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invention relates to a pharmaceutical composition comprising piperacillin,
tazobactam, an aminocarboxylic acid, and a buffer in a sodium lactate
dlluent The |nventlorIlb}‘(l;JrtPhIeprE%%Ig%eEItlQ aTrEe éim%« tﬁﬁt'ﬂgp%ﬂ?o%ﬁ?dxxmc ACID
Qnditign in a’human w Sich comprises administering

human an effective 10 amount of a pharmaceutical composition
comprising piperacillin, tazobactam, an aminocarboxylic acid, and a
buffer in a sodium lactate diluent. BACKGROUND OF THE INVENTION
15 Zosyn(r) is an antibiotic marketed product containing piperacillin
sddkink &TdTRizWNERM@Ndium. As listed on the label, Zosyn(r) is
incompatible with lactated Ringer's solution. There is a need for a
pharma ﬁjtlcal cgm oalton WhICE: overcomes the |nc &atlbl|lt

Zosyn(r) eI s f0.a a{lmac%lbtu EE%W &@p&én?ﬁigeradllin,

ngers’s
INNEERIFCN, Riteamieareobopyoyierid anshahnirditapeomieciisiluent. The

CamerigsrpipRracitiie t@%@ﬁi@@bf%a%m@ww&&miﬁf@@i@raadceahu_fﬁer
in a sodium lactate diluggj 25 The invention furth% grocﬂges a met

tr& SRS A HR AR AR SR L R RORGHION 15 3 humar which Bk
coanpisé ofainhialgteckigicel sairesiipihamefkipg\RiPeRlin Grabactam, an

PhafaEsBbcacaB P anHAN L ABINA S REdNiIReraaHla dRiabactam, an
aminocarboxylic acid and a buffer in a sodium lactate diluent. 30 In some

embodiments of the invention, an aminocarboxylic acid is preferably
EBRGKGREMNDATHBRIBMENTIRN invention, the buffer is citric acid,
preferably sodium citrate. 1 WO 2006/044600 PCT/US2005/036938 In

further e bodl@wnts lj%lt]ttiglo javenton. fhe, Ogt'%g}\g ﬁéepﬁ%é'r%@ 1R sodium and

lactated ??'gers & I <ome embodiments ention,
sodrapaltatateodiientis istatraanhesabelofesyp® is incompatible with lactated

Ringer’s solution.
There is a need for a pharmaceutical composition which overcomes the

incompatibility of Zosyn® with lactated Ringer’s solution.

BRIEF SUMMARY OF THE INVENTION
The invention provides a pharmaceutical composition comprising piperacillin,
tazobactam, an aminocarboxylic acid and a buffer in a sodium lactate diluent.

The invention further provides a method of treating a bacterial infection and an LR
condition in a human which comprises administering to said human an effective
amount of a pharmaceutical composition comprising piperacillin, tazobactam, an
aminocarboxylic acid and a buffer in a sodium lactate diluent.

In some embodiments of the invention, an aminocarboxylic acid is preferably EDTA.
In some embodiments of the invention, the buffer is citric acid, preferably sodium

citrate.



DETAILED DESCRIPTION OF THE INVENTION 10 The pharmaceutical
compositions of the invention have the advantage over marketed

W raaee@tical compositions of piperacillin-tazobactam whe RGA/&S52005/036938
. solution for infusion of piperacillin-tazobactam in a sodium lactate
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solution, in particular lactated Ringer's solution or Hartmann's solution
demonstrate compatibility by having particulate counts not more than

6000 particles > 10 pm and not more than 15 600%? icles > 25 pm.and a
& ks actate

e R o e OHIoBy DN SIS S

CrRimgertddlufionexample with lactated Ringer's solution may be
achieved by buffering the pharmaceutical compositions of the invention
with a buffer, for example, citrate to maintain the suitable pH range of |
abibseBDFRAHTENMS 9f fiinyRNIeACE S FRAIYMIACRIF SURG L 'éé'i%%’?‘é"" s
sablthiercof. A preferred pH is about 6.5. 20 In an embodiment of the

invention the aminocarboxylic acid is EDTA in the form of edetate

disodium dihydrate. Optionally the aminocarboxylic acid may be added in

a hospital setting before administration to a patient or may also be

prepTiAacED pESaRIPTONPTRHBEANSENRICIOMposition. In particular, in

a hospital setting, the compositions of piperacillin-tazobactam 25 of the
invention in the presence of a buffer and an aminocarboxylic acid may be
advantageously added to a human patient via a "Y" site connection on an
intravendg RPRaraceutial eRmpestions oL InvsaHoBaRkEdNGIAANaNtage over
paisike:edi giiinnalcenadit aompisitiotedideperadilie-@mzbbsapentihierkisiarsolution

i DEares o et '
RS SRR B Al e
nlaslatedfiranig ol iancer Harknmenieseldion demansraiscarmraiibiiy by
wmmgnsw@ta@mai?m@dmawma s eqlutiendoﬁmtiﬁ?re than
similar sodium Jactate sqlution. Typical non-limiting,LR ifi i e
o DREE REATL I o P G Eh P BPe eF
haensentnalinn. iGhsopiatitilinfpeaxamine vaiptiastalgd Risgaisrseidarufsy be
r%hr%e\@aw Rﬂﬁ‘éﬁ:@ Riﬁ%ﬁﬁn"a@@iﬂf@?%%@R?ﬁﬁ%ﬁ@?ﬁf?@ﬂvéﬂﬁdﬁﬁ%ﬁ ahbuffer,
symptoms or inhibitin e progress | erial infectio " Diluent". .
BRI R T SO0 e Sl At 058 Shatal e PRI Y5 n the
(epeseswb@itamemine tatkoxyhio asidowi assaljdoemef indaprefstgidiptdis about 6.5.
intraay teripbaRdnisiatinteridPARc HIA At RURy REQ S RIRIT FaF e form of

diluent more preferably lactated Ringer's solution or Hartma}pn's solutié)y. .
T?H%ﬁfﬁ/dfﬁ%d%ﬂiﬁm efsteOptlonally the aminocarboxylic acid may be added in a

hospital setting before administration to a patient or may also be premixed in a ready-

to-use pharmaceutical composition.

In particular, in a hospital setting, the compositions of piperacillin-tazobactam
of the invention in the presence of a buffer and an aminocarboxylic acid may be
advantageously added to a human patient via a “Y” site connection on an
intravenous line. A “Y” site connection is a common practice which permits additional

medicaments to be added while a therapeutic infusion is in progress.

The following definitions are used throughout the application.



diluent is added by intravenous infusion. Typically lactated Ringer's
solution is used 15 in the United States, and Hartmann's solution is used

WorR@aeie00 "Administering” means a treatment process wher@iTaes2005/036938
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effective amount of a pharmaceutical composition of the invention is

delivered to a human patient. 20 "Bacterial infection" is the proliferation of

a bacteria pathogen caused by Gram- positive and/or Gram-negative

bacteria. "Effective amount” is an amount of a pharmaceutical

carRpemidisiont meansemtiopnditipe mhighorabitienthsuafef i@ sefidpldastate diluent
rGHHONA AR w&a@aﬂ%ﬂ?&@E@mﬁﬁ@m%ﬁaﬁ@eamﬁ@dﬂ@ithgrtbmmar

symptoms of the bacterial infection. "HPLC" means. high pressure liguid

R AR Ak T e S b

etaplecaenhoidiat dafictic Bouwma HEDT AYhstititesitbapmershatas, dxXaatiors and

efhyipnedismis }?at@r"{l%?ﬁﬁ' o WRafl iptie Ak éarrin as the

h%%gg, (tjgi‘gglcium'EDTA?@%&%iamigggﬁametic acid, d%r??r/nonium

salt (preferably as the hydrate); ethylenediaminetetraacetic acid,

dipesatiagmetak (prefembly, addhiatiinyd mmmpteny Or ADUGIIBeprogress of a

PCT. 938 ethylenediaminetetraacetic acid, disodium salt

(&rae?ée%% I?/rs?sé%gg'dihydrate and, if desired, as the anhydrous form);

ethylenediaminetetraacetic acid, tetrasodium salt (preferably as the

hy ghiatentethedas askamoin e iambsticaionl tdrippdtsstusuctalis (peeparablgrak(e.g.,

the dihydrate); ethylenediami aaceti i, fKispdium - :

B T O

salimipsPaiestelaIpgrie AdiiRsAES AoRMBYMIARIAGR SHYER) MC4g RLferably

E\SdEtQ@df(Pﬁin@éﬂ@i@lﬂﬂﬁﬁ@%&?? eggt%macgtmqu (&TBum lactate
ydroxyethylenediaminetriacetic aci . Ditrilotri , \ ,

B AR B e BN N 2o R S e

tramihel [2nitecifiatbsoend| blasikaarniy $OIMIQY ifctsescBtUSeRE (CyDTA) or a

pharmaceutically acceptable salt thereof (normally as a sodium salt).

"Aminoglycaoside antibiotics" are selected \f&ﬁ%n{ amikagi,n ?,nd gobéa'['n)é(;ig.

