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Although Staphylococcus aureus is a common cause of bacteremia, treatment options are limited. The
need for new therapies is particularly urgent for methicillin-resistant S. aureus bacteremia (SAB). Cefto-
biprole is an advanced-generation, broad-spectrum cephalosporin with activity against both methicillin-
susceptible and -resistant S. aureus. This is a Phase III, randomized, double-blind, active-controlled,
parallel-group, multicenter, two-part study to establish the efficacy and safety of ceftobiprole compared
with daptomycin in the treatment of SAB, including infective endocarditis. Anticipated enrollment is 390
hospitalized adult patients, aged ≥18 years, with confirmed or suspected complicated SAB. The primary
end point is overall success rate. Target completion of the study is in the second half of 2021.
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Staphylococcus aureus is a common cause of bacteremia and the leading cause of infective endocarditis (IE) in the
industrialized world [1,2]. Recent reviews have suggested an incidence of S. aureus bacteremia (SAB) and IE of 16–41
and 3.5–16.6, respectively, per 100,000 person-years [1,2]. S. aureus accounts for 15–40% of IE cases [1,2], and this
proportion is increasing [1]. In adults, 30-day mortality from SAB is estimated at 15–25% [2], and in-hospital
mortality for all causes of IE attributable to S. aureus is 22–66% [1]. Moreover, methicillin-resistant S. aureus
(MRSA) bacteremia is associated with a significantly higher mortality rate than methicillin-susceptible S. aureus
(MSSA) bacteremia [3–5], with a recent large, observational cohort study reporting mortality rates of 26 versus 13%
(MRSA vs MSSA) in 2013–2015 [4].

Despite the considerable health burden associated with SAB, there are limited antibiotic treatment options
available, particularly for patients with MRSA bacteremia. Furthermore, there remains a lack of robust, high-
quality evidence supporting selection of antimicrobial agents, with few randomized, controlled studies in this
condition [6,7]. Reports of an increasing prevalence of MRSA isolates with reduced susceptibility and poorer
responses to agents such as vancomycin and daptomycin [8–11] further highlight the need for new antibacterial
options for SAB.

Ceftobiprole, the active moiety of the prodrug ceftobiprole medocaril, is an advanced-generation, broad-spectrum
cephalosporin β-lactam agent that has a rapid bactericidal effect against both MSSA and MRSA infections [12,13],
and activity covering isolates of streptococci (including penicillin-resistant pneumococci), Enterococcus faecalis,
Haemophilus influenzae, Moraxella catarrhalis, nonextended-spectrum β-lactamase-producing Enterobacteriaceae,
and susceptible Pseudomonas aeruginosa [14,15]. It is currently approved in many European and non-European
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countries for the treatment of community- and hospital-acquired pneumonia (excluding ventilator-associated
pneumonia) [16].

The purpose of the current trial is to evaluate the efficacy and safety of ceftobiprole for the treatment of SAB,
including IE, in a randomized, double-blind trial.

Introduction to the trial
This Phase III study entitled ‘A randomized, double-blind, multicenter study to establish the efficacy and safety of
ceftobiprole medocaril compared to daptomycin in the treatment of S. aureus bacteremia, including infective en-
docarditis’ (Clinicaltrials.gov Identifier NCT03138733; EudraCT number 2017-001699-43; sponsored by Basilea
Pharmaceutica International Ltd) is designed to demonstrate the noninferiority of ceftobiprole to daptomycin in
the treatment of adult patients with SAB, including IE [17]. Given that a previous trial of daptomycin featured an
open-label design [8], this represents the first double-blind, randomized, controlled, Phase III, registrational study
conducted in this setting [7]. The first patient was enrolled on 29 August 2018, and recruitment is ongoing [17].

Background & rationale
Rationale for investigating ceftobiprole in SAB, including IE
Standard-of-care antibacterial treatments for SAB include vancomycin, daptomycin and several β-lactam antimi-
crobials [7,18,19]. For MRSA, only vancomycin and daptomycin are approved for the treatment of SAB and IE
(right-sided IE for daptomycin) [20]. Ceftaroline fosamil is currently the only β-lactam antibiotic used to treat
MRSA bacteremia, and this is in an off-label capacity with limited clinical data to guide optimal dosing [21,22]. To
date, only a single registrational study has been completed in SAB [8]. In this trial, daptomycin was shown to be
noninferior to standard-of-care and was effective against both MSSA and MRSA bacteremia.

