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Considerations for Clinical Trials of Staphylococcus aureus
Bloodstream Infection in Adults
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Clinical trials for Staphylococcus aureus bloodstream infections (SAB) are broadly grouped into 2 categories: registrational trials
intended to support regulatory approval of antibiotics for the treatment of SAB and strategy trials intended to inform clinicians on the
best treatment options for SAB among existing antibiotics. Both types of SAB trials are urgently needed but have been limited by cost,
complexity, and regulatory uncertainty. Here, we review key SAB trial design considerations for investigators, sponsors, and regulators.
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Staphylococcus aureus bloodstream infections (SAB) is common
and often lethal [1]. Despite advances in infection control and
prevention, the incidence and mortality of SAB are unchanged
[1]. SAB remains among the most frequent infections treated
by infectious disease specialists, yet high-quality trials are few
[2]. Clinicians who manage SAB lack robust evidence about
the optimal agent for initial therapy, efficacy of combination
antibiotics, salvage therapy in the face of persistent infection,
duration of therapy, and efficacy of oral “stepdown” therapy. In
addition, the ever-shifting landscape of antibacterial resistance
threatens clinicians’ abilities to treat SAB at all. Here, we sum-
marize challenges in the design and execution of interventional
clinical trials for SAB, with attention to both registrational and
strategy designs, and offer recommendations to address these
issues.

CHALLENGES CONFRONTING REGULATORY TRIALS

The ultimate goal of a registrational trial is to obtain mar-
keting approval from the US Food and Drug Administration
(FDA). For antibiotics used to treat S. aureus infections, ini-
tial approval is usually achieved through an indication that
is currently referred to as acute bacterial skin and skin struc-
ture infections (ABSSSIs). Robust FDA guidance for trial
designs and endpoints is available for these infections [3].
ABSSSI trials enable sponsors to obtain safety, efficacy, and
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pharmacokinetic/pharmacodynamic information while pursu-
ing regulatory approval. Consequently, every antistaphylococ-
cal antibiotic in the last 20 years has entered the marketplace
with an FDA indication for ABSSSI. Efficacy in treating ABSSSI,
however, does not imply efficacy in treating invasive infections
[4, 5]. To determine safety and efficacy for treatment of SAB, an
antibiotic must be studied in patients with SAB.

To date, only daptomycin has been approved by the FDA for
treatment of SAB and right-sided native valve endocarditis [6],
in part, due to a lack of FDA guidance for the treatment of SAB.
While FDA guidance for catheter-related bloodstream infec-
tion was published in the 1990s, no trials have been completed
for this indication [7]. In the absence of specific guidance for
SAB, trials have used different patient populations, noninfe-
riority margins, and study endpoints (Table 1) [8]. Currently,
1 registrational trial in SAB is expected to begin enrolling
patients soon (clinicaltrials.gov NCT03138733). Two other
industry-sponsored phase 3 or phase 4 studies were terminated
prematurely (NCT02208063, NCT03148756), underscoring the
difficulty of conducting such trials.

CHALLENGES CONFRONTING STRATEGY TRIALS

High-quality trials that test antibiotics or treatment strate-
gies (hereafter, “strategy” trials) are also difficult to complete.
While strategy trials typically exhibit greater flexibility in their
design than trials intended for regulatory approval, significant
challenges remain due to fundamental characteristics of SAB.
These include diagnostic delay, the need for empirical antibi-
otic therapy, and differentiating complicated from uncompli-
cated SAB (Table 2). Any trial seeking to enroll patients with
SAB must address these challenges. Other treatment variables
(eg, adjunctive surgical therapy, standard-of-care antibiotics,
and use of outpatient parenteral antibiotic therapy) may also
be difficult to standardize. Receipt of nonstudy antibiotics may
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Table 1.