15 PAUVSIRHOT SAABE Ad 8GR} PSR o PG At

RirgerscBuatictibeyraposiantefdhsi®aotioniadeikssed terdhinge aphent.

Ingredient Compound Sodium Lactate Lactated Ringer's Injection

Infusion BP (f% w/v) USP (% w/v) Sodium 0.27-0.3 0.285-0.313
“Bacterial infection” is the proliferation of a bacteria pathogen caused by Gram-

positive and/or Gram-negative bacteria.

“Effective amount” is an amount of a pharmaceutical composition of the invention,
where upon administration is capable of reducing or preventing the proliferation of

bacteria or reducing the symptoms of the bacterial infection.

“HPLC” means high pressure liquid chromatography.

The term, “aminocarboxylic acid " preferably includes: ethylenediaminetetraacetic
acid (EDTA) and salts thereof, for example, ethylenediaminetetraacetic acid, calcium
disodium salt (preferably as the hydrate), dicalcium EDTA,
ethylenediaminetetraacetic acid, diammonium sait (preferably as the hydrate);
ethylenediaminetetraacetic acid, dipotassium salt (preferably as the dihydrate);



Potassium 0.019 - 0.022 0.0142 - 0.0173 Calcium Chloride 0.025 - 0.029

0.018 - 0.022 dihydrate Lactate 0.23 -0.28 0.231 - 0.261 Total Chloride
W@2876(044800.368 - 0.408 pH 5.0-7.0 6.0-7.5 Piperacillin sodilTg/§2805/036938

preferred form of piperacillin in the compositions of the present invention.

Piperacillin free acid is a possible source of piperacillin for use in 20

making the compositions of the present invention. The free acid may be

rted to the sodiu salt ur| the for ulati |on roce racillin
SR MRS FaRToF5 358 AR R A AR A hcr rathe
oﬂpqnemmmuvdmddmm g geaetigRnegiRpcE4-atig] 2 Baskheiey-salt

p RAZRC YD MARYEINE?. BIEIMRERIMAI Racetic acid, tripot It
dlmethg/l 7-0X0-4- thlgg’ gg\%ﬂc clo(3.2. 0r hgetg:naeCIZ EL\)N Assium s

2658f8@4&b6ﬁ3mf§?@6@/c%‘66§ e@amaiﬁgt’ea%%%%&fﬁ&%%ﬁ%a
5 omeremﬂwﬁmemmm) ami@thyldaediaeigietetfa58&i6 .atmzdibadiamsalt,

iShsoeeeS “Q@a?é)taé?ﬁé}c%dﬁ% é’éﬁk‘nnﬁcﬂf&@efo'sr
ctam’free acid is a

prese t invention. Tazo poss e source of

PRGN RIYeaetHamiNgRE e &IN BESHBRE Db the present invention.
Th@dffﬂ@laﬁijdeﬁ@&dmmmeét&ﬂaém (HEDTUY Mitsiotrtosng AR PRIVES O -bis(2-

formln gk ctam

um aié%rlv%tlv %o*é é@ p@&?ﬁ?%%%%sc%gg%emc aﬁéﬁgg? ulfone.

10 |t§leﬁwmeeqlwmewe§dmunﬁ\l@eraesemcmmyf\M@D@ama(qw'w
3 aiapRltleymetoH(bimamzabis e aheptane-2-carboxylate-4,
4-dioxide. The chemical formula for tazobactam sodium is C1o0H11N
4NaO5S and the molecular weight is 322.3. The pharmaceutical
compiosuivessisietiaatibipdinsioar eregleisted freamiiakiciardddramyither
suitable buffers to maintain the pH within the preferred range of about 6.0
to_about 7. Cltrate S the referred pyffer because it in the

15 G LR RS S AR AR ISR AGREER LFHE R FDT o
b%&niﬁdeedddbmnmwmh@ﬁtae pblewemn@tm'@mmnty Preferably,

- SRS RRO Ut Of SOUEE, SRS SR T AR 1T L(Hamw'mg%aetwect.on
the pH for maximum stability without 20 S|9n|f|canty cataly or
degrading the drug, lor caul§i§'PRRRE T&¥htient ipon mftﬁ‘% g ¥drim
clisgaigmydrate Is the preterreZprn0i®e the buffer used in@tess — 0.315
Potassium 0.019-0.022 0.0142 -0.0173
Calcium Chloride 0.025 - 0.029 0.018 - 0.022
dihydrate
Lactate 0.23-0.28 0.231 - 0.261
Total Chloride 0.37-0.42 0.368 — 0.408
pH 50-7.0 60-75

Piperacillin sodium is the preferred form of piperacillin in the compositions of the
present invention. Piperacillin free acid is a possible source of piperacillin for use in
20  making the compositions of the present invention. The free acid may be converted to
the sodium salt during the formulation process. Piperacillin sodium is derived from
D(-)- a-aminobenzylpenicillin. The chemical name of piperacillin sodium is sodium
(2S, 5R, 6R)-6-[(R)-2-(4-ethyl-2,3-dioxo-1- piperazinecarboxamido)-2-
phenylacetamido]-5 3,3-dimethyl-7-ox0-4-thia-1- azabicyclo(3.2.0) heptane-2-




present invention. As used herein citrate is citric acid or salts thereof,
preferably sodium citrate. Sodium citrate is available as trisodium citrate

W aMWedrG80) trisodium citrate dihydrate, and trisodium citrate PCT/US2005/036938
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pentahydrate. Sodium citrate dihydrate is also 25 known as trisodium

citrate dihydrate and is preferred. The preferred form is trisodium citrate
dehydrate. There are also several hydration forms of monobasic and
dibasic sodium citrate which may replace the trisodium citrate, in whole
orarhpariatey pita pReiGR o bty SN R FemBla e HiRI ot of
tkgd@lowing ranges: 30 Piperacillin in the range of about S mg/ml to

about 500 mg/ml; more preferably about 12 mg/ml to about 300 mg/mi;
Tazobactam in the range of about 0.1 mg/ml to about 125 mg/ml; more

oTatkabamemisediumEs egrAaieaeR iAo iaRebastepo miseromagstions of the
Pirddbhe 2RO 938 z6H HatkminrEeeatn @eaqioaemis Sodrcengfmaizsbab for use

25 mg/ml; more preferabl ut 0.6 ma/ml to about 15 ma/ml_ An

RTER R EERR IPOR ANG B BT O U S ST R g converted
ntgtiv; sodicen sedfdrainly tleqrocese 3ftpanpatthernharmB OsaeayrRastisns of
R bamar sttt o s ok

of about 5 mg/ml tg abou m . ionally a rmaceu
CBGRLE AR 6P AT RTE g Co B A R OBt o3
O¢1HN /2] Bo-tribooit T7-5imethl)-41 ChEEXPER PG ENOF 8L 2N FEptameS2-carboxylate-4,
DERomRAYe gﬁ?&n&gﬁﬂmua@& T%‘BQ@Q@{QJ&WES%%F@WQ@%E@@M the

compositions of the invention 15 A typical pharmaceutical composition of
tHeclRGRIG ARiRME235D0 mg/vial of piperacillin, 375 mg of Tazobactam,
150 mg of citrate and 0.75 mg of EDTA was reconstituted with 15 ml of

Sﬁ‘?{%%g%?%égaﬁ@;%% : oEmgﬁs%wmqnﬁ%ﬁmmganﬁ@lg&m Bitrate or

flex container containing 250 ml of Lactated Rinf%er's Solution, USP

(oihes @ SiehisstmfiersiacopBialn MerEbHitndhe AL TRTRAANIERIRRoUt 6.0 to

insysions. YrdsEmingeiecistgsolitéobeslisamnpdechiamtsidigtelpHaf the

o DR e R o T L M R Bl P

chentricking gyl t gshaneersirttiline FyRiaTaDlY. i sytaB\RiAT e pliegdium

M&taRfused I KuRBAINEGaHAIRARM B ItrsleTHB IR RSkaiawsstability without
significantly catalyzing or degrading the drug, or causing pain to the patient upon
infusion. Sodium citrate dihydrate is the preferred form for the buffer used in the
present invention. As used herein citrate is citric acid or salts thereof, preferably
sodium citrate. Sodium citrate is available as trisodium citrate anhydrous, trisodium
citrate dihydrate, and trisodium citrate pentahydrate. Sodium citrate dihydrate is also
known as trisodium citrate dihydrate and is preferred. The preferred form is trisodium
citrate dehydrate. There are also several hydration forms of monobasic and dibasic

sodium citrate which may replace the trisodium citrate, in whole or in-part.

