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Study of the Month

Finally, the rstrandomized, double-blind trial
that compares two echinocandin antifungals
(caspofungin and micafungin) for safety

and e cacy in the treatment of invasive
candidiasis (IC), including candidemia.

Pappas PG, Rotstein CMF, Betts RF, etal.
Micafungin versus caspofungin for treatment of
candidemia and other forms of invasive candidiasis.
Clin Infect Dis 2007 45: 883-93.

Review of the Month

New evidence-based treatment guidelines for
histoplasmosis replace the previous guidelines
published in 2000.

Wheat LJ, Freifeld AG, Kleiman MB, et al. Clinical
practice guidelines for the management of patients
with histoplasmosis: 2007 update by the Infectious
Diseases Society of America. Clin Infect Dis 2007,
45:807-825.

Quote of the Month

There is only one thing more painful
than learning from experience, and that
is not learning from experience.

Archibald McLeish

the d-zone

amonthly supplement to
Drug Therapy Topics
published by the UW
Drug Information Center

written by Doug Black, Pharm.D.
Associate Professor, Pharmacy Practice
UW School of Pharmacy &

UW Medicine Infectious Disease Service,
dblack@u.washington.edu

also published online at
http://uw.prnrx.org/therapyTopics.asp

Copyright * 2007
by the University of Washington
No material may be reproduced in whole

orin part without written permission
from the author.

Black D. Ceftobiprole: the Next Fourth-
generation Cephalosporin The D-Zone
2007; 36(Suppl 5): $17-S20.

Z0MNE

OCTOBER 2007

Ceftobiprole: the Next Fourth-generation Cephalosporin

Introduction

The cephalosporins began with Giuseppi Brotzus discovery of the antibacterial proper-
ties of extracts of Cephalosporium acremonium, a fungus isolated from seawater near a
sewage outlet in Sardinia in 1945. They have played a critical role in healthcare since
1953. Table 1 groups by generation the cephalosporins in common use today. Drugs in
the same generation possess a comparable degree of -lactamase stability, as shown.

Despite their phenomenal success, the cephalosporins possess several well-known

de ciencies. For example, only two of the drugs listed in Table 1 (ceftazidime and
cefepime) demonstrate clinically reliable activity against Pseudomonas aeruginosa, and
no cephalosporin to date has been effective against methicillin-resistant Staphylococcus
aureus (MRSA), Enterococcus, or Listeria.

Ceftobiprole (BAL9141) is a new intravenous cephalosporin under joint development
by Basilea Pharmaceutica AG and Cilag AG International (Johnson & Johnson);
Ortho-McNeil will market the drug in the United States.> Ceftobiprole is administered
as the water-soluble methylcarbamate prodrug, ceftobiprole medocaril (BAL5788),
which is rapidly converted in vivo to the active antibiotic (plus diacetyl and CO,).
Relative -lactamase stability quali es the drug as a fourth-generation cephalosporin.
Ceftobiprole is unique among cephalosporins because of its activity against MRSA and
also enterococci, as discussed below. A New Drug Application (NDA) was  led with
the FDA in May 2007 for the treatment of complicated skin and skin structure infec-
tion (cSSSI). Phase 111 trials of ceftobiprole for the treatment of nosocomial pneumonia
and community-acquired pneumonia (CAP) are in progress.

Mechanism of action

Penicillin-binding proteins (PBPs), the target of all -lactam antibiotics including
cephalosporins, are membrane-associated enzymes involved in peptidoglycan biosyn-
thesis. The bactericidal activity of ceftobiprole against Gram-positive cocci can be
attributed to potent inhibition of the usual complement of sensitive PBPs, plus af nity
for typically insensitive PBPs. MRSA activity results speci cally from the ability of
ceftobiprole to bind to PBP 2a (PBP 2 ), whereas af nity for mutant PBP 2x in resistant
Streptococcus pneumoniae explains the drugs activity against that organism.2-

In Escherichia coli, ceftobiprole exhibits strong binding to PBP 3, the primary target of
most cephalosporins and aztreonam, and also to the essential PBP 2 (albeit with less
potency than imipenem). The PBP binding pro le of ceftobiprole in P. aeruginosa is
similar to that of cefepime and ceftazidime, except that binding to PBP 2 is enhanced.*

