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I. INTRODUCTION 
 
The purpose of this briefing document is to provide background information regarding clinical 
trial design issues in antibacterial studies of community acquired pneumonia (CAP). A brief 
overview of CAP and the use of predictive scoring systems in CAP is followed by a succinct 
summary of the design of non-inferiority trials. Subsequent sections discuss issues specific to 
estimation of the treatment effect of antibacterial treatment for CAP, including review of natural 
history studies, observational and controlled trials from the pre-antibiotic era and alternative 
approaches from more recent active control studies of CAP.  The final section discusses the 
conclusions drawn and limitations of these data, and the questions for the committee. A summary 
of the recent IDSA/FDA workshop on CAP held on January 17th and 18th, 2008, is also 
included. 
 

II. BACKGROUND 

a. Community-acquired pneumonia 
 

“The most widespread and fatal of all infectious diseases, pneumonia is now the ‘Captain of the Men of Death’ 
to use the phrase applied by John Bunyan to consumption.” 

- Sir William Osler, 1902 (who succumbed to pneumonia at age 71) 
 
“She was one of five women to graduate from Johns Hopkins University in 1931 with medical degrees. She 
became a pediatrician and practiced in Washington, D.C., for 35 years. During a Bell Club meeting in the early 
1990s, Ms. Grosvenor was asked by a nurse what the greatest medical advancement had been during the span 
of her career. ‘Antibiotics,’ she said without hesitation.” 

- From the obituary notice of Mabel Grosvenor, a granddaughter of famed telephone inventor 
Alexander Graham Bell and likely the last person who had personal memories of him, and who died 
last year at age 101.  

 
Community-acquired pneumonia (CAP) is a leading cause of morbidity and mortality. It is 
estimated that approximately one million episodes of CAP occur annually in adults ≥ 65 years of 
age in the United States. Overall mortality remains relatively high, ranging from 5.1% for those 
hospitalized or treated in an ambulatory setting to 36.5% for those treated in an ICU (Fine et al., 
1996). Mortality is affected by several factors such as increasing age, nursing home residence, 
preexisting chronic lung disease, and bacteremia at diagnosis.  
 
In a recent retrospective case-control study, Kaplan, et al. (2003) compared in-hospital and 1-
year mortality in 158,960 patients with CAP to 794,333 hospitalized controls matched by age, 
gender and race. In-hospital mortality rates for the CAP and hospitalized control cohorts were 
11.0% and 5.5%, respectively, while 1 year mortality was 40.9% and 29.1% in the respective 
cohorts. As discussed by Niederman (2007), these data suggest that “CAP is much more than a 
self-limited illness for those who survive, and that the 1-year mortality rate of elderly patients 
with CAP is four times higher than the in-hospital mortality rate, with one in three survivors of 
CAP dying in the subsequent year following hospital discharge.”  
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Specific antibiotic recommendations are included in all CAP treatment guidelines, including the 
joint recommendations of the Infectious Disease Society of America (IDSA) and the American 
Thoracic Society Guidelines (Mandell, et al. 2007). These guidelines also emphasize the 
importance of early administration of antibacterials after hospitalization based on retrospective 
studies showing that early treatment is associated with a reduction in mortality.  
 
Common infectious pathogens for CAP in adults are listed in the following table. Estimates for 
different etiologies vary widely depending on age, underlying disease status, and microbiologic 
testing performed: 
 
 

Table 1. Common Microbiological Causes of CAP* 

 
‘Typical’ Bacterial Pathogens (present on gram stain or routine sputum 
culture): 1 

• S. pneumoniae 20-60% 
• H. influenzae 3-10% 
• S. aureus 3-5% 
• M. catarrhalis Uncommon except in COPD 
• Other gram-negative bacteria Uncommon  

 
‘Atypical’ Bacterial Pathogens (not  present on gram stain or routine 
culture media): 

• M. pneumoniae 
• L. pneumophila  
• C.pneumoniae 

10-20% including all atypical 
organisms 

 
Viral: 

• Influenza 
• Parainfluenza 
• RSV 
• Adenovirus 
• Metapneumovirus 

 

2-15% including all respiratory 
viruses 

No documented pathogen:            30-60% 

Others (uncommon): M. tuberculosis, Chlamydophila psittaci (psittacosis), 
Coxiella burnetii (Q fever), Francisella tularensis (tularemia), Bordetella 
pertussis (whooping cough), and endemic fungi (Histoplasma capsulatum, 
Coccidioides immitis, Cryptococcus neoformans, and Blastomyces hominis) 

*Adapted from Bartlett JG.  Approach to the patient with pneumonia (CH 53) in  
Gorbach SL, Bartlett JG, Blacklow NR.  Infectious Diseases, 2nd Ed. W. B Saunders, 
Philadelphia. 1998. pp. 553-564 
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Microbiologic etiology based on whether or not patients are treated as inpatients/outpatients is 
outlined in the following table: 
 

Table 2. CAP Etiology in Outpatient and Inpatient Settings* 

 
Outpatients Inpatients (non-ICU) ICU 

S. pneumoniae S. pneumoniae S. pneumoniae 
M. pneumoniae M. pneumoniae Legionella spp 
H. influenzae C. pneumoniae H. influenzae 

C. pneumoniae H. influenzae Gram-negative bacilli 
Respiratory viruses Legionella spp S. aureus 

 *Adapted from File, 2003 
 

b. Pneumonia Prognosis 
 
Important recent developments in the treatment of CAP have included the development of 
measures to assess the overall prognosis of patients with CAP; these measures have been used 
when assessing whether hospital admission is needed. Although these measures have been 
suggested as measures of ‘severity,’ they are more correctly interpreted as prediction rules which 
describe mortality risk based on certain variables. These rules have been developed and validated 
solely in patients who were treated with antibacterials for pneumonia. These measures are 
discussed here since they are often used as enrollment criteria for CAP studies or for classifying 
patients at enrollment into a study.  
 
The Pneumonia Severity of Illness (PSI) score was developed from studies of the Pneumonia 
Patient Outcomes Research Team (PORT). This prediction rule stratifies patients into one of five 
categories based on 20 items including demographic features, coexisting illnesses, physical 
examination, laboratory, and radiographic findings (Figure 1).  On the basis of associated 
mortality rates, it has been suggested that risk class I and II patients should be treated as 
outpatients, risk class III patients should be treated in an observation unit or with a short 
hospitalization, and risk class IV and V patients should be treated as inpatients (Fine et al., 
1997).1  
 

                                                 
1 PORT score, Fine score, and PSI (pneumonia severity index) score are used synonymously in this document.  
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Figure 1. PORT (PSI) Score Decision Tool2 

 
 

                                                 
2Available at http://pda.ahrq.gov/clinic/psi/psicalc.asp. 
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The following table summarizes the risk of mortality and need for hospitalization in patients 
treated for CAP based on PORT scores: 
 

Table 3. MortalityRisk by PORT Classification *  
 

PORT class Mortality Risk Hospitalization 
I 0.1% No 
II 0.6% No 
III 0.9% Consider 
IV 9.3% Yes 
V 27% Yes 

       *Adapted from Fine, et al., 1997 
 
The CURB index (Neill et al.,1996) is another tool that uses four clinical features: confusion of 
new onset (or worsening of existing state for those with background cognitive impairment), 
serum urea >7 mmol/l, respiratory rate ≥30/min, and blood pressure (systolic blood pressure <90 

mm Hg or diastolic blood pressure ≤ 60 mm Hg). The presence of two or more of these four 
criteria leads to a "severe" classification.  

The CURB-65 index (Lim et al., 2003) is a modification of the CURB score with age 65 years 
was added as a fifth variable to the prediction score (Figure 2). A patient with three or more of 
the five criteria is classified as having severe disease. Mortality risk by the presence of these 
factors was confirmed in a validation cohort. Table 4 summarizes the risk of mortality and 
management recommendations based on CURB-65 classification:  

Table 4.   MortalityRisk and Management recommendations based on CURB-65 
 

CURB-65 class Mortality Risk Management 
0 0.7% 

1 3.2% 
Low risk; consider home treatment 

2 3.0% Short inpatient hospitalization or closely 
supervised outpatient treatment 

3 17.0% 

4 41.5 % 

5 57% 

Severe pneumonia; hospitalize and consider 
admitting to intensive care 
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Figure 2. Curb-65 Score Algorithm 

 

 
 
 
Limitations of Prediction Scores for CAP:  Both the PSI and CURB-65 scores are heavily 
weighted by age. One strength of the PSI score, i.e. the inclusion of comorbid illnesses in the 
prediction model is a weakness of the CURB score which includes only the four factors 
mentioned earlier (Niederman, 2007). However, as noted earlier, both predictors reflect 
prognosis rather than severity in patients treated for CAP.  
 
 

III. REGULATORY BACKGROUND FOR DESIGNING CAP STUDIES 
 
Approximately 30 drugs are approved for the indication of CAP and its predecessor indication, 
Lower Respiratory Tract Infection (LRTI). Ten of these exist only as oral preparations.  
 
Every clinical trial that has been submitted to FDA in support of a CAP indication has been a 
non-inferiority trial. This is consistent with the FDA 1992 Points-to-Consider document on 
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Antimicrobial Drug development3 where ethical concerns regarding placebo-controlled studies 
are specifically addressed: 
 

In clinical trials of antimicrobial drug products, we only occasionally have the luxury of 
placebo controlled trials, because it is often felt to be ethically unacceptable not to treat 
infected patients when effective therapy is available. Therefore, we have most often 
relied upon active-controlled studies to establish effectiveness of a new antimicrobial 
drug product, usually using comparator agents already approved for similar indications in 
the United States…...  
 
With the increasing effectiveness of antimicrobial drug products in many infections, high 
cure rates make it nearly impossible or impractical for a new antimicrobial drug product 
to demonstrate statistical or clinically-relevant superiority to an approved comparator 
agent. 

 
The 1992 FDA Points-To-Consider document also recommended a step function (i.e., sliding 
scale) approach for choosing a non-inferiority (NI) margin in antimicrobial trials. For non-
inferiority studies of diseases where the successful outcome rate was 90% and above for the 
active control, an NI margin of 10% was recommended; for an 80% - 90% success rate, an NI of 
15% margin was recommended; when the success rate for the control was below 80%, a 20% NI 
margin was considered acceptable.  
 
There are several issues with this approach: the seriousness of the disease and the consequence 
of treatment failure are not taken into account, the possible effect from a lack of assay sensitivity 
is not addressed, and the large change in the NI margin for a small change in the success rate, 
e.g., from 80% to 79%, may not be justified. These and other concerns with the sliding scale 
approach were discussed at a number of public meetings.  
 
It has subsequently been determined that the sliding scale method would no longer be used for 
NI clinical trials in systemic anti-infectives. Instead the principles discussed in section 1.5.1.1 of 
ICH E10 guidance, "Historical Evidence of Sensitivity to Drug Effects and Choosing the Non-
inferiority Margin," should be utilized for determining an NI margin in clinical studies.4 FDA 
issued draft guidance on the use of active-controlled non-inferiority studies for approval of anti-
bacterial agents in October, 2007, to further articulate FDA's thinking regarding appropriate 
clinical study designs to evaluate antibacterial drugs. Currently, sponsors are asked to provide 
adequate evidence to support the proposed NI margin for any indication being studied with 
active-control non-inferiority studies.5 
 

                                                 
3 See http://www.fda.gov/cder/guidance/old043fn.pdf. 
 
4 See http://www.fda.gov/cder/guidance/4155fnl.pdf,  
 
5 See http://www.fda.gov/cder/guidance/7884dft.pdf. 
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IV. NON-INFERIORITY STUDY DESIGN CONSIDERATIONS 
 
All clinical trials recently submitted to the FDA for an indication of CAP have been non-
inferiority trials where the test drug has been compared to a drug currently approved for CAP.  
Efficacy of the new drug has been concluded by showing the test drug is 'non-inferior' to (i.e., 
‘not too much worse than’) the approved drug in a well designed and conducted clinical trial.  A 
conclusion of non-inferiority of the new drug is accepted if the lower bound of the 95% 
confidence interval for the treatment difference between the test drug and the active control is 
within a pre-specified margin. A basic tenet of this approach is that the treatment effect of the 
active control relative to placebo is known. For CAP, the evidence that the active control is 
superior to placebo in CAP is limited because no CAP studies comparing antibacterial drugs to 
no antibacterial treatment have been conducted since the 1940s. 
 
In non-inferiority trials, the treatment benefit of active control over placebo (M1)7,8 must be  
demonstrated based on reliable historical evidence, while controlling for variability and 
discounting for uncertainties in the treatment effect (i.e., recognizing that estimates of even a 
strong ‘treatment effect’ may vary between studies). After M1 has been determined, then M27 
should be determined: M2 is defined as an acceptable loss of effect relative to control while 
preserving a substantial fraction of M1, i.e., the difference in treatment effect that would be 
clinically acceptable for a specific trial. 
 
Assay sensitivity is a property of a clinical trial and is defined as the ability to distinguish an 
effective treatment from a less effective or ineffective treatment. Assay sensitivity is important in 
any clinical trial but has different implications for superiority trials (i.e., trials designed to show 
differences between study arms) than for trials intended to show non-inferiority (i.e., ‘similarity’ 
of study arms). A trial that successfully demonstrates superiority has simultaneously 
demonstrated assay sensitivity, A superiority trial that lacks assay sensitivity will fail to show 
that the test treatment is superior to control, the appropriate conclusion. Conversely, if a trial 
intended to demonstrate efficacy by showing a test treatment to be noninferior to an active 
control lacks assay sensitivity, the trial may find an ineffective treatment to be non-inferior, 
possibly leading to an erroneous conclusion of efficacy (ICH E10). In a non-inferiority trial, the 
trial itself does not have the ability to distinguish the active control from placebo, i.e., that the 
active control is ‘active’; assay sensitivity must therefore be deduced or assumed from historical 
evidence demonstrating sensitivity to drug effects, with good study quality and similarity of the 
current trial to trials that were able to discriminate the active control drug from placebo.  
 
The primary statistical hypothesis in a non-inferiority trial is as follows:  
   
  H0: PT - PC ≤ - δ (T is inferior to C) 
      H1: PT - PC > - δ (T is non-inferior to C) 
 
PT = Clinical response rate with test drug (T) 
PC = Clinical response rate with control drug (C) 
δ   = Pre-specified non-inferiority margin 
 



11 

Examples of different interpretations of non-inferiority trials are illustrated in the three figures 
below. The circles represent the point estimates of the treatment effect, and the lines represent 
the 95% confidence intervals. In Figure 3, it is evident that it would be difficult to differentiate 
the placebo response from either the ‘active control’ (active comparator) or test drug; a 
conclusion that the test drug has activity by comparison to the ‘active control’ alone would be 
incorrect. To establish non-inferiority, an effect of the control drug compared to placebo (or no 
treatment) has to be established prior to an NI study; as NI studies generally do not include a 
placebo arm, and therefore activity of the test drug can only be inferred by the assumption that 
the control drug would have been superior to placebo by a previously defined effect size. The NI 
margin is used to determine how much less efficacious the test drug could possibly be in 
comparison to the active control yet still be active (M1) and clinically acceptable (M2). In a 
scenario such as Figure 1, estimating a non-inferiority margin is not feasible and a non-
inferiority design would not be appropriate.  
 

Figure 3.  NI Trial Inappropriate (Uncertain treatment effect [M1]) 

Placebo

Active Control

Test 

Treatment Effect

 
 
In Figure 4, there is a substantial active control effect over placebo and determining a non-
inferiority margin from an adequate and well-controlled study is possible. 
 

Figure 4. Large Treatment Effect (M1 can be estimated) 

Placebo
Active Control

Test

Treatment Effect

 
 
Figure 5 illustrates statistical inference applied to hypothetical results for a 95% confidence 
interval for the difference in clinical response between an active control and the test drug. 
Outcomes (1) and (2) clearly establish non-inferiority, although in outcome (2), the point 
estimate for the difference is above zero and provides stronger evidence than outcome 1. 
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Outcome (3) fails to demonstrate non-inferiority, and item (4) demonstrates an outcome of both 
non-inferiority and superiority.6  
 

Figure 5.  Hypothetical Non-inferiority Trial Outcomes 
 

0

Test Drug Better

Non-inferiority shown

Non-inferiority shown

Non-inferiority not shown

Non-inferiority shown/
Superiority is shown

-δ
Treatment Difference

Treatment Difference: 95% Confidence IntervalsTreatment Difference: 95% Confidence Intervals

(1)

(2)

(3)

(4)

 

V. OVERVIEW OF RECENT CAP STUDIES 

a. Outpatient studies (oral only) 
 
To characterize patient populations, endpoints, pathogens, and outcomes observed in recent CAP 
studies submitted to the FDA, seven comparative studies which were submitted to the Office of 
Antimicrobial Products within the last eight years to support a claim for the indication of CAP 
are summarized here. All studies were randomized, double-blind active controlled non-inferiority 
trials designed to show similar effectiveness to an approved product and closely followed the 
1998 FDA draft guidance, Community-Acquired Pneumonia — Developing Antimicrobial Drugs 
for Treatment.  
 
Typical enrollment criteria, definitions of outcome, and analysis populations used in these CAP 
studies are summarized in Table 5: 

                                                 
6 This is discussed further in ICH documents E9 and E10. 
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Table 5. Characteristics of Oral CAP Trials. 
 
Enrollment criteria: • Men and women at least 18 years of age 

• Clinical diagnosis of CAP characterized by: 
• Fever (oral/tympanic temperature >38° C or rectal temperature >38.5° C) 
• At least 2 of the following: 

– New or increased cough 
– Purulent sputum or a change in sputum characteristics 
– Auscultatory findings of rales and/or evidence of pulmonary 

consolidation (e.g., bronchial breath sounds, or dullness on percussion) 
• Dyspnea 
• A new or progressive infiltrate(s) on chest radiograph 

• Willingness (and ability) to comply with the study protocol 
Primary Endpoint: Clinical outcome (test of cure visit, usually 7-21 days after end of therapy): 

• Success: Complete resolution or improvement of all signs and symptoms of 
pneumonia and improvement or lack of progression of abnormalities on chest 
radiograph such that no additional antibacterial therapy was required. 

• Failure was defined as: 
• Persistence or worsening in signs or symptoms of the acute process after 

3 to 5 days of therapy 
• Failure to show improvement in at least three of the clinical findings after 

3 days of therapy 
• Initial improvement in at least three of the clinical signs and symptoms 

followed by clinically significant worsening in one or more of these 
clinical findings after 3 to 5 days of therapy 

• Development of new pulmonary infection or extrapulmonary infection 
requiring antimicrobial therapy other than or in addition to the study drug 

• Persistence or progression of chest radiographic abnormalities 
• Death due to pneumonia 
 

All failures at the end of therapy were carried forward and considered failures at the TOC 
visit. 

Microbiological 
evaluation/response: 
 

Culture obtained at entry and test of cure.  
• Eradication: absence of original pathogen from the test of cure culture 
• Presumed eradication: clinical cure without specimen for culture 
• Persistence: presence of original pathogen in the TOC culture 
• Presumed persistence: clinical failure without culture of specimen. 

Analysis Populations: • Intent to treat (ITT) population: all randomized patients 
• Per protocol population (PP) or the clinically evaluable (CE) population: all ITT 

patients who did not have any major protocol violations 
• Microbiological ITT (MITT): all ITT patients in whom a pathogen was isolated 
• Microbiologically evaluable population: all MITT patients who did not have any 

major protocol violation  
Primary Analysis: Non-inferiority in these studies was assessed by constructing a two-sided 95% confidence 

interval for the difference in cure rates (test drug – control drug) for both the ITT and the 
PP populations.  The non-inferiority margins for these studies were generally pre-
specified as -10% or -15% and were determined on the basis of clinical judgment.   
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The size of the studies ranged from approximately 300 to 500 patients; patient ages ranged from 
18 to 98 years old, with a mean and median of 46 and 45 years, respectively and the middle 50% 
of the population between 35 and 55 years old. The active controls used included clarithromycin, 
amoxicillin/clavulanate, and levofloxacin.   
 
Cough and sputum production at entry were reported by 97-100% and 75-100% of patients 
respectively. A smaller percentage of patients had fever (19% to 98%); the study with 98% was 
an outlier since fever was an entry criterion for that particular study.  Approximately 20% of 
patients had multilobar disease. Bacteremia was seen in 0-8% of patients, with 0 to 2% having S. 
pneumoniae bacteremia.  Most patients enrolled were categorized as PORT I or PORT II.  The 
percentage of patients with PORT scores of III or higher ranged from approximately 5 to 10%.  
In some studies PORT scores were not reported. 
 
Figure 6 shows that the percentage of all randomized patients with a bacterial pathogen identified 
at baseline ranged from 45% to 75%, including subjects diagnosed by serology. These subjects 
define the MITT analysis population for each study. Overall (i.e., including subjects without a 
pathogen identified), patients with S. pneumoniae isolated from blood or sputum at baseline 
ranged from approximately 6 to 20% of patients enrolled. 
 

Figure 6. Percentage of Study Patients with a Bacterial Pathogen Identified 
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Figure 7 shows the baseline pathogens in these studies. The y-axis represents the actual number 
of patients with a particular pathogen rather than the percentage since patients could have had 
more than one pathogen. Although there is variability across studies, in general S. pneumoniae, 
M. pneumoniae, and Chlamydophila pneumoniae were most commonly identified. (Both 
Mycoplasma and Chlamydophila were identified serologically.)  
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Figure 7.  Number of Bacterial Pathogens Identified in Each Study 
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Clinical cure rates were generally very similar between studies with success rates greater than 
80% in all treatment arms. Cure rates in the PP population were ≥ 90%, and mortality was low 
(<2%).    
 
Figure 8 shows the treatment difference between the test and controls in the ITT and PP 
populations based on clinical cure.  In all of these studies the results in the ITT and PP 
populations were very similar.  All of these studies would have been able to claim non-inferiority 
with a 15% margin, and all but two would have been able to claim non-inferiority with a 10% 
margin. Each study is shown twice. The circles are the point estimates of the difference for the 
ITT population and the squares are for the per protocol population. Each line is the 95% 
confidence interval of the difference between test and control. 
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Figure 8. Treatment Difference Between Test Drug and Active Control 
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Although microbiological response is an important endpoint, microbiologic specimens are 
usually unavailable at the end of study to confirm eradication. Accordingly, the large majority of 
microbiological responses are presumed eradication. The percentage of presumed eradication 
(out of all eradications) was 94% or higher for 6 of the 7 studies and 83% in the seventh study.  
Among the failures, presumed persistence ranged from 78% to 100%. 
 

b. Hospitalized Studies (IV treatment) 
 
Fewer studies using intravenous (IV) antibacterial agents were submitted to the Office of 
Antimicrobial Products over the past eight years.  In general, study designs were similar to those 
for the oral antibacterial drug studies although some studies were not blinded.  Patients were 
required to be newly hospitalized, usually within 24 hours prior to enrollment in the study. The 
endpoints, definition of analysis populations, and primary analysis were the same as for the oral 
studies (see Table 5).  
 
Study sizes ranged from 300 to 700 patients. Patients were older than those in the oral studies, 
with a mean age of 56 years and the middle 50% of the population between 40 and 70 years.   
PORT scores were higher than with the oral studies:  20% of patients had PORT scores of III, 
20% had PORT scores of IV, and <5% had PORT scores of V.  The remaining 55% had PORT 
scores of I and II.  The percentage of patients with a baseline pathogen isolated was 30 – 55%.  
The types of pathogens varied greatly between studies, with 20% overall having S. pneumoniae 
isolated from blood or sputum.  Eight to ten percent had bacteremia at baseline and 4-9% had S. 
pneumoniae bacteremia. These rates are higher than that seen in the oral studies.   
 
The clinical response rates were approximately 80% for ITT and 90% for the PP populations 
respectively. Mortality was approximately 2 – 4%.  
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VI. SUMMARY OF FDA/IDSA WORKSHOP  
 
A workshop on “Issues in the Design and Conduct of Antibacterial Dugs in the Treatment of 
Community-Acquired Pneumonia,” was co-sponsored by the U.S. Food and Drug 
Administration and the IDSA and held on January 17 and 18, 2008.  Two common clinical 
scenarios served as the focus for discussion of clinical trial designs at the meeting. The first was 
a relatively healthy adult with clinical and radiological evidence of pneumonia who met criteria 
for outpatient treatment with an oral antibacterial drug.  The second scenario described an elderly 
woman with diabetes, COPD and history of CHF who was hospitalized for left lower lobe 
pneumonia.  These scenarios represented two common patient populations seen in antibacterial 
drug studies: outpatients in oral antibacterial drugs studies, and hospitalized patients in IV 
antibacterial studies. 
 
The presentations covered various topics relevant to clinical trial designs for CAP, including: 
 

• Statistical considerations for trial designs 
• Clinical perspectives on trial design for CAP 
• A summary of recent non-inferiority trials for CAP submitted to FDA 
• Development of the pneumonia severity index as a predictor of mortality in treated CAP 

patients 
• Historical data on the use of antibacterials for pneumonia 
• PK/PD analyses of current CAP clinical trials with emphasis on outcomes for patients 

with low drug exposure.  
 
Much of the information from these presentations is discussed elsewhere in this briefing 
package, and will be presented at the upcoming Advisory Committee meeting. 
 
Other presentations addressed clinical endpoints, collection of safety data, new diagnostic 
methods under study, and procalcitonin as a biological marker.  These presentations provided 
discussion points for better methods to be used in future clinical trials, e.g., use of molecular 
diagnostics may lead to trials enriched for patients with pneumococcal pneumonia; procalcitonin 
may allow better selection of patients with bacterial pneumonia; and patient-reported outcome 
tools might allow more objective assessment of changes in pneumonia symptoms.  However, 
additional research is needed on the development of these tools, and their implementation in 
clinical trials. 
 
At the end of each day, the workshop format provided opportunities for different perspectives to 
be discussed and debated.  For patients with moderate to severe pneumonia, there appeared to be 
general agreement that non-inferiority trials could be supported by the available scientific data, 
though the endpoints and definitions of severity for patients in these trials engendered greater 
discussion.  Various endpoints (mortality, symptom resolution, occurrence of complications, 
days of hospitalization/ days in ICU, and composite endpoints) were discussed.  Mortality was 
considered by some as the main endpoint of interest because it is the most important effect of 
treatment, and the historical data of treatment effect are based on mortality.  Others viewed a 
primary endpoint of mortality as impractical, though they included mortality as part of any 
composite measure.  The use of patient-reported outcome measures was endorsed by many for 
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pneumonia studies (regardless of severity), though it was unclear that the PRO tools for CAP had 
been “validated” and whether there is enough historical data to support a treatment effect based 
on this measure.  The pneumonia severity index and CURB-65 were suggested as reasonable 
measures of severity, based on their use as decision tools for hospitalization.  However, it was 
pointed out that these tools were developed as predictors of higher mortality in antibiotic-treated 
patients, not as predictors of patients who would have worse outcomes if untreated.  These scales 
are not measures of disease severity, though some of the elements of each scale include factors 
related to severity (e.g., respiratory rate >30).  These scores are heavily weighted toward elderly 
patients, and this raised concerns in some about creating greater differences between clinical trial 
populations and patients treated in clinical practice. 
 
For mild pneumonia, there was discussion of defining disease severity, endpoints and methods to 
enrich for patients with pneumococcus.  There was greater debate about whether non-inferiority 
trials were appropriate in this population, and whether superiority studies that would provide 
meaningful results could be designed. Many participants considered the limitations of non-
inferiority to be a significant problem for this population. Some stated that it was unlikely that 
newer antibacterials would be able to demonstrate superiority to penicillin in treatment of CAP. 
One of the most prominent concerns expressed by participants was related to the ethics of 
placebo groups or delayed treatment in these trials.  It was clear that the ethics of such trials was 
a significant concern.  Statements regarding use of placebo ranged from “it would be 
inappropriate to not treat that patient” to emphasis on the risks of giving a drug, when its 
effectiveness is unclear.  
 
In the end, there was emphasis placed on improvement of non-inferiority trials through better 
diagnostics, better selection criteria, and more objective measures of outcome. However, many 
of these methodologies are still in development, and there was an emphasis on the need to be 
able to move forward today with the development of newer drugs.     
 
 

VII. APPROACH TO DETERMINATION OF ANTIBACTERIAL DRUG 
TREATMENT EFFECTS IN CAP  

 
The quantitative estimate of “treatment effect” (the difference in efficacy between an active 
control and placebo) necessary for designing a non-inferiority study is usually determined from 
prior placebo-controlled trials. This estimate is required when designing a noninferiority study to 
ensure that the active comparator is more effective than placebo.  A clinically acceptable non-
inferiority margin is determined from the difference in efficacy between active control and 
placebo so that activity of the test drug can be inferred by similarity to the active control. 
 
To determine the treatment effect of antibacterial drugs for CAP, literature searches were 
performed to identify natural history and “no treatment” controlled studies of CAP from the pre-
antibiotic era and in the decades immediately following the introduction of antibacterial drugs 
for treatment of pneumonia. Literature searches were performed using PubMed to identify CAP 
studies published from approximately 1950 to the present; studies published prior to 1950 were 
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identified from citations in published literature and textbooks. This information is reviewed in 
the section “Historical Information” below.  
 
An alternative approach was to identify evidence of superiority from modern CAP trials as a 
minimum estimate of a treatment effect. This included: 
 

• Active control studies where superiority was demonstrated 
• Studies that evaluated the effectiveness of guideline-concordant CAP antibiotic treatment 

compared to antibiotic treatment which was not guideline-concordant 
• Studies that evaluated the effect of discordant therapy on CAP outcomes (e.g. comparison 

of treatments which included empirical coverage for atypical pathogens vs. those which 
covered only typical bacterial pathogens) 

• Studies with treatments that covered resistant pathogens versus those that did not  
• Studies that evaluated the effect of delayed vs. immediate antibiotic therapy on outcomes, 
• Studies that demonstrated dose-response, and/or pharmacokinetic/pharmacodynamic 

relationships as evidence of an antibacterial treatment effect. 
 
Sources of information included published articles, reviews (e.g., Cochrane reviews), and the 
FDA New Drug Application database. The goal of evaluating these alternative sources of data 
was to estimate a “minimum” treatment effect to support the information available from the 
‘historical,’ i.e., pre-1950, data. This approach is described in the section “Alternative approach 
to determination of Antibacterial Drug Treatment Effect in CAP”. 
 

a. Historical Information on Treatment of CAP 
 
Pneumonia, once considered the “Captain of the Men of Death” by Sir William Osler has been 
treated with antibacterial drugs since the late-1930s. Sulfapyridine, the first antibacterial agent 
shown to be effective against pneumococcal pneumonia, was followed rapidly by penicillin and 
other drugs that redefined pneumonia as a manageable clinical entity. Although preceding the 
‘birth’ of modern clinical trials by a decade, the effectiveness of antibacterial therapy for 
pneumonia was shown in early controlled trials and careful observational studies.  
 
S. pneumoniae was first identified as a cause of pneumonia in 1881 when it was separately 
isolated by George Sternberg (“Father of American Bacteriology”) and Louis Pasteur. Figure 9 
summarizes the timeline from the identification of the pneumococcus to development of specific 
treatments for pneumonia.   
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Figure 9. Treatment of Pneumococcal Pneumonia Timeline 
 
 

 
 
Many detailed histories on the evolution of treatment for pneumococcal pneumonia have been 
published including Heffron (1939), Cecil (1939), Finland (1979), Austrian (1981). Dowling 
(1972), and Podolsky (2006). Serum therapy, the first generally recognized effective treatment 
specifically targeted at pneumococcal pneumonia, was first used in 1913 and refined over the 
subsequent 25 years. Observational studies comparing serum treatment to untreated historical 
controls showed reduced mortality. Subsequent studies with concurrent controls confirmed a 
reduction in mortality with the use of concentrated antiserum in type I pneumococcal pneumonia, 
and to a lesser extent, in type II pneumococcal pneumonia (Cecil and Larsen (1922) Cecil and 
Sutliff, (1928) Park, et al. (1928) and Finland (1930)). As discussed by Podolosky (2006) rapidly 
providing serum to patients with pneumococcal pneumonia was a major public health initiative 
of the late 1930s. 
 
Sulfonamides were first synthesized and noted to have antibacterial activity in vitro and in 
animals in the early 1900s. Sulfapyridine (M&B 693) was the first well-tolerated, soluble 
sulfonamide with anti-pneumococcal activity. By 1939, sulfapyridine was widely adopted for use 
in clinical practice after a number of early clinical studies with sulfapyridine reported decreased 
mortality in patients with lobar or pneumococcal pneumonia, Penicillin, the “miracle drug for 
pneumococci, staphylococci and syphilis” (Dowling, 1972) was first available for commercial 
use in 1942 and rapidly supplanted sulfonamides for treatment of pneumonia by the mid-1940s.  
 
Soon after sulfapyridine became available, observational studies demonstrated decreased 
mortality in patients who received antibacterial therapy when compared to patients who received 
no specific therapy or serum therapy. H.F. Dowling, in his 1972 description of the beginnings of 
the “antibiotic era of therapy”, noted the dramatic effect of antibacterials on pneumonia: “Deaths 
from influenza and pneumonia dropped from about 200/100,000 population for the year 1900 to 
31/100,000 for each year from 1949 to 1951.” He also noted that “empyema practically 
disappeared; (and) endocarditis and meningitis as complications of pneumonia were rarely seen.”  
 

b. Natural History of Pneumococcal Pneumonia 
 
Several publications addressed the natural history of pneumococcal pneumonia prior to the 
availability of effective treatment. In “The Management of the Pneumonias,” Bullowa (1937) 
described the course of a ‘typical’ untreated patient with severe pneumonia.  
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“The typical picture of a patient is a man about 30 years of age, who, after a cold in the 
head lasting 3 or 4 days is suddenly taken with a shaking chill and stabbing pain in the 
side of the chest……Fever and malaise continue day after day and prostration progresses. 
After four or five days, the patient who has become irritable and peevish begins to ‘see 
things’ … After eight or nine days the temperature falls following a drenching sweat. The 
patient then convalesces over several weeks, unless, after a few days there is an 
exacerbation of fever with the onset of suppurative complication. In one of four cases,  
….  the breathing becomes more labored and shallow… There are periods of apnea 
increasing in length until breathing ceases.”  

 
 “It is usually stated that the temperature continues high without intermission until it 
breaks on the eighth or ninth day by crisis or gradually descends day by day (lysis)…. 
The duration of temperature in pneumonia varies considerably… with the mode (for the 
day of temperature termination) on the eighth or ninth day. A graph of the frequency of 
termination resembles the bell shaped curve of the distributions from the mean. It will be 
seen that some types of pneumococcus pneumonias tend to terminate earlier than others.”  

 
Figure 10 from Bullowa’s chapter on “Course, Symptoms and Physical findings” (Bullowa, 
1937) illustrates the proportion of patients without purulent complications who have “terminated 
by recovery.” These 662 patients spontaneously recovered from pneumococcal pneumonia with 
no specific treatment. The percentage of patients who “terminated by recovery” on each day 
varied by pneumococcal type. Though the data suggest that very few patients "recover" before 
day 4, this figure seems to refer only to resolution of fever rather than resolution of other signs 
and symptoms of pneumonia. In current CAP trials, outcome assessment, generally performed at 
some point after the end of therapy and fever resolution, is only one part of the definition of cure 
(see Table 5). Thus, the applicability of these data to determination of a non-inferiority margin 
for current CAP trials is limited. However, these data may be useful for trials in which time to 
fever resolution is used as an endpoint.  
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Figure 10. Percentage of Untreated Patients "Terminating by Recovery" by Each Day in Seven Different 
Pneumococcal Types (from Bullowa, 1937) 

 
 
 
An additional description on the duration of acute symptoms in lobar pneumonia comes from 
Osler (1910): “After persisting from 7 to 10 days the crisis occurs, and with a fall in temperature 
the subject passes from the condition of extreme distress and anxiety to one of comparative 
comfort.” Crisis was an abrupt drop in temperature which was considered one of the most 
characteristic features of pneumonia. Osler also noted: “The day of crisis is variable. It is very 
uncommon before the third day and rare after the twelfth. I have seen it as early as the third day.” 
 
Tilghman and Finland (1937) reported the mortality of pneumococcal pneumonia by age and 
presence or absence of bacteremia in 1586 cases seen at Boston City Hospital from 1929-1935. 
These patients received only symptomatic treatment but no specific anti-pneumococcal therapy. . 
Their data (Figure 11) show increasing mortality with age, regardless of the presence of 
bacteremia (although the incidence of bacteremia similarly rises with age). Even patients with 
the better outcomes, i.e., blood culture negative patients, had 8% mortality at ages 10-19, rising 
to 50% at age 50 and over 80% at age 70.  
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Figure 11.  Mortality in Untreated Pneumococcal Pneumonia  
 

 
 
As further discussed by Tilghman and Finland (1937), termination of the acute disease by crisis, 
lysis or death occurred most frequently between the 7th and 9th day in patients who received no 
specific serum therapy, regardless of the presence of bacteremia. In patients treated with specific 
anti-serum, "recovery" usually occurred between the 4th and 6th day, regardless of the presence of 
bacteremia. In both treated and untreated groups few patients had resolution of acute disease 
within the first three days, similar to the findings of Bullowa (1937) described earlier.  
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Figure 12.  Duration of Acute Illness in Patients Treated With or Without Serum Therapy 

 

 
 
Observational data summarized by Bullowa (1937) from Harlem Hospital showed a similar trend 
of age-related increased mortality and bacteremia. Bullowa also found prognosis to be dependent 
on pneumococcal serotype, an important consideration for the clinical use of serum therapy. 
 

c. Serum Therapy for Pneumococcal Pneumonia 
 
The first publications on serum therapy for pneumococcal pneumonia date to 1913, with 
subsequent improvements over the next 2 decades (primarily adding more serum types). Serum 
therapy was established through what was described as ‘one of the first collaborative controlled 
clinical trials,’ partially funded by the Metropolitan Life Insurance Company to address the rapid 
increase in claims for pneumonia-related illness. The following table from Cecil (1939) 
summarizes data published to that time on the effectiveness of serum therapy. Percent mortality 
is reported by pneumococcal serotype for serum treated versus untreated subjects:   
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Table 6. Serum Therapy for Pneumococcal Pneumonia 

 
These cumulative observational results provided evidence of a reduction in mortality with serum 
therapy. However, additional important observations from this study were that earlier 
administration of serum therapy dramatically affected mortality (see table below), and that there 
was an apparent dose response for serum therapy, with <60,000 units being less effective (data 
not shown).  Another aspect of serum therapy, also seen in other publications, was that the 
treatment effect was primarily seen in younger patients, with less benefit observed in older 
patients. 
 

Table 7. Mortality in Pneumococcal Pneumonia Patients Treated Within or After 72 Hours 

 
 
A number of other observational studies, including Davies, et al. (1935a) and Davies, et al. 
(1935b) also reported a mortality benefit for specific serotherapy in the treatment of 
pneumococcal pneumonia. 
 
Although serum therapy was considered dramatic for its impact on mortality, none of these 
controlled studies can be used for quantifying a treatment of antibacterial treatment effect for 
CAP for this review. Different effect sizes observed across different pneumococcal types, non-
standardization of the antiserum source between studies, and differences in antiserum dose and 
duration of treatment within and between studies render any estimate of effect unreliable even if 
an effect is evident.  
 
Park et al. (1928) also compared serotherapy with standard treatment in patients with lobar 
pneumonia. As discussed for similar studies noted above, this study is also of limited value for 
quantifying a treatment effect for serum therapy. Nonetheless, the study described outcome by 
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disease severity at baseline, an analysis not reported for most of the studies at that time. Patients 
were assigned in an alternating fashion to receive either polyvalent pneumococcal antiserum (to 
pneumococcal types I, II, and III) or standard treatment (fluids, pain relief with adhesive plaster, 
restriction of opiates, no drastic catharsis, oxygen for cyanosis or rapid breathing and 
digitalization for heart rate > 120 beats per minute). Patients with type I pneumococcal 
pneumonia were classified by baseline condition as good, fair, or poor, although the specific 
criteria characterizing each of the severity groups were not described in any detail. Outcomes 
were reported by baseline condition, as shown in Table 1, although the actual numbers of 
patients in each of the severity groups was not reported.  
 

 
Table 8. Case Fatality Rate in Patients with Type I Pneumococcal Pneumonia1 

Condition at 
baseline 

Serum-treated 
(N=114) 

Standard Treatment 
(N=109) 

 

Treatment Difference 
(standard-serum therapy) 

Any condition 20% 34% 14% 
Good 9% 13% 4% 
Fair 29% 52% 23% 
Poor 64% 100% 36% 

1 Adapted from (Park, et al., 1928) 
 
Overall, the case fatality rate was 34% in patients who received standard therapy and 20% in 
those who received serum therapy, regardless of baseline condition. Whether the interventions of 
standard therapy may have had detrimental effects resulting in higher mortality in that treatment 
group is not clear. However, the important suggestion was made that mortality and the effect of 
treatment increased with severity, and that the observed treatment difference was greatest in 
patients considered to be in poor condition at baseline.  
 

d. Treatment of Pneumococcal Pneumonia with Antibacterial Drugs 
 

i. Observational Studies 
 
Finland (1943; 1960) summarized mortality in patients with pneumococcal pneumonia seen at 
Boston City Hospital from 1929-1941. This cohort included patients who received no specific 
therapy between the years of 1929-1940 (N=2832), patients treated with serum between 1929 
and1938 (N=1029) and patients treated with sulfonamides between 1939 and 1941 (N=1220).  
 
As shown in Figure 13, the overall difference in mortality between patients who received no 
specific therapy and those who received a sulfonamide derivative was 24% (41% minus 17%,). 
Similar to serum therapy, there was a greater difference in bacteremic patients, 48% (78% minus 
30%) than non-bacteremic patients at 17% (28% minus 11%). Mortality increased substantially 
with age in both bacteremic and non-bacteremic patients. These data are summarized in Table 9. 
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Figure 13. Mortality in Pneumococcal Pneumonia (from  Finland, 1943 and 1960) 
 

 
 
Dowling and Lepper (1951) compared case fatality rates in patients who received no specific 
treatment (N= 1087) to those treated with pneumococcal antiserum (N= 889), sulfonamides 
(N=1274), or penicillin and other antibiotics e.g., tetracyclines (N=920). The no specific 
treatment and serum treatment groups were historical controls studied at Boston City Hospital 
between 1939 and 1940 reported in earlier publications [Brown 1939, Finland 1939, Finland 
1940, Ruegsegger 1940]. Overall case fatality rates (i.e., regardless of bacteremia or age) were 
30.5% for patients without specific treatment and 16.9%, 12.3%, and 5.1% for patients receiving 
serum, sulfonamide, or antibiotic (penicillin or tetracyclines) therapy respectively as summarized 
in Table 9. In this report mortality was again shown to increase with age and the presence of 
bacteremia regardless of treatment.  
 
Austrian and Gold (1964) reported survival by days of illness for patients with bacteremic 
pneumococcal pneumonia treated with penicillin between 1952 and 1962 (N= 298), 
pneumococcal antiserum (N=93), or with no specific therapy (N= 384). The latter two groups 
were historical controls reported by Tilghman and Finland (1937). As shown in Figure 14, at 21 
days, survival was 85% for those treated with penicillin, 50% in those treated with pneumococcal 
antiserum, and 17% in patients who received no specific anti-pneumococcal therapy. The 
difference in survival between the groups treated with penicillin and the untreated (historical 
control) group was 68% at day 21, 60% at day 14, and 22% at day 7. No difference was observed 
in the first 5 days of illness.  
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Figure 14. Effect of Therapy on % Survival in Bacteremic Pneumococcal Pneumonia 
(From Austrian and Gold, 1964) 

 

 
 
In the same publication, Austrian and Gold (1964) also reported mortality by treatment in a 
different group of patients which included 454 cases of bacteremic pneumococcal pneumonia 
without an extrapulmonary focus of infection. In patients treated with penicillin, 57/338 (17%) 
died; while 10/55 (18%) patients treated with tetracyclines died; 8/44 (18%) patients treated with 
other antibacterials died; while 14/17 (82%) concurrent patients who received no specific 
treatment, died. For all antibiotic-treated cases, there were 75 deaths/437 patients (17.1%) 
overall. These data are summarized in Table 9. 
 
Overall mortality and treatment effect (the mortality difference between untreated controls and 
antibacterial drug-treated) obtained from several of the observational studies described above is 
summarized in Table 9. Although anti-pneumococcal serum could be considered an antibacterial 
drug, the treatment difference was determined only from data which evaluated ‘conventional’ 
antibacterial drugs such as sulfonamides or antibiotics such as penicillin. 
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Table 9. Summary of Mortality and Antibacterial Drug Treatment Effect from Observational Studies* 

 
Publication Year Population Mortality 

Untreated 
Mortality 

Serum-Treated 
Mortality 

Antibacterial Drug-
Treated 

Mortality Difference  
Untreated - Antibiotic  

(95% confidence interval) 
 

Finland [16, 17] 1929 - 
1941 

Pneumococcal 
pneumonia 
≥ 12 years old: 
 
 
 

N = 2832  
(1929-1940)  

41% 
 

Bacteremic: 78% 
Non-bacteremic: 28% 

N = 1029  
(1929-1938) 

18% 
 

Bacteremic: 36% 
Non-bacteremic: 8% 
 

 

N = 1220 
(1939-1941) 

17% (sulfonamides) 
 

Bacteremic: 30% 
Non-bacteremic: 

11% 
 
 

 
24% (21, 27) 

 
 

Bacteremic: 48% 
Non-bacteremic: 17% 

 

Dowling and 
Lepper [18] 

1938 - 
1950 

Pneumococcal 
pneumonia 
≥ 10 years old 
Bacteremic and non-
bacteremic 

Historical control**  
N =1087 
30.5%  

 
 

Historical Control** 
N = 889 
16.9%  

 

 
 

N =1274 
12.3%  

(sulfonamides) 
 

N=920 
5.1% (penicillin or 

tetracyclines) 

 
 

Sulfonamides: 
18.5% (15, 21) 

 
 
Penicillin or tetracyclines: 

25.4% (22, 28) 

Austrian and 
Gold [24] 

1952 - 
1962 

≥ 12 years old 
Bacteremic 
pneumococcal 
pneumonia 
(uncomplicated) 

N = 17 
82% 

 

 N = 437 
17% (multiple 

antibacterials***) 

 
65% (41, 79) 

* Dosing information for antibacterial drugs was not provided in these publications. 
** Brown and Finland (1939); Finland and Brown (1939); Finland, et al.. 1939); Ruegsegger, et al. (1940) 
*** Multiple antibacterials included penicillin, tetracyclines, erythromycin, chloramphenicol, and streptomycin 
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In a small observational study at Boston City Hospital (Meads et al., 1945), patients with 
pneumococcal pneumonia were treated with either penicillin alone or with penicillin 
following failure of or intolerance to sulfonamide therapy. Thirty-seven of the 54 patients 
in the study were characterized as severely ill by study criteria, 56% (21/37) of patients 
receiving penicillin and 94% (16/17) of subjects with penicillin following sulfonamide 
therapy. Outcomes reported in this study are shown in Table 10.   
 

Table 10. Outcomes in Penicillin-Treated Patients with Pneumococcal Pneumonia 
  

Parameter Penicillin 
N=37 

Penicillin after sulfonamide 
failure or sulfonamide 

intolerance 
N=17 

Survival 30 (81%) 14 (82%) 
Relapse 2/30 1/14 
Pyogenic complications  0 0 
Bacteremia 0/12 4/6 
Resolution of acute symptoms in < 48 
hours** 

27/30 (90%) 9/14 (64%) 

Resolution of fever in < 48 hours 24/30 (80%) 8/14 (57%) 
* fFrom Meads, et al., 1945 

**Acute symptoms included delirium, prostration, and dyspnea. 
 
Although survival was similar in both treatment arms, this study provides information on 
certain clinical outcome measures other than mortality. In the group treated with 
penicillin alone, no patients had pyogenic complications or bacteremia after receiving 
penicillin. In this group, fever and acute symptoms resolved within 48 hours for 80% and 
90% of patients, respectively. In the group that received penicillin following sulfonamide 
treatment, a smaller proportion of patients had rapid resolution of acute symptoms and 
fever; and a higher proportion had bacteremia even after penicillin therapy was started. 
However, most patients in the latter group did not receive  penicillin until after 4 days of 
illness, were somewhat older, and were classified as severity grades 3 or 4 (acutely ill or 
irrational, or shock or congestive failure, respectively) prior to receipt of penicillin in 
comparison to the former group.   
 
Although there are many limitations to this study, i.e. small size, observational design, 
and variety of penicillin doses and durations used for treatment, in comparison to earlier 
studies penicillin apparently had an effect on clinical outcome measures other than 
mortality in patients with moderate-severe pneumococcal pneumonia. 
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ii. Treatment of pneumonia with antibacterial drugs: ‘No treatment’ controlled clinical 
trials 

     
Several controlled clinical trials of pneumonia were performed which led to generalized 
acceptance of antibacterial treatment of pneumonia. These studies compared groups assigned to 
antibacterial treatment to those assigned to receive no specific antipneumococcal therapy; 
however,  there was no blinding of patients or investigators, and the methods for randomization 
were not what we would expect in contemporary clinical trials.  
 
Evans and Gaisford (1938) studied hospitalized patients with lobar pneumonia.  Patients were 
assigned to either sulfapyridine or no specific therapy on alternate days of admission. Patients 
who died within 24 hours of admission were excluded from analysis. As summarized in Table 
11., among the untreated controls 27/100 (27%) patients died, compared to 8/100 (8%) who 
received M&B 693 (sulfapyridine).   
 
Graham et al. (1939) similarly studied hospitalized patients with pneumococcal pneumonia. 
Patients who had type I, II, V, VII and VIII pneumococcal pneumonia were treated with 
sulfapyridine, no specific therapy or specific antiserum. Alternate patients without these specific 
serotypes were treated with sulfapyridine or with no specific therapy (controls). The proportion 
of patients with bacteremia was higher in the sulfapyridine-treated group (34%) than in the 
control group (20%) or in the serum treated group (14%). As summarized in Table 11, mortality 
was 24% (19/80) in the untreated control group, compared to 5% (4/80) in the sulfapyridine 
group, and 12% (6/50) in the serum-treated group. Among bacteremic patients, case fatality was 
50% (3/6) in the control group, 18% (3/17) in the sulfapyridine group, and 57% in the serum-
treated group in this study.  
 
Agranat et al. (1939) studied sulfapyridine for the treatment of lobar pneumonia in 
Johannesburg, South Africa. There were four different study sites, and results were reported 
separately for each. At three sites, patients were treated with sulfapyridine or control (no specific 
therapy), and only sulfapyridine at a fourth site. The authors state that “no selection whatever 
was made of patients preliminary to their being allocated to control or treated series in each 
group.” Only two study locations are discussed here because the results were not described in the 
text of the article for one site and another lacked a control group. At the Johannesburg Hospital 
site, control cases were allocated to one hospital ward while treated cases were allocated to 
another. Results were also reported separately for European and non-European patients at that 
site. 
 
Disease severity was described as mild, moderate or severe on admission based on respiratory 
rate, pulse, and symptoms such as restlessness and delirium. In both the European and non-
European groups treated with sulfapyridine, approximately one-third of patients had severe 
disease at baseline, while in the control groups 26% of the European patients had severe disease 
in comparison to 17% of the non-European patients. Overall, European patients were older and 
had more severe disease in the control group than non-European patients.  
 
As summarized in Table 11 among non-European patients, the case fatality rate was 18.6% in the 
control group and 8.5% in the treated group. Among European patients mortality was 22.2% and 
7.4%, and in the untreated and treated groups, respectively. 
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At the second site, also located in Johannesburg, City Deep, Ltd. Central Native Mine Hospital, 
sulfapyridine or control (without sulfapyridine) was evaluated for treatment of lobar pneumonia. 
Patients were all ‘healthy’ male native mine workers between the ages of 20-40 years and were 
generally younger and appeared to have less severe disease than at the Johannesburg hospital 
site. At this site, only 1/100 treated cases was considered severe at entry compared to 10/96 
severe cases in the control group. Case fatality rate was 4% in the control group and 0% in the 
treated group. The results from this study site (City Deep Ltd. Central Native Mine Hospital)  
have not been included in Table 11 because of the significant differences in patient population 
studied, with respect to age and severity at baseline, to the Johannesburg Hospital study site. 
 
Table 11 summarizes the case fatality rates and treatment effect (difference between untreated 
controls and sulfapyridine-treated patients) observed in the controlled clinical trials described 
above. None of these was truly randomized, and thus are subject to selection bias.    
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Table 11.Summary of Case Fatality Rates and Antibacterial Treatment Effect in Early Controlled Clinical Trials 

 

a Sulfapyridine dosing regimen early in study was (1) 0.5g tablet every 4 hours for 3-4 days, followed by 1 tablet twice daily for 2-3 days for average total dose of 12 
g. Later in the study, sulfapyridine was dosed as 2g (4 tablets) initial dose, then 1 g every 4 hours thereafter, for a total dose of approximately 25g. In a few cases, a 
total of 9 g sulfapyridine was administered in the first 24 hours.  
b Sulfapyridine was dosed 2 g every 4 hours for 6 doses, then 1.5g every 4 hours for 6 doses, then 1 g every 4 hours for 6 doses. If temperature remained normal for 
36-73 after starting treatment, and the WBC was “toward” normal, then sulfapyridine dosing was continued at 0.5g every 4 hours for 3-4 days.  
c Sulfapyridine dosing regimen: (2) 0.5 g tablets every 4 hours for 48 hours, then 2 tablets 3 times daily early in the study. Later in the study sulfapyridine dosing 
regiment was (4) 0.5g tablets every 4 hours for 72 hours, then 2 tablets twice thrice daily until temperature was normal for 3 days.  
d Age range: 20 to ≥ 50 years old, with 2.3% > 50 years old.  
e Age range: 20 to ≥ 50 years old, with 2.8% > 50 years old. 
f Age range: 20 to ≥ 50 years old, with 14.8% > 50 years old. 
g Age range: 20 to ≥ 50 years old, with 22.2% > 50 years old. 

Publication Year Population Case Fatality Rate 
Control 

Case Fatality Rate 
Sulfapyridine- Treated 

Treatment Difference and 
(95% CI) 

Untreated minus 
Sulfapyridine-Treated 

Evans and Gaisford 
(1938) 

 

1938 Lobar pneumonia 
26% severe disease 
8 – 68 years old 

N =100 
27% 

N =100a 
8%  

19% 
(8.8, 29.2) 

 

Graham, Warner et al. 
(1939)  
 

1938 - 1939 Pneumococcal 
pneumonia 
Bacteremic and 
non-bacteremic 
Age 14-89 years 
old 
 
 

N =80 
(Jan. 1939) 

24% 
 

------------- 
Bacteremic subset: 3/6 (50%)  

 

N = 80b 
(1938-1939) 

5%  
 

-------------- 
Bacteremic subset: 3/17 (18%) 

 
 

 
 

19% 
(8.3, 29.2) 
------------- 

Bacteremic subset:32% 

Agranat et al. (1939)  
 

1938 Lobar pneumonia  
of < 120 hours 
duration  
 

 
Johannesburg:  non-Europeansd 

N=86 
18.6% 

----------------- 
Johannesburg- Europeansf 

 
N=27 
22.2% 

 
Johannesburg: non-Europeanse 

N=71c  
8.5% 

------------------- 
Johannesburg- Europeansg 

 
N=27c 

7.4% 

 
 

 
10% (-0.3, 20.6) 

---------------------- 
 
 
 

15% (-6.2, 35.5) 
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e. Conclusions and Limitations of Early Studies of Pneumococcal Pneumonia 
 
Early studies of serum and antibacterial treatment provide rich and reproducible evidence that specific 
antiserum and antibacterial drugs reduced mortality in patients with pneumococcal pneumonia. 
Although treatment effect varied between studies, the effect of treatment on survival was consistently 
greater in older patients and in patients with bacteremia. In the observational studies of pneumococcal 
pneumonia, the point estimates of treatment difference based on mortality ranged from 19-25% for 
patients treated with sulfonamides, penicillin, or tetracyclines compared to historical controls who 
received no specific therapy regardless of age or bacteremia. In bacteremic patients, the point estimates 
of treatment difference based on mortality ranged from 48-65% (Table 2). In the early controlled 
clinical trials in which patients were treated with sulfapyridine or no specific therapy, the point 
estimates of treatment difference based on mortality ranged from 10-19% regardless of age (Table 4).  
  
