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|. Introduction

The FDA'’ s approach to prescription drug labeling for claims related to bacteremia has
varied over time based on changes in the science and advice from the Anti-Infective
Drugs Advisory Committee (AIDAC). The Agency established the precedent of granting
indications in drug labeling based on a particular disease syndrome or site of infection,
given the known differences between the natural history and pathophysiology of
infectious diseases at various body sites. Experience has validated this approach in that
FDA has reviewed drugs that were effective in one body site yet were not proven
effective in infections at other body sites. Approvals based on bacteremia alone may not
account for potential differencesin drug efficacy based on the primary site of infection.
Therefore, FDA has taken the position to include data on outcomes in bacteremic patients
within the context of a primary site of infection.

In 1999, AIDAC members suggested that catheter-related blood stream infections
(CRBSI) should be a potential source of study, and FDA issued draft guidance on drug
development for thisindication. At the time, the committee members outlined the
potential pitfallsin performing scientifically rigorous studies in thisarea. Drug sponsors
engaged in studying CRBSI have encountered many of these issues. In addition, other
drug sponsors have approached FDA with studies seeking to evaluate the efficacy and
safety of drugsin primary bacteremia due to Staphylococcus aureus (PBSA). Many S
aureus bacteremias without an obvious source may have a portal of entry related to an
intravascular catheter. In this advisory meeting, we will discuss the scientific, regulatory
and practical issues of apotential indication in primary bacteremiadueto S aureus as
well asrevisit the guidance on catheter related bloodstream infections.

This briefing document outlines the regulatory history of indications related to
bacteremia, aswell asCRBSI. It includes adiscussion of issues that have been
encountered in attempting to study CRBSI and how such data might be reflected in
product labeling. Additionally, we summarize the epidemiology and natural history of S.
aureus bacteremia, and relate this to scientific issuesin clinical trial design to support
such aclam.

The Agency seeks the Committee’ s advice on resolution of the problems encountered by
sponsorsin following the current guidance on CRBSI; the merits of a PBSA indication;
and the optimal approach to the design, conduct and analysis of CRBSI and PBSA
clinical trials.
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Il. Regulatory History

Prior to 1992, the labeling of anti-infective drugs included the terms bacteremia and
septicemia. Bacteremia was defined as an infection accompanied by one positive blood
culture, whereas septicemia was defined by two positive blood cultures. Analyses of
clinical data used in granting those indications involved pooling data from patients with
infections associated with concurrent bacteremia, often from diverse unrelated infections
(e.g., UTI, pneumonia). In addition, the clinical context was variable, as transient
bacteremia, bacteremia secondary to a known source, and bacteremia of unknown origin
were considered together, despite their differing pathophysiology.

In 1992, the FDA published the “ Guidance to Industry on Clinical Development and
Labeling of Anti-Infective Drug Products’ (also called the “Pointsto Consider”
document) to assist sponsors in formulating development plans for anti-infective drug
products’. The Points to Consider document contained information related to the
Agency’ s perspective on specific indications, recognizing the differencesin
pathophysiology between diverse diseases. The term “indication” referred to “the
treatment of infections at a specific body site(s) due to a specified susceptible
microorganism(s)”2. At that time, FDA raised questions about the appropriateness of
“bacteremia’ indications as they related to infections at specific body sites.

These questions resulted in a meeting of the AIDAC in 1993. Committee members
discussed the issues related to “bacteremic sepsis’ as a potential new anti-infective drug
product indication. ® At the time, “ bacteremic sepsis’ represented new terminology that
was proposed to add specificity and clarity to the previously used terms “ bacteremia’ and
“septicemia’.

The then-proposed new indication incorporated definitions of sepsis and bacteremia, as
provided in a consensus document of the American College of Chest Physicians/Society
of Critical Care Medicine (ACCP/SCCM) published in 1992.* The ACCP/SCCM
Consensus document defined a hierarchy of syndromes from infection to severe sepsis.
The document defined infection as “amicrobial phenomenon characterized by an
inflammatory response to the presence of microorganisms or the invasion of normally
sterile host tissue by those organisms’. The document defined bacteremia as the
laboratory recovery of viable bacteriain the blood. The systemic inflammatory response
to severe clinical insults was termed systemic inflammatory response syndrome (SIRS),
manifested by two or more of the listed criteria: temperature >38 °C or <36 °C, heart rate
>90 beats per minute, respiratory rate >20 breaths per minute or PaCO2 <32 torr, and
WBC count of >12,000 cells/mm®, <4000 cells'mm®, or >10% bands (immature forms).
SIRS could be of infectious or non-infectious etiologies. Sepsiswas defined as patients
with signs and symptoms of SIRS due to an infectious etiology. The document defined
severe sepsis as sepsis associated with hypotension, hypoperfusion, and organ
dysfunction. Drug sponsors defined the potential new indication of "bacteremic sepsis’ as
SIRS due to infection with associated positive blood cultures, but without the
hypotension, hypoperfusion, and organ dysfunction that characterize severe sepsis.
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While these definitions are useful in clinical practice, Committee members at the 1993
AIDAC identified several issues related to clinical trial design and prescription drug
product labeling that served as focal points for discussion. Theseissuesincluded 1)
whether bacteremic sepsis was a clinically meaningful disease entity; 2) the heterogeneity
of the patient population under study; 3) the clinical significance of a positive blood
culture, in terms of adding specificity to the identification of the underlying infecting
microorganism; and 4) whether drug efficacy in treating an organism in the blood can be
extrapolated to efficacy in infections at particular body sites, the putative source of the
bacteremia.

In their comments about the use of the terms “bacteremia’ and “septicemia’ in product
labeling, the AIDAC expressed concerns about the overall lack of specificity of the
definitions, the heterogeneity of the patient population, the pooling of datainvolving
bacteremias with varied sites of origin and differing underlying pathophysiology, and the
inability to distinguish patients with SIRS who had concurrent bacteremia from those
without bacteremiaon aclinical basis.