Typical pharmaceutical compositions of the invention include the following ranges:
Piperacillin in the range of about 8 mg/ml to about 500 mg/ml; more preferably about

12 mg/ml to about 300 mg/ml;
Tazobactam in the range of about 0.1 mg/ml to about 125 mg/ml; more preferably

about 1.5 mg/ml to about 75 mg/ml;



1) 4 ml aliquots of the drug solution is drawn and transferred to a 250 ml
volumetric flask. 2) The flask is filled, gs. to 250 ml with dilution solvent

W@2806/Edet0nitrile/75% 30 water, v/v) 3) Mixing is performed BERY PENH036938
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inversions of the flask. 4) Aliquots are then taken for HPLC analysis. 6
WO 2006/044600 PCT/US2005/036938 5) The method further uses an
isocratic flow of a mobile phase containing 25% acetonitrile/75% water,

/v. 6) The recommended ¢ Ph no e L na 3 micro
AR s S RO s CETE
20.6 nig/r8) tadjpsthntsgielre made in calculations to compensate for
VRWH}ﬁ.RXS‘éﬂQﬁ&nH‘a@& haf o%gg%@%ﬁ%g%ﬁlgﬁ% HHONERD IRERAL; more

to be present). A summary of ata is provided as

@ﬂ?rlabfL)Oa’PQHié) PPYIRAPFHNETH Blperacillin Tazobactam Total
pO@lma@QUﬁmécﬂ@t’d_maﬁ(oh@)JhhadmnuhmitlmmrquMMdhegnaslaieberose in the

IR PLR ol thut) PR, 70 106 m) Am nvestigation.
cOmtRRRILY ﬂ%ﬁ%@dﬁlﬁ@ﬁ%&%@qg}p@%\w&ﬁﬁé&@dnﬁﬁ@%m and

tazmpagipeagiaes|ines Gingdpapiaitingeyiar td abdaursmayynaf the
HPLC analysis data performed on a piperacillin / tazobactam formula

without a buffer or an aminocarboxylic acid using the analytical procedure

forXBERIMENT An B TEY3Sided in Table 1. 20 25 7

Determination of Piperacillin, and Tazobactam in typical pharmaceutical
compositions of the invention

A typical pharmaceutical composition of the invention, having 3000 mg/vial of
piperacillin, 375 mg of Tazobactam, 150 mg of citrate and 0.75 mg of EDTA was
reconstituted with 15 mi of sterile water for injection. The resulting solution was
transferred to a flexible container containing 250 ml of Lactated Ringer’s Solution,
USP (United States Pharmacopeia). The container was mixed with gentle inversions
forming the drug solution and sampled immediately for chemical analysis. The
container was then stored at ambient temperature for 24 hours and re-sampled. This

test was performed in duplicate.

The chemical analysis was performed according to the following analytical method.

The analytical procedure is summarized as follows:

1) 4 ml aliquots of the drug solution is drawn and transferred to a 250 ml
volumetric flask.

2) The flask is filled, gs. to 250 ml with dilution solvent (25% acetonitrile/75%
water, v/v)

3) Mixing is performed using gentle inversions of the flask.

4) Aliquots are then taken for HPLC analysis.



WO 2006/044600 PCT/US2005/036938 Table Il Typical Time Hr
Piperacillin Tazobactam Total pharmaceutical (%LC) (%LC) Unidentified

WQ@am@esttioth Degradants Sample 3 0 101.9 100.3 1.8% SanR§I&/BS2405/036938
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94.7 97.6 6.4% Sample 4 0 98.9 100.4 2.0% Sample 4 24 96.4 98.5

6.1% The compatibility of piperacillin-tazobactam vial products containing

an 5 aminocarboxylic acid and a buffer was evaluated in the presence of

the compound sodium lactate to determine compatibility up to 24 hours at
roorftefrisematited 1BhesesaHANRARALS sl Rénali AaskEPRIFININg 25%
compatipiky @ttes/Petaavatereddor 1 week under refrigerated (2-8C)
condjtions. For these admixtures, t jO .

the o e O S TTH T2l o e o 7 PR
solution? XWYitidhaiesting was performed which confirmed that admixture

solutipnpry enREREoHsRBe" aeRIRESIIE S8t RIP21aGilin-tazobactam vial
products ,ontainirt%:j an _ami ocarb?qzlai& a%igoacnd a bu%ffr Qra& 9%(-?89@@ os
stor&d FOFMSI ISR LS AU B 157E ngera%?&% conditions m- o9
the vial joribe toaatineitiRinagemorrigiarid W Mokiane ontbiaibainresants
diluent. Using the above test procedures, samples of each

piperacillin-tazobactam vial rodéjcts.contaiﬁiﬁ?ﬁ aq_aé"ui ocarboxylic acid
AU She tlitktigRalEle 936 R QYRR (T=0 hour) after
being admixed into the diluent. Remaining samples are stored at ambient
laboratory conditions (about 20C) ang-iggigd again 24 hours (T=24 hour)
later. A set of samples were tested after 1 week under refrigerated (2-8C)
conditions. At all time points, the tests conducted included visual
appegsriate and déSuretian, (SiethdiprodeTazesatesoribed FotdSP
<788> 1 25 Ph. Eur. Chapter R2,9.1QParticul tter (Light QAR

P rf?glaer %%entfslzfgla d by HPLC( ét%gl)nical p )?éﬁ?:%ﬁor Pipera:ﬁirr?} and ol
Talzobaprsitios W@ 2006/044600 PCT/US2005/036938 All s&tfgiadants

tes'(ggmﬁ_eleter iped to be [chear and free of particulates byovisesl
inspedb&pa;jg;late courzt?%'or%!ess th'—*.g the-USP/PY 3./':' 7S
‘@ﬁfﬁﬁl%1 4 100.8 g5.2 0 1%

ac

Sample 2 0 100.2 96.8 0.1%
Sample 2 24 101.3 95.7 0.1%
a) An investigation concluded that the cause of the higher than expected

piperacillin and tazobactam result was due to a pipetting error.

A summary of the HPLC analysis data performed on a piperacillin / tazobactam

formula without a buffer or an aminocarboxylic acid using the analytical procedure for

Samples 1 and 2 is provided in Table il.




criteria of not more than 6000 particles > 10 m and not more than 600
particles >25 5 m. As determined by HPLC, chemical potency was greater

waRapedaA3600f the initial concentration. The data in these studiBET/US2005/036938
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demonstrated that piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer are compatible with compound 10
sodium lactate, for up to 24 hours when stored at room temperature for up
to 1 week, when stored at refrigerate1d \%Pn}titions (2-8C) and that
admixture dilutions may be prepared ff feconstituted product stored at
reffigigpided conditionFi(23€) |Piperacilinfor UpTtzdBaetams. 19 Geleral
stan&zﬂ géé%%gre performed L%Eé?luate th (B/I;Le@iical and |phy&icatified
compatibi |ty.o1$ piperacillin-tazpbactam vial pfoducts containing an
an|if8EMBYIGNC ac|d and a byffer with a sodjum lactate diluePESTREFIS:
test g@ppleryducted @ determin@ i piperacillinf@@abactam vjal praducts

COIRtRIRIREG afr-armin eRpboxytie-geig-20-anterpgiigrare-eompaiipietn
ad n%ﬂﬁ’ EWith a sodifim lactate ‘éi uent for up to 24 hours at|room
temBaraplectstoragg. AdmixturSWere also testé@ hfter being 6 for 1

Weeggmggr{e‘rrlg@rrft@gi (2-8C) g@npditions. Highg(£6 ma/mt, Qigefagitiin, 2
mg/ml, _tazobactam) and low (8 mg/ml, piperacillin, 1 mg/ml tazobactam)

concentrations of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer 25 were prepared as admixtures with

this di (AN . : : rd test,
R o e 0 o
piseinpsATRexyiacithAndia eI s exrlvalad ndReprRsSEaRThAfccaigound
apsduREetaRs o dBistHAG HoApPHEbRiIepesed Helng teeonstilenasbeituge
product that had been 30 stored for not than 48 [ refrigerated
D T S M s BT e B R Bt o
thveehighnaied lefrioepaledr{@16n sorditioing: d aatirse adTRITBS G 460CENtration

PEdddSP0P4088 938 nd RefRHaNIRG BoLRRBR QORIRR AR R8P RAKA Ringer's
vial products containing an aminocarboxylic acid and a buffer were used
ir @B mpatibility test procedures: a. 4.5 g/vial, Batch AAMY/1,

manufactured by Wyeth. 5 b. 2.25 g/vial, Batch A9N3/1, manufactured by

}’%ge%ﬁﬂoxme%%ywal%@%srmlébewmﬁ%w%qmgma&ggeardﬁaﬁ%‘?epared

nfusion, 500 mL” containers, Lot 05E1 0D, manufactured by
Mmﬁétltgtﬁgwqga@n%@é@gactam vial products containing an

aminocarboxylic acid and a buffer that had been stored for not less than 48 hours at
refrigerated (2-8°C) conditions in the vial prior to admixing, demonstrated equivalent

compatibility in this diluent.

Using the above test procedures, samples of each piperacillin-tazobactam

vial products containing an aminocarboxylic acid and a buffer concentration were
tested immediately (T=0 hour) after being admixed into the diluent. Remaining
samples are stored at ambient laboratory conditions (about 20°C) and tested again
24 hours (T=24 hour) later. A set of samples were tested after 1 week under
refrigerated (2-8°C) conditions. At all time points, the tests conducted included
visual appearance and description, using the procedures described in USP <788> /
Ph. Eur. Chapter 2.9.19 Particulate Matter (Light Obscuration Particle Counts), and
by HPLC chemical potency for Piperacillin and Tazobactam.



