently at pH 4.5 for 2 hours, pH 6.5 for 2 hours, and pH 7.5 for 2
hours. Assay and evaluate, as above, the degradation of the drug substance at each test
station in the experiment. )

- -

(2) In the proposed labeling, the sponsor indicates that dosage adjustment is not necessary for
renal impaired patients. This is not well supported by the study submitted (Study Report
#15). The sponsor should provide more data to determine if dosage adjusiment is necessary
in patients with renal impairment, including the safety data and urinary concentration data at
3 g dose to uremic patients.

(3) Since fosfomycin calcium salt has a low bioavailahility, the co-administration of antacid,
especially those containning calcium salts, may reduce the bicavailability of the Monurei.
Therefore, the sponsor is requested to conduct a PK drug-drug interaction study of antacids
and fosfomycin in phase [V.

(4) The amount of sucrose is fairly large in the dosage form. There might be a corelation
between the amount of sucrose used and one of the adverse reaction, diarrhea.



(5) Some PK parameters obtained from non-compartmental analysns in study report #l &d not L5 ;

LA

match those obtained from compartmental analysis. - The sponsor should explam the _»,(,,'é"u,
diffecence. : N

"an'xg

mentioned above. Howcver if averaging the individual recovery in table A6-8, the ‘A,_’Valuc j__,qn )
should be 1580 mg (53%). Among the individual results in Table A6-8, subject 8 has a- A,_‘ €5 f‘
value of 6210.9 mg which is more than doubled amount of drug given (3000 mg).-If subject m g
8 is considered an outlier, the mean A, of fosfomycin is 1360 mg. The sponsot should " % P
explain these calculations. ST

—— L .
The sponsor did not mention the value of A, used to calculate A__. Since A, value obtained - - LT
from non-compartmental analysis is different from the one obtained from compartmental -
analysis, the use of wrong A, will produce a wrong A,.. Therefore, it may be more proper to
use urine recovery from O to 84 hours rather than A, . Eighty four hours cover more than 14
half-lives. The urine recovery values from 0 - 84 hours are 37.6 for fast condition and 36.1
for fed condition.

L]

{7) The model used in Study Report #2 for oral data fitting is one compartmental model with
first order absorption. The fitting is poor. According to study #1 and LY. data in this study,
the dispesition of fosfomycin is described by two compartmental model. Therefore, the one
compartmental model used in this study is not proper. The A, value obtained from the one
compartmental fitting may not reflect the terminal elimination rate. Thus, the absolute
bioavailability values calculated based on A, values might not be accurate. Urine recovery - 7
data may be a better measurement of the binavaiiahility than the AUC values calculated from
wrong A, valees. The 5ponsor should be aware of the misuse of thc PK model.

S —

(8) Some of the assay validation data and assay results for study #2 were documcnted under

study #3 which caused confusion in the review process. . - - .1 -

= , ' 7/11/ 5
' Oty /

Pharmacokinetics Evaluation Branch 1

Biopharm Day July 6, 1995, Adtendees: T. Ludden, H. Malinowski, N. Fleischer, ML.. Chen, P.
Hepnp, A. Hussain, F. Pelsor, D. Wang, J. Timper (HFD-520)

FT initialed by F. Pelsor, Pharm D . Loerr

cc: NDA 50-717 original 'THFD520(Clinical, Dillon-Parker), HFD-427(M1.. Chen, Pelsor),
Chron, Drug, Reviewer, HFD-19(FOI), tIFD)-340(Viswanathan)
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Table I: Human Pharmacokinctics and Bioavailability Study Summary

(A) SUMMARY OF STUDIES

6.3
Siudy 1avestigator/ Study Title Study Design No. of Anslytieal Resulis and Conclusions
MNa __ Lacaion Subjecty Method/Matris
A. Paarmacokinetic and Bioavailability Stadies In Llicalihy Volunleers
] A study to charscterize the single-dose 1] GCinpd and Absoluie Lioavailability of T was 37 following oral
Pharmacokinetict/Bioaveilability of crossover for 12F, 12M microbiologicat sdministration under fasting condinons and 30%

Fosfomycin Following a Single 3 Cram
Dose Admunistered Oraliy as Fosfomyzin
Tromethamine (Monurol™) 10 Fasted and
Fed Volunieess or Iniravenously as the
Msodwum Salt 10 Fasted Vol nieers

oral fasied and
fed phases
folowed by
1y phase
heslthy
voluntects

serum, urine and feces

—

following ors! sdmin:siration with fond  Food
decreased both rate and extent of absorption Following
LV edministration of 3 g of FNa, over 90% of
fosfomycin is excreted cenally and kess than 0 1%
exercted inthe feces. Lipon oral admunisteainm, the
urinary recovery of fosfomycin was 38% and 7%
respectively following fusted and led conditions. Jecal
excretion of losfomycin following orsl sdminiration
was 18% and 19% respectively Folkneing fesied and fcd
condilions

Following LY sdministration, there sas a statistically
significant but not clinically relevant diflerence between
female and male subjects for the hall-life of clunination
and volume of distibution at sicady state . AN otber
pharmacokinctic pararicters were ssiar in beth
genders

Comjparison of scram concentrabin data, urLary
exciction and Jecal exoretion data and phamacohinctic
parameters (AL and O} imcnlt( ‘inpd gssay and
microhinlogiad assay indwaled flar resulis from both

FEsBYS Wete sintilar -
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Table J: Human Pharmacokinetics and Bioavailability Study Summary (continued)

Siudy Tavestigator! Stedy Title Study Design No. of Aunslytical Results and Corclicaions
No. Lacation Subjects Method/Matriv

hd fosfomycin Pharmacokinencs sand single-dose 12 mcrobrolngical/ The absolute hioavalahilitv of FT was 12%
Bicavaiability of Fosfomycin Trometamol crossover 6F, &M serum, urine and feces | Fosfomycn kinetics were [inear oet she dose range
after Oral Admensstrstion healthy tested. The mean urinary secovery sflar the intravenuus

voluntee.s sdministration of Jg of I'Na was 92%. The mean
I urinary recovery Aller the oral sdminsiration of g I'|
way 3%,

3 Urinacy Recovery of Fusfoniycin alter single-dosc 12 microbiological Foliowing oral doses of 2 g snd 3 g 1n the clderly
Taking Fosfomycin Trometamol {Monurol) crossovet oF, 6M urine subjects aged 75 years and over there is 3 difTerence in
by Mouth in Elderly Subjects healthy elderly the smount of fosfomy=n recovered in unine Suring the

voelunicers i first and last frections and the totad percent recovered
These is no correlation beyween cresanine clearance,
age and total perceM recovery

4 Comparative Pharmacokinetics of single-dose 13 microbiclogicsl! Absohute bioavailability of I'T was 3% 1 oslomiycin
Fosfomycin Tromeismol, Sodivin crossover 3F, 10M serum and uring kinelics were linesr over the dose ransc icslcd  Douhle
Fosfomnycin sna Cakium Fosfomycin in healthy the FT dose doubled the AUC. Improved rate snd
Humans volunteers exten! of oral absorptin cormpared ta cak i

fosfomycin {FCn). Half the dase of T produced
double the serum concentration of (s
5 - Trometamol-Fosfomycin (Monuril) single-dose 10 microbiological/ With food Cmax was reduced by 6% ALIC was
Dioavailability and Food-Drug Interactiva crossover 6F, 4M seture snd urmne reduced by 28% snd Trrax was prodeaged, bowever,
B heahthy urmary concentrations were only reduced for the [t
) : volunicers 1wo hours and comparable fasting and fed afler 2 hours
R . indicating that ¥ I' can hc admm:!lcﬂ:d withuut regard 10
I A mcals .
-~ e | -

6 Relative Bioavailability 1Fosfomycm and tingle-dose 6 GCms * No siafisticalfy signiicant duﬂ’crdm‘c ingny i1
of Trometamol After Admintstration of Crossover S IM serum and urine pharmacokinetic patanwicrs, mﬁl Cinax wiich was
Single Dose by Oral Route of Fosfomycin heslthy : statistically Jower under Fed comdiien _ Vinary =) ;
Trometamol in Fasting (_nndmons and volunieers concentrations of 171 were tess then 10% kiwer fed than
After 8 Meal fnmr.g atsll mlctnls indwcating that I I' can be v

g v ET T
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Table I: Human Pharmacokinetics and Binavailability Study Summary (continued)
'

Stedy lavestigator/ Stady Title Study Design No. of Analytiesl Resuits and Conclusions
No. Location Sebjects Method/Matriy
7 Pharmacokinctics of Fosfomycin and siagic-dose 9 microbwological/ Cimetidine had no signilicant cilect on
Influenc:e of Cimetidine and crossover 9 serum and urine pharmacokinctics of F1 when grven concomutancly +T
Mcioclopramde on the Hoavailabiliy of heatthy had tower AUC aedd incroated half-life when
Fosfomycm Trometamol volunieers metoclopramide was given concomitanity
$ Fosfomycm Absorption Followeng Ot single-dose 5 microbiological/ Aversge FT Cmax was 13, g/ml_ AUC,, wes IT2
Treaimen: with FZ 588 by Zambon single 4F 1M scrum and urine #g he/mb and utinary eccovery over 48 hes was 4%
Fermaceutic1 § p A | Observations in treaimrent
Healthy Volunileers healthy
volunieers
9 Z 1282 (FZ 588) A New Fosfomycin singic-dose 13 mactobioluiuulf Rate and extent of sbsu:piion and urinary tecnvery af
Derivative with Much Improved CIOSS0Over IF, M serum and unine fosfomycin from FT were 34 tmics that of 1 U3 Scrum
Broevailability by Oral Roat: healthy levels of FT mercased in propartion 1o increasiag doses
volunteery Urinary recovery wat independent of dose
10 Pharmacokinetic Profile of Fosfomiycin single-dose b GC/MS and The absolule bioavailability of FI was 44%  Serum
Trometamol (Mownil) ctossover M mucrobiologcal/ levels of FI appeat to increasc kess than in proporion fu
heabthy serum snd urine incressing dose  Utinary recovery doecreases st ding
voluniecrs increases  [Jada is mconsistent wath othet studics
single-dose 4
crossover M
healthy
yolunieersy
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Table I: Human Pharmacokinetics and Bioavailability Study Summarv (continued)

Study lavestigator/ Stady Tithe Study Desiga No. of Analytiesl Results and (onclusions
No. Locarion Subjects Method/Malrix
B. Sepportis e studie: In Papuistion at Increased Rish
! Urinary Tract Iniections v Pregnancy single-dose 4 muctobwlogcal/ PMasms .nd vrinary concenvations of P1 following &
Momnd Smgle-Dose Treaimens versus crossover L1 plasma and uting single 1g dose were comparable duting and aller
Tradwonal Therspy pregnant pregnancy
women
12 Trometamul Salt of Fosfomycin (Monunit} single-dose n mizrobiologecal/ F{ half-hife (approx 2 hr) was comparable (o that in
Prelinunary Pharmacoknetse and Chinical paralic 1, teM scrum and unine sdults  Umax and AUL were dise propomionad in the
Uxpersence in the Treatment of Urinary chiideen dose range wsicd (035w 2g) . w0 gof FE provaded
Tract Infections in Chaldren ' serum and prinary devels comsparable 0 ) gof FILin
IR adubs
13 Pharmacokmetics s Chaldren of & New single-dose 6 (. MS FT was more buwavaclable than 1 Ca (AUC was 2-Tuld
fosflomycn Dervative with improved CrOssover plasme snd unine grester and Cmax was 2 § fimes higher) Linnary
Broavasiab.lity concenatration wis highot wuh +1
i Oral Dioavailablay of 2 1282 in Fiderly unghe-duse 6 GCMS Mean Crnax and AUC of 177 were shghtly magher than,
Patients singhe SF.IM plasma and urine values observed m ether stodies i healthy volunteers
treatrr.ent
chderly
15 Comparstive Pharmacokinelics of smgle-dose 5 healthy microbiological/ Hicavailability of FI i heahby volunicors was greater
Fosfomycin Trometamol versus Calcium crossover i volunicers serun and wrine than £Us. FT was keas well ahsrbed based upon
i osfomyein m Eldeity Subiects 2nd heathy M, wrinary recavery snd renal cknv:q-un were kower in
Liraemnic Patients I volunieers 8§ healthy ’ chderly subjects compared to yiung volunieors for both
’ . paralicl in elderly 4f 4M | drugs. n uremm palsifts, € imas poas higher wath fonger
ekderly and “2) chromc " Imax, hall-hfe was hmger and ughary clrnmatin
' chronic rensl renst ? decrersed in telutm 1o doe tree oF enst impaitment
: impawed imparment
i palents patenis
5F,_18M

T
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: O
Table !: .uman Pharmacokinetics and Bioavailability Study Summary {continucd) T
e
Study lavestigator/ Study Title Study Design Na. of Anakrtieal R rsulis and (‘n("luion
No. Lotation Subjects Method/Matris N

16 Renal, Plasmatz snd Uninary single-dase 4% mictobiolog. at FT produced higher plasma and urine concenirsions as
Concenrsrons of Fosfomycin Afler an paralicl 15F, ™™ and GCMS w .l as higher concentration in kidney tissue than F(s
Oxsl Sigle Dote of Trometamol or Cakcrc patients 11F, 1M plasma, urine snd Urinary concentiations following FT were 3 times

| Fosfomycin e -seates than thoss produced by FC'e

i7 Study of Fosfomycin Trometamol Kinetics singlc-dose Il mxrobiclogcal/ The fusfomycin concenttation afler 1T was 21 7 pymil.
for (ke Purpo.z of Evaluaiing the single 1F, 9M serum, urine and ie the serwm, 11 & ug/mi. in the prosisic, 9 8 sug/ml. in
Concentrations of this Antibacicrial Agent treatrnent tissue tie pericystium and £ § ,g'ml. in seminal veskle
in Various Humnan Tissue paticnts ) S S N

¥

8 Fosfomycin Szrum and Prostefic Tissue single-dose bl ] m-cmbbiongU 1 he fosfomycin concentrations i the serum and
Concentrations Following the paraliel 14M serum, urine and prosiatic lisswe after FT were 7 umes higher at 3 hrs and
Adminstiation of Fos{omycin patients tissue more than 3 imes higher at 12 hry than FCs *
Trometamol, 8 New Fosfomycin Derivative - : 3
with high Sioavanability by the Oral - T
Route : —




Table Ab-8
TR/3700/0002
Individual and Mean Pharmacokinetic Results
Totd Recovery of Fosfomycin in Urine (0 to infinity) (mg)

Subject Treatrent A Treatment B l Treatment C
(fasted) {postpmndial) + (intmvenous)
e —— e ————————— —— t——— ————
Niean 1433 108 , - 1708
3D 501 195 414
LV is € 15
* Subject withdrew {rom the study.

N

Mo sample for one or more collection inlervals prevented caiculetion of tolal mmount excreted.
", '7_‘\\ - X
- T 6_ 02486
D VR A

e
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f[@ FOREST LABORATORIES, INC.
( ) * MONUROL™ (Fosfomycin Tromethamine)

Table 19 (continued)
Summniary of Fosfomycin Pharmacokinetics Parameters” Obtamed Using
Non-Compartmental Analysis

Treatment
Parameter .
Fasted Postprandial LV.
v, (L) 136 (A4.1)" 201 (54.6)° 16.5 (4.73)
(32.4) (27.2) ~(28.7)
ALy . (ME) | 1128 (240) 1082(195) 2687 (404)
213) (18.0) ~(15.0)
Aty . (mg) 1140 (238) 1118 (201) 2688 (404)
(20.9) {18.0) (15.0)
A€pq., ( (M) 530.6 (317.1) 565.6 (389.1) 11.34 (3.69)
(59.8) (68.8) 27%)
A, (u) (hr'} 0.090 (0.125) 0.080 (0.107) 0.336 (0.253)
(139 (134) (75)
tya (W) (hr) 16.6 (10.8} 232 (41.9) 3.1 (1.5)
(65) (181) (48)
CL (Ltr) 16.9 (3.46)° 20.4 (4.35)° 6.1 (1.0)
(20.5) (21.3) (16.4)
CL, (L) 6.3(1.7) 7.6 (2.2) i 0. (1.2)
(27.0) (28.9) (21.8)

*Data are presented as mean (£ SD} values and the %CV is in parentheses below these values.

'V, calculated as V/F
“Total Clearance calculated as CL/F

6- 00863
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Study Report #1 - A Study to Characterize the Pharmacokinetics/Bioavailability of
Fosfomycin Following a Single 3 Gram Dose Administered Orally as Fosfomycin
Tromethamine (Monurol™) to Fasted and Fed Volunteers or Intravenously as the
Disodium Sait to Fasted Volunteers. - -

STUDY NO: R/3700/0002 YOLUME:1.29-1.39
INVESTIGATOR:

OBJECTIVES:

1. Evaluate effect of food on the rate and extent of absorption of fosfomycin after oral
administration of a single dose of fosfomycin tromethamine (Monurol). .-,

2. Compare results obtained using a microbinlogic assay to results obtained using
assay.

3. Characterize pharmacokinetics of fosfomycin following [.V. administration in both male and
femaie subjects.

4. Determine absolute bioavailability of fosfomycin tollowing oral administration of
fosfomycin tromethamine.

FORMULATTION: (1) MONUROL™ Sachets. Supplier: Zambon Group. Manufacture Site:
Zambon Vicenza plant. Manufacture Date: 6/2C/91. Lot Number: 11608 (2) FOSFOCIN
Injectabie (fosfomycin disodium salt powder). Supplier:

Manufacture Date: 11/92. Lot Number: 78.

STUDRY DESIGN: This was a single dose, single-center rendomized tv'n-way crossemer eral)
study followed by a single-dose period (IV) in 24 healthy (12 male and 12 female) subjects aged
21 to 40 years. The study lasted for 3 weeks. For the first two weeks, subjects received on the
same day of each week_one sachet of Monurol 5.631 g (equivalent to 3 g of fostomycin) with
180 mL of water either after a 10 hour overnight fast or immedizately following a standardized
high-fat breakfast. During the final visit (third week) ali subjects received 3 g of fosfomycin (as
the disodium salt) intravenously.

Blood samples following the oral treatment were drawn at 0, 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 6.0,
8.0, 10.0, 12.0, 16.0, 20.0, 24.0, 30.0 and 36.0 hours post-dose. Blood samples following
intravenous dose were drawn at 0.0 (predose). 0.17,0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0,
12.0, 16.0 and 20.0 hours post-dose. Urine samples were drawn at -2-0. 0-2, 2-4, 4-6, 6-8, 8-10,
10-12, 12-16, 16-24, 24-36, 36-48, 48-60, 60-72 and 72-84 hour intervals post-dose following
the oral treatments and at -2-0, 0-2, 2-4, 4-6, 6-8, 8-10, 10-12, 12-15, 16-24, 24-36 and 36-48



hour intervals post-dose following the intravenous administration. In additien fecal samples
were collected at -36-0, 0-24, 24-48, 48-72 and 72-84 hour intervals following the oral
treatments and at -24-0, 0-24 and 24-48 hour intervals post-dose following the intravenous

administration. _

Fosfomycin in seruin, urine and feces were quantitated by (a) a microbiological assay using

Proteus mirabilis ATCC 21100 as the test organism and (b) also by a assay.
ASSAY:
Serum. urine and feces concentrations obtained using assay were regressed on the

serum. urine and feces concentrations obtained using a microbiological assay and ANOV A was
performed on these regressions. PK parameters (AUC, . AUC,_, C..,,) obtained from
assay and the microbiological assay were compared to each other.

5
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PK parameters derived from the serum, urine and feces concentrations from the
assay were compared using proc GLM in SAS to evaluate the effect of food on the absorption of
fosfomycin and to assess the absolute and relative bioavailability of fosfomycin.

RESULTS:

Serum, urine and feces fosfomycin concentrations for each subject are tabulated for treatments 1,
2 and 3 in Tables 1 t0o 9. Mean serum, urine and feces fosfomycin concentrations for each
treatment are listed in Tables 10 to 12. Plots of mean fosfomycin concentrations in serum, urine
and feces as a function of time following each treatment are presented in Figures 1 to 4. Table
13 and summarizes fosfomycin pharmacokinetics parameters obtained using non-compartmental
analysis and compartmental analysis respectively. Comparisons of pharmacokinetic parameter
for fasted and postprandial treatment are shown in Table 15. Mean fosfomycin serum ard urine
concentrations following a single 3 g 1.V. bolus dose arg listed for male and female sygbjects in
Tables 16 and 17. Plots of mean serum and urine fosfomycin coucentrations as a function of
time are male and female subjects are shown in Figure 5 and Figure 6 respectively. Comparison
of pharmacokinetic parameters following 1. V. for male and female subjects are summarized in
Table 18. i

Comparison of concentration data and pharmacokinetic parameters (AUC and Cmax) from
assay and microbiological assay indicated that the results from both the assays were

similar.

The absolute bipavailability of fosfomycin following oral administration was 37% and 30%
respectively under fasted and fed conditions, The relative bioavailability of fosfomycin after oral
administration with food as compared to oral administration under fasting conditions was 81%.
Based on non-compartmental analysis, the mean half-life for elimination of fosfomycin was 2.7
hours following 1.V. administration and 5.7 and 5.8 hours following oral-fasted and oral-fed
treatments, respectively suggesting that continuing absorption may have contributed to the larger
half-life following oral administration. The AUC,_. following oral treatments was 184 pghr/mL
and 154 pg ho/mL respectively after fasted an fed regimens. The Cmax was 26.1 pg/mL and
15.4 ng/mL respectively after fasted an fed regimens. The corresponding Tmax following fasted
and fed regimens was 2.1 hours and 4.0 hours respectively, suggesting that food decreased both
the rate and extent of absorption.

Over % of fosfomycin is recovered in urine after [.V. administration. Following L.V.
administration, fecal excretion of fosfomycin was insigniticant. However, upon oral
admunistration, the urinary recovery of fosfomycin from time 0 to infinity was  %and %
respectively foliowing fasted and fed conditions and the percent recovery from :ime 0 to 84
hours was % . % respectively following fasted and fed regimens. Comparedto 1.V,
administration, fecal excretion of fostomycin following oral administration was significant, %
and % respectively, following fasted and fed conditions. The total recovery {urine and feces)
after a single 3 p dose was % following intravenous dose and % and % respectively

16




foliowing oral administration under fasting and fed conditions.

There was a significant difference between female subjects and male subjects for the half-life of
eliminaticn (3.08 hours and 2.31 hours respectively) and volume of distribution at-steady state
(19.5 L and 12.9 L respectively). The sponsor claimed that these differences are not clinically
significant. Other pharmacokinetic parameters (AUC, Ae, CL and CL;) were similar.

Following fasting or after food, the concentrations of fosfomycin in urine were maintained above
the minimum inhibitory concentrations (MIC, 128 pg/ml) for at least 24 hours, indicating that
fosfomycin can be given with or without food for the treatment of lower urinary tract intections.
Conventrations above the MIC are maintained for at least 84 hours for £. coli following oral
administration regardless of food.

CONCLUSIONS: -- -

1.

assay is a precise and sensitive assay and can be used to reliably quantitate
fosfomycin in biological matrices.

-

The total recover 1rine and feces) after a single 3 mg dose was % following intravenous
dose and % anc % respectively following oral administration under fasting and fed
conditions.

Food reduced the rate of absorption. This can be indicated by delayed Tmax (2.1 vs. 4.0
hours) and the difference between MRT for fasted treatment (8.2 hours) and postprandial
treatment (9.9 hours). Based on serum data, the extent of absorption with food was also
reduced compared to that without food\ ‘%% vs. %). However, the difference in
absorption extent is minimal from the unine recovery data( % vs.  %).

Following fasting or after food, the concentrations of fosformycin in urine after 48 hours were
above the minimum inhibitory concentrations (MIC), indicating that fosfomyciggan be given
with or without food for the treatment of lower urinary tract infections. Concentrations above
the MIC are maintained for at least 84 hours for £. coli following oral administration
regardless of food._

There was a significant difference between femalie subjects and male subjects for the haif-life
of elimination (3.08 hours and 2.31 hours respectively) and volume of distribution at steady
state (19.5 L and 12.9 L respectively). The sponsor claimed that these differences are not
ciintcally significant. Other pharmacokinetic parameters (AUC, Ae, CL and CL,) were
similar. All these results are based on 1.V study.



Study Report #2 - Fosfomycin Pharmacokinetics and Bioavailability Study of O:al
Fosfomycin Trometamol with Intravenous Sodium Fosfomycin in Healthy Volunteers

STUDY NQ: MON-N-01] YOLUME:1.40-} .43
INVESTIGATOR:
OBIECTIVES: To compare the oral bioavailability of tosfomycin tromethamine at doses of 2, 3

and 4 g with the disodium salt of fosfomycin given intravenously at a 3 g dose

FORMULATION: Fosfomycin trometamol (lot 148A/F223) in sachets each 0of 3.754 g
corresponding to 2 g of fosfomycin acid. Fosfomycintrometamol (lot 148B/F223) igesaghets
each of 5.631g corresponding to 3g of fosfomycin acid. Fosfomycin trometamol (lot 148C/F223)
in sachets each of 7.508 g corresponding to 4 g of fosfomycin acid. Fosfomycin disodium salt
powder (lot 916/F20) in vials each containing 1 g of acid fosfomycin and 14.5 mEq of Na.

STUDY DESIGN: This was a four-way cross-over study in twelve (12) healthy volunteers {6
females and 6 males) with a mean age of 26.5 years. The subjects have been randomly allocated
into the sequences, according to the randomtzation list below:

Subjects Drugs
A B C D
B A D C
C D B A
D C A B
- -
A B C D
B C D A
) C D A B
D A B C
A B C D
B D A C
C A D B
D C B A

A = Fostomycin Trometamol, 2 g as lostomycin acud
B = Foastomyem Trometamol, 5 g as “sfomycin acid
C = Fastomycin Trometamol. 4 g as fosfomycin acid
[ = Fustoms e Dhsodiom, 3 g as foslomyan acid (3 ¢ as vials of | g)



A wash-out period of 1 to 3 weeks was allowed between the treatment pertods.

* Fosfomycin disodium salt (100 mg/mL in distilied water) was given intravenousty overs5
minutes; fosfomycin tromethamine at the doses of 2, 3 and 4 g was dissolved in 100-125 mL of
water and given orally. The same quantity of water was ingested after the intravenous dose.

Following the intraver.ous administration of fosfomycin sodium, blood samples were drawn prior
to the dose, | min after completion of the injection and at 0.25, 0.5, 1,2,3,4,6,8,1 0 ond 12
hours after the dose. Following oral administration, blood samples were drawn at 0.5, 1, 2, 3, 4,
6, 8. 1 0 and 12 hours post-cose. Urine samples were collected at 0-2, 2-4, 4-6, 6-12, 12-24,
24-36, 36-48, 48-60 and 60-72 hour intervals following oral and 1.V. administrations. Feces was
collected from 6 male volunteers | day before treatment and on days 1, 2, 3 and 4 of the study.
Feces have been collected only from the male volunteers 1 day before treatment an.den day 1, 2,
3 and 4 of the stud;.

The subjects were on a balanced food intake and only a limited amount of alcohol was allowed
(i.e. 1/2 beer/day). they have not been allowed to take solid foods overnight before each dose
administration and for at least two hours after the drug administration and they have avoided
strenuous physical activity during each test day.

ASSAY:

-SULTS:

The individual serum concentration values of fosfomycin for each treatment are shown in Tables
I to 4. Mean values tor the 4 treatments are shown in Table 5. The experimental and modelled
concentrations versus time curves are graphicallv shown in fig. 1-5. The individual and mean
PR parameters calculated for the 4 treatments are shown in Tables 6 to 10, The mean PK
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parameters for each treatment are shown in Table 11. The mean PK parameters divided by sex
are shown in Table 12. The individual and mean calculated Fioavailability factors are shown n
Table 13. [ndividual and mean cumulative uninary recovery are shown in Tables 14 10 18.
Individual and mean fecal excretion and recovery data for 6 male volunteers are shown-in Tables

1910 22.

(1) Following intravenous administration, the mean peak fosfomycin plasma concentration was
370.6 ug/mL. The mean half-life was 2.1 hours. A mean of 92.7% of the dose was
recovered unchanged in the urine with less than 0. 1 % of the dose recovered in the feces.

{2) Folliowing oral administration of 3 g FT, mean urinary concentrations of fosfomycin were
334.3 pg/ml over 12-24 hours, 131.7 pg/ml over 24-36 hours, and 90.9 pg/mL. oger,36-48
hours. The mean uninary recovery was independent of dose and was 38%, 39% and 40%
following oral administration of 2, 3 and 4 g of fosfomycin tromethamine, respectively. The
mean fecal recovery following 3 g oral dose of FT was 28.0%. The total recovery (urine and
feces) after a single 3 g oral dose was 71%. '

(3) The absolute bioavailability values were 35.6%, 32.8% and 30.9% after 2, 3and 4 g of FT
oral dose. There is a significant difference of bioavailability between dose. However, these
calculated bicavailability values may not be correct since the kel value used in AUC,_
calculation may not be adequately determined. (See comment {5))

(4) Fosfomycin pharmacokinetics were linear over the dose ran~e tested based on Cmax.

(5) Concentrations above the MIC are maintained for at least 72 hours for £ coli following oral
administration.

(6) There is no evidence of differences related to the subjects'sex. However, for ALIL and
Clearance the interaction between sex and linea: regression on oral doses is significant
(p<0.05).



Study Report #3 - Urinary Recovery of Fosfomycin after Taking Fosfomycin Trometamol
(Monurol} by Mouth iu Elderly Subjects

STUDY NOQ; MOM-UK-11 YOLUMEHA41-1.
INVESTIGATOR:

OBJECTIVES: To determine the urinary recovery of fosfomycin following the ingestion of
fcsfomycin trometarnol (Monurol) by elderly subjects.

FORMULATION; Monaurol (lot 171/F223) in sachets containing the equivalentof 2 g or 3 g of
fosfomycin trometamol

- .-,
STUDY DESIGN: This was a randomized, double-blind, cross-over study in twelve (12)
volunteers (7 male and 5 female) aged 75 years and over (mean age 78.6 years). The study lasted
for 3 weeks. For the first two weeks, subjects received on the same day of each week either 2 g
or 3 g of Monurol with 100 mL of water. On each occaston they had fasted ovemight apart from
drinking water. The final visit (third week) was for a safety check. Urine samples were collected
at predose, 0-4, 4-9, 8-12, 12-24 and 24-48 hour intervals post-dose.

ASSAY:

RESULTS: Following oral administration of Monurol, the urinary recovery data for 2 g dose and
3 g dose are shown in Tables 1 and 2, respectively. Mean urinary concentration and total
recovery % in elderly subjects after oral administration of Monurol (2 and 3 g) in each urine
collection interval, standard error and ANOV A results are shown in Table 3.

The mean amount of fosfomycin recovered in unine over a 48 hour period following g af.
Monurel was 833.7+ 177.0 mg (41.7 + 8.9%, n= 12). Following oral administration of 3 g of
Monurol, the mean amount of fosfomycin recovered in urine over a 48 hour period was 1109.6 +
175.7mg 37.0£ 5.9 %, n= 11).

In the elderly subjects, there 1s a statistically significant difference between 2 g and 3 g doses for
the recovery of fosfomycin during the first and last urine fractions and the total percent recovered
up t0 48 hours. There was no correlation between creatinine clearance, age and total percent
recovery. No changes in laboratory data were noted after dosing,.



Study Report #4: "Comparative Pharmacokinetics of Fosfomycin Trometamol, Sodium
Fosfomydin and Calcium Fosfomycin in Humans™.

This was 2 supportive study. The objectives of the study were to determine bioavailability of
fosfomycin tromethamine (FT) at 25 and 50 mg/kg p.v. compared 1~ 50 mg/kg sodium
fosfomycin (FNa) given intravenously or 50 mg/kg calcium fosfomycin (FCa) given orally. The
PK parameters (Cmax, AUC and biocavailability) obtained from this study is comparable with
study #1. Almost 50% of fosfomycin was recovered from urine after oral administration of FT
for both dose. Fosfomycin kinetics after FT were linear over th= dose range tested. Following
FT, mean Cmax was 14.9 ug/mi (25mg/kg) and 26.8 pg/ml (50 mg/kg) at 3 and 2 hours,
respectively. The mean AUC values were 112.0 pg.hr/m! and 181.5 pg.hr/mi for 25 mg/kg and
50 mg/kg dose, respectively. Following FCa, the mean Cmax was 6.6 pg/ml at 3 hours. The
mean AUC values was 59.5 ug.hr/ml and 16% of dose was recovered in the urine. FT produced
higher serum and urinary cor.centrations than FCa. This study demonstrated that thege was an
improved oral absorption of rosfomycin from FT as compared to FCa.

Stady Report #3: "Trometamol Fosfomycin (Monurol). Bioavailability and Food-Drug
Interaction.”

The objectives of the study were to evaluate the pharmacokinetics of fosfomycin tromethamine
in serum and in unne after oral administration of a single dose of 50 mg/kg (fosfomycin acid)
and to evaluate the possible influence of food on the pharmacokinetics and bioavailability of
fosfomycin,

The result of this study is consistent with study #1.

Study Repart #6: "Relative Bioavailability of Fosfomycin and of Tremetamol Afier
Admip}  tion of Single Dose by Oral Route of Fosfomycin Trometamol in Fgsting
Condit.. . and After a Meal."

The objectives of the study were to assess the pharmacokinetics of fosfomycin after a single oral
dose of 1 g of fosfomycin tron.ethamine (1.867 g £T) in fasting subjects and after a meal. The
result of this study is consistent with study #1. Urinary recovery of fosfomycin was 5§% without
meal and 52% after meal. Based upon urinary concentrations data, fosfomycin tromethamine ca
be administered without regard to meals. This study also measured the trometamol concentration
in serum and unne. The results showed that there is no significant effect of food on both serum
and urine trometamol levels.




Study Report #7: *Pharmacokinetics of Fosfomycin and Influence of Cimetidine and
Metoclopramide on the Bioavailability of Fosfomycin Trometamol"”. Neu. Williams (eds.),
New Trends in Urinary Tract Infections. Int. Symp., Rome 1987, pp. 157-166, T. Bergan®,
G. Mastropaolo®, F.D, Mario® and R Naccarato®, *Dept. of Microbiclogy, Inst. of _.
Pharmacy, Univ. of Oslo, Norway, *Cattedra di Malattie dell Apparato Digerente, Istituto
di Medicina Interna, Univ. of Padua, Italy :

The objectives of this study were to determine if the pharmacokinetics of fosfomycin is changed
when it is given together with a drug which reduces gastric acid secretion (cimetidine) or a
compound which increases gastrointestinal motility (metoclopramide).

This was an open three-way, cross-over study conducted in nine (9) healthy meals volunteers with
a mean age of 22.5 yrs. The three treatments were as follows: (1) During Week 1, 50 mg/kg of
fosfomycin moiety was given alone; (i) during week 2, 20 mg of metoclopramide wgs given 30
minutes prior to administration of 50 mg/kg of fosfomycin moiety; (iii) during week 3, 400 mg
of cimetidine was given the night before and another dose 30 minutes before administration of 50
m /kg of fosfomycin moiety. The subjects fasted overnight prior to all treatments and up to 3
hours after the moming dose of fosfomycin. -

Blood samples were taken at 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0. 12.0, 16.C, 20.0. 24.0 and 36.0
hours after fosfomycin. Urine samples were collected at 0-2, 2-4, 4-6, 6-8, 9-12, 12-16, 16-24,
24-36 and 36-48 hvintervals. Serum and urine samples were assayed for fosfomycin by a
microbiological agar diftusion method using Proteus mirabilis OMB133 as the test organism.

Mean serum concentrations of fosfomycin given as fosfomycin trometamol, either alone or with
cimetidine or with metoclcpramide to 9 healthy volunteers are shown in Figure 1. Urine results
are shown in Table 1. The results showed that metoclopramide altered the absoiption of orally
administered FT to produce lower peak serum concentrations (30 versus 17 pg/ml) and urinary
recovery {36 versus 28%). The serum half-life of fosfomycin was also increased (5.1 versus 7.1
hours). Unnary concentrations of fosfomycin were reduced foliowing mctoclopram_ige over the
first 16 hours, but were then higher, suggesting delayed absorption. At all times, fosfomycin
Lrinary concentrations exceeded the minimum inhibitory concentration (MIC) of 128 pg/mi for
up to 36 hours.

B |
Cimetidine had no significant effect on fostomycin pharmacokinetics. When fosfomycin
tromethamine was given concomitantly with cimetidine or given alone, the peak serum
concentration was 31 and 30 pug/mL, respectively, urinary recovery was 41 and 36%,
respectively, and the serum half-life of fosfomycin was 4.8 and 5.1 hours, respectively. Unnary
concentrations of fosfomycin given with cimetidine or alone were 4883 and 4415 pg/ml. over
2-4 hours, respectively, 1351 and 1006 pg/ml over 8-12 hours, respectively, and 490 and 484
pe/mi over 16-24 hours, respectively



Study Report #8: "'Fosfomycin Absorption Following Oral Treatment with FZ 588.
Observations in Healthy Volunteers."

The objgetives of this study were to evaluate the pharmacokinetics of FT after oral administration
of a 3 g of fostomycin. Mean AUC, Cmax, Tmax and unnary concentrations were comparable te
the values observed in other studies. Urinary recovery of fosfomycin was 46%. -

Study Report #9: "'Z 1282 (FZ 588) A New Fosfomycin Derivative with Much Improved
Bioavailability by Oral Route'.

The objectives of this study were to study the human pharmacokinetics of single doses of
fosfomycin tromethamine versus calcium fosfomyein at three different dose levels (0.5, 1 and 2 g
as fosfomycin). Two subjects received repeated doses of fosfomycin tromethamine to determine
whether there was any accumulation of the drug. The study concluded that within the dose range
studied, the pharmacokinetics of FT were linear. In cBﬁtrast, the pharmacokinetics o FCa
exhibit saturation Iimited absorption at higher doses. The bioavailability characteristics of FT
are superior to those of FCa. About half the dose of fosfomycin after FT was found in the urine
with all three doses. Following multiple dose administration of 1 g FT in 2 subjects, no -
accumulation was observed.

Siudy Report #10: "Pharmacokinetic Profile of Fosfomycin Trometamol (Monurol)".

The objectives of the study were (i) To study the kinetics of fosfomycin in serum and in urine
after 1.V. administration of disodium fosfomycin and oral administration of fosfomycin
tromethamine at 50 mg/kg. (11} to study the kinetics of fosfomycin after oral administration of 2,
3,4 and 5 g (as fostomycin) of fosfomycin tromethamine.

In part | of the study, following 50 mg/kg orally of FT, the peak concentration was 32.2 ug/ml.
at 2.2 hours which 1s comparable with other studies. The average total urinary recovery (0-48
hours) ts 50.36%. However, a secondary peak was observed after oral administratic:r_l_ for all
subjects. The absolute bioavailability of FT was 43%. -

in part Il of the study, four volunteers received single oral doses of 2,3, 4 and 5 g of F1. The
mean serum conoentrations at 3 hours were 15 pg/ml (2 g) , 16 ug/mL (3 g), 23 pg/ml. (4 g) and
26 pg/mi (5 g). The urinary recoveries (from 0-48 hours) were 51% (2 g), 32% (3 g). 24% (4 g)
and 22% (5 g). The serum concentrations appeared to increase less than in proportion to
increasing dose while urinary recovery decreased as dose increased. The result of this study is
not consistent with study #2 and #9.



Study Renert #11: "Urinary Tract infections in Pregnancy: Monuro! Single Dose
Treatmeut versus Traditional Therapy". Neu. Williams (eds.), New Trends in Urinary
Tract Infections. Int. Symp., Rome 1987. pp. 197-206, N. Ragni. C. Pivetta, F. Paccagnella,
G. Foglia, Institute of Obstetrics and Gynecololgy, University of Genoa, G. P.Del-Bono, P.
Fontana, Corporate Medica! Department, Zambon Group S.p.A., Bresso/Milan, Italy

The cvectives of this study were to study the bioavailability of fosfomycin tromethamine single
dose in pregnant women during and after pregnancy.

This was an open two-way cross-over study in four (4) bacteriuric pregnant women with an age
range of 27-35 yrs. A single dose of 50 mg/kg fosfomycin tromethamine was administered on
two occasions: on the 27th-32nd week of pregnarcy and one month after delivery.

Fosfomycin levels in plasma and urine were quartitated by a microbiological report ysing
Proteus mirabilis ATCC 21100 as the test ¢rganism.

Durning pregnancy, the mean peak plasma concentration was 20.5 pg/ml and occurred at 2 hours
after dosing. After pregnancy, the mean peak plasma concentration was 23.7 pg/m.L and vccurred
at 3 hours after dosing. Urinary concentrations before and after delivery were 1987 and 1574 pug/ml
over 0-2 hours, 1394 and 903 pg/ml over 2-4 hours, 1167 and 1545 pg/mL over 4-6 hours, 801 and
514 pg/mL over 6-8 hours, 688 and 442 pug/ml over 8-12 hours and 358 and 356 pg/ml. over 12-24
hours, respectively.

Plasma and urine concentrations following a single 3 g dose of fosfomycin tromethamine were
comparable during and after pregnancy indicating that dose adjustment of fosforaycin
tromethaming is not necessary in pregnancy.

APPEARS THIS WAY
ON ORIGINAL
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AN



Study Report #12: "Trometamol Salt of ¥osfomycin (Monurol): Preliminary
Pharmacokinetic and Clinical Experience in the Treatment of Urinary Tract Infections in
Children". Eur. Urol 13 suppl. 1, pp 114-118 (1987), P Careddu, M. Borzani, F. Varotto,
L. Garlaschi, Pediatric Clinéc L. University of Milan, P. Fontana, Corporate-Medical
Department, Zambon Group S.p.A., Bresso/Milan, Italy

The objectives of this study were to evaluate the pharmacokinetics of fosfomycin tromethamine
in children at three different dose levels in order .o suggest a dosage schedule adequate for the
first clinical use in children.

This was an open parallel study in 23 (7 female and 16 male) hospitalized children (mean age of
9.6 vears(5.5-13)) requiring antibacterial treatment. The children were divided into 3 groups,
each group received a different single dose of FT.

.- .-
Group 1: 12 children received 0 5 g FT
Group II: 5 children received 1 g FT
Group I1: 6 children received 2 g FT

Biood sampling schedules were as follows:

Group I: In the first 6 children blood samples were taken at 0, 1.0, 2.0, 4.0 and 8.0 hours
post-dose. In the next 6 children vlood samples were taken at 0, 0.5, 1.5, 3.0 and 6.0 hours
post-dose

Groups 1I and 111: Blood samples were collected at 0, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0. 8.0 and
10.0 hours post-dose.

Urine collection schedules were as follows:
e v Tand [1: 0-2, 2-4, 4-6, 6-8, 8-10, 10-12 and 12-24 hour intervals. — ..
Group I11: 0-2, 2-4, 4-6. 6-8, 8-10, 10-12, 12-24, 24-36 and 36-48 hour intervals.

Serum and urine samples were assayed for fosfomycin using an agar-plate diffusion
microbtological method using Proteus mirabilis ATCC 21100 as the test organism.

Indiviuual fosfomycin serum concentrations following oral administration of 0.5, l ana 2 g FT
are shown in tables 1 and 2 and the plot of average serum fosfomycin concentrations versus time
are shown in figure 1. Figures 2 and 3 shows the correlations between FT doses (mg/kg) and
Cmax {pug) and between FT doses and AUC (pg-h/ml}, -espectively. Figure 4 shows the FT
urtne data.

Thr mean peak serum concentration for Group [ was 11.3 pg/ml. for Group I was 18.5 jg/ml.
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and for Group I1I was 25.3 pg/tal. The AUC values were 54, 84 and 139 pg-hr/ml,
respectively. The respective mean urinary recovery of fosforycin in 24 hours was 43% for
Group 1, 38% for Group 1l and 38% for Group {Il. The mean unnary concentration over 12-24
hours were 50, 163 and 409 ug/mlL., respectively. Values for urinary concentratien after 24 hours
were only available for Group 111 and were 216 pg/mi for 24-36 hours and §7 ug/mL for 36.48
hours. :

A single oral dose of 2 FT provided plsma and urinary concentrations comparable to 3 g of FT
in adults.

APPEARS THIS way - -
ON ORIGINAL



Study Report #13: "Pharmacokinetics in Children of a New Fosfomycin Derivative with
Improved Bioavailability™.

The objectives of this study were to study the pharmacokinetics in children of a siagle-oral dose
of 50 mg/kg of fosfomycin tromethamine vs calcium fosfomycin. The results of this study is
coinparable to other studies. The plasma concentrations of fosfomycin were higher after FT than
FCa (peak concentration was 146% higher on average). The mean values of AUC were 107 and
56 pg-hr/mL, respectively. Mean urinary concentrations of fosfomycin after FT were always
higher than after FCa and were as fotlows: 2000 versus 530 pg/ml for 0-12 hours, 470 versus 350
ig/mL for 12-24 hours, 350 versus 200 pg/ml for 24-36 hours and 150 versus 130 pg/ml for
36-48 hours.

APPEARS THIS WAY
ON ORIGINAL

'



Study Report #14 : "Oral Bioavailability of Z 1282 in Elderly Patients". The objectives of
this study were to evaluate the bioavailability and kinetics of fosfomycin tromethamine in a
single oral dose equivalent te 3 g fosfomycin in eiderly subjects.

This was a single treatment with one single oral dose of FT equivalent to 3 g fosfomycin in six
elderly patients (5 female and 1 male) , mean age 75.7 (62-88) years, uospitalized for various
kinds of pathologies with nc clinical signs of impairment -€ renal, gastroenteric, hepatic or
hemopoietic functions except in one patient

Blood samples were collected at 0.5, 1, 1.5, 2.0, 3.0, 4., 6.4, 8.0 and 10.0 hours post-dose.
Urine samples were collected at 0-2, 24, 4-6, 6-8, 8-10, 10-12 and 12-24 hour intervals after
dosing. In one subject the first collection interval was 0-3 hours. Fosfomycin levels in blood and
urine were quaniitated by a simple selected ion monitoring method.

— .-,
The result of fasfomycin blood levels at different time are shown in Table 1. Some PK
parameters obtained by the sponsor are shown in Table 2. The PK model the sponsor used is
ons-compartmental model with first-order absorption. The mean creatimine clearance of the
subjects was 94 mL/min (patient has a creatinine clearance of 80 inl/min). The mean peak
plasma concentration was 33 pg/ml with a Tmax of 3 hours, which was slightly higher and
ionger than in normal subjects. From the data in Table 1, it is likely that the high mean Cmax
value is due to patient which has a relatively low creatinine clearence and Cmax value of
53.1 ug/mL. The mean AUC was 263.7 pg.hr/mL. The mean urinary recovery of 34% at 24
hours was comparable to data in healthy volunteers. Urin.ry concentraion were also similar to
healthy volunteers. Fosfomycin urinary concentrations exceeded the MIC of 128 pg/mL in all
subjects for the first 24 hours. Mean uninary concentrations of fosfomycin exceeded 1000 pg/mL
for the first 12 h.

Although mean Cmax and AUC in the elderly were slightly higher than those in young
volunteers from other studies, urinary concentrations were comparable indicating no dosage
adjustment necessary in the elderly. — ..