Following extensive discussion, the 1993 AIDAC members recommended elimination of
“bacteremic sepsis’ as an indication, continuing to use the site of infection in defining an
indication for an anti-infective drug, and including bacteremiain product labeling in the

context of site-specific infection (e.g., “ community-acquired pneumonia with concurrent
bacteremia’).

During the five years following the 1993 AIDAC meeting until the AIDAC meeting in
1998, there were no anti-infective drugs approved for the indication of bacteremia.
However, the issue of bacteremia as an indication was again considered by the 1998
AIDAC.” The discussion arose in light of the rising incidence of bacteremia due to
antimicrobial resistant (predominantly Gram-positive) microorganisms, the increased
incidence of bacteremias without an identifiable source, and the use of datainvolving
patients with positive blood cultures to enhance the specificity of diagnosisin clinical
trials.

Following extensive discussion, the 1998 AIDAC members concluded that product
labeling regarding “ bacteremia”, secondary to an identified site of infection, should not
be considered as a separate indication. Rather, the Committee advised the Agency that it
should be retained within the context of the site-specific indications. In addition, the 1998
AIDAC identified primary bacteremia (including catheter-related bloodstream infections)
as apotential areafor study. Catheter-related bloodstream infections (CRBSI) were
considered a potential focus for future investigation. Committee members considered
this indication a potential source of useful information, due to the increased incidence of
CRBSI in hospitals, growing antimicrobial drug resistance among bacteria with limited
treatment options for such infections, and the lack of controlled clinical trials for
antimicrobial drugs for the treatment and prevention of CRBSI.

Following the 1998 Advisory meeting, the FDA formed a CRBSI Working Group to
develop a Guidance Document for Industry on Drug Development for CRBSI (see
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Appendix A). The preliminary guidance was presented at an AIDAC meeting in 1999. °
Committee membersidentified several issues related to drug development for the
treatment of CRBSI:

(1) The patient population in CRBSI studies could be very heterogeneous with
varying host factors and underlying illnesses, different types of intravascular
catheters, and diverse causative microorganisms that differ in virulence and
natural history of disease. Varying host factors could include different clinical
presentations of illness in adults compared to pediatric patients, differing
approaches to patients with prosthetic devices, and differencesin individual
patient requirements for long-term intravenous access.

(2) Difficulties might be encountered in establishing the catheter as the source of
bacteremia. The issue reflects potential problemsin acquiring culture data from
catheters, which may then necessitate screening alarge number of patientsto
enroll sufficient caseswith a diagnosis of bacteremiarelated to a catheter. The
large sample size might require substantial time for patient accrual.

(3) The committee discussed issues related to the microbiological criteriafor
establishing proof of CRBSI. Certain microbiological tests used to diagnose
CRBSI, such as quantitative blood cultures, might not be available in some
institutions. The committee concluded that additional data were necessary on
other methods of diagnosis, such as the differential time to positive blood culture
and various types of catheter cultures. Obtaining these data is complicated by the
lack of a gold standard against which to compare these tests.

(4) Thelack of aknown (or proven) magnitude of the benefit of antimicrobial
treatment for certain etiologic microorganisms, such as Saphylococcus
epidermidis, which are often the most common organismsin CRBSIs.

(5) Thelack of standardized procedures for the management of an intravascular
catheter in CRBSI. Such differences in management may affect outcomes
independent of the effect of the antimicrobial administered. There was discussion
about whether factors such as the type of catheter (tunneled vs non-tunneled) and
suspected pathogen (such as S. epidermidisvs. S. aureus) should be considered in
decisions related to catheter removal.

(6) Issuesrelated to establishing the specificity of the diagnosis of CRBSI due to
some common skin pathogens. The committee discussed appropriate |aboratory
testing to establish the concordance of catheter and blood culture isolates, such as
pulse-field gel electrophoresisfor S. epidermidis.

Many of these scientific and practical issues remain, and sponsors have a dilemmain
trying to complete their studies of CRBS!.

[11. Drug Sponsor s Experienceswith CRBSI Trials

Since the introduction in 1999 of the CRBSI guidance, severa sponsors have attempted
studies in this indication. The Agency has received feedback from some of those sponsors
on problems they have encountered in the study of CRBSI. In April 2004, FDA co-
sponsored a public workshop on antimicrobial drug development in which some data on
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experiences with CRBSI trials were presented. Dr. Timothy Henkel (Vicuron
Pharmaceuticals) outlined the practical and scientific issuesin CRBSI trials from his
company’s perspective. In Dr. Henkel’ s experience, investigators were identifying the
majority of potential patients for study by screening for positive blood cultures, rather
than identifying patients by clinical inclusion criteria. Using blood cultures as the
screening method, 75 of 2639 (2.8%) patients screened were subsequently enrolled in the
study over aperiod of 17 months. Just asthe AIDAC Committee discussed previoudly,
the most difficult piece of datato obtain was culture datafrom catheters. Thirty percent
(30%) of screened patients could not be enrolled due to inadequate culture data, with the
microbiologic evidence from catheter cultures the most common missing piece of
information. Another twenty percent (20%) were excluded on the basis of prior antibiotic
usage. Additional challenges noted by Dr. Henkel included other points previously
discussed: heterogeneity of the patient population, issues with inclusion/exclusion
criteria, microbiologic methods not the standard of care at many institutions, and lack of
an approved comparator.

Other sponsors have met with the Agency to discuss their experience with similar clinical
trialsaimed at garnering aclaim for CRBSI. Their experience confirmsthe difficulty in
obtaining sufficient numbers of patients, along with confirmatory microbiology, in
CRBSI trials. Sponsors have indicated that, despite enrollment of patients based on
clinical criteriaconsistent with catheter-related infection, along with removal and
culturing of the catheter, only about a quarter of patients enrolled meet the most liberal of
the microbiologic definitions for CRBSI (concordant growth of an organism from
peripheral blood and catheter site exudate).

