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Noninferiority Margin for Clinical Trials of 
Antibacterial Drugs for Nosocomial Pneumonia 

Noninfen'on'ty (Nl) clinical trials have been 
used to assess antibacterial drug eficacy in 
treating nosocomial and ventilator-associated 
pneumonia. Previously published trials have 
employed prespecijied Nl mmgins of 25% or 
20% based on clinical response or mididog-  
ical endpoints. Hawma as those studies do not 
describe the statistical and clinical considem- 
tions underpinning the margins selected, their 
scientific plausibility cannot be substantiated. 
In this report, a b e d  Nl malgin of 7% with re- 

spect to all-cause mortality is determined based 
on the 29% cross-stut@ difference between the 
two-sided 95% confidence intervals (CI) for the 
placebo estimate of 62% (95% Cl: 52%, 72 %) 
and the active contrd estimate of 20% (95% 
Cl: 28%. 23%) obtainedfrom meta-analyses of 
various published clinical studies. After apply- 
ing discounting, we estimated the active contrd 
treatment benejit to be 24%. Due to clinical 
concerns, 50% of the active contrd treatment 
benefit was preserved, yielding a 7% Nl maqgh. 
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I N T R O D U C T I O N  
Nosocomial pneumonia (NP) is the third most 
common cause of health care-associated infec- 
tions, accounting for 35,967 deaths in hospitals 
in the United States in 2002 (1). Appropriate 
initial antibacterial therapy is crucial in reduc- 
ing the mortality rates associated with NP and 
ventilator-associated pneumonia (VAP) (2- l3). 
The empiric treatment of NP frequently involves 
the early use of broad-spectrum combination 
antibacterial therapy followed by de-escalation 
to a narrow-spectrum regimen based on the sus- 
ceptibility of the identified respiratory tract 
pathogens (14). However, increasing bacterial 
resistance has become an emerging problem, 
underscoring the need for new drug develop- 
ment. 

Regulatory advice from the US Food and Drug 
Administration (FDA) regarding the clinical 
evaluation of antibacterial drugs has evolved 
over the past 17 years. Noninferiority clinical 
trials were first cited in the Points to Consider 
(15) issued in 1992, which included a sliding 
scale to prespecify the NI margin. However, the 
sliding scale lacked scientific validation and is 
no longer in use. The FDA provided additional 
recommendations on NI trials in the "Guidance 
for Industry-Nosocomial Pneumonia-Devel- 
oping Antimicrobial Drugs for Treatment" (16) 
issued in 1998 and the ICH E10, "Choice of 

Control Group and Related Issues in Clinical 
Trials" issued in 2000 (17). Recently, the "Draft 
Guidance for Industry on Antibacterial Drug 
Products: Use of Non-inferiority Studies to Sup- 
port Approval" (18) was published to provide 
current regulatory perspectives, including the 
need for adequate scientific evidence to justify 
the choice of the NI margin to be used in con- 
temporary clinical efficacy trials. 

Two principles that underpin the reliability of 
an NI margin determination are assay sensitivity 
and constancy. Assay sensitivity refers to the ca- 
pability to differentiate effective from ineffec- 
tive treatments based on the results of a clinical 
trial (19). The constancy assumption stipulates 
that the quantitative estimate of the treatment 
effect of the active control over placebo remains 
consistent from the historical setting to the 
contemporary NI trial underscored by similari- 
ties between the studies with respect to all im- 
portant design and conduct features (20). As NI 
trials lack placebo-control arms, data external 
to the trial that reliably and quantitatively esti- 
mate the magnitude of benefit of the active con- 
trol drug compared to placebo are required. 
These data are frequently derived from histori- 
cal evidence of sensitivity to drug effects (17). 

