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Presenter
Presentation Notes
Good morning.  My name is Alan Hopkins and I am the Sr. Director of Biometrics at Theravance.



This will be a joint presentation with Dr. Ralph Corey, Professor of Medicine at Duke University.  Dr. Corey is recognized as a leader in research and treatment of staph aureus infections of the skin and soft tissues and has published extensively on the topic.



We also have with us Dr. Gary Koch, Professor of Biostatistics at the University of North Carolina, Chapel Hill who contributed to these presentations.  Dr. Koch also provided counsel on the design and analysis plans for the Theravance studies.  Dr. Koch is available to lend his expertise to the discussion as appropriate.



We are pleased to be here this morning to contribute to the discussion of non-inferiority margins for skin and soft-tissue infections.  Theravance has completed two Phase 3 clinical trials in cSSSI and has submitted an NDA for telavancin for regulatory approval.



Today, I will first present statistical considerations for the NIM choice used in two pivotal phase 3 telavancin cSSSi studies.  Then Dr. Corey will discuss clinical implications for the active-control design and associated non-inferiority margin. 
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Considerations in Justification of a   
Non-inferiority Margin for cSSSI

Alan Hopkins, PhD 
Theravance, Inc.

Presenter
Presentation Notes


Using historical information, we shall estimate a lower bound on the benefit of an active control in the Phase 3 studies.   In our case, we want to estimate the benefit of vancomycin over placebo.  We shall demonstrate that a 10% NIM preserves more than half of the effect of our active control over placebo.  The actual observed margins in the two cSSSI studies compared very favorably to the 10% NIM.



First, why an active-control design for complicated skin infections?
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Standard of Care for cSSSI Includes 
Antibiotic Treatment

cSSSI due to Gram-positive bacteria causes 
serious and life threatening complications in both 
healthy and debilitated individuals
IDSA concluded that systemic antibiotics constitute 
the standard of care for treating patients with 
cSSSI†

Increased morbidity and mortality is associated 
with no treatment

† Stevens DL, Bisno AL, Chambers HF, Everett ED, Dellinger P, Goldstein EJC, Gorbach SL, 
Hischmann JV, Kaplan EL, Montoya JG, Wade JC. Practice guidelines for the diagnosis and 
management of skin and soft-tissue infections. CID 2005; 41:1373-1406

Presenter
Presentation Notes
Active-controlled trials have been the norm in cSSSI clinical trials because patients are at increased risk if untreated. 

“cSSSI due to Gram-positive bacteria causes serious and life threatening complications in both healthy and debilitated individuals.”

The standard of care for cSSSI includes antibiotic treatment, especially in patients with MRSA.

No treatment is associated with increased morbidity and mortality.  Dr. Corey will discuss specific complications in his presentation.





1.	Carratala J, Roson B, Fernandez-Sabe N, Shaw E, del Rio O, River A, Gudiol F. Factors associated with complications and mortality in adult patients hospitalized for infectious cellulitis. Eur J Clin Microbiol Infect Dis 2003 ;22 :151-57

2. Stevens DL, Bisno AL, Chambers HF, Everett ED, Dellinger P, Goldstein EJC, Gorbach SL, Hischmann JV, Kaplan EL, Montoya JG, Wade JC. Practice guidelines for the diagnosis and management of skin and soft-tissue infections. CID 2005; 41:1373-1406

3.	Gorwitz RJ, Jernigan DB, Powers JH, Jernigan JA, and Participants in the CDC convened Experts’ Meeting on Management of MRSA in the Community. Strategies for clinical management of MRSA in the community: Summary of an experts’ meeting convened by the Centers for Disease Control and Prevention. 2006
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Approved Treatments for cSSSI Utilized 
Active Control Trial Designs

Product Name
FDA Review 

Date
Non-inferiority 

Margin
Tygacil® (tigecycline) 2005 15%

Merrem® (meropenem) 2005 10%

Cubicin® (daptomycin) 2002 10%

Invanz® (ertapenem) 2001 10%

Levaquin® (levofloxacin) 2000 15% (inferred from results)

Zyvox® (linezolid) 2000 10%

Synercid® 

(quinupristin/dalfopristin)
1998 10% (cure rates >90%); 

