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Ceftobiprole is the first broad-spectrum cephalosporin with activity against methicillin-resistant Staphylo-
coccus aureus (MRSA) to be assessed in late-stage clinical trials. As a pivotal step in the clinical development
of ceftobiprole, a multicenter, global, randomized, double-blind trial was conducted to compare the efficacy of
ceftobiprole to that of vancomycin in patients with complicated skin and skin structure infections (cSSSIs)
caused by gram-positive bacteria. The primary objective was to assess noninferiority on the basis of the cure
rates 7 to 14 days after the completion of therapy in patients administered ceftobiprole 500 mg every 12 h or
vancomycin 1 g every 12 h. Of 784 patients randomized, 282 receiving ceftobiprole and 277 receiving vanco-
mycin were clinically evaluable. Of these patients, 93.3% treated with ceftobiprole and 93.5% treated with
vancomycin were cured (95% confidence interval of difference, —4.4%, 3.9%). The cure rates for patients with
MRSA infections were 91.8% (56/61) with ceftobiprole treatment and 90.0% (54/60) with vancomycin treatment
(95% confidence interval of difference, —8.4%, 12.1%). At least one adverse event (AE) was reported by 52% of
the ceftobiprole-treated patients and 51% of the vancomycin-treated patients. The most common AEs reported
by the ceftobiprole-treated patients were nausea (14%) and taste disturbance (8%). Discontinuation of the
study drug because of treatment-emergent AEs occurred in 4% (n = 17) of the ceftobiprole-treated patients and
6% (n = 22) of the vancomycin-treated patients. The results of this trial support the use of ceftobiprole as an
effective and well-tolerated treatment option for patients with cSSSIs caused by a spectrum of gram-positive

bacteria.

Complicated skin and skin structure infections (cSSSIs) in
hospitalized patients are often caused by gram-positive bac-
teria (28). Because Staphylococcus aureus and Streptococcus
pyogenes are the leading causes of cSSSIs, guidelines for the
treatment of cSSSIs consistently recommend empirical antimi-
crobial therapy that provides activity against these bacteria.

Over the last 20 years, the prevalence of methicillin-resistant
S. aureus (MRSA) as a cause of cSSSIs has been increasing
worldwide (15, 18, 19). Recent experience suggests that MRSA
is now responsible for nearly 60% of purulent skin and soft
tissue infections in patients presenting to emergency rooms in
the United States (23). Community-origin MRSA with appar-
ently enhanced virulence has emerged as the leading cause of
serious skin infections arising in the community (23). The in-
creasing importance of MRSA as a cause of cSSSIs has driven
the need for the development of new agents with reliable
activity against this pathogen. In particular, the development
of a cephalosporin with a broad spectrum of activity that in-
cludes MRSA and that can be used to treat a range of serious
polymicrobial infections began several years ago and has pro-
gressed to the point where one such agent, ceftobiprole, is now
in late-stage clinical trials.
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Ceftobiprole, an investigational novel pyrrolidinone cepha-
losporin, has the potential to be used as monotherapy for the
treatment of patients with cSSSIs because of its activity against
the major gram-negative and gram-positive bacteria, including
MRSA, that cause these infections. Recent in vitro studies
have indicated that the MIC,, for ceftobiprole is =2.0 pg/ml
for MRSA (11, 16, 17). In vivo studies with a number of animal
models of infection have confirmed the potent in vitro activity
of ceftobiprole (5, 7, 12, 17). After the completion of a phase
II trial focused on assessing the efficacy of ceftobiprole for the
treatment of patients with cSSSIs due to gram-positive bacteria
(M. Heep, M., S. Querner, M. Harsch, and W. O’Riordan,
Abstr. 44th Intersci. Conf. Antimicrob. Agents Chemother.,
poster L-361, 2004), a large, double-blind, randomized trial
was conducted to compare the safety and efficacy of ceftobi-
prole to those of vancomycin, the current standard of care for
the treatment of skin infections due to gram-positive bacteria
in which methicillin resistance is a significant concern. We
report here the results of that trial.

MATERIALS AND METHODS

This was a randomized, double-blind, multicenter trial that compared the
efficacy and safety of ceftobiprole to those of vancomycin in patients with cSSSIs
due to documented or suspected gram-positive pathogens.

Study population. Patients were eligible for the study if they were =18 years
old and were diagnosed with a cSSSI caused by documented or suspected gram-
positive bacteria. A cSSSI was defined as an infection involving subcutaneous
tissues or requiring significant surgical intervention and one or more of the
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following: a wound infection, an abscess, or cellulitis. A wound infection was
considered an infection that occurred within 30 days of surgery/trauma (includ-
ing partial thickness burns covering <10% of the body surface) with (i) purulent
drainage from the lesion or (ii) at least three of the following signs: (a) temper-
ature >38°C rectal (or >37.5°C oral or >38.5°C tympanic in the absence of
antipyretics), (b) localized swelling, (c) localized erythema extending =10 mm
beyond the wound edge, (d) localized pain, or (e) tenderness to palpation. An
abscess (without an open wound) was one considered one that occurred in the 7
days before enrollment with purulent drainage or a purulent aspirate and (i)
evidence of loculated fluid that required intervention within 48 h of enrollment
and (ii) erythema and/or induration of =20 mm in diameter or tenderness.
Cellulitis was considered cellulitis that occurred in the 7 days before enrollment
with advancing edema, erythema, or induration and one of the following: (i)
temperature >38°C rectal, >37.5°C oral, or >38.5°C tympanic in the absence
of antipyretics or reported fever in the 3 days before enrollment; (ii) a white
blood cell count =10 X 10%/liter or =10% bands; and (iii) lymphangitis and
adenopathy.