Recent Investigator-initiated and Industry-sponsored Staphylococcus aureus Bacteremia Clinical Trials

Proposed
Study Intervention Study Design  Sample Size Outcome Status
Investigatorinitiated trials
ARREST Adjunctive rifampin vs placebo, each  Double-blind RCT 758 Microbiologic failure, Completed [9]
(ISRCTN37666216) in combination with standard of disease recurrence, or

National Institutes of Health
algorithm
(NCT01191840)

CAMERA-1
(ACTRN12610000940077)

CAMERA-2
(NCT02365493)

SABATO
(NCT01792804)

BACSARM
(NCT01898338)

Industry-sponsored trials

Primary treatment
Daptomycin
(NCT00093067)
ASSURE
(NCT00062647)
Dalbavancin
(NCT03148756)

Telavancin
(NCT02208063)

Ceftobiprole
(NCT03138733)

care for SAB

Algorithm-based therapy for staphy-
lococcal bacteremia

Addition of flucloxacillin to vancomy-
cin for MRSA bacteremia

Addition of a beta-lactam antibiotic
to standard therapy for MRSA
bacteremia

Early intravenous to oral antibiotic
switch in uncomplicated SAB

Fosfomycin vs placebo, in combina-
tion with daptomycin, for MRSA
bacteremia

Daptomycin vs standard of care for
SAB including endocarditis

Telavancin vs standard of care for
uncomplicated SAB

Dalbavancin vs standard of care for
therapy completion for compli-
cated bacteremia and endocarditis

Telavancin vs standard of care
for SAB, including right-sided
endocarditis

Ceftobiprole vs daptomycin for SAB,
including right-sided endocarditis

Adjunctive immunotherapeutics and other novel approaches

CF-301

(NCT03163446)

SAL200

(NCT03089697)

Tefibazumab (Inhibitex, Alpharetta,
GA)

(NCT00198302)

Altastaph (Nabi
Biopharmaceuticals, Rockuville,
MD)

(NCT00063089)

Aurograb (Novartis, Basel,

Switzerland)
(NCT00217841)

514G3
(NCT02357966)

DSRA4637S (Genentech, San
Francisco, CA
(NCT03162250)

CF-301 (a lysin) vs placebo added to
standard therapy for SAB

SAL200 (a lysin) vs placebo for
patients with persistent SAB

Human monoclonal anti-CIfA anti-
body vs placebo added to stan-
dard therapy for SAB

Pooled human anticapsular poly-
saccharides 5 and 8 antibody vs
placebo added to standard therapy
for SAB

Single-chain antibody variable frag-
ment against the ABC transporter
component GrfA vs placebo
added to vancomycin for severe,
deep-seated staphylococcal
infections

Human monoclonal antibody against
SpA [15] vs placebo added to
standard therapy for SAB

Human monoclonal antibody against
S. aureus wall-teichoic acids con-
jugated to a rifamycin derivative
[16] vs placebo added to standard
therapy for SAB

Open-label RCT

Open-label pilot
RCT

Open-label RCT

Open-label RCT

Open-label RCT

Open-label RCT
Double-blind RCT

Open-label RCT

Open-label RCT

Double-blind RCT

Double-blind RCT
Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

509

60

440

430

167

236

58

248

390

115

50

63

40

180

52

24

death at 12 weeks

Treatment success, safety,
and duration of antibiotic

therapy
Duration of bacteremia

Complication-free 90-day
survival

SAB-related complications

at 90 days

Clinical response 6 weeks
after the end of therapy

Treatment success 42 days
after the end of therapy

Success at 12 weeks

Success at 12 weeks

Success at 8 weeks

Success at 10 weeks

Adverse events, day 14

clinical outcome
Safety

Safety, new SAB complica-
tion, relapse or death at

8 weeks

Safety, time to resolution
of bacteremia, and
defervescence

Clinical and bacterial
response

Safety, time to resolution

of bacteremia and defer-

vescence, duration of
hospital stay

Safety

Completed, results in
review [10]

Completed [11]

Recruiting

Recruiting

Enrollment completed

Completed [6]
Completed [12]

Study terminated by
sponsor

Study terminated by
sponsor

Recruiting

Recruiting
Recruiting

Completed [13]

Completed [14]

