THE UPDATED ANTIBIOTIC
ARMAMENTARIUM FOR WHEN BUGS GO
BAD




DISCLOSURE

= Nothing to disclose



OBJECTIVES

= |dentify pathogens commonly associated with hospital-acquired infections

= Discuss antibiotics recently introduced to the market which are able to treat
multidrug-resistant pathogens

= Determine potential applications of the newer antibiotics



CAUSATIVE PATHOGENS IN HEALTHCARE-ASSOCIATED

INFECTIONS

All Health
Care-
Associated Surgical-Site Gl Bloodstream
Infections Pneumonia Infections Infections UTIs Infections
Pathogen (N=504) (N=110) (N=110) (N =86) (N =65) (N=50)
no. (%6) rank number (percent)
Clostridium difficile 61 (12.1) 1 0 0 61 (70.9) 0 0
Staphylococcus aureus 54 (10.7) 2 13 (16.4) 17 (15.5) 1(1.2) 2 (3.1) 7 (14.0)
Klebsiella pneumoniae or K. oxytoca 50 (9.9) 3 13 (11.8) 15 (13.6) 1(1.2) 15 (23.1) 4 (8.0)
Escherichia coli 47 (9.3) 4 3 (2.7) 14 (12.7) 1(1.2) 18 (27.7) 5 (10.0)
Enterococcus speciess: 44 (8.7) 5 2(1.8) 16 (14.5) 5 (5.8) 11 (16.9) 6 (12.0)
Pseudomonas aeruginosa 36 (7.1) 6 14 (12.7) 7 (6.4) 1(1.2) 7 (10.8) 2 (4.0)
Candida species| 32 (6.3) 7 4 (3.6) 3(2.7) 3 (3.5) 3 (4.6) 11 (22.0)
Streptococcus species 25 (5.0) 3 7 (6.4) 8 (7.3) 2 (2.3) 2 {3.1) 2 (4.0)
Coagulase-negative staphylococcus 24 (4.8) 3 0 7 (6.4) 0 1 (1.5) 9 (18.0)
species
Enterobacter species 16 (3.2) 10 3(2.7) 5 (4.5) 0 2 (3.1) 2 (4.0)
Acinetobacter baumannii 3 (1.6) 11, tie 4 (3.6) 2 (1.8) 0 0 0

NEJM 2014;370:1198-208.



IMPACT OF ANTIBIOTIC RESISTANCE

m Increased Risk of Death | Attributable Length of Stay Attributable Cost
(OR)

MRSA bacteremia 1.9 2.2 $6,916
MRSA surgical infection 3.4 2.6 $13,901
VRE infection 2.1 6.2 $12,766
Resistant Pseudomonas 3.0 5.7 $11,981
infection

Resistant Enterobacter 5.0 9.0 $29.379
infection

Carbapenem-resistant 1.12 5.0 $10,312

Enterobactereciae

Clin Infect Dis 2006;42:582-9.
Adapted from slide by George Nelson



PREVALENCE OF MRSA
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ABSSS| MICROBIOLOGY AND TREATMENT OPTIONS

= Treatment options

Clindamycin

Trimethoprim-sulfamethoxazole

= Doxycycline
= Linezolid
= Tedizolid S S’pp—- =
: 7%
Adverse event 45 (45) 11 (44)
Peripheral neuropathy 24 (24) 5 (20)
Dsytonia-like reaction 0 3(12)
Thrombocytopenia 6 (6) 1(4)
Anemia 8 (8) 0
Gastrointestinal 9(9) 5 (20)

intolerance

*ABSSSI = acute bacterial skin and skin structure infection

NEJM. 2006;355:666-74
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or the microbiological outcome at the end of therapy (EOT) and TOC, 384 (64.0%) patients presented with a culture-confirmed Gram-positive pathogen at the baseline. S. aureus was the most commonly isolated pathogen (n = 258), and of those 258 S. aureus isolates, 138 (53.4%) were MRSA (Table 1). The MIC50/MIC90 values for iclaprim and vancomycin for S. aureusisolates were 0.12/0.5 μg/ml a


Although more than 80 percent of patients with skin and soft-tissue infections associated with MRSA in this study received empirical antimicrobial therapy for their infection, the infecting isolate was resistant to the agent prescribed for 57 percent of these patients. This finding suggests a need to reconsider empirical antimicrobial choices for skin and soft-tissue infections in areas where MRSA is prevalent in the community.

In 100 of 175 MRSA infections for which antibiotic treatment was provided (57 percent), antibiotic therapy was not concordant with the results of susceptibility testing.
MRSA susceptibilities were as follows: 100 percent were susceptible to trimethoprim–sulfamethoxazole (217 of 217) and to rifampin (186 of 186); 95 percent were susceptible to clindamycin (215 of 226), 92 percent to tetracycline (207 of 226), 60 percent to fluoroquinolones (106 of 176), and 6 percent to erythromycin (13 of 226). Although the proportion of all S. aureus isolates (MRSA and MSSA) that were resistant to clindamycin was less than 15 percent at 10 of the study sites, 6 of 10 S. aureus isolates from New York City (60 percent) were resistant to clindamycin. Among the isolates that were sent to the CDC, 11 of 218 MRSA isolates (5 percent) and 7 of 55 MSSA isolates (13 percent) were not susceptible to clindamycin, including 4 (2 percent) MRSA isolates and 5 (9 percent) MSSA isolates with inducible clindamycin resistance detected by an antimicrobial-susceptibility D-zone disk-diffusion test. 
nd 1/1 μg/ml, respectively.