Study Report #15: *Comparative Pharmacokinetics of Fosfomycin Trometamol versus
Calcium Fosfomycin in Elderly Subjects and Uremic Patients”. Neu. Witliams (eds.), New
Trends in Urinary Tract Infections. "~t. Symp., Rome 1987. pp. 143-156. J. P. Fillastre, S.
Josse., Department of Nephrology, A. Le.ov, Department of Biochemistry, GxHumbert, F.
Borsa, Department of Infectious Diseases, INSERM U 295, University of Rouen, France.

The objectives of this study were to determine the pharmacokinetics of fosfomycir tromethamine
and calcium fosfomycin in elderly subjects and uremic patients and to compare the kinetic
parameters obtained to those found in a group of S healthy young adult volunteers.

This was an open, randomized, two-way cross-over study, comparing the pharmacokinetics of a
single doses of fosforycin tromethamine (25 mg/kg) and calcium fosfomyc<in (40 mg/kg) in
young healthy subjects, elderly healthy subjects and uremic patients.

The characteristics of five young male subjects with a mean age of 29 years, ight healthy elderly
subjects with a mean age of 72 years and twenty-three patients with renal impairment of various
degrees (mild, moderate, severe and patients on hemodialysis) are listed as fnllows:

Patients No. of Patients | Age Range Renal Function Creatinine Clearance (ml/min)
Healthy subjects 5 normal (Healthy) 127.0
Elderly Pauents 3 reduced (Elderly) 77.9
Uremic Patients-Group | 7 mild impairment 54.2
Uremic Patients-Group 11 6 moderate impairmen? 16.4
Uremic Patients-Group 1! 5 severe impairmment 7.3
Uremic Patients-Group 1V 5 i hemodialysis 0.0

All subjects received a single oral dose of 25 mg/kg fosfomy<in tromethamine and ;-s:'ing‘igoral
dose of 40 mg/kg calcium fosfomycin. Blood samples were cellected at 0.0, 1.0, 2.0, 2.5, 3.0,
3.5,4.0,5.0,6.0,8.0,100, 12.0,24.0, 28.0, 34.0 and 48.0 hours post-dose. Urnine samples were
collected at 0-4, 4-8, 824 and 2448 hour intervals after dor'1g. Fosfomycin concentrations in
serum and urine were measured by a microbiological assay using Proteus mirabilis ATCC 21100

as the test organism.

Following the oral dose of 25 mg/kg of FT or 40 mg/kg of FCa, the mean results are shown in

Tables | and 2.

The results of this stuc'y is consistent with other studies when comparing the bioavailability of
FT versus that of FCa and the bioavailability of FT in elderly subjects versus that in young
healthy subjects. The increase in Cmax and AUC for elderly subjects may be mainly due to the
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reduced renal function of elderly subjects.

In the elderly and the renal impairment subjects, as renal function decreased, Cmax and AUC
were increased, Tmax was delayed, elimination half-life was lengthened and uninary recovery
was decreased, compared to the healthy subjects. The following figures show the relationship
between Cmax. AUC, % of urinary recovery values and creatinine clearance. ‘
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The urinary concentrations were not reported for any group studied. The author only mentioned
that urinary concentrations of FT remained effective during 48 hours for group IiI patients (> 100

Hg).

The sponsor tndicated that dosage adjustment may be necessary in patients with severe renal
tmpairment.

The spousor also indicated that because only a single dose of FT is administered, no dose
adjustment is needed i the treatment of urinary tnfections in patients with mild to moderate
renal impairment (group | and II) or in elderly patients with reduced renal function. However,
there are no safety data in this report to support this claim. The mean Cmax valuesf26.Q2 and
35.66 pg/mL) after 25 mg/kg oral administration of FT to patients in group [ and I are
comparable to that of healthy voluntees after 50 mg/kg oral dose of FT (26.8 pg/mL, study
report #4) and that after 3 g oral dose (26.1 pg/mL, study report #1). The AUC values (388.5
and 1266.8 pg.h/mL) Tor group ! and I are 2 and 7 times of that of heathy volunteers after S0
mg/kg oral administration of FT (181.5 ug.h/mL, study #4) and that after 3 g dose (184 pg.h/mL,
study #1) . Furthermore, the mean dose used in this study for cach group ranged from 1.667 to
2.032 g which is lower than the recommended dose (3 g) for the treatment. If the same dose (3
£) 1s given to patients with normal renal function and with mild to moderate renal impairment
(group ! and 1), both Cmax and AUC values could be much higher than the Cmax and AUC
ranges siudied. Then, the safety at this dosing level for patients with mild to moderate renal
impairment may become an issue. On the other hand, in order to have an effective therapy,
urinary concentration of the drug has to be higher than the MIC. The sponsor did not provide
erough tnformation about urinary concentration of FT. 1f urinery concentration can not be



maintained above MIC, dosage of FT should be adjusted when safety permits. Therefore, dosage
adjustment may also be necessary in patients wiith miid t> moderate renal impaiment.

- i, w
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Study Report #16: '"Renal, Plasmatic and Urinary Concentrations of Fosfomycin After an
Oral Singie Dose of Trometamol or Calcium Fosfomycin™.

The objectives of this study were (o evaluate the rerial, plasma and urinary concentratiens of
fosfomycin following the oral administration of equivalent doses (50 mg/kg) of fosfomycin
tromethamine (FT) and calcium fosfomycin (FCa). This was a randomized parallel study
conducted in forty-five (45) patients awaiting renal biopsy for diagnostic purpose. The results
from plasma and urine data of this study are consistent with other studies. The mean
concentrations in the renal tissue were 213.1 and 196.4 pg/g at 3 hours for FT and FCa,
respectively and 78.4 and 37.5 pg/g at 12 hours, respectively. Therefore, FT produced higher
plasma and urine concentrations as well as higher concentration in kidney tissue than FCa. Peak
urinary concentrations of fosfomycin foliowing FT were 3 times greater than those produced by
the FCa.

-—— B

The concentrations in renal tissue are very high comparing to those in other tissues. The sponsor
indicated that the samples must have contaminated renal tubular fluid or urine. '

il

APPTARS THIS WAY
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Study Report #17: "Study of Fesfomycin Trometantol Kinetics to Assess the Concentration
of this Antibiotic in Various Human Tissues". F.P. Selvagy’ A. Traficante, M. Battaglia,
V. Di Lorenzo, P. Di Tonno, Department of Surgical Nephrology, Po. 'clinic Hospltal
University of Bari, Bari, Italy _— =

The objectives of this study were to determine fosfomycin concentrations in blood, urine and in
different tissues.

This was an open study in eleven patients (2 females and 9 males) undergoing urclogical surgery
due {0 a local carcinoma, without antibacterial treatment during the 48 hours nreceding the
intervention. The patients received fosfomycin tromethamine orally as a single dose of 50 mg/kg
of fosfomycin at different times before the start of the operation. Samples of the bladder,
prostate, pericystium and seminal vesicles were taken from the patients undergoing urological
surgery. Urine and serum samples were also collected at vanous times. - .

The different tissue samples were carefully weighec and homogenized and diluted. The -
quantitative levcls of the drug in the tissues, serum and unine were determined utmzmg a
micrcbiological assay using Salmonella ATCC 13078 as the test organism.

Table 1 shows the corcentration of FT in various tissues, in the urine and serum of patients at
different imes after administration of the drug. The mean serum concentration at 3 hours was
21.7 pg/ml and at 24 hours was 1.5 pg/mL. The mean unnary concentration ‘was 694 pg/m} at 3
hours and was 192 pg/mL at 24 hours. These values are considerabty lower than those observed
in other studies. At 3 hours, the mear concentration in prostate, semninal vesicles. bladder and
pericystium was 11.6, 8.8, 18.0 and 9.5 pg/g, respectively (the method sensitivity value, 0.4
pg/g, was used in the calculation when levels were below 0.4 ug/g). However, 4 of 7, 3 of 7, 3
of 6 and 2 of S concentratior. levels were under the limit of detection in bladder, pericystium,
prostate and seminal vesicles tissues, respectively. At 24 hours, copcentrations were
undetectable in all tssues except for one patient in bladder tissue and one patient in seminal
vesicles. - -

1)



Study Report #18: "Fosfomycin Concentrations in Serum and Prostatic Tissue with
Fosfomycin Trometamol, 2 New Fosfomycin Derivative with a High Bioavailability by the
Oral Route". C.M. Borghi, D. Laveneziana, A. Riva, G. Marca and G. Zannivi. Farmaci ¢

Terapia 1986 — e

The objectives of this study were to study the concentrations of fosfomycin in serum and
prostatic tissue after fosfomycin tromethamine in comparison to calcium fosfomycin.

This was an open, parallel study in twenty-four males, subjected tn prostate cto.ny for adenoma of
the prostace. The subjects were civided into two groups of twelvi:. The group which received FT
had a mean age of 70 years and the group which received FCa had a mean age of 71 years. Six
patients in each group received treatment 3 hours before surgery, the other six received the
treatment 12 hours before surgery. The patients were administered a single dose of fosfomycin
tromethamine or fosfomycin calcium equivalent to 3 g fosfomycin dissolved in 100 gl. of water.

Blood specimens were collected immediately before treatrnent and during removal of the prostate
gland. Fosfomycin was determined in serum and homogenized prostatic tissue by a
agar-p'ate-cylinder microbiological method using Proteus mirabilis ATCC 21100 as the test

organism.

The result of fosfomycin concentrations in serum and prostatic tissue 3 hours and 12 hqurs after
single dose oral administraticn of FT and FCa are shown in Table 1. Three hours after treatment,
the mean concentrations of fosfomycin in serum were 25.6 pg/mL following FT and 3.6 pg/mL
after FCa. At the same time the concentrations of the antibiotic in prostatic tissue were 20.8 pg/g
after FT and 2.3 pg/g after FCa. The ratio between antibiotic concentrations in the prostatic
tissue and those in serum were 0.91 for FT and 0.62 for FCa. Twelve hours after treatment,
antibiotic concentrations in serum and in prostatic tissue averaged 6.8 ug/m! and 4.9 pg/g,
respectively after FT and 2.0 pg/mL and 1.7 pg/ml respectively afier FCa. The ratio between
antibiotic concentrations in the prostatic tissue and those in serum were 0.74 for FT and 1.05 for

FCa. —

Fosfomycin levels in prostatic tssue were about 10-fold higher after FT than FCa.

—_
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Serum Fosfomycin Concenirations Following a Single Dose intravenous Bolus Administration of Monuroi 2g (pgimL)
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Tabie
TR/3700/0002

Fosfomycin Concantrations in Urine Following a Single Dose Oral Administration of Monurol Jg Under Fasting Conditions (pgimL)
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Table ¢
TR/3700/0002

Fosiomyeia Concentrationt In Urina Foliowing a Single Dose Oral Adminisiration of Monurol 3g Urder Fed Conditions (pdf‘le
] Time in Hours Aftsr Dosing
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Table

b

Fasfomycin Concentrstions in Urine Following a Single Doss Intravenous Bokus Adminisiration of Monurol 3g {vg/mL)

Time It Houss Aler Dosing

']II"!-{"—‘ d. L, "l'

THTHHIHTIITHTH]

PONNN.010 01RO ETR 1SR

A IR

LT RG]

PN ST AR U S 2N N U N TR A R I B

W MasnI 15,2 $363.2 | 18105 | 8209 954.7 498.0 403.6 198.2 82 14 7] 13
St )Devi $9.0 | 38334 | 16086 | 3824 | 8038 | 221.1 | 26091 | 1419 $4.2 18.1 2.0
W 334 | 68 1] 44 | 63 T a7 13 s 12 3]

NOTE BLOXY $TSHDS FOR BELOW LMIT OF Q!JWITATOON
NOTEH S STANDS FOR NO SAMPLE
NOTE:P.C.” STANDS FOR POOR CHROMATOGRAPHY

BEST POSSIBLE COPY



-9

6920

Tabie
TRI3TOOD002

Fosfomycin Concentrations in Facer “ollowing s Bingile Dose Oral Admilnisteation of

Monurol g Under Fasting Condilions {pgiml)
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Table & <
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Forlomycin Concentrations in Feces Following a Bingle Dose Oral Administration of
Monurol 3¢ Under Fed Conditions (pg/mL)
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/%@ FOREST LABORATORIES. INC.

MONUROL™ (Fosfomycin Tromethamine)

Technical Repont
Study R/3700/0002

Page 65 of 113
Table /0
Mean* Fosfomycin Serum Concentrations (pg/ml.)
Following a Single 3 g Dose
Time Alcer Treament A._ Treatment B . afrgatment C i
Dose (hr} (fasted) (postprandial) (intravenoys)
0 0.0 (0.2) 9.0 (0.1) 0.0 (0.0)
(1) (1 (0
0.17 — — 288.7 (89.0)
(22)
0.25 0.8 (0.9) 0.1 (0.2) 229.1 (62.9)
{13) (2) (22)
0.5 5.7 (3.3) 0.5 (0.9) 155.7 (45.8)
- 1) M (22)
I 17.7 (7.4) 2.8¢2.1) 102.5 (29.1)
23) (22) (22)
2 26.8 (7.8) 9.8 (3.9) 63.8 (18.2)
(23) (24) (22)
3 22.3 (5.3 15.4 (4.1) 41.4 (12.2)
(23) (249) (22)
-4 18.4 (4.5) 17.3 (4.7) 29.8 (9.8)
(23) (24) (22)
6 10.9 (2.6) 11.8 (3.4} 15.8 (6.3)
(23) (24) (22)
R 751D 8.7 (2.6) 9.1 {4.0)
(23) (24) (22)

‘Data presenied as means 1aS0) followed Wy e number of subecn th parenthescs.

6- 00855



Technical Repor
Study R/3I700/0002
Page 67 of 113

f[@ FOREST LABORATORIES, INC.
v MONUROL™ (Fosfomyvain Tromethamine)

x
Table (continued)

Mean® Fosfomycin Serum Concentrations (ug/mlL)
Following a Single 3 g Dose

-

Timz After Treatment A Treatment B Treatment C
Dose (hr) (fasted) {(postprandial) (intravenous)
= ——;
10 5.6 (1.3) 6.2 (1.6) 5.5 (Z.6)
(23) (z4) - (22
12 3.9(1.0) 44 (1.3) 3.4 (1.8)
(23) (24) (22)
16 2.3 (0.9) 2.5 (0.8) 1.2 (0.9
(23) (24) (19
20 1.5 (0.8) 1.6 (0.7) 0.5 (0.6)
(22) (24) (thH
24 0.9 (0.7) 1.0 (0.5) —_
an (22)
30 0.5 (0.4) 0.4 (0.4) —_
(8) (12)
36 0.2 (0.4) 0.2 (C.1) ) —
(5) (6} -

“Dasa presented a5 means (£50) lollowed by he number of subpects in parentheses.

6- 00856




/{\@ FOREST LABORATORIES, INC.

MONUROL™ (Fosfomvcin Tromethamine)

Technical Repont
Study R/3700/0002
Page 68 of 113

Table
Mean’ Fosfomycin Urine Concentrations (pg/ual)

tH

Following a Singie 3 g Dose

Time Interval Treatment A Treatment B Trestment C
(hours) {fasted) {postprandiat) (intravenons)
2000 09 (1.8) 03 (LY 15.3 (51.0)
(5} 3 N
0.0—2.0 6492 (442.1) T 209.6 (127.2) - %3532 (3653 4)
(224 (24) (21
2.0-—40 706.5 (466.4) 4281 (151.5) 1810.5 (1608 .5)
23 {24) {21
40—6.0 5942 (267.5) S3L5(187 8299 (362.4)
{23} (24) (2
6.0-—~8.0 5499 {102.4) $37.7 (251.8) 954.7 (601.8)
(2t) 2hH (22
§0-—100 478.5 (176.2) 4044 (2211 49%.0 (2211
{23 (23; 21)
106—120 4929 (212.2) 3IS18(17%4) 4015 (269.1)
{23) {23} {20)
12.0—16.0 2650 (1433 2300 (1239 1952 (1413
2N (14) (22
160—24.0 i68.1 (108.9) 163.5 (9. 82.3 (64.2)
(23 24y {22}
—
24 0—-36.0 62.2 (29.8) 62.8 (30.2) 14.4 {16.1)
n» (24) 20
36.0—-480 542 (45.%) 5413307 13 (2.8
= (23) (24) (15)
48 0—60.0 106 (21.1) 2931 (233 —_
(22) {21
60 0—72.0 206 (17 174 (17.2) -
{22y TN
72.0—84.0 108 (11.4) 10.6 (10.7) —_
(21) {22)

"Data presentec as racans (x SD) followed bv the number of subjects 1n parentheses

6- 00857



/‘K@ FOREST LABORATORIES. INC. Technical Report

MONUROL™ (Fosfomvcin Tromethamine) Study R/3?00/0002
Page 71 of 113
— e -
.- .-
;]
Table

Mean* Cumulative Amounts of Fosfomycic Excreted in Feces (mg)
Following a Siugle 3 g Dose

Time After Dose Treatment A Treatment B Treatment C
(hours) (Tasted) (postprandial) (intravenous)
0 0.22 (1.05) 10.61 (50.17) 0.83 (2.53)
24 48.70 (103.13) 115.07 (278.67) 1.24 (3.70)
48 347.64 (292.82) 346.51 (323.40) 1.34 (3.68)
72 458.66 (301.34) 469.59 (355.06) -
84 530.64 (317.09) 565.64 (389.13)

*Data presented as means (+ SD) followed by the number of subjects in parentheses.

1}

6- 00860




//@ FOREST LABORATORIES, INC.
L)

MONUROL™ (Fosfomycin Trumethamiae)

Technical Report
Study R/3700/0002
Page 7} of 111

Table

H

%

Summary of Fosfomycin Pharmacokinetics Parameters® Obtained Using
Non-Compartmental Analysis

- .-,
Trestment
Parameter .
Fasted Postprandial RAZ
AUC,,, (ngehr/mL) 172 (30.7) 142 (32.1) 498 (87.0)
(1719 (22.5) 117.5)
AUC .., {(pg-hr/mL) 184 (336} 154 (34.2) 504 (87.6)
(18.2) {(22.3) (17.4)
Fo. 037 {007 0.30 (0.0%)
{19} (N
F. 0.82 (0.13) -
(16)
C oo (pgmlL) 26,5 (9.1 176 (4.4)
(15 (25)
T (hr} 2.1 (0.42) 4.0 (0.5%)
(20) (4 i -
A, (p)¢hr) 0.15 {0.06) 0.13 (G.04) 0.26 (0.06)
(41 4) (12.8) {(23.1)
g (P) (hD) 57028 $.8(1.9) 2.7{0.57)
(49.%) 2.1 {21.1)
MRT (hr) 82(254) 9.9 {1.98) 27 (060
(31.1) (199) (22.2)

6- 00862




;{@ FOREST LABORATORILS. INC. Techmecal Report
( * MONUROL ™ (Fosfomycin Tromethamine) Study R/3700/0002
Page 74 of 113

Table (continued)
Summary of Fosfomycin Pharmacokinetics Parameters® Obtained Using
Nna-Compartmental Analysis

Treatment
P
arameter Fasted Postprandial 1AY
v, (L) 136 (44.1)° 201 (54.6)" "16.5 (4.73)
(32.4) (272) (28.7)
A, . (ME) 1128 (240) 1082(195) 2687 (404)
2tn (130} ~ (15.0)
Ate., . (Mg) 1140 (238) 1118 (201) 2688 (404)
(20.9) (18.0) (15.0)
Al ¢ (0R) 5306 (317.1) 565.6 (389.1) © 1.34 (3.69)
(" (59.8) (68.8) (275
A, (u) (hr") 0.090 (0.125) 0.080 (0.107) 0.336 (0.253)
(139) (134) (75)
o (W) (hD) 16.6 (10.8) 232 (41.9) 3018
(65) (181 (48)
CL (L/r) 16.9 (3 46)° 20.4 (4.38)° 6.1 (1.0
(20.5) 21.9) (16.4)
CL, (Lmn 63 (1.7 76 (2.2) s 35 (1.2)
27.0) (28.9) (21.8)

*Data are presented 83 mean (2 SD) values and the %CV is in parentheses below these values.

'V, calculated as V /¥
“Total CRearance ralculated as CL/F

6- 00863
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FOREST LLABORATORIES, INC.
MONUROL *™ (Fosfomycin Tromethamiane)

Techaical Report
Studv R/3700/0002
Page 75 of 11}

Table

¢

Summary of Fosfomycin Pharmacokinetics Parameters® Obtained Usiong

Compartmeatal Analysis

Treatment
Parameter
Fasted Postprandial LV.
B! (k' 4352 (3.538) 4518 (3.521) 4.708 (3.480)
(81) (78) (14
B2 (hr") 0.282 (0.099) 0.288 (0.097) 0.297 (0.089)
3% (34) (30)
A, (p) (hr'} 0.642 (0.200) 0663 (0.175) \0,684 (0.148)
(31) (26) (22)
t,- .. (p) hr) 1.30 (0.84) 1.16 (0.5} 1.06 (0.24)
{65) (46) (2
Ao (hr'') 04i4 (0.296) 0.215(0.070)
(72} (32)
tq 4, (hD) 2.13 (0.96) 348 (091)
{4%5) (26)
Lagume (1) (hr) 0.205 (0.073) 0.249 (0.002) 0.063 (0.041)
(36} ) - {4
MRT-disposition (hr) 5129 302 (1.12) 2.82 (0.65)
(41) N 2N
MRT- total (hr) 644 (1.58) 828 (1.29) 2.89 (0.66)
{25} {16} (23)
MRT- absorption (hr) 3.28 {(1.34) 526 (1.31) 0.06 (0.04)
(41} (25) (64)
MAT (hr) 1.79 (1.96) 5.52 (i.46})
(5 (26)

6- 00864




Technical Report
Study R/3700/0002
Page 77 of 113

/[@ FOREST _LABORATORIES, INC.
y MONUROL™ (Fosfomycin Tromeihamine)

Table | (
Summary of Fosfomycin Pharmacokinetics Parameters”:
Comparison of Fasted and Postprandial

-— .|
Treatment c
- - .
Parameter Fasted Postprandia) Sngtuﬁcancc
AUC,, (pgehr/mlL) 172 (30.7) 142 (32.1) p<0.05
(17.9 (22.5)
AUC oo 184 (33.6) 154 (34.2) - p<0 55
(pgshr/mL) (18.2) (22.3)
F.. 0.37 (0.07)) 0.30 (0.05 p<0.05
{19} (N
Coa (pa/ml) 26.1 (9.1) 17.6 (4.4) p<0.05
(35) (25)
T (hr) 2.1 (0.42) 4.0 (0.55) p<0.05
20) (14)
A, (p) (hr'h) 0.15 10.06) 0.13 (0.04) NS
{41 .4) {32.8)
S tn (p) () 5.7 (2.8 5.8 (1.9) NS
{49.5) (32.1)

‘Data are presented as mean (+ SD) vajues and the %4 CV is in parentheses belov these values.
*Mear. values were compared statstically by ANOVA with a level of significance of P < 0.05.

6.
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/[@ FOREST LABORATORIES. INC.
* MONUROL™ (Fosfomycin Tromethamiae)

Technical Report
Siudy R/3700/0002
Fage "9 of 11)

Table

o

Mean® Fosfomycit Serum Concentratious (pg/mL)
Following a Single 3 g Intravenous Bolus Dose: Male and Female Subjects

— .-,
Time After Male Subjects Female Subjects
Doze (hr)
n.17 261.2 (55.1) 1508 (33.7)
0.25 2156 (28.5) 268.3 (29.8)
05 1463 (19.8) 182.7 (2.9 ]
! 96.7 (14.3) 119.6 {16.8)
2 63589 706 (14D |
: 42.0 (6.2) 445 (10.8)
3 L3684y 308 90
6 17.4 (4.1 15.5 (6.6)
8 10.4 (2.9) 8.6 (4.1)
1) 6.6 (2.0) s 4 RL2.5)
12 4213 27 (1T
16 1.5 (0.8) 0.8 (0.8)
_: 20 0.7 (0.6) 0.2 (0.4)

‘Dana presenied as means (250}

6- 0086t
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/(@ FOREST LABORATORIES, INC.
* MONURCL™ (Fosfomvein Tromethamine)

Table /¢
Summary of Fosforycin Pharmacokinetics Parameters" Following IV,
Treatment:
Comnpzrison of Male and Female Subjects
— - .
Gender :
s - b
Parameter Male Fepale S{gnlﬁcance
e e 477 (72) 335 (97N NS
© xzehr/mL) (15) (18)
t, ;. (hr) 5.08 (0.40) 2.31 (0.44) p<0.05
{13 (19
Vv, (L) 19.5 (4.3) 12.9 {1.7) p<0.05
(22) (i3
Atp., . (ME) 2737 (518) 2626 (209) NS
(1) (8)
At , ¢ (ME) 2.6 (5.0 0.1 (0.2) NS
(192) (200) TL"
CL (L/hr) 6.4 (1.0) 5.7 (0.9) NS
(16) (16)
Ll (L/hr) 5.8 (L.5) 3.1 (0.6) NS
(26) (12)

*Data are presented a5 mean (xSD) values and the %CV is in parentheses below these values.
*Mean values were compared stansticaliy by t-test with a level of significance of P < 0.05.

6- 00869
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' MONUPOL™ (Fosfomycin Tromethamine) Study R/370u/0002
Page 81 of 113

Table J 7
Mean' Fosfomycin Cumulative Amounts of Fosfomycin Excreted {~ Urine (mg)
Following a Single 3 g Intravenous Bolus Dose: Male and Female Subjects

Time of Urine Collection Male Subjects Female Subjects
(hr)
= . I

n 0.40 {0.65) 10.33 (27.49)
(163) (266}

2 1163 (346) 1479 (200)
30 (A4

4 1815 (350) 2103 (7Y
(19) (1)

6 2149 (376) 2356 (278)
«Qn (1

8 2388 (447) 2477 (264)
(19) (n

10 2450 (480) 2556 (239)
(20} ("N

12 2571 (488) 3571 (214)
(19) (8)

16 2657 (501) 2606 (212)
{19) {8)

24 2716 (512) 2622 (209)
(19 . 4]

= 36 2734 (516) 1625 (209)

(19) (8

48 3736 (S17) 2626 (209)
(19} (8

Data presented a5 mezns (x SD) followed by %CV in parenthesis.

6- 00870



t)

TABLE

(Study Report #18)

——



-

TABLE - Fasfomycin concentrations in serum and prostatic tissue

3 nr (patients } and 12 nhr {ovatients

after single-dose oral adminystratiun of fesfemycin

L 4
’ tromethamol aad calcium fosfomycin ar the dose of 3 g
fosfomycin. ‘
TREATHMENT
FOSFOMYCIN TROMETHAMOL CALCIUM FOSFOMYCIN
PAT. FOSFOMYCIN CONCENTRATIONS PT/S PAT. FOSFOMYCIN CONCENTRATIONS PT/S
Nc. Na .
SERUM PROSTATIC TISSUVE SERUM PROSTATIC TISSUE
Mo, ecgimt scgp/R Mo, ncg/al weg/g ¥
1. 7.
2. 5.
A 9.
- 4, 0. ' .
s. 1.
6. 12.
13. 13.
N 20, .
A
9. 21,
%
A6, 7.
t7. 23.
18 L
PT/5  tosfomycin concehtration in the prostatil tissue-fosfonycin serum

concentration ratio.

" means =+ S.5.

- NKRLYA
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Page 102 a( 113

Figure !
Study R/3700/0002 - ®
Semilogarithmic Piot of Mean Excretion Rate versus Midpoint Time
Trestmant C: GC '

1000.0 A -
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Page 103 0f 113

Serum Foslomycin Concenliaiiona {meg/mL)
]

Figus~ v -
Study R/3700/0002
Rectiiinesr Plotz of Mesn Serum Foglomycin Concentrations versus Thne
Faatod and Postprandial

-
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/@ FOREST LABORATORIES, INC. Technical Report

MONUROL™ (Fosfomycin Tromethsmioe) Study R/370000 -
Pl‘! 104 0 ~
- —
Figure--- 3 .-
Study R/3700/9002
RAectitinesr Plots of Mean Urinary Fosfomycia Goncentrations versus Time
Fasted and Poutprandis)
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TABLE [ Semm concentrations (ug/mi; means ol 2 assays) of Fosfomycin in m:nhymsublw, v
traated with Fostomycn Tromatamol ocally, 2000 mg (as Fosiomycn acid). Indwdual

dala

SUBJECTS

—
£
m

coPbooboowmo

RE@oruUmN-OO

SUBJECTS
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~ Serum concentrations (ug/ml) (means of 2 assays) of Fasiomycin in healthy subjecis
truated with Fostomycin Trometamol oraly, 3000 mg (as Fostomycin acid). Individuat

data
4 L
\ ‘ SUBJECTS
T™ME

TABLE

SUBJECTS

1)
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- , . omycin i bjecis
28 ncentrations (ug/mi: means of 2 assays) of Foslomycin i heatihy subj
TABLE 3 ":::,:; ?uh Foslomycin Trometamot orally, 4000 mg as (Foslornycin acid). Individual

dala.

SUBJECTS
TIME T e

no®dan-oo
omPCoboDInD

-k

SUBJECTS
TIME

nNe@dhL oo
coYCcDooowno

P,

1)
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TABLE

¢ Serum concenirations (ug/mi: means of 2 assays) of Fosfomycin in healthy subjects
irealed with Fostomycin Sodwum intravenously, 3000 mg (as Foslomycin acid). Incivic:al

dala.

SUBJECTS

0.017
0.25
0.50
1.00
2.00 .
J.00
4.0%
6.00
8.00
10.00
12.00

TIME

SUBJECTS .,

0.017
0.25
0.50
1.00
2.00
3.00
4.00
6.00
8.00
10.00
12.00

- 28
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i
TABLE . Serum concentrations (ug/ml; means of 2 assays) ol Fosfomycir in healihy subjects
ireated with Fosiemycin Trometamol orally, 2000, 3000 and 4000 mg (as
Fosiomycinacid) and with Fosiomycin Sodium intravenously, J000 mg (as Fosiomycin
ackiy. Means + 50 of 12 subjects.

DOSE ADMINISTERED
ORALLY I NTRAVENCOUISLY
TIME - -
2000 mg 3000 mg 4000 mg 3000 g
0.00 <0.710 <0.710 <0.710
0.017 J70.643
192 051 .
0.25 194.432
$23.52%
Q.50 4271 S 464 6.285 149.528
+2.324 +4.066 $1.148 +5.726
1.00 $1.026 15.415 20.282 100.998
+5.667 £8.043 - £7.198 +46.403- ®
2.00 14,397 21.015 30.853 62.141
+5.778 +4.510 +5.629 $6.924
2.00 11.827 17.309 23.520 41.608 -
*4 292 +3.869 +4.593 +5.559
4.00 10.17¢ 13.252 15.389 30.12%
4 101 +3.353 +3.956 $6.360
600 6471 8.655 11.411% 14.897
+2.653 +3.387 £3.121¢ 12 844
8.00 45847 6.509 8.269 8.150
+2.296 $2.393 $2.563 t2.1086
10.00 3.640 4.803 6.558 4,552
+1.607 +1.506 12.064 +1.496
12.00 2.809 3.92¢ 5.215 2.764
+1.247 +1.458 $+2.019 +1.292

* mean + 3D ol *1 subjects

- 629

6~ 04876



TABLE éPhannacokmeuc parameters ol Fostoniycin Trometamol in heakhy subiects lreated with
2000 mg {as Fosiomycin acid) orally.Individual data

| 1052000 | 2052000 | 3052000 | S0s2000 | 6032000 | 7082000 | Bos2000

Param |
T1/2 el| 3.66 | 4.06 | J.10 ! 3.32 1 5.09 | 4.3 5.66 i
T1/2abs| 0.80 ) 0.12 ¢ 0.44 0.41 | C.28 | 1.20 1 .91 |
Lag_t | 0.00 ) 0.00 i 0.00 | Q.00 | 6.35_1| _hp.OO | 0.00 |
Dose | 2000.00 | 2000.00 | 2000.00 ! 2000.00 { 2000.90 1 2000.00 | 2000.00 |
AUC exp! 116.08 1 103.53 | 90.14 | 91.83 1 147.17 | 89.54 | €5.88 |
Cmax 1 16.51 | 16.55 | 18.72 | 17.34 | 21.46 4 10.38 | 6.5%0 |
Tmax | 3.00 4 2.00 | 2.00 | 1.00 | 2.00 | 3.06 | 2.00 |
Clr tot{ 17.23 1 19.32 1 22.19 | 21.718 | 13.59 | 22.34 | 30.36 |
vd | 91.02 + 1113.10 | 99.25 | 104.21 ) 99.74 | 139.06 | 24B.14 |
MRT_expl 6.24 | 6.94 | .02 | 5.35 | 7.5 1 v 7.79 9.27
Vdss ex| 107.%1 | 134.01 | 111.47 } 116.43 ] 102.35 | 174,01 } 281.54 !
AUC modl 114.22 | 100.35 | B4 60 | 89.%52 1 133.00 ! 88.83 | 64.28 |
MRT _mod| 6.44 | 6.89 | S..1 1 5.37 | 8.09 | 7.96 | 9.49 !
vds mod! 112.83 | 137.36 } 1:20.79 | 120.06 { 12Y.73 | 179.1B | 295.12 i

Param. | 9052000 | 100s2000/ 110820001 12082000) MEAN | SEM !

________________________________ ~-= g m————

T1/2 eli 3.38 | 3.53 | 3.98 | 4.51 | 4.05 1 0.24 |
Tl/2absi 0.57 | 0.87 | 0.24 | 1.18 | 0.69 1 6.10 |
Lag ¢t ! 0.00 i 0.00 | 0.42 | 0.00 ¢ 0.07 1| 0.05 |
Dose i 2000.00  2000.00 | 2000.00 | 2000.00 ) 2000.00 1 0.00 !

AUC_expl 99.73 82.39 1 95.27 1 191.75 t 106.66 | 10.53
Cmax I 18.95.1 13.26 1 16.01 | 20.27 | 16.00 | 1.33 |
Tmax | 1.00 | 2.00 | 2.00 { 4.00 | 2.18 | 0.26 !

Clr totl 20.05 24.27 | 20.99 | 10.43 | 20.23 1.60 1|
vd [ 97.81 | 123.70 | 120.44 | 6€7.82 | 118.57 i 14.13 1
MRT_expl 5.41 1 6.49 | €.25 | B.1S | 6.77 | 0.40 |
Vdss_ex! 108.47 } 157.5%4 | 131.25 ) 85.02 | 137.24 | 16.34 |
AUC _wnod| 91.00 | 76.33 | 92.14 | 183.30 | 101.60 | 9.84 |
MRT_mod | .70 | 6.35 | 6.50 | 8.20 ! 6.92 | 0.41 |
Vds_modi 125.31 | 166.37 | 141.19 1 89.50 | 146.31 | 16.64 |

- -
- 030
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TABLE 7Phannawklﬂeﬂc parameisrs ol Fostormycin Tromelamol in Fealiny subiacts traated with
3000 g (as Fostomycn acid) orally Individual daia

S L T T D i e o Lt T Il gt D N g A L L o S i R o o e el {  m am t

Param, | 10s3000 | 2053000 | 30s3000 | 4023000 | S0s3000 ( 6043000 1 7053000 |
T1/2 ell 19.55 | 3.13 i 3.36 | 4.87 | 3.62 4 3.79 | 3.91 |
T1/2abs! 0.27 0.79 ) 0.33 1} 0.34 | 0.35% | 0.90 | 9.91 |
Lag t | 0.34 | 0.00 | 0.006 | 0.48 | 0.00 ) _0.00 ) 0,00 i
AUC_exp! 218.88 | 111.%& ) 1Z7.29 | 152.24 | 135.44 ; 149.41 | 141.76 |
Cmax 1 16.11 4 21.61 25.25 1 21.24 27.46 | 21.64 | 21,14 |
Tmax ! 3.00 ) 2.00 | 2.00 1 2.00 3 1.00 4 2.00 | 2.00 |
Clr tot! 13.71 26.90 23.597 1) 19.71 | 22.15 1§ 20.08 | 21,16 |
vd T 208.58 1 121,61 1 114.31 ) 138.44 |} 115,82 1 109.89 | 119.48 |
MRT_expl 15.49 5.7% | 5.35 1| 7.85 5,60 | 6.71 | 7.23 1
Vdss_ex! 212.30 { 154.54 1 126.17 1 154.66 | 124.00 §{ 134.77 | 192,99 }
AUC_mod! 208.01 | 105.13 « 119.27 i 142.29 { 137.74 | 142.90 | 129.77
MRT mod|  15.96 | 5.66 | 5.33 | 7.99 | 5.7¢ | 6.78 | 6.98 |
vds modl 230.14 | 161.46 | 133.99 1 169.41 | 124.98 | 142,28 | 161.45 |
Param, | Bos3000 | 9053000 | 100s3000( 11083000 120830001
Ti/2 el 3.83 i 3129 6.9 1 3.37 1 4.60 1 -«
T1/2abst 0.79 | 0.49 | 0.35 | ©.59 1% 0.82 |
Lag t | 0 00 | 0.00 .45 | 0.00 | 0.00 | .
AUC_expl| 97.i% 1 147,64 | 124.11 } 10g.12 | 227.09 ¢
Cmax | 15.49 | 28.85 | 13.36 | 24.20 | 2% 78 |
Tmax | 2.00 4 2.00 | 2.00 ¢ 1.00 | 3.00 ¢ .
Clr tot| 30.88 | 20.32 | 24.17 | 28.27 ) 13.21 4
vd | 170.80 | 91.36 | 209.63 1 137.64 | 87.65 |
MRT_exp'! 6.71 | 5.08 | 9.88 | 5.22 | 7.59 |
vdss_ex} 207.11 | 103.15 | 238.89%9 | 147.44 | 100.33 |
AUC_mod| 93.03 } 140.47 1 125.59 1 102.05 i 222.74 1|
MRT _modi 6.67 | 5.20 1 9.63 | .72 | 7.82 !
Vds mod]  215.13 | 110.99 | 23C0.11 | 16B.24 | 105.29 |
- -

- 031
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TABLE

B'Pharmaookmelic parameters of Fostomycin Tromeiamol in heatihy subiects treated with

4000 myg (as Fasiomycin acid) arally ingividual data

T T o D s i e e e T o 8 S

T1/2 el|
T1/2abst
Lag t |
RUC_expi
Cmax |
Tmax I
Cir tot!
vd |
MRT_expi
vdss_ex|
AUC_mod)

T1/2 eli
T1/2abs|
Lag t |
AUC_expl|
Cmax !
Tmax |
Clr tot|
vd !
MRT_expl
Vdss ex]
AJC_mod]
MRT_mod]

e

e AL 7 b oy e o e o

| 1084000 | 2084000 | Jos4000 | 4034000 | 5034000 ! 6034000 | 7034000 |
5.07 i j.g8 | 2.58 | 4.16 | j.86 | 4.16 | 4.40 |
0.45 4 0.67 | 0.74 | 0.37 1 0.5% | 0.681 | 0.94 |
0.00 i 0.00 | 0.00 | 0.39 | 0.004 _-0.00 ) 0.00 1
290.91 ) 1239.78 t 15%7.87 1 177.10 t 206.77 ) 210.07 | 227.1%
34.83 | 23.659 1 35.08 | 29.35 | 37.45 | 34.32 | 31.26 |
2.00 | .00 2.00 | 2,00 | 2.00 2.00 ¢ 2,00 ¢}
13.75% | 28.62 | 25.34 | 22.%59 i 19.34 19.04 17.61 1
100.65% | 160.36 | 94.34 | 135,44 ] 107.80 | 114.40  111.85 |
8.07 | 6.80 i 4.75 | 6.46 | 6.49 | €.96 | 7.87 |
110.96 | 194.66 | 120,43 | 145.84 ] 125.60 { 132.58 | 138.63 i
200.96 { 130.70 | 147.82 1 161.97 1 198.24 | 200.06 | 209.97 |
7.96 | 6.56 | 4.79 | 6.92 | 6.37 | 6.89 | 7.7 ¢
113.39 § 200.90 ! 129.66 | 170.95 ( 128.%0 | 137.72 | 146.87 |
8084000 | 9084000 | 100s34000] 11034000| 12034000]
J.g4 | 3.4 | 3.68 | 3.18 | 4.8 |. = ,
0.81 ! 0.41 ! 0.88 | 0.713 1 0.72 |
0.00 | 0.00 | 0.00 | 0.00 | 0.00 |
140.41 | 183.28 | 122.5) | 167.15 | 253.85 |
23.10 | 36.60 1 20.40 | 32.05 | 32.10 |
2.00 | 2.00 | 2.00 | 2.00 ¢ 2.00 | -
28.49 | 21.82 | 32.6% | 21.93 | 15.76 |
158.00 {+ 105.22 + 193,38 1 109.87 1 109.87 i
6.69 | 5.41 | 6.72 1 s.79 | 8.067 |
190.92 1 118.15 1 219.27 | 138.48 | 127..9 |
134,80t 171,26 1+ :113.12 | 147.13 | 238.78 |
6.71 | 5.41 1 6.58 | 5.65 | 8.02 )
199 .07 1 126.28 } 232.55 | 153.53 1| 1¥M.27 i
AR e
- 032
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L

TABLE

3000 mg infravenously.indivigual data.

i e A e e S P D sy e .

Pharmacokinglic parameters ol Sodium Fogslomyein in healthy sublects trealed with

3iv3000 t 43v3000 § S5iv3000 )

T T ol s e g e . e D S e AU L i P S sy O g <y

L7300t

Param. | 14iv3000 | 2iv3000
Ti/2 el .276 | 177
T1/2abs| 2.16 | 2.18
AUC_expl 487.00 | 372.34
Cmax | 476.40 | 1350.00
Tmax ) 0.02 | 0.02
Clr tot} 6.16 | 8.06
vd - {  19.21 | 25.40
MRT_exp) 2.29 | 2.53
Vdss_ex| 14.14 20.39
AUC modi 46B.78 | 36i.61
MRT mond § 2.38 4§ 2.64
vds mod| 15.26 | 21.94

Param. | Biv3000 | %iv3000
T1/2 el| 580 | .108
T1/2abs| 2.32 1.50
AUC exp] 371.67 | 446.18
Cmax | 380.75 | 421.50
Tmrax 1 0.02 .02
Clr cott 8.07 ) 6.12
vd [ 26.97 | 14.59
MRT_expl| 2,37 1 2.14
vdss_ex| 19.17 1 14.41
AUC mod| 375.29 | 421.76
MRT_mod| 2.39 | 1.96
vds_mod! is.10 ¢ 13.97

o U S T o S T oy e, e R A e e P o B i R gt S A e i S S Y ! S S A S S

.248 |
.05
.21
.55
.02
.46
.11

<
402.

.55
60
.20
.02

i
|
I
1
!
!
i
t
1
i
|

430.

61v3000 | 7iv3000 |

g o s

.242
1.65

404.61
0.02

16.80
1.82
12.88
403.81
1.82
14.07

7.0€ "

424.73H

10iv3000] 114iv30001 12iv3000!

.159
i 1.99
| 457.21
I 299.90
1 0.02
| 6.56
| 18.80
{ 2.88
! 18.90
i 430.56
1 2.62
|

L e Rt S ——

<159 | 175
2.18 | 2,28
464,65 | 548,26
285.20 | 416.80
0.02 i 0.02

- 6,46 5.47
20.35 | 17.97
2,93 1 2.92
18.94 15.97
51,72 | 532.39
2.91 | 2.86
19.30 | 16.14

6- 04880
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o
‘" Pharmacoxineiic parameiers (meanstSD) of loslomycin In healty Subjects 1reated with

" |

TABLE
Fostomycin trometamol orally 2000. 3000 and 4000 mg {as Foslomycin acid) anc with
Fostomycin sodium intravenousty 3000 mg (as Foslomycin acid)

Parametar F.T.2000 mg F.T.7000 mgq F.T. 4000 mq F.S. 3000 mgiv. !
T172 oftw} 0.2710.186 -
T1/2 el. (PYN) 4.0540.79 4.51£2.07 3.9210.69 2.11+0.09
T172 abs. {tw) 0.691+0.33 0.58£0.24 %.6620.173 -
Lag-t {h) 0.07+0.16 0.1110.20 0.0320.10 — —p-
AUC-axp (WmgL) | 106.66134.92 144.89440.45 189.74450.12 443.63£48.37
Crmax (mg/L) 16.0014.41 21.6044.81 30.8515.81 370.64492,04
Trmax {(hr) 2.1810.86 2.0010.58 2.0010.00 0.0210.00
CL ot {t/h) 20.2345.30 22.0145.20 22.4115.68 6.8410.76
CLr (LM) 425.52+303 43 500.43+£311.97 495.45£341.24 195.721150.41
vd (L) 118.57446.86 135.43140.77 123.43226.5 | |20.87x4.08
MRT.exp (h) 6.7741.32 7.37£2.90 6.6711.02 2.4910 34
Vass-exp (L) 137.24254 .19 154.69243.68 146.86£34.95 16.9312.45
AYUC-mod{h’'mg/t) | 101.60132.63 139.08439.42 177.90£49.25 429 47444 96
MAT-mod {h) 6.9221.35 7.4612.97 6.631£1.00 2.5120.31
Vds-mod (L) 146.31+55.18 162.71243.19 156.14236.92 17.6522.56

- .-

-—
- 634
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TABLE ! M@ ans:SD of sofme pharmacokinetic paramelars distcibuted by sex

Parameter Males Famale
2000 mg per os
No. ol cases L 6
Cmax (mol) 15.6016.02 16.21£3.13
Tmax (h9) - 2.40+0.89 2.00+0.89
AUC-exp (h"mgA. } 118.14£51.19 97.09+10.03
T172 el {P)hn) 4.5640.83 3.6240 .45
CL 1ot (LM} 19.5918.02 20.7621.92
vd (L) 130.50£69.03 108.63117.88
MRT-exp (h) 7.6711.09 6.0011.00
Vdss-mod (L) 162.01279.44 133.22424.42
3000 mg per cs
No. ol cases 6 6
Cmax (mpA) 19.7624.45 23.8514.63
Temax (hr) 2.1610.40 1.8310.75
AUC -axp (K 'moL) 143.58146.14 146.18138.42
T172 ef. {Blitw) 4.3741.01 4.65:2.89
CL tol (L) 22.4916.20 2152t4.74 &
vd (L) 139.33144.23 131.19£40.88
MAT-axp (h) 74121 .42 7.3224.07
vdss-mod (L) 170.44246.21 154.96242.7¢
4000 mg per os -
- I No. of cases 6 6
Cmax (mgL) 27.1645.56 345442 .45
Trnax (hn) 2.004£0.00 2.00+0.00
AUC-exp (h"mgn) 173.95450.27 205.52148.98
T172 ol (B)(hD) 4.0910.40 3.734£0.89
CL 1ol (L) 24.5246.46 20.2914.28
vd (L) 141.901£26.13 104.95£6.49
MK T-axp (h) 6.9420.57 6.3911.04
vdss-mod (L} 179.23138.77 133.03114.66
3000 mg Lv.
No. of cases 6 6
Cmax (mpA.) 361.27+98.61 3680.01£93.31
Tmax (hr) 0.01£0.00 0.0110.00
AUC-exp (h*mgA) 425.09+42.19 462.15251.45
Tir2 8l (BYOW) 2.1810.14 2.0310.39
CL tot (L) 7.1120.74 6 5520.69
Vd iL) 22.5543.28 19.109+4 30=mi 4.
MRAT-exp (n) 2.63910.26 2.34:0.36
Vdss-mod (L) 19.27+1.64 16.0142.29

-
-
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[ ‘ . .
TABLE Bioavalability Gaia {ih podenii} in healihy subyecis ireated with Fostomycin Trometamol

oraity, 2000, 3000, 4000 mg (as Foslomycin acid). indivical data and means 1 S.0.

e ok 48 2 2 e Y ) T A g e o Y o e D e P o Y i ol A o e o B B e S e o e S it WA g e B R e o

FOSFOMYCIN  (mg)

" e .

