Table 1. Prevalence of various subsets of Staphylococcus aureus clinical Table 3. Activity of ceftobiprole and comparator agents when tested against

Ceftobiprole Activity against Drug-Resistant Staphylococcus ekl 1,750 MDR MRSA isolates

No. of isolates Antimicrobial No. of mg/L CLSI? EUCAST®
i i (1) 0 ) 0 0 (1)
Staphylococcus aureus isolate subset All 2016 2017 2018 2019 2020 agent isolates MIC;, MIC,, MIC range %S %ol %R %S %ol ZR

aureus Clinical Isolates Collected In the United States from e R D 2 N >

MSSA 7,962 83.0¢ 17.0

MRSA 5,906 Ceftriaxone 1,750 >8 2 to >8 0.0 100.0
2016 t h ro ugh 2020 Ceftobiprole-nonsusceptible (>2 mg/L) 46 9 9 14 4 Clindamycin 1,750 >2 | <0.25to>2  14.8 : 8.3 | 14.7 | 0.1 | 85.2

Ceftaroline-nonsusceptible (>1 mg/L) 3b7 45 83 70 52 Daptomycin 1,750 0.b | <0.12to2 | 99.9 99.9 0.1
Clindamycin-nonsusceptible (>0.5 mg/L) 1,933 Erythromycin 1,750 >8 >8 0.12to>8 | 0.5 : 98.7 1 0.5 | 0.2 H 99.3
Daptomycin-nonsusceptible (>1 mg/L) 4 1 0 0 1 2 Gentamicin 1,750 <1 8 <1 to >8 89.9 : 9.9 [89.7°¢ 10.3
Erythromycin-nonsusceptible (>0.5 mg/L) | 7,851 Levofloxacin 1,750 >4 >4 0.06to>4 | 1.6 : or.7 f 1.6 | 98.4
Gentamicin-nonsusceptible (>4 mg/L) 299 o/ 55 58 52 o/ Linezolid 1,750 1 2 0.25to>8 | 99.9 0.1 | 99.9 0.1
Levofloxacin-nonsusceptible (>1 mg/L) 4,715 Oxacillin 1,750 >2 >2 >2 to >2 0.0 100.0/ 0.0 100.0
Linezolid-resistant (>4 mg/L) @ 1 0 0 1 0 0 Tetracycline 1,748 <0.5 | >8 <0.bto>8 | 82.2 : 17.3  77.0 : 18.3
Tetracycline-nonsusceptible (>4 mg/L) 758 Tigecycline 1,749 | 0.12 0.25 | <0.015t0o 2 99.8¢ 99.8 0.2
Tigecycline-nonsusceptible (>0.5 mg/L) 4 0 1 1 2 0 Trimethoprim- 1,750 | <0.5 >4 <0.5to>4 | 86.5 13.5 | 86.5 : 12.6

Trimethoprim-sulfamethoxazole-resistant sulfamethoxazole
(>2 mg/L) ° Sy 2 2 e (e S Vancomycin 1750 | 1 | 1 | 025t02 100.0 0.0 | 0.0 100.0 0.0

Vancomycin (<1 mg/L) 13,779 | 2,916 | 2,827 | 2,763 | 2,613 | 2,660 CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing; |,
Vancomycin (>1 mg/L) 89 14 28 14 13 20 intermediate; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus; R, resistant; S, susceptible

i @ Criteria as published by CLSI (2021) and EUCAST (2021).
n rO u C I O n e S u S MDR 2,013 444 400 375 400 394 ° Intermediate is interpreted as susceptible-dose dependent.
MDR MRSA 1,750 389 347 326 336 352 ° Using other than pneumonia breakpoints.
MDR MSSA 263 55 53 49 64 42 d Using pneumonia breakpoints.

¢ For systemic infections, aminoglycosides must be used in combination with other active therapy.

resent sighificant treatment challenses and can cause serious morbidity and _ : _ : 79 : CLSI, Clinic_:al and L_aboratory Standard_s _In_stitut_e; EUCAST, European Committee on Antimipr_opial Susoeptibility Testing; " An arbitrary susceptible breakpoint of <0.001 mg/L and/or >50 mm has been published by EUCAST indicating that
P & & y set of S. aureus Isolates (MIC5O/9O values, 0.5/2 mg/L; 99.7% susceptible [S]) and MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible susceptible should not be reported for this organism-agent combination and intermediate should be interpreted as

mortality. against the MRSA subset (MIC,, . values, 1/2 mg/L; 99.2% S) (Table 2). Staphylococcus aureus susceptible increased exposure.

Ceftobiprole medocaril is a parenteral prodrug of the advanced cephalosporin —  42.6% of the isolates were MRSA (Table 1). There is no CLSI intermediate criterion. * US FDA breakpoints were applied.

ceftobiprole and is approved in many European and non-European countries for the _ Ceftobiprole was more active than ceftaroline against MRSA (99.2% S versus

treatment of adults with community- and hospital-acquired pneumonia, excluding 0 :
ventilator-associated pneumonia. 94.0% 5, respectively) (Table 4). Table 2. Cumulative distributions of MIC values for ceftobiprole against the various Staphylococcus Table 4. Activity of ceftobiprole and ceftaroline when

_ . o _ _ _ Ceftobiprole was also highly active against isolates nonsusceptible to clindamycin, : . . .
Ceftobiprole has a strong affinity for penicillin-binding proteins (PBPs), including PBP daptomycin, erythromycin, gentamicin, levofloxacin, linezolid, tetracycline, tigecycline, aureus isolate subsets tei)tedt against various Staphylococcus aureus isolate
SUpNsSets

2A, which mediates resistance to f-lactams in MRSA. or trimethoprim-sulfamethoxazole (97.7%-100.0% S; Figure 1). No. and cumulative % of isolates inhibited at MIC (mg/L) of:

Ceftobiprole exhibits potent in vitro antimicrobial activity against many important _ No vancomycin-nonsusceptible isolates were detected. Subset (no. of isolates) <0.03 006 012 025 05 1 5 4 s VIC, MIC,, % Susceptible

Gram-positive pathogens like S. aureus, including MRSA. _ o _ _ Number Ceftobiprole Ceftaroline
| L o _ . _ — Ceftobiprole activity (MICg, o, values, 0.5/2 mg/L) was identical for the S. aureus Staphylococcus aureus (all: 13,868) _ Al 13.868 99 7 97 4
Ceftobiprole also exhibits antimicrobial activity against Enterobacterales and isolate subsets with vancomycin MIC values of <1 mg/L and >1 mg/L (Table 2). b : , : ’ : :

Pseudomonas aeruginosa isolates that is similar to other advanced cephalosporins _ o o _ ; _ _ MDR 2,013 98.0 85.2
like cefepime. Ceftobiprole maintained activity against 88.0% of the ceftaroline-nonsusceptible MSSA (7,962) : : MRSA 5,906 99 2 94.0

isolates, but ceftaroline was only active against 6.5% of the ceftobiprole- - : :
Ceftobiprole was designated by the Food and Drug Administration as a qualified 4 & ’ P MDR MRSA 1,750 97.7 83.0

nonsusceptible isolates (Table 4). ;
infectious disease product (QIDP) for the potential treatment of acute bacterial skin pribie ( | ) N | | MRSA (5,906) | | | | | Ceftobiprole-NS 46 0.0 6.5
and skin structure infections (ABSSSIs), S. aureus bacteremia, and community- Importantly, ceftobiprole maintained activity against the MDR MRSA subset of isolates Ceftaroline-NS 357 380 0.0

. 0 . . .
acquired pneumonia. (MIC50/90 values, 2/2 mg/L; 97.7% S; Table 3). Ceftobiprole-nonsusceptible (>2 mg/L) (406) : MDR, multidrug-resistant; MRSA, methicillin-resistant S. aureus; NS, nonsusceptible

_ Ceftobiprole was more active (97_7% S) than ceftaroline (83_00/0 S) against the a Cliniqal_and _Laboratory Standz_ards Institute (CLS_I) interpret_ive criteria were app_lied for
4 all antimicrobials except ceftobiprole and ceftaroline, for which European Committee

subset of MDR MRSA isolates (Table 3). Ceftaroline-nonsusceptible (>1 mg/L) (357) _ 1.1 on Antimicrobial Susceptibility Testing (EUCAST) interpretive criteria were used.

Multidrug-resistant (MDR) and methicillin-resistant Staphylococcus aureus (MRSA) As observed in Pfaller et al. (2018), ceftobiprole was highly active against the full

Ceftobiprole is being evaluated in two Phase 3 clinical trials to support a New Drug
Application in the United States for the treatment of adult patients with:

— ABSSSIs [completed in 2019; Overcash et al. (2020)] — The MDR MRSA isolate subset was also >90% S to daptomycin, linezolid,

: . Clindamycin-nonsusceptible (>0.5 mg/L 648
tigecycline, and vancomycin (Table 3). (1’933)}/ ; ( &/L) _ _ _ 54 9

— S. aureus bacteremia, including infective endocarditis [expected enroliment
completion in 2021; Hamed et al. (2020)]; Daptomycin-nonsusceptible (>1 mg/L) (4) e - Figure 1. Activity of ceftobiprole

In this study, the activity of ceftobiprole and comparators was evaluated against _ _ : :
recent MRSA and MDR S. aureus clinical isolates collected in the United States. Erythromycin-nonsusceptible (>0.5 mg/L) 38’859 against Staphylococcus aureus isolates
(7,851) ' 1] 0. ' = nonsusceptible to various antimicrobials

C O n C | u S i O n S (G.2e9n9tz)amicin-nonsusoeptible (>4 mg/L) | | 6871}9
100

Ceftobiprole was highly active in vitro against MRSA, MDR, and MDR MRSA isolates (Lj‘;"{'g;‘ac‘”‘”O”Suscep“b'e (>1 mg/L) 27’8545 e R EX

IVI ate ri a | S a n d IVI eth Od S collected at US medical centers during 2016-2020. A 90
Ceftobiprole was more active than ceftaroline against the MDR MRSA isolate subset. Linezolid-resistant (>4 mg/L) (1) 0.0

80

97 7 99.0 100.0 99.3 100.0 [ 100.0

The potent antibacterial activity of ceftobiprole, including against MDR MRSA, Tetracycline-nonsusceptible (>4 mg/L) 200 | 243

_ _ _ _ _ _ supports the further development of ceftobiprole to treat S. aureus infections in the (758) : : 0.8 49.5 | 81.5
« 13,868 S. aureus isolates were collected from patients with various infection types at United States. 0 o o

34 US medical centers from 2016-2020 (Table 1). Tigecycline-nonsusceptible (>0.5 mg/L) (4) 0.0 500 @ 50.0
— |solates were obtained from all 9 US Census Bureau Divisions. e [ 0 - 61 190

|solates were categorized as MDR if they were nonsusceptible (CLSI criteria) to >3 of the (>2 mg/L) (317) 0.0 2.2 215  81.4

following antimicrobials: clindamycin, daptomycin, erythromycin, gentamicin, levofloxacin,
g y y yt ycin, g Vancomycin (<1 mg/L) (13,779) 60 | 2,218 5,940 3,974

linezolid, tetracycline, tigecycline, trimethoprim-sulfamethoxazole, or vancomycin. A k I d t : : 0.5 16.6 @ 59.7 | 88.5
Isolates displaying oxacillin MIC values >4 mg/L were categorized as MRSA. C n OW e ge I I Ie n S | 0 16 29 20
— While Magiorakos et al. (2012) defined any MRSA isolate as MDR, resistance to vancomycin (>1 mg/L) (89) 0.0 180 20.6 | 73.0

oxacillin was omitted from the MDR definition in this study to allow for analysis of This project was funded in part with federal funds from the Department of Health and 0 4 93 | 244 @ 790
the MDR MRSA isolate subset. Human Services, Office of the Assistant Secretary for Preparedness and Response, MDR (2,013) 0.0 0.2 4.8 169 527 1

Biomedical Advanced Research and Development Authority (BARDA), under contract no.
Susceptibility Testing HHS0100201600002C, and in part by Basilea Pharmaceutica International Ltd., Basel, MDR MRSA (1,750)

. [ - - - Switzerland. R D
Susceptibility to ceftobiprole and comparator agents was tested using current Clinical 0 3 7 179 1 & & @@ @9

and Laboratory Standards Institute (CLSI) methods (MO7, 2018; M100, 2021). MDR MSSA (263) 00 | 11 342 996  100.0 0.5 0.5 ' \y S

CLSI and European Committee on Antimicrobial Susceptibility Testing (EUCAST, 2021) EUCAST, European Committee on Antimicrobial Susceptibility Testing; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus;

Interpretive criteria were applied according to current guidelines. MSSA, methicillin-susceptible Staphylococcus aureus NS, nonsusceptible; R, resistant; SXT, trimethoprim-sulfamethoxazole
@ Greater than the highest concentration tested. See Table 1 for numbers of isolates per subset.
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— For S. aureus, the EUCAST susceptibility breakpoint for ceftobiprole is 2 mg/L.

— US Food and Drug Administration criteria were used as an alternative breakpoint C O nta Ct

source for tigecycline (FDA, 2021).

JMI Laboratories followed current CLSI quality assurance practices when performing
Magiorakos AR Srinivasan A, Carey RB, et al. (2012). Multidrug-resistant, extensively drug-resistant and pandrug-

the susceptibility tests. R f
_ _ resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance. Clin
— MIC values were validated by concurrently testing CLSI-recommended (M100, Leonard Duncan, PhD e e re n Ce S Microbiol Infect 18: 268-281.

2021) ATCC quality control (QC) reference strains. JMI Laboratories Overcash JS, Kim C, Keech R, et al. (2020). Ceftobiprole compared with vancomycin plus aztreonam in the
. L . 345 Beaver Kreek Centre, Suite A Clinical and Laboratory Standards Institute (2018). MO7Ed11. Methods for dilution antimicrobial susceptibility tests treatment of acute bacterial skin and skin structure infections: Results of a phase 3, randomized, double-blind

— QC ranges for tested reference strains were those criteria approved or published North Liberty. IA 52317 for bacteria that grow aerobically: eleventh edition. Wayne, PA: CLSI. trial (TARGET). Clin Infect Dis in press.

by CLSI (M100, 2021). % Clinical and Laboratory Standards Institute (2021). M100Ed31. Performance standards for antimicrobial Pfaller MA, Flamm RK, Mendes RE, et al. (2018). Ceftobiprole activity against Gram-positive and -negative

| | | o | | | Phone: (319) 665-3370 susceptibility testing: 31st informational supplement. Wayne, PA: CLSI. pathogens collected from the United States in 2006 and 2016. Antimicrob Agents Chemother 63: e01566.
— The inoculum density during susceptibility testing was monitored by bacterial Fax: (319) 665-3371 EUCAST (2021). Breakpoint tables for interpretation of MICs and zone diameters. Version 11.0, January 2021. USFDA (2020). Antibacterial susceptibility test interpretive criteria. Available at: https://www.fda.gov/drugs
: L ' : : _ _ ' ' ' ' ' _ development-resources/antibacterial-susceptibility-test-interpretive-criteria. Accessed March 2021.
Colony counts. Email: Ieonard-duncan@Jmllabs com Available at: http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0 /
- . _Breakpoint_Tables.pdf. Accessed January 2021.
Hamed K, Engelhardt M, Jones ME, et al. (2020). Ceftobiprole versus daptomycin in Staphylococcus aureus
bacteremia: a novel protocol for a double-blind, Phase Il trial. Future Microbiol 15: 35-48.
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