Based on our review of the previously pub- 
lished clinical trials of antibacterial drugs for 
the treatment of NP and VAP. five trials were for- 
mally designed to demonstrate the noninferior- 
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ity of the new drug compared to an active con- 
trol. The other published studies were designed 
either to demonstrate equivalence or they did 
not provide a specific hypothesis. One pub- 
lished NI trial (21) employed a 15% NI margin 
using a clinical response endpoint based on the 
sliding scale approach described in the Points 
to Consider (15). Prespecified 20% NI margins 
based on clinical cure rates were employed in 
one study published in 2003 and two trials pub- 
lished in 2008 (22-24). Also, one NI trial that 
employed a 20% NI margin based on a microbi- 
ological endpoint (25) was published. However, 
none of those publications provided scientific 
justification for the selected NI margins to sub- 
stantiate their scientific plausibility. Thus, the 
lack of published validation of the NI margins 
raises concern about whether the studies are 
informative in distinguishing effective from in- 
effective treatments. 

In this report, we determined a fixed NI mar- 
gin for assessing the efficacy of antibacterial 
drugs in the treatment of NP and VAF! Various 
limitations in quantifying the magnitude of the 
treatment effect and justifying the NI margin 
are described. 

M ETH 0 D S  
SCIENTIFIC LITERATURE SEARCH 
STRATEGY 
We conducted a computer-based search of the 
English-language scientific literature from 1968 
to 2008 using MEDLINE (PubMed) and Web of 
Science to identify published reports related 
to the treatment of NP and VAP. The follow- 
ing key words were used in the search: 
pneumonia, nosocomial pneumonia, hospital- 
acquired pneumonia, ventilator-associated pneu- 
monia, intensive care unit, Pseudomonas, antibi- 
otic resistance, and Pseudomonas aemginosa. To 
estimate a placebo mortality rate, we used the 
following search words: placebo-controlled tri- 
al, adequate therapy, delayed initiation, inade- 
quate therapy, and inappropriate therapy. We 
identified reports of clinical efficacy trials for 
the active control antibacterial medications using 
the following search words: imipenem, imipen- 
em-cilastatin, piperacillinhazobactam. ceftazi- 

dime, linezolid, vancomycin, ciprofloxacin, lev- 
ofloxacin, and active-controlled trial. We also 
reviewed the list of references provided in vari- 
ous pertinent publications and textbooks to 
identify additional relevant reports. 

DATA EXTRACTION 
All-cause mortality, attributable mortality, and 
clinical response were the endpoints identified 
in the review of the published observational 
studies and clinical efficacy trials. All-cause 
mortality was selected as the primary endpoint 
for our NI margin determination, as that end- 
point was considered objective and clinically 
critical, and was supported by the preponder- 
ance of data relevant to estimating the placebo 
and active control treatment effects. We did not 
restrict our analysis of that endpoint to a specif- 
ic reporting time interval, as there were in- 
consistencies in the time reporting across the 
various studies. Data relevant to attributable 
mortality was not used in our analysis, as it was 
considered subjective and potentially biased. 
Clinical response was not used as the primary 
endpoint, because it was considered potentially 
subject to bias and was rarely reported as an 
outcome parameter in the published observa- 
tional studies relevant to the placebo. 

In reviewing the active control clinical effica- 
cy trials, we restricted our analysis to the intent- 
to-treat (ITT) population, which included all 
randomized patients who received at least one 
dose of study drug. This population was select- 
ed in order to maintain the integrity of the orig- 
inal randomization schemes and to avoid po- 
tential selection bias inherent with other sub- 
populations chosen based on postrandomiza- 
tion events. Published studies that did not re- 
port all-cause mortality outcomes in the ITT 
population were excluded. 

STATISTICAL ANALYSIS 
NI trials are designed to demonstrate that a new 
treatment is not unacceptably worse than a 
standard active treatment by a predefined 
quantity (margin). Two critical aspects in the 
design and implementation of an NI trial are (a) 
determining an estimate of the treatment bene- 
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fit of an active control drug compared to a 
placebo (referred to as M1) and (b) selecting an 
NI margin based on clinical judgment by pre- 
serving a substantial fraction of the overall 
treatment effect. 