In addition to this characterization of infection at enrollment, blood was
sampled for culture, the extent of tissue involvement (subcutaneous, fascia,
muscle) was assessed, and the serum C-reactive protein concentration was mea-
sured.

Patients were excluded if they had a history of allergic reaction or intolerability
to either cephalosporins or vancomycin, severe renal dysfunction (creatinine
clearance <30 ml/min or oliguria <20 ml/h unresponsive to fluid challenge),
hepatic dysfunction evident by serum transaminase levels greater than three
times the upper limits of normal, or a condition that might affect adherence to
the protocol requirements. Pregnant or lactating women, subjects with neutro-
penia, and human immunodeficiency virus-infected subjects with CD4 counts
<0.2 x 10%/liter were excluded from enrollment in this trial. Because the focus
of this trial was on the treatment of infections caused by gram-positive bacteria
and because diabetic patients with foot infections often develop infections that
involve gram-negative bacteria, patients categorized as having diabetic foot in-
fections were excluded from this trial. Patients with osteomyelitis or infections
associated with animal or human bites were not enrolled in this trial. Patients
who had received systemic antimicrobial therapy for more than 24 h in the 7 days
before enrollment were excluded from participation in the study, with the ex-
ception of cases in which the infection was caused by microbiologically confirmed
pathogens that were resistant to the previous antimicrobial agents or in which the
subject was clinically worsening, as determined by the treating physician, despite
at least 72 h of treatment.

Treatment was assigned by central randomization by using an automated
clinical trial system. Randomization was balanced by using randomly permuted
blocks and was stratified by infection type (surgery/trauma infection site, abscess,
or cellulitis). Patients were stratified upon enrollment by the type of cSSSI
(wound infection, abscess, cellulitis), and the enrollment of patients enrolled
with cellulitis was limited to 20%. The study assessments and evaluation criteria
were consistent with guidelines from the Food and Drug Administration (1a) and
the European Medicines Evaluation Agency (6) for clinical trials aimed at es-
tablishing an antibacterial agent as safe and effective for the treatment of patients
with cSSSIs.

The trial design required the continuation of vancomycin therapy in the com-
parator arm rather than a switch to a semisynthetic penicillin in the absence of
the identification of MRSA in the baseline culture to avoid the need to break the
treatment blind. Additionally, conversion to oral therapy was not allowed, with
the expectation that more severely ill patients would be enrolled in the trial and
would require hospitalization for the duration of their antibiotic therapy.

Treatment. After enrollment into one of the protocol-defined disease strata
(abscess, wound infection, cellulitis), the patients were randomly assigned in a 1:1
ratio to intravenous treatment with either ceftobiprole 500 mg every 12 h or
vancomycin 1 g every 12 h for 7 to 14 days. All subjects enrolled with the
diagnosis of abscess required incision and drainage of the abscess either before
or within 48 h of enrollment to meet the inclusion criteria. At the investigator’s
discretion, empirical therapy with aztreonam or metronidazole was permitted for
the first 48 h of treatment, pending the identification of the organisms requiring
this additional spectrum of activity. If such pathogens were not identified, this
empirical therapy was stopped. No other systemic concomitant antibacterial
treatment was allowed. Plasma vancomycin concentrations were monitored and
adjusted on the basis of the individual investigators’ local practices.

The double-blind trial design was maintained by assignment of an indepen-
dent, unblinded pharmacist at each site who was responsible for study drug
(vancomycin and ceftobiprole) preparation and for adjustment of the study drug
doses on the basis of the individual subject’s plasma vancomycin level or renal
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function. This activity was further monitored by an unblinded site monitor who
operated independently of the blinded site monitor and all blinded activities.

Patients were evaluated before the start of therapy (baseline/predosing) and
during therapy at visits on day 4 * 1, day 8 * 1, and day 14 = 1 (if treatment
beyond 14 days was deemed necessary). An end-of-therapy (EOT) visit was
performed within 24 h after the last administration of the study drug. A test-of-
cure (TOC) visit was performed 7 to 14 days after the EOT visit. Patients
considered clinically cured at the TOC visit were evaluated for relapse at a late
follow-up (LFU) visit 28 to 35 days after the EOT visit.