S T - e g e Y o e T g, Pl L S B g o e S e

Subiects 2000 3000 4000

1

2

kY

4

5

6

7

8

9

10

11

12

.................................. e ———— ——— e e

“ean 15.61 32.88 -30.89
S.D. 11.17 7.96 7.14Q
-— -

- 03F
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K
Urine concentrations (mg/M ol heatihy subhcu treated with Fasiomycn Tromatamol

TABLE
2000 mg (as Foglomycin acikd) oralty. . data.

SUBJECTS

TIME
SUBJECTS

D ENOO

-

NOI&NO
!

12 24
24-26
J36-48
48-6(
60-72

ND: not detectabie
NS no sample,

: 037
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L
Unne concentrations (mo/A) of healiny subjects treaied with Fosfomycin Trometamol

TABLE
3000 mg {as Fosiomycain aZid) orally. InGividual dala

SUBJECTS

TIME

ramOo
b o
”OAN

12-24
24-36
35 48
43-60
60-72

TIME
SUBJECTS

PamOo
- o
NG'IAN

T

12-24
24.36
36-48
48-60
60-72

NS no sample.

- (38
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TABLE

5
Urine concentralions (mg/N) of healthy subjects Irealed with Fostomycin Trometamol
4000 mg (as Fostomycin acid) oralty. InGividual data.

SUBJECTS

Nhane

12

i2 24
24-36
J6-48
48-60
60-72

EaROO

L]

SUBUECTS

NO: not detectable

- 039
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{6

Lirine concentrations (mgA) of heakhy subjecls lrealed with Fosfomycin Sodium 3000

TABLE
mg {as Fosiomycin acld) imravenously. Individual dala.

SUBJECTS

SUBJECTS

TIME

o
oS aAano

s

r£.12
12-24
24-36
J6-48
48-60
60-72

ND: not dateclable

]

040
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——

(7
TABLE  /Uring concentrations ol healthy sublecis \realed with Foslomycin Trometamol arally,
2000, 3000 and 4000 mg as (as Foslomycin acld) and with Fosiorycin Sadium

intravennusly, 3000 mg (as Foslomycin ackt} . Medns t SD of 12 subjects.

DOSE ADMINISTERED
ORALLY INTRAVENOUSLY

TUSE SR e
2000 mg 3000 mg 4000 mg 3000 my

.00 <5 <3.5 <d5 '

02 1074.675 1721.383 2764.350 12529.466
+882.83 £954.08 $1223.17 $3708.22

]

2-4 1419.748 1532.338 2124.488 5767.708
$1098.75 +838.32 +1064.56 43194.89

46 1209.995" 1300.650 1549,233 2900.292
+770.45 +509.26 +676.88 $898.43

612 407.240 560.354 755.625 883.729 .
£206.82 $206.59 $342.01 $450:63 °

12-24 213.752 334.012 491.823 131.944
£137.27 £131.52 $220.70 £74.43

24-36 74.114 131.713 230.646 10074
+25.38 +45.57 +131.5¢ +4.88

36-48 44 661 90.928" 181.796 .
+20.58 +41.96 +94.76

48-60 13.735 42.567 77.038 .
$10.33 +24.79 £54.23

§0-72 11 6844 23.912 51.855 § .
15 04 +33.52 £35.95

*:means * 50. o 11 subjec’s {1 subject had no sample].
*: means £ SD. of 10 subjects {in 2 subjects not deleciable values were found).

#: means + SD. of 6 subjects (in & subjects nol delectalie values wers fould].

§ mwans £ SD of 11 subjects {in 1 subject a hot delectabie vaise was Jound).

!
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TABLE Fecal concentralion (mcg/g) of Fostomycin afier oral administralion of Fostomycin
Trometamo! 3000 mg (as Fostomyan acig). individuai data.

Twne {days)
Subject
N -1 1 2 3
* Faeces nol axcraied
.- .-

' 648

6- 04895



§
TABLE Fecal concentration {meg/g) of Fosfomycin alier intravenous aministralion of sodium
Fostomycin 3000 myg {as Fostomycin acid). Individual data.

Time (days)

b -1 1 2 3 4

* Fasces not excreled

1

6- 04896



R
TABLE Fecal :ecovery of Fosfomycin after ofal aminisiration of Fosfomycin Trometamol 3000 mg

{as Foslomycin acd}
) Time (days) Total Recovery
Subject
N -t 1 2 3 4 | m | %
] ]
Mean 1t 103.6 4518 182.¢ 103.7 1 B41.2 28.0
SD 148.7 3761 _ 1535 1280 | 3527 o {;118
* Faeces nol excreled '
- -

050

6- 04897
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TABLE Fecal recovery ol Fosiomycin alier iniravenous aminisiration ol Foslomycin Sodwym
3000 my
Time {days) Total Racovery
Subtyect -~ -——emaeenens - -— -
N -1 1 2 3 4 [ mg %

.......... - —— ——— i 1

" Faeces not excreied

051

6- 04898



Urinary and faccal recovery in the same subjects after onl treastment is presented in

table 31.
Table 32 presents the results of the siatistical comparisons of bioavailability, plasma

AUC(O—, and vrinary recovery for the 3 oral doses. o

25[-

o 3
4

ug/mi of fosiomycin
b
o

0 = -t e S
0 Tims{h 5 10 15 20
Fig. I— Simulaied fosfomycin concentrations dfier a single oral admenistration of 1 ¢ of fogfcmycin

Lirometamaol. Experimental data are also thown.

25 o~

20

15

10

ug/mi of tosfomycein

5 .

{
o i e e

0 Time(h) 5 10 15 20

Fig. }== Simmioied fosfomycin concemraiions afier a nngle orai adminisiration of J ¢ of fosfomycia

trometamol. Experimental datg are ulso shown.

015
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25 r
20 —_
£
%.’. 15]
H '
- i
o
E ‘
[~ ]
2 5
f_\, | . L ]
0 Time (h) 5 .. 10 15 .- ?0

trometamol, Esperimental data are also shown.

Fig. J— Simulated fosfomycin concentraiions afier @ singie oval odministration a/ L XY .} {a#omycm

25~ .
20(-

£

[ 5]

=y

5 18

-

o

T W .

E

[~ 3

a s
0 — .
0 Time (h) s 10 15 20

Fig, 4 Simuiated fosfomycin conceniraiions after a single oral adminisiration of 2 (continuous

line} 3 (broken line) 4 } of fosfomrycin (dotied line) iromeiamol.
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400

200
'

Lg/ml of fosfomycin

100

OTmeth) 5 .. 10 15 .« 120

4]

Fig. 5— Simuiaied fogfomycin concenirations after a single i.v. injection of 3 ¢ oj Lodium fosfomycin.

| Experimenial data are aiso shown.

8.3 Adverse Events .
The adverse events observed during the study are presented in tabie 33
All the events spontancously recovered withou, sequeiac

&83.2. Laboraiory exams

8.3.2.1 Biood tests
The laboratory exams were repeated before each treatment and, as appears in ables

2-3, only few values lie outside the normal range, usuziiy they are close to the limits,
and in no case the abnormal findings could be correlated with the treatrnent. Patient
n® 6 has a clearly abnormal SGOT value (196 U/L) recorded 3 weeks after having
been treated with 4 g of the oral preparation. SGOT values slightly sbove the normal
range were also recorded in the same patient at the first pre—treatment visit and after 3
g of fosfomvcin trometamol per os. The other liver function tests (bibirubin and g-

GT) were always normal in the patient.

8.3.22. Urine analysis

Endogencus creatinine clearance values have been calculated. The values outside the
normel ranges in no case have been considered clinically significant,

Some abnormazl finding was present in the urine analysis before and during the

trestment. None of them is related 10 the drog treatment.

Paiien had microscopic haematuria in the pre-treaiment and afier (Na Fosfo.

i.v.) since menstruating.

6- 04864
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TABLE IUrinory recovery {mgl of fosfomycin in 12 eldedy subjects cher oral odministrofon of
fosfomycin kometomdl (2 g o3 foslomycn).

SU

BJECT]

“TIME (h)

R LR

TOTAL RECOYERY

N .

0

0-4

4-8

8.12

12.24 2448 | mg %

O

&

1

2

© oo N o W»n

1

12

A- 05405
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1
TABLE  Urinory recovery [mg] of loalomycin in 12 elderly subjects ober orol odminisraron of fodomycn

romelomal (3 g o1 loslommyan).

SUNECT TWME &) TOTAL RECOVERY

N 0 04 48 812 12.24 | 24-48 " %

10
1
12

] 1 1 L 1 i A

** winory recoery in B 24 h invervd

6- 05406
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LUTSU

Toble

Urinory conceniraken and 1olol recovery % in elderdy subjects after oral adminisiration ol losfomycin trometomol (2 ond 3 g a3 loslomyain

respachivelyl.  Mean volues, stongord error and onolysis of vorionce.
URINARY CONCENTRATION {mcg/mi TOTAL RECOVERY
TIME i
DOSE N[ 04 N| 48 N[ 82 N[ 1224 N| 24.48 TN %
- —a .
29 12| 75441 12| 1452.1 2 12| 76832 12 297.52 12 590+ 1) 4283 »
168.7 166.6 183.¢6 68.7 ' 14.9 250
g 12 1199.42 12] 1520.1 ¢ 10] 92492 10| 296.52 12] 106.7 & 1 3696 ¢
1751 2100 210.8 53.9 19.6 177
431 0.70 0.32 0.00 4.58 4133
ANOQVA
LC).i.')J')p:»O.OS > > > 0.06>p>0.05 0.07>p>0.05

_-7_]_* o

|
{
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Fosiomvcin Pharmacobiacucs and Cimenidine Meiociopramide Influence 1)

Urine Eltruination
The fosfomycin concentrations 1n unne paralleied the serum concen-

trations (wable [I1) as did. consequenty. the 48al amount of fosfaMive® ™

climinated in unne over the 48 & monitored (tabie [1I). The total elimina-
ton of the dose was 36.1 = 6.0% when fosfomycin was taken alorne, 41.2
= 9.0% with cimetidine. and 27.7 = 5.1 % when metoclopramide was also

Table Unnc concentrations (mg) of fosfomycin afler oral doses of 50 my/kg grven 1 (o1lomycin

tromewamal, either alone or »ith ametidine or with metociopramide

Unne collection Fosfomyain alone Fosfomyarn « Fosfomycin »
wterval, h cimetidine metociopramide
- .,
mean range ~~mean mean rahge
0-2 293¢ 2017 1,046 -
(LR Pib (1.61%) {608)
24 4415 438} 2.34%
(1.029%) (2.487) (935)
5 1.930 J.né 2032
{1.251) 1.0 {900)
L 1.629 1.703 1,443
(1.137) (747%) (638)
£-12 1.006 LY 915
{39 iy (196)
12~16 1S 792 639
{413) 199 (300
16-24 ag4 490 301
(200 (249 31
-3 12! ] 169
} 33 {1%) {118)
36—4% 30 2) 4| -
(th o (N
Total unne recovery 34601 4.2 1.7
(" of dese. 4l ) 6.0y 9.0 (5.1)

1é

'SD.

& —

NAZRA



Foifornvcin Pharmacokinetics 2ad Cimetidine, Metoclopramide Influence 59

r

PR By POt lomen TrOmearol FT)
Oy F T » (omgt Cong
O gy F T = foprog O arrde

%-

10~

Senum corw et g on, )
EY
- 4

.,J
.
.
h
t

- 3 B ] L}
Tora, mus

L

/ ‘

Fig. . Serum coscratraueas of {1 Womyan given a fosfomycin rometamol, either
sione or wth ametidine or wmith metaciopramide 10 9 healthy volunteers. Detailed resuits
are pven 16 Wble L

Resuits

Serum Concemnurnitons

All predose swern licked antibacterial activity, The fosfomycin serum
coacentraligns were ovestapping after the drug was administered alone
and when it was taken together with cimetidine. In contrast, metoclopram-
ide reduced the absorption. considerably lower serum concentrat’ ...
resulted for the peak level and throughout most of the observation penod

£ _

.-
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!
Figure - Average serum fosfomycin concentrations following oral Z 1282 sdministration

in children.

y)
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Pharmacotinetics of Foslomvomn
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MAR 2 4 1997

Divisior of Anti-Infective Drug Products

CONSUMER SAFETY OFFICER REVIEW
OF
FINAL PRINTED LABELING (FPL)

Application Number: NDA 50-717
Name of Drug: Monurol® (fosfomycin tromethamine) 3 gram Sachet
Sponsor: Forest Laboratories, Inc. (U.S. Agent for Zambon Corporation)
Materia' Reviewed
Submission Date: February 4, 1997
Receipt Date: February 5, 1997
Background and Summary Description: Original NDA submitted on September 28, 1994.
Non-approval letter was issued on September 20, 1995. Applicatior resubmitted on June 28,
1996 and approved on December 19, 1996 with approved marked-up labeling. Monurol® is
indicated for the treatment of uncomplicated urinary tract infections (acute cystitis) in women.
Review
The final printed labeling for Ni'A 50-717 is consistent with the labeling approved December

19, 1996. There are several minor editorial differences between the two sets of labeling, some
of which need revision. At the time of the next printing, the following changes should occur:



Conclusions

Based on the review of the FPL, an acknowledge and retain (A&R) letter is recommended.
The letter should include a request for the changes, #'s 1-3 and 5-7 as noted abnve, to be
revised at the time of the next printing,.



Cons;ﬁmer Safetv Officer

ket W

Meédical Officer

cC: Concurrence:

Original NDA 50-717 HFD-520/SCSO/J. Bona ) 53/,,
HFD-520/Div. Files HFD-520/SMO/J. Soreth’

HFD-520/CSO/B. Duvali-Miller HFD-520/ActDivDir/D. Fei al N
HFD-520/ActDivDir/D. Feigal éi»a’w}
HFD-520/SMO/J. Soreth )(/ 53} ‘/ s G >

draft: bdm/March 3, 1997/ MALABREV\50717.0R1
r/d Initials:

final: 130 91

CSO REVIEW



NDA 50-717

2 1997
Forest Laboratories, Inc. MAY i

Attention: Foma Rashkovsky
Acting Director, Regulatory Affairs
One Meadowlands Plaza

East Rutherford, NJ 07073

Dear Mr. Rashkovsky:

We acknowledge the receipt of your February 4, 1997 submission containing final printed
labeling in response to our December 19, 1996 letter approving your new drug application for
Monurol® (fosfomycin tromethamine) 3 gram Sachet.

We have reviewed the labeling that you have submitted in accordance with our December 19,
1996 letter, and we find it acceptable.

Several minor editorial changes were noted in the review of your final printed labelirg. At the
time of the next printing, the following changes to the label should occur:



NDA 50-717
Page 2

If you should have any questions, please contact Beth Duvall-Miller, Project Manager, at (301)
827-2125.

Sincerely yours,

{ﬁw/%'éﬂ?}a < %/42
avid W. Feigal, Jr.,, M.D., M.P.H.

Acting Director

Division of Anti-Infective Drug Products
Office of Drug Evaluation IV

Center for Drug Evaluation and Research



NDA 50-717

Page 3

cc: Councurrence:
Original NDA 50-717 HFD-520/SCS0/}. Bona\l@J
HFD-520/Div. Files HFD-520/SMO/]. Sore ? 51’ f >
HF-2/Medwatch (with labeling) HFD-520/ActDivDir/
HFD-104/Office Director (with labeling) ;j

HFD-520/CSO/B. Duvall-Miller (it labelung)
HFD-520/SCSO/]. Bona

HFD-40/DDMAC (with labeling)
HFD-92/DDM-DIAB (with labeling)
HFD-613/0GD (with labeling)

HFD-735/DPE (with labeting)

Drafted by: bdm/March 3, 1997/MA\A&R'NS50717.FPL
Initialed by:
final: 3B 34

ACKNOWLEDGE AND RETAIN (AR)



NDA 50-717 APR 1 7 1997

Forest Laboratories, Inc.

Attention: Foma Pastikovsky
Acting Director, Regulatory Affairs
One Meadowlands Plaza

East Rutherford, NJ 07073

Dear Mr. Rashkovsky:

Please refer to your February 19, 1997 submission containing final printed secondary trade
packaging in response to our December 19, 1996 letter approving your new drug application
for Monurol® (fosfomycin tromethaminz) 3 gram Sachet.

We have reviewed the packaging that you have subniitted in accordance with our December
19, 1996 letter, and we find it inadequate. Please incorporate the following changes for
resubmission and review:

l. To your statement
please add the information
taken directly from your
package insert. This information is needed (o insure that patients receive appropriate
treatment for their medical condition.

2 To your staternent
please add the information

If vou have any questions, please contact Beth Duvall-Miller, Project Manager, at (301)
827-2125.

Sincerely yours,

L ded H f ¥ 7

David W, Felgal Iy M D.,M.PH.
Acting Director

Division of Anti-Infective Drug Products
Office of Drug Evaluation [V

Center for Drug Evaluation and Research



NDA 50-717

Page 2

ce: Concurrence: q y
Original NDA 50-717 HFD-520;SC30/I. Bona 3\//‘{—%)
HFD-520/Div. Files HFD-520/SMOV/J. Soreth g/{( »,
HFD-104/T. Nearing HFD-520/ActDivDir/D. Feig s
HFD-520/CSO/B. Duvall-Miller ¥i7n
HFD-520/Chemv/J. Timper 7

HFD-40/]. Spearmon/DDMAC (with iabeling)

Drafted by: bdm/March 26, 1997/MANONA&R\S0717.1
Inittaled &7
final: Ty 4% 0

GENERAL CORRESPONDENCE (GC)



RECORD OF TELEPHONE CONVERSATION
DATE: December 1, 1994

TO: Ms. Tammy Replogle of Forest Laboratories
Telephone Number (212)224-6810

FROM: Maureen Dillon-Parker of FDA JﬁﬁK)wJJQY
Telephone Number (301)443-0n257

SUBJECT: Clinical, Statistical, Biopharmaceutical, and Chenmistry
Reviawers Requested Information

NDA NUMBER/DRUG NAME: 50-717/Monurol {(fosfomycin tromethamine)

SPONSOR/APPLICANT: Forest Laboratories/Zambon
150 East 58th Street
New York, N.Y¥Y. 10155-0015

The attached Clinical, Statistical, Biopharmaczutical, and
Chemistry Reviewers recommendations were discussed with Ms.
Replogle and then forwarded via facsimile. Ms. Replogle stated
that she would have the appropriate disciplines address the
recommendations. She stated that she would phone if there were
questions and that they would do their best to respond by the
deadline.

The conversation ended amicably.

cc: Orig NDA 50-717
HFD-520
HFD~520/SMO/Albrecht
HFD-520/MO/Soreth
HFD-520/SPHARM/Osterberg
HFD-520/PHARM/Joshi
HFD-520/SCHEM/Roy
HFD-520/CHEM/Timper
HFD-520/SMICRO/Sheldon
HFD-520/MICRO/Sorrey
HFD-521/PROJ MGR/MDillonParker/NS0717.TC

TELECON (Attached - facsimile {3 pages])



RE: MONUROL
SPONSOKk: FOREST/ZAMBON
NDA 50-717

The following is broken down by each discipline ir need of
additional information. So that we may review this application in
a timely manner, it is requested that the information requested by
lie Clinical, Chemistry and Biopharmaceutics Reviewers, be provided
as soon as possible, but no later than December 16th.

CLINICAL

In follow-up to the recent CANDA meeting, please be reminded that
the following was requested by the Clinical Reviewer:

1. Reasons for sponsor nhon-evaluability, given in detail.

2. Day relative to start of therapy for all follow-up visits and
cultures taken.

3. Designation of visits numerically (e.g., 1l=entry; 2=first

follow-up fosfomycin, on-therapy cipro; etc.)

CHEMISTRY
The Jollowing jnformation is requested:

a) provide the full stability data currently available for
the drug substance and drug product;

b) provide three copies of the method validation package for
the drug substance suitable for collaboration by the FDA
~aboratories.

BIOFUIARMACEUTICS

(1} Please provide further information on the disposition of
f- omycin tromethamine with regards to:

a. the fate of the remaining ¥ of a dose following oral
adminstration;
b. specific information on the metabolite(s).
(2) Detailed reports (formulation |used, raw data, assay

validation) of the studies submitted from publications anc
other incompleted reports should be provided for review,

GTATISTICS

Please see the 2 pages attached titled APPENDIX II. Responses to
Appendix II should be received no later than January 6, 1995.

PLEASE CONTACT MAUREEN DILLON-PARKER at 301-443-0257, if you have
further questions. Thank you.
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1. For studies MON-US-01 and MON-US-02, a tabular summary of the percantage of patients included for
in each analysis population {iTT and evaluable} by center. A possible table snell is as follows:

FT COMPARATOR
center avaluable/enrolled (%} eévaluable/enrolied {%)

—_

all centers combined

2. For studies MON-US-01 and MON-US-0Z, a tabular surnmary tv treatment of the patient reasons for
exclusion from the 1TT and evaluable populations. This shouid be pravided for all patients combined, and
then by center within each reason. Separate sets of tables should be for the ITT and evaluable patient
populations. Possible table shells are as follows:

( For all patients:
FT COMPARATOR
reason # with reason/enrolled (%!} # with reason/enrolled (%)
reason?
reason2

By cznter within each reason {one table pe; reason):

FT COMPARATOR
center # with reason/enrolled {%!} # with reason/enrolled {%)

3. For studies MON-US-01 and MON-U5-02, an explanation for why some patients who were included in
the ITT and the evaluable analysis populations do not have bacteriologic or clinical evaluations at the
primary efficacy visit.
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4. For studies MON-US-01 and MON-US.G2, subset afficacy analyses by age (<65, > 65) and race [Black.
White, Other] in the evaluable patient poputation.

5. For the Inteqrated Summary of Safety, subset safety analyses by race {8lack, White, Qther}.

6. Verification that the patients from investigators Harnack, Costantini, and lravani did not participate in
both studies MON-US-01 and MON-US-02.

7. Electronic datasets of the etticacy and safety data for studies MON-US-01 and MON-US-02. Filas
compatibie with SAS version 8.08 are prefeired. Complete documentation of these datasets, including
file conitents, file layouts, sample printouts, detailed variable definitions, and variable codes, should aiso
be provided.

8. Word processing files of the final study feports {including tables), protocols {it available), and the
proposed label. Files compatible with WordPerfect version 6.0 are preferred. The files should be provided
on 3.5 inch diskettes.
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MEMO OF RECORD

Cctodber 12, 1994

M.Dillon-Parker, Project Manager. DAIDP (HFD-~520)

8.R. Joshi, D.V.M., Ph.D. V |31k
R.E.Os-.erberg, Ph.D., Supervisory Pharmacologist/ﬂ%&ij%yé;
50-7/7

NDA 20~177; MONUROL" (Fosfomycin Tromethamine)
above NDA contains a 13-week oral (gavage) study in the

applicant has not submitted, in its entirety, the

histopathology repaort of the stady. The report consists of
two volumes: volume 1, pp 1-424; volume 2, pp 1~-272. The
sponsor has submitted 8 pages ([5-02407 to 5-02415) caly.
Furthermore, the legends in the Figures [Tables)] are too
small to be legible.

Please request the applicant to submit the above mentioned
histopathology report in its entirety with the legends in a
legibkle format.

I have telephoned the contact perscn, Dr. Rosen.

Thanks.

cCc:

NDA 20-477(oriq)
g
HFD-520/M0O/Screth

N-20-477 .MEM
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Medical Officer's Review of Original NIN50-717"
& llosfomycin

Applicant: Forest Laboratories, Incorporated, as agent for Zambon Corporation
Date of Submission: September 28, 1994
Review Completed: July 7, 1995, revised August 8, 1995

Material reviewed: Original 99 volume submission, inclusive of 50 volumes of clinical and
statistical data, case report tabulations and case report forms. In
November and December 1994, and January 1995, a computer-assisted
version of the new drug application (CANDA) was also submitted.
This included text files for word-processing, data files in a relational
database for the pivotal studies, and case report form images on optical

disk.
Related IND:
Name of Drug:
Generic: Fosfomycin Tromethamine
Code No Z1282
Trade: Monurol® Sachet

Medical Officer’s Comment: During its early drug development outside
the United States, fosfomycin tromethamine was known as fosfomycin
trometamol (European trade name Monuril®. Throughout this review,
fosfomycin tromethamine will be referred to as fosfomycin or FT.

Chemical Name: mono-acid salt of 2-ammonium-2 hydroxy-methyl-1,3-
propanediol (2R-cis)-(3-methyloxiranyl) phosphonate

Molecular Formula: C,H{NO,P,

Chemical Structure

9]
OH

g - CH,OH
He ’ OH N ' CHOH
\__.‘{ 1 - - 1
H "3 /H CH,0H
Pharmacologic Category: Phosphonic ac.id denvative which 1s antibactenal for the

uilnary tract



NDA SU-777 2 Fosfomvein Traomethamine (Monurol®)
Proposed Package Inser

Dosage Form and Route of Admuinistration fosfomycin tromethamine, 3 g single dose sachet
(3 g existing as the free base, hereafter designated as 3 g of fosfomycin) to be given orally.

Proposed Package Insert:

Medical Officer’s Comment: In the two pivotal trials submitted with this NDA, the
applicant has studied women 18 years of age or older.

Resume:

(The following s excerpied from thc applicant’s "Background of Clinical Investigations” of
the NDA and Introductory Statems=nt of the IND):

Each year, one in ten women will seek medical treatment for acute symptoms of increased
urinary frequency and dysuria. Most women with cystitis respond well to oral antibiotic
therapies when those antibiotics are taken s directews. Current standard antibacterial therapy
for uncomplicated urinary tract infeclions is a 7-10 day course of treatment. With this
regimen, however, more {requent and/or serious side effects are reported. There is also a
greater chance for the development of resistant microorganisms and alteration of celonic and
vaginai flora compared to single-dose therapy. Currently, in the United States, there is no
approved short-erm antibiotic therapy given as a single dose for the treatment of UTL. A
single dose antibintic that was both safe and effective would, therefore, be a significant
therapeutic breaxthrough in the treatment of uncomplicated urinary tract infections.

Medical Officer’s Comuent: The IND for fosfomycin was filed in 1990. At that time,
there were no approved antimicrobials for short-term treatmen: of uncomplicated
lower urinarv tract infections (cystitis} in women. Since then. two products have been
approved for a 3-day course of therapy:

norfloxacin (Noroxun® 400 mg ql2h for 3 days, and

ofloxacin (Floxin® 200 mg ql2h for 3 davs.

In each case. the short-term trearment was clinically and microbiologically equivalent
(IS0 confidence wnterval met) o standard therapy for 7-10 davs



NDA 50-717 3 Fosfomvern Tromethamine (Monuroi®)

Resume

Fosfomycin trometamol 1s a novel anunucrobial agent, a denvative of phosphonic acid, which s
produced by strains of Strepromyces. It was first described in 1969 Two salts of fosfomycin
were i5; clinical use in 1979 when Zambon Research Laboratones, headquartered in Italy, started
its drug development project: a disodium salt (parenteral formulation) and a ~alcium salt (oral
formulation). The disodium salt has been used for many years in Europe for the treatment of a
wide vanety of infections. However, this parenteral formulation is unsuitable for oral
admumstration since it produces gastric irmtation

The calcium salt for oral use is relatively insoluble and poorly absorbed, resulting in low plasma
and urinary concentrations. The development of another formulation of fosfomycin by Zambon
was pursued in order to provide a well-atsorbed, oral altemmative. In the form of the
tromethamune salt (a monobasic salt of fosfomycin with tromethamune), the antibiotic is highly
soluble and well-absorbed after oral admunistration.

Fosfomycin tromethamine is bactencidal, blocking bactenal cell wall synthesis through the
inhibition of the enzyme piruvyl transferase. Besides its primary mode of action, fosfomycin
inhibits synthesis of peructllin binding protein involved in the final stage of peptidnglycan
polymerization at sub-inhibitory concentrations. In addition, the ability of fosfomyctr. to reduce
the adherence of bactena to uroepithelial cells enhances its chemotherapeutic potential.

Fosfomycin tromethamine is active at low concentrations against the most common gram-
positive and gram-negative unnary tract pathogens, including E. coli, Citrobacter species,
Proteus species, Klebsiella species, Enterobacter species, and the majonty of strains of
Staphylococci and Streptococcr. Fosfomycin has been shown to be very active (MIC < 2 pug/ml)
against £. coli. Resistance has not been a major problem 1n countries where fosfomycia
tromethamine 1s most frequently used. Cross-resistance with other agents, such as beta lactams
and aminoglycosides, has rarely been demonstrated.

Numerous acute, subacute, chronic and reproductive toxicity studies have been conducted in
animals with no remarkable dndings to report.

The pharmacokinetic and bioavailability profile of fosfomycin tromethamine is based upon the

results of cighteen human studies (two pivotal studies and sixteen supporntive studies).
After a single 3 g oral dose of FT under fasting conditions, maximum serum fosfomycin

concentrations of pg/ml are achieved within  hours. The half-life for
elimination of fosfomycin is prolonged following oral administraticn to hours as
compared to a serum half-life of hours following :atravenous adiministration.

Detectable levels of fosfomycin are present in the blood 36 hours after drug administration.
Oral bioavailability under fasting conditions is 33% - 37%. Food decreases the rate and
extent ot absorption. The absolute broavailability of FT when admunistered orally as a 3 ¢
dose with food s 50%



N{A 50-717 4 Fosfomvern Tromethamine (Monurol®)
Forewen Marketung fiston,

Fosfomycin is excreted unchanged in unine. Urine fosfomycin concentrations are
significantly higher than serum drug concentrations. Foilowing administration of a singje

oral dose of FT, concentrations of pg/ml are attained within hous.
Pharmacokinetic studies have demonstrated urinary levels of ug/ml after  hours.
Urinary bactericidal concentrations exceeding the MICy, for E. coli « ug/ml) for

hours following a single g oral dose of have been demonstrated.

Plasma levels and uninary excretion of fosfomycin tromethamine after a 3 g dose in healthy
eiderly subjects are comparable to those observed in healthy volunteers. In elderly patients with
diminished renal function, however, the half-life of fosfomycin is prolonged (from about

hours) and the unnary excretion is decreased by  %. Renal impairment alters the
pharmacokinetic profile of fosfomycin tromethamine, but with singie dose therapy, no dosage
adjustment 1s recommended for patients with mild to moderate renal insufficiency.

Fosfomycin trometamol has been extenstvely investigated in preclinical and clinica! studies
outside of the United States. More than 5000 patents have been treated with the drug thus far.
Open tnals were first conducted with single and multiple dose regimens in patients with
uncomplicated unnary tract infections

[nitial studies abroad showad comparable cure rates for both single and multiple dose regimens,
and subsequent trials, open as well as controlled, used only the single dose regimen. A total of
25 foreign cont-olted clinical trials were conducted involving 1649 patients treated with FT in
dosages ranging from g per day for days. Q1 we 1649 subjects enrolled,
approxxmately 54% were adult non-pregnant women, 15% were pregnant women, 25% were
adult men, 6% were children A total of 16 foreign uncontrolled clinical trials were also
conducted, invoiving 3930 patients. Of those, 3581 (91%) received fosfomycin tromethamine as
single dose therapy. The remaining 349 patients (9%) received fosfomycin tromethamine in
dosages ranging from  mg/kgto g per day, for durations of one day up to twice weekly
dosing over 9 months  Of the 3930 subjects enrolled, approximately 68% were adult non-
pregnant womern, < 1% were pregnant women, 28% were adult men, 3% were children.
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Fosfomycin Tromethamine (Monurol)

Foreign Markeung Histor

Fostomycin (as Monurol®) was first approved on July 12, 1986.1n [taly. It is currently approved

for marketing in 19 countnies, as listed below

Country Dosage Marketing Authorization
Belgium Z gram* and 3 gram 1/5/89
Bolivia 2 gram and 3 gram 10/20/89%=
Braul 2 gram and 3 gram 3/15/90
Chile 3 gram G393
Columbia 2 gram and 3 gram 12/4187
Denmark 2 gram and 3 gram 6/18/93
Ecuador 3 gram 4/13/90%*
Francs 3 gram 1125789
Germany 2 gram and 3 graw 172792
Holland 2 gram and 3 gram 414190
Ireland 2 grem and 3 gram 8/16/93
Italy 2 gram and 3 gram 7/12/86
Korea 3 gram 6/8/92%*
Lixembourg 3 gram 131189
Mexico 2 gram and 3 gram TH4/93 %
Spam 2 gram and 3 gram 11726590
Slovakia 3 gram 4/16/93
Swizeriand 2 gram and 3 gram 6/2/88
United Kingdom 2 gram and 3 gram 3/1092

* Pediatne formulatton

i Indicates countnes where product 15 not currently marketed



N4 50-707 6 Fosfomyein Tromethamine (Monurof®)
Foreign Marketing Histor

[n addition, countres in wiuch apphcations for marketing are pending include

Countrv Dosage _
Austna 2 gram and 3 gram
Bohenua 3 gram

Greece 2 gram and 3 gram
Hungary 3 gram

Indonesia 3 gram

lsrae! 2 gram and } gram
Ponugal 2 gram and 3 gram
Taiwan 3 gram

Turkev 2 gram and 3 gram

The drug has not been withdrawn from marketing in any country for reasons related to safety
or ineffectiveness

In general, the recommended doses for Monurol® abroad are as follows:

1} Adults - One 3 gram sachet as a single dose preferably taken at night after emptying the
bladder. In more serious cases such as in the elderly, bea ridden patients, those patients
with recurrent infections, or else suffering from infections of microorganisms sensitive to
high concentrations of aniibiotic - a second sachet may be taken after 24 hours.

In the case of prophylactic treatment of potential urinary tract infection following
surgical intervention or TURP, two doses of Monurol may be taken, administering the
first dose approximately 3 hours before surgical intervention and the second dose given
24 hours following the first.

2) Children - One sachet 2 grams as a single dose

Amoung its approved indications are the single dose reatment of uncomplicated urinary tract
infections, asymptomatic bacteriuria of pregnancy, postoperative urinary infections, and
prophylaxis of uninary infections in surgical and transurethral diagnostic maneuvers.

Two double-dummy, double-blind active controlled clinical studies, 1dentified as MON-US-01
and MON-1JS-02, have been completed in adult women onlv 1n the United States These are the
pivotal clinical studies submitted in support of thus NDA  The studies were designed to assess the
safety and efficacy of a single oral dose of fosfomyain tromethamune compared to a muitiple
dose regimen of either ciprofloxacin or trimethopnm/sulfamethoxazole tn women 18 years of
age or older with uncomphicated unnary tract infections



NDA 50-717 7 Fosfomycin Tromethamine (Monurolby
Manufactuning and Controls

Manufacturing and Controls
(P.ease see the manufacturing and contro'; revtew by Mr Jim Timper )

Drnue Substance:

Physical and Chemical Properties

Appearance/General Characteristics:
White or near white crysalline powder, characteristic citrus fruit flavor

Solubility:
- Very soluble in water

- Slightly soluble in 95% methanol
- Slightly soluble 1n ethanol

- Insoluble in acetone

- Insoluble in ether

- Insoluble in chlorinated solvents

Melting Point: between 116°C and 122°C
pH: between 4.0 and 5.0
(5% w/v aqueous solution)

Site of Manufacture and Control Operations

The manufacaurer of fosfomycin tromethamine is:
Zambon Group S.p.A.
Fine Chemical Division
Via Dovaro-Almisano di Lonigo 36045

Vicenza, Italy
Drug_Product:
Quantitative Composition 3g sachet
Fosfomycin Trometamol mg

(equivalent tc fosfomycin base
2‘&) mg and 3000 mg, respectively)

- Mandarin Flavor mg
. Orange Flavor mg
+ Sacchanin, BP mg

Sucrose, EY mg

™Mirified Water. EP

TOTAL WEIGHT my



NDA 30.71°

Site of Manufacture

The drug product will be manufactured by

Stability

8 Fosfomvein Tromethamine (Monurei®)
Manufaciuning and Conitrals

Alternate packager/labeler of bulk drug
product:

Forest Pharmaceuticais, Inc
Subsidiary of Forest Laboratones, Inc.
Manufacturing Plant 1

3721 Laclede Avenue

St. Lows, MO 63108

The firished drug product, packaged in a sachet, is tested for the following.

Appearance of container
Controls of sachet tightness
Appearance

Color

Odor

Residual moisture

15%e solution in tap water
Solubility

pH

HPLC assay of fosfomycin
-Degradation products

Four-layered sachets
Coinpites with test

Granular powder

White

Charactenstic of Mandarin
Less than %
Homogeneous and opales-ent
Soluble 1 seconds

40-5.0

Limuit %%

> glycolic denvative NMT %
> 1-hydroxy-2-trometamoyloxy-n propy! fosfonic acid NMT %
> tromethamine {osfate ester NMT %
> trometamoyloxy fosfomycin diumer NMT %
On the basis of stabuity results for three batches manufactured at an

expiration date of 2 years has been proposed.

Medical Officer's Comment. As noted in Mr. Timper's review, stability data submitted thus
Jar supports a { year expiranion date. not 2 years.



NDA 50-717 G Fodfomvein Tromethamine ‘Monurol®)
Freclnical Pharmacolog,

Pharmacoloev and Toxicology Prechrucal Tnal;

(Please see review by the pharmacologist, Dr Sewa Joshi )

The following tnformation is excerpted from volume !.3 of the NDA submission, pages 179-
239, and volumes .1 and 1.5, pages 26-75 and 1-35, respectively, of the IND submission:

Fosfomycin trometamol has been extensive'v nvestigated in preclinical swudies. Acute studies
using oral, inraperitoneal, and intravenous adminisgation have Geea completed in mice and rats;
in rabbits and dogs, oral and intravenous administration acute studies have been completed.
Subacute and chronic studies, ranging in duration from 15 days to 26 weeks, have been
conducted using rats and dogs. Segment I, 11, and [II reproduction studies have been conducted,
as well as an array of mutagenicity assays. A phammacokinetic study in dogs using oral
fosfomycin tromethamine was also conducted.

Overall, high doses of fosfomycin tromethamune were tolerated best when administered orally No

adverse effects were observed in the mouse (5000 mg/kg) an¢ n the rat (5000 mg/kg) Watery
stools tn rabbits, and diarthea with anorexia in dogs, were manifest beginning 2-3 days afier oral
doses of 2000 mg/kg. There was no mortality Diarthea and hugh mortality (60%) in rats were
observed only when single oral doses were administered in a range from mg/kg
(LD, 14,553 mg/kg) In the mouse, no gastrointestinal upset or mortality was observed with oral
doses up to 10,000 mg/kg.

Medical Officer's Comment. The proposed marketing dosage of 3 grams as a single dose
is the equivalent of 60 mg/kg in a 50 kg woman. As pointed out in the pharmacology review
by Dr. Joshi,

“The lowest no-adverse effect level (NOAEL) of 100 mg/kg/day reported in a 4-week dog
study is {.67 times the human dose. However, the actual safety margin would be larger
since the comparison was based upon a subchronic toxicology study whereas humar
exposure is based upon single dosage use. [In other subchronic studies, the NOAEL was
generally 1,000 mg/kg/day or about 10.7 times the human dose.]"

High doses of fosfomycin tromethamine were toxic when admunistered parenterally to mice, to rats,
and to rabbits  Signs of respiratory distress, cyanosis, decreased motility, incoordination, catatonia,
tremors, epistaxis, hypothermia, piloerection, polyina, exophthalmos, and blepharoptosis were
observed variably either during dosing or soon thereafier Morntality was high LDy, values are
shown below



NDA 50-717 10 Fosfomycin Tromethamine (Monuroi®)
Prechinical Pharmacology

Takle LD, of Single Dose Fosfomycin Tromethamine in Different Species

Animal Route LD, (mg/kg) LD, (mg/kg)
males Sfemales
Mouse po > 5000 > 5000
ip* " 4441 4344
Rat po 14,553 > 5000
ip 4539 4342
Rabbut po > 2000 > 2000
Dog po > 2000 >2000

*intraperitoneal

Mice, rats, and rabbits were most sensitive to fosfornycin tromethamine when it was administered
intravenously. In companion non-GLP studies, the acute LD, level in male mice was 1652 mg/kg;
in male rats, 1364 mg/kg.; and, in male rabbits, 1360 mg/kg. Cumulative mortality was high (male
mice: 72/150, 48%, male rats: 38/70, 54%, male rabbits: 4/6, 67%).

Male dogs tolerated fosfomycin tromethamine well when infused intravenously at doses of

130 mg/kg (injecied over a 15 mirute period) ana 260 mg/kg (injected over a 3 hour , tiud),
respectively. There were no adverse effects. No significant changes in heart rate or arterial blood
pressure were noted  There were no deaths and drug-related effects or changes in blood pH, pO,
and pCO,.

No drug-related deaths occurred in any subacute or chropic studies with doses up to 4000
mg/kg/day .

Medical Officer’s Comment: Results from two sub-acwute toxicity studies deserve mention.
Both rats and dogs showed elevanions in liver-associated enzymes when administered high
doses daily for 4 weeks (32,000 mg/kg and 1000 mg/kg, respectively). The table below
outlines these studies:



Fosfomycin Tromethamme (Monuroli

NDA ST T 11

Hresfinecal /’I'mrmu('(){(;‘g:y

Subacute Tox:city Studies
Multiple Dose Regimen

Study [D/ Route of Specie/Strain Animal/Sex/ Dosage Findings
Design Administration Group Levels
k88-3324 Oral gavage- Rat, Sprague 60 males m da No adverse effect level:
4 Week Study once daly for 4 Dawjey C%l 60 fernales 200 mg/kg/day
weeks | 5/sexsgroup | 200
800 No drug-related side effects or deaths
3200 occurred during study. A dose-related
increase in cholestercl was noted in
the high-dose groups, as well as
wicreased liver and kidney weights
increases in SGPT and SGOT were
noled in 3200 mg/kg/d group,
sugpestive of cffect on liver function
#88.3324 Oral gavage Dog, Beagle 16 male dav No adverse effect level
4 Week Study -once daily for 4 16 femnale 100 100 mg/kg/day
weeks dlscxjgroup 300
1000
= No drug-related side edects
ggnpgol D\:lcrusedig&?dydw;:ﬁ!s oé/l;z: glg dose
males an an m
capsule fernales.
lacrease in AST and decrease in
testes weights scen in high dose mal
at study termination.
Ammals were sacrify mﬁ; on
postmortem exam, was 1o gross
or mi ic evidence of adverse,
treatment-related effects due to
fosfornyein.

All mutagenicity assays were negative

Acute and subacute studies were conducted in 1989 accnrding to Good Laboratory Practice (GLP)
regulations However, mary of the original toxicology and reproduc:ion studies were not conducted
using GLP guidelines In 1993, a study evaluating fosfomycin and developriental toxicity {(embryo-
fetal toxicity and teratogenic potential) was conducted in compliance with GLP requirements
(Protocol No 406-004). Fosfomycin trometamol was administered orally to New Zealand Rabbits.
Dosages of 0 (vehicle), 250, 500 and 1000 mg/kg/day were administered to 20 pregnant
rabbits/group The maternal no-observable-adverse-effect-level (NOAEL) for fosfornycin was less
than 250 mg/ke/day The 250, SO0 and 1000 mg/kg/day dosages caused abortions, reduced body
weight and food consumption, the 500 mg/kg/day dosage also caused 2 deaths, and the 1000
mg/kg/day caused one premature delivery MO Comment: As Dr. Josh: notes in his review, "The
fetal NOAEL for fosformycin tromethamine could not be determined from this study. .. The applicant’s
propesed Pregnancy Category B [no terata effects| chould be changed to Pregnancy Category C
The terata effects noted were: wavy nibs and delay. d retarded ossification of bones n the rat;
mcreased aboruons, fetal resorpitons and reduced fetal body weights in the rabbit
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Microbrology

Microbiglogy

{Please see rew1ew by the microbiologist, Mr. Peter Dionne. )

The followng is excerpted from the applican. s volume 1.3, pages 277-282, of the NDA submuission
and from precitnical studies reported in volume 1.3 of the IND subniission:

Mode of Action

Fosfomycin tromethamine 1s a bactericidal agent which inhibits bacterial cell wall synthesis by

Fosfomycia tromethamine 1s active in low concentrations against the most common gram-
negative and gram-positive bacteria involved in urinary tract infections. Its antimicrobial
spectrum includes E. coli. Citrobacter species, Proteus species, Klebsiella species, and the
majority of strains of Staphylococci and Streptococci  All these organisms are considered
causative agents in lower unnary tract infections, E. coli accounting for at least 70-90% of the
incidence in community-acquired urinary tract infections.

Early work on fosfomycin showed it to be very active (MIC <2 mcg/ml) against 73 investigated
strains of E£. coli. The table below presents these data, as weill as MICs against other
uropathogens:



NDA 50-717 13 Fosfomycin Tromethammne (iMonurol®)

Micrabiology

Table MICs of Fosfomycin Trometamol Against 245 Urinary Pathogens

(in presence of G6P*)

Number MIC Range
Organism Tested mcg/ml MIC,, MIC,,
Citrobacter spp. 18 0.5 2
Enterobacter spp. 14 8 16
E. coli 73 0.5 2
Klebsistla spp. 12 16 64
Proteus indole- 18 128 >512

positive

P. mirabilis 22 2 64
P aeruginosa 34 32 256
Serratia spp. 14 16 >512
Staphylococcus spp. 19 4 64
S. faecalis 21 32 64

*Glucose-6-phosphate (GEP), m media with G6P, fodfomycin's activitv - potentiated.

[n midal preclinical studies in the United States, the in vitro antibacterial activity of fosfomycin
tromethamipe, in terms of fosfomycin base content, was determined against 352 bacterial isolates
from a wide vaniety of geographic locations. The isoiates represented 25 species often associated
with urinary tract infections. The investigators performed broth microdilution susceptibility tests
according to the procedures of the National Committee for Clinical Laboratorv Standards.
However, they fortified the media with 25 pg/ml of glucose-6-phosphate (G-6-P) to reverse the
antagonistic effect of high phosphate and glucose content in the cation adjusted Mueller Hinton
broth (CAMHB) or agar. Fosfomycin inhibiterd the growth of 91% of the 352 bacterial isolates
at concentrations <128 pg/ml. Against the same isolates, norfloxacin, nalidixic acid,
trimethoprim, and trimethopom/ sulfamethoxazole inhibited, respectively, 94%, 73%, 76%,
and 91% at their published NCCLS breakpoints. Susceptibility test results were virtually
identical when dilution tests were performed in CAMHB or on Mueller Hinton agar containing
25 pg/ml of glucose-6-phosphate.

To determine more definitively the in vitro spectrum of fosfomycin tromethamine against
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bactena solated tn the United States, agar diiunon MICs were obtained against 7,167 bacterial
isolates of 21 species associated with unnary tract infection. Fosfornyein intubtted 91% of the
3,176 bactenal 1solates at concentrations < 128 ug/ml. Amoeng the Enterobacreriaceue,
resistance was very uncomunon  Morganella morganu and Enterobacter agglomerans were
exceptions to that generalization. Among 1,597 Escherichia coli isolates, there were no
resistant strains and only two had "intermediaie” MICs of 128 ug/ml. Very few non-enteric
gram-negative bacilli were resistant to 256 pg/ml. Staphiviococcus saprophyticus 1solates were
variable in their susceptibainty to fosfomyein, 1e., ondy 52% of 128 strains were susceptible to
64 ug/mi, 12% were intermediate, and 30 % were resistant.