Since the AIDAC in October 1999, the Infectious Diseases Society of America, the
American College of Critical Care Medicine, and the Society for Healthcare
Epidemiology of Americahave published guidelines for the diagnosis and management
of CRBSI. " These guidelines represent a compilation of the available evidence from the
literature and the strength of that evidence to assist cliniciansin clinical practice.
However, while the clinician is provided with an algorithmic approach to diagnosis,
catheter management, and antimicrobial treatment strategy based on the type of catheter
and pathogen responsible, none of these recommendations is based on evidence from
randomized, controlled clinical trials. The recommendations serve the practitioner at the
bedside, but do not necessarily provide sufficient information on the optimal design and
analytic plan for aformal clinical trial in CRBSI.

Theissue of lack of agold standard for diagnosis of CRBSI, discussed thoroughly at the
AIDAC meeting in 1999, still remains. Since 1999, authors have published several
studies on alternative methods of diagnosis of CRBSI. Itisdifficult to compare
sensitivity and specificity of these methods in the absence of a benchmark. Different
studies apply different, sometimes widely variant, definitions for CRBSI. In addition,
some of the methods (such as quantitative peripheral and catheter blood cultures,
differential incubation time and thus positive culture result for catheter and peripheral
blood cultures, catheter tip cultures processed by the roll-plate, Brun-Buisson, or
sonication methods) may vary in sensitivity and specificity of diagnosis, depending on
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the patient population or catheter type studied. There have been additional studies in the
published literature on the utility of differential time to positive culture result for catheter
versus peripheral blood cultures. The studies demonstrating the utility of this method in
diagnosis have been performed primarily in immunocompromised patients with the
majority of patients having tunneled catheters.®%'%™ The results of differential time to
positive-culture studies have not been validated in a medical-surgical ICU population
with short-term catheters.*® Additionally, the assessment of sensitivity and specificity of
this method has been made on the basis of quantitative blood cultures and semi-
guantitative or quantitative catheter tip cultures, with no single method serving as a
validated standard.

At the April 2004 FDA Workshop, academic investigators and drug sponsors suggested
the possibility and discussed the merits of studying the indication of treatment of primary
bacteremia due to Staphylococcus aureus (PBSA). In this context, FDA would like to
review the existing CRBSI guidance document and how it may relate to a potentia
indication of PBSA. Given the difficulties experienced by sponsorsin the design and
conduct of CRBSI trids, the Agency seeks guidance from AIDAC members on how to
move forward to address the CRBSI indication, as well as the merits of aclaim for
treating primary bacteremiadueto S. aureus.

In this document, we have included discussion points for both primary bacteremia due to
S aureus and catheter related bloodstream infections. At the Advisory meeting, you will
be provided with an integrated set of questions so that both topics can be discussed at the
sametime.

| ssues for Discussion — Catheter-Related Blood Stream Infections

1. Should FDA maintain the CRBSI Guidance Document in its present form?

2. Arethere modifications to the CRBS Guidance that Committee members would
suggest that would alow more efficient enrollment of patients while still maintaining
adeguate specificity of diagnosis and gaining useful information for clinicians?

3. Can sponsors include data on patients who may have bacteremiadue to S. aureus,
secondary to a presumed portal of entry of an intravascular catheter, as part of a
PBSA indication? Could patients with CRBSI and patients with PBSA be handled
within aunified guidance document?

4. Can sponsors garner an indication of “catheter site infections’, with or without
bacteremia, as part of another indication (i.e., complicated skin and skin structure
infections)? How would one ensure the specificity of diagnosis in patients with
minimal signs and symptoms of skin infection and where the organism cultured from
blood and/or skin is normal skin flora?
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V. Potential Indication of Primary S. aureus Bacteremia

At the April 2004 FDA co-sponsored public workshop, investigators and sponsors
addressed the topic of apotentia indication for PBSA. The participants discussed the
potential advantages of thisindication relative to an indication for CRBSI. A PBSA
indication would concentrate on only one organism, which causes serious disease and for
which there may be data on the magnitude of the treatment effect of antimicrobials. In
general, the magnitude of the treatment effect for some organisms, like S. epidermidis,
Corynebacteria and some Bacillus species, is not known. In addition, it may be more
difficult to differentiate true infection from fal se-positive blood cultures for these
common skin organisms. A primary bacteremia claim would also eliminate the most
common difficulty in CRBSI trials, namely the link of the disease to a catheter as the
source. As discussed below, many cases of PBSA may be linked to a portal of entry from
an intravascular device, but thisis often adiagnosis of exclusion, and diagnosisin clinical
practice is often “presumed”. In addition, as discussed previously, there is no validated
gold standard for diagnosing CRBSI. Finally, there may be the potential to acquire data
on the efficacy of antimicrobials in patients with infective endocarditis (IE) from such
trials.

However, many of the challenges present in trials of CRBSI, such as a heterogeneous
patient population, may still be present in clinical trials of PBSA. We will discuss these
issuesin light of the epidemiology and natural history of bacteremiadueto S aureus.

Epidemiology and Natural History of Staphylococcus aureus Bacteremia (SAB)

Epidemiology

From 1980-1989, the rates of SAB from all sites of infection reported to the National
Nosocomial Infection Surveillance (NNIS) system increased in teaching hospitals.*®
Saphyl ococcus aureus has become the second most common bloodstream isolate,
contributing to 16% of all hospital-acquired bacteremias.™ The rate of both community
and hospital acquired bacteremia due to Saureus hasincreased over the last few years.”
Rates of |E due to Saureus have also increased.’®*"® The mgjority of |E are still
community-acquired, however there is an increasing incidence of hospital-acquired |E

due to Saureus. *°
“Primary” S. aureus Bacteremia without a known source

The source of S. aureus bacteremiais an important consideration when attempting to
design clinical trials to examine the efficacy of an antimicrobial. Recent examples have
shown that an antimicrobial may be effective in disease caused by a given pathogen at
one body site and yet not be proven effective in disease caused by that same pathogen at
adifferent body site. It ishypothesized and certainly logical that all patients with PBSA
must have some occult portal of entry of the organism into the blood stream. However,
inclinical trials of PBSA, it will be important to rule out a known primary source of
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infection in astandard way in the protocol. Patients with a known primary source of
infection, such as skin infections and pneumonia, can be studied in clinical trials of that
particular body site.