In the absence of historical data from place- 
bo-controlled superiority trials, M 1  can be esti- 
mated based on the cross-study difference be- 
tween separate weighted placebo and active 
control all-cause mortality rate estimates. Based 
on our review of the English-language scientific 
literature, no placebo-controlled studies have 
been published related to the treatment of NP 
and VAP with antibacterial drugs. Thus, we esti- 
mated the placebo all-cause mortality rate from 
two selected historical observational studies of 
patients administered inadequate, inappropri- 
ate, or delayed initial antibacterial therapy in 
which the study populations were sufficiently 
comparable based on severity of illness and age. 
The active control mortality rate was derived 
from contemporary clinical efficacy trials to en- 
sure that the mortality rate estimate was rele- 
vant to the setting of current clinical trials. We 
estimated the active control all-cause mortality 
rate from five selected clinical efficacy studies 
involving imipenem, piperacillin-tazobactam, 
ceftazidime, ciprofloxacin, levofloxacin, linezol- 
id, and vancomycin, in which the study popula- 
tions were comparable based on severity of ill- 
ness and age. Clinical efficacy studies involving 
those seven antibacterial drugs were chosen, 
because they are FDA-approved systemic an- 
tibacterials for the treatment of pneumonia, NP, 
or lower respiratory tract infections, and they 
are recommended for the medical management 
of NP and VAP in the current ATSADSA guide- 
lines (14). We used DerSimonian and Laird ran- 
dom-effects models to derive separate weighted 
estimates of the placebo and active control all- 
cause mortality rates with corresponding two- 
sided 95% confidence intervals (CI) in order to 
control for intra- and interstudy variability (26). 

We derived our estimate of M 1  as follows. 
First, in order to estimate the cross-study treat- 
ment difference, we compared the lower bound 
of the two-sided 95% CI for the placebo all- 
cause mortality rate with the upper bound of 

the two-sided 95% CI for the active control all- 
cause mortality rate. We considered this ap- 
proach to be preferable, as it is a form of dis- 
counting that takes account of uncertainty due 
to differences in study design and patient com- 
parability. Second, in order to estimate M1,  we 
further discounted the cross-study treatment 
difference by 50% to account for the consider- 
able uncertainty that exists with respect to the 
constancy of the active control treatment effect 
from the historical settings to the current trial. 
The historical studies frequently differed in de- 
sign, baseline patient characteristics, concomi- 
tant medications, distribution of measured and 
unmeasured prognostic factors that are poten- 
tially associated with mortality, advances in 
medical technology, prevalence of bacterial 
pathogens, and mortality reporting time peri- 
ods, which are aspects of clinical trials that can 
affect constancy. Although the choice of dis- 
counting by 50% may appear arbitrary, we felt 
that the lack of historical placebo-controlled 
trial data, the various deficiencies in study de- 
sign and conduct that affect the constancy as- 
sumption as described above, and our limita- 
tion to a cross-study (rather than within-study) 
comparison of all-cause mortality rate estimates 
produced considerable statistical uncertainties 
that could only be mitigated by discounting a 
substantial fraction of the cross-study treat- 
ment difference in arriving at our estimate of 
M1. 

We opted not to base our estimate of M 1  on 
the within-study differences reported between 
appropriate compared to inadequate, delayed, 
and inappropriate initial antibacterial thera- 
py in the historical observational studies for 
two reasons. First, the "adequate" antibacterial 
treatment regimens were not specified in any of 
the reports, such that we could not confirm that 
treatment regimens designated as adequate 
therapy actually represented the best antibac- 
terial treatment available for NP and VAP at the 
time the studies were conducted. Second, there 
were substantial within-study disparities with 
respect to age, severity of illness (APACHE II 
scores), and baseline pathogens, which are im- 
portant measured baseline characteristics that 
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could potentially affect the risk for death inde- 
pendent of the adequacy of the administered 
antibacterial drugs. Additionally, as the studies 
were nonrandomized, we were concerned about 
confounding due to an unequal distribution of 
unmeasured prognostic factors associated with 
mortality across treatment arms within each 
study that could also affect the risk for death in- 
dependent of the adequacy of the administered 
antibacterial drugs. 