SSTI MICROBIOLOGY AND TREATMENT OPTIONS

= Qutpatient treatment options
= Clindamycin
= Trimethoprim-sulfamethoxazole
= Doxycycline
= Linezolid

= Tedizolid Srepsop

. o,
= Telavancin ”’_

= Qritavancin
= Dalbavancin

= Delafloxacin

NEJM. 2006;355:666-74
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ORITAVANCIN - SOLO |

Subgroup

Medified intention-to-treat population
Primary efficacy outcome at ECE
Investigator-assessed clinical cure at PTE
Lesion size reduction =20% at ECE

CE population
Primary efficacy outcome at ECE
Investigator-assessed clinical cure at PTE
Lesion size reduction =20% at ECE

Patients infected with MRSA in intention-to-treat
population with microbiclogic evaluation

Primary efficacy outcome at ECE
Investigator-assessed clinical cure at PTE
Lesion size reduction =20% at ECE

Patients infected with M55A in intention-to-treat
population with microbiologic evaluation

Primary efficacy outcome at ECE
Investigator-assessed clinical cure at PTE
Lesion size reduction =20% at ECE

Oritavancin

Vancomycin

no. of events total no. (%)

391/475 (82.3)
378/475 (79.6)
413 /475 (86.9)

344/394 (87.3)
357/394 (90.6)
362/394 (91.9)

84/104 (80.8)
86/104 (82.7)
94/104 (90.4)

96/116 (82.8)
89/116 (76.7)
98/116 (84.5)

378479 (78.9)
383/479 (80.0)
397/479 (82.9)

342/397 (86.1)
352/397 (88.7)
370/397 (93.2)

80/100 (80.0)
83/100 (83.0)
84/100 (84.0)

92/110 (83.6)
88/110 (80.0)
94/110 (85.5)

Percentage-Point Difference (95% Cl)

——— 3.4 (-1.6 to 8.4)
N -0.4 (-5.5 to 4.7)
- 4.1 (0.5 to 8.6)
— 1.2 (-3.6t0 5.9)
—— 1.9 (-2.3 to 6.2)
—— ~1.3 (-5.0 to 2.3)
i
- 0.8 (-10.1 to 11.7)
= 0.3 (-10.7 to 10.0)
: L 6.4 (-2.8 to 15.5)
» 0.9 (-10.6 to 8.9)
" 3.3 (-14.0 to 7.4)
= ~1.0 (-10.3 to 8.3)
[ | I | I | I | 1
20 -15 -10 -5 0 5 10 15 20

- -

Oritavancin Better

Vancomycin Better

JAMA 2014,;370:2180.



ECONOMIC IMPACT OF ORITAVANCIN FOR ABSSSI IN THE ED

$12,000.00

$10,000.00

$8,000.00

$6,000.00

$4,000.00

$2,000.00

$2,563
$5,973

$3,409

CClI=0, No 55

$6,476
1
$9,885
$4,249
1
3,550
$7,658 23950
$6,959
3,409 $3,409 $3,409
CCl=0, SS CCI-1, No SS CCl=1, SS
B VAN ORI

Clin Ther 2016;38:136.



HOSPITAL BUDGET IMPACT ANALYSIS

HOSPITALS WITH AMBULATORY SERVICES

$12,000 -

$10,000 -

$8,000 -

$6,000 -

$4,000 -

$2,000 -

$0 -

-$2,000 -

$1.3million (13%)

32

3,238

3,293

Base Case

= Inpatient

112

Scenario

Outpatient

55

Budget Impact

mObservation

=

-1,235
Net Savings

Clin Drug Investig 2016;36:157.



SSTI MICROBIOLOGY AND TREATMENT OPTIONS

= Qutpatient treatment options

= Clindamycin

= Trimethoprim-sulfamethoxazole
= Doxycycline

= Linezolid | -
= Tedizolid S ST .
= Telavancin :
= QOritavancin

= Dalbavancin

= Delafloxacin

NEJM. 2006;355:666-74
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DELAFLOXACIN VERSUS TIGECYCLINE FOR ABSSSI

Delafloxacin Delafloxacin Tigecycline
300mg IV 450 mg IV 50mg IV
Staphylococcus aureus n=22 n=27 n=20
Cure, n (%) 21(955) 25 (92.6) 18 (90.0)
Failure, n (%) 1(4.5) 2 (7.4) 2 (10.10)
MRESA n=14 n=20 n=14
Cure, n (%) 13 (92.9)3F 19 (95.0)° 12 (85.7)
Failure, n (%) 1(7.1) 1 (5.0} 2(14.3)
M5SA n=_g n=7 n=6
Cure, n (%) 8 (100.0) 6 (85.7) 6 (100.0)
Failure, n (&) - 1(14.3) -

Int J Infect Dis 2015;3:67-73.
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DELAFLOXACIN VERSUS VANCOMYCIN OR LINEZOLID FOR ABSSSI

Delafloxacin Linezolid Vancomycin

Outcome/measurement technique

erythema/digital measurement

cessation of spread,” n/N (%) 61/78 (78.2) 56/75 (74.7) 69/95 (72.6)

20% reduction, n/N (%) 58/78 (74.4) 55/75 (73.3) 65/95 (68.4)

percentage change in area at follow-up, mean (SD) -96.4(13.96) -87.7(39.22) -84.5 (35.73)°
Induration/digital measurement

cessation of spread,” n/N (%) 54/78 (69.2) 47175 (62.7) 72/95 (75.8)

20% reduction, n/N (%) 44(78 (56.4) 40/75 (53.3) 66/95 (69.5)

percentage change in area at follow-up, mean (D) ~73.5(48.56) =77.1(47.02) -84.8 (30.05)
Body temperature (°C)°

change from baseline to follow-up, mean (SD) -0.2 (0.53) -0.2 (0.59) -0.2 (0.76)
Serum CRP (mg/L}d

change from baseline to follow-up, mean (SD) -37.4(64.90) -38.1 (54.51) -43.2 (64.90)
Serum IL-6 (ng/L)*

change from baseline to follow-up, mean (SD) ~7.9(15.84) -8.7(19.11) -9.7 (19.33]b

J Antimicrob Chemother 2016;71:821-29.




TREATMENT OF SYSTEMIC MRSA INFECTIONS

= Vancomycin —e— CPT
—A— DAP
= Dial-up internet bactericidal killing 1 3;:; DAP
—4— VAN + CPT
B 1014 —O— Growth control
= Linezolid .

= Static activity

= Daptomycin E | /‘
LL
UE 5 - ﬂ/
= Ceftaroline 2 ;.
= Synergistic combinations with daptomycin 5

= Qritavancin and dalbavancin

I I L I 1 Li ] .
0 4 8 24 28 32 48 56 72 96
Time (h)
Antimicrob Agents Chemother 2013;57:66-73.