Despite the strength of these findings, direct extrapolation of these data to contemporary CAP clinical 
studies is challenging. Aside from the readily apparent methodological ’deficiencies’ in study design 
when viewed by current clinical trial standards (i.e., blinding, randomization, analysis, etc.), there are 
differences in patient populations, the spectrum of bacteria and viral etiologies now identified as 
causing CAP, and differences in the standard of care. On the other hand, as noted by the authors, sub-
optimal sulfapyridine dosing may have been used early in the conduct of two of these studies [26, 28], 
reducing the observed treatment effect relative to what may have been observed had dosing been 
optimized. 
 
Modern non-inferiority studies demand accurate estimation of the treatment effect. The challenge in 
generalizing estimates of efficacy from older studies of pneumococcal pneumonia to current studies of 
CAP is summarized below: 
 
Severity: Although some early studies did attempt to grade illness at entry, descriptions of how severity 
was assessed were very limited. Assessing how patients in these early studies would compare to 
patients enrolled in current CAP trials is difficult. 

 
Etiology: For almost all the early studies, pneumococcal pneumonia was considered synonymous with 
CAP. Although S. pneumoniae remains the most common etiology of CAP, it is identified as the 
causative agent in only a minority of patients enrolled in current clinical trials. For pathogens such as 
such as M. pneumoniae, and C. pneumoniae the size of the treatment effect remains unknown.  
 
Cohort: In many respects it is difficult, if not impossible, to compare patients enrolled in CAP studies 
in the 1930s to patients enrolled in current CAP trials. Overall health of the population, including co-
morbidities, earlier diagnosis, more readily available access to care, and current practice guideline 
recommendations for early treatment, all substantially contribute to the likelihood that patients enrolled 
in any of the studies described above would not be comparable to patients enrolled in a modern CAP 
trial, even if controlled for age. Higgins and colleagues have summarized data from recent CAP 
registrational trials. The majority of studies was conducted in outpatients and evaluated oral 
antibacterial therapy. Though the studies enrolled patients older than 65 years of age, the mean age 
tended to be in the 4-5th decade. S. pneumoniae was identified as the etiologic agent in a fraction of the 
cases and mortality in these studies was also very low. [29] 
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Endpoint: Mortality was used as the endpoint in the historical studies described in this review. In the 
majority of studies the timing for the assessment of mortality was not specified, i.e. it is not clear 
whether mortality was measured at 30 days, during hospital stay, or at some unspecified time period 
after hospital discharge. Mortality has not been used as an endpoint in contemporary CAP clinical 
trials. In current clinical trials, patients who are not improving on therapy would be considered clinical 
failures and alternative treatment would be initiated long before death was likely. Extrapolating 
quantitative estimates of treatment benefit from a mortality endpoint to newer definitions of ‘clinical 
failure’ raises additional questions for non-inferiority trials. The availability of newer supportive 
therapies, as well as prior pneumococcal vaccination [30, 31] has also likely decreased CAP mortality. 
 
In summary, despite the many limitations of the historical studies, a substantial effect on mortality 
from treatment with antibacterial drugs is seen in pneumococcal pneumonia. However, this same 
information is limited for estimating the expected treatment effect for an active control in a 
contemporary study of CAP outside of well-defined populations, e.g., elderly patients with 
pneumococcal pneumonia or bacteremic patients.  
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VIII. OTHER APPROACHES TO ESTIMATING THE ANTIBACTERIAL 
DRUG TREATMENT EFFECT IN CAP 
 

a. Phase 3 Studies that failed to demonstrate noninferiority of daptomycin for 
treatment of CAP 

 
Daptomycin is a cyclic lipopeptide antibacterial approved for the treatment of 
complicated skin and skin structure infections (cSSSI), S. aureus bloodstream infections 
and right-sided infective endocarditis. Daptomycin activity is restricted to certain Gram-
positive bacteria. 

Intravenous daptomycin was studied in hospitalized patients with CAP due to Gram- 
positive organisms in two phase 3 studies; however, the second study was halted when 
the first study showed inferiority to the control arm in the treatment of CAP due to S. 
pneumoniae and S. aureus pneumonia. The study enrolled patients with PORT scores 
from II – IV (PORT V patients were excluded). 

In the pooled studies, the population of all randomized patients who took one or more 
dose of randomized therapy and had CAP (defined as the ITT population by the authors 
constituted 89% of all randomized patients) included 413 and 421 daptomycin- and 
ceftriaxone-treated patients, respectively, while the clinically evaluable (CE) population 
(patients who took 3 or more days of correct study drug, had CAP and had a clinical 
response assessed) included 369 and 371 patients, respectively. PORT scores were as 
follows: 42% PORT II, 30% PORT III, and 28% PORT IV. A Gram-positive pathogen 
was isolated at baseline in 132 and 116 daptomycin and ceftriaxone treated patients 
respectively. (Pertel, et al., 2008) 

What is of particular relevance is that following these studies it was shown that 
daptomycin is inactivated by pulmonary surfactant, substantially lowering the free 
daptomycin drug concentration at the site of infection. (Silverman et al., 2005). As such, 
although an antibiotic effect is still likely, these studies may have been closer to placebo-
controlled trials than any in the post-antibiotic era.  
Clinical cure rates for the daptomycin arm were significantly worse than the control arm 
for both the ITT and the CE analysis populations (Table 4). In the ITT population, the 
clinical success rates dropped from 78.0% (128/164) to 68.5% (89/130) to 64.4% 
(76/118) for PORT classes II, III, and IV, respectively in daptomycin-treated patients. In 
ceftriaxone-treated patients clinical success rates dropped from 80.1% (149/186) to 
78.9% (97/123) to 71.4% (80/112) for PORT classes II, III, and IV, respectively (data on 
file, Cubist). Mortality was 21 (4.6%) in daptomycin and 12 (2.6%) in ceftriaxone-treated 
patients during the studies. 
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Table 12. Clinical Cure Rates by Pooled Study Population in Phase 3 Daptomycin Studiesa. 

 

 Daptomycin Ceftriaxone  

Population n/N 
Cure rate 

% n/N 
Cure rate  

% 
Treatment difference 

(95% CIb) 

ITT 293/413 70.9 326/421 77.4 -6.5 (–12.4 to –0.6) 

mITT 98/132 74.2 92/116 79.3 -5.1 (–15.6 to 5.4) 

CE 293/369 79.4 326/371 87.9 -8.5 (–13.8 to –3.2) 
aTable modified from Pertel et al. (2008). 
b 95% confidence interval (CI) around the difference in cure rates (daptomycin minus ceftriaxone).  

 

Patients in these studies could have received antibiotic treatment for up to 24 hours prior 
to enrollment; when analyzed post-hoc by prior ‘effective’ antibiotic, no difference in 
outcome between daptomycin and ceftriaxone-treated patients was observed. However, 
for patients who received no antibiotic before entry, results showed a greater difference in 
favor of the active control in the CE population. (Table 13) The authors conclude that as 
little as 24 hours of prior therapy may greatly affect outcome and therefore, limiting 
enrollment of future studies to those subjects without prior therapy may be necessary. 
 

Table 13. Clinical cure rates for patients by prior effective antibacterial therapy  
in the pooled CE populationa 

 
 Daptomycin Ceftriaxone  

Prior effective therapy n/N 

Cure rate 

% n/N 

Cure rate 

 % 

Treatment  
Difference (95% 

CIb) 

Yes 88/97 90.7 81/92 88.0 2.7 (–6.1 to 11.5) 

No 205/272 75.4 245/279 87.8 -12.4 (–18.8 to –6.0) 
a Table modified from Pertel et al. (2008). 
b 95% confidence interval (CI) around the difference in cure rates (daptomycin minus ceftriaxone).  
 
 
This effect was further explored for days of persistence in S. pneumoniae in those 
patients without prior effective therapy for one study.  This is really a post-hoc analysis 
(days of persistence) of a subset (those without prior effective therapy) in Study 05 only.  
Table 14 summarizes differences in S. pneumoniae persistence by treatment group for 
study DAP-00-05.   
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Table 14. Persistence of Streptococcus pneumoniae in sputum on or Beyond day 2 by prior effective 
antibacterial therapy in Study DAP-00-05 a,b 

 
 Daptomycin Ceftriaxone  

Prior effective therapy n/N 
Persistence 

rate, % n/N 
Persistence 

rate, % 95% CI, P valuec 

Yes 1/23 4.3 0/24 0.0 (-22.0, 11.4), 0.489 

No      

Persistence ≥2 days 22/69 31.9 5/53 9.4 (-36.3, -7.5), 0.004 

Persistence ≥3 days 15/69 21.7 4/53 7.5 (-27.1, -1.2), 0.043 

Persistence ≥4 days 10/69 14.5 1/53 1.9 (-23.4, -2.6), 0.023 
a Table modified from Pertel et al. (2008). 
b Only patients in the ME population with adequate follow-up sputum cultures; 
c 95% exact confidence intervals on the difference (daptomycin – ceftriaxone), Fisher’s exact test p-value. 
 
 
Despite limitations of these data e.g. pooling across studies, use of sub-group and post-
hoc analyses, a treatment difference was seen between daptomycin and ceftriaxone-
treated patients in many of the analyses presented, confirming that in modern studies less 
effective antibiotics can be identified. Another important finding is that in the subgroup 
of patients who received no prior antibiotics as defined by the authors, the treatment 
difference was 12.4 (95% CI 6.0 to18.8).  Whereas in the patients who received a 
minimal amount of prior antibiotic therapy, the ability to differentiate between treatment 
arms was completely eliminated, emphasizing that methodological rigor is necessary for 
non-inferiority studies.  
 
It is important to note that although these studies were conducted in hospitalized patients, 
42% of patients had a PORT score of II. The difference between clinical cure rates in 
ceftriaxone and daptomycin-treated patients increased as PORT score increased from 
PORT II to PORT III, emphasizing that a treatment effect will likely be smaller for 
studies enrolling patients with lower PORT score. In addition, although a post hoc and 
subset analysis, evidence of S. pneumoniae persistence in sputum supports a clinical-
pathological correlation that would be expected for a disease such as CAP.  
 

b. Studies of Mycoplasma pneumoniae pneumonia 
 
M. pneumoniae is the most common cause of “atypical” pneumonia in CAP studies. 
Pneumonia caused by Mycoplasma is generally milder in severity than that caused by 
“typical” bacterial pathogens such as S. pneumoniae, S. aureus, and H. influenzae, and is 
a common cause of CAP treated in the outpatient setting.  Other causes of atypical 
pneumonia include C. pneumoniae, respiratory viruses, such as influenza and adenovirus, 
and less common bacterial pathogens such as Legionella spp., C. psittaci, and Coxiella 
burnetii.  
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Kingston, et al. (1961) studied primary atypical pneumonia caused by the “Eaton agent” 
(prior to identification as M. pneumoniae) in military recruits 17-22 years of age. The 
study was a randomized, double-blind study, of 290 “bacteriologically-negative” patients 
who received either demethylchlortetracycline or placebo.  Enrollment criteria included 
illness less than 5 days duration, temperature > 100º F, an x-ray suggestive of atypical 
pneumonia, and nose/throat cultures negative for streptococci and pneumococci.  Chest 
x-ray was repeated every three days until infiltrates cleared. Serological testing was 
performed on the day of admission and 17-21 days after admission. A fluorescent 
antibody technique was used to demonstrate the development of antibodies to the Eaton 
agent, with a four-fold rise in titer considered diagnostic. Possible viral pathogens were 
also identified serologically. Each patient was examined daily and questioned for the 
occurrence of cough, sputum, fatigue, malaise, headache, and anorexia. Temperatures 
were recorded 4 times daily. 
 
One-hundred thirty-three patients were identified as ‘Eaton positive, including 109 where 
this was the sole pathogen found, and 24 patients with respiratory viruses (influenza A 
and B, parainfluenza, adenovirus, and RSV) identified in addition to the Eaton agent. The 
majority of patient had minimal pulmonary infiltration. Duration of fever was 
significantly reduced in patients with Eaton-positive pneumonia treated with 
demethylchlortetracycline. In 21/50 placebo-treated patients and 5/59 
demethylchlortetracycline- treated patients, the extent of pulmonary infiltration increased 
after hospitalization. The difference in mean days of fever and other symptoms between 
treated (demethylchlortetracycline) and placebo groups in patients with Eaton-positive 
pneumonia and virus-negative group (no identified pathogen) is shown in the following 
table, adapted from Kingston, et al. (1961). 
 

Table 15. Treatment Difference in Days between treatment and placebo groups in Eaton-positive 
(Mycoplasma) pneumonia and virus-negative pneumonia* 

 
Parameter Mean Days Duration 

Treated 
Mean Days Duration 

Placebo 
Treatment Difference 

(Days Duration) 
Temperature 99º F 3.02 10.04 7.02 
Temperature 100 ºF 2.13 8.14 6.01 
Positive CXR 9.46 20.00 10.54 
Rales 6.89 15.54 8.65 
Cough 9.69 21.98 12.29 
Bed rest 5.82 9.22 3.40 
Fatigue, malaise 2.70 8.54 5.84 
Anorexia 1.97 7.04 5.07 
* Adapted from Kingston, et al., 1961. 
 
Duration of fever (≥ 99 º F) and duration of “positive” x-ray by treatment group is shown 
in Figures x and xx below:  
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Figure 15. Duration of Fever by Treatment Group for Mycoplasma Pneumonia  
(Kingston, et al., 1961) 

 

 
 

Figure 16. Duration of CXR Abnormalities by Treatment Group for Mycoplasma Pneumonia 
(Kingston, et al., 1961) 

 

 
 
The authors concluded that demethylchlortetracycline significantly reduced the duration 
of fever, rales, cough, malaise, and fatigue in Eaton-positive pneumonia, reduced 
progression and accelerated the clearing of pulmonary infiltrates. Point estimates for the 
treatment difference for each of the variables studied ranged from 3.4 days (bed rest) to 
12.3 days (cough).  
 
The double-blind study by Kingston et al. (1961) demonstrates a significant treatment 
effect for demethylchlortetracycline when used for mycoplasma pneumonia in a group of 
young military recruits. However, this study has several limitations in the present context. 
As the single study in this domain, no information is available to confirm the treatment 
effect, nor can the variability of the effect they observed be assessed. In addition, the 
treatment effect they describe is for endpoints other than mortality: no mortality was seen 
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for mycoplasma pneumonia, indicative of a dramatically different prognosis than seen 
with pneumococcal pneumonia.   
 

c. Guideline concordant/discordant studies and resistance studies 
 
Several epidemiological studies have addressed the issue of ‘guideline’ concordant 
therapy versus guideline discordant therapy, i.e., outcomes in patients whose treatment 
was retrospectively determined to be concordant with published guidelines compared to 
patients whose treatment was not consistent with guideline recommendations. These have 
addressed the specific agents being used (e.g., a non-recommended antibiotic or 
monotherapy in circumstances where combination treatment is recommended) and the 
timing of treatment (e.g., delayed administration of antibacterials after diagnosis). In 
most cases non-discordant therapy reflected use of a beta-lactam antibiotic alone where 
guidelines recommended combination therapy (or use of quinolone monotherapy).  
 
In a retrospective cohort study, Mortensen et al. (2004) assessed the association between 
guideline-concordant therapy and 30-day mortality in patients with pneumonia. Patients 
were identified based on ICD-9 discharge diagnoses of pneumonia, respiratory failure, or 
sepsis with a secondary diagnosis of pneumonia. Information on antimicrobial therapy 
given in the first 48 hours of admission was collected and was considered to be guideline 
concordant if it agreed with either the 2000 IDSA/2001 ATS guidelines. For a therapy to 
be considered guideline concordant, the patient must also have received at least one dose 
of one of the recommended combinations within the first 48 hours of admission. A 
propensity score technique was used to balance covariates (e.g., PORT score, history of 
COPD, admission through emergency room, etc.) associated with choice of antimicrobial 
therapy between concordant and discordant groups.  
 
Overall, forty-one of 420 patients (9.8%) died by day 30; in the guideline-concordant 
group 30-day mortality was 6.2% (20/323) compared to 21.7 % (21/97) in the non 
concordant group. The difference in mortality persisted even after adjusting for 
confounders using the propensity score. 
 
Though the study seems to suggest that use of guideline concordant therapy within the 
first 48 hours of admission is associated with lower 30-day mortality, there are several 
limitations. Most apparent is the retrospective design and the possibility of bias despite 
correction for obvious covariates. 
 
A similar study by the same group of authors also showed that use of initial empiric 
guideline-concordant antimicrobial therapy was associated with decreased mortality at 48 
hours (Mortensen 2006). 
 
Two published summary reviews (Mills et al., 2005; Shefet et al., 2005) have also 
addressed the question whether ‘broader spectrum’ agents with coverage of atypical 
pathogens (e.g., macrolide or quinolone antibacterials) are superior to antibacterials with 
a more narrow treatment spectrum (e.g., beta-lactam antibacterials). Neither review found 
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evidence of superiority of a specific antibiotic regimen or drug class as compared to other 
possible treatments. The figure below, reproduced from Mills et al., 2005 illustrates this 
result for agents being studied against a beta-lactam comparator: 
 

Figure 17. Summary of Studies of CAP Including Agents with Activity Against Atypical Pathogens 
(from Mills et al., 2005) 

 

 
 
 
A unique case of ‘discordant’ therapy is treatment of antibiotic resistant organisms where 
presumably clinical response would be closer to placebo treatment than an active 
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comparator; however, this is limited by substantial uncertainty regarding the clinical 
relevance of current breakpoints that define S. pneumoniae resistance to beta-lactam 
antibacterials. Further, the pharmacokinetics and pharmacodynamic characteristics of 
beta-lactams at current dosing regimens are sufficient to often obtain bacteriologic 
eradication of organisms that have higher in vitro MICs. Data on organisms with very 
high MICs where discordant therapy may be more relevant are very limited. Studies of 
guideline discordant therapy and antibiotic resistance are summarized in Appendix 2 and 
3.  
Overall, resistance studies have similarly yielded little information directly relevant for 
aiding in the determination of a non-inferiority margin for current CAP trials. 
 

d. Time to Resolution of Signs and Symptoms in CAP 
 
An alternative approach to determining a treatment effect for antibacterial drugs is to 
identify non-inferiority studies which demonstrate superiority of one antibacterial drug 
over another for an endpoint other than mortality. These studies lack comparability to 
earlier studies with an antibacterial arm since none reported outcomes other than 
mortality in detail.   
 
Halm et al. (1998) described time to resolution for vital signs, and a number of other 
parameters in 686 hospitalized adults who were enrolled in the PORT study, a 
prospective, observational multicenter study of outcomes in hospitalized and ambulatory 
patients treated for CAP. The median time to stability was 2 days for heart rate (≤ 100 
beats/min) and systolic blood pressure (≥ 90 mm Hg), and 3 days for respiratory rate (≤ 
24 breaths/min), oxygen saturation (≥ 90%), and temperature (≤ 37.2ºC). Patients with 
more severe pneumonia (classes IV and V) at presentation took longer to reach stability.  
 
In a more recent prospective, multicenter, randomized controlled, open-label study 
(Welte et al., 2005), hospitalized patients ≥ 18 years old with CAP who required 
parenteral therapy were randomized to receive moxifloxacin (400 mg daily, 
intravenously, possibly followed by oral tablets) or ceftriaxone (2g intravenously once 
daily) with or without erythromycin (1 g IV every 6-8 hours) for 7-14 days.  The study 
was heavily weighted to patients with PSI scores of I, II, or III at baseline in both 
treatment groups, and no microbiological analysis was reported.  
 
At the test of cure visit 5-20 days after last dose of study drug(s), 138/161 (85.7%) 
patients in the moxifloxacin treatment group and 135/156 (86.5%) of patients in the 
ceftriaxone treatment group had clinical resolution (defined as resolution or improvement 
of clinical signs and symptoms related to the infection that did not require any antibiotic 
therapy) in the per protocol population. The treatment difference was 0.8% (95% 
confidence interval -7.92, 7.09) in the per protocol population, and 4% in the intent to 
treat population (95% confidence intervals -4.71, 12.2); however, for the subset of 
patients with fever on entry (approximately 50% of subjects), fever resolved faster in the 
moxifloxacin treatment group (Figure 18). The difference between treatment groups was 
considered statistically different (p < .003) by the Wilcoxon rank-sum test stratified by 
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region. Analysis of fever was a secondary endpoint in this trial, not the primary study 
endpoint, and only a subset of patients (those with fever on enrollment) was included in 
this analysis. 
 

Figure 18. Percentage of Patients with Fever by Treatment Duration (Welte, et al. 2005) 

 
 
 
In addition to temperature, time to resolution of other signs and symptoms of pneumonia 
were also reported based on patient diary entries. Patients treated with moxifloxacin had 
more rapid improvement in chest pain, weakness and sputum color, but without a 
difference observed for cough, dyspnea, or sputum quantity.  This study was not blinded 
and use of concomitant antipyretic medications was not reported in this publication.  
 
In a randomized, open-label study of moxifloxacin vs. amoxicillin-clavulanate with or 
without clarithromycin in adult patients with CAP who required hospitalization, 
(approximately half had severe pneumonia by ATS criteria), clinical cure at 5-7 days 
post-treatment was 241/ 258 (93.4%) in the moxifloxacin group, and 239/ 280 (85.4%) in 
the comparator group for a treatment difference of 8% with a 95% confidence interval of 
(2.91, 13.19) (Finch et al., 2002). Although this study demonstrated superiority of 
moxifloxacin over comparator, this was not a consistent finding in other studies. This  
study also measured time to resolution of fever (first day of peak temperature ≤ 37.5ºC). 
The median time to resolution was 2 days in the moxifloxacin group, and 3 days in the 
comparator group. Mean temperature on enrollment was similar for both treatment 
groups, and more patients in the comparator groups received antipyretic medications such 
as acetaminophen, aspirin, NSAIDs, or corticosteroids.  
 
These data suggest that alternative endpoints such as time to fever resolution or 
resolution of other symptoms which are clinically meaningful as primary endpoints need 
further exploration in the setting of a superiority trial.  
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Table 16.  Studies Addressing Clinical Outcome based on Concordance or Discordance with Published Treatment Guidelines 
 
Publication Study Design Hypothesis Population Data Comments 

Mortensen et 
al. (2004) 

Retrospective 
n = 420 

ATS Guideline 
vs non-
guideline 
treatment 

Hospitalized patients with 
diagnosis of pneumonia 

30-day Mortality: 
• Concordant 20/323  
• Non-concordant 21/97 

Group OR 5.7 (2.0-16) 

Significant effect on time of 
administration, i.e.,< 8 hours; propensity 
score to balance covariates 

Mortensen et 
al. (2006) 

Retrospective  
n = 787  

ATS/IDSA 
Guideline vs 
non-guideline 
treatment 

Hospitalized patients at 2 
institutions 

48-hour mortality 
• Propensity-adjusted concordant 

survival 0.975 
• Propensity-adjusted discordant 

survival 0.925 
 
Group OR 0.37 (0.14-0.95) 

Propensity score to balance covariates. 
Overall mortality at 48 hours was low 
(2.7%) 

Malone et al. 
(2001) 

Retrospective,  
n = 330; 51 were 
non-concordant 

ATS Guideline 
vs non-
guideline 
treatment 

Hospitalized patients at 5 
institutions  

In hospital mortality: 23/330 overall (not 
separated by concordance) 
OR 4.46 (1.38-14.43) for concordance 
  

37/51 had severe disease. No adjustment 
for severity of illness 

Menendez  et 
al. (2002) 

Prospective 
observational 
n = 295; 65.8% 
adhered to SEPAR 
and 87.8% adhered 
to ATS. 

ATS/SEPAR 
Guideline vs 
non-guideline 
treatment  

Hospitalized patients at 1 
institution 

In hospital mortality: 
RR 0.3 (0.14-0.9) for adherence to ATS 
guideline. No association with adherence 
to SEPAR. 

No adjustment of severity of illness or 
other covariates except PORT score 

Gleason et al. 
(1999) 

Retrospective  
n = 12, 945 

ATS/IDSA 
guidelines 
treatment 

Hospitalized patients 
using Medicare database  

30-day mortality: 
2nd generation cephalosporin plus 
macrolides, non-pseudomonal 3rd 
generation cephalosporin plus a 
macrolides or a fluoroquinolone alone 
were independently associated with a 
lower 30-day mortality. 

Association between empirical 
antimicrobial therapy and outcome was 
assessed. 

Waterer et al, 
(2001) 

Retrospective 
n = 225 

Single effective 
therapy 
compared with 
dual effective 
therapy  

Patients with bacteremic 
pneumococcal disease 
within a healthcare 
system 

Mortality: 
OR for death in SET vs. DET was 6.4 
(1.9-21.7) 
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Table 17. Discordance based on Antibiotic Resistance 
 
Publication Study Design and 

Years 
Hypothesis Population Data Comments 

Falagas et al. 
(2006) 

Meta analysis 
n = 317 

Effect of 
Antibiotic 
Resistance on 
Outcome  

All cause mortality • 51/275 (19%) vs. 9/42 (21.4%) (p=0.66) No difference in clinical success; 
only discordance with  
beta-lactam therapy assessed 

Feikin et al. 
(2000) 

Population-based 
active surveillance 
n = 2168 

Effect of beta-
lactam 
resistance on 
mortality 

‘Invasive’ pneumococcal 
disease’ 

All deaths 
• No effect for penicillin or cefotaxime 

resistance overall 
For subgroups with highest MIC, OR between 
4.3 – 7.1 for penicillin and cefotaxime   

Did not control for  
empiric therapy, likely biased 
negatively 

Song et al. 
(2004) 

Retrospective 
(2000-2001) 
n = 233 

Effect of 
Antibiotic 
Resistance on 
Outcome 

Patients with 
Pneumococcal 
Pneumonia 
Caused by Antibiotic-
Resistant Strains in Asian 
 

Mortality vs. resistance 
• Penicillin-susceptible strains - 12.4% 
• Penicillin-nonsusceptible strains 

(14.1%) 
• Penicillin-resistant strains - 15.9%; MIC 

2 - 4 mg/L) 
• High-level resistant strains -  13.6%; 

MIC, 4 mg/L 
Mortality by concordance 

• Concordance (n = 170) – 13.5% 
Discordance (n = 37) – 14.1% 

No effect on outcome, but definition of 
‘resistance’ for pneumococcus 
uncertain. 

Lujan et al. 
(2004) 

Prospective (single 
site, 1999-2002) 
n = 95 

Concordance 
with 2002 
NCCLS 
Guidelines 

Bacteremic 
pneumococcal 
pneumonia 

28-day Mortality  
• Concordance (n = 85) – 6/85 
• Discordance (n = 10) – 5/10 

Small number. Of these 10 patients, 6 
had PORT score of V. 5/6 deaths in the 
discordant group had PORT score of 
V. 

Lonks et al. 
(2002) 

Case-control;n=76 
cases and 136 
controls 

Probability of  
more 
macrolide use 
in patients 
with 
erythromycin 
resistant S. 
pneumoniae 

Patients with bacteremic 
pneumococcal 
pneumonia 

18/76 (24%) with erythromycin resistant S. 
pneumoniae bacteremia were taking 
macrolides compared to 0/136 with non-
resistant isolates 
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e. Pharmacokinetic/Pharmacodynamic Analyses of S. pneumoniae Response to 
Antibacterial Therapy.  

 
In several publications and at the recent IDSA/FDA workshop, Dr. Paul Ambrose has 
presented analyses linking the free AUC/MIC ratio from patients in clinical trials of CAP 
to clinical and microbiological response using a pharmacokinetic/pharmacodynamic 
(PK/PD) model. Dr. Ambrose’s methodology identified a minimum estimate of 25% for a 
‘treatment’ response against S. pneumoniae when compared to individuals with sub-
therapeutic treated patients with free AUC/MIC ratios below 30. FDA undertook an 
analysis to similarly test the hypothesis that clinical outcome could be associated with 
drug exposure, and that response at the lowest ranges of drug exposure could be used as 
an estimate of response in an ‘untreated’ control. This analysis was restricted to select 
recent studies with fluoroquinolone antibacterials.  
 
Although this work replicated previous studies of the free-drug AUC/MIC ratio 
breakpoint that separates sub-therapeutic and therapeutic drug exposure, because of the 
limited number of subjects with low free-drug AUC/MIC ratios, the 95% confidence 
intervals for sub-therapeutic and therapeutic treated patients overlap and could  therefore 
not be used to derive a non-inferiority margin. 
 
With more clinical PK/PD data available, these findings may provide quantitative support 
for the choice of a non-inferiority margin for future CAP studies involving 
fluoroquinolone antibiotics. This analysis is discussed in more detail in an appended 
report. 
 

f. Conclusions regarding Alternative Approaches to Estimation of Antibacterial 
Treatment Effect  

 
Although the alternative approaches used suggest that antibacterials are effective in the 
treatment of CAP, no quantitative estimation of a non-inferiority margin was possible. 
Despite the limitations of the daptomycin data discussed these data are the closest to 
placebo data in the post-antibiotic era and the treatment effect estimated from that data 
could be viewed as a minimum treatment effect in the population studied. Studies which 
assessed time to resolution of fever may provide an alternative approach to choice and 
timing of endpoints for CAP trials. 
 

IX. ISSUES REGARDING CLINICAL TRIALS OF CAP  
 
The single most important issue for clinical trials of CAP is study design, i.e. is there 
sufficient information available to rigorously define a non-inferiority margin for studies 
of CAP.  As discussed earlier, to fully address this question fully requires consideration 
of several important prerequisites, specifically:  
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• Study Population/Severity 
• Inclusion criteria 
• Clinical Endpoints 
• Analysis populations 
• Microbiology 

 
These will be discussed separately below, although all of these concerns are 
fundamentally interdependent.  
 

Study population: Patients enrolled in modern CAP trials are differentiated by 
whether patients are hospitalized or treated in an outpatient setting. Hospitalized 
patients are enrolled in studies of intravenous therapy and patients with ‘milder’ 
disease are enrolled in outpatient studies that, by definition, use oral therapy. Most 
often the PORT or CURB-65 score is used for this purpose; however, these scoring 
systems reflects prognosis (i.e., expected mortality on treatment based on risk factors) 
and not disease severity. An obvious circumstance is a more clinically ‘severe’ 
pneumonia in a younger person that may have a lower PORT score than a ‘milder’ 
illness in an elderly person. However, the distinction between ‘outpatient’ and 
‘inpatient’ treatment is sometimes blurred in clinical trials; patients may be enrolled 
in an IV study if no oral form of an antibacterial is available simply to be a study 
participant, and several IV studies have relatively high number of PORT II subjects.  
 
As discussed earlier, data are available supporting a non-inferiority margin based on 
mortality from the early controlled studies of pneumococcal pneumonia. These data 
are most directly applicable to hospitalized patients since we can assume by the 
mortality rates observed that many of these patients had a poor prognosis and were 
relatively ill; further, because age is a major contributor to PORT score, the higher 
mortality seen with increasing age in early studies (e.g., Finland, 1943) can be 
roughly equated with the increase in mortality observed in patients with higher PORT 
scores. The additional evidence from daptomycin studies of CAP support an NI 
estimate in this population.  
 
The issue of patient severity is entwined with the choice of study population. 
Although ‘mild pneumonia’ has been characterized as defining patients appropriate 
for ‘outpatient’ therapy, the data for this recommendation is based solely on study 
results from treated patients. Our understanding of the natural history of pneumonia 
in the contemporary setting is insufficiently reliable to predict which ‘mild’ patients 
would develop progressive disease if untreated. All data from controlled studies with 
serum, sulfapyridine, or penicillin reflects hospitalized patients; the characteristics of  
patients who would have sought medical care in that era compared to those treated as 
outpatients today are unknown.7 

                                                 
7 It is important to note that although ‘outpatient’ and ‘inpatient’ treatment is roughly equated with oral and 
intravenous therapy, respectively; early studies with sulfapyridine were all oral treatment of hospitalized 
patients. Unfortunately, there are insufficient details in the early studies to yield assay sensitivity when 
comparing patients studied with sulfapyridine to current outpatient populations; it is very difficult to even 
assess the criteria for hospitalization in 1930 as compared to 2008. As one observer has noted, even the 
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Pragmatic concerns with the use of ‘severity’ are also apparent; since clinical status 
and ‘severity’ reflect a dynamic state, the absence of definitive markers to predict 
progression precludes a meaningful definition of severity. For example, if it could be 
predicted that 50% of patients with “mild” pneumonia were to progress to more 
severe disease, a non-inferiority margin could likely be extrapolated from historical 
studies of more severely ill patients. Unfortunately, conflicting information regarding 
anticipated progression rates, and the lack of any recent study with an untreated 
cohort makes justifying a non-inferiority margin for studies patients with a better 
prognosis (i.e., lower PORT scores) at the time of presentation difficult.  
 
Inclusion criteria: In the early studies discussed above, ‘pneumonia’ was virtually 
synonymous with pneumococcal pneumonia. To generalize results from 
pneumococcal disease for modern CAP trials requires specifying the microbiological 
etiologies where the course of disease (and response to treatment) can be considered 
similar, if not identical, to that for pneumococcal pneumonia. Observational studies of 
pneumonia other than pneumococcal pneumonia have not been identified, nor have 
any controlled placebo trials been identified for bacterial causes for pneumonia other 
than S. pneumoniae with the exception of Kingston et al. (1961) for mycoplasma. 
Accordingly, defining an overall non-inferiority margin for studies where patients 
have different etiologies of CAP are enrolled is problematic.8  
 
The double-blind study by Kingston et al. (1961) demonstrates a significant treatment 
effect for demethylchlortetracycline when used for mycoplasmal pneumonia in a 
group of young military recruits. However, this study has several limitations in the 
present context. As the single study in this domain, no information is available on the 
variability or confirmation of the treatment effect they observed; in addition, the 
treatment effect they describe is for endpoints other than mortality. No mortality was 
seen for mycoplasma pneumonia, a dramatically different prognosis than seen with 
pneumococcal pneumonia.   
 
Despite this, the Kingston et al. (1961) study is important for consideration of 
endpoints other mortality. If it can be assumed that treatment of pneumococcal 
pneumonia, a more severe disease, would have at least similar, if not greater effects 
on the same endpoints described by Kingston, then use of endpoints other than 
mortality may be acceptable in current CAP studies. This is further discussed below.  
 
This issue of inclusion criteria is even more difficult when no specific bacterial 
etiology of pneumonia is ultimately identified after a patient is enrolled, and a 
bacterial etiology must be presumed.9   

                                                                                                                                                 
classic studies of serum treatment for pneumonia fail to mention virtually any of the components of the 
PORT score, many of which were difficult to measure in 1930.    
 
8 Although estimating an NI margin for CAP due to Legionella or Staphylococcus may be feasible, these 
are relatively infrequent causes of CAP in any single clinical trial.  
9 Since most patients are enrolled before bacterial culture (or other tests) confirm a specific bacterial 
etiology, this is a common occurrence and has led to separate ITT and MITT (modified or microbiological 
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One advantage of approaching studies where patients are enrolled by prognosis (i.e., 
PSI scores) is that patients who are more ill are more likely to have outcome 
influenced by clinical status. For example, even if Mycoplasma pneumonia is 
generally milder than pneumococcal pneumonia, outcomes in hospitalized patients 
with severe Mycoplasma pneumonia more likely approximate the outcomes observed 
in historical studies of pneumococcal pneumonia than do outcomes in outpatients 
with clinically mild Mycoplasma pneumonia. 
 
Clinical Endpoints, including clinical ‘failure’: Although the reports from early 
studies of pneumonia sometimes included descriptions of clinical endpoints other 
than mortality (e.g., fever), no study sufficiently quantified the results such that these 
could be used to estimate a treatment effect for determining a non-inferiority margin. 
A non-inferiority margin for current studies based on mortality is problematic for the 
reasons cited previously under study population: it is unknown if the observed 
treatment effect observed in a cohort in the 1930s would have mortality similar to a 
prospectively enrolled cohort today, even if restricted solely to pneumococcal 
pneumonia.  
 
There is, however, an additional consideration for current studies. Early studies could 
use mortality as an endpoint since there were no effective therapies other than 
sulfapyridine or serum therapy. In contrast, it can be assumed that patients in current 
trials would be switched to known effective antibacterials before clinical progression 
made death inevitable. By defining ‘clinical failure’ as an early endpoint such that 
death may be obviated by ‘rescue therapy,’ clinical failure essentially serves as a 
surrogate for death. Although definitions of clinical failure have face validity and 
usually reflect professional consensus, none have been evaluated in clinical trials as a 
‘surrogate’ for mortality, and non-inferiority margins from mortality studies would 
need to be extrapolated to this intermediate endpoint. The daptomycin studies are 
important in this context since they strongly suggest both an effect on mortality and 
clinical failure.  Assuming that clinical failure and mortality co-vary is acceptable in 
studies where untreated mortality is expected to be relatively high (e.g., patients with 
higher PSI scores), but adds additional assumptions for studies where the overall 
untreated mortality may be low (e.g., oral outpatient studies).  
 
The use of endpoints other than overall outcome, e.g., fever, was described earlier; 
the data from Kingston et al. (1961) are important in strongly suggesting that 
endpoints than mortality could be used for demonstrating non-inferiority, as the 
moxifloxacin studies cited earlier also do. However, the data on which to base 
placebo response for many of these measures is unknown, and although data suggest 
that superiority in outcome may be seen in some trials and could be used for 
estimating M1, the number of studies that have shown superiority based on endpoints 
other than mortality is small and is against a background of a large number of clinical 
studies that have shown no difference.  

                                                                                                                                                 
ITT) analysis populations.  However, most studies are powered for an NI margin on the ITT population 
rather than the MITT population.  
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Other clinical endpoints, e.g., Patient Reported Outcome instruments, have been 
advocated as better measurements of clinical outcome than other possible outcomes. 
However, PRO instruments can only partially address response (e.g., the clinical 
signs of respiratory failure will be an important component of clinical failure 
regardless of PRO instruments), and the use of a PRO instrument still does not 
address non-inferiority studies where the treatment effect for a PRO outcome would 
still need to be defined. 
 
Where a PRO instrument may be valuable is when used for a more sensitive, 
validated measure of clinical response. For studies where outcomes on less 
discriminatory measures are unlikely to distinguish a test drug from control (e.g., 
‘investigator assessed outcome at 21 days’), a more sensitive PRO instrument may be 
able to show superiority of a test drug versus active control. For a validated 
instrument, it is possible that superiority for a PRO outcome while in the setting of 
non-inferiority for mortality and other measures (e.g., bacteriological outcome) may 
be sufficient to confirm effectiveness.10 
 
Analysis populations: A mentioned earlier, patients in CAP trials are enrolled and 
treatment started on study therapy before a microbiological etiology is confirmed; this 
yields studies with varying percentages of microbiologically confirmed subjects. This 
is addressed by separate ITT (all enrolled) and MITT (modified or microbiological 
intent-to-treat) analysis populations. Although it can reasonably assumed that 
hospitalized patients (or patients who are more ill at presentation) are more likely to 
have a pneumococcal pneumonia even if S. pneumoniae is not isolated, analysis of 
ITT populations adds additional uncertainty in the interpretation of an NI margin.11 
 
Microbiology: Although microbiological etiology was discussed previously, unique 
aspects of pneumococcal pneumonia potentially limit assay sensitivity from past 
studies to studies in 2008. A major public health initiative of the early 1930s involved 
typing pneumococcal strains so that specific antiserum could be administered; 
substantial research was devoted to assessing the prognosis (and response to serum) 
for different pneumococcal serotypes so that the benefits of antiserum could be 
maximized. The distribution of serotypes in an era where pneumococcal vaccination 
is common, especially in the elderly, may influence expected outcome relative to 
studies in the 1930s. Several large studies have shown effects consistent with the 
hypothesis that pneumococcal vaccination may not alter the incidence of 
pneumococcal pneumonia but may affect the likelihood of invasive disease and 
therefore outcome.   

 

                                                 
10 See FDA draft guidance on patient reported outcomes at http://www.fda.gov/cder/guidance/5460dft.htm 
 
11 The problem of patients enrolled where a microbiological etiology is not documented could be reduced 
by use of additional diagnostic criteria, e.g., excluding patients with documented viral pneumonia or 
influenzae. It is possible that additional diagnostic testing in the future (e.g., procalcitonin levels) may 
further reduce uncertainty in the diagnosis of bacterial pneumonia. 
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X. CONCLUSIONS  
 
Early studies of serum and antibacterial treatment provide strong evidence that 
antibacterial drugs reduced mortality in patients with pneumococcal pneumonia. 
Although treatment effect varied between studies, the effect of treatment on survival was 
consistently greater in older patients and in patients with bacteremia. In the observational 
studies of pneumococcal pneumonia, the point estimates of treatment difference based on 
mortality ranged from 19-25% for patients treated with sulfonamides, penicillin or 
tetracyclines compared to historical controls who received no specific therapy. In 
bacteremic patients, point estimates of treatment difference based on mortality ranged 
from 48-65%. In the early controlled clinical trials in which patients were treated with 
sulfapyridine or no specific therapy, the point estimates of treatment difference ranged 
from 10-19% overall regardless of age.  
  
Despite the strength of these findings, direct extrapolation of this data to contemporary 
CAP clinical studies is challenging. Aside from the readily apparent methodological 
’deficiencies’ in study design when viewed by current clinical trial standards (i.e., 
blinding, randomization, analysis, etc.), differences in patient populations, the spectrum 
of bacterial and viral etiologies now identified as causing CAP, and differences in the 
standard of care may be of even greater relevance when comparing historical studies to 
contemporary trials. Factors that may bias the estimate of treatment effect in both 
directions likely exists; for example, some of the earlier studies [26, 28] may have used 
sub-optimal sulfapyridine dosing, reducing the observed treatment effect had dosing been 
optimized whereas the almost exclusive enrollment of patients with S. pneumoniae in 
early studies likely increased the treatment margin observed relative to contemporary 
studies. In this context, the recent Phase 3 daptomycin studies provide evidence of a 
treatment effect for antibacterials for pneumococcal pneumonia, albeit with a lower 
estimate of treatment effect. These concerns may be particularly acute for patients with 
lower PORT scores treated as outpatients with oral therapy.  
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XI. DRAFT ADVISORY COMMITTEE QUESTIONS 
 
 
1. Does the committee concur that evidence provided from the “historical” studies and 

more recent studies support non-inferiority studies of CAP due to S. pneumoniae? In 
your response please discuss whether this evidence is applicable to current clinical 
trials of CAP. 

 
2. If the committee concurs that there is evidence to support a non-inferiority margin 

from earlier studies, what non-inferiority margin is supported by this information? 
 

a. Please discuss the population to which this margin would apply, specifically 
addressing severity of illness.  

 
b. Please discuss how the evidence which showed a treatment effect based on 

mortality can be generalized or modified to the endpoints which are used in 
current non-inferiority trials, (i.e. clinical response or other endpoints).  

 
c. If the available evidence for setting a non-inferiority margin in current CAP 

trials is limited to treatment of S. pneumoniae, should non-inferiority studies 
enroll patients with other etiologies for CAP? If not, what additional 
data/studies are needed to show that antibacterial drugs are effective for 
specific organisms? Please specifically address this question with regard to 
the following organisms: 

• Chlamydophila pneumoniae 
• Haemophilus influenzae 
• Klebsiella pneumoniae 
• Legionella pneumophila 
• Mycoplasma pneumoniae 
• Staphylococcus aureus 

 
3. Can placebo-controlled trials be performed safely in patients with CAP?  
 

a. If yes, what selection criteria or study procedures are needed to minimize 
risk for study participants? 

 
b. If no, what alternative study designs can be used to measure the treatment 

effect of antibacterial drugs in these patients? 
 
4. Please discuss the following issues in CAP trial design for antibacterials available as 

only oral or intravenous formulations: 
 

a. Should only patients with more severe pneumonia be enrolled in studies of 
intravenous antibacterial therapy, and if so, how should severity be defined 
(e.g., clinical exam, CURB-65, or PORT scores)? 
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b. Should a microbiological diagnosis be necessary for enrollment in CAP 

trials, and if so, what organisms should be permitted for enrollment (or 
analysis)?  

 
c. Since the historical evidence for a treatment effect was based on studies 

which evaluated penicillin and sulfonamides, are these the only appropriate 
comparators for CAP studies? If no, then what information is needed to 
extrapolate the treatment effect for other antibacterial drugs? 

 
d. What primary endpoint should be used for clinical studies of CAP?   

 
e. What secondary endpoints should be included? 
 
   

5. For a drug with both an IV and oral formulation, is study of inpatients with the IV 
formulation sufficient to support approval of the oral formulation for outpatient use?  
Alternatively, would separate studies using oral therapy alone be necessary to 
demonstrate safety and/or effectiveness of the oral drug? 
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1 EXECUTIVE SUMMARY 
 
Recent studies of CAP have all been non-inferiority designs that do not allow estimation 
of the expected treatment effect for the active control relative to placebo. The purpose of 
this exposure-response analysis was to identify the size of the treatment effect in studies 
of community-acquired pneumonia (CAP) using PK/PD data from trials that included a 
fluoroquinolone treatment arm.  This analysis was undertaken to test the hypothesis that 
clinical outcome could be associated with drug exposure, and that response at the lowest 
ranges of drug exposure could be used as an estimate of response in an ‘untreated’ 
control.   
 
Fluoroquinolone antibiotics have consistently demonstrated efficacy in the treatment of 
CAP and have been reported to exhibit concentration-dependent killing with the ratio 
between free-drug area under the concentration-time curve (AUC) and the minimum 
inhibitory drug concentration (MIC) being the PK/PD parameter that correlates with 
therapeutic efficacy. 
 
The free-drug AUC/MIC ratio breakpoint that separates sub-therapeutic and therapeutic 
drug exposure was estimated to be 37, which is in agreement with what previous studies 
have reported. The estimated probability of clinical response (i.e. resolution of signs and 
symptoms of pneumonia at test-of-cure visit) for patients with sub-therapeutic 
fluoroquinolone exposure was 60% (95% CI 15-95%), whereas patients with a free 
AUC/MIC ratio above 37 had an estimated clinical response rate of 97% (95% CI 90-
100%). Due to the limited number of subjects with free-drug AUC/MIC below 37, the 
95% confidence intervals for sub-therapeutic and therapeutic treated patients overlap and 
can therefore not be used to derive a non-inferiority margin. 
 
With more clinical PK/PD data available, these findings may provide quantitative support 
for the choice of a non-inferiority margin for future CAP studies involving 
fluoroquinolone antibiotics. 
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2 INTRODUCTION 
2.1 BACKGROUND 
Over the past several years a major effort by the Office of New Drugs has been to justify 
the non-inferiority margins used in active control studies of antibacterial products. This 
presents a particular problem for diseases such as community-acquired pneumonia (CAP) 
where antibacterial use became the standard of care long before careful placebo-
controlled or dose-response studies became accepted practice during drug development.  
 
For patients treated with oral antibacterials, there is very limited information regarding 
what the expected ‘placebo-rate’ or treatment effect would be in these patients; 
accordingly, justification of an appropriate non-inferiority margin for an active-control 
study of CAP in these patients is difficult. 
 
Fluoroquinolone antibacterial drugs have consistently demonstrated efficacy in the 
treatment of CAP and have been reported to exhibit concentration-dependent killing with 
the ratio between free-drug area under the concentration-time curve (AUC) and the 
minimum inhibitory drug concentration (MIC) being the PK/PD parameter that correlates 
with therapeutic efficacy [Ambrose 2007]. 
 
A recent presentation by Dr. Paul Ambrose at the IDSA-FDA workshop on Clinical Trial 
Design for Community-Acquired Pneumonia [IDSA-FDA workshop] suggested an 
alternative approach to determining a non-inferiority margin. Dr. Ambrose presented 
analyses linking the free AUC/MIC ratio from patients in clinical trials of oral therapy of 
CAP to clinical and microbiological response using a sigmoidal Emax model. Dr. 
Ambrose’s methodology identified a minimum estimate of 25% for a ‘treatment’ 
response against Streptococcus pneumoniae when compared to individuals with sub-
therapeutic treated patients with free AUC/MIC ratios below 30 [Ambrose 2001]. 

2.2 AIMS OF ANALYSIS 
The key objectives of this analysis are: 
 

1. Perform exposure-response analysis using available PK/PD data from CAP 
studies using fluoroquinolones. 

2. Calculate treatment response against Streptococcus pneumoniae for patients with 
adequate and sub-therapeutic drug exposure. 

3. Identify non-inferiority margin for CAP using the difference between the 
calculated response rates for patients with adequate and sub-therapeutic drug 
exposure. 
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3 STUDIES 
Table 1 summarizes phase 2/3 studies over the past decade that included fluoroquinolone 
treatment arms and contained PK/PD data available to FDA. The data from these studies 
are described in the following sections. 
 

Table 1. Clinical studies in the treatment of CAP over the last decade that involved the use of 
fluoroquinolones and contained pharmacokinetic/pharmacodynamic (PK/PD) data. 
Drug 
(NDA no.) 
 
Dose 

Study  
 
Location/ 
Date/ 
Protocol 

Population 
 
(ITT patients/ 
Patients with 
PK/PD) 

Administration 
route 
 
Hospitalized 
 
Treatment 
duration 

Primary 
Endpoint 
(TOC) 

Clinical 
response 
(ITT/PP) 

Garenoxacin 
(NDA 21931) 
 
400 mg daily 
 

Multinational 
1999-2000 
 
AI464-004 

Mild-severe 
 
 
N=199/106 

Oral 
Out patients 
 
10 days  

7-14 days 
post Rx 

 
 
 
0.84/0.91 

Gatifloxacin 
(NDA 21061) 
 
Gati 400 mg daily 
Levo 500 mg daily 
 

US 
1997-1998 
 
AI420-038 

Mild-severe 
 
 
N=203/12 
N=197/16 

IV→Oral, Oral 
In/Out patients 
 
7-14 days 
7-14 days 

7-14  
(5-28) 
days post Rx 

 
 
 
0.89/0.90 
0.95/0.93 

Gemifloxacin 
(NDA 21158) 
 
320 mg daily 

Multinational 
1998-1999 
 
049/ 
061 

Mild-moderate 
 
 
N=290/46 
N=216/71 

Oral 
In/Out patients 
 
7-14 days 
7 days 

14-21 days 
post Rx 

 
 
 
0.88/0.94 
0.83/0.92 

 

3.1 DRUG CLASS 
Fluoroquinolone antibiotics have been of particular interest in active controlled studies 
since quinolone products have a spectrum of activity that includes ‘atypical’ pathogens, 
and thereby may theoretically demonstrate ‘superiority’ as an empiric therapy to more 
narrow spectrum beta-lactam drugs. Fluoroquinolone antibiotics are considered first-line 
agents for the treatment of CAP in current IDSA-ATS guidelines.  
 
A total of four CAP studies (one phase 2 and three phase 3 studies) that involved the use 
of fluoroquinolones and contained PK/PD data submitted in support of three 
fluoroquinolone NMEs (garenoxacin, gatifloxacin, and gemifloxacin) from 1998-2005 
were reviewed for this exposure-response analysis. 
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3.2 ENROLLMENT CRITERIA 
Enrollment of patients was based on clinical signs and symptoms of CAP (e.g., fever, 
cough, chest pain, sputum production) and the presence of a new or progressive infiltrate 
on chest x-ray. 
 
The age of the enrolled patients ranged from 18 - 90 years, with most subjects between 
40 and 65 years. 
 

3.3 PATIENT POPULATION 
The studies included patients of either gender above 18 years of age with a clinical 
diagnosis of mild-moderate CAP. In general, trials using oral therapy only enrolled 
patients with mild to moderate disease and intravenous/oral formulations were used in 
moderate to severe disease patients. 
 
Patients in the gatifloxacin and gemifloxacin studies were treated as either inpatients or 
outpatients based on clinical status. 
 

3.4 TREATMENT AND ADMINISTRATION 
Treatment duration ranged from 7 - 14 days with once daily administration. The majority 
of patients received oral (PO) therapy while some patients in the gatifloxacin study 
initially received IV treatment and later switched to PO therapy. 
 

4 DATA 
A measure of drug exposure and drug potency for a given pathogen as well as clinical or 
microbiological response is needed to perform the exposure-response analysis. The 
available pharmacokinetic, microbiological susceptibility and clinical/microbiological 
response data are described in the following sections. 
 

4.1 PHARMACOKINETIC DATA 
Sparse PK samples were obtained in the studies and the clearance estimates were 
obtained from sponsor’s population PK modeling. 
 
The protein binding information for the fluoroquinolones of interest was obtained from 
the drug labels or other sources (see Table 2). 

Table 2. Protein binding for four fluoroquinolones. 
Drug Protein binding 
Gatifloxacin 20% 
Garenoxacin 75% 
Gemifloxacin 65% 
Levofloxacin 30% 

 
The mean (range) free-drug AUC, MIC, and free AUC/MIC for each of the five most 
commonly identified bacterial pathogens are shown in Table 4. 
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4.2 MICROBIOLOGICAL SUSCEPTIBILITY DATA 
Sputum/blood was collected by the patients over the 24 h before their clinic visits. 
Volume was measured, and an aliquot was analyzed for cell numbers, cell types, and 
culture to identify organisms. If a respiratory pathogen or predominant organism was 
isolated from a sample, bacterial susceptibility to the drug and other fluoroquinolones, as 
an MIC, was determined.  
 
Antimicrobial susceptibility testing of isolates was typically performed by reference broth 
microdilution methods. 
 
The five most commonly identified bacterial pathogens in the CAP studies with PK/PD 
data are listed in Table 3 along with the levofloxacin in vitro activity (MIC). It is noticed 
that there is a 500-fold difference between the lowest and highest levofloxacin MIC. 
 

Table 3. Mean (range) levofloxacin MIC for the five most commonly 
identified bacterial pathogens in the CAP studies with PK/PD data. 
Pathogen N Levofloxacin MIC 
Streptococcus 
pneumoniae 74 0.2 (0.002-1) 

Haemophilus 
parainfluenzae 35 0.1 (0.004-2) 

Haemophilus 
influenzae  32 0.01 (0.001-0.12) 

Staphylococcus 
aureus 33 0.05 (0.004-1) 

Moraxella 
catarrhalis 12 0.02 (0.01-0.06) 
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4.3 CLINICAL/MICROBIOLOGICAL RESPONSE DATA 
4.3.1 Clinical Outcome 
The primary efficacy parameter in these studies was clinical response, usually assessed 1 
- 3 weeks after the end of treatment (EOT) at the test of cure (TOC) visit. Clinical 
response rates ranged from 84 - 95% for the ITT analyses and from 90 - 94% in the Per 
Protocol (PP) analyses. 
 
All studies used an endpoint of clinical outcome which was determined by comparing the 
patient’s baseline signs and symptoms of infection with those at the TOC visit, i.e. 
 

Clinical Cure: Complete resolution of all signs and symptoms of pneumonia and 
improvement or lack of progression of all abnormalities on chest radiograph as 
assessed at the 7- to 21-day test-of-cure visit. 
 
Clinical Failure: The patient should be considered to have failed therapy under 
the following conditions: 

• Persistence or worsening in signs or symptoms of the acute process after 3 
to 5 days of therapy. 

• Failure to show improvement in at least three of the clinical findings after 
3 days of therapy. 

• Initial improvement in at least three of the clinical signs and symptoms 
followed by clinically significant worsening in one or more of these 
clinical findings after 3 to 5 days of therapy. 

• Development of new pulmonary infection or extrapulmonary infection 
requiring antimicrobial therapy other than or in addition to the study drug. 

• Persistence or progression of chest radiographic abnormalities. 
• Death due to pneumonia. 

 
Patients with clinical evaluations of cure and improvement were classified as clinical 
responders whereas clinical failures were considered clinical non-responders for the 
exposure-response analysis whereas patients classified as indeterminate were not used. 

