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Presenter
Presentation Notes
Today I’m going to discuss… from both a historical and regulatory perspective
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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

Presenter
Presentation Notes
I plan to discuss: 
 - the problem
- the approach we took..

I’ll then show the estimates of treatment effect, the limitations … and present issues…
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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

Presenter
Presentation Notes
To put this is some perspective,  I’d like to briefly review what Dr. Higgins discussed yesterday to describe what we’ve seen in recent CAP trials at the FDA. 

To date, approximately 30…
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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.

Presenter
Presentation Notes
As clinicians, I don’t think any of us would consider not treating a patient with even just mild CAP because of the risk of progression to more severe disease or death. So what is the problem?

In non-inferiority studies, we ask the question: How much less effective is the test drug than the active control?
 For a drug to be considered non-inferior to active control, efficacy must lie within bounds of pre-specified…

This assumes that the treatment effect is known, i.e.. that drug A is better than placebo by some known magnitude. 

If the treatment effect is known , we can choose a clinically acceptable NI margin which is < treatment effect.

 Herein lies the problem: In CAP, although we “know” antibiotics are effective for treatment, the magnitude treatment effect is not known, and so we can’t choose a non-inferiority margin.

So our goal is to estimate  the magnitude of the treatment effect for CAP so that an appropriate non-inferiority margin can be chosen. 
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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””

Presenter
Presentation Notes
Let me illustrate the problem. 
This figure shows that for diseases which have a high rate of spontaneous resolution (or if there is no effective active control) , there is no measurable treatment effect (difference between active control and placebo). Non-inferiority trials would not be appropriate in this setting.
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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)

Presenter
Presentation Notes
On the other hand, for diseases which have a low rate of spontaneous resolution, and for which an effective active control is available, the magnitude of the difference between active control over placebo is measurable, and the treatment effect (difference between active control and placebo) can be used to determine an appropriate non-inferiority margin.

The theoretical NI margin is shown here and is always less than or equal to the treatment effect.

 In this case, the test drug would be considered non-inferior because the lower bound of the CI lies within the NI margin.
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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

Presenter
Presentation Notes
Our overall goal then,  was to estimate the antibacterial treatment effect in CAP in the context of NI trials.
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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

Presenter
Presentation Notes
So, how did we approach this problem?
Generally treatment effect can be determined from placebo controlled trials; but there have been no true placebo-controlled studies…
So we searched the literature for data which might allow an estimation of a  treatment effect in CAP.
 We focused on studies performed in the pre-antibiotic era and shortly after antibiotics were introduced.
Most were studies of pneumococcal or lobar pneumonia (these were synonymous at the time)
Most were studies of hospitalized patients

We identified a number of  observational studies which compared mortality in patients treated with antibacterial drugs compared to those treated only with standard therapy (in other words, patients received no antibiotics or specific antipneumoccal therapy). 

We also found a few controlled clinical trials in which patients were treated with either antibacterial drugs or no specific antibacterial therapy. The latter group served as the  control.
 Notably, none of the studies used a true placebo,  and none were randomized or 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

Presenter
Presentation Notes
We also looked at more recent studies to try and identify a minimum antibacterial treatment effect (i.e a difference in efficacy between  two different antibacterial drugs). 

We looked at both  published studies and clinical trials submitted to FDA in support of a drug application.

 We looked for: 

Studies which showed inferiority of one antibiotic to another (Negative non-inferiority studies) There were one or two;  but there were other confounding factors which precluded us from estimating a minimum treatment effect (also success rates were relatively high).

We found no actual superiority studies.
We did find a few studies that demonstrated superiority of one drug over another for CAP, but we considered these outliers, when all studies which evaluated that drug were considered.
One promising approach may be to find CAP studies which showed a dose-response, or which evaluated pK/PD relationships. Dr. Ambrose will be discussing some of these data shortly.
We also looked at studies of discordant antibiotic therapy, including studies in which discordance was due to antibiotic resistance; studies in which  treatment regimens either followed published guidelines or not, and studies in which treatment was delayed or immediate, or broad vs. narrow spectrum. 
Without getting into further detail today, I will say that,  to date, we have not been able to estimate a minimum antibacterial treatment effect in CAP using these alternative data sources .
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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

Presenter
Presentation Notes
Before I show you the data, I’d like to show a quote from Sir William Osler (who himself died of pneumonia and empyema in 1919 at age of 71).. He  described the natural history of CAP in the pre-antibiotic era…

Except for descriptions like this, and a few observational studies of pneumococcal pneumonia, we really know very little about the natural progression of untreated CAP, e.g. We don’t know the answer to the question today: What proportion of patients with mild CAP would progress to more severe disease or death if not treated with antibacterial drugs?



