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Scope of the presentation JANY

L\

AMPATH

A Introduction

AManagement options for MDR/XDR Gram-negative
Infections (in complicated patients)

A Doripenem

A Prolonged or continuous infusion of beta-lactams
A Fosfomycin

A Tigecycline

A Polymyxin

ARegarding tigecycline and polymixin, the impact of hypo-
albuminemia on highly protein bound drugs in critically ill
patients
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Scope of the presentation JANY
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A Combination therapy for such pathogens?

A Conclusions
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Limited treatment options for A%

ESBLs/other MDR/XDR Gram-negativg ' T
\

Organism and antibiotic resistance ;000 wailable antibiotics &
E. coli, Klebsiella spp., and Enterobacter Q\OQ

- Cephalosporins @& Carbapenems, tigecycline

(ceftriaxone, cefotaxime, ceftazidincg;

cefepime) @(’

- Carbapenems QQ'Q(}’D'\ Polymyxins, tigecycline, fosfomyci

.& O

Acinetobacter spp. G«C\ C}

Carbapenems Q‘b Polymyxins, ? fosfomycin

c"0

Pseudomonas a: O‘

Carbapene'gb Polymyxins, ? fosfomycin

é@
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eéeemer gence -aospitalispreae of colistin
resistant KPC- producing K.pneumoniae

Greece

“~— —

AA matched 1:3 case-ctrl study

AKColistin R KPC cases were more likely to be admitted from other
institutions (P=0.019) , had longer duration of Rx with 3-lactam/I3-
lactamase inhibitors (P=0.002) and higher overall mortality (69.2% vs
35.9%, P=0.05)

Al study isolates were clonally related suggesting horizontal
dissemination

Kontopoulou et alJ Hosp Infec12010 76 7@73
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AN

Improved Doripenem Targeting of Higher MICs with 4-h | =g\
Infusion AN ATH

Target 60
Attainment,
% 404
Doripenem 500 mg 35%
8h, 1-h infusion
204 °
@ Doripenem 500 mg

g8h, 4-h infusion

0 -

0.06 0.12 0.25 0.5 1 2 4 8 16

MIC, pg/mL

Bhavnani SM et alAntimicrob Agents Chemoth@005;49:39443947 page 9
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Doripenem Efficacy in NP/VAP: Clinical Cure in ME at
TOC* in Patients With P. aeruginosa

100

Doripenem
31.6 500 mg g8h

80

B Comparator

Clinical Cure g
Rate,

% 45.2

40

20
31/38

Difference = 36.3%: 95% CIl = 16.9, 55.8

Cl, confidence interval; ME, microbiologically evaluable; TOC, test of cure; NP, nosocomial pneumonia; VAP, ventilator- associated pneumonia.
*TOC visit was 7-14 days after completion of study drug therapy.

AComparator wa acillin obactam-4 ReiiaaAD (DORI-09), and imipenem 500 mg q6h or 1,000 mg gq8h in VAP (DORI-10);

Jenkins SG et aCurr Med Res Opin2009;25:30
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Doripenem in VAP: MRU for Patients With P. aeruginosa A%

ldentified at Baseline* %&

3
V\ -

&v..

Doripenem Comparator*™ pyalue

(n = 36) (n = 37)
EradicationRate % (n/N¥ 66.7% (16/24) 41.7% (10/24) 0.147
Median Duration, days (95% CI)
Mechanical Ventilation 7(5,9) ‘ 13 (8, 16) 0.031
Intensive Care Unit 13 (9, 19) mmmp 21 (14, 30)  0.027
Hospital Stay 24 (20, 32)Ep 35 (28 NA)  0.129

* cMITT patients with Pseudomonas spp identified in the lower respiratory tract at baseline. ** Comparators we #g2
piperacillin-tazobactam in one study and imipenem

in a second study. # Eradication rate defined as microbiologic eradication or presumed eradication; 25 patients
excluded because of lack of data (doripenem, 12; comparator, 13). Cl, confidence interval; MRU, medical reso
utilization; NA, not available; VAP, ventilator-associated pneumonia.