Antimicrobial activity of ceftobiprole

The in vitro activity of ceftobiprole is detailed in Table 2. With respect to Gram-
positive aerobic organisms, ceftobiprole is active against methicillin-susceptible and
methicillin-resistant S. aureus, methicillin-susceptible and methicillin-resistant
coagulase-negative staphylococci, multiple streptococcal species including penicil-
lin-nonsusceptible S. pneumoniae, and Enterococcus faecalis including ampicillin-
resistant and vancomycin-resistant strains. In addition, there is evidence of in vitro
synergy between ceftobiprole and aminoglycosides for E. faecalis.®

The MRSA data shown in Table 2 include ve strains of glycopeptide-intermediate
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Ceftobiprole: the Next Fourth-generation Cephalosporin (continued)

S. aureus (GISA) and two strains of vancomycin-resistant

S. aureus (VRSA).8 The lack of activity against Enterococcus
faecium is due to poor af nity for PBP 5, which is commonly
hyperproduced in ampicillin-resistant strains of E. faecium.?

Ceftobiprole has reliable activity against enteric Gram-nega-
tive bacilli. Strains of E. coli and Klebsiella that produce
extended-spectrum -lactamase (ESBL) are resistant, as are
species that produce certain class A cephalosporinases (e.g.,
Proteus vulgaris). Activity against P. aeruginosa is generally
comparable to cefepime and ceftazidime, and superior to
piperacillin-tazobactam.” Ceftobiprole appears to have
meager activity against Acinetobacter, although some inves-
tigators have measured lower MICs (that are also lower than
cefepime and ceftazidime).8 Potency of ceftobiprole against
Burkholderia cepacia is poor. Stenotrophomonas maltophilia is
uniformly resistant, owing to the lack of stability of ceftobip-
role toward metallo- -lactamases (Ambler class B).

Ceftobiprole is stable in the presence of AmpC cephalospo-
rinases (Ambler class C) and is also a poor inducer of that
enzyme. This means that the Gram-negative aerobic activity
of ceftobiprole more closely resembles that of cefepime than
that of ceftazidime.?

Ceftobiprole generally exhibits poor activity against Gram-
negative anaerobes (e.g., Bacteroides fragilis). -lactamase-
negative anaerobes are more susceptible to ceftobiprole than
-lactamase-positive strains, suggesting that ceftobiprole
is hydrolyzed by the majority of -lactamases found in
anaerobic bacteria.l% The drug therefore has good activity
against some Gram-positive anaerobes (e.g., Clostridium
perfringens). Marginal activity against Clostridium dif cile
mandates careful monitoring for the development of
pseudomembranous colitis.

Multiple passage studies of S. aureus, S. pneumoniae,
Haemophilus in uenzae, and Moraxella catarrhalis in the
presence of subinhibitory concentrations of ceftobiprole failed
to result in mutants with high MICs. In addition, single-step
selection studies demonstrated a low frequency of spontane-
ous mutants with elevated M1Cs.%: 1. 12 These data suggest
that resistance to ceftobiprole does not emerge readily.

Pharmacokinetics and pharmacodynamics

Schmitt-Hoffmann et al. conducted a multiple-dose phar-
macokinetic study of ceftobiprole.13 Healthy male volunteers
were randomized to receive ceftobiprole at 500 mg or 750 mg
(administered as 667 mg or 1,000 mg of ceftobiprole medoc-
aril, respectively) or placebo. The doses were administered as
200 ml infusions over 30 minutes once daily on days 1 and 8,
and twice daily on days 2 through 7.

Ceftobiprole exhibited linear pharmacokinetics, with low
intersubject variability. Peak plasma concentrations of
ceftobiprole were observed at the end of the 30-minute
infusion, with a subsequent biphasic decrease re ecting rapid
distribution from the systemic circulation into other body

compartments. Maximum concentration in plasma (C_...)
was 44.2 g/ml after 500 mg and 60.6 g/ml after 750 mg.
Mean volume of distribution at steady state (V,,) was about
17 liters, similar to the volume of the extracellular water
compartment in adults (and also to the V, of other -lactam
antibiotics). Ceftobiprole was excreted predominantly in the
urine unchanged via glomerular Itration; 82-88% of a dose
was recoverable in the urine within 24 hours. Drug elimina-
tion half-life was 3-4 hours.