Completed, results
not published

Enrollment completed

Recruiting

Abbreviations: ARREST, Adjunctive Rifampicin to Reduce Early Mortality from S. aureus Bacteraemia; ASSURE, Telavancin for Treatment of Uncomplicated S. aureus Bacteremia; BACSARM,
Bacteremia due to Methicillin-Resistant S. aureus; CAMERA, Combination Antibiotic Therapy for Methicillin-Resistant S. aureus Infection; MRSA, methicillin-resistant S. aureus; RCT, ran-
domized controlled trial; S. aureus, Staphylococcus aureus; SAB, S. aureus bacteremia; SABATO, S. aureus Bacteremia Antibiotic Treatment Options.
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Table 2. Assessment of Complicated vs Uncomplicated Staphylococcus aureus Bloodstream Infection [17]

Criterion Areas of Controversy

Uncomplicated

Negative follow-up blood culture obtained 2-4 days following initial
positive culture

Should positive blood cultures 24-48 hours after the initial set be regarded as evi-
dence of complicated infection?

Defervescence within 72 hours of initiating effective therapy Should persistent fever be considered a treatment failure?

Exclusion of endocarditis (transesophageal echocardiogram preferred) Is transthoracic echocardiogram adequate for some patients?

Should a negative initial echocardiogram be repeated later in the treatment course?
No evidence of metastatic sites of infection Should there be standardized imaging to assess for metastatic sites?
No implanted prostheses (eg, prosthetic valves, cardiac devices, and

arthroplasties)

Is it necessary to treat patients with extravascular prosthetic material as compli-
cated infection?

Complicated

Any infection not meeting all of the criteria above What is the role of alternative imaging modalities such as positron emission tomog-
raphy/computed tomography in evaluation for complicated infection?

What is the optimal duration of therapy for complicated vs uncomplicated infections?

Can oral antibiotics replace intravenous antibiotics for some of the treatment

duration?

further undermine the ability to attribute the outcome to the
study intervention.

ELEMENTSTO CONSIDER IN BACTEREMIA
TRIAL DESIGN

A summary of key features to consider in designing an SAB trial
is presented in Table 3 and discussed below.

Overall Trial Design

While double-blind SAB trials are desirable, an open-label design
is often a practical necessity. Objective endpoints, such as mor-
tality and clearance of bacteremia with use of a blinded adjudi-
cation committee to establish key study endpoints, can mitigate
observer bias of an open-label design [18]. A superiority trial
design is appropriate for study of “add-on” agents to standard
therapy for SAB [9, 13, 14, 19]; however, demonstrating superior-
ity to existing therapies for SAB has been difficult [6, 12].

At a minimum, patients enrolled in treatment trials for SAB
should have isolation of S. aureus from at least 1 blood culture.
While S. aureus should rarely be considered a bloodstream con-
taminant, contamination does occur; thus, enrolled patients
should also have additional evidence of active infection (eg,
fever, localizing signs, or symptoms of infection). Additional
issues for consideration prior to enrollment include the follow-
ing: definitions of complicated vs uncomplicated infections,
duration of prior active antibiotic therapy, inclusion of either
or both methicillin-susceptible S. aureus (MSSA) and methicil-
lin-susceptible S. aureus (MRSA), enrollment of patients with
renal impairment, inclusion of patients with metastatic sites
of infection and how to diagnose them, presence of prosthetic
material (such as cardiac or orthopedic devices), source control,
and polymicrobial bacteremia.

Complicated vs Uncomplicated Bloodstream Infection
Due to their lower risk of poor outcome, patients with uncom-
plicated SAB (uSAB) are often treated for shorter durations of

therapy than patients with complicated SAB (cSAB); thus, dif-
ferentiating uSAB from cSAB is critical [20]. uSAB was defined
in treatment guidelines for MRSA [17], but the definition is gen-
erally applied to MSSA bloodstream infections as well. Because
uSAB is uncommon, trials that limit enrollment to patients
with uSAB are difficult to enroll. For example, 3 recent stud-
ies limited to uSAB (NCT00062647 [12], NCT01191840 [10],
NCT01792804) each screened at least 25 patients with SAB to
enroll 1 patient into the study (personal communications Steve
Barriere, written 5 March 2018; Achim Kaasch, written 6 March
2018; Vance Fowler, written 26 September 2018).