Susceptibility Criteria:

Due to the hugh an¢ prolonged urine concentrauon of fosfomycin following single oral doses of
three grams of fosfomycin (as the tromethamine salt), microorganisms that are inhibited by

pg/ml were Initially considered to be susceptible to fosfomycin. However, due to
technical considerations regarding the relauonship of M{C 1o zone diameters obtained from disk
diffusion smudies, it was deemed necessary 10 consider 1solates with MICs ot ug/mi w be
iniermediate.  An intermed;ate zone diameter range of mm, and a concomuutant MIC
ot pg/mi. were required to avoid excessive interpretive errors with the disk method,
especially with respect to Staphviococcus saprophyticus.

Datz from two swdies showed thar susceptibility test disks containing 200-ug of fosfomycin
base (375.4 ug of fosfomycin womethamine) and 50 pg of G-6-P delineated susceptible from
resistant isolates, in accord with proposed MIC criteria. The species tested were: Escherichia,
Enterobacter, Klebsiella, Serratia, Morganella, Providencia, Acinetobacter, P. aeruginosa, other
Psewdomonas species, X. maltophitia, Enterococcus, aid . saprophyticus. Investigators
proposed a three-categary system o avoid wterpretive errors at the mm zore diameter and
ug/tnl MIC level. Thus, the following inl-rpretive zone diameter categories are proposec:
Inkibiiicn Zone MIC (pg/ml) in
Diameter (mm) Dilution Tests

Susceptible =16 < 64
Intermediate 13-15 128
Resistant < 12 > 256

With these criterta, major ertors (which indicate fatse negative disk tests with susceptible MICs)
were minimal, being only 2.8%. When this three-category system was applied to commercially
prepared disks there were three (2%) false-resistant disk test results. Wien these MICs and disk
zone diameters were evaluated with respect ¢ bactertologic and climcal outcomes ovtained
duning clinjcal evaluations < fosfomycin 1t womea with cvsuus, the expenmentally derived MIC
and disk zone suscepubilits criena were supported




TR = Fostamvem Tromethammine (Monurol® ;
Human Pharmacokinetics

Human Pharmacokineiics an< Bioavailabilitv

(Please sec the Biopharmaceutics review by Dr Dan Wang.)

The following 1s excerpted from the applicant’s biopharmaceutic; summary in volume 1.3 of the
NDA submission:

After single oral doses of fosfomycin tromethamine ranging from g there is a dose-
dependent response in terms of peak plasma concentration, lower doses being more completely
absorbed than higher doses Mean peak plasma concentrations generally occur at 2-3 h after the

dose and range from mg/L. g dose) 1o mg/l. g dose) The oicavailability of
fosfomycin from Monurol expressed as the proportion of the oral dose recovered in the urine vartes
from about Yo at lower . g)tc % atthe gdose

Fosfomycin 1s not bound to plasma proteins The volume of distributton following intravenous
admunustraton 1s about 17 - 21 liters  Following oral dosing with T, plasma concentrations decline
with a half-life of about hours The apparent volume of distnbution has been calculated to
range from liters  Following admunustration of FT with food, the apparent volume of
distnbution increased to 60 liters There appears to be no transformation of fosfomycin to active
metabolites

Following intravenous administration of fosfomycin, more than 90% of the dose is recovered
unchanged in urine. Fecal recovery accounts for less than 0.1% of the administered i.v. dose.
Following oral administration, urinary recovery of fosfomycin was 38% under fasting conditions
and 37% when the dose was administered with food. Compared to i.v. administration, oral
fosfomycin wromethamine recovery tn feces increased to about 18% (fasting) and 19% (fed).

Medical Officer’s Comment. For the oral formulation fosfomycin tromethamine, urinary
and fecal recovery account for approximarely 60% of the dose administered. The applicant
was asked in a fax of December 1, 1994, to provide further informarion on the fate of the
remaining 40%. In a response dated December 15, 1994, they stated- "No data is
availabie to documens the fate of the remaining 40% of the dose... Fosfomycin is a strong
acid. In the milieu of the intestinal tract, onization of fosfomycin is likely. We believe
in the 1onized state, fosfomycin is likelv to be reactive leading to its degradation. "

Following the 1.v. admunustration of disodium fcsfomycin, approxamately haif the dose is excreted
in the unne 0 the first 2 hours. After dosing with oral fosfomycin tromethamine (FT), excretion
of tostomycin 1s slower. presumably reflecting the longer observed plasma half-life In the first
12 hours atter a 3 g dose of FT, uninary concentrations of fosfomycin are very high, peaking at 300 -
3000 pg/ml at 2 - 4 hours and declining to 120 - 970 pe/mil at 8 - 12 hours and 9 - 600 pg/mi at 12 -
36 hours  In a studv conducted 1n the Unit=d States, urinary fosfomvain concentrations were found
to be lower than those determined in pK studies abroad, but the total amount of fosfomycin excreted
M ourne was similar




NTYA LT 16 Fosfomvein Tromethammine (Maonurobs
Human Pharmacohinetics

Medical Officer's Comment- The applicant attributes the lower figures in ULS. subjects
chealthy volunteers) 1o their having been well-hydrated  However, foreign pK studies were
conducted in healthy volunteers as weil, who were presumably well-hydrated.

Concentrations above the MIC are maintained for at teast 84 hours for £ coli following oral
admunustrauon regardless of food Plarma and unnary concentrations of fosfomvcin are stmilar
when healthy adults (who received 3 g) are compared with children given a 2 g dose. In healthy,
elderly subjects, unnary concentrations sirular to those obtained in healthy young volunteers are
noted In pregnant women, plasma levels and unnary excretion after a 3 g dose of fosfomycin
tromethamine are nearly the same before and after delivery and are simular to those observed in

healthy volunteers

Drugs modifying gastrointestinal motility (metoclopramide) and secretion (cumetidine) were
coadminustered with fosfomycin tromethamine to determine their effect on the kinetics of
fosfomvcin  The results of the study indicate that cimetidine does not have a significant effect on
fosfomvcin kinetics  In contrast, metoclopramude sigruficantly lowered serum and nnnary
concentrations uf fosfomyein

In general, the human pharmacokinetic studies performed with fosfomycin can be divided into two
categones

| Bioavailability st. dies to define rate and extent of absorption relative to an
intravenous injection and pharmacokinetic studies in young healthy volunteers and
healthy elderly subjects (Studies 1-10)

Supportive studies in elderly subjects wath renal impairment, pregnant women and
in children (Studies 11-18).

[ o8

The study designs were varied depending upon the study objective and the scientific endpoint

The table lists of each of the human pharmacokinetic and bioavailability studies along wath the
objectives and summary conclusions. These studies have been categonzed as above and are
presented in order of decreasing importance within each class
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Table: Human Pharmacokinetics and Bioavailability Study Summary

T

Study | Investigaror Study Title Study Design No. of Anslytical Resulis and Concluslons
No | Locatlon Sublects Method Matd1
v Pharmscokinetic and Hlosvallability Studies In Healthy Volunteers
! I [N A study to characienze the single-dose 14 GCinpd and Absolulc bicavaibability of FT was 37% following ora!
[ 8A PharmacokineticsBiosvalability of aoasover [or 12F, 12M microbiological adminisuastion under fasung condinons and 10%
! Fesfomycin Foliowing a Single 3 Gram oral fasted terum, unine and fellowsng oral adminisiration with food. Food
Dose Adrmiruniered Orally s Fosformnycin and fed feces decreased both rate and exient of absorption
Tromethanune (Monurel™ ) te Fasted and phases Following 1.V. sdministration of 3 g of FNa, over 90°
Fed Volunteers of Intravenousiy as the followed by of fosflomycin is excreted renally and less thain U 1%
Disodium Saltto Fasted Volunteers iv. phase excreted in the feces. Upon oral sdministration, the
healthy unnary recovery of fosfomycin was 38% and 37%
volunteen respectively following rasted and fed conditions  Pecal

excretion of forfomnycin following orad administration
wat | 8% and | 9% respective'y follewing fasted and
fzd conditions.

Following 1.V. administration, there was a siatistically
significant but not clinically reievant difference
between female and male subjects for the talf-iie of
climinstion and volume of distnbution at sicady stale
All othes phanmacokinetic parameters were similar in
both genders

Comparison of serum concenlrai:on data, uninary
excretion and {ecal excretion dats and pharmiscokinetic
parameters {AUC and C_) from GC/npd assay and
microbiological assay indicaled (hat resulls (rom both
attayy were nmilag.
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Table I: Human Pharmacokinetics and Bioavailability Study Summary (continued)

Study Invealigator: Study 1litle Study Design No. of Anaslytical Results and Conciusions
o [ ocation Sublects Method/Matriz
{haorsteingson Fosfomycin Pharmacokinetics and tingle-dose 12 microbiologreal/ The absolu’e bioavaulabitity of FT was 12%
iec'and Bioavailabihty of Fosfornycin crossover [ scrum, ur:ne and Fosfomycin Kinctics were linear over ihic dose rang.
Trometamol afler Oral Adminuiration healthy feces tegizd. The mean unnary recovery afler ihe intras cnous
volunteers administalion of 3g of FNa wa1 92% The mean
usinary recovery afler the oral admanistration of 3g 178
was 19%
(-orne Urinary Recovery of Fosfomycin afler tingle-dose 12 microbiological Following oral dases of 2 g and 3 g 1n the ¢lderly
RN Taring Fosfomycin Trometamol Crossover 6F 6K urine subjects aged 79 vears and over. there s a diflerence o
(Monurol) by Mouth in Elderly Subjects healthy the amount of fosfomycin recovered in unine during
ekde:!y the first and fast fracions and the 101al pereemt
voluniecers recovered. There 18 no corteiation behween creatining
cleacance, npe anvd oAsl peicent iccovery
Sosin Comparatise Pharmacok inetics of singledose 13 microbiolog.cal/ Absolute bioavastability of FT was 37% foslomyum
S Forfomycin Trometamol, Sodium crassover 3k, iCM serum and unne kinclics were lincar over the dose range tested  oubic
Fosfomycin and Calcium Fosfomycin in hesithy the FT dose doubled the AUC. Improved rate and
Humang volunicers extent of oral absorplion compared 10 calesum
fosfomycin (FCa). Hall Lthe dose of FT produced
double the serum concentralion of FCa
Aergogre- Trometamel-Fosfomycin (Monuril) tingle-dose 10 micyobiologtcal/ With food Cmax was reduced by 36% AUC was
tletesin Bicavaiisbility and Food-Drug crossover 6F, aM serum and urine reduced by 28% and Tmax was proionged, however,
France Interaction Lesithy urinary concenlrations were only reduced for the first
vaolunteers two hours and comparable fasting and Ted after 2 hours
indicating that FT can be admunistered withoul regard
10 meals.
HBorgia Relative Bioavailability of Foslornycin single-dose § GCMS No matisncatly sigmficam difference in any 7
als and of Trometamol Afler Administration crossover SFIM serum and urine pharmacokinetic parameters, excepl Cmax which was
of Single Dose by Oral Route of healthy siatistically lower under fed condition Linnary
Foslomyein Trometarnol in Fasting volunicers concenirations of FT were less then 10% joveer fod thun

Conditions and After & Mesl

fasting ot all intervals indicstrag that FT can be
sdminiviered fasting or fed




Table I: Human Pharmacokinetics and Bioavailability Study Summary (continued)

—— —_—
Study Investigator/ Study Title Study Design No. of Anslyticsl Results and Conelutions
No. Location Subjects Method/Matrix
N fergan Pharmacokinetics of Fosfomyesn and singie-dose 9 microbiological/ Cimetidine had no mgmificant effect on
Norway Naly Influznce of Cimetidine and crossover oud scrum snd unne pharmacokinetics of FT when given concomitanmly |1
Matoclopramide on the Bioavailability of healthy had lower AUC and mcreassd nall-life when
t ssfomyein Trometamol volunteers metoclopramide waa given concomitantly
L I Fosfomycin Ahsorption Followisg Orsl single-dose $ microbiologicall Average FT Cmax was 33 ugymi., ALC,, was 172
ltziv Treatment with FZ 588 by Zambon single 4F, 1M serum and urine ug r/ml and unnary recovery over 48 hrs was 47%
Frrmaceuticr S p A, Observations in treatment
Healthy Volunteers healthy
volu-icers
¥ Bargia Z 1282 (FZ S88) A New Fosfomyein single-dose 6 microbiological/ Raie and extent of sbsorptizn and uninary recovery of
caly Drenvetive with Much Improved crossover AF, M serum and utine fecafomycin from FT were 3-4 times that 03 TCa Serum
Broavailability by Oral Route healthy levels of FT increased in proportion 19 1ncreasing
volunieers doses. Urninary recovery was independent of dose
T Segpe Pharmacokinetic Profiie of Fosfomnycin single-dose 5 GC/MS and The absoluic bioavailability of FT was 44% Serum
laly Trometame! (Monuril) CTOssOVEr M microbiological/ levels of FT sppear 1o increase jeas Lhan in propertion
healthy serem and urine 1o incrcazing dose  Urmary iecovery decreaser as duse
volunicers increases. Data iy inconsisteni with cther sluches
single-dose 4
CrOMOVer am
healthy

v lunieers
unieer




Table i: Human Pharmacokinetics and Bioavailability Study Summary (continued)

Sy T esttgpaton Study Fitke Study Deslgn No. of Anulyllosl Hesults wnd Conctosinny
o location Subjects Method/Matrix
B Sunportive studies in Populatt et Incressed Risk
i e Cecen Unnary Tract Infectionz in Pregnancy: single-dose 4 microbiological! Plaama and urinary concentrations ef FT following »
hy Monuril Single-Dose Tresument versua croasover 4F plasma and urine single 1§ dose wers comparabie during and after
Traditional Therapy pregnant p(ep;mcy
o wormen
N Catedibn Tromeclamoi Salt of Forfounven single-dose 0 miceodnalopiva FT hail-hife (apprnx T he) wee caarparable o Uit
ftay {Monun? Preliminary Pharmacokinctic paralicl M, 16M scrum and urin: adulty Cimax ard AUC wore dose propartiunad inihe
and Chinicat Expenence in the Treatment chuldren dosc range lesied (0.5 10 2g) Vwo g of 11 provided
of Unnary Tract Infections in Children serum and unnary levels comparable to 3 g of FT in
adula
" Pavesio Phamacokinetica in Children of & New single-dose [ GCMS FT was more bioaveitabie than FCa {(AUC was 2-old
ltelv Fsfouyein Deavative with Improved tTossaver plasma and urine grester and Crnax was 2.5 imer higher)  Unimary
Bioavailabiiiny concentrat:on was higher with T
i) Salvich Oral Bioavarisbuity of Z 1332 in Elderly single-dose [ GCMS Mean Cmax and AUC of F1" were shightly hegher than
laly Patients singls 3F, IM rlasms and unine values observed in other studies in healthy volunicers
treatment
clderly —_
it Fillastre Comparative Pharmacokinetics or single-dose 5 healthy microbiological/ Bicavailability of F7 in healthy »clunteers was greater
Irance Fosfernyein Trometamol versus Calcium CYOssoves in voluntecrs serurm and urine than FCa  FT was less well absorived Fased vpon
Fosfomyoin in Elderly Subjects and healthy M, usinary recovery and renal clesrances were o o
Ursemic Patients voluntecers & heatihy elderly subjects compared to young vulunteers fur buth
paraliel in elderly. drugs. In uremic patients. Cmax war higher wih
clderly and 4F 4M longer Trnax, half-tife was longes and urinary
chronic renal 23 cluonuc climination decreased in relation te degroe of 1enat
impaired renal impaimicnl
palients impairment
patients

SE 1M




Table I: Human Pharmacokinetics and Bioavailability Study Summary (continued)

Stands [nvestigator Study Titte Study Design No_of Analytical Resulta snd Conclusions
N | ncalion Subjects Method/Matrtx
Sl Renal, I"tasmatic and Uninary singledose 13 mucrodnalopscal I produeed higher plagma snd vrine s dninatioss s
[ Concentrations of [ valomycin Aflcr sn parailel 131, ™™ arxl GUMS well & ngher concentration o kidocy Lasuc han 10
| O Single Dose of Trometame! or patients L1F 1M plazmi, unine and Urinary concentrationa foliowing FT were 3 tmes
i Calaic Fesfornvein Lissue grestgr than thoes produced by FCs
1
roe Study of Fosfomycin Tiometamol single-dose 1 micinbwlog-cal’ The fosfomycin concentration after 1 e 207 Ly
italy Kinettcs for the Purpose of Evaluat.ng the ungie IF, M erum, ur n the serum, 11 6 ug/mL i the prostate ¥ B g il m
Concentrations of this Antibactenal Lreatment lisiue the pencystiuia and B & ug/mL in semunat vesicle
Agent in Various Human Tissue patienls
] Vg Fostomycin Serum and Prostatic Tissue nngic doe 24 microhiologscaly The fusluniyt.n concentrations i 1w sorat and
ialy Concentrations Following ke paraiiel 148 serum, urine and prostatic tinsue afler FT were 7 tiraey hogher at 3 lies
Admunistration of Fosfomycin patients trssue and :nore than 3 tumes higher af 2 ks than FCa

Trometamol, a New Fosfemyzin
Denvative with High Bioavaiiability by
the Oral Route
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Summary of Foreign Clinical Trials

(The follcwing 1s excerpted from the applicant's Summary of the Clirucal Data and Introduction to
the Clivcal/Stansnical Peport )

Based on the results of pharmacokinetic and 1n vitro suscepubility studies, fosfomycin was
studied as single dose therapy in lower unnary tract infections. An open, uncontrolled trial of
365 pauents was conducted by Moroni et al. in 1683-34 (84 males and 28! females, thirteen of
whom were pregnant} tn an wi-patient and cut-patient setting. Patients received either a single
3 gram dose of fosfomycin trometamol (198 patients) or 3 grams of fosfomycin trometamol once
daily for 2-3 days (167 pauents). The study enrolled patients with a variety of urinary tract
infections. including asymptomatic bacteriuna. lower uncomplicated symptomatic UTIs, lower
complicated symptomatic UTIs, recurrent lower symptomatic UTIs and cystopyelitis (Tabie 1)
Two hundred twenty-one strains, of which 134 were Escherzhia coli, weare 1solated from the
urine by urine cultures.

Medical Ofjicer’s Comment. The bacrenologic and clinical efficacy definitions used in this
study were not stated. The timing of posi-therapy visits for in-patients and out-patients
also was not specified.

The applicant states that,

"A high success rate was observed using the single dose regimen in asymptomatic bacterurias and
in lower uncomplicated symptomatic UTls - 78 1% and 89.5%, respectively. In these cases,
multiple doses did not increase the success rate any further.

"Excellent results were also observed using single dose in recurrent lower symptomatic UTI in
which a 75% success rate was achieved, n fact, only slightly lower than the one obtained using
muitiple doses (80 6%) In remaimng syndromes, elevated success rates were observed only with
the multiple dose regtmen

"As tabie 2 illustrates, there were approximately three times more side effects among patients
recewving, multiple dose (9 2%) compared to a single dose (3 1%)

"This study concluded that fosfomycm trometamol 1s safe and effective in the treatment of UTI The
single dese remimen was shown to ensure high sticcess rates in asymptomatic bactenunas and in
lower uncompheated svinptomatic UTI:  In these pauents multiple doses added no advantage
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TABLE 1: Fosfomycin Trometamol and UTT Treaiment in Adults: Bacteriological Results
According to UTY Clinical Presentations
UTIS Single 3 gram Dose Mutitiple 3 gram Dose
#of Patitgts Cure Rate (%) # of Patients Cure Rate
(%)
Asvmplomatic 32 781 16 687
Baclenuna N
l.ower Uncomplicated 114 895 87 8o 6
Symptematc
Lower Complicated 2l 571 8 B2 1
symplomatc
Recwrrent Lower 18 750 31 806
Svmptomauc
Cystopvelis 3 66 6 5 100 &
TOTAL 198 BO 8* 167 85 0*
T=16, P~005
Adapted from Mororu M. Eur Urol 1987, 13 (suppi 1) 10}-104 Table IV, p i03.
TABLE 1 Fosfomycin Trometamol and UT! Treatment in Adults: Safety Evaluation
Regimen # of ¥ of Patients with Side EfTects
Palienaty
Diarrhea Itch Nausea Pyrosis Skin TOTAL
Rash (%)
Sunple NDose 111 4 ! | 0 1 31
Mutuple Dose 227 18 0 __l 2 ! G 9

Adapted trom Morors M Fur Urol 1987 13 (suppl 1) 101-104 Table VI, p 103
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Avtotal of 25 controiled clinucal tnals were cenducted vatside of the United States Bach studv woas
conducted i support of forewgn approvass ot fostomvain tromethamine A total of 1649 patients
anaivzed for safety we:e treated with FT 1n dosages ranging from I to 3 g per day for | to 4 davs
Of the 1649 subjects enrolled, approximately 54% were adult non-pregnant women, 15% were
pregnant women, 25% were adult men, 6% were children  Two percent of this poputaticn (men and
women) were considered to be clderiy

A total of 505 patents were treated with FT at doses of 3-6 g in the two studies conducted in the
United Kingdom and wdentified as MON-UK-05 anda MON-UK-10. Of the 505 pauents, 350
were adult wornen with uncomplicated UTI (MON-UK-10) and 155 were adult men (MON-UK-
0357 who rec=ived prophvlactic therapy for tnfection associated with transurethral resection
procedures.

In 16 completed, uncontrolled, foreign chnical trials. a total of 3930 patients were treated with
fosfomycin. Of those, 3581 (91 %) recerved fostomycin tromethamine as a single dose therapy.
The remaining 349 patents (9%} received fosfomycin tromethamine in dosages ranging from
6U mg/kg to 4 g per day, for durations of one dav up to twice weekly dosing over 9 months
Of the 3930 subjects enrolled, approximaiely 68% were adult non-pregnant women, < 1% were
pregnant women, 28% were aduit men, 3% were children.  Eight percent of this population
(men and women) were considered to be elderly.

Medical Officer’s Comment: No raw data from the 25 controlled and 19 uncontrolled
Europear tnals with single or mulnple dose fosfomycin regimens are available for review.
Of the 25 comtrolled trials conducted abroad, I have reviewed the final reports for all adult
studies and commented on study design, number of evaluable patients, timing of follow-up
wisits, and definitions used for bacteriologic efficacy. These summary tables are found
below:
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TARLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHIAMINE

CONDUCTED OUTSIDE THE UNITED STATES

Stady Dengn

prasatectomy

Princigal bavesigater, | Cempletion Treatment Dose Number Age Range Sex Medocal Cfficer’s
fountes Stutus (Start {81 = single dose) Fatered (Mean or (M7, Swimary end
Date & knd . .
n:::]‘ e Each Mediany, Years | No. (%) Comments
Treatmeat
A A A e Comglete Randomizza. double Ol FT 3 SD FT 15 FT 1672 yrs Tou! 23071 evaluabily
e ! Dates oot plind, double dummy v (mean = 39 2 yrs) TS F(100%: 3 TMP e aluable
Noregt et Aled given -- {adicanon UT Tnmethopnm (TMP 200 mg T™MP aj TMP 16-67 yrs ? days pustthenapy
Setra Aricle 1588, MO Comment bacrenal 5D {mcan = 33 Q yry) ciuncare 12% FT
s oeewtam NGT2UH Report Jan persistence defined a2 68% TMP
'k 1991 > 100 000 cfu/ml, of the i asterad 78% F1
original pathogen : 41 % TMP
I Fa.idres not carned
1
‘ ot and o o weck
| estherapy wisa
I Buhe: Complere Randomuzed. placebo Onl FT 3 g x 2 doses FT: 3 FT. 50-83 yrs Total Fasive culture
Urilegie Dept Dates not conuplied, doubie blind vy (mesn ~ 69 yr3) 61 M (100%) LK posi-op
Sind-Saatenzienenhus given - indication  prophylacic Placeba (PL). 3 g x 2 doses PL. 30 Pi. 4876 yrs
romeon Beigium Artcle 1990 use In (ransurethrs!) (mean= 66 | yrs} &/3C placehn

Sigmificant bac:eriura
cefined as 2 100 o}

oo ml

Fosfomyoin tromethamine = {osfomy2:n trometamol,
The name and country of the .irst listed investgator or author 13 presented here
¥ stant and end dates were not given, the date of & document or publication 1s presented here

Study completion assumed unless stated ctherwise
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TAREE- CONTROLLED STUMES OF FOSFOMYCIN TROMITTHAMINE
CONDUCTLED QU ESLLE VLI DN e STALES

'rincipal tnvestigator,

Completion

S.udy Design Treatment Dose Number Age Range Sex Medical Officer’s

Cauntry f’)”t‘“’&‘sé": [5D = single dose] Entered (Mean or M/, Summary and
D:':v f Fach Median),Years No. (%) Comments
Treatment

J i1 Boerenia Complere Randomized. douule Onl FT 3 g 5D FT 79 FT 745 yrs Yotal &1 FT evaivable
Medical Reszarch (1987 - 1988) blind, multicenter. vs (mean = 30 yrs) 158 F 50 NFX evaluspie
Bureau Indicaion Norflozacin {NFX). 400 rig bid NFX. 79 NFX: 1546 yrs (100%) study day ?
Kezeivateipiein 31 B uncomphicated UTY. 1 7 days {mean = 30 yrs) baci erad 98% FT
Sgmegen Netherlands MO Commen:: Protocol ) 96% NFX

does not define o clin cure 76%FT

‘posiive culture” i NEX

poittherapy

Theie 15 no visn for
NFX patients § 4 days
postitherapy
study day 42
bact era¢ 91% F1
0% NFX
chn cure. S6RFT
100% NFX
Fastures are nct
carned forwasd
§5/79 (19%) FT
patienis repor-d
darrhe .

H

Fosformyoin romethamine = fosfomycin trometamol.
Ite name and country of the first listed invesngator or author is presented here.
if stan and end dates were not given, the date of a document or publication is presented here. Study completion assumed unless stated otherwise.
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TABLE: CONTROLLED 5TUDIES OF FOSFOMYCIN TROMETIIAMINE
CONDUCTED OUTSEDE THE SINITED STATES

Principal Inysshigator, Comupletion Stedy Design v catment Daose Number Age Range Sex Medical Officer’s
Couniry Status {Start ISD = single dose] Entered (Mean or (M/F), Summary and
Date & End . .
Natey! ! Each Median),Years No. (%) Comments
Treatment
/B Hoerera Comgplzie Randomized. double On! FT 3g 5D FT I FT 21-68 yrs Total. 16 FT evahuatie
Nedical Kesearch CYGRE L 1G37T) blind vs. (mear = 40.9 yrs! 45 F (100%) 14 AMOX evaiuable
Horzas indication Amorycillin (AMOYY 3 g SD AMOX: 21 AMOX: 25-63 yis

boeerharnipie:n 12 R

eomiep o NNethoriamds

| uncomplicated UT

' MG Comment

Larofled sympromaric gnd
asympiomanc patienis.
Sigruficant bacteriuria ai
entry defined as

= 10cfuiml Gram + or
= [@cfiimi Gram -
bacrerig. Enadication =
< 10* ctuind Gram +-,
< 5210 Gram -,

(mean = 40.6 yr13)

3.9 days posttherapy
bac: ecad 8% [T

5T% Anwus
chncure 93% FT

1% Amon
12.57 days postiherapy
bac: erad 71X FT

% Amor
chin f7u not reponed

Foadumyan iromethamune = fosfomycin trameamol
e name and country of the first histed invesugator or author is presented here.

I szarr and end dates were not given, the date of a document or pubhicahion 15 presenied here

Srudy completinn assumcd uniess stated otherwise
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TALLE: CONTROLLED STUDIES OF FOSFOAYCIN TROMETHAMINE

CONDUCTED OLTSIDE THE UNITEDY STATES

Prncipal Investigat. ¢, | Completion Study Design Treatment Dose Numnber Age Range Sex Medica! Officer's
Country’ Statg {Start [SD = single dose] Intered (Mean or (M/PF), Summary and
Date & End . . .
Datey! Ioach Mediun), Years No. (%) Commecenis
YTreatment
A Brunein Lompiete indication. Pediatne Onal FT: 1.2 ¢ 3D Toul: 5 Total- 3-11 yrs Toral: Protoco! nor reviewed
Divigione Pediatnica " ates not recarment YTl v3 SF(I00%)
Cspedaie »{ Butaiim Poen .- Nirrofurantoin % mg/ky/day TREs  nut avatable
Via Ghiroro 326 1 Publicatigon Vs,
470z) 1958} Cainmoxazole - 40 mg kg/day
Tesena at, vs
Nabidimic acid 30 mg kg day
vy
Cephalosporins. 40 mgrkg/day
P Caredd. Complete Randomized, Onral FT 1¢g SD FT 24 b-idoyrs FT Protcost 5ot review st
Pediatre Clapuz i (1986 - 198 comparative  {ndication vt FA 27 FT 2M(E%)
Uy ef Maiden Pediatne  UT! Pipemidic acid (PA) {mean = 6.7 yrs) 22F(N%) CHPs net avaifanic
Ailan. lad. 200/400mg Pa PA:
bid x 7 days (mean = & & yis) IM LI %)
24 F (B9 %)

Fasfemyam tromethamine = fosfumycin trometamol
Tie name and country of the first listed inveshigaior ur suthor 1s presented here

I srarl ane cad dates were not given, the dare of a dociunent or publication 13 presented Leie

Study complziion assumed unless soocsd oiliciwise



29

TARLE: CONTROLED STUDIES OF FOSFOMYCIN TROMETIHAMINE
CONDUCTED OUTSIDE THE LNITED STATFS

Prncipal Investigator, 1 Completion Study Design Treatment Duse Number Age Range Sex Medical Officer’s
Couniry’ Status {Siart [SD = single dose] Fntered Mean or (M/T), Sunsmary and
lr:a‘::).& End Each Mediagr), Years Na. (%) L omnrents
Treatme:t
[ R Cavangd Complete Rardoruzed, contrnlled Ont FT 335D T, 2% Age not specified Tutal 2T T evaluable
Dept of Lroiogy (1986 - 1987 Indication vs. AMOX: 14 59 F(100%; 13 Amox evaluable
Fundazions Puigven uncomplicated UTE. Amouxicillin (AMCX), 3 g SD
Barcelona Span 96% bacietinlogic cure
MO Comment: for botly drugs aher 3
Signuficant bacteriuria days, T iy
not defin=d ar entry or 21-28 days  Chnica!
follow-up efficacy not reponed
CRFy  not avallable
i Covre: Compleie Rardomzed, open, Or Fi. 3¢ SD FT. 17 FT: 17-78 yr3 Evaluable 33 FT evaluabie
Eamswoud Medical (1987 - 1988) controlled. vs. {mean = 45 4 yrs) FT. 29 Amex/C evaluable
Centre, Indications: bacreris! Clavunalate-potentiated AMOX/C: AMOX/C: IMOW
Crewe & nonbacteria’ dysuria Amozycillin (AMOX/C): 375 69 18-75 yrs 64 F (971%) 5-10 days postherapy
Creshire CW 2JR & frequency mg q8h x 5 days (mean = 50 yrs} AMOXA|C: bact erad 85% FT
UK M%) 2% AmoxiC
M9 Comment: Definition 63 F (97%) chin ture 85% FT
for bacteriolagic 9% AmonC
eradication not spei.fed. 4.4 wks posuberapy
hact crad 8'% T
65% Amoens

Fosfomyin tramethamine = fosfomycin trometamoi.
Tre name and country of the first listed savesugator or author iz presented here.
it start ad end Jates were not given, e date of a document or publication s presented here

Study complenen as: sued unfess stated aihcrwise
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FARBLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETIAMINE
CONDUCTED QUTSIDE THE UNITED STATES

Fenapat Tvestigatar, | Completlon Study Design Treatment Dose Nunber Age Range Sex Medicad OfVicer's
Country ?)‘"‘“&isgl"j' [SD = single dose] Entered (Mean or (M/PY, Summary and
ate ne R , N
Dater Each Median),Years No. (%) Commecenis
Treatment
34 Corbusier Curmplete. Multicenter, randomized Ol FT: 3 g SD FT. 48 FT: Toual: 41 FT evalualie
Uiept nf Urslogy 11945 . 1986) Indicanon lower Vs (mexn = 369 yrs) 96 F (100%) 41 Amox £-aluable
Unoy Clmcs od uncompiaied UT! Amoxycilin (AMOX) 1 g 5D AMOX: 48 AMOX-
[Fruste.s MO Cammeni: {mean = 43 2 yrs) No visi 5 9 days post
He g Significani bacreriuria ot
entry defined as > |10 overall e12d 34 whs
cfu'ml Bacteriologic 8% FT
eradicaiion defined as 0% Aninx
< 10 cfurmt CRIFs  nut avaiiable
P Crocchiatn Complete. Multicenter, open, Onl FT: 3 g SD FT: 38 FT. Toul: 16 FT evaluable
Dept of Intecuousy {1986 - 1987 randomized, cantrolied, ¥ (mean = 436 yrs) 73 F (100%) 17 CTX evaluable
Driseases Indication: fower UTL. Cotnmoxagole (CTX) 960 CTX 35 CTX:

Ospedate Maggiore
2078

Loade iraly

MO Comment
Bacteriologic ¢radication
not defined

mg/day x 3 days

{mean = &5.1 yrs)

study day 5-10
bact erad 100% FT
88% CTX
chincure 92% FT
RI® CTY
study day 25-31}
baci erad 89% FT
76% CTX
Safery. 2719 FT pis
reponed diarchea
CRFs

not avariaile

Fasfomnycin romethamine = fosfomycin trometamol.
Tre name and country of the first histed investigator or author is presented here

it start and end dates were not given, the date of & document or publicaion is presented here

Study completion assumed unlcss siated otherwise.
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TABLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE

CONDUCTED OUTSIDE THE UNITED STATES

‘rinctpal Investigator, | Completion Study Design Treatment Dose Number Age Range Sex Medical Officer’s
Country' Stagus {Start [SD = single dose] Entered (Mean or M/F, Summary and
g:::)‘& o Each Median),Years | No. (%) Commenis
Freatmoent
T Dejnneaheere Compiere Randomized, controlled Onl FT- 3g SD FT 32 FT 44.57 yrs Tntal 0 FT evaluatd,
1E Hait Ziekennars (1587 - i988) Indication: post-up vi NEX 32 (mean = S0 4 yrey 64 F (100% 26 NEN cvaluni e
Dept of Gynaceology catheter-sssociated UTI Norfioxacin (NFX) 400mg td NEX: 41-57 yrs T days post
Wilgenstrant 2 In pYN surgery x 3 days (mean = 47 5 yrs) bact grad 6% FT
9200 Reeseiare MO Comment. ROE NN
fepium Bacteriologic eradication ! mogth post
defined o5 sierile culture bact erad Y% 0T
or original parhogm Qs @ MY
grown ar < 10* cfu/mi Fatlures oot carned
fnrwand
CRES ner av il
F DiSilvenc Complete Randomized, double Ot FT- 3 g x 2 doses FT. 40 FT 5082 yrs FT. 15 FT evaluahlic
Urclogical Pathology {Dates not blind, placebo controlied. ¥s. (mean = €5 yrs) 36 M (0% 20 PL evaluable
Umiv “La Sapienza® given — Indication: prophylactic Plecebo (PL): 3 g x 2 doses PL: 24 PL. 36-8% yrs 4 F(10%) uring culture »
Ya Porre 20 Abstract 1990) 1 rrznsurethnal surgery. {3g, 3hrs before and 3g, 24 hrs (mean = &6 yrs) FL: 6-8 days postop
Rome, laly afier surgiral procedure} 21 M (8B%; 1% ET
IF 1129 25% plagcha

25-3C davs postap
I% FT
0% pL
CRFs

et asaglabile

Fosfornycin (tomethamine = fosfomycin trometamol.
The name and couniry of the first hyted investigator of authar is presented here.

If start and end dates were not giver, the date nf a document or publication 1$ presenied here

Sty camplenon assumed unless sael othe rwase
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TARLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMFE THAMINE
CONDUCTED OUTSIDE T UNITED STA TS

Principal lavestigatar, | Compleiton Study Design Treatment Dose Number Age Ra“gc Sex Medical Officer's
Countey’ i";“m&{i‘: 1SD = single dose] Entered (Mcan or M, Summary and
1 , }
n:e:g’ " Facl Medinnd, Yeors N, (%) Comments
Trcadment
G Ferraro Complete Open, conirotled, Onl FT. 3 ¢ SD FT 30 Toal Toual
Dept of Diomedicai (Dates not randomized Indication: ¥s mean = 68 4 yrs 15 M (25%) 0 FT evaluatle
Sciences & given - uncomplicated UT in the | Norflazacin (NFX) 400 mg bid | NFX 30 45 F(75%) 30 NEX evalgabie
Technologies Articte 1990) elderly % 7 days

First Schoot of Intemai
Medicine

Uiy of Mitan

Ospedaie Pobchimco

Milan, lualy

MO Comment:
Bacterinlogic efficacy
definitions not 1ated.

No S 9 00y v

25-13 day post

bact crad 77% F1
IR NEN

No significan:

modificanons of fecal

flora noted 1n enher

group

CREs  nat available

Fosfomvein rromethamine = fosforaycin iromeramol.
The name and country of the {irst listed investigator or suther is presented hare.

1f start and =nd dates were not given, the cate of a document or pubhication is presenied here

Stu jy tomplenion assumed vnless stated otherwise
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TABLE: CONTROLLED STUDES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

Principal Investigator, | Completion Study Design Treatment Dose Number Age Range Sex Medical Officer's
Country' Status (Start {SD = single dose] Entered (Mecan or M/F), Summary and

pave J End Kach Medinn), Years No. (%) Comments

Date) .

Freatment
A Jardin Complete DOpen, multicenter, Onl FT: 3¢ SD FT 206 15 - 75 yis Teul 150 IFT evaluahle
HApis! Kremin (1987 . |988) paralizl Indicanion: ¥4 PA 1RO 186 F 146 PA esaluable
Becetre lower UTIL Pipemidic ac)d (PA} B0 g FT (100%) 516 days post

Service Urologe bid x 3 days (mean = 39 1 yrs) cact erag ¥4% FT

18 Av du Géntral
Leclerc

F9427% Kremiin
heeire

Feance

PaA.
(mean = 41.5 yrs)

9% FA
28 day;s posi
bacterad 93% FT
QVE I'A
Fatiures now carnied
for~ard
CRFy ot assitable

Fosfomycin rromethamine = fosfomycin tromewmol.
The name and country of the first listed investigator or suthor is presented here.
If start and end dates were not given, the date of & document or publication 15 presenied here. Studv complziion assumed unless staied otherwise
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TARLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

Princapal Investigator, | Completion Study Design Treaiment Nose NMumber Apc Range Sex Medieal GlFicer’s
Cuumny Status (Stant 1SD = single doaz} Entered (Mean or (M/F), Summary and
g:::)f‘ End Each Median},Years | No. (%) Comments
Treatment
FoMarene Cemplete Multicenter, open, Onl FT 3 g S0 FT 3G* FT 1937 ,rs Total 24 FT evaiuate
cofetcus Dsease 1Dates not nandomized, controlled vs AMOX (mean = 27 3 yrsy 68 F(100%) 4 Amor guauah e
T [RCCS given - Paper Indicanon UT} in Amaryc:ilin (AMOXy 3 g SO AMOX 1936 yrs Authurs lurmped

Pazonn S Mates i¥88 Repornt pregnant women imean = 26 7 yis; 3,15, and 1 days

Yno ot Para 19%1) MO Commeni: post -

liaty Bectericiogica. efficacy bacterad 1% P
ieflaions not pated TI%R Ao
P0% of parienls in each Curecal efficacy ne
arm in 2ad or third asvetaedd byt 1
trimesicr dagt s

Safcry analysis
mimimal No Jdiug
relaied side effects
1eponed an cither am
No obsiztncal feuow-
Lp o1 fetal infam
follow up reported

CRFs  not gvavarle

Fosiomycin (romethamine = fosfomycin tromewamio .
The name and country of the first histed invesugator o1 wuthos 18 presenied here
If sran and end dates were not given. the date of a document or publication is presented here Study cemplencn assumed unless stated otherwite
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TARLE: CONTROLLED STUDBIES OF FOSFOMYCIN TROMETIHHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

ftmen tasedtgator. | Completion Study Design Trentment Dose Number Age Range Sex Medical Officer’s
{auntrs Sln‘lus&lSEIlrl [S1 = single dose) Entered (Mean or M/F), Summar}' and
e ek Each Median), Years | No, (%) | Comments
Treatment
—
B taver Complete Mulucenier, singie-blind, | Qral FT 3¢ SD FT 166 Towl 1875 y1s Tou! 224 FT evaluable +
: pog UThg 119%4 . |GRY: random.red Indrcation vs OFX 131 562 F 113 OFX eval
Uoraner o [l encomplicated UTL Qfiavacn {OF Xy 200 mg SD CvX. 134 (100%; 109 CTX exal
S:nuigasee 7 MO Commen! Fatients Vs Uaknown: 31
D R4 Ve . FRG niranfied by colony Coinmexazole (CTX) | 92 ¢ tacreriologic erad up
Cerrae, count. significanr= 2i0" | 5D 10 4 waeks post
foww 1OF. 10" 2% [T
ne hacteriunn < 30 B % OFX
Bacteriologic efficacy 79% CTX
definitions nor stated Same Ggures (nt
Patiznts with ra chimcsi efficacy
becreriuna too fow for reponed
stanstcal analysis Most commen FT side
effect diarrhea (6%)
CRFs not avmhabte

I sefomycin tinmethamine = fasfomycin tromelamol
The name and counntry of the first hsted investigator or authar 1s presented here
it uan and erdd daler were pat given, the date of 3 document of publication is presented here  Study compietion assumed unless siated otherwise
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TABLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE

CONDUCTED OUTSIDE THE UNITED STATES

P'rincipal Tavestigator, {Completion Study Design Treatment Dose Number Agpe Ra"ge Sex Medica] (Hlicer's
Conntrs” -_5‘1'““ {Start [SD = single dose] Entered {Mean or (M/T, Summary and
e e Each Median),Years | Ne (%) | Comments
Treatment
[ AT Camplete Open, randomized, Ol FT Y gevery 72 hry x 4 FT 6 Towl Toul 6 FT evalyabie
P o [nrernai :Timies not controlied doses mean = 64 yrsg 4 M3 5 NFX evaluatie
nMedizing green - Indication UT1 in the vy NFX 6 BF (67%) No 5.9 day post vise
Tefesnn Diseates and Publicaton eiderly Norfloxacn {NFX) 400 mg i5-3% davy pou
Prnopatheiagy e LL Y MO Comment Al bd 1 10 days hacrerad A6 TT
(e tare Pl b o patienss weee $H6NFX
Vo | Sfaega hospirahized. Significans One adveree reaztion
LRI N NPY bacteniunia rot defined i FT “mid transien:
HERS Jfor inclusion crteria or gastr ¢ disearhance”
Jollow-up assessment | CRFs roravailahle
i
T
P Perie Complete Randomized. open, Orat FT 3 g x 2 doses FT 329 FT 43.92 yrs Total 319 FT evaioab'e
Tept al Brarmacniogy frates mol multcenter vs {median = 68 yrs) 900 M 253 Amnx evaluahbic
[ TSP RTTPatva piven - Indicatinn: Amaxyarithn (AMOX) Jgx 2 {100% ) 288 CTX evaluable
frai Puphcation prophylacic uze in doses AMOX: 283 AMOX 4288 vrs
19485 transurethral vy {median = 69 yrsy Cumulatse incidence
prostatectomy Cotnmoxazele (CTXY 1 920 ¢ of significart posiop
MO Comment Posrop v 2 doses CTX 188 CTX 44.39 15

hacteriuria defined 61 >

10" cfu/mi

{Dorg one doce Jhirs befare
surgery and second dose Tdbes
alter surgery)

fmedian =~ 6% yrs

Pacieriura gt ] weeas
[5% F7

SEE Amoa

2T TN

Adverse events
tepored in 4% FT.
6% Amor 8% CTX
CRFs notavalable

I cfanncin tesmethamme = {ocfamycm immenamnl
e name and conntey af the firdd Linted invzstgaior of suthnr n presented here

It grar and end dates were not given, the dsie of a document or publicabion 1y presented here

Srudy completion assumed unless siated otherwise.



TABLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

It il Tovestipatnr, | Completien Study Design Treatment Dose Number Age Range Sex Medical Officer's
ot Status (Start (S = single dose Entered {Mecan or M/F), Summary and
::1'::],& Find Fach Mediany, Years | No. (%) Comments
Treatment
T
Foenee g Camplete Open, randomized. Oral FT wingle dose 3 g SD FT 18 T Total 3YFT evalushle ¢
[ TR T (Eraree ment mukngenter. paratlel ve mean = 16 7 yre O] F 1) %, J0 NFX evaluabie
- St e green - Indication Ie xet UTI Norflosacin (NFX 400 mg NEX M0 NEX 34 days post
RER o Rencrt 1988 MO Comment Enrry bid 1 5 davs mean = 43 S yry bacterad $4% FT
Fovee critena speified = 10 BT % NFX
Bact eradicatinn < 1 chn cure 0% FT
RI% NEX
25-20 days post
tact erad TI% FT
TR NFX
S FT and $ NFX
reponsd adverse
events 2 9 FT nad
diarthea
CRFs  not avniable
by P Complete Mulncenfer, open. Ol FT- L or 2 g SD FT 7! Toral FT Mot reviewed
Fediarms Trept 11984 - 19RT) randomized vs | month to L6 ves 2IM (30%)
[ I R, [rication pediaine UTL | Newdmyon (NETY Smg kg M. NET 64 SQF (70%: Repon
- 5D NET Secue- R Nelume b1
246 (3T 8%y | pp R A
4061 %)
CrFs  noravalable

T oxinmy e tromethamine = Totfomycin (ometamol
tiie aame and country of the first hsted wnvestigator or author ix presented here

1 - oargd end dates were not given, the dare of a document or poblication 14 piresented here

Study complennn assumed uvrless stated ctherwise

e o pateenta Dt eated wath amanicllin who were swalched 10 171 afler perstence o telapse was scen Atotal of 37 patients were exposed to FT in ths trssd
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FARLE  CONTROLLED STUDIES OF FOSFOMYCOIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

T_ T
et beveipatnr o Craspretion Stuely Desipn Treatinent Daose Number Ape Ranpe Sex Medical Officer's
[T St tSlan |51y = singlt dose] Entered (Mean or (M/F), Summar)- and
:;:::1'& e Each Medi_ n),Years | No. (%) Comments
Treatment
- - '
[ERYD Cnmalee Mulucenter, randomized, Oral FT 3 g SD FT 209 FT Total 177 FT evalcabte
RGBT AUTIF LTINS iDatey not contralled vs (mean = 37 9% yry 65 F 134 PA cvaluahie
ETECT TR goven - Tndlication  pregnant Pipemidic acid (PA!} PA 156 PA (100 %
BN ST y ATl 1GRE, women, UT) 400 mg bid x 7 days imean & 28 16 4543 1S dayy powr
e e . hacterad % 1
o ita MO Comment Significant Cim pa
e bactenuna = 10 cfu'ml 30 davy post
at entry Eradcatton bact e 94% FT
defined as < 10V c%.mf 4% PA

124 T ard L3R Py
falinweld -1y

A

deliverny
&7
sp AR M
st ilheth
low BW 41 4
malferm 0 % 0

Foefonmgn tinmethamine = [adpmycin trometamol
The naiee amt conntry of the firar heied invesngator of anthor i presented here
M uar and end dates were not given. the date of 2 document or publication 1% presented hete Srudy campleton assumed unleys stated otherwise

* Cheee were seuen patients first Lrested with amoxicidhin who were switched to FT after ro vistence or relapse was seen A iolal of 37 patsents were exposed to FT an this trial
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TABLE: CONTROLLED STUDIES UF FOSFOMYCH!