10 Vial Reconstitution and Admixture Preparation Compound Sodium
Lactate Each piperacillin-tazobactam vial products containing an

WQRAedgasboxylic acid and a buffer were reconstituted at 5 mPEIRIBRHGH/036938
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per gram of piperacillin. A sodium lactate was used to both reconstitute
vials and subsequently prepare the 15 admixture solutions. The
admixtures were prepared to represent two vial strengths, lowest and
highest piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer vial strengths (2.25g and 4.5g,
regpentipidy)tciuel restd deteadimext to de olece aind irmesoiheticiliatts dhyavsual

tabulaiedin A %{iulﬂ tefﬁslﬁ@iW&@s@t%gnumt&sﬁﬂq%m&&%

used to prepare both the lowest and hi%hest admixture concentration.

Aditaxeues e sna thersa0frasiteard Lumanshrapresrertbar§00 particles 225
PiRaracdlnsferRRag B HPRD G ER COREHBINIR Y raB OFRIP oYl 6Kl initial
and a buffer concentration were tested immediately (T=0 hour) after
b%‘?ﬁﬁ%{afﬁf% into the diluent lactated Ringer's solution. Remaining

samples were stored at ambient laboratory conditions (about 20C) and

tagied ALANY24e AR Teab Qe St A SLEMULS SRBRIES VMR Foducts

also tested after being stored 30 under refrigerated (2-8C) conditions for 1

wWeatainina e o B0 BRIILBOtICFRSHH BrsH Y BHtes 8o soRRAatbIR Mithe SpmPOUNd
Methoasiddistdéoiawip totesthnathatisnatceedssddonarahyrashestmpes. 1 week,

HPLC Assay for Piperagillin and. Taz m isual,Observatijon for
RIS AN P REr R i D TR VR BT Gor may e
Peremarzdevittatemo(istifhteO pseduatishoretbat oefigeraield-oasibitiopartR:araein the

c&gpﬁg) HogERtapce Criteria All samples were visually clear and
compliant with current USP/Ph. Eur. specification for subvisible

particulates at TO hour, T=24 hours, and T=1 week under refrigerated
(2-8C) conditions (if applicable). For HPLC Assay, all samples after T=24

hauy rgy Lagh %‘?15%1 RRIPR GG E RILQDRIA Adlcies
t t te ] C |
trsagﬁ% _/)S_C_)P %g&?\%a% ! % :g %our%erncentratlon or both Eél’pe ac)!ﬁ,n )
apemazbplivtahPireiAsilinatezebariaiphBiadvE e R IRhaN G aRAROXY lic
ThadsiancirgfaammasaibstantislydibangeThe fretecsieras ooritargesto
sgg er'%i%QXf%ﬁ&é%%ﬁﬁ-%%%%ﬁn? \\//%rl products containing an aminocarboxylic acid
and a buffer are compatible in admixture with a sodium lactate diluent for up to 24
hours at room temperature storage. Admixtures were also tested after being held for
1 week under refrigerated (2-8°C) conditions. High (16 mg/mi, piperaciliin; 2 mg/ml,
tazobactam) and low (8 mg/ml, piperacillin; 1 mg/ml, tazobactam) concentrations of
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer

were prepared as admixtures with this diluent. They were based on a 250 mL bag.

In another standard test, a sodium lactate diluent was evaluated for compatibility with
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
as admixtures that were prepared using reconstituted drug product that had been
stored for not less than 48 hours at refrigerated (2-8°C) conditions prior to admixing.
These admixtures were tested using the high and low concentrations described

above.



a 24 hour period. 20 Appearance and Description In the studies, the
samples tested were determined to be clear and free of particulates by

WQRNGal0HIspection. There were no differences observed in the RETAM2084P36938
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“aminocatbdkyi YeldBFrWASME

piperacillin-tazobactam vial products containing an aminocarboxylic acid
and a 25 buffer over a 24 hour admixture testing period. Sub-Visible
Particulate Matter All sub-visible particulate counts were acceptable,
indicating no significant formation of particulates. All particulate counts,
both at T=0 hour and T=24 hours were well 30 under the USP/Ph. Eur.
atbefetinvingritetchest ¢f piptitanl BoCEPRatiees'ial pogueismpiiainitthanc00

PaHiA SR Beid e R IR PR S RsRaGR RS RERELNEN R ¥AH¥S dures:
diluents with |peraC|II|n-tazobacbam vial grodégrts contajning an

6892406 BT RY SX5IB/036938 and a
buffer over thes52gvimLBaidmAINE tesiangfpetuceti Redlleshare presented in
Table IV. Potency 5 In the tests, all HPLC chemical potency data for
Piperacillin and Tazobactam met the acceptance criteria of not less than

obbe spdiemrsirietilisnt sass Wrti remeavad IntRIRSASR Eysien. S00 mL

24oheitiead Nixt OBE tEing PrefacudddspiéddeRitaysiaa Extsibil Dale ©5/2007
Appearance and Description and Sub-Visible 10 Particulates) and
potency stability for admixtures prepared in the diluents, when stored at

anby %t%%%gf@%ﬁ réﬁﬁ%%ﬁgl]@ef%éh%@ﬁgﬁ Bgméoﬁﬁﬁr%ﬁlr_er& ate

preparati ntravenous Infusion 15 Accept physical
staRilityifePaAiRResaps AN JiEIQreHR S RGN aY siicoBabiskiAéasid and a
anﬁ{footen? stabiliti/ [or aglguixLurfe Ipre‘paredrin thi same iluent, but

I PESH: tfﬁﬁgﬂsﬂ %8835 SPed' SI'YER é’grraQeadn cOnARBAS 5‘-‘8C) for up

to 48 hours. In addition, these admixtures demonstrated compatibility

whepfinsasRiteATNeREGD BRNe dahainik Vel SantR B b OIS 3iBkre the

admixture preparation. 20 Table 11l Admixture Concentrations Used To

DRABYIHAG T8HIRRRibility of Piperacillin-

The admixtures were prepared to represent two vial strengths, lowest and highest
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
vial strengths (2.25g and 4.5g, respectively). The resultant admixture concentrations

evaluated are tabulated in Table lll.

For a sodium lactate diluent, a 250 mL volume was used to prepare both the lowest

and highest admixture concentration.

Admixture Testing Procedure

In this study, samples of each piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer concentration were tested immediately (T=0 hour)
after being admixed into the diluent lactated Ringer’s solution. Remaining samples
were stored at ambient laboratory conditions (about 20°C) and tested at and 24
hours (T=24 hour). A set of admixture samples were also tested after being stored

under refrigerated (2-8°C) conditions for 1 week.

10



Tazobactam Vial Products Containing An Aminocarboxylic acid and a
Buffer With Lactated Ringer's Intravenous Diluents pip eracil

WaideABetam vial products containing an Compatibility StuRiyT/US2005/036938
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Reconstitution Admixture Diluent aminocarboxylic acid and a Name
Diluent buffer Admixture Concentration Lactated Ringer's LOW 8 mg/mL
piperacillin; Lactated Ringer's Lactated Ringer's 1 mg/mL tazobactam
Preliminary Study Injection-USP Injection-USP HIGH 16 mg/mL
pfaiEnah TestiphbdSizobactam 12 WO 2006/044600
PET1S2005/036008, Table.IY pingraciliy LISPIPY, By tazobactam

H o%ngy &ssay vial products Particulate ounts containing an
16RLessapifesBiparag!larantbtazpbagiaimacid Tazobactam3 and a buffer
Admixture t=0 t=24 t=0 T=24 t=24 t=24 Concentration LOW 1947 1057

40 3 8 m@/mL piperacillin; 1407 23 100.1 99.8 1 mg/mL tazobactam 1243
8‘/?‘1#%7%‘&%%&%’?%%"3’??%% %‘Eﬁﬁ’ﬂ? Beracillin; 3217 2550 153

"97 100.4 100.1 2 m /mL tazobactam 3260 1770 70 47 5 1 Not more than

60Qp 2748t /BRre dhashapRsANPidassikanedHateii@ight obscuration Method for

sub-visible particulate counts)

Acceptance Criteria

All samples were visually clear and compliant with current USP/Ph. Eur. specification
for subvisible particulates at T=0 hour, T=24 hours, and T=1 week under refrigerated
(2-8°C) conditions (if applicable). For HPLC Assay, all samples after T=24 hours (or
T= 1week under refrigerated (2-8°C) conditions) were not less than 90% of the initial

(T=0 hour) concentration for both piperacillin and tazobactam.

Particulate counts did not change as a function of time. The potencies were not
substantially changed. There were no changes seen in any of product attributes over

a 24 hour period.

Appearance and Description

In the studies, the samples tested were determined to be clear and free of |
particulates by visual inspection. There were no differences observed in the diluent
with piperacillin-tazobactam vial products containing an aminocarboxylic acid and a
buffer over a 24 hour admixture testing period.