One of the key limitations of established β-lactams in the treatment of SAB is their lack of activity against
MRSA. Conversely, vancomycin is not as effective as β-lactams against MSSA [7]. With bactericidal activity against
both MSSA and MRSA [12,13], ceftobiprole has the potential to address this shortcoming. Several studies in animal
models have demonstrated the potency of ceftobiprole against IE caused by S. aureus and suggested the potential
for superior outcomes compared with daptomycin (cardiac vegetations), and vancomycin and linezolid (cardiac
vegetations, and spleen and kidney foci) in this setting [23–26].

Rationale for choosing daptomycin as a comparator
Daptomycin represents a logical choice of comparator for a study that includes both MSSA and MRSA bacteremia.
It has a novel mechanism of action distinct from β-lactams and vancomycin, and provides similar overall clinical
success rates against both MSSA and MRSA [7,8,27–30]. Daptomycin is approved for the treatment of SAB and
right-sided IE in the USA and many countries worldwide, thereby allowing a global study of the treatment of SAB
to be conducted. The pivotal trial for daptomycin in this setting used an open-label design, which was essential
given that the standard-of-care treatment at that time varied according to the susceptibility of the causative isolate
(antistaphylococcal penicillin for MSSA; vancomycin for MRSA) [1,7,8,18,19]. Selecting daptomycin as the sole
standard-of-care comparator for our study enables a double-blind design, a first-in-kind advance for Phase III trials
in SAB.

Rationale for study design
An added benefit of the double-blind design is that it allows for a postrandomization ascertainment (within a
protocol-defined 7-day window) of underlying complications of the SAB without introducing potential bias. To
maximize the generalizability of the study to clinical practice, patients with a broad range of complicated SAB are
eligible for enrollment, including patients on chronic hemodialysis, patients with persistent SAB (i.e., documented
failure of bloodstream clearance after prior appropriate antibiotic treatment), and patients with polymicrobial
infection. In the pivotal study with daptomycin, none of these groups were included [8]. Patients with bacteremia
due to either MSSA or MRSA are eligible for enrollment. The study does not use susceptibility as a stratification
factor, as this information is not usually available at the baseline visit [7]; however, subgroup analyses based on the
baseline pathogen (i.e., MSSA vs MRSA) are prespecified.

To reduce the potential heterogeneity of the study population, the study focuses on complicated forms of SAB
(as defined by any of the inclusion criteria 6–9, Table 1). Complicated SAB is associated with the greatest risk of a
poor outcome [5], and it represents the subset of SAB for which there is a paucity of good quality clinical trial data to
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Table 1. Inclusion and exclusion criteria for enrollment in Part 1.

Inclusion criteria

All of the following:

1. Male or female aged ≥18 years.

2. Provision of informed consent.

3. SAB, based on ≥1 positive blood culture: identified by culture laboratory report; or positive diagnostic test for Staphylococcus aureus obtained from a blood culture.

4. At least one of the following signs or symptoms of bacteremia:†

a. Fever �38◦C/100.4◦F measured orally‡;
b. White blood cell count �10.0 × 109/l or �4.0 × 109/l, or �10% immature neutrophils;
c. Tachycardia, defined as heart rate �90 bpm; or
d. Hypotension, defined as systolic blood pressure �90 mmHg

5. Required duration of study antibacterial treatment ≤28 days.

At least one of the following§:

6. SAB in patients undergoing chronic intermittent hemodialysis or peritoneal dialysis.

7. Persistent SAB with documented failure of bloodstream clearance, defined as a positive blood culture for S. aureus after prior appropriate antistaphylococcal
treatment (except failure under daptomycin therapy) of ≥3 complete days.

8. Other forms of complicated SAB, including:
a. Acute bacterial skin and skin structure infection; or
b. Metastatic infection of native tissue requiring ≤28 days of study antibacterial treatment, including but not limited to:

i. Septic arthritis or bacterial joint infection/empyema;
ii. Septic or suppurative thrombophlebitis;
iii. Visceral soft-tissue abscesses; or
iv. Septic pulmonary emboli/infarction¶.

9. Definitive native-valve right-sided IE by Modified Duke Criteria [31], if both of the following conditions are met: absence of clinical and/or radiological evidence of
cerebral foci; and absence of other complications requiring ≥28 days of antibacterial treatment.