11

History of Effective Treatment for History of Effective Treatment for 
Pneumococcal PneumoniaPneumococcal Pneumonia

18811881 Streptococcus (Diplococcus) Streptococcus (Diplococcus) 
pneumoniaepneumoniae identified as identified as ‘‘thethe’’

 
cause of cause of 

pneumonia pneumonia 

1913 1913 --
 

19401940 Serum Therapy Serum Therapy 

19381938--19391939 SulfapyridineSulfapyridine

1940 1940 --
 

19451945 Penicillin and other antibioticsPenicillin and other antibiotics

Presenter
Presentation Notes
This slide shows a brief history of effective treatment of pneumococcal pneumonia.
Streptococcus pneumoniae (discovered at about the same time by Pasteur in France) (previously called Diplococcus pneumoniae,) was first identified as the cause of pneumonia in  1881 by  Sternberg.

As early as 1913, specific pneumococcal antiserum was used for treatment of pneumococcal pneumonia with some success. (importance of diversity of pneumococcal types wasn’t recognized until 1910 (Neufeld)

In the winter of 1938 and 1939, sulfapyridine was introduced into general practice for treatment of pneumonia.

The true antibiotics, penicillin, tetracyclines and others first came into use for treatment of CAP in the 1940’s
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OBSERVATIONAL STUDIESOBSERVATIONAL STUDIES

Presenter
Presentation Notes
First, I’ll discuss the data from the observational studies…
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Presenter
Presentation Notes
Tilghman and Finland (1937)  reported mortality as a function of age and presence of bacteremia in 1,586 cases of pneumococcal pneumonia in Boston City Hospital (1929-1935). Patients received only symptomatic treatment (i.e. no antibiotics, serum therapy…), so this figure really shows the natural history of untreated pneumonia.

A couple of important points:

Overall mortality increased with age for all cases: 

In bacteremic patients mortality increased from about 30% in youngest patients to 100% in the oldest patients.
 
Even in non-bacteremic patients mortality was about 10% in the youngest patients up to about age 40, then increased dramatically. 

2. The proportion of bacteremic cases increased with age (except for oldest patients in this study) (DOTTED LINE)
NOTE: this proportion of patients with bacteremia here is much higher than what we see in clinical trials of CAP today (4-9% for pneumococcal bacteremia in IV studies).

3. Mortality was higher for those with  bacteremia in all age groups; therefore, if we looked at “All Cases” alone, we would get an incomplete picture, an average of what is expected for severe and milder cases.
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Presenter
Presentation Notes
Finland (1943) summarized mortality rates in patients with pneumococcal pneumonia at BCH,   comparing mortality in patients who received no specific treatment, to that in those treated with specific antiserum and those treated with sulfonamides. 
Show Legend:
Untreated- open (black)  bars (N=2832) (1929-1940)
Serum- cross-hatched bars (N=1029) (1929-1938)
Sulfa (sulfapyridine, sulfathiazole, or sulfadiazine) white bars (N= 1220) (1939-1941)

The first two groups were historical controls. 

In bacteremic patients, the overall (all ages) treatment difference  (untreated vs. Sulfa-treated) was 45%, and higher (50%) in patients over 50 years old. 

In comparison, for non-bacteremic patients of all ages combined, the treatment difference was relatively small- about 15% ;but for patients 50 and above, the difference doubled to over 30%.

So, if we look only at average treatment effect, regardless of age or bacteremia, we would underestimate the effect in older, bacteremic patients, and overestimate that in younger, non-bacteremic patients. 
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Treatment of Pneumococcal Treatment of Pneumococcal 
Pneumonia with PenicillinPneumonia with Penicillin 

Meads, et al. (1945)Meads, et al. (1945)

SeveritySeverity PenicillinPenicillin
N=37N=37

Penicillin after Penicillin after 
sulfa treatmentsulfa treatment

N=17N=17
Grade 2 Grade 2 
(moderate)(moderate)

1515 11

Grade 3 (acutely Grade 3 (acutely 
ill/irrational)ill/irrational)

99 55

Grade 4 (shock Grade 4 (shock 
&/or CHF)&/or CHF)

1313 1111

Observational Study in patients with moderateObservational Study in patients with moderate--severe severe 
pneumococcal pneumoniapneumococcal pneumonia

Presenter
Presentation Notes
This was an small observational study by Max Finland’s group at Boston City Hospital in 1944 in which most patients had severe pneumococcal pneumonia. This study doesn’t directly provide information about treatment effect (i.e. over placebo), but it does provide some other useful information. 