Sub-Visible Particulate Matter

All sub-visible particulate counts were acceptable, indicating no significant formation
of particulates. All particulate counts, both at T=0 hour and T=24 hours were well
under the USP/Ph. Eur. acceptance criteria of less than 6000 particles 210 um and
less than 600 particles 225 um. There were no differences observed in the various

diluents with piperacillin-tazobactam vial products containing an aminocarboxylic acid

11



10 Further studies Additional studies to evaluate the chemical and
physical compatibility of admixtures of piperacillin-tazobactam vial

W Raehiet468dntaining an aminocarboxylic acid and a buffer wilC#{ES2005/036938
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20

intravenous fluid Lactated Ringer's Injection-USP were performed. 15
The compatibility of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer vial products was evaluated with

Lactated Ringer's Ing;ction-USP, to determine if such admixture solutlprés
Aedcp RiIanNen e 22NN AIAK WGP RURG BPLRT e RESHIE S E ST TR
Riggeriy Injection, the concentration tested was based on the available
volume (250 ml) of this solution that most closely 20 matched the volumes
described in the current commercial product (50 - 150 ml). An additional
diatsnwas performed which confirmed that admixture solutions prepared

Ui recen sitwedaloneg aiexl potéhey Hath heerirteratifa@ndot desbatiam4get the

LSRR fr L TRA0G1950P R, RRUIRAHdEHHAREN efld Peiained

c%%’ﬁmsc?ncfﬁgﬁa prlore 0 admixing, demonstrated equivalent
comspanipéihpves tipihhosriimpieseotesties PFefacillin-tazobactam vial

products containing an aminocarboxylic acid and a buffer were tested

immediately (T=0 hour) after being admixed into 'ILﬂ’ﬁq; QIR
samﬁfécseﬁ%b @?@@'&?5 |'eﬂwti'a 'o@g graj%%%edﬁ?(?:ge(%% u't Egg) andn\ﬂsmle
t@sheichagtis) 2nchpoteny smabiityfor lagsrixiynefenseermeh Ajnsuddyesisnipnes
alRiidbROWBATIAbOMOr 3P Y KoarsRiret kuhakairsy
géﬁ%ﬁ?)%%ﬁ@?ﬁ 10 2|OIC). t all time points,ethe tests conducted included
vi¥eRpEiSBarance and description, USP <788> / Ph. Eur. Chapter 2.9.19
Particulate Matter (Light Obscuration Particle Counts), and HPLC

ggg nical %%Eggc%tfl%(lgigﬁg%w%&pd Tazobactam. 15 In the studies, all

RTPICS Tested were 2termined to be clear and free of particulates b
visual indgesniahlemhpsirat stablibolif:LRPERIINER BRYDIETEIRISP AW %fﬂ'.
aﬁ?ﬁ&@ﬁﬁﬂi@ﬂiﬁ?@é‘) @haqidmfg ﬂwlﬁllﬁ,ﬂlfllﬁ mﬁid%&é’bﬂeramwimmimme
than 600 particles > m. Likewise, all HPLC chemic \
bt RO RO AR RS b PR g (28:0)for up
cayve hivatioin 26ditien dats inadrobdusesdiemdestigiestepatpatihiity when stored at
Piperaciling CLARRIBbREFHCLD EIUHBING SHEPHIRDABFE Prefiaratsh.
aﬁﬁ%@&%@%%&e&gﬁxwre \tfgi?k?ﬁactated Ringers solgﬁog tested
for up to 24 hour when stored at room temperature, that

Table 111

Admixture Concentrations Used To Determine Compatibility of Piperacillin-
Tazobactam Vial Products Containing An Aminocarboxylic acid and a Buffer With

Lactated Ringer's Intravenous Diluents
piperacillin-tazobactam

vial products containing an

ibili Reconstitution . ,
Compatibility Study e ' Admixture Diluent | aminocarboxylic acid and a

Diluent )
Name e buffer Admixture
Concentration
. , 8 mg/mL piperacillin;
Lactated Ringer’s ) , ) , LOW
. Stud Lactated Ringer's | Lactated Ringer's 1 mg/mL tazobactam
Preliminary Stu i —
© y y Injection-USP Injection-USP HIGH 16 mg/mL piperacillin;

2 mg/mL tazobactam
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admixture dilutions may be prepared with reconstituted product stored at
refrigerated 25 conditions (2-8C) in the vial for up to 48 hours, and that

Wogatsietitefifon of the piperacillin-tazobactam vial products coR€aiAiNg08F036938
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20

aminocarboxylic acid and a buffer lyophilized dosage form with several
preserved diluents had no impact on the compatibility and stability of the
subsequent admixture prepared with saline. Lactated Ringer's Study 30
High and low concentrations of piperacillin-tazobactam vial products
containing an aminocarboxylic acid and a buffer were prepared as
admixtures in Lactated Ringer's diluent. 14 WO 2006/044600
PCT/US2005/036938 The compatibility up to 24 hours at room
temperature storage of piperacillin- tazobactam vial products containing
an aminocarboxylic acid and a bufferlidtl@&ffated Ringer's Injection-LISP
was defgsarfin High and TowggpgeiEffons of piperacillin- fazobactam
vial proggstse@taining an %[nrié]oc[atrng lic acid and dBuUgdtatrneyF\ssay
preparadigsatintxtures in t EAn0tS

UENT avd the Ladtated Ringer's Injection,

ig basedntn®@80 mL pag.1Revdnst|tute2bprdduat PipédlaFitite Prior to 3
Adamieges jaagisis study, the diluents were evaluated for | 1@2obactam
compafBli Wi piperacillin 10 tazobactam vial groducts containing an

amino Hﬁ?acid ahdz0bliffeR4nd tw@re Taidé prepa in highesFaAd
occoncentraion” 2 . L

|qwestadtfixtdre CORCENET &F
were prepe@dl using recgpgtitutéddrug grodudt that h‘EO been storeéjf r
pBlexgnHapirEsaslling pY pakigdded (3-8C (%hcaition frior toj admi %ﬁ
6 ViR tazab g ME THQ DB Raterials| H following batdhes of
peracilliptigepbactam vigdprioghslds cartainigg an aminocarbpxylic acid
barteuiferpiperaditingd B2t (c2B8p4tibtisy stedies: 2018045 gjvial, B2Rch
93 i demdbattaed| [(B2§0Vet 760 8 ®ep 2804, b. 2.25 g/vial, Batch
A8TeDnonath#adPed by Wyeth, on 6 Jul 2004. c. 40.5 g/vial, Batch
ASR ok oninaiEagipred by Wyeth, on 17 Sep 2004. The following lots of
intravenous diluents were used in one or more of the 25 compatibility
s&&i@%‘%%csm%’e%q Eé’&'ltéﬁ?ed Ringer's Injection, USP, 250 mL containers,
Lot J4J577,

ne—11 PUP-CWPNT - 1 N UPIPS I 3 7
S, 11 v Hriung ostuuy, uic

> VT P 3S

Further studies

Additional studies to evaluate the chemical and physical compatibility of admixtures
of piperacillin-tazobactam vial products containing an aminocarboxylic acid and a
buffer with the intravenous fluid Lactated Ringer's Injection-USP were performed.

The compatibility of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer vial products was evaluated with Lactated Ringer’s
Injection-USP to determine if such admixture solutions are compatible up to 24 hours
at room temperature storage. For Lactated Ringer’s Injection, the concentration
tested was based on the available volume (250 ml) of this solution that most closely
matched the volumes described in the current commercial product (50 — 150 ml).

An additional study was performed which confirmed that admixture solutions
prepared using reconstituted drug product that had been stored for not less than 48

13



manufactured by B. Braun, Expiry Date 01/06 15 WO 2006/044600
PCT/US2005/036938 Methods Vial Reconstitution and Admixture

WEPesArate0h Each piperacillin-tazobactam vial products contal€img/az05/036938
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aminocarboxylic acid and a 5 buffer were reconstituted at 5 ml of diluent
per gram of piperacillin. The admixtures for the studies were prepared
with diluent to represent the lowest and highest piperacillin-tazobactam
vial products contalnln%ﬁan aminocarboxylic acid. and a buffer vial

iRy AT eirigeisdd 2 BG) rsianm iy fhe el eEaR it pdmvAg femenstrated

cesenBatienmsatdusieskigieaab of the studies are tabulated in Tables
V-X. For Lactated Ringers Injection, a 250 mL volume was used to
prepare both the lowest and highest admixture concentration, as this is
the smallest volume container available. 15 For Lactated Ringer's

| léﬁé%cﬁ@b‘{;f&?fﬁd’li&%&%ﬂé@fﬁfﬁﬂ@ﬂ%W@u@tﬁwmd)aﬁ%?rﬂl?&ﬂ)oxylic
OWGS est piperacijlin-taz especlyv

(ﬁggo %Hﬁr f?ﬁﬁ% d'fndn ent. A mlx uretila |ng(B o%)%e@bxﬁs I}@ e
Ldiltiated H&m@nleg%ehmiemay&m shambésnbiabacatory conditions (about 20°C)
PR §f{a%4£p Rzabas RN [FRIPRG AR aHNRY a@maﬁysar i3 were

er concentration were tested immediatel O hour) after

e aRRTAHUE I LS TRITIR SIS Ahere S grdions (abou
mmntAabwnmmﬁmm@nés(@waaa@d miotitieston vdl 4RTehmnce(Ard

s LA daao TesMelad R Ko

ere 0 ana e samples int ese com

shigiegatiorHrartcladsoyntsy, Pl&k&ﬂ}mmm'@m&ﬁﬁﬁ“ f@PW@P'"'" a”d
2P06/0448Q0 PCT/US2005/036938 Visual Observation for Appearance
and Description USP <788>/Ph. Eur. Chapter 2.9.19 Particulate Matter
(Light Obscuration Method for sub-visible particulate counts) 5
In the studies, all samples tested were determined to be clear and free of particulates

by visual inspection. All particulate counts, were well under the USP/Ph. Eur.
acceptance criteria of not more than 6000 particles =10 pm and not more than 600
particles >25 um. Likewise, all HPLC chemical potency data met the acceptance

criteria of not less than 90% of the initial concentration.