ORITAVANCIN FOR BACTEREMIA AND ENDOCARDITIS

Patient# | Indication Reason for Use | Doses ADEs Clinical Comments
(#) Outcome

MSSA CLABSI Refused OPAT

2 MSSA bacteremia & wound Refused OPAT 1
infection

3 MSSA bacteremia, iliopsoas VDU 1
abscess & sacral osteomyelitis

4 MSSA bacteremia & psoas VDU 1
abscess

5 MSSA bacteremia OPAT non- 1

compliance
6 MRSA bursitis Refused OPAT 1
7 MSSA deep tissue infection Allergies 3

Nausea

None

None

None

None

Nausea

Hearing
Loss

Cure

Cure

Fail

Lost to follow-

up

Cure

Cure

Fail

Failure rate between 28% - 40% (overall)

PICC removed; Longer
duration than recommended

Developed endocarditis likely
due to persistent source

Source was cellulitis

Underwent 2 I&Ds prior to
start of oritavancin

Prior antibiotics included
vancomycin x 6 weeks,
clindamycin x 20 weeks

Infect Dis Ther 2017;6:277-89.
Open Forum Infect Dis 2015;2:1-5.



DALBAVANCIN AND INFECTIVE ENDOCARDITIS DUE TO

S. AUREUS

Duration | Type of IE | Prior Therapy (duration, week) Failure ADEs Regimen
(weeks)

Native

Native
Native
Native
Prosthetic
Native
Native
CDE

Native

Prosthetic

Flucloxacillin & fosfomycin (2)
Cefazoline & daptomycin (4)

Flucloxacillin & daptomycin (5)
Cefuroxime & daptomycin (4)
Vancomycin (1)

Flucloxacillin & rifampin (2)
Flucloxacillin & daptomycin (1)
Flucloxacillin & fosfomycin (1)
Flucloxacillin (1)

Ceftriaxone (1)
Daptomycin (1)

Flucloxacillin & rifampin (1)

No

No

Yes

No

No

No
Resistant
No

No

None

None
None
None
None
None
None
None

None

None

Once

Twice
Twice
Twice
Once
Twice
Twice
Once

Twice

Twice

J Clin Pharm Ther 2018;43:101-3.
Clin Infect Dis 2018;67:795-8.



ENTEROCOCCAL RESISTANCE

= Cephalosporins = Cephalosporins
= Penicillinase-resistant penicillins = Penicillinase-resistant penicillins
= Aminoglycosides (excluding synergy) = Aminoglycosides (excluding synergy)
= Clindamycin = Tetracycline
= Fluoroquinolones = Erythromycin
= Trimethoprim-sulfamethoxazole (in vivo) = Fluoroquinolones
= Vancomycin = Rifampin
= E. casseliflavus = Nitrofurantoin

= E. gallinarium = Vancomycin



TREATMENT OF VANCOMYCIN-RESISTANT ENTEROCOCCUS

=  Penicillin

=  Ampicillin
= Combination with ceftriaxone for endocarditis
= Daptomycin
= Beta-lactam combinations
= Linezolid
= Tedizolid
= Poor urine penetration
= Quinupristin-dalfopristin
= E. faeciumonly
= Tigecycline
= Not for bloodstream infections
= QOritavancin
= Active against vanA
= Dalbavancin

= Active against vanB



ORITAVANCIN AND DALBAVANCIN FOR ENTEROCOCCAL
BACTEREMIA

Antibiotic Type of IE, Prior Therapy (duration, week) Failure ADEs
if present

Oritavancin Bacteremia Ampicillin (4) None
Oritavancin Prosthetic Daptomycin & tigecycline (4) Yes Nausea, 16 weeks of
Linezolid (4) LFT once or twice
increase weekly
dosing

Dalbavancin Prosthetic Vancomycin (3) Death No

Dalbavancin Native Ceftriaxone & ampicillin (2) No None

Dalbavancin Native Ceftriaxone & ampicillin (1) No None

Clin Infect Dis 2018;67:795-8.
Infect Dis Ther 2017;6:277-89.
Open Forum Infect Dis 2015;2:1-5.



TREATMENT OF VANCOMYCIN-RESISTANT ENTEROCOCCUS

=  Penicillin

= Ampicillin
Combination with ceftriaxone for endocarditis
= Daptomycin
Beta-lactam combinations
= Linezolid
= Tedizolid
Poor urine penetration
= Quinupristin-dalfopristin
E. faeciumonly
= Tigecycline
Not for bloodstream infections
= Oritavancin
Active against vanA
= Dalbavancin
Active against vanB

= Fosfomycin IV

Oral only indicated for uncomplicated cystitis



FOSFOMYCIN IV

= Not available in US

= Pending approval

= Available in Europe

= Phosphoenolpyruvate analog

= Bacterial cell wall inhibition by binding to and inactivating enolpyruvate transferase

= Broad spectrum activity, including VRE

= Except many Pseudomonas and Acinetobacter species

= Clinical uses

= Urinary tract infections, intra-abdominal infections, pulmonary infections, osteomyelitis, bacteremias



THE RISE OF MDR PSEUDOMONAS
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FIG. 1. Increasing prevalence of multidrug resistance among P. aeruginosa isolates from ICU patients in the United States. (A) Data for 13,999
nonduplicate isolates collected from 1993 to 2002 (178); (B) data for 37,390 1solates collected from 1997 to 2000 (132). Data represent the
percentage of P. aeruginosa 1solates that expressed a phenotype of multidrug resistance (resistance to three or more drug classes) during each year
of the studies. (Panel A 1s adapted from reference 178 with permission; panel B is based on data from reference 132.)