Clinical evaluation. The clinical evaluations (at the baseline, during treatment,
and after treatment) included a microbiological assessment of the site of infec-
tion, evaluation of the signs and symptoms of infection, and at the TOC and LFU
visits, an evaluation of the clinical outcome. The clinical outcome at the TOC
visit, 7 to 14 days following the EOT visit, was categorized as cure, failure, or not
evaluable. Cure was defined as a resolution of all signs and symptoms of the
infection or improvement to such an extent that no further antimicrobial
therapy was necessary. Failure was defined as a need for further treatment
with a nonstudy antibiotic and discontinuation of the study drug due to a
treatment-related AE or due to a lack of efficacy of the study drug after at
least 3 days of study therapy. Patients who were assessed as failing therapy at
the EOT visit were considered failures at the TOC visit. Patients who devi-
ated from the protocol-defined treatment or evaluation procedures were
considered not evaluable.

Clinical relapse was assessed at the LFU visit, 28 to 35 days after the EOT visit,
only for patients who were cured at the TOC visit. Patients evaluated at the LFU
visit were placed into the cure, clinical relapse, or not evaluable category. Cure
occurred if no further antimicrobial therapy was necessary for the treatment of
the primary infection site. Clinical relapse occurred if the signs and symptoms of
the skin infection at the primary site reappeared and required additional anti-
microbial therapy. Not evaluable was assigned if there was an absence of a
clinical assessment at the LFU visit or because an antibiotic was administered
concomitantly for a reason other than for treatment of the infection at the
primary infection site.

Microbiological evaluations. The microbiological assessments included patho-
gen identification and susceptibility testing of all specimens, in addition to ge-
notypic characterization of staphylococci (by testing for Panton-Valentine leu-
kocidin [PVL] and mecA genes). Patients were assessed for microbiological
outcome at the TOC visit, and this outcome was determined by Gram stain and
culture of any discharge or infected tissues. The microbiological outcome for the
patients was categorized as eradication, presumed eradication, colonization,
persistence, presumed persistence, superinfection, or not evaluable. Patients
were considered to have an eradicated microbiological outcome if no pathogen
was isolated from any culture (fluid or tissue) taken at the original site of
infection and to have a presumed eradicated microbiological outcome if no
material suitable for culture was obtained from the primary site of infection in
the absence of clinical signs or symptoms of infection. Patients were considered
not evaluable with regard to microbiological outcome if no pathogen was isolated
at the time of entry into the trial, no clinical evaluation was done at the TOC visit,
no data related to microbiological outcome were collected at the TOC visit, or
protocol-defined procedures were not conducted. Only patients with a microbi-
ological outcome of eradication or presumed eradication at the TOC assessment
were evaluated for relapse at the LFU assessment.

Bacteria were considered pathogens if they were isolated from the patients by
sterile biopsy or aspiration in the presence of signs of inflammation. Duplicate
isolates of all potential pathogens were sent to a central laboratory for antimi-
crobial susceptibility testing on customized TREK panels, according to CLSI
methods and pathogen identification by coagulase and API system (bioMerieux)
testing (8, 10). All isolates identified as staphylococci were tested for PVL and
mecA genes by multiplex analyses, using a method similar to that described by
McClure et al. (22). Isolates of staphylococci were categorized as methicillin
resistant if they were shown to be oxacillin resistant according to CLSI criteria or
were mecA positive (9).

Safety and tolerability. A treatment-emergent adverse event (AE) was any
adverse change that occurred after a patient was given a study drug. Events
involving exacerbations or the worsening of preexisting illnesses were recorded
as AEs. A serious AE event was any experience that was life-threatening, that
required hospitalization or prolonged hospitalization, or that resulted in death.
Laboratory assessments were conducted at a central laboratory (Covance CLS).

Analysis populations. Patients were classified into the following populations
for analyses: the intent-to-treat (ITT) population included all randomized pa-
tients; the modified intent-to-treat (mITT) population included all patients in the
ITT population from whom a pathogen was isolated upon entry into the trial; the
clinically evaluable (CE) population included all patients in the ITT population,
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TABLE 1. Patients included in each analysis population”

No. (%) of patients

Analysjs

population Ceftobiprole group Vancomycin group
ITT 397 (100) 387 (100)
mITT 312 (79) 301 (78)
CE 282 (71) 277 (72)
ME 226 (57) 217 (56)
Safety 389 (98) 382(99)

“ A total of 784 patients were evaluated.

excluding those with a clinical outcome of not evaluable at the TOC visit; and the
microbiologically evaluable (ME) population included all patients in the CE
population from whom a pathogen was isolated at the baseline, excluding those
with a microbiological outcome of not evaluable at the TOC visit. Because this
trial was focused on assessing the efficacy of ceftobiprole compared to that of
vancomycin as a treatment for cSSSIs due to gram-positive bacteria, all subjects
from whom a gram-negative pathogen was isolated at the baseline were excluded
from the CE population. Cure in the mITT was assessed as occurring for patients
from whom gram-positive and/or gram-negative bacteria were isolated at the
baseline, provided that they received only protocol-defined study antibiotics
(ceftobiprole, vancomycin, aztreonam, and metronidazole). The safety analysis
population included all patients in the ITT population who were administered at
least one dose of study medication.

Statistical considerations. This trial was designed to test the noninferiority of
ceftobiprole treatment compared to the effectiveness of vancomycin treatment.
The primary end point was the clinical cure rate at the TOC visit. The null
hypothesis was that the clinical cure rate for ceftobiprole-treated patients would
be more than 10% inferior to the clinical cure rate for vancomycin-treated
patients, and the alternative hypothesis was that the clinical cure rate for cefto-
biprole-treated patients would not be more than 10% inferior to the clinical cure
rate for vancomycin-treated patients. Similar hypotheses were applied to the
analysis of the microbiological outcome.