The data in these studies demonstrated that piperacillin-tazobactam vial products
containing an aminocarboxylic acid and a buffer is compatible admixture with lactated
Ringers solution tested for up to 24 hour when stored at room temperature, that
admixture dilutions may be prepared with reconstituted product stored at refrigerated
~ conditions (2-8°C) in the vial for up to 48 hours, and that reconstitution of the
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
lyophilized dosage form with several preserved diluents had no impact on the
compatibility and stability of the subsequent admixture prepared with saline.

Lactated Ringer's Study

High and low concentrations of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer were prepared as admixtures in Lactated Ringer’s

diluent.
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Acceptance Criteria All samples should be visually clear and compliant
with current USP/Ph. Eur. specification for subvisible particulates at T=0

Whane/atd0pours (if applicable) and T=24 hours. For HPLC ABE&\/SM05/036938
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samples after T=24 hours should not be not less 10 than 90% of the initial
(T=0 hour) concentration for both piperacillin and tazobactam. RESULTS

The USP <788>/Ph. Eur. Chapter 2.9.19 and HPLC Assay data obtained

for each diluent in each of the studies are provided in Tables V to X
ALBesempatiniibrianie ¢ Nemat iRal BTty HaRee YRRt hot
chengaaarm {ingiroouetdicoatiriarbreahitiotardrgliclaait ditbabbéiecied.actated

were 29&%@%%%%@ @f»%bgygsgm%@&@f'% |me&‘?g\é’§§§eﬁf6rﬁ§‘8f‘ﬁﬁéracil|in-

seerrin an product attributes over a 24 hour period. The 20 results of

tHezebaelamyindratde coptabiSEAMN BRI ECdRM Ha AR oYF1R
albfeptrsldiesdtiiea plend anleadiuattisietenniteiRn e slege il freBased
of parfi bjlai(_-:-gﬁ‘t?/ visual inspection. There were no differences observed

i qﬁ ﬁuenﬁ with piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer over a 24 hour admixture testing

period. Sub-Visible Particulate Matter In all four studies, all sub-visible
partifgsansiuied Rreduelddelstdbne Migickingdrixtuse Stgdificant formation

of particulates. All particulate counts, both at T=0 hour, T=4 hours (where
aPpiiasitnierdBeps e e HRR LIl SPIRATRBY Y thERjperacilin-
acaaptactoencridé fieodiicts tcordainthgarcdthpeatimieglic atdl mdsnbufier and were
m&%&&g}réﬁa@&’ i FidHRs2 ARG RAACPRGAINIAA0AAZRIRS MARISS R 1RR

e were no differences observed in the various diluents with

piERNciNR APNHERSR/IR PRRRATR S TBA S FIRg e A RIRYS b digd been

agghr O rdfasoOes tharrdshmuradimbiige: desti(pao e ednditoke payrito ddmixing.
studies, all HPLC chemical potency data for Piperacillin and Tazobactam

met the acceptance criteria of not less than 90% of the initial
concentration and remained unchanged over the 24-hour admixture

tegiRg:ReLios ANDAGES PIBR)S physical stability (i.e. Appearance and
Description and Sub-Visible Particuﬁqeﬁ).%gd potency stability for

admixtures prepared in the diluent L
The following batches of piperacillin-tazobactam vial products containing an

aminocarboxylic acid and a buffer were used in the compatibility studies:
a. 4.5 g/vial, Batch A93374, manufactured by Wyeth, on 8 Sep 2004.
b. 2.25 g/vial, Batch A87605, manufactured by Wyeth, on 6 ul 2004.
c. 40.5 g/vial, Batch A98715, manufactured by Wyeth, on 17 Sep 2004.

The following lots of intravenous diluents were used in one or more of the
compatibility studies described.
Lactated Ringer’s Injection, USP, 250 mL containers, Lot J4J577,
manufactured by B. Braun, Expiry Date 01/06
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Ringer's Injection, USP, when stored at ambient conditions (about 20C)
for up to 24 hours after admixture preparation. 15 Acceptable physical

WQzBHiey4G08. Appearance and Description and Sub-Visible PEEBUIRAEE)036938
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and potency stability for admixtures prepared in these same diluent, but
with reconstituted product stored at refrigerated conditions (2-8C) for up
to 48 hours. In addition, these admixtures demonstrated compatibility
when stored at ambient conditions (about 20C) for up to 24 hours after
admixture preparation. 20 Acceptable physical stability (i.e. Appearance
and Description and Sub-Visible Pariigihees) and potency stability for

piperacillin-tazobactam reconstituted with each of the following preserved
diMiehReandstitetivfuameAdinixerePoegesatiotium Chloride Injection USP.

In addition, these admixtures demonstrated compatibility when stored at
aRBRNRIESRANBKhEEaRBERIDYIFIBIAGHES SaNRINAY At TRiRfRIRXYlic acid and a
prepitsaiiene 2ecdmstitaid al Somiendinsinates thattbegipechsitiis compatible

with Lactated Ringer's Injection, USP. 30 18 WO 2006/044600
PCT/US2005/036938 EcmE XVUN Ef6 . UNO N CQ.2QOEO

J Jha edraigyres for hesstudiey were preparedwity diloentorepresenth the lowest

U dhdMighest piperacillin-tazobactam vial products containing an aminocarboxylic acid
and a buffer vial strengths (2.25g and 4.5g, respectively). The resultant admixture

concentrations evaluated in each of the studies are tabulated in Tables V-X.

For Lactated Ringers Injection, a 250 mL volume was used to prepare both the
lowest and highest admixture concentration, as this is the smallest volume container

available.

For Lactated Ringer’s Injection-USP, low and high concentrations were prepared
based on the lowest and highest piperacillin-tazobactam vial strengths (respectively)
dissolved in 250 mL of this diluent.

Admixture Testing Procedure

In the Lactated Ringer’s Preliminary Study, samples of each piperacillin-tazobactam
vial products containing an aminocarboxylic acid and a buffer concentration were
tested immediately (T=0 hour) after being admixed into the diluent. Remaining
samples were stored at ambient laboratory conditions (about 20°C) and tested at 4
hours (T=4 hour) and 24 hours (T=24 hour).

Analytical Test Methods

The following test methods were used to analyze the samples in these compatibility
studies:

HPLC Assay for Piperacillin and Tazobactam
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Visual Observation for Appearance and Description

USP <788>/Ph. Eur. Chapter 2.9.19 Particulate Matter (Light Obscuration Method for

sub-visible particulate counts)

Acceptance Criteria

All samples should be visually clear and compliant with current USP/Ph. Eur.

specification for subvisible particulates at T=0 hour, T=4 hours (if applicable) and

T=24 hours. For HPLC Assay, all samples after T=24 hours should not be not less
10 than 90% of the initial (T=0 hour) concentration for both piperacillin and tazobactam.

RESULTS

The USP <788>/Ph. Eur. Chapter 2.9.19 and HPLC Assay data obtained for each

diluent in each of the studies are provided in Tables V to X. Acceptance criteria were
15 metin all studies. Particulate counts did not change as a function of time in each

solution in the chart. The potencies were not substantially changed.

DISCUSSION
There were no changes seen in any of product attributes over a 24 hour period. The

20 results of these studies indicate acceptable stability.

Appearance and Description

in all four studies, the samples tested were determined to be clear and free of

particulates by visual inspection. There were no differences observed in the diluent
25  with piperacillin-tazobactam vial products containing an aminocarboxylic acid and a

buffer over a 24 hour admixture testing period.

Sub-Visible Particulate Matter

In all four studies, all sub-visible particulate counts were acceptable, indicating no
30 significant formation of particulates. All particulate counts, both at T=0 hour, T=4

hours (where applicable) and T=24 hours were well under the USP/Ph. Eur.

acceptance criteria of not more than 6000 particles =10 pm and not more than 600

17
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particles =25 um. There were no differences observed in the various diluents with
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer

over the 24-hour admixture testing period.