4.3.2 Microbiological outcome 
All baseline isolated pathogens were evaluated for microbiological response to treatment 
and test of cure as follows: 

 Eradicated – Eradication of baseline pathogen in TOC culture. 
 Presumed eradicated – Presumed eradication of baseline pathogen in TOC culture 

based on clinical response and due to the patient not being able to produce 
sputum. 

 Persisted – Continued presence of baseline pathogen in the TOC culture. 
 Presumed Persisted – Presumed continued presence of baseline pathogen in the 

TOC culture based on clinical failure and patient unable or unavailable to produce 
sputum. 

 Unknown – No test of cure culture available because patient was unavailable to 
follow-up. 
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For the microbiological outcome evaluation, eradication and presumed eradication of the 
organism were considered successful outcomes while persistence and presumed 
persistence of the organism were considered unsuccessful outcomes. Patients classified as 
unknown were not used for the exposure-response analysis. 

5 METHODS 
5.1 PHARMACOKINETIC DATA ANALYSIS 
The most commonly chosen measure of drug exposure for a given pathogen is calculated 
by dividing the AUC0-24 with the drug potency MIC against the identified pathogen.  
 
The total-drug AUC0-24 was calculated by: 
 
   AUC0-24=Dose/(CL*τ)  
 
where ‘Dose’ is the daily dose, CL is the drug clearance estimate and τ is the dosing 
frequency (i.e. 24 hr). 
 
Differences in protein binding also need to be taken into consideration when combining 
data from drugs with markedly different protein binding. The free-drug AUC0-24 was 
calculated by multiplying the total-drug AUC0-24 for each patient with the drug-specific 
protein-binding information (see Table 2). 
 
The free-drug AUC0-24 was then divided by the MIC for the identified pathogen with the 
highest MIC for each individual to get a measure of drug exposure against the pathogen 
of interest (e.g. Streptococcus pneumoniae) which will be drug-independent and can be 
used in a pooled exposure-response analysis. 
 

5.2 EXPOSURE-RESPONSE ANALYSIS 
The basic idea behind performing exposure-response analysis is to use the y-intercept of 
the exposure- response relationship as a sub-therapeutic treatment effect to be used to 
support the choice of a reasonable non-inferiority margin. 
 
Two methods were used to investigate the relationship between drug exposure (free 
AUC/MIC) and the clinical/microbiological response in patients with CAP associated 
with Streptococcus pneumoniae. 
 

5.2.1 Classification and Regression Tree (CART) Analysis 
Classification and Regression Tree (CART) analysis is used to select the optimal 
breakpoints for the predictor variable (i.e., free AUC/MIC) that maximally distinguishes 
the response variable (i.e. clinical/microbiological response). The procedure uses 
recursive partitioning, multiple stepwise linear regression and the Kruskal–Wallis non-
parametric one-way analysis of variance and is implemented in S-PLUS v. 7.0. 
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5.2.2 Logistic Regression Analysis 
Logistic regression with drug exposure as a continuous predictor variable was also 
considered using a sigmoidal Emax model to link free-drug AUC/MIC with 
clinical/microbiological response. 

6 RESULTS 
A total of 1009 patients with CAP were identified in the four CAP studies treated with 
fluoroquinolones (see Table 1) of which 257 patients had PK information. Of these 257 
patients, 81 had Streptococcus pneumoniae identified at the screening visit with a 
determined MIC, and 74 of these 81 patients had a clinical outcome determination at the 
test of cure visit.  
 
This group of 74 patients was used for the exposure-response analysis in an attempt to 
link the free-drug AUC/MIC ratio to the probability of a clinical response to support the 
choice of non-inferiority margin. Only 4 out of these 74 patients were clinical failures. 
 

6.1 PHARMACOKINETIC RESULTS 
Only creatinine clearance (CrCL) was found to be a significant demographic covariate for 
AUC (see Figure 1), whereas body weight, age, sex, and race did not influence AUC (see 
Figure 7). 
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Figure 1. AUC vs. creatinine clearance for garenoxacin (black), gatifloxacin (orange), 
and levofloxacin (blue). 
 



Exposure-Response Analysis for CAP   p. 10/23 

Gatifloxacin and levofloxacin AUCs were calculated by regression analysis using 
demographic covariates including CrCL as predictor variables; this explains the lack of 
variability in AUC vs. CrCL compared to garenoxacin, where AUCs were calculated 
using a population PK clearance estimate. No CrCL estimates were available for 
gemifloxacin [Ambrose 2001]. 
 
The distribution of free AUC for each drug is illustrated in Figure 2 together with the 
clinical/microbiological failures shown as symbols.  
 
There was a 2-3-fold difference between the lowest and highest AUCs for garenoxacin, 
gatifloxacin, and levofloxacin whereas a 9-fold difference was observed for 
gemifloxacin. 
 
A total of 4 out of 74 patients with Streptococcus pneumoniae were reported as clinical 
failures. The two levofloxacin failures occurred at the 15th and 40th AUC percentile 
whereas the two garenoxacin failures were at the 45th and 95th AUC percentiles. No clear 
pattern was apparent suggesting that that the patients with the lowest AUCs were at 
greater risk of clinical failure. . 
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Figure 2. Plot of free AUC on log-transformed scale vs. free AUC percentile 
for garenoxacin (black), gatifloxacin (orange), gemifloxacin (red), and 
levofloxacin (blue) from the 0th to the 100th free AUC percentile. The symbols 
(black cross=garenoxacin, blue triangle=levofloxacin) indicate 
clinical/microbiological non-responders’ AUC. 
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6.2 MICROBIOLOGICAL SUSCEPTIBILITY RESULTS 
The microbiological susceptibility results for Streptococcus pneumoniae are visualized in 
Figure 3 for the investigated drugs (left) and for levofloxacin (right).  
 
An 8-30 fold difference between the lowest and highest MICs was observed which is 
substantially larger than what was observed for the free-drug AUCs. The two 
levofloxacin failures occur at the highest observed MIC of 1 mcg/mL while the 
garenoxacin failures occurred at 0.03 mcg/mL (0.5 mcg/mL levofloxacin MIC). 
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Figure 3. Plot of MIC for investigated drug (left) and levofloxacin (right) on log-
transformed scale vs. MIC percentile for garenoxacin (black), gatifloxacin (orange), 
gemifloxacin (red), and levofloxacin (blue) from the 0th to the 100th MIC percentile. The 
symbols (black cross=garenoxacin, blue triangle=levofloxacin) indicate 
clinical/microbiological non-responders’ MIC. 
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6.3 EXPOSURE-RESPONSE RESULTS 
6.3.1 Streptococcus pneumoniae 
The distribution of free-drug AUC/MIC for each drug is illustrated in Figure 4 together 
with the clinical/microbiological failures shown as symbols. A 12-50 fold difference 
between the lowest and highest free-drug AUC/MIC was observed. The variability in 
free-drug AUC/MIC ratios is primarily due to variability in MIC and not free-drug AUC. 
Only levofloxacin treated patients had free-drug AUC/MIC ratios below 30. 
 
The two levofloxacin failures both occurred in the lowest free AUC/MIC quartile 
whereas the two garenoxacin failures are above the 50th free AUC/MIC percentile. 
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Figure 4. Plot of free-drug AUC/MIC on log-transformed scale vs. free 
AUC/MIC percentile for garenoxacin (black), gatifloxacin (orange), 
gemifloxacin (red), and levofloxacin (blue) from the 0th to the 100th free 
AUC/MIC percentile. The symbols (black cross=garenoxacin, blue 
triangle=levofloxacin) indicate clinical/microbiological non-responders’ AUC. 

 
The estimated breakpoint from the CART analysis was 37. The exposure-response 
relationship for the treatment of CAP associated with Streptococcus pneumoniae is 
visualized in Figure 5.  
 
The estimated probability of clinical response for sub-therapeutic treated patients was 
60% (95% CI 15-95%) whereas patients with free AUC/MIC above 37 had an estimated 
clinical response rate of 97% (95% CI 90-100%). Due to the limited number of subjects 
with free-drug AUC/MID below 37, the 95% confidence intervals for sub-therapeutic and 
therapeutic treated patients overlap and can therefore not be used to derive a non-
inferiority margin. 
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The demographic information for sub-therapeutic treated patients and clinical failures are 
shown in Table 5 and Table 6. No confounding factors were identified for these patients 
that could help explain their low free-drug AUC/MIC ratio (e.g., age, body weight, 
CrCL) or their clinical response status (e.g. comorbidities). 
 
Most fluoroquinolones are dosed in a manner that result in very few patients having 
exposures consistent with that associated with failure in animal infection models 
involving pneumococci. It is therefore expected that very few patients will have free-drug 
AUC/MIC ratios below 30, which has been reported as the breakpoint between 
responders and non-responders [Ambrose 2001]. In the data used for this exposure-
response analysis, only 5 patients had free-drug AUC/MIC ratios below 37. 
 
Logistic regression using AUC/MIC as a continuous predictor variable was not found to 
contribute to any further information due to the limited number of subjects in the lower 
range of AUC/MIC ratios. 
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Figure 5. Estimated exposure-response relationship using PK/PD data from 4 
fluoroquinolones (garenoxacin, gatifloxacin, gemifloxacin, and levofloxacin) in 74 patients 
with CAP associated with Streptococcus pneumoniae. Clinical response was 97% (95% CI 
90-100%) (blue solid line and blue shaded area) in patients with a free AUC/MIC ratio >37 
compared to patients with values below 37 with a sub-therapeutic clinical response rate of 
60% (95% CI 15-95%) (red solid line and pink shaded area). The solid black squares 
indicate the median free-drug AUC/MIC ratio in each group with the corresponding 
clinical response rate on the y-axis. The horizontal bar shows that there are a total of 5 
patients in the sub-therapeutic range with free AUC/MIC below 37 and 69 patients above. 
The grey symbols at the top and bottom of the graph are the individual free AUC/MIC 
ratios for responders and non-responders, respectively. Confidence intervals were 
calculated using the normal approximation to the binomial distribution. 
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6.3.2 Other pathogens 
The estimated exposure-response relationships for the other 4 most common pathogens 
(Haemophilus influenzae, Haemophilus parainfluenzae, Staphylococcus aureus, and 
Moraxella catarrhalis) are shown in Figure 6. The low number of patients and clinical 
failures do not allow for estimation of any meaningful breakpoints between responders 
and non-responders except for Haemophilus parainfluenzae where the breakpoint was 
200. 
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Figure 6. Estimated exposure-response relationships for Haemophilus influenzae (Top 
Left), Haemophilus parainfluenzae (Top Right), Staphylococcus aureus (Bottom Left), 
and Moraxella catarrhalis (Bottom Right). 
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7 CONCLUSIONS 
In conclusion, a relationship between free-drug AUC/MIC ratio and clinical response in 
patients with community-acquired pneumonia involving Streptococcus pneumoniae was 
identified using pooled PK/PD data from four clinical studies with fluoroquinolone 
antibiotics.  
 
The free-drug AUC/MIC ratio breakpoint that separates sub-therapeutic and therapeutic 
drug exposure was estimated to be 37, which is in agreement with what has been reported 
in previous studies. 
 
The estimated probability of clinical response for sub-therapeutic treated patients was 
60% (95% CI 15-95%) whereas patients with free AUC/MIC above 37 had an estimated 
clinical response rate of 97% (95% CI 90-100%). Due to the limited number of subjects 
with free-drug AUC/MIC below 37, the 95% confidence intervals for sub-therapeutic and 
therapeutic treated patients overlap and can therefore not be used to derive a non-
inferiority margin. 
 
With more clinical PK/PD data available, these findings may provide quantitative support 
for the choice of a non-inferiority margin for future CAP studies involving 
fluoroquinolone antibiotics. 
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9 APPENDIX 
9.1 PHARMACOKINETIC COVARIATE ANALYSIS 
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Figure 7. Scatter plot of AUC vs body weight (Top Left) and age (Top Right) and 
boxplots of AUC for gender (Bottom Left) and race (Bottom Right). 
 
 



Exposure-Response Analysis for CAP   p. 19/23 

9.2 MICROBIOLOGICAL SUSCEPTIBILITY DATA 

Table 4. Mean (range) AUC, MIC, and free AUC/MIC for each of the five most commonly 
identified bacterial pathogens. 
Pathogen Drug N Free AUC MIC Free AUC/MIC 

Streptococcus 
pneumoniae 

Garenoxacin 
Gatifloxacin 
Gemifloxacin 
Levofloxacin 

16 
12 
30 
16 

23 (13-41) 
38 (27-53) 
3.8 (1.7-15) 
40 (18-61) 

0.05 (0.01-0.06) 
0.17 (0.03-0.25) 
0.01 (0.002-0.06) 
0.72 (0.06-1.00) 

595 (222-1337) 
365 (107-1759) 
352 (38-1938) 
97 (26-689) 

Haemophilus 
parainfluenzae 

Garenoxacin 
Gatifloxacin 
Gemifloxacin 
Levofloxacin 

26 
- 
9 
- 

23 (13-51) 
- 

3.4 (1.9-4.6) 
- 

0.13 (0.01-2.00) 
- 

0.01 (0.004-0.03) 
- 

716 (26-2202) 
- 

401 (119-932) 
- 

Haemophilus 
influenzae  

Garenoxacin 
Gatifloxacin 
Gemifloxacin 
Levofloxacin 

316
- 

16 
- 

23 (15-43) 
- 

4.4 (2.2-7.5) 
- 

0.03 (0.004-0.12) 
- 

0.003 (0.001-0.01) 
- 

1903 (206-5562) 
- 

2158 (212-6101) 
- 

Staphylococcus 
aureus 

Garenoxacin 
Gatifloxacin 
Gemifloxacin 
Levofloxacin 

19 
NA 
14 
- 

26 (14-54) 
- 

3.4 (2.0-5.8) 
- 

0.08 (0.01-1.00) 
- 

0.01 (0.004-0.01) 
- 

1302 (27-3823) 
- 

396 (134-923) 
- 

Moraxella 
catarrhalis 

Garenoxacin 
Gatifloxacin 
Gemifloxacin 
Levofloxacin 

7 
- 
9 
- 

20 (16-26) 
- 

3.0 (2.1-4.6) 
- 

0.03 (0.01-0.03) 
- 

0.02 (0.01-0.06) 
- 

877 (540-1710) 
- 

315 (46-568) 
- 

- : Not available 
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9.3 CLINICAL FAILURES 

Table 5. List of patients who were classified as clinical failures. 

Drug Study Weight Height Age CrCL Sex Free 
AUC MIC Free 

AUC/MIC 
Clinical 
status 

Micro 
status 

Levo 038 93 168 54 152 F 26.1 1.0 26.1 Failure Failure 
Levo 038 79 180 32 100 M 33.7 1.0 33.7 Failure Failure 

Gar 004 57 170 53 17 F 40.1 0.03 1337 Failure Presumed 
Persisted 

Gar 004 57 163 38 110 F 17.9 0.03 597 Failure Presumed 
Persisted 

 

9.4 PATIENTS WITH AUC/MIC RATIOS BELOW SUB-THERAPEUTIC 
BREAKPOINT 

Table 6. List of patients with free-drug AUC/MIC ratio below sub-therapeutic breakpoint 
of 37. 

Drug Study Weight Height Age CrCL Sex Free 
AUC MIC Free 

AUC/MIC 
Clinical 
status 

Micro 
status 

Levo 038 93 168 54 152 F 26.1 1.0 26.1 Failure Failure 
Levo 038 79 180 32 100 M 33.7 1.0 33.7 Failure Failure 
Levo 038 67 185 37 229 M 18.2 0.5 36.3 Success Eradicated 
Levo 038 87 160 54 132 F 27.0 1.0 27.0 Success Eradicated 
Levo 038 83 163 32 111 F 31.2 1.0 31.2 Success Eradicated 
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9.5 STUDY SYNOPSIS 
9.5.1 Garenoxacin 
Study AI464-004: An Open-Label, Multicenter, Non-Comparative Study of Oral 
BMS-284756 in the Treatment of Community-Acquired Pneumonia 
Study AI464-004 was an open label multi-center, Phase II trial designed to asses the 
clinical efficacy of a 10-day course of oral garenoxacin at a dose of 400 mg one daily in 
the treatment of community-acquired pneumonia. Physical examinations (including a 
chest exam) and pregnancy tests were performed at the pre-treatment (prior to dosing) 
and post-treatment visits (7 to 14 days following the last dose of study medication or at 
the time of termination of therapy for patients who discontinue from the study); a chest 
exam was also performed during treatment (Days 3 to 5) and if there was evidence of 
clinical relapse was repeated at the final follow-up visit (21 to 28 days following the last 
dose of study medication). Chest X-rays were performed at the pre-treatment and post-
treatment visits, and were repeated if clinically indicated during treatment and again at 
the final follow-up visit if there was evidence of clinical relapse. Clinical laboratory tests 
and vital signs were performed at the pre-treatment, during treatment, and post-treatment 
visits. A sputum smear and culture was evaluated at the pre-treatment visit and was 
repeated during treatment and at the post-treatment and final follow-up visits if sputum 
production persisted. A blood culture was performed at the pre-treatment visit and if 
clinically indicated (previous blood culture tested positive) additional cultures were 
performed at the during treatment, post-treatment, and final follow-up visits. Serology 
tests (antibody titers for M. pneumoniae, C. pneumoniae and L. pneumophila) were 
performed at the pre-treatment, post-treatment and final follow-up visits. Clinical signs 
and symptoms were evaluated at the pre-treatment visit and were performed along with 
an assessment of adverse events, medication use, and resource use at the during 
treatment, end of treatment (1 to 3 days following the last dose of study medication), 
post-treatment, and final follow-up visits (medication use not assessed at the final visit). 
Oxygen saturation was measured at the pre-treatment and during treatment visits. 
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9.5.2 Gatifloxacin/Levofloxacin 
Study AI420-038: Randomized, Double-Blind, Multicenter, Comparative Phase III 
Study of Gatifloxacin Versus Levofloxacin in the Treatment of Community-
Acquired Pneumonia 
Study AI420-038 was a double-blind phase III study comparing levofloxacin and 
gatifloxacin for the treatment of community-acquired pneumonia (CAP) Ambulatory or 
hospitalized patients 18 years of age and older with a clinical diagnosis of CAP were 
eligible for enrollment into the study. The clinical diagnosis of CAP required evidence of 
a new pulmonary infiltrate on chest radiograph and two or more of the following clinical 
findings: fever; leukocytosis; cough; chest pain; purulent sputum; transtracheal aspirate, 
bronchial brushings, or biopsy material demonstrating neutrophils and a predominate 
pathogen on Gram staining. Patients were excluded from the study for any of the 
following reasons: if more than one dose of a systemic antibiotic was administered within 
7 days prior to enrollment, if the requirement for another systemic antibiotic seemed 
likely during the study period, if there were clinical reasons necessitating more than 14 
days of antibiotic therapy, or if patients were likely to die of intercurrent disease within 3 
days. Patients were randomly assigned to receive either 500 mg of levofloxacin or 400 
mg of gatifloxacin every 24 h for 7 to 14 days. Gatifloxacin was administered either 
orally or as an intravenous infusion over 1 h. Levofloxacin was administered either orally 
or as an intravenous infusion over 1 h. At the investigator’s discretion, patients received 
either oral therapy alone or intravenous therapy followed by oral therapy. 
 
Clinical response was determined by comparing the patient’s baseline signs and 
symptoms of infection with those after therapy and then categorized as either cure or 
failure. Cure was defined as resolution or improvement of all signs and symptoms present 
at study entry at the test-of-cure visit (7 to 14 days after the end of therapy) without need 
of further antibiotics. Failure was defined as any one or more of the following 
circumstances: persistent or worsened signs and symptoms after at least 3 days of 
therapy, new clinical findings consistent with progression of infection, progressive 
radiological abnormalities, additional antibiotic therapy needed for the study indication, 
and/or death due to the study indication. 
 
Microbiologically evaluable patients were those clinically evaluable patients with a 
susceptible pretreatment pathogen. The microbiological response to therapy was 
determined 7 to 14 days after the completion of study drug therapy and was classified as 
either eradicated, presumed eradicated, persistent, or presumed persistent. “Eradicated” 
was defined as the absence of the pretreatment pathogen from the posttreatment sputum. 
If a patient’s clinical response was classified as a cure and no material was available for 
culture, the pretreatment pathogen was presumed eradicated. “Persistent” was defined as 
the presence of the pretreatment pathogen in the posttreatment culture. If a patient’s 
clinical response was classified as a failure and no material was available for culture, the 
pretreatment pathogen was considered presumed persistent. 
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9.5.3 Gemifloxacin 
Study 049: Gemifloxacin 320 mg Once Daily Versus Oral Trovafloxacin 200 mg 
Once Daily for 7 or 14 Days in the Treatment of Bacterial Community-acquired 
Pneumonia (CAP) in Adults 
The primary objective of this study was to demonstrate that oral gemifloxacin 320 mg 
(equivalent to 400 mg gemifloxacin mesylate) o.d. is at least as good as trovafloxacin 200 
mg o.d., for 7 or 14 days for the treatment of community-acquired pneumonia (CAP) in 
adults. This was a randomised, double-blind, double-dummy, multicentre, parallel group, 
two arm comparative study of 320 mg gemifloxacin o.d. for 7 days (or 14 days if severe 
infection) versus 200 mg trovafloxacin o.d. for 7 days (or 14 days if severe infection) in 
patients with CAP. Centres across North America participated in this clinical trial. The 
study consisted of a screening visit followed by a 7 day (or 14 day) treatment period and 
a follow-up period. Doses were taken without regard to food intake. Patients attended the 
clinic 4 times over a duration of approximately 6 weeks to evaluate their clinical and 
bacteriological response to treatment. A blood sample for the evaluation of population 
pharmacokinetics was collected at the On Therapy visit (Visit 2, 1 day between Days 2 - 
5) between 0.5 and 12 hours after the morning dose of study medication. A blood sample 
was also collected prior to the morning dose of study medication on 1 day between Days 
2 - 6. A total of 573 patients were randomised into the study. Gemifloxacin plasma 
concentrations from 179 patients (62% of the total patients who received gemifloxacin) 
were included in the population pharmacokinetic dataset, contributing 338 observations 
to the dataset. 
 
Study 061: Gemifloxacin 320 mg Once Daily Open Label Study in the Treatment of 
Lower Respiratory Tract Infections in Adults 
The primary objective of this study was to evaluate the clinical efficacy of oral 
gemifloxacin 320 mg o.d. for 7 days, in patients with lower respiratory tract infections. A 
secondary objective was to evaluate the bacteriological efficacy and safety of oral 
gemifloxacin 320 mg o.d. for 7 days, in patients with lower respiratory tract infections. 
This was an open, non-comparative, multicentre study to evaluate the clinical efficacy of 
oral gemifloxacin 320 mg o.d. for 7 days, in patients with lower respiratory tract 
infections. Centres across the world participated in this clinical trial. The study consisted 
of a screening visit followed by a 7 day treatment period and a follow-up period. Doses 
were taken without regard to food intake. Patients attended the clinic four times over a 
duration of approximately 4 weeks to evaluate their clinical and bacteriological response 
to treatment. A blood sample for the evaluation of population pharmacokinetics was 
collected at the On Therapy visit (Visit 2, 1 day between Days 2 - 4) between 0.5 and 12 
hours after the morning dose of study medication. A blood sample was also collected 
prior to the morning dose of study medication on 1 day between Days 2 - 6. A total of 
477 patients were eligible for the study. Gemifloxacin plasma concentrations from 456 
patients (96 % of the total patients in this open-label, non-comparative study) were 
included in the population pharmacokinetic dataset, contributing 864 observations to the 
dataset. 
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AGENCY: Food and Drug Administration, 
HHS.
ACTION: Notice.


This notice announces a forthcoming 
meeting of a public advisory committee 
of the Food and Drug Administration 
(FDA). The meeting will be open to the 
public.


Name of Committee: Anti-Infective 
Drugs Advisory Committee.


General Function of the Committee: 
To provide advice and 
recommendations to the agency on 
FDA’s regulatory issues.


Date and Time: The meeting will be 
held on April 1 and 2, 2008, from 8 a.m. 
to 5 p.m.


Location: Sheraton College Park 
Hotel, The Ballroom, 4095 Powder Mill 
Rd., Beltsville, MD. The hotel telephone 
number is 301–937–4422.


Contact Person: Sohail Mosaddegh, 
Center for Drug Evaluation and 
Research, Food and Drug 
Administration, 5600 Fishers Lane (for 
express delivery, 5630 Fishers Lane, rm. 
1093), Rockville, MD 20857, 301–827–


7001, FAX: 301–827–6776, e-mail: 
sohail.mosaddegh@fda.hhs.gov, or FDA 
Advisory Committee Information Line, 
1–800–741–8138 (301–443–0572 in the 
Washington, DC area), code 
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Line for up-to-date information on this 
meeting. A notice in the Federal 
Register about last minute modifications 
that impact a previously announced 
advisory committee meeting cannot 
always be published quickly enough to 
provide timely notice. Therefore, you 
should always check the agency’s Web 
site and call the appropriate advisory 
committee hot line/phone line to learn 
about possible modifications before 
coming to the meeting.


Agenda: On both days, the committee 
will discuss product development and 
clinical trial design for both mild/
moderate and moderate/severe 
community acquired pneumonia (CAP). 
A primary objective for committee 
deliberations is to discuss issues 
relating to the identification of an 
appropriate noninferiority margin for 
active controlled trials.


FDA intends to make background 
material available to the public no later 
than 2 business days before the meeting. 
If FDA is unable to post the background 
material on its Web site prior to the 
meeting, the background material will 
be made publicly available at the 
location of the advisory committee 
meeting, and the background material 
will be posted on FDA’s Web site after 
the meeting. Background material is 
available at http://www.fda.gov/ohrms/
dockets/ac/acmenu.htm, click on the 
year 2008 and scroll down to the 
appropriate advisory committee link.


Procedure: Interested persons may 
present data, information, or views, 
orally or in writing, on issues pending 
before the committee. Written 
submissions may be made to the contact 
person on or before March 18, 2008. 
Oral presentations from the public will 
be scheduled between approximately 12 


noon and 1 p.m. on April 2, 2008. Those 
desiring to make formal oral 
presentations should notify the contact 
person and submit a brief statement of 
the general nature of the evidence or 
arguments they wish to present, the 
names and addresses of proposed 
participants, and an indication of the 
approximate time requested to make 
their presentation on or before March 
10, 2008. Time allotted for each 
presentation may be limited. If the 
number of registrants requesting to 
speak is greater than can be reasonably 
accommodated during the scheduled 
open public hearing session, FDA may 
conduct a lottery to determine the 
speakers for the scheduled open public 
hearing session. The contact person will 
notify interested persons regarding their 
request to speak by March 11, 2008.


Persons attending FDA’s advisory 
committee meetings are advised that the 
agency is not responsible for providing 
access to electrical outlets.


FDA welcomes the attendance of the 
public at its advisory committee 
meetings and will make every effort to 
accommodate persons with physical 
disabilities or special needs. If you 
require special accommodations due to 
a disability, please contact Sohail 
Mosaddegh at least 7 days in advance of 
the meeting.


FDA is committed to the orderly 
conduct of its advisory committee 
meetings. Please visit our Web site at 
http://www.fda.gov/oc/advisory/
default.htm for procedures on public 
conduct during advisory committee 
meetings.


Notice of this meeting is given under 
the Federal Advisory Committee Act (5 
U.S.C. app. 2).


Dated: January 7, 2008.
Randall W. Lutter,
Deputy Commissioner for Policy.
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The Pneumonia Severity Index: 
A Decade After Development


Michael J. Fine, MD, MSc
Professor of Medicine


University of Pittsburgh
VA Pittsburgh Healthcare System


Questions to be Addressed


• What is the Pneumonia Severity Index (PSI)?


• What motivated development of the PSI?


• How was the PSI derived and validated?


• What is the effectiveness and safety of the PSI in 
guiding clinical practice?


• What are other applications, caveats and 
limitations of the PSI?


What is the PSI?


• Prediction rule for prognosis of community-
acquired pneumonia (CAP) based on 20 clinical 
variables available at presentation


• Decision aid that stratifies patients into 5 risk 
classes, identifying a low-risk subset that can be 
safely treated in the outpatient setting


• Since its derivation and validation, the PSI has 
been cited in over 1,300 publications, emerging as 
the reference standard for risk stratification of CAP


Motivation for Developing the PSI


• Decision aids are most useful when decision-
making is complex, clinical stakes are high, and 
opportunities for cost-savings exist without 
compromising quality of care


Pneumonia mortality is high, ranging from <1% for 
outpatients to >30% for ICU patients


Wide variation in admission rates


Physicians over-estimate risk of death


Large differential in cost of inpatient versus 
outpatient care ($7,000 versus $350)


Limitations of Prior Prognostic Models


• Predictors of limited relevance


• Outcomes not well-defined


• Study cohort not generalizable


• Models too complex


• Effects on patient care not assessed


Development of the PSI


• Developed by the Pneumonia Patient Outcomes 
Research Team (PORT)


• Purpose – to develop a clinically applicable 
prediction rule for short-term mortality in patients 
with CAP


• Hypothesis – low-risk patients can be identified at 
the time of presentation using readily available 
clinical information
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Derivation of the PSI


Hospital mortality within 30 daysOutcome:


20 variables independently associated 
with mortality in a prior pneumonia-
specific severity model


Predictors:


14,199 patients with a principal diagnosis 
of pneumonia and age ≥ 18 years


Patients:


73 hospitals in 23 statesSites:


Retrospective cohort study (1989 MCHD)Design:


Validation of the PSI


30-day mortality and 
other adverse outcomes


Hospital mortalityOutcomes:


Inpatients/outpatientsInpatientsPatients:


5 centers in 3 cities187 PA hospitalsSites:


Prospective cohort 
(10/91 – 3/94)


Retrospective cohort 
(1/91– 12/91)


Design:


PORT Cohort
(N = 2,287)


MedisGroups
(N = 38,030)Characteristics


Two-Step Rule


STEP 1


Identify very low-risk 
patients using H&P data 
only


STEP 2


In remaining patients, 
assess risk using Step 1 
variables and lab data


Step 1 Variables


altered mental
status


CVD


temp < 35 or ≥ 40liver disease


resp rate ≥ 30renal disease
sys bp < 90CHF


pulse ≥ 125neoplastic diseaseage >50


Demos History Exam


Patients with CAP


Any comorbid illness?


no


no


no


yes


yes


Go to Step 2


Age >50 years?


Any H&P abnormalities?


Assign to risk class I


yes


Step 2 Variables


p02 < 60; 02 sat < 90%
hct < 30%


pleural effusion


glucose ≥ 250 mg/dl
Na+ < 130 meq/L
BUN ≥ 30 mg/dl
pH < 7.35


Demos H & P Labs & X-ray
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Risk Score Computation


altered mental status (+20)
temp (+15)
resp (+20)


effusion (+10)sys bp (+20)
p02 (+10)pulse (+10)
hct (+10)CVD (+10)
glucose (+10)liver disease (+20)
Na+ (+20)renal disease (+10)nursing home (+10)
BUN (+20)CHF (+10)age = yrs – 10 (F)
pH (+30)neoplasia (+30)age = yrs (M)
LaboratoryH & PDemographics


Comparison of Risk Class
Specific Mortality


p>0.10 for all risk class specific comparisons


26.729.231.1V (>130)


9.58.28.5IV (91–130)


0.92.82.8III (71–90)


0.60.60.7II (<70)


0.10.10.4I


PORT
% Dying


MedisGroups
% Dying


Derivation
% Dying


Risk Class
(points)


Simulated Effectiveness of PSI in 
Pneumonia PORT Cohort 


• What if all non-hypoxemic patients in risk classes 
I and II were treated as outpatients, and those in 
risk class III were treated with only brief inpatient 
observation?


• This strategy would have resulted in a 26% 
reduction in inpatient care and an additional 13% 
of inpatients would have had a brief rather than 
traditional inpatient stay


Evaluation of the PSI as a 
Prediction Rule


(−)Impact on patient care


(+)Reproducible and sensible


(+)Predictors well-defined and relevant


*(+) acceptable; (-) less than acceptable


(+)Mathematical models


(+)Expected error rate
(+)Generalizability of cohort
(+)Blinded outcomes assessment
(+)Outcome(s) well-defined


Quality*Methodological Standard


Studies of PSI in Guiding 
Clinical Practice (1997-2007)


• 5 studies assessed the impact of the PSI on the 
initial site of treatment for CAP


2 cluster-randomized, effectiveness trials
1 randomized, efficacy trial
1 pre-post, quasi-experimental trial
1 observational, controlled study


• These studies enrolled 3,949 low-risk patients at 60 
sites in 4 countries (US, Canada, France, Spain)


• 4 studies concluded that use of the PSI increased 
the proportion of low-risk patients treated in the 
outpatient setting without compromising safety


Effectiveness Trials of the PSI


Outpatient care


low - 38%
moderate – 61%
high – 62%


Outpatient care 


control - 51%
intervention - 69%


Results:


Rx PSI I-III at homeRx PSI I-III at homeIntervention:


1,901 low-risk1,072 low-riskPatients:


32 EDs19 EDsSites:


Cluster-randomized Cluster-randomizedDesign:
EDCAPCAPITAL
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Efficacy Trial of Outpatient Versus 
Inpatient Treatment of Low-Risk Patients


Non-significant differences in successful 
outcome, QOL, medical complications, 
rehospitalizations and mortality
Greater overall satisfaction in outpatients


Results:


Random allocation to outpatient versus  
inpatient treatment


Intervention:


224 immunocompetent adults, PSI risk 
classes II or III


Patients:


2 tertiary care EDs in SpainSites:


Unblinded, randomized controlled trialDesign:


Methodological Rigor of PSI as a 
Decision Aid


Demonstrated effectiveness and 
safety of PSI in nearly 4,000 patients 
at 60 sites


Broad impact
analysis


Simulated effectiveness of PSI for site 
of treatment in PORT cohort


Narrow impact
analysis


Validated predictive accuracy of PSI 
in over 40,000 patients from 180 sites


Broad validation


Identified 20 independent predictors 
in 14,199 patients at 73 sites


Derivation


What has been done?Level of evidence


Caveats and Limitations of Using PSI 
to Guide Site of Treatment


• Large number of predictors complicates use and 
dichotomous nature of predictors may 
oversimplify decision-making 


• Does not include rare medical conditions or 
consider frailty or psychosocial factors


• Applies only to non-immunocompromised adults, 
excluding children, pregnant women, 
immunocompromised (e.g., HIV+), and HAP


• Intended to supplement, not override, physician 
judgment  


Other Applications of the PSI


• To help physicians quantify prognosis for 
communication to patients and their families


• To adjust severity of illness in comparative 
effectiveness studies and therapeutic drug trials


• To calculate observed versus expected mortality 
at the medical provider and hospital level for 
quality improvement and assurance programs


Summary Points
• Over the past decade, the PSI has evolved from a 


prediction rule for prognosis to a decision aid for the 
initial site of treatment of patients with CAP


• PSI meets all methodological standards for such 
instruments


• Implementation of the PSI in ED safely increases the 
proportion of patients treated in the outpatient setting


• Due to its methodological rigor, accuracy as a 
prediction rule and effectiveness as a decision aid, PSI 
has become the reference standard for risk 
stratification in CAP
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Clinical Endpoints of Therapy Clinical Endpoints of Therapy 
for Mildfor Mild--Moderate CAPModerate CAP


David Gilbert, MDDavid Gilbert, MD


PlanPlan


• Historical perspective
• Current Suggested Approaches to 


Quantifying end-points (outcomes)
• Thanks to many colleagues for help and 


advice


Pneumococcal Pneumonia Treated Pneumococcal Pneumonia Treated 
with Penicillin and Aspirinwith Penicillin and Aspirin


• Petersdorf, R, Cluff, L, Hoeprich, PD, et al.   
Bulletin of the John Hopkins Hospital
1957;101: 1-12.


• Prospective, randomized, double-blinded
• IM PenG, 300,000 units q12h for 7 days or until 


afebrile for 48 hrs.
• Patients symptoms evaluated independently by 


2 MDs blinded to therapy


Symptom Grading SystemSymptom Grading System
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Scientific Basis for Validation of Scientific Basis for Validation of 
EndEnd--Points (Outcomes)Points (Outcomes)


• Psychometrics: Branch of psychology that  
designs, administers & interprets  quantitative 
tests used for the measurement of psychological 
variables such as intelligence, aptitude, and 
personality traits.


• Clinimetrics: Assessing symptoms, signs, and 
laboratory results by scales, indices, & other 
quantitative instruments


Criteria Used to Assess Quality of Criteria Used to Assess Quality of 
Outcome Measures*Outcome Measures*


• Reliability: stable over time, reproducible 
between different observers


• Validity: extent to which endpoint measures what 
is intended:e.g., does length of stay represent all 
manifest. of CAP?


• Responsiveness: Detection of complications
• Acceptability: Acceptable to users


Barlow et al: Lancet Infectious Diseases 2003; 3:476-88.


Endpoint: Mortality?Endpoint: Mortality?


• Most patients with mild-moderate CAP do not 
die.


• Mortality with PSI of I-III is <2.8% (Fine, NEJM 
1997; 336:243)


• Mortality of outpatient CAP 0.3%; if admitted 30 
day mortality 4.2%(Ann Emerg Med 
1998;31:376). 


• Would need huge sample size. Mortality is an 
insensitive end-point (outcome) measure.


Endpoint: Length of Hospital Endpoint: Length of Hospital 
Stay?Stay?


• Influenced by: -
Clinicians practice style -
Need for hospital beds; efficiency of discharge 
planning


• Result is variation in LOS between hospitals 
without variations in outcomes


• Time to clinical “Stability” makes more sense 
(Arch.Int.Med.2002;162:1278)


• Not applicable to outpatient therapy


Endpoint: Microbiologic Endpoint: Microbiologic 
Response?Response?


• Comparison to HIV, Hepatitis B/C
• Importance of knowing microbial etiology: e.g., 


time to clearance of bacteremia in patients with 
endocarditis; not applicable outpatients with 
CAP


• With current methods, etiology of outpatient CAP 
is identified in the minority of patients.


• Response determined by using clinical criteria
• “Microbial eradication” makes no sense


Endpoint: Clearing of Chest Endpoint: Clearing of Chest 
Radiograph?Radiograph?


• “Gold Standard” criteria for diagnosis; not useful 
as an outcome measure


• Sparse data on outpatient CAP
• For hospitalized patients with CAP:288 pts. With 


severe CAP. By day 7, 25% pts. Had an 
improved CXR, but 56% were clinically 
improved. By day 28, 53% of patients had 
an improved CXR, but 78% were clinically cured.


• Ref: Clin. Infec Dis.2007;45:983-991
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Endpoint: PatientEndpoint: Patient--based based 
outcomes?outcomes?


• Idea is to capture features of outcome of import 
to patients


• Refers to subjective symptoms that can only be 
assessed by the patient


• Can use tools of psychometrics to measure 
subjective judgements using numerical scales


• Method (questionaire) used must be 
documented as reliable, valid, and responsive 


CAP Symptom Questionaire*CAP Symptom Questionaire*


• Developed for use as part of endpoint 
assessment for PRDB study comparing 
PO Moxi to (either PO Amox. or Clarithro) 
over 14 days.**


• 64 centers in 13 countries; 556 outpts.
• Questionaire developed in English and 


then translated into 12 other languages


*Chest 2002; 122:920-929
Eur.Respir J. 2003; 21: 135


CAPCAP--Symptom QuestionaireSymptom Questionaire


• Trained interviewers conducted phone or 
face-to-face standardized interviews


• Three time points: at study entry, day 3-5 
during, and at the end of drug treatment.


• 18 CAP related symptoms:e.g., cough, 
sputum, dyspnea, chest pain, etc. using a 
6-point Likert scale.


• Tested “items” for acceptability, reliability, 
validity and responsiveness.


Torres, A et al, Eur Respir J 2003;21: 135-143


Use of validated PRO in Clinical  Use of validated PRO in Clinical  
Trials of CAPTrials of CAP


• Used in the moxi vs (amox/clarithro) trial 
where the CAP-Sym. questionaire was 
validated.


• Similar but different PRO instrument used 
in Gati.vs Clarithro. study(AAC 2006; 
50:1164


• Has a PRO endpoint data set been part of 
a FDA new drug application?
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FDA and PROsFDA and PROs


• On feb. 2, 2006, FDA published draft 
guidance for industry: “Patient-Reported 
Outcome Measures:Use in Medical 
Product Development to Support Labeling 
Claims”.


• In depth discussion in published 
supplement to Value in Health; FDA 
perspective: Value in Health 2007; 
10(Suppl 2): S125-S137


EndEnd--Points: Time to EventPoints: Time to Event


• Well-Known Examples:
Time to normalization of baseline 


elevations of temperature (daily 
maximum temperature)  OR


Time to normalization of WBC and 
differential WBC (Note the failure of 
automated CBCs to detect significant 
numbers of “band” forms)


Halm, EA et al, JAMA 1998; 279:1452-1457
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Endpoints that document clinical Endpoints that document clinical 
failure and/or drug adverse effectfailure and/or drug adverse effect


• Adverse effect detection later
• Objective evidence of failure:


Progression of infection manifest by 
empyema, bacteremia, meningitis; hence, 
microbiologic endpoints of value in 
documenting failure of therapy.


Conclusions: Useful EndConclusions: Useful End--points for points for 
mildmild--moderate CAP Trialsmoderate CAP Trials


• Patient-reported observations are a valid, 
reproducible, and meaningful outcome 
measurement tool that deserves increased 
utilization.


• If carefully implemented to ensure 
reliability, time to resolution of fever and 
pertinent laboratory tests is reasonable


NonNon--Useful Endpoints for MildUseful Endpoints for Mild--
Moderate CAP TrialsModerate CAP Trials


Mortality
Radiographic response
Microbiologic response
Return to “usual activities”


SummarySummary


• It is crucial that valid clinical endpoints support 
claims of efficacy of new anti-infectives.


• Use of PROs should improve endpoint data
• Nonetheless, until such time that absolute 


precision in microbial diagnosis is possible, 
there will be some uncertainty as to whether any 
endpoint is valid for the specific microbial 
etiology of the pneumonia.
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Does literature document a 
treatment effect relative to 


placebo in community acquired 
pneumonia?


Timothy F. Murphy MD
University at Buffalo, State University of New York


VA Western New York Healthcare System


NO


1. Are antibiotics effective in community 
acquired pneumonia?


2.  What is the etiology of mild-moderate 
CAP?


• What are the relative roles of typical
and atypical bacteria and viruses?


3.  Should placebo controlled trials be 
performed in mild to moderate CAP?


Questions Penicillin Treatment of Pneumococcal Pneumonia
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1. Untreated data from:  Tilghman RC, Finland M.  Arch Intern Med  59:602, 1937.
2. Treated data from:  Austrian R, Gold J.  Ann Intern Med 60:759, 1964.


Are antibiotics effective in community 
acquired pneumonia?


Penicillin is effective for pneumococcal pneumonia.


“It is questionable that a more effective 
antipneumococcal drug than penicillin can be 
developed”


Austrian R, Gold J.  Ann Intern Med 60:759, 1964.


• What is the etiology of mild-moderate CAP?


• What are the relative roles of typical
and atypical bacteria and viruses?


Typical Bacteria


1. + blood culture


2. + sputum culture of 


an adequate sample 


by Gram stain


Atypical Bacteria


1. 4-fold rise in antibody


2. Elevated antibody 


level in a single 


sample


Usual Diagnostic Criteria in Numerous Studies
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Proportion of Patients Evaluated:
Typical vs Atypical Bacteria


27%Not stated.


Not an exclusion


% pts who received 
antibiotics


79%Serology 67%
Throat swab 27%


% pts evaluated for 
atypical pathogens


4-fold rise ab titer4-fold rise ab titer
Single elevated ab level


PCR of throat swab


Diagnosis of atypical 
pathogen


Sputum 45%


Transthor asp 18%
Pleural fluid 6%


Sputum 27%


Pleural fluid 9%


% pts evaluated for 
typical pathogens


+ BC, sputum, pl fluid, 
transthoracic culture


+ BC, sputum, or pleural 
fluid culture


Diagnosis of typical 
pathogen


Clin Infect Dis


33:158, 2001


Arch Intern Med 
161:1866, 2001


Conclusion


• The usual diagnostic approach in studies of 
community acquired pneumonia 
underestimate the proportion of infections 
caused by “typical” bacteria 
(pneumococcus, H. influenzae, M. 
catarrhalis).


Gutierrez et al.


Clinical Infections Diseases 36:286, 2003


Population based prospective study of adults with
community acquired pneumonia.


430 bed University-affiliated hospital in Spain
493 patients in the study cohort


• Attempted to determine etiology of pneumonia
• Evaluated the  pneumococcal urinary antigen assay
• Studied pneumonia of unknown etiology


Diagnostic studies:
Sputum Gram stain and culture
Two blood cultures
Urine antigen for Legionella
Paired serum 2-4 wks apart for serological tests for 
atypical bacteria and selected viruses


Studied urinary antigen for pneumococcus


Pneumonia severity index:
I/II 54.2%
III 20.9%
IV 19.1%
V 5.9%


Etiology identified in 39%


Patient Diagnosis No. + antigen
S. pneumo bacteremia 13 10/13
Non bacteremic 14 9/14
Total S. pneumo 27 19/27


M. pneumoniae 39 1/35
L. pneumophila 22 2/21
C. pneumoniae 20 0/20
Influenza 16 2/14
Pseudomonas 15 4/15
Other gram negatives 11 3/10
H. influenzae 10 1/10
C. psittaci 9 0/9
Other viruses 6 0/6
Total 156 16/156


Performed pneumococcal urinary antigen assay in patients
with pneumonia of unknown etiology:


69 of 300 (23%) positive


Conclusion: 


A proportion of pneumonia of unknown 
etiology is caused by Streptococcus 
pneumoniae.
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Is Streptococcus pneumoniae the Leading Cause of
Pneumonia of Unknown Etiology? A Microbiologic
Study of Lung Aspirates in Consecutive Patients with
Community-acquired Pneumonia


Ruiz-Gonzalez, Falguera M, Nogues A,
Rubio-Caballero M.


American Journal of Medicine 106:385-390, 1999.


• Transthoracic needle aspiration on 109 consecutive adults


with CAP over a 15 month period.


• Serological diagnosis of atypical bacterial pathogens


• Characteristics of patients


• Mean age 51 ± 17 years


• 29% treated as outpatients


• 2.7% mortality


• 43% had received antibiotics before the procedure


Ruiz-Gonzalez et al.  Am J Med 106:385, 1999


Assays on Transthoracic Aspirates


• Bacteria culture


• Selective culture for Legionella


• Capsular antigen detection
– S. pneumoniae


– Haemophilus influenzae type b


• PCR
– S. pneumoniae


– M. pneumoniae, C. pneumoniae, L. 
pneumophila
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Conventional Testing Conventional Testing
Plus


Transthoracic Aspiration


Diagnosis of CAP by Transthoracic Aspiration


Ruiz-Gonzalez et al.  Am J Med 106:385, 1999


Etiology of Community Acquired Pneumonia


• 33% of patients without an etiological 
diagnosis by conventional methods had 
pneumococcal infection detected in lung 
infection.


• This study underestimates infection by 
“typical” bacterial pathogens
– 43% of patient received antibiotics
– PCR was done only for the pneumococcus
– Antigen detection done for H. influenzae type b 


Ruiz-Gonzalez et al.  Am J Med 106:385, 1999


Study of community acquired pneumonia aetiology in 
adults admitted to hospital: implications for 
management guidelines
Lim WS, Macfarlane JT, Boswell TCJ, Harrison TG, 
Rose D, Leinonen, Saikku P. Thorax 56: 296, 2001.


Typical Bacteria
1. + BC, pleural fluid culture
2. + sputum culture
3. + sputum CIE for S. 


pneumo
4. 3 fold rise in ab to several 


pneumococal antigens
5. 3 fold rise in ab to H. flu 


and M cat


Atypical Bacteria


1. 4 fold rise an 


antibody titer


2. + IgM antibody


3. Single high titer
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Pathogens in 267Adults with CAP
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Value of Diagnostic Tests for 129 
Patients with Pneumococcal CAP


114*315/66 (23%)Sputum 
CIE


81*39/73 (12%)Sputum 
culture


53 (33%)26 (25%)3678/123 (63%)Serology


52 (32%)17 (16%)*3169/114 (61%)Urine 
Antigen


90*39/114 (8%)Blood 
culture


No prior 
antibiotics
N = 163


Prior 
antibiotics
N = 104


Sole
Means 
of Dx


Sensitivity (%)Diagnostic 
Test


Lim et al.  Thorax 56:296, 2001 *lower with prior antibiotics


• Sputum yields positive viral PCR results in
up to 15% of clinically stable adults with 
COPD


• Seemungal et al. Am J Respir Crit Care Med 2001;164:1618.
• Rohde G et al. Thorax 2003;58:37-42.
• Beckham et al. J Infect 2005;50:322-30.
• Papi A et al. Am J Respir Crit Care Med 2006;173:1114-21.


Limitations of Single Samples for PCR-based 
Diagnosis of Viral Infection in CAP 


• Lungs- a reservoir for common viruses?
• Macek V, Dakhama A, Hogg JC, Green FH, Rubin BK, Hegele RG. 


PCR detection of viral nucleic acid in fatal asthma: is the lower 
respiratory tract a reservoir for common viruses? Can Respir J
1999;6(1):37-43.


• Studied 20 lungs post mortem by PCR for 9 viruses
– 10 fatal asthma
– 4 asthmatic patients who died of other causes
– 6 non asthma controls


• Result:
• PCR positive for at least one virus in 19 of 20 


lungs
• Multiple viral species detected in 14 of 20 lungs


Limitations of Single Samples in PCR-based 
Diagnosis of Viral Infection in CAP 


Limitations of Single Samples in PCR-
based Diagnosis of Viral Infection in CAP 


• Frequent positive PCR in stable COPD


• Lung as a reservoir of common viruses


• Asymptomatic infections


• Sampling of NP and throat samples- how distinguish 
upper respiratory tract infections?


• Viral infection preceding bacterial CAP.


Conclusion: Currently there is little convincing 
evidence that viruses cause a substantial proportion 
of community acquired pneumonia in adults.
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• What is the etiology of mild-moderate CAP?


• What are the relative roles of typical and atypical
bacteria and viruses?


Questions:


Conclusions:


• Most studies underestimate the proportion of CAP 
caused by “typical” bacteria (pneumococcus, H. 
influenzae) because of limitations in diagnostic methods.


• Bacteria are the predominant cause of mild to moderate 
community acquired pneumonia.


Placebo-controlled trials for 
mild-moderate CAP?


• Predominant cause is pneumococcus.


• Effective therapy is available.


• Potential for adverse outcome


• Faster recovery and return to baseline are 
clinically important outcomes.


• Many physicians and investigators would 
balk at placebo-controlled trials for CAP.


Conclusion


• A placebo group should not be included in 
trials for community acquired pneumonia 
regardless of severity.
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Overview of Recent CAP Trials: 
Non-Inferiority Trial Design and Endpoints 


Karen Higgins, Sc.D.
Statistical Team Leader


Division of Biometrics IV
FDA CDER


2


Outline 


• Issues with NI trials
• Review of recent adult CAP trials 


– oral-only studies
• Study design
• Outcome


– IV to oral studies (brief summary)
• Summary
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N.I. Issues
• Goal of NI Trial is to show efficacy of a new drug 


(test drug)
– by showing that the new drug is similar enough (or not 


too much worse) than control
– in a well designed and conducted trial


• What is needed to do this?
– Need information on the efficacy of the control drug


(justification for the NI margin)
– Need to know that study had Assay Sensitivity


4


Non-Inferiority Margin
• To determine a valid margin need 


to know how much more effective 
the control is relative to placebo  
– treatment effect


• Blue represents plausible values for the 
difference between a placebo and the 
control drug 
– Margins higher than the blue line can be 


“justified”
• Green represents plausible values for 


the difference between a test drug and 
the control.


• If they overlap, cannot conclude new 
drug is more effective than placebo.  
Would need a smaller margin.
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Recent oral–only CAP studies
• Reviewed oral only CAP comparative studies 


submitted to CDER and conducted from 2000 -
present
– 7 studies
– Sizes ranged from approx. 300 - 500 randomized 


subjects
– Control varied, but included 


• clarithromycin 500 mg bid and 1g qd fpr 7 – 10 days
• amoxicillin/clavulanate 500 mg po tid for 7-10 days
• levofloxacin 500 mg po qd for 7 – 10 days


• Closely followed the 1998 Draft CAP Guidance
6


Recent oral CAP studies – study 
design


• Randomized, double-blind trials designed to show 
similar effectiveness to an approved product


• In general, diagnosis based on presence of new 
infiltrate(s) on chest x-ray AND at least 2 of the 
following signs or symptoms:
– cough, sputum production, auscultatory findings, dyspnea


or tachypnea, fever, elevated WBC, hypoxemia
• Some limited to Fine Class of <= II or <= III
• Microbiologic evaluation performed on each patient, 


though isolation of a pathogen not required for overall 
evaluability
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Recent CAP studies – study design (2)
• Test of cure (TOC) visit should take place 7 – 21 days 


after completion of therapy
• Clinical outcome primary 


– Clinical cure defined as: complete resolution or 
improvement of all signs and symptoms of pneumonia and 
improvement or lack of progression of all abnormalities on 
chest radiograph such that no additional antibacterial 
therapy is required.


• Micro response of baseline pathogen
– Eradication: absence of original pathogen from TOC culture
– Presumed eradication: Clinical cure without specimen for 


culture
– Persistence:  Presence of original pathogen in TOC culture
– Presumed persistence: Clinical failure without culture of 


specimen 8


Recent CAP studies – study design (3)


• Analysis populations
– Intent to treat (ITT): All randomized subjects
– Per protocol: ITT subjects without any 


major protocol violations 
– MITT:  All ITT subjects with pre-treatment 


pathogen isolated
– Micro evaluable: MITT subjects without any 


major protocol violations
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Recent CAP studies – study design (4)
• Primary Analysis to Assess N.I. in PP 


and ITT
– 95% confidence interval on difference in 


cure rates to exclude pre-specified margin     
(-10 or -15%)


• Choice of Margin
– Prior to 2006, margin discussed by clinical 


and statistics. Often based on clinical 
judgment.


– 2006-2007, all sponsors asked to provide 
data-driven justification for N.I. Margin.
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Percent of ITT Patients Excluded from PP
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• Reason for Exclusion
– Insufficient signs and 


symptoms/x-ray
– Withdrawal/loss of subjects
– Adverse events leading to 


discontinuation
– Inadequate dosing
– TOC visit outside window
– Indeterminate clinical 


outcome
– Use of concomitant 


antimicrobial (not for failure)
– Deaths not due to CAP
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Patient Enrollment
• Where enrolled


– US subjects enrolled in 5 of the 7 studies, over 50% 
of subjects in two studies


– Europe, South America and Canada enrolled many 
subjects  


– 3 to 14 countries per study 
– 40 – 80 sites per study


• Age
– the range of ages 18 to 98 years old
– mean 46 years, median 45 years
– middle 50% of the population ranged from 35 – 55 


years old
12


PORT Scores
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Diagnosis – signs and symptoms


• Cough: 97 - 100%
• Sputum Production: 75% - 100% 
• Fever: 19% - 98%
• Chills: <2% - 69%
• Shortness of Breath: 18% - 100%
• Chest Pain: 41% - 76%
• Multilobe involvement: 16 – 25%
• Bacteremia: 0 – 8%, S. pneumo: 0-2%
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Types of Pathogens
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Clinical Response (ITT)


0


20


40


60


80


100


1 2 3 4 5 6 7


Study


Pe
rc


en
t C


lin
ic


al
 l 


Su
cc


es
s


Test


Control


17


Clinical Response (PP)
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Comparative Results – clinical response
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Microbiological Response (MITT)
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Recent IV CAP studies (design)
• Similar design as the oral only studies
• Some open label
• Patients were hospitalized (newly < 24 


hours)
• Endpoints, analysis populations and 


analysis same as oral
• The sizes ranged from about 300 – 700 


subjects.