Data show that most patients with bacteremia due to S. aureus have a known site of
infection. This may limit the available patient population for clinical trials of PBSA. In
one study of 37 Eatients with Saureus bacteremia, a primary source was identified in 24
patients (62%). ©° Mylotte et al. reported that a primary focus was identified in 91/114
(80%) episodes of SAB. % In astudy of 79 non-drug addict patients, a primary focus was
identified in 59 (75%) patients. %

The following graph shows the distribution of primary foci in patients with SAB from a
compilation of studies over five decades. Presently, about 20% of patients with SAB
have no identified primary focus of infection.?
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S. aureus Bacteremia and Catheters

Much of the disease attributed to “primary” SAB isrelated to intravascular devices.
Intravascular device-associated SAB accounts for alarge fraction of the documented
increase in hospital-acquired SAB. In a study by Steinberg et al., an increase in the
number of intravascular device-associated bacteremias accounted for 70% of the increase
in the number of nosocomial S.aureus bloodstream infections. * Jensen et al. found an
intravenous catheter as the source in 45% of patients with hospital-acquired SAB. # Ina
study by Fowler et al. of 103 patients with SAB, 69 (67%) had an intravascular catheter
as the source. **An intravascular catheter was considered the source if 1) there was
evidence of inflammation at the catheter insertion site, or 2) a catheter-tip culture was
positive for Saureus, or both, and 3) there was no evidence of an alternative source.
Community-acquired disease is increasingly associated with the use of intravascul ar
devices.®*® This may be areflection of changesin medical care with increasing number
of patients receiving medical carein outpatient settings.* In a study from the
Netherlands, 25/75 (33%) patients had a central venous catheter in place at the time of
diagnosis, and in 12 of these, the catheter was used in a community setting. %
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Heterogeneity of Patient Populationswith S. aureus Bacteremia

There appear to be differencesin host factors and clinical presentations within the group
of patients with PBSA. This hasimportant clinical implications, as different clinical
presentations may result in different lengths of therapy. Patient heterogeneity also has
important implications for the designs and analysis of clinical trials, as different patient
populations may have different success rates even with appropriate therapy. Clinical
trials attempt to measure drug effects independent of the natural history of the disease,
host factors and other confounding factors. Failure to account for important differences
in patient populations may result in measured differences between therapiesin aclinical
trial that may not be related to drug effects but to other confounding factors. While
randomization gives an equal probability of distribution of these factors between arms of
the trial, randomization is not foolproof. One study that evaluated the importance of
randomization and blinding showed that at |east one prognostic factor was not distributed
equally between arms of the trial in 14.0% of trials that were blinded and randomized. %
Unequal distribution of factors between the arms of atrial may have an impact on the
interpretation of the results. The importance of unequal distribution of various factors not
only depends on the statistical significance of the difference in the distribution of the
factor between the study arms but on the strength of the association of the outcome with
that factor. In other words, one should consider small differencesin the distribution of
factors between study arms as clinically significant if the factor has a known large impact
on outcomes, even though the differences are not statistically significant. 2 Small
differences between arms of a PBSA trial in the presence of important factors like
infective endocarditis have the potential to affect the interpretation of the results, even if
the differences between study arms are not statistically different. Therefore, one should
attempt to account for these important factors prior to enrollment in aclinical trial. We
outline some of the potentially important factorsin PBSA trials below.

Community versus nosocomial acquisition

The proportions of the location of acquisition of SAB vary between studies partly due to
differences in the definitions of community versus hospital acquired disease (positive
culture within 48 hours or 72 hours of hospitalization). Additionally, some authors
differentiate community-acquired disease into those with any health care contact in the
preceding few months, while in other reports these patients are not clearly separated.

Investigators studied the prevalence of community-acquired SAB in a one-year period in
Connecticut. A total of 48% of SAB were community-acquired and the incidence was
17/100,000. Sixty-two percent (120/192) of patients with community-acquired SAB had
contact with the healthcare system in the preceding 12 months. * Thisis similar to results
of the study by Jensen et al. where 131/278 (47%) SAB were community acquired. 2
Mylotte et al. reported slightly higher rates (58%) using 72 hours as the cut off to
differentiate community acquired from hospital acquired disease. ¥

The difference between community-acquired and hospital-acquired disease may be
important in clinical trials as patients with community-acquired SAB have a higher

10
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likelihood of developing metastatic disease and |IE. There appear to be differencesin
clinical success rates between patients with and without metastatic disease and those with
and without IE. The higher rate of metastatic disease may be related to the prolonged
duration of bacteremia prior to detection. * In their series of 278 patients, Jensen et al.
found that intravenous catheters and post operative wound infections were most often the
primary foci of SAB infection in hospital-acquired cases, while skin lesions were more
common in community-acquired cases. Patients with community-acquired disease were
more likely to have an unknown portal of entry, a higher frequency of secondary
infection, and a slightly higher mortality.

Complicated versus uncomplicated bacteremia due to S. aureus

There appear to be differencesin clinical success rates between patients with what has
been termed “complicated” compared to “uncomplicated” bacteremiadueto S. aureus.
Again, thismay be an important factor to account for in clinical trials. Investigators
prospectively evaluated risk factors for developing complicated SAB in 724 adults
hospitalized with SAB from 1994-1999. They defined complicated SAB as attributable
mortality, complicated infection, embolic stroke, or recurrent Saureus infection during
the 12-week follow up period. Patients with complicated infection had a site of infection
remote from the primary focus caused by hematogenous seeding or extension of infection
beyond the primary focus. Of the 722 patients with follow up data, 310 had complicated
SAB and 412 had uncomplicated SAB. Risk factorsfor complicated SAB were positive
blood culture at 48-96 hours, community acquisition, skin examination with findings
suggesting acute systemic infection (defined as presence of Petechiae, vasculitis, infarcts,
ecchymoses, or pustules), and persistent fever at 72 hours. ®

While the criteria described above for distinguishing complicated from uncomplicated
infection may be useful in clinical practice, their application may be more problematic in
the setting of aclinical trial. Some of the criteria, such as presence of persistent fever,
and persistently positive blood cultures, are not measurable at the time of enrollment in
thetrial. In addition, some of these factors may differ between an effective and an
ineffective drug. Using such criteriawould confuse the natural history of the disease
with the ability of the drug to affect the course of theillness.