Exclusion criteria (any of the following at screening)

• Treatment with a potentially effective antistaphylococcal systemic antibacterial treatment for �48 h within 7 days before randomization#.
• Bloodstream or nonbloodstream concomitant infections with Gram-negative bacteria that are known at screening to be nonsusceptible to either ceftobiprole or
aztreonam.
• Confirmed uncomplicated SAB, in other, none of inclusion criteria 6–9.
• Left-sided IE.
• Prosthetic cardiac valves or valve support rings, cardiac pacemakers, automatic implantable cardioverter-defibrillator, or left-ventricular assist devices.
• Complicated SAB in patients with intra- or extra-vascular foreign body material that cannot be removed within the 7 days after randomization, except patients with:

a. Noninfected coronary stents;
b. Noninfected prosthetic joints, plates, spinal hardware, or other extravascular material (if implanted ≥60 days before randomization);
c. Noninfected intravascular prosthetic material or vena cava filters (if implanted ≥90 days before randomization).

• Cardiac native-valve surgery planned within 3 days of randomization.
• Community-or hospital-acquired pneumonia.
• Osteomyelitis, including vertebral, sternal or long-bone osteomyelitis.
• Epidural or cerebral abscess.
• High probability of death within 7 days due to the underlying SAB or SAB-associated disease, or within 28 days from an unrelated underlying disease.
• Clinically-relevant hypersensitivity to �-lactam antibacterials or daptomycin.
• Known infection due to S. aureus that exhibits reduced susceptibility to daptomycin (MIC �1 mg/l) or ceftobiprole (MIC �2 mg/l).
• Absolute neutrophil count �0.5 × 109/l.
• History of opportunistic infections within 30 days prior to randomization, where underlying cause is still active (e.g., leukemia or transplant).
• CD4 count �100 cells/mm3 in patients with AIDS, or treatment with cotrimoxazole as prophylaxis for pneumocystis pneumonia.
• Expected requirement during the study for effective systemic antibacterial treatment unrelated to treatment of SAB (e.g., in the context of planned surgery) or other
anticipated use of antibacterials (e.g., for treatment of acne vulgaris).
• Requirement for continuous renal replacement therapy at randomization, or high likelihood of requirement for such therapy during the study.
• ALT or AST levels ≥8 x ULN, or severe hepatic disease with Child-Pugh class C.
• Women who are pregnant or nursing, or who are of childbearing potential and unwilling to use an acceptable method of birth control during the study.
• Use of an investigational drug in a Phase I study within 30 days of the start of study treatment.

Inclusion criteria 1–7 must be ascertained based on assessments within the 72 h screening window. For inclusion criteria 8 and 9, assessments performed up to 7 days before randomization
may be used to confirm the diagnosis of complicated SAB.
†May be based on measurements obtained before or after informed consent, but within 72 h prior to randomization.
‡Or �38.5◦C/101.3◦F measured tympanically, �37.5◦C/99.5◦F measured by axillary method, or �39◦C/102.2◦F measured rectally.
§Patients randomized with suspected complicated SAB who turn out not to meet one of these four criteria will be considered to have uncomplicated SAB, and will continue in the study.
¶Diagnosis must be based on radiological signs assessed using contrast-enhanced (preferred) or noncontrast-enhanced CT, or x-ray for those unable to undergo a CT scan.
#An exception to this criterion will be made for patients with documented failure of bloodstream clearance, defined as a positive blood culture for S. aureus within the 72 h prior to
randomization after prior appropriate antistaphylococcal treatment (except failure under daptomycin therapy) administered for at least 3 complete days.
CD4: Cluster of differentiation 4; CT: Computerized tomography; IE: Infective endocarditis; MIC: Minimum inhibitory concentration; SAB: S. aureus bacteremia; ULN: Upper limit of normal.
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Hospitalized male or female patients•
•

•

•
•

•

Age ≥18 years

SAB, based on ≥1 positive blood culture
obtained within 72 hours prior to
randomization
Signs or symptoms of bloodstream infection

Requirement for ≤28 [42]† days of
antibacterial treatment

n = 390 estimated

R 1:1

Ceftobiprole (n = 195)

Daptomycin (n = 195)
± Aztreonam for

Gram-negative infections‡

EOT
visit§

Day 35
(±3 days)

Day 42
(±3 days)

Day 70
(±5 days)
(PTE visit)

Post-treatment visitsActive treatment
(21–28 [42]† days)

Post-randomization repeat blood cultures are obtained on days 1, 2 and 3, and every 48–72 hours
thereafter, until clearance of bacteremia is confirmed.
At least one blood culture must be obtained at PTE visit, or in the period between 7 days after EOT and
the PTE visit.