The selection of an NI margin is guided by the 
clinically acceptable loss in efficacy of a new 
treatment compared to a standard active con- 
trol treatment with respect to a primary end- 
point (27). Using all-cause mortality as the pri- 
mary endpoint, we determined a fixed NI 
margin for an NI trial comparing the efficacy of 
antibacterial drugs for the treatment of NP and 
VAP by preserving 50% of our M 1  estimate. We 
chose to preserve a substantial fraction of M 1  
for the following reasons: (a) the hospitalized 
patients who develop NP and VAP are seriously 
ill, frequently require treatment in the intensive 
care units, and have various concomitant med- 
ical conditions that are independently associat- 
ed with an increased risk for death and (b) 
there is a high mortality rate associated with NP 
and VAP that have been treated with appropri- 
ate antibacterial drug regimens based on pub- 
lished medical management guidelines (14). 
Thus, considering the clinical concerns de- 
scribed above, we were reluctant to accept more 
than a 7% increase in mortality for a new treat- 
ment compared to a standard active control 
antibacterial therapy and still conclude non- 
inferiority. 

R E S U L T S  
REsUIE3 OF SCIENTIFIC LITERATURE 
SEARCH 
We identified 39 relevant articles in the pub- 
lished English-language scientific literature. 
Sixteen articles were excluded due to (a) inabili- 
ty to delineate the numbers of subjects and 
deaths in treatment subgroups (n = l), (b) fail- 
ure to report all-cause mortality in the I'IT pop- 
ulation for patients with NP and VAP (n = lo), 
and (c) failure to report all-cause mortality in 

patients treated with inadequate, delayed, and 
inappropriate initial antibacterial therapy 
(n = 5). The remaining 23 articles consisted of 
the following: (a) 12 nonrandomized, prospec- 
tive, observational studies reporting all-cause 
mortality for patients treated with inadequate, 
delayed, or inappropriate initial antibacterial 
therapy: (b) 2 nonrandomized, retrospective, 
observational studies that provided all-cause 
mortality data for hospitalized patients with 
pneumonia due to l? aeruginosa who were left 
untreated: and (c) 9 randomized clinical effica- 
cy trials evaluating various antibacterial drugs 
in the treatment of NP and VAP. 

Based on the following enrollment criteria, 
the 23 studies described above identified com- 
parable populations of patients for whom the 
impact of antibacterial drug treatment could be 
assessed. Three clinical entry criteria cited fre- 
quently in all of the studies were fever, leukocy- 
tosis, and purulent respiratory tract specimens. 
Microbiologic identification of the bacterial 
pathogens was usually based on cultures of spu- 
tum, endotracheal aspirates, bronchoalveolar 
lavage, protected brush specimens, blood, or 
pleural fluid. Virtually all of the studies required 
evidence of a new, progressive, or persistent 
lung infiltrate on chest x-ray. 

In order to perform the weighted analyses, we 
selected specific studies to include based on 
objective parameters (mean age of 250 years 
and mean APACHE I1  score of 214 to <20) to 
ensure patient comparability. Further details of 
the selection process are described later in this 
section and are presented graphically in a flow 
diagram (Figure 1). 

WIMATING THE PLACEBO ALLCAUSE 
MORTALITY RATE IN NP AND VAP 
In order to estimate the placebo all-cause mor- 
tality rate, we analyzed the results of 14 pub- 
lished studies (Table 1) relevant to the following 
two clinical settings: (a) 12 historical nonran- 
domized studies describing mortality associated 
with inadequate, delayed, or inappropriate ini- 
tial antibiotic therapy (2-U), and (b) two retro- 
spective studies reporting the mortality out- 
come of patients hospitalized with Pseudomonas 
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pneumonia, including some who were left un- 
treated (28,29). Inadequate and inappropriate 
antibacterial therapy referred to initial treat- 
ment regimens to which one or more of the 
baseline bacterial pathogens exhibited resist- 
ance. Delayed initiation of appropriate initial 
treatment was defined as initiation of appropri- 
ate antibiotics within 24 hours of the clinical 
diagnosis of VAP in patients who had a baseline 

clinical pulmonary infection score (CPIS) 25 on 
the previous day (10,U). 