Clin Microbiol Rev. 2009 Oct; 22(4): 582-610.
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CEFTOLOZANE-TAZOBACTAM

TABLE 2. 1C,, of CXA-101, ceftazidime, and imipenem for
P. aeruginosa PAO1 PBPs

Mean ICs, (pg/ml) = SD”

PBP

CAZ CXA IMP
1b 0.12 = 0.03 0.07 = 0.01 0.13 = 0.01
le =2 0.64 = 0.17 0.08 = 0.005
2 >2 1.36 = (.56 0.08 = 0.01
3 0.04 = 0.01 0.02 = 0.007 0.12 £ 0.2
- 1.23 = 0.49 0.29 = 0.05 0.02 = 0.01
5/6 =2 =2 0.2 = 0.09

“1Csy, 50% inhibitory concentration; CXA, CXA-101; CAZ, ceftazidime;

IMP, imipenem.
: p Antimicrob Agents Chemother. 2010 Sep;54(9):3933-7

Antimicrob Agents Chemother. 2007 Mar;51(3):826-30



SUSCEPTIBILITY RATES OF CEFTOLOZANE-TAZOBACTAM

AND CEFTAZIDIME-AVIBACTAM

p-lactam agent/s to which isolates Sto CZA StoC/T P value®
were NS (no. of isolates/total, %0) (no. of isolates, %) (mo. of isolates, %0)
FEP (168/290, 58%) 114, 68% 142, 85% 0.0003
CAZ (157/290, 54%) 105, 67% 132. 84% 0.0006
TZP (185/290. 64%) 133.72% 159, 86% 0.0013

= Meropenem non-susceptible Pseudomonas
ATM (183/290. 63%) 132, 72% 159. 87% 0.0007 .

isolates

FEP\ CAZ (133/290. 46%) 82. 62% 108. 81% 0.0006
FEP\ TZP (147/290. 51%) 97. 66% 122, 83% 0.0012
FEP\ATM (131/290. 45%) 82. 63% 108, 82% 0.0005 = Resistance to > 1 beta-lactam
CAZ\ TZP (145/290. 50%) 95, 66% 121, 83% 0.0007 = Ceftazidime-avibactam inhibitory activity was
CAZATM (121/290. 42%) 3. 60% 00, 8204 0.0004 significantly lower than ceftolozane-tazobactam
TZP\ATM (148/290, 51%) 99, 67% 125.85% 0.0006
FEP\CAZ\TZP (127/290, 44%) 78/127. 61% 103/127. 81% 0.0008
FEP\CAZ\ATM (106/290, 37%) 59/106. 56% 84/106. 79% 0.0004
FEP\TZP\ATM (121/290, 42%) 73/121. 60% 098/121. 81% 0.0006
CAZ\TZP\ATM (118/290, 41%) 70/118. 59% 96/118. 81% 0.0003

4- p-lactam agents (103/290, 36%) 56/103, 54% 81/103, 79% 0.0004 Antimicrob Agents Chemother. 2017;61:e00875-17.



COLISTIN: TO COMBINE OR NOT TO COMBINE

100 —— Colistin
1|:1: —— Colistin plus meropenem
—|_I_ + Colistin censored
80+ ‘|—‘_\_‘\=I‘~=\:_: Colistin plus meropenem censored
z —
$ B0+ e .
£ ==
z
=
5 w-
E
=
?
20+
Log-rank p=0-66
0 | I T | I T |
0 4 8 12 16 20 24 28
Number at risk Time after randomisation {days)
Colistin 197 175 149 138 132 124 118 111
Colistin-meropenem 207 174 153 144 136 127 118 116

Lancet Infect Dis 2018;18:391-400.



ESBL GEOGRAPHIC VARIATION

" WestNorth Central (4.4%)
K pneumonioe 3.2%

New England (9.7%)

Mountain {12.8%) E coli 10.0%
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E coli 11.2% o
K. pneumoniae 8.3% . A ¢l Mﬂ'jm  (23.2%)
K. axytoca 6.5% : \ T 1 S E coil 201%
P. mirobilis27% — uNE | L £ i K-Tmmq;:;m
' P. mirabifis 7.2%

South Atlantic (19.9%)
E coli 17.6%
K. pneumoniae 25.9%

USA National (12.2%) West South Central (16.2%) K. oxytoca 20.0%
E coli 13.2% P. mirabilis 5.8%

E. coli 11.5% et - K. pneumoniae 26.6%
K. pneumoniae 16.0% 5 K. oxytoca 3.6% East South Central (8.2%)
K. oxytoca 10.0% - P. mirabilis 4.1% E. coli 7.6%
P. mirabilis 4.8% e . K. pneumoniae 9.8%

K. oxytoca 12.9%
P. mirabilis 3.4%

Antimicrob Agents Chemother. 2014;58(2):833-8
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Castanheira. AAC. 2014;58(2):833-8.

Contemporary diversity ofβ-lactamases among Enterobacteriaceae in the nine U.S. census regions and ceftazidime-avibactam activity tested against isolates producing the most prevalentβ-lactamase groups.AUCastanheira M, Farrell SE, Krause KM, Jones RN, Sader HS SOAntimicrob Agents Chemother. 2014;58(2):833-8. Epub 2013 Nov 18. 

Escherichia coli (328 isolates), Klebsiella pneumoniae (296), Klebsiella oxytoca (44), and Proteus mirabilis (33) isolates collected during 2012 from the nine U.S. census regions and displaying extended-spectrum-β-lactamase (ESBL) phenotypes were evaluated for the presence ofβ-lactamase genes, and antimicrobial susceptibility profiles were analyzed. The highest ESBL rates were noted for K. pneumoniae (16.0%, versus 4.8 to 11.9% for the other species) and in the Mid-Atlantic and West South Central census regions. CTX-M group 1 (including CTX-M-15) was detected in 303 strains and was widespread throughout the United States but was more prevalent in the West South Central, Mid-Atlantic, and East North Central regions. KPC producers (118 strains [112 K. pneumoniae strains]) were detected in all regions and were most frequent in the Mid-Atlantic region (58 strains). Thirteen KPC producers also carried blaCTX-M. SHV genes encoding ESBL activity were detected among 176 isolates. Otherβ-lactamase genes observed were CTX-M group 9 (72 isolates), FOX (10), TEM ESBL (9), DHA (7), CTX-M group 2 (3), NDM-1 (2 [Colorado]), and CTX-M groups 8 and 25 (1). Additionally, 62.9% of isolates carried≥2β-lactamase genes. KPC producers were highly resistant to multiple agents, but ceftazidime-avibactam (MIC50/90, 0.5/2μg/ml) and tigecycline (MIC50/90, 0.5/1μg/ml) were the most active agents tested. Overall, meropenem (MIC50,≤0.06μg/ml), ceftazidime-avibactam (MIC50, 0.12 to 0.5μg/ml), and tigecycline (MIC50, 0.12 to 2μg/ml) were the most active antimicrobials when tested against this collection. NDM-1 producers were resistant to allβ-lactams tested. The diversity and increasing prevalence ofβ-lactamase-producing Enterobacteriaceae have been documented, and ceftazidime-avibactam was very active against the vast majority ofβ-lactamase-producing strains isolated from U.S. hospitals.