15% (cure rates <90-80%); 
20% (cure rates <80%)

Presenter
Presentation Notes
Here is a list of recently approved antibiotics for the treatment of cSSSI based on a review of package inserts and FDA Medical Officer Reviews.  The key point here is that all these studies were active control designs.  The most frequently selected NIM among these studies was 10%.
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No Historical Data from Placebo-Controlled 
Trials in cSSSI

No studies were identified for placebo-
controlled trials in complicated SSSI
Six placebo-controlled studies for 
uncomplicated SSSI were identified
Assumption: placebo cure rates in 
patients with cSSSI are no greater than 
those seen in patients with uSSSI

Presenter
Presentation Notes
The problem estimating a NIM is there is no historical data from placebo controlled studies and complicated skin and skin structure infections.  We conducted a literature search but no studies were found for placebo controlled trials in complicated skin. 



However, six placebo controlled studies for uncomplicated skin were identified.  And so what we plan to do is use these uncomplicated skin studies as a bridge to conservatively estimate what the placebo rate would have been for complicated skin. We think that for complicated skin infections, the placebo rate could be no more than the rate for uncomplicated skin infections.   
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Methodology:  Estimating Active 
Control Benefit

Estimate the vancomycin cure rate for 
patients with cSSSI
Estimate the placebo cure rate for 
patients with uSSSI
Estimate treatment effect:  the difference 
between vancomycin cure rates and 
placebo cure rates

Presenter
Presentation Notes
In order to determine the treatment effect of the active control over placebo, we derived separate estimates of a placebo effect and an active control effect.  Again, keeping in mind that we had no placebo-controlled studies, we had to use an indirect evidence approach to provide us with an estimate of a placebo effect, whereas our active control effect was derived from comparative clinical trials in cSSSi. 



Using a meta-analysis approach we constructed confidence intervals around the point estimates of cure rate separately for both the placebo and vancomycin, the active comparator in the telavancin Phase 3 trials. 



Our estimate of the treatment effect of vancomycin will be calculated as the lower 95% confidence interval of the difference in point estimates of cure rates between vancomycin and placebo.  We used a pooled variance estimate to estimate the confidence interval.  The lower bound of this confidence interval then represents a conservative estimate of the treatment effect of the active control. 



Let’s see how this worked for vancomycin.
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Clinical Cure Rates for Vancomycin in 
Randomized Clinical Trials:  All-Treated
Results of fixed-effects meta-analysis: 
Cure Rate 75.6% (95% CI 73.2% - 77.7%)

Presenter
Presentation Notes
So now we need to put the data in perspective a little bit and talk about historical vancomycin rates.  There are five studies here and the cure rates and associated confidence intervals are plotted for the vancomycin control group.  



 A fixed-effects meta-analysis gave an overall cure rate estimate for the all-treated population of 75.6%.  This estimate is based on 1500 patients. 
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Vancomycin Cure Rates from Telavancin 
Studies Compare Favorably with the       
Meta-Analysis

AT Cure Rate
(95% CI) 

Study 0017 74.8%
(70.7, 78.9)

Study 0018 75.7%
(71.8, 79.5)

Pooled 75.3%
(72.5, 78.1)

Meta-analysis 75.6%
(73.2, 77.7)

Presenter
Presentation Notes
The meta analysis result for vancomycin is consistent with what we saw in the telavancin Phase 3 studies.  The difference between the pooled vancomycin response rates differed by less than one half of a percent from the meta analysis.



So we feel these data are consistent with a constancy assumption for the effect of vancomycin over time. 
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Placebo Cure Rates for uSSSI (impetigo) 
in Randomized Clinical Trials
Results of fixed-effects meta-analysis: 
Cure Rate 35.7% (95% CI 29.3% - 42.7%)

Presenter
Presentation Notes
Now let’s move on to estimating the placebo effect.



Here are the results for 6 studies of impetigo patients treated with placebo or vehicle.  These were randomized, blinded studies.  It can be seen that there is a fair amount of heterogeneity in the cure rates between the studies. There’s one study that had a relatively large response rate (Eells) and the Ruby study had a zero cure rate. These two are small studies and tend to cancel each other out. The differences may be attributable to timing of the response assessment, the definition of cure, or different patient populations.