The final sample size calculation was based on the confidence interval (CI)
approach for a normal approximation of binomial probability. If clinical cure
rates of 80% for both the ceftobiprole and the vancomycin treatment groups
were assumed, with the limit of noninferiority of ceftobiprole treatment com-
pared with the effectiveness of vancomycin treatment being 10% and with a
power of 90% and a one-sided type I error of 0.025, the estimated sample size of
the clinically evaluable patients would be 276 per randomized group. If a non-
evaluability rate of 30% is assumed, approximately 790 patients would be re-
quired so that ceftobiprole treatment could be concluded to be noninferior to
vancomycin treatment if the lower limit of the 95% CI for the difference in the
clinical cure rates (ceftobiprole minus vancomycin) was =—10%.

Clinical and microbiological outcomes were analyzed by the use of two-sided
95% ClIs for the between-treatment difference (ceftobiprole minus vancomycin)
in the clinical cure rates and microbiological eradication rates at the TOC visit.
The microbiological eradication rate and its CIs were summarized by infection
type and initial pathogen.

RESULTS

Patient disposition. From October 2004 to December 2005,
129 study sites on five different continents (Europe, n = 45;
Asia, n = 34; Africa, n = 8; South America, n = 8; North
America, n = 34) were initiated to participate in the trial, and
784 patients were randomized and enrolled in the trial. Of the
129 sites initiated, 101 (78 %) enrolled subjects. Approximately
42% of the patients (328/784) randomized were enrolled at
sites in the United States. In non-U.S. regions, approximately
36%, 15%, 4%, and 3% of the subjects were enrolled in sites in
Europe, Asia, Africa, and South America, respectively. Of the
784 randomized patients, 397 were assigned to the ceftobiprole
arm and 387 were assigned to the vancomycin arm (Table 1).

Of all patients enrolled (ITT population), 85% completed
the study per protocol. The most common causes of discontin-
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TABLE 2. Demographics and baseline characteristics
of ITT population

Ceftobiprole Vancomycin
Characteristic” group group
(n = 397) (n = 387)
Mean (SD) age (yr) 48.0 (16.1) 46.7 (16.3)
Age range (yr) 18-91 18-89
No. (%) of ITT population age 67 (17) 56 (14)
>65 yr
% Male:% female 55:45 61:39
Race (% white:% not white) 76:24 76:24
Mean baseline wt (kg [SD]) 81.0 (21.76) 82.7(24.2)
No. (%) of ITT population with 153 (38.5) 149 (38.5)
lower-extremity primary
site of infection
No. (%) of ITT population with 66 (16.6) 65 (16.8)
diabetes
Infection type (no. [%] with 396 385
infection type)
Abscess 195 (49) 183 (48)
Wound 127 (32) 132 (34)
Surgical wounds 43 51
Traumatic wounds 72 68
Wounds associated with 12 13
burns
Cellulitis 74 (19) 70 (18)

“ The data are for 784 patients. No differences (P > 0.1 by the chi-square test)
between the treatment groups were evident by testing for differences between the
means or for differences in the distribution of groups.

uation were AEs or concomitant illnesses (35 patients), non-
cooperation (28 patients), and administrative issues (21 pa-
tients). The CE population included 282 patients in the
ceftobiprole group and 277 patients in the vancomycin group.
Among the 225 subjects in the ITT population who did not
qualify for being clinically evaluable, 13 (8 in the ceftobiprole
arm) were not given a study medication, 44 (19 in the ceftobi-
prole arm) were given an effective concomitant antibiotic ther-
apy, 66 (37 in the ceftobiprole arm) received <5 days of ther-
apy, 70 (36 in the ceftobiprole arm) had a gram-negative
pathogen isolated at the baseline, 54 (27 in the ceftobiprole
arm) were identified as having self-administered study drug, 6
(1 in the ceftobiprole arm) had an unconfirmed clinical diag-
nosis of a ¢SSSI, 2 (1 in the ceftobiprole arm) did not have a
clinical evaluation at the TOC visit as defined in the protocol,
and 19 (11 in the ceftobiprole arm) had a missing TOC visit in
the absence of being reported to have a worsened condition at
the EOT visit.