Screening assessments
(up to 72 hours prior to randomization)

Confirmed or suspected complicated SAB, or
definite native-valve right-sided IE according
to modified duke criteria

Figure 1. Study design.
†Patients in Part 1 (N = 80) will receive active treatment for 21–28 days. For Part 2, maximum duration of therapy may be extended to
42 days, pending the outcome of the interim safety analysis and implementation of a protocol amendment.
‡Patients in the ceftobiprole group with Gram-negative infections receive placebo to maintain blinding.
§EOT visit to be conducted within 72 h of last study-drug administration.
EOT: End of treatment; IE: Infective endocarditis; PTE: Post-treatment evaluation; R: Randomization; SAB: Staphylococcus aureus
bacteremia.

guide treatment and a pressing need for new antibacterial options. Given the potential challenges in differentiating
between complicated and uncomplicated SAB at study enrollment [7], the double-blind study design allows for a
7-day window to confirm complicated disease, and accommodates the unintentional enrollment of patients with
uncomplicated SAB.

The primary end point, overall success at the post-treatment evaluation (PTE) visit (day 70 ± 5 days postran-
domization), is similar to that used in the pivotal Phase III study for daptomycin [8], and consists of all of the
following requirements: survival; absence of development of new SAB-related metastatic foci or complications;
resolution of SAB-related symptoms; and microbiological eradication. Further details on the primary end point are
provided in the outcome measures/end points section.

Given the often life-threatening nature of complicated SAB, a placebo-controlled design would clearly be
unethical. Daptomycin was chosen as the comparator agent for the reasons provided in the previous subsection. In
order to reflect contemporary clinical practice and treatment guidelines [28,29,32,33], study sites retained the option
to administer daptomycin at doses exceeding the US FDA-approved daily dose of 6 mg/kg, as per local standard
of care.

Design
Study design
This is a randomized, double-blind, double-dummy, active-controlled, parallel-group, multicenter, two-part study
in approximately 390 patients (Figure 1). In Part 1, treatment is administered for 21–28 days in the first 80 patients
enrolled, to confirm that an extended duration of ceftobiprole does not increase the risk of convulsions. After
an interim safety analysis and appropriate protocol amendment, the maximum duration of therapy may then be
extended for up to 42 days (Part 2). The study is being conducted in accordance with the International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use Good Clinical
Practice guidelines, the principles of the Declaration of Helsinki, and any applicable local laws and regulations.
The protocol has been approved by the relevant Independent Ethics Committees and Institutional Review Boards,
prior to the start of the study, as well as the FDA under a Special Protocol Assessment.
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Eligibility criteria
Hospitalized male or female patients aged ≥18 years who have SAB, based on ≥1 positive blood culture obtained
within 72 h prior to randomization, with signs or symptoms of bloodstream infection, and a requirement for
≤28 days (Part 1) of antibacterial treatment are eligible for the study. Full inclusion and exclusion criteria are
detailed in Table 1.

Study populations
The following populations will be considered for the study:

• Intent-to-treat (ITT) population: all randomized patients, analyzed according to the study medication assigned
at randomization;

• Modified ITT (mITT) population: a subset of the ITT population, including patients who received any dose of
study medication and who have a blood culture positive for S. aureus at baseline, based on central microbiology
laboratory assessment (or who have documented evidence of a positive culture at a local laboratory);

• Clinically evaluable population: a subset of the mITT population, including patients who have no major protocol
deviations and a completed primary outcome assessment;

• Safety population: all randomized patients who received any dose of study medication, analyzed based on the
first drug actually received;

• Pharmacokinetic (PK) population: all patients who received ≥1 dose of ceftobiprole and have ≥1 plasma
concentration measurement.

