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A Leaky Roof…
 Created a water bubble in my wall

 In addition to a new roof, I had to re-paper the wall

 My neighbor recently papered a similar-sized room in 
his house. I asked:

“How much paper did you buy?”

 He replied:  “Six rolls.”
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Upon finishing the papering of the wall…

 I had only used only 4 rolls 

 I told my neighbor that I had 2 rolls left

 He replied: 

“Oh.  That happened to you too?”
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Two Things I’ve Learned about Antibiotic Clinical Trials

1. They are rigorously conducted by experts closely adhering to the 
highest standards and fundamental principles of RCTs

2. They are essentially useless for helping clinicians make 
treatment decisions
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Most clinical trials fail to provide the evidence 
needed to inform medical decision-making. 

However, the serious implications of this deficit 
are largely absent from public discourse. 

DeMets and Califf, JAMA, 2011
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Example Issues

 Drugs are compared in susceptible disease, but susceptibility 
status is unknown at the time of treatment initiation

 Patients are considered failures when they change therapy, 
though they may not fail

 We lose interest in patients that change therapy, despite 
therapeutic adjustments that can effectively treat the patient

 Population studied ≠ population applied
– E.g., noninferiority trials exclude patients with recent prior 

therapy. Then these drugs are used in these patients, 
possibly representing a majority. 
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Question 1

 We define analysis populations
– Efficacy: ITT population 
– Safety: safety population 

 Efficacy population ≠ safety population

 We combine these two analyses into benefit:risk analyses

 To whom does this analysis apply?  
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Question 2

 We measure the duration of hospitalization

 Shorter duration is better … or is it?

 The faster the patient dies, the shorter the duration

 Outcome interpretation needs context of other outcomes  
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Question 3

 Trials typically use binary endpoints

 E.g., “cure”: patient survives, symptoms resolve, microbiological 
eradication, no changes to therapy

 Consider the following:
– One patient fails because they die
– Another patient fails because of lack of micro eradication
– Primary analyses treats these patients equivalently (failure)

 Shouldn’t primary analysis recognize the difference?  
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FDA Advisory Committee Evaluation of Plazomicin in cUTI

Drug
Composite

Cure

Plazomicin 81.7%
Meropenem 70.1%
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Drug
Composite

Cure
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Cure

Plazomicin 81.7% 89.0%
Meropenem 70.1% 90.4%
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FDA Advisory Committee Evaluation of Plazomicin in cUTI

Drug
Composite

Cure
Clinical

Cure
Micro

Eradication

Plazomicin 81.7% 89.0% 89.5%
Meropenem 70.1% 90.4% 74.6%
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FDA Advisory Committee Evaluation of Plazomicin in cUTI

Safety

Drug
Composite

Cure
Clinical

Cure
Micro

Eradication

1-level 
Decrease in 
Creatinine 
Clearance

Last Serum 
Creatinine

Increased ≥ 
0.5 mg/dL

Plazomicin 81.7% 89.0% 89.5% 13.7% 3%
Meropenem 70.1% 90.4% 74.6% 5.7% 1%
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1 + 2 × 3 ≠ 9

Children in grade school have learned this.

Clinical trialists missed this class. 
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Question 4

 Suppose a loved one is diagnosed with a serious disease 

 You are selecting treatment 

 3 treatment options: A, B, and C

 2 outcomes, equally important
– Treatment success: yes/no
– Safety event: yes/no
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100) B (N=100) C (N=100)
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

B (N=100)
Success: 50%

C (N=100)
Success: 50%
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

Which treatment would you choose?
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

Which treatment would you choose?

They all have the same success rate. 
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

Which treatment would you choose?

They all have the same success rate. 

A has the lowest safety event rate.
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

Which treatment would you choose?

They all have the same success rate. 

A has the lowest safety event rate.

B and C are indistinguishable.
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RCT Comparing A, B, and C
Analysis of Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

Which treatment would you choose?

They all have the same success rate. 

A has the lowest safety event rate.

B and C are indistinguishable.