Kollef MH et al. Critical Care,201014:R84 110

Page 11


http://images.google.co.za/imgres?imgurl=http://www.uthscsa.edu/mission/ArticleData/2005-07/images/mrsa.jpg&imgrefurl=http://www.uthscsa.edu/mission/article.asp%3Fid%3D345&h=199&w=170&sz=112&hl=en&start=6&tbnid=aGEjbQoSEmlQdM:&tbnh=104&tbnw=89&prev=/images%3Fq%3DMRSA%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

AN

South African comparative doripenem data J—\x\
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A COMPACT study (Comparative Activity of Carbapenem Testing Study)
A Sponsored by Janssen-Cilag phase 3

A n=3 sites in RSA

A Source: septicaemia, clAl, NP/VAP

A Data available for ICU pts vs non-ICU

A FDA vs EUCAST breakpoints applied to MIC data

COMPACTReport No. IV10349828 October 2010 (in print)
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Doripenem, imipenem and meropenem cumulative % MIC

distributions against all pathogens in South Africa (n =188).

100.0
90.0
80.0

70.0
60.0 ’/ /' —&— Doripenem
50.0 / ./J —B— Imipenem
40.0 / / Meropenem
30.0
20.0 / /

10.0 / /‘

0.0 +v, r\./ﬂ{rl—rl—r/ — —

TE DO OO HD D N % D0 o>
IOV NN N o

Cumulative % isolates

MIC (mgIL)

COMPACTReport No. IV10349828 October 2010 (in print)
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Susceptibility of all pathogens combined and pathogen groups
from South Africa to doripenem, imipenem and meropenem

Percentage of isolates:

Meropenem

Susceptible | Intermediate | Resistant
All Pathogens
Doripenem 78.7 6.4 14.9
Imipenem 188 76.1 2.1 21.8
Meropenem 7.7 4.8 17.6
Pseudomonas spp.
Doripenem 68.8\|-12.‘\5|i 18.8
Imipenem 96 63.5 4.2 32.3
Meropenem 66.7 9.4 24.0
Enterobacteriaceae
Doripenem 100.0 0.0 0.0
Imipenem 75 100.0 0.0 0.0
Meropenem 100.0 0.0 0.0
Other Gram-negatives
Do_npenem 17 - - -
Imipenem - - -

COMPACTReport No. IV10349828 October 2010 (in print)
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Impact of different carbapenems and dosing regimens on A%

P. aeruginosa resistance emergence G
A Doripenem: 500 mg 1h infusion; 500 mg 4h infusion; 1 g 4h infusion -
A Imipenem: 500 mg 0,5h infusion; 1 g 1h infusion o

A Doripenem and Imipenem were studied in a hollow fiber infection model over a
period of time (10-13 days) that was consistent with clinical usage

A At 500 mg 1h infusion, doripenem behaved similarly to the imipenem 0,5h
Infusion

A The 4h infusion of doripenem maintained resistance suppression longer than
either of the other 500 mg regimens (dori or imi)

A Of all the regimens, only doripenem 1g 4h infusion suppressed amplification
of the resistant subpopulation for the 10 days of the study

A Additional PD data suggests a 4-h infusion of 1g doripenem achieves a 97,2% ?
CFR for P.aeruginosa infections with doripenem MICs of 4mg/L

Louie A et al Antimicrob. Agents Chemothét010;54 :263815; Koomanachaet al.Clin Ther2010;32:766779
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Extended
(prolonged or continuous) infusion of
beta-lactams
VS

bolus Infusion
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Piperacillin-tazobactam A%

LN\

AMPATH

AComparison of two dosing regimens for serious P.
aeruginosa infections

~ 3.375 grams IV over 30 minutes 6/d (4 hourly)
~ 3.375 grams IV over 4 hours 3/d (8 hourly)

Lodiseet al. Clin Infect Di2007:44:357363 Page 17
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Piperacillin-tazobactam A%

LN\

AMPATH

14d. Mortality:
A 30 minute infusion 31.6%

A4 hour infusion p:0.04

Median LOS (days):
A 30 minute infusion 38

A4 hour infusion @zo.OZ

Lodiseet al. Clin Infect Di2007:44:357363
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Piperacillin-tazobactam Ax

LR
1000~ &w’*
— Infusion serum £
—=—= [nfusion tissue K5
—— Bolus serum
----- Bolus tissue