22


Recent IV CAP studies (results)


Approximately 2 – 4 %Death


Approximately, 80% for ITT and 90% PPClinical Response


8-10%  (4 – 9%)
Bacteremia


(S. pneumo Bact.)


varied greatly across studies, 
20% with S. pneumoniae


Types of 
pathogens


30 – 55% % with Pathogen


20% III, 20% IV, <5% V, remaining PORT I+IIPORT scores


Mean age 56 years
Middle 50% from 40 – 70 years


Age
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Recent CAP Studies and NI Issues
• All of studies reviewed were “accepted” as 


valid NI trials
– So what’s the problem?


• The problem is that
– “Similarity of test drug and active control can mean either that 


both drugs were effective or that neither was effective.”1 and
– “The analysis of the study should explain why the drugs 


should be considered effective in the study, for example, by 
reference to results in previous placebo-controlled studies of 
the active control drug.”1


• Is there information out there to justify a NI 
margin for CAP? 


1 Code of Federal Regulations, 21CFR314.126(b)(2)(iv)
24


Summary
• All studies for CAP used a N.I. design


– PORT scores: mainly I+II for oral, I-IV for 
intravenous


– Proportion of subjects with pathogens: 45-75% for 
oral, 30-55% for IV (with S. pneumoniae 0-20%) 


– Low proportion of patients with bacteremia (0-8%, 
8-10%) 


– High clinical response rates 
– Low mortality rates


• Currently, remains uncertain if sufficient data 
exists to justify a NI margin for CAP








1


CAP in adults not requiring 
hospitalization


Professor, Internal Medicine,
Head, Infectious Disease Service


Northeastern Ohio Universities College of 
Medicine, 
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Chief, Infectious Disease Service


Summa Health System,
Akron, OHIO
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CAP in adults not requiring 
hospitalization


What are potential designs for a superiority trial for mild 
CAP?


Are there adequate data to define an evidence-based margin 
in a non-inferiority trial for mild to moderate CAP?


CAP in adults not requiring hospitalization


•Majority of CAP patients treated as outpatients
•“Despite extensive studies, there are few conditions in medicine 
that are so controversial in terms of management”


•Bartlett JG et al. IDSA CAP Guidelines 1998/2000. Clin Infect Dis. 1998/2000


•Use of antimicrobials for CAP preceded RCTs
–Therefore, hypothesis that antimicrobials are necessary component of 
the management of CAP has not been rigorously tested-especially in 
mild pneumonia*
–However, observations suggest antimicrobials are beneficial*


*Read R. J Infect. 1999; 39: 171


CAP in adults not requiring hospitalization
•BMJ Evidence Based Statement1


–“We found no RCTs comparing antibiotics with placebo or no 
treatment, and such trials are likely to be considered unethical. 
However, there is consensus that antibiotics are beneficial for 
community acquired pneumonia.” 1


*based on consensus, RCTs likely to be considered unethical


1. BMJ clinical evidence handbook BMJ Publishing Gp. Ltd. 2007


CAP in adults not requiring hospitalization
•Controversies


–Utility of diagnostic studies? Differentiating Mild CAP from 
acute bronchitis??
–Need to treat atypicals?


•NA vs European approach


–Use (overuse) of fluoroquinolones?
–Quality of RCTs for approval
–Mild vs Mod-to-severe CAP: Continuum of same infectious 
disease
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CAP in adults not requiring hospitalization
•Considerations


–Benefit over no antimicrobial therapy
•Vs placebo
•Vs ‘inactive’ agent (i.e. resistance)


–?relevance of  S. pneumoniae resistance
»Strong evidence that macrolide-resistant associated with failure
»Evidence lacking for beta-lactams  associated with failure if 
appropriate beta-lactam used
»Minimal evidence of Fluoroquinolone-resistant  associated with failure


–Consequences of failure
•Failure not necessarily due to lack of antimicrobial effect


CAP in adults not requiring hospitalization
•Considerations


–Endpoint
•How objective?  Clinical impression by PI vs objective 
measurement
•Most RCT have used clinical outcomes


–Mortality; bacteriologic response, time to resolution of morbidity, ‘clinical 
cure/’improvement/failure; hospitalization; health-economics, need for 
further treatment, time to return to work or ‘usual activity’


–Effect of antimicrobial
•Pathogen eradication
•immunomodulation


CAP in adults not requiring hospitalization
Most Common Etiologies of CAP*


AspirationAspiration


Ambulatory 
Patients


Hospitalized 
(non-ICU)†


Severe 
(ICU)†


S. pneumoniaeS. pneumoniae S. pneumoniaeS. pneumoniae S. pneumoniaeS. pneumoniae


M. pneumoniaeM. pneumoniae M. pneumoniaeM. pneumoniae S. S. aureusaureus


H. H. influenzaeinfluenzae C. pneumoniaeC. pneumoniae LegionellaLegionella sppspp..


C. pneumoniaeC. pneumoniae H. H. influenzaeinfluenzae GramGram--negative bacillinegative bacilli


Respiratory virusesRespiratory viruses†† LegionellaLegionella sppspp.. HH. . influenzaeinfluenzae


Respiratory virusesRespiratory viruses‡‡


*Based on collective data from recent studies; †Excluding Pneumocystis spp.
‡ Influenza A and B, adenovirus, respiratory syncytial virus, parainfluenza


File TM. Lancet. 2003;362:1991-2001.


CAP in adults not requiring hospitalization
•Case series of outpatient treatment failures in CAP1


–Retrospective, MC study of 122 patients admitted with CAP caused
by S. pneumoniae after failing outpatient macrolide therapy
–Findings:  more likely to have resistant strain; frequently bacteremic 
(52%); mortality 5.7%


•Defining clinical effect of MRSP (at 25%)2


–Theoretical model based on epidemiological concept of ‘risk 
difference’
–Risk Difference: 1.2% for death; 1.6% for bacteremia; 3.3% (1.1-
5.7%) for prolonged course


1. Iannini et al. J Chemother 2007;  2. Daneman N et al. Clin Inf Dis. 2008 in press


CAP in adults not requiring hospitalization
•Outpatient CAP failure


–Different endpoints
–Failure rate in three studies of ambulatory CAP


•2.2-7.6% (defined as subsequent admission to hospital)1-3


–Prolonged symptoms may reflect age and comorbidity rather than persistent 
effects of pneumonia itself 4,5 (following table from 5)


1. Malcolm C et al. Arch Intern Med. 2003; 163: 797; 2.Fantin B et al. Chest 2001; 120: 185; 3. Laurichesse H. et al. Eur Respir J. 1998; 
11: 73; 4. el Moussaoui R et al Chest 2006; 5. Shariatzadeh Can Resp J. 2006; 13: 139-143


CAP in adults not requiring hospitalization


What are potential designs for a superiority trial for mild CAP?


•Potential for poor outcome precludes placebo-controlled trials
•Use of appropriate active controls predicts ‘superior’ results 
highly unlikely
•Potential to evaluate approach of NA vs Europe


–Treating atypicals vs not treating atypicals 
•Potential design
•Historical experience with fluoroquinolone studies
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*Such as chronic heart, lung, liver or renal disease; diabetes mellitus; alcoholism; malignancies; asplenia; 
immunosuppressing conditions or use of immunosuppressing drugs.
† Moxifloxacin, gemifloxacin, levofloxacin 750mg only


Adapted from Mandell L et al. Clin Infect Dis. 2007;44(suppl 2):S45. 


Outpatient, Previously healthy, no risk factors for drug resistant S. pneumoniae
A macrolide (strong recommendation) OR doxycycline (weak recommendation)


Presence of comorbidities* or exposure to antimicrobials within 3 mos
A respiratory fluoroquinolone† (strong recommendation) OR a β-lactam [hi-
dose amox or amox/clav preferred]  plus a macrolide (strong recommendation)
[Consideration for telithromycin?]


Two ‘Meta analyses’: Role of atypical 
regimens in hospitalized patients with CAP
• Mills et al  (BMJ 2005; 330: 456-462)


– No advantage for atypical regimen (RR 0.97)
– Subgroup analysis-significant lower failure rate for legionella


• Shefert D. et al. (Arch Intern Med. 2005; 165: 1992-2000)
– No significant diff in mortality (RR 1.13; .82-1.54)
– Trend towards clinical success but when evaluated ‘high quality’ studies 


only, difference disappeared
• Limitations


– Different patient populations (ITT and clin evaluable) 
– Included hospitalized patients
– ‘Standard’ TOC-late outcome
– Different antibiotics (nine different fluoroquinolones, two macrolides, one 


ketolide)


Characteristic Mean Duration in Days
Treated group(59)* Placebo(50)


Temp > 100F 2.1 8.1
Abn CXR 9.5 20
Rales 6.9 15.5
Cough 9.7 22
Fatigue, malaise 2.7 8.5


* p<0.01
Kingston JR. et al.  JAMA 1961; 176: 118-123


Effects of tetracycline therapy on M. pneumoniae
pneumonia in adults


Treatment #  pts Mean # of days of finding
Fever Hospital Abn CXR


Erythromycin 76 2.4 7.0 7.2
sterate


Tetracycline 89 2.4 7.6 9.3


Penicillinb 39 4.2a 14.1a 14.8a


a Statistically significant
b or no antimicrobial


Shames  et al. Arch Intern Med.  1970; 125: 680-684


Effect of therapy on M. pneumoniae pneumonia


CAP in adults not requiring hospitalization
What are potential designs for a superiority trial for mild CAP?
•Study different recommendations of NA vs European 
Guidelines


–Consider study of macrolide vs amoxicillin in mild CAP
•Concerns:  Macrolide-resistant S. pneumoniae; Legionella 
•Pneumococcal and legionella urinary antigen assessment


–Rather than monitoring the response at 14/28 days, the study 
should address how rapidly symptoms resolve.  


•The study should include the daily response to such parameters as duration of 
cough, fever, days to return to work


–Include accurate testing for atypicals as well as typical pathogens so 
as to define the etiology in patients.


File T. et al. CHEST 2004;125:1888-1901


CAP in adults not requiring hospitalization
What are potential designs for a superiority trial for mild CAP?


Study of new agents
•Double-blind
•Identification of patients


–Mild Pneumonia
•Fine Class:   I, II, (III);  CURB-65:    0,1;   ‘Ambulatory’


–Require criteria to ID appropriate patients (differentiate viral
bronchitis)


•Standard of CXR plus clinical manifestations
•Utility of ‘purulent’ sputum and/or ‘positive’ gram stain/ Urinary antigen


–Enhanced isolation of S. pneumoniae (File et al. Int J Antimicrob Agents. 2005;25: 110)
•Biological markers


–Procalcitonin
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CAP in adults not requiring hospitalization
What are potential designs for a superiority trial for mild CAP?
•Patient Evaluation


–Illness assessment
•Patient scoring systems


–Microbiological assessment
•Conventional studies
•Molecular studies


•Outcomes
–Mortality--Insensitive to measure failure
–Clinical Failure (early; late-rate of subsequent hospitalization)
–Rapidity of resolution of morbidity
–Pt-based outcome assessments (e.g., Lamping D et al. Chest 2002; 122: 990)
–Biological marker (e.g., Procalcitonin)


Fluoroquinolone vs ‘standard care’
CAP (included hospitalized patients)


Study Clinical Bacteriologic
response response
(%) (%) 


Levofloxacin i.v.1 vs 96* 98*
Ceftriaxone i.v. ± erythro 90 85


Moxifloxacin IV2  vs 93* 94*
Amox/clav IV + clarithro 85 82


Moxifloxacin IV3 85.7
Cetriaxone IV + erythro 86.5


* significant   
1.File et al. AAC 1997;41:1965–1972; 2. Finch R et al AAC 2002;   3.  Welte et al. Clin Infect Dis. 2005; 41: 1697


LEVOFLOXACIN (IV/PO) VS CEFTRIAXONE (IV)/ 
CEFUROXIME (PO) +/- ERYTHRO 


CAP: CLINICAL RESPONSE


Levofloxacin    Ceftriaxone/Levofloxacin    Ceftriaxone/cefuroxcefurox**
Total patientsTotal patients 226226 230230
% Response % Response 96%96% 90% 90% (95% CI (95% CI --10.7, 10.7, --1.3)1.3)


Mortality**Mortality** 1.4%1.4% 5.6% 5.6% 
Adverse EventsAdverse Events 5.8%5.8% 8.5%8.5%


Patients oral Rx onlyPatients oral Rx only 138 138 116 116 
FailuresFailures 5 (3.6%)5 (3.6%) 12 (10.3%)  [p 0.043]12 (10.3%)  [p 0.043]


* +/* +/--Erythromycin    **Hospitalized patientsErythromycin    **Hospitalized patients


File et al, File et al, AntimicrobAntimicrob Agents Agents Chemother  Chemother  1997; 41: 19651997; 41: 1965


Clinical and microbiologic results


*Clinical success includes cured and improved.
Dunbar LM, et al. Clin Infect Dis. 2003;37:752-760.


Pa
tie


nt
s 


(%
)


92.4
n=198


91.1
n=192


93.2
n=103


92.4
n=92


Levofloxacin 750-mg Short-Course Therapy


C l i n i c a l  a n d  m i c r o b i o l o g i c  r e s u l t s


0


2 0


4 0


6 0


8 0


1 0 0


C l i n ic a l  s u c c e s s * M ic r o b io l o g i c  e r a d i c a t i o n


7 5 0  m g
5 0 0  m g


* C l i n i c a l  s u c c e s s  in c lu d e s  c u r e d  a n d  i m p r o v e d .
D u n b a r  L M ,  e t  a l .  C l in I n f e c t  D is .  2 0 0 3 ; 3 7 : 7 5 2 - 7 6 0 .


Pa
tie


nt
s 


(%
)


9 2 . 4
n = 1 9 8


9 1 . 1
n = 1 9 2


9 3 . 2
n = 1 0 3


9 2 . 4
n = 9 2


C l in i c a l l y  e v a lu a b le p o p u la t io n M ic r o b io lo g ic a l l y  e v a lu a b le p o p u la t io n


4 .  L e v o f l o x a c i n  7 5 0 - m g  S h o r t - C o u r s e  
T h e r a p y


More Rapid Resolution of Symptoms (3 days)


0.006
0.027
0.059
0.132
0.532
0.901
0.990


130/238 (54.6)
89/231 (38.5)
73/238 (30.7)
66/238 (27.7)
65/238 (27.3)
129/238 (54.2)
24/238 (10.1)


161/239 (67.4)
111/226 (49.1)
97/239 (40.6)
84/239 (35.1)
72/239 (30.1)
131/239 (54.8)
24/239 (10.0)


Fever (patient reported)1


Fever (measured)
Purulent sputum
Shortness of breath
Pleuritic chest pain
Chills
Cough


P*500 mg750 mg
n/N (%) of Patients


1. Dunbar LM, et al. Clin Infect Dis. 2003;37:752-760; 2.  Shorr A. et al. Respir Med. 2006; 100: 2129


Fine III/IV
Fever (patient reported)2 63/95 (66.3) 52/109  (47.7) 0.008
Fever (measured) 44/91 (48.4)                  36/106 (34.0) .046


CAP in adults not requiring hospitalization
Clinical resolution of symptoms


• Moxifloxacin vs Ceftriaxone +/- erythromycin1


– Patient graded symptoms in a diary--Speed of defervescence:


• Gatifloxacin vs clarithromycin +/- ceftriaxone2


– Patients interviewed for symptom scores
– No discernable difference


1. Welte et al. Clin Infect Dis. 2005; 41: 1697; 2. Dean N. et al. Antimicrob Agents Chemother. 2006; 50: 1164
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CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?


•In non-inferiority clinical trial using active comparator, concept is 
to show that the effectiveness of the new drug compared to the 
active control is no less than a predefined amount (margin of non-
inferiority)  using 95% Confidence limits and comparing the lower 
limit to the margin of non-inferiority
•Points to consider:
–The risks associated with treatment failure considering the severity of 
disease
–Historical cure rate of comparator
–Advantages and disadvantages of the study drug


CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?
•Considerations
–Risk Benefit of new agent


•Even if not clinically better, are there other potential advantages [less AE, 
convenient dosing, adds option to decrease selective pressure of resistance 
emerging to other agent(s)]


–What is magnitude of benefit of comparator over placebo?
–Is the benefit in current trials measured in similar way as previous 
trials?
–Is magnitude of benefit of treatment over placebo enough that it should 
not effect selection of overall delta


CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?


•ICH-E10:  Non-inferiority design “is appropriate and 
reliable only when the historical estimate of drug effect 
size can be well supported by reference to results of 
previous studies of the control drug”


CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?


From Mandell L et al. Clin Infect Dis 2000


CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?
•Efficacy of short-course antibiotic regimens for community-
acquired pneumonia: a meta-analysis (Li et al. Am J Med. 2007; 120: 783-790)


–Reviewed Cochrane Central Register of controlled trials
•Search identified > 3700 potential references
•15 met rigorous criteria of  comparative, randomized trials
•Macrolide-39%; Fluoroquinolones-20%; Ketolide-20%: Beta-lactam-
11%
•Most outpatients


–Mortality 1.7%
–Clinical success-91.1 vs 90.4%


CAP in adults not requiring hospitalization
Are there adequate data to define an evidence-based margin in a 
non-inferiority trial for mild to moderate CAP?


•Assuming success rate of active comparator > 90%
–10% delta seems reasonable, but need to consider the variability
associated with


•What endpoint
•What population


–PPP
–ITT (mITT)


•Consider NI study with possibility of showing superiority
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Clinical Trial Design for CAP – Where are we?


• FDA Guidance on non-inferiority (NI) trials – October 2007
– NI design not recommended for AECB, ABS or AOM
– other indications – referred to ICH E-10 (2000)


• Superiority trials preferred (placebo or active controlled); if 
NI design utilized, must justify NI margin
– superiority trial needed to demonstrate benefit of control 


drug vs. no treatment (M1)
– NI margin requires statistical reasoning and clinical 


judgment
– Requires similar population and outcomes measured
– Concern regarding “less effective” treatment (biocreep)
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Placebo Controlled Superiority Trial Not Feasible


• Experience with AECB and ABS
– Bayer (ABS) >3 years of enrollment in US; rejected by 


Canada
– Replidyne (ABS): MOH rejected by Canada, Argentina, 


Poland; EC rejection: Lithuania, Hungary
– Replidyne (AECB): Enrollment ongoing into 3 year.  IRB 


or EC rejections in US, Chile, Spain, Italy, S. Africa, 
Lithuania.  MOH rejection in Argentina.


• Reason for rejections:
– placebo (even with rescue therapy) conflicts with 


treatment guidelines
– Without comparator, study of no value (unethical)
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What is Mild/Moderate CAP?


• Same disease, less severe?


• Same or different microbiologic etiology (typical, 
atypical, viral)?


• Route of therapy – oral vs. parenteral?


• Patient location – ambulatory or hospitalized?  


• Use of predictive scores – PSI, CURB-65?
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Fine Score (PORT, PSI) vs. Microbiologic 
Etiology – Clinical Trial Experience 2000-2002


a  - % of all treated subjects; b  - % of total pathogens


Echols, R., Anderson, A. in Program and Abstracts IDSA, 
San Diego, CA, 2003, abstract 915


39%810Atypical


61%b1257Typical


2067Total pathogens


24%a519Multiple


39%a981Single


63%a1380No. of subjects with pathogens


%NSubset
N=2197


All Treated Subjects
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Distribution of Respiratory Pathogens by 
Fine Class – Clinical Trial Experience


3 (10)


3 (10)


0 (0)


20 (15)


11 (8)


11 (8)


32 (13)


12 (5)


12 (5)


108 (16)


68 (10)


54 (8)


270 (29)


96 (10)


50 (5)


2 (7)18 (14)38 (15)110 (17)109 (12)


4 (14)7 (5)16 (6)60 (9)60 (6)


2 (7)5 (4)11 (4)22 (3)17 (2)


3 (10)12 (9)17 (7)51 (8)98 (10)


5 (17)16 (12)25 (10)72 (11)90 (10)


7 (24)24 (18)57 (23)111 (17)154 (16)


29131250656944


V


N=31b


IV


N=175b


III


N=272b


II


N=674b


I


N=976b


Fine Class
No. of Pathogens/Total Pathogens (%)a


Pathogen
Total Pathogens


S. pneumoniae


H. influenzae


S. aureus


M. catarrhalis


Other Gram-positive


Other Gram-negative


M. pneumoniae


C. pneumoniae


L. pneumophila


a-percentages are based on the total number of pathogens in each Fine Class Category
B – N=number of subjects in each Fine Class







2/17/2008


2


1/17/08 6


Etiology of Mild/Moderate CAP- SBA Review 
1996-2007 (N=5025)


47.8%


0.5%6.7%


45.0%


M. pneumoniae
C. pneumoniae
L. pneumophila
Others


32.7%


25.6%


11.6%


8.4%


3.5%


7.6%


10.6%


S. pneumoniae
H. influenzae
H. parainfluenzae
S. aureus
K. pneumoniae
M. catarrhalis
Miscellaneous


55.3%


26.1%


18.6%


44.7%
N=2244


Atypical


Typical


No 
pathogen
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Etiology of Mild/Moderate CAP – Literature 
Review (N=7428)


62.9%


27.2%


7.7% 2.2%


M. pneumoniae
C. pneumoniae
L. pneumophila
Others


45.7%


18.4%


7.5%


10.2%


0.9%


3.1%
14.1%


S. pneumoniae
H. influenzae
S. aureus
K. pneumoniae
H. parainfluenzae
M. catarrhalis
Miscellaneous


41.3%


Atypical


Typical 34.2%


24.5%


58.7%


No 
pathogen
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Large Mortality Benefit of Chemotherapy in 
Pneumonia (CAP) - Historical Data


• Evans, G.M. and Gaisford W.F. - 1938 Lancet
– 200 cases of “lobar pneumonia” admitted March - June 


1938
– Not randomized, treatment allocation based on 


admission ward
– Variable dosing with 2-(p-aminobenzenesulphonamide) 


pyridine (sulfapyridine)
– Case mortality rate - treated (n=100) - 8%


untreated (n=100) - 27%


Evans, G.M. and Gaisford W.F. - 1938 Lancet, pages 14-19 1/17/08 9


Rapid Clinical Response to Chemotherapy in 
CAP - Historical Data


• Flippin, et al. 
– 100 cases – sulfapyridine only (25 grams total)
– Multicenter (Philadelphia)
– All serotyped S.pneumoniae (8 with bacteremia)
– Case mortality – 4% (3/4 Type III)
– Temperature response:


24 hours – 46%
48 hours – 37%
120 hours – 18%


83% < 48 hours


Flippin, H.F. et al. JAMA, 1939; 112:529-34
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Clinical Response in CAP – Historical Data
Large Treatment Benefit


• Clinical response
– Flippin (1938) – 83% of patients temperature drops in 48 hours
– Bullowa (1937) – documents “spontaneous response” in 662 survivors of 


uncomplicated pneumococcal pneumonia.  All survived without serum 
therapy or chemotherapy.
“clinical response” – 1.3% before day 3 (of hospitalization)


– mode = day 8
– 10% after day 14-19


– Osler (1910) in Principles and Practice of Medicine
clinical response by “crisis” does not occur before 48-72 hours


– Christian (1942) in Principles and Practice of Medicine
if rectal temperature does not fall within 24 hours – switch to IV
Add serum therapy for patients “who fail to show satisfactory response to 
chemotherapy at the end of 24 hours”


Bullowa, J. The Management of Pneumonias, 
1937. Oxford Univ. Press, New York. P36-75
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Clinical Response: Contemporary Data
Consistent Across Patients and Pathogens


• Extracted from summary basis of approval (SBA) documents since 
1996


• All subjects evaluated for both typical and atypical pathogens


• Conclusions:  similar clinical response for CE and ME populations
similar clinical response for typical or atypical pathogens


1 by subject: 2 by organism


(73.9% - 100%)93.4% (295/316)Atypical bacteria2


(84.2% - 100%)93.3% (513/549)Typical bacteria2


(87.6% - 98.3%)93.8% (1102/1175)Microbiologically evaluable1


(86.3% - 96.5%)91.8% (3379/3680)Clinical evaluable1


RangeClinical Cure RatePopulation
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Time to Clinical Response is Rapid


• Historical Data- pneumococcal pneumonia
– Bullowa (1938): spontaneous response > 3 days
– Petersdorf (1957): 84-94% “patient improvement” @ 72 hours; no 


benefit of added aspirin after 24 hours


• Contemporary Data-hospitalized patients with CAP (not documented 
bacterial pneumonia) 
– Halm et al. “time to stability” (1998): median 3 days for Class I-III 


hospitalized patients 
– Menendez et al hospitalized patients (2004): median “time to 


stability” 4 days 


• Comparative Time-to-Response Data
– Dean et al (2006): gati vs. clarithromycin; mild/moderate CAP
– Torres et al (2003); moxi vs. standard of care [oral Rx] – used 


CAP Symptom Score (Lamping et al CHEST 2002)


Petersdorf, R. et al. Bulletin of The Johns Hopkins Hospital. 1957;101:1-12. ; Halm, E. et al. JAMA 1998; 
279: 1452-57 ; Menendez, R. et al. Clin Infect Dis 2004; 39;:1783-90
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CAP Symptom Questionnaire Score Does Not 
Discriminate: CAP 2000 Study


0


5
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Pre-therapy During TOC Follow-up


Standard treatmentStandard treatment


MoxifloxacinMoxifloxacin


Score


Source: Table 5 in Effectiveness of oral moxifloxacin in standard first-line therapy in community-acquired pneumonia, Eur Respir J 2003; 
21:135-143 (Torres et al.)
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Time to Clinical Response is Rapid


• Conclusion:
–Time to response is rapid compared to 


spontaneous resolution
–Time to response unlikely to discriminate 


between active treatments
–Time to response dependent on host factors 


and disease severity
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Active Controlled Superiority Trials in CAP: 
Unlikely to Succeed


• Moxifloxacin (400 mg) vs. 3 grams Amoxicillin
– Multinational (20), multicenter (82), double-blind
– Enriched for S. pneumoniae and PRSP
– Oral treatment only; 79% hospitalized; 5% bacteremic
– Clinical success:


Petitpretz, P. et al – 2001 Chest; 119;185-195


88%88%S. pneumoniae (N= 98)
NRNRMicro Eval (N=136)
82.2%86.5%ITT (N=408)
89.7%91.5%Per Protocol (N=362)
AmoxicillinMoxifloxacin
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Superiority Trial in Mild/Moderate CAP: 
Levofloxacin vs. Ceftriaxone/cefuroxime


• Multicenter, prospective, randomized, open label
– Levofloxacin 500 mg q.d. (IV or PO) x 7-14 days
– Ceftriaxone (1 or 2 gram) q.d. or cefuroxime 500 mg bid x 7-14 days
– Patients ambulatory or hospitalized 
– Diagnosis:  sputum and blood culture, DFA and urinary antigen for L.


pneumophila, serology for atypicals


• 590 patients (295/arm): 53% outpatient; 84% mild–moderate infection
– Levo: 61% oral only cef/cef: 50.4% oral only


Population Levofloxacin Cef/Cef Diff 95% CI
Clinical Eval1 95% 83%   -12% -18.6, -6.2


Micro Eval1 96% 80%  -16% -23.5, -7.4


1. FDA. Medical Officer’s review, NDA 20-634 Levaquin Tablets. 1996
1/17/08 17


Justification of NI Margin for Mild/Moderate 
CAP – Part 1


• Superiority of levofloxacin vs. ceftriaxone/cefuroxime


Clinically Evaluable ∆ =  -12% (-18.6, -6.2)


Microbiologically Evaluable ∆ =  -16% (-23.5, -7.4)


– Observed difference underestimates M1


• Strengths – contemporary study, mild/moderate CAP
– clinical response endpoints
– microbiologic documentation
– superiority vs. approved therapy (presumably better than placebo)


• Weakness 
– not reproduced
– not double blinded


• Supports an NI margin (M2) of 10% for CE ; 15% for ME


95% vs. 83%


96% vs. 80%
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Justification of NI margin for Mild/Moderate 
CAP – Part 2


• Historical data on spontaneous resolution of pneumococcal pneumonia
– clinical response does not occur < 48-72 hours
– rapid clinical response with antimicrobial therapy
– clinical practice to change therapy if no response in 24-48 hours


• Strengths:
– well documented disease
– “putative” placebo clinical response – effectively zero within 3 days
– large benefit 93.8% from contemporary studies (95% CI: 91.3, 96.2)


91.3 x .35 (est. CAP with typical pathogen) = 31.9% (M1)
preserve 50% of M1, then M2 = 15.9% for ME population


• Weaknesses: 
– not contemporary population
– pneumococcal pneumonia only
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What Population for Analysis?
Impact on Sample Size


• FDA prefers “co-primary” analysis for NI trials
– Previously: Clinically evaluable (CE) and ITT
– Currently: CE and mITT (ITT with positive micro)


• Clinically evaluable population ~ 85% of enrolled subjects 
mITT ~ 30-35% for typical pathogens


• Study powered for CE population (10%∆): N=484


• Study powered for mITT population (10%∆): N=1172
(15%∆): N=556
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Clinical Development Plan for Mild/Moderate 
CAP – A Proposal


• NI margin of 10% for CE (90% power)


NI margin of 15% for mITT (90% power)      


• Two studies (2 x 556) for total of 1112
– Same or different control drugs?


• Pool mITT populations across studies (N = 1112)
– Provides 88% power for 10% NI for mITT for     


combined data (.35 x 1112 = 389 mITT subjects)
– Provides 83% power for 10% NI for ME for 


combined data (.30 x 1112 = 334 ME subjects)


N = 556
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Mild/Moderate CAP – An Industry Perspective


• CAP is a continuum of disease


• Superiority trials in mild/moderate CAP
– placebo not possible
– active control high risk, unethical if use substandard Rx


• Non-inferiority margin can be determined using clinical 
judgment and statistical reasoning


• Impact on drug development
– population for analysis impacts sample size
– CAP only one indication, but “anchor” for RTI indications


• Study design clarity and acceptable feasibility is critical.  
Without clarity investment in new antimicrobials will 
diminish further
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General argument
• High-quality evaluations of antibiotics 


are essential to characterize their risk-
benefit profile


• Inadequate evaluations of either efficacy 
or safety compromise the knowledge 
base for patients and physicians


CHRU


Internist’s perspective
• Mortality benefit associated with antibiotic 


treatment in early studies of pneumonia


• Recent epidemic of antibiotic use extending 
indications to ABS, AECB, outpatient CAP


• Lack of evidence from placebo-controlled trials 
of health benefits for patients—no “anchor”


• Sometimes, uninterpretable findings from the 
use of non-inferiority trial designs 


Ann Intern Med 1964;60:759-76.  JAMA 2007; 298:  2487-96.  


CHRU


Weaknesses in CAP guidance
• Failure to insist on ITT analysis


–“Evaluable” undermines randomization


• Failure to insist on double blinding
–Concealment of randomization
–Assessment of clinical outcomes


• Regular use of non-inferiority design
–No anchor, need high-quality data


CAP Guidance, CDER, July 1998.  CHRU


“Evaluable” analysis bias
• Meta-analysis of Qs vs other antibiotics


–5118 patients in13 trials


–ITT analysis: OR = 1.22 (1.02-1.47)
–Evaluable: OR = 1.39 (1.14-1.70)


• Bias represents about 15-30% of typical 
non-inferiority margin used in trials


Salkind AR.  Ann Pharmacother 2002; 36:  1938-43.  
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“Open” trial bias
• Meta-analysis of Qs or Ms vs ß-lactams


–Concealment and bacteriological 
failure in 5015 patients from 24 trials


–Adequate: RR = 0.96 (0.61-1.52)
–Unclr/inadeq: RR = 0.68 (0.53-0.86)


• Bias represents about 25-50% of typical 
non-inferiority margin used in trials


Shefet D.  Arch Intern Med 2005; 165:  1992-2000.  CHRU


Is placebo ethical in CAP trials?
• Clarithromycin cure rates stable over 


time despite increase in E-resistance


• Treatment failures in M pn or C pn
–Qs or Ms: 8.8% of 215
–ß-lactams: 10.4% of 211 


• ß-lactams as functional placebo
–Health benefits of treatment not clear


Int J Antimicrob Agents 2004; 124: 1-17.  BMJ 2005; 330:  456.
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Drug withdrawals
• During 1969-2002, 2.3 million ADR 


reports on 6000 marketed drugs 
–75 drugs removed from the market
–11 drugs with special requirements


• In 1975-99, 584 new chemical entities
–45 (7.4%) received black-box warning
–16 (2.7%) were withdrawn


Arch Intern Med 2005; 165:1363-9; JAMA 2002; 287:  2215-20.  CHRU


Drug evaluation process
• Pre-clinical to assess toxicity (S,T)


• Phase I:  20-80 volunteers, safety


• Phase II:  20-300 patients, efficacy


• Phase III:  100-1000 patients, both


• Phase IV:  various studies


• Adverse event reporting system


CHRU


Phase III trials:  asymmetry
• Efficacy evaluation of specified outcome 


–Designed and powered properly
–Approval contingent on evidence


• Safety evaluation as ad hoc effort
–Adverse event data collected
–“Diagnostic” act to notice and define 


an emerging safety issue


FDA Guidance on pre-market risk assessment, March 2005.  CHRU


AE-based drug withdrawals
• 25 drugs removed between 1978-2003 


on the basis of case or AE reports 


• Antibiotics
–Temafloxacin, hemolytic syndrome 
–Grepafloxacin, Long QT/arrhythmias 
–Trovafloxacin, heptotoxicity (restrict)
–Sparfloxacin, phototox, LQT (in 2005)
–Gatifloxacin, hypoglycemia (in 2006)


Wysowski DK.  Arch Intern Med 2005; 165:1363-9.  
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Toxicity of fluoroquinolones
• Common:  GI, CNS
• Uncommon:  QT prolongation, tendinitis, 


glucose dysregulation, phototoxicity, 
nephritis, hepatitis, hemolytic syndrome, 
eosinophilic pneumonia, and seizures


• Development stopped for BAY y 3118 
(phototox), tosufloxacin (plts, nephritis), 
clinafloxacin (phototox, hypoglycemia)


Owens Jr RC.  Clin Inf Dis 2005; 41(suppl 2):  S144-57.  CHRU


HERG K+ channel affinities


Kang J.  Mol Pharmacol 2001; 59:  122-6.  


Drug Plasma Peak IC50 IC50/Peak


Sparfloxacin 1.8 18 10


Grepafloxacin 3.1 50 16


Moxifloxacin 5.9 129 22


Levofloxacin 12.0 915 76
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CAPRIE:  Moxi vs Levo
• 394 hospitalized adults >= 65 with CAP, 


excluded severely ill, 71% evaluable


• Cure rates (95% CI = -2 to +12)
–93% for moxifloxacin
–88% for levofloxacin


• “Comparable cardiac rhythm safety”


Clin Inf Dis 2006; 42: 73-81.  Chest 2005; 128:  3398-3406.  CHRU


CAPRIE:  safety evaluation


Morganroth J.  Chest 2005:  128:  3398-3406.  


Outcome Moxi Levo RR (95%CI)


Composite, n 16 10 1.6 (.8-3.5)


Bazett QTc, ms +5 -5 (p = 0.03)


QTc >450/70, n  18 10 1.8 (.9-3.6)


Death dur Rx, n 6 3 2.0 (.5-8.0)


CHRU


Clinical experience study
• 18,409 received moxifloxacin for 5-10 


days for ABS, AECB or mild/mod CAP
–All enrolled between 4/10 and 6/26/00


• 297 cardiac events with ECGs on 122
–6 deaths, 2 sudden deaths


• No control group, no information
–Seeding study, not science


Ann Pharmacother 2004; 38: 749; N Engl J Med 1994; 331: 1350.  CHRU


Telithromycin safety issues
• Study 3014 with 24,000 subjects


–No difference in hepatic AEs
–Fraudulent and suspect data


• Postmarket AERS data
–167 ALF / million py, 10 times levo
–Rare serious risks


• Transparency at AC meeting, Jan 03 


Wassel R.  FDA review, 5/16/06.  
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Drug resistance


Goosens H.  Lancet 2005; 365:  579-87.  


Characteristic France Netherlands


Antibiotic use 32 10


Penicillin use 10 4


Pen-R S pn 45% 2%


Cross-national r = 0.84 (0.62-0.94)


CHRU


Concluding observations
• Improve trial design (ITT, blinding)


–Optimal therapy as comparator 
–Mortality as outcome in severe CAP


• Improve safety evaluation
–Follow signals, high-quality studies
–Consider DSMB for all trials 


• Consider placebo control in mild CAP
Fontanorosa P.  JAMA 2008; 299:  95-6.
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Disclaimer


• The opinions expressed here are those of the 
speaker and do not necessarily reflect the 
policy of the Food and Drug Administration


• Potential Financial Conflicts of Interest: 
None
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Safety: Requirement for Approval
[Food, Drug, and Cosmetic Act (Sec. 505)]


• “include all tests reasonably applicable to 
show…drug is safe…under…proposed
labeling”


• “results of such tests show…drug is safe 
under such conditions”
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Safety assessment during drug 
development


• Safety data is continuously evaluated at all stages 
of drug development


• Non-clinical identify target organs of 
toxicity/determine safety margins for clinical trials


• Before progressing to phase 3 trials, non-clinical 
data and Phase 1-2 safety data are reviewed 


• Predict possible AE in phase 3 trials
• Allow design safety assessment for phase 3 trials
• Rarely identify serious AEs due to limited 


exposure (a few hundred patients)
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Goals of NDA Safety Review
• To critically examine the sponsor’s 


contention that their drug is safe for its 
intended use (CAP)
– To assess the adequacy of the testing for 


safety
– To determine the significance of the adverse 


events and their impact on the approvability 
of the drug (risk/benefit analysis)
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Goals of NDA Safety Review (2)


– To describe the safety issues that should be 
included in product labeling should the drug 
be approved


– To decide whether additional safety studies 
and /or risk-management plan is needed
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What are the data sources?


– Randomized controlled trials
– Open label trials
– Postmarketing experience
– Medical literature
– Safety profile of other drugs in the 


class (inclusive of other indications)
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Approach to review of NDA safety 
database


• Characterize: 
Population (age, gender, underlying medical conditions, 
etc)
Dose
Magnitude of exposure


• Identify adverse events (AEs) and assess drug-
event relationship


• Identify risk factors for those AEs
• For common AEs, it is helpful to look at the rates 


in comparator arm
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Exposure
• What do we want to know about exposure?


– Is there adequate exposure at the intended dose 
range?


– If labeling will recommend a dose range, how 
much exposure was observed at the high end of 
the dose range?


– Were any special population groups included 
into the study/analysis (renally/hepatically
impaired)?


• Pharmacometric analysis that links exposure 
with adverse events
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Which events are most concerning?


• Deaths
• Serious adverse events
• Discontinuations due to adverse events
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Other important parts of the safety review
• Common adverse events
• Laboratory data
• Vital signs data
• ECG data
• Safety in pregnant women and special 


populations (elderly, renal impairment, 
etc)
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Specific safety issues we usually address 
with antibiotics


• Liver toxicity
• Renal toxicity
• Allergy-related toxicities 
• QT studies/cardiac repolarization
• Not unique to CAP
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Inherent limitations to what can be learned 
from NDA safety database


• Limited exposure (a few thousand patients)
– Rare serious AEs are not usually captured (in order of 1/10000-


1/100000)
– Observing no serious AEs should not be interpreted as “no 


risk”
• Studies are not designed to address specific safety 


questions: 
– Powered for efficacy with no pre-specified safety end-points


• Adverse events erroneously attributed to the underlying 
disease
– Particularly an issue for sick patients in intensive care 


settings
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Approval/Non-approval


• Risk-benefit assessment
• We have an advantage of using Advisory 


Committee input on any concerns about 
risk/benefit assessment
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Application of the results of pre-
marketing safety evaluation 


• FDA-approved professional labeling
– includes patient education materials 


• A surveillance plan to assess known serious 
risks and to identify unexpected serious 
risks 
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Post-approval stage


• Assessment of safety does not end after the 
NDA gets approved


• Continuing monitoring for AEs (PSUR, 
annual reports, AERS/Medwatch)


• Labeling changes/updates
– Adverse reactions, postmarketing AE reports
– Warnings (Boxed)
– Medication Guide
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Industry Experience & 
Importance in Monitoring 


Safety 


FDA-IDSA Workshop
17 January 2008


George H. Talbot, MD


Talbot 17 Jan 08


Disclosures for CAP Workshop


• June 2006-Oct 2007: CMO of Cerexa, Inc.


• Currently, consultant to industry, including 
Cerexa, which has a CAP program


• No equity holdings in Cerexa or its parent, 
Forest Laboratories


• Diversified healthcare equity portfolio 


Talbot 17 Jan 08


Discussion Points


• Non-“Safety” Facets of Safety 
– Efficacy - just as much about safety as “safety”


is
– Where can we go wrong and thereby put our 


patients at risk?
– Approaches to mitigating the “safety” risk of 


efficacy


• Thoughts on “traditional” safety issues


• Conclusions


Non-“Safety” Facets of Safety


Talbot 17 Jan 08


Efficacy is Another Facet of Safety


• This is not a surprise!
– But we do speak in an “efficacy-safety”


dichotomy


• It may be unintentionally underweighted 
– In the press of other clinical development 


considerations
– Monitoring efficacy is time-consuming, 


expensive and constrained statistically
– Due to an overly narrow perspective about 


what constitutes “safety”
– Forgetting that there is a patient at the end of 


each clinical trial protocol


Talbot 17 Jan 08


Where Can We Go Wrong?


• Dose selection


• Choice of
– Comparator
– Adjunctive antimicrobial therapy


• Impact of prior antimicrobial therapy


• Suboptimal, adjunctive non-antimicrobial 
therapy
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Where Can We Go Wrong?


• Issues in dose selection rationale for CAP  
The usual suspects:
– Potency (MIC) against target organisms
– Activity in animal pneumonia models
– Human Phase 1 PK
– Known PK-PD relationships (plasma)
– PK-PD modeling
– Lung penetration 
– Consideration of active site in lung
– Prior experience with class
– Phase 2 data if available


Talbot 17 Jan 08


Where Can We Go Wrong?


• Issues in dose selection rationale for CAP  
The unexpected:
– Different organisms than anticipated
– Higher than expected MICs of target 


pathogens
– Drug inactivation at target site
– PK variability
– Drug-drug interactions


Talbot 17 Jan 08


Where Can We Go Wrong?


• Issues in dose selection rationale for CAP  
The unexpected:
– Drug inactivation at target site


• Example: Daptomycin
– Inactivation by surfactant (kudos to Cubist for 


publishing)


Talbot 17 Jan 08


Where Can We Go Wrong?


• Daptomycin
– Inactivation by surfactant


Talbot 17 Jan 08


Where Can We Go Wrong?


• Since the daptomycin experience, 
sponsors have responded 
– Pulmonary PK studies for novel compounds 


(Tigecycline, telavancin, iclaprim)
– Surfactant interaction: Telavancin (AAAC, Jan 


2008, p. 92-97)


– Animal pneumonia models specific for target 
pathogens


Talbot 17 Jan 08


Where Can We Go Wrong?


• Issues in dose selection rationale for CAP  
The unexpected:


– Different organisms than anticipated


• Example: CA-MRSA
– Still rare, especially in clinical trial setting
– Appropriate to apply relevant exclusion criteria
– We must be vigilant as to if/when MRSA 


coverage should be routine.


• Related issue: Higher than expected MICs 
of target pathogens
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Where Can We Go Wrong?


• Issues in dose selection rationale for CAP  
The unexpected:
– PK variability, resulting in suboptimal exposure


• Possible examples (with apologies to 
George and Paul):
– Study patient population differs from that 


studied previously, leading to higher clearance
– Drug-drug interaction


Talbot 17 Jan 08


Where Can We Go Wrong?


• Possible example of suboptimal dosing 
(HAP, not CAP)


Pharmacokinetic-Pharmacodynamic Analysis for Efficacy of 
Tigecycline in Patients with Hospital- or Community-
Acquired Pneumonia


C. M. RUBINO, S. M. BHAVNANI , A. FORREST, J. KORTH-BRADLEY, P. G. 
AMBROSE


ICAAC 2007, A-588


• Kudos to Wyeth for publication


• Wyeth had conducted pulmonary PK study 
to assist in dose selection
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Choice of Comparator and Adjunctive Therapy


• Comparator
– No straw men, please!
– Appropriate dose and dose frequency (which 


may have changed since initial regulatory 
approval)


– Appropriate spectrum
– Appropriate tolerability


E10 Choice of Control Group and Related Issues in 
Clinical Trials


http://www.fda.gov/cder/guidance/4155fnl
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Choice of Comparator and Adjunctive Therapy


• Adjunctive Antimicrobial Therapy
– If spectrum of study drug is not broad enough 


for all likely pathogens, adjunctive therapy will 
be necessary.


– Optimal adjunctive therapy should be 
employed to ensure the best overall outcome 
for both treatment groups (in NI trials, there 
could be less attention to this unless it is an a 
priori objective)


Talbot 17 Jan 08


Choice of Comparator and Adjunctive Therapy


• Adjunctive Therapy
Conundrum in CAP: 
– If the spectrum of the study drug does not 


include atypical pathogens….how do we 
provide optimal therapy for patients, without 
overlapping coverage that confounds efficacy?


– Example: cephalosporin therapy of CAP


Talbot 17 Jan 08


Impact of Prior Therapy


Clin Infect Dis, in press
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Impact of Prior Therapy


• Prior effective therapy may artificially 
improve efficacy in clinical trials (we knew 
that…)


• The “safety” issue becomes apparent later 
– post marketing 


• The solution – avoid all prior antimicrobial 
use – poses major logistical consequences


• We need better approaches to this issue


Talbot 17 Jan 08


Adjunctive Non-antimicrobial Therapy


• Outcome can be compromised by 
inadequate adjunctive therapy
– Obvious for “surgical” diseases
– Less obvious for non-surgical conditions


• Possible examples for CAP
– Poor pulmonary toilet
– Suboptimal respiratory therapy support, etc.
– Inadequate mobilization
– Premature hospital discharge


Approaches to Mitigating the “Safety” Risk 
of Efficacy
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Mitigating the “Safety” Risk of Efficacy


• Rigorous attention to dose selection 
– Prior to Phase 2
– Thoroughly vetted
– Utilize FDA EOP-2 meeting


• No straw men comparators


• Optimal adjunctive therapy, if needed


• Optimal non-antimicrobial adjunctive 
therapy
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Non-Safety Aspects of Safety: Final Thoughts


• Obligation to consider efficacy as a safety 
issue extends beyond the clinical trials
– Imperative to reflect efficacy issues that 


impact patient safety in the product label
– Excellent example:


”Cubicin is not indicated for the treatment 
of pneumonia”


(Cubicin prescribing information, Indications and Usage)


• Post-marketing risk minimization programs 
should consider this aspect of safety


Selected “Traditional” Safety Issues
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Selected “Traditional” Safety Issues


• FDA Guidance documents


• Internal safety assessment processes


• Data Monitoring Committees


• Approach to infrequent events/ possible 
signals


Talbot 17 Jan 08


Selected “Traditional” Safety Issues


• Excellent FDA Guidance Documents, e.g.
– Adverse Event Reporting – Improving Human 


Subject Protection 
http://www.fda.gov/cber/gdlns/advreport


– Development and Use of Risk Minimization 
Action Plans 
http://www.fda.gov/cder/guidance/6358fnl


– Good Pharmacovigilance Practices and 
Pharmacoepidemiologic Assessment 
http://www.fda.gov/cder/guidance/6359OCC.pdf


Talbot 17 Jan 08


Internal Safety Assessment Processes


• A consideration esp. for small companies


• During on-going trials: 
– Safety - not just reviewing SAE reports and 


completing the regulatory requirements
– Needed: on-going attention to the big picture
– Don’t wait for a problem to establish a process
– Potential signals must be evaluated promptly, 


utilizing a multidisciplinary approach
– Advisability of seeking external expertise and 


objectivity should be front-and-center.
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Approach to Rare Events/ Possible Signals


• In my experience - One of the most 
difficult aspects of responsible safety 
monitoring
– Small numerators and denominators
– Difficult to remain free of bias, even when 


acknowledged
– Tendency to constrained hypotheses


• Solutions: an open mind, with attention to 
detail and alternate hypotheses


Talbot 17 Jan 08


Data Monitoring Committees


• FDA Guidance: Establishment and 
Operation of Clinical Trial Data Monitoring 
Committees


http://www.fda.gov/cber/gdlns/clintrialdmc.pdf
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Data Monitoring Committees


• “Obstacles” to use of DMCs
– Time, effort, and expense to establish
– Difficult to find the right people
– Maintaining integrity of the clinical trial
– Getting data to the DMC in a timely fashion so 


that relevant decisions can be made
– “Loss of control”
– Not thinking of efficacy as a safety 


consideration
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Data Monitoring Committees


• Advantages to use of DMCs
– May save time, effort, and expense in the end
– Better to find the right expertise sooner rather 


than later
– Maintains integrity of the clinical trial
– Encourages timely access to data so that 


relevant decisions can be made in the patients’
interest


– “Improved control”
– Highlights efficacy as a safety consideration


Talbot 17 Jan 08


In Conclusion


• Efficacy must be considered a patient 
“safety” issue 


• Steps can be taken during the planning 
and execution of clinical trials to ensure 
that optimal efficacy is achieved and that 
it does not become an unexpected safety 
issue.


• Smaller companies must take time to 
develop a process


Talbot 17 Jan 08


In Conclusion


• Final Thoughts: 
– Don’t cut corners on efficacy “risk 


minimization”
– Remember -- there is a patient at the end of 


every clinical trial protocol


• It’s in the patient’s best interest – and 
your drug’s…


Talbot 17 Jan 08
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IntroductionIntroduction


YouYou’’ve heard a lot about NI trials already, so Ive heard a lot about NI trials already, so I’’ll try not to ll try not to 
repeat. The critical issues are, by now known to you:repeat. The critical issues are, by now known to you:


1.  In most cases NI trials pose inferential problems, but 1.  In most cases NI trials pose inferential problems, but 
you use them when you have no choice, i.e., when you you use them when you have no choice, i.e., when you 
simply cannot leave patients untreated (placebosimply cannot leave patients untreated (placebo--treated) treated) 
and must use active treatment as the control. But the and must use active treatment as the control. But the needneed
to use an active control does not always mean this design to use an active control does not always mean this design 
will be a valid test of effectiveness.will be a valid test of effectiveness.
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Introduction (cont)Introduction (cont)
2. The NI study seeks to show that the new drug is not inferior 2. The NI study seeks to show that the new drug is not inferior to to 


the standard by too large an amount; that amount is called the the standard by too large an amount; that amount is called the 
nonnon--inferiority margin, M or delta. The NI margin has two inferiority margin, M or delta. The NI margin has two 
determinantsdeterminants


•• Inferiority must not be greater than the whole effect of the conInferiority must not be greater than the whole effect of the control trol 
(because then you(because then you’’ve lost the whole effect). So you must know the effect ve lost the whole effect). So you must know the effect 
of the control in the new study. The whole effect of the controlof the control in the new study. The whole effect of the control is called is called 
MM11 the largest possible NI margin.the largest possible NI margin.


•• Inferiority must not be clinically unacceptable. This is a cliniInferiority must not be clinically unacceptable. This is a clinical, not cal, not 
statistical, judgment. The largest clinically acceptable differestatistical, judgment. The largest clinically acceptable difference is called nce is called 
MM22. It must be no longer than M. It must be no longer than M11..
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Introduction (cont)Introduction (cont)


3. The critical problem in the NI trial is 3. The critical problem in the NI trial is ““assay assay 
sensitivitysensitivity”” (AS). Is this a trial that could have (AS). Is this a trial that could have 
detected the difference of interest if there were detected the difference of interest if there were 
such a difference? To do that, the active control such a difference? To do that, the active control 
must have had an effect in this study of at least must have had an effect in this study of at least 
MM11. If it didn. If it didn’’t, showing inferiority of the test t, showing inferiority of the test 
drug less than Mdrug less than M11 (i.e., non(i.e., non--inferiority) will not inferiority) will not 
tell you that the test drug has any effect and will tell you that the test drug has any effect and will 
be meaningless with respect to effectiveness.be meaningless with respect to effectiveness.
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Introduction (cont)Introduction (cont)
4. You don4. You don’’t actually measure the effect of the control, ort actually measure the effect of the control, or


assure assay sensitivity, in the NI study.  You have to assure assay sensitivity, in the NI study.  You have to 
assumeassume the size of the effect of the active control, the size of the effect of the active control, 
based on past experience. And if you are wrong, and based on past experience. And if you are wrong, and 
the active control did not have such an effect in thisthe active control did not have such an effect in this
study, you could conclude that an ineffective treatment study, you could conclude that an ineffective treatment 
works.works.


This problem has long been recognized by some trialists and This problem has long been recognized by some trialists and 
by FDA, and it creates uncertainty about the meaning of an by FDA, and it creates uncertainty about the meaning of an 
NI trial.NI trial.
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Citation of Expert OpinionCitation of Expert Opinion


In serious but less critical medical situations, one can In serious but less critical medical situations, one can 
justify a comparison between new drug and standard, justify a comparison between new drug and standard, 
even if a placebo group seems out of the question.  But even if a placebo group seems out of the question.  But 
such a trial is convincing only when the new remedy is such a trial is convincing only when the new remedy is 
superior to standard treatment.  If it is inferior, or even superior to standard treatment.  If it is inferior, or even 
indistinguishable from a standard remedy, the results are indistinguishable from a standard remedy, the results are 
not readily interpretable.  In the absence of placebo not readily interpretable.  In the absence of placebo 
controls, one does not know if the controls, one does not know if the ““inferiorinferior”” new new 
medicine has any efficacy at all, andmedicine has any efficacy at all, and


(continued)(continued)
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““equivalentequivalent”” performance may reflect simply a patient performance may reflect simply a patient 
population that cannot distinguish between two active population that cannot distinguish between two active 
treatments that differ considerably from each other, or treatments that differ considerably from each other, or 
between active drug and placebo.  Certain clinical between active drug and placebo.  Certain clinical 
conditions, such as serious depressive states, are conditions, such as serious depressive states, are 
notoriously difficult to evaluate because of the delay in notoriously difficult to evaluate because of the delay in 
drug effects and the high rate of spontaneous drug effects and the high rate of spontaneous 
improvement, and even known remedies are not readily improvement, and even known remedies are not readily 
distinguished from placebo in controlled trials.  How much distinguished from placebo in controlled trials.  How much 
solace can one derive from a trial that shows no difference solace can one derive from a trial that shows no difference 
between a new putative antidepressant and a standard between a new putative antidepressant and a standard 
tricyclic?tricyclic?


Lasagna, L:  Lasagna, L:  EurEur J J ClinClin PharmPharm
15:37315:373--374, 1979374, 1979
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Problems of Active Controlled TrialsProblems of Active Controlled Trials


As early as 1982, FDA regulations recognized the fundamental proAs early as 1982, FDA regulations recognized the fundamental problem blem 
of the trial seeking to show similarity, namely the necessary of the trial seeking to show similarity, namely the necessary assumptionassumption of of 
ASSAY SENSITIVITY, i.e. an assumption that the trial could have ASSAY SENSITIVITY, i.e. an assumption that the trial could have 
detected a difference of specified size between two treatments idetected a difference of specified size between two treatments if there f there 
were one.  The regulation said were one.  The regulation said 


““If the intent of the trial is to show similarity of the test andIf the intent of the trial is to show similarity of the test and
control drugs, the report of the study should assess the abilitycontrol drugs, the report of the study should assess the ability of the study of the study 
to have detected a difference between treatments.  Similarity ofto have detected a difference between treatments.  Similarity of test drug test drug 
and active control can mean either that both drugs were effectivand active control can mean either that both drugs were effective or that e or that 
neither was effective.  The analysis should explain why the drugneither was effective.  The analysis should explain why the drugs should s should 
be considered effective in the study, for example, by reference be considered effective in the study, for example, by reference to results in to results in 
previous placeboprevious placebo--controlled studies of the active control drug.controlled studies of the active control drug.””
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Problems of Active Control TrialsProblems of Active Control Trials
So, for more than 20 years, the major problem with the equivalenSo, for more than 20 years, the major problem with the equivalence ce 
or nonor non--inferiority design has been recognized and the general inferiority design has been recognized and the general 
description of the potential solution known: you have to analyzedescription of the potential solution known: you have to analyze the the 
past performance of the active control to know whether it can bepast performance of the active control to know whether it can be
assumedassumed to have an effect of defined size in the new study.to have an effect of defined size in the new study.