Differentiating uSAB from cSAB at patient enrollment is chal-
lenging. Results of follow-up blood cultures and diagnosticimaging
require several days. Therefore, patients with cSAB will inevitably
be enrolled into studies that evaluate uSAB (and vice versa). In
1 recent trial, approximately one-third of patients meeting crite-
ria for uSAB at enrollment proved to have cSAB (NCT01191840)
[10]. Thus, while trials may seek to enrich enrollment for a specific
infection type, protocols must account for inclusion of both com-
plicated and uncomplicated S. aureus infections.

An additional means to assess severity of infection at random-
ization is to utilize standardized measures such as the Pitt bac-
teremia score, Charlson score, or APACHE-II (Acute Physiology
and Chronic Health Evaluation IT). Atleast 1 such measure should
be ascertained to ensure balance between study arms [21-23].

Duration of Antibiotic Therapy Prior to Randomization

Ideally, patients would be enrolled in a trial before receiving any
nonstudy therapy. In reality, this is unachievable. The key con-
sideration is how much does prior antibiotic therapy bias a trial
toward a noninferiority finding or, with a superiority design,
toward the null hypothesis (ie, type II error). For example, a sin-
gle day of antibiotics can potentially affect outcomes in patients
with community-acquired bacterial pneumonia (CABP) [4].
For this reason, FDA guidance recommends against enrolling
patients who have received more than 24 hours of prestudy
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Table 3. Staphylococcus aureus Bacteremia Trial Design Considerations

Study Design Consideration

Advantages

Disadvantages

Recommendations

Inclusion and exclusion criteria

Include patients with multi-
ple sources of S. aureus
bacteremia

Limit prerandomization
antibiotic therapy

Limit to uncomplicated or
complicated S. aureus
bacteremia

Limit enrollment to MRSA

Exclude specific metastatic
sites of infection (eg,
osteomyelitis)

Standardize source control

Evaluation of outcomes

Objective outcome (eg,
mortality)

Composite outcome

Choice of comparator

Daptomycin or vancomycin
for MRSA

Beta-lactam antistaphylococ-
cal antibiotic for MSSA

Additional considerations
Allow limited durations of

potentially effective non-
study antibiotics

Utilize an independent out-
come evaluation committee

Enhances study generalizability; faster
enrolliment

Allows an unadulterated assessment
of efficacy of study drug

Study population more homogenous

Study population more homogenous

Study population more homogenous

Helps avoid unnecessary treatment
failures

Simple, easy to collect, clinically
meaningful

Improve power of study; can capture
additional important outcomes;
ordinal scale such as desirability of
outcome ranking can allow for supe-
riority comparisons

US Food and Drug Administration
approved for S. aureus bacteremia

Superior to vancomycin as directed

therapy for MSSA

Avoid misclassifying patients as treat-

ment failures

Mitigate bias; consistent evaluation
criteria for multisite trials

Diverse study population; requires
multiple comparator regimens

Makes enrollment more difficult

Difficult to assess complicated sta-
tus at the time of enrollment

Slower enrollment; requires suscep-
tibility testing prior to enroliment

Slower enrollment

Difficult to standardize surgical
therapy

Requires large sample size to show
a difference; does not capture
all endpoints of importance to
patients

May be more difficult to interpret

Daptomycin often used at higher
than approved dose; daptomycin
contraindicated in patients with
pneumonia

No clear advantage over vancomy-
cin as empiric therapy in the first
few days; outcomes may not
be equivalent for all beta-lactam
antibiotics

May be difficult to establish
whether study treatment was
truly responsible for successful
outcomes

Cost, complexity

Include multiple sources of infection; stratify
enrollment according to key characteristics
of infection

Allow prerandomization therapy of up to 72
hours from last positive blood culture