5  Potency
in the studies, all HPLC chemical potency data for Piperacillin and Tazobactam met
the acceptance criteria of not less than 90% of the initial concentration and remained
unchanged over the 24-hour admixture testing period.

10 Acceptable physical stability (i.e. Appearance and Description and Sub-Visible
Particulates) and potency stability for admixtures prepared in the diluent Lactated
Ringer’s Injection, USP, when stored at ambient conditions (about 20°C) for up to 24

hours after admixture preparation.

15 Acceptable physical stability (i.e. Appearance and Description and Sub-Visible
Particulates) and potency stability for admixtures prepared in these same diluent, but
with reconstituted product stored at refrigerated conditions (2-8°C) for up to 48 hours.
In addition, these admixtures demonstrated compatibility when stored at ambient
conditions (about 20°C) for up to 24 hours after admixture preparation.

20 Acceptable physical stability (i.e. Appearance and Description and Sub-Visible
Particulates) and potency stability for piperacillin-tazobactam reconstituted with each
of the following preserved diluents and then further diluted in 0.9% Sodium Chloride
Injection USP. In addition, these admixtures demonstrated compatibility when stored
at ambient conditions (about 20°C) for up to 24 hours after admixture preparation.

25

The data also demonstrates that the product is compatible with Lactated Ringer’s
Injection, USP.

30

18



UuUO3mcuCu nlL.a
JJQCJEEE Ern CDcm0BTA5305/086938

UEEEECOo0OMIr(CONcc)c ca)atm./Cu Nj(DooN ) )N E

mmMoEE20Qpmc~000JCZ22Z

NWOLO>andOO INNMNCDO dUINmMN F-maYzUON c0
0C) MOO NNN IEEEC dUECuC

WQRR{HRAAGON

61

sjuan(ig SNOUSABIU| pue UoIN)ISU0I9Y

weyoeqoze) Jw/bw g
HOIH
‘uyoesadid Jwybw g dSn-uonoafuj dSn-uoioafuy
Apmig Aeuiwijalid
wejoeqoze) jw/bw | s Jabury pajejoe] s Jobuy pajeioe
MO s Jabury pajejoen
‘uypoesadid quybw g
I v
-
8 uoleUadU0D aweN
- juanjiqg aJnxiwpy jusN|Ig uoiNSU0IIY
5 ainXiwpy wejoeqozel-ulpdesadd Apnis Ayjignedwon
(@)
Z
©

SNouUBA UM Wwejoeqoze] uyjioeladid jo Apjiqnedwo) auiwusje 01 Pas() SUOHBAUSIUCD) SINXIWPY

A®Iqel



Q)r) 'aaN

pa)aaOLO00INLU d7NCDTrN-NM a)NZfnC,)_ IINMCD

0-1 co 04 M WO 2006/044600 PCT/US2005/036938 TEa coo NmN
O)N 'Caoo00OIn)nO

VOQOI0)O NO cCOC WfOaJUNOh m110
WORN@B@CI) E NOCj CCOOInInO ON ul O = Il PRINIA0pI36938

0c

[enIul %06 Uey) SSaj 10N €
009 UBY) 3I0W ION g
0009 UEY} 30w JON |

wejoeqoze) Jw/bw g
%001 | %001 | %S L0} %00} .
. 08 | OLL | 08 | 00LZ | OV¥Z | 0c8Z | ‘unpoesadid qw/bw 9|
626 | %00L | %986 |%00L dsn-uonosfu
HOIH
s Jabury
wejoeqoze) Jw/bw |
pajeloen
%966 | %00L | %E1L0L [%00L| O | LN | 0S| 095 | IN |o02ez | ‘unpoesadid Jw/bw g
MO
v2=1 | 0=} 2=} 0=) |¥2=}| v=1 {03} | v2=1 | v=) | o=
uonenuaduo) uanjiq
cwejpeqoze |
cUioeladid Lurgz wroy 2INXIWPY ainxiwpy pue
SjUNo) sje|NoIued wejoeqozej-uljjioesadid| uonnjisuosay
Aessy Aouajod 91dH
ing ud /dsn

Apms Aueuiwaig s Jabury pajeioe 4o} synsay

IA 3IGeL




CIINcohNCO COVawCO IOwNN7CCOCIO NXCUVVU

EOcomIOCO ECOatQ1200
WE@K/eWaaa OCcNEEEEoo. FCOrCONO O CDEETYE26803936938

NO aNaN coa)aOcJEEE

NQ.C6coC fnE:ECO YCQ)NdQ)E4ma~000U)0)00Q7N

EEOU.OJNOOOCwmMZZZNC") WO 2006/044600

PCT/US2005/036938 m> ENUMr QcoNO IIOO0 |N

IC

[eniul %06 Uey) Ssa] JoN €
009 UBY) 810W 10N Z
0009 UBY) aiow JoN |

S o] GES 09S wejoeqoze) w/bw Z
%001 %.'66 oL 0S G86 06cl ‘uyproesadid qw/bw gy
dSn-uonoafui
0l 14 029 GZ9 HOIH
s Jabury
0 G2 oLe Gl | wejoeqoze) qw/bw |
pajejoen
%%¥°'66 %001 S 0 Gl 08t ‘ulpoesadid qui/bw g
0 0l 09¢ T4 MO
yZ=l vZ=1 yZ=1 | 0= yZ=1 0=}
usnjig
uoNBJUBdUO)
cwepeqoze| aJnXiwpy pue
Uoesedid | wrigg wrigy QINXILPY WEOEqOZE |
uonN}ISuU0oay
SJunNoY aje|nNdiued -ulpoeladig
Aessy Aousjod O1dH
4n3 'yd/dsn

Apnig sjuan|iq paatasaidun J0j S)NSay

lIA @19e L




JJi6

~? 11 rWE Fm- 3 d o RCTUD20056836938

d'~'rnC)C)ranC)co(DCI)vEE m=co ycUUU 82N-UNN

pO ONN 'aacoOO.ONT3UJJJ

NSN LCCL7NICICu)fynf)n LLONMrMr FLNINMMvmvin

UmcF TOaaf%)JVNcoa olwaO Or'E'a-a OlInMN EO

WO 2N/ >O7NrNMMMM
O

C

[eniul %06 Uey) SS9 JON €
009 uey) alow JON ¢
0009 uey} aJow JON |

0z | St Sbe 09¢ | wejoeqoze) qw/bw g
LL°00L 6,86 Ge | &€ 0/€ | 0091 |‘uypoesadid qu/bw gy
dSn-uonoalu)
S Gl 0SE | S¥2l HOIH
s Jabury
G6s | s¢ 698 | Sv9l | weyoeqoze) Jw/bw |
pajejoe
#€° 101 99'00L | ObL | SL | S6GL | 066 | ‘uypoesadid Jw/bw g
oy | 02 G/6 056 MO
¥Z=) yZ=} vz=1| 0=} | ¥#2=1 | 0=
uoljeJjusdu0) jusnjqg
cuepeqoze | alnxiwpy ainxiwpy pue
culoesadig|  wrigg wrigy
weyoeqoze | uoiiN)Isuodsy
SjUno) 3jenNdiued
Kessy Aousjod D1dH -ulpoesadid

N3 ‘ud / dsn

Apn)S aInXiwpy O} Jold aWi] PIOH JoNPOoId PaINiSuooay Joj sjnsoy

A 3lgeL




10

QEEEcmCD~ OCDEEE0Oa~UEO0)O o(o ocorn cc -Cco
Oy.LV)=UgOEEa -00JAmCZZZ 04 M WO 2006/044600
WEPDTHO88005/036938 Table 1X Results for European LactatdR RiigRI0§/036938
Study from Refrigerated Concentrate USP / Ph. Eur. Piperacillin- HPLC
Potency Assay Particulate Counts Tazobactam 10m' 25m2 Piperacillin3
Admixture Tazobactam3 Concentration t=0 t=24 t=0 t=24 t=24 t=24

LOW 547 1340 0 27 8 mg/mL piperacillin; 520 377 317 96.4 96.5 1

mg/mL tazobactam 447 910 23 70 HIGRIES&7 893 47 20 16 mg/mL

prRgsaeslfor EE&@&&OL@Q@&&@&@&%@ fagReteigokacteCoABdiraia3

-3+ Netmere-than 66062 ore-than-660
oS BICE
Piperacillin- ) HPLC Potency Assay
Particulate Counts
Tazobactam - 5 i
_ 10um 25um Piperacillin®
Admixture Tazobactam?®
Concentration
=0 | t=24 | t=0 |t=24 t=24 t=24
LOW 547 [1340| O 27
8 mg/mL piperacillin; | 520 | 377 3 17 96.4 96.5
1 mg/mL tazobactam | 447 | 910 | 23 70
HIGH 687 | 893 | 47 20
16 mg/mL piperacillin; | 1580 | 970 [ 60 83 100.2 100.1
2 mg/mL tazobactam | 1810 | 773 | 47 37
1 Not more than 6000
2 Not more than 600
3 Not less than 90% initial
Table X
Results for European Lactated Ringer's 1 Week Refrigerated Study
USP / Ph. Eur.
_ HPLC Potency Assay
Piperacillin- Particulate Counts
Tazobactam 10um’ 25pm? Piperacillin®
. Tazobactam?®
Admixture
Concentration =1 t=1
t=1 week T=1 week
week week
LOW 677 47
8 mg/mL piperacillin; | 367 13 95.1 95.7
1 mg/mL tazobactam | 667 3
HIGH 1270 157
16 mg/mL piperacillin; | 1433 37 98.6 99.1
2 mg/mL tazobactam | 1013 20