This critical assumption gives nonThis critical assumption gives non--inferiority studies an unsettling inferiority studies an unsettling 
similarity to historically controlled studies.  In those you mussimilarity to historically controlled studies.  In those you must be t be 
able to say, from past observations, what would happen to an able to say, from past observations, what would happen to an 
untreated group of patients like those in the current study.  Inuntreated group of patients like those in the current study.  In the the 
nonnon--inferiority study you need to say what the effect of the controlinferiority study you need to say what the effect of the control
drug in the new study drug in the new study wouldwould havehave beenbeen compared to a placebo.compared to a placebo.


That can be very difficultThat can be very difficult
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Assay Sensitivity and Assay Sensitivity and 
Choice of NI MarginChoice of NI Margin


NI trials once were called NI trials once were called ““equivalenceequivalence”” trials. Often these consisted of trials. Often these consisted of 
comparing two drugs, showing comparing two drugs, showing ““no significant differenceno significant difference”” and declaring and declaring 
““equivalence/victory.equivalence/victory.””


But you can only really show equivalence by being superior and nBut you can only really show equivalence by being superior and no o 
significant difference can mean too small a study and many othersignificant difference can mean too small a study and many other things. things. 
We We nownow ask that the difference (degree of inferiority) of the test druask that the difference (degree of inferiority) of the test drug to g to 
the control (Cthe control (C--T) be smaller than some margin (M).T) be smaller than some margin (M).


i.e., Ci.e., C--T < M,T < M,
where M can be no greater than the entire effect of C in this stwhere M can be no greater than the entire effect of C in this study. If the udy. If the 
difference, Cdifference, C--T, is < M, then T has some (> 0) effect.T, is < M, then T has some (> 0) effect.


So itSo it’’s really a s really a ““not too much inferioritynot too much inferiority”” study.study.


The analytic methods are familiar from standard placeboThe analytic methods are familiar from standard placebo--controlled trials.controlled trials.
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The Logic of the NonThe Logic of the Non--Inferiority TrialInferiority Trial


In a placeboIn a placebo--controlled trial, the null controlled trial, the null 
hypothesis is that the test drug T is hypothesis is that the test drug T is ≤≤ O.O.


Ho: T Ho: T ≤≤ OO
Ha: T > OHa: T > O


This is established by showing that the 97This is established by showing that the 97½½% % 
lower bound of the CI for Tlower bound of the CI for T--placebo is >O.placebo is >O.
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The Logic of the NonThe Logic of the Non--Inferiority TrialInferiority Trial


In the nonIn the non--inferiority study, the null hypothesis is that the inferiority study, the null hypothesis is that the 
degree of inferiority of the new drug (T) to the control (C), degree of inferiority of the new drug (T) to the control (C), 
CC--T, is greater than the margin MT, is greater than the margin M


Ho: CHo: C--T T ≥≥ M (T is more inferior than M)M (T is more inferior than M)
Ha:  CHa:  C--T < M (T is less inferior than M)T < M (T is less inferior than M)


For the study to show an effect of T, M can be no larger than For the study to show an effect of T, M can be no larger than 
the whole effect of C in that study.  Again you compare the the whole effect of C in that study.  Again you compare the 
9797½½% CI upper bound of C% CI upper bound of C--T with M.T with M.
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M is CrucialM is Crucial


EverythingEverything depends on the validity of M, i.e., that you are sure that depends on the validity of M, i.e., that you are sure that 
the effect of C in the new study is at least M.the effect of C in the new study is at least M.


M thus needs to be chosen conservatively.  If, e.g., you say M=1M thus needs to be chosen conservatively.  If, e.g., you say M=10, 0, 
then if Cthen if C--T (95% CI upper bound) is < 10, T has an effect.  But if T (95% CI upper bound) is < 10, T has an effect.  But if 
in the study the effect of C is only 5, T will NOT have had an in the study the effect of C is only 5, T will NOT have had an 
effect.effect.


IT WILL ONLY LOOK LIKE IT DOESIT WILL ONLY LOOK LIKE IT DOES


You need to be very sure of the marginYou need to be very sure of the margin


This leads to conservative choices and large sample sizes.This leads to conservative choices and large sample sizes.
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Problems of NonProblems of Non--Inferiority StudiesInferiority Studies
If the logic of an NI trial is OK, whatIf the logic of an NI trial is OK, what’’s the problem:  There are 3:s the problem:  There are 3:


1.1. The assumption of Assay Sensitivity The assumption of Assay Sensitivity 
There is a critical assumption:  that the trial could have detecThere is a critical assumption:  that the trial could have detected a ted a 
difference (or a difference of defined size), had there been onedifference (or a difference of defined size), had there been one.  This .  This 
property, called Assay Sensitivity, in turn depends on the assumproperty, called Assay Sensitivity, in turn depends on the assumption ption 
that the control drug would have had an effect of at least some that the control drug would have had an effect of at least some 
specified size specified size in this studyin this study (compared to placebo) had there been a (compared to placebo) had there been a 
placebo group. But the effect of the control drug is not measureplacebo group. But the effect of the control drug is not measured d 
(there is no placebo group) and the assumption cannot be support(there is no placebo group) and the assumption cannot be supported in ed in 
many situations.many situations.


N.B.  This is not a matter of power.  Power tells you what diffeN.B.  This is not a matter of power.  Power tells you what difference rence 
you could have detected.  But if the difference you wanted to ruyou could have detected.  But if the difference you wanted to rule out le out 
is 5 (the margin M that you believe the control drug had in the is 5 (the margin M that you believe the control drug had in the study) study) 
and you in fact rule out a difference of 5 or more, that has no and you in fact rule out a difference of 5 or more, that has no meaning meaning 
if the effect of the control was actually only 2 (or zero) in thif the effect of the control was actually only 2 (or zero) in this study. is study. 
That study lacked Assay Sensitivity; it could not have detected That study lacked Assay Sensitivity; it could not have detected a a 
difference between the treatments that would have shown the new difference between the treatments that would have shown the new 
drug to have had no effect.drug to have had no effect.
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Fundamental ProblemsFundamental Problems
2.2. Retaining more Than Retaining more Than ““AnyAny”” EffectEffect


The whole logic of the trial depends on showing that the The whole logic of the trial depends on showing that the 
difference between treatments (Cdifference between treatments (C--T) is less than some margin T) is less than some margin 
MM11, where M, where M11 is the whole effect of the control.  That margin is the whole effect of the control.  That margin 
cannot be > the effect of the control drug.  But the margin cannot be > the effect of the control drug.  But the margin 
also must not be greater than a clinically critical difference Malso must not be greater than a clinically critical difference M22, , 
where Mwhere M22 << MM11.  After all, you.  After all, you’’re doing an active control trial re doing an active control trial 
because you donbecause you don’’t want to leave people untreated.  You also t want to leave people untreated.  You also 
dondon’’t want them t want them ““barely treated.barely treated.”” MM22 has to be chosen to has to be chosen to 
reflect the clinical value of the drug.  This can lead to very reflect the clinical value of the drug.  This can lead to very 
large sample sizes.large sample sizes.


3.3. ““Sloppiness Obscures Differences.Sloppiness Obscures Differences.””
The need to show a lack of difference (as opposed to some The need to show a lack of difference (as opposed to some 
difference) can lead to lack of incentive to study excellence:difference) can lead to lack of incentive to study excellence:


16


Assay SensitivityAssay Sensitivity
A property of a clinical trial:  the ability to distinguish actiA property of a clinical trial:  the ability to distinguish active from ve from 
inactive drugs, or, in a specific case, the ability to show a inactive drugs, or, in a specific case, the ability to show a 
difference of a specified size M between treatments where M is tdifference of a specified size M between treatments where M is the he 
effect of C that is effect of C that is presumedpresumed present in the new study.  To do this, present in the new study.  To do this, 
the control must have an effect at least M larger than no the control must have an effect at least M larger than no 
treatment.  If the trial did not have assay sensitivity, then evtreatment.  If the trial did not have assay sensitivity, then even if en if 
CC--T < M, you have learned nothing about the effect of T.T < M, you have learned nothing about the effect of T.


If you donIf you don’’t know whether the trial had assay sensitivity, finding t know whether the trial had assay sensitivity, finding 
no difference between C and T means either that, in that trial:no difference between C and T means either that, in that trial:


Both drugs were effectiveBoth drugs were effective
Neither drug was effectiveNeither drug was effective
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Determining Assay SensitivityDetermining Assay Sensitivity
To conclude a trial had assay sensitivity, you need a combinatioTo conclude a trial had assay sensitivity, you need a combination of 1) n of 1) 
historical information, 2) assurance of similarity of the new trhistorical information, 2) assurance of similarity of the new trial to historical ial to historical 
trials, and 3) information about the quality of the new trial.trials, and 3) information about the quality of the new trial.


1.1. Historical evidence of sensitivity to drug effects (HESDE)Historical evidence of sensitivity to drug effects (HESDE)


A historically based conclusion that appropriately designed, sizA historically based conclusion that appropriately designed, sized, ed, 
and conducted trials in a particular disease, with a specific acand conducted trials in a particular disease, with a specific active tive 
drug (or group of related drugs) reliably show an effect of at ldrug (or group of related drugs) reliably show an effect of at least east 
some defined size on a particular endpoint.  Usually establishedsome defined size on a particular endpoint.  Usually established by by 
showing that appropriately sized (powered) and wellshowing that appropriately sized (powered) and well--conducted conducted 
trials in a specified population regularly distinguish the activtrials in a specified population regularly distinguish the active drug(s) e drug(s) 
from placebo for particular endpoints  from placebo for particular endpoints  


Sensitivity to drug effects is an abstract conclusion about wellSensitivity to drug effects is an abstract conclusion about well--
designed trials of a drug in a particular disease.  Assay Sensitdesigned trials of a drug in a particular disease.  Assay Sensitivity is a ivity is a 
conclusion about a particular trialconclusion about a particular trial
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Determining Assay SensitivityDetermining Assay Sensitivity
1.1. HESDEHESDE


For most symptomatic treatments, history clearly does not suggesFor most symptomatic treatments, history clearly does not suggest a new trial will t a new trial will 
have assay sensitivity; i.e., many wellhave assay sensitivity; i.e., many well--designed studies fail to show effectsdesigned studies fail to show effects


AnxietyAnxiety CHF symptomsCHF symptoms
DepressionDepression AnginaAngina
InsomniaInsomnia GERD SymptomsGERD Symptoms
Allergic rhinitisAllergic rhinitis Irritable bowel syndromeIrritable bowel syndrome
Asthma prophylaxis Asthma prophylaxis PainPain


For some outcomes studies, results are also inconsistent, notablFor some outcomes studies, results are also inconsistent, notably survival posty survival post--MI MI 
with beta blockers or aspirinwith beta blockers or aspirin


Could it be sample size? Maybe, but in these cases it Could it be sample size? Maybe, but in these cases it lookslooks as if some trials are as if some trials are 
different from others; i.e., there is a treatment by study interdifferent from others; i.e., there is a treatment by study interaction.  action.  
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Cases Where As Is Pretty CertainCases Where As Is Pretty Certain
Unlike many symptomatic conditions, there are situations in whicUnlike many symptomatic conditions, there are situations in which h 
treatment responses are large, plainly different from placebo.treatment responses are large, plainly different from placebo.


−− Heparin in deep vein thrombosisHeparin in deep vein thrombosis
−− Strep throat, Strep throat, UTIUTI’’ss
−− Treatment of acute leukemia, testicular CaTreatment of acute leukemia, testicular Ca
−− Beta agonists in Beta agonists in broncospasmbroncospasm


There are other cases where analysis showed very consistent resuThere are other cases where analysis showed very consistent results lts 
across studiesacross studies


−− Steroid asthma prophylaxisSteroid asthma prophylaxis
−− Thrombolytics in AMIThrombolytics in AMI
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Determining Assay SensitivityDetermining Assay Sensitivity
2.  Similarity of Current Trial to Past 2.  Similarity of Current Trial to Past –– the Constancy Assumptionthe Constancy Assumption


Conclusion of HESDE applies only to trials of a particular desigConclusion of HESDE applies only to trials of a particular design (patient population, n (patient population, 
selection criteria, endpoints, dose, use of washout periods and,selection criteria, endpoints, dose, use of washout periods and, particularly important, particularly important, 
background therapy) .  Changes in these can alter the effect sizbackground therapy) .  Changes in these can alter the effect size of the active control e of the active control 
and, therefore, the appropriate margin, or completely undermine and, therefore, the appropriate margin, or completely undermine assay sensitivityassay sensitivity


For example:For example:


Effect on mortality of postEffect on mortality of post--infarction beta blocker treatment could be altered by new infarction beta blocker treatment could be altered by new 
medications (lipid lowering, antimedications (lipid lowering, anti--platelet drugs) or procedures (CABG, angioplasty)platelet drugs) or procedures (CABG, angioplasty)


Effect of ACEI on CHF could be altered by routine use of betaEffect of ACEI on CHF could be altered by routine use of beta--blockers or blockers or 
aldosterone antagonistsaldosterone antagonists


Effect of a thrombolytic could depend on how many hours after onEffect of a thrombolytic could depend on how many hours after onset of AMI set of AMI 
treatment was startedtreatment was started
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Determining Assay SensitivityDetermining Assay Sensitivity


3.  Study Quality3.  Study Quality


If sensitivity to drug effects exists for a therapeutic class, If sensitivity to drug effects exists for a therapeutic class, 
assay sensitivity in a particular study can still be assay sensitivity in a particular study can still be 
undermined by a variety of study conduct factors that undermined by a variety of study conduct factors that 
““bias toward the null,bias toward the null,”” i.e., obscure true differences i.e., obscure true differences 
between treatments and cause the historical experience to between treatments and cause the historical experience to 
represent an overestimate of the effect of the control represent an overestimate of the effect of the control 


These factors include:These factors include:
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Determining Assay SensitivityDetermining Assay Sensitivity
3.   Study Quality (cont.) 3.   Study Quality (cont.) 


•• Poor compliancePoor compliance
•• NonNon--protocol crossoversprotocol crossovers
•• Spontaneous improvement in the populationSpontaneous improvement in the population
•• A poorly responsive populationA poorly responsive population
•• Use of concomitant medication that reduces potential responseUse of concomitant medication that reduces potential response
•• Poor diagnostic criteria (patients lack the disease)Poor diagnostic criteria (patients lack the disease)
•• Inappropriate (insensitive) measures of drug effect Inappropriate (insensitive) measures of drug effect 
•• Poor quality of measurementsPoor quality of measurements
•• Mixing up the treatmentsMixing up the treatments


Overall there is a lower incentive to high quality in trials seeOverall there is a lower incentive to high quality in trials seeking to show no king to show no 
difference between treatments.  History could therefore overestidifference between treatments.  History could therefore overestimate the effect mate the effect 
of the control in the new trialof the control in the new trial
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Determining Assay SensitivityDetermining Assay Sensitivity
3.  Study Quality (cont.)3.  Study Quality (cont.)


These factors, in general, have only small (or no) effects These factors, in general, have only small (or no) effects 
on variance (width of CI) but can reduce or obliterate Con variance (width of CI) but can reduce or obliterate C--
T differences, leading to false conclusion of nonT differences, leading to false conclusion of non--
inferiorityinferiority


Note:  Some analytic approaches that are Note:  Some analytic approaches that are ““conservativeconservative””
in a differencein a difference--showing trial are not in a nonshowing trial are not in a non--inferiority inferiority 
trial; for example, an intenttrial; for example, an intent--toto--treat approach reduces Ctreat approach reduces C--
T and is not conservativeT and is not conservative
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MM22, the Clinical Margin, the Clinical Margin


MM11 is the largest possible nonis the largest possible non--inferiority margin because it inferiority margin because it 
represents the entire effect of the control in the study.  represents the entire effect of the control in the study.  
You need to rule out inferiority of T by >MYou need to rule out inferiority of T by >M11 to be sure T to be sure T 
has any effect at all.  But if the effect is of value, assuring has any effect at all.  But if the effect is of value, assuring 
retention of retention of anyany of the control effect may not be of the control effect may not be 
adequate.  It is therefore common to choose Madequate.  It is therefore common to choose M22 as the as the 
nonnon--inferiority margin, where Minferiority margin, where M22 represents the smallest represents the smallest 
effect (often thought of as a fraction of Meffect (often thought of as a fraction of M11) that must be ) that must be 
preserved.  Note that you cannot assure true equivalence preserved.  Note that you cannot assure true equivalence 
or no inferiority at all except by having T be superior to Cor no inferiority at all except by having T be superior to C
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Confusion of M1 and M2Confusion of M1 and M2
There has been a tendency to consider MThere has been a tendency to consider M11 and Mand M22 separately or more separately or more 
specifically to consider Mspecifically to consider M22 without reference to Mwithout reference to M11.  That is all right if .  That is all right if 
MM11>>M>>M22 (e.g., many antibiotic treatments, treatment of acute leukemia)(e.g., many antibiotic treatments, treatment of acute leukemia)
where the effect is so large that the only issue really is compawhere the effect is so large that the only issue really is comparative rative 
effectiveness, but not if Meffectiveness, but not if M22 is almost equal to Mis almost equal to M11 (or larger).  In the past (or larger).  In the past 
it was common in cancer trials to declare equivalence if survivait was common in cancer trials to declare equivalence if survival l 
inferiority of 20% was excluded.  But the control agent in many inferiority of 20% was excluded.  But the control agent in many studies studies 
did not have a known effect as large as 20% more than no treatmedid not have a known effect as large as 20% more than no treatment nt 
(that(that’’s a 2 month survival advantage if the control is 10 months) so ts a 2 month survival advantage if the control is 10 months) so that hat 
successfully excluding a more than 20% difference could represensuccessfully excluding a more than 20% difference could represent loss t loss 
of all effect or even harm.  In many cases this approach was useof all effect or even harm.  In many cases this approach was used even if d even if 
no survival effect of the control was documentedno survival effect of the control was documented


There is a certain logic to that approach regarding clinical valThere is a certain logic to that approach regarding clinical value, but it ue, but it 
cannot show cannot show effectivenesseffectiveness
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Confusion of MConfusion of M11/M/M22 (cont)(cont)
The oncology experience has been replicated in ID. It The oncology experience has been replicated in ID. It 
seems pretty clear that the seems pretty clear that the ““clinically insignificantclinically insignificant”” 1010--
15% differences used as margins in otitis, sinusitis, and 15% differences used as margins in otitis, sinusitis, and 
acute exacerbations of chronic bronchitis, while perhaps acute exacerbations of chronic bronchitis, while perhaps 
truly insignificant, were larger than the usual effect of the truly insignificant, were larger than the usual effect of the 
control agent. These margins could not show drug control agent. These margins could not show drug 
effectiveness.effectiveness.


So it is absolutely critical to rigorously define MSo it is absolutely critical to rigorously define M11 before before 
considering what portion of it must be retained.considering what portion of it must be retained.
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Choosing the MarginChoosing the Margin


1.1. Similarity in some ways to historical controlsSimilarity in some ways to historical controls


The need to The need to assumeassume assay sensitivity and control drug effect size assay sensitivity and control drug effect size 
gives all nongives all non--inferiority studies the unsettling element of a inferiority studies the unsettling element of a 
historical control, a kind of control with wellhistorical control, a kind of control with well--recognized problems.  recognized problems.  
(It is just as critical to believe you understand what the (It is just as critical to believe you understand what the presentpresent
effect of the control drug is, compared to a placebo, when you effect of the control drug is, compared to a placebo, when you 
define M based on past experience, as it is to believe you know define M based on past experience, as it is to believe you know 
what would happen to a current untreated group of patients basedwhat would happen to a current untreated group of patients based
on a past experience, so you can compare new treatment with old on a past experience, so you can compare new treatment with old 
untreated).untreated).
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Choosing the Margin (MChoosing the Margin (M11))
2. Historical results may be variable2. Historical results may be variable


Establishing HESDE demands that there be a complete look at Establishing HESDE demands that there be a complete look at 
past placebopast placebo--controlled trials.  If results are consistent, therecontrolled trials.  If results are consistent, there’’s s 
generally no problemgenerally no problem


But if results vary widely, the choice of margin is difficult.  But if results vary widely, the choice of margin is difficult.  It It 
obviously cannot be based on the most favorable single result obviously cannot be based on the most favorable single result 
because that would overestimate the control drug effect in the because that would overestimate the control drug effect in the 
current trial, but it also cannot be based on the point estimatecurrent trial, but it also cannot be based on the point estimate of a of a 
metameta--analysis because may trials have poorer results.  In this case, analysis because may trials have poorer results.  In this case, 
even the lower bound of a 95% CI is a problem because this couldeven the lower bound of a 95% CI is a problem because this could
be greater than the actual result in some studies.  And results be greater than the actual result in some studies.  And results can can 
vary widely, as experience with GP vary widely, as experience with GP IIb/IIIaIIb/IIIa inhibitors showsinhibitors shows
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Choice of Margin (MChoice of Margin (M11) (cont.)) (cont.)
Variability Can Be GreatVariability Can Be Great


Example:  Example:  IIbIIb/IIIA antagonists (Abciximab, eptifibatide, tirofiban) /IIIA antagonists (Abciximab, eptifibatide, tirofiban) 
for use after  percutaneous intervention (Kong/Califf)for use after  percutaneous intervention (Kong/Califf)


All:  (48All:  (48--96 hrs), 43% reduction in death, NFMI, but individual 96 hrs), 43% reduction in death, NFMI, but individual 
results varied from results varied from 


>50% (Impact III, CAPTURE, several others)>50% (Impact III, CAPTURE, several others)
<25% (EPILOG, RAPPORT, RESTORE, <25% (EPILOG, RAPPORT, RESTORE, 


PRISM+)PRISM+)


Given values of <25% in good sized trials, is 43% (with varianceGiven values of <25% in good sized trials, is 43% (with variance) a ) a 
good representation?  It would be much easier to rule out loss ogood representation?  It would be much easier to rule out loss of a f a 
43% effect than a 25% effect, but there43% effect than a 25% effect, but there’’s a good chance, for a given s a good chance, for a given 
study, that the effect is < 43%study, that the effect is < 43%
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Choice of Margin (MChoice of Margin (M11) (cont.)) (cont.)
Variability Can Be GreatVariability Can Be Great


Surely would prefer to use data on single drugs Surely would prefer to use data on single drugs 
rather than pooled rather than pooled ““pharmacologically similarpharmacologically similar””
drugs, as drugs within a drugs, as drugs within a ““classclass”” can differ. But can differ. But 
this will greatly widen the confidence interval this will greatly widen the confidence interval 
and 95% CI lower bound.and 95% CI lower bound.
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Variability (cont.)Variability (cont.)
IIB/IIIA inhibitors are even more variable for ACS, IIB/IIIA inhibitors are even more variable for ACS, 
with early reduction of 29% in death and AMI but with early reduction of 29% in death and AMI but 
abciximab (which tends to be best after PCI) in abciximab (which tends to be best after PCI) in 
GUSTO IV showed no effect at all, a major surpriseGUSTO IV showed no effect at all, a major surprise


Every trial differs with respect to precise definition  of Every trial differs with respect to precise definition  of 
patients, kind of heparinization, indicators for initial patients, kind of heparinization, indicators for initial 
or further interventionor further intervention


IfIf one accepted active control, might want to (1) one accepted active control, might want to (1) 
choose drug that is numerically best for the control choose drug that is numerically best for the control 
agent, and (2) choose margin at low end, not averageagent, and (2) choose margin at low end, not average
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Choice of MarginChoice of Margin
Response to Limitations of DataResponse to Limitations of Data


The variability in trials, modest event rates, and generally The variability in trials, modest event rates, and generally 
cautious choices of Mcautious choices of M11 pose significant problems.  Many pose significant problems.  Many 
findings drive Mfindings drive M11 toward lower value.toward lower value.


•• If range of effect sizes, and one study is planned, plainly If range of effect sizes, and one study is planned, plainly 
need to need to ““go lowgo low””


−− ItIt’’s very hard to choose a value for M that is larger s very hard to choose a value for M that is larger 
than the lower bound seen in an actual studythan the lower bound seen in an actual study


−− Even one failed study is a major problem (yet there Even one failed study is a major problem (yet there 
are failed studies for beta blockers, aspirin, etc)are failed studies for beta blockers, aspirin, etc)
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Choice of MarginChoice of Margin
Changes in Response Over TimeChanges in Response Over Time


3. Even if past trials regularly show superiority to placebo, ef3. Even if past trials regularly show superiority to placebo, effect fect 
size could differ from the past.  The size could differ from the past.  The ““ constancy assumption may constancy assumption may 
be shakybe shaky


•• Results could depend on how soon treatment started (hours, Results could depend on how soon treatment started (hours, 
thrombolytics; days, beta blockersthrombolytics; days, beta blockers


•• Therapy will often have changed (effects of Therapy will often have changed (effects of ACEIsACEIs in CHF were without in CHF were without 
beta blockers, spironolactone, statins)beta blockers, spironolactone, statins)


•• Trials may be done in a different region (is NYHA CHF score the Trials may be done in a different region (is NYHA CHF score the same same 
everywhere).  We know relatively little about consistency acrosseverywhere).  We know relatively little about consistency across regions.regions.
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The Special Case of MThe Special Case of M22 << M<< M11


The difficulties of setting the margin are clearly less if MThe difficulties of setting the margin are clearly less if M22 << M<< M11. In . In 
that case you donthat case you don’’t need to be very precise about effect size. If, e.g., t need to be very precise about effect size. If, e.g., 
cure rates are 80% at one week in UTI with treatment and 20% cure rates are 80% at one week in UTI with treatment and 20% 
without, and Mwithout, and M22 is 10is 10--15%, you don15%, you don’’t need to worry much about t need to worry much about 
the absolute cure rate of the control in the study.the absolute cure rate of the control in the study.


ItIt’’s where effect size (Ms where effect size (M11) is in doubt, uncertain, absent in some ) is in doubt, uncertain, absent in some 
studies, that problems emerge.studies, that problems emerge.


In the present case a firm conclusion for a defined category of In the present case a firm conclusion for a defined category of CAP CAP 
that the effect of treatment is, say, 30%, should make life easythat the effect of treatment is, say, 30%, should make life easy for for 
an Man M22 of 10%.of 10%.
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IÖ§Ä/i=bÄ~$PÖNSÖRED WORKSHOP
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Silver Spring, MD


Issues in the Design and Conduct of Clinical Trials of Antibacterial Drugs in the
Treatment of Community-Acquired Pneumonia (CAP)


How wil the workshop be conducted?


1) Lectures on the current state of knowledge on


the condition of community-acquired pneumonia (CAP) including what we
know about treatment effect
principles of clinic aUria I design and application toclinicaUrials of CAP


2) Presentation of prototypic clinical trial scenarios as a springboard for critical
discussion of key elements of clinical trial designs for CAP intended to evaluate
safety and efficacy of an antibacterial drug


3) Summation
What we know
What we don't know
What new approaches are worthy of further evaluation


Goals:


1) Examine critical issues in
. The design and conduct of trials of the safety and efficacy of antibacterial


drugs in the treatment of CAP


. The implications of emerging scientific tools that assist in the diagnosis of


the etiology of CAP.


2) Discuss clinical trial design and statistical considerations in demonstrating
efficacy in clinical trials of CAP







. .. ThUrsday, January 17


7:45 - 8:00 a.m. Registration


8:00 - 8:15 a.m. Welcome by co-sponsors (Ed Cox, Tom Fleming, David Gilbert)


(Goals and introduce morning panel)


8:15 - 8:45 a.m. How can current and emerging science improve clinical trials of
antibacterials designed to determine safety and efficacy in the
treatment of community-acquired pneumonia?


John Powers, II, MD, FIDSA, Science Applications
International Corporation in support of the Collaborative
Clinical Research Branch, NIAID, NIH and University of
Maryland School of Medicine, Baltmore, Maryland and
George Washington University School of Medicine and
Health Sciences, Washington, DC


8:45 - 9:00 a.m. Q&A Panel


9:00 - 9:15 a.m. CAP scenario #1: "CAP in adults not requiring
hospitalization"


David Gilbert


9:15 - 9:20 a.m. Clarification and comment by panel


How can we best define the subjects eligible for a CAP trial?


9:20 - 9:50 a.m. Molecular diagnostics to detect viral and bacterial
pathogens


Frederick Nolte, PhD, D(ABMM), F(AAM),
Professor of Pathology and Laboratory
Medicine, and Director of Clinical Laboratories,
Medical University of South Carolina,
Charleston


9:50 - 9:55 a.m. Q&A Panel


9:55 -10:15 a.m. Prospects for procalcitonin as a new biomarker


Michael Niederman, MD, Chairman,
Department of Medicine, Winthrop-University
Hospital Professor of Medicine, & Vice-
Chairman, Department of Medicine, SUNY at
Stony Brook


10:15 -10:20 a.m. Q&A Panel







Endpoints


10:20 - 10:35 a.m. BREAK


10:35 - 10:50 a.m. How severe is the pneumonia: PORT scores
Michael Fine, MD, MSc, Director, Center for
Health Equity Research and Promotion, VA
Pittsburgh Healthcare System


Current knowledge of the "treatment effect',' in clinical trials of outpatient
pneumonia


10:50 - 11 :20 a.m. What criteria should be addressed to do a credible
non-inferiority trial and why is this clinically, important?


Thomas R. Fleming, PhD, Professor of
Biostatistics, University of Washington


11 :20 - 11 :35 a.m. Q&A Panel


11.:35 - 12:05 a.m. Clinical endpoints of therapy to include patient-


recorded observations


David Gilbert, MD, Chief oflnfectious Diseases
and Director of Earle A. Chiles Research
Instiute, Providence Portland Medical Center
and Professor of Medicine, Oregon Health and
Science University


12:05 - 12:15 p.m. Q&A Panel


12:15 - 1 :00 p.m. LUNCH


1 :00 - 1 :30 p.m. Does literature document a treatment effect relative to
placebo? How does this aid design of future
superiority or non-inferiority trials?


Tim F.Murphy, MD, UB Distinguished
Professor, Departments of Medicine and
Microbiology & Chief of Infectious Diseases,
University at Buffalo, State Unversity of New
York


1 :30 - 1 :50 p.m. Statistical issues in endpoint selection and non-
inferiority trial design from an FDA perspective


Karen Higgins, PhD, Statistical Team Leader
for the Division of Special Pathogen and







Transplant Products, Center for Drug
Evaluation and Research, FDA


1 :50 - 2:20 p.m. What are potential designs for a superiority trial for
mild CAP? Are there adequate data to define an
evidence-based margin in a non-inferiority trial for
mild to moderate CAP?


Tom File (Thomas M. File), Jr., MD, MSc,
MACP, FIDSA, FCCP, Professor, Internal
Medicine; Master Teacher,' Head, Infectious
Disease Section, Northeastern Ohio
Universities College of Medicine, Rootstown,
Ohio; Chief, Infectious Disease Section and
Director of HIV Research


2:20 - 2:30 p.m. Q&A Panel


2:30 - 2:45 p.m. BREAK


2:45 - 3:05 p.m. The perspective of industry


Roger Echols, MD, Chief Medical Officer,
Replidyne


3:05 - 3:30 p.m. Q&A Panel


3:30 - 4:00 p.m. Panel Discussion of CAP scenario #1 :
Discussion points
. What are the possible designs for an ethical


controlled clinical trial designed to show superiority of
à test drug in mild to moderate CAP?


. Within the limitations of what we know, how likely is it


that superiority could be demonstrated in a controlled
clinical trial of an antibacterial drug for mild to
moderate CAP?


. If superiority in an active controlled trial is unlikely to


be demonstrated for a clinically meaningful effect, can
an informative, non-inferiority trial be designed based
upon our current knowledge base of mild to moderate
CAP?


Drug safety in trials of CAP


4:00 - 4:20 p.m. Issues in evaluating drug safety in CAP
Bruce Psaty, MD, PhD, Professor, Medicine,
Epidemiology, and Health Services,







Catai611ascuJárHeålth Reséarch Unit,
University of Washington


4:20 - 4:40 p.m. Evaluation of drug safety in CAP


Tatiana Oussova, MD, MPH, Medical Officer,
Division of Anti-Infective and Ophthalmic
Producæ, CDER, FDA


4:40 - 5:10 p.m. Industry experience and importance in monitoring


safety
George Talbot, MD
President, Talbot Advisors LLC


5: 1 0 - 5:30 p.m. Q&Aand Discussion







------- - -.- ---,.. - -- - -- --- -- - --


Friday, January 18


8:00 - 8:30 a.m. Co-Chairs summary of day 1 and introduction of day 2


8:30 a.m. Scenario #2: CAP pneumonia requiring hospitalization but not
requiring ICU care


Richard Wunderink, MD, Professor of Medicine,
Northwestern University, Feinberg School of Medicine


8:45 - 9: 1 0 a.m. The spectrum of the microbial etiology of hospitalized
CAP: Implications for selecting the population for
enrollment


Lionel Mandell, MD, Professor of Medicine,
McMaster University (Ontario, Canada)


9:10 - 9:15 a.m. Q&A Panel


9: 15 - 9:40 a.m. . The power of the Medicare database. Antibiotic


selection makes a difference.
Dale Bratzler, DO, MPH, QIQSC Medical
Director, Oklahoma Foundation for Medical
Quality


9:40 - 9:45 a.m. Q&A Panel


9:45 - 10: 1 0 a.m. Can we improve the detection of S. pneumoniae?
Implications for selecting the population for
enrollment.


Keith Klugman, MD, Willam H. Foege,
Professor of Global Health, Rollns School of
Public Health, Emory University


10: 1 0 - 10:15 a.m. Q&A Panel


10:15 -10:30 a.m. BREAK


T
i
i
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10:30 a.m.
___________ _uu__ ________


How to assess a drÚg treatment effeCt?


10:30 - 11 :00 a.m. Primary and secondary and composite endpoints
John Powers, II, MD, FIDSA, Science
Applications International Corporation in
support of the Collaborative Clinical Research
Branch, NIAID, NIH and University of Maryland
School of Medicine, Baltmore, Maryland and
George Washington University School of
Medicine and Health Sciences, Washington,


DC


11 :00 - 11: 15 a.m. Clinical and microbiologic endpoints
Daniel Musher, MD, Head of Infectious
Diseases, VA Medical Center, Houston &
Professor of Medicine, Baylor College of
Medicine


11: 15 -11 :45 a.m. Is it possible to "blind" a trial of CAP?
Helen Boucher, MD, Director, Infectious
Diseases Fellowship Program & Assistant
Professor of Medicine, Division of Infectious
Diseases, Tufts-New England Medical Center


11 :45 - 12: 10 p.m. The lessons of history: Immunotherapy and penicillin
for pneumococcal pneumonia.


Mary Singer, MD, PhD, Medical Officer,
Division of Special Pathogen and Transplant
Products, . COER Office of Antimicrobial
Products, FDA


12: 1 0 - 12:,30 p.m. Can pharmacodynamics predict clinical and/or
microbiologic success or failure?


Paul Ambrose, Pharm. D, FIDSA, Director of
the Instiute for Clinical Pharmacodynamics in
Albany, New York & Associate Research
Professor, School of Pharmacy and
Pharmaceutical Sciences, University of Buffalo


12:30 -12:40 p.m. Q&A Panel


12:40 -1:25 p.m. LUNCH







Hm____ ________.. _____ _ _____..____.. _____ __.._ _ _ __


1 :25 - 1 :55 p.m. Is activity vs "atypical" pathogens necessary in
treatment of protocols for CAP? Issues with
combination therapy.


John Bartlett, MD, FIDSA, Chief, Division of ID,
Johns Hopkins University School of Medicine


1 :55 - 2:25 p.m. FDA experience and perspective on non-inferiority
trials


Robert Temple, MD, Associate Director for
Medical Policy, FDA


2:25 - 2:40 p.m. BREAK


2:40 - 3:00 p.m. The perspective of industry: non-inferiority trials for
CAP


Eddie Power, MD, Senior Global Medical
Director, Anti-Infectives / Virology"Global
Medical Affairs, Schering-Plough Corporation


3:00 - 3:30 p.m. How to define an evidence-based non-inferiority
margin with degrees of unavoidable uncertainty


Thomas R. Fleming, PhD, Professor of
Biostatistics, University of Washington


3:30 - 3:40 p.m. Q&A Panel


3:40 - 4:30 p.m. Panel discussion of Scenario #2
. What constitutes severe CAP and how


should severity be classified for the
purposes of a clinical trial?


. What superiority and non-inferiority


designs in trials for severe CAP would
be reasonable?


. What is the appropriate primary analysis


population(s) fora trial of severe CAP
and is it influenced by the antimicrobial
spectrum of the test drug? .


4:30 - 5:00 p.m. Closing remarks (Co-Chairs)
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Scenario 2
A 65 y/o female resident of 


Atlanta


presents to the ER in December
marked increase in purulent sputum 
production, worsening exertional
dyspnea, and fever of one day’s duration 


Past Medical History
Mild COPD


35 pack years, continues but “cut down”
PRN bronchodilator only
Exacerbation last fall treated with unknown 
antibiotic


Diabetes on oral agent
Hypertension – admitted once with SOB 
and treated for congestive heart failure
Obesity


Social History
Sedentary
Works as domestic house cleaner
Frequently babysits 4 grandchildren 
when they are not in daycare


None of them ill recently
No recent travel
No pets or other hobbies
Enjoys “well-maintained” hot tub


Immunization
Patient and husband received influenza 
vaccine last fall
She does not recall getting pneumonia 
vaccine
She does not know if grandchildren have 
received pneumonia vaccination. Her 
children struggle financially.


Physical Exam
uncomfortable from frequent productive 
coughing, dyspnea, and chills
BP 130/80, 
T 39.2°C (102.5°F) 
pulse 100/min and regular 
respiratory rate 24/min 


O2 saturation on room air of 89%; 
O2 saturation on 2L/min nasal cannula 92%
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Physical Exam
She is obese. 
Lungs – definite “crackles” are heard 
over the left lower lobe only 


Bronchial breathing with egophony
No rub


No gallop rhythm
The remainder of the exam is 
unremarkable


Lab/Diagnostic data
CXR – LLL consolidation with air 
bronchogram


Large heart
WBC 19,000 cells/mm3 with 75% polys, 
22% bands, 3% lymphocytes 


Hgb 14 gm/dl, hct 42%
Platelets 110,000 (baseline 1 year ago 
180K)


PT/INR and PTT WNL


Lab/Diagnostic data
Na+ 150, K+ 5.2, chloride 115, CO2 22


Anion gap = 13
BUN 35, creatinine 1.4


Both up from normal baseline 1 year ago 
AST/ALT 35/45, total bilirubin 1.0
Arterial blood gas on 2 L/min O2:       
pH 7.42, pO2 65, pCO2 35


Management
Peripheral IV started and fluids given
Empirical ceftriaxone 1 Gm IV and 
Azithromycin 1 Gm IV given
No blood cultures or sputum culture 
ordered


no other diagnostic tests
Admitted to General Medicine bed under 
care of a hospitalist


Scoring
PSI Score = 95, Class IV 


Predicted mortality = 9.5%
BUN(+10), hypoxemia(+20), possible CHF 
hx (+10), age (+65-10)


CURB-65 = 2
Predicted mortality = 6.8%
Age, BUN


IDSA/ATS minor criteria = 2
BUN, PF = 232 (assuming 2L=28% O2)


What clinical trial design is most appropriate 
for the study of hospitalized CAP?


Which scoring system should be used to 
determine severity of illness at baseline?


For studies of hospitalized CAP, patients with 
which baseline scores should be included?


Which diagnostic tests would be most 
appropriate for including patients with 
moderate-severe bacterial pneumonia 
(including Legionella sp.)


What are the sensitivity, specificity, positive- and 
negative-predictive values for these tests?
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What clinical trial design is most appropriate 
for the study of hospitalized CAP?


What is the most appropriate 
endpoint for measuring response to 
treatment in this setting?
When should the primary endpoint be 
measured?
Are there any specific safety
considerations for this type of study?
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The Spectrum of the Microbial The Spectrum of the Microbial 
Etiology of Hospitalized CAP: Etiology of Hospitalized CAP: 
Implications for Selecting the Implications for Selecting the 


Population for EnrollmentPopulation for Enrollment


Lionel A. Mandell, MD, FRCPC, FRCP(LOND)Lionel A. Mandell, MD, FRCPC, FRCP(LOND)
Professor of MedicineProfessor of Medicine
McMaster UniversityMcMaster University


Hamilton, Ontario, CanadaHamilton, Ontario, Canada


Potential Conflict of InterestPotential Conflict of Interest


Research FundingResearch Funding from: Chiron, Orthofrom: Chiron, Ortho--McNeil, McNeil, 
OscientOscient, Pfizer, Bayer., Pfizer, Bayer.


ConsultantConsultant: : CempraCempra, , NovexelNovexel, Ortho, Ortho--McNeil, McNeil, 
OscientOscient, Pfizer, , Pfizer, SanofiSanofi--AventisAventis, , TargantaTarganta, , 
Wyeth, Abbott, BayerWyeth, Abbott, Bayer


Speakers BureauSpeakers Bureau: Ortho: Ortho--McNeil, McNeil, OscientOscient, Pfizer,  , Pfizer,  
SanofiSanofi--AventisAventis, Abbott, Bayer., Abbott, Bayer.


CAPCAP


OutpatientsOutpatients


80%80%


InpatientsInpatients


WardsWards ICUICU
18%              2%18%              2%


Allows for specific/directed Allows for specific/directed 
antimicrobial treatment.antimicrobial treatment.
Provides data base for care Provides data base for care 
pathways, guidelines (local, pathways, guidelines (local, 
national).national).


↓↓ Antibiotic selection pressure.Antibiotic selection pressure.
Intellectually Satisfying.Intellectually Satisfying.


Why Know the Etiology?Why Know the Etiology?


Patients


Pathogens


Hospital
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PatientsPatients


Must meet appropriate criteria (PSI, CURBMust meet appropriate criteria (PSI, CURB--65)65)


PSI PSI -- not a true measure of severitynot a true measure of severity
-- heavily age weightedheavily age weighted
-- potential underestimation of serious potential underestimation of serious 
casescases


CURBCURB--6565 -- not clear how to stratify based on 2 not clear how to stratify based on 2 
criteriacriteria


Summary of Hospitalized CAP*Summary of Hospitalized CAP*


Number of PatientsNumber of Patients -- 9,9339,933


Micro positive Micro positive -- 3349 (33.7%)3349 (33.7%)
(target pathogens)                (target pathogens)                


** PubmedPubmed and SCOPUS and SCOPUS –– 26 studies (26 studies (’’9494--’’07) 07) 
95% 95% -- Ward patients Ward patients 


Summary of Severe or Hospitalized CAP Summary of Severe or Hospitalized CAP 
(1994(1994--2007 ) 2007 ) –– 26 Studies26 Studies


(1.6%)(1.6%)4444S. pyogenes/BH StrepS. pyogenes/BH Strep
(5.9%)(5.9%)162162OtherOther
(4.4%)(4.4%)123123MixedMixed


(0.03%)(0.03%)88GPCGPC
(8.5%)(8.5%)235235GNBGNB
(2.1%)(2.1%)5858P. aeruginosaP. aeruginosa
(0.9%)(0.9%)2525H. parainfluenzaeH. parainfluenzae
(4.3%)(4.3%)119119K. pneumoniaeK. pneumoniae
(6.1%)(6.1%)168168S. aureusS. aureus
(4.0%)(4.0%)111111M. catarrhalisM. catarrhalis


(17.4%)(17.4%)478478H. influenzaeH. influenzae
(40.0%)(40.0%)13401340S. pneumoniaeS. pneumoniae
(82.0%)(82.0%)27482748Typical OrganismsTypical Organisms


Summary of Severe or Hospitalized Summary of Severe or Hospitalized 
CAP (1994CAP (1994--2007 ) 2007 ) –– 26 Studies26 Studies


(7.5%)(7.5%)4545Aggregated Aggregated –– Not SpecifiedNot Specified


(17.5%)(17.5%)105105L. pneumophilaL. pneumophila


(36.9%)(36.9%)222222C. pneumoniaeC. pneumoniae


(38.1%)(38.1%)229229M. pneumoniaeM. pneumoniae


(17.9%)(17.9%)601601Atypical OrganismsAtypical Organisms


Hospitalized CAP: Ward Hospitalized CAP: Ward vsvs ICUICU


Number of PatientsNumber of Patients -- 585 Wards585 Wards
-- 145 ICU145 ICU


Etiologic DiagnosisEtiologic Diagnosis-- 177/730 (24%) overall177/730 (24%) overall
-- 120/585 (20%) Wards120/585 (20%) Wards
-- 57/145 (39%) ICU57/145 (39%) ICU


Restrepo M  CHEST Nov. (e-pub ) 2007
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Streptococcus Pneumonia


-Penicillin resistant S. pneumoniae


-Macrolide resistant S. pneumoniae


Staphylococcus aureus 


-Methicillin resistant S. aureus


Pseudomonas aeruginosa


Haemophilus influenzae


Escherichia coli


Klebsiella pneumoniae


Proteus mirabilis


Miscellaneous


Other gram-positive cocci


Polymicrobial


38 (31.7)


3 (2.5)


11 (9.2)


25 (20.8)


7 (5.8)


12 (10.0)


16 (13.3)


8 (6.7)


5 (4.2)


2 (1.7)


5 (0.8)


3 (0.5)


6 (5.0)


22 (38.6)


2 (3.5)


6 (10.5)


12 (21.1)


3 (5.3)


8 (14.0)


3 (5.3)


1 (1.8)


2 (3.5)


1 (1.8)


2 (1.3)


1 (0.6)


7 (10.5)


Ward    ICU       
Microorganism (n=120)      (n=57)


N (%)              N (%)


Etiologic diagnosis with an identifiable pathogen causing disease in 
CAPof pts admitted to the ward and the ICU service


CAP
PSI IV, V


Or 
CURB-65


(2)


CAP
PSI IV, V


Or 
CURB-65


(2)


AA


BB


AA


BB


Select Patients According toSelect Patients According to


Risks for Pathogens?Risks for Pathogens?
Risks for Resistance?Risks for Resistance?


Risk Factors for PathogensRisk Factors for Pathogens
S. pneumoniaeS. pneumoniae


dementia, seizure disorders, CHF, cerebrovascular dementia, seizure disorders, CHF, cerebrovascular 
disease, COPD, HIV, black race, overcrowding, disease, COPD, HIV, black race, overcrowding, 
smokingsmoking


H. influenzaeH. influenzae
COPD, antibiotics or oral steroids within 3 monthsCOPD, antibiotics or oral steroids within 3 months


S. aureusS. aureus
advanced age, ULD, prior antibiotics advanced age, ULD, prior antibiotics 


LegionellaLegionella
recent repair of plumbing, hot tubs/whirlpool spas, renal, recent repair of plumbing, hot tubs/whirlpool spas, renal, 
hepatic failure, diabetes, malignancyhepatic failure, diabetes, malignancy


P. aeruginosa P. aeruginosa 
pulmonary comorbiditypulmonary comorbidity


Univariate and Multivariate Analysis of Individual Risk Univariate and Multivariate Analysis of Individual Risk 
Factors for CAP Due to GNBFactors for CAP Due to GNB


Age >65 y 329/499(66) 43/60(72) .37 …


Alcohol Abuse 67/499(13) 8/60(13) .98 …


Current Smokers 134/499 (27) 12/60(20) .25 …


Nursing Home Residence 40/490(8) 5/59(8) >.99 …


Probable Aspiration 40/459(9) 11/59(19) .02 0.4


Previous Hospital Admission 41/492((8) 19/60(32) <.001 <.001


Previous Use of Antibiotics 99/484(20) 18/57(32) .054 .049


H2 Blockers 30/490(6) 3/57(5) >.99 …


Pulmonary Comorbid Illness 250/492(51) 45/59(76) <.001 .02


Oral Corticosteroids, <20 mg/d 17/499(3) 4/60(7) .27 …


Risk Factors, No.(%)         Other PneumoniaRisk Factors, No.(%)         Other Pneumonia GNBGNB PPvalue          value          PPvaluevalue


Univariate Analysis              Multivariate   
Analysis


Arancibia F.  Arch Int Med 2002;162:1849-58


Incidence of GNB in CAP According to Incidence of GNB in CAP According to 
Risk FactorsRisk Factors


0


10


20


30


40


50


0 1 2 >3


161(29%)161(29%)


280 (50%)280 (50%)


96 (17%)96 (17%)


22 (4%)22 (4%)


No. of Risk Factors (559 Patients)


%
 o


f E
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so
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s


Arancibia Arancibia F. et al.  Arch Intern Med 2002;162:1849F. et al.  Arch Intern Med 2002;162:1849--18581858
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ORsORs Compared with Baseline Value (Pts. Compared with Baseline Value (Pts. 
Without Risk Factors)Without Risk Factors)


No. of Risk Factors


1


2


3


OR (95% CI)


4.2 (1.4-16.7)


9.1 (2.8-37.2)


39.3 (9.3-188.3)


Risk Factors for Risk Factors for ßß--lactam Resistant S. lactam Resistant S. 
pneumoniae pneumoniae 


Age <2 yrs or >65 yrsAge <2 yrs or >65 yrs
ßß--lactam treatment within 3 monthslactam treatment within 3 months
Exposure to child in day careExposure to child in day care
AlcoholismAlcoholism
Medical comorbiditiesMedical comorbidities
Immunosuppression Immunosuppression 


Relative Risk of Infection with MacrolideRelative Risk of Infection with Macrolide-- resistant resistant 
Pneumococci, by Prior Antibiotic UsePneumococci, by Prior Antibiotic Use11


0


10


20


30


40


50


60


No prior
antibiotic


Prior
antibiotic
(not Mac)


Prior Ery Prior Clari Prior Azi


M
ac
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lid


e-
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st


an
 is


ol
at


es
 (%


)


P<0.001*†


P<0.001*†; P=0.004‡; 
P=0.02§; 


*Significance vs. no prior antibiotic; †significance vs prior antibiotic (not Mac); ‡Significance vs. erythromycin; 
§Significance vs. clarithromycin (no prior antibiotic, n=1576; prior antibiotic [not macrolide], n=435; 
erythromycin, n=24; clarithromycin, n=57; azithromycin, n=37)
Mac =macrolide; Ery = erythromycin; Clari = clarithromycin; Azi = azithromycin)


For internal use only.  Not for use in promotional speaker 
programs.


Vanderkooi OG, et al. Clin Infect Dis. 2005;40:1288-1297. 


Relative Risk of Infection With FluoroquinoloneRelative Risk of Infection With Fluoroquinolone--
resistant Pneumococci, by Prior Antibiotic Useresistant Pneumococci, by Prior Antibiotic Use11
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P<0.001*†


*Significance vs. no prior antibiotic; †significance vs. prior antibiotic (not FQ)
(no prior antibiotic, n=1576; prior antibiotic [not fluoroquinolone], n=438; prior fluoroquinolone, n=125)
FQ = fluoroquinolone. For internal use only.  Not for use in promotional speaker programs.


Vanderkooi OG, et al. Clin Infect Dis. 2005;40:1288-1297. 


KEEP IN MINDKEEP IN MIND


At the time treatment is startedAt the time treatment is started


-- dondon’’t know the pathogent know the pathogen
-- dondon’’t know susceptibilitiest know susceptibilities


Are there data that risks for Are there data that risks for 
pathogens or resistance are pathogens or resistance are 
prognostic factors in CAP?prognostic factors in CAP?
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NONO


Key QuestionsKey Questions


How to best select patients for the How to best select patients for the 
studystudy
On what basis to stratifyOn what basis to stratify
What are the important prognostic What are the important prognostic 
indicatorsindicators
What are the important outcome What are the important outcome 
measures which will affect prognosis measures which will affect prognosis 
and stratificationand stratification


GivenGiven


Early treatment is importantEarly treatment is important
Usually donUsually don’’t know etiology with any degree t know etiology with any degree 
of certainty when treatment startedof certainty when treatment started
Definitely donDefinitely don’’t know antimicrobial t know antimicrobial 
susceptibilitysusceptibility
Risk factors for pathogens and resistance Risk factors for pathogens and resistance 
often overlapoften overlap
No specific data linking risk factors for No specific data linking risk factors for 
pathogens or resistance to prognosispathogens or resistance to prognosis


CAP


PSI IV, V
or


CURB-65
(2)


Site 1


Site 2


Site 3Site 3


Stratification by SiteStratification by Site


Takes into account local epidemiology Takes into account local epidemiology 
Balances differences in unmeasured Balances differences in unmeasured 
confoundersconfounders


-- time to rx. time to rx. 
-- time to wardtime to ward
-- supportive measuressupportive measures
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Empiric Antibiotic Selection and 
Patient Outcomes: Results from the 


National Pneumonia Project


Dale W. Bratzler, DO, MPH


QIOSC Medical Director


Oklahoma Foundation for Medical Quality


January 18, 2008
2


Initial Antibiotic Selection


15.0 (13.4-16.7)
23.9 (22.0-25.8)
20.7 (19.0-22.6)
20.7 (18.9-22.6)


1.5 (1.0-2.1)


25.8 (24.1-27.6)
25.2 (23.4-27.0)


9.5 (8.3-10.7)
9.1 (8.0-10.3)
1.9 (1.4-2.5)


35.2 (27.1-44.0)
19.3 (13.0-27.1)


4.1 (1.4-9.1)
3.6 (1.2-8.4)
6.0 (2.7-11.5)


ICU patients
ß-lactam monotherapy
ß-lactam + macrolide
ß-lactam + quinolone
Quinolone monotherapy
Macrolide monotherapy


19.8 (19.2-20.4)
22.1 (21.4-22.7)
30.7 (30.0-31.4)


2.7 (2.5-3.0)


33.9 (33.2-34.6)
23.0 (22.4-23.6)
13.7 (13.2-14.2)


3.1 (2.8-3.3)


48.0 (46.6-49.3)
13.5 (12.6-14.4)


2.5 (2.1-3.0)
2.2 (1.8-2.6)


Non-ICU patients
ß-lactam monotherapy
ß-lactam + macrolide
Quinolone monotherapy
Macrolide monotherapy


2000-2001
% (95% CI)


1998-1999
% (95% CI)


1994-1995
% (95% CI)Initial Antibiotics*


*Selected combinations shown.


Bratzler DW, Houck PM, et al. Academy for Health Services Research and Policy. Washington, DC. June 24, 2002.
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Gleason PP, et al. Arch Intern Med. 1999;159:2562-2572.