****

The Eells study reported rates for “cures + improvement” whereas the other studies reported ‘cures”.  Of the 16 “cures” reported, 8 were actually cures and 8 were improvements.  On the Ruby study, there were no responses reported at the first follow-up exam after only 5 Days of treatment.

*****





The summary row contains the results for a fixed effects meta-analysis.  The overall the estimate of cure rate is about 36%. 



N = 264.
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Effect Size Estimate for Vancomycin vs 
Placebo from Meta-Analysis

Estimated placebo cure rate:  35.7% 
Estimated vancomycin cure rate:  75.6%
Estimated difference:  39.9%
– 95% CI:  (32.8%, 47.0%) 

Conservative estimate of vancomycin
advantage over placebo:   32.8% 
– Based on lower bound of 95% CI of the 

difference
– Pooled variance

Presenter
Presentation Notes
Now we are in a position to calculate the effect size.  We do this by synthesizing an estimate of the difference between the active control and comparator.



To estimate the effect size for vancomycin over placebo from the meta analysis, we use that placebo cure rate that we got from the historical uncomplicated skin studies and to compare with what we saw for vancomycin cure rates in complicated skin.  And we come up with an estimated vancomycin advantage over placebo of 32.8% based on the lower bound of a 95% confidence interval for the difference of those two sets of historical series of studies.  And we would expect end of the cure rates in complicated skin would be at least that much or greater.



This represents our historical evidence of sensitivity to drug effect.  ( HESDE).



When translating this effect size into a NIM, we typically discount some proportion of the effect size so that non-inferiority implies not only similarity to the active control, but also preserves some level of benefit relative to placebo.  This is usually a clinical judgment.



11

Telavancin Phase 3 Studies:  Design
Two identical protocols
– Each had active-control with a NI objective
– Designed to be pooled to analyze for MRSA 

superiority
Enriched design:  MRSA patients
Assumed 40% of enrolled patients had 
MRSA
Treatment:  7-14 days
– Vancomycin:  active control
– Telavancin:  experimental treatment

Pre-specified NIM = 10%

Presenter
Presentation Notes
Now I’d like a moment to discuss the design of the telavancin Phase 3 studies, their non-inferiority margin, and the overall results.  Our experience with these two trials provide a helpful case study in how to proceed in setting a NIM with very limited information.  



The two Phase 3 had identical protocols so each study was an active control design with a non-inferiority objective.  And finally, the trials were designed to be pooled.  They were run in exactly the same way and we wanted to pool for analysis of a superiority hypothesis in the treatment of MRSA infections.



We sought to enrich the patient population with MRSA infections.  For design purposes, we assumed 40% of the patients enrolled would be MRSA infections.  Patients were randomized to vancomycin or telavancin, the experimental therapy.  Treatment lasted 7-14 days and a test of cure visit was done 7-10 days after the end of therapy.



NIM margin of 10% was chosen on margins used in past trials and medical judgment.



Two Binomials: Non-Inferiority: Power

EXACT POWER OF NON-INFERIORITY TESTS FOR TWO BINOMIAL  POPULATIONS



Type I error (Alpha) =    0.05

Type of Test: Score test

Maximum allowable difference =     0.05

Probabilities (Pi):     0.85	    0.85

Sample Size (n):      900	     900

Power =   90.68%
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Phase 3 Study Design:  Power

Power for Non-inferiority
– CE hypothesized cure rates:  85%
– N = 700 (350/group)
– Power = 98%

Superiority Hypothesis 
– Power for pooled MRSA subgroup:  80%
– 8% treatment difference assumed
– Assumes 264 CE MRSA/arm 

Presenter
Presentation Notes
The clinically evaluable hypothesized cure rates was 85% and with each study approximately 700 patients, 350 per group, we had a power of 98% to demonstrate non-inferiority at 10% level, a non-inferiority level.





From the SAP:

In the two‑study pooled analysis in which telavancin’s superiority to vancomycin against MRSA was tested, the pooled enrollment of 750 subjects per arm is expected to provide approximately 208 analyzable subjects per arm; 

this assumes that two‑thirds of enrolled subjects will have S. aureus, one‑half of the S. aureus will be MRSA, and five‑sixths of the MRSA‑infected subjects will be evaluable.  