In contrast to most other studies in this timeframe, patients were classified by severity, although no details were provided about how that was done. Grade 2 was defined as moderate severity; while patients with grades 3 and 4 had severe pneumonia (described as acutely ill, irrational; or as having  shock or CHF). 

There were two treatment groups, the first received penicillin alone, and the second received penicillin after failing (or if they were intolerant to) sulfa. Note that severity is proportionally higher in the second group (16/17= 94%) compared to 21/37 (56%) in pcn alone group. So the treatment groups were not balanced by severity.
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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)

Outcome Outcome Penicillin Penicillin 
(N=37)(N=37)

Penicillin after sulfa failure or Penicillin after sulfa failure or 
intolerance (N=17)intolerance (N=17)

DeathDeath 7 (19%)7 (19%) 3 (18%)3 (18%)

RelapseRelapse 22 11

ComplicationsComplications 00 00

Bacteremia after Bacteremia after 
penicillin treatmentpenicillin treatment

0/120/12 4/64/6

Duration of acute Duration of acute 
symptoms* < 48 hourssymptoms* < 48 hours

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

Duration of fever < 48 Duration of fever < 48 
hourshours

24/30 (80%)24/30 (80%) 8/14 (57%)8/14 (57%)

*symptoms such as delirium, prostration, and dyspnea

Presenter
Presentation Notes
Unfortunately outcomes were not reported by severity in this study , but 

We can see that overall mortality was 18-19% in both groups, numbers on the same order of magnitude of what we would expect today in patients with severe CAP.

 Another important point about this study was that in addition to mortality, other clinical outcomes were reported, including relapse, complications (empyema, etc…), bacteremia, duration of fever, and duration of symptoms such as.. For example, in the penicillin group, there were 2 relapses, 0 pyogenic complications, 0 reports of bacteremia after receipt of penicillin in patients from whom BCs were obtained, and the duration of acute symptoms and fever resolved quickly (in < 48 hours in the large majority of patients).

There were some differences in outcomes  between treatment groups, possibly because of differences in baseline severity, but  the real reason for showing this slide is not to show the treatment difference, but to show what might be expected if we measured other treatment outcomes when we consider alternative endpoints to mortality for CAP studies.
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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)

Presenter
Presentation Notes
Dowling and Lepper in 1951 compared case fatality rate in patients who received no specific treatment to those who received pneumococcal antiserum, sulfonamides, or penicillin and other antibiotics (1938-1950). The first two groups were historical controls from Boston City Hospital- Finland, and associates  (1939 and 1940).

This includes all patients (bacteremic and non-bacteremic).

Case fatality rate: Y-axis; age: x-axis; 
Show legend: 
no specific treatment – solid line; 
pcn- triangles; 
sulfa-open squares; 
serum dotted line with closed circles
N=1087 untreated; 889 serum; 1274 sulfa; 920 pen/tet
Important Points:
1. mortality increased with age
2. Lower mortality with serum therapy, but effect larger in younger patients
3. Treatment with sulfonamides reduced mortality further.
4. The largest treatment effect was seen with penicillin and other antibiotics
Treatment difference (Pcn-untreated)= 52% (> 70 yo), and about 10% for 20-29 yo. (differed with age), even less with the youngest patients
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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)

Presenter
Presentation Notes
Austrian and Gold looked specifically at bacteremic pneumococcal pneumonia (1952-1962):
This figure shows survival over days of illness for patients who received no treatment, serum, or penicillin.
Legend:
Untreated :historical control: (17% survived by day 21) Tilghman and Finland-1929-1935) N= 384
serum: historical control (53% survived) (same) N= 93
Penicillin (85% survived) 	N= 298	

Treatment difference bacteremic patients with pneumococcal pneumonia (pcn-untreated= 70 %) at day 21	
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Treatment Effect:Observational Studies
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Presenter
Presentation Notes
To summarize the treatment effect from the observational studies, this figure shows mortality by study for patients who received no specific treatment and those who received sulfonamides or penicillin. 
For the Finland study, overall mortality  (including both bacteremic and non-bacteremic patients) was 41% untreated vs. 17% for sulfa treated for a treatment difference of 24%. Remember, however, this is an average, and does not reflect the lower treatment difference in younger, non-bacteremic patients and much higher difference in  bacteremic patients overall (48%) as shown here. 