3rd Generation 
Cephalosporin (reference)
2nd or 3rd Generation 
Cephalosporin + macrolide


Quinolone monotherapy
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Medicare Patient Population
General Exclusions


37,123 (100)39,242 (100)


3,077 (8.3)3,567 (9.1)Chest x-ray not consistent with pneumonia


492 (1.3)414 (1.1)Virgin Islands or Puerto Rico resident


3,478 (9.4)3,369 (8.6)Age < 65 years


1,505 (4.1)1,104 (2.8)Comfort care only


591 (1.6)563 (1.4)Transferred from another acute care facility


4,114 (11.1)4,864 (12.4)No “working diagnosis” of pneumonia


2000-2001
N (%)


1998-1999
N (%)
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Medicare Patient Population
Specific Exclusions – Antibiotic Evaluation


17,326 (46.7)18,214 (46.4)Final population
134 (0.4)161 (0.4)Multiple pneumonia admissions in study period
199 (0.5)332 (0.8)Unable to determine antibiotic or blood culture timing


141 (0.4)353 (0.9)No antimicrobials within 36 hours arrival or unable to determine


37,123 (100)39,242 (100)


61 (0.2)88 (0.2)No antimicrobials during stay


111 (0.3)118 (0.3)Died/discharged day of admission


2,677 (7.2)2,853 (7.3)Chemo/immunosuppression med w/in 3 months
16 (0.0)18 (0.0)Organ Transplant


1,540 (4.1)1,647 (4.2)HIV/AIDS, leukemia, lymphoma, immunosuppression
1,532 (4.1)1,577 (4.0)Readmit within 14 days of prior discharge


2000-2001
N (%)


1998-1999
N (%)
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Patient Demographics


0.820
0.954
0.696


88.0
6.6
5.4


88.1
6.6
5.3


Race/ethnicity
Caucasian
African American
Other


0.121
0.121


21.6
78.4


22.3
77.7


Pre-arrival setting
Long-term care
Community-dwelling


0.14453.853.0
Gender


Female


0.002
0.503
0.024


26.1
41.9
32.0


27.6
41.5
30.9


Age Group
65-74
75-84
85+


N=17326N=18214Patients
P value


2000-2001
%


1998-1999
%
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Patient Demographics


0.6087.87.7Hematocrit < 30%
0.1716.36.7Glucose > 14 mmol/L
0.7505,95,8Serum sodium < 130 mmol/L


<0.00130.828.1Blood urea nitrogen > 11 mmol/L
0.1305.76.0Arterial pH < 7.35
0.7679.09.1Pulse > 125 bpm
0.4921.92.2Temperature < 35 C or > 40 C
0.2033.33.0Systolic blood pressure < 90 mm Hg


<0.00118.520.8Respiratory rate > 30/minute
0.26522.923.4Altered mental status


<0.0014.69.3Chronic renal disease
<0.00114.622.7Cerebrovascular disease
<0.00134.130.9Congestive heart failure
0.1761.21.1Chronic liver disease
0.0722.93.2Neoplastic disease


P value2000-20011998-1999
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Patient Demographics


0.774
0.297


<0.001
<0.001


7.0
22.8
48.6
21.7


7.0
22.3
46.2
24.4


PSI Risk Classification
Class II
Class III
Class IV
Class V


<0.0019.911.6ICU within 24 hours
0.20626.726.1Pleural effusion
0.58329.029.3Arterial pO2 < 60 mm Hg or SaO2 < 90%


P value2000-20011998-1999
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Initial Antibiotic Selection and 30-day Mortality
1998-1999, N= 18,214


0.0661.21 (0.99, 1.48) 0.2271.11 (0.93, 1.33) Other
0.8260.88 (0.28, 2.80) 0.8540.93 (0.45, 1.94) BLBLI + macrolide
0.4171.15 (0.82, 1.63) 0.5060.90 (0.67, 1.22) Cephal + quinolone
0.5650.92 (0.70, 1.21) 0.0020.74 (0.61, 0.89) Cephal + macrolide
0.6881.06 (0.79, 1.44) 0.0081.50 (1.11, 2.04) Any aminoglycoside
0.3361.14 (0.87, 1.50) 0.0370.78 (0.62, 0.99) Quinolone monotherapy
0.3590.80 (0.49, 1.30) 0.4051.13 (0.85, 1.51) 2nd Gen Cephalosporin
0.6650.84 (0.38, 1.87) 0.0720.64 (0.39, 1.04) Macrolide monotherapy


reference groupreference group3rd Gen Cephalosporin


LTCF Dwelling
N=4,063 (22.3%)


Community Dwelling
N=14,151 (77.7%)


Adjusted* ORs (95% CI) and P values
Initial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and 30-day Mortality
2000-2001, N=17,326


0.6581.07 (0.78, 1.48) 0.5951.08 (0.82, 1.42) Other
0.7620.83 (0.24, 2.83) 0.2550.43 (0.10, 1.84) BLBLI + macrolide
0.6871.11 (0.67, 1.84) 0.9141.02 (0.71, 1.47) Cephal + quinolone
0.3170.82 (0.55, 1.22) 0.0080.66 (0.49, 0.90) Cephal + macrolide
0.3121.30 (0.78, 2.15) 0.4021.26 (0.73, 2.17) Any aminoglycoside
0.7740.95 (0.68, 1.33) 0.0280.73 (0.55, 0.97) Quinolone monotherapy
0.2160.27 (0.03, 2.14) 0.6330.85 (0.44, 1.65) 2nd Gen Cephalosporin
0.2931.72 (0.63, 4.73) 0.0080.20 (0.06, 0.66) Macrolide monotherapy


reference groupreference group3rd Gen Cephalosporin


LTCF Dwelling
N=3,747 (21.6%)


Community Dwelling
N=13,579 (78.4%)


Adjusted* ORs (95% CI) and p-values
Initial Antimicrobial 


Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and Inpatient Mortality
1998-1999, N= 14,151


0.0071.36 (1.09, 1.71)7.5 (240/3216)Other
0.6571.22 (0.50, 2.96)5.8 (6/103)BLBLI + macrolide
0.6071.10 (0.76, 1.61)5.7 (41/723)Cephal + quinolone
0.0800.80 (0.62, 1.03)3.6 (131/3612)Cephal + macrolide


<0.0012.13 (1.50, 3.02)14.6 (65/445)Any aminoglycoside
0.2230.82 (0.60, 1.12)3.9 (66/1713)Quinolone monotherapy
0.5521.12 (0.77, 1.65)4.6 (39/842)2nd Gen Cephalosporin
0.1080.55 (0.26, 1.14)1.9 (8/429)Macrolide monotherapy


reference group4.8 (146/3068)3rd Gen Cephalosporin


Adjusted ORs (95% CI)Inpatient Mortality % (N/D)


Community-dwelling PatientsInitial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and Inpatient Mortality
2000-2001, N=13,579


0.2051.27 (0.88, 1.83)5.8 (178/3065)Other
0.4700.47 (0.06,3.59)1.1 (1/88)BLBLI + macrolide
0.7841.07 (0.66, 1.74)5.4 (52/968)Cephal + quinolone
0.0420.64 (0.42, 0.98)2.9 (87/3024)Cephal + macrolide
0.1901.55 (0.81, 2.98)10.2 (26/254)Any aminoglycoside
0.1570.75 (0.51, 1.11)3.4 (128/3750)Quinolone monotherapy
0.4300.65 (0.23, 1.88)3.6 (10/281)2nd Gen Cephalosporin
0.1270.33 (0.08, 1.38)0.6 (2/331)Macrolide monotherapy


reference group4.6 (83/1818)3rd Gen Cephalosporin
Adjusted ORs (95% CI)Inpatient Mortality % (N/D)


Community-dwelling PatientsInitial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and 30-day Mortality
1998-1999, N= 14,151


0.2271.11 (0.93, 1.33) 11.1 (357/3216)Other
0.8540.93 (0.45, 1.94) 8.7 (9/103)BLBLI + macrolide
0.5060.90 (0.67, 1.22) 8.7 (63/723)Cephal + quinolone
0.0020.74 (0.61, 0.89) 6.4 (231/3612)Cephal + macrolide
0.0081.50 (1.11, 2.04) 18.0 (80/445)Any aminoglycoside
0.0370.78 (0.62, 0.99) 7.1 (121/1713)Quinolone monotherapy
0.4051.13 (0.85, 1.51) 8.7 (73/842)2nd Gen Cephalosporin
0.0720.64 (0.39, 1.04) 4.4 (19/429)Macrolide monotherapy


reference group9.0 (277/3068)3rd Gen Cephalosporin


Adjusted ORs (95% CI)30-day Mortality % (N/D)


Community-dwelling PatientsInitial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and 30-day Mortality
2000-2001, N=13,579


0.5951.08 (0.82, 1.42) 9.9 (303/3065)Other
0.2550.43 (0.10, 1.84) 2.3 (2/88)BLBLI + macrolide
0.9141.02 (0.71, 1.47) 9.6 (93/968)Cephal + quinolone
0.0080.66 (0.49, 0.90) 5.9 (178/3024)Cephal + macrolide
0.4021.26 (0.73, 2.17) 15.0 (38/254)Any aminoglycoside
0.0280.73 (0.55, 0.97) 7.0 (262/3750)Quinolone monotherapy
0.6330.85 (0.44, 1.65) 8.5 (24/281)2nd Gen Cephalosporin
0.0080.20 (0.06, 0.66) 2.7 (9/331)Macrolide monotherapy


reference group9.0 (164/1818)3rd Gen Cephalosporin
Adjusted ORs (95% CI)30-day Mortality % (N/D)


Community-dwelling PatientsInitial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and 30-day Mortality
1998-1999 and 2000-2001 Combined, N=27,730*


Stratified by Discharge Time Frame


0.90 (0.68)1.00 (0.98)1.51 (0.01)Other
-1.02 (0.97)1.89 (0.26)BLBLI + macrolide


0.83 (0.64)0.79 (0.25)1.18 (0.58)Cephal + quinolone
0.47 (0.01)0.69 (<0.01)0.96 (0.81)Cephal + macrolide
1.11 (0.83)1.19 (0.42)2.47 (<0.01)Any aminoglycoside
0.75 (0.32)0.67 (0.02)1.03 (0.91)Quinolone monotherapy
1.80 (0.16)0.80 (0.31)1.68 (0.03)2nd Gen Cephalosporin
0.60 (0.42)0.29 (0.01)1.46 (0.29)Macrolide monotherapy
ReferenceReferenceReference3rd Gen Cephalosporin


Jan-Mar
aOR (P value)


Oct-Dec
aOR (P value)


Jul-Sep
aOR (P value)


Initial Antimicrobial 
Regimen (1st 36 hours)


*Community-dwelling only
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Initial Antibiotic Selection and 30-day Mortality
1998-1999 and 2000-2001 Combined, N=27,730*


Stratified by PSI Score


1.06 (0.70)1.22 (0.61)Other
0.49 (0.34)0.00 (0.99)BLBLI + macrolide
0.99 (0.95)1.32 (0.56)Cephal + quinolone
0.63 (0.01)0.96 (0.91)Cephal + macrolide
1.27 (0.41)0.85 (0.88)Any aminoglycoside
0.66 (0.01)1.20 (0.62)Quinolone monotherapy
0.98 (0.96)0.00 (0.99)2nd Gen Cephalosporin
0.17 (0.02)0.42 (0.42)Macrolide monotherapy
ReferenceReference3rd Gen Cephalosporin


PSI Class IV or V
aOR (P value)


PSI Class II or III
aOR (P value)


Initial Antimicrobial Regimen 
(1st 36 hours)


*Community-dwelling only
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Initial Antibiotic Selection and 30-day Mortality
1998-1999, N= 14,151 Community-dwelling


0.3381.025 (0.48, 2.18)0.3551.098 (0.90, 1.34)Other
0.8680.870 (0.17, 4.49)0.8370.917 (0.40, 2.09)BLBLI + macrolide
0.6971.135 (0.60, 2.15)0.3650.851 (0.60, 1.21)Cephal + quinolone
0.0990.678 (0.43, 1.08)0.0080.751 (0.61, 0.93)Cephal + macrolide
0.0161.891 (1,13, 3.18)0.2511.264 (0.85, 1.89)Any aminoglycoside
0.6610.881 (0.48, 2.18)0.0430.767 (0.59, 0.99)Quinolone monotherapy
0.9481.025 (0.48, 2.18)0.3431.163 (0.85, 1.59)2nd Gen Cephalosporin


n/a0.2420.743 (0.45, 1.22)Macrolide monotherapy
reference groupreference group3rd Gen Cephalosporin


ICU
11.4%


Non-ICU
88.6%


Adjusted* ORs (95% CI) and P values
Initial Antimicrobial 
Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Initial Antibiotic Selection and 30-day Mortality
2000-2001, N=13,579 Community-dwelling


0.0032.586 (1.38, 4.85)0.2560.875 (0.70, 1.10)Other
0.6970.629 (0.06, 6.51)0.0670.156 ( 0.02, 1.14)BLBLI + macrolide
0.0362.237 (1.06, 4.74)0.4080.876 (0.64, 1.20)Cephal + quinolone
0.7730.900 (0.44, 1.84)0.0020.677 (0.53, 0.87)Cephal + macrolide


<0.0015.573 (2.45, 12.66)0.5460.840 (0.48, 1.48)Any aminoglycoside
0.2061.544 (0.79, 3.03)0.0050.722 (0.58, 0.91)Quinolone monotherapy
0.0234.809 (1.25, 18.56)0.7970.936 (0.56, 1.55)2nd Gen Cephalosporin


n/a0.0010.316 (0.15, 0.64)Macrolide monotherapy
reference groupreference group3rd Gen Cephalosporin


ICU
9.9%


Non-ICU
90.2%


Adjusted* ORs (95% CI) and p-values
Initial Antimicrobial 


Regimen (1st 36 hrs)


*These were adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate>=30/min, systolic 
BP<90 mmHg, temperature<35 C or >=40 C, pulse>=125/min, blood pH<7.35, BUN>10.7 mmol/L, sodium<130 mEq/L, hematocrit<30%, 
PO2<60 mmHg, pleural effusion.


Oral macrolides and quinolones were included in these groups as well as parenteral macrolides and quinolones.


Bratzler DW, unpublished data
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Antibiotic Selection in Bacteremic
Pneumonia Patients
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Ongoing National Data Collection
PN-6: Antibiotic Selection*


• Numerator
– Pneumonia patients who receive an initial antibiotic 


regimen consistent with current guidelines during the first 
24 hours of hospitalization


• Denominator
– Pneumonia patients 18 years and older


*PN-6a: ICU patients; PN-6b: Non-ICU patients


Patients with healthcare-associated pneumonia (HCAP) are excluded 
from the denominator of this measure. HCAP includes residents of


nursing homes, dialysis patients, patients hospitalized for 2 days out 
of the past 90, and patients getting chronic wound care at home.
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National Trends in Antibiotic Selection
(Selected antibiotics or combinations)


31.321.528.524.322.311.3ß-lactam + quinolone


36.433.933.929.925.629.0ß-lactam + macrolide


7.713.514.510.918.231.5ß-lactam monotherapy


ICU patients


31.528.933.734.531.114.2Quinolone 
monotherapy


39.835.832.625.522.824.9ß-lactam + macrolide


7.512.811.316.323.039.9ß-lactam monotherapy


Non-ICU patients


Qtr 4, 
2006


%
N=48851


2004*
%


N=7142


2003*
%


N=6883


2002*
%


N=7801


2000*
%


N=23067


1998*
%


N=24925


*Bratzler DW, Nsa W, Houck PM. Performance measures for pneumonia: are they valuable, and are process 
measures adequate? Curr Opin Infect Dis. 2007;20:182-189. 


For data from 1998 through 2004, the charts were independently abstracted by CMS clinical data abstraction centers. Qtr 
4, 2006 data is hospital self-collected and submitted to the national clinical warehouse (all payer).
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National Trends in Patient Outcomes


16.816.318.218.318.915.530-day readmission, %
11.412.912.515.716.315.330-day mortality, %
5.57.17.810.29.59.2In-hospital mortality, %


6.16.26.16.46.66.7Length of stay, days


Qtr 4, 
2006


N=90607
2004*
N=7142


2003*
N=6883


2002*
N=7801


2000*
N=23067


1998*
N=24925Process measure


*Bratzler DW, Nsa W, Houck PM. Performance measures for pneumonia: are they valuable, and are process 
measures adequate? Curr Opin Infect Dis. 2007;20:182-189. 


Outcomes for Medicare population only.
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Special thanks to Allen Ma, PhD and 
Wato Nsa, MD, PhD at the Oklahoma 
Foundation for Medical Quality for data 
analysis.


Questions or Comments


Dale Bratzler


dbratzler@okqio.sdps.org
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DisclosuresDisclosures


Antibiotics Antibiotics –– research funding from Forest research funding from Forest 
Laboratories (Cerexa), J & J, Bayer. Laboratories (Cerexa), J & J, Bayer. 
Consultancy from Bayer.Consultancy from Bayer.
Vaccines Vaccines –– research funding from Wyeth. research funding from Wyeth. 
Consultancies from Wyeth, GSK, Merck.Consultancies from Wyeth, GSK, Merck.
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Acute respiratory infections Acute respiratory infections ––
the leading infectious cause of death the leading infectious cause of death 
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Etiological Role of the Pneumococcus in Etiological Role of the Pneumococcus in 
PneumoniaPneumonia


Our tools to identify the pneumococcus as a cause of Our tools to identify the pneumococcus as a cause of 
pneumonia are insensitivepneumonia are insensitive
Blood culture identifies less than 10% of presumed Blood culture identifies less than 10% of presumed 
pneumococcalpneumococcal pneumonia.pneumonia.
Lung puncture, BAL and protected specimen brush Lung puncture, BAL and protected specimen brush 
techniques are rarely done and are overly invasive.techniques are rarely done and are overly invasive.
Serological tests have been confounded by lack of specificity Serological tests have been confounded by lack of specificity 
Urine antigen is promising in adults but is confounded by NP Urine antigen is promising in adults but is confounded by NP 
carriage in childrencarriage in children
PCR has not to date realized a sensitivity greater than that of PCR has not to date realized a sensitivity greater than that of 
culture culture –– quantitative RTquantitative RT-- PCR may be more promisingPCR may be more promising
Proteomic and pneumococcal gene expression studies are in Proteomic and pneumococcal gene expression studies are in 
the experimental stage   the experimental stage   
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Vaccine as a Probe to Define the Vaccine as a Probe to Define the 
Pneumococcal Etiology of Pneumococcal Etiology of 


PneumoniaPneumonia
While the adult 23 valent vaccine has not While the adult 23 valent vaccine has not 
been shown in randomized trials of the been shown in randomized trials of the 
elderly to prevent clinical or Xelderly to prevent clinical or X--ray confirmed ray confirmed 
pneumonia, recent data suggest that pneumonia, recent data suggest that 
conjugate vaccines may do so in children.conjugate vaccines may do so in children.
Conjugate vaccines may thus be used as Conjugate vaccines may thus be used as 
probes to define the role of the probes to define the role of the 
pneumococcus in the etiology of pneumonia.pneumococcus in the etiology of pneumonia.
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Per Protocol Vaccine Efficacy Per Protocol Vaccine Efficacy –– Pneumonia Pneumonia ––
California California –– Kids < 5 Years of AgeKids < 5 Years of Age


4.4 4.4 –– 34.034.020.520.58.78.711.011.0
Point of Care Point of Care 
Reading of  Reading of  


ConsolidationConsolidation
10.7 10.7 –– 45.745.730.330.3----WHO WHO 


ConsolidationConsolidation


0.1 0.1 –– 18.518.59.89.830.930.934.234.2
Radiograph Radiograph 


obtainedobtained


--3.5 3.5 –– 11.511.54.34.353.453.455.955.9
All clinical All clinical 
pneumoniapneumonia


95% confidence 95% confidence 
intervalinterval


Vaccine Vaccine 
efficacyefficacy


Cases / 1000 Cases / 1000 
person years person years 


in vaccine in vaccine 
groupgroup


Cases / 1000 Cases / 1000 
person years person years 


in control in control 
groupgroup


Black et al, PIDJ, 2002, 21, 810 – 15; Hansen et al, PIDJ, 2006, 25, 779-81.
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Efficacy of 9Efficacy of 9--valent Conjugate valent Conjugate --
Gambia (Per Protocol)Gambia (Per Protocol)


7 (1 to 12)7 (1 to 12)2284228421722172Clinical pneumoniaClinical pneumonia


16 (3 to 28)16 (3 to 28)389389330330All cause mortalityAll cause mortality
15 (7 to 21)15 (7 to 21)1216121610651065Hospital admissionHospital admission
73 (73 (--2 to 95)2 to 95)111133VT lung aspirateVT lung aspirate
77 (51 to 90)77 (51 to 90)383899VT invasive diseaseVT invasive disease
12 (12 (--9 to 29)9 to 29)192192172172Severe clinical pneumoniaSevere clinical pneumonia


37 (25 to 48)37 (25 to 48)323323207207Radiological pneumoniaRadiological pneumonia


Vaccine Efficacy Vaccine Efficacy 
(95% CI)(95% CI)


Placebo Placebo 
n=8151n=8151


Vaccine Vaccine 
n=8189n=8189


EndpointEndpoint


Cutts et al, Lancet, 2005, 365, 1139 - 46
8


CXR May only Define a Fraction of the Burden of CXR May only Define a Fraction of the Burden of 
Pneumococcal Pneumonia  ITTPneumococcal Pneumonia  ITT-- HIVHIV--veve


-973130.02-24  (-39, -5)135177WHO mild pneumonia
5137 0.853 (-33, 39)5957WHO mild pneumonia 


without wheeze
1641 5300.0411 (1, 20)662591WHO severe pneumonia


1128320.0713 (-1, 25)359312WHO severe pneumonia 
without wheeze


9140.1867  (-65, 93)62Vaccine serotype only


7190.4238  (-91, 80)85Pneumococcal bacteremic 
pneumonia


1004910.0320 (   3, 35)212169WHO-AC(CXR confirmed)
-431 2460.56-3   (-14,  9)539558Bronchiolitis


2671 5730.00117 ( 7, 26)681566Clinical pneumonia (CP)
1722 5660.107   (- 1, 14)1 1061 033Clinical LRTI (C-LRTI)


VARIncidence in 
placebo / 100 
000 pyrs


P Efficacy 
(95%C.I.)


Placebo
N=18 626


Vaccine
N=18 633


Outcome measure


Madhi et al, CID, 2005, 40,1511- 18
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PROCALCITONIN  AND CRP TO IMPROVE SPECIFICITY PROCALCITONIN  AND CRP TO IMPROVE SPECIFICITY 
OF CXR IN THE DIAGNOSIS OF PNEUMOCOCCAL OF CXR IN THE DIAGNOSIS OF PNEUMOCOCCAL 


PNEUMONIAPNEUMONIA
-- HIV NEGATIVE CHILDREN (ITT)HIV NEGATIVE CHILDREN (ITT)


5 to 695 to 69464635351919WHOWHO--AC+ PCTAC+ PCT≥≥5 ng/ml5 ng/ml


95%CI95%CIV.E.V.E.
(%)(%)


PlaceboPlacebo
N=N=


PnCVPnCV
N=N=


1 to 371 to 372121167167132132WHOWHO--AC  AC  


23 to 8323 to 836464252599WHOWHO--AC+AC+
CRP CRP ≥≥ 120+ PCT 120+ PCT ≥≥55


0 to 610 to 61383845452828WHOWHO--AC+ CRP AC+ CRP ≥≥ 120120


Madhi, Jayvant, Kuwanda, Klugman, PLoS Med, 2005, 2, 147-151
10


CRP is Useful to Define Pneumococcal CRP is Useful to Define Pneumococcal 
Pneumonia in Children with LRTI and NO Pneumonia in Children with LRTI and NO 


Consolidation or Effusion on CXRConsolidation or Effusion on CXR
In HIV uninfected children efficacy in this In HIV uninfected children efficacy in this 
group with LRTI was 2%(NS),  but 32% (P = group with LRTI was 2%(NS),  but 32% (P = 
0.007) in those with CRP > 400.007) in those with CRP > 40
In HIV infected children efficacy in this group In HIV infected children efficacy in this group 
with LRTI was 13%(NS) but 31% (P = 0.03) with LRTI was 13%(NS) but 31% (P = 0.03) 
in those with CRP > 40in those with CRP > 40


Madhi, Kohler, Kuwanda, Cutland, Klugman, PIDJ, 2006, 25, 30 - 36
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The Most Sensitive Detection of The Most Sensitive Detection of 
Pneumococcal Pneumonia in Children < 2 Pneumococcal Pneumonia in Children < 2 


Years Old is Any Infiltrate on CXR Plus Years Old is Any Infiltrate on CXR Plus 
CRP > 40 mg/L (4mg/100ml)CRP > 40 mg/L (4mg/100ml)


VAR 350VAR 350CXR CXR ––AC +AC +
Any infiltrateAny infiltrate


CRP > 40CRP > 40


VAR 205VAR 205CXR No ACCXR No AC
CRP > 40CRP > 40


VAR 134VAR 134CXR CXR -- ACAC


Madhi & Klugman, Vaccine, 2007, 25, 2413-9 12


Non Non –– Quantitative PCR showed Little Quantitative PCR showed Little 
Promise for the Diagnosis of Pneumococcal Promise for the Diagnosis of Pneumococcal 


Pneumonia in Children or AdultsPneumonia in Children or Adults
In adults sensitivity in blood was less than In adults sensitivity in blood was less than 
blood culture and the largest reported study blood culture and the largest reported study 
of PCR (pneumolysin based) on respiratory of PCR (pneumolysin based) on respiratory 
specimens from pneumonia patients showed specimens from pneumonia patients showed 
229 / 417 (55%) of throat swabs positive, but  229 / 417 (55%) of throat swabs positive, but  
73/126 (58%) positive in controls. 73/126 (58%) positive in controls. 
This reflects the lack of specificity of the This reflects the lack of specificity of the plyply
assay and the need for quantitative dataassay and the need for quantitative data


Murdoch et al, J Clin Microbiol, 2003, 41, 63 - 66 
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Non Non –– Quantitative PCR showed Little Promise for the Quantitative PCR showed Little Promise for the 
Diagnosis of Pneumococcal Pneumonia in Children or Diagnosis of Pneumococcal Pneumonia in Children or 


Adults  Adults  -- PCR in blood of PCR in blood of controlcontrol children & adultschildren & adults


Dagan et al, J Clin Microbiol, 1998, 36, 669-73Pneumolysin PCR 14


AllAll 67 S. pneumoniae 67 S. pneumoniae isolatesisolates detecteddetected
High High sensitivitysensitivity: <10 : <10 copiescopies forfor lytAlytA and and plyply CDCCDC--assayassay; ; psaApsaA 2x 2x lessless
Good Good performanceperformance in MEF, CSF, in MEF, CSF, butbut notnot sensitive in sensitive in serumserum
plyply rtPCR: rtPCR: falsefalse--positivepositive againstagainst S. S. pseudopneumoniaepseudopneumoniae and and 
pneumococcuspneumococcus--likelike viridansviridans groupgroup streptococcistreptococci
lytAlytA rtPCR CDC and rtPCR CDC and psaApsaA assaysassays mostmost specificspecific
True value of rtPCR for diagnosis of pneumococcal disease not yet
established
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Quantitative RT Quantitative RT –– PCR in Sputum or PCR in Sputum or 
NP AspiratesNP Aspirates


More sensitive than culture More sensitive than culture –– especially in pts especially in pts 
receiving antibiotics (using > 10receiving antibiotics (using > 1055 copies of copies of 
pneumolysin gene in sputum) (pneumolysin gene in sputum) (Kais et al Kais et al DiagnDiagn
Microbiol Infect Dis, 2006, 55, 169 Microbiol Infect Dis, 2006, 55, 169 –– 178; Johansson et al, 178; Johansson et al, 
DiagnDiagn Microbiol Infect Dis, 2007, Nov 22 epub ahead of Microbiol Infect Dis, 2007, Nov 22 epub ahead of 
printprint); > 3.7 x 10); > 3.7 x 1044 gave 90% sensitivity and 80% gave 90% sensitivity and 80% 
specificity using good quality sputum (specificity using good quality sputum (Yang et al, J Yang et al, J 
Clin Microbiol, 2005, 43, 3221Clin Microbiol, 2005, 43, 3221--66); > 10); > 1044 of an Spn9802 of an Spn9802 
gene fragment in NP aspirate (gene fragment in NP aspirate (AbdeldaimAbdeldaim et al; et al; DiagnDiagn
Microbiol Infect Dis, 2007, Oct 2 epub ahead of printMicrobiol Infect Dis, 2007, Oct 2 epub ahead of print)  )  


16


NP aspirates from CAP Pts NP aspirates from CAP Pts -- Spn9802 gene fragment RT Spn9802 gene fragment RT -- PCRPCR


AbdeldaimAbdeldaim et al; et al; DiagnDiagn Microbiol Infect Dis, 2007, Oct 2 epub ahead of printMicrobiol Infect Dis, 2007, Oct 2 epub ahead of print
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High quantitative RT PCR loads are High quantitative RT PCR loads are 
associated with mortality and increased associated with mortality and increased 
cytokine production in CSF and blood of cytokine production in CSF and blood of 


childrenchildren
High DNA loads were associated with High DNA loads were associated with 
mortality, young age and HIV infection mortality, young age and HIV infection –– very very 
few (13) CAP patients with no mortality so few (13) CAP patients with no mortality so 
extrapolation to pneumonia suggested but extrapolation to pneumonia suggested but 
not provennot proven


Carrol et al, Pediatr Infect Dis J, 2007, 26, 416-22
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RT PCR for Empyema in childrenRT PCR for Empyema in children


43 culture negative 43 culture negative –– 95% had prior 95% had prior 
antibiotics antibiotics –– were sent for RT PCRwere sent for RT PCR
32 (75%) were positive of which 17 were type 32 (75%) were positive of which 17 were type 
11
PCR used the pneumolysin genePCR used the pneumolysin gene


Eastham et al, Thorax, 2004, 59, 522 - 5
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NDNDNeg.Pos.522.5Pneumococ
cemia13


Pos.Neg.NDNeg.25117.2Empyema12
Pos.Neg.NDND31712.7Empyema11


Pos.Neg.Neg.Neg.17620.1Empyema10


Pos.Neg.Neg.Neg.25317.9Empyema9
Pos.Neg.NDNeg.45220.6Empyema8


Pos.Neg.NDNeg.15819.6Empyema7


Pos.Neg.NDNeg.2818.3Empyema6
Pos.Pos.Pos.Neg.27452.0Empyema5


Pos.Neg.NDPos.15510.1Empyema4
NDNDPos.Neg.6415.4Pneumonia3
NDNDNeg.Pos.31134.5Pneumonia2


NDNDNeg.Pos.7922.3Pneumonia1


Pleural 
fluid PCRb


Pleural fluid 
cultureb


Blood 
PCRa


Blood 
culturea


CRP value 
(mg/l)


Leukocyte 
count (109/l) 


Clinical 
diagnosis


Patient 
no.


Utility of ply PCR for diagnosis of pneumococcal empyema in children


Lahti et al, Europ J  Clin Microbiol Infect Dis, 2006, 25, 783 -9 20


Differential Gene ExpressionDifferential Gene Expression
The phenotypic The phenotypic opaqueopaque phenotype is associated with phenotype is associated with 
invasive disease and invasive disease and transparenttransparent with nasal secretions of with nasal secretions of 
mice mice ((WeisserWeisser et al I & I (1994) 62, 2582 et al I & I (1994) 62, 2582 –– 9)9); it is a function of ; it is a function of 
capsular expression capsular expression (Kim and (Kim and WeisserWeisser (1998) JID, 177, 368 (1998) JID, 177, 368 –– 77)77)
but is also associated with differential virulence gene but is also associated with differential virulence gene 
expression. Much greater differential virulence gene expression. Much greater differential virulence gene 
expression than opaque/versus transparent is seen in lungs expression than opaque/versus transparent is seen in lungs 
and blood versus nasal secretions of mice and blood versus nasal secretions of mice ((MahdiMahdi et al, I & I et al, I & I 
(2008), epub Nov 26, 2007)(2008), epub Nov 26, 2007) although there are strain specific although there are strain specific 
differences as well. There are also large differences in host differences as well. There are also large differences in host 
immune protein gene expression in different niches immune protein gene expression in different niches 
associated with pneumococcal infection in mice associated with pneumococcal infection in mice ((MahdiMahdi et al, I et al, I 
& I (2008), epub Nov 26, 2007)& I (2008), epub Nov 26, 2007)
Sensitivity of detection remains the biggest challenge Sensitivity of detection remains the biggest challenge ––
despite linear mRNA replication and PCRdespite linear mRNA replication and PCR
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Changes in host inflammatory Changes in host inflammatory 
response gene expression in response gene expression in 


response to the pneumococcusresponse to the pneumococcus
Mice lungs and blood versus nasal aspirate Mice lungs and blood versus nasal aspirate 
((MahdiMahdi et al, I & I (2008), epub Nov 26, 2007)et al, I & I (2008), epub Nov 26, 2007)
Mice with influenza versus pneumococcal Mice with influenza versus pneumococcal 
infection infection (Zhang et al, Microbes Infect, 2006, (Zhang et al, Microbes Infect, 2006, 
8, 2172 8, 2172 –– 85; 85; RosseauRosseau et al, Immunology, et al, Immunology, 
2007, 120, 3802007, 120, 380--91)91)
Human pharyngeal epithelial cells Human pharyngeal epithelial cells ((BootsmaBootsma
et al, I & I (2007), 75, 5489 et al, I & I (2007), 75, 5489 –– 99)99)
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AntiAnti--PsaA ELISA for diagnosis of PsaA ELISA for diagnosis of 
Pneumococcal CAP in Kenyan adultsPneumococcal CAP in Kenyan adults


* Pneumococcal CAP diagnosed as + culture of blood, lung aspirat* Pneumococcal CAP diagnosed as + culture of blood, lung aspirate or +        e or +        
STST--specific urine latex agglutination assayspecific urine latex agglutination assay
sensitivity independent of pneumococcal STsensitivity independent of pneumococcal ST
** control group of sick patients without pneumonia, meningitis,** control group of sick patients without pneumonia, meningitis, bacteremia bacteremia 
for control group of healthy adults: specificity: 100%for control group of healthy adults: specificity: 100%
*** positive correlation with urinary antimicrobial activity and*** positive correlation with urinary antimicrobial activity and antianti--PsaA responsePsaA response


Scott et al. JID 2002,186,220-6


98%


98%


98%


Specificity **


13%Anti-PsaA in acute serum 
> Ig control serum


33%70%
≥ 2-fold increase
(convalescent vs. acute)


51%89%> 1.3-fold increase 
(convalescent vs. acute)


Prevalence in group 
with other CAP ***Sensitivity *


In kids needed 2.7 fold rise to maintain specificity and sensitivity was
then < 50%. Scott et al, Clin Diagn Lab Imm, 2005,12,1195-1201
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AntiAnti--PsaAPsaA ELISA in ELISA in AdultsAdults withwith InvasiveInvasive Pneumococcal Pneumococcal DiseaseDisease


X 25


Baril et al. Vaccine 
2004,23,789-93


Tharpe, Russell. Clin Diagn
Lab Immunol 1996,3,227-9


86%82%83%85%
NPVPPVSpecificitySensitivity 2 Fold increase


Tharpe et al. 
Pathobiol 1998,66,77-83


Convalescent mean 
21 days after acute


Increase was 1.4 x SD above normal 
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18 pneumonia cases hospitalized over a 2 week 18 pneumonia cases hospitalized over a 2 week 
periodperiod
3 had positive pneumococcal type 4 blood cultures 3 had positive pneumococcal type 4 blood cultures 
6 additional had a 2 fold rise pneumococcal 6 additional had a 2 fold rise pneumococcal PsaAPsaA
serology serology 
1 additional had a + sputum culture1 additional had a + sputum culture
1 patient with had + latex agglutination with 1 patient with had + latex agglutination with 
omnivalentomnivalent SP serum in pleural fluidSP serum in pleural fluid


AntiAnti--PsaAPsaA ELISA in ELISA in nursing home outbreak of nursing home outbreak of 
pneumonia with pneumonia with S. pneumoniaeS. pneumoniae serotype 4serotype 4


Gleich et al, Infect Control Hosp Epidemiol, 2000, 21, 711-7
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BinaxBinax®® Now S. pneumoniae: Rapid urinary Immunochromatographic Now S. pneumoniae: Rapid urinary Immunochromatographic 
membrane test (ICT) in HIVmembrane test (ICT) in HIV--negative adults with pneumonianegative adults with pneumonia


Boulware et al. J Infect 2007,55,300-9


94% 
(93-95%)


Specificity


79%
(70-88%)


PPV


92% 
(89-96%)


NPV


17
(11-26)


LR+


74% 
(72-77%)


Sensitivity


0.29
(0.24-0.39)


LR-


Increased etiologic diagnoses in CAP with unknown etiology by 23% [10-59%]


Increased pneumococcal diagnoses in CAP by up to 2-fold
26


BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT) (ICT) -- SpecificitySpecificity issuesissues


LimitationsLimitations of of conventionalconventional microbiologicmicrobiologic methodsmethods: : falsefalse--positivespositives
vs. vs. truetrue--positivespositives


Prior Prior antibioticantibiotic treatmenttreatment


AutolysisAutolysis in in cultureculture mediamedia


PoorPoor specimenspecimen volumevolume, , collectioncollection, , transporttransport, , delayeddelayed processingprocessing


DependentDependent on on controlcontrol groupgroup selectionselection ((casecase mix)mix)


PersistencePersistence afterafter pneumococcal pneumococcal infectioninfection


CrossCross--reactionsreactions withwith αα--hemolytichemolytic oral oral streptococcistreptococci S. S. mitismitis, S. , S. oralisoralis


Burel et al. Eur J Clin Micro Inf Dis 2001,32,824-5
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SpecificitySpecificity high high forfor adultsadults ((falsefalse--pospos. vs. . vs. truetrue--pospos.!).!)


(Marcos et al. (Marcos et al. EurEur RespirRespir J 2003,21,209J 2003,21,209--14)14)


No No correlationcorrelation betweenbetween colonycolony countscounts in in adultadult NP NP carrierscarriers and and 
Binax Binax resultsresults DominguezDominguez et al. JCM 2003,41,2161et al. JCM 2003,41,2161--33


SpecificitySpecificity lowerlower forfor childrenchildren withwith NP NP carriagecarriage
ReportedReported in multiple in multiple studiesstudies ((e.ge.g. . AdegbolaAdegbola et al. PIDJ 2001,20,718et al. PIDJ 2001,20,718--9; Dowell et al. CID 9; Dowell et al. CID 


2001,32,8242001,32,824--5; 5; HamerHamer et al. CID 2002,34,1025et al. CID 2002,34,1025--8; 8; DominguezDominguez et al. JCM 2003,41,2161et al. JCM 2003,41,2161--
3; 3; NavarroNavarro et al. JCM 2004,42,4853et al. JCM 2004,42,4853--5)5)


BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT)(ICT)


1182+ ICT, + SP cultures


2921+ ICT, - cultures


No prior antibioticsPrior antibioticsCAP


P<0.001P<0.001
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PersistencePersistence of + Binax of + Binax resultresult
> 6 > 6 daysdays of of antibioticantibiotic treatmenttreatment ((GarciaGarcia--SuarezSuarez et al. JCM et al. JCM 
2007,45,35492007,45,3549--54)54)


At At dayday 7 of 7 of antibioticantibiotic treatmenttreatment in 18/20 (90%)in 18/20 (90%) (Smith et al. JCM (Smith et al. JCM 
2003,41,28102003,41,2810--3)3)


At 4 At 4 weeksweeks afterafter admissionadmission: 18/45 (40%) : 18/45 (40%) ((Boulware et al. J Infect 
2007,55,300-9)


At 6 At 6 weeksweeks afterafter admissionadmission: 38/80 (48%): 38/80 (48%) (Murdoch et al. CID (Murdoch et al. CID 
2003,37,1532003,37,153--4)4)


IfIf concentratedconcentrated urineurine usedused ((disadvantagedisadvantage: time, : time, efforteffort))
ICT + in 16/23 (69.5%) 1 ICT + in 16/23 (69.5%) 1 monthmonth afterafter CAP CAP (Marcos et al. (Marcos et al. EurRespirJEurRespirJ
2003,21,2092003,21,209--14)14)


ICT + ICT + forfor 2 2 monthsmonths afterafter CAP CAP ((AndreoAndreo et al. et al. RespirRespir MedMed 2006, 2006, 
100,884100,884--91)91)


BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT) (ICT) 
PersistencePersistence of of resultsresults
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BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT) (ICT) -- SensitivitySensitivity issuesissues


DependentDependent on on casecase mixmix
LimitationsLimitations of of conventionalconventional microbiologicmicrobiologic methodsmethods
SensitivitySensitivity higherhigher forfor bacteremic bacteremic thanthan forfor nonnon--
bacteremicbacteremic pneumococcal pneumococcal pneumoniapneumonia in in mostmost
studiesstudies
HigherHigher positivitypositivity forfor severesevere diseasedisease ((RosonRoson et al. CID et al. CID 
2004,38,2222004,38,222--6, 6, GuchevGuchev et al. CID 2005, 40,1606et al. CID 2005, 40,1606--12, 12, DiederenDiederen, Peeters, , Peeters, 
IntInt J J InfInf Dis Dis 2006,10,2842006,10,284--5,5, TatedaTateda et al, et al, ScandScand J J InfInf Dis 2006,38,166Dis 2006,38,166--71) 71) 


IndicationIndication forfor severityseverity of pneumococcal of pneumococcal diseasedisease oror
HigherHigher organismorganism burdenburden forfor severesevere diseasedisease


Burel et al. Eur J Clin Micro Inf Dis 2001,32,824-5
30


CAP CAP withwith + Binax+ Binax®® NowNow S. pneumoniaeS. pneumoniae on on admissionadmission––
Association Association betweenbetween severityseverity of of diseasedisease and and 


semiquantitative semiquantitative titertiter


Tateda et al. Scand J Inf Dis 2006,38,166-71


760.5
1 - 4096


<0.055.4Median
P1 – 32Range


Severe CAP definition:


Septic shock


or


Mechanical ventilation


or


2 of the 3:


• Systol BP < 90 mmHg


• Multilobar


• PaO2/FiO2 < 250


MDF = Max Dilution Factor


Dark
circles 
died
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RegardlessRegardless of of antibioticantibiotic therapytherapy ((PorcelPorcel et al. et al. ChestChest
2007,131,14422007,131,1442--7)7)


HigherHigher afterafter antibioticsantibiotics (OR 6.3, ns; Michelow et al. CID 
2001,34,e1-11)


LowerLower afterafter antibioticsantibiotics (12 vs. 27% Gutierrez et al. CID (12 vs. 27% Gutierrez et al. CID 
2003,36,2862003,36,286--92; 12 vs. 28% 92; 12 vs. 28% StralinStralin et al, JCM 2004,42,3620et al, JCM 2004,42,3620--5; 5; 
26 vs. 37% Ishida et al. J 26 vs. 37% Ishida et al. J InfInf ChemoChemo 2004,10,3592004,10,359--63)63)


BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT)  (ICT)  
SensitivitySensitivity afterafter priorprior antibioticantibiotic treatmenttreatment
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BinaxBinax®® NowNow: : nonnon--concentratedconcentrated vs. vs. concentratedconcentrated urineurine
ProspectiveProspective studystudy of of adultsadults hospitalizedhospitalized withwith CAP, SpainCAP, Spain


Marcos et al. Marcos et al. EurEur RespirRespir J 2003,21,209J 2003,21,209--1414


Concentrated urine 
(25x, ultrafiltration)


Non-concentrated 
urine


100%0%100%0%HIV+ controls without respir
symptoms (n=68)


74.9%25.2%83.0%17.0%Unknown etiology (n=171)


93.5%6.5%95.3%4.7%non-SP (n=107)


69.2%44.2%Probable SP (sputum culture) 
(n=52)


100%76.5%Definite SP (blood, pleural 
culture) (n=68)


38.7%27.4%Any CAP (n=398)


Specificity 
(any SP)


SensitivitySpecificity 
(any SP)


Sensitivity
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BinaxBinax®® NowNow S. pneumoniaeS. pneumoniae (ICT)(ICT)
-- successsuccess ratesrates forfor betabeta--lactamlactam monotherapymonotherapy inin CAPCAP


Pos. ICT: high Pos. ICT: high successsuccess rate rate withwith betabeta--lactamlactam monotherapymonotherapy
NegNeg. ICT: . ICT: moremore frequentfrequent treatmenttreatment failurefailure, , changechange of of therapytherapy
CautionCaution: : initialinitial treatmenttreatment decisiondecision was was leftleft to to physicianphysician in in thisthis studystudy


Stralin, Holmberg, CID 2005,41,1209-10 34


ConclusionsConclusions
Conjugate vaccine probe studies suggest that  Conjugate vaccine probe studies suggest that  
vaccine preventable pneumococcal pneumonia in vaccine preventable pneumococcal pneumonia in 
children extends beyond classical lobar children extends beyond classical lobar 
consolidation and that CRP adds value if there are consolidation and that CRP adds value if there are 
other changes on other changes on XrayXray
While PCR on blood has been disappointing While PCR on blood has been disappointing rtPCRrtPCR
on sputum or NP aspirates may be promising on sputum or NP aspirates may be promising 
Proteomic studies may be the future but current Proteomic studies may be the future but current 
techniques lack sensitivitytechniques lack sensitivity
BinaxBinax is likely to be useful in studies in adultsis likely to be useful in studies in adults
Serology using Serology using PsaAPsaA with paired sera in adults may with paired sera in adults may 
be a useful adjunct to diagnosis in pneumonia be a useful adjunct to diagnosis in pneumonia 
studiesstudies
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Is It Possible to “Blind” a Trial of CAP?


Helen Boucher, MD


Division of Infectious Diseases and Geographic Medicine
Tufts University - New England Medical Center


Boston, Massachusetts
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i Biogen/IDECa
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i Schering-Plougha


i Targantaa


i Theravance/Astellasa


a = Advisory/Consultation; s = Speaker; sh = Shareholder. 
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Is It Possible to Blind a CAP Trial?


Yes and No…


PubMed:
i “Blind” and CAP antibiotic = 139 articles
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New FDA Approved Antibacterial Agents Since 
1998 and CAP Studies


2005


2004


2003


2003


2001


2001


2000


1999


1999


YEAR
Approved


Yes


Yes


Yes


Yes


Yes


Yes


Yes


Yes


Yes


CAP 
Study?


Blinded?ANTIBACTERIAL


YesTelithromycin


YesTigecycline


YesGemifloxacin


YesDaptomycin


YesErtapenem


YesCefditoren pivoxil


NoLinezolid


YesGatifloxacin


NoMoxifloxacin


http://www.accessdata.fda.gov/scripts/cder/drugsatfda/ Spellberg et. al., CID 2004; 
Spellberg et al., CID 2008
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Blinding in CAP Trials
Examples


Ertapenem vs. ceftriaxone
i “double blind” in title, abstract and study design 
Gemifloxacin vs. trovafloxacin
i “double blind” in title, abstract, study design and 


discussion 
Gatifloxacin vs. co-amoxiclav
i “double blind, double dummy” abstract, study 


design and conclusion 


All lacked any description of blinding or assessment of 
blinding


Ortiz-Ruiz et al. JAC 2004; File et al. JAC 2001; Lode et al. CMI 2004
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Blinding in CAP Trials
Examples
Imipenem vs. Ciprofloxacin
i Goal was to achieve better blind – “double blind”
i “study conducted and analyzed under fully blind 


conditions”
i Treatment: “dose adjustment by study pharmacist 


(unblinded); dummy infusion described
i Decisions re: assessment of premature 


terminations made prior to unblinding
i Results:
i Determinations of evaluability made prior to 


unblinding
i Details provided re: # placebo patients
i Cause of death assigned prior to breaking blind
i Analysis of predetermined endpoints before 


unblinding
Fink et al. AAC 1994: 38(3): 547
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Blinding in CAP Trials
Do Details Matter?
Cohort Study - 200 randomized trials (pub 2001) 
i 78% articles describe “double blind” trials


i 56% did not describe blinding status of any trial person
i 26% reported no information beyond “double blind” trial
i 2% explicitly described blinding status of patients, health 


care providers and data collectors
i Survey responders provided 15 different operational 


meanings of the term “double blind” and typically felt that 
their preferred definition was the most widely used


Systematic reviews of reporting of blinding 
i Message: interpretation of “blind” differs significantly, 


reporting inconsistent and assessment of blinding lacking


Haahr and Hrobjartsson Clin Trials 2006; Fergusson et al. BMJ doi: 10.1136; 
Boutron et al. PLoS Medicine 2006; 3(10): e425. Schulz et al.  Ann Intern Med 2002
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Blinding in CAP Trials


i Who should be blinded?
i Patient participants
i Investigators
i Outcome assessors
i Data analysts
i DSMB members?
i Data review/adjudication committee members


i What should be blinded?
i Study drug assignment
i Microbiology
i Outcome assessment
i Efficacy
i Safety


i Challenges
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Definition
Allocation Concealment 


i Allocation concealment prevents those who admit 
patients to a trial from knowing the upcoming 
assignments


i Prevents selection bias
i Protects allocation sequence (list of who will get 


what) before and until assignment
i Can always be implemented


Schulz et al.  Ann Intern Med 2002; 136: 254-9
10


Definition
Blinding (Masking)


Knowledge of intervention/treatment assignments is 
hidden from participants, investigators, or outcome 
assessors in a trial


Purpose:
i Prevent ascertainment bias
i Protect sequence AFTER allocation
Cannot always be implemented…


Schulz et al.  Ann Intern Med 2002; 136: 254-9
ICH E9; http://www.ich.org/LOB/media/MEDIA485.pdf
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Less likely to leave trial without providing 
outcome data (less loss to follow-up)


Less likely to seek additional adjunct interventions
More likely to comply with regimens


Less likely to have biased psychological or 
physical responses to intervention


Participants


Potential Benefits Individual 
Blinded


*Schulz and Grimes, Lancet 2002; 359: 696-700


Potential Benefits of Blinding
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Less likely to adjust dose
Less likely to differentially w/draw patients
Less likely to differentially en/discourage 
patients to continue trial
Less likely to have biases affect outcome 
assessments


Assessors


Less likely to differentially administer 
co-interventions


Less likely to tx inclinations/attitudes to patientsInvestigators


Potential Benefits Individual 
Blinded


Potential Benefits of Blinding


*Schulz and Grimes, Lancet  2002; 359: 696-700
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Levels of Blinding


i Single Patient blind, physician knows


i Double Patient, physician/investigator and 
assessor blind


i Triple Patient, physician/investigator and 
treatment assessor/monitoring 
groups and data analysts all blind 


Terminology confusing – key is describing exactly what 
is done to blind study


Schulz and Grimes, Lancet  2002; 359: 696-700
Friedman, Furberg, DeMets.  Fundamentals of Clinical Trials 3rd Ed 1998. 14


Challenges with Blinding in CAP
Feasibility Issues - Matching


i Matching - How closely tablets/capsules/iv bags and 
vials resemble each other


iPlacebo or active control tablet/capsule/vial 
should look, feel, taste and smell like the test 
agent
ie.g., capsules rather than tablets
iOften requires use of substances to mask a 


drug’s color, odor or taste 
iContainers should be identical with codes that 


protect blind
iPublications should discuss possible inadequate 


matching
Friedman, Furberg, DeMets.  Fundamentals of Clinical Trials 3rd Edition
1998.  Piantadosi.  Clinical Trials 1997.
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Challenges with Blinding in CAP
Feasibility Issues


Ensuring blind in active control drug comparisons
• Formulate appropriately


• May not be possible
• Enclose in identical capsules


• Often $$ and may require large/impractical 
capsules 


Double dummy design – useful when comparing 
2 active drugs with different properties


• Each active agent has an identical placebo


Schulz et al. Ann Intern Med 2002; 136(3): 254. Friedman, Furberg, DeMets.  
Fundamentals of Clinical Trials 3rd Edition 1998.  Piantadosi.  Clinical Trials 
1997. 16


Challenges with Blinding in CAP
Feasibility Issues


IV medication 
i Volume load, frequency, IV access and need for 


other medications
i Need for therapeutic drug monitoring and how to 


handle changes in dose, timing of dose 
ie.g., vancomycin every 12 hours to every 18 


hours?
iIs adjustment of dose but not interval an 


acceptable option?
iIs an unblinded pharmacist possible, practical, 


necessary? 
iNeed to keep labs (TDM results) from 


investigator, study team..
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Challenges with Blinding in CAP
Concomitant Antibiotics


i Trial of a narrow spectrum agent 
iOptions for adjunctive therapy to provide 


adequate coverage, but not interfere with 
assessment of activity of test agent? 


iExample
iHAP studies of new gram-positive agents
iAztreonam (is it adequate?)
iPip-Tazo (how long is acceptable?)


Rubinstein et al. Clinical Infectious Diseases 2001;32:402–412 
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Challenges with Blinding in CAP
Geography


i Comparator therapies and standard of care may vary 
around the world 
iwould one need different comparators with 


different blinding techniques in US/EU/etc.?
i Resistant organisms and variability in resistance 


patterns from one region to another
i Could this influence results and/or generalizability of 


results from phase III trials?


Mandell et al. CID 2007; 44(Suppl 2); S27.
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Challenges with Blinding in CAP
Microbiology
Microbiology
i Data is mandatory and will be used in analyses
i Should microbiology data (pathogen or 


susceptibility data) be blinded?
iRespiratory cultures
iRoutine
iQuantitative (e.g., miniBAL)


iBlood cultures


i Are there circumstances when the organism and/or 
susceptibility pattern should be known in real-time?
i e.g., S. pneumo MICs, CA-MRSA, resistant GNRs?


i Should tentative breakpoints be used?


Mandell et al. CID 2007; 44(Suppl 2); S27.
http://www.fda.gov/cder/guidance/2570dft.pdf 20


Challenges with Blinding in CAP
Microbiology
Example: sinusitis guidance


i “when microbiological sampling is performed, 
investigators should be blinded to the 
microbiological data at entry.  This approach can be 
used to eliminate possible bias in evaluating the 
relationship between in vitro resistance at baseline 
and clinical outcome.  


i In vitro resistance (or infecting pathogen) at entry 
should not be used to alter treatment assignment or 
study conduct…rescue therapy can be provided to 
all patients regardless of microbiological status at 
entry if the study criteria for clinical failure are met 
while on the originally assigned treatment.”


http://www.fda.gov/cder/guidance/3895dft.pdf
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Challenges with Blinding in CAP
Why is it Difficult? 


Outcome assessments
i Efficacy
i “hard endpoints” like death less biased than are 


subjective assessments like reason for death, 
self-reported symptom scores/PROs (e.g. pain 
scores)


iBlinded assessors advisable even in open label 
trials


i Safety
iKnowledge of expected adverse effects 


influences how people react, e.g., fewer reports of 
renal events in open label trials of amphotericin B 
preparations despite greater objective evidence 
of nephrotoxicity


Schulz et al. Ann Intern Med 2002; 136(3): 254.
22


Challenges with Blinding in CAP
Why is it Difficult? 
Ethical issues
i How to address concerns of patient subjects, 


investigators and IRB/Ethics committees re: risks of 
blinding therapy, microbiology data, outcome, etc., 
in serious CAP
iHow can we ensure no increased risk to the 


individual patient?
iSevere CAP
iPhysician and healthcare team need to be 


convinced that both therapies are acceptable
i Is delayed or “rescue therapy” an option for


iMild-moderate CAP?
iHospitalized CAP?


i Does the physician need to know the randomized 
therapy at the time of instituting rescue therapy?
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Challenges with Blinding in CAP
Unblinding
Things that may lead to unblinding the patient/trial 


unintentionally 
i Issues with study drug labeling
i Laboratory errors (especially when some labs come 


back to site)
Intentional unblinding


i Always try to stop study med rather than unblind
Attempt to define criteria for intentional unblinding


i Patient safety
i Need to know only
iWhat about unanticipated safety issues?


Key: define strict criteria for breaking blind before study start


Schulz and Grimes, Lancet  2002; 359: 696-700 
Friedman, Furberg, DeMets.  Fundamentals of Clinical Trials 3rd Edition 1998 24


Challenges with Blinding in CAP
Study Conduct


i Blinding (or not) and decisions to continue patient in 
study or switch to alternative therapy


i Differential loss / discontinuation of study 
therapy (or informed loss) and potential bias
i Is it feasible to prospectively define reasons to 


withdraw a patient due to “lack of efficacy”
iPredefined definitions for opting-out preferable
iDoes one need to know the tx in order to 


determine the most appropriate next therapy?