Formulate an a priori plan to address inevitable
inclusion of misclassified infections

Enroll all S. aureus and stratify randomization
and/or analysis by MRSA status

Have a standardized evaluation and manage-
ment plan for all included metastatic sites

Mandate removal of infected vascular cathe-
ters; allow clinical judgment for other specific
source control approaches to enhance enroll-
ment and minimize protocol deviations

Measure objective endpoint at a fixed time
point from randomization

Use a composite clinical outcome as a primary
or secondary endpoint

Daptomycin effective against MSSA in the
registrational trial and could ethically be used
as comparator for either MRSA or MSSA
infections

Allow switch to beta-lactam antibiotic for MSSA

Adjudication committee should determine
impact of nonstudy antibiotics

Use an adjudication committee for open-label
trials

Abbreviations: MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; S. aureus, Staphylococcus aureus.

antibioticsintoregistrational trialsfor CABP [24] and ABSSSI [3].
For patients with SAB, however, no such guidance is available.
Thus, decisions on allowable durations of prior antibiotics for
clinical trials of treatment for SAB should be made in consul-
tation with the appropriate regulatory authorities. However,
less than 72 hours of prestudy antibiotic therapy is unlikely to
substantially impair the ability to attribute patient outcomes
to study drug in SAB trials, as blood cultures in patients with
cSAB commonly remain positive for 2 to 4 days even with
effective therapy [20, 25]; the first few days of empirical ther-
apy will constitute a minority of the overall treatment course.
Further, duration of therapy of even 7 to 14 days for patients
with uSAB is associated with high rates of relapse or mortality

[26], highlighting the importance of prolonged therapy in suc-
cessful outcomes. We suggest that patients who have received
less than 72 hours of effective therapy since their last positive
blood culture should be eligible.

When clinical circumstances dictate that SAB patients also
require treatment for gram-negative or anaerobic bacteria, the
study protocol should specify antibiotics with no effectiveness
against S. aureus, such as aztreonam or metronidazole.

Should Both MSSA and MRSA Patients Be Included?

The decision to enroll patients with both MSSA and MRSA
needs to balance a variety of issues. Because most cases of
SAB are caused by MSSA, its inclusion speeds enrollment and
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reduces study cost. Additionally, regional prevalence of MRSA
varies and has declined in most areas [27]. MRSA-only proto-
cols would limit site selection and study generalizability. On the
other hand, studies must account for the fact that outcomes dif-
fer for MSSA and MRSA SAB [28, 29]. One option to address
these differences is to stratify randomization by the methicil-
lin-susceptibility status. While effective in uniformly distribut-
ing the proportions of MRSA across both study arms, stratifying
by methicillin susceptibility can delay enrollment (and likely
prolong administration of potentially effective nonstudy anti-
biotic therapy), especially if conventional microbiological sus-
ceptibility testing methods are used. A second option is to allow
enrollment prior to obtaining susceptibility results and then
stratify the analysis of outcomes by methicillin susceptibility.
This enhances feasibility but risks imbalance in the study arms.

How Should Metastatic Sites of Infection Be Assessed?

Metastatic sites of infection in patients with SAB can impact
subgroup assignment and antibiotic duration in a clinical trial
[20] but are often unrecognized at enrollment. A standardized
evaluation should be undertaken for each study patient with
SAB, including a complete history and physical exam, infec-
tious diseases consultation where available, echocardiogra-
phy, and additional imaging (eg, magnetic resonance imaging
[MRI], ultrasound) if clinically indicated. Transthoracic echo-
cardiography is sufficient for a subset of patients with uSAB [2],
but transesophageal echocardiography (TEE) is preferred for
more complicated cases. For patients at high risk of endocardi-
tis but with a negative initial study, repeat TEE is recommended
to fully assess for endocarditis [30]. Although positron emis-
sion tomography/computed tomography (PET/CT) is a prom-
ising modality for assessing for metastatic sites of infection [31],
there is insufficient evidence at present to mandate PET/CT or
routine MRI scans.