SAB with and without endocarditis

Given the differencesin clinical success rates between patients with and without IE, it
will be important to make an accurate diagnosis of the presence or absence of |E in PBSA
trials. The information necessary to make an accurate diagnosis of |E, such as
echocardiographic data, often will not be available at the time of randomization. Clinical
differentiation of SAB from endocarditis can be difficult in the absence of typical clinical
features of |1E, such as a new murmur, embolic lesions etc. Nolan and Beaty suggested
three useful bedside criteriafor predicting presence of |E in patients with SAB;
community-acquisition, no apparent primary focus, and metastatic foci.

11
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|E may be difficult to diagnose on clinical grounds alone and echocardiography may be
necessary to make the diagnosis. In astudy by Reder et a. from Denmark, |E was not
diagnosed clinically in over half of the 152 pathologically confirmed cases due to
Saureus. In aprospective study by Fowler et al., 103 patients with SAB were evaluated
by transesophageal echocardiography (TEE) and transthoracic echocardiography (TTE).
Clinical evidence of IE was seenin only 7 (7%) of patients. %

The numbers of patients with PBSA who have |lE may be substantial. The prevalence of
|E in patients with community-acquired SAB varies from 6-64%.%* Among 104 patients
with SAB, 33 (32%) had echocardiographically confirmed endocarditis; 23 were
community acquired and 10 were nosocomially acquired. ***° Increasing numbers of
cases of |E are now nosocomially acquired. ' In astudy by Fowler et al., the authors
noted clinical differences between patients with community acquired versus hospital
acquired |IE. Patients with community acquired disease were more likely to have
vascular phenomena and no evident source for bacteremia while those with hospital
acquired |E were more likely to have |E dueto MRSA.. Out of 59 cases of IE dueto
Saureusidentified over a 3-year period, 27 (45.8%) patients had hospital-acquired
infection. In over half of the patients an intravascular device was the presumed source of
infection. *°

The most common foci of S. aureus infection in patients with a known site of infection
are usually from skin, soft tissue, or bone but |E can occur in patients who have no
detectable primary focus.? In the study by Fowler et al. in the 26 cases with |E, 3 had no
focus of infection, 7 had deep tissue infection, and 16 had a catheter focus. * In a study
by Chang et al., of the 505 cases with SAB 64 (13%) had IE, seven of whom had new
endocarditis as a complication of SAB. * Risk factors for development of IE identified
were: native valve disease [OR 4.5, 2.0-9.9], presence of prosthetic valve [OR 10.5, 2.5-
43.7], persistent bacteremia [OR 10.5, 3.3-16.6], IVDU [OR 3.2, 1.2-8.6], unidentifiable
portal of entry [OR 3.3, 1.3-6.6], history of prior endocarditis [OR 10.0, 2.0-50.0], and
community acquisition [OR 2.9, 1.4-4.9].

Metastatic Disease

Metastatic infection may complicate SAB. Thisisan important consideration given the
implications for treatment and considerations as to whether metastatic foci developing on
therapy areindicative of clinical failure. The efficacy of various drugs may differ at
distant metastatic sites. For example, a drug which does not have penetration into the
central nervous system (CNS) may not have efficacy in treating metastatic CNS disease.
Metastatic complications may be evident at first presentation or may become evident
weeks later. Ringberg et al. found metastatic complications in 53% of patients.® Ina
study of 39 patients with SAB, suppurative sequelae were reported in 9 (23%) patients,
all of whomwere diagnosed after the first week of bacteremia. ° Jensen et al. found that
secondary foci developed in approximately 30% of patients with community-acquired
disease and only 5% of those with hospital-acquired disease. % In a retrospective study of
281 patients with SAB, common sites of metastatic disease were joints (36%), kidneys

12
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(29%), CNS (28%), skin (16%), intervertebral disc (15%). More than one metastatic site
of infection was present in half the cases. ¥

Prospective studies have examined risk factors for metastatic infection in patients with
SAB. %4 %338.3 These risk factors may be important exclusions for clinical trialsin
PBSA. Underlying cardiac disease is an important risk factor for development of IE in
patients with SAB. *° Besides rheumatic heart disease, other structural anomalies like
mitral valve prolapse, bicuspid aortic valve, senile/degenerative aortic valve stenosis or
sclerosis, prosthetic valves, and previous | E are common predisposing conditions. ** In a
study of 44 patients with prosthetic cardiac valves who developed SAB, 15 (34%)
developed |E. %

Presence of an implanted prosthetic device isarisk factor for the development of
metastatic complications. Among 33 prospectively identified patients with a permanent
pacemaker or implantable cardioverter defibrillator who developed SAB, the rate of
confirmed device infection was 45.4%.** Non cardiac prosthetic devices such as
orthopedic devices are also at risk of seeding during an episode of SAB. * The presence
of an indwelling foreign body is aso an important risk factor for subsequent relapse. *

Patients with community-acquired SAB have a higher likelihood of devel oping metastatic
disease. In aprospective study of patients with SAB, the prevalence of endocarditisin
patients with community-acquired SAB was 21% (43/206), 12% (11/95) in hemodiaysis
patients, and 5% (10/204) in patients with hospital-acquired SAB. *°

A prospective study of 104 patients examined the role of persistent bacteremiain
predicting secondary metastatic infections. Fifty-three patients had negative blood
cultures between 24-48 hours after effective therapy and 51 had sustained bacteremia.
Metastatic infections developed in 59% of patients with sustained bacteremia versus 17%
in those without sustained bacteremia. “° This dataindicates that the occurrence of
metastatic disease after some initial period on therapy may be an indicator of aless
effective therapy.