Schulz and Grimes, Lancet  2002; 359: 696-700 
Friedman, Furberg, DeMets.  Fundamentals of Clinical Trials 3rd Edition 1998.
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Challenges with Blinding in CAP
Assessment of Blindness


Estimating the degree to which the blind was 
maintained 


i Ask participants and investigator/assessors to 
guess to which group the participant was assigned
iGuesses should be correct 50% in each group
i If >50% correct, likely that degree of unblinding
i If <<50% correct, worry re: people knowing but 


not willing to admit it…
i Correlate actual assignment with perceived 


assignment for trial as a whole and at each site…


Schulz et al. Ann Intern Med 2002; 136(3): 254. 
Friedman, Furberg, DeMets.  Fundamentals of Clinical Trials 3rd Edition 1998. 26


What if Blinding is Not Possible?


i Rationale must be explicitly laid out in protocol
i Steps taken to minimize bias by other means
i Allocation concealment more important
i consider central randomization system
i Clinical assessments should be made by medical 


staff not involved in treating subjects and who 
remain blind to treatment 


i Primary outcomes should be as objective as 
possible
i “Hard endpoints”
i Death
i ? Microbiological endpoints


*Schulz and Grimes, Lancet  2002; 359: 696-700
ICH E9; http://www.ich.org/LOB/media/MEDIA485.pdf
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Blinding in CAP Trials
Summary


Blinding minimizes an important bias in trials of 
antibiotics for CAP and is possible though at a cost


i More challenging in hospitalized CAP
Considerations
i Meticulous care in design, conduct and reporting of 


blinded trials of CAP
i Explicitly state what steps were taken to keep whom 


blinded
i Assess success of blinding


i Other clinical trial design issues important 
Unanswered questions
i Is blinding of microbiology ethical/feasible/necessary
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Treatment Effect of Antibacterial Drugs Treatment Effect of Antibacterial Drugs 
in Communityin Community--Acquired PneumoniaAcquired Pneumonia


A Historical  and Regulatory A Historical  and Regulatory 
PerspectivePerspective


Mary Singer, M.D., Ph.D.Mary Singer, M.D., Ph.D.
DivisionDivision of Antimicrobial Products, of Antimicrobial Products, OND, CDEROND, CDER
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ObjectivesObjectives


Discuss the problem with nonDiscuss the problem with non--inferiority trials for inferiority trials for 
CAPCAP
Discuss approach to estimation of antibacterial Discuss approach to estimation of antibacterial 
drug treatment effect in CAPdrug treatment effect in CAP
Show estimates of the treatment effectShow estimates of the treatment effect
Discuss limitations of the dataDiscuss limitations of the data
Present issues for further discussionPresent issues for further discussion
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Recent CAP Studies Recent CAP Studies 
Approximately 30 antibacterial drugs approved for CAP Approximately 30 antibacterial drugs approved for CAP 
Recent studies all based on nonRecent studies all based on non--inferiority trials (10 or 15% inferiority trials (10 or 15% 
margin)margin)
Most were  studies in patients with mildMost were  studies in patients with mild--moderate CAP treated in moderate CAP treated in 
the outpatient setting (oral drug)the outpatient setting (oral drug)
Pneumococcal pneumonia: Documented in 5Pneumococcal pneumonia: Documented in 5--20% patients in 20% patients in 
outpatient (oral drug) studies; and in 20% hospitalized patientsoutpatient (oral drug) studies; and in 20% hospitalized patients in in 
studies of initial IV therapystudies of initial IV therapy
Bacteremia: Documented in 0Bacteremia: Documented in 0--6% patients in oral drug studies; 6% patients in oral drug studies; 
and in 8and in 8--10 % (410 % (4--9% pneumococcal bacteremia) patients in IV 9% pneumococcal bacteremia) patients in IV 
drug studies drug studies 
High efficacy rates (clinical response endpoint)High efficacy rates (clinical response endpoint)
Mortality rates:  < 1% patients died in oral drug studies; 2Mortality rates:  < 1% patients died in oral drug studies; 2--4% 4% 
died in IV drug studiesdied in IV drug studies
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What is the Problem?What is the Problem?


NonNon--inferiority trials: How much less effective is test drug inferiority trials: How much less effective is test drug 
than the active control drug?than the active control drug?


Efficacy of test drug must fall within bounds of a preEfficacy of test drug must fall within bounds of a pre--specified specified 
nonnon--inferiority margin relative to active control drug.inferiority margin relative to active control drug.
Assumption:Assumption: Treatment effect is known, i.e. active control is Treatment effect is known, i.e. active control is 
more effective than placebo for treatment of the disease by somemore effective than placebo for treatment of the disease by some
known difference (M1) known difference (M1) 
If treatment effect is known, a clinically acceptable nonIf treatment effect is known, a clinically acceptable non--inferiority inferiority 
margin (M2), which can be chosen (M2 margin (M2), which can be chosen (M2 ≤≤ M1).M1).
Magnitude of the treatment effect is not known for antibacterialMagnitude of the treatment effect is not known for antibacterial
drugs for treatment of CAP; so there is some uncertainty about drugs for treatment of CAP; so there is some uncertainty about 
the appropriate nonthe appropriate non--inferiority for CAP studies.inferiority for CAP studies.
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Placebo


Active Control


Test Drug 


Efficacy


Treatment Effect in Disease with High Treatment Effect in Disease with High 
Spontaneous Resolution Rate or no Effective Spontaneous Resolution Rate or no Effective 


““Active ControlActive Control””
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Placebo
Active Control


Test 


Efficacy


Treatment Effect in Disease with Low Treatment Effect in Disease with Low 
Spontaneous Resolution Rate and Effective Spontaneous Resolution Rate and Effective 


Active ControlActive Control


Treatment Effect (M1)


Non-inferiority Margin (M2)
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Goal: Estimate the magnitude of the treatment Goal: Estimate the magnitude of the treatment 
effect of antibacterial drugs in CAPeffect of antibacterial drugs in CAP
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Approach to Estimation of Treatment Approach to Estimation of Treatment 
Effect for Antibacterial Drugs in CAPEffect for Antibacterial Drugs in CAP


1.1. Historical Data Historical Data 
•• Published studies performed prePublished studies performed pre-- and post and post --introduction of introduction of 


antibacterial drugsantibacterial drugs
Most were studies of pneumococcal or lobar pneumoniaMost were studies of pneumococcal or lobar pneumonia
Hospitalized patientsHospitalized patients
Mortality EndpointMortality Endpoint


Observational studies (treated vs. untreated)Observational studies (treated vs. untreated)
Controlled trials: antibacterial drugs vs. untreated controls Controlled trials: antibacterial drugs vs. untreated controls 


No true placeboNo true placebo--controlled studiescontrolled studies
Patients not randomized ; treatment not blindedPatients not randomized ; treatment not blinded
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Approach to Estimation of Treatment Approach to Estimation of Treatment 
Effect for Antibacterial Drugs in CAP Effect for Antibacterial Drugs in CAP 


(continued)(continued)


2.2. Alternative Sources of DataAlternative Sources of Data which might show a which might show a 
treatment difference between antibacterial drugstreatment difference between antibacterial drugs::


•• ““NegativeNegative”” nonnon--inferiority studies inferiority studies 
•• Superiority studies (none)Superiority studies (none)
•• Dose response Dose response 
•• Pharmacokinetics/pharmacodynamicsPharmacokinetics/pharmacodynamics
•• Discordant therapy: Discordant therapy: 


•• Resistant organismsResistant organisms
•• GuidelineGuideline--concordant vs. discordantconcordant vs. discordant
•• Delayed vs. immediate treatmentDelayed vs. immediate treatment
•• Broad vs. narrow spectrum empirical treatmentBroad vs. narrow spectrum empirical treatment
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Natural History of CAPNatural History of CAP


““Recovery followed the Recovery followed the ‘‘crisiscrisis’’ -- an abrupt decrease in an abrupt decrease in 
temperature over 12 hours, accompanied by passage temperature over 12 hours, accompanied by passage ‘‘from from 
a condition of extreme distress and anxiety to one of a condition of extreme distress and anxiety to one of 
comparative comfortcomparative comfort’’ -- and occurred in a large proportion of and occurred in a large proportion of 
cases. A fatal outcome was noted in 20cases. A fatal outcome was noted in 20--35%. Worse 35%. Worse 
prognosis was evident in prognosis was evident in ‘‘drunkardsdrunkards’’ and the elderly, with and the elderly, with 
fatality increasing to 50fatality increasing to 50--65% in the elderly in those in their 65% in the elderly in those in their 
6th and 7th decades.6th and 7th decades.””


-- Sir William Osler, 1894, who succumbed to HaemophilusSir William Osler, 1894, who succumbed to Haemophilus
influenzae pneumonia in 1919influenzae pneumonia in 1919
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History of Effective Treatment for History of Effective Treatment for 
Pneumococcal PneumoniaPneumococcal Pneumonia


Penicillin and other antibioticsPenicillin and other antibiotics1940 1940 -- 19451945


SulfapyridineSulfapyridine19381938--19391939


Serum Therapy Serum Therapy 1913 1913 -- 19401940


Streptococcus (Diplococcus) Streptococcus (Diplococcus) 
pneumoniaepneumoniae identified as identified as ‘‘thethe’’ cause of cause of 
pneumonia pneumonia 


18811881
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OBSERVATIONAL STUDIESOBSERVATIONAL STUDIES
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Treatment of Pneumococcal Treatment of Pneumococcal 
Pneumonia with PenicillinPneumonia with Penicillin


Meads, et al. (1945)Meads, et al. (1945)


11111313Grade 4 (shock Grade 4 (shock 
&/or CHF)&/or CHF)


5599Grade 3 (acutely Grade 3 (acutely 
ill/irrational)ill/irrational)


111515Grade 2 Grade 2 
(moderate)(moderate)


Penicillin after Penicillin after 
sulfa treatmentsulfa treatment


N=17N=17


PenicillinPenicillin
N=37N=37


SeveritySeverity


Observational Study in patients with moderateObservational Study in patients with moderate--severe severe 
pneumococcal pneumoniapneumococcal pneumonia
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Treatment of Pneumococcal Pneumonia Treatment of Pneumococcal Pneumonia 
with Penicillin: Outcomeswith Penicillin: Outcomes


Meads, et al. (1945)Meads, et al. (1945)


9/14 (64%)9/14 (64%)27/30 (90%)27/30 (90%)Duration of acute Duration of acute 
symptoms* < 48 hourssymptoms* < 48 hours


8/14 (57%)8/14 (57%)24/30 (80%)24/30 (80%)Duration of fever < 48 Duration of fever < 48 
hourshours


4/64/60/120/12Bacteremia after Bacteremia after 
penicillin treatmentpenicillin treatment


0000ComplicationsComplications


1122RelapseRelapse


3 (18%)3 (18%)7 (19%)7 (19%)DeathDeath


Penicillin after sulfa failure or Penicillin after sulfa failure or 
intolerance (N=17)intolerance (N=17)


Penicillin Penicillin 
(N=37)(N=37)


Outcome Outcome 


*symptoms such as delirium, prostration, and dyspnea


17


Case Fatality Rate in Pneumococcal Pneumonia Case Fatality Rate in Pneumococcal Pneumonia 
treated with Serum, Sulfonamides or treated with Serum, Sulfonamides or ““AntibioticsAntibiotics””


-- Dowling and Lepper (1951)Dowling and Lepper (1951)
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Survival in Bacteremic Pneumococcal Bacteremia Survival in Bacteremic Pneumococcal Bacteremia 
Treated with Penicillin or SerumTreated with Penicillin or Serum


Austrian and Gold (1964)Austrian and Gold (1964)
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Treatment Effect:Observational Studies
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Controlled Clinical TrialsControlled Clinical Trials
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Controlled Clinical TrialControlled Clinical Trial-- SerotherapySerotherapy
Park, et al. (1928)Park, et al. (1928)


Alternate patients with lobar pneumoniaAlternate patients with lobar pneumonia
Treatment:Treatment:


Polyvalent antiserum:Polyvalent antiserum: pneumococcal types I, II, III pneumococcal types I, II, III 
or:or:


Standard treatment:Standard treatment: fluids, pain relief with elastic fluids, pain relief with elastic 
adhesive plaster, restriction of opiates, no drastic adhesive plaster, restriction of opiates, no drastic 
catharsis, oxygen for cyanosis or rapid breathing, catharsis, oxygen for cyanosis or rapid breathing, 
digitalization for heart rate > 120digitalization for heart rate > 120
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Case Fatality Rate in Patients with Type I Case Fatality Rate in Patients with Type I 
Pneumococcal Pneumonia by Severity Pneumococcal Pneumonia by Severity 


(Park, et al., 1928)(Park, et al., 1928)


100%100%


52%52%


13%13%


34% (N= 109)34% (N= 109)


Standard Standard 
treatment treatment 


64%64%


29%29%


9%9%


20% (N=114)20% (N=114)


SerumSerum--treated treated 


Poor (< 50)Poor (< 50)


Fair (50Fair (50--70)70)


GoodGood
(> 70)(> 70)


Any conditionAny condition


Condition at Condition at 
baselinebaseline


36%36%


23%23%


4%4%


14%14%


Treatment Treatment 
DifferenceDifference
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Controlled Clinical Trial of Treatment of Controlled Clinical Trial of Treatment of 
Pneumonia Pneumonia 


-- Evans and Gaisford (1938)Evans and Gaisford (1938)


7/10 (70%)7/10 (70%)4/18 (22%)4/18 (22%)Age > 50Age > 50


27/100 (27%)27/100 (27%)8/100 (8%)8/100 (8%)All patientsAll patients


ControlControlM & B 693M & B 693
(Sulfapyridine)(Sulfapyridine)


All patientsAll patients


Treatment: M&B 693: 2Treatment: M&B 693: 2--(p(p--aminobenzenesulphonamide) pyridineaminobenzenesulphonamide) pyridine
Control: NonControl: Non--specific treatment (presumed standard of care)specific treatment (presumed standard of care)
Population: Hospitalized patients with lobar pneumonia (8 Population: Hospitalized patients with lobar pneumonia (8 -- 68 years old)  68 years old)  
Location: Birmingham, England Location: Birmingham, England 
Treatment group: Determined by enrollment on alternate day Treatment group: Determined by enrollment on alternate day 
Excluded: Patients who died within 24 hoursExcluded: Patients who died within 24 hours


Case Fatality RateCase Fatality Rate
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Controlled Clinical Trial: Treatment of  Controlled Clinical Trial: Treatment of  
Pneumococcal Pneumonia with SulfapyridinePneumococcal Pneumonia with Sulfapyridine


Graham, et al. (1939)Graham, et al. (1939)


7/30 (23%)7/30 (23%)3/50 (6%)3/50 (6%)


3/6 (50%) bacteremic3/6 (50%) bacteremic3/17 (18%) bacteremic3/17 (18%) bacteremic


ControlsControlsDagenan (M&B 693)Dagenan (M&B 693)


Case Fatality Rate


Hospitalized patients with pneumococcal pneumonia
Alternate patients
Control: no specific therapy (20% bacteremic)
Dagenan (M&B 693) = Sulfapyridine (34% bacteremic)
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Treatment Effect:Controlled Trials
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SummarySummary
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Summary of Antibacterial Drug Treatment Summary of Antibacterial Drug Treatment 
Effect in Pneumococcal PneumoniaEffect in Pneumococcal Pneumonia


18.5% (15, 21)18.5% (15, 21)
25.4% (22, 28)25.4% (22, 28)


SulfonamidesSulfonamides
Penicillin, Penicillin, 
tetracyclinestetracyclines


Dowling et al. Dowling et al. 
(1951)(1951)


63% (59, 69) 63% (59, 69) 
(bacteremic)(bacteremic)


PenicillinPenicillinAustrian and Gold Austrian and Gold 
(1964)(1964)


24% (21, 27)24% (21, 27)
48% (bacteremic)48% (bacteremic)


SulfonamidesSulfonamidesFinland (1943)Finland (1943)


Mortality Mortality 
Difference (95% Difference (95% 
confidence confidence 
interval)interval)


Treatment vs. Treatment vs. 
untreated controlsuntreated controls


Observational Observational 
StudiesStudies
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Summary of Antibacterial Drug Treatment Summary of Antibacterial Drug Treatment 
Effect in Pneumococcal PneumoniaEffect in Pneumococcal Pneumonia


19% (8.8, 29.2)19% (8.8, 29.2)SulfapyridineSulfapyridineEvans and Gaisford Evans and Gaisford 
(1938)(1938)


10% (10% (--0.3, 20.6)0.3, 20.6)
15% (15% (--6.2, 35.5)6.2, 35.5)


SulfapyridineSulfapyridineAgranat, et al. (1939)Agranat, et al. (1939)


17% (0.1, 36.4)17% (0.1, 36.4)
32% (bacteremic)32% (bacteremic)


SulfapyridineSulfapyridineGraham, et al. (1939)Graham, et al. (1939)


Difference in Case Difference in Case 
Fatality Rate Fatality Rate 
(95% confidence interval)(95% confidence interval)


Treatment vs. Treatment vs. 
untreated controlsuntreated controls


Controlled StudiesControlled Studies
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SummarySummary


Point estimates for antibacterial drug treatment Point estimates for antibacterial drug treatment 
effect in pneumococcal pneumonia:effect in pneumococcal pneumonia:


Observational Studies: 19Observational Studies: 19--25% 25% 
Bacteremic (48Bacteremic (48--63%)63%)


Controlled Trials: 10Controlled Trials: 10--19% 19% 
Bacteremic (33% in single study)Bacteremic (33% in single study)
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Limitations of using the Historical Data to Limitations of using the Historical Data to 
Estimate Treatment EffectEstimate Treatment Effect


Differences in Patient Populations: Differences in Patient Populations: 
e.g. coe.g. co--morbidities, immune status, pneumococcal vaccinationmorbidities, immune status, pneumococcal vaccination


Differences in Organisms/Disease:Differences in Organisms/Disease:
Mostly hospitalized patients with pneumococcal pneumonia Mostly hospitalized patients with pneumococcal pneumonia 
Severity was not wellSeverity was not well--characterizedcharacterized
Most CAP now treated in outpatient settingMost CAP now treated in outpatient setting
S. pneumoniaeS. pneumoniae isolated less frequentlyisolated less frequently
Atypical organisms common in mild CAPAtypical organisms common in mild CAP


Differences in Standard of CareDifferences in Standard of Care
Differences in Study Design:Differences in Study Design:


Observational dataObservational data
Controlled trials were not randomized or blindedControlled trials were not randomized or blinded
Endpoints: mortality vs. clinical responseEndpoints: mortality vs. clinical response
Study drugs: penicillin and sulfonamidesStudy drugs: penicillin and sulfonamides
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Issues for DiscussionIssues for Discussion


Extrapolation of historical data on treatment of Extrapolation of historical data on treatment of 
pneumococcal pneumonia to estimate pneumococcal pneumonia to estimate 
antibacterial drug treatment effect for: antibacterial drug treatment effect for: 


Mild CAPMild CAP
Severe CAPSevere CAP


Appropriate design for CAP studiesAppropriate design for CAP studies
Populations (inclusion/exclusion criteria)Populations (inclusion/exclusion criteria)
Primary endpointPrimary endpoint
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Treatment Difference in Recent StudiesTreatment Difference in Recent Studies


MetaMeta--analyses: Shefet, et al. analyses: Shefet, et al. 
(2005); Mills (2005): no difference (2005); Mills (2005): no difference 
in curein cure


Broad spectrum antibiotics Broad spectrum antibiotics 
(including atypical coverage) vs. (including atypical coverage) vs. 
narrow spectrum antibioticsnarrow spectrum antibiotics


Mortensen, et al. (2006): Mortensen, et al. (2006): 
decreased mortality at 48 hoursdecreased mortality at 48 hours
Mortensen, et al. (2004): Mortensen, et al. (2004): 
decreased mortality at 30 daysdecreased mortality at 30 days


Guideline concordance vs. Guideline concordance vs. 
discordancediscordance


Review: (Falagas, et al., 2006) No Review: (Falagas, et al., 2006) No 
difference in clinical successdifference in clinical success


Discordant therapyDiscordant therapy-- e.g. e.g. ΒΒ--lactam lactam 
for penicillinfor penicillin--resistant resistant S. S. 
pneumoniaepneumoniae


FindingsFindingsStudyStudy
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Treatment Difference in Recent Studies Treatment Difference in Recent Studies 
(continued)(continued)


Low doses which might not be Low doses which might not be 
efficacious generally not evaluatedefficacious generally not evaluated


Dose ranging studiesDose ranging studies


Limited by few clinical failures among Limited by few clinical failures among 
patients for whom PK data is availablepatients for whom PK data is available


PK/PD studiesPK/PD studies


Few; possible outliersFew; possible outliersStudies that showed superiority of one Studies that showed superiority of one 
antibacterial drug over anotherantibacterial drug over another


Few published or submitted for NDAFew published or submitted for NDAStudies that showed inferiorityStudies that showed inferiority


Houck, et al. (2004): decreased Houck, et al. (2004): decreased 
mortality and LOS associated with mortality and LOS associated with 
shorter time to administration of shorter time to administration of 
antibioticsantibiotics


Delayed vs. immediate antibiotic Delayed vs. immediate antibiotic 
treatmenttreatment


FindingsFindingsStudyStudy
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THE QUESTION
Can PK-PD Predict Therapeutic Response?


• No, PK-PD cannot predict therapeutic response on a 
patient-by-patient basis


• Yes, PK-PD can be used to identify dosage regimens, 
a priori, that will likely be efficacious if:


o We account for enough of the determinants or 
confounders of response in the disease state of 
interest


• Determinants and confounders of response can be 
microbiologic, pharmacokinetic, or physiologic 


1: Verghese A, Haire C, Franzus B, Smith K.  LY146032 in a hamster model of S. aureus pneumonia-effect on in vivo clearance and mortality and in vitro 
opsonophagocytic killing. Chemother 1988;34:497-503.


2: Pertel PE, Bernardo P,  Fogarty C,  Matthews P, Northland  R, Benvenuto M, Thorne GM, Luperchio SA, Arbeit RD, and Alder J. Effects of prior effective 
therapy on the efficacy of daptomycin and ceftriaxone for the treatment of community-acquired pneumonia.  Clin Infect Dis.  In-Press.


3: Silverman JA, Mortin LI, VanPraagh ADG, Li, T, Alder J.  Inhibition of daptomycin by pulmonary surfactant.  J Infect Dis, 2005;191:2149-2152


CONFOUNDING VARIABLE
Daptomycin and Pulmonary Surfactants


Daptomycin Ceftriaxone
Prior Effective Therapy n/N % Cure n/N % Cure 95% CI
Yes 88/97 90.7 81/92 88.0 -6.1 to 11.5


No 205/272 75.4 245/279 87.8 -18.8 to -6.0


• Initial hamster-MRSA pneumonia model demonstrated 
daptomycin efficacy1


• In subsequent clinical trials, daptomycin did not meet the criteria 
for non-inferiority relative to ceftriaxone2


• Follow-up murine-S. pneumoniae infection model demonstrated 
poor daptomycin activity vs. ceftriaxone3


• Ultimately, it was shown that daptomycin was bound and 
inactivated by LPG in pulmonary surfactants3


CONFOUNDING VARIABLE
Differing Inter-Compartmental Rate Constants


Bhavnani SM, Rubino CM, Forrest A, Lehoux D, Okusanya OO, Drusano GL, Rodvold KA, Craig WA, Ambrose PG, Parr TR.  Use of 
PK-PD principles to guide clinical drug development for oritavancin.  ICAAC 2008, Abstract  A-51.


• Oritavancin pharmacokinetics 
were studied in both murine and 
human epithelial lining fluid (ELF)


• Although we expect similar ELF 
concentrations at steady-state, 
mice achieve higher ELF 
concentrations earlier than 
humans


• These data suggest that larger 
doses (for pneumonia) would be 
needed in humans to match the 
early exposures in animals


LEARNING FROM DATA OF THE 1990s      
PK-PD in Anti-Infective Clinical Research 


• The ability of past clinical PK-PD analyses to help 
answer the questions in debate today is limited by 
past assumptions and study designs 


• Chief among these are:


o Few patients have exposures consistent with that 
associated with failure in animal infection models; 
and


o Clinical trial endpoints that may provide limited 
resolution of drug effect


• Despite these limitations, I hope to show you today 
that we can gain valuable insight from these old data







A BRIEF HISTORY 
PK-PD in Anti-Infective Clinical Research 


1:  Craig WA. Pharmacodynamics of Antimicrobials: General Concepts and Applications.  In: Nightingale CH, Murakawa
Ambrose PG ed. Antimicrobial Pharmacodynamics in Theory and Practice. New York, Marcel Dekker Publishers, 2002.


2:  Forrest A, Nix SE, Ballow CH, Schentag, JJ. Pharmacodynamics of intravenous ciprofloxacin in seriously ill patients.  
Antimicrob Agents Chemother 1993. 37:1073–1081 


• Modern antibacterial PK-PD research began with the animal 
models refined by W.A. Craig and colleagues in the 1980s


• For quinolones, it was demonstrated in animals that total-drug
AUC:MIC ratios of 100-125 were associated with good outcomes1


• In 1993, clinical data involving ciprofloxacin were published that 
were concordant with the animal observations2


A BRIEF HISTORY 
PK-PD in Anti-Infective Clinical Research 


• The total-drug AUC:MIC ratio target of 100-125 was 
assumed by many to apply to all pathogens, drug 
classes and patient populations


• During the 1990s, doses for several other quinolones
were picked to achieve this same threshold


• In the late 1990s, information began to emerge that 
demonstrated that the total-drug AUC:MIC ratio 
target of 100-125 did not apply to S. pneumoniae1-3 


1: In Vitro Data: Lacy MA, Lu W, Xu X, Tessier PR, Nicolau DP, Quintiliani R, Nightingale CH. Pharmacodynamic comparisons of 
levofloxacin, ciprofloxacin, and ampicillin against Streptococcus pneumoniae in an in vitro model of infection. Antimicrob Agents 
Chemother 1999;43:672–677.


2: Animal Data: Craig WA, Andes DR. Correlation of the magnitude of the AUC24/MIC for 6 fluoroquinolones against Streptococcus 
pneumoniae with survival and bactericidal activity in an animal model. In Abstracts of the 40th ICAAC, Toronto, Canada, Sept. 17-
20, 2000. Abstract-289


3: Human Data: Ambrose PG, Grasela DM, Grasela TH, Passarell J, Mayer HB, Pierce PF. Pharmacodynamics of fluoroquinolones against 
Streptococcus pneumoniae in patients with community-acquired respiratory tract infection. Antimicrob Agents Chemother
2001;45:2793-2797.


1: Craig WA, Andes DR. Correlation of the Magnitude of the AUC24/MIC for 6 Fluoroquinolones against Streptococcus pneumoniae with survival 
and bactericidal activity in an animal model. In Abstracts of the 40th ICAAC, Toronto, Canada, Sept. 17-20, 2000. Abs-289


2: Ambrose PG, Bhavnani SM, Owens RC. Clinical pharmacodynamics of quinolones. Infect Dis Clin N America 2003;17:529-543.


ciprofloxacin, gatifloxacin, gemifloxacin, 
levofloxacin, moxifloxacin, and 


sitafloxacin


EXPOSURE & RESPONSE IN MICE AND MAN     
Quinolones and Pneumococci


CART-identified  fAUC:MIC
breakpoint of 34         
fAUC:MIC >34: 93% Response  
fAUC:MIC <34: 68% Response 
P = 0.01, Odds Ratio 6.3


A BRIEF HISTORY 
Why is Any of this Important?


• More analyses attempting to correlate PK-PD 
measures and response in humans with community-
acquired respiratory tract infections have been 
conducted than for any other bacterial infectious 
disease


• The majority of this experience was attained over the 
last decade and involved quinolones


• Most quinolones were developed in a manner that  
resulted in very few patients having exposures 
consistent with that associated with failure in animal 
infection models involving pneumococci


A CASE IN POINT
Garenoxacin against S. pneumoniae


Van Wart S, Phillips L, Ludwig EA, Russo R, Ambrose PG  et. al.  Population PK-PD of garenoxacin in patients with community-acquired 
respiratory tract infections.  Antimicrob Agents Chemother . 2004. 48:4766-4777.


Free-Drug AUC:MIC Ratio
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Clinical Response in patients with CAP, AECB or sinusitis, N = 96


• Look to failed programs or studies, such as those of 
daptomycin, faropenem and grepafloxacin, for 
enriching failures


LEARNING FROM MISTAKES
Show Me The Money (Failures)!


Study 106-92-301
Efficacy Grepafloxacin Comparator


400 mg QD 600 mg QD


S. pneumoniae 29/40 (72%) 35/41 (85%) 38/44 (86%)


http://www.rxlist.com/cgi/generic/grepa_cp.htm


“Clinical studies suggest that grepafloxacin 400 mg once daily for 
10 days may be less effective against S. pneumoniae than 
grepafloxacin 600 mg once daily for 10 days or comparator for 10 
days.”







COULD FAILURE HAVE BEEN PREDICTED?
Mice to Human Translation


Regimen Observed 
Response Rate


Probability of PK-PD 
Target Attainment


PK-PD Predicted 
Response Rate


400 mg 72%  (29/40) 56.5% 80% (32/40)
600 mg 85%  (35/41) 94.6% 88% (36/41)


• Exposure-response functions have Y axis intercepts


• It may be reasonable to think of the Y axis intercept 
as an approximation of the no-treatment response 
rate


• By looking at multiple exposure-response analyses in 
patients with community-acquired respiratory tract 
infections, we can begin to get an idea of the 
variance around the extrapolated Y axis intercept 


EXPOSURE-RESPONSE RELATIONSHIPS
Why Should We Give a Hoot?


1: Forrest A  et al. Pharmacokinetics and pharmacodynamics of oral grepafloxacin in patients with acute bacterial exacerbations of  
chronic bronchitis. J Antimicrob Chemother 1997;40 Suppl A:45-57.


2: Preston SL, Drusano GL,  et al.   Pharmacodynamics of levofloxacin: a new paradigm for early clinical trials.  JAMA 1998;279:125-9. 


EXPOSURE-RESPONSE 
Grepafloxacin and Levofloxacin


EXPOSURE-RESPONSE 
Quinolones1, Pneumococci, and CAP


Based on classification and regression tree analysis, the probability of a successful 
microbiological (OR [95% CI], 9.5 [1.32, 68.3]) or clinical response (OR [95% CI], 9.13 
[1.27, 65.7]) was 0.67 at AUC:MIC < 33.8 and 0.95 at AUC:MIC ≥ 33.8, p ≤ 0.06.


1: Based on data generated as part of the gatifloxacin or gemifloxcin NDA 


• To date, FDA has not found it possible to define a 
non-inferiority margin for active-controlled non-
inferiority studies for some community-acquired 
infections1


• This is because a consistent and reliable estimate of 
the efficacy of active treatment relative to placebo 
has not been established1


• By developing exposure-response relationships, it 
may be possible to estimate the no-treatment 
response rate without exposing patients to any risk 
incurred in clinical trials with alternative designs (e.g., 
placebo-controlled, excessively low dose-ranging)


POSSIBLE IMPLICATIONS
Non-Inferiority Studies


1: Guidance for Industry. Antibacterial Drug Products:  Use of Non-Inferiority Studies to Support Approval.  October 2007 


• Consider pooling across NDAs where patient 
pharmacokinetic samples were collected to get a 
more robust sample size for analysis


• Consider using demographic models to predict drug 
exposures in patients from whom pharmacokinetic 
samples were not collected, where appropriate


• Consider using surrogates for exposure, like 
dose/patient weight/MIC  when patient 
pharmacokinetics are not available


A CALL TO ARMS
Get Creative







• Even if the suggested approach 
to exposure-response analyses 
prove fruitful, it is likely that we 
have an endpoint problem


• Perhaps we need better 
outcome measures to capture 
specific response elements 
rather than composite “cure” of 
“failure” 10 days post-therapy? 


• Studies of the 1950s often 
evaluated drug concentrations, 
appetite, pain, cough, fever, 
pulse rate, WBC, radiographic 
findings and/or the patient’s 
sense of well-being over time


NEW CLINICAL STUDY ENDPOINTS
Back to the Future


Petersdorf RG, Cluff LE, Hoeprich PD, Hopkins FT, McCann WP.  Pneumococcal pneumonia treated with penicillin and aspirin.  
Bull. Johns Hopkins Hosp. 1957;101:1-12.


TIME TO EVENT
Improved Sensitivity and Power


• Continuous numeric endpoints are more sensitive than 
categorical endpoints, which results in better power to 
discriminate between regimen differences


• In the current paradigm, an event (cure, for instance) occurring 
2 weeks post-therapy is treated the same as one 2 days into 
therapy


The loss of such 
fundamental information 
is critical—to the patient, 
physician and society


NEW CLINICAL STUDY ENDPOINTS
With Such Information We Can…


• …evaluate the impact of 
drug exposure on time-to-
event1


• …impact the numbers of 
patients required to detect 
between-regimen 
differences2


• …define the optimal 
length of therapy


• …have much more 
informative data from 
Phase 2/3 clinical trials


1: Forrest A, Nix SE, Ballow CH, Schentag, JJ. Pharmacodynamics of intravenous ciprofloxacin in seriously ill patients. Antimicrob Agents 
Chemother 1993. 37:1073–1081 


2: Ambrose PG, Anon JB, Owen JS, Van Wart S, McPhee ME, Bhavnani SM, Piedmonte M, Jones RN. Use of pharmacodynamic end points 
in the evaluation of gatifloxacin for the treatment of acute maxillary sinusitis.  Clin Infect Dis 2004;38:1513-20.


CONCLUSIONS
Thank You for Your Attention


• We can use PK-PD to identify regimens, a priori, that 
will likely be efficacious


• We can use data from previous clinical studies to 
gain information on what the magnitude of 
treatment effect might be


• We can use new clinical trial endpoints to better 
describe drug effect and the following:
o Evaluate the impact of drug exposure on effect
o Gain more information from Phase 2/3 studies
o Impact the numbers of patients required to detect 


between-regimen differences
o Define the optimal length of therapy
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Pneumonia: cures and failures


Philosophical problems:    
1.  The natural history of disease: varying 
proportion resolve spontaneously
2.  Generally very high success rate of
existing therapies for existing pathogens


(could change with emergence of a new 
pathogenic organism causing disease OR  
newly resistant organisms) 


3.  “Empiricism:” = in many cases, we don’t   
know what  infection we are treating


We might not be so certain that our drug is producing   
a cure, but we should be able to develop criteria 
recognize therapeutic failure 


What constitutes a clinical failure 
of treatment for pneumonia?


1. Death – 3-day, 7-10 day, 30-day?  
2. Persistent or recurrent bacteremia by 


causative organism on Rx
3. Complication:  necrotic lung, empyema, 


remote infection (joint, bone, heart valve)
4. Delayed defervescence
5. Duration of hospitalization


What constitutes a clinical failure of 
treatment for pneumonia?


1. Death – 72 hours, 7-10 day, 30-day?  
Death within 72 hours due to overwhelming 
sepsis (cytokine storm) probably unaffected by 
Rx (Austrian and Gold, Ann Intern Med 60:759, 1964; Finland, Am Rev Resp


Dis 120:481, 1979)
Death between 72 hr and 10 days influenced by 
above, but probably pretty good indicator
Death by 30 days probably determined by other 
comorbid conditions; questionable whether 
antibiotics will affect this, but should be 
covered by randomization


What constitutes a clinical failure of 
treatment for pneumonia?


2. New, or persistent or recurrent bacteremia by 
causative organism, while patient is on Rx
In CAP, a rare occurrence: e.g., Gram neg rods 
severely immunocompromised patients, 
repeated bouts of COPD/pneumonia on many 
courses of antibiotics and steroids
Obviously if bacteremia recurs, it is a failure, 
but the percentage in which it will be seen is too 
small to be useful 
Doesn’t include those that are not bacterial


What constitutes a clinical failure of 
treatment for pneumonia?


3. Complication:  necrotic lung, empyema, 
remote infection (joint, bone, heart valve)
These are usually seen at the time of admission 
or they appear so soon afterwards that it is 
difficult to imagine they reflect poor Rx
If they do appear on treatment, especially after 
3-4 days, very reasonable to consider them as 
treatment failure
Because they occur only in small percentage of 
cases without any Rx, with some Rx would be 
difficult to measure without huge sample
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What constitutes a clinical failure of 
treatment for pneumonia?


4.  Delayed defervescence
This was one used historically (not, of 
course, in comparative trials, because they 
were not done)
In patients who are on their way to a cure, 
does a day or two matter?
Is the defervescence due to some other
property of the antimicrobial agent?


Obviously, failure to defervesce is consistent 
with clinical failure, although other causes 
possible


What constitutes a clinical failure of 
treatment for pneumonia?


Other possible considerations:
Days in ICU (for those requiring ICU care)
Days of intubation (ICU with intubation)
Days of IV therapy (for protocols where 


switch to oral therapy is an option) 
Total days in hospital (too dependent on 


comorbidities)
Time to clinical stability Halm et al JAMA 279:1452, 1998


Symptom questionnaire Lamping Chest 122:920, 2002


What constitutes a microbiologic cure?


First need to consider what constitutes a 
microbiological diagnosis Musher Clin Infect Dis 2005


1. Can patient produce a sample?  ~70% can
2. Quality of sample: another 15% inadequate
3. If good quality (only ~55% of CAP patients),   


very easy by gram stain or culture
4. If poor quality


False negative – just not detectable
gram stain may be unreadable but 
still isolate organism by culture


False positive –organisms that only 
colonize (culture, not gram stain) 


Bacteriological cure Finland, The J. Burns Amberson
Lecture, Am Rev Resp Dis 20:481, 1979


1. Bacteremia rapidly cleared, usually before 
second dose of penicillin
2. Pneumococci eliminated from sputum in 50% 
by 48 hrs; some persisted for 5 days or more, 
‘probably related to low doses of penicillin’
(Finland, p. 488, see also Reimann, The Pneumonias, 1971, p. 31)


3. Once larger doses used, clearance more rapid
4. Clinical relapses in pneumococcal pneumonia 
also related to low doses of penicillin
5. Pneumonia due to different type S. pneumo
soon after Rx  → ? need to serotype
6. Extrapulmonary complications do not  
develop after initiation of antibiotics


Bacteriological cure


1. If it is difficult to establish the diagnosis 
in pneumonia, even more difficult to 
evaluate efficacy of antibiotic therapy


Most who could provide a sample before 
Rx can not after Rx


Most who “can” → poor/useless sample
Culture detects colonizing organisms


a. original organism may persist in 
airways as colonizer
b. new  organism may colonize 
(Tillotson and Finland, J Infect Dis 119:597, 1969) and 
can not exclude without molecular 
fingerprinting


Bacteriological cure
2. Failure to eradicate in absence of clinical 
failure: ? significance, but common sense 
dictates:  


a. Persistence of large numbers of the original 
infecting organism in purulent sputum (i.e. gram 
stain proof) suggests poor antimicrobial effect, 
but this would most likely be associated with 
poor clinical response, but requires good micro 


b. Emergence of resistance in the original
infecting organism (only if you know the original 
infecting organism)
3. Strong incentive to have sample → cultures of 
improper samples with bad data on bacterial 
eradication
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Microbiological cure


Note that these comments address 
bacterial pneumonia only  --
not pneumonia due to viruses, 
mycoplasma, chlamydia, or even 
Legionella


Summary and Conclusions: evaluating 
clinical and microbiological responses 


during Rx of “CAP”


Symptom questionnaire
Time to defervescence
Time to clinical stability
Mortality between 72 hr and 10 day
Length of stay in ICU, days of intubation
Development of a complication on Rx
Emergence of resistant bacterium (must 
prove that it is same organism)
Persistent bacteremia








1


ATYPICAL AGENTS 
AND 


COMMUNITY-ACQUIRED PNEUMONIA


John G. Bartlett
Johns Hopkins University 


IDSA-AATF


DISCLOSURES (2006-08)
John G. Bartlett


HIV Boards:  Abbott, BMS, GSK & 
Tibotec


Abx Boards:  Pfizer & Arpida
DSMB:  Tibotec
Policy:  J & J
Grant:  Gilead


ATYPICAL AGENTS
• Legionella (50 sp. 16 serogroups)
• Mycoplasma pneumoniae
• Chlamydophila pneumoniae
ISSUES
• Can these agents be detected?
• Is there evidence that atypicals


need to be treated?
• Are organism-specific antibiotic-


trials realistic? 


LEGIONELLA DETECTION


Test Sens Spec         Comment


Culture 25-90% 100%        Gold standard --
Up to7 days


Serology 40-95% High Seroconversion
3-4 weeks


Urine Antigen
L. pneumoph1     75-85% 99%  Most used
Other <5%


PCR 50-60%   92-96% False positives


LABORATORY METHODS OF 
DETECTING LEGIONELLA:


EUROPE 1995-04


Method No.


Urinary antigen 15,867
Culture 3,528
Serology 3, 267
Respiratory antigen 253
PCR 247
*Diederen BMW. J Infect Dis 2008;56:1


LEGIONELLA: URINARY 
ANTIGEN ASSAY


(Helbig JH, JCM 2003;41:838)


40 (45%)89Nosocomial


159 (94%)169Travel 
assoc.


172 (80%)214CAP


Positive 
Urine Ag


Culture 
Positive
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C. PNEUMONIAE:  DIAGNOSTIC TESTING
(Kumar S, Hammerschlag M. Clin Infect Dis


2007;44:568)


MIF:  “Repeatedly and conclusively 
shown to have poor correlation 
with PCR or culture” (10)*


PCR:  CDC reports 4/18 in-house 
assays considered valid; None 
FDA-approved; Comparison 
between labs – very poor (7)*


Culture:  Unrealistic (2)*


*No. studies for CAP 2001-06


CAP IN ADULTS:  
FREQUENCY OF C. PNEUMONIAE 


2001-06
Study Method Yield
UK MIF + PCR 5/316 (17%)
Netherlands EIA +PCR 5/159 (3%)
Taiwan MIF 12/168 (7%)
Sweden PCR 3/125 (2%)
Japan MIF, cult, PCR 15/232 (7%)
Germany MIF, PCR 5/546 (1%)


MICROBIOLOGY OF CAP
(File T. UpToDate)


Agent Outpt. Hospitalized
Gen ICU


Atypical 30% 12% 10%
Mycoplasma 16% 6% ------
Chlamydophila 12% 3% ------
Legionella 2%      3% 10%


ATYPICAL ANTIBIOTIC COVERAGE FOR 
ADULTS HOSPITALIZED WITH CAP
(Shefet D. Cochrane Database Syst Rev 


2005;(D004418)


Method:  medline review 1966-05
• Randomized trials, adults, 


hospitalized with CAP
• Atypical coverage:  FQ, macrolide


vs. Betalactam
Results:  24 trials, 5015 patients


COCHRANE LIBRARY REVIEW:  
FINDINGS 


Observations for atypical Favoring     Sig
Coverage (AC) vs. none (NC)
• Mortality OR 1.3 AC NS
• Clinical success trend AC NS


High quality studies ----
• Legionella AC S


ROLE OF ATYPICAL PATHOGENS IN 
NON SEVERE CAP:  META-ANALYSIS


(Mills GD. BMJ 2005;330:456)


Method:  Compare betalactams and 
agents active vs. atypical pathogens in 
CAP
● Randomized blinded controlled 


trials = 16, patients = 6,749
● Atypical coverage:  FQ, 


macrolides, ketolides
● Outcome:  Failure to improve
● Micro dx:  Legionell – 75 


Mycoplasma – 311, C. pneumo -- 115
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OUTCOME OF ATYPICAL COVERAGE
(Mills GD et al.)


Betalactam Atypical RR 
coverage   Failure


Total 3,068 3,681 0.97
Agent 286 280 0.81
• Quinolone 2,583 2,792 0.99
• Macrolide 286 280 0.81
Pathogen
• Legionella 37 38 0.4


ATYPICAL PATHOGENS IN CAP
(Arnold FW. Am J Resp Crit Care Med 


2007;175:1086)
Method: 
University Louisville Atypical
Pathogen Reference Lab
• 4 commercial sponsors
• Specimens 1996-04; 4337 patients with 


CAP, 21 countries
• Methods:  PCR, culture & serology for 3 


atypical agents
CAP Organization (CAPO) database:
• Management data for CAP 2001-06, 


with 2878 pts, 39 hosp, 11 countries
• Data:  Clinical stability (ATS), LOS, 


mortality


ATYPICAL PATHOGENS:  
FREQUENCY


74%10%53%91%Coverage
9%6%3%4%5%Legionella
7%5%6%8%7%Chlamydia


15%12%13%11%12%Mycoplasma
28%20%21%22%22%Incidence
1404071724975Atypicals
50120333133024337Cases


EuropeAsia
Africa


Latin
Amer.


North
Amer.


Total


RESULTS FOR ATYPICAL VS. NO 
ATYPICAL COVERAGE


Variable Atypical coverage
Yes No
n=2,878 n=658


Time to clinical 
stability (mean) 3.2 d 3.7d*


Length of stay (mean) 8.8 d 9.6 d*
Mortality 4% 6%


*p=0.05


ASSOCIATION OF ANTIBIOTIC 
THERAPY AND DEATH**


36% reduction0.64Fluoroquinolone 
alone


26% reduction0.74Cephalosporin + 
macrolide


1.0Cephalosporin


ReductionOdds Ratio*Antibiotic


*Analysis of 12,000 Medicare patients


**Gleason P et al. Arch Intern Med 1999;159:2562


MACROLIDE + BATALACTAM vs. 
BETALACTAM ALONE FOR 


PNEUMOCOCCAL BACTEREMIA


Retrospective review of 409 cases
Betalactam alone 171 (42%)
Betalactam and Macrolide 238 (58%)


OR for risks
Macrolide 0.4
Age > 65 yrs 2.5
Shock 18.3


*Martinez JA. CID 2003; 36: 389
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SURVIVAL WITH 
LEGIONNAIRES DISEASE, 


Philadelphia, 1976
Treatment Survival
Cephalothin 20/49 (41%)
Aminoglycoside 9/25 (36%)
Ampicillin/pen 16/71 (22%)
Erythromycin 2/18 (11%)
Tetracycline 3/30 (10%)


*Tsai TF. Ann Intern Med 1979;90:509


LEGIONELLA:  OBSERVATIONAL 
STUDY IN SPAIN


(Sabria M. Chest 2005;128:1401)


Macrolides*   FQ
n=76 n=54


Time to apyrexia 77 hrs. 48hrs.**
LOS 9.9 d 7.6d
Mortality 8% 6%


*Erythromycin – 33, Clari – 43
**P=<0.0001


• Time–kill curves comparing the in vitro activities of antibiotics at 10 x MIC 
against intracellular L. pneumophila strain L-1033. No antibiotic (filled circles); 
gemifloxacin (open circles); levofloxacin (filled inverted triangles); gatifloxacin
(open inverted triangles); moxifloxacin (filled squares); erythromycin (open 
squares).


Baltch et al. J Antimicrob Chemother 2005; 56: 104-9


Moxi more 
active at 24h 
(p<0.01)


LEVOFLOXACIN VS. 
BETALACTAM/MACROLIDE FOR 


MYCOPLASMA PNEUMONIA IN CHILDREN*


Methods:  Open label trial 
• Children <5 yrs:  Levoflox vs. ceftriaxone or 


Amox-CA
• Children >5 yrs:  Levoflox vs. macrolide +/-


ceftriaxone
• Randomized 3:  1 Levo vs. Comp.
Diagnostic tests:  M. pneumoniae – lgM EIA ≥


1:16
Outcome:  Evaluation at day 10-17


*Bradley J. Pediatr Infect Dis 2007;26:868.


Results:  Children <5 years 
(LEVOFLOX VS. BETALACTAM) 


FOR CAP AND CAP DUE TO 
M. PNEUMONIAE


Category No. cured/no. treated


All patients
• Levofloxacin 211/247 (85%)
• Betalactam 71/87 (82%)
M. Pneumoniae
• Levofloxacin 59/66 (89%)
• Betalactam 15/18 (83%)
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TREATMENT OF ATYPICALS


Need to treat:  No consensus 
Controlled trials 


Small sample sizes
No consensus on diagnosis


Meta-analyses:  Not supportive
Medicare database:  Supportive 


but reason is unclear
Legionella:  Exception


GUIDELINES FOR CAP


Atypical coverage
Advocated Optional
US France
Canada Hong Kong
UK Saudi Arabia
Germany South Africa
Japan


THERAPEUTIC TRIALS


Atypical vs. typical trials:
• May be judged unethical in 


countries where guidelines 
advocate Rx


• Concern regarding frequency 
and diagnostic testing


Individual agent:  Macrolides,
Fluroquinolones, Ketolides


• Problems:  Dx and sample size
• Possible with outbreak?
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IDSA/FDA Workshop


Criteria to be Addressed
to do Credible


Non-Inferiority Trials
January 17, 2008


Thomas R. Fleming, Ph.D.
Professor of Biostatistics
University of Washington


Fleming TR.  Statistics in Medicine, 2008, Vol 27, #3


Motivation for Non-Inferiority


~ Classic setting:  Experimental (EXP) has
favorable profile relative to Standard (STD) in


• side effects
• convenience of administration
• cost


~  Ethical approach


Eg : STD    EXP     SETTING
Amphotericin B Voriconazole Invasive Aspergillosis


Penicillin       New Quinolone             CAP
“076” ZDV         Nevirapine           MCT of HIV


Dual Goals of Non-Inferiority Trials


• To enable a direct evaluation 
of the clinical efficacy/safety 


of EXP relative to STD


• To contribute evidence to
the evaluation of efficacy/safety


of EXP relative to PLA


Non-Inferiority Trials… Some Requirements


• Effect of the STD Regimen


ICH  E9:    “A suitable active comparator…
could be a widely used therapy


whose efficacy in the relevant indication
has been clearly established & quantified


in well-designed & 
well documented superiority trials


& which can be reliably expected to have
similar efficacy in the contemplated NI trial.”


Non-Inferiority Trials… Some Requirements


STD  should have clinical efficacy 


• that is of substantial magnitude


• that is precisely estimated


• with estimates that are relevant to the setting 
in which the non-inferiority trial


is being conducted


E.g.:   EXP  vs. Vancomycin  in patients with VRE


Factors invalidating Constancy Assumption
(EXP vs. STD NI Trial  vs.  Trials evaluating STD)


• patient characteristics 
(e.g.,  Less responsive patients  in NI Trial)


• use of supportive care
(e.g.,   Enhanced care  in NI trial)


• dose, schedule and level of adherence 
(e.g.,  Lower adherence to STD  in NI trial) 


• efficacy and safety endpoints 
~ definition ~ validation process     ~ missing data
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Illustration CAP NI Trial:  Choice of Margin


New Quinolone (EXP)   vs. Penicillin (STD)
in Community Acquired Pneumonia


(Pneumococcal pneumonia)


NON-INFERIORITY TRIAL Failure
New Quinolone 38 / 150   ( 25% )


Penicillin 30 / 150   ( 20% )
(EXP ─ STD)   95% C. I. :  ( ─5%,  15% )


PENICILLIN TRIAL                        Failure
Placebo                                87 / 175   ( 50% )     


Penicillin 35 / 175   ( 20% ) 


(PLA ─ STD)   95% C.I. :  ( 20%, 40% )


Failure Probability


0%        10% 20% 30% 40%


EXP better 


EXP compared with STD


STD  better


%  Failure                        
(EXP - STD)


EXP  - STD 


Factors Influencing  the Choice of Margin
and Interpretation of NI Trial Results


• Effect of the STD regimen


• Clinical Relevance of  Reduction in Efficacy


• Quality of the Design & Conduct 
of the Non-Inferiority Trial


Illustration CAP NI Trial:  Choice of Margin


New Quinolone (EXP)   vs. Penicillin (STD)
in Community Acquired Pneumonia


(Pneumococcal pneumonia)


NON-INFERIORITY TRIAL Failure
New Quinolone 38 / 150   ( 25% )


Penicillin 30 / 150   ( 20% )
(EXP ─ STD)   95% C. I. :  ( ─5%,  15% )


PENICILLIN TRIAL                         Failure
Placebo                                87 / 175   ( 50% )     


Penicillin 35 / 175   ( 20% ) 


(PLA ─ STD)   95% C.I. :  ( 20%, 40% )


Failure Probability


0%        10% 20% 30% 40%


Placebo better 


Placebo compared with STD


STD  better


%  Failure                        
(Placebo - STD)


Placebo - STD 
meta-analysis


Margin of STD benefit


EXP  - STD 


Failure Probability


0%        10% 20% 30% 40%


Placebo better 


Placebo compared with STD


STD  better


%  Failure                        
(Placebo - STD)


Placebo - STD 
meta-analysis


50% of   
STD 
benefit


Margin of STD benefit


EXP  - STD 
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Factors Influencing  the Choice of Margin
and Interpretation of NI Trial Results


• Effect of the STD regimen


• Clinical Relevance of  Reduction in Efficacy


• Quality of the Design & Conduct 
of the Non-Inferiority Trial


Factors Influencing Choice of Margin


• Clinical importance of:


─ a reduction in efficacy 


─ taking into consideration…


safety/tolerance profile
resistance or drug/drug interactions
convenience of administration


Failure Probability


0%        10% 20% 30% 40%


Placebo better 


Placebo compared with STD


STD  better


%  Failure                        
(Placebo - STD)


Placebo - STD 
meta-analysis


50% of   
STD 
benefit


Margin of STD benefit


EXP  - STD 


Suppose a NI trial is positive…
What is the Conclusion about Efficacy?


• The EXP regimen is
“at least as good as” the STD regimen…


• The EXP regimen is
“not worse than” the STD regimen…


Illustration CAP NI Trial:  Choice of Margin


New Quinolone (EXP)   vs. Penicillin (STD)
in Community Acquired Pneumonia


(Pneumococcal pneumonia)


NON-INFERIORITY TRIAL Failure
New Quinolone 375 / 1500   ( 25% )


Penicillin 300 / 1500   ( 20% )
(EXP ─ STD)   95% C. I. :  ( 2%,  8% )


PENICILLIN TRIAL                        Failure
Placebo                                87 / 175   ( 50% )     


Penicillin 35 / 175   ( 20% ) 


(PLA ─ STD)   95% C.I. :  ( 20%, 40% )


Failure Probability


0%        10% 20% 30% 40%


Placebo better 


Placebo compared with STD


STD  better


%  Failure                        
(Placebo - STD)


Placebo - STD 
meta-analysis


50% of   
STD 
benefit


Margin of STD benefit


EXP  - STD 
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Suppose a NI trial is positive…
What is the Conclusion about Efficacy?


• The EXP regimen is
“at least as good as” the STD regimen…


• The EXP regimen is
“not worse than” the STD regimen…


Suppose a NI trial is positive…
What is the Conclusion about Efficacy?


• The EXP regimen is
“at least as good as” the STD regimen… NO!


• The EXP regimen is
“not worse than” the STD regimen… NO!


• The EXP regimen is
“not meaningfully worse than”


the STD regimen


Factors Influencing  the Choice of Margin
and Interpretation of NI Trial Results


• Effect of the STD regimen


• Clinical Relevance of  Reduction in Efficacy


• Quality of the Design & Conduct 
of the Non-Inferiority Trial


Factors Influencing  Interpretation of Trial Results


• Quality of the Design & Conduct 
of the NI Trial


ICH  E9:     “Many flaws in the design or conduct 
of the trial will tend to bias the results 


toward a conclusion of equivalence”


… it is especially important to minimize
incidence of violations in the entry criteria,


non compliance, withdrawals,
losses to follow-up,  missing data


and other deviations in the protocol.”


Factors Influencing  Interpretation of Trial Results


• ICH  E9:  … it is especially important to minimize...
losses to follow-up,  missing data


“ITT” vs “Evaluable” ( ↑ variability & ↑ bias )


• Absence of targeted microbial at baseline


• Not assessed due to:


~ termination due to adverse clinical events
~ termination due to perceived drug ineffectiveness
~ treatment with prohibited concomitant interventions
~ “missing” evaluations


Non-inferiority trials


having scientifically rigorous margins


always require very large sample sizes...


… fact  or  myth?