Demographics and baseline characteristics. The demo-
graphics and the baseline characteristics of the ITT patients
were comparable between the ceftobiprole and vancomycin
groups (Table 2). In the CE population, the proportion of men
in the ceftobiprole arm (55%) was significantly lower than the
proportion of men in the vancomycin arm (61%) (P = 0.025).
In the ITT population, 48% (378/781) of patients had ab-
scesses, 33% (259/781) had wounds, and 18% (144/781) had
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TABLE 3. Distribution of gram-positive bacteria most frequently isolated at the baseline from the primary infection site in ceftobiprole- and
vancomycin-treated subjects in the mITT and ME populations

No. (%) of all gram-positive isolates

Organism

Isolates identified in mITT population

Isolates identified in ME population

Ceftobiprole group

Vancomycin group Ceftobiprole group Vancomycin group

Staphylococcus aureus 249 (80.3)
MRSA 90 (19.4)
MSSA 155 (50)
Strains with unknown susceptibility 4(1.3)

S. epidermidis® 8(2.5)

Streptococcus pyogenes 16 (5.2)

Streptococcus agalactiae 5(1.6)

Group G streptococcus 3 (1.0)

Enterococcus faecalis 5(1.6)

228 (75.5) 191 (80) 175 (78.8)
87 (28.8) 61 (25.5) 60 (27)
133 (44) 126 (52.7) 112 (50.4)
8 (2.6) 4(1.7) 3(1.4)
13 (4.3) 8(3.3) 9 (4.0)
21 (6.9) 11 (4.6) 17(7.7)
5(1.6) 3(1.3) 1(0.5)

6 (2.0) 1(04) 6(2.7)
3(1.0) 5(2.1) 3(1.4)

@ S. epidermidis was identified by coagulase and API Staph testing.

cellulitis. No differences in the duration of treatment were
observed between the treatment groups. For both treatment
arms in the CE population, the mean durations of therapy
were 9.2 days and the median durations of therapy were 8.0
days. Among the 559 subjects in the CE population, 30 (5.4%)
received either aztreonam or metronidazole, and these sub-
jects were distributed similarly in each treatment arm (cefto-
biprole, n = 13; vancomycin, n = 17).

The distribution of gram-positive bacteria isolated in the
baseline cultures of samples from the infection site from pa-
tients in the mITT and the ME populations is shown in Table
3. In both the mITT and the ME populations, approximately
80% of the gram-positive bacteria isolated were S. aureus.
MRSA isolates accounted for approximately one-third of all
the S. aureus organisms isolated in these populations and ap-
proximately 25% of all gram-positive isolates recovered in this
trial. Of the 477 S. aureus isolates identified from patients in
the mITT population, ceftobiprole and vancomycin MICs were
determined for 461. The MIC,ys for the 170 MRSA isolates in
this collection were 2 pg/ml (range, 0.5 to 2.0 mg/liter; MICs,,
and mode MIC, 0.5 pg/ml) for ceftobiprole and 1 pg/ml
(range, 0.5 to 2 pg/ml; MICs, and mode MIC, 0.5 wg/ml) for
vancomycin. The MICy,s for the 291 methicillin-susceptible
Staphylococcus aureus (MSSA) isolates in this collection were
0.5 pg/ml (range, 0.12 to 1.0 wg/ml; MICs, and mode MIC,
0.25 pg/ml) for ceftobiprole and 1 wg/ml (range, 0.5 to 2 pg/ml;
MIC,, and mode MIC, 0.5 pg/ml) for vancomycin.

Seventy patients in the mITT population (34 randomized to
the vancomycin treatment arm) had one or more gram-nega-
tive bacterial pathogens identified in their baseline culture, and
only 8 (4 in each arm) of these patients were given aztreonam,
in addition to the study drug regimen. The isolates identified in
these patients included members of the family Enterobacteria-
ceae (Escherichia coli, Enterobacter spp., Klebsiella spp., Mor-
ganella morganii, Proteus mirabilis, Serratia marcescens), Acin-
etobacter spp., and Pseudomonas spp. In the 30 patients who
had gram-negative bacteria identified in the baseline cultures
and who received vancomycin alone, 14 (47%) were assessed
as cured at the TOC visit. This cure rate was considerably

lower (P < 0.01) than the 81% cure rate (26/32) observed for
patients who received ceftobiprole alone in this analysis of the
mITT population.

Outcomes. At the TOC visit, the clinical cure rates in the
ceftobiprole-treated and vancomycin-treated patients were
similar in both the ITT and the CE populations (Table 4). The
95% CI of the difference between the cure rates in the treat-
ment arms was well within the 10% margin that was predefined
as the criterion for the demonstration of noninferiority. The
microbiological outcome of eradication or presumed eradica-
tion at the TOC visit in the microbiologically evaluable pa-
tients occurred in 94.2% of the ceftobiprole-treated patients
and 93.5% of the vancomycin-treated patients (95% CI, —3.8,
5.2%). Because of the potential for adjuvant surgical proce-
dures to influence the cure of infection, the incidences of
operative surgical intervention, topical wound care, and de-
bridement procedures that occurred after the patient enrolled
in the trial were also assessed across treatment groups. The

TABLE 4. Clinical cure rates in trial populations

Cure rate (no. of

patients cured/total 95% CI of
Population no. of patients [%]) difference
in cure
Ceftobiprole Vancomycin rates
group group
ITT 309/397 (77.8)  300/387 (77.5)  —5.5,6.1
mITT
Only gram-positive bacteria  225/276 (81.5)  219/267 (82.0)  —7.0,6.0
isolated at the baseline
Only gram-negative bacteria 27/36 (75) 17/34 (50) 3.0,47.0
isolated at the baseline
CE with: 263/282(93.3)  259/277 (93.5) —4.4,3.9
Wound infections 77/80 (96.3) 78/87 (89.7) -1.0,14.2
Abscess 142/152 (93.4)  129/134 (96.3) —7.9,2.2
Cellulitis 44/50 (88.0) 52/56 (92.9) -16.2,6.4
ME 213/226 (94.2)  203/217 (93.5) —3.8,5.2