In the Dowling study, the overall (all ages) treatment difference was 18% for sulfa and 26% for penicillin.

And in the Austrian study, which looked only at bacteremic patients with pneumococcal pneumonia, the overall treatment difference was 63% between penicillin-treated and untreated. 
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Controlled Clinical TrialsControlled Clinical Trials

Presenter
Presentation Notes
Now I’d like to focus on some of the controlled trials idenitifed  from the literature of antibacterial drugs for treatment of pneumococal pneumonia. Remember, these are not placebo-controlled, randomized or blinded studies, and thus may be limited by bias.
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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

Presenter
Presentation Notes
In this study, alternate patients with lobar pneumonia, who were admitted to Harlem Hospital from 1927-1928, were treated with pneumococcal antiserum (specific for types I, II and III) or standard treatment, which consisted of…

Alternate- in order of admission
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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)

Condition at Condition at 
baselinebaseline

SerumSerum--treated treated Standard Standard 
treatment treatment 

Treatment Treatment 
DifferenceDifference

Any conditionAny condition 20% (N=114)20% (N=114) 34% (N= 109)34% (N= 109) 14%14%

GoodGood
(> 70)(> 70)

9%9% 13%13% 4%4%

Fair (50Fair (50--70)70) 29%29% 52%52% 23%23%

Poor (< 50)Poor (< 50) 64%64% 100%100% 36%36%

Presenter
Presentation Notes
Here are the results  (the case fatality rate) for subset of patients with type I pneumococcal pneumonia. 

For some perspective, the first row shows the overall case fatality rate in the study (at Harlem hospital only) including patients of any severity, was 33% with standard treatment and 19% with serum treatment.

The subset of  patients with type I pneumococcus were classified by severity at baseline. The scoring system was not described in the publication, and the number of patients in each subgroup was not reported. This was the only study we found that reported outcome by severity. 

Notice that the treatment difference increased with increasing severity of illness. Also notice that the case fatality rate for patients in good condition at baseline was relatively low (13% in those who received standard treatment, and only slightly better if treated with antiserum for a treatment difference of 4%.

 Recognizing the many limitations of these data (not RCT, no true placebo, subset analyses, limited information on severity of illness) if we were to say that the patients in good condition were similar to those  we classify today as having mild pneumonia, then this could potentially be considered as a minimum estimate of the placebo rate (rate of spontaneous resolution) for patients with mild pneumococcal pneumonia.  In this case 13% died; and thus 87% survived without specific antibacterial treatment. As noted previously, the treatment difference (pneumococcal serum- standard therapy= placebo) for this group is small (only 4%). 
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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)

All patientsAll patients M & B 693M & B 693
(Sulfapyridine)(Sulfapyridine)

ControlControl

All patientsAll patients 8/100 (8%)8/100 (8%) 27/100 (27%)27/100 (27%)

Age > 50Age > 50 4/18 (22%)4/18 (22%) 7/10 (70%)7/10 (70%)

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

Presenter
Presentation Notes
In this study by Evans and Gaisford (1938), alternate patients with lobar pneumonia were treated with sulfapyridine or non-specific treatment. 
Case-fatality rate was 27% overall in the control group, and 8% in the sulfapyridine group; while in the subset of patients age 50 and above, rates were 70% and 22%, respectively.

Note: low doses sulfapyridine, later considered ineffective by the authors were given early in the study
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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)

Dagenan (M&B 693)Dagenan (M&B 693) ControlsControls

3/50 (6%)3/50 (6%) 7/30 (23%)7/30 (23%)

3/17 (18%) bacteremic3/17 (18%) bacteremic 3/6 (50%) bacteremic3/6 (50%) bacteremic

Case Fatality Rate

Hospitalized patients with pneumococcal pneumonia
Alternate patients
Control: no specific therapy (20% bacteremic)
Dagenan (M&B 693) = Sulfapyridine (34% bacteremic)

Presenter
Presentation Notes
In a small study by Graham and colleagues (1939) alternate  patients with pneumococcal pneumonia were treated with sulfapyridine or with no specific therapy
Non-randomized- alternate patients to receive (sulfapyridine) or control
Not blinded
Population- hospitalized
Mortality was 23% in untreated and 6% in treated patients. Treatment difference was 17% overall. (again small doses were used in the beginning of the study). 