CONDUCTED OUTSIDE THE UNITED 5TATES

TROMETHAMINE

I'rincipal Investigator, | Comptetion Study Design Treatment Dose Number ] Age Range Sex Medical Officer's
Crrntey Stotus [Start {SD = single dose] Entered (Mean or (AT, Summary and
::::)f: Fad Fach Modian). Years No. (™) Comiments
Trealment
!
Peoyoaeee Cemplete Randomized, controlled QOni FT 3g SD FT 20 FT 1573 yrs Totl 16 FT evaiuvabie
Pev carreg? PI0RY {QRE. Indscating v fmean = 41 | vra AN F 1% 16 ST Y evalaahir
i uncamplicated UTI Fiosfloaacin iST X0 &M nip bl NUXOOD NEX (R AS H'".
r o artemn ep S07 YD Comment Sigaificanr 2 1 davs (mear = R R g, ML IR U]
booceeweg bacrenuea 2 (¥ che mi hact erad ST PT
N ar eniry rodicanien GvE N X
defined as < [0 cfusmi cbip cute T% FT
89% NFX
I moenth post
bacterad NN FY
6% NFX
One adverse eveni
each arm
diarthea FT

heavy stnmach NFX
CRFs  net avatlable

Fadfnmycan trorsethamine = fosfomycin trometamol
1he name and couniry af the first listed investugator of suthor 13 presented here

1 car amd end dated were not grven, the date ot & document or publicaton 1y precented here

Sndy compietinn sssumed oniess siated nrherwice



40

TABLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

Prencipal bivestipaiar, | Campletion Stidy Design Trentinent Nase Number Ape Rnnge Sex Medicil Officer’s
Uty Ststun (Siarl |51 = single dose) Entered (Nlci\ﬂ oF (M”“). SUII‘IIII:H’_\, and
3:11:):& End Each Median),Years | No. (%) Coemments
Trealment
o !
¢ Richaud Complete Multicenter, double Onl FT: 3g SD FT: 31 FT: Toul 29 FT evaluable
Dent of Urnlogy (1988 - 1GE9) blind, double dummy, vs. (mean = 57 2 yrs) 62 F (100%) .8 PFX evaluable
HOpaa Nen randomized Pefloxacin (PFX): 800 mg SD PFX: 31 PFX:
Chemin des honrrély Indication: lower UTI. {mean = 51 .4 yrs) §-10 davs post
1 HKIS Marselis MO Comment. Significont bacterad 0% FT
I'rance bacteriunia 2 10°¢ w/mi 93% PFX
at entry. Ergdication 28-15 days post
defined as < 10 cfu/mi. bacterad: 86% FT
However, persistence 39% PFX
defined as = 10 [sic/. Sirniar chimical
efficacy reported
CRF¢  nat avalable
i
TP Setvagp Complete Multicenter, randomized, Onl FT: 3 g SD FT- 45 FT: 16-66 yrs Toul i 2B FT 2valuahle
Dept ol Surpery - (1986 - 1987) dothle blind, double vs. {median = 3% yrs5) B9 F (100%) 25 NFX evaluahle
Surgical Nephiology dutnmy. Norfloxacin (NFX): 800 mg SD NFX: 44 NFX: 17-70 yrs
Unw of Ban Indication: (median = 33 yrx) 7 dayy post
I:ary unce.., cated UTT bact enad T4% FT
MO Comment: Significant R4% NFX

bacteriuria defined as
t > J0 bacreria Imi”.
Efficacy definitions not
stated.

Mo s:de cfiects
rencried iy 89 panienis
enrniled

CPIx  n 1 avarlable

: Cocfomycia tramethamine = (aclamycin tmmeannl,
The name and couniry of the first listed investigator or avthor is presented here.
I¥ erart and .nd dates were not given, the date of a document or publication is presented here. Study completion assurned unless stated ntherwise
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TADBLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

-

T

Pracipad hosestipatar, | Complction Study Uestgn Freatment Pose Nuinber Age Range Sex Medical Officer’s

Conntry' Status (Su: ISD = single dose] Entered {Mean or M/F), Summary and
g:::)f‘ En Each Median),Years | No. (%) Comments

Treatment
1t hoymeon Completion Randotized. conirotled Onl FT° 3g SD FT- 13 Age nol specified Total All evaluahte fmr !
Depr of Gynecology status not Indicahion pregnant ¥y 23 F (\00%) efficacy and safery
And Chheletnics indicated wamer, UTI Nitrofuranioin (NTF). 100 mg NTF: 10 15 days post

Pos [ lotpoal Preliminary bid x 7 days byct eratd B4% FT

Varpe Melgrum rewits 0% NTF
pubnished in
Article 1990 Siudy ongoing. No
{srudy pstient had delivered
sssumed 1o be by the time ai this
complete}

publication.
CRFs not avadable

I netamycrn tmmethamine = Tnsdomy<in 1romeiamol.
The name and country of the fitst listed investigator or author is presented here.

1

I <tart and end dates were not given, the date of a docurent or pubtication is presented here

Study comnrttion sssumed unless stated otherwise.
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TARLE: CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES

Frincipad iavestigainr,

Coamplellon

Study Desigr.

Teeatment Doge

Number Age Range Sex Medical Officer's
Gty Statu {Start {Sh = single dase| Entered (Mean or (MY, Sunvnnry anid
:;a'":\f' K Each Mecdian), Years | No. (%) Comments
Treatment
—+-+
MON LK 118 Complete (July | Randomized, plazebo- FT 3 g x 2 doses FT/Placebo FT- 116M(100%) Finol siudv repea ndr
19, 1991 cantrolled, double-blind, 1557154 mean = 69 3 yrs avarlgble
4 Srudy Cenrers September 17, group comparetive, Pha.. | Placebo Report: Synopsss.
L rored Kingdom 199 11} mukti-center climical CONTROL: 1 14M(100%) Section 8. Vnlume 52,
triat mean = 68 6 yrs. ng 807150
Final report is
not available. Inication: CRFs noavarisble
Antimicrobial
prophyluxis during
transurethral resection of
the prosuale
MOIN LR 1A Complere Phase I, active- Oml FT 3 g SD FT - 150 FT: I50F(100%) 176 F1 evaluahke
(May 1991 - controlied, randomized, evahnble mean = 39 ) yrs 37 Tmn evaluakle
ford Kanpadoem September group comparative Trimethoprim (TMP) 200mg T™P- 180
1993) BID x § day. evaluable TMWP: 180F{100%) 7.9 days post
Fredication: mean = 190 yrs. haci erad 9% FT
Final report 1s Lowee UTE T4% TMP
not svailable MO Comment: day 26-30 post
Eradicotion defined 03 bact erad 69% erad
< 10 ctu/mi.? L% ennd

Charrhea was most
commonly reponted FY
edverse event

CRE< ot avanane

Faclomyven iamethamine = fatfamycin tmmefamol.
Phe nooe awt comntry of the Geet listed inveetipatos ot anhne ic presented here.
IT <tar ared end dlates were not given, the date of a document or publication is presented hare

Study completion vtsumed uniess wated otherwise
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TABLE D: NON-CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OQUTSIDE THE UNITED STATES'
Prncipal Completion Study Design | Treatment Dose | Number Age Range (Mean | Sex (M/F) NDA Volume
Is estigator, Status (Sinrt ISH = sinple dose; Entered Each or Median},Vears No. (%) andl Tage for Y
Counry' Date & End MD = multiple dose| | Treaiment Study Report
Date} and CRFs
(. Amhrotinng Complete Open, non- O-al FT Total (a + by 16 1-9 yrs SM(31%) Repon
fepedale Magppiore {14 Nov 198} - controiied (s} 2 g 8D {mean =~ 55 y5) 1 F (69%) Section ¥ Valume
CA Peorrards 10 May 1984 Indication () 2 g x 2 doses 63, Pg B.0VY16
Helapna al Pediatric--
lower UTH CRFs not svailable
I Ariene Camplete Open, non- Oral FT 3 g SD 26 12.8) yr3 5M(19%) Report
Pept A Amieden Di (Dnet nat given conteolled {mesn = $273 yr9) 21 F (31%) Section B Vnlume
S oy - Aricle 1ORT) tndicatinn Inwer 62 pp RS
funn 1l U
CRFs not avarlahle
Rese I Mailey Ce.nplete Open, non- Oral FT- 1 g SO 25 18-74 yna 25 F (100%) Report
bt of Nophoheps {1087 - 1988 comirnticd (meen m 3 6 yre) Sectinn &, Vielume
L hinstchorelh Tlogp Indization: 62. pg 8-03504
Chirsichurch womren with
New Zeatand fow. ¢ UTT CRFs not avaiiahle

' focfaniyon trmzthamine = fosfomycin tromelamol.
1he name and commntry nf the first listed investigator or suhor is presznted here
et ot el cind dates were aot goven, the date of o document or publication 5 presented here Stugy completion assumed unless stated ot erwise
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TADLE D NON-CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTEL QUTSIDE THE UNITED STATES*
Principal Completion Study Design | Treatment Dose | Number Age R-nnge (Mean | Sex (M/F) NDA Velume
Investipator, Status (Start ISD = single dase; Entered Each or Mediar),Years No. (%) and Page for
Country! Date & End MD = multiple dosel | Treatment Study Repart ¢}
Date)* and CRFs -

I areddu Complete Non-controlled Onl FT 14 411 yrs I M {10%} Repart
Fedivrg g | {Dates not given Indication 1-2 g 2w/week for 3 (mean = 7 7 yrs} 9 F {90%) Section 8, Valume
T'miy i 81:09n - Article 1987 prophylaxis in weeks -9 months 43, pg 3-01337
Mdan Tral children with

urnary Uect CRFs not evailable

sbnotmalitics
[T N C omplcic Open, prospective | Oral 1) 2 15-94 yey 521 M AT Repon

frsi ol 1 rnlogical
Iathology

Vi | a Sapienra

Hraae  Hialy

fluly 1987-1an
1988)

non-controlled

Indication
prophytactic -
transurgthrnl

T surgery,
urological
maneuvers

3 g x 2 doses
(3h before and
24h following
procedure)

(mean = 59 yry)

191 F (27%)

Section 8 Volume
63, pg 3-03774

CRIs

not svndahle

Fatfain, 2o tromethamine = fosfomycin trom.tamol
the nane wnd cnuniry ef the firel Tisied investigator or author s presented here,

ittt an Lol ddatee w2z nnt uven, ihe date of a dociument or publication it provented here

Stuly commplesion nsxumed anfess wnicd ahienvise
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TABLE D:  NON-CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE
CONDUCTED OUTSIDE THE UNITED STATES®
Principal Completion Study Design | Treatment Dose | Number Age Range (Mean | Sex (M/F) NDA Volume
imestipator, Status (Start ISD = single dose: Entered Each | or Median),Years | No. (%) and Page for
Country’ Date & End MDD = multiple dose] § Treatment Study Report
Date)! and CRFs -

I (uSihvene Complete Open, non- Ol FT ia 1136 yrs 21 M (70%) Report
fnat of Urologicat (Dates not given controlled 3 g x 2 doses (mean = 42 yrg) 9 F (30%) Section 8, Volume

Pathelogy -- Publication Indiscation {3h before and € pp 8.0178)
I v | r Sapienra 1987 prophylaxis 24h lollowing
iy aler ESWL & ptocedure) CRFs  nnt avadahle

ugeler-
pycloscopy

AP MacCiosnsan Complete Open, non- Oml ¥T- 3 g SO 0 47-38 yrs SM{25%) Repon
Dept of Medioal {Dates not given controlled {mecan = 77 yrs} 15 F {75%) Seclion 8, Volume

(AT -~ Article 1990} Indication  UTI 62, pg 8-03670
Spenthmead Hospial CRFs not available
Westhury on Trym
Brstol. BSI0 SNB
Unued Kingdom

I n<forvean tromethaming = fotfomycin iromeiamol
The nante and country of the first listed investigator or suthor is presemed here
If <tart and end dates were not given, the dare of 8 documeni or publication Is presented here  Study complelion assumed unless stated otherwise



TABLFE D:

CONDUCTED QUTSIDE THE UNITED STATES'

NON-CONTRGLLED STUDIES OF FOSFOMYCIN TROMETHAM'NE

Principal Cormapletion Study Design | Treatment Dose | Number Age Range (Mean | Sex (M/F) NDA Volume
lnycsfsgatar, Status (Start iSD = single dose; 14 red Each or Medlan),Years No. (%) and Page for
Ceuntry' Date & End MD = multiple dosel | Treatment Study Report 1 ¢
Date}! and CRFs "
LYY AT Complete Open. nnne- ral M Not given Toial (a + M Repon
LS bhoaspasal 1198 - (9%, eontrobied, fa} 3 g Sy im) 223 34 M {19%) Secuion R, Voiume
sAitan lials multicentet (by 3 g x 2-) days {b) 227 281 F (62%) 52, pg 8-03507
Indication 85 NI (19%) CRFs  not available
uncomplicated {13 Pregnant)
UTt
Ky Rppean Cnmplete Open, hon- Orat FT Not given Total (w+ b + o) Reporn
Dept of (1984 - 1985) controlled (a3 3 g SD (a) 28 1 M (2%; Section 8 Volume
lin:lrncn!crrﬂr\g_\ tndicauon {h) 4 '] S (b) 12 47 F (98% Al PR R.N184G
Trosguoad € oclua wncomplicaied {cy 4 g x 1) days fey 8
Pans rance uti CRFs  not ava:lable
R e Coampleie Opcn, non- Ol TT (n) 12 Inclusion critenin 2 M (10%) ftepan
Thopt ol ()aice mui given enntrotfed m) g sn th) A 19-70 yrs 18 I (90%) Section B, Volumse
Gastroenicrniogy -~ Publicetion Indication: lower MyIg+2g 62, pg 8-03%5)
}tospatal Cochin 1938 um CRFs

(" lrance

not avaitahle

Fosformycin tromethamine = fosfomycin trometamol
The name and zountry of the first listed investigator or author Is presented here

If <1art and end datcs were not given, the date of » document or publication is presenied here

Swdy completion assumed unless <imed otherwise



TABLE D):

CONDUCTED OUTSIDE THE UNITED STATES®

NON-CONTROLLED STUDIES OF FOSFOMYCIN TROMETHAMINE

I rincipal Completion Study Design | Treatment Dose | Number Age Range (Mean | Sex (M/F) NDA Volume
lnvestipator, Status (Start ISD = single dose; Entercd Erch or Median),Years | Na. (%) and Page for
Comtry' Date & Ead MD = muliiple dove] | Treatment Study Report
Date) and CRFs s
P Peat Complete Open, non- Oral FT- Y g x2 N=283 mean = 627 yny 231 M {82% Repornt
Nept of I'hannacalogy {Dates not given controlied doses {3g Jhrs before STF (I8 Section 8, Volume
Ueiy of Florence - Arucle 1988} indication: wnd g 24hrs sfier 62, pg 8-01744
Finrence. liaty prophylactic - surgica) procedure) CRFs  nol avaiable
cystoscopy,
transurethral
resection
| Iteland Complete Open, hon- Ol FT 3 38D 7 51-85 yrs 27 F (100%,) Report
St oaf gt (Dates eot given controlled (mean = 547 yrv) Sectinn R Voiume
Nledigime (1SMD -- Publication Indication UTI 63 pg 8-0367A
Yhe of fieann [o8n) in eiderly
Genoa. jtaty * women CRFs not avelavle
Savien Compleie Cp=n, non- Oral FT- {n) 2148 Toul Report
[T RPN HINRR . |URDY conirodlcd. (2 Y p S (h) i0 fuchution entierin [enal Seetinn X Valine
Szl multicenier th) ) g x 2 Joses 16-75 yrs 207 M (10%) 62 pg R.0)56}
Indication UTI Actunl mean 91T F (89%)
of urinary tracl M= 52 yrs 38 (2%) Nol CRFs  not eraiahle
procedures Fwd2yrs Indicated

' Frefomvein romethamine = fosfomycin trometamol
The name and country of the firs) listed investigator or author is presenied here

11 et el endd dates were not given, The date of a documerit or publication it presented here

Study completion assumed unless stmed ntherwice



TABLE D

CONDUCTED OUTSIDE THE UNITED STATES®

NON-CONTROLLED STUDIES OF FOSFOMYCZIN TROMETHAMINE

Uesscipml Compiction Study esign | Treatment Dose | Number Age Range (Mean | Sex (M/F) NDA Volunie
fnvestigator, tatus (Stari ISD = single dose; Entered Each | or Median),Years | No. (%) and Page for
Country! Date & End MD = mullipte dosel | Troatment Study Report
Date) and CRFs v
W Laahaectio Complete Open, non- Oral FT 2 g SD 1o 3-12 yrs M and F, Report
tner ol fedintng Climg (Dratey nos given conroiied numbers not Section &, Volume
Ualgaes Il -- Paper 1986 Indication lower indicmied 63, pg 8-0372
LT
CRFs  not avmilable
| A Vargse Compiete Open, non- Oral FT | month - 15 yis §M21%) Report
s ppenlagic and (March 1984 - controlled (a} 2 g SD () 30 (mean = § 7 y15) 14 {79%%) Section §. Volume
Kugratinlagic Dept July 1984) Indieation UT1 (b) Y g 5D {b) 2 63, pg B-036RY
Chuldren ¢ Hoepitai in children {c) L g SD (T3]
Tonne, Tt (dy0 5 g SD {d) 2 CRFs  not svailabic
{£)2gMD &6
I A Varese Complete Open, non- Orsl FT: 5 ! monin - 16 yrs Sex not Report
Nephenlopic and (1984 - 1985) controlted 60-160 mgkg SD {mean = § yr3) indicaled Secton 8, VYoluine
Whicrorimlngic Dept [ndication 63, pg 8-01712
{hitdren s Hospital uncomplicated

Tonune lialy

UT in children

CRFs  not rvaiiahte

I nelopyicin tromethamine = fosfomycin vomeiamol.
The name and enuntry of the it litied investigalor or anthor ix precented hese
' stant and end dates were not giver, Uhe date of & document or publication is presented here. Study completion mssumed unless sialed otherwise
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Fosfomwcin Tromethamine

NDA 50-71° 49
US Trals

Chinical Trials Conducied in the United States

The investigational plan for the U.S. clinical development of the 3 g single dose regimen of
fosfomycin included two double-blind/Aouble-dummy, randomized, active-controlled,
multicenter studies that compared the safety and efficacy of a single 3 g dose of fosfomycin
with an approved comparator 1n adult female patients with acute uncomplicated urinary tract
infections (cystitis). In each study, the same single 3 g dose regimen of fosfomycin was used.
In MON-US-01 the active comparator was ciprofloxacin 250 mg, administered every 12 hours
for seven days; m1 MON-US-02, tnmethopnm/sulfamethoxazole, 160 mg/800 mg, given every

12 hours for ten days.

APPLICANT'S PROPOSED PACKAGE INSERT
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30 Fasfomvcin Tremethanine (Monurol®
US Chmeal Trials- Siudv 0!

NIA 50717

PROTOCOL MON-US-01 Volume 1 S4-1 55

Tide

Single Dose Fosfomycin Tromethamine Versus Multiple Dose Ciprofloxacin for the
Tveatment Of Uncomplicated Urinary Tract Infections !z Female Patients

Study Design

The <tudy was a mulu-center, randomized tnal wath double-blind, double-dummy design
companng the efficacy and safety of Monurol® (fosfomycin) Sachet and Ciprofloxacin Tablets
in the treatment of LJdult women wath acute cystitis

Study Population

Inclusion Critena

= non-pregnant females > 18 years of age  Medical Officer's Comment: In this prvoral U.S trial, there
were no paients enrotled less than 18 years of age. The
applicant is seekang approval for cysutis for panents over 12
vears of rge
- chin:cal signs and/or symptoms of a UTI (e g , dvsuna, frequency, vrgency) with onset of
symptoms s 96 hours pnor to study entry

* one positve pre-treatment unne culture wiihun 48 hours of enrollment in the study

Uinne fer culture was obtamned by the clean-vouwded mudstream catch method (N B, Although unne obtamed via
catheter was allowed by protocoi, i pracuce this was not done ) A single specumen contarmng 2 10° CFUs of a
wopathogen per mulliliter of unne was considered a posiyve culture  If more than one orgamusm was cultured,
there rust have been & munumum unne colony count of » 10° orgamsms per mulliiter of a1 least one organism
Each o garusm cultured must have been present in a colom coumt of 210° orgarusms per mullliter to have been
considered an evaluable pathogen for eradicaucn

» susceptibihty testing to both fosfomycin and ciprofloxacin

Study medication was started before the results of the unne culture were available to the
investigater  1f culture results showed that no orgarusm was ssolated, or that the orgarusm
tsolated was not present in sufficient quantities or was not a known uropathogen. the patient {at
the discretion of the investugator) was esther removed from the study and treated according to the
discrenion of theanvestigator or completed the protocol-descnbed treatment course and. in some
cases, al study requirements  In either case the pauent was considered a screerang failure and
was net evaluable tor ethicacy analvses The patient way evaluared for safewy
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Faclusion ( riteria

Pauents were excluded irom study participauon for reasons that would jecpardize either
patent safery or the rehability and accuracy of the efficacy data The following patients were
excluded:

women who were pregnant, nursing, or not using a medically ace »pted. effective method of
birth conuoi;

patients with recurrent unnary tract infections (greater than 3 UTls within the preceding
vear);

patients with evidence of factors predisposing to the development of urnary tract
infections. including calculi, stricture, pnmary renal disease (e.g., polycvstic renal discase),
or neurog=nic tladder,

patients with the onset of svinptoms for this eptsode of UTI for more than 96 hours;

pattents with a temperature >101°F, flank pain, chills, or any other manifestations
suggestive ~f upper urinary tract infecton,

paitents with known or suspected hypersensitivity to fosfomycin, nalidixac acid,
ciprofloxacin, or other quinolones;

patic1ts with climical evidence of severe renal impairment as deternuned by estimated
creauruns clearance of < 30 ml/min;

patients with chintcal or laboratory evidence of hepatic dysfunction,
patients who recerved theophylline, probenecid, or metoclopramide;

patients with known or suspected CNS disorders such as severe cerebral arienosclerosis o:
epilepsy. or other factors which would predispose the patient to seizures:

patent: with acute symptomatic vagirutis, MO Comment: The appiicar: did not explan why
pamrus with vaginius were excluded from the studv If a panent had a posinve unne culture (> 10" ¢fu/ml
of a uropa. v~ en and UT! symproms), I included her tn my analvsts.

pattents » . v had received treatment with other antimicrobials wittun 48 hours prior to
entry,

patients whe had recerved any investigational compound within the previous two weeks;
patients with pranulocvtopema (<500/mm’ polymorphonuclear leukocytes);

patients with presence or evidence of another sigmficant underlying disease which
preciuded evaluanon of response to therapy, inciuding states of immunosuppression;

patient el not nave the ababits o cive wnitten imformed consent
palientowns o the oppmon ef the anvesteater could not be rehed upon tor tollow-up. or
puabient v wthn e oues prior e enrollment or dunimg the trial recsived unmary

alent cie ted Deothe Phyvacians Desk Reterence as analeesies on ant-spasmodies
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Entn Procedures

Baseline assessments inciuded complete history and physical exammnation, urinalysis, unne
culture and sensitivities. blood chemistries (sodium, potassium, chlonde, carben dioxide. blood
urea mitrogen, creattnune, un:c acid, alkaline phosphatase, fotal bilimibin, SGPT, SGOT. and
cholesterol) and hematologies (hemogiobin, red blood cells, hematocnit, white blood cells,
neutrophils, lymphocytes, monocytes, eosinophils, basophils, platelets, and prothrombin ume).
Pyuna on urinalvsis was routinely assessed at baseline but not an absolute cniterion for
inclusion Urine culture results were routinely not known and the time of study entry.
Patiznts were randomized to either treatment with fosfomycin or ciprofloxacin on a 1:1
schedule. Both the investigator and the patient were blinded to the treatrnent arm (all patients
took either a dummy "fosfomycin”.sachet or dummy "ciprofloxacin” tablets).

Study Prug Reoimens and Information

The two treatment groups were:

Fosfomycin (FT) Group. Fosfomycin, 3 g single dose plus placebo tablets every 12
hours for 7 days

Ciprofloxacin (CIFRO) Group:  Ciprofloxacin, 250 mg every 12 hours for 7 days plus one
placebo sachet taken on the first day of dosing

Fosfomvcin was supplied as single sachet packets contaimng 3 g of fosfomycin or idenucally
appearing placebo.  Ciprofloxacin tablets were obtained from , 1n bulk. They were
packed in individual blister cards, each containing fourteen (14) 250 mg tablets of active drug
or idenucally appearing placebo  The control agent, ciprofloxacin, was not altered in anv way
but 1t was repackaged so that 1t could be blinded for this study. Ciprofloxacin 250 mg was
adminstered every 12 hours for seven days (a2 dosage recommendation in the approved
manufacturer's Package Insert).

Each sachet and each blister card was labeled to show the sponsor, patient 1cenufication.
patient number, directions for use, and storage conditons. The label consisted of idenncal
fixed and rear-off portions The portion of the label that was tomn-off when medication was
dispensed was affixed to the appropriate page of the case report form. All unused study
medication was rerurned to the sponsor.

The studv drugs used were the following:
Fosfomvan wromethamine, 3 ¢ sachet (Baich Nos 01268 and 11608)

T

Criprotionaain 230 mg tabler (Hatch Nos SP-01-32 and KQ-9-35. Manufactured by

Places  wochet Hatch =0 0].097 Placebo wablets (Hatch No RN-14.02,
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Assessments

Study Day Visit Name

Day 0. Visit |
Days 2-4 Visit 1A
Days 5-9: Visit 2

Days 11-15: Visit 3

Days 35-49:  Visit 4

Baseline assessments ncluded urtnalysis, unne culture, complete
history and physical examination, blood chemistries and
hematologies.

Patients were contacted bv phone. If symptoms persisted, patiems
returned to clinic.

Visit with re-evaiuation inciuding history and physical examination,
MSU cultare, and uninalysis. This visit represents either the 5-9
day post-treauncnt visit for patients who received fosfomycin or an
end-of-therapy/ just-off-therapy visit for patients who received
ciprofloxacin.

Visit with re-evaluation including history and physical examination,
MSU culture, and urinalysis. This visit represents either the 5-9
day post-treatment visit for patients who received ciprofloxacin or a
2-week post-therapy visit for patieais who received fosfomycin.
Visit with re-evaluation including history and physical examinpation,
MSU cutture. and urinalysis. This 1s the 4-6 week post-therapy
tollow-up.

Outline of Study Procedures and Visits (MON-US-01)
VISIT
1 1A' 1 3 4
ASSESSMENT/ Raseline Day 2-4 Day 59 Day 11-15 4-6 Week
OBSERVATION Dray 0° Post-Therapy
Tn_clus.'onfEchus:on g
Informed Consent P a
Medica) History v
Physicat Examanation v - v
Vital Signs v / v v v
Clinical £valuation v / J v v
Pregnancy Test® v
Bactenology
CQuantiative Urnine Culture v 7/ v v o
and Susceptibility
Lininatysis v v v/ 4 v
Hematalegy v v 7/ -
Chemastry v s s ——
Adverse |yents v v v v v
A\ droare recnrded rowgphout thes (eport &y snowe dhiong [iae U+ [3as of frrs) desor o Usal the wm.n-»\“_-
wlennitee e ot dosing as Dlas !
T PA s A aphiand vastt Bither g teieplone contdet or g0 was conducte.) a0 s nnee

T Rear e and Arrum PMEENANCY 184 awere 1 Do prrtomed on Al femaies 0 Wikt branne frcnngl
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Applicant’s Evaluability

The applicant performed two analyses for efficacy and defined evaluability in each as foliows:

l. Intent-to-Treat (ITI
Patients was analyzed in the efficacy analyses of the wtent-to-reat (ITT)
population If they were not screening faiiure. (i.e., I/ they had a uropathogen >
IOP cfu/ml). Medical Officer’s Comment: The applicant’s {TT analysis is a
modified intent-to-trear analysis since screening failures are nor included.

j

Evaluable Populatic.i
Patients was analyzed in the efficacy analysis of the evaluablie population if they
were
a- not screening failures
b- if they were found to have uropathogens that were susceptible to both
antibiotics
c- 1f they were compliant with taking studyv inedication (i.e., took >» 10 1ablets
of study medication)
d- if there were no protocol violations. Such protocol deviatiens of study
inclusion or exclusion critenia that precluded patients from ¢fficacy parameter
analyses included:
I- > 3 UTIs withun the past year,
2- active symptoms of vagiitis, MO Comment: | didn't exclude
polients with vaginifis frem my
anolysis.

3- predisposing factors for UTI,

4- administration of anumicrobtal 48 hours prior to study,

5- administration of ar~'~=sic/antispasmodic, AMQ Comment: Only a
fow patients were
excluded for this reason.

6 UTI symptoms occurred > 4 days, and

7- ather (evaluability reviewed prior to breaking the blind}

e- 1If the medical monitor deemed them appropriate for analysis
N.B. Tae medical monitor did not disqualify patents from analysis solety
because of deviations from enfry or study criteria. Patients were excluded
from the efficacy analysis in the EVALUASBLE populfation if, in the opinion
of the medical monitor (after blinded review of medical and surgical
histories), extenuating circumstances that compromised the validity of patient
data warranted sard exclusion.
Medical Officer’s Comment The medical cofficer examined those cases
made unevaluahle by the medical monuor due 10 “extenuating circumslances
thar compromiyed the validin of panent data”  These were all patienis. who
tn the oprgon of the investigaror, w2t mcluston and exclusion criterta and
were appropriate for enroliment tn un uncomplicated UTI ncarment tral.
The medical officer reviewed rhe information and excluded onty panenis with
clear-cui risks for complicated UT7 (lustory of stones, strictures. neurogentc
tladder. ¢ic )
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Medical Officer’s Evaluability

The following criteria were used by the Medical Officer to define ev .luability for efficacy:
] women > 18 years of age with clinical signs and symptoms of acute cystitis,
2 a positive unne culture (defined as growth of a uropathogen > 10° cfu/ml),

3. medical hustory, physical examination and laboratory assessments (including urine

culture) at
Visit | Day 0 Entry
Visit 2 Days 5-9 This visit represents either the 5-9 day post-treatment visit

for patients who received single-dose fosfumycin or an end-
of-therapy/ just-off-therapy visit for patients who received a
seven-day course of ciprofloxacin. _MQ Comment: The
applicant accepted day 5-11 for visit 2, and I did the same
for the sake of consistency in timung of visits. Throughout
the rest of this review, “days 5-11" will be used to describe
visit 2.

Visit 3 Days 12-18 This visit represents either the 5-11 day post-treatment visit
for patients who received ciprofloxacin or a 2-week post-
therapy visit for patients who received fosfomycin. _MQ
Comment: Study days "12-18" were derived by simply
adding the "5-11" day follow-up to a 7-day long course of
cipro fi.e., 5+7=12, 11+7=18).

Vot 4 Days 3549 This is the 4-6 week post-therapy follow-up. MQ Comment:
The applicant did not require this iong-term follow-up for a
patient to be included in their evaluable pool or modified ITT
analysis. The majonty of parients did have a long-term
follow-up ar least 25 days afier the last dose of aruibiotic. 1
required this long-term follow-up for patients to be included

in my efficacy analysis.
4. evidence of compliance

MO Comment- Since all panents were adnumisiered fosfomycin in the phvsician's
office. there was 100% compliance with the sachet.  The appiicant excluded from the

evaluable pool fosfomycin-treated pauents who did not take all their “dummy" cipro
tablets [ included these patienis vr my efficacy analysis. For panients treated with cipro,
~omplicnce was defined. per protocol, as kg - 10 1ablets of study medication
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Qutcome Assessments

Applicant’s Bacteriologic Efficacy Definitions'

Bacreriological Cure.

A patient was defined to have a bacteniological cure if the following criteria were satisfied:

I. A culture was taken within the {oliowing 2ppropriate ime windows (Primary
Evaluation Windows), when the 1iratial oeatment occurred on

Day 0O:
Stuay Drug T .ne Window Visit Number
Fezfornycin Days 5-11 Visit 2 ]
Ciproflexacin Days 12-18 Visit 3

2. All of the uropathogens, found a! baseline at levels >10° cfw/mL, were reduced to
levels <10 CFU/ml as evaluated in the Primary Evaluation Windov,. 1f more than cne
sample was taken within the window, the worst case was used.

MO Comment: I used the term bacteriologic eradication and defined i1 as all

uropathcgens, found at entry ar > 10° cfu/mL, reduced 1o < 10° cfu/mL by the "5-11
day" posi-treatmen: visit (visit 2 for FT patients, visit 3 for Cipro patients).

Bac:enological Failure:

1 A patient who met Criterion #1 above and failea to meet Critenion #2 above was a
bacteninlogical failure.
MO Comment: A failing patien: can present oulside of the above time windows, since
clinical symptoms may re-appear at any uume and prompt an unscheduled visit. This
information needs to be captured, and i1 1s a critical difference berween the
applicant’s analysis and mine, as illusirated by patent e presented
with UTI symptoms 12 days after receiving a single-dose of fosfomycin. A urine culture
Jfrom that visit was positive (> 100,000 cfu'ml of the o, ;ginal pathog=n, K. pneumomae).
The discontimuation reason noted by investigator was "treatment failure”. The applicant
assessed the patient's bacteriologic outcome as "no sample”, and chinical evaluation as
‘no evaluanon”. [ classified the patient as a bacizriologic persistence/ciimcal farlure.

MO Comment I will note tn comments any differences i deftruions of microbiologic
oulvome assessments bebween the applioant and me



[

T

57 Fosfomvein Tromethamine (AMonurc I®)
'S Clinical Trials- Studv 0)

NDA 50-717

Applicant's Bacteriologic Efficacy {Jefinitions (conunued)

Bacteriological Failure: (conunued)

2 For ciprofloxacin patients, the results frem the Visit 2 culture were used if the Visit 3
culture was not available. In that circumstance, if dunng Visit 2, one or more of the
uropathogens found at baseline at levels > 10° CFU/mi were at !zvels >10* CFU/ml and if
the patient had an overall clinical evaluation of treatment of uncomplicated UTI that was
classified as either improvement or failure, the patient was consid=red to have a
bactenological failure

MO Comment. Patients on ciprofloxacin, evaluated on day 5, could have cs many as 3
more days of cipro 1o take (3/7= 43% of the course} to complete their week-long

regimen of therapy. Hence, [ don': agree with making a final assessmens of a cipro-
treated patient's outcome based solefy on visit 2 unless clinical symptoms were not
improving or were worsening compared to baseline and warranted switching o
another antimicrobial,

Supeninfection.

Supennfection was defined as the growth of >10° CFU/ml of urine of a pathogen other
than the baseline pathogen during the course of active therapy. By definitic, this
outcome could only occur for patients in the ciprofloxacin group as the fosf mycin
group was ireated with only a single dose of therapy. Thus, for ciprofloxacin-treated
patients, if during Study Dayvs 1-6, a pathogen not found at baseline at a level >10°
CFU/mI] was found at a level 210° CFU/mi, the patient was considered to have a
superinfection.

Recurrence:

A patient was considered to have a recurrent infection tf the fotlowing critenia were
satisfied:

; A culture was taken within the appropriate ime window [visit 3 (study days 12-
18) or visit 4 (4-6 weeks posttherapy) for fosfomycin, visit 4 (4-6 weeks
posttherapy) for cipro

N The panent had a documented bactenological cure 1in the Primary Evaluation
Window
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Applicant’s Bacteriologic Efficacy Definitions (conurued)

Recurrence: (continued)

3. One or more of the cultures evaluated after entation of a cure showed that
the original pathogen, which was at a level =10 CFU/ml at baseline, was at a

level >10° CFU/ml.

MO Comment: I defined the time frame for bacteriologic recurrence as anytime after
documentec eradicarion at the 5-11 day posi-trearment window, up to and inciuding
the 4-6 week post-therapy visit.  considered a positive culture > 10° cfu/ml of the

oniginal uropathogen.

New Infection:

A patient was considered to have a new infection if the following criteria were satisfied:

1. A culture was taken within and/or after the appropriate time window
2. A pathogen, other than the species found at baseline at a level >10° CFU/ml, was

present at a level >10° CFU/ml.

20 Comment: New infections can be documented in scheduled visits ("appropriate time
window") as well as unscheduled visits prompted by a symptomatic paiient. I defined the
ume frame for new infections as anviime after trearment finished.
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Applicant’s Clinical Efficacy Definitions

The invesugator provided an overall cliucal evcluation of the patient’s response of
uncomplicated UT] made within the same time wirdows as bactenological evaluation (Visits
2 and 3). Parameters assessed inciuded flank tenderness, suprapubic tendemness, frequency,
dysuria, burrung and urgency. Symptoms were graded on a scale of 0-3 (0=absent, 1=miid,
2=moderate, 3=severe). The possible clinical outcomes were cure, improvement, failure, and
not assessable

Cure:
All pre-therapy signs and symptoms had subsided in a reasonable period of time with no
evidence of their resurgence at the follow-up visit 5-11 days after the first/last dose of

fosfomyvcin. or 5-11 davs after the last dose of ciprofloxacin.

Improvement.
Most, but not all, pre-therapy signs and symptoins had subsided in a reasonab period of

time but without complete resolution at the follow-up visit 5-11 davs after the rstlast
dose of fosfomycin or 5-11 days after the last dose of ciprofloxacin.

Failure:
This was defined as no apparent response to therapy. This included persistence of all pre-
therapy signs and symptoms at the follow-up visit 5-11 days after the first/last dose of
fosfomycin and 5-11 days after the last dose of ciprofloxacin.

MO Comment: In the appiicat’s electronic files subminted for review, only clinical
"cure”, climical “failure”, or "no evaluation” appeared as outcomes. The applicans
fumped climical improvements and failures in the electronic database and considered a
patiens with one or_more symptoms present at the follow-up visit {5-11 days after the
Jirstlast dose of jc?jomycin, or 5-11 duys after the last dose of ciprofloxacin], as a clinical
Jatlure. [ also used only cure or failure clirical assessments, dut defined clinical failure as
the presence of two or more UT] ~mptoms of any severity (or one symptom of moderate (o
severe degree) at the 5-11 day posi-treatment window. In my opinion, a patient with a single,
mild UTI-type symptom may be reasonably assessed as a cure, whereas o patient with 2 or
more on-going UTI svmptoms 5-11 days afrer treamment will likely worrant further
investigation and/or treatment, and 1s therefore reasonably assessed as a clinical failure.

Not Assessable
A chimcal judgment of cure, improvement, or failure could r * be made due to various
reasons, i.¢., improper dose or length of therapy, concomitan, antimycrobial therapy, no
pathogen 15olated, therapy discontinued due to adverse even's, inadequate colony count,
susceptidbility test not done, or lack of follow-up cultures. The tnvestigator was required to
state the circumstances which caused tic case 1o be rated as not assessable. MO Comment:
Lack of susceptibility testing did ner render a patiernt clinically unassessable in ny
analvsis Furthermore, no fosfomvcin pacent had an tmproper dose or length of therapy
fad had I sa-her admunastered in the invesugator's office).

MO Comment | will note 1n comments any differences in defimnions of climcal
outcome avsesventy benweer the appiicant and me
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Safety Evaluation

Safety analyses (adverse events, laboratory evaluations, changes in physical examnation and
body weight, and changes in vital sigh measurements) were performed on data from all
patients randomized and enrolled into the clinical study who received at least one dose of
study medication.

Safety assessments were made at all follow-up visits. Data were windowed to the following
visits depending on the day of study as outlined below:

TABLE Window of Days for Visits - Safery

Evaluations
{STUDY MON-US-01)

Visit Day*
2 5-11
3 12-18
4 > 48

' Day 015 the first day of dosing.

Adverse Events

Patients were observed and quesuoned at each clinic visit regarding any somatic complaints
they may have experienced throughout the double-blind treatment period. The true nature and
severity of the adverse event, as well as the relationship of adverse events to study drug
administration, were determined by ¢ investigator after thorough consideration of all
available facts.

Investigators graded adverse events on a three point scale, i.e., mild (discomfort without
disruption of daily activity), moderate (discomfort sufficient to raduce or affect normal daily
activity), or severe (incapacitating with inability to work or perform normal daily activity).
The investigators were requested to judge whether the adverse event was related o study
medication. The followang definitions were used.

Detinntely related: Relationship has been confirmed by discontinuatian and
rechallenge; remnission and recurrence follow a reasonable

temporal sequence
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Probably reiated

Possibty related:

Unlikely:

Not related:

Clinical Laboratory Tests

61 Fosfomycin Tromethamine (Maonuroi®. |
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Strong suspicion of drug association when type, time course, and
relationship to dosing andror dechallenge are considered.

As suggested by type, time, course, relationship to taking of
medication and external events; may follow a known response
pattern to suspected drug but could have been produced by
patient’s clinical state and/or other therapy.

Drug relationship very unlikely; no clear external cause; dees not
follow a known response pattern to drug.

Clearly pre-existing or caused by a specific extraneous event; not
worsened by the study treatment; not 2 known response pattern.

The following laboratory tests were performed within 48 hours prior to the start of therapy,
and were repeated at Visit 2 and Visit 3 (excluding pregnancy tests).

- Complete Blood (Count
[included hemoglobin, hematocnt, red blood cell count, white blood cell count
ftotal and differential), and quaniitative platelet count]
BUN and creatinine
SGOT, SGPT, alkaline vhosphatase, and serumn bilirubin
Sodium, potassium, :hlonde. and bicarbonate

- Uric acid

- Cholesterol

- Urinalysis {Included both biochemical and microscopic analysis)
- Serum pregnancy test and First Response® pregnancy test
(Performed on all females of childbearing potential)
MO Commernt: Blood glucose was not monitored in this tnal.

Additionally, the uninalysis was repeated at 4-6 weeks post-therapy.

All patients who were terminated from the study prematurely underwent appropriate
laboratory evaluations. Unexplained sbnormal laboratory tests were repeated and patients were
followed until abnormal laboratory values retummed to the normal range and/or an adequate
explanation of the abnormaiity was found.

A cenfral laboratory

was used to perform all of

the laboratory tests except the urinalysis and the unne culturc that were performed by the
local laboratory of the clinical site. The local chimical laboratories were either licensed or

accredrted.
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Study Site 01:

Stephen Kraus, M D

Georgia Chinical Research Center
SSSSgPeachtrcc Dunwoody Road
Suite 185

Atlanta, GA 30342

Study Site 02:
Michael Demet, M.D.
3711 Garfield Street
Hollywood, FL 33021

Study Site 03:

Lawrence Schewminger, M.D.
Department of OB/G YN

Robert Wood Johnson Medical
School

| Robert Wood Johnson Place
CN-19

New Brunswick, NJ 08903-0019

Study Site 04:

Boyd Farr, M.D

Ogden kesecarch Foundation
4650 Harrison Boulevard
Opden, UT 84403

Study Site 05:

Elisabeth Evans, M.D
Overlake Obstemcians &
Gynecologists

1800 116th Avenue, Northeast
Believue, WA 98004

Study Site 06:

Hector Medina, M.D.
2950 Whlcplc Avenue
Redwood City, CA 94062

Study Site 07:

MT Dou las, M.D.

Director of Medical Research
Green Chinic

1200 South Farmerville Street
Kuston, LA 71270

Study Site 08:
Richard Isenberg, M D
Three Cooper Plaza
Suite 211

Camden, NJ 08101

Study Site 09:

Martin Marks, M D
43i2 Beli Shoals Road
Valnco, FL 33594

Study Site 10:

Gregory Collins, M.D.
Randolph Intemal
Medicine

1900 Dandolph Road
Suite 812

Charlofte, NC 28207

Study Site 1!:
Chnstophcr Rheams,
Hl Iand Clinic

5 East Bert Kouns
lndustn'al Loo
Shreveport, LA 71135-
1455

Study Site 12:

David Lustig, M.D.
Grouvp Heal
2915 Clifton Avenue
Cincinnati, OH 45220

Study Site 13:
Justine Marut-Reilly,
M.D.

Pediamc Urology
300 State Street
Suite J01A

Enie, PA 16507

Stud Site 14:

nald Pruitt, M.D.

Associates

Study Site 17:

Herbert A. Soper, M D
Piedmont Research Assoclates
1901 South Hawthome Road
Suite 308

Winston-Salem, NC 27103

Study Site 18:
Mlc-nael Basista, M.D.
Immedicenter

'358 Broad Street
Ciifton, NJ 07013

Study Site 19:

Joseph L. DesRosiers, M.D.
1301 West 38th Stre=t
Suite 403

Ausun, TX 78708

Study Site 41:

Stacy Childs, M.D.
Shel Profcssmnal Building
Suite

1006 Flrst Street North
Alabaster, AL 35007

Study Site 42.

Peter J. Costantini, D.O.

Jersey Research Foundation, Inc.
1001 North Main Street
Pleasantville, NJ 08232

Study Site 43:
Roben Guthrie, M.D.

Medjcal Research Institute Ohio State Unwersny Medical

Building C, Suite 407
397 Wallace Road
Nashville, TN 37211

Study Site 15;

John lmig, M.I
Boulder Medical Center
2750 Broadway
Boulder, CO 80304

Study Site 16:
Stephen L.emer, M.D
Division of Infectious
Diseases

Harper Grace Fospital
3790 John Roud
Detroit, M1 48201

School
456 West 10th Avenue, 1142 UNC
Columbus, OH 43210

Study Site 44:
Abdollah Iravani, M.D.
Central Flonda Medical
Research Center

85 W. Milier Street
Suite 202

Orlando, FL. 32806

Study Site 45:

William Patterson, M D
President

Birmingham Research
Group, Inc.

6869 Fifth Avernue South
Birmingham, Al 35212
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Study Site 46:

Harry Serfer, D.O
6448 Pembroke Road
Hollyweod, FL 33023

Study Sit~ 47:

Dennis Jurcsak, M.D/
Gary Stein, Pham: D
Michigan Siate University
Olin Health Center

East Lansing, MI 48824

Study Site 48:

. Michael Breecen, MDD
The McGutre Clinte Inc
Family Medicine

1043 | Patterson Avenue
Rictumond, VA 23233

Study Site 49:
David Maran, M.D.
Department of Medicine

Section of Infectious Disease

L.SU Medical Center
1542 Tulane Avenue
New Orleans, LA 70112

Study Site 50:

Howard Hassman, 2 O
4205 Faimount Avenue
San Diege. CA 92105

Study Site 51:

Steven Hamack, M.D
Department Education
Research Center

Dreyei Medical Chinic, S.C
1870 West Galena Boulevard
Aurora, [L 60506

Study Site 52:
Alan Berkeley, M.D
Departm«nt of OB/GYN

Comell University Medical Center

525 East 68th Street
Room M-036
New York, NY 10021

Study Site 53:*

George Wendel jr, M.D.
Department of OB/GYN
University of Texas

Southwestern Medical Center at

Dallas
5323 Harry Hines Boulevard
Dalias, TX 75235-9032

Study Site 54 °

joseph Borzeileca. M.D
Departmen: of OB/GYN
Medical Colleges of Virginia
Box 34, MCV Station
Richmond, VA 23298-034

Study Site 54:

Elizabeth Lauber, M./

Alan Rosentha!, Pharm.D
Heartland Rescarck Center, Inc
108 North Main Street

Suite 707

South Bend, [N 4660|

Sites are not consecutively numbered
Sues ‘vere shipped drug but did not enier patients

Medical Officer’s Comment: The appl:icant did not consecutively number sites in this trial
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Thirty-two centers throughout the United States enrolled a total of 877 patients The table
helow summanzes. by center, the number of pauents enrolied, the number of patients in the
applicant's modified Intent-to-Trear (ITT) analysts, in the applicant's evaluable £VAL)
analysis, and n the Medical Officer’s evaluable (MO) patient population.