TREATMENT OF ESBL-PRODUCING GRAM-NEGATIVES

= Fluoroquinolones = Tigecycline
= Should not be used for bacteremia

= Ertapenem
= Meropenem u Fosfomycin (|V or PO)

= |mipenem-cilastatin

= Piperacillin - tazobactam
= Colistin = MERINO Trial

= Ceftazidime-avibactam



PIPERACILLIN-TAZOBACTAM VERSUS MEROPENEM
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JAMA 2018;320:984-94.



CDC THREAT REPORT
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HISTORY OF CRE TREATMENT

= Polymixins (colistimethate, polymixin B)

= Nephrotoxicity, neurotoxicity, hepatotoxicity

= Multiple formulations = dose confusion/potential for error
= Aminoglycosides

= Bactericidal

= Nephrotoxicity, ototoxicity

= Worse outcomes with monotherapy
= Tigecycline

= Bacteriostatic

= Poor option for bacteremia and pneumonia

= Fosfomycin (IV or PO)
= Combination therapy with polymixin + carbapenem

Diagn Microbiol Infect Dis. 2013 February;75(2): 115-120.



CRE - MEROPENEM DOSING STRATEGIES
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If we do utilize combination therapy with meropenem – want to do higher dose over 3 hours to overcome mic and increase target attainment (Clin Microbiol Infect 2011; 17: 1135–1141)



COMBINATION THERAPY FOR CRE

= 125 patients with KPC
bloodstream infections

= 89% isolates resistant to
meropenem with MIC = 4

= 30 day mortality 41.6%
= Monotherapy 54.3%
combination 34.1%
p=0.02

Table 1. Univariate Analysis of Factors Associated With Death Among Patients With Bloodstream Infections Due to Klebsiella
pneumoniae Carbapenemase—Producing K. pneumoniae

No. (%) of Patients

Variable Nonsurvivors (n = 52) Survivors (n=73) P Value OR (95% Cl)
Postantibiogram antimicrobial regimens
Monotherapy 25 (48.1) 21 (28.7) .02 1.59 (1.06-2.38)
Tigecycline 10 (19.2) 9(12.3) .28 1.32 (.81-2.16)
Colistin 11 (21.5) 11 (16.1) 37 1.25 (.77-2.03)
Gentamicin 4 (7.6) 1(1.3) .09 1.98(1.21-3.23)
Combination therapy 27 (561.9) 52 (71.2) .02 0.62 (.41-.94)
2-drug combinations 23 (44.2) 33 (45.2) 91 0.97 (.64-1.48)
Tigecycline + colistin 7(13.4) 16 (21.9) 22 0.68 (.35-1.32)
Tigecycline + gentamicin 6 (11.5) 6(8.2) .53 1.22 (.66-2.25)
Other 2-drug combinations® 10 (19.2) 11 (15.1) b4 1.17 (.71-1.95)
3-drug combinations 4 (7.7) 19 (26.1) .009 0.36 (.15—-.92)
Tigecycline + colistin + meropenem 2(3.8) 14 (19.2) .009 0.27 {.07-1.01)
Other 3-drug combinations’ 2(3.8) 5(6.8) A7 0.67 (.21-2.21)
Inadequate initial antimicrobial treatment 39 (75) 36 (49.3) .003 2.001{1.19-3.34)
Presentation with septic shock 13 (25) 4 (5.5) .002 2.11 (1.47-3.04)
APACHE Il score (mean + SD) 40+ 22 24+15 <.001

Clin Infect Dis 2012;55:943-50.
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Adequate therapy defined as if at least 1 drug displaying in vitro activity against the isolate
Synergy suggested from animal studies showing that meropenem still has activity with mic < or = to 4 and activity enhanced with colistin
Despite meropenem MIC, it seems that patients still had better outcomes when carbapenem was used


COMBINATION REGIMENS FOR CRE TREATMENT

TABLE 3 Definitive antimicrobial therapy and mortality in 17 patients
who received combination therapy and 19 patients who received

monotherapy
Definitive treatment n (%) Mortality n (%)
Combination therapy 15 (44) 2(13.3)
Colistin-polymyxin B combined with:

Carbapenem 5(33) 1(20)

Tigecycline 1(7) 0

Fluoroquinolone 1(7) 0
Tigecycline combined with:

Carbapenem 3(20) 0

Aminoglycoside 2(12) 0
Carbapenem-fluoroquinolone 1(7) 1(100)
Aztreonam-fluoroquinolone 1(7) 0
Cefepime-gentamicin 1(7) 0
Monotherapy 19 (46) 11 (57.8)
Colistin-polymyxin B 7 (36.8) 4 (57.1)
Tigecycline 5(26.3) 4 (80)
Carbapenem 4(21) 2 (50)
Gentamicin 15.2) 0
Ampicillin-sulbactam 1(5.2) 0
Piperacillin-tazobactam 1(5.2) 1(100)
Total 34 (83) 13 (38.2)

Multicenter CRE treatment study

256 patients received 69 unique regimens

1-4 drugs in combination

Anti Microb Agents Chemother 2012;56:2108-13.
Open Forum Infect Dis 2017;4:2:0fx063
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CEFTAZIDIME + AVIBACTAM