“ Cures occurred in 3 of 4 subjects who received aztreonam with vancomycin
and 14 of 30 subjects who received vancomycin alone.
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TABLE 5. Clinical cure rates at TOC visit for patients in ME
population with S. aureus infections
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TABLE 6. Incidence of treatment-emergent AEs occurring in at
least 3% of patients in either treatment group

Cure rate (no. of
patients cured/total

Cause of infection no. of patients [%]) 95% CI of
difference
Ceftobiprole = Vancomycin
group group

All S. aureus isolates 177/187 (94.6) 162/172 (942) —0.4 (—4.3,52)

MSSA 121/126 (96.0) 108/112 (96.4) —0.4 (=52, 4.4)
MRSA 56/61 (91.8)  54/60 (90.0) 1.8 (~8.4,12.1)
PVL positive + MRSA 27/29 (93.1)  22/26 (84.6)
MRSA and CRP* 20/23 (86.9)  21/24 (87.5)

>50 mg/dl
MRSA infections extending
to fascia or muscle

19/21 (90.5)  18/21 (85.7)

“ CRP, C-reactive protein.

distribution of ceftobiprole-treated and vancomycin-treated
patients with planned operative procedures (24% and 28%,
respectively), unplanned surgical interventions (6% and 5%,
respectively), topical dry dressing care (60% and 63%, respec-
tively), topical wet dressing care (47% and 47%, respectively),
and debridement of tissues not in the operating room setting
(15% and 14%, respectively) were similar.

Because of the importance of staphylococci in general and
MRSA in particular as causes of cSSSIs, the outcomes for
patients from whom S. aureus was isolated as a baseline patho-
gen were specifically assessed (Table 5). The overall clinical
cure rates for patients with cSSSIs due to S. aureus were com-
parable for ceftobiprole-treated patients (94.6% [177/187])
and vancomycin-treated patients (94.2% [162/172]). The clin-
ical cure rates were also comparable between ceftobiprole-
treated patients with MRSA infections (91.8% [56/61]) and
vancomycin-treated patients with MRSA infections (90.0%
[54/60]). The cure rates for patients who had deep infections
due to MRSA were similar for the ceftobiprole-treated pa-
tients (90.5% [19/21]) and the vancomycin-treated patients
(85.7% [18/21)).

The outcome of infections caused by PVL-positive isolates
of S. aureus was analyzed because of observations that such
isolates have been associated with more severe staphylococcal
disease (23). The percentage of PVL-positive isolates varied
considerably from region to region in this global trial and was
the highest (85.2%) among isolates from patients enrolled at
sites in the United States. In the CE population, 40% (144/359;
74 in the ceftobiprole treatment arm) of patients with S. aureus
infections had PVL-positive isolates. Forty-five percent (55/
121; 29 in the ceftobiprole treatment arm) of patients with
MRSA infections had PVL-positive isolates. Although the
differences in cure rates were not statistically significant, the
cure rates were numerically higher among the ceftobiprole-
treated patients with MRSA isolates that were positive for
PVL (93.1% [27/29]) than among vancomycin-treated patients
(84.6% [22/26]).

All patients with cSSSIs associated with S. aureus bacteremia
(three ceftobiprole-treated patients, including two patients
with MRSA infections, and two vancomycin-treated patients)
were clinical cures, and the bacteremia resolved without com-
plications.

The relapse rates in patients assessed to be cured at the

No. (%) of patients

AE or characteristic

Ceftobiprole group Vancomycin group

(n = 389) (n = 382)
Nausea 55(14) 29 (8)
Vomiting 27(7) 15 (4)
Dysgeusia 30 (8) 2(1)
Diarrhea 21 (5) 15 (4)
Constipation 14 (4) 11 (3)
Headache 27(7) 24 (6)
Dizziness 14 (4) 8(2)
Rash 9(2) 11(3)
Pruritus 12 (3) 22 (6)
At least one AE 203 (52) 193 (51)
At least one serious AE 24 (6) 23 (6)
Discontinuation due to AE 17 (4) 22 (6)

TOC visit were low for both ceftobiprole-treated and vanco-
mycin-treated patients. The differences in the incidences of
clinical relapse (1.6% with ceftobiprole treatment versus 0.8%
with vancomycin treatment; 95% CI, —1.2%, 2.7%) and mi-
crobiological relapse (2.7% with ceftobiprole treatment versus
5.3% with vancomycin treatment; 95% CI, —6.3%, 1.2%) be-
tween treatment groups were not statistically significant. The
clinical relapse rates were similar in the ceftobiprole-treated
and the vancomycin-treated arms (four and two patients, re-
spectively). Microbiological relapse appeared to be more com-
mon in the vancomycin-treated group (11 patients versus 6
patients in the ceftobiprole-treated group). A pathogen that
was resistant to ceftobiprole or vancomycin was not isolated
from any of the patients identified as having either a clinical or
a microbiological relapse.