TABLE Distribution of Patients by Center - ALL Enrolied Patients
Receiving Study Medication, Number of Patients per
Treamment Group (STUDY MON-US-G1)

FT CIPRO
Center ALL Earoclled ALL snroiled
Nurm.ber (TTIT/EVAL SP/ MO) (ITT/EV.'L SP/ MC)
] 3 (/171 5 (3/313)
2 5 (2/2r2) 6 (673/6)
3 G (0) 2
4 35 (24/22/22) 35 (22721119)
5 19 (1 1/8/10) 19 (9/8/9)
6 6 (5/5/%) B (4/4/4)
7 7 (4/1i4) B (1/Q/1)
8 I (0/0/0) 2 (1/1/1)
9 10 (2/2/2) 10 (6/4/6)
10 4 (27212) 5 (2/072)
11 28 (19/15/19) 30 (21/18/15)
12 5 (3/0/3) 5 (2/0/1)
i3 1 (0/0/0) 1 (0/0/0)
14 16 (6/3/5) 17 (573/5)
15 25 (15/14/13) 26 (14/12/10;
16 7 (4/3/4) 6 (3/3/3)
17 28 (14/13/13) 28 (14/12/12)
18 23 (140711 22 (9/4/8)
19 7(17717) 7 (5/414)
4] 11 (9/6/T) 10 (B/6/5)
42 36 (27/22728) I8 (9N
43 W0 nrn 10 (9/9/8)
44 26 (26/22123) 26 (25121121)
45 13 (1i9/1D) 13 (12/8/10)
46 29 (19/17/18) 23 (17/14/14)
47 261119/16/19) 25 (17/714/14)
43 12 (6/4:4) 11 (4/4/2)
49 2000 3 (VD
50 22 (15%/13/12) 22 (15/11/710)
51 10 (8/7/8) 11 (10/7/10)
52 0 (00 1 (1/0/1)
56 bRRTATEY) 5 (0/0)
Total 32 432 (283/2311260) 445 (265/212/222)
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[~ summary. the table below presents patient numbers and percentages of population totai,
by treatment group, for each of the populations analyzed.

TABLE: Applicant’s Distribution of Patients (STUDY MON-US-01)
Analysis Group FT CIPRO TOTAL
{Population ldentifier) N (% of Pop.) N (% of Pop.) N (% of Pop.}
Pauents Randomuzed, Enrolled and 432 (49) 445 (51) B77 (1003
Treated, “Valid for Safety Analysis

(ALL)

Patients 1a the lntent-to-Treat 283 (52)* 265 (48)* 548 (100)
Group-

Valid for Efficacy Apalysis (ITT)

Pauents in the Sponsor's Evaluable 231 (52) 212 (48) 443 (100)
Group- Valid for Efficacy Analysis
{SP EVAL)

% of Pop = Percentage of Populalion, N = Number of patients
*MO Conmuent: The applicant calculated the percentages in the above igble incorrectly. The
figures should be based on the number of panernss randomized 10 each arm:

283/432 (66%) 265/445 (60%)

Applicant's Exclusions from the Modified ITT and Evaluable Patient Populations

Thurty-four percent (34%) of the patients randomized and enrolled into the FT group (149/432)
and 40% of patients randomized and earolled into the CIPRO group (180/445) were screening
failures (1 ¢, results of a unne culture performed within two days of study start did not document
growth of a known uropathogen at > 10° CFU/mL). The screen failure rate was greater in the
CIPRO group than in the FT groun (p=0.07). However, both populations were subjected to the
same cntena for defining screen failure, critenia that were determined prior to breaking the blind.
The difference in screen failure rate v/as, therefore, not considered to have compromised the
analyses of the modified ITT and EVALUABLE populations.

The 282 FT patients and 265 CIPRO patients who were not screenuing failures were evaluated as
the modified [TT population Of \hose, 82% (231/283) of the FT patients and 80% (212/265) of
the CIPRO patients were deemed evaluable for efficacy analysis by the applicant and identified

as the EVALUABLE populauon

Not all patients classified as EVALUABLE population met all protocoi-defined entran-e
cntena  The EVALUABLE subpopuiation was compnised of those ITT patients who, in the
optnion of the medical monitor, had uncomplicated UTI based on medical and surgical
tustory, and for whom the istially suscepuible, UT1-definung uropathogen was found to be
susceptible to both fosfomycin and ciprofioxacin  In addition, EVALUABLE patients were
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required to have taken at least 10 of 14 study medication tablets

Of the 105 patents who we e excluded trom the evaluable population compared to the
modified ITT, 52 were 1n the FT group and 53 in the CIPRO group Most pauents were
excluded because susceptibility o1 the infecung uropathogen to both drugs was not
established Thirty-scven patients in the fosfomycin group and 41 in the ciprofioxacin
group hac pathogens that were not susceptible to both study drugs. Of the remaining
patients {potentially EVALUABLE), ten ITT patients (seven FT, three CIPRO) were
excluded from the EVALUABLE population, prior to breaking the blind and after review
of each patient by the medical monitor, for baseline deviations of protocol entrunce
requirements.  Finally, of those still remaining, seventeen IT1 patients (eight FT, nine
CIPRO) were excluded from the EVAILUABLE population because they were not
compliant with study medicatien (took <10 tablets). There was no statistically significant,
between-group difference in tne number of patients considered evaluable for efficacy
analysis (p=0.67)

Medical Officer's Comment My analysis differed from the appiicant’s and resulted 1n
larger numbers in my evaluable pool of patients for several reasons:

! [ examined the case record forms, 1n a blinded fashion, of patients exclufed from the
evaluable pool by the medical momitor. If the investiorior documented that the patient
met all inclusion and exclusion criteria, and th.cre was no history recorded to indicate
that the patient was predisposed to a complicated UT] (stones, strictures, polycystic
kadneys, neurogenic bladder), then | included such a patient in my evaluable pool.

2. If a fosfomycin-treated patent did not take the entire course of "dummy" cigrofloxacin
tablets, | considered such a patient appropriate in the evaluable population in order to

capture information on the efficacy of fosfomycin.

3. [ did not exclude patients because sensitivity to botn Jdrugs was not measured or an

1solate was “resistant” or “intermediate” in susceptibility to study drug(s).

a- Many mvesngators followed patients with "resistant” isolates until the end of the
study. By the time culture and sensitivity results were availal -, patients were
already several days beyond single~dose treatment or several days into a [0-day
treatment regimen. Their climical course guided the investigator at that point, not
the susceptbility resulis.

b-  Resistance 1s usually defined relative to serum, not urine levels

c-  The NCCLS has found problems with the breakpoints for fosfomycin. The applicant
presented chimcal and microbologne data o the NCCLS, and due 1o the commuttee's
luck of confidence in the resuits of the quality control strains for in-vitro testing, the
NCCLS commuttee could reach no conclusions regarding the breakpoints. The
applicant was advised (o find a solution (o their in-viiro testing problems
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Medical Officer’s Exclusions from the Evaluable Population

Reason Fosfomycin Ciprofloxacin
Protocol violation 3 5
Lost to follow-up 12 (2
Adverse bvent 1 4
Concomitant 7
Antimicrobials/other

[ntercurrent [tness 1 3
Missing or late 5-11 5 12
day posttherapy vistt

Screening failures 149 180
Total Unevaluabte 172 223
Total Evaluable 260 222
Total Enrolled 432 445
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Demographic and Baseline Characieristics

A total of 877 female patients were enrciled into the MON-US-01 citnical study across 32
centers. Four-hundred thurty-two patients (49%) werz randomized to the fosfomycin (FT)
treatment group and 44° patients (51%) were randomized to ciprofloxacin (CIPRO).

Patient race and age were recorded as basic demographic data. These parameters and other
baseiine charactenistics (height, weight, birth control method, UTI history, and urogenital
surgical history) were evaluated to determine the similarities and differences between
treatment groups.

TABLE: Demographic Summary (Race and Age) - ALL Enrolled Pattents (MOiN-US-01)
T CIPRO Test Group Comparison
[N=432] {N=445] (p-value]

No Pts. (%) No. Pts. (%)

Race

Caucasian 374 (87) 398 (89) 0.27
Black 41 (9) 28 (6)

Hispanic 13(H 11(2)

Asian 2 {<l} 6 (1)

Other 2.(<p) 2 (<1)

Age Range (Years)

204 (47) 205 (46) 0.59
153 (35) 171 (38)
40 (9) 4% (11)
I5(8) 20 (4)
Age (Yeary)
Median 2o 33.0
rean 36.0 5.5 0.61
Standard Deviation 15.8 14.5
Muumuw ,
Maxumum

Number 432 445
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TABLE - Demographic Summary (Height and Weight) - ALL Enrolled (MON-US-

an
FT CIPRO Test Group Companson
[N=432] [N=445] fp-value}

Height (Inches)
Median 65.0 64.0
Mean . 64.6 644 a.12
Standard Deviation 2.6 28
Minimum
Maximum
Number 427 443
Weight (Pounds)
Median 137.0 136.0
Mean 146.0 144.6 0.57
Standard Deviation 339 342
wrimum
Maximum
Number 431 443

Medical Officer’s Comment: For all patients enrolled, the two treatrment arms were
balanced with regzrd 1o age, race, weight and sex. There were no appreciable
changes in anty parameter (race, age, or weight) in the derived populanns
(applicant’s intent-to-treat, applicant’s evaluable population, or the medical officer’s
evaluable population). For the sakc of brevity, I wiil not reproduce those tables here.
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Methods of birth control urdized by patients entering the tnal also characterized the
p-.uiations. No staustically significant differences were noted tn betwezn treatment group
compansons of birth ccuttol practices.

TABLE: Birth Control Methodology* -
MNumber of Patients Using Each Method - ALL Enrolled Patents
(STUDY MON-US-0L;

Birth Control ALL
Methods Enrolled
FT CIPRO Treaiment Group
[N=432] [N=445] Comparison
Na. (%) No. 1%} [p-value}
Oral contraceptive 142 (33) 137 31) 0.52
Intrauterine device 20 (<) 0.62
Craphragm 9 12) 20 (4) 0.06
Condom 105 (24) 114 (. &) 0.70
Spermicide 81 (19 92 (21) 0.50
Sponge 13 11 (2) 1.00
Abstinence 5(1) 11 (2) 0.21
Surgically Stenlized 118 (27} 115 (26) 0.65
Other* 59 (14) 58 (13) 0.84
* Note that patients may have utilized more than on¢ method of birth
control,
#  Other methods included: jelly, condoms/foam, contraceptive foam, and
pariner sterilized

Medical Officer’'s Comment: Twice the number of cipro-treated patients used
diaphrcgms as a method of birth cor. rol. This difference did not achieve staristical
significance. It is of interest thar Fihn et al. were able to define use of a diaphragm,
together with a history of recurrent UTT and high colon, count in the urine (> 10°
¢fu/ml), as risk factors that predisposed for failure with single-dose treatment in a
study of trimethopnm/sulfamethoxazole, single dose versus 10-day treatment (Ann
Intern Med 1988:108:350-7).
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TABLE: :)JTI and Urogenital Surgﬂml History - ALL Eorolled
atients (STUDY MON-US01)
FT CIPRO Test Group
N=432] [N =445] Comparison [p-value]

Number of Days Symptomatic*

0 65 (15) 71 (18) 0.57

1 170 (39) 164 (37)

2 126 (29) 146 (33)

>3 71 (16) 64 (14)

UTls in Previous 12 Months*

0 298 {69) 308 (69) 0.33

1 B6 (2) 102 23)

379 28 (6)
23 11 (3) 7(2)

Previous Surgery
None recorded 382 (88) 395 (89) 0.61
| year pnor T{2 3(<1)
2 years pnior <) 3(<1)
2+ yeans prior 40 (9) 44 1)
() Peroentage

*Duse date mipus symptom onset date.
*Not incjuding current UTI.

Medical Gua  's Comment: For all enrolled, the treatment arms are balanced with
respect to duration of UTi symptoms prior to enrollment, number of UTls in the previous
12 months, and prior urcgenital surgery. For the denrived patient populations (modified
Inteni-to-Treat and Evalunble), the treatment arms are also balanced with regard 10 UTI
and urogenital surgical ! tory. The overwhelming majority (90%) of patients in each arm
had I or no urinary trac. .afections in the 12 months prior to study entry.
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Microbiologic Efficacy

Applicant’s Analysis: Bacteniological Evalyutior; 5-11 Days Pos!-Treatment

Among patients in the modified [TT population, 83% (2257270} of FT patients and 99%
(231/233) of CIPRO patients’ were determined to have a bacteriological cure within the
Primary Evaluation Window. The runety-five percent one-sided confidence interval for the
upper bound on the difference in the cure rates was 19.7%. Seventeen rercent (45/270) of
FT patients and 1% (2/233) of CIPRO patients in the ITT population were determined to
have a bactenological failure of therapy (p<0.01).

The table below presents the number and percentage of patients in each treatment group
who were determined to be bacteriological failures or cures and the aumber of patients for
whom bacteriological evaluation was not possible.

TABLE Applicaut’s Bacteriological Evaluation in the Primary Assessment
Window - Modified [TT Population (MON-US-01)
T CIPRO Test Group Comparison
N (%) N (%) [p-value)
CURE" 225 (83) 231 (99)
FAILURE 45 (17 2 (1) <0.01
NO EVALU/ TION i3° 32*

' 7%% one-sided confidence interval for the upper bound on the difference in the cure
rates: 19.7%

Not inciuded in Total or Percentage calculation

¢ Inclusive of four patients with E. coli type different from that at baseline

Medical Officer’s Comment: In a intent-to-treat type of analysis, a "no
evaluation” category seems odd. | reviewed the cases of the 13 FI-treated
patienus and 32 cipro-freated patierus with “no evaluation'. Of the i3
fosfomycin pasients, two were clinical failures with bacteriologic persistence
presenting outside the 5-11 day window. Of the 32 cipro patients, one was
a clinical failure with bacteriologic persistence presenting outside the 5-11
day window. There are more cipro patients (15/32, all cures) in the “no
evaluation® category simply because their follow-up (after a 7-day course of
theragy) more often fell outside the 5-11 day post-therapy time frame.

The correct 95% confidence interval is the two-sided calculation (-0.21, -0.11),
showing inferioruy.

' Note that for 13 FT patients and 32 CIPRO patients, according to the applicant, bacteriological
evaluation was not availabie and these patiems were exciuded from this analysis.
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Agglicant 's Analysis: Bactenological Evaluation S-11 Days Post-Treatment (cont.)

Among EVALUABLE patients, 84% (189/224) of FT patients and 99% (187/188) of
CIPRO patients* were determined tc have a bacteriological cure within the Primary
Evaluation Window. The ninety-five percent one-sided confidence interval for the upper
bound on the difference in the cure rates was 19.2%.

Sixteen percent (35/224) of FT patients and 1% (1/188) of CIPRO paticnts in the
EVALUABLE population were determined to have a bactenological failure of therapy
(p<0.01). :

The table below presents the number and percentage of patients in each treaiment group
who were determined to be bacteriolo~ical failures or cures and the number of patients for
whom bacteriological evaluation was not possible.

TABLE: Appiicant’s Bacteriological Evalustion in the Primary Assessment
Window -EVALUABLE Populaticn (STUDY MON-US-01)
ET CIPRO Test Group Comparison
N(%) N(%) [p-value]
CURE' i89° (84) 187 (99)
FAILURE 35 (16) (Y < 0.01
NO EVALUATION ™ 24

' 95% one-sided confidence interval for the upper bound on the difference in the cure
rates: 19.2%

Not included in Total or Perentage calculation

¢ Inclusive of four patients witn E. coli type different from that at Baseline

L]

Medical Officer's Comment: It is not clear wiy the applicart defined evaluability in such
a way that patients with “no evaluation” are in the evaluable pool. Based on the MO
examination of ail the parients in this “no evaluation” group, 3 of the 7 FT patients were
investigator-assessed failures (two with bacteriologic persistence), while oniy 1 of the 24
ctpro “no evaluation® patients was a failure (clinical failure with bactenologic
eradicarion). The reason for more cipro-treated patients in the “no evaluation” category
is due to more cipro patients outside the 5-11 day post-treatment window and more cipro
patients with intercurrent illnesses.

Footnote "a” in the tahle gives a one-sided 95% confidence interval. The correct
calculation to use is the two-sided 95% confidence interval (-0.21, -0.10), showing
tnfertorty.

! Note that for 7 FT patients and 24 CIPRO patients, according 1o the applicant, bacteriological
evaluation was not available and these patients were excluded from this analysis
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MO Results 5-11 DAY POST-TREATMENT
Outcome Fosfomycin Cipro
N (%) N (%}

Eradication 196 (75} 218 (98) i
Persisience 54 (21)° 2(1)
Presumed I 1(< 1)
Persistence®

New infection T (< I
Total 260 22%

MG "Collapsed” Efficacy 5-11 Days After Therapy

Qutcome tosfomycin Cipro
Eradication 203 {(78) 219 (93)
Persistence ST 2 I

Clys 15 (-0.24, -0.14), showing wnfenonty

Medica! Officer's Comment: Specific examplzs of why [ found more failures:

Patieny treated with fosfomycin, had UTT symptoms ond a positive urine culture (> 100,000
cfa/inl of the original pathogen, K. pneumonice) 12 days post-tregiment, The original pathogen was
sensinve 1o fosformyan (18mm), resistant io cipro (18mm). Discontinuarion reason noted by investigator is
“treatment failure®. The medical monitor called this patient unevaluable ("no sample, 2w evaluation®). |
classified the parient as a bacreriologic persistence with ciinical failire,

Fariens treared with fosfomyan, had UTT symptoms and positive culture (> 100,000 cfu/ml of
the onginal pathogen, K. pneumoriae) 6 days after trearmerys  Disk sensitivity to both drugs was not
peformed according to the applicani, so the pariert was dropped from the EVAL population. Investigator’s
disconninuarion reason was “trearmerdt failure®. In fac. sensitivifies were reported to both FT 21mm) and
cipro (as an MIC, 0.25). Hence, the isolate was sensitive ta banh drugs, and ! included ihe pasiens in the
rvaluable pool as a bacreriologic persistence, clinical fatlure.

Panew FT-treated pasiers was a bacteriologic failure at 5-1] day post-trearment visis with
conftruced mucroscopic pyuna. Pt was not a part of sponscr’s gvaluable group since all dummy cipro tablets
were nof [aken.

[ncludes 3 patients with resistant isolates {zone Size < Jomm) at entry:
iS saprophyticus, ‘S. saprophyticus, and /Proteus mirabilis

Includes paticnts whose cluucal symptoms had not cleared in the early posttherapy penod bul for
whom & urtne culture was not taken at the same ume Ot the 3 fosfomycin-treated patients wn thus
calegory, 2 recerved additional anumicrobials for cystius, the thurd refused further participauon in the
study The one cipro-ueated patent also received sddiional antumucrobial treatment
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Medical Offic 's Comment: Given the double-blinded naiure of the tnal design,
patients returning for the 5-11 day post-treatment assessment were represented by visit 2
for fosfomycin patients and visit 3 for cipro patients. Visit 3 (roughty 2 weeks after the
imtnation of treatment) permitted an assessment of imminend recurrences in the fosfomycin
group. It is of interest 1o note that the IDSA Guidelines for Uninary Tract Infections (CID
1992:15 Decemoar) recommends, "When shont courses of therapy are compared with
longer courses, follow-ap for both courses should be done 5-9 days after completion of the
longer course. " These data are tabulared below:

MO Results Day 12-18 of Study (5-9 days after complietion of tonger course)
Qutcome Fosfomycin Cipro
N (%) N (%)

fradication 187 (72) 218 (98)

Early Recurrence 9 (N -

Persistence s4 (210 2 ()

Presumed I(1) 1 (<)

Persistence’

New (nfection 7 (3) (<D

Total 260 a 222

MO "Collapsed" Efficacy Day 12-18 of Study (5-9 days after completion of longer course)

Outcome Fosfomycin Cipro
Eradication 194 (75) 219 (98)
Persistence 66 (25) 1)

Clg, 15 (-0.29, -0.17), showing infenionty.

All 9 fosfomycun-treated patients with early bactenologic recurrence had onginal uropathogens
sensiuve to fosfomycn (8 E coli and | Proteus murabilis)

Includes 3 patients with resistant 15olates (zone size < lomm) at entry / S
saprophvticus,
5 saprophyticus, and Jroteus mirablis)

Includes pauents whose clinical symptoms had not cleared in the early posttherapy period but for
whom a urine culture was not taken at the same time.  Of the 3 fosfomycin-treated patients in this

category, 2 recerved additonal anunucrobials for cystius, the turd refused further parucipauon in the
study The one cipro-treated pauent also received addiional anumucrobial treatrment
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Late Follow Up: 4-6 Weeks Post-Therapy

Applicant's Analysis for the ITT Population

The sponsor presented long-term bacteriological outcomes by treatment group below.

TABLE: Sponsor’s Bactcn‘oioF:caJ Evatuations of Superinfection, Recurrence and New
Infection - ITT Populanion (STUDY MON-US-01)
FT CIPRO Test
N_( %g Nq(% Grouf Cemparison
{N=283] [N=265] p-value]
Superinfection
NO N/AP 100 (100)
YES N/A G (0)
NO SAMPLE/NOT EVALUABLE® 283 165
Recurrence
NO 183 (80) 210 (96) < 0.01
YES 0r(14) 8%(4)
NO SAMPLE/NOT EVALUABLE' 70 47
New Infection
NO 255 (9D 249 (96) 0.02
YES 25 (9) 10 {4)
NO SAMPLE/NOT EVALUABLE® 3 6

' See APPENDIX 10 for list of panents for whom bacteriological evaluation could not be made.

MO{ Comment: Appendiz 10 15 simply a list of patient ID 1.umbers. No reason is given by the
icany.

» gefpancnts received only a single dose of active therapy, therefore, no FT patients could meet the
defimtion of superinfection.

< Eight (8) of these patients had E. coli type different from that at baselie.

¢ Three (3) of these patients had E. col type different from that at baseline.

*  Inclusive of {2 FT patients who were bacteriological cures, but had no final bacteriological

outcome; therefore, recurrence could not be assessed.

Inclusive of 13 CIPRO patients who were bactcriolgfical cures, but had no final bacteriological

outcome; therefore, recurrence could not be assessed.

Medical Officer’s Comment. It does not appear in the applicant's takble above that
bactenologic failures are carnied over from the 5-11 day post-treatment assessment.
The applicant doesn’t state why the 165 cipro patients could not be assessed for
supennfection. Presumably, some of these cipro patients had visit 2 (study day range
S-thondmvy 8 9 10, or 1l which was off-therapy.
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Late Foltow Up: 4-6 Weeks Post-Therapy (continued)

Applicant’s Analysis for the EVALI/ABLE Populanyn

TABLE: Bacteriological Evalustions of Superinfection, Recurrence and New [nfection -
EVALUAELE Population (STUDY MON-US-01)

FT CIPRO Test Group Comparison
N(%) N(%) (p-value
N=231} N=212)
Superinfection
NO N/A* 80 (100}
YES N/A 0 (0
NO SAMPLE/NOT EVALUABLE® 231 132
Recurrence
NO 153 (85) 173 (96) < .01
YES 28(1S5) T
NO SAMPLE/NOT EVALUABLE® so* 32
New [nfection
NO 209 (92) 196 (97) 0.06
YES 18 (&) 7 (3)
NO SAMPLE/NOT EVALUABLE* 4 9

*  See APPENDIX 11 for list of patients for whom bacteriologicai evaiuation could not be made.

* FT paticnts received only a single dose of active therapy; therefore, no FT patients could meet the
definition of supeninfection. _ ) L
Seven f?; of these patients had E. coli type different from thz! ai paseline.

¢  Three (3) of these patients bad E. coli type different froms that at baseline.

* Inclusive of 8 FT patients who were bactenological cures, but had no final bacteriological
outcome; therefore, recurrence could not Le assessed

“ Inclusive of 7 CIPRO patients who were bactcmsxslzﬁlcal cures, but had no final bacteriological
outcome; therefore, recurrence cou'd not be assessed.



ADASO-71T

'

Fosfomycin Tromethamine (Monurol®,
('8 Clovcal Trals- Sy 04

Late Follow Up: 4-6 Weeks Post-Therapy (continued)

MO Results

Qutcome Fosfomycin Cipro

N (%) N (%)

Eradication 148 (57) 192 (87)
Lats Recurrence 19 (7) 11 (5
l.ate New [nfection 10 (4) 5(2)
Late Presumed 20 63
Recurrence "

Clical Failures at g3 4(2)
the 5-11 day post-

therapy visu'

Sub-total 187 218

Early Recurrence 9 (3 0
Persisience 54 (21 2¢1)
Presumed I (< 1)
Persistence ™

New infection 7 (3} 1 (< 1)
Total 260 222

MO Comment: If one combines all patients with "eradicarion”, "new infections”, and
“clirucal fatlures with documented bactenioiogic eradication”, the data can be
collapsed as indicated below.

MO "Collapsed” Efficacy at the 4-6 Week Follow-Up

Cutcome Fosfomycin Cipro
Eradication 173 (67) 202 (91)
Persistence R7 (33) 20 (%)

Cl,y 18 (-0.31, -0.17), showing inferionty.

" These patents with “late presumed recurtence” had chinical syipioms of cysuus which reappeared at the
4.t week tollow-up, but for whom a unine culture was not done

"''These putients were clincal failures/bactenologic eradicauon at the early follow-up {5-11 days post-
therapy} who received gnother course of anumucrobial therapy based on thewr climical presentation  Therefore, a late
bactenciogic assessment could not be made
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The table below presents the applicant’s bacteriological cure rates at end of treatment, by
1solated baseline pathogen, for the modified ITT population.

TABLE Applicant’s Bacteriological Cure Rate in the Primary
Assessment Window by Pathogen - ITT Population
(STUDY MON-US-01)

FT CIPRO
Pathogens No. Cures/Total{%) No. Cures/Total(%)
Enterobacrer 0/0 (-) 171 (100)
Enterobacter aerogenes 2/3 (67) 3/3 (100)
Enterobacier agglomerans 0/0 () 171 (i5G)
Enterobacter cloacae 1/1 (100) 5/5 (100)
Enterococcus 314 (75) 272 00y
Enterococcus faecalis $/5 (109) 0/0 (-)
Escherichia coli 2017232 (87) 194/196 (99)
Kiebsiella 213 (67) 272 (100)
Klebsiella oraenae 0/0 (-) 0/0 ()
Klebsiella pneumoniae 1013 (77) 6/6 (100)
Proteus 0/1 (O 0/0 (-}
Proteus nurabilis 6/9 (6T 777 (100)
Providencia 171 (100} 0/0 (-)
Pseudomonas 0/0 (-) 0/0 (-)
Stanhvlococcus saprophyticus 59 (56) 12/12 (100)
Streprococcus Group D 11 (100) 0/0 (-)
Streptococcus faecalts 0/0 (-) 1/1 (100}

TOTAL ISOLATES

237/282 (84%)

2347236 (99%)

MO Comment: 95% Cl on all isclates is (-0.20, -0.10}, showing inferiority.
N/N = Number of patients with cure/total number of patients with pathogen
Note: More than one pathogen may have been isolated from one patient. Therefore,

the number of pathogens may exceed the number of patients.

Susceptibihity testing on S. saprophvticus showed three of the four i1solates tested out of
nine t1solates available from FT-treated patients were resistant to FT, while only one of the
13 tested out of 14 total 1solates in the CIPRO-treated patients was resistant to CIPRO).
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Applicant's Bacteriologic Cure Rate by Pathogen - EVALUABLE Populanon

The most prevalent pathogen in the evaluable patients was £. coft  In the fosfomvcin
patients, there was a total of 204 patients wath an infection caused by E. coli of which 87%
(177/204) were classified as a bacteriological cure. Among the |7 ciprofloxacin-treated
patients in whom E. colt was isolated, the bacterniological cure rate was 99% (170/171).
There were fewer than ten evaluable patients with any one other pathogen in either
treatment group.

TABLE 4.39. Bactenological Cure Rate in the Primary Assessment
Window by Pathogen - EVALUABLE Populaton
(STUDY MON-US-01)

FT CIPRO
Pathogens Ne Cures/Total(%) No Cures/Total(%)
Enterobacter 0/0 (-} 11 {100)
Enterobacter aerogenes 1/2 (50) 0/0 (-)
Enterobacier agglomerans 0/0 () 0/0 (-)
Enterobacter cloacae 11 (100) 3/3 (100}
Enmterococcus 272 (100) /1 (100)
snterococcus faecalis 2/2 (100) 0/0 (-)
Escherichia coli 1777204 (87) 170/171 (99)
Klebstella 23 (67) 171 (100)
Klebsiella pneumoruae 57 (71) 3/3 (100)
Proteus 0/1 {0) 0/0 (-)
Proteus mirabilis () 5/5 (100)
Providencia 1/1 (100) 0/0 ()
Staphylococcus saprophyticus 3/4 (75) 6/6 (100)
Streptococeus Group D /1 (100) 0/0 (-}

N/N = Number of patients with cure/total number of patients with pathogen

Cross-Reference: APPENDIX 24
Note: More than onc pathogen thay have been isolated from one patient. Therefore,
the number of pathogens may exceed the number of patients.



t!

NDA 50-717 81 Fosfomycin Tromethamine (Monurol®)
US Chrread Trials- Study 01

TABLE: Medical Officer’s Bacteriological Eradication Raie at the

5-11 Day Post-Therapy Window by Pathogen - (MON-US-01)

FT CIPRO

Pathogens No. Eradicated/Tot (%) No. Eradicated/Total(%s)
Enterobacter 0/0 () i1 (100}
Enterobacter aerogenes 23 (67) 373 (100
Enterobacter agglomerans 0/0 () 0/0 ()
Enterobacter cloacae 1 (100} 5/5 (100)
Enterococcus 3415 1 (100)
Enterococcus faecalis 5/5 (100) 0/0 ()
Escherichia coli 1757216 (81) 134/187 (%)
Klebstella 273 (67) 22 (100)
Klebsiella pneumoniae Tl (64) 4/4 (109)
Proteus 0/1 (0) 0/0 ()
Proteus murabilis 6/9 (67) T (100)
Prowvidencta 171 (100) 0/0 ()
Staphvlococcus saprophviicus 4/9 (44) L2712 (100)
Streprococcus Group D 1/1 (100} 00 (-)

219/212 (98%)

TOTAL ISOLATES 2077264 {718%)

95% CI on all isolates is (-0.26, -0.14), showing inferiority.
Note More than one pathonen may have b n isolated from one pattent. Therefore,
the number of pathogens may exceed the number of patients

Medical Officer’s Comment. The overwhelming majority of patients in both treatmens
arms had E. coli isolated as the uropathogen. No other isolate, with the exception of K.
pneumontae for fosfomvcin-treated patients and S. saprophyticus for cipro patients,
numbered greater than 10 per treatment arm.
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TABLE: Medical Officer’s Bacteriological Eradication Rate at

Study Day 12-18 (5-11 days after completion of the longer

course/cipro) MON-US-01)

FT CIPRO

Pathogens No. Eradicated/Total{®%) WNo. Eradicated/Total(%:)
Enterobacter 0/0 () 1/1 (100)
Enterobacter aerogenes 2/3 (67 3/3 (100)
Enterobacier agglomerans 0/0 () 0/0 (-)
Enterobacter cloacae 171 (100) 5/5 (100)
Enterococcus 3/4 (75) 1/1 (100)
Enterococcus faecalis 5..{10T 0/0 {-)
Escherichia coli 1677216 7T 184/187 (98)
Klebsiella 2/3(67) 2/2 (100)
Klebsiella pneumoniae /11 (64) 4/4 (100)
Proteus o/l (0) 0/0 (-)
Proteus mirabilrs 5/9 (56) 7/7 (1000
Prowvidencia 1/1 {100} 0/0 ()
Staphvlococcus saprophyticus 4/9 (44) 12/12 (100)
Strepiococcus Group D /1 (100) Q¢ (1)

TOTAL ISOLATES

1987264 (75%)

219222 (99%)

95% CI on total isolates is (-0.30, -0.18), showing inferiority.

Note: More than onc pathogen may have been isola’~d from one patient. Therefore,

the number of pathogens may exceed the number of patients.
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TABLE Medical Officer’s Bacteriological Eradication Rate 4-6 Weeks
Post-Therapy (STUDY MON-US-01)
FT CIPRO
Pathogens No. EradicatedTotal{(%) No. Eradicated/Total{%)
Enterobacter 0/G (-) 0/1 (O
Enterobacter aerogenes 23 (61 3/3 (100)
Enterobacter agglomerans A0 (-) /0 (+)
Enterobacter cloacae 171 (100) 5/5 (100)
Enterococcus 3/4 (75) 171 (100)
Enterococcus faecalis 5/5 (105) 0/0 ()
Eschkerichia coli 1497216 (6 168/187 (50)
Klebsiella 273 (67 272 (100)
Klebsiella pneumoniae 6/11 (55) 4/4 (100)
Proteus /) (O) 0/0 (-}
Proteus mircbidies 4/9 (43) T (100)
Providencia /1 (100) 0/0 ()
Staphylococcus saprophyiicus 4/9 {44) 12/12 (100}
Streptecoceus Group D i 1{100) 0/0 (-)

TOTAL ISOLATES 178:264 (67%) 2027222 (91%%)

95% CI on all isolates is (- 0.31, -0.17), shuwing inferiority.
Nuwe: More than one pz open may have been isolated from one patient. Therefore,
the number of pathogens may exceed the number of patients.
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Clinical Efficacy

The applicant made the following chmical assessments 5-1ldays posttherapy:

TABLE: Agj)ﬁcant’s Clinteal Evaluation in Pritary Assessment Window -
Modified {TT Poputavion (STUDY MON-US-01)
Clinical Outcome FT CIPRO Test Group Comparison
N(%a) N{¥a) [p-value]

Cure* 2073 1) 217(94) <01

improvement A0(¥6) 13{&)

Failure 94 0¢-

Ne Evatuation® 20 33

Y 95% one-sided contidence interai for the upper bound on the difference i the cure
rates 18.72%

* Ses APPENDIX 12 for a list of panents for whom 2 ¢linical evalvation couid not be
made

Cross-Referer APPENDIX 24 and Raw Datz Lisung 9

TABLE: Chinical Evaluation in Prunary Assessenent Wu dow - EVALUABLE Papulation
{STUDY MON-US-0I)

T CIPRO Test Group Comparison
(%) N(%s) (p-value]
Cure* 177 (83) 178 (95) <.
Failure I 1ni gy
No Evaluation® 17 24

Y

* 95% one-sided confidence taterval for the upper bound on the difference 1o the cure rates: 17.0%
See APPENDIX 13 for a list of paticots for whom a cluwical evalustion ¢could not be made.

Notz that paticots fa the EVALUABLE population. who were clinically "improved” were considered
to be clinical failures 1o dsie o2 psis.

Medical Officer’s Comunens, The applicant’s analysis with @ "no evaluation” category
requires commend. In order to be considered evatuable in the company’s "EVAL*®
population, a patient needed to have a uropathogen at 10’ cfu/ml., na protocol vialations,
orgarusm with suscepribility to both drugs, an/’ medical compliance. In addition, patients
were required to fall within the 5-11 day post-treatment window for follow-up, whether
they were cures or fatlures. I have listed the 17-FT patients and 24-cipro patients below,
wilh the applicant’s clinical assessment, mo's clirucal assessment, mo evaluability, and mo
comments with investigators' assessments. Of the applicant’s 17 “no evaluation” patierus
treated with fosfamycin, 11 were clinical fatlures according (o the investigaior and medical
officer. Of the 24 cipro parierts with "no evaluation™, 3 were clinical failures according
to the investigator and medical officer. The applica:t’s analysis underesuimates the
number of patient’s with clinical failure, more 11 the fosfomycin arm thun the cipro arm.
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Listing of Patients with "No Evalaation" in Applicant’s Clinical Efficacv Table(5-11 Days
Post-Treatu:cat)

Pt No. Treat Ap Clin Mo Clin Mg Eval Mo Comments
Cipro No Concom Antimicrobial/Other
Cipro  No Eval Cure No Toc Beyond 5-11days/Cure
Ciprc  No Eval Cure No Toc Beyond 5-11days/Cure
Cipro No Evai No Concom Antimicrobial/Cther
Cipro No Concom Antimicrobial/Other
Cipro  No Eval Cure No Toc Beyond 5-11days/Cure
Cipro  No Eval Cure - Yes Toc Study Day 18
Cipro  No Eval Cure No Toc Beyond 5-11days/Cure
Cipro Mo Eval Fail Yes Investigator: "Clinical Recurrence"
Cipro  No Eval Cure No Toc Beyond 5-11days/Cure
Cipro  No Eval Fail Yes [nvestigator: "Treztment Failure”
Cipro No Concom Antimicrobal/Other
Cipro  No Eval Cure Neo Lost to Follow-Up
Cipro  No Eval Fail Yes Investigator: "Treatment Failure”
Cipro No Eval Cure Yes Toc Study Day 18
Cipro  No Eval Cure o Toc Beyond 5-11days/Cure
Cipro  No Eval Cure No Toc Beyond 5-11days/Cure
Ciwpro No Eval Cure Yes Toc Study Day 18
Cipro No Eval No Lost to Follow-Up
Cipro  No Eval No Concom Antiumicrobial/Other
Cipro  No Eval No Lost to Follow-Up
Cipro Cure No Intercurrent Medical [lin
Cipro Cure No Protocol Viol
Cipro No Intercurrent Medical [lin
Ft No Eval Cure Yes Toc Beyond 5-11days/Cure
Ft No Eval Fail Yes Investigator: "Treatment Failure"
Ft N> Eval Fail Yes Investigator: "Treatment Failure"”
Ft MNo Eval Fail Yes Investigator: “Treatmeat Faiiure™
Ft No Eval No No Toc
Ft No Eval Cure No No Toc
Ft No Eval Fail Yes Investigator: "Treatment Failure”
Ft No Eval Fail Yes Lovestigator. ™ reatpent Failure”
Ft No Eval Fail Yes [nvestigator: "Treatment Failure”
Ft No Eval Fail Yes Investigator: "Treatment Failure”
Fi Fail Yes Lovestigator: "Treatment Failure”
Fi No Eval Cure No Toc Beyond 5-11days/Cure
Bt Fail Yes [nvestigaior: "Treatment Failure”
't No Eval Fail Yes Investigator: "Treatment Failure”
Fe No kval No No Toc
Ft No Ewval Faal Yes Lnvestigator: "Treatment Failure™

Ee No & val Cure Yes [nve.tigator: "Completed Study"/Cure
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Clinical Ffficacy (continued)
M Results 5-11 Days Post- Treatment

Fosfomycin Tromethamine Monurals.,
U Clinical Triads- Sty (07

CI” ('0-25, "0[3),
showing inferiority

Clys (-0.29, -0.16),
showing inferiority

Fosfomycin Cipro
Outcome N (%) N(%}
Cure 199 (71 213 (96)
Failure 61 (23) 9 \4)
Total 260 222
Day 12-18 of Study
Fosfomycin Cipro
Qutcome N (%) N (%)
Cure 189 (73) 212 (95)
Eariy Relapse 10 (4) 1 {<1)
Failure (carried) 61 (23) 9 (4)
Total 260 222

4-6 Weeks Post-Treatment

Fosfomycin Ciprofloxacin
Outcome N (%) N(*4)
Cure 153 (59) 196 (88} CL, (0.37, -0.22),
showug infenority
Relapse 16 (6) 14 (6)
Unassessabie'? 20 (B) 2 (b
Sub-total 189 212
Early Rclapsc(Mcd) 10 (4) 1 (<1
Failure {carried) 61 (21 9 (4)

' f ssessment at the 5-11 day window was clinjcaj cure/bactenologic persistence, and patient was re-treated
with anubiotics  Thus, a late clinycal assessment 15 not possible
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SAFETY EVALUATION

All patients randomized 1o receive study drug were included in the safety assessment: 432
patents trcated with fosfomycin and 445 patients treated with ciprofloxacin. Those assessments
included: incidence and seventy of adverse events, discontinuations from study due to adverse
event and intercurre’ illness, and changes in clinical laboratory findings {ser.a and urtne).

Adverse Events (AEs):
Deaths: There were no deaths in this study.

Discontinuation due to AEs:

Six patients in each of the weatment groups (1% of each group) were discontinued from the
study due to adverse events. The adverse events requiring discontinuation from study for
fosfomycin-treated patients were: diarrhea 12 one patient, diarthea, abdominal cramps and
vertigo in one patietni, hives in one patent, herpetic vulvovagiratis requiring hospitalization in
one patient, transient elevations 1n serum enzymes in one patient, and stomach pains/gas in nne
patient. Among ciprofloxacin-treated patients who discontinued from the study due to adverse
events, the following were reasons given: rash in two patients, tachycardia in one patient,
nausea and headuche in one patient, nausea, headache and dizziness in one patient, and dizziness
i one patient.

MO Comment: According to the investigators’ assessmernts, 11/432 (3%) FT-treated patients
and 13/445 (3%) cipro-treated patients discontinved due to adverse events. It is not clear how
long "continuous™ symptoms lasted, since the patient was dropped from the Study and no
further information was provided on the case report form:

AE AE

Patient Rx Adverse Event (AE) 1" Dose Start Stop

Ft Mild Diarthea 5722/9i 5/22/91 52591

Ft Mod Hives/Urticana 2/26/91 22191 /191

Ft Mild Abdom Cramps B/6/91 8/6/91 continuous

Fr Severe Diarrhea 8/6/9] 8/6/91 conptinuous

Ft Mild vertugo 8/6/91 8/6/91 continuous

Ft Severe Herpetic 10/27/92  11/9/92 11/16/92

Vulvovaginitis

Ft Mod Hiatal Hernia i0727/92  11/9/92 continuous

Ft Mild Yeast [nfection 10727192 1V/192 1177192

Ft Severe Abaormal Labs 4/24/92 5/8/92 7123192

Ft Moderate Gas 2/17/93 V1793 225193

Ft Moderate Stomach Pains 2/17/93 2/171/93 2725193

Cipro Miid Rash 5/10/91 511191 5/13/91

Cipro Mild Rash 7726491 7r28/91 7/30/91

Cipro Mod Diarrhea 7723192 7124192 1/24/92

Cipro Mod lrreg Heartbeat 7123192 7/28/92 7129/92

Cipro Mod Ontho Dizziness 123192 12592 7/30/92

Cipro Mod Queasy Stomach 723192 125/92 7/30/92

Cipro Severe Diarth=a 6/12/92 6/15/92 6/16/92

Cipro Severe Headache 6/12/92 6/14/92 6/16/92

Cipro Mode-ate Nausea 6/12/92 6/12/92 6/16/92

Cipro Moderate Dizziness 7722192 1722192 continuous

Cipro Moderate Headache C 7/22/92 7722192

Cioro Mild Nausea C 122/92 7/22/92

Cipro Moderate Dizzy 1728/93  1729/93 1730/93
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Tweltve patients {5/432 FT, 7/445 CIPRO) were discontinued from the study due to interzurrent
illness. The illnesses requirng discontinuation from study for FT patients were: urethral
irmtation with white vaginal discharge in one¢ patient, pleunisy, bronchitis and congestion in one
patient, vaginal infection in one patient, upper respiratory tract infection in one patient and
sinusitis in one patient. Among CIPRO patients who discontinued the study due to intercurrent
illness, the following reasons were given: breast infection in one patient, bronchitis in two
patients, bronchial upper respiratory infection in one patient, acute vaginitis in one patient,
probable gastroenteritis in one patient and diverticulitis with a Mallory-Weiss tear in one
patient.

Serious Adverse Events:

Two patients were hospttalized during the course of the study. One patient (ciprofloxacin
group) was diagnosed as having diverticulitis and diverticular abscess. Endoscnpy revealed a
Mallory-Wziss tear. The second patient (fosfomycin group) had urinary retention secondary to
severe herpetic vulvovaginitis caused by herpes. Both adverse events met the definition of a
senious event but neither were considered to be study drug related. In addition, one CIPRO
patient was seen in a hospital emergency rcom for tachycardia and another was treated as an

outpatient for a broken hand.
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Summary of All Adverse Events

ln ths clinical study, 199 of 432 (46%) FT patients and 193 of 445 (43%) CIPRO patients
reported at least one adverse event during the study period. A total of 383 adverse events were
reported by £T patients and 348 events were reported by CIPRO patients. The majotity of
these adverse events were considered to be mild to moderate in seventy. The only staustically
significant dificrence between the treatment groups was in the metabolic and numtional body
system. This difference is fargely due 10 a greater incidence of blood chemistry changes in i'T
patients than in CIPRO pauents. These laboratory changes were not considered to be clinically
significant. The table below presents the body systems and the number of events reported in
each.

TABLE Occurrencesof Adverse Events and Number of Patients (Safety Population)
Experiencing an Adverse NReaction by Body System (STUDY MON-US-01)

FT [N=432] CIPRO [N=445)
{x)ccyrtences Number Occurrences  Number Treatment Group
BODY SYSTEM of &Es aof P1s of AEs of P1s Comparison
{p-vatue]®

BODY AS A WHOLL 146 02 (33 4 042
CARDIGVASCULAR . T 6 6 0.79
OIGESTIVE 78 &0 64 51 oM
HEMIC AND LYMPHATIC 3 k! 3 3 1.00
METABOLIC AND NUTRITIONAL 1 9 3 2 0.04
MUSCULOSKELETAL 3 5 1 10 q.3¢
NERVOUS i8 17 6 {6 0.86
RESPIRATORY 34 7 5 32 0.59
SEUN AND SKIN STRUCTURES 18 16 1 19 073
SPECIAL SENSES 2 p3 8 7 Q.18
UROGENITAL L 53 L] 43 0.24
OVERALL 383 events reported by 348 events reported by 192

199 patients paticnts

‘Fisher's Exact Test
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The table below presents the individual adverse events in the "metabolic and nutritional” bod

system.