= Avibactam reduces MIC against
Enterobacteriaceae 4-1024 fold

= 4 fold against Pseudomonas

= Enzyme inhibition
= Ambler class A and C enzymes
= CTX-M, SHV, TEM, KPC, AmpC, etc.
= Some Ambler D class enzymes

= OXA enzymes

p-lactamase enzyme® MIC MIC reduction (fold)
Ceftazidime  Ceftazidime-avibactam®
Escherichia coli
Extended-spectrum [-lactamases  CTX-M-9 2 0.25 8
CTX-M-14 2 0.06 32
CTX-M-15° 32 0.12 256
PER-1 256 1 256
SHV-3 32 0.06 512
SHV-4 128 0.25 512
SHV-5 64 0.25 256
TEM-3 64 0.25 256
TEM-5 32 0.06 512
TEM-6 =128 0.5 =256
TEM-7 16 1 16
TEM-8 256 0.25 1024
TEM-9 >128 0.5 =256
TEM-10 128 0.5 256
TEM-12 16 0.25 64
TEM-16 256 0.5 512
TEM-24 =64 4 =16
TEM-43 4 0.25 16
OXA-2 0.25 0.12 2
OXA-48 4 =0.008 =512
CTX-M-2, TEM-1 32 0.5 64
CTX-M-15, TEM-1° 32 0.12 256
CTX-M-15, OXA-1° 16 0.25 64
CTX-M-16, TEM-1° =128 1 =128
SHV-12, TEM-1 16 0.06 256
CTX-M-15, TEM-1, OXA-1° 128 0.25 512

Drugs 2013; 73:159-177



CEFTAZIDIME + AVIBACTAM

= Avibactam reduces MIC against
Enterobacteriaceae 4-1024 fold

= 4 fold against Pseudomonas

= Enzyme inhibition
= Ambler class A and C enzymes
= CTX-M, SHV, TEM, KPC, AmpC, etc.
= Some Ambler D class enzymes

= OXA enzymes

p-lactamase enzyme® MIC MIC reduction (fold)
Ceftazidime  Ceftazidime-avibactam®
Escherichia coli
Extended-spectrum [-lactamases  CTX-M-9 2 0.25 8
CTX-M-14 2 0.06 32
CTX-M-15° 32 0.12 256
PER-1 256 1 256
SHV-3 32 0.06 512
SHV-4 128 0.25 512
SHV-5 64 0.25 256
TEM-3 64 0.25 256
Carbapenemases KPC-2 64 0.25 256
KPC-2, TEM-1 128 0.5 256
KPC-3 64 2 32
GES-3 128 0.25 512
GES-4 128 1 128
Metallo-B-lactamases NMC-A 0.25 =(0.015 =16
PER-1 >64 4 =16
VEB-1 2 0.5 4
IMP-1 256 64 4
NDM =256 =256 =1
VIM-1 =512 512 =1
Ambler class C p-lactamases AmpC 16 1 16
AmpC, CTX-M-15 =32 0.12 =56
AmpC, CTX-M-15, OXA-1, TEM-1 =32 0.25 =128
ACC-1 >64 4 =16
CMY-2, VEB-2 256 128 2
CMY-2, CTX-M-14, TEM-1 128 1 128
CMY-2, CTX-M-15, OXA-1 32 0.06 512
FOX-1 32 4 8

Drugs 2013; 73:159-177



CEFTAZIDIME-AVIBACTAM VERSUS BEST AVAILABLE THERAPY (BAT)

FOR CEFTAZIDIME-RESISTANT ENTEROBACTERIACEAE

A
7| —— Ceftazidime-avibactam
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Lancet Infect Dis 2016;16:661-73.



CEFTAZIDIME-AVIBACTAM SUPERIORITY AGAINST CRE K.

PNEUMONIAE BACTEREMIA

0% 85%
P=0.004
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FIG 1 Rates of 30-day clinical success across treatment regimens. Among patients with carbapenem-resistant
Klebsiella pneumoniae bacteremia, rates of clinical success were significantly higher among patients receiving
ceftazidime-avibactam than among those who received a carbapenem plus aminoglycoside (P = 0.04) or colistin
(P = 0.009) or other regimens (P = 0.004). Other regimens included aminoglycoside (n = 11), carbapenem (n =
8), colistin (n = 4), tigecycline (n = 4), and ciprofloxacin (n = 2) monotherapy, as well as combination regimens
of colistin plus tigecycline (n = 3), aminoglycoside plus tigecycline (n = 2), and 1 each of aminoglycoside plus
cefepime, aminoglycoside plus colistin plus tigecycline, colistin plus aztreonam, colistin plus cefepime, colistin plus
ciprofloxacin, carbapenem plus doxycycline, and carbapenem plus tigecycline.

Antimicrob Agents Chemother 2017;61:e00883-17.



CEFTOLOZANE-TAZOBACTAM VERSUS CEFTAZIDIME-

AVIBACTAM FOR MULTIDRUG-RESISTANT GRAM-NEGATIVES

= Comparison of activity against 120 MDR bacterial strains
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Int J Infect Dis. 2017; 62: 3943
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MEROPENEM - VABORBACTAM

= Well known carbapenem + novel beta-lactamase inhibitor

= Vaborbactam
= Cyclic boronic acid beta-lactamase inhibitor
= Lacks in vitro antibacterial activity

= Potent inhibitor of
= Class A (KPC, CTX-M, SHV, TEM)
= Class C (P99, MIR, FOX)

= Most effective in inhibiting KPC when combined with meropenem versus other beta-lactams

= Slowly reversible binding, residence time ~16 hours

Antimicrob Agents Chemother. 1989 Apr;33(4):562-5
Antimicrob Agents Chemother. 1989 Jul;33(7):1009-18.