The 12 studies assessing inadequate, delayed, 
and inappropriate initial therapy enrolled pa- 
tients with VAP, primarily. Although these stud- 
ies varied in size, mean patient age, and mean 
APACHE I I  scores, they provided the best-quali- 
ty and most clinically relevant data. In contrast, 
the two observational studies involving hospi- 

F I G U R E  1 

Flow diagrams of process 
used to select articles to 
include in weighted analy- 
ses for (a) active control 
and (b) placebo all-cause 
mortality rate estimates. 
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T A B L E  1 
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talized patients with pneumonia due to €! aerug- 

inosa included small numbers of untreated pa- 
tients for whom the rationale for withholding 
antibacterial therapy was not provided. One 
study reported a higher death rate for antibac- 
terial-treated patients compared to those left 

untreated (28) without providing a detailed ex- 
planation for the striking discrepancy, a finding 
that was not replicated in the other study (29). 
As the outcomes for antibacterial-treated pa- 
tients differed markedly between the two stud- 
ies, they were not considered sufficiently similar 
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wdkf@td.(4) 0.608 0.469 0.731 
l ~ m e t d ( l 3 )  0.635 0.497 0.753 
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to combine in deriving a summary treatment ef- 
fect estimate using a weighted analysis. 

In order to estimate the placebo all-cause 
mortality rate, we aggregated data from the 12 
studies of inappropriate, delayed, or inadequate 
initial antibiotic therapy for NP and VAP to ob- 
tain a placebo all-cause mortality rate estimate 
of 60% (95% CI: 49%, 69%). However, due to 
cross-study heterogeneity with respect to age, 
severity of illness, and study design, we opted to 
determine the placebo treatment effect esti- 
mate by combining data only from the studies 
by Kollef and Ward (4) and Luna et al. (U). 
Those two studies were considered sufficiently 
comparable to each other and to the study pop- 
ulations included in the contemporary clinical 
efficacy trials in terms of age, severity of illness, 
medical care, and prevalence of resistant bacte- 
rial pathogens to reasonably include them in 
deriving an estimate of the placebo rate. A Der- 
Simonian and Laird random effects weighted 
analysis yielded a placebo all-cause mortality 
rate estimate of 62% (95% C1: 52%, 71%), as 
depicted in Figure 2. 

ISTIMATING THE ACTIVE CONTROL ALL 
CAUSE MORTALITY RATE IN NP AND VAP 
The nine clinical efficacy trials considered in 
estimating the active control all-cause mortality 
rate are depicted in Table 2 (24.25.30-36). Al- 
though those trials were conducted within the 
last 15 years, they were heterogeneous in terms 
of study design, study size, proportion of 
patients with VAF! concurrent Gram-negative 
therapy, mean APACHE I I  scores, and all- 
cause mortality reporting periods. Concomitant 

aminoglycosides were required in five studies, 
raising the concern of potentially overestimat- 
ing or underestimating the treatment benefit 
attributable to the individual active control an- 
tibacterial drugs. Thus, in view of those con- 
cerns, we determined the active control treat- 
ment effect estimate by aggregating the data 
from only five studies (24,30-33) whose pa- 
tients appeared comparable to each other and 
to contemporary study populations to legiti- 
mately include them in estimating the active 
control all-cause mortality rate. Based on a 
weighted analysis, the estimate of the active 
control all-cause mortality rate was 20% (95% 
CI: 18%. 23%) as depicted in Figure 3. 