The clinical ef cacy of a -lactam antibiotic is generally
correlated to time above the MIC (T>MIC) of at least 40-
60% of the dosage interval. After multiple infusions of 750
mg, mean concentrations of ceftobiprole in plasma exceeded
the MIC at which 100% of MRSA isolates are inhibited

(4 g/ml) for approximately 7-9 hours, or 58-75% of a
12-hour dosing interval. This suggested that a ceftobiprole
dose of 750 mg 1V g12h (in normal renal function) would be
adequate for treatment of MRSA infection.1 A more recent
pharmacokinetic analysis employing Monte Carlo simulation
predicts a high probability of exceeding target concentrations
for key Gram-positive organisms (including MRSA) with

a dose of 500 mg IV (infused over one hour) g12h, and

of meeting or exceeding target concentrations for enteric
Gram-negative bacilli and P. aeruginosa with a dose of 500
mg IV (infused over 2 hours) g8h. Both of these regimens
were selected for use in phase 111 trials.*

Table 1. Cephalosporins grouped by generation
LACTAMASE

GENERATION STABILITY ANTIBIOTIC FORMULATION
FIRST + cefazolin (Kefzol) parenteral
+ cephalexin (Ke ex) oral
+ cefadroxil (Duricef) oral
SECOND ++ cefoxitin (Mefoxin) parenteral
++ cefuroxime (Zinacef) parenteral
++ cefaclor (Ceclor) oral
++ cefuroxime axetil (Ceftin) oral
++ cefprozil (Cefzil) oral
THIRD +++ cefotaxime (Claforan) parenteral
+++ ceftizoxime (Ce zox) parenteral
+++ ceftriaxone (Rocephin) parenteral
+++ ceftazidime (Fortaz) parenteral
+++ ce xime (Suprax) oral
+++ cefpodoxime proxetil (Vantin) oral
+++ ceftibuten (Cedax) oral
+++ cefdinir (Omnicef) oral
+++ cefditoren pivoxil (Spectracef) oral
FOURTH ++++ cefepime (Maxipime) parenteral
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Table 2. Invitro susceptibility of ceftobiprole: 10-12. 24,25 Animal studies
TR Ceftobiprole compares favorably with
(g/ml) | (g/mi) ( g/mi) vancomycin for treatment of experimen-