If the population clinical cure rates for telavancin and vancomycin are 90% and 80%, respectively, then a one‑sided, 0.025 level test has approximately 81% power to detect telavancin’s superiority.
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Difference in Cure Rates at Test of Cure in 
AT Population 

TLV 
% Cure (n/N)

(95% CI)

VAN
% Cure (n/N)

(95% CI)

Study 0017 75.8 (323/426)
(71.8, 79.9)

74.8 (321/429)
(70.7, 78.9)

Study 0018 78.2 (358/458)
(74.4, 81.9) 

75.7 (364/481)
(71.8, 79.5)

Study 0017 
+ 0018

77.0 (681/884)
(74.3, 79.8) 

75.3 (685/910)
(72.5, 78.1)

-15 -10 -5 0 5 10 15
Favors VAN Favors TLV

-4.8 6.81.0

-2.9 2.5 7.9

-2.2 5.71.8

Difference in Cure Rates
(TLV - VAN, %) with 95% Confidence Interval

Presenter
Presentation Notes
Difference (Telavancin vs. Vancomycin) and 95% CIs in Cure Rates at Test‑of‑Cure – Studies 0017 and 0018, AT and CE Populations Excluding Study Sites 37004, 38020 and 38091



Here are the results of the all-treated population in the telavancin studies. And we can see that for the AT population, both studies met a non-inferiority margin of 5% or less.  We think that the best estimate of the overall treatment effect is the pooled estimate and that had a point estimate that was greater than 0 favoring telavancin and a lower limit for the confidence interval of minus 2.2% NIM which was far greater than the minus 10% that we set prospectively.



Clearly the NIM of 10% was met.
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Conclusion

Estimated vancomycin advantage over 
placebo is at least 32.8% 
10% is a conservative prospective NIM 
for cSSSi
– Preserves >50% of the active treatment 

effect

Pooled Phase 3 studies provides the 
most precise estimate of treatment effect 
and degree of non-inferiority

Presenter
Presentation Notes
In conclusion, we have argued with admittedly imperfect historical data with uncomplicated skin infections that a NIM of 10% preserves more than 50% of the expected benefit of active control over placebo in complicated skin and skin structure infections.  This was based on an estimated treatment effect of 32%.



The individual telavancin Phase 3 studies, with their small lower bound relative to the pre-specified minus 10%, provides strong evidence of non-inferiority to vancomycin.  Pooling these provides the best estimate of treatment effect and demonstration of non-inferiority.





Now Dr. Corey will add his medical perspective to defining NIMs in cSSSI.
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Complicated Skin and Skin Structure 
Infection Trials 

Placebo Controls and Non-inferiority Margins

Ralph Corey, MD
Professor of Medicine

Duke Clinic Research Institute

Presenter
Presentation Notes
Good morning.

Today I would like to discuss the issues involved with designing studies of pts with cSSSI’s

First let me focus on the issue of  placebo controlled trials and second I would like to give my thoughts as a clinician on non-inferiority margins for these trials.
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“…… which, when limited in 
its extent and activity, causes 
acute suppurative 
inflammation (phlegmon), 
produces, when more 
extensive and intense in its 
action on the human system, 
the most virulent forms of 
septicaeia and pyaemia...”

Staphylococci

Sir Alexander Ogston, 1882

Presenter
Presentation Notes
As you know Staphylococcus aureus and Beta Hemolytic streptococci are the two most important organisms involved in cSSSIs

And as you also know both of these organisms are extremely virulent if left untreated.

Even Sir Alexander, the surgeon who “discovered” and named the staphylococcus, recognized its extraordinary capacity to cause harm

He talks about Staph aureus causing “Acute suppurative inflammation (phlegmon), and the most virulent forms of septicaeia and pyaemia...”   
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Sulfanilamide – Dawning of the 
Antibiotic Era

1934: Domagk’s daughter 
severely ill with strep – given 
sulfa resulting in rapid recovery  

1936: President Roosevelt’s 
son, FDR Jr., thought to be 
dying – given sulfanilamide 
resulting in rapid recovery

Gerhard Domagk                                
Nobel Laureat

Presenter
Presentation Notes
The virulence of staph aureus and  GAS was well known to physicians of the pre-antibiotic era, like Nobel Laureat Gerhard Domag. 

