Population=based approaches:
Reguiatoryassuesiand
ropulauonisimtidtions

University Hospitals of Cleveland
Cleveland, OH



determined using a statistical model that
determined the outcome of infection based on
MIC distributions and PK distributions —
referred to as "Monte Carlo simulations”

e “"Therapeutic outcome model”




Variation in antibiotic use in the
European Union
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*Includes sulphonamides, penicillinaseresistant penicilins, amphenicols, aminoglycosides, and glycopeptides. Lancet 357:1851-1853, 2001




Outpatient clinical studies In
respiratory tract infections

M Inadequacies of agents studied are therefore often
not apparent




Regulatory issues

the difference between study arms that is
considered “acceptable” and is typically set at 10%
to 20%




Assuring Assay Sensitivity

In Non-Inferiority Trials
In a non-inferiority trial, assay sensitivity is not measured

Assay sensitivity can be measured in an active contro
trial if there is an “internal standard,” a control vs placebo
comparison as well as the control vs test drug
comparison (i.e., a three-arm study).

RJ Temple, MD, CDER, FDA, Feb 19, 2002




Historical Evidence of
Sensitivity to Drug Effects

choose a population, sample size, or design that
will alter this state

RJ Temple, MD, CDER, FDA, Feb 19, 2002



Clinical Trial Implications:

Sample size per arm to achieve 80% power based
on differences between study arms
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Consequence to Patients




Why are conclusions of clinical trials apparently
(sometimes and apparently) contradictory ?

incomplete

Correct but
conclusion |

\[o)
conclusions
possible

Conclusions
of poor
value (shed
confusion...)

H. Sun, ISAP-FDA Workshop, 1999




Regulatory issues

e Age in acute otitis media




Patient Stratification in

PRHeumonia(CAP)




Pneumonia Outcomes Research
Team (PORT) Study

COMMUNITY-ACQUIRED PNEUMONIA

MICHAEL J. FINE, THOMAS E. AUBLE, DONALD M. YEALY, BARBARA H. HANUSA, LISA
A. WEISSFELD, DANIEL E. SINGER, CHRISTOPHER M. COLEY, THOMAS J. MARRIE,
ANDWISHWA N. KAPOOR, N Engl J Med 1997; 336:243-250.




PORT study

The following were independently associated with
mortality:

H N

n

Respiratory rate >30 per minute
Systolic blood pressure < 90 mm Hg

Fine MJ, et al. N Engl J Med 1997; 336:243-250.
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PORT study Pneumonia Severity Index
point allocation

Demographic factor Points

Systolic B press <90mmHg +20
Temperature <35°C 0 r>40°C +15
Pulse >125/min +10

Fine MJ, et al. N Engl J Med 1997; 336:243-250.




PORT study Pneumonia Severity
Index definitions

tNeoplastic disease is defined as any cancer except basal- or
squamous-cell cancer of the skin that was active at the time of

chronic renal disease or abnormal blood urea nitrogen and
creatinine concentrations documented in the medical record.
fAltered mental status is defined as disorientation with respect

to person, place, or time that is not known to be chronic,
stupor, or coma.

Fine MJ, et al. N Engl J Med 1997; 336:243-250.



PORT Study Pneumonia Severity
Index classes and Mortality

All patients

Fine MJ, et al. N Engl J Med 1997; 336:243-250.



Patient Stratification In Acute
DritistMedia((A0OM)




Correlation of clinical studies with
antimicrobial efficacy in AOM
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Effect of Age on Outcome of AOM
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Amoxicillin vs Placebo in AOM

Effect of Age on Initial Clinical Failure

Initial Rx Failure

Amox Placebo

Age < 2 yrs 6.5% 9.8%

Age>2yrs  0.5% 5.5%

Kaleida et. al. Pediatrics 1991;87:466



Sample sizes required to detect differences between

antibacterial drugs for acute otitis media
Comparison of bacteriologic versus clinical outcomes in. trials of two

Bacteriologic
diagnosis and
outcome

Bacteriologic
diagnosis/clinical
outcome

=B— Clinical diagnosis
and outcome

Number of patients required




Azithromycin vs amox-clav in AOM: clinical

outcome at end of treatment
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No. of patients needed to show:
60% vs 90% bact. efficacy 2000 2000 800 clin/100 bact

30% vs 90% bact. efficacy 542 542 100 clin/30 bact




Effect of study design on comparative efficacy
of placebo and antimicrobials in AOM
Characteristics of patients included in study designs:

§ If some children >2 years of age and >3 years of age are included.