Planned sample size
The sample size has been estimated based on: a point estimate for overall success of 40% in each treatment group in
the mITT population; a one-sided alpha level of 0.025; power of >80%; and a noninferiority margin of 15% for
the between-group difference in the primary end point. The assumption of an overall success rate of 40% in each
treatment group is based on the success rates in the Phase III study of daptomycin compared with standard-of-care
treatment in patients with SAB including IE [8]. With these assumptions, enrollment of 350 patients (175 per
group) is required for the mITT population. Based on the previously mentioned daptomycin Phase III study [8],
it is assumed that approximately 90% of patients in the ITT population will have confirmed SAB and will be
included in the mITT population, and therefore a total of 390 patients (195 per group) will need to be randomized
and receive treatment. This sample size will provide ≥80% power to reject the null hypothesis (H0) against the
alternative hypothesis (HA) at the one-sided alpha level of 0.025 as follows, using a two-group large-sample normal
approximation test of proportions:

H0 : Pdaptomycin − Pceftobiprole ≥ 0.15 versus HA : Pdaptomycin − Pceftobiprole < 0.15

Planned study period
The total duration of patient participation in the study, including follow-up, is approximately 10 weeks after
randomization. The study consists of three phases: screening of potentially eligible patients, conducted up to 72 h
prior to randomization; randomization and subsequent active treatment (up to 28 days in Part 1) with intravenous
study drug; and post-treatment, comprising an end-of-treatment (EOT) visit within 72 h of the last study drug
administration and visits on day 35 (±3 days), day 42 (±3 days) and day 70 (±5 days; PTE visit).

Study procedures
Eligible patients are randomized 1:1 to treatment with ceftobiprole or daptomycin based on a computer-generated
randomization schedule obtained via an interactive web response system. Randomization is stratified by study
site, hemodialysis status and prior antibacterial treatment use (defined as use of any potentially effective systemic
antibacterial treatment within 7 days of randomization). After randomization and during active treatment, patients
receive intravenous infusions of either ceftobiprole or daptomycin, administered as described in Table 2. The target
treatment duration in Part 1 is 21–28 days of study medication, with a maximum treatment duration of 28 days.
To maintain blinding, patients in each treatment group also receive dummy infusions of physiological saline (0.9%
NaCl) matching the active treatment allocated to the other treatment group.
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Table 2. Study drug administration.
Study day Duration of infusion Normal renal function to

mild renal impairment
(CLCr ≥50 ml/min)

Renal impairment (nondialysis) Intermittent
hemodialysis or
peritoneal
dialysis

Ceftobiprole

Days 1–8 2 h intravenous infusion 500 mg q6h CLCr 30 – �50 ml/min: 500 mg q8h
CLCr �30 ml/min: 250 mg q8h

250 mg q24h

Day 9 onwards 2 h intravenous infusion 500 mg q8h CLCr 30 – �50 ml/min: 500 mg q12h
CLCr �30 ml/min: 250 mg q12h

250 mg q24h

Daptomycin†

Day 1 onwards 0.5 h intravenous infusion 6 mg/kg q24h 6 mg/kg q48h 6 mg/kg q48h

Blinded aztreonam (with daptomycin) or placebo (with ceftobiprole) may be used for coverage of Gram-negative infections.
† In accordance with institutional standards, an increase in the dose of daptomycin (up to 10 mg/kg) may be implemented.
CLCr: Creatinine clearance (based on the Cockcroft–Gault formula); q6/8/12/24/48h: Every 6/8/12/24/48 h.

Concomitant use of nonstudy drug systemic antibacterials with activity against S. aureus is prohibited from
randomization up to the PTE visit. Patients in either treatment group may receive concomitant nitrofurantoin,
metronidazole or oral vancomycin, as required. Patients in the daptomycin group may receive aztreonam for Gram-
negative infections (i.e., for polymicrobial bloodstream infections or Gram-negative nonbloodstream infections)
using a standard-dose regimen at the study site, while patients in the ceftobiprole group who require coverage
against such infections receive placebo to maintain blinding. In such cases, aztreonam or placebo is administered
by an unblinded site pharmacist. All investigators and other study-site staff will remain blinded until the database
has been locked for final analysis.