How Should Source Control Be Approached?

The inclusion of metastatic infections improves trial feasibility
but requires a detailed infection-specific plan in the study pro-
tocol. Failure to promptly identify and control sources of infec-
tion in SAB studies not only compromises patient care [32, 33]
but also constitutes a potentially avoidable failure in the pri-
mary efficacy endpoint. Thus, it is essential to establish source
control. For example, central venous catheters present at the
time of bacteremia should be removed. Patients without plans
for adequate source control within a prespecified time window
from randomization (eg, 3-5 days) should not be enrolled.

For patients with S. aureus infective endocarditis (IE), deci-
sions on performance and timing of valve surgery are complex
and individualized [34, 35]. For SAB trials that include patients
with IE, surgical decision-making should be personalized based
on the presence or absence of complications such as heart fail-
ure, perivalvular abscess, and embolic complications. Surgery

should not be mandated (or withheld) as a trial inclusion cri-
terion, nor should it be automatically considered a treatment
failure.

EVALUATION OF OUTCOMES

Efficacy Endpoints

Endpoints for SAB trials have been proposed previously [36].
At a minimum, the primary efficacy endpoint should require
that the patient is alive and did not clinically fail treatment.

Prompt identification of a metastatic focus of infection
in patients with SAB is problematic from both a clinical and
study-design perspective. Metastatic foci discovered shortly
after enrollment are likely to have been present prior to patient
inclusion in the study. Consequently, their diagnosis immedi-
ately following enrollment does not automatically constitute
a treatment failure [20]. A practical solution is to pre-specify
a post-enrollment “work-up window” of approximately 5 to 7
days in the protocol, during which time newly diagnosed met-
astatic foci of infection may be considered part of the patient’s
baseline condition. Beyond that window, newly diagnosed met-
astatic sites or the need for unplanned source control proce-
dures would be evidence of treatment failure.

Efficacy should be measured at a prespecified time point from
randomization, not from end of therapy. A longer interval from
randomization to the test-of-cure assessment increases confi-
dence that patients deemed a success are truly cured of their
infection and will also increase the risk that patients cured of
their SAB will become an administrative failure due to receipt
of nonstudy antibiotics or loss to follow-up. Administrative
failures can be mitigated by allowing brief courses of nonstudy
antibiotics (eg, <20% of total duration of study drug) and by
allowing telephone contact as the patient’s primary efficacy
assessment in place of in-person visits with mandatory blood
cultures. Since the median time to relapse in patients with SAB
is 36 days following end of treatment [37], a practical follow-up
period for primary efficacy assessment in an SAB clinical trial
is approximately 8 to 10 weeks from randomization. Particular
subgroups of SAB patients, such as those with an infected
arthroplasty, may require longer follow-up intervals due to the
nature of these infections. Key endpoints such as all-cause mor-
tality may also be evaluated at other time points such as 14, 30,
and 90 days.

A microbiologic failure endpoint has been a component of
prior SAB trials [6], based on ongoing positive cultures that lead to
discontinuation of study drug or relapse after initial improvement.
This may be part of a composite clinical failure endpoint, assessed
by a site investigator and/or a blinded adjudication committee.

Innovative statistical methods such as desirability of outcome
ranking (DOOR) [38] and partial credit scoring [39] may be
used to enhance and support noninferiority designs. DOOR
utilizes ordinal ranking that incorporates both benefits and
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harms experienced by a patient into outcomes, allowing for a
superiority comparison between 2 treatments. A SAB-specific
DOOR score has been developed recently [40].

OTHER CONSIDERATIONS

Choice of Comparator

Vancomycin and daptomycin are standard antibiotics for
MRSA, whereas beta-lactam antibiotics nafcillin, oxacillin, flu-
cloxacillin, and cefazolin are preferred agents for MSSA SAB.
Vancomycin is inferior to beta-lactams for MSSA [41, 42] and
should be used only when a clear contraindication to beta-lac-
tam antibiotics exists.