TABLE

QOccurrences of Adverse Eveats in the Metabolic and Nutritional Body System
(8§TUDY MON-US-01)

FT [(N=432] CIPRO [N=445]

Occurrences  Number % of Occurrences Number % of
METABOLIC AND of AEs of Pis. FT Pus. of AEs of Pts. CiPRO Fis
NUTRITIONAL BODY SYSTEM
SGPT Increased 3 3 07 1 I 02
SGOT Increased 2 2 0s ! | 02
Alkaline Phosphatase Ir.creased 0 0 0.0 1 i 02
Bilirubin Elevated ! 1 02 0 0 oo
Cholesterol Increased 1 i n2 ¢ 0 00
Gout | t 02 0 0 00
Hypoglycemia | i 0.2 0 0 00
Lab Test Abnormal I | 02 0 0 00
Urnic A d Elevated 1 | 02 0 ¢ 00
TOTALS il 9 2.1 3 2 04
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A verse bverts O curong in 2 1.0% of the Patients (Most Comrmon Adverse Events)

1 ABLE { currencesof Adverse Events 2 1.0%" of the Patients - All Body Systems
DY MON-US-01)
T[N CIPRO [N-445]
Occurrences ot No ol % FT  Occurrences of No. of % CIPRO Treament Group
BORY SYSE M Adverse Events Pauer s Pauents  Acdverse Events Pationts  Patients Companson
tp-valuel
Bodv as a Whole® 146 192 — 133 94 —
tHeadache 54 18 R g 56 4?2 94 082
Y east infection [3 13 0 22 20 4.5 029
Backache 16 i 15 i? I 2.5 043
Coid 1 2 9 9 2 0.2
Abdominal pain 9 . 19 2 2 0.4 (.06
Tired ) ‘ 14 2 2 04 017
Cardiovascular® 8 b — 6 6 -
Migraine S - 2 2 2 0.4 028
Digestive® ' 78 60 — 64 51 —
Diarrhea 34 33 746 22 19 43 0.04
Nausea ] i8 4.2 22 21 4.7 0.75
Sioraach upset 6 & 14 3 3 07 0.34
Nervous® 18 17 — 16 16 -
Dizziness 9 L 19 10 10 22 081
Respiratory” 34 27 — 3s 3 —
-ongestion 7 6 | 4 5 s 1.1 0.77
Cough 4 4 o9 5 5 1.1 100
Sinusitis 4 4 09 5 5 1.1 1.00
Sore throat 2 2 05 6 6 1.2 0.29
Skin and Skin 18 16 — 21 19 -_—
Structures’
Rash 10 10 23 k] 3 0.7 C.08
Herpes simpiex 0 0 0.0 5 S 1.1 0.06
Urogenital 60 53 —_ 48 43 —
Vagwa! itching 10 10 23 B g 1.8 064
Vaginitus 8 7 I 6 . 8 1.8 1.00
Urinary symptoms g 8 16 4 4 09 0.26
Menstrual cramps 7 6 14 3 i n7 0.34
Vaginal discharge 4 4 09 6 6 13 073

Full listing of adverse events in APPEND'X 15
b Total namber of adverse events for Body System
¢ Fisher’s Exact Test
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Ine table below summarizes the adverse events that were in the opinien of the investigator, probably or definels
related (o study drug admimistration MO Comment: Thus 15 a study pnmanly of young. healthy women (50% berween
& and 10 years of age. 80% berween I8 and 50 years of age). with a long list of exclusion critena detailed earlier 1n
this review that selected out panents wuh significant medical hisiones. As such. | think mosi of the adverse events
reported by patents could fit tnto the category of “possibly related 1o study drug °, if not probably or definuely

related

TABLE Adverse Events That Were Classified as Probably or Definitely Related to Study Drug
All Body Systeras (STUDY MON-US-01)

FT [N=432] CIPRO [N=445)
Occurrences of No. of % FT Occurrencesof No. of % CIPRO
BODY SYSTEM Adverse Events Patients Patients Adverse Events  Patients  Patients
Body as a Whole (Total) 9 9 — 9 6 —
Abdominal pain 1 l 0.2 0 0 0¢
Headache ! l 0.2 5 2 04
Fatigue | ! 0.2 0 0 0.0
Yeast [nfection 6 6 14 4 4 09
Carciovascular (Total) 1 1 —_ 0 0 —
Heartbeat uregular | ! 0.2 0 0 00
Digestive (Total) 1£.] 17 —_ 4 12 —
[Miarrhea 15 15 3.5 6 6 1.3
Nausea 1 1 02 7 7 .6
Abnormal stools 2 2 0.3 0 0 0.0
Dev mouth 0 0 00 1 1 02
Hemic and Lymphatic 2 2 — 1 1 —
{Total)
CBC Abnormal ] ! 0.2 1 1 0.2
Blood count fow ! 1 0.2 0 0 0.0
Metabolic and Nutritioaal 3 2 - 0 0 —
(Total)
SGPT Increased 2 2 0.5 0 0 0.0
SGOT Increased ! 1 0.2 0 0 00
Nervous (Total) 1 1 -— 1] 0 —_
insomnia 1 ] 02 0 y; 00
Skio znd Skin Struciure k] 2 —_ 2 2 —
(Total)
Rash 1 ! 02 2 2 04
Pruntus ] ! 0.2 4] 0 00
Uricana | | 02 0 0 2.0
Special Senses (Total) 0 0 — 2 2 —
Taste pereersion 0 0 a0 2 2 04
Urogenitai 5ystem (Total) 3 3 — 7 7 -
Vaginitis | | 02 5 5 M
Vapinat ltching 2 2 05 2 2 04

Overall 40 events reported by 36 patients 35 events repornted by 28 patients
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Markedly Abrormai Test Results

The Medical Monitor determined the markedly abnormal value for each laboratory parameter
evaluated and, 1n general, these were considered to be three times the upper limit of normal. Post-
baseline serum chemustry results and hematology results were screened for values that were
considered to be markedly abnormal. TABLE 4.76 presents the incidence of post-baseline serum
laboratory values considered to be markedly abnormal, for each parameter assessed.

TABLE Incidence of Serum Laboratory Values (Post-baseline) Considered to be Macrkedly
Abogormal (STUDY MON-US-01)

# PTS/ # OCCURRENCES /
# OF PTS EVALUATED TOTAL # OF PT VISITS
(%) (%)

Laboratory Farameters Markedly FT CIPRO FT CIPRO
{units) Abnormal Labs
SGOT (UL) = 150 2/339 (0.6) 0/358 (0) 2/646 (0.3)  0/650 (0)
SGPT (U/L) = 165 1/339 (0.3) 0/358 (0) 1/646 (0.2) 0/650(0)
Alkaline Phosphatase (1 1/1.) > 420 0/319 (0) 0/358 (0) 0/645 (0) 0650 (0)
Bilirubin (mg/dL} > 36 0/339 (0) 0/358 (0) 0/647 (0) 0/650 (0)
Creatimine {mg/dL) >20 0/339 (0) 0358 (0) 0/647 (0) 0/650 (0)
BUN (mg/dL) » 45 0/339 (0) 0/158 (0) 0/647 (0) 0/650 (0)
Hematocnt {%) <27 0/340 (0) 17357 (0.3) 0/628 () 1/643 (0.2)
Hemoglobin (g/dL) <95 07340 (0) 2/357 (0.6) 0/628 (0} 1/643 (0.5)
Red Blood Cells (x 10% 1) <29 0/340 (0) 0/357 (0) 0/628 (0) 0/643 (0)
White Blood Cells {(x1000/uL} <20 07340 (0} 0/357 (0) 0/628 (0) 0/643 (0)
Fasinophils (%) >10.0 0/340 (0) 0/357 (0) 0/629 (0)  0/644 (0)
Platelets (x1000/pul.) <90 07340 (0} 0/357 (0) 0/628(0)  0/643 (0)

Cross-Reference: Raw Data Listing 13
Two of the FT patients each had an elevated SGOT value that exceeded 150 U/L.

F-'~at {Center 45) was a 20 year-old woman, weight 159 Ibs., who presented to the study within one day of
w.c onset of UT] symptoms. The patient’s medical history was unremarkable. The patient was wking birth control
medication at baseline. She entered the study with moderate frequency, dysuria, buming, and urinary urgency. The
patient was randomized to the FT group and treatment was initiated at the baseline visit (Day 0). She took a!l
medication (424 - 4/30/92), and completed Visits 2 and 3 without incideat. A lab report from Visit 3 indicated an
increase in liver enzymes: SGOT = 666, SCPT = 213 (T. Bilirubin = 0.6 and Alkaline Phosphatase = 73, both
normal). These abnormalities were considered severe and, aithough follow up to resolution was required, the patient
was dropped from the study. Liver function tests were within normal limits at the evaluation done approximately 12
weeks post dosing (7/23/92)  Atthat ume SGOT =33, SGPT = 28 (T. Bilirubin = 0.5, Alkaline Phosphatase = 61)
The investigator considered the event 1o have been “unlikely” related to FT.

MU Comment: No further informarnon 15 provded about any other lab tesiing done- ¢.g., hepaniis serology  The
tnvestigator does not speculate whai these marked abnormalinies couls have been arrributed 10.
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Pateat {Center 421 was a 24 vear-old white female {weipht 10 by ) who presented to the study within one
dav ! the onset of UT1 svmptoms  The patent’ s medical history was unremarhable  Her past surgical histony
included cervical cancer with cyst removal At baseline the panient was taking fluoxetine hydrochlonide (Prozac®)ior
anxiety and calcium carbonate for any upset stomach  She entered the study complaining of severe frequency, dvsunia,
burmning. and urinary urgency and moderale flank terdemess and suprapubic tendermess  The panient was randomized
to the FT group, and trearment was imitiated at the baselin~ vasit (Day 0, 10/27/92). It was later discovered that the
baseline sample was lost and no UT! was confirmed. A foliow-up phone cali on Day 3 revealed no UT] signs or
symptoms. MO Comment: On study day 9 (11/5/92), the patieni was seen in follow-up, and no complaints were
noted. Routine blood drawn on that day for safety evaluarnion revealed a tripling of SGOT and doubling of SGPT,
(See table below.) The patient developed herpetic vulvovaginitis on Day 13 (11/9/92) and was hospitalized for
associated urinary retention. She was discontinued from the study Treatment included acyclovir begun on 11/9/92
In the opintor of the investigator, this senous adverse event (i ¢ , genital herpes) was not related to study medication
The patient recovered and was discharged from the hospual.

MO Comment: No further informatiow 1s reported wih regnrd 10 the patient’s lab abnormalities.

VISIT 1 VISIT 2

JABORATORY TEBT KORMAL RANGE UNITYS 10727792 1170592
{EMATOLOGY
Jasophiils C - 2 X 0 1
te 20 - M WEQ/L 10 10
faainophile 0 - 6 X 1 0
Hematocrit 5.0 - 46,0 X 40,9 46
Kemoglobin 12,0 - 5.4 /L 14 15.5
LyERphocyTes 18 o7 X 28 2
Monocytes c <10 ] 4 2
weutrophils 40 S &) LS o9 75
Platelet Count 130000 - 400000 PER CUMM 329000 362000
RBC 1.5 - 5.2 MiLLmCL 4 4.6
3lood Urea kitrogen 7 - 25 HG/DL 1" 12
WBL l8 <« 10.1 THOU/MCL 9.8 1.3 A

SLINICAL CHEMISTRY

Alkaline Phogphetease 20 - W0 usL 100 114
iflirublin 0.2 - 1.2 NG /DL a.2 0.2
Chloride ob - 112 HEQ/L 1’2 o L
Sholestercl 0 S 1) QDL 277 W 2T M
“reatinine 0.7 = 1,4 HasoL 0.4 0.8
Sodfium 13% - 168 MEQ/L 141 1419
Sotasci'm 1.5 - 53 WNEQ/L 6.1 5.4 H
SGOT a] . 50 u/i 84 | 164 H
SGPT J - 5% JsL 77 H 154 H
Uric Acld 2.5 7.5 K3 /DL 1.6 5.2

T Lk L R L I I R N L I P I T T T T Ly

L = BELOMW NORMAL RANGE H = AZOVE NORMAL RANGE
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MO Comment: Two other patients with increases in liver-assoctated enzymes are of note-

Pauent fcenter 19) was a¢ 27 year-old female, weight 160 tbs., in good health and taking
birth control pills only (Loestnin 21 1.5/30 (norethindrone acetate/ethinyl estradiol}. She was
randomized 10 the FT arm. Labs on study entry included SGOT 37 (0-50 normal range) and
SGPT 53 (0-55 normal range). Seven days after single-dose FT, the panent returned in follow-up
withoti complaints. Repeat safety labs showed a doubling of transaminase values (SGOT 69,
SGPT 99). Repeat labs after another week (siudy day 14} revealed SGOT 41, SGPT 94. Three
subsequent determinations over the next 3 months showed SGOT 50, 44, and 66, and SGPT 87,
104, and 97. At the last follow-up 8 months post-treatmens, SGOT was 78, SGPT 165. The
prnincipal investigator considered the abnormalities in liver-associated enzymes as possibfy related
to fosformyein

Patient (center 17) was a 23 year old female, weight 125 lbs., with a prior history of cervical
dvsplasia rreated with laser surgery and a history of manic depression treated with fluoxetine

h w.ochionde (Prozac® and lithium  for six months prior 10 siudy entry. Liver-associated enzymes
at studv entry were normal (SGOT 27 and SGPT 37). The patient took a single dose of FT and
was seen on study day 7 n follow-up: repear SGOT 147, SGPT 81. On study day 12, the values
were SGOT 54, SGPT 59.

Patients in the CIPRO group had similarly low percentages of abnormal chemistry evaluations.

No markedly abnormal hematology values weie noted in any of the FT patients evaluated. The
incidence of markedly abnormal test results 1n both treatment groups was similar and in all cases
less than }%.

Medical Officer’'s Comment on Diarrhea as an Adverse Event:

Diarrhea was noted in 8% of fosfomycin-treated patients and 4% of ciprofloxacin-treated patients
(p = 0.04). The majority of p=tients had mild 10 moderate symptoms. Mean duration of diarrhea
was twice as long in fosfomycin patients- 2 days- compared 1o less than a day in parients trected
with 7 davs of cipro. The maximum number of days of diarrhea was 13 days for fosfomycin, 4
davs for cipro. Case record forms did not document further evaluation of cases with diarrkea

fe g.. ussessment of possible Closindium difficile).
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MEDICAL QFFICER’S SUMMARY AND CONCLUSIONS FOR STUDY MON-US-01

In this first U.S. clinical trial comparing single dose fosfomycin tromethamine to a 7-day course
of ciprofloxacin in women with uncomplicated lower urinary tract infections (cystitis), efficacy
results for both microbiologic and clinical cutcome show single dose fosfomycin to be inferior to

standard therapy. Safety overall of the iwo regimens appeared comparable.

The Division has previously approved two products for short course therapy of cystitis:

norfloxacin (Noroxin®) 400 mg q12h for 3 days, and
ofloxacin (Floxin®) 200 mg q12h for 3 days.

In each case, the shomt-term treatment was clinically and microbiologically equivalent (95 %

confidence interval met) (o standard therapy for 7-10 days.

Potential advantages of single dose treatment are obvious: better patient compliance, possibie
reduced risi.  “ide effects. Whether one should accept lesser efficacy to gain these advantages

remains unclear.

The Medical Officer recommended that this New Drug Application be taken to the
Anti-infective Advisory Commuttee for further discussion. The Committee met in an open session
on July 20, 1995, and th.:ir recommendations are briefly summarized on pages 138-139 of this

Teview.
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PROTOCOL MON-US-02. ... ... o Volume 1.56-1.58

Title:

Single Dose Fosfomycin Tromethamine Versus Multiple Dose Trimethoprim/
Su'f-methoxazole for the Treatment Of Uncomplicated Urinary Tract Infections
In * Patients

Study Design

The study was a multi-center, randomized trial with double-blind, double-dummy design
comparing the efficacy and safety of Monwrol® (fosfomycin) Sachet and Trimethoprim/
Sulfamethoxazole Tablets in the treatment of adult women with acute cystitis,

Inclusion critena, exciusion criteria, enry and evaluation procedures, evaluability criteria,

microviologic and clinical outcome definitions and safety assessment were the same in this
study as in Mon-US-01.

Study Drug Regimens
The two treatment groups were:

Fosformycin (FT): Fosfomycin, 3 g single dose plus placebo tablets
every 12 hours for 10 days

Trimethoprim/

Sulfamethoxazole (TMP/SMX): TMP/SMX 160 mg/800 mg was administered
every 12 bhours for 10 dzys p'us one piacebo
sachet taken on the first day of dosing

The study drugs used were the following:
Fosfomytin tromethamine, 3 g sachet (Lot Nos. 01268 and 011608)

TMP/SMX., 160 mg/800 mg tablet (Batch No. 04064C, Manufactured by

Placebo sachets {Batch No. 01495) and Placebo tablets (Batch No. 04063C).
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Medical Officer’s Comment: In thi; second pivotal U.S. study, the comparator TMP/SMX
was administered for 10 days. Hence, Visit 3 (the 5-9 day post-trearment visit for TMP/SMX
patients) occurred slightly later than in study MON-US-01.

Table: Scheduie of Follow-up Visits (STUDY MON-US-02)
Visits Study Day Study Timepoint
1 0 First Day of Therapy
(Prior to dosing)
1A? 2-4 48-96 hrs after first
dose
2 5-9° 5-9 days after first
dose
3 14-18° 5-9 days after last
dose
4 --- 4-6 weeks after last
dose
. Optional clinic visit, all patients were either to be seen in clinic or

contacted via telephone.

For FT patients, the visit scheduled for Days 5-9 was the Primary

Evaluation Visit,

< For TMP/SMX patients, the visit scheduled for Days 14-18 was the
Primary Evaluation Visit.

Medical Officer's Commeni: This schedule of visits gave ime-frames as originally stated ur: the
protocol. To be consistent with the applicant’s extension of the "5-9 day" visit to 5-11 days post-
therapy in the first study (MON-US-01), | ssmilarly accepted panents with follow-up in the
Jollowtng ranges: visit 2 (5-11 days) and visit 3 (15-21 deys).
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LIST OF INVESTIGATORS AND CLINICAL STTES *

Fosfomycin Tromethamine (Monurol®)
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Study Site 21: Study Site 26:
William Lawrence, M.D.
Department Education Rescarch 1010 East McDowell Road

Steven Hamack, M.D.

Center Suite 300

Dreyer Medicat Clinic, 5.C. Phoenix, AZ B5006

1870 West Galena Bot evard
Aurora, IL 60506

Study Site 22: Study Site 27:

Richard Coalson, M.D Anita Nelson, M.D.

580 Lincoln Park Harbor UCLA Medical Center
Suite 266 1000 West Carson Streel
Dayton, OH 45429 Torrance, CA 90509

Study Site 23: Study Site 28:

Jerry Smucker, M.D.

Columbus, OH 43202

Study Site 24: Study Site 29*~:
Gary E. Ruoff, M.D.
Wesiside Family Medical

Craig B. Rogers, M.D.
Rockford Clinic Lu1d.
2300 Nonh Rockton Avenue Center

Rocktord, IL 61103 6565 West Main Strect
Kalamazoo, MiI 49009

Study Site 25: Study Site 30:
Kim Tam, M.D. Steven Bowman, M.D.
Nalle Clinic Mease Hospital Countryside

1350 South Kings Drive
Charlotte, NC 28207

John D. Wegenke, M.D.
Furure HealthCare Research Center Jackson Foundation/

3100 Olentangy River Road Physicians plus

345 West Washington Avenue
Madison, W1 53701

3231 McMulien Booth Road
Safety Harbor, FL 34695

Study Site 31:

David Ginsberg, D.O.
176 Main Street
Harizysville, PA 19438

Study Site 32:

Antheny Lama, M.D.
1350 South Eliseo Dnve
Greenbrae, CA 94504

Study Site 33:
Stephen Mintz, M.D.
1311 Milstead Avenue
Conyers, GA 30207

Study Site 34:

Jon Salisbury, M.D.

2 Kings Highway
Middletown, NJ 07748

Study Site 35:

Peter J. Costantini, D.O.

Jersey Research Foundation, Inc.
1001 North Main Street
Pleasantville, NJ 08232

. Sues are not consecutively nambered
y Sitzs were thipped drug but did not enter patients
‘ Mario Padilla, M.D. [1255 Hill Rise Circle, Las Cruces, NM 88001] wxs originally assigned

site #29. Dr. Padills did not enrol] any patients and his site pumber was reassigned to Dr.

Ruoff.
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LIST OF INVESTIGATORS AND CLINICAL SITES *

Study Site 36: Study Site 63: Study Site 71:
Murray Komlit, M.D. Stanley A. Gall, M.D, Richard L. Sweet, M.D.
550 West Vista Way University of Louisville Depanument of Ob/Gyn
Suite 402 Department of Obstetrics and Magee-Women's Hospital
Vista, CA 92083 Gymnecology 300 Halket Street
550 South Jackson Street Pitisburgh, PA 15213
Louisville, KY 4029,
Study Site 37: Study Site 64: Study Site 73:
Dogald B. Campbelt, M.D. Walter E. Stamm, M.D. Lee A. Fisher, M.D.
3100 Bive Ridge Road University of Washington Medical Director
Suite 300 Harborview Medical Ceater  Palm Beach Center for
Raleigh, NC 27612 325 Ninth Avenue Clinical Investigation
Seattle, WA 98104 2669 Forest Hiil Boulevard
Suite 100

West Palm Beach, FL 33406

Study Site 38: Study Site 65: Study Site 75:

Timothy Biruya, M.D. Ira W. Klimberg, M.D. Lawrence L. Pelletier, M.D.
Inland Empire lnternal Medicine  Urology Center of Florida The University of Kansas
Medical Center Building 3201 South West 34th Sireet  School of Medicine - Wichita
South 820 McClellan Ocala, FL 32674 1010 North Kansas

Suse 306 Wichita, K€ 67214

Spokare, WA $9204

Study Site 61: Study Site 69: Study Site 76:
David A. Baker M.D. Eric Wall, M.D. Abdollah lravani, M.D.
Department OB/GYN Deparunent of Family Central Florida Medical Reszarch
SUNY @ Stony Brook Medicine Center
Health Science Tower-9, Room 080 3181 South West Sam Jackson 1720 South Orange Avenue
Stony Brook. NY 11794 Park Road Suite 401

Pordand, OR 97201 Orlando, FL 32806
Study Site 62: Study Site 70: Study Site 77:
Claire Cox, M.D. john B. Gregorio, M.D. Suzanne Weakley, M.D.
Professor and Chairman Highland Clinic BioLogica Research Group, Inc.
Department of Urology, 1455 E. Bert Kouns Industrial 2700 Osler Boulevard
University of Tennessee Loop Bryan, TX 77802

956 Court Avenue, Room H216 Shreveport, LA 71105
Memphis, TN 38163

Sites are pot consecutivelv aumter=d
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Thirty centers throughout the United States enrolled a total of 854 patients. The table below
SUMUNAarzes lln%‘ccntcr the number of patients in the applicant’s modified Inient-to-Treat

analysis (MI

modified ITT, and the mcdlcal officer’s evaluable population.

), the applicant’s evaluable (EVAL) paiient populatior. denved from the

TABLE: Distributior. of Patient; by Center - ALL Enrolled Patienis Receiving
-Study Medication, Number of Patients per Treatment Group (MON-US 02)

FT TMP/SMX
Center ALL Enrolled ALL Enrolled
Number (MITT/EVAL/MO) (MITT/EVAL/MO)
21 30 (25R21724) 30 (25/18/21)
22 28 (20/16/18) 29 (17/13/12)
23 3211 ERQVAVAS!
24 1 (1/0/1) 2 (0O
25 15 (B/5/8) 16 (5/5/5)
26 14 (12/9/10) 14 (10/9/7)
27 1 (1/0/0) 2 (2/0/)
28 35 (24/20/23) 34 (21/21720)
29 2397717 22 (9/6/9)
30 37 (22/14/19) 36 (21/19/16)
31 38 (18/4/0) 40 (24/10/0})
32 (1] 2 (0)
33 7 (5/3/5) B (7/5/5)
34 20 (10/6/10) 20 (13/10/12)
15 20 (25122125 30 (18/17/18)
36 14 (8/5/4; 12 (9/4/3)
37 4 (31313) 4 (1/0/0)
38 B (6/2/6) 10 (4/112)
61 9 (4/0/4) 8 (2/0/1)
62 11 (11/9/%) 12 (12/8/8)
63 9 (4/4/4) 9 (4/3/4)
64 12 (8/8/8) 12 (9/8/9)
65 17 (151131 16 (11/8/8)
69 2 (2/172) 2 210/
70 15 (9/8/9) 16 (7/5/)
71 3 (2/0/2) 4 (2/0/1)
73 4 (3/1/2) 2 (0
75 2 (2/212) 2 (/1K)
76 10 (30/27729) 29 (27720/24)
77 3 (2/1/2) 2 (17111}
Total Number 30 425 (291/213/249) 428 (266/193/197)
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MO Comment: On analysis of the 78 patients enrolled by Dr. David Ginsberg at Center 31, the
largest enrollment by any one investigator in the siudy, I noted problems with both the
microhiologic and chimical data recorded.  The susceptibility data from this investigator's
laboratory followed an unusual pattern, with most isolates recorded as "resistant” to one or both
study drugs. [ conferred with the reviewing microbiologist, Mr. Peier Dionne, whe. agreed there
was @ problem. The applicant was asked to explain the susceptibility data at this center and
provided tne following information on June 13, 1995

*In February of 1994 it was identified that Dr Ginsberg had a significantly higher rejection
rate of patients than did the other sites. A senes of investigations were undertaken.
Ultimately it was determined that there was a systematic error occurring at [his] lab where
the microbiologist was measuring the radius of the disk instead of the disk diameter..
Appropniate measures were undertaken to prevent recurrence of the problem. At that time it
was impossible to go back and retrospectively correct the microbiology in Protocol 02 "

"We have examined the impact of this error on Protocol 02, wath the results listed below

FT TMP/SMX
Enrolled 38 40
cure rate (ITT) 16/16 (100%) 17/17 (100%)
cure rate {evaluable) 4/4 (100%) 8/8 (100%)

Thus, the impact of the error in zone size 1s mimimal on the prnimary efficacy vanables.”

Inadditon, Dr. {nnsberg assessed as climical failfures 4 patients in the FT arm and 2 in the
TAMP SMX arm. What became of some of these climical failures is not always clear, as
tlustrated by the following examples

Patient wvas treated with a single dose of fosfomycin, subsequently developed
severe flanl: tenderness and was assessed by the investigator as a treatment failure. Yet, the
ivesiigator documents no further treatmem given, no post-therapy antimicrobial medication
prescribed  Likewise, patient treated with TMP/SMX, was still symptomatic with
mild frequency and burning after taking a week of the drug. The investigator commented,
"Patient dropped from study because symptoms worsened, organism resistant to Bactrim.”
Tkere 15 no record of other treatment given, of post-therapy anumicrobial medication required

Because of concerns about the validity and relability of these daia, [ chose not to include Dr.
Crnnsherg's patients in my analysis.



;]

NDA §0-717 103 Fosfomyein Tromethamine (Monurol®)
US Climical Thals- Study 02

The iable below summanzes patient numbers and percentages of population total, by treatment
group, for each of the populations analyzed

TABLE Dismbuuen of Pauents (STUDY MON-US-02)

Analysis Group FT TMP/SMX TOTAL
(Population Identifier) N (% of Pop.} N (% of Pop.) N (% of Pop )
Patients Randomized, Enrolied 426 (50) 428 (50) 854 (100)
acd Treated, Valid for Safety

Analysis (ALL)

Applicant's Intent-to-Treat Group- 281 (52 266 (48)° 557 (100)
Valid for Efficacy Analysis (ITT)

Applicant’s Evaluable Group- Valid 213 (52) 193 (48) 406 (100)
{or Efficacy Analysis (EVAL)

Medicnl Officer’s Evaluable 249 (58) 197 (46)

Populaton (MQO)

% of Pop = Percentage of Populaucn N = Number of patients

* Medical Officer's Comment: The gpplican: calculated the percentages above incorrecily.
Figures should be based on the total number of patients randomited to each arm:

291/426 (68%) 266/428 (62%)

2134426 (50%) 193/428 (45%)

Applicant’s Exclusion’s from the Modified ITT and Evaluable Patient Populations

Thirty-two percent (32%) of the patients randomized and enrolled into the FT group
(135/426) and 38% of patients randomized and enrolled into the TMP/SMX group (162/428)
were screening failures (i.e., results of a urine culture performed within two days of study
start did not document growth of a known uropathogen at 2 (0° cfu/ml). The screen failure
rate tended to be greater in the TMP/SMX group than in the FT group (p=0.06). However,
both populations were subjected to the same criteria for defining the screen failure, cnteria
that were determined prior to breaking the olind. The difference in screen failure rate was,
therefore, not considered to have compromised the analyses of the ITT and EVALUABLE
popuiations.

The 291 FT patients and 266 TMP/SMX patients who were not screening failures were
evaluated as the ITT population. Of those, 73% (213/291) of the FT patients and 73 %
(193/266) of the TMP/SMX patieats were deemed evaluable for efficacy analysis and
identified as the EVALUABLE population.

Not all pauents anzlyzed in the EVALUABLE population met all protocol-defined entrance
critena. The EVALUABLE subpopulation was comprised of those ITT patients who, 1n the
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optuon of the medical monitor, had uncomplicated UTI based on medical and surgical
history, and for whom the initially susceptible, UTI-definung uropathogen was found to be
susceptible to both fosfomycin and TMP/SMX. In acdition, EVALUABLE patients were
required to have taken at least 14 of 20 study medicaiion tablets.

Of the 151 patients who were excluded from the eva'uable population, 78 were in the FT
group and 73 in the TMP/SMX group. Most patients were excluded because susceptibility of
the infecting uropathogen to both drugs was not established. Fifty-seven patients in the FT
group and 51 in the TMP/SMX group had pathogen; that were not susceptible to both study
drugs.

Cf the remaining patients (potentially EVALUABLZ), 17 ITT patients (9 FT, 8 TMP/SMX)
were exciuded from the EVALLUABLE population, prior to breaking the blind and after
review of each patient by the medical mnitor, for baseline deviations of protocol entrance
requirements. Finally, of those stili remainng, 26 ITT patients (12 FT, 14 TMP/SMX) were
excluded from the EVALUABLE population because they were not compliant with study
medication (took < 14 tablets). There was no stastically significant, between-group
difference in the number of patients considered EVALUABLE for efficacy analysis

(p=0 87).

Medical Officer's Comment My analysis differed from the applicant's and resulted in larger
numbers in my evaluable pool of patienis for several reasons:

! [ examined the case record forms, in a blinded fashion, of patients excluded from the
evaluable pool by the medical monitor. If the investigator documented that the patient me!
all inclusion and exclusion critenia, and there was no recent history recorded 1o irdicate that
the patient was predisposed to a complicated UT] (sines, strictures, polycystic kidneys,
neurogenic bladder), then I included such ¢ patient in my evaluable pool.

2 If a fosfomycin-treated patient did not take the eniire course of "dummy” TMP/SMX
tablets, | considered such a patient approgriate in the evaluable population in order to
capture information on the efficacy of fosjomycin.

3 [ did not exclude patients because sen:itivity to both drugs was not measured or an i1solate

was "resistant” or "tntermediate” in susceptibility to study drug(s).

a- Many invesngators followed panen's with "resistant” isolates unnl the end of the siudy.
By the time culture and sensttivity results were available, patients were already several
days beyond single~dose treatrment or several days into a 10-day treatment regimen.

h-  Resistance s usually defined relative to serum, not urine levels. So even levels of 16.
32. 64, etc, are withun the urine dr g level possibiities.

¢- The NCCLS has found problems with the breakponts for fosfomycin The applicant
presented clinical and microbioloynic data to the NCCLS, and due to the commuitee’s
lack of confidence in the results ¢," the quality control strains for in-vinro testing, the
NCCLS commuttee could reach nc conclusions regarding the breakpoints. The
applicant was dadvised to find a sclution io their in-vitro testing problems.
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Medical Officer's Exclusions from the Evaluable Population

Reason Fosfomycin TMP/SMX
Protocol violation 4 6
Lost to follow-up 1 8
Adverse Event 3 7
Concomitant 1 2
Antimicrobals/other

Intercurrent [llness 3 4
Missing or late 5-11 day ! 1
posttherapy visit

Dropped due to resistance ! 5
Patent withdrew conser: 0 2
Screening failures 115 146
Dr. Ginsberg/Center 31'

-Screening Failures 20 16
-Patients with > 10° cfu/m| 18 24
Total Unevatluabie 177 231
Total Evaluable 249 197
Total Enrolled 426 428

'Dr Ginsberg's entire center 15 excluded, with the number of pateats who had negaiive cultures or positive

culrures at entry specified in the table
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Demographic and Baseline Characteristics

A total of A total of 854 female panients were enrolled into the MON-US-02 clirucal study
across 30 centers Four-hundred twenty-six patients (50%) were randomized 1o the fosfomycin
(FT) treatment group and 428 patients (50%) were randomized to the
tnmethopnm/sulfamethoxazole (TMP/SMX) treatment group

Patient race and age were recorded as basic demographic data. These parameters and other
baseline charactenistics (height, weight, birth control method, UTT history, and urogenital
surgical history) were evaluated to determine the similarities and differences between treatment

oups
oo TABLE Demographic Summary (Race and Age) - ALL Enrolied Patients (MON-US-
02)
FT TMP/SMX Treatment
{N=426] [N=428] Group Companson
No Pts (%)  No Pts. (%) (p-vaiue]

Race
Caucasian 3161 (89) 169 (86) 007
Black 46 (11) 36 (8)
Hispanic 15(4) 9(2)
Asian 2(<1) 10(2)
Other 2(<1) 4(1)
Age Range (Years)

168 (46) 204 (48) 045

151 (3%) 136 (32)

48(11) 54(13)

29(T) 34 (8)

Age (Years)
Median 320 315
Mcan 6 1 367 059
Standard Deviation 154 16 4
Mintmum

Maxumum




ND4 30717 107 Fosfomyein Tromethamine (Monurol?.

U8 Chaical Trials. Sy 02

TABLE Demographic Summary (Height and Weight) - ALL Enrolled (MON-US.
02)
FT TMP/SMX Treatment
(N=416] [N=428] Group Companson
[p-value]
Height (Inchey)
Median 640 64 5
Mean ©o64 4 64 5 gs3
Standard Deviauen 27 27
Miumum
Maxamum
Number 42] 425
Weight (Pounds) -
Median 1390 1380
Mean 146 | 1451 066
Standard Deviauon 350 137
Minumum
Maxumum
Number 424 43

Medical Officer's Comment: For all patients enrolled, the two treatment arms
were balanced with regrwrd tc age, race and weight. For the derived
populations, there are minor imbalances noted below, but I do not think the
differences have arty major impact on study results.

For the applicant's modified ITT population, the two ITT treatmens groups were
stanistically different (p=0.03) only with respect to panent race. The largest
difference was in blacks (FT=11%, TMP/SMX=8%). In both groups, the
majority of patients were Caucasian (84% and 86% in the FT and TMP/SMX
groups, respectively). With respect to panent age and weight, the two ITT
freatment groups were similar.

For the applicant's EVALUABLE population, the two treatment groups were
statistically differens (p=0.02) onty with respect to patient race. The largest
differences were in Caucasians (FT=83%, TMP/SMX=88%) and blacks

(FT=11%, TMP/SMX=6%). Wuhrespect to patient age and weight, the two
EVAL wreatment groups were similar  The tables are reproduced below
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TABLE: Demographic Summary (Race and Age} - ITT Popul.tion (MON-US-02)

FT TMPISMX Treatment
[N=291) [N=266] Growp Comparison
N (%) M(%) p-value]
Race
Caucasian 244 (84) 228 (86) 0.03
Black i ab 20 (8)
Hispanuc 13 (4) 8 (3)
Asian 1(0.3) 93
Other 2 1(04)
Age Range (Years)
140 (438} 132 750) 0.73*
93 (32) 77 429)
58 (20) 5720
Age (Years)
Median 310 31.0
Mean 36.1 36.4 0.83
Standard Deviaticn 5.2 16.5
Mimumum
Maximum
Number 261 266

' Fisher's exact test
*  Chi-square analysis
t-test

<
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TABLE: Demographic Summary (Race and Age) - APPLICANT'S EVALUABLE
Population (STUDY MON-US-02)

FT TMP/3MX Treaument
(N=213] IN=193) Group Comparison
N (%) N (%) {p-value}
Race
Caucasian 177 (83) 170 (88) 0.02*
Black B YRIT) 12 (6)
Hispanuc 9 (4) 3Q)
Asian (< 1) 7 (4)
Other 2(b 1 (< D)
Age Range (Years)
o1 (47 98 (51) 0.72°
66 (31) 53(2m)
46 (22) 42 (22)
Age (Years)
Median 32.0 300
Mean 36.5 36.2 0.85°
Standard Deviation 16.4 16.8 |
Minimum
Maximum
Number 213 193

' Fisher's exact test
*  Chi-square apnalysis
C O t-test
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No statistically significant dif ‘erences were noted in between treatment group compansons of
birih control practices

TABLE  Birth Control Methodology - ALL Enrolled (MON-USW2)

Birth Control ’ ALL
Methods* Enrolied*
FT TMP/SMX  Treatment Group
[N=426] [N=428]} Companson
{p-value]

Oral contracepuve 108 (25) 127 (30) o1
[nzautr nne device 3 (<1} 2 (< 069
Diaphragm 15(4) 14 (3) 085
Condom 139(33) 129 (30) 046
Spermucide 101 (24) 86 (20) 0.22
Sponge 7(D S 0.58
Absunence 7() 12(3) 035
Surgically Stenitzed 116 (27 120 (28) 0.82
Other* 66 (15) 60 (14) 0.56

* Note that patients may have utilized more than ooe method of birth control.
* Other methods included: jelly, condoms/foani, contraceptive foam, and partner
stenlized.

Medical Officer's Comment: For the derived populations (modified ITT and
evaluable), both trearment groups were similar with respect to birth control practices.
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The majority of patients in both treatment groups were enrolled within two days of
the onset of symaptoms of UTL. For the majonty of patents in both treatment groups,
the current UTI was the first UTI withun the twelve month penod prior to the study, and

there was no history of previous urogenital surgery.

TABLE UTI and Urogenital Surgical History - ALL Enrolled
(MAIN-US02)
. FT TMP/SMX Treatment
[N=426) [(N=428] Group Companson
N (%) N (%) (p-value]
Number of Days Symptomatic’
0 ST 6t (14) 071
I 172 (40y 156 (36)
2 131 (30) 140 (33)
23 66 (15) 7117}
UTIs in Previous 12 Months®
0 298 (70) 291 (68) (.81
| 76 (18) 79(18)
2 44 (10) 46 (11)
23 g (2} 12 (3)
Previous Surgery
None or Missing 3Bl (89) 376 (88) 0.35
| year prior 2(<l) 5()
2 years prior 2 (<) 6 (1)
>2 years prior 41 (10) 41 (10}
() Pecentage

Cross-Reference: Raw Data Listings 1 and 3.

“Dose date minus symptom onset date

*Not including current UT1

Medical Officer's Comment. The reatment arms are balanced for al! patients enroiled
with respect to UTI symptom duranen, number of UTIs in the preceding year, and prior
urogerita! surgery. This holds true for the derived panent populations (modified ITT and

evaluable) as well
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Micrabiologic Efficacy Results

Time Frame: §-1! Days Post-therapy
Analysis: Applicant's Medified Intent-to-Trear

Among patients in the [TT population, 89% (246/276) of FT patients and 98%
(207/211) of TMP/SMX patients®? were determined to have a bacteriological cure
within the Primary Evaluation Window. The ninety-five percent one-sided confidence
interval for the difference in the cure rates was 12.4%. Eleven percent (30/276) of
FT patients and 2% (4/211]) of TMP/SMX patients in the [TT population were
determined to have a bacteriological failure of therapy (p<0.01).

TABLE: Applicant’s Bacteriological Evaluation in the Primary Assessment Window
- [TT Population (STUDY MON-US02)
FT TMP/SMX Treatment
N(%) N(%) Group Comparnison
(p-value]
CURE* 246° (89) 207 (98)
FAILURE LR R 4 () < 0.0
NO EVALUATION i5° 55

See APPENDIX 10 for the list of pauents for whom vactenological evaluation could not be
made. MO Comment. This t5s sumply a list of patient numbers withow! reasons for "no
evaluation”.

*  95% one-sided confidence interval for the upper bound on difference in cure rates: 12.4%.
*  Inclusive of one patient with £. coli type different from that at baseline.

¢ Not inciuded in Total or Percentage calclinica.

Medical Officer’s Comment: The confilence interval calculation done by :he
applicant above should be two-sided, not vne. For the figures given by the applicani,
the two-sided 95% confidence interval is (-0. 14, -0.044).

In the applicant’s modified intent-to-treat analysis (which already excludes patients
withcut a positive urine culture of 10 cfu/ml), there should not be a "no evaluation”
category. It appears the applicant assessed patients with "no evaluation” if patients
were not seen in the "primary assessment window"”, day 5-11 post-therapy for each
drug (visit 2 for FT, visit 3 for TMP-SMX, respectively). As one would expect,
patients who are failures, experience adverse evenis, get an intercurrent iliness, eic,
often present at unscheduled visits. Of the 15 "no evaluation” FT-treated patients, 8
were assessed by investigators as having failed fosformycin therapy and were given
additional antimicrobials. They failed prior 10 or just after the 5-11 day "primary
assessment window". Of the 8 failures, 4 hod proven bacteriologic persistence, 1
patient started her<elf on another antiLiotic before a urine culture could be taken
(presumed persiste ice). 1 patieni’s culture was discarded in error (presumed
persistence), and . patients had new infections. If one cc is the 6 patients with
bactenologic persisience to the 30 failures above, the 95% confidence inierval is
(-0.16, -0.06), showing inferionty

For 15 FT patients and 55 TMP/SMX patients, according 1o the applicant, bacteriological
evaluaticn was not available, and these patients were excluded from this analysis.
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Of the 55 TMP/SMX patients, 9 were ussessed by investigators as trearment failures based on
clinical symptoms and re-treated with anabiotics. Of these 9 patients, all had negative urine
cultures at the time of clinical failure. I have listed all the applicant’s "no evaluation”
patients below, with comments and need for additional antimicrobials.

Mo evaluation” FT patents in applicact's modified [TT analysis atove, wath investgators' and MO cormments

) Additional

FT-Patients Investigator's Comments Aantibiotics

discontinued/intercurrent 1iness

lost to fAu until day 27; recurrence

treatment failure

recurrence, adverse expenence

non-compliance

lostto f'u

adverse expenence/iash

treatmnent failure

treatment failure/no culture dooe

treatment failure/no culture done

severe frequency/dysuna/burming

adverse expenence/vomquung

treatment falure

treatrnent farlure

adverse event

Z AT TZT Lt

TMP-SMX
Patients
Lost to follow-up
dropped study day 7 due to resistance
Tap/smx shows resistance
adverse event/possible allergy
{none)
removed from study carly due 1o resistance
withdrew consent
{none)
(none)
{oone)
(none)
(none)
Adverse expenence
Removed from study
Removed from study
{noue)
(none)
(none)
lost 1o follow-up
{none)
{none)
{nonc)

T2 2T ZZ2ECE T ZZELZZAZLAZ 22 Z

MO Fyaluation/Comments
no/intercurrent illness
no/new nfection

yes/bact persist/clin fal
yes/new infection/clin fail
noflost to thu

lost to fu

no/patient not followed
yes/bact erad/clin fail
yes/bact ppersist/clin fal
yes/bact ppersist/clin fail
yes/bact persist/clin fai
no/adverse expenence
yes/bact persist/clin fai
yes/bact persist/clin fail
no/adverse expenence

nofiost to ffu

no/stenle culture, no symptoms on study day 7

no/dropped study day 2 due (o resistance

po/sterile culture, no utt symptoms on study day 4

yes/bact eradication, clinical cure

no/dropped study dey 4 due 10 resistance

no/sterile culture study day 9

yes/bact erad study day 13, new infection study day 25
yes/bact eradication with clinica! relapse study day 41
nofoutside 5-11 day windowMacteniologic eradication/cure
no/outside 5-11 day window/bacteriologic eradicauon/cure
no/outnde 5-11 day window/bactenologic eredicauon/cure
no/stenle culture, no utl symptowns study day 5

no/mistesd entry unine culture as screen failure/dropped
nefmisread éalry unne cuiture as screen falure/dropped
yes/bact ersd/clin cure study day 11

no/no test of cure culture

no/outside 5-11 day windew/bactenologic eradication/cure
noflest to fAu

nofoutside 5-11 day window/bacteriologic eradicauon/cure
no/outside 5-11 day window/bactenologic eradication/cure
no/outside 5-11 day wandow/bacteniologic eradicauon/cure



NDA 50-717

't

Patients (cont Jinvestigater's Comments

Trzatment farlure

Treaunent fatlure

adverse expenence

noa-compliance with scheduled visits
lost to ffu

Treatment falure

Lost to follow-up

lab etror

non-compliance with scheduled visits
Treatment failure

{none}

Treatunent faluwe

1reatmert falure

lost to ffu

f.dverse expenence
Resistant organism
{none)

Pauent organsm resistant

Non-compliance after 3 days
treatment falure
Intercurrent medical +* ness
(none)

Adverse expenence
Adverse expenence
Adverse expenence
Treatment falure

adverse expenence

lost to follow-up
Treatment failure

(none)

Adversc expernience

Lost to follow-up
Intercurreat medical iliness

114

Additional
Antibiotics

Fosfomyecin Tromethamne (Monurol®
'S Cimical Trials- Studv 0.

MO Evaluation/Comments

RZRZZZCZZZ <

2227 AL CAZ AL Z L2 ZZTZZZ

yes/baci erad study day 22 with recurrence study day 29
yes/bact erad, cluucal fadure

no/bact eiadication, no ut symploms study day &
no/lost o follow-up

noflost to ffu

yes/bact erad, clinical failure

no/lost to ffu

no/5-11 day post therapy culture not done/clin cire
no/missed 5- 11 day post therapy visit

yvesfoact erad, clip falure

yes/bact erad/chin cure study day |1

yes/bact erad/chn cure 12 days post therapyfaier clin

yes/hact eradicauon, clin fadure

no/lost to follow-up

no/stenle culture, no ut symptoras when disconunued

no/ bact erad study day 4/dropped due to resistance
no/outside 5-11 day wvindow/bactenologic eradicauon/cure
no/stenle culture, no uu symptoms/dropped due lo

no/sterile culture study day 6

nao/pt removed from study at ber request on study day 2
no/intercurren! medical dlness

no/test of cure culture not done/clin cure

no/adverse event study day 2

no/adverse event study day 3

no/adverse event study day 3

yes/bact eradication/clin fatlure 3 days post therapy
no/sdverse event

roflost to fu

yes/bact erad/clin cure study day 12 with clin retapse sd34
no/no test of cure unne culture

no/adverse event

lost o fu

intercurrer! medical illpess
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Micrgbiglogic Efficacy Results (continued)

Time Frame: 5-11 Days Post-therapy

Analysis: Applicant’s Evaluable Population
TABLE: Applicant’s Baotericlogical Evaluation in the Primary Azsessment Window -
Evaluable Poputatien (STUDY MON-US-02)
FT TMP/SMX Treatment
N(%) N{%) Group Comparison
{p-value]
CURE* 1877 (90) 166 (98)
FAILURE 21 (o 32 <0.01
NO EVALUATION 5¢ 24¢
See APPENDIX 10 for the list of patiems for whom the bacteriological evaluation could nol
be made
*  95% one-sided confidence interval for the upper bound on the difference in the cure rates;
12.2%.

*  Inclusive of oge panent with E. coli type different from that at baseline.
¢ Not included w Total or Percentage calculation.
Cross-Reference: APPENDICES 11 and 24,

MO Comment: The “no evaluation” patients above cre a subset of those in the previously
described modified ITT analysis. For fosfomycin, the patient numbers are

Two of the 5 F1-treated patients
in the “no evaluation” category were investigator- and MO -assessed clinical failures with
bacteriologic persistence. Of the 24 excluded TMP-SMX patients, 3 were investigator- and
MQ-assessed clinical failures , all with
bacteriologic eradicatior. The two-sided 95% confidence interval based on the difference
tn successful outcome is (-0.143, -0.037), showing inferiority.
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Microbiotogic Efficacy Results (continued)

Time Fr.me: 5-11 Days Post-therapy

Analysis: Medicel Officer's Evaluable Population
QOutcome Fosfomycin TMP-SMX
N (%) N (%)
—Eradication3 204 (82) 190 (96)
Persistence* 378 (15) 3 (2)
New infection B (3) 4(2)
Total 246 197

MO "Collapsed" Efficacy  5-11 Days Post-Therapy

Outcome Fosfomycin TMP-SMX

Eradication 212 (85) 194 (98) CL, (-0.18, -0.08),
showing inferionty.