Unbound concentration (mg/L)

) | ] ) | ] || |
250 500 750 1000 1250 1500 1750 2000
Time {mins)

Robertset al. Crit Care Med2009;37:926933
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Piperacillin-tazobactam A%

LN\

AMPATH

A On D2, significantly higher median plasma concentrations P
In infusion group vs bolus group were recorded (16.6 vs |
4.9 mg/L; P=0.007)

A The data in this study shows reduced variability of steady-
state concentrations using continuous infusion

A This enables the intensivist to dose the patient with greater
confidence for achieving target concentrations

Robertset al. Crit Care Med2009;37:926933
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AN

LN\

AMPATH

. A \ 4
ALodi seds gI’OU'Q\? O
I ~3.375 grams |V over 0\3 \\@ N=59)
. N .
I ~3.37/75grams IV o RS Q\Q' -70)

(P=0.54)

I P(()\ 6@ atients were in ICU W
> % ¢ 1/as 10.5 & 10.9
,& / . . A\

| \o'* nd 58.6 % of infect.i
Y -pectively

Patelet al. Diag Microbiol Infect Di2009;64:236240 Page 21
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AN

PK/PD of meropenem in Neonates f—)\n

AMPATH

ARecommended dose of 20 mg/kg 8 1 12 hly depending on age 5
and weight *je

A Creatinine and PCA best predictors of meropenem clearance ‘
A Single study comparing 0.5 h versus 4 h infusion rate (n=23) :

AUsing Monte-Carlo simulations, enhanced PK/PD target
attainment with 4 h compared to 0.5 h infusion rates of

20 or 40 mg/kg g8 h or q12 h

AThis becomes important when treating more resistant organism |
e.g. P aeruginosawi t h MI C6s of >4 mg/ b

Van den Anker et alAntimicrob Agents Chemoth2009;53:38719
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AN

PK/PD of meropenem in neonates P\

AMPATH
B Meropenem 40 mg/kg Dose |
A Meropenem 20 mg/kg Dose Pre-Term Neonates -

Pre-Term Neonates 1.00 s — ‘
1.00 == : ':
- . 080 - N
0.90 W i )

—&—  Maximal Kil, 0.5 hrinf
0.80

& hr interval ‘
070 - \ & hr interval

\ —HB— Maximal Kill, 0.5 hrinf =
— \ n —F—  Maximal Kill, 0.5 hr inf 12 hr interval

2 Maximal kil, 0.5 hr inf

o o
8 3

Fractional Target Attainment
=
3

i
@
E
=
L
< 12 hr interval
5 0s0 ' ' —+— Maximal Kill, 4 br inf
E ' L —*—  Maximal Kll, 4 hr inf 0.40 8 hr interval
T 0.40 & hr interval ) ) )
% ° I 0,30 —®—  Maximal Kill, 4 br inf
E 0.30 L Maxirmal Kill, 4 hr inf 12 hr interval
i 12 hr interval 0.20

0.20

010
D":I B 0.00 I T T B T 1 T A A
0.00 - L 0.1 1 10 20
01 1 10 20 MIC {rg/L)

MIC {mg/L)

A20 mg/kg: 4-hour infusions 8 hourly favoured for most non- €-
pseudomonal,non-aci net obacter infectHH

A40mg/kg: 4-hour infusions 8 or 12-hourly favoured for latter morelts
resistant infections e.g. P aeruginosawi t h Ml C0 s

Van den Anker et alAntimicrob Agents Chemoth2009;53:38719
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In vitro activity of fosfomycin CA:%Q

AMPATH

AFosfomycin [(1R,2S)-epoxypropylphosphonic acid] is a
phosphonate bactericidal antibiotic that that inhibits the early
stage of peptidoglycan synthesis in the cell wall and shows a
broad-spectrum bactericidal activity against Gram-positive and
Gram-negative bacteria

Aln vitro:

- Antimicrobial activity against carbapenem-resistant Gram
negative bacteria incl K.pneumoniae

- Antimicrobial activity of fosfomycin against multidrug-resistant~.;:§'
Pseudomonas aeruginosa in vitro.
Falagaset al Eur J Clin Micribiol Infect Dis2008;27:43%3

