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Antibiotic development program
failure Is less about bad drugs and
more about bad decisions



Superiority can be found on an

exposure-response function
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Could failure have been predicted?
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Preclinical data: Safdar N, Andes DR, Craig WA. In vivo pharmacodynamics activity of daptomycin. Antimicrob Agents Chemother. 2004 January;48(1):63-68.
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Preclinical data: Safdar N, Andes DR, Craig WA. In vivo pharmacodynamics activity of daptomycin. Antimicrob Agents Chemother. 2004 January;48(1):63-68.

Surveillance data: Fluit AC, Schmitz FJ, Verhoef J, Milatovic D. Daptomycin in vifro susceptibility in European Gram-positive clinical isolates. Antimicrob Agents
Chemother. 2004 July; 24(1):59-66.

Clinical Data: Merck Sharp & Dohme Corp. Daptopmycin. Package Insert. 2015 November.
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Tigecycline
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Preclinical data: Courtesy of William A. Craig
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Preclinical data: Courtesy of William A. Craig

Clinical data: Bhavnani SM, Rubino CM, Hammel JP, Forrest A, Dukart G, Dartois N, Cooper A, Korth-Bradley J, Ambrose PG. Pharmacological and patient-specific
response determinants in patients with hospital-acquired pneumonia treated with tigecycline. Antimicrob Agents Chemother. 2012; 56:1065-1072

Rubino CM, Ma L, Bhavnani SM, Korth-Bradley J, Speth J, Ellis-Grosse E, Rodvold KR, Ambrose PG, Drusano, GL. Evaluation of tigecycline penetration into colon walll tissue
and epithelial lining fluid using a population pharmacokinetic model and Monte Carlo simulation. Antimicrob Agents Chemother, 2007 November; 51(11), 4085-4089.
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Preclinical data: Courtesy of William A. Craig

Clinical data: Bhavnani SM, Rubino CM, Hammel JP, Forrest A, Dukart G, Dartois N, Cooper A, Korth-Bradley J, Ambrose PG. Pharmacological and patient-specific
response determinants in patients with hospital-acquired pneumonia treated with tigecycline. Antimicrob Agents Chemother. 2012; 56:1065-1072

Rubino CM, Ma L, Bhavnani SM, Korth-Bradley J, Speth J, Ellis-Grosse E, Rodvold KR, Ambrose PG, Drusano, GL. Evaluation of tigecycline penetration into colon walll tissue
and epithelial lining fluid using a population pharmacokinetic model and Monte Carlo simulation. Antimicrob Agents Chemother, 2007 November; 51(11), 4085-4089.
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Preclinical data: Craig WA, Andes DR. In vivo pharmacodynamics of ceftobiprole against multiple bacterial pathogens in murine-thigh and -lung infection models.
Anfimicrob Agents Chermother. 2008;52:3492-96.
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Preclinical data: Craig WA, Andes DR. In vivo pharmacodynamics of ceftfobiprole against multiple bacterial pathogens in murine-thigh and —lung infection models.
Anfimicrob Agents Chermother. 2008;52:3492-96.

Surveillance Data: Farrell DJ, Flamm RK, Sader HS, Jones RN. Antimicrob Agents Chemotherapy. 2015 July; AAC-02465.

Clinical data: Kimko H, Murthy B, Xu X, Nandy P, Strauss R, Noel GJ. Population pharmacokinetic analysis of ceftobiprole for treatment of complicated skin and skin
structure infections. Anfimicrob Agents Chemother. 2009 March; 53(3), 1228-1230.

Rodvold KA, Nicolau DP, Lodise TP, Khashab M, Noel GJ, Kahn JB, Gotfried M, Murray SA, Nicholson S, Laohavaeeson, S, Tessier PR. Identifying exposure targets for
treatment of staphylococcal pneumonia with ceftobiprole. Antimicrob Agents Chemotherapy. 2009 August; 53(8), 3294-3301.




Ceftobiprole

1
N

Change in Log;o CFU in Thigh at 24h
N o

‘ HABP + VABP

0 25 50 75 100
Free-Drug % Time>MIC

Preclinical data: Craig WA, Andes DR. In vivo pharmacodynamics of ceftobiprole against multiple bacterial pathogens in murine-thigh and —-lung infection models.
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Surveillance Data: Farrell DJ, Flamm RK, Sader HS, Jones RN. Anfimicrob Agents Chemotherapy. 2015 July; AAC-02465.

Clinical data: Kimko H, Murthy B, Xu X, Nandy P, Strauss R, Noel GJ. Population pharmacokinetic analysis of ceftobiprole for treatment of complicated skin and skin
structure infections. Antimicrob Agents Chemother. 2009 March; 53(3), 1228-1230.
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Preclinical data: Andes DR, Craig WA. In-vivo pharmacodynamic activity of doripenem against multiple bacteria in a murine thigh infection model [A-308]. 43
Interscience Conference on Antimicrobial Agents and Chemotherapy. Chicacgo, IL, 2003 September 14-17.
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Preclinical data: Andes DR, Craig WA. In-vivo pharmacodynamic activity of doripenem against multiple bacteria in a murine thigh infection model [A-308]. 43
Interscience Conference on Antimicrobial Agents and Chemotherapy. Chicacgo, IL, 2003 September 14-17.

Surveillance data: EUCAST (2016). MIC distributions and ECOFFs. Available at www.eucast.org/mic_distributions_and_ecoffs/. Accessed July 2016.

Clinical data: Nandy P, Samtani MN, Lin R. Population pharmacokinetics of doripenem based on data from phase 1 studies with healthy volunteers and phase 2 and 3
studies with critically ill patients. Antimicrob Agents Chemotherapy. 201 June; 54(6), 2354-2359.

Justo J, Gotfried MH, Roles JJ, Deyo K, Fischer P, Danzinger LH, Rodvold KA. Doripenem intrapulmonary pharmacokinetics in healthy adult subjects [A1-1748]. 51¢
Interscience Conference on Antimicrobial Agents and Chemotherapy. Chicago, IL, 2011 September 17-20.
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Preclinical data: Andes DR, Craig WA. In-vivo pharmacodynamic activity of doripenem against multiple bacteria in a murine thigh infection model [A-308]. 43
Interscience Conference on Antimicrobial Agents and Chemotherapy. Chicacgo, IL, 2003 September 14-17.

Surveillance data: EUCAST (2016). MIC distributions and ECOFFs. Available at www.eucast.org/mic_distributions_and_ecoffs/. Accessed July 2016.

Clinical data: Nandy P, Samtani MN, Lin R. Population pharmacokinetics of doripenem based on data from phase 1 studies with healthy volunteers and phase 2 and 3
studies with critically ill patients. Antimicrob Agents Chemotherapy. 201 June; 54(6), 2354-2359.

Justo J, Gotfried MH, Roles JJ, Deyo K, Fischer P, Danzinger LH, Rodvold KA. Doripenem intrapulmonary pharmacokinetics in healthy adult subjects [A1-1748]. 51¢
Interscience Conference on Antimicrobial Agents and Chemotherapy. Chicago, IL, 2011 September 17-20.
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Preclinical data: Louie A, Liu W, Fikes S, Brown D, Drusano GL. Impact of meropenem in combination with fobramycin in a murine model of Pseudomonas aeruginosa
pneumonia. Anfimicrob Agents Chemother. 2013 June; 57(6), 2788-2792.
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Preclinical data: Louie A, Liu W, Fikes S, Brown D, Drusano GL. Impact of meropenem in combination with tobramycin in a murine model of Pseudomonas aeruginosa
pneumonia. Anfimicrob Agents Chemother. 2013 June; 57(6), 2788-2792.

Surveillance data: EUCAST (2016).MIC distributions and ECOFFs. Available at www.eucast.org/mic_distributions_and_ecoffs/. Accessed July 2016.

Clinical data: Mattioli F, Fucile C, Del Bono V, Marini V, Parisini A, Molin A, Zuccoli ML, Milano G, Danesi R, Marchese A, Polillo M, Viscoli C, Pelosi P, Martelli A, Di Paolo A.
Population pharmacokinetics and probability of target attainment of meropenem in critically ill patients. European journal of clinical pharmacology, 2013;1-10.

Lodise TP, Sorgel F, Melnick D, Mason B, Kinzig M, Drusano GL. Penefration of meropenem into epithelial lining fluid of patients with ventilator-associated pneumonia.
Anfimicrob Agents Chemother. 2011 April; 55(4), 1606-1610.
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Population pharmacokinetics and probability of target attainment of meropenem in critically ill patients. European journal of clinical pharmacology, 2013;1-10.

Lodise TP, Sorgel F, Melnick D, Mason B, Kinzig M, Drusano GL. Penetration of meropenem into epithelial lining fluid of patients with ventilator-associated pneumonia.
Antimicrob Agents Chemother. 2011 April; 55(4), 1606-1610.




New Drug Applications
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Bulik CC, Bhavnani SM, Hammel JP, Forrest A, Dudley MN, Ellis-Grosse EJ, Drusano GL, Ambrose PG. Evaluation of the Probability of Regulatory Approval Based on
Pre-Clinical PK-PD Target Attainment For Community-Acquired and Hospital-Acquired Pneumonia. A-295. 53 InterScience Conference on Antimicrobial Agents
and Chemotherapy. September 10-13, 2013, Denver CO.



How to keep the NDA on the tracks?




A Proven Approach
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Dose Decision Support Pathogen suscepftibility:
Patient population matters

Percent Susceptible, HABP/VABP

Antimicrobial Agent Pseudomonas  Klebsiella Acinetobacter Enterobacter
aeruginosa species species species
Gentamicin 72/66 82/71 25/18 87/81
Levofloxacin 60/58 84/76 16/11 88/89
Cefepime 70/65 87/78 27/20 93/91
- Ceftazidime 68/63 77/68 12/10 62/64
'-.: Meropenem 72/66 99/99 58/46 100/99

Piperacillin-tazobactam  76/71 76/71 19/11 71/70

Note. HABP, hospital-acquired bacterial pneumonia; VABP, ventilator-associated bacterial pneumonia; Boldface indicate
25% decrease is susceptibility for VABP isolates relative to HABP isolates (SENTRY 2004-2008).
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Dose Decision Support Pharmacokinetics:
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Ambrose PG, Bhavnani SM, Ellis-Grosse EJ, Drusano GL. Pharmacokinetic-pharmacodynamic considerations in the design of hospital-acquired or ventilator- 5
associated bacterial pneumonia studies: Look before you leap! Clin Infect Dis 2010; 51 (suppl 1):5S103-S110. . .
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Double Whammy Impact of increased clearance
and MIC in VABP vs. HABP
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Preclinical data: Courtesy of William A. Craig

Clinical data: Bhavnani SM, Rubino CM, Hammel JP, Forrest A, Dukart G, Dartois N, Cooper A, Korth-Bradley J, Ambrose PG. Pharmacological and patient-specific

response determinants in patients with hospital-acquired pneumonia treated with tigecycline. Antimicrob Agents Chemother. 2012; 56:1065-1072

Rubino CM, Ma L, Bhavnani SM, Korth-Bradley J, Speth J, Ellis-Grosse E, Rodvold KR, Ambrose PG, Drusano, GL. Evaluation of figecycline penetration intfo colon wall tissue

and epithelial lining fluid using a population pharmacokinetic model and Monte Carlo simulation. Antimicrob Agents Chemother, 2007 November; 51(11), 4085-4089. 26
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response determinants in patients with hospital-acquired pneumonia treated with tigecycline. Antimicrob Agents Chemother. 2012; 56:1065-1072

Rubino CM, Ma L, Bhavnani SM, Korth-Bradley J, Speth J, Ellis-Grosse E, Rodvold KR, Ambrose PG, Drusano, GL. Evaluation of figecycline penetration intfo colon wall tissue
and epithelial lining fluid using a population pharmacokinetic model and Monte Carlo simulation. Antimicrob Agents Chemother, 2007 November; 51(11), 4085-4089. 27



Dose Decision Support Pressure test dosing
regimens

[ Strain| E. coli JMI 11103

Enzyme CTX-M-15
MIC (mg/L) Ceftolozane 16

Ceftolozane- 0.25
Tazobactam

Hydrolytic Activity 120
gRT-PCR 8.3

o I
1 1
@

A Log4o CFU/mL of the Drug-Resistant
Subpopulation at 10 Days
A
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O-

Ceftolozane-Tazobactam Dose (mg)

VanScoy B, Mendes RE, Castanherira M, McCauley J, Bhavnani SM, Forrest A, Okusanya OO, Jones RN, Friedrich LV,
Steenbergen JN, Ambrose PG. Relationship between ceftolozane/tazobactam exposure and drug-resistance amplificationin a
hollow-fiber infection model. Antimicrob. Agents Chemother. 2013; 57:4134-4138.



An NDA that arrives to FDA on time
but with empty boxcars is useless




Risky Study Sequence Accelerated clinical
Without Time for Thought developmen’r timeline
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Develop the drug you have and not
the one you wish you had
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