Blood cultures positive for S. aureus must be drawn within 72 h prior to randomization for patient eligibility. Two
sets of blood cultures are obtained from each patient at baseline, and postrandomization repeat blood cultures are
obtained on days 1, 2 and 3, and every 48–72 h thereafter, until clearance of bacteremia is confirmed. At least one
blood culture must be obtained either at PTE, or in the period between 7 days after EOT and the PTE visit. Blood
cultures are processed at the local laboratory. All unique organisms isolated from blood are later sent to a central
microbiology laboratory for identification using matrix-assisted laser desorption/ionization–time-of-flight mass
spectrometry [34], and for susceptibility testing according to Clinical Laboratory Standards Institute methodology
for both drugs [35]. Modified Duke Criteria [31] are used to define the presence of definite IE in all study patients,
and are assessed in all patients at screening, EOT and PTE. Patients without definite IE are assessed at all visits from
day 2 onwards. For patients with definite IE at screening, standard 2D or 3D transthoracic and/or transesophageal
echocardiography performed within 10 days prior to randomization may be used to confirm eligibility. In these
cases, echocardiography must be repeated within 72 h before, or 7 days after, randomization. For patients without
definite IE at screening, echocardiography must be performed within 72 h prior to randomization.

Overall success is assessed by investigators at each visit from day 3 to the PTE visit, and by an independent
Clinical Events Classification (CEC) committee (see following end points section for definition of overall success).
Safety assessments, including adverse event monitoring, physical examination, vital signs, safety laboratory tests,
and other assessments, will be performed regularly throughout the study. PK sampling is performed three times
per day on days 3 and 12 for all patients, with an additional two samples taken on day 3 in a subset of 40 patients
selected for richer PK sampling.

Outcome measures/end points
Primary & secondary end points

The primary objective of the study is to demonstrate noninferiority of ceftobiprole to daptomycin for overall success
in patients with SAB, as assessed by the independent CEC committee at the PTE visit in the mITT population
(primary end point). Detailed criteria for overall success and treatment failure are shown in Table 3. Secondary end
points (Table 3) were selected based on clinical relevance, and include individual components of the primary end
point such as all-cause mortality, microbiological eradication and development of new metastatic lesions, as well as
an assessment of the primary end point in additional analysis populations.
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Table 3. Study end points.
Primary end point (overall success) criteria Secondary end points

Overall success is defined as all of the following: • All-cause mortality at day 70 (±5 days)
in the mITT population
• Microbiological eradication at day 70
(±5 days) in the mITT population
• Overall success rate at day 70
(±5 days) in the CE population
• Development of new metastatic foci
or other complications of SAB after day
7 in the mITT population
• Time to S. aureus bloodstream
clearance in the mITT and CE
populations
• Safety and tolerability in the safety
population, in terms of the incidence,
type and severity of adverse events, and
relationship to study medication,
and changes in laboratory tests; and
• Pharmacokinetics of ceftobiprole in
the PK population

• Patient alive at day 70 (±5 days) postrandomization
• No new metastatic foci or complications of the SAB infection†

• Resolution or improvement of SAB-related clinical signs and symptoms
• Two negative blood cultures for Staphylococcus aureus, with no subsequent positive blood culture for S. aureus

- ≥1 negative blood culture must be recorded while on active study treatment
- Cultures must be confirmed by ≥1 subsequent negative blood culture for S. aureus at day 70 (±5 days) or between

7 days after the EOT visit and day 70 (±5 days)

Treatment failure is defined as any of the following:

• Premature discontinuation of study treatment due to lack of efficacy (as judged by the CEC committee), or for
adverse events representing disease progression or relapse
• Development of new metastatic or other complications related to SAB between day 8 and PTE visit
• SAB relapse or reinfection, based on evidence from a blood culture positive for S. aureus between EOT and PTE visits
• Receipt of systemic nonstudy antibacterial treatments for SAB, other than those permitted under the protocol
• Treatment of infections, other than SAB, with systemic nonstudy antibacterial treatment that is potentially effective
against S. aureus and is considered by the CEC committee to have a relevant impact on the primary end point
• Death for any reason
• Indeterminate outcome (e.g., due to missing data, patients lost to follow-up or failure to meet the criteria for
success or failure)
• Requirement for longer systemic antibacterial treatment for SAB than is allowed by the protocol

†Foci identified from day 8 onwards are considered to be new foci.
CE: Clinically evaluable; CEC: Clinical events classification; EOT: End-of-treatment; mITT: Modified intent-to-treat; PK: Pharmacokinetic; PTE: Post-treatment evaluation.
SAB: S. aureus bacteremia.