Kobayashi et allnt J Antimicrob Agent2007; 30:5634
Popovic et alEur J Clin Microb Infect Di010;29:127142
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In vitro activity of fosfomycin against KPC %

AMPATH

An=68
A 23 were tigecycline and/or colistin resistant
A Susceptibility 93% overall:

I 87% for the group resistant to tigecycline or colistin
I 83% resistant to both tigecycline and colistin

Endimianiet al. Antimicrob Chemother Agen2§10:54:526529
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Clinical efficacy of fosfomycin CA:%“

AMPATH

A Pseudomonas-related exacerbations of cystic fibrosis

A Fosfomycin in the treatment of extended spectrum beta-lactamase-producing
Escherichia coli-related lower urinary tract infections

A Fosfomycin: use beyond urinary tract and gastrointestinal infections - review
of 62 studies; 1604 patients i 81% cure rate incl. pneumonia and meningitis

A In addition to bactericidal activity, clinical efficacy might also relate to anti-
biofilm activity:

- Treatment of Pseudomonas aeruginosa biofilms with a combination of
fluoroquinolones and fosfomycin in a rat urinary tract infection model

- Activity and penetration of fosfomycin, ciprofloxacin, amoxicillin/clavulanic
acid and co-trimoxazole in Escherichia coli and Pseudomonas aeruginosa
biofilms.

Farugiet al Int J Antimicrob Agent2008;32:4613; Falaga®t al Clin Infect Dis2008;46:106977

Mikuniya et asl.J Inf ChemotheR007;13:28500; RodriguezMartinez et alint J Antimicrob Agent2007;30:3668
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Microbiological and clinical efficacy of tigecycline for MDR/X%

Enterobacteriaceae AMPATH
Susceptibility rates, % (no. of isolates) &
oathoaen FDA criteria ~ EUCAST criteria ?“
J (MIC 02) (MIC O1)
E. coli 99.6 (1936) 99.4 (795)
Klebsiella spp. 91.2 (2627) 72.3 (1504)

Clinical efficacy and microbiological resolution in 70% (n=33) of patients
Infected with any of above, including carbapenem-resistant strains

Systematic review of 26 microbiological and 10 clinical studies, including activity
against ESBLs, AmpC enzymes, and carbapenemases

XDR, extensively drug-resistant; FDA, Food and Drug Administration;
EUCAST, European Committee on Antimicrobial Susceptibility Testing;

Kelesidis et alJ Antimicrob Chemothet008; 62: 89804
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Microbiological and clinical efficacy of tigecycline fof\\

MDR/XDR Enterobacteriaceae A

100 -
Efficacy 80 - 2.2 66.7
(test of cure), %
60 A
40 -
20 A
0
Clinical cure rate (95% CI;  Microbiological eradication
54.8-85.8) rate (95% Cl; 49.0-81.4)
Clinical cure rate Microbiological eradication
(95% CIl 54.8-85.8) rate (95% CI 49.0-81.4)

ation (N=36)

Vasilev et al.J Antimicrob Chemothez008; 62: 12940 page 30
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Tigecycline vs Acinetobacter Vmn\\

AMPATH

In vitro data derived from 9/18 studies reporting on multi-drug resistant "
(MDR) A. baumannii and 7/15 studies reporting specific data on T
carbapenem-resistant Acinetobacter spp. suggested that at least 90% of f
strains are susceptible to tigecycl i¥
Including activity against polymyxin intermediate and resistant strains. ’

But clinicians should nterpret the in vitro activity of
tigecycline cautiously when using it for off-label indications,
and treatment should be guided by the MIC.

Based on reports of clinical fail | ujs
more appropriate

Acinetobacter spp. are known to have a propensity to acquire resistance,
and exposure to sub-therapeutic serum levels may promote its more rapid
emergence.

Brink et al.South African Med 2010;100:388394
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The potential for the development of re- Qb' ‘O A 2xaggerated “
by the current registered dose (100 r Q’b &Q iy y 50 mg 12- @

o stribution in these u

hourly) in critically ill patients, as t" «&» @
y) yillp 6‘ \\4» &

patients may contribute to signif Q, 0 .published reports ‘
have suggested better efficar ‘\ § sé\‘b .as of 100 - s
150 mg 12-hourly). ‘{\0 0\0 0\.