When Professor Domagk’s daughter developed a severe strep infection after a needle stick in her father’s laboratory his new sulfa compound most probably saved her life. Similarly President Roosevelt’s son also appeared to recover from an seemingly fatal illness after receiving sulfanilamide.. 
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Selected “Trials” 1922-1960 

CS=Case series   GASB=Group A Strep Bacteremia SAB=S. aureus Bacteremia
Nat Hx=natural history   UVL=Ultraviolet light  PC=Placebo

Author Date Disease Therapy Outcome

Lusk 1922 Erysipelas Nat Hx Death 6-9%

Ude 1930 Erysipelas UVL, etc Death 6-24%

Keefer 1937 GASB CS Skin Origin – 80% died

Snodgrass 1937 Erysipelas Sulfa – UVL Sulfa effective

Skinner 1941 SAB CS Sul/PC Skin Origin – 82% died

Keefer 1943 Various CS Pen 2/3 survived

Florey 1944 SA hands Alt pts Pen effective

Kirby 1960 SAB CS Vanc 61% cured

Presenter
Presentation Notes
The virulence is also highlighted by this short list of case series and clinical trials. 
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Sequelae of S. pyogenes cSSSI 
Pre-Antibiotics

Erysipelas
– Frequent local damage
– Death – 6-9%

Blood Stream Infections (BSI) (N=246)
– Skin Source (61 pts)

Mortality – 80%

Keefer et al. Arch Int Med 60, 1084-97. 1937
Keefer et al. JAMA 122, 1217, 1943. 
Lusk, W. Treatment of Erysipelas with Chinosol. Ann Surgery 1922.

Presenter
Presentation Notes
Since there are no placebo controlled clinical trials involving sulfa drugs or penicillin for the treatment of strep pyogenes I would like to show you some of the data concerning sequelae of this virulent organism

Erysipelas is a rapidly moving but superficial GAS infection which frequently  causes venous and capillary damage resulting in chronic swelling and recurrent infections of the lower extremity. In addition, death is not infrequent if left untreated. 

In a series of 246 pts from the famous Boston City Hospital  BSI originated from SSSIs in nearly 25%. In these 61 pts metastatic infection occurred in nearly 1/3rd. And 80% of pts died.
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Abscess/cellulitis
Fasciitis/myositis
BSI (122 pts)
– Skin source (60+ pts)

Mortality – 82%

Skinner and Keefer.Arch Int Med. 1941

Sequelae of S. aureus cSSSI Pre-Antibiotics

Presenter
Presentation Notes
S. aureus is equally virulent. The abscesses caused by S. aureus result in local scarring while fasciitis results in permanent damage, amputation and even death. 

In 122 pts from BCH who developed BSI,  nearly 50% had a SSSi origin. Mortality in this group is over 82%
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Problems: Data from the Pre-Antibiotic Era
No placebo controlled trials of cSSSI
Patients have changed
– Crowding, hygiene, number of cutaneous 

injuries
– More invasive medical procedures
– Elderly, diabetic, immunocompromised 

patients
The bacteria have changed
– S. pyogenes

New toxins but stable resistance profile
– S. aureus

More virulent and resistant

Presenter
Presentation Notes
Unfortunately there are problems with the data from the pre-antibiotic era.

First it does not include any placebo-controlled trials

Second the landscape has changed – pts and conditions have evolved. Less…..More……

The bacteria too have changed. Strep….Staph….
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Group A Strep cSSSI in the 21st Century

Effective antibiotics and little resistance 
Rare Complications
– Necrotizing fasciitis/myositis

300 U.S. fatalities/yr 
– Blood stream infection

0.3% of treated cSSSI patients 
– Endocarditis

0.3% due to Group A strep

Infection Control and Hospital Epidemiology. Feb 2008
MMWR 1994      ICE database 10/08

Presenter
Presentation Notes
As a result of these environmental/virulence changes there have been dramatic changes in the infections that these virulent organisms cause in the 21st century