Noninferiority margin

The primary end point will be tested for noninferiority of ceftobiprole versus daptomycin using a margin of 15%.
To determine an appropriate noninferiority margin, it was first necessary to quantify the effect of the active control
compared with placebo. Given the lack of placebo-controlled studies, literature from the pre-penicillin era was
reviewed to determine the clinical outcome of patients with SAB who did not receive antibacterial treatments [36–42].
Because overall success was not reported in these studies, survival was considered as success. A random effects meta-
analysis of the mortality data from these studies provided a conservative estimate of 71% mortality in untreated
patients with SAB, based on the lower bound of the 95% CI (Figure 2).

Mortality outcomes for SAB patients treated with an effective antibacterial treatment were estimated based on
a separate random effects meta-analysis of three contemporary randomized studies with a variety of antibacterials,
including the pivotal study with daptomycin [8,43,44]. This analysis indicated an all-cause mortality rate of 16%
(95% CI: 0.12–0.20), with the upper bound of the CI suggesting an estimate of up to 20% mortality among
patients with SAB who receive antibacterial treatment (Figure 3). Based on the all-cause mortality rates in untreated
and treated patients, the effect of active control compared with placebo was estimated to be 51%. As it was not
possible to estimate the effect size for an overall success end point, it was assumed that the effect size for an overall
success end point would, like that of mortality, be very large (i.e., approximately 50%).

Determining the largest clinically acceptable difference of a test drug compared with the active control for
noninferiority is primarily based on clinical judgement. We postulated that a noninferiority margin of ≤20% could
be considered to be clinically reasonable, given that this margin would preserve over half the previously described
estimated active-control treatment effect over untreated patients, and also this was the margin used in the pivotal
study that supported the regulatory approval of daptomycin for SAB [8]. To further explore the performance of
noninferiority margins of ≤20%, the maximum allowable difference in the point estimate of overall response that
would allow conclusion of noninferiority was calculated assuming: overall response rates of 40 or 50% in the
active-control group [8]; noninferiority margins of 15, 17.5 or 20%; and mITT populations of 250–350 patients.
Noninferiority margins of 15, 17.5 and 20% were calculated to allow a difference in the point estimate between
ceftobiprole and daptomycin of <5, 5–7 and 8–10%, respectively. A noninferiority margin that allows a maximum
difference in the point estimates for overall success with ceftobiprole versus daptomycin of <5% is, in our opinion,
clinically justifiable, and therefore a margin of 15% was selected.
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Proportion (95% CI)
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Estimate

0.58 (0.41–0.74)

0.75 (0.65–0.83)
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0.66 (0.45–0.82)
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0.82 (0.74–0.88)
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Figure 2. Random effects meta-analysis of clinical outcome (all-cause mortality) in untreated patients with Staphylococcus aureus
bacteremia. Seven original articles [36–42] were identified that described outcomes in case series of SAB in patients who did not receive
antibacterial treatments. These studies were included in a random effects meta-analysis, which suggests an all-cause mortality of 76%.
The lower bound of the 95% CI for this mortality estimate is 0.71, suggesting a conservative estimate of 71% mortality for patients with
SAB who did not receive antibacterial treatment.
CIs were calculated using the Clopper Pearson formula.
SAB: S. aureus bacteremia.

CEC committee

The CEC committee consists of a group of independent clinical experts, blinded to treatment allocation and
not associated with study conduct. Data obtained for all patients who receive study medication will be reviewed
independently by two CEC committee members. The CEC committee members will give their opinion on the
diagnosis and classification of the SAB and the response assessment (overall success or failure) at the PTE visit.
In addition, for deaths occurring during the study, a blinded assessment of the attribution of death to SAB or
to another cause will be performed by the CEC committee members. Significant disagreements between the two
reviewers will be adjudicated by the full committee.
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0.16 (0.11–0.21)
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Figure 3. Random effects meta-analysis of clinical outcome (all-cause mortality) in patients with Staphylococcus aureus bacteremia
who receive antibacterial treatment. Three original articles [8,43,44] were identified that described outcomes of SAB patients treated with
antibacterial treatment in randomized controlled trials published since 1985. These studies were included in a random effects
meta-analysis, which suggests an all-cause mortality of 16%. The upper bound of the 95% CI for this mortality estimate is 0.20, suggesting
a conservative estimate of 20% mortality for patients with SAB who receive antibacterial treatment.
CIs were calculated using the Clopper Pearson formula.
SAB: S. aureus bacteremia.