MIC DISTRIBUTIONS FOR KPC-PRODUCING ENTEROBACTERIACEAE
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Antimicrob Agents Chemother. 2016 Aug 22;60(9):5454-8
Antimicrob Agents Chemother. 2017 Dec 21;62(1)



MEROPENEM-VABORBACTAM

m Primary end points _

No. of Patients Successfully Treated/Total No. (%2) g?;f:f:ﬁgf roup Piper:c;iirl?l:f ﬁ:r[:)r:enem-
Meropenem-Vaborbactam  Piperacillin-Tazobactam  (95% CI), % Tazobactam | Vaborbactam
FDA primary: overall success at end of 189/192 (98.4) 171/182 (94.0) 45(0.7t09.1) i —a—
intravenous treatment (microbiologic MITT analysis)®t i
EMA primary: microbial eradication at test of cure i
Microbiologic MITT analysis? 128/192 (66.7) 105/182 (57.7) 9.0(-0.9t0 18.7) ! =
Microbiologic evaluable analysis 118/178 (66.3) 102/169 (60.4) 5.9(-4.2to16.0) i ]
20-15-10 -5 0 5 10 15 20 25

Between-Group Difference in
Successful Treatment (95% CI), %

Table 2. Sensitivity Analysis — Clinical Outcomes by Visit Across All Indications (mCRE-MITT

Population)'
Outcomes Across All Indications Sensitivity Analysis
VABOMERE BAT VABOMERE BAT
N=28 N=15§ N=19 N=15
n (%) n (%) n (%) n (%)
Clinical Cure at EOT 18 (64.3) 5(33.3) 16 (84.2) 5(33.3)
Clinical Cure at TOC 16 (57.1) 4(26.7) 13 (68.4) 4(26.7)
Microbiologic Cure* at EOT 18 (64.3) 6 (40.0) - -
Microbiologic Cure* at TOC 14 (50.0) 5(33.3) - -
Day-28 Mortality 5(17.9) 5(33.3) 1(5.3) 5(33.3)

BAT = best available therapy: mCRE-MITT = microbiological carbapenem-resistant Enterobacteriaceae Modified Intent to
Treat; EOT = end of therapy; TOC = test of cure
* Microbiologic eradication of baseline pathogen at respective visit or absence of culture result at respective visit

JAMA. 2018 Feb 27;319(8):788-799.
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All cause mortality lower in vabomere group and death related to sepsis greater in the BAT group compared to that of vabomere
Regardless of various medications used in combination therapy or monotherapy, vabomere had higher rates of clinical cure at EOT or TOC (18/28 [64.3%] and 16/28 [57.1%] respectively) except when compared to ceftazidime/avibactam (although there was only 1 patient treated with this agent). 



WHICH ONE TO CHOOSE?

Comparison of Novel MDR GNR Antimicrobials
Ceftazidime-avibactam Ceftolozane-tazobactam Meropenem-vaborbactam
FDA-approval Feb 2015 Jan 2016 Aug 2017
Manufacturer Allergan Merck Melinta
Novel agent Avibactam Ceftolozane Vaborbactam
PK/PD T>MIC T>MIC Mero: T>MIC
Vaborbactam: AUC/MIC
FDA for clAl Yes (+metro) Yes (+metro) No
FDA for cUTI Yes Yes Yes
Pseudomonas? + ++ ++
CRE enterics? ++ + ++
Dose 2.5g g8hrs 1.5g g8hrs 4g g8hrs

Clin Infect Dis. 2016;63(2):234-41
Clin Infect Dis 2018 [Epub ahead of print].



WHICH ONE TO CHOOSE?

Comparison of Novel MDR GNR Antimicrobials

Ceftazidime-avibactam

Ceftolozane-tazobactam

Meropenem-vaborbactam

Acinetobacter baumannii

Carbapenem- resistant - -

Pseudomonas aeruginosa

Carbapenem-resistant ++ -

Pan-f-lactam resistant

Stenotrophomonas maltophilia

Ceftazidime-resistant - -

FDA-approval Feb 2015 Jan 2016 Aug 2017
Manufacturer Allergan Merck Melinta
Novel agent Nrrihantam Caftalazana Maborbactam
PK/PD Resistance Ceftazidime/ Meropenem/Aero: T>MIC
Organism Present Avibactam Vaborbactamyzctam: AUC/MIC

FDA for clAl Enterobacteriaceae No

FDA for cUTI ESBL bt e Yes
Pseudomonas? AmpC = +++ ++

CRE enterics? KPC +++ +++ ++
Dose MBL - : 4g g8hrs

OXA-48-like +++ *

Clin Infect Dis. 2016;63(2):234-41
Clin Infect Dis 2018 [Epub ahead of print].



CEFIDEROCOL

= Not yet FDA-approved

= Siderophore cephalosporin

= Catechol siderophore side chain

= Utilizes iron as “Trojan Horse”

= Cefiderocol and iron ions are transported into
bacterial cell

= Accelerated influx

= Catechol siderophore carries cephalosporin
(Greek soldiers) into the cell (city of Troy)

Extracellular iron
0‘ 00
9] _\
Stage  Stage 1| Q_\"
tage3 Q"\/‘
Host cell o A o Stealth Bacteria
Extracellular iron siderophores

Trends Mol Med.2016. 22(12):1077-90.
Oral 859. Cefiderocol. IDWeek 2017.
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C7 side chain akin to Cefazadime 
enhances stability against B-lactamase
C3 side chain akin to Cefepime
Prevents recognition by b-lactamases
Catechol moiety novel siderophore
Avidly binds free Fe and transported across cell wall


Battle for Iron
Host macrophages at infection recognition release cytokines such as IL6 which regulate hepatic to release hepcidin and lactoferrin (binds Fe), neutrophils that aggregate also release lactoferrin creating hyperferremic environment. In response bacteria upregulate siderophores peptides which bind available Fe, these complexes are then transported into bacteria periplasmic space. Ciderophore abx are also transported by so called trojan horse analogy. 


CEFIDEROCOL GRAM-NEGATIVE ACTIVITY

= 99.6% of 9205 gram-negative rods inhibited by
cefiderocol

= Enterobacteriaceae, Pseudomonas, Acinetobacter,
Stenotrophomonas

= 98.3% of meropenem-resistant gram-negative
strains inhibited

= /n vitro activity against CRE, including KPC or
metallo-beta-lactamases (eg. NDM-1)

Cefiderocol MIC distributions meropenem-resistant isolates
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Cefiderocol MIC distributions for meropenem-nonsusceptible Enterobacteriaceae (white bars; n = 30), P. aeruginosa (gray bars; n = 151), and A. baumannii (black bars; n = 173) isolates collected by North American medical center laboratories.