Cure rates for MRSA and MSSA in the phase 3 daptomy-
cin SAB trial were similar, and daptomycin may be used as a
standard-of-care comparator for both MRSA and MSSA [6].
Although the FDA-approved daptomycin dose is 6 mg/kg intra-
venous every 24 hours (renally adjusted where appropriate),
higher doses (eg, 8-10 mg/kg) are preferred [43, 44] and should
be allowed in nonregistrational SAB trials.

The benefit of combination antibiotic therapy for SAB and
native valve IE is unproven. Neither rifampin nor gentamicin is
recommended as adjunctive treatment for SAB or native valve
endocarditis [9, 45]. Although a number adjunct agents have
been tested (Table 1), none have improved patient outcomes
[11, 15, 16, 19, 46, 47].

Geography also influences selection of comparator agents.
Availability of potential comparator antibiotics (eg, daptomy-
cin, telavancin, teicoplanin) varies as does standard practice.
These facts can necessitate multiple comparator drugs in a
global study of SAB, significantly increasing study complexity
and expense.

Potentially Effective Nonstudy Antibiotics

Most patients in SAB trials will receive nonstudy antibiotics. If
these are active against the patient isolate, they are considered
potentially effective nonstudy (PENS) antibiotics and could
interfere with efficacy assessment of the study drug or antibiotic
duration. In the daptomycin registrational trial, receipt of PENS
antibiotics accounted for 36 of 134 (26.9%) treatment failures
[6]. Some of these patients were likely cured by study therapy,
and an overly conservative approach to interpretation of PENS
misclassified them as treatment failures. Sensitivity analyses
confirmed that receipt of PENS did not influence the difference
between study arms [48]. As with prerandomization antibiotic
therapy, the key variables are whether the antibiotic is active
against the baseline isolate, the duration of nonstudy therapy,
and when in the treatment course it is prescribed. Prespecified
criteria describing which PENS antibiotics and durations would
be permissible can be incorporated into the study protocol.
An independent adjudication committee should review PENS
antibiotics and determine their impact on study outcome; the

daptomycin trial experience [6] suggests that most PENS anti-
biotics should not lead to designation of treatment failure.

PENS are most impactful in studies that seek to attribute
patient outcomes to a specific drug [6] or treatment duration
[10]. They are of less import in strategy trials in which there
is flexibility in post-randomization antibiotic use or in trials
with a superiority design, in which nonstudy antibiotics do not
threaten the validity of the study result.

Independent Outcome Evaluation Committee

An independent outcome evaluation committee should
be established to mitigate bias from an open-label design.
Committee members should be experienced in management of
patients with SAB and in clinical trials and should be blinded
to treatment assignment of the patients reviewed. The commit-
tee should adjudicate each case for efficacy and safety outcomes
based on protocol-specified endpoints and can additionally
incorporate information such as defervescence and evolution
of inflammatory markers. This has been a consistent feature
of previous successful trials [6, 9]. The adjudication commit-
tee may also make final determination of the diagnosis of each
patient as it relates to complicated vs uncomplicated SAB and
the presence of IE and any metastatic sites of infection.

An additional advantage of an adjudication committee is
that in studies for which enrollment numbers are low, a group
that reviews all patients should provide a consistent approach
to the evaluation of individual patient diagnosis and outcomes.
Potential drawbacks primarily relate to cost and complexity, as
well as the possibility that a blinded committee may lack key
insights gained from direct interaction with trial participants.
For this reason, key analyses (such as primary efficacy analy-
sis) should be repeated using both adjudicator-derived and site
principal investigator—established outcomes if feasible.

CONCLUSIONS

Despite an urgent need for better treatment options for SAB, few
high-quality trials have been completed. Clinical trial design is
challenging from both regulatory and scientific perspectives. In
the absence of a consensus approach, there has been substan-
tial heterogeneity in enrolled populations, choice of comparator
agents, and trial endpoints. A consistent approach to trial design
may enable investigators, sponsors, and regulatory authorities
to generate better data and ultimately to deliver better treatment
options to patients with this serious, common infection.
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