Statistics
Primary end point analysis

The primary efficacy analysis will be based on the mITT population. The observed difference in the rates of overall
success between the two treatment groups at day 70 ± 5 days (ceftobiprole group minus daptomycin group) will
be determined and a two-sided 95% CI will be computed, with adjustment for geographical region, dialysis status
and prior antibacterial treatment use. Cochran–Mantel–Haenszel weights will be used for the stratum weight in
the calculation of the CI.

For assessing the noninferiority of ceftobiprole to daptomycin, a one-sided hypothesis test will be performed at
the 2.5% level of significance. If the lower limit of the two-sided 95% CI for the difference in response rates in
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the mITT population is greater than −15%, noninferiority will be concluded. Analyses using risk ratios and odds
ratios will also be performed. Subgroup analyses will be conducted for the primary efficacy outcome, including
factors such as demographic characteristics, geographic region, baseline pathogen (i.e., MRSA vs MSSA), baseline
SAB type, and antibacterial use prior to study drug.

Secondary end point analysis

Two-sided 95% CIs will be calculated for the observed difference between ceftobiprole and daptomycin for
secondary end points, assessing all-cause mortality, microbiological eradication, overall success and development of
new metastatic foci or other complications of SAB, with a similar approach to the primary end point. In addition,
time-to-event analyses will be performed for all-cause mortality and time to S. aureus bloodstream clearance. Safety,
tolerability and laboratory data will be summarized with descriptive statistics. Ceftobiprole plasma concentration
data will be analyzed at each timepoint and also presented with descriptive statistics.

Interim analyses

At a minimum, interim safety analysis will be performed by an independent Data and Safety Monitoring Board after
enrollment of 60 patients receiving ≥21 days of study treatment; 80 patients receiving ≥21 days of study treatment
(completion of Part 1 of the study; dependent on the outcome of the interim safety analysis of 60 patients); and 200
and 300 patients. After completion of Part 1 of the study, the Data and Safety Monitoring Board will review the
unblinded safety data and determine whether: the study can continue, with or without additional safety measures;
the maximum study drug treatment duration can be extended from 28 to 42 days after an appropriate protocol
amendment; and certain disease presentations requiring longer antibiotic treatment (e.g., osteomyelitis) that were
excluded in Part 1 may be allowed in Part 2.

Conclusion
This double-blind study will establish whether ceftobiprole is noninferior to daptomycin in the treatment of
complicated SAB, including IE. If noninferiority is established, ceftobiprole may become an important new
treatment option in the antibiotic armamentarium, with activity against SAB caused by either MSSA or MRSA.

Executive summary

• There are limited antibiotic options available for the treatment of Staphylococcus aureus bacteremia (SAB),
particularly for patients with methicillin-resistant S. aureus (MRSA) bacteremia.

• There is also a lack of robust, high-quality evidence supporting the selection of antimicrobial agents, with few
randomized, controlled studies in SAB.

• Ceftobiprole is an advanced-generation, broad-spectrum cephalosporin β-lactam agent that has a rapid
bactericidal effect against both methicillin-susceptible S. aureus (MSSA) and MRSA infections.

• Ceftobiprole is currently approved in many European and non-European countries for the treatment of
community- and hospital-acquired pneumonia (excluding ventilator-associated pneumonia).

Study design
• This is the first double-blind, randomized, controlled, Phase III, registrational study in SAB.
• The primary objective of the study is to determine whether ceftobiprole is noninferior to daptomycin for overall

success in patients with SAB, including infective endocarditis.
• Anticipated enrollment is 390 hospitalized adult patients who have SAB, based on ≥1 positive blood culture

obtained within 72 h prior to randomization, with signs or symptoms of bloodstream infection and a
requirement for ≤28 days of antibacterial treatment.

• The primary end point will be overall success at the post-treatment evaluation visit (day 70 ± 5 days), defined as
all of the following being met: survival; no new SAB-related metastatic foci or complications; resolution or
improvement of SAB-related clinical signs and symptoms; and microbiological eradication.

Conclusion
• Establishing ceftobiprole as noninferior to daptomycin would expand the range of treatment options against

bacteremia caused by either MSSA or MRSA.

Supplementary data

An infographic accompanies this paper at the end of the references section. To download the infographic that accompanies this

paper, please visit the journal website at: www.futuremedicine.com/doi/suppl/10.2217/fmb-2019-0332
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