Fortunately GAS has not evolved new resistant mechanisms and antibiotics used in the 1940s are still effective today. Thus the serious complications seen in the pre-antibiotic era have become rare: Nec Fas accounts for only 300 fatalities per year in the U.S.  Similarly BSI and IE are exceedingly rare!
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S. aureus cSSSI in the 21st Century

Remains a daily, deadly
adversary 
– Most common cause

of cSSSI, BSI 
Local Complications
– Large abscesses
– Fasciitis 

Major local morbidity - 100%

Cheng, N et al JBJSA 2006, 88, 1107Cheng, N et al JBJSA 2006, 88, 1107

Miller, L et al. NEJM 356, 1445, 2006. Ruhe J, et al Clin Infect Dis. 2007 Mar 15;44(6):777-84. 

Presenter
Presentation Notes
In contrast S. aureus is an ever-present adversary. New virulences and new resistances have resulted in new, fast moving manifestations

Rapidly developing abscesses are extremely frequent – though drainage is  the mainstay of treatment, antibiotics appear to increase cure rates

Fasciitis has also become a staph initiated infection – mortality has ranged from 0 in Loren Miller’s series to 100% in the pts described by Ruhe.
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Blood stream infections  
– 2-5%
– Complication rate 34%

Stryjewski, M. CID 46, 643, 2008.
Fowler, V et al. Arch Int Med 2003. 

S. aureus: Systemic Complications 
of cSSSI in the 21st Century

Presenter
Presentation Notes
Unfortunately BSI still occur in up to 5% of pts with cSSSIs secondary to S. aureus. 

And as we know from Vance Fowler’s publications 1/3rd of pts with BSI develop metastatic complications – infections involving the spine, joints, heart valves
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Not able to accurately differentiate between patients 
who, if not treated with an appropriate antibiotic, will:

– Survive without sequelae
– Develop local invasion, systemic complications, 

or die

Treat the majority of patients suffering from cSSSI 
with appropriate antibiotics

Clinical Solution

Clinical Dilemma

Presenter
Presentation Notes
Unfortunately physicians like myself cannot accurately differentiate between pts who….

The Solution: we must continue to treat the majority….
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Conclusion

Antibiotics are essential and provide a large 
benefit for the treatment of  cSSSI due to 
S. aureus and  S. pyogenes

Presenter
Presentation Notes
read
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Our Patients Need Options

Are non-inferiority trials acceptable in patients with 
cSSSI?
– Absolutely. 

Is a 10% margin acceptable? 
– Yes, …

Presenter
Presentation Notes
What is the purpose for undertaking cSSSi’s as the first trial in every new anti-staphylococcal antibiotic?The first hurdle for a new anti-staphylococcal antibiotic

Is it to test the safety and efficacy for use of the antibiotic in pts with  cSSSi’s? If so then small margins are best. 

Or is it just a bureaucratic hurdle to get to highly fatal infections? If the former then the smaller the better. If the latter then a NIM of 10-15% is fine

By the way when was the last antibiotic which failed a phase 3 cSSSi trial?

We test heart attack meds in pts with heart attacks, not stable angina.

Clinically 5%, 10% and 15% are indistinguishable to a clinician

With either I must care for my patient to make sure he/she are not in the failing group



If the study of cSSSi is more than a proforma hurdle into the ballgame of important diseases then you should study only cellulitis and wound infections with cellulitis. All pts need to be sick: febrile, have a leukocytosis. Cut trial size. Forget micro-evaluability rates and forget abscesses



I am amazed you are asking this?

In important illness like PJI the FDA rejected early assessment of cure – resulting in NO TRIALS having been completed in this important indication 

As for DFI – forget it – this is a different disease

And linezolid – may be better but data is not there
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Non-inferiority Margins

Cure Rates
Effect 
Size NIM

IDSA

Cellulitis/erysipelas 66% vs 98% 28% 14%

Wounds/ulcers 36% vs 83% 42% 21%

Major abscesses 76% vs 96% 14% 7%

FDA

Erysipelas/impetigo 18% 10%

Theravance

Combined 32% 10+%
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Our Goal

Provide our patients with the safest and 
most effective treatment possible 
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