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Antibiotic resistance is a global problem. 







Antibiotic resistance is a coevolution problem. 





DRIVE-AB 

Developing new economic models to 
incentivise antibiotic discovery and 
development activities while safeguarding the 
efficacy of antibiotics by researching and 
advocating their appropriate use. 

October 2014 – September 2017 



DRIVE-AB Work Packages 

• WP 1A: Define “responsible” use of antibiotics 

• WP 1B: Set, communicate and revise public health 
priorities 

• WP 1C: Develop antibiotic valuation models 

• WP 2: Create, test and validate new economic models 

• WP 3A: Coordinate and manage the project 

• WP 3B: Stakeholder platform and external 
communication  



Determining the economic value of 
antibiotics 
• Antibiotics have unique sources of value 

• Direct treatment, transmission, enabling, diversity, option  

 

• In order to estimate the value of new antibiotics, we need to know: 
• The levels of resistance to current treatment options, now and in the future 

• The clinical impact of resistance 

 

• To supplement the growing evidence base, we are using structured 
expert judgment (specifically, the classical model) to get estimates 
and uncertainty bounds related to the future trajectory of resistance. 



Elicitation structure 

Bug/drug pairs 
1. E. coli and fluoroquinolones 

2. E. coli and cephalosporins 

3. E. coli and carbapenems 

4. K. pneumoniae and cephalosporins 

5. K. pneumoniae and carbapenems 

6. S. aureus and methicillin 

7. S. pneumoniae and penicillins 

8. N. gonorrhoeae and cephalosporins 

9. P. aeruginosa and any treatment  

Countries 

1. France 

2. Germany 

3. Italy 

4. Spain 

5. UK 

Seed questions 



Why use expert judgment? 

Existing relevant data are an imperfect 
picture of the past. 

• Short history of observations. 

• Data not representative. 

• Definition of “resistant” not 
consistent over time. 



Why use expert judgment? 

Existing relevant data are an imperfect 
picture of the past. 

• Short history of observations. 

• Data not representative. 

• Definition of “resistant” not 
consistent over time. 

Experts have a lot of additional 
information about the future. 

• Changes in antibiotic 
prescribing. 

• Changes in hospital infection 
control. 

• Changes in available treatment 
options. 

• … 



Expert scores: France 

Expert 
Statistical 
accuracy Information 

Combined 
score Weight (PW) 

1 2.20E-04 1.47 3.24E-04 0 

2 0.03 1.38 0.04 0 

3 1.99E-07 0.72 1.43E-07 0 

4 2.16E-03 0.67 1.45E-03 0 

5 0.65 1.96 1.28 1 

Perf Weight       0.65 1.96 1.28             

Equal Weight 0.08 0.43 0.03             
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Expert scores: France 

Expert 
Statistical 
accuracy Information 

Combined 
score Weight (PW) 

1 2.20E-04 1.47 3.24E-04 0 

2 0.03 1.38 0.04 0 

3 1.99E-07 0.72 1.43E-07 0 

4 2.16E-03 0.67 1.45E-03 0 

5 0.65 1.96 1.28 1 

Perf Weight       0.65 1.96 1.28             

Equal Weight 0.08 0.43 0.03             

Only 1 expert receives weight 
(happens in about 1/3 of studies) 



Expert scores: Italy 

Expert SA Info Combo Weight (PW) 

1 0.03 0.63 0.02 0 

2 0.02 0.46 0.01 0 

3 0.45 0.47 0.21 1 

4 5.56E-06 0.99 5.50E-06 0 

EW       0.45 0.47 0.21             

PW       0.22 0.20 0.04             

Expert 
Statistical 
accuracy Information 

Combined 
score Weight (PW) 

1 0.03 0.63 0.02 0 

2 0.02 0.46 0.01 0 

3 0.45 0.47 0.21 1 

4 5.56E-06 0.99 5.50E-06 0 

Perf Weight       0.45 0.47 0.21             

Equal Weight 0.22 0.20 0.04             

Again, Perf Weights do better than 
EW and only 1 expert is weighted 



Expert scores: Spain 

Expert SA Info Combo Weight (PW) 

1 

2 

3 

4 

5 

6 

EW       

PW       

Expert 
Statistical 
accuracy Information 

Combined 
score Weight (PW) 

1 1.22E-05 0.57 6.98E-06 0.23 

2 1.03E-09 1.45 1.49E-09 0 

3 1.99E-07 0.42 8.43E-08 0 

4 3.23E-07 1.64 5.31E-07 0 

5 2.24E-05 1.04 2.33E-05 0.77 

Perf Weight       3.59E-05 0.67 2.39E-05             

Equal Weight 1.22E-05 0.23 2.82E-06             

Perf Weights do better than EW, but 
neither combination has good 

statistical accuracy 



Expert scores: United Kingdom 

Expert SA Info Combo Weight (PW) 

1 

2 

3 

4 

5 

6 

EW       

PW       

Expert 
Statistical 
accuracy Information 

Combined 
score Weight (PW) 

1 1.55E-03 0.47 7.33E-04 0 

2 0.02 1.83 0.03 0.09 

3 0.18 1.13 0.20 0.66 

4 0.18 0.39 0.07 0.23 

5 2.61E-03 1.99 0.01 0.02 

6 1.96E-08 0.79 1.54E-08 0 

Perf Weight       0.50 0.61 0.30             

Equal Weight 0.13 0.33 0.04             

Perf Weights do better 
than EW; 4 of 6 experts 

are weighted 



Medians in all countries fairly stable. 
Distributions all right-skewed: rates could be