DETERMINATION OF THE NI MARGIN 
FOR ANTIBACTERIAL DRUGS IN TREATING 
NP AND VAP 
Based on the previously described meta-analy- 
ses, there was a 29% cross-study difference be- 
tween the lower bound of the two-sided 95% CI 
for the placebo all-cause mortality rate estimate 
of 62% (95% C1: 52%, 71%) using the studies by 
Kollef and Ward (4) and Luna et al. (13) and the 
upper bound of the two-sided 95% CI of the ac- 
tive control all-cause mortality rate in the ITT 
population of 20% (95% CI: 18%, 23%) derived 
from the five clinical efficacy studies (24,30- 
33). However, in view of uncertainty and varl- 
ability in the historical data, potential biases 
due to cross-study comparisons, and reliance 
on nonrandomized studies in estimating the 
placebo all-cause mortality rate, substantial dis- 
counting of the cross-study treatment differ- 
ence was considered justified as discussed in 

Weighted analysis to de- 
termine an estimate ofthe 
all-cause mortality rate 
for the placebo. Random 
model indicates pooled 
random effects analysis of 
all-cause mortality rates 
subsequent to inadequate, 
inappropriate, and de- 
layed initiation ofempiric 
initial antibacterial them- 
py for NP and VAE! 
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T A B L E  2 

the Methods, Statistical Analysis section of this 
report. This approach rendered an M 1  estimate 
of 14%. Due to the propensity of NP and VAP to 
develop in the most seriously ill hospitalized pa- 
tients that are frequently afflicted with concur- 
rent medical illnesses that may independently 
increase their risk for death and the 20% all- 
cause mortality rate for patients treated with ac- 
tive control drugs per our analysis, an NI margin 
substantially smaller than 14% was considered 
to be appropriate. Thus, on clinical grounds, we 
preserved 50% of MI to yield a fixed NI margin 
of 7%. 

The time interval for reporting all-cause 
mortality was not specified uniformly in the 
published studies reviewed, representing an ad- 

ditional source of confounding that was consid- 
ered in discounting M1. However, in future 
studies, we recommend a standardized report- 
ing time period from study drug initiation 
through day 14 following the end of therapy. 
This time interval would capture all NP- and 
VAP-related deaths occurring during and up to 
the end of therapy (which is typically day 7-14) 
and would include fatal relapses occurring in 
the immediate posttreatment period. 

D I S C U S S I O N  
An NI clinical trial appears to be a feasible con- 
temporary approach to assessing the efficacy of 
antibacterial drugs for the treatment of NP and 
VAP. The choice of the NI margin remains a crit- 
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Model - Studynome 

Event Lower Upper 
rote limit limit 

Alvorsz-hmo et 01. (33) Pb/A 0.307 0.220 0.410 
Alvorez-lermo et 01. (33) Cef/A 0.222 0.1 15 0.385 
Fink et 01. (32) Cip 0.213 0.162 0.275 
Fink et 01. (32) Imi 0.190 0.141 0.250 
Rubinstein et 01. (30) Lzd 0.177 0.131 0.236 
Rubinstein et 01. (30) Von 0.254 0.197 0.320 
West et 01. (24) lmi iv/Gp po 0.147 0.106 0.200 
West et 01. (24) lev iv/lev po 0.1 73 0.1 28 0.228 
Wunderink et ol.131) Lzd 0.199 0.159 0.247 
Wunderink et 01. (31) Von 0.202 0.160 0.251 

Rondom 0.202 0.180 0.228 

Event rote and 95% CI 

f 
-0.50 -0.25 0.00 0.25 0.50 

ical issue that underscores the interpretability 
and reliability of the study results. Previously 
published NI clinical trials have employed pre- 
specified NI margins of 15% or 20% using clini- 
cal response or microbiological endpoints. 
However, the credibility of the efficacy conclu- 
sions derived from those trials is uncertain, be- 
cause adequate scientific validation of the se- 
lected NI margins was not provided in the 
published reports. The lack of a detailed de- 
scription of the methodological, statistical, and 
clinical perspectives involved in the choice of 
the NI margins creates uncertainty with respect 
to the scientific evidence being informative and 
raises concern about falsely concluding nonin- 
feriority of the experimental treatments com- 
pared to the active controls. 