Persistence 37(15) 3(2)

Includes 5 FT-pavents with 1solates resistant 1o FT (zone diameter <16 mm) and 9 FT-pauents wath
sensiuvity not tested In the TMP-SMX-arm, 7 patents had 1solates resistant to TMP-SMX 6 patients.
not measured

Includes 4 FT-patients with 1solates of intermediate susceptibility (zone size 12-15 mm}, 1 FT-patient

with & resistant tsolate (zone diameter < 12), and | FT-patent with sensitivity not tested  In the Ti.0P-
SMX arm, | pauent had an isolate resistant to TMP-SMX

Includes 2 out of 37 FT-pauents with presumec persistence (1 ¢ . clinical fmlures at end of therapy, but
the required unne cul'ure was not performed}
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Microbiologic Efficacy Results (continued)

MO Comment: Grven the double-blinded nature of the t:ai design, patients returning for the 5-9
post-treatmein assessment were represented by visit 2 for fosfomycin patents and visie 3 jor [MP-
SMX panents. Visit 3 (study days 15-21, 1.e. 5-1/ davys after the longer course, TMP/SMX;
permitted an assessment of imminent recurrences 1n the fosfomycin group. 1t is of interest (o note
that ihe [DSA Guidehines for Urinary Tract fnfections (CID (992, 15 December) recommends,
"When short courses of therapy are compared with longer courses, follow-up for both courses
should be done 5-9 days after completion of the longer course.” These data are tabulated below:

Time Frame: 5-11 Days after the Longer Course

Analysis: Medical Officer's Evaluable Population
Outcome Fosfomycin TMP-SMX
N (%) N (%)
tradicaton 190 176) 190 196)
Farly Recurrence® 1t (4
New infection 3D -
Pe. sistence (camed for FT) 37¢(15 32
New infection (carned for FT 8(¥ 4(0)
Total 249 197
MO "Collapsed” Efficacy 5-11 Days after the Longer Course
(Qutcome Fosfomycin TMP-SMX
Fradication 201 (8h) 194 (98) Cl95 (-0.23,-01 1),
showing infenority
bersistence 45 (19 (D)
® Al 11 fosfomycin-ireated patients with early bactenologie recurrence had ongwal uropathogens

sensiive to fosfomyein (10 £ <oli and | Froteus mizabilis)
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Time Frame: 4-6 Weeks Post-therapy

Analysis: Medical Qfficer's Evaluable Population
Outcome Fosfomycin TMP-SMX
: N (%) N (%)
Eradication 159 (64) 165 (84)
Late Recurrence 27 (1Y) 14 (7
New infectuon 2{) 7(4)
Clin Fasures End of Therapy 2(D 4 (2)
Early Recurrence (canied forward) 11 (4} -
Persistence (carried forward) 37 (15) 3 (<2)
Mew infection (carried forward) NCH 4(2)
Total 249 197
MO "Collapsed" Efficacy 4-6 Weeks Post-therapy
Outcome Fosfomycin TMP-SMX
Eradicaton’ 174 (70) 180 (91 ClLy, (-0.28, -0.14),
showing inferiority
Pernstence 75(30) 17(9)

"Includes all patieris for whom the onginal pathogen was eradicated
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Microbiologic Efficacy Results (continued)

Time Frame: 4-6 Weeks Post-therapy
Analysis: Applicant's Modified Intent to- Yreat Population

TABLE 4.40: Bactediological Evaluations of Superipfeciion, Recurrence and New lafection - ITT
Population (STUDY MON-US42)

FT TMP/SMX Treatment
N{F)Y N(%) Group Comparison
N =291) [N =266] rp'valuc}
Superninfection
NO NIA 23R (99.6)
YES N/A 1 (0.4)
NO SAMPLE/NOT EVALUABLE 29 27
Recurrence
NO 209 (89) 190 (94) .09
YES 29 {11) 124 (6)
NO SAMPLE/NOT EVALUABLE' 5T 64!
New lnfection
NO 267 (93) 233 (95) 0.47
YES 20 13 (5)
NO SAMPLE/NOT EVALUABLE" 4 20
*  See APPENDIX 10 for list of patients for whom bactetiological evatuation could aat be made.
' Patients in the FT received only a single dose of active therapy; therefore, po FT parients

could meet the definition nf superinfection.

¢ Four (4) of these patients had £. coli type different from that s baseline.

¢  Three (3) of hese palients had E. coli type different from thar at baseline.

*  Inclusive of 12 FT paticors who were bacteriological cures, but had no final bacteriologica sutcome;
therefore, requrence could not be xasessed.

" Inclasive of five TMP/SMX patients who were bacteriological cures, but had no final bacteriological
outcome, therefore, recurrence could not be asazssed.

NiA: Not Applicable

Medical Officer's Commens: Failures at the early follow-up are not carried forward. In the
applizant’s modified inteni-to-treal type of analysis above, a "no sample/not evaluable" category 1>
odd  Appendix {0 simply fists patient ID numbers, not specific reasons why these panents are in o
“no sample/no evaluation” category. In my review of the data, this "no samplc* group includes
patients who presented outside proscribed follow-up windows (such as investigator-assessed
Sfarlures or recurrences, patients with adverse evenis or intercurrent illnesses, eic.) as well as
patients vzho were lost to follow-up. When patients vwere trearment failures or recurrences, ! have
brought them back into my analysis. If patients dropped out of the study early for reasons other
than treatment failure (adverse event, ratient request, lost to follow-up, etc.) then ! did not include
such patients in my analysis.
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Microbiglogic Efficacy Results (continued)

Time Frame: 4-6 Weeks Post-therapy
Analysis: Applicant’s Evaluable Population

TABLE: Bactenological Evaluatioas of Superinfection, Recurrence and New [nfection -
EVALUABLE Population (STUDY MON-US-02)

FT TMP/SMX Treatment
N(%) N(%) Group Companson
[N=213] [N=193] [p-value]
Superinfection |
NO N/A* 182 (99.5)
YES N/A 1 (0.5)
NO SAMPLENOT EVALUABLE® 213 10
Recurrence
NO 164 (90) 155 (94) 0.24
YES 18 (10) 104 (6)
NO SAMPLE/NOT EVALUABLE* 3 28!
New Infection
NO 194 (93) 177 (94) .00
YES 14 12 (6)
NO SAMPLENOT EYALUABLE* 5 4

*  See APPENDIX 11 for list of patients for whom bacteriological evalualion could oot be made.

Patients in the FT group received odly a single dose of active therapy; theretore, no FT pauents

could meet the definition of supennfection.

*  Four of these patients had E. oli different from that at baseline.

‘  Three of these patients had E. coli different from that at baseline.

* Inclusive of five FT patients who were bacteriological cures, but had no final bacteriological
outcome; therefore, recurrence could pot be assessed.

*  Inclusive of one TMP/SMX patient who was a bacteriological cure, but bad no final
bacteriological outcome; therefnre, recurrence could not be assassed.
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The table below presents the applicant’s bacteriolog:cal cure rates at end of treaunent (5-11
davs post-therapy), by isolated baseiine pathogen, for the modified ITT population.

TABLE:  Applicant’s Bacienojogical Cure R2te 1n the Pnmary Assessment
Window by Pathogen - ITT Population (STUDY MON-US-02)

. FT TMP/SMX
Pathogens Mo. Cures/Total (%) No. Cures/Total (%)
Enterobacter 1 {100} 22 (10)
Enterobacter gerogenes 2/3 (67} 2/2 (100)
Erterobacter cloacae 2/2 (100) 1/1 (100)
Enterococcus 5/6 (B3) 1/2 (503
Emterococcus faecalts 373 (1000 212 (100}
Escherichia colt 2117234 (90) 183/187 (98)
Klebsiella 173 (31) /1 (100}
Klebsiella pneumoniae 7110 (70 5/5 (100)
Proteus mirabilis 13/13 (100) 1/7 (100)
Pseudomonas 0/0 () /1 (100)
Pseudomonas aeruginosa 0/0 (-) 1/1 (100)
Staphylococcus saprophyticus 3/4 (75) 6/6 (100)
Streptococaus Group D 272 (100) 212 (10)

N/N= Number of patients with cure/total pumber of patients with pathogen
Cross-Reference: APPENDIX 24.

Note: More than one pathogen may have been isolated from one patient. Therefore,
the number of pathogens may exceed the number of patients.



NDASQ-F17 122

Fusfompcin Tromethamine (Monurol®,)
[/85 Chnical Trials- Siudh 52

The table betow nresents the applicant’s bactericlogtical cure rates at end of treatment (5-11
days posi-therapy), by isolated baseline pathogen, for the applicant’s evaluable population..

TABLE Applicant's Hactenologpical Cure Rate 1 ths Pamary Assesament Wiedow

by Pathogen - EVALUABLE Population - (STUDY MON.US-02)

FT TMP/SMX

Pathogens No Cures’Total (%) No Cures/Tolat (%)
Enterobacter . 0/ (-) i1 (100)
Enterobacter aeroger.2s 00 () 1/1 (100}
Enterobacier cloacae 212 (100} 020 (-)
Enterococcus 4/4 (100) 0/1 ()
Enterococcus faccalis 272 (100} 272 (100
Eschenichia colr 163/182 (90) 156/159 (98)
Klebsiella A1 (D) 171 (100)
Klebsiella pneumaniae 6/7 (86) 3B (10
Proteus mirabilis 9/9 (100) 33 (100)
Pseudomonas aeruginosa 00 () 11 {(100Y
Staphylococcus saprophyticus 273 (67 313 (100)
Streptococcus Group D 1/1 (100) 2/2(100)

N/N=Nurnber of patients wath cure/total number of pauents with pathogen

Cross-Reference  APPENDIX 24

Note More than one pathogen may have been solated from one patient  Therefore, the

number of pathogens may exceed the number of patients.
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TABLE Medical Officer’s Baterologic Eradication Rate at 5-11 day Post
Treatment Window by Pathogen (STUDY MON-US-02)

FT TMP/SMX
Pathogens No. Eradicated/Total (%)  No. Eradicated/Total (%)
Enterobacter 0/ () 272 (100)
Enzerobacter aerogenes . 23 {6M 12 (100)
Enterobacier cloacae 22 (100} 0/ (-)
Enterococcus 5/6 (83) 22 (100)
Enterococcus faecalis 4/4 (100) 4/4 (100)
Eschertchig coli 17972C7 (B6) 171/174 (98)
Kiebsiella 173 {33) 1/} (100)
Kliebsiella pnsumoniae S/ {63) 5/5 (100
Proteus mirabiiis 12/12 (100) 878 (100)
Pseudomanas aeruginosa 00 () 14
Staphdococcus saprophticus 3/6 (50) 88 (100)
Streptococecus Group D 272 (100) 11 (100
Total isolates 2157253 (BS) 205208 (99)

CL,, (-0.19, -0.09) showing inferlority

Medical Officer's Comment: The overwhelming majority of patients in both treatment arms had
E. coli 1solated as the uropathogen. The 95% confidence interval between the difference in
successful outcomes overall 1s (-0.19, -0.09).
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TABLE Medical QOfficer’s actenologi: Eradication Rate at Study Dy 15-21 -
{5-11 days after the longer course, TMP-SMX} by Pathogen - (MON-US.02)

Fr TMP/SMX
Pathogens _ No Eradicated/Total (%)  No. Eradicated/Total (%)
Enterobacter . 0/ () 272 (100)
Enterobacter aercgenss 273 (67 272 (100)
Enterobacter cioacae 272 (100) 00 (-)
Enterococcus 5/6 (85) 272 (100}
Enterococcus faezalis 4/4 (100) 474 (100%
Escherichia coli 1697207 (82) 1717174 (98)
Klebsiella 173 (33) 1/1 (100
Kiebsiella pneumontae S8 (63} SIS {100
Proteus mirabilts 11712 (92) 878 (100)
Pseudomonas aeruginosa 0/ (-) 171
Staphylococcus saprophyiicus 3/6 (50) 878 (100)
Streptococecus Group D 22 {100} 171 (100)
Total isolates B 2047253 (80) 2057208 (99)

Cl,, (-0.25,-0.14), showing Inferiority
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TABLE Medical Officer's Bacienologic Eradicauon Rate at
4.6 Weeks Pos:-Treatment by Pehogen - (STUDY MON-US-02)
Ft TMP/SMX
Pathogens No Eradicated/Toal (%) No Eradicated/Total (%)
Emerobac:er 0/0 (-} 272 (100)
Enterobacier aerogenes 27 (67 272 (100)
Enterobacter cloacae 272 (10G) 0/0 (-)
Entzrococcus 4/6 (67) 272 (100)
Enterococcus faecalis 4/4 (100) 4/4 (100)
Escherichia colt 1457207 (70) 157/174 (90)
Klebsiella 173 (33) 1 (100)
Klebsiella pneumon:ae 478 (50} 5/5 (100)
Proteus miradilis 11712 (92) 878 (100)
Pseudomonas aeruginosa 20 () 1/1
Staphviococcus seprophyticus 3/6 (50) B/R (100}
Strepiococcus Group D 272 (100) 171 (100)
Total isolaies 178/253 (70%) 190/208 (91%)

Cl,, 7/ 0.28, {0.14), showing inferiority
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Clinical Efficacy Results

Time Frame:  5-11 Days Post-Therapy
Analysis: Applicant's Intent-to-Treat Population

TABLE:  Applicant’s Clhinical Evzluation in Primary Assessment Windows - [TT
Population (STUDY MON-US-02;

Chiucal Qutcome FT TMP/ISMX Treaiment

N(%) N(%) firoup Comparison
[p-value]
Cure* 205 (7 195 (93) <0.01
Improvement 57 (22) 14 (7)
Failure 3 0 ()
No Evaluation® 26 57

95 % one-sided confideace interval for the upper bound on the difference in the cure rates:
21.0%

See APPENDIX 12 for a list of patients for whom a «linical evaluaticn could not be made.

b

Medical Officer's Comment: The 26 "no evaluation” patients peated with FT were actually investigator-assessed
climical falures in 13/26 (50%) of cates by the 5-11 day pii*-the apy window. Of the 57 TMP/SMX panents without
evaluation, 9/57 (1636} wrre investigator assessed clinical failures by the 5-11 day post-therapy window. [ have listed
below imvestigator assestments for these applicant "no evaluation” patients:

Rx Investigator's Assessment atiegt Count
Ft Adverse Expenence 4
Ft Intercurrent Medical [lin 2
Ft Lot 1o Follow-Up 2
Fi Non-Compliance !
Ft Other adverse Expenence: Can't Keep Med !
Ft Other: Removed from Study 1
Ft Other Resistant Organism 1
Ft Onther: Remistant to Monuni 1
it Treanpent Falure 13
Tmp/Smx [ff visat fell outside 5-1! days post-Rx, all cures} 16
Tmp/Smx Adverse Expencnce 9
Tmp/Smx Intercurrent Meducal flln 2
Tmp/Smx lntercurrent Medical Iln 1
Tmp/Smx Lost to Follow-Up 7
Trmp/Smx Nou-Comphiance 3
Tmp/Smx Other. Prorg res Bactnm 1
Tmp/Smx Other' Removed from Study 2
Tmp/Smx Other Resistant Orgarusm ]
Trnp/Smx Other. See Comment |
Tmp/Smx Other Withdrew Consent 1
Tmp/Smx Screening Falure !
Tmp/Smx Treatment Falure 9
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Chinical Efficacy Results {continued)

Time Frame:  5-11 Days Post-Therapy
Analysis: Applicant's Evaluable Population

TABLE: Applicant’s Clinical Evalustion in Primary Assessment Window - EVALUABLE
Populauon (STUDY MON-US-02)

FT TMP/SMX Treatment
N(%) N(%} Group Companson
[p-value]
Cure* 156 (76} 158 (93) <0.01
Fajlure 48 (24) 11 (7
No Evaluation® 9 24

95% onc-sided confidence intervai for the upper bound on the difference in the cure rates. 22 9%
See APPENDIX 13 for a list of patients for whom a clinical evajuation could not be made

Note that pauents 1n the EVALUABLE popuiation who were clinically "improved® were considered to be
chiucal farlures in this analysis.

L]

Medical Officer's _Comment o [ have listed below investigator assessments at 5-11 days post-therapy for the
applicant's "no evaluation” pattents. For the 9 FT patients with “no evaluation”, &'3 (67%) were treatment
Jadures. For TMP-SMX, 2/24 (8%4) were treatment failures:

Rx Investipator's Assessment Patient Count
Ft Lost to Follow-Up 2
Ft Noa-Compliance 1
Ft Treatinent Failure 6
Tmp/Smx [t vasit outside 5-11 days post-Rx; all cu, es] 16
Tmp/Smx Intercurrent Medical [lln 1
Tmp/Smx Laost to Follow-Up 1
Toap/Smx Noo-Compliance 1
Tomp/Smx Other: Withdrew Consent 1
2

Tmp/Smx Treatinent Faslure
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Clinical Efficacy Resuits (continued)

Time Frame:

5-11 Days Post-Therapy

Fosfomycin Tromethamine (Monurol®)
US Chmical Trials- Swudhv 02

showing inferiority

Cl,, (-0.25, -0.11)
showing inferiority

Analysis: Medical Officer's Evaluable Population
Fosfomycin TMP-SMX
Outcome N (%) N(%)
Cure 199 (80) 186 (94) Clgs (-0.20, -0.08)
Failute 50 (20) (6
Total 249 197
Day 15-21 of Study (5-11 Days after the Longer Course, TMP-SMX)
Fosfomycin TMP-SMX
Qutcome N (%) N (%)
Cure 189 (76) 186 (94}
tarly Relapse i0 (4) -
Failure {carmied for FT) 50 (20) Il (6}
Total 249 197
4-6 Weeks Post-Treatment
Fosfomycin TMP-SMX
Qutcome N (%) N(%s}
Cure 164 (66) 173 (%8)
Relapse 16 (6) 11 (&)
Unasse~sable! 9 (1) 20h
—;';b-torai 18¢ 186
I.arly Relapse (carmied forward) 10 (4)
Failure (carmed forward} SO (20) I (6)
Total 249 167

' Assessment at the $-11 day window was cliucal cure/buctenologic persistence, and pelient was re-treated
with antibiotics  Thus, a late chinical assessment 1s not possible
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SAFETY EVALUATION

All patients randomized to recesve study drug were inciuded in the safety assessment 426 patients
treated with fosfomycin and 428 patients treated with TMP-SMX. Those assessments included:
incidence and severity cf adverse events, discontinuations from study due to adverse event and
intercurrent illness, and changes in ciinical laboratory findings (serum and urine).

Adverse Events (AEs):
Deaths: There were no deaths in this study.

Discontinuation due to AEs:

Twenty-five patients (seven FT, 18 TMP/SMX patients) were discontinued from the study due to
an adverse event. The table below outlines the specific reasons for discontinuation of each of these
patients

TABLE List of Pauents Who Were Discontinued from the Study Due 1o an
Adverse Event {(STUDY MON-US-02)

Center/Pauent Descripuon of adverse event

FT Treagment Group

26 Dharrhea, utesunal crampung, mouth 3 e, last dose of medicatson Day 0

30 Brun;)uammtnmkandm); ast dose of medication
ay

35 Vurmuung, last dos” of medication Day 0.

36. Rash and nausca, last dose of medication Day | (Scawen Failure).

36/ Voruung, laft doss of medication Day 3.

3 qunnuuedgmoimomﬁrmedmbemwuwnhchwu&mmdxhndu:

of medication Lyay 9

lli _ Very dry mouth, last dose of medication Day |

TMP/SMX Trestmant Group

21 Nausea, vomsung and flank pam; last dose of medication Day |.

2t Lymph node, hives, eye swellng, last dose of medication Day 9.

11 Rash. last dose of medication Day &

2% Angiocdena and urticana; last dose of medication Dey 0.

26 Nausca and vomiung last dose of medicstion Day |

30 Prurmus and rash: lagt dase of medication Dy 6.

31 Urticaru, last doss of modication Day @

3 Itctry hrves, rechalienged and hrwes returned, last dose of medication Day 4.

s Rash Last dose of nedication Day §

36 Urticana, last doss of medication Day 6.

[¥2 Rash and praTiuy, lag dose of medhcation Day 2.

52 hohry. pencralized rath, last dog: of medicatrars Day

62 Meusez, lagt dowe of medscalion Day 1.

63 Headache nauises, rodoess and swellmg of face, Last dose of madicatron Unicnown,

65, Nausea, vamrtmg, headache, and dirnnesy; last dase of medicution Day 4.

70: Nuusea, last dose of medicatzon Day 4

76 Bu;.gmlhpguﬂmdfu,m:hymmdbod'y. bodily warmgh, last dose of moedication
a

TE Rash, headache, nauses and vomrung, last dose of medication Day 5.
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Serious or Potentially Serious Adverse Events

Seven patients (two FT, five TMP/SMX) had serious adverse events; six of these patients (one
FT, five TMP/SMX) were hospitalized due to the adverse event. These events met the
definition of a serious adverse event, but were not considered to be study drug-related (see
table below).

TABLE: Summary of Senious or Potentially Sernous Adverse Events (MON-
Us-02)

Center/Patient Descripion of Adverse Event

FT Treatment Group

30 Automobile accident; hospitalized; all srudy medication was taken.

61, Optic neuntis; all study medication was taken.

TMP/SMX

3l *Cerebrovascular accident; hospitalized; all study medication was
taken.

33 Acute UTI; hospitalized; all study medication was taken.

36 Broken ankle, hospitalized; all study medication was taken.

38 Acute pyelonephiritis; hospitalized; last dose of medication Day 9.

62. Anemia; hospitalized; last dose of study medication Day 2.
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Summary of All Adverse Events

In this clinical study, 176 of 426 (<1 %) FT patents and 212 of 428 (50%) TMP/SMX pauents
reported at least one adverse event dunng the study pertod. A total of 363 advesse events
were reported by FT patients and 439 events were reported by TMP/SMX patients.  The
majority of these adverse events were considered to be mild to moderate in severnity.
Staustically significant differences between treaument groups were seen 11 the nervous body
system (p<0.0f) and in the skin and skin strucrures body system (p<0.01). Within the
nervous body system, the difference is largely due to the greater incritnce of dizziness noted
in TMP/SMX patients than in FT patients. Within the skin and skin structures body system,
the difference is largely due to the greater incidence of alierzic-type skin reacztions (1.e.. rash,
hives, itching, and urticaria) in TMP/SMX patients than it FT patients. The table below
presents the body systems and the number of =ents reported in each.

TABLE Occurrences of Adverse Events and Number of Pauents (Safety Populatuon) Expeniencing an
Adverse Reaction by Body bystem (STUDY MON-US-02)
FT ™N =426] TMP/SMX [N =428)
Uccurrences Number Oceurrences of Number Treatmeat
BODY SYSTEM of AEs of P& AEs of Pus. Group
Comparison
(p-valuef
BODY AS A WHOLE 130 9 154 102 052
CARDIOYASCULAR ! l 2 2 .00
DIGESTIVE 95 76 192 80 0.79
FNDOCRINE 1 ! 4] 0 0.50
HEMIC AND LYMPHATIC 5 b] 6 6 1 D0
METABOLIC AND NUTRITIONAL 6 3 5 5 073
MUSCULOSKELETAL 15 15 It il 043
NERVOUS 14 12 35 30 < 0.01
RESPIRATORY 29 20 27 22 0.88
SKIN AND SKIN STRUCTURES 12 iz 52 41 < 0.01
SPECIAL SENSES 7 7 8 & 1.00
UROGENTTAL 48 19 37 34 N.54
361 events reponed by 439 events reported by
OVERALL 176 patents 212 pavents

' Fisher’s exact test
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TABLE {ccurrences of Adverse Events o the Nervous Body System
(STUDY MON-US5-02)
FT [N=426] TMP/SMX [N=428)
Occurrences Number % of Occurrenzes  Number % of
of AEs of Pis FT Pts of AEs of Pts TMP/SMXFPts

NERVOUS BODY SYSTEM

Depression 2 2 05 1 1 02
Drowsiness t l 02 2 2 05
Lightheadedness 1 1 02 2 2 0s
Paresthesia ' | v02 ! i 02
Shakey 0 0 00 2 2 05
Slecpy 2 1 02 G 0 00
Tinghng Inside Mouth 0 o} 090 2 2 0s
Anxety Atlack 0 0 oo l t 02
Cerebrovascuiar Accident 0 0 00 l 1 02
Concussion 1 | G2 Q o 00
Euphona 0 0 00 1 l 0.2
Ophc Newbs 1 i 02 0 0 00
Tinghing 1in Toes 0 0 00 1 1 02
Vasovagei 0 0 00 1 1 02
Duziness 5 5 12 15 15 35
Insomnia C 0 00 5 5 12

TOTALS 14 12 28 0 30 70
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TABLE Occurrences of Adverse Events in the Skin and Skin Structures Body System
(STUDY MON-US-02)
FT (N=426] TMP/SMX [N=428}
Occurrences Number % of Occumences  Number % of
SKIN AND SKIN of AE~ of Ps  FT Pts of Aks of Ps  TMP/SMD(Pts
STRUCTURES BODY SYSTEM
Rash 3 3 07 22 22 51
Hives . 1 ! G2 7 6 14
ltehing | 1 02 6 6 14
Urticana 0 0 00 S 5 12
Acne t 1 02 2 2 oS
itchy Arms 1 ! 02 2 2 0s
Pruntus 1 { 02 2 2 05s
Swealing o 0 00 2 2 05
Blisiers-Wnst 1 1 02 O 0 00
Herpes Simplex 0 0 0.0 1 1 02
Har Loss | 1 02 0 0 0o
[tchy Eves 1 1 02 0 0 00
Maculupapular Rash 0 G 00 1 1 02
Ringworm 0 o co 1 1 02
Skan Drsorder 1 ! 0.2 0 ; 00
Skan Cut 0 0 g0 1 i 02

TOTALS 12 12 28 52 4] 96
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TABLE Occurrences of Adverse Events > 1.0%" of the Paticots - All Body Systems
(STUDY MON-US-02)
FT [N=426] TMP/SMX [N=4:8)
Occurrerices Number of % of FT Occurrences Number of % of Treatment
BODY SYSTEM of Adverse  r'sbents  Patients of Adverse  Pabents  TMP/SMX Group
Events Events Pauents Companson
[p-value)*
Body as a Whole 130 93 — 154 102 -
Headache 58 48 b3 54 46 107 083
Y east infection 9 R 19 9 9 21 100
Cold 9 21 7 7 16 063
Backzche 10 8 19 5 5 12 042
Fatigue 4 09 7 7 16 055
Flu syndrome 5 5 12 5 S 12 1 00
Chlls [ i 02 7 6 14 012
Fever 4 4 o3 4 4 09 1 00
Malaise ! ! 02 6 6 14 012
Digestive® 95 76 — 102 80 -~
Nausea 22 21 49 44 43 10.0 <00l
[Diarrhes 44 40 94 11 11 26 <001
Vomiting 6 6 14 I2 12 28 023
Consupaton 0 ] 00 8 8 19 < 0.0l
Gastnus 2 0¢ 5 5 1.2 045
Abnormal stools S 12 0] Q Q0 oex!
Nervous* 14 12 —_ a5 30 —
Duzness 5 5 12 15 15 35 004
Insomnia 0 0 00 S 5 12 006
Respiratory* 29 20 — 17 22 —
Congestion 5 5 1.2 4 4 09 075
Sore throat 3 3 07 6 6 1.4 0.5]
Stnusitis ] 3 07 5 S 12 _ 073
Skda and Skin 12 12 -— 52 41 —_
Structures
Rash 3 k] 0.7 2 22 51 <0.01
Hives | 1 02 7 6 14 012
Itchung ! | 012 6 6 1.4 012
Urucana 0 0 09 5 5 12 006
Urvgeaita!® 48 ¥ — 37 34 — -
Vagnus 10 10 23 6 6 1 4 0
Vagmnal discharge 7 t 14 7 1 b6 L OO

[

Full isung of adverse events n APPENDIX 15
1 ntal number of adverse events for Body System
Hased on Fisher's exact test
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The table below summanzes the adverse events that were, in the opiuon of the tnvesuigator. probably or deftmtely
related to study drug admunstration

TABLE Adverse Events* That Were Classified as Probably or Definitely Related to Study
Drug (Both Treatment Groups) - All Body Systems {(STUDY MON-US-02)

FT [N = 426} TMP/SMX [N = 428]
Occurrences  Number % of FT Occurrences Number % of
BODY SYSTEM of Adverse Events  of Patents of Adverse of TMP. SMX
Pacients Events Patenes Pauents
Body a' 2 Whale (Totail 2 2 — 13 11 i
Headache 0 0 o0 4 4 09
Yeast infecaon 2 2 05 2 2 05
Flusaed 0 0 00 2 2 03
Edema 0 0 [1R1] 1 | 012
Faugue 0 G oo 1 1 a2
Hot 0 0 00 i 1 02
Pain D n 00 1 | 02
Swelting 0 0 00 ! ! 02
Digestive (Total) 13 n — 14 11 —
Nausea 4 4 09 7 1 16
Diarthea 4 4 a9 | 1 0.2
Vominag l | 02 3 3 o7
Stomach upset 1 } 02 2 2 05
Appeuts (Decreased) 2 2 (1] [} 0 00
Abnormal Swols 1 I 02 0 0 00
Gasmis 0 0 0.0 1 1 02
Heaox and Lymphatic 1 1 — 1 2 —
WHC Low 0 0 0.0 2 2 0%
High platelet coune | | 0.2 0 [¢] 00
Metabolic and Nutritiona] (Tocal) 3 { — 1 1 -
SGOT uncreased 1 1 0.2 ! 1 0.2
Phospbanise alkaline I l 0.1 0 0 0.0
SGPT increased 1 | 0.2 0 G 00
Nervous (Total) [ 0 —_ 1 1 _—
Duziness 0 0 00 | 1 D12
Tuglng maxde mouth 0 0 0.0 i 1 0.2
Slan and Side Strocture (Total) H 2 — 11 16 —_
Rash I | 012 10 10 23
Hrves ! ) D2 2 1 03
Ichung [} 0 oo 3l 3 a7
Umcana ° 0 00 3 3 07
lichy arms 0 0 00 1 1 02
Maculopapular rush 0 0 00 | 1 02
Prunms 0 0 o0 | 1 02
Urogenital System (Total) 10 5 = 2 ] —
Vaguuas b 3 12 0 [} o0
Vagual ching 2 M 0 i { 02
WBC :n wrinalysis | | 02 | t 012
irethral syndmme ! I 02 0 0 0o
Vagual discharge H | 02 0 4] 00

Overall Vi evenis reponed by 2% panents 9% events reponed by 4% panents
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Markedly Abnormal Lab Results

The medical monitor determined the markedly abnormal value for each laboratory parameter
evaluated and, n general, these were considered '0 be three tumes the upper linut of normal.
Post-baseline serum chernsstry resultc and hematology resuits were screened for values that
were considered to be murkedly abnormal. The table below presents the incidence of post-
baseline serum laboratory values considered to be markedly abnormat for each parameter
assessed.

TABLE: Incidence of Serum Laboratory Values {Post-baseline) Considered 10 be Markedly Abnormal
(STUDY MON-US02)
¥ PTS/ # OCCURRENCES/

¥ OF PTS (E‘;/)ALUATED TOTAL # ?F PT VISITS

Laboratory Parameters (units) Markedly FT TMP/SMX FT TMP/SMX
Apnormal
Values

SGOT (UL > 150 1/338 (0.3y 2/327 (0.6) 1/634 (0.2) 3/604 (0.5)
SGPT (U/L) > 165 17338 (0.3) 27327 (0.6) 1/634 (0.2) 4/604 (O.7)
Alkaline Phosphatase (Ui/L) > 420 0/338 (0 17327 ¢(0.3)  0/634 (0)  1/603 (0.2)
Bilirubtn (mg/dL) > 316 0/338 (0) 0/327 (Oy 01634 (O Q604 (Q)
Creatunine (mg/dL} > 20 0/338 (0) 2327 (0.6) 0/634 (0°  3/604 (0.5)
BUN (mg/dL) > 45 0/338 (O) 07327 (Q) 0/635 (O 0/605 {Q)
Hematoent (%) < 27 0/338 (0) 0/323 (0) 0/629 () 0/596 (0)
Hernoglobwn (g/dl) < @5 03318 (0 21323 (0.6) /622 0} 37596 (0.5)
Red Blood Cells (x10*/ul) < 25 07338 () 0/323 (0) 0/629 (0) 0/596 (0)
White Blood Cells (x1000/uL) <20 0/338 (0) ORI 06 (O 01596 (D)
Eosinophils (%) >10.0 1/338 (0.3) 07325 (0) 1/628 (0.2) 0/596 (0)
Platelets (x1000/uL) < % 07338 (D) 0323 (0) 0/629{0) 0/596 (0)

" —

Cros:-Reterenc ¢ Kaw Data Tisung 14

One FT patient Ceater 38) had an elevated SGOT value that exceeded 150 U/L (169
U/L at Visut 3) apd an elevated SGPT value that exceeded 165 U/L (175 U/L at Visit 3).
Baseline SGOT and SGPT values for patient were 110 and 129 U/L, respectively. One
F1 patient Center 25) had an ~osinophil evaluation that exceeded 10.0% (14% at Visit
3} Visit | (baseline) and Visic 2 eosinophil counts were both 3% for patient Nooe of
the marked elevations 'was considered to be clintcally significant.

Patients in the TMP/SMX group also had few markedly abnormal chemistry and hematology
evatuations. The incidence of markedly abnorma' test results in both treatment groups was less
than 1% for all chemistry and hematology parameters assessed.
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MEDICAL OFFICER'S SUMMARY AND CONCLUSIONS FOR MON-1/S-02

In this second U S clinical tnal comparing single dose fosfomycin tromethamine to a 10-day

course of tnmethoprim/sulfamethox»zole (TMP/5MX) in women with uncomplicated lower

unnary tract infections (cystitis), efficacy results for both microbiologic and clinical outcome show
single dose fosfomycin to be infenor to standard therapy Safety overall of the two regimens
appeared comparabie {(more diarrhea with fosfomycin, more nausea, rashes and hives with
TMP/SMX) These findings of lesser efficacy and similar safety corroborate those found 1n the

first study.

At the ume fosfomycin was filed as an IND to the Agency (1990), no short-term therapy for
cystitis was approved.  Siace 1990, the Division has approved two products for shorn course

therapy of cy<tus:

norfloxacin (Noroxin®  4(¥) mg gql12h for 3 days, and
ofloxacin (Floxin®) 200 mg q12h for 3 days

In each case, the short-term treatment was clinically and microbiclogically equivalent (95%

confidence interval met) to standard therapy for 7-10 days.

2otential agvantages of single dose treaument are clear: better pauent compliance, possible
reduced nisk of sid. fferts. Whether one should accept lesser ¢fficacy to gain these

wJvantages remains unclear

The Medical Officer recommended tihat thus New Drug Application be taken to the
Anui-Infective Advisory Commuttee tor further discussion  The commuttee met in an open session

on July 20, 19958
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ADVISORY COMMITTEE MEETING SUMMARY

During the July 20 open sessicn the Committee reviewed NDA 50-717, fosfomycin tromethamine
(Monurol), Forest Laboratories, Inc /Zambon Corporation, ‘or short-term treatment (3 g single

dose oral therapy) of uncomplicated lower urinary tract infection (UTI) in women

Traditiona! antibactenial therapy for uncomplicated UTI is a 7-10 day course of treatment.
Currently in the US, there is no approvad single dose shori-term treatment for UTI, although
norfloxacin (Noroxin) and ofloxacin (Floxin), as noted above, are apnroved for a 3-day course of

therapy

The following questions were posed to the Commuttee:

I Should short course therapy (single dose or 3 days) for the treatment of cystitis in women be

tield to the same standard as traditional courses of 7-1C days”?

COMMITTEE VOTE 5=No
3=Yes
2 = Abstain

2 If no, what 1s the minimum efficacy acceptable for approval of short-term therapy?

The Committee declined to answer this question
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3 Based on the efficacy and safety data you have seen presented today, would you recommend

that fosfomycin be approved as a single dose therapy for cystitis in women?

COMMITTEE VOTE 8 = No
2= Yes

The majonty of Committee members concluded that efficacy for single dose fosfomycin was
relatively low, 1n the 70-80% range, while comparators (ciprofloxacin and
tnmethopram/suliamethoxazole. given for 7 and 10 days, respectively) were in the 90-99% range
Some expressed cuncern that the pharmacokinetic (pK) profile of the drug had not been adequately
studied, with 40% of a 3 g oral fosfomycin dose not accounted for in clinical pK trials Finally,
there was a consensus that the safety profile of fosfomycin as a single dose did not balance the

lesser efficacy of the drug, particularly with regard to diarrhea.
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MEDICAL OFFICER'S QVERALL SUMMARY FOR PIVOTAL US TRIALS

STUDY MON-US-01/EFFICACY:

BACTERIOLOGICAL OUTCOME BY PATIENT

Evaluation

Fosfomycln
Period n/N (%

Ciprotloxacin 55% C.T.
n/N (%)

@ 5-11 days after last

dose of drug 203/260
@ 12-18 days of the

study 194/260
@ 4-6 weeks after

last dose of drug 173/260

(78%)

(75%)

(67%)

219/222 (98%) {-26%, -14%)

219/222 (98%) {(-29%, -17%)

202/222 (91%) (-31%, -17%)

n = number of pat.ents whose 1solates were eradicated
N = number of pataients evaluable

BACTERIOLOGICAL OUTCOME FOR SELECTED PATHOGENS

at Days 12-18 of Study

Pathogens Fosfomycin Ciprolloxacin
Evaluated n/N (% n/N (%) 95% C.I.
All Pathogens 198/264 (75%) 219/222 (99%) {~30%, -18%)
Escherichia colil 1677216 (77%; 184/187 (98%)
Kleksiella pneumoniae 7/11  (64%) 4/4
bProteus mirabilis 5/9 {56%) 7/7
Enterobacter aerogenes 2/3 3/3
Enterobacter cloacae 1/1 5/5

CLINICAL OUTCOMc BY PATIENT

traldation Fosfomycin Ciprofloxacin 48% T.T.
Pericd n/N (% n/N (%)

a I days after last

dose of drug 199/260 (77%) 213/222 (96%) (-25%, -13%)
w 1218 days of the

artuasty 189/260 {75%) 212/222 (95%) {-29%, -16%)
2 4-6 weeks after

last dose of drug 153/260 {59%) 196/222 (BBY) (-37%, -22%)

n - number of patients whose were cured of acute cystitis

N - number of patients evaluable
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STUDY MON-US-01/SAFETY:

Adverse Events Occurning in 2 1.0% of the Patients (Most Common Adverse Events)

TABLE: Occurrences of Adverse Events > 1.0%* of the Patieats - All Body Systems
(STUDY MON-US-01)
FT [N-432) CIPRO [N-445]
Occurrences of No.of % FT  Occurrencesof No. of % CIFRC  Treatment Group
BODY SYSTEM  Advermse Events Patients Patients  Adverse Events Patients  Patients Comparison
{p-vaiucf
Body as 3 Whole® 146 ‘102 —_ 133 94 —
Headache 50 38 8.8 36 42 9.4 0.82
Yeast infection 13 13 30 2 20 4.5 0.29
Backache 16 15 35 12 i1 2.5 0.43
Cold I 12 23 9 9 2.0 0.82
Abdominal pain 9 8 19 2 2 0.4 0.06
Tired 6 6 1.4 2 2 04 017
Cardiovascular 8 7 — 6 6 il
Migraine 5 5 12 2 2 0.4 0.28
Digestive" 78 60 - 64 s1 —
Diarthea 34 33 76 2 490, 43 .0.04
Nausea 18 8 42 2 21 4.1 0.75
Stomach upset 6 6 1.4 3 3 0.7 0.34
Nervous” 18 17 — 16 16 —
Dizriness 9 g L9 LU] 10 22 0.81
Respiratory® EY 7 - 35 32 —
C.ongestion 7 6 1.4 5 5 1.1 0.77
Cough 4 4 09 5 1.1 1.00
Sinusitis 4 4 0.9 5 1.1 1.00
Sore throat 2 2 05 6 6 1.3 029
Skin aod Skin I8 1é — 21 19 o
Structur
Rasp THERS- - 10 0 o100 23 M3s er T6gs
Herpes simplex o 0 00 5 5 1.1 0.06
Urcgenital® 60 53 —- 48 43 —
Vaginal itching i0 10 23 g 8 1.8 0.64
Vaginitis 8 7 1.6 g g 1.8 - 1.00
Unnary symptoms 3 ] 1.9 4 4 09 0.26
Meastrual cramps 7 6 14 3 3 a7 0.34
Vaginal discharge 4 q 09 6 6 1.3 0.75

“Full tishing of adverse events tn APPENDIX 15
b Total number of adverse events for Body System
¢ Fisher’s Exact Test
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STUDYMON-US-02/EFFICACY:
BACTERIOLOGICAL OUTCOME BY PATIENT

Evaluation FosfomY01n T TMP /SMY gy T T
Period n/K (%] n/N (%)

@ 5-11 days after lastc

doge of drug 212/249 (85%) 194/197 (98%) (-18%, -8%)
@® 15-21 days of the

study 201/249 (B1l%) 194/197 (98%) (-23%, -11%)
@ 4-6 weeks after

last dose of drug 174/249 (70%) 180/197 (91%) (-28%, -14%)
n = number of patients whose isolates were eradicated

N = number of patients evaluable

BACTERIOLOGICAL OUTCOME FOR SELECTED PATHOGENS
at Days 15-21 of Study

Pathogens T Fosfomycin TMP/SMX

Evaluated n/N (%) n/N (%) 95% C.I.
All Pathogens 2047253 (BO%®) 2057208 (99%) (-25%, -14%)
Escherichia coli 1697207 (B2%) 171/174 {9B%®)

Klebsiella pneumcniae 5/8 (61%) 5/5

Proteus mirabilis 11712 (92%) 8/8

Enterobacter aerogenes 2/3 2/2

Enterobacter cloacae 2/2 -

CLINICAL. OUTCOME BY PATIENT

Evaluation Fosfomycin ' TME/SMX

Period /N (%) n/N (%) 95% C.1I.

@ 5-11 days after last

dose of drug 199/249% (BO%) 186/197 [94%) (-20%, -8%)
@ 15-21 days of the

study ) 189/24% ([76%) 186/197 (94%) (-25%, -11%)
@ 4-6 weeks after

last dose of drug 164/249% [66%) 1737197 (88%) (-30%, -14%)
n = number of patients whose were cured of acute cystitis

N = number cf patients evaiuable
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STUDY MON-US-02/SAFETY:

bt r
TABLE. Occurrences of Adverse Events » 1.0%" of tbz sfﬁ?ﬁ"\t"akgg _%ogig{mm
FT [N=426] TMP/SMX [N=d28]
Occurrences ofNumber of % of FT Occurrences ofNumber ofe of TMP/SMX Treatment Group
BODY SYSTEM Adveric Events Paticnts  Patients Adverse Events Paticats Patients Compsrison
(p-value]*
Body 21 a Whole 130 93 — [54 102 —_
Headache - 58 48 I1.3 54 46 o) 083
Yeast infection 9 . 8 1.9 9 9 2.1 1.00
Cold 9 9 2.1 7 7 1.6 063
Backache 1] 8 1.9 S 5 1.2 042
Fatigue 4 4 09 7 7 1.6 0.55
Flu syndrome 5 S 1.2 5 5 1.2 1.00
Chulls 1 1 02 7 6 14 0.12
Fever 4 4 09 4 4 059 1.00
Malaise ] 1 0.2 6 6 1.4 0.12
Digestive® 95 7% — 102 '
Nausca 2 - 21 49 44
Dierthea - 4400 40 - 94 AL
Vomiting 6 6 1.4 12
Comstififion 32 QARG 0000 I8l L
Gastritis 2 ' 2 05 5
Abparmal stools 5 5 1.2 0
Nervous® 14 12 —_— 35
Dizziness s % 12 15
lasommia 0 0 00 5
Respiratory* 29 20 — 17 22 —
Congestion 5 5 {2 4 4 09 0.75
Sore throat ] 3 07 6 6 14 0.51
Sinusits 3l 3 07 5 5 1.2 073
Skin and Skdn - 12 12 — 52 41 —
Structnres*
Rash 7 3R 01wt miisa1 Zod
Hives 1 i 02 7 6 14 0.12
Ttching 1 i 02 6 6 14 0.12
Urticaria 0 0 00 5 s .2 0.06
Urogenital® 48 3o — 37 34 —:_'
Vaguuy- 10 10 21 6 6 14 033
Vagwnal discharge 7 6 14 7 7 16 1.00

' Full hsting of adverse events in APPENDIX 15
Total number of adverse events for Body System
*  Based on Fisher's exact test
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SAFETY SUMMARY FOR PIVOTAL U.S TRIALS (MON-US-0! and MON-US-02)

% of Patients with Adverse Event

Adverse Event 0 2 P 6 8 10 12

Body as a Whole
Headache
Backache — +Ob-

Yeast infection %

Cold Inla W
Abdominal pain G-G——=@—
Flu syndrome — @&
Fatiqgue G—®

Chills G#
Malaise ®—
Digestive
Diarrhea <
Nausea
Vomiting —6—@- -G

Abnormal Stools G—&
Gastritis ——»~L—
e, 2

%

)

Constipation -5
Nervous
Dizziness > -
Insomnia C®—C
Musculoskeletal -0
Cramps —<S5-@
Respiratory =
Congestion ——cB®
Sinusitis B
Sore Throat —@—4D-
Cough &—e—-5
Skin and Skin Structures
Rash o S
Hives @— &
Itching @- -5
Urticaria &——&
Urogenital

Vaginitis ————S-68—

Vaginat itching —o—@G

Vaginal discharge ~ED
Menstrual cramps 08

Unnary Symptoms G——ab

# Focsfomycin, n=858
O Ciprc. 7=445
Q TMP/SMX, n=428
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SAFETY SUMMARY Studiez 01 and 0}
Incidence and Duration of Diarrhea, by Treatment
From U.S. (linical Studies (#1 and #2)

Parameter Fosfomyctn Ciprofloracin TMP/SMX

No. (%) of Cases 70/858 (8%) 19/445 (4%) 11/428 (3%)

Mean Duration 2.0 0.8 1.0

(days)

Duration Rangs
{days)

As seen 1n the table above, the incidence of diarthea 1n patients on single-dose fosfomycin was
higher than in either of the other treatment arms. Furthermore, the average duration of
diarrhea was twice as long (2 days) when compared to ciprofloxacin or TMP/SMX.

A graphical presentation of the cumulative incidence over time is provided below.
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Medical Officer's Recomrmendation

MEDICAL QFFICER'S RECOMMENDATION

Based on her review of the data and the Advisory Committee discussion and vote, the Medical
Officer recommends not approving fosfomycin tromcthamine (Monurol®) as a single dose

treatment for uncomplicated urinary tract infections (cystitis) in wcmen

17//3‘)"

Janice Soreth, M.D
Medical Officer
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