Sample Sizes in Non-inferiority trials
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Illustration:  
STD Antibiotic having 20% Failure Rate


Relative Change in the Failure Rate
( for   EXP – STD  Failure Rate )


25%↓ ~ 25%↑ 50%↑ 75%↑ 100%↑


-5             0             5           10 15          20


Probability of a Positive Trial
as a function of true    EXP – STD Failure Rate


.90 .025


–12 –10  –7.3   –5              0 5   10            15   


Scenario #1 (Superiority) 2N  =  340 Evaluable pts


*


Probability of a Positive Trial
as a function of true    EXP – STD Failure Rate


.90 .025


–12 –10  –7.3   –5              0 5   10            15   


Scenario #1 (Superiority) 2N  =  340 Evaluable pts


*


.90             .58             .18            .025


–10           –5 0 5.9   10            15


Scenario #2 (Non-Inferiority)          2N  =  300 Evaluable pts


*


Probability of a Positive Trial
as a function of true    EXP – STD Failure Rate


.90 .025


–12 –10  –7.3   –5              0 5   10            15   


Scenario #1 (Superiority) 2N  =  340 Evaluable pts


*


.90             .58             .18            .025


–10           –5 0 5.9   10            15


Scenario #2 (Non-Inferiority)          2N  =  300 Evaluable pts


.90             .367            .025


–10            –5               0 3.9                 10


Scenario #3 (Non-Inferiority)          2N  =  672 Evaluable pts


*


*


Probability of a Positive Trial
as a function of true    EXP – STD Failure Rate


.90 .025


–12 –10  –7.3   –5              0 5   10            15   


Scenario #1 (Superiority) 2N  =  340 Evaluable pts


*


.90             .58             .18            .025


–10           –5 0 5.9   10            15


Scenario #2 (Non-Inferiority)          2N  =  300 Evaluable pts


.90             .367            .025


–10            –5               0 3.9                 10


Scenario #3 (Non-Inferiority)          2N  =  672 Evaluable pts


*


.90    .703           .238           .025


–10           –5    –3       0  2.1 5              10


Scenario #4 (Non-Inferiority) 2N  =  374 Evaluable pts


*


*


“Bio-creep” with Repeated NI Trials


Eg: Anti-viral Drugs Advisory Comm  (10/4/01)
Empiric Anti-fungal therapy


of febrile neutropenic patients
• Amphotericin B Deoxycholate


Pizzo and EORTC Trials
• Ambisome vs Amphotericin B
Fail: 50.1% v 50.9%     Mycosis Study Gp #32
• Voriconazole vs Ambisome
Fail: 76.3% v 69.9%   (V– A) 95% CI:  ( 0.1, 12)


Eg:   Anti-Infective Drugs:
• Antibiotics in  Acute Otitis Media
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Summary
and


Recommendations


Non-Inferiority Trials
Non-Inferiority Trials


• Do not establish EXP is “as effective as” STD;
NI trial rules out EXP is “unacceptably worse”


• Margins should be smaller than 
differences in efficacy  patients & caregivers 


consider  to be clinically relevant
• Margins should not be based on what can be 


ruled out  using a pre-specified sample size
(1993 FDA Anti-Infective Drugs Guidance Document)


• Margins should not be based on  
“consensus” in the absence of data on STD


Non-Inferiority Trials


• Bio-creep can be avoided without
necessarily requiring huge sample sizes


• NI Trials with Surrogate Endpoints:
Treacherous!


• NI trial designs should be avoided if possible…
…they share many of the inherent dangers


of historically controlled trials….


Garattine S, Bertele V.   “NI trials are unethical because they
disregard patients’ interests.” Lancet 2007; 370: 1875-77


Non-Inferiority Trials


• Best motivation when experimental regimen
has favorable profile in


side effects, resistance, 
or convenience of administration


• Standard-of-care should have clinical efficacy
that is


• of substantial magnitude
• precisely estimated in the population


from which the study sample is drawn


• ICH E10:      “The determination of the margin
in a non-inferiority trial   is based on


both statistical reasoning & clinical judgment,
should reflect uncertainties


in the evidence on which the choice is based,
and should be suitably conservative.”


• When one cannot justify a non-trivial margin,
randomized controlled superiority trials provide


an ethically and scientifically reliable approach
to assessing the benefit-to-risk profile


Non-Inferiority Trials   vs.   Superiority Trials


MSOffice
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FDA/IDSA CAP FDA/IDSA CAP 
WorkshopWorkshop--WelcomeWelcome


David Gilbert, MDDavid Gilbert, MD


CommunityCommunity--Acquired PneumoniaAcquired Pneumonia


• CAP remains a major cause of morbidity and 
mortality


• We have less than perfect therapies for 
pneumococcal pneumonia as well as necrotizing 
pneumonia from CA-MRSA and multi-drug 
resistant gram-negative bacilli


• There is clear need to ensure ongoing discovery 
and development of antibacterials for CAP


The DreamThe Dream


• It has long been a dream to get colleagues from 
industry, academe, and the FDA together, in the 
same room, to collectively create solutions for a 
mutual problem.


• All parties want a regulatory system that 
efficiently evaluates new drugs in a fair, 
balanced, and clinically relevant manner so as to 
ensure licensure of safe and effective drugs that 
meet the medical needs of patients and their 
physicians. 


Thanks To:Thanks To:


• Ed Cox and FDA colleagues for their leadership, 
financial support, and forebearance


• Industry colleagues for participating and 
providing funding for publication of the 
proceedings of the workshop as a supplement to 
Clinical Infectious Diseases


• IDSA for continued recognition and support of 
the need to facilitate the discovery, 
development, and licensure of new 
antibacterials


Why are CAP trials such a Why are CAP trials such a 
challenge?challenge?


• Uncertainty in diagnosis
• Uncertainty as to those endpoints that document 


a treatment effect
• Uncertainty as to the trial design that represents 


the “gold standard”
• Fortunately, we have a faculty that can address 


all of these issues. The hope is that within 2 
days there will be greater mutual understanding 
and less uncertainty.


HousekeepingHousekeeping


• Strict adherence to scheduled speaking 
times


• Introductions of speakers and panelists
• Slide copies available
• In addition to microphones, please use 


question cards and informal interaction 
with speakers during breaks and lunch
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Design Challenges  in CAP trialsDesign Challenges  in CAP trials


• Defining the Disease & Indication of CAP 


• Defining the Eligible Subjects for a CAP Trial 


• Obtaining Reliable Evidence regarding the 
Benefit-to-Risk Profile on New Anti-bacterials


Evaluating Efficacy
Evaluating Safety


Design Challenges  in CAP trialsDesign Challenges  in CAP trials


• Clinical Trial Endpoints


Proof of Concept…
Radiological  (CXR, Computed Tomography)
Microbiological  (Culture of various specimens)      
Other Lab  (hypoxia, ↑WBC, procalcitonin)


Clinical Efficacy… “Tangible Benefit”
Reduction of Mortality Risk 
Resolution of Symptoms
Prevention of Clinical Complications


Design Challenges  in CAP trialsDesign Challenges  in CAP trials


• Selection of the Control Regimen
When to use Placebo Controls
When to use Active Controls


• Superiority vs. Non-inferiority (NI) Trials
Selection of a Margin in NI Trials


• Ensuring High Quality Conduct of the Trial
Enrollment, Adherence, Retention


FDA/IDSA CAP FDA/IDSA CAP 
WorkshopWorkshop--WelcomeWelcome


Ed Cox, MD, MPHEd Cox, MD, MPH


CAP - Challenges


• Antibacterial drugs were discovered many 
years ago – a major advance


• Antibacterial therapy incorporated into 
clinical practice before sophisticated 
clinical trial designs developed


• Some of the information we’ll be looking at 
is from a previous era


• Ethical, safe, and informative clinical trials







CAP Workshop - 1
• The workshop will provide an opportunity for us  


– Hear data and viewpoints on this topic from a number 
of different folks


– discuss the available science and develop thoughts 
on what we know and don’t know about CAP and 
treatment effect in CAP


• Understanding treatment effect is an important 
factor in the design of informative and safe 
clinical trials in CAP


• We look forward to the information that is going 
to be presented and the groups’ discussions on 
the science presented


CAP Workshop -2


• The workshop will provide an opportunity for us 
for discuss the available science and develop 
thoughts on this issue  


• Advisory Committee is a venue for more formal 
regulatory advice that we can consider in 
Agency decision making


• Today’s Federal Register announces 
– FDA Anti-Infective AC on CAP clinical trial design 


April 1 & 2, 2008
– http://www.fda.gov/OHRMS/DOCKETS/98fr/oc089.pdf


Thanks to all


• Thanks to 
– IDSA
– Dave Gilbert
– Tom Fleming
– All of the Speakers & Panelists
– FDA staff who have worked to make this 


happen
– All of the folks who made this possible
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• Antibacterial therapy incorporated into 
clinical practice before sophisticated 
clinical trial designs developed


• Some of the information we’ll be looking at 
is from a previous era


• Ethical, safe, and informative clinical trials


CAP Workshop - 1
• The workshop will provide an opportunity for us  


– Hear data and viewpoints on this topic from a number 
of different folks


– discuss the available science and develop thoughts 
on what we know and don’t know about CAP and 
treatment effect in CAP


• Understanding treatment effect is an important 
factor in the design of informative and safe 
clinical trials in CAP


• We look forward to the information that is going 
to be presented and the groups’ discussions on 
the science presented


CAP Workshop -2


• The workshop will provide an opportunity for us 
for discuss the available science and develop 
thoughts on this issue  


• Advisory Committee is a venue for more formal 
regulatory advice that we can consider in 
Agency decision making


• Today’s Federal Register announces 
– FDA Anti-Infective AC on CAP clinical trial design 


April 1 & 2, 2008
– http://www.fda.gov/OHRMS/DOCKETS/98fr/oc089.pdf


Thanks to all


• Thanks to 
– IDSA
– Dave Gilbert
– Tom Fleming
– All of the Speakers & Panelists
– FDA staff who have worked to make this 


happen
– All of the folks who made this possible
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Applying Current Science in Applying Current Science in 
the Design, Analysis and the Design, Analysis and 


Conduct of Clinical Trials in Conduct of Clinical Trials in 
CommunityCommunity--Acquired Acquired 


PneumoniaPneumonia


John H. Powers, MD FACP FIDSAJohn H. Powers, MD FACP FIDSA
Senior Medical ScientistSenior Medical Scientist


SAIC in support of Collaborative Clinical Research BranchSAIC in support of Collaborative Clinical Research Branch
Division of Clinical ResearchDivision of Clinical Research


National Institute of Allergy and Infectious DiseasesNational Institute of Allergy and Infectious Diseases
National Institutes of HealthNational Institutes of Health
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DisclosuresDisclosures


Consultant for:Consultant for:
AcureonAcureon MethylgeneMethylgene
AstraAstra--ZenecaZeneca MpexMpex
CentegenCentegen OctoplusOctoplus
CerexaCerexa TakedaTakeda
ForestForest TheravanceTheravance
Johnson and JohnsonJohnson and Johnson WyethWyeth
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IntroductionIntroduction


•• How did we get to the point we are today?How did we get to the point we are today?


•• Where do we want to go with clinical trials?Where do we want to go with clinical trials?


•• What are the standards for evaluating safety and What are the standards for evaluating safety and 
effectiveness in adequate, welleffectiveness in adequate, well--controlled, controlled, 
internally valid clinical trials?internally valid clinical trials?


•• How can we do better to address these issues?How can we do better to address these issues?
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History of Infectious Diseases TrialsHistory of Infectious Diseases Trials
•• Infectious diseases trials were among first to use:Infectious diseases trials were among first to use:


•• no treatment no treatment concurrent control groupconcurrent control group (Johannes Fibiger trial of (Johannes Fibiger trial of 
serum therapy for diphtheria in 1898)serum therapy for diphtheria in 1898)


•• placebo groupplacebo group and and blinded assessment of outcomesblinded assessment of outcomes (Adolf Binger (Adolf Binger 
serum trial in diphtheria in 1912)serum trial in diphtheria in 1912)


•• multimulti--center placebo controlled, blinded and center placebo controlled, blinded and rudimentary rudimentary 
randomization methodrandomization method (alternation) (alternation) –– disproved previous nonrandom, disproved previous nonrandom, 
unblindedunblinded trial (British Medical Research Council of patulin in the trial (British Medical Research Council of patulin in the 
common cold in 1944) common cold in 1944) 


•• random sequence of number for randomization random sequence of number for randomization (British Medical (British Medical 
Research Council trials of streptomycin in pulmonary TB in 1948 Research Council trials of streptomycin in pulmonary TB in 1948 and and 
whooping cough vaccine in 1951) )whooping cough vaccine in 1951) )


5


How Did We Get Here?How Did We Get Here?
•• Confusing clinical practice and clinical research Confusing clinical practice and clinical research 


affects design of clinical trialsaffects design of clinical trials


•• Clinical practiceClinical practice = = ““interventions designed solely to interventions designed solely to 
enhance the wellenhance the well--being of an being of an individualindividual patient or clients patient or clients 
and that have reasonable expectation of successand that have reasonable expectation of success””


•• Clinical researchClinical research = = ““activity designed to test an activity designed to test an 
hypothesishypothesis”” in in groups of subjectsgroups of subjects and and ““thereby to develop thereby to develop 
or contribute to generalizable knowledgeor contribute to generalizable knowledge””


•• Belmont Report p.3, Belmont Report p.3, Ethical Principles and Guidelines for Ethical Principles and Guidelines for 
Research Involving Human SubjectsResearch Involving Human Subjects
http://ohsr.od.nih.gov/guidelines/belmont.htmlhttp://ohsr.od.nih.gov/guidelines/belmont.html


6


How Did We Get Here?How Did We Get Here?


•• Unconfirmed data becomes part of treatment Unconfirmed data becomes part of treatment 
guidelines (which address drugs already shown guidelines (which address drugs already shown 
to be safe and effective)to be safe and effective)


•• Claims that studies which attempt to confirm Claims that studies which attempt to confirm 
data are data are ““unethicalunethical”” based on guidelinesbased on guidelines


•• Ethical obligation to confirm hypothesis to Ethical obligation to confirm hypothesis to 
evaluate whether doing more harm than good evaluate whether doing more harm than good 
((““first do no harmfirst do no harm””))
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Ioannidis JP Ioannidis JP PLoSPLoS Medicine 2005;2(8):e124Medicine 2005;2(8):e124
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How Did We Get Here?How Did We Get Here?
•• Several assumptions whose validity is questionableSeveral assumptions whose validity is questionable


•• Large treatment effects with antibiotics across all diseases, poLarge treatment effects with antibiotics across all diseases, populations, pulations, 
severity of illness, organismsseverity of illness, organisms


•• Misunderstandings about goals and appropriate design of nonMisunderstandings about goals and appropriate design of non--inferiority inferiority 
trials as basis for evidencetrials as basis for evidence


•• Concentration on organisms rather than diseases Concentration on organisms rather than diseases 
•• In vitroIn vitro activity does not necessarily translate directly into clinical activity does not necessarily translate directly into clinical 


effectiveness/safety effectiveness/safety 
•• Differences in effectiveness based on site of infectionDifferences in effectiveness based on site of infection
•• Confuses mechanism of action with goal of therapyConfuses mechanism of action with goal of therapy


•• Reassessment of data and quantifiable analyses are part of scienReassessment of data and quantifiable analyses are part of sciencece
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Where Do We Want to Go?Where Do We Want to Go?
•• Need valid and reliable evidence of benefits and risks for Need valid and reliable evidence of benefits and risks for 


provide information for clinical and regulatory decision provide information for clinical and regulatory decision 
makingmaking
•• Valid = measures what the study purports to measureValid = measures what the study purports to measure
•• Reliable = similar outcomes on repeated measurementsReliable = similar outcomes on repeated measurements


•• No difference between No difference between ““registrationalregistrational”” trials and trials that trials and trials that 
provide clinicians with evidence to inform practiceprovide clinicians with evidence to inform practice


•• Appropriate principles of experimentation apply in clinical Appropriate principles of experimentation apply in clinical 
trials as well as in laboratory experiments and outlined in trials as well as in laboratory experiments and outlined in 
already existing FDA general already existing FDA general guidancesguidances


•• Apply these principles to various disease states in infectious Apply these principles to various disease states in infectious 
diseases depending on natural history of diseasediseases depending on natural history of disease
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What are the Standards?What are the Standards?
•• EffectivenessEffectiveness based on data from adequate and wellbased on data from adequate and well--


controlled trials (seven scientific criteria outlined in controlled trials (seven scientific criteria outlined in 
regulations)regulations)


•• SafetySafety based on adequate tests by all methods reasonably based on adequate tests by all methods reasonably 
applicable to show drug is safe for use under conditions applicable to show drug is safe for use under conditions 
in labelingin labeling
•• ““Appropriate conditions of useAppropriate conditions of use”” points out that validity only points out that validity only 


applies to situation studiedapplies to situation studied
•• Drug may be safe enough for one disease but not for anotherDrug may be safe enough for one disease but not for another


•• Evaluate overall balance of both safety and effectivenessEvaluate overall balance of both safety and effectiveness
•• If no evidence of effectiveness, drug inherently harmfulIf no evidence of effectiveness, drug inherently harmful
•• Need to quantify both benefits and harmsNeed to quantify both benefits and harms
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Overall Drug Development PlanOverall Drug Development Plan


•• FDA usually (not always) requires two studies to confirm FDA usually (not always) requires two studies to confirm 
of findings (confirmation part of science)of findings (confirmation part of science)


•• Design of trials need not be identical (confirmation rather Design of trials need not be identical (confirmation rather 
than replication) than replication) –– can evaluate different stages of can evaluate different stages of 
disease, different doses, etc to get more informationdisease, different doses, etc to get more information
•• FDA guidance FDA guidance Providing Evidence of Effectiveness in Human Providing Evidence of Effectiveness in Human 


Drug and Biological ProductsDrug and Biological Products


•• Use of adequate and well controlled phase 2 dose Use of adequate and well controlled phase 2 dose 
response trials can provide evidence for at least one trialresponse trials can provide evidence for at least one trial


•• Pooling data into a single study still has strength of a Pooling data into a single study still has strength of a 
single study single study –– where is confirmation?where is confirmation?
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What are the Standards?What are the Standards?
Adequate and WellAdequate and Well--Controlled TrialsControlled Trials


1.1. Clear statement of objectivesClear statement of objectives
2.2. Study design permits valid quantitative comparison Study design permits valid quantitative comparison 


with a controlwith a control
3.3. Select patients with disease (treatment) or at risk of Select patients with disease (treatment) or at risk of 


disease (prevention)disease (prevention)
4.4. Baseline comparability (randomization)Baseline comparability (randomization)
5.5. Minimize bias (blinding, etc.)Minimize bias (blinding, etc.)
6.6. Appropriate methods of assessment of outcomesAppropriate methods of assessment of outcomes
7.7. Appropriate methods of analysisAppropriate methods of analysis


Title 21 Code of Federal Regulations Section 314.126Title 21 Code of Federal Regulations Section 314.126







33


13


How Can We Do Better?How Can We Do Better?
1) Clear objective of trial1) Clear objective of trial


•• Treatment of established disease rather than prevention of Treatment of established disease rather than prevention of 
““empirical therapyempirical therapy””


•• Pooling together populations in whom natural history is similarPooling together populations in whom natural history is similar
•• Pneumonia, not other diseasesPneumonia, not other diseases
•• ““TypicalTypical”” vs. atypical pneumoniavs. atypical pneumonia
•• Severe vs. less severe diseaseSevere vs. less severe disease


•• Similarity (nonSimilarity (non--inferiority) or superiorityinferiority) or superiority
•• If older drug no longer effective due to resistance seems logicaIf older drug no longer effective due to resistance seems logical to l to 


show superiority of newer drugsshow superiority of newer drugs
•• Still may want to evaluate similarity in nonStill may want to evaluate similarity in non--resistant infections resistant infections 
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How Can We Do Better?How Can We Do Better?
2) Quantitative comparison with control2) Quantitative comparison with control


•• NonNon--inferiority (NI) trials attempt to rule out an amount by which ainferiority (NI) trials attempt to rule out an amount by which a test test 
drug is drug is less effectiveless effective than a controlthan a control
•• not not ““as good asas good as”” or or ““equivalentequivalent””
•• rely on historical evidence with same biases as rely on historical evidence with same biases as HCTsHCTs
•• Protection from biases less helpful in setting of NI trial Protection from biases less helpful in setting of NI trial –– can lead to false can lead to false 


positive conclusionspositive conclusions


•• If data not available to If data not available to quantifyquantify effect of control effect of control under conditions of under conditions of 
currentcurrent trialtrial, NI trial cannot distinguish effective from ineffective drugs, NI trial cannot distinguish effective from ineffective drugs


•• Data from early 1900Data from early 1900’’s show that use of antimicrobials in CAP based s show that use of antimicrobials in CAP based 
on large treatment effect on decreasing allon large treatment effect on decreasing all--cause mortality in severely cause mortality in severely 
ill, older populationill, older population


15


Variation in Mortality by AgeVariation in Mortality by Age


Davies DT et al Lancet 1935:791Davies DT et al Lancet 1935:791--96.96. 16


Issues with Determining Treatment EffectIssues with Determining Treatment Effect


•• “…“….The commonest form .The commonest form attack[sattack[s] those under ] those under 
40 years of age....The period of life most 40 years of age....The period of life most 
favorable for the spontaneous recovery favorable for the spontaneous recovery 
corresponds to the incidence of the type most corresponds to the incidence of the type most 
amenable to serum therapy. It may therefore be amenable to serum therapy. It may therefore be 
difficult to determine in a serumdifficult to determine in a serum--treated case treated case 
what factor saves life.what factor saves life.””


•• Davies DT et al Lancet 1935:791Davies DT et al Lancet 1935:791--66
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How Can We Do Better?How Can We Do Better?
2) Quantitative comparison with control2) Quantitative comparison with control


•• Little evidence to quantify effect of antimicrobials in pneumoniLittle evidence to quantify effect of antimicrobials in pneumonia for a for 
less severe disease,  and disease caused by Mycoplasma and less severe disease,  and disease caused by Mycoplasma and 
ChlamydiaChlamydia


•• Little evidence on effects of antimicrobials on endpoints other Little evidence on effects of antimicrobials on endpoints other than than 
allall--cause mortalitycause mortality
•• MetlayMetlay J et al J et al ClinClin Micro Infect 2002;8 Micro Infect 2002;8 SupplSuppl 2: 12: 1--11.11.


•• Other trials designs instead of NIOther trials designs instead of NI
•• Dose response trials (used for linezolid in VRE)Dose response trials (used for linezolid in VRE)
•• Placebo controlled ( not unethical if effect of control not knowPlacebo controlled ( not unethical if effect of control not known)n)
•• Superiority to active control (can demonstrate effects of drugs Superiority to active control (can demonstrate effects of drugs but exposes but exposes 


subjects to two experimental agents)subjects to two experimental agents) 18


How Can We Do Better?How Can We Do Better?
3) Selection of subjects with disease3) Selection of subjects with disease


•• Two issues of diagnosis of Two issues of diagnosis of disease syndromedisease syndrome and and microbiology microbiology –– need need 
sufficient specificity for disease needed in clinical trialssufficient specificity for disease needed in clinical trials
•• signs and symptomssigns and symptoms
•• chest radiography chest radiography –– how does CT compare with CXR?how does CT compare with CXR?
•• biomarkers of inflammation biomarkers of inflammation –– WBC, C reactive protein, procalcitonin, ESRWBC, C reactive protein, procalcitonin, ESR
•• microbiology microbiology –– cultures, urinary antigen testingcultures, urinary antigen testing


•• Microbiology Microbiology ––
•• what to do with subjects with disease syndrome but negative micrwhat to do with subjects with disease syndrome but negative microbiological tests obiological tests 
•• is clinical presentation plus radiography sufficiently specific is clinical presentation plus radiography sufficiently specific to ensure syndrome to ensure syndrome 


diagnosis in absence of microbiology?diagnosis in absence of microbiology?
•• some data indicate up to 1/3 of culture negative subjects may hasome data indicate up to 1/3 of culture negative subjects may have pneumococcal ve pneumococcal 


disease (Ruizdisease (Ruiz--Gonzalez A. et al Am J Med 1999;106:385Gonzalez A. et al Am J Med 1999;106:385--90)90)


•• Signs and symptoms are nonSigns and symptoms are non--specific but necessary to decide on which specific but necessary to decide on which 
subjects merit further testing (e.g. CXR)subjects merit further testing (e.g. CXR)


•• DiehrDiehr P et al. J P et al. J ChronChron DisDis 1984;37:2151984;37:215--225, 225, GennisGennis P et al. J P et al. J EmergEmerg Med Med 
1989;7:2631989;7:263--8., 8., SingalSingal BM et al Ann BM et al Ann EmergEmerg Med 1989;18:13Med 1989;18:13--20, 20, HeckerlingHeckerling PS PS 
et al Ann Intern Med 1990;113:664et al Ann Intern Med 1990;113:664--70,Hopstaken 70,Hopstaken RmRm et al Br J Gen et al Br J Gen PractPract
2003;53:3582003;53:358--64.64.
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How Can We Do Better?How Can We Do Better?
3) Selection of subjects with disease3) Selection of subjects with disease


•• Biomarkers/rapid diagnosticsBiomarkers/rapid diagnostics -- how would they help clinical trials?how would they help clinical trials?
•• most compared against reference standard of chest xmost compared against reference standard of chest x--ray to evaluate as ray to evaluate as 


substitute for CXRsubstitute for CXR
•• Increased specificity may increase treatment effect size but migIncreased specificity may increase treatment effect size but might also ht also 


limit number of subjects that can be enrolledlimit number of subjects that can be enrolled


•• Use of Use of likelihood ratioslikelihood ratios may help decide on utility of additional may help decide on utility of additional 
testingtesting
•• less dependent on prevalence of disease than sensitivity and speless dependent on prevalence of disease than sensitivity and specificitycificity
•• evaluate combinations of tests and various levels of testsevaluate combinations of tests and various levels of tests
•• addresses relevant question of what does test add to clinical praddresses relevant question of what does test add to clinical presentation esentation 


and radiology?and radiology?


20
Fagan TJ N Fagan TJ N EnglEngl J Med 1975;293:257J Med 1975;293:257
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How Can We Do Better?How Can We Do Better?
4) Baseline comparability4) Baseline comparability


•• RandomizationRandomization allows equal probability of distribution of allows equal probability of distribution of 
severity of illness into each groupseverity of illness into each group


•• Events that occur after randomization (clinician decision Events that occur after randomization (clinician decision 
making) is not randommaking) is not random


•• Use of appropriately validated Use of appropriately validated ““severityseverity”” classifications classifications 
(PORT/PSI criteria)(PORT/PSI criteria)
•• comparing baseline variables to clinical outcomes of mortality comparing baseline variables to clinical outcomes of mortality 


independent of treatment administeredindependent of treatment administered
•• stratify subjects at baseline decreases variability and increasestratify subjects at baseline decreases variability and increases s 


efficiencyefficiency
•• diluting out of treatment effects by inclusion of less severely diluting out of treatment effects by inclusion of less severely illill
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How Can We Do Better?How Can We Do Better?
5) Minimizing bias5) Minimizing bias


•• Blinding Blinding of microbiological data to persons assessing outcome in of microbiological data to persons assessing outcome in 
situations where impact of situations where impact of in vitroin vitro resistance on clinical outcomes is resistance on clinical outcomes is 
unclearunclear
•• Cultures results usually not available for first 24Cultures results usually not available for first 24--48 hours48 hours
•• Allow correlation of clinical outcomes with Allow correlation of clinical outcomes with in vitroin vitro testing to better define testing to better define 


““resistanceresistance”” e.g. defining resistance for e.g. defining resistance for S. S. pneumoniaepneumoniae and penicillin and penicillin 
•• Yu et al. Yu et al. ClinClin Infect Infect DisDis 2003:37:2302003:37:230--7.7.


•• Control for Control for concomitant medicationsconcomitant medications
•• Unclear benefits of combination therapy from observational studiUnclear benefits of combination therapy from observational studieses


•• SheffetSheffet D et al  Arch Intern Med 2005;165:1992D et al  Arch Intern Med 2005;165:1992--20002000
•• Mills G et al  BMJ 2005;330:460.Mills G et al  BMJ 2005;330:460.
•• Paul M et al. Paul M et al. EurEur RespResp J 2007:30:525J 2007:30:525--31.31.


•• Overlapping activity hinders ability to evaluate effectiveness oOverlapping activity hinders ability to evaluate effectiveness of experimental f experimental 
agentagent
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How Can We Do Better?How Can We Do Better?
6) Well6) Well--defined and reliable outcome measuresdefined and reliable outcome measures


•• Clinical endpoints = direct measures of patient benefitClinical endpoints = direct measures of patient benefit
•• Mortality Mortality -- Effect of antimicrobials in severe disease based upon decrease Effect of antimicrobials in severe disease based upon decrease in in allall--cause cause 


mortalitymortality
•• Patient functionPatient function
•• NonNon--fatal clinical events (development of fatal clinical events (development of empyemaempyema or extension of infectionor extension of infection
•• Resolution of symptomsResolution of symptoms


•• Surrogate variables = indirect measures of clinical benefit e.g.Surrogate variables = indirect measures of clinical benefit e.g. labs, radiology labs, radiology 
(defined in glossary of ICE(defined in glossary of ICE--E9) E9) 
•• ICHICH--E points out use is when direct clinical measures not feasible oE points out use is when direct clinical measures not feasible or r practicelpracticel; no need in ; no need in 


acute diseases where direct clinical effects can be measuredacute diseases where direct clinical effects can be measured
•• When added onto clinical endpoints as additional criteria can maWhen added onto clinical endpoints as additional criteria can make it more difficult to ke it more difficult to 


show effectsshow effects
•• Most subjects do not have microbiological data at baselineMost subjects do not have microbiological data at baseline
•• ““Presumed eradicationPresumed eradication”” not valid since based on unmeasured assumptionnot valid since based on unmeasured assumption
•• Combining biomarkers (body temperature, HR, BP, O2 sat) does notCombining biomarkers (body temperature, HR, BP, O2 sat) does not turn them into turn them into 


clinical endpoints nor increase their validityclinical endpoints nor increase their validity
•• HalmHalm EA et al JAMA 1998;279:1452EA et al JAMA 1998;279:1452--7.7.


•• Develop Develop wellwell--defined clinical outcome criteriadefined clinical outcome criteria independent of independent of ““clinician clinician 
judgmentjudgment”” (can cause misclassification bias and increased variability = i(can cause misclassification bias and increased variability = increased ncreased 
sample size)sample size) 24


Variability in Clinician HistoriesVariability in Clinician Histories


Cochrane A et al Lancet 1951:1007Cochrane A et al Lancet 1951:1007--9.9.
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How Can We Do BetterHow Can We Do Better
6) Well6) Well--defined and reliable outcome measuresdefined and reliable outcome measures
•• Current endpoints based on clinicians decision of Current endpoints based on clinicians decision of ““enough improvement enough improvement 


such that no further antimicrobial therapy requiredsuch that no further antimicrobial therapy required””
•• ““ImprovementImprovement”” not a dichotomous measure and subject to internot a dichotomous measure and subject to inter-- and intraand intra--


observer variation observer variation –– FDA 1992 Points to Consider document FDA 1992 Points to Consider document recommedsrecommeds against against 
using itusing it


•• Measures clinician decision making, not direct measure of patienMeasures clinician decision making, not direct measure of patient benefitt benefit
•• No evaluation of interNo evaluation of inter-- and intraand intra--observer variability of clinicianobserver variability of clinician--reported reported 


outcomesoutcomes


•• Development of Development of patient reported outcomepatient reported outcome (PRO) measures in symptomatic (PRO) measures in symptomatic 
diseases allows more valid and reliable measuresdiseases allows more valid and reliable measures


•• Time to event analysesTime to event analyses can inform duration of therapy, increase power to can inform duration of therapy, increase power to 
detect differences, decrease sample size, and answer clinically detect differences, decrease sample size, and answer clinically relevant relevant 
questions on magnitude of effectquestions on magnitude of effect
•• Need to measure often enough since early data shows most patientNeed to measure often enough since early data shows most patients respond s respond 


quickly to effective therapyquickly to effective therapy
•• Meads and Finland N Meads and Finland N EnglEngl J Med 1945;236:747J Med 1945;236:747--55.55.
•• Torres et al. Torres et al. EurEur RespResp J 2003;21:135J 2003;21:135--43. (day 343. (day 3--5 and test of cure only)5 and test of cure only)


•• If no response on time to event analysis unlikely that fixed timIf no response on time to event analysis unlikely that fixed time point analysis will e point analysis will 
provide useful data, especially if measured too lateprovide useful data, especially if measured too late 26


How Can We Do Better?How Can We Do Better?
7) Appropriate analysis7) Appropriate analysis


•• Decrease proportions of subjects who are Decrease proportions of subjects who are ““indeterminateindeterminate”” or or 
““unevaluableunevaluable”” by eliminating inappropriate exclusions from by eliminating inappropriate exclusions from ““per per 
protocolprotocol”” analysisanalysis
•• no basis for excluding subjects based on receiving no basis for excluding subjects based on receiving ““enough therapyenough therapy””
•• handles missing data by ignoring ithandles missing data by ignoring it


•• Evaluation of the intent to treat, modified intent to treat as wEvaluation of the intent to treat, modified intent to treat as well as ell as 
““pre protocolpre protocol”” analysis to protect against selection biasanalysis to protect against selection bias


•• Appropriate adjustments for multiple comparisons in secondary Appropriate adjustments for multiple comparisons in secondary 
endpoints and subgroup analysesendpoints and subgroup analyses


•• Use of Use of ““gategate--keeperkeeper”” or hierarchical step wise hypothesis testing or hierarchical step wise hypothesis testing 
to control for false positive results but requires to control for false positive results but requires a prioria priori
specification of order of hypothesis testingspecification of order of hypothesis testing
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Moving ForwardMoving Forward…………
•• Like the era of the first trials in infectious diseases, many Like the era of the first trials in infectious diseases, many 


opportunities to answer clinically relevant questionsopportunities to answer clinically relevant questions


•• Need to move beyond Need to move beyond ““precedentprecedent”” and learn from recent and learn from recent 
(as well as past) lessons from trials(as well as past) lessons from trials


•• Need to address all seven criteria as well as appropriate Need to address all seven criteria as well as appropriate 
evaluations of safety (not just about nonevaluations of safety (not just about non--inferiority inferiority 
margins)margins)


•• Making changes in trials can meet many goals:Making changes in trials can meet many goals:
•• Clinically relevant answersClinically relevant answers
•• Regulatory decision makingRegulatory decision making
•• Increased efficiency for drug sponsorsIncreased efficiency for drug sponsors
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Adult CAP of modest severity Adult CAP of modest severity 
not requiring hospitalizationnot requiring hospitalization


David Gilbert, MDDavid Gilbert, MD


Clinical PresentationClinical Presentation
35 35 y.oy.o. male resident of Boston . male resident of Boston 
presents with fever and coughpresents with fever and cough
Well until 3 days earlier when he Well until 3 days earlier when he 
suffered the onset of nasal suffered the onset of nasal 
stuffiness, mild sore throat and a stuffiness, mild sore throat and a 
cough productive of small amounts cough productive of small amounts 
of clear secretionsof clear secretions
A physician office visit is motivated A physician office visit is motivated 
by a temp. of 38.3by a temp. of 38.3ooC, now purulent C, now purulent 
secretions, and spasms of coughingsecretions, and spasms of coughing


Other Pertinent  HistoryOther Pertinent  History
It is MarchIt is March
Lives in city. No problems with his Lives in city. No problems with his 
home.home.
Wife is well; 11 Wife is well; 11 y.oy.o. child recovering . child recovering 
from a from a ““naggingnagging”” cough that lasted cough that lasted 
1010--14 days. All 4 children fully 14 days. All 4 children fully 
immunized.immunized.
Pet parakeet of 5 yrs is well.Pet parakeet of 5 yrs is well.
No recent travelNo recent travel
Smokes 1 Smokes 1 ppd(sinceppd(since age 15). Early age 15). Early 
AM purulent sputum during theAM purulent sputum during the


MoreMore
ROS: negativeROS: negative
PMH: none pertinentPMH: none pertinent
No prescription medicationsNo prescription medications
No allergiesNo allergies
Tobacco as above; alcohol in Tobacco as above; alcohol in 
moderationmoderation


Physical ExaminationPhysical Examination
Vitals: T 38.9Vitals: T 38.9ooC, 110/min.,BP C, 110/min.,BP 
125/75, 125/75, Resp.rateResp.rate 18/min. with O18/min. with O22
saturation of 93% on room air.saturation of 93% on room air.
Nasal hyperemia, Nasal hyperemia, erythemiaerythemia of of 
oropharynxoropharynx
No No adenopathyadenopathy
““CracklesCrackles”” at the right lung baseat the right lung base
A spasm of coughing during the A spasm of coughing during the 
exam. produces a small plug of exam. produces a small plug of 
purulent secretionpurulent secretion


Laboratory and XLaboratory and X--Ray DataRay Data
Hg/Hg/HctHct: 12.5 gm/dl / 36%: 12.5 gm/dl / 36%
WBC:13,500 cell/WBC:13,500 cell/ulul with 82% with 82% polyspolys, , 
11% band forms and 7% 11% band forms and 7% 
lymphocyteslymphocytes
Platelets: 180,000 per Platelets: 180,000 per ulul..
MultichemistryMultichemistry screen and U/A screen and U/A 
normalnormal
Chest XChest X--Ray: Bilateral lower lobe Ray: Bilateral lower lobe 
infiltrates, more pronounced on the infiltrates, more pronounced on the 
rightright
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Severity of the PneumoniaSeverity of the Pneumonia
Fine Pneumonia severity risk class: 1Fine Pneumonia severity risk class: 1
CURBCURB--65 prognosis prediction score: 65 prognosis prediction score: 
11


Management and CourseManagement and Course
No microbiologic diagnostic testsNo microbiologic diagnostic tests
Empirically prescribed a Empirically prescribed a ““respiratoryrespiratory””
fluoroquinolonefluoroquinolone
Against medical Against medical advice,headvice,he continued continued 
to smoketo smoke
Fever resolved over 3 days. Cough Fever resolved over 3 days. Cough 
gradually returned to his baseline gradually returned to his baseline 
pattern over 7pattern over 7--10 days10 days


Clinical Trial Design QuestionsClinical Trial Design Questions
Is patient a candidate for a placeboIs patient a candidate for a placebo--
controlled or a delayed treatment controlled or a delayed treatment 
trial?trial?
What severity of illness is What severity of illness is 
appropriate for inclusion in an appropriate for inclusion in an 
outpatient treatment trial? Severity outpatient treatment trial? Severity 
of illness determined by which of illness determined by which 
scoring system? scoring system? 


More Trial Design QuestionsMore Trial Design Questions
Which diagnostic tests? For viruses? Which diagnostic tests? For viruses? 
For For ““typicaltypical”” bacteria? For bacteria? For ““atypicalatypical””
bacteria?bacteria?
Most appropriate and valid clinical Most appropriate and valid clinical 
endpoints?endpoints?
How to monitor for adverse drug How to monitor for adverse drug 
effects?  effects?  


Clinical Trial QuestionsClinical Trial Questions
How good are our diagnostic How good are our diagnostic 
methods at determining the etiology methods at determining the etiology 
of the patients pneumonia?of the patients pneumonia?
Would he be a candidate for a Would he be a candidate for a 
placeboplacebo--controlled trial?controlled trial?
What treatment endpoints are valid What treatment endpoints are valid 
measures of a treatment effect? measures of a treatment effect? 
How to detect any drugHow to detect any drug--related related 
adverse adverse effect(seffect(s)? )? 








1


Molecular Diagnostics for 
Viral and Bacterial Pathogens


Frederick S. Nolte, Ph.D., D(ABMM), F(AAM)
Professor, Pathology and Laboratory Medicine


Director, Clinical Laboratories 


Objectives


Review molecular diagnostic approaches for 
detection of common bacterial and viral 
agents of CAP
Discuss relative strengths and limitations 
relative to conventional methods of culture, 
antigen detection, and serology
Demonstrate how molecular methods may 
better define those subjects eligible for CAP 
trials 


Most Common Etiologies of CAP 
(Outpatients)


Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Chlamydophila pneumoniae
Respiratory virus


INF A and B, RSV, MPV, ADV, PIV, COV


IDSA/ATS Consensus CAP Guidelines CID 2007


Most Common Etiologies of CAP 
(Inpatient, Non ICU)


S. pneumoniae
M. pneumoniae
C. pneumoniae
H. influenzae
Legionella spp.
Aspiration
Respiratory viruses


IDSA/ATS Consensus CAP Guidelines CID 2007


Most Common Etiologies of CAP 
(Inpatient, ICU)


S. pneumoniae
Staphylococcus aureus
Legionella spp.
Gram-negative enteric bacilli
H. influenzae


IDSA/ATS Consensus CAP Guidelines CID 2007


Specific Etiologic Diagnosis


In most patients with CAP the 
causative agent is unknown


98% outpatients, 50% of inpatients
Even in studies where every effort is 
made to determine the etiology 
success rates is about 50%
Limitations of current diagnostic 
tests, unrecognized or unappreciated 
pathogens
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Molecular Diagnostics for CAP
Nucleic acid amplification methods offer increased 
sensitivity and more rapid results than culture-based 
methods for most pathogens


Respiratory viruses, L. pneumophila
Prior antibiotic exposure


Best alternative for pathogens that are difficult or 
impractical to culture


M. pneumoniae, C. pneumoniae, 
Quantitative methods are required for those common 
agents that can be present in respiratory tract 
samples as normal flora


S. pneumoniae, H. influenzae, GNB


Molecular Diagnostics for CAP
Considering large number of agents parallel 
testing is impractical
Multiplex analysis is key to enhancing 
diagnostic yield
Multiplex PCR (2 to 10 targets)


Conventional and real-time methods


Liquid microarrays (up to 50 targets)
Luminex


Solid microarrays (all known pathogens)
Random primer PCR, oligonucleotide array


Simultaneous Detection of Six 
Agents of CAP Using Real-time PCR


Real-time PCR with MB probes for for S. 
pneumoniae, H. influenzae, M. 
pneumoniae, M. pneumoniae, C. 
pneumoniae, L. pneumophila, and S. 
pyogenes
Analysis time 2 hours
Comparision to serology (Mycoplasma and 
Chlamydophila) and cultures (all others)
High sensitivity and specificity relative to 
comparators for all organisms 


Morozumi et al JCM 2006 44:1440


S. pneumoniae
CT Values and Culture Results


Morozumi et al JCM 2006 44:1440


Prior antibiotics


H. influenzae
CT Values and Culture Results


Prior antibiotics


Morozumi et al JCM 2006 44:1440


Respiratory Virus Detection
Serology


Retrospective diagnosis
Rapid antigen detection


EIAs, fluorescent antibody stains 
Poor sensitivity and specificity (except RSV)


Culture
Conventional (slow)
Shell vial (faster)
Some viruses refractory to in vitro culture


Nucleic acid amplification
Rapid, excellent sensitivity, evolving gold standard
Single-target, multiplex (2-7 targets), massively 
multiplexed (10-20 targets)
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MultiCode PLx Respiratory Virus 
Panel 


1 well-3 step-3 hour process that 
detects 17 different respiratory 
viruses
Employs EraGen Multicode® (isoC 
and isoG) and Luminex Xmap®
technologies 
No washes or transfers, high 
throughput


MultiCode PLx RVP Steps


Luminex X-map


1. HMPV
2. INF A, B
3. PIV 1, 2, 3, 4a, 4b
4. RSV A, B
5. Adenovirus B, C, E
6. HRV
7. CoV OC43, NL63, 229E
8. DNA IPC
9. RNA IPC (stabilized MHV)


MultiCode-PLx Respiratory Virus 
Panel


MultiCode-PLx Respiratory Virus 
Panel


Nolte et al JCM 2007 45:2770


Viruses Detected (n=354)


11INF B


-1*Pool pos. only
23PIV 1


1 (C)1ADENO


13 (A,10; B,3)12RSV


7459INF A


PLxR mixVirus


*Positive for INF A in PLx


Nolte et al JCM 2007 45:2770
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Viruses Detected


9-HMPV
16-HRV
2-CoV NL63
1-CoV OC43


11877No. viruses detected


33.3%21.8%Diagnostic yield
116*77Pos. spec. 


PLxR mixVirus


*2 mixed infections: OC43/ HRV; and HMPV/HRV 


Nolte et al JCM 2007 45:2770


Luminex/TmBiosciences RVP Panel


Influenza A 
Influenza A H1
Influenza A H3
Influenza B
RSV A
RSV B


hMPV
PIV 1
PIV 2
PIV 3
Adenovirus
Rhinovirus


FDA News
FOR IMMEDIATE RELEASE


January 3, 2008 


FDA Clears First Test Designed to Detect and Identify 12 
Respiratory Viruses from Single Sample


The U.S. Food and Drug Administration today cleared for marketing a test that 
simultaneously detects and identifies 12 specific respiratory viruses.
The test, called the xTAG Respiratory Viral Panel (Luminex/TmBioscience), is 
the first test for the detection and differentiation of influenza A subtypes H1 
and H3. Influenza A is the most severe form of influenza for humans, and has 
been the cause of major epidemics. The new panel is also the first test for 
human metapneumovirus (hMPV), newly identified in 2001.


Luminex/TmBioscience RVP Panel


Mahoney et al JCM 2007 45:2965


Resplex Panels (Genaco/Qiagen)


Resplex I (DNA targets)
M. pneumoniae, L. pneumophila, C. 
pneumoniae, N. meningitidis, S. 
pneumoniae, H. influenzae, Adenovirus B 
and E


Resplex II (RNA targets)
Influenza A and B, RSV A and B, PIV 1-4, 
hMPV, Rhinovirus, Coxsackie viruses, 
Echoviruses


Brunstein et al 2008 JCM 46:97


FDA Cleared Diagnostics 


M. tuberculosis
GenProbe
Roche


L. pneumophila (Becton-Dickinson)
Inf A, Inf B, RSV (Prodesse)
Respiratory virus panel (Luminex)


Conclusions


Molecular diagnostics have the potential to 
better define subjects eligible for CAP trials 
by improving diagnostic yield and 
decreasing time required to identify 
etiologic agents 
Lack of FDA-cleared diagnostics for 
common bacterial pathogens is serious 
limitation
Consideration should be given to develop 
companion diagnostics with CAP drug trials
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Biologic Markers To Determine Eligibility 
for CAP Trials: Focus on Procalcitonin
• Michael S. Niederman, M.D.


Chairman, Department of Medicine
Winthrop-University Hospital
Mineola, NY


• Professor of Medicine
Vice-Chairman, Department of Medicine
SUNY at Stony Brook
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Why Biologic Markers vs. Clinical Parameters?


• Clinical features depend on the host response to infection 
which: 
– Varies by organism: identity and inoculum size 
– Varies by presence of prior therapy: adequacy/ timing/ 


dosing
– Varies by  host: comorbidity, genetic polymorphisms in 


immune response
– Varies by severity of illness


• Pneumonia with and without acute lung injury (ARDS)
• Clinical information may not be specific for infection
• Clinical features (chest radiograph) may give information too 


late to initiate timely therapy (initial negative films)
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Biologic Markers for Pneumonia


• Pro-inflammatory Cytokines: TNF alpha , IL-1 IL-6.
– These also can also stimulate acute phase 


reactants. 
• Anti-inflammatory Cytokines: IL-1 RA, IL-10
• Acute Phase Reactants: CRP, PCT
• S-TREM (a member of the immunoglobbulin


superfamily)
• Factors in the coagulation cascade: plasminogen


activator inhibitor 1 (PAI –1) 
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S-TREM To Diagnose Pneumonia 


• Triggering receptor expressed on myeloid cells (TREM) is 
upregulated by bacteria and fungi. 
– This immunoglobbulin is   shed by membranes of 


activated phagocytes, leading to a soluble (s) form in 
body fluids.


• Measure s-TREM in BAL of patients suspected of 
pneumonia using colorometric immunoblot assay


• Diagnosis of CAP, VAP, or  no pneumonia,  based on CPIS 
and BAL culture data (103 CFU/ml)


• Multiple logistic regression prediction of pneumonia: CPIS 
>6 (OR 3.0), incr.  BAL TNF and IL-1 (OR 2.4,2.7) , incr. 
BAL s-TREM (OR 41.5)


• Gibot et al. NEJM 2004; 350:451-458.
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S-TREM To Diagnose Pneumonia 


• 38 CAP, 46 VAP, 64 No 
Pneumonia


• Test can be rapid; correlated 
with bacteriologic gold 
standard diagnosis


• Limited by patients being MV;  
need BAL sample; unclear if 
works in early pneumonia


• Gibot et al. NEJM 2004; 
350:451-458.
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CRP in the Diagnosis of CAP in Patients 
with Cough


• 168 consecutive ED patients with acute cough
• Fingerstick CRP
• 20 with pneumonia; 12 admit. Other dx: bronchitis, asthma, 


URI.
• CRP of at least 40 mg/L with 70% sensitivity , 90% 


specificity for CAP.
• No relation of CRP with illness severity
• Improve dx ability if add clinical variables to increased CRP: 


age, decreased breath sounds, R> 24/min
• Flanders et al: Am J Med  2004; 116; 529-535.
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CRP in CAP: Diagnosis and Prognosis


• CRP measured in serum in 201 
with CAP (110.7), 84 healthy 
controls 1.9), 25 with RTI and no 
CAP (31.9) (p<0.05)


• 44.8% with etiology
– Higher levels with 


pneumococcus and 
Legionella, lower with viruses 
and atypicals


• With confirmed CAP, higher 
CRP with: more comorbidity , 
need to admit


• Almirall et al: Chest 2004; 125: 
1335-1342.
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Procalcitonin in  RTI’s: The Science Behind 
The Testing


• Calcitonin gene-related products: peptides from a common ancestral gene
• Hormokines: can be hormonally expressed in neuroendocrine cells or cytokine-like 


release from many cells, in response to microbial toxins or host response (IL-1 
beta, TNF alpha, IL-6). Viral infection-related cytokines attenuate PCT induction.
PCT can rise for up to 7 days after stimulus. 


• PCT is produced by parenchymal (liver, kidney) cells (not leukocytes) , in sepsis to 
levels > 100,000 times normal
– Christ-Crain and Muller. ERJ 2007; 30: 556-573.
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PCT Testing Assays
• Commercially available


– Kryptor PCT assay:  based on sheep polyclonal anti-CT 
antibotidy. Detects levels 3-10 x normal with lower sensitivity of 
0.06 mcg/L. Results in 1 hour from 20-50 microL plasma. 


– LUMI test: detects markedly elevated values with luminometer. 
Insensitive with lower limit of 0.3-0.5 mcg/L. Used in many 
studies


• Christ-Crain and colleagues have studied antimicrobial 
stewardship in community RTI’s with the Kryptor assay. 
– Use PCT to lower the number of patients with lung infiltrates 


who get antibiotics (helps to differentiate viral and non-infectious 
lung infiltrates)


– Used to help determine duration of CAP therapy
– Unclear if PCT is as good a prognostic marker as a diagnostic 


tool
– Christ-Crain and Muller. ERJ 2007; 30: 556-573.
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Procalcitonin in  RTI’s


– Christ-Crain and Muller. ERJ 2007; 30: 556-573.
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Procalcitonin in  RTI’s


– Christ-Crain and Muller. ERJ 2007; 30: 556-573.
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PCT in LRTI’s: The Pro RESP Study


• Prospective, cluster-randomized 
single blinded (investigator 
aware) study of 243 with LRTI:
– 119 standard therapy, 124 


PCT guided therapy. 
– 87 CAP, 60 AECB, 59 acute 


bronchitis, 13 asthma, 24 
other RTI’s


• Clinical outcome similar in both 
groups
– Less antibiotics in PCT group 


(44% vs. 83%, p<0.001)
– Shorter duration of rx.  in 


PCT group (10.9 vs. 12.8 
days, p=0.03)


– Only 1 bacteriologically + 
CAP in PCT group not given 
antibiotics, and still 
recovered. Mean CAP PCT= 
3.9- 4.6 mcg/L


Christ-Crain et al. Lancet 2004; 363: 600-07
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Serial PCT To Guide Duration of CAP 
Therapy : Pro CAP study


• 302 patients with radiographic 
CAP randomized to PCT guided 
vs. standard rx 


• Rx: <0.1 strongly discouraged, 
<0.25 discouraged, > 0.25 
encouraged, > 0.5  mcg/L 
strongly encouraged


• Measure PCT on admit, 6-24 
hours (if withheld), day 4,6,8.


• 28% with PCT <0.25 and 15% in 
PCT group  had withheld abtc. 
PCT with 55% shorter duration 
rx. (Median of 12 vs 5 days). 8% 
not withdraw rx per serial data.


• Christ-Crain M, et al: Am J 
Respir Crit Care Med 2006; IN 
PRESS
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PCT in CAP
• 545 ED patients with suspected LRTI. 


Patients from Pro RESP and Pro CAP
– 373 CAP, 132 other RTI, 40 other dx


• 20 CAP with non-infect dx, 24 with 
CAP and no therapy who recovered


• Assess history, exam, X-ray, PCT, hsCRP
• For CAP dx: 


– Clinical model with sx and signs with 
AUC =0.79


– Adding PCT and CRP increased AUC 
to 0.92, p< 0.001


– PCT better than highly sensitive CRP 
to predict bacteremia


– Muller B, et al: BMC Infect Dis 2007; 
7:1021
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A Prospective Multicenter Trial of PCT in RTI’s
• Prospective randomized trial, open 


intervention over 18 months in 
1002 patients from 6 Swiss 
hospitals


• Omit recently (14 days) 
hospitalized


• Manage by guidelines vs. PCT with 
randomization by center and type 
of RTI (AECOPD, Bronchitis, CAP)


• Being planned, not completed
• Primary endpoint: treatment failure 


at 30 days
• Secondary endpoints: antibiotic 


exposure, rate of hospitalization, 
cost effectiveness, time to clinical 
stability. 
– Schuetz P, et al. BMC Health 


Services Research 2007; 7: 102
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PCT and Atypical Pathogens in CAP


• Can  biomarkers separate 
atypical from typical CAP?


• 30 CAP patients: 10 
atypicals (Mycoplasma, 
Chlamydophila, Legionella), 
30 bacterial (3 bacteremic)


• PCT (LUMI assay) higher 
for bacterial vs. atypicals
(7.64 vs 0.8, p=0.03).


• No difference with CRP ( 
165 vs. 206, p= 0.4), or 
clinical parameters (WBC, 
band forms, APACHE III)
– Jereb M, Kotar T. Wien


Klin Wochenschr 2006; 
118:170-174.
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Prognostic Value of Serial PCT in Severe 
CAP


• 100 ICU CAP patients. Measure 
day 1 and 3: PCT, CRP, Temp, 
WBC, LOD score, PaO2/FiO2  
ratio.


• PCT higher day 1 and day 3 in 
non-survivors vs. survivors


• PCT  kinetics: increased in non-
survivors, decreased in survivors


• Multivariate mortality risks: MV 
(OR=9.9), multilobar infiltrate 
(OR=5.6), PCT incr (OR=4.5), 
LOD increase (OR=6.8)


• Day 3 PCT <0.95 ng/ml  in MV 
with  only 5% mortality (57% if 
not)


• Boussekey N, et al. Intensive 
Care Med 2006; 32:469-72.
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Relation of PCT to Severity of CAP 


• Measure of serum PCT in 185 CAP 
patients within 24 hours of diagnosis
– 144 inpatient
– 41 outpatient


• Relate levels to PORT score, 
bacteriology and complications
– PCT higher with higher PSI, 


complications and death
• No differences in PCT by etiology for 


groups overall. 
– In low PSI classes (I-II), PCT 


tended to be higher with bacterial 
etiology; no difference in PCT by 
etiology in higher PSI groups.


• Masia M, et al. Chest 2005; 128:2223-
2229.
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Conclusions


• PCT seems to be the most promising biomarker
– To define the need to use antibiotics in LRTI’s, including 


CAP
– To separate bacterial from viral CAP
– Need to use Kryptor assay


• BUT, needs more validation by multiple investigators
• PCT plus high sensitivity CRP can enhance the value of 


clinical features to predict radiographic CAP
• PCT may identify patients with worse prognosis in CAP 


– Higher values with higher PSI scores
– Serial measurements may have prognostic value
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How Can PCT Be Used in CAP Trials?


• Omit those with radiographic CAP and low PCT (< 0.1 or 
possibly <0.25 mcg/L, Kryptor)  if none of: hemodynamic
instability, desaturation and PSI IV or V or CURB-65 of 3,4,5.
– No benefit of antibiotic therapy in this omitted group. 
– Could prove lack of need for antibiotics in placebo-


controlled trial  in this omitted group
• Outpatient CAP: 


– If goal is superiority, maybe enroll only those with highest 
PCT ( > 0.5 mcg/L) since they have the greatest risk of poor 
outcome


– PCT of > 0.25 mcg/L could be used as entry criteria, with 
clinical features, for equivalence trials


– Consider serial drop in PCT as a surrogate marker in 
superiority trials