We determined that a fixed NI margin of 7% 
using all-cause mortality as the primary end- 
point was scientifically plausible, clinically rele- 
vant, and justifiable for future NI efficacy trials. 
The choice of the 7% NI margin was based on 
the preservation of at least 50% of our M 1  esti- 
mate of 14% due to clinical considerations. De- 
spite treatment with recommended antibacteri- 
al drug regimens as described in published 
clinical management guidelines (14), NP and 
VAP have a high mortality rate approximating 
20%. The substantial mortality associated with 
N P  combined with the seriously ill, hospitalized, 

at-risk patient population that has concurrent 
medical disorders that may independently in- 
crease their probability for death underscores 
our reluctance to accept an increase in mortali- 
ty of greater than 7% and consider a new treat- 
ment to be noninferior to an active control. 

In conducting the scientific literature review, 
two crucial issues were identified that were un- 
derpinned by the lack of published placebo- 
controlled clinical trials and contributed to 
multiple complexities in data interpretation. 
First, in order to estimate the all-cause mortality 
rate for patients treated with placebo, we were 
limited to the assessment of nonrandomized 
studies of appropriate compared to inappropri- 
ate, delayed, and inadequate initial antibacteri- 
al therapy where "appropriate" initial antibac- 
terial therapy was not specified and the studies 
were potentially confounded by an unequal dis- 
tribution of unmeasured prognostic factors for 
death. Second, in order to estimate M1, we 
were limited to the assessment of cross-study 
differences between independent quantitative 
estimates of the placebo and active control all- 
cause mortality rates based on multiple weight- 
ed analyses. Differences in various aspects of 
trial design and conduct as previously de- 
scribed limited our ability to assume the con- 
stancy of the active control treatment effect. 

The 12 observational studies reporting out- 

F I G U R E  3 

Weighted analysis to de- 
termine an estimate ofthe 
all-cause mortality ratefor 
the active control. Random 
model indicates pooled 
random effects analysis of 
all-cause mortality rates 
subsequent to treatment 
with antibacterial drug 
regimens that included 
piperacillin/ 
tazobactarn. imipenem, 
ceftazidime, ciprofloxacin, 
levofloxacin, linezolid, and 
vancomycin. 
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comes based on the adequacy of the initial anti- 
bacterial treatment were potentially confound- 
ed by an unequal distribution of prognostic fac- 
tors between groups within each study and 
across studies due to the lack of randomization. 
Consequently, it was difficult to ascertain 
whether the reported all-cause mortality rates 
reflected only the lack of efficacy of the initial 
antibacterial treatment or if they were influ- 
enced by other factors related to mortality. It 
was also uncertain whether the "true placebo" 
effect was over- or underestimated due to bias 
from prognostic factors. 

In determining M1, we selected individual 
studies that were sufficiently comparable in 
terms of critical elements (such as baseline 
patient characteristics, endpoints, medical 
advances, and prevalence of drug-resistant 
pathogens) in order to assume constancy. How- 
ever, inconsistencies in the quality of reporting 
were problematic, and the choice of studies to 
include in the weighted analyses was potentially 
impacted by selection and publication biases. 

C O N C L U S I O N  
In order to determine a scientifically plausible, 
fHed NI margin for clinical trials of antibacteri- 
al drugs in the treatment of NP and VAP, we ana- 
lyzed multiple published studies reporting all- 
cause mortality. We estimated the placebo and 
active control all-cause mortality rates separate- 
ly based on random effects weighted analyses. A 
29% cross-study treatment difference was iden- 
tified between the two-sided 95% CIS for those 
estimates. After applying discounting for vari- 
ous uncertainties, we estimated M 1  as 14%. A 
substantial proportion of M 1  was preserved on 
clinical grounds yielding the 7% NI margin. 
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