Just as a footnote:
(Proportion of bacteremias was higher in treated group-34% and 20% in untreated group. Proportion of patients older than 40 was higher in treated group and Mortality was higher among bacteremic patients (3/17 [18%] –treated; 50% in control group; for treatment difference of 32%)
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Treatment Effect:Controlled Trials
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Presenter
Presentation Notes
This slide summarizes the Treatment effect from the controlled clinical trials of CAP which I just described, plus an additional study (Agranat, et al.1937) not previously discussed. The Agranat study compared mortality of untreated patients vs sulfa treated patients, and reported the results of several sub-studies by location. This figure shows the results reported for two population subsets (European vs. non-Europena) hospitalized in J-burg S. Africa. 

Treatment difference varied from 10%-15%  in the Agranat study, 
In comparison, treatment differences were 17% (Graham) and  19% (Evans) 

Why are these differences small than those seen in the observational studies described earlier?
we think a number of factors could account for this difference: 

These studies were done before the availability of penicillin and other more active antibiotics, so the treatment differences are smaller than what I’ve described in the observational studies.  Additionally, we know little about the baseline severity in these patients. In the study by Agranat, patients who died within 24 hours were excluded from the analysis (also severity was greater in treated than untreated groups). In Evans study, low doses, later considered ineffective were given early in the study.



Previously showed that in the Evans study if you look only at patients age 50 and above, the treatment difference was 48% (70-22%).
Details:
Agranat: Number of issues with this study. There were several sub-studies in different locations, details of all were not reported. In these 2 sub-studies, Higher severity at baseline  in treated patients, and There was a higher proportion of patients under 50 among untreated patients. They also excluded 2 patients who died in the control from the analysis.

Graham: Treatment difference was 17% overall (sulfa vs non-specific) (again small doses were used in the beginning of the study). Proportion of bacteremias was higher in treated group-34% and 20% in untreated group, and Mortality among bacteremic patients was higher- 3/17 (17%) –treated; 50% in control group. 

Evans: lobar pneumonia-treatment difference was 19% (sulfa pyridine- smaller doses given in the beginning of the study). Patients who died within 24 hours of admission were excluded in both groups. (There were 26% 3+ severe cases and 7/26 (27%) died- not clear how many in each group).

.
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SummarySummary

Presenter
Presentation Notes
In the next set of slides, I’ll summarize what we know about the treatment effect of antibacterial drugs…
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Summary of Antibacterial Drug Treatment Summary of Antibacterial Drug Treatment 
Effect in Pneumococcal PneumoniaEffect in Pneumococcal Pneumonia

Observational Observational 
StudiesStudies

Treatment vs. Treatment vs. 
untreated controlsuntreated controls

Mortality Mortality 
Difference (95% Difference (95% 
confidence confidence 
interval)interval)

Finland (1943)Finland (1943) SulfonamidesSulfonamides 24% (21, 27)24% (21, 27)
48% (bacteremic)48% (bacteremic)

Dowling et al. Dowling et al. 
(1951)(1951)

SulfonamidesSulfonamides
Penicillin, Penicillin, 
tetracyclinestetracyclines

18.5% (15, 21)18.5% (15, 21)
25.4% (22, 28)25.4% (22, 28)

Austrian and Gold Austrian and Gold 
(1964)(1964)

PenicillinPenicillin 63% (59, 69) 63% (59, 69) 
(bacteremic)(bacteremic)

Presenter
Presentation Notes
Summary of the observational studies on pneumococcal pneumonia

Overall (all ages) the Treatment  difference based on mortality in the observational studies ranged from approximately 19% (with sulfa treatment)  to 25% ( with penicillin treatment) in Dowling study, 24% overall for Finland study, and was up to 48% (Finland) and 63% (Austrian) for bacteremic patients. 
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Summary of Antibacterial Drug Treatment Summary of Antibacterial Drug Treatment 
Effect in Pneumococcal PneumoniaEffect in Pneumococcal Pneumonia

Controlled StudiesControlled Studies Treatment vs. Treatment vs. 
untreated controlsuntreated controls

Difference in Case Difference in Case 
Fatality Rate Fatality Rate 
(95% confidence interval)(95% confidence interval)

Evans and Gaisford Evans and Gaisford 
(1938)(1938)

SulfapyridineSulfapyridine 19% (8.8, 29.2)19% (8.8, 29.2)