Choose A…right?
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Analysis of Patients: 4 Possible Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

50 0
0 50

0 50

50 0
15 15
35 35

Success
+             -

SE    + 
-

Success
+             -

Success
+             -



All Rights Reserved, Duke Medicine 2007

Analysis of Patients: 4 Possible Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

50 0
0 50

0 50

50 0
15 15
35 35

Success
+             -

SE    + 
-

Success
+             -

Success
+             -



All Rights Reserved, Duke Medicine 2007

Analysis of Patients: 4 Possible Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

50 0
0 50

0 50

50 0
15 15
35 35

Success
+             -

SE    + 
-

Success
+             -

Success
+             -



All Rights Reserved, Duke Medicine 2007

Analysis of Patients: 4 Possible Outcomes

A (N=100)
Success: 50%

Safety event: 30%

B (N=100)
Success: 50%

Safety event: 50%

C (N=100)
Success: 50%

Safety event: 50%

50 0
0 50

0 50

50 0
15 15
35 35

Success
+             -

SE    + 
-

Success
+             -

Success
+             -



All Rights Reserved, Duke Medicine 2007

Our culture is to use patients 
to analyze the outcomes.

Shouldn’t we use outcomes 
to analyze the patients? 
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Scott’s father (a math teacher) to his confused son 
many years ago:

“The order of operations is important…”
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“The good physician treats the disease.
The great physician treats the patient.”

William Osler
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DOOR probability: probability of a more desirable global outcome 
when assigned to the new vs. the control treatment
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Example

Should we use ceftazidime-avibactam or colistin for 
the initial treatment of CRE infection?



All Rights Reserved, Duke Medicine 2007

DOOR

 DOOR: 4 levels
– Alive; discharged home
– Alive; not discharged home; no renal failure
– Alive; not discharged home; renal failure
– Death

 Looking for northward migration of patients in these categories
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DOOR

DOOR Probability:  64% (53%, 75%)

Colistin (N=46) Caz-Avi (N=26)

Discharged home 4 (9%) 6 (23%)

Alive; 
not discharged home;
no renal failure

25 (54%) 17 (65%)

Alive; 
not discharged home;
renal failure

5 (11%) 1 (4%)

Death 12 (26%) 2 (8%)



All Rights Reserved, Duke Medicine 2007

Summarizing the “Patient Journey”

Before we analyze several hundred patients, 
we must understand how to analyze one.

An example strategy … 
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BAC DOOR
 Pre-trial sub-study to develop DOOR in S. aureus bacteremia 

 20 representative patient profiles (benefits, harms, and QoL) 
constructed based on experiences observed in prior trials

 Profiles sent to 43 expert clinicians

 They were asked to rank the profiles by desirability of outcome 

 Examined components that drive clinician rankings
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Decision Tree Algorithm

 Things that we learned
– Cumulative effect 
– Symptoms important
– Major non-fatal 

outcomes had similar 
importance 
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Can we account for:

1. Potential unequal steps between categories?

2. Varying perspectives among patients / clinicians 
regarding the desirability of the categories? 
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PARTIAL CREDIT

Score

Discharged home 100

Alive; 
not discharged home; 
no renal failure

Partial credit

Alive; 
not discharged home;
renal failure

Partial credit

Death 0
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Tailoring Medicine
Who Benefits from Caz-Avi?

DOOR Probability Partial Credit (80/60)

Largest differences are in the most severe patients.
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DOOR STEPP
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PROVIDE

 Prospective multi-center observational evaluation among adult 
hospitalized patients with MRSA bloodstream infections  

 Research Question
– What is the vancomycin pharmacodynamic exposure target 

associated with optimal treatment outcome? 

 N=265
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DOOR

Treatment success without AKI

Treatment success with AKI

Treatment failure (persistent bacteremia) 
without AKI

Treatment failure with AKI

Death

Better 
outcome

Worse 
outcome
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DOOR Outcomes by Dosing Quintiles

Higher doses bring toxicity but not greater treatment success. 
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ARLG 2.0

 Development of standardized syndrome-specific DOORs
– ABSSSI
– CABP
– HABP/VABP
– cIAI
– cUTI
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SMART COMPASS
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SMART COMPASS

 Addresses several types of research questions
– Identifies optimal strategies
– Evaluates empiric therapies
– Evaluates definitive therapies (licensure questions)

 Provides efficiencies compared to traditional multi-arm trials

 Pragmatic: mirrors clinical decision-making 
– Personalized medicine
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NBA Coach Frank Layden

Had a player that was not producing.

Layden asked the player:

“Son, what is it with you? Is it ignorance or apathy?” 

The player looked at Layden and said:

“Coach, I don't know and I don't care.”
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If people don’t know, then let’s educate them.

If they don’t care, then let’s motivate them.
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Significant Contributors (p<0.001)

 Dean Follmann
 Dan Rubin
 Chip Chambers
 Vance Fowler
 The Antibacterial Resistance Leadership Group
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I have no doubt that you will enthusiastically applaud now … 
because you are so relieved that it is over.

Thank you.
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