Length of Therapy

Decisions regarding the length of therapy usually depend on the extent of disease and on
host risk factors. Patients with complicated infections such as | E, deep tissue abscesses,
and infected prosthetic devices usually receive a minimum of 4-6 weeks of intravenous
therapy and surgical intervention as clinically indicated. ** Appropriate length of therapy
for patients with uncomplicated SAB, especially those associated with intravascul ar
cathetersis still unclear. Some investigators have proposed that a 14-day course of
therapy will suffice. ¥’ Other investigators have proposed longer length of therapy based
upon the finding of increased complication rates in patients treated with short-course
therapy. *® The Infectious Diseases Society of America (IDSA), the American College of
Critical Care Medicine (for the Society of Critical Care Medicine), and the Society for
Healthcare Epidemiology of America have issued recommendations for the management
and diagnosis of catheter-related infections. ’
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For the purposes of clinical trials, it would be important to standardize the length of
treatment for various clinical presentations. In thisway, one can compare patients with
similar clinical presentations across arms of thetrial. If length of therapy is not
standardized, more patients in one arm of the trial may receive longer duration of therapy
than the other arm for the same clinical presentation. Any differencesin outcome in this
setting may be related to differences in length of therapy rather than inherent differences
between the drugs.

Outcomes

About one third of patients with SAB develop one or more metastatic complications, > %
Acute systemic complications such as septic shock, acute respiratory distress syndrome
(ARDS), and disseminated intravascular coagulation (DIC) occur most commonly within
48 hours of an initial positive blood culture. Higher complication rates have been
reported by others; 90% of 113 South African patients with community-acquired SAB
and no history of injection drug use had one or more complications. **

In the study by Verhagen et a., 35% of patients with SAB developed complications.
Twelve percent of patients had a relapse within 3 months of follow up. % Similar relapse
rates have been reported by others. % * Eradication of the focus of infection is associated
with lower recurrence rates. * Failure to remove an intravascular device was the most
important risk factor for treatment failure in one study. *® Some studies have reported that
relapse rates are higher in patients with persistent bacteremia =3 days, failure to remove
the source, and vancomycin therapy. *° However, other studies with vancomycin show
similar success rates to patients treated with anti-staphylococcal penicillins.

Reported mortality ratesin studies have ranged from 16%-43%. * Studies have differed
in the patient populations included, definitions of mortality and sample sizes. Mortality is
highest in the first 30 days after onset of bacteremia; 83-90% of patients died within 28-
30 after onset of bacteremia. ** > Factors associated with increased mortality include
acute severity of illness at onset of SAB, unknown source of infection, and older age.
30315233 The mortality rate for patients with eradicable foci islower than if the focusis
non-eradicable. 2 Kim et al. showed that mortality in patients with non-eradicated foci
was higher than in those with eradicated foci [OR 4.17 (1.09-3.62)].>

V. Issuesin Describing an Indication and Designing/Analyzing Clinical Trialsin
PBSA

There are several issues prompting the Agency to seek the advice of Committee members
in determining whether PBSA should be designated as a separate indication. The first of
these is the importance of studying this indication in providing information to prescribing
physicians and their patients. Based on comments at the April 2004 Workshop,
academicians and drug sponsors indicated that data from clinical trialsin PBSA may
provide information on efficacy and safety of an antimicrobial in a more serious yet
relatively common disease and address some of the challenges in studying CRBSI. Data
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from PBSA trials may provide information on CRBSI dueto S. aureus aswell as provide
information on treatment of |E.

Secondly, FDA will ask the committee to discuss what kinds of in vitro, animal model
data, and prior clinical trials in other serious infections (e.g., pneumonia, complicated
skin) would be recommended prior to, or in some circumstances concurrent with, trialsin
PBSA. Ideally, amore comprehensive clinical development program would include
evidence from treatment of patients with serious Staph aureus infections in other
indications (e.g., pneumonia, complicated skin, etc.) including some bacteremic patients.

Finally, FDA would like the Committee to discuss is the ideal, yet practical, clinical trial
design for PBSA. How best would investigators exclude patients with a known primary
focus of infection dueto S. aureus? When would investigators perform evaluations of
patients with echocardiography to determine which patients may have endocarditis?
FDA will ask the Committee to discuss appropriate comparator regimens, as well as
clinical and microbiologic endpoints.

In this document, we have included discussion points for both primary bacteremia due to
S aureus and catheter related bloodstream infections. At the Advisory meeting, you will
be provided with an integrated set of questions so that both topics can be discussed at the
sametime.

| ssues for discussion- PBSA

1. Would datafrom clinical trialsin patients with primary bacteremiadue to S aureus
provide useful information for clinicians? Should PBSA be designated as a separate
indication?

2. Arethere additional preclinical studies (e.g., anima models of endocarditis) that
would be recommended prior to initiation of clinical trialsin patients with PBSA?

3. What resultsfrom other clinical trials (e.g., pneumonia, complicated skin infections)
would, in general, be expected prior to proceeding with clinical trialsin PBSA?

4. How would one define PBSA in terms of both clinical findings at enrollment as well
as positive blood cultures to ensure the specificity of the diagnosis? What kind of
standard evaluation should patients receive prior to enrollment to rule out a known
source of infection? What kind of evaluation should patients receive to rule out
endocarditis?

5. How would one differentiate occult sites of infection in the bacteremic patient that
may be present at time of enrollment from bacteremic patients who develop site
specific lesions (e.g., heart valve, bone) while on therapy?

15



Primary Bacteremiadueto S. aureus and Catheter-Related Bloodstream Infection Indications
AIDAC Briefing Package

References

1.

10.

11.

12.