Safety and tolerability. No significant differences in the
overall incidences of treatment-emergent AEs and discon-
tinuations of study drugs due to AEs were observed between
the treatment groups (Table 6). At least one AE was re-
ported by 52% of the ceftobiprole-treated patients and by
51% of the vancomycin-treated patients. A total of 39 pa-
tients discontinued study medication due to an AE (17
treated with ceftobiprole and 22 treated with vancomycin).
Among the ceftobiprole-treated patients, nausea (five pa-
tients) and vomiting (three patients) were the most frequent
causes of the discontinuation of therapy. Among the vanco-
mycin-treated patients, pruritus (four patients) and rash
(three patients) were the most frequent reasons for the
discontinuation of therapy.

Gastrointestinal events were reported in 25% of patients
treated with ceftobiprole and 17% treated with vancomycin.
Nausea, taste disturbance (dysgeusia), and vomiting were
the AEs that were the most frequently reported by the
ceftobiprole-treated patients and occurred in 14%, 8%, and
7% of the patients, respectively. The AEs that were the most
frequently reported by vancomycin-treated patients were
nausea (8%), headache (6%), and pruritus (6%). The dif-
ference between reports of nausea in the treatment arms
was statistically significant. The majority of AEs reported by
patients treated with both drugs were of mild or moderate
intensity.

A total of 47 patients reported at least one serious AE
during the course of the study: 24 (6%) in the ceftobiprole
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TABLE 7. Marked treatment-emergent abnormalities in laboratory
values that occurred in three or more subjects in either
treatment group

No. of patients

Ceftobiprole group ~ Vancomycin group

Laboratory test®

Abnormality Abnormality
Tota®? ——— Total ——
High Low High Low
Chemistry
Creatinine (2X ULN) 348 1 350 4

Glucose (>16.7 mmol/liter 328 3 2 328 1 6
and =100% increase
or <3.05 mmol/liter
=33% decrease)

Uric acid (>595 wmol/ 348 6 350 9
liter)
ALT (>3x ULN) 321 5 326 4
AST (>3x ULN) 310 2 319 3
GGT (>3x ULN) 342 18 350 21
Hematology
Eosinophil count 289 6 285 2

(>0.57 x 10%cells/liter
and =100% increase)
Neutrophil count (>7.23 295 1 10 297 4 10
X 10%cells/liter and
=100 increase or <1.96
X 10%cells/liter and
=33% decrease)
Platelet count (>600 X 284 2 2 289 4 0
10°cells/liter and =50%
increase or <130 X
10°cells/liter and =50%
decrease)
White blood cell count 297 6 0 297 9 0
(>15.0 or <3.8 X
10%cells/liter)

“ ULN, upper limit of normal; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, y-glutamyltransferase.
> Total number of subjects in whom analyte was measured.

group and 23 (6%) in the vancomycin group. Three deaths
occurred in the vancomycin treatment group, and none of
these were assessed by the physicians caring for these patients
to be related to the study drug or the failure of the study
treatment. No deaths occurred in the ceftobiprole treatment
group.

No differences in changes in mean laboratory testing values
between the baseline and the end of therapy or in the incidence
of abnormal values during therapy were found for hematologic
measurements (total white blood cell count, differential, he-
moglobin, red blood cell count, platelet count), biochemical
measurements (serum electrolytes, blood urea nitrogen, creat-
inine, glucose, serum transaminases, bilirubin, alkaline phos-
phatase, lactate dehydrogenase, albumin, serum protein, uric
acid, calcium, triglycerides, cholesterol), or urinalysis (hema-
turia, proteinuria, urinary sediment) when the results for the
ceftobiprole- and the vancomycin-treated subjects were com-
pared. The incidences of markedly abnormal test results for
individual hematology and chemistry analytes within a given
treatment group were low and were comparable for the two
treatment groups (Table 7).
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DISCUSSION

The results of this trial indicate that ceftobiprole is effective
and noninferior to vancomycin for the treatment of cSSSIs
caused by gram-positive pathogens. The clinical cure rate for
the ceftobiprole-treated patients was 93.3% among those who
were assessed as clinically evaluable 7 to 14 days after the
completion of therapy. This result is consistent with the potent
activity reported in vitro (16, 17), the results obtained with
animal models of infection (3, 14), and the results obtained in
a phase II trial (27; Heep et al., 44th ICAAC) reported previ-
ously. The earlier studies demonstrated that ceftobiprole has
consistent activity against clinically important gram-positive
pathogens, including staphylococci, a leading cause of serious
skin and soft tissue infections (4, 12, 17).