Graham, et al. (1939)Graham, et al. (1939) SulfapyridineSulfapyridine 17% (0.1, 36.4)17% (0.1, 36.4)
32% (bacteremic)32% (bacteremic)

Agranat, et al. (1939)Agranat, et al. (1939) SulfapyridineSulfapyridine 10% (10% (--0.3, 20.6)0.3, 20.6)
15% (15% (--6.2, 35.5)6.2, 35.5)

Presenter
Presentation Notes

This slide summarizes the difference in case-fatality rates reported in the controlled studies:
Point estimates forTreatment differences varied from 10%-15% (Agranat study), 17% (Graham- sulfa) ( 32% in bacteremic patients, to 19% (Evans- sulfa). Note the relatively wide confidence intervals here.
-----------------------------------------------------------------------

Previously showed that in the Evans study if you look only at patients age 50 and above, the treatment difference was 48% (70-22%).
Details:
Agranat: Number of issues with this study. There were several sub-studies in different locations, details of all were not reported. In these 2 sub-studies, Higher severity at baseline  in treated patients, and There was a higher proportion of patients under 50 among untreated patients. They also excluded 2 patients who died in the control from the analysis.

Graham: Treatment difference was 17% overall (sulfa vs non-specific) (again small doses were used in the beginning of the study). Proportion of bacteremias was higher in treated group-34% and 20% in untreated group, and Mortality among bacteremic patients was higher- 3/17 (17%) –treated; 50% in control group. 

Evans: lobar pneumonia-treatment difference was 19% (sulfa pyridine- smaller doses given in the beginning of the study). Patients who died within 24 hours of admission were excluded in both groups. (There were 26% 3+ severe cases and 7/26 (27%) died- not clear how many in each group).

.
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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)

Presenter
Presentation Notes
So (to summarize what we saw in previous slides), the point estimates for an antibacterial drug treatment effect  based on mortality were: �
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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

Presenter
Presentation Notes
There are many limitations to using these data to estimate the  treatment difference between antibacterial drugs and placebo, including…

As we’ve discussed previously, it would be very difficult to use mortality as a primary endpoint for CAP studies today. In the recent CAP studies, mortality rates were low probably for a variety of reasons, including  higher standards of care,  pneumococcal vaccination. Additionally, patients are diagnosed and treated earlier today, and patients who are failing study therapy would always receive some type of rescue therapy.
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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

Presenter
Presentation Notes
To close, I will leave you with a number of issues for further discussion on this topic… 

The question remains whether the data I’ve presented today on the treatment of pneumococcal pneumonia can be extrapolated to estimate a treatment effect for antibacterial drugs in mild CAP or more severe CAP for clinical trials today.

As a corollary, we need to ask the questions, what is the most appropriate design for contemporary CAP studies, what are the appropriate populations for enrollment, and what is the most appropriate primary endpoint?

We look forward to your discussion of these issues.
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Treatment Difference in Recent StudiesTreatment Difference in Recent Studies

StudyStudy FindingsFindings

Discordant therapyDiscordant therapy--

 

e.g. e.g. ΒΒ--lactam lactam 
for penicillinfor penicillin--resistant resistant S. S. 
pneumoniaepneumoniae

Review: (Falagas, et al., 2006) No Review: (Falagas, et al., 2006) No 
difference in clinical successdifference in clinical success

Guideline concordance vs. Guideline concordance vs. 
discordancediscordance

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

Broad spectrum antibiotics Broad spectrum antibiotics 
(including atypical coverage) vs. (including atypical coverage) vs. 
narrow spectrum antibioticsnarrow spectrum antibiotics

MetaMeta--analyses: Shefet, et al. analyses: Shefet, et al. 
(2005); Mills (2005): no difference (2005); Mills (2005): no difference 
in curein cure
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Treatment Difference in Recent Studies Treatment Difference in Recent Studies 
(continued)(continued)

StudyStudy FindingsFindings

Delayed vs. immediate antibiotic Delayed vs. immediate antibiotic 
treatmenttreatment

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

Studies that showed inferiorityStudies that showed inferiority Few published or submitted for NDAFew published or submitted for NDA

Studies that showed superiority of one Studies that showed superiority of one 
antibacterial drug over anotherantibacterial drug over another

Few; possible outliersFew; possible outliers

Dose ranging studiesDose ranging studies Low doses which might not be Low doses which might not be 
efficacious generally not evaluatedefficacious generally not evaluated

PK/PD studiesPK/PD 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
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