Pointsto Consider: Clinical Development and Labeling of Anti-Infective Drug
Products (1992). US Food and Drug Administration, Center for Drug Evaluation and
Research Web site: http://www.fda.gov/cder/quidance/ptc.htm

Pointsto Consider: Clinical Development and Labeling of Anti-Infective Drug
Products (1992). US Food and Drug Administration, Center for Drug Evaluation and
Research Web site:

http://www.fda.gov/cder/guidance/ptc.htm#indi cation%20background.

FDA Advisory Committee Meeting Transcript for Center for Drug Evaluation and
Research: Anti-Infective Drug Advisory Committee Meeting, September 24, 1993.
(print version accessible only)

American College of Chest Physiciansg/Society of Critical Care Medicine Consensus
Conference: Definitions for sepsis and organ failure and guidelines for the use of
innovative therapiesin sepsis. Crit Care Med 1992; 20:864-874.

FDA Advisory Committee Meeting Transcript for Center for Drug Evaluation and
Research: Anti-Infective Drug Advisory Committee Meeting, October 16, 1998. US
Food and Drug Administration Web site:
http://www.fda.gov/ohrms/dockets/ac/98/transcpt/3456t2. pdf

FDA Advisory Committee Meeting Transcript for Center for Drug Evaluation and
Research: Anti-Infective Drug Advisory Committee Meeting, October 20, 1999. US
Food and Drug Administration Web site:
http://www.fda.gov/ohrms/dockets/ac/99/transcpt/3558t1a.pdf

Mermel LA, Farr BM, Sherertz RJ, et al. Guidelines for the Management of
Intravascular Catheter-Related Infections. Clin Infect Dis 2001; 32:1249-72.
Malgrange VB, Escande MC, Theobald S. Validity of Earlier Positivity of Central
Venous Blood Cultures in Comparison with Peripheral Blood Cultures for
Diagnosing Catheter-Related Bacteremiain Cancer Patients. J Clin Microbiol
2001;39:274-8.

Seifert H, Cornely O, Seggewiss, et a. Bloodstream Infection in Neutropenic Cancer
Patients Related to Short-Term Non-tunneled Catheters Determined by Quantitative
Blood Cultures, Differential Time to Positivity, and Molecular Epidemiological
Typing with Pulsed-Field Gel Electrophoresis. J Clin Microbiol 2003; 41:118-23.
Gaur AH, Flynn PM, Giannini MA, et a. Difference on Time to Detection: A Simple
Method to Differentiate Catheter-Related from Non-Catheter-Rel ated Bloodstream
Infection in Immunocompromised Pediatric Patients. Clin Infect Dis 2003; 37:469-
75.

Raad I, HannaHA, Alakech B, et a. Differential Time to Positivity: A Useful
Method for Diagnosing Catheter-Related Bloodstream Infections. Ann Intern Med
2004; 140:18-25.

Rijnders BJA, Verwaest C, Peetermans WE, et a. Difference in time to positivity of
hub-blood versus non-hub-blood culturesis not useful for the diagnosis of catheter-
related bloodstream infection in critically ill patients. Crit Care Med 2001; 29:1399-
1403.

16



Primary Bacteremiadueto S. aureus and Catheter-Related Bloodstream Infection Indications
AIDAC Briefing Package

13. Banerjee SN, Emori G, Culver DH et al. Secular trends in nosocomial primary
bloodstream infections in the United States, 1980-1989. Am J Med 1991, 91(Suppl
3B):86S-9S.

14. Edmond MB, Wallace SE, McClish DK et a. Nosocomial bloodstream infectionsin
United States Hospitals: athree-year analysis. Clin Infect Dis 1999; 29:239-44.

15. Steinberg JP, Clark CC, Hackman BO. Nosocomial and community-acquired
Saphylococus aureus bacteremias from 1980-1993: impact of intravascular devices
and methicillin resistance. Clin Infect Dis 1996; 23:255-9.

16. Cabell CH, Jollis J, Peterson GE, et al. Changing patient characteristics and the effect
on mortality in endocarditis. Arch Intern Med 2002; 162:90-4.

17. Fernandez-Guerrero ML, Verdgjo C, Azofra J et al. Hospital-acquired infective
endocarditis not associated with cardiac surgery: an emerging problem. Clin Infect
Dis 1995; 20:16-23.

18. Sanabria T, Alpert JS, Goldberg R, et a. Increasing frequency of staphylococcal
infective endocarditis. Arch Intern Med 1990; 150:1305-9.

19. Fowler VG, SandersLL, Kong LK, et al. Infective endocarditis due to
Saphylococcus aureus: 59 prospectively identified cases with follow up. Clin Infect
Dis 1999; 8:106-14.

20. Libman H, Arbeit RD. Complications associated with Staphylococcus aureus
bacteremia. Arch Intern Med 1984;144:541-5

21. Mylotte MM, McDermott C, and Spooner JA. Prospective study of 114 consecutive
episodes of Staphylococcus aureus bacteremia. Rev Infect Dis 1987; 9:891-907.

22. Mirimanoff RO, Glauser MP. Endocarditis during Staphylococcus aureus septicemia
in a population of non-drug addicts. Arch Intern Med 1982; 142:1311-1313.

23. Jensen AG, Wachmann CH, Espersen F, Scheibel Jet a. Treatment and outcome of
Staphylococcus aureus bacteremia: a prospective study of 278 cases. Arch Intern
Med. 2002;162(1):25-32

24. Fowler VG, Li J, Corey RG, et a. Role of echocardiography in evaluation of patients
with Staphylococcus aureus bacteremia: Experiencein 103 patients. JAm Coll
Cardiol 1997; 30:1072-8.

25. Senthilkumar A, Kumar Sand Sheagren JN. Increased incidence of Staphylococcus
aureus bacteremiain hospitalized patients with acquired immunodeficiency
syndrome. Clin Infect Dis 2001; 33:1412-16.

26. Verhagen DWM, Van Der Meer JTM, Hamming T et al. Management of patients
with Staphylococcus aureus bacteremiain a university hospital: A retrospective
study. Scand J Infect Dis 2003; 35:459-463.