1 Not more than 6000
2 Not more than 600

3 Not less than 90% initial
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5 3 Not less than 90% initial Table X Results for European Lactated

Ringer's 1 Week Refrigerated Study USP / Ph. Eur. HPLC Potency

Assay Piperacillin- Particulate Counts Tazobactam 10m' 25m2

Piperacillin3 Tazobactam3 Admixture Concentration t=1 t=1 t=1 weedCSLLP
T=1 week week week LOW 677 47 8 mg/mL piperacillin; 367 13 95.1

95.7 1 mg/mL tazobactam 667 3 HIGH 1270 157 16 mg/mL piperacillin;
1424 AT RS &L XmeB mB9/mL tazobactam 1013 20 1 Not more than 6000

2 Not more than 600 10 3 Not less than 90% initial 23 MCSLLP WHAT IS

CLA M.EDAlﬁiM%lﬁféHﬁﬁHH%tiSH WRARKIUBMMHYEE SPBREIRRS tazobactam, an
piperacillin, tazobactam, an . amjnocarboxylic aé;id alnd a b%ffer ina

sodium IZHRBGTRRNISATAEMHAMHRE TR APEMALESIRR At ding to

claim 1, wherein the sodium 5 lactate diluent is lactated Ringer's solution.

3. Thé prEIRIETIRE L SSHROR SEHG BRI wHEFETRe sodium
sodium lactate dilluentissddeatedaRingesslstiotiod. The pharmaceutical
composition according to any one of claims 1 to 3 wherein the buffer is

citric acidrae asalirierenfall@mpdsieophartnategticalaonipesitioin the sodium

aceording.io.clif 4 HOSISHN QRS sodum citrate.

4. The pharmaceutical composition according to any one of claims 1 to 3
wherein the buffer is citric acid or a salt thereof.

5. The pharmaceutical composition according to claim 4, wherein the buffer is

sodium citrate.

6. The pharmaceutical composition according to claim 4 or claim 5 in which the
citrate is in the range of about 0.25 mg/ml to about 25 mg/ml.

7. The pharmaceutical composition according to claim 4 or claim 5 in which the
citrate is in the range of about 0.6 mg/ml to about 15 mg/ml.

8. The pharmaceutical composition according to any one of claims 1 to 7
wherein the pH is about 6.5.

9. The pharmaceutical composition according to any one of claims 1 to 8,
wherein the aminocarboxylic acid is EDTA or a salt thereof.

10. The pharmaceutical composition according to claim 9, wherein the salt of
EDTA is selected from calcium disodium salt, dicalcium salt, diammonium
salt, dipotassium salt, disodium salt, tetrasodium salt, tripotassium salt, and

trisodium salt.

11. The pharmaceutical composition according to any one of claims 1 to 8,
wherein the aminocarboxylic acid is selected from
diethylenetriaminepentaacetic acid (DTPA), hydroxyethylenediaminetriacetic
acid (HEDTA), nitrilotriacetic acid (NTA), O,0'-bis(2-

24
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6. The pharmaceutical composition according to claim 4 or claim 5 in

which the citrate is in the range of about 0.25 mg/ml to about 25 mg/ml.

7. The pharmaceutical composition according to claim 4 or claim 5 in

which the 15 citrate is in the range of about 0.6 mg/ml to about 15 méy@$LLP
8. The pharmaceutical composition according to any one of claims 1 to 7
wherein the pH is about 6.5, 9. The pharmaceutical composition

accord'n%Fﬁur%Bér@%%tﬁ§/@|ﬁé@§claitN &, NWwRetaia st caboxy lisnacidns-1,2-
is EDTA or a saltt reof. 20 g}arma eutlcﬂ&gﬁp S|t|on

accordlngd{%n?:l?ﬁlcﬁ' Wﬁ(gr% at 0 }fls sele omcalcium
disodium mmcawugmm@wﬁnwmmwn, dipotassium salt,

disodium salt, tetrasodium salt, tripotassium salt, and trisodium salt. 11.

The phariaeebtoabcentipasitorpasitiondingording ooy oinegaihesaints Blo 11, in

25 wherejpthg ﬁ@%%@%kﬂl@%@dﬁ§&|§§éﬁ@ H@® range of about 0.002 mg/ml
d|ethylenetrlammegentaaceﬂc acid (DTPA),

hydroxyetRyiBREGIZME&racetic acid (HEDTA), nitrilotriacetic acid (NTA),
0,0'-bis(2 24 MCSI_LP aminoethyl)ethylene choI N,N,N,N'-tetraacetic

acid (& TAS, BRRIBAFRYICE! RARRBTOIREEIRE RN RISt 11, i
acid (CyDiikitiotr phanvareukivially ot coptedset salththexegé, df2abbue 0.003 to
pharmac%%%@l Rﬁ)smon according to any one of claims 1to 11,in 5
which the amlnoca oxylic acid is present in the range of about 0.002

mg/mi, fo-ghout %”Jlg%gﬂlﬁr m@\?g‘ﬁ %r S?ch'H %b‘?y ﬁé'ﬂ?@lé\ﬁ?&ﬁdﬂé‘%

to any one of clalms hic e amin c acid Is presen
in the ran‘gé%ﬁ'a‘tibatm}?@()@'ﬂb” ﬁo@’@?%&i@ﬁm rf@gf401 I‘?\éhh%l’ﬁ%ﬁéé‘?léﬁwt 500

compositigig/agcording to any one of claims 1 to 13, wherein the
piperacillin is present in the range of about 8 mg/ml to about 500 mg/ml.

15. The; pfigs ﬁ&ﬁ‘H&i@&me&ﬂ@ﬁ%@t@m@tawpﬂﬂ@é%mh 16 13,
13, wherein the p eraC|II|n present in th ran out /m| to
about 300/ EESAEI A P AT R AR B SL RO A EOTAH) 4 2bout 300
any one ohglaiims 1 to 15,
16. The pharmaceutical composition according to any one of claims 1 to 15,

wherein the tazobactam is present in the range of about 0.1 rag/ml to about
125 mg/ml.

17. The pharmaceutical composition according to any one of claims 1 to 15,
wherein the tazobactam is present in the range of about 1.5 mg/ml to about

75 mg/mi.

18. The pharmaceutical composition according to any one of claims 1to 17,
which further comprises an aminoglycoside.

19. The pharmaceutical composition according to claim 18, wherein the

aminoglycoside is amikacin.

20. The pharmaceutical composition according to claim 18, wherein the

aminoglycoside is tobramycin.

25



wherein the tazobactam is present in the range of about 0.1 rig/ml to

about 125 mg/ml. 17. The pharmaceutical composition according to any

one of claims 1 to 15, 20 wherein the tazobactam is present in the rangéCSLLP
of about 1.5 mg/ml to about 75 mg/ml. 18. The pharmaceutical

composition according to any one of claims 1 to 17, which further

comprises an aminoglycoside. 19. The pharmaceutical composition

according mé:hamﬂqacmi@@@ksbm@oaﬁoamba@giwﬁj%m@B@&mnzﬂ 8to0 20, in
The pharmﬁ ical com osmon accordl Ialm 18 f’}%S:re £
ﬁtl gﬁg/mlto about

amlnogly005| e |§> t%rtr)]}go HS'S?, 'I@IH@?_?_ e’rrﬁegﬁh%

compositiéh Aedvtding to any one of claims 18 to 20, in which the
aminoglycoside is present in the range of about 0.1 mg/ml to about 75
mg/mi222 Uds@ichthpheihaanadaari cahgmsipositicrpatogrding tomagfatems 1 to

of claims éﬁ%ﬁr%lrﬁf&ﬁh%&\%%?&%@d%%ﬁ??&%%‘a aQrgLeating |ﬂfe%uon and/or

bacterial infection and/or. an LR condition in a human. 23. The use of
pharmaceliitR ¢UMi[I88itvA B¥®8Ring to claim 22 wherein said LR
condition includes any condition which calls for the use of a sodium
lactate?dilBRMRM IR PNAEEasR AR RINGH HULRNESFABIGHRRIREh AL itsrein

solution, issitidRgdnditisnrieplagesreytswidiiod defiitsaltsfonae Weodf a sodium
SubSt'tUte@bg‘?@&mgﬁgﬁﬁgHqﬁ%%l?&sl'ag:gég Ringer’s solution or Hartmann's

solution, including burns, replacements of fluid deficits, trauma, blood

substitutes, hemorrhage or infections.
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