The design of this first large clinical trial involving assess-
ment of the efficacy of ceftobiprole for the treatment of infec-
tions due to gram-positive pathogens considered an evolving
understanding of the pharmacokinetics and the pharmacody-
namics of this cephalosporin. The ceftobiprole dosing regimen
was chosen on the basis of the pharmacokinetics of ceftobi-
prole studied in phase I and II trials and was estimated to
provide plasma concentrations of free drug above 2 pg/ml for
more than 30% of the dosing interval in over 90% of the
patients (24). This 30% target was based on the findings of in
vivo studies that indicated that the targets associated with the
efficacy of ceftobiprole for the treatment of streptococcal and
staphylococcal infections may be somewhat lower than what
has been observed with other cephalosporins due to a moder-
ate postantibiotic effect of ceftobiprole with these pathogens
(1). For MSSA and MRSA isolates, the target pathogens in
this trial, the probabilities of achieving free drug concentra-
tions for at least 50% of the dosing interval for MSSA and
MRSA were estimated to be 96.9% and 92.9%, respectively
(20). These estimates gave us sufficient confidence to proceed
with this study of the assessment of the efficacy of ceftobiprole
in patients with ¢SSSIs due to gram-positive pathogens with a
dosing regimen of 500 mg infused over 1 h and given every
12 h. The relationship between achieving free drug concentra-
tions and the clinical cure of infections caused by nonstaphy-
lococcal organisms is expected to be different from that de-
scribed for infections caused by staphylococcci, and this
relationship is likely to require a percentage of time above the
MIC for gram-negative bacteria greater than that required for
staphylococci (3, 26). It was clear in designing the trial that the
definition of efficacy in this experience would not be readily
extrapolated to infections caused by members of the family
Enterobacteriaceae and Pseudomonas aeruginosa, which, as
demonstrated in this trial, are less frequent causes of cSSSIs.

This trial was designed to focus on the treatment of infec-
tions caused by gram-positive bacteria. Greater than 80% of
the microbiologically evaluable patients were infected with
staphylococci, and 30% of these patients were infected with
methicillin-resistant pathogens. The distribution of methicillin-
resistant and methicillin-susceptible staphylococci in this study
is consistent with the emerged predominance of MRSA as a
cause of serious community-acquired and hospital-acquired
skin infections recently reported in other trials (21, 29, 30).
Comparison with the results of trial experiences collected 5 to
10 years ago, in which similar inclusion and exclusion criteria
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were used (2, 25), highlights the changes in the epidemiology
of MRSA as a causative pathogen in cSSSIs over the past
decade. The high incidence of PVL-positive staphylococci adds
an additional dimension to the snapshot of the current epide-
miology that this study provides.

The study demonstrates the efficacy of ceftobiprole as a
therapy for staphylococcal infections. The cure rates among
patients with these infections consistently exceeded 90%. The
overall cure rate for the ceftobiprole-treated patients with
staphylococcal infections was 94.6%, and the cure rates were
91.8% and 93.1% for patients with MRSA and PVL-positive
MRSA infections, respectively. Although no statistical differ-
ences were seen between treatment groups in these subgroup
analyses, point estimates of cure tended to be higher for the
ceftobiprole-treated patients than for the vancomycin-treated
patients. Taken together, these findings support the notion
that the potent antistaphylococcal activity of ceftobiprole seen
in vitro and in animal models will translate into effectiveness in
clinic practice.

Clinical trials of newer anti-MRSA agents vary with regard
to the mix of infections treated. In this trial, all subjects diag-
nosed with an abscess had an incision and drainage, and nearly
50% (51.2% in the CE population and 48.2% in ITT popula-
tion) had this procedure done after enrollment in the trial.
Although the difference was not statistically significant, a
higher cure rate in vancomycin-treated patients with abscesses
(96.3%) than in vancomycin-treated patients with wounds
(89.7%) and cellulitis (92.9%) was observed. This trend has
been observed in other clinical trials (13) and suggests that
there are differences in cure rates among subgroups of patients
enrolled in trials of treatments for c¢SSSIs. The overall cure
rates for the clinically evaluable patients in both the ceftobi-
prole and the vancomycin arms of this trial were 90%, and
these cure rates align with those expected for an experience
that was focused on infections caused by gram-positive bacte-
ria, that excluded patients with diabetic foot infections, and in
which the majority of patients had abscesses. Consistent with
the lack of vancomycin’s activity against gram-negative bacte-
ria and ceftobiprole’s broad spectrum of activity, the analysis of
those patients in the mITT population from whom gram-neg-
ative bacteria were isolated at the baseline demonstrated that
the cure rate observed for ceftobiprole-treated patients was
better than that observed for vancomycin-treated patients.
This observation demonstrates the expected behavior of the
study population in regard to the benefit of effective antimi-
crobial therapy and suggests an additional benefit of ceftobi-
prole in patients found to have polymicrobial infections.

Another important contribution of this trial is the insight
into the safety profile of ceftobiprole in a large sample of
approximately 350 patients that was gained. Ceftobiprole was
well tolerated by the majority of patients, and the frequency
and severity of reports of AEs among the ceftobiprole-treated
patients were comparable to those among vancomycin-treated
patients. Reports of nausea and taste disturbance were signif-
icantly greater for the ceftobiprole-treated patients than for
the vancomycin-treated patients. The majority of these events
were transient and of mild or moderate severity. Treatment
was discontinued due to an AE in only 4% (Heep et al., 44th
ICAAC) of the ceftobiprole-treated patients, whereas it was
discontinued in 6% (21) of the vancomycin-treated patients.
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The results of the trial described here demonstrate that
ceftobiprole is a highly effective agent for the treatment of
patients with infections due to a spectrum of gram-positive
bacterial pathogens, including resistant staphylococci.
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