1 In most studies, with clinical diagnosis only, up to 20% do not have acute
otitis media but rather upper respiratory infections only.
Dagan R, McCracken GH. PIDJ 2002: 21:894




Effect of study design on comparative efficacy
of placebo and antimicrobials in AOM
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Dagan R, McCracken GH. PIDJ 2002: 21:894



Patient Stratification In Acute




AECB Stratification Based on
EXQcerbhation: @ - y:(e = jl5 e

1 of 3 present”

*plus upper respiratory tract infection in the prior 5 days, fever, increased
wheezing, cough, and respiratory and/or heart rates.
Anthonisen et al. Ann Intern Med 1987;106:196.




Antibiotics in AECB

Anthonisen et al, Ann Intern Med 1987:106:196-204




Antibiotics in AECB
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% deterioration in
pulmonary function

Antibiotics in AECB
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Stratification Based on =iz
Characteristics

GlioupriN@acuteviralibronchits
NG pPreVviousrespiratony/ prollems

CHONICIBEONCRITIS)

Eliations/year NsEVE=o 050

Group 3 (complicated chronic bronchitis)
Age =65 years; >4 exacerbations/year; FEV., <50%

Group 4 (complicated chronic bronchitis) Above criteria plus:
congestive heart failure, diabetes, chronic renal failure, chronic liver
disease, or other chronic disease

Balter et al. Can Med Assoc J 1994;151(suppl 10):5;
Adams and Anzueto Semin Respir Infect 2000;15:234.



Antimicrobial Therapy for AECB

Talegony ProkapieFatiogen herapy.
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*If at risk for infection with Pseudomonas spp, use ciprofloxacin.

Balter et al. Can Med Assoc J 1994;151(suppl 10):5; Adams and Anzueto.
Semin Respir Infect 2000;15:234.




Consequences of Inappropriate
Guidelines: A Natural Experiment in
Australia

m Data collected on 4 GP practices, 34,242 patients and
15,303 antibiotic prescriptions for RTIs over 4 years
(1994-1998)




Changes in Prescribing




Changes in Outcomes
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Changes in Outcomes
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Beilby J, et al. {lin Infect Dis. 2002;34:55—-64.



Summary: A Natural Experiment
In Australia

resulted in a trend towards poorer patient outcomes

Beilby ], et al. Clin Infect Dis. 2002;34:55-64.



Population based pharmacokinetics

Is desirable

Preston SL, Drusano GL et at. AAC 1998;42:1098-1104

Ambrose PG, Grasela D. ICAAC 1999

Ambrose PG et al Chapter 17 in Antimicrobial Pharmacodynamics in Theory and Clinical Prectice, eds
Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY




Population pharmacokinetics:
examples of variations

C,..x varies from 5-17 ug/ml
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H. Sun, ISAP-FDA Workshop, 1999




Monte Carlo Simulation 1

problems for which no other solutions exist. Because
many problems are highly complex, this "method of last
resort” is used frequently.




Monte Carlo Simulation 2

Monte Carlo simulation is typically used to solve

more scenarios—say 20,000 instead of 10,000—the precision of
the result could be improved. Typically, the precision of a
Monte Carlo simulation is proportional to the square root of the
number of scenarios used.




Monte Carlo Simulation of Distribution of
AUC: MIC Ratios of Gatifloxacin and
Levofioxacin Against S. pneumoniae

H A probability distribution is then generated that
reflects the chance that a pharmacodynamic
target will be achieved in a patient




AUC values in acutely ill patients
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Preston SL, Drusano GL et at. AAC 1998;42:1098-1104
Ambrose PG, Grasela D. ICAAC 1999

Ambrose PG et al Chapter 17 in Antimicrobial Pharmacodynamics in Theory and Clinical Prectice, eds
Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY




AUC values in acutely ill patients

Levofloxacin 500 mg dose
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Preston SL, Drusano GL et at. AAC 1998;42:1098-1104
Ambrose PG, Grasela D. ICAAC 1999

Ambrose PG et al Chapter 17 in Antimicrobial Pharmacodynamics in Theory and Clinical Prectice, eds
Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY




AUC values in acutely ill patients

Gatifloxacin 400 mg dose (N=64)
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Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY




pneumoniae MIC Distribution
Gatifiloxacin and Levofioxacin
N=2000

Erequency

W Gatifloxacin ® Levofloxacin

Ambrose PG, Grasela D. ICAAC 1999
Jones RN. SENTRY Surveillance Program 1997




Monte Carlo Simulation of Distribution of
AUC: MIC Ratios of Gatifloxacin and

Levofioxacin Against S. pneumoniae
Probability:
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Probability of Achieving Target AUC:MIC

Ratio Levofloxacin Vs S. pneumoniae
Probability
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Preston SL, Drusano GL et at. AAC 1998;42:1098-1104; Ambrose PG, Grasela D. ICAAC 1999

Ambrose PG et al Chapter 17 in Antimicrobial Pharmacodynamics in Theory and Clinical Prectice, eds
Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY



Probability of Achieving Target AUC:MIC

Ratio Gatifloxacin Vs S. pneumoniae
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Nightingale CH, Murakawa T, Ambrose PG. 2002. Marcel Decker, NY
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Using PK/PD parameters to develop

sinusitis treatment guidelines




Prevalence of pathogens In
acute sinusitis

Microbiology of Acute Bacterial Rhinosinusitis (Adults)  Microbiology of Acute Bacterial Rhinosinusitis (Children)

0 S. pneum (20-43%)
B H. influenzae (22-35%)

0 S. pneum (25-30%)

W H. influenzae (15-20%)
M Strep spp. (3-9%) )

[ M. catarrhalis (15-20%)
H Anaerobes (0-9%)

[ S. pyogenes (2-5%)
£ M. catarrhalis (2-10%)

B Anaerobes (2-5%)

@ S. aureus (0-8%)
Bl Other (4%)

B Sterile (20-35%)

Sinus and Allergy Health Partnership. Otolaryngol Head Neck Surg 2000;
123(supp 1 part 2):51-S32



Pharmacodynamic breakpoints for
oral agents used for RTIs

Loracarbef 0.5
Azithromycin 0.12

Clarithromycin 0.25
Based on M100-S11, National Commlttee for Clinical Laboratory Standards, 2001 Sinus and AIIergy Health




Pharmacodynamic vs. NCCLS
breakpoints (jug/ml)

Azithromycin 0.5 4 0.12
Clarithromycin 0.25 8 0.25

Based on M100-S11, National Committee for Clinical Laboratory Standards, 2001; Sinus and Allergy Health
Partnership. Otolaryngol Head Neck Surg 2000; 123(supp 1 part 2):51-S32.




Susceptibility of US Isolates at PK/PD breakpoints

Amox/clav

Amoxicillin 61 14
Cefaclor 27 2 5
Cefixime 57

Cefpodoxime 63 64
Cefprozil 64 18 6
Cefuroxime 64 79 37
Cefdinir? 61

Azithromycin 67 0 100

Clindamycin* NA NA

99.8 99

Based on M100-S11, National Committee for Clinical Laboratory Standards, 2001; Sinus and Allergy Health
Partnership. Otolaryngol Head Neck Surg 2000; 123(supp 1 part 2):31-S32. +Jacobs M. (unpublished)



Sinusitis Therapeutic Outcome Model
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Antimicrobial Recommendations for
Acute Sinusitis

VMioderate

1 5

1 5

Antibiotic Use in Prior Antibiotic Use in Prior
4 to 6 Weeks 4 to 6 Weeks
No Yes No Yes
Amox/clav Amox/clav Amox/clav Fluoroguinolone”®
Amoxicillin Amoxicillin Amoxicillin Amox/clav

Cefpodoxime Cefpodoxime  Cefpodoxime Combination?®
Cefuroxime Cefuroxime Cefuroxime

*Eluoroquinolone=gatifloxacin/levoefioxacin/ moxifloxacin; currently not
approved for use in children. TAmoxicillin or clindamycin plus cefixime.
Sinus and Allergy Health Partnership. Otolaryngol Head Neck Surg 2000;123(1

part 2):S1.



'We need a better way to evaluate antibiotics,
especially in RTIs
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