27. Chalmers TC, Celano P, Sacks HS, Smith H, Jr. Biasin treatment assignment in
controlled clinical trials. N Engl JMed 1983; 309(22):1358-1361.

28. Cummings SR, Grady D, Hulley SB. Designing an experiment: clinical trials|. In:
Hulley SB, Cummings SR, Browner WS, Grady D, Hearst N, Newman TB, editors.
Designing Clinical Research. Philadelphia: Lippincott Williams and Wilkins, 2001
143-155

29. Morin CA, Hadler JL. Population-based incidence and characteristics of community-
onset Saphylococcus aureus infections with bacteremiain 4 metropolitan
Connecticut areas, 1998; JInfect Dis 2001;184:1029-34.

17



Primary Bacteremiadueto S. aureus and Catheter-Related Bloodstream Infection Indications
AIDAC Briefing Package

30. Mylotte IM and Tayara A. Staphylococcus aureus bacteremia: Predictors of 30-day
mortality in alarge cohort. Clin Infect Dis 2000; 31:1170-4.

31. Willcox PA, Rayner BL, Whitelaw DA. Community-acquired Staphylococcus aureus
bacteraemia in patients who do not abuse intravenous drugs. QM. 1998; 91(1):41-7.

32. Fowler VG, Olsen MK, Corey GR. Clinical identifiers of complicated Siaphylococcus
aureus bacteremia. Arch Intern Med 2003; 163:2066-2072.

33. Finkelstein R, Sobel JD, Nagler A, Merzbach D. Staphylococcus aureus bacteremia
and endocarditis: comparison of nosocomial and community-acquired infection. J
Med. 1984; 15(3):193-211.

34. Abraham J, Mansour C, Veledar E et al. Staphylococcus aureus bacteremia and
endocarditis: the Grady Memorial Hospital experience with methicillin-sensitive S
aureus and methicillin-resistant Saureus bacteremia. Am Heart J 2004;147:536-9.

35. Chang FY, Peacock JE Jr, Musher DM, et a. Staphylococcus aureus bacteremia:
recurrence and the impact of antibiotic treatment in a prospective multicenter study.
Medicine (Baltimore) 2003; 82(5):333-9.

36. Ringberg H, Thoren A, LiljaB. Metastatic complications of Staphylococcus aureus
septicemia. To seek isto find. Infection. 2000; 28(3):132-6.

37. Lautenschlager S, Herzog C, Zimmerli W. Course and outcome of bacteremia due to
Staphylococcus aureus: evaluation of different clinical case definitions. Clin Infect
Dis 1993; 16:567-73.

38. Fowler VG Jr, Sanders LL, Sexton DJ, et al. Outcome of Staphylococcus aureus
bacteremia according to compliance with recommendations of infectious diseases
specialists: experience with 244 patients. Clin Infect Dis. 1998; 27(3):478-86.

39. Gopal AK, Fowler VG Jr, Shah M, et a. Prospective analysis of Staphylococcus
aureus bacteremia in non-neutropenic adults with malignancy. J Clin Oncol 2000;
18(5):1110-5.

40. Espersen F, Frimodt-Moller N. Staphylococcus aureus endocarditis. A review of 119
cases. Arch Intern Med. 1986; 46(6):1118-21.

41. Petti CA and Fowler VG. Staphylococcus aureus bacteremia and endocarditis.
Cardiology Clinics 2003; 21(2):219-33.

42. Fang G, Keys TF, Gentry L O, et a. Prosthetic valve endocarditis resulting from
nosocomial bacteremia. A prospective, multicenter study. Ann Intern Med. 1993;
119:560-7.

43. Chamis AL, Peterson GE, Cabell CH, Corey et al. Staphylococcus aureus bacteremia
in patients with permanent pacemakers or implantable cardioverter-defibrillators.
Circulation. 2001; 104(9):1029-33.

44. Murdoch DR, Roberts SA, Fowler VG Jr, et al. Infection of orthopedic prostheses
after Staphylococcus aureus bacteremia. Clin Infect Dis 2001; 32(4):647-9.

45. Fowler VG Jr, Kong LK, Corey GR, et a. Recurrent Staphyl ococcus aureus
bacteremia pulsed-field gel electrophoresis findings in 29 patients. J Infect Dis 1999;
179(5):1157-61.

46. Lesens O, Hansmann Y, Brannigan E, et a. Positive surveillance blood cultureisa
predictive factor for secondary metastatic infection in patients with Staphylococcus
aureus bacteraemia. J Infect 2004, 48(3):245-52.

47. Raad |1, Sabbagh MF. Optimal duration of therapy for catheter-related
Staphylococcus aureus bacteremia. Arch Intern Med 1989; 49:533-6.

18



Primary Bacteremiadueto S. aureus and Catheter-Related Bloodstream Infection Indications
AIDAC Briefing Package

48. Jernigan JA, Farr BM. Short-course therapy of catheter-related Saphyl ococcus
aureus bacteremia. Ann Intern Med 1993; 119: 3-4-11.

49. Johnson LB, Almoujahed K1, Maolood L, and Khatib R. Staphyl ococcus aureus
bacteremia: Compliance with standard treatment, long-term outcome and predictors
of relapse. Scand J Infect Dis 2002; 35:782-789.

50. Conterno LO, Wey SB, Castelo A. Risk factors for mortality in Staphylococcus
aureus bacteremia. Infect Control Hosp Epidemiol 1998; 19(1):32-7.

51. Kim SH, Park WB, Lee KD et a. Outcome of Staphylococcus aureus bacteremiain
patients with eradicable foci versus non-eradicable foci. Clin Infect Dis 2003; 37:794-
0.

52. Nolan CM, Beaty HN. Staphylococcus aureus bacteremia: current clinical patterns.
Am JMed 1976; 60:495-500.

53. McCldland RS, Fowler VG, Sanders et a. Staphylococcus aureus bacteremia among
elderly vs younger adult patients Comparison of clinical features and mortality. Arch
Intern Med; 159:1244-1247.

19