DEVELOPMENT PROGRAM

| APEKS*-cUTI APEKS-NP CREDIBLE-CR

Feature Site/indication Site/indication Pathogen focus
focus focus Europe Pivotal
US Pivotal
Population cUTI/AUP HAP/VAP/HCAP cUTI,
HAP/VAP/HCAP,
BSI, sepsis 2/2
CR GNR
Design Double blind RCT Double blind RCT  Open lable RCT
2:1 1:1 2:1
Comparator Imipenem Meropenem BAT**
Status Completed On-going On-going
NCT02321800 NCT0303280 NCT02714595

*APEKS = Acinetobacter, Pseudomonas, E. coli, Klebsiella, Stenotrophomonas
**BAT= Best Available Therapy



APEKS-CUTI

Primary Endpoint Secondary Endpoint
Composite Outcome at TOC Microbiological Response at TOC
(Clinical Response and Microbiological Response)
100% - Adjusted treatment difference: 18.58% 100% Adjusted treatment difference: 17.25%
95% confidential interval: 8.23%, 28.92% 95% confidential interval: 6.92%, 27.58%
80% - ° 80% - °
: 72.6% o=0.0007 : 73.0% R
60% - 54.6% 60% - 56.3%
40% - 40% -
20% - 20% -
0% - 0% -
Cefiderocol IPM/CS Cefiderocol IPM/CS

Portsmouth et al. 0S0250D ECCMID 2017
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OS0250D
Cefiderocol Compared with Imipenem/Cirastatin in the Treatment of Adults with Complicated Urinary Tract Infections with or without Pyelonephritis or Acute Uncomplicated Pyelonephritis: Results from a Multicenter, Double-blind, Randomized Study
Mari Ariyasu, Osaka, Japan
Simon Portsmouth, David van Veenhuyzen, Roger Echols, Mitsuaki Machida, Juan Camilo Arjona Ferreira, Mari Ariyasu, Tsutae Nagata
22 April 2017
Session: Late-breaker: Recent clinical trials

Event: ECCMID 2017�Vienna, Austria�Oral presentation



PLAZOMICIN

= Not yet FDA-approved

= Next generation aminoglycoside

AAC(6')1a...af
’ e lei
. . . ANT(4°,47)-la 6 -llab  AAC(3)-la...e
= Unique structure protects against resistance lla . HO™™~N lab
-llla
APH(3")-la,b,c S #E" 0 o -Va
o -lla,llb . NH
= Spectrum of activity dllg e 3 HN G 2 y OH
) -Vla Hm/N\ﬂ/k/\NHz
= CRE Enterobacteriaceae Vila / 0 5
= ESBL Klebsiella AAC(2’) -la,b,c v O&%A‘/C,ﬁ
= ESBL E.coli ANT(2")-1a, b e d 2 Hf'l'l OH
APH(2")-la, b, ¢, d CH,
= S. gureus

Antimicrob Agents Chemother. 2010. 54; 11: 114636-42
Expert Rev Anti Infect Ther. 2012. 10(4):459-73.
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Synthesis and Spectrum of the Neoglycoside ACHN-490▿
James B. Aggen, 
Eliana S. Armstrong, 
Adam A. Goldblum, 
Paola Dozzo,
Martin S. Linsell, 
Micah J. Gliedt, 
Darin J. Hildebrandt, 
Lee Ann Feeney,
Aya Kubo, 
Rowena D. Matias, 
Sara Lopez, 
Marcela Gomez, 
Kenneth B. Wlasichuk,
Raymond Diokno, 
George H. Miller and 
Heinz E. Moser*
Antimicrob. Agents Chemother.November 2010 vol. 54 no. 114636-4642

Comparison of the next-generation aminoglycoside plazomicin to gentamicin, tobramycin and amikacin.Zhanel GG, Lawson CD, Zelenitsky S, Findlay B, Schweizer F, Adam H, Walkty A, Rubinstein E, Gin AS, Hoban DJ, Lynch JP, Karlowsky JA
Expert Rev Anti Infect Ther. 2012 Apr; 10(4):459-73.

AMEs freuqently found with other AMR mechanisms (b lactamase/CPs)
Once daily infusion

FDA accepted NDA for fast track review Jan 2018





PHASE 3 DEVELOPMENT PLAN

= EPIC - cUTI vs meropenem
1004 — Plazomicin
= Met non-inferiority FDA 1° endpoints " I_I_‘ — Colistin
< 801
=  Superiority for EMA 1 ° endpoints E‘ I—"|
2 60
<
w0
E 40' L|.
. CARE% CRE VS COIIStIn (bOth +/- merOpenem or E 201 HR for death through day 60 (plazomicin:colistin) (30% ClI)
tigecycline) 0.37 (0.15-0.91)
0- +Censored
= 69 patients 0 10 20 30 40 50 60
= Top-line CARE data: lower mortality rate compared Day
to colistin o T e e oorsen e i (e

Golan et al. Poster 1859, IDWeek 2017
Friedland. Oral 860. Plazomicin. IDWeek 2017.
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Improved Outcomes at Late Follow-up (LFU) with Plazomicin Compared with Meropenem in Patients with Complicated Urinary Tract Infection (cUTI) or Acute Pyelonephritis (AP) in the EPIC Study
October 07, 2017Y.Golan, D.Cloutier, A.Komirenko, D.Cebrik, T.Keepers, K.Krause, L.Connolly, F.Wagenlehner
Poster abstract #1859, Session: Clinical Study with New Antibiotics and Antifungals

69 patients in the CARE trial and announced top-line CARE data at the same time as the EPIC results. In the Phase 3 CARE trial, a lower rate of mortality or serious disease-related complications was observed for plazomicin compared to colistin therapy.



CONCLUSIONS

= Multidrug-resistant bacteria are an ever increasing problem within institutions and the community

= Mindful use of antibiotics if of imperative importance
= Optimal dosing strategies

= Combination therapy versus monotherapy

= Not a single “right” answer to treat these pathogens

= |ncreasing information to guide appropriateness
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