@ R 4

Until further data becr ‘(\ («ecommendations

can be made with r &b 0 clinical utility of tigecycline, either

alone or in comb” 430 O ., the carbapenems (regardless of the

mode of delive Vo (\6 sibly fosfomycin) for 3
life-threater ‘2‘0 '0 00' 2r infections.
It woulr (,\& 0& .nt to use tigecycline at higher doses '

and’ > &0 .ther agents in such infections.

0"0

Brink et al.South African Med 2010;100:388394
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Resistance to colistin is emerging and might relate to monotherapy use and &5‘“‘.,
under-dosing %3

In KPC infections, monotherapy associated with poor outcomes (14%) vs
combination therapy with tigecycline or aminoglycosides, that appears to be
more promising (73%)

Dosing regimen remains controversial

Multivariate analysis of 258 episodes of MDR GNB infections, (68 caused by
P.aeruginosa): higher doses were independently associated with better '
survival regardless of pathogen [adjusted odds ratio (aOR) = 1.22, 95%
confidence interval (Cl) 1.051 1.42]

Hirsch et al.J Antimicrob Chemothe&t010;65:11191
Falagas et alnt J Antimicrob Agent2010;35:194199 bage 3
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Alternative dosing ISt =\
0 AMPATH
SO | =

A Current recommended dose: > 60 kg : f

. Never once K =
daily as this leads to resistance, Docf 6& ver 30 - 60 minutes’ ¥

8-hourly to a maximum of 9 miIIion

\*\

A A recent PK study in adult IC! \0 6\.\ "b . normal renal function
suggest significant under ¢ e,* ,@. Q,Q dh del ay in a g
(breakpoint) with above 60 <

N Q 'S
Se I
A As a consequence O\' 09 00

I 9mU (24h t(‘\é O 6(-v

(
I orl2 muU 04\ 00 ,b(\ Z) has been recommended
I Followe Q\ <& drly
QY
> 3

& o

Plachouras e 2.ot 3 Antimicrob Chemotheét009:53:343%
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Impact of hypo- albuminemia on highly protein bound

drugs in critically ill patients

‘ ALTERED DRUG-ALBUMIN BINDING

|

LOW ALBUMIN

NORMAL ALBUMIN

|

Decreased production Capillary leakage from - Displacement by
serum to fissues Increased elimination endogenous molecules by |
_ exogenous molecules
rAcil phace ~Wephvolc syndrore “Biinain
(siress, inry, SRS ';""H'"; - Burs (wourd kiss) - Urea . Highly-beund antibiotics
. Hupﬁ_l_!lm-tﬂ - - latraganic binding fo starch = Criher washe products - Dther drugs (e.g. aspiris,
- Manutriion oy {eg. hippurc acid, p-eresal) irusamide)
-Agng : Fron faty acids
- Malignancies - Pulmornarny edema Hiwomisl

|

Displacement/Modificatio

AMPATH

Ulldemolins et alClin Pharmacokine2011;50:112
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Impact of hypo- albuminemia on highly protein bound

drugs in critically ill patients

A SAFE (saline vs alb fluid evaluation) study defined hypoalbuminemia as
albumin level < 25 g/L and reported an incidence in critically ill pts of 40- e
50%

A Reduced number of antibiotic-binding sites
Y I ncreased free/unbound fraction

Y Increased distribution througho

Y Increased clearance (CL) (augmen

Y Lower antibiotic concentrations @&

Y Subsequent reduced |ikelihood off ¥
Y Subsequent increased Iikelihood@_i:ﬁ'_&!-’:,

Ulldemolins et alClin Pharmacokine2011;50:112
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Impact of hypo- albuminemia on highly protein bound A&

drugs in critically ill patients L\

AMPATH

A Reduced free levels have been described for highly protein bound drugs ‘:i
I ceftriaxone (83-96%) * :;;?;.f.

I

I ertapenem (85-95%)

I teicoplanin (90-95%)

I aztreonam (60%)

I fusidic acid (95-97%)

I daptomycin (60%)

I Cloxacillin (95-97%)

A Dose adjustment recommended: Loading doses of 50-100% higher than
standard doses or alternatively more frequent dosing is recommended (but
usually not continuous infusion or prolonged infusion because most agents
are not time-dependant agents)

A Tigecycline is the only other a/b besides teicoplanin registered with a
loading dose but is this enough in ICU pts? New tigecycline trials: 200mg
loading followed by 100mg bd

Ulldemolins et alClin Pharmacokine2011;50:112
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Impact of hypo- albuminemia on ertapenem in critically ill

patients

AMPATH

e i e N e et M OGN WAL A v oA ')héﬁ
Table 3 i
Comparison of total ertapenem pharmacokinetic data after a single 1g infusion obtained in critically ill patients with severe sepsis versus published data for critically ill & =
patients with early-onset ventilator-associated pneumonia |7] and healthy volunteers [9,17]. -

/
Parameter This study (n=8) Burkhardt et al. [7] (n=17)* Majumdar et al. [9] (n=16)’ Pletz et al. [17) (n=10) E

Mean £S.D. Geometric mean

tij2 (h) 57+49 45 415+133 38 45(23)
Vs (L) 594 + 857 268 148 +3.78 8.2+15 5.7(18)
CLy (mL/min) 200.5 £ 306.9 88.6 432 +£23.7 295+34 204(18)
CLg (mL/min) 725+ 983 332 318 £233 129443 9.38(37)
fu (% of dose) ' : 36.7 54.8 £ 19.09 il —
AUCp. (mghiL) 317.7 £ 2746 188.0 418.5 £ 1716 572.1+68.6 817 (20)
Crnax (mg/L) 94.1 £ 790 523 90.5 £ 26.1 15494220 253(15)

S.D., standard deviation; ty, elimination half-life; Vi, volume of distribution at steady state; CLy, total body clearance; Clg, renal clearance; f,, urinary recovery; AUCo.,
area under the concentration-time curve from 0h to infinity; Cyx, maximum plasma concentration.

* Data reported as mean £ S.D.
b Data reported as geometric mean [coefficient of variation (¥)].

Brink et al.Int J Antimicrob Chemothe&t009:33: 4326
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Impact of hypo- albuminemia on colistin in critically il

patients

A PKs of polymyxin B in critically ill patients (n=8)

A Unbound plasma concentrations of polymyxin B were in the vicinity
of or lower than the MIC of the pathogen

A Percentage of protein binding in plasma samples from these critically ill
| (range: 78.5%1 92.4%) was substantially higher than that observed

in plasma samples from healthy human subjects (mean NSD: 55.9% N4.7%)_ |

A High loading and maintenance dosing mandatory to ensure optimal free level§y
and bacteriological and clinical outcome g P

Zavascki et alClin Infect Dis2008:47: 12981304
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Approprlate treatment In patlents recelvmg or not A%

receiving aminoglycosides as empirical therapy for GNB

L \\

: bacteraemia AMPATH
A n=4863 GNB bacteraemic episodes. Fx independently associated with o~
mortality included: %“‘hz;
A Age greater than 65 (odds ratio [OR], 2; 95% confidence interval [CI], 1.6 to 2.6) i“

A Hospital acquisition (OR, 1.5; 95% Cl, 1.2 to 1.9) ‘

A A rapidly or ultimately fatal underlying disease (OR, 2.5; 95% CI, 2 to 3.2) £l

A Cirrhosis (OR, 1.9; 95% ClI, 1.4 to 2.6)

A Prior corticosteroids (OR, 1.5; 95% ClI, 1.1 to 2)

A Shock on presentation (OR, 8.8; 95% Cl, 7 to 11)

A Pneumonia (OR, 2.8; 95% CI, 1.9 to 4)

A Inappropriate empirical therapy (OR, 1.8; 95% ClI, 1.3 to 2.5)

A Combination Rx was an independent protective factor:
A in episodes presenting with shock (OR, 0.6; 95% ClI, 0.4 to 0.9)
A neutropenia (OR, 0.5; 95% CI, 0.3 to 0.9)

A Combination therapy improved the appropriateness of empirical therapy in S

episodes due to ESBL- or AmpC-producing Enterobacteriaceae and
Pseudomonas aeruginosa

Martinez JA et alAntimicrob Agents Chemoth2010;54:35966
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