GRAM POSITIVE AEROBES tal MRSA endocarditis and foreign-body
Enterococcus faecalis (including 20 vancomycin-resistant strains) 62 05 4 012 >32 mfe_c_tlon, and with amp|C|II_|n fOIj peri-
Enterococcus faecium (including 24 vancomycin-resistant strains) 51 >32 >32 025 >32 tOI’]It.IS. Cz_iUSEd by v_ancomymn—r_esllsstl%nt,
Streptococcus, -hemolytic (including 48 group A strains) 103 00.015 00,015 00015 0.06 amp|C|II|n-suscept|bIe E. faecalis. >
P ’ s g8 group o ' oo Ceftobiprole was at least as effective
Streptococcus pneumoniae (penicillin-susceptible) 299 0.016 0016 0008 0.03 as ceftriaxone in a mouse model of
Streptococcus pneumoniae (penicillin-intermediate) 299 0.06 05 0008 1 pneumococca| pneumonia, and equa| in
Streptococcus pneumoniae (penicillin-nonsusceptible) 299 05 1 0016 4 effectiveness to ceftriaxone and cefepime
Streptococcus, viridans group (penicillin-susceptible) 54 10015 0.06 00015 006 for murine pneumonia caused by H.
Streptococcus, viridans group (penicillin-intermediate) 21 003 0.25 00015 1 in uen;ae, E. cloacae, a_nd ngQO'ESBL'
— — producing K. pneumoniage.™
Streptococcus, viridans group (penicillin-resistant) 10 05 1 012 32
Staphylococcus aureus (methicillin-susceptible) 26 05 05 025 05 Clinical trials
Staphylococcus aureus (methicillin-resistant) 126 2 2 025 2 The !’St (and only) phase 111 study of
Staphylococcus, coagulase-negative (methicillin-susceptible) 26 0125 1 003 1 _ceftoblprole to be Complemd_ to date
Staphylococcus, coagulase-negative (methicillin-resistant) 125 ‘1 2 0125 4 IS STRAUSS (STUdy of Resistant
' : Staphylococcus AUreus Skin and
GAM NEGATIVE AEROBES Skin structure infections), pre-
Acinetobacter spp. 2 % >3 ro01s >3 sented at the Interscience Conference
Burkholderia cepacia 8 32 16 >32 on Antimicrobial Agents and
Citrobacter freundii 3 003 05 0015 >32 Chemotherapy meeting in 2006.2 This
Enterobacter cloacae 30 00425 0125 | 00125 05 m_ultlcenter, randomlz.ed, double-blind
Escherichia coli (non-ESBL-producing) 43 0.03 0.06 00015 2 trial compared ceftoblprole 500 mg v
T , g12h to vancomycin 1 gm 1V g12h for
Escherichia coli (ESBL-producing) 23 32 >32 003 >32 the treatment of hospitalized patients
Haemophilusin uenzae ( -lactamase negative) 40 003 025 0008 1 with ¢SSSI. Treatment was continued
Haemophilusin uenzae ( -lactamase positive) 262 0.06 025 0015 8 for 7-14 days. Seven-hundred eighty—four
Klebsiella oxytoca 12 006 05 00015 05 patients were enrolled in the trial; the
Klebsiella pneumoniae (non-ESBL-producing) 30 00125 00.125 00125 8 overall clinical cure rate was 93.3% in
Klebsiella pneumoniae (ESBL-producing) 30 64 128 4 128 the ceftoblpro_le arm versus 93.5% in
Moraxella catarrhalis ( -lactamase negative) 9 00.004 10.004 0.03 the vancomy_cm al:m (p_NS_)' In the
Moraxella catarrhalis ( -lactamase positive) 40 012 05 003 1 subset of patients infected with MRSA
— P : : : (n=179), cure rates were 91.8% in the
Neisseria gonorrhoeae 32 003 006 0008 0.06 ceftobiprole arm versus 90.0% in the
Neisseria meningitidis 24 00.002 0.004 10.002 0.008 vancomycin arm (p: NS)_
Proteus r.mrab|||s _ 9 00015 00.015 003 Adverse effects
Proteus, lndole-posflve 34 00.015 >32 00015 >32 Limited data suggest that ceftobiprole
Pseudomonas aerugingsa o 2 8 05 16 is safe and well tolerated. In the
Salmonella spp. 12 003 003 003 006 pharmacokinetics study discussed above,
Serratia spp. 2 006 8 003 >3 most adverse effects in each dose group
Shigella spp. 12 003 003 | oo 003 | Were mild, and no serious or severe
Stenotrophomonas maltophilia 17 >32 >32 >32 ?dverse SffeCtS V\{[erg redported f fThte most
GRAM POSITIVE AND GRAM NEGATIVE ANAEROBES* requ_en Y TEPOrted adverse eriects were
—— transient nausea, headache, and taste
Bacteroides fragilis Sl B | 9% % | disturbance, described as caramel-like
Bacteroides thetaiotaomicron 39/40 16 32 012 >64 during the infusion period and attribut-
Clostridium dif cile 0/30 4 8 18 able to release of diacetyl produced
Clostridium perfringens 0/30 00.016 00,016 100,016 during conversion of the medocaril
Fusobacterium nucleatum 2/50 00.016 00016 00016 0.06 prodrug to the active Compound-zz’ 23
Prevotella spp. 4 64 00016 >64

*n=number of -lactamase positive strains/total number of strains tested

Send feedback on The D-Zone to the author via email at dblack@u.washington.edu
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Ceftobiprole: the Next Fourth-generation Cephalosporin (continued)

No signi cant peripheral infusion site reactions were
described, no study subjects experienced electrocardiogram
changes or abnormalities in vital signs, and no changes in
laboratory parameters were considered clinically signi cant.1®

In STRAUSS, 4% of the patients receiving ceftobiprole dis-
continued treatment because of an adverse event, compared
to 6% of the patients receiving vancomycin.?!

Summary
Ceftobiprole medocaril, a prodrug, is an innovative fourth-
generation intravenous cephalosporin currently undergoing
study for ¢SSSI, nosocomial pneumonia, and CAP. Its
Gram-positive spectrum includes MRSA and enterococci,
whereas Gram-negative activity is comparable to cefepime
or ceftazidime. The drug is a weak inducer of AmpC
-lactamase and a poor substrate; it is labile to destruction
by ESBLs, certain class A cephalosporinases, and metallo-
-lactamases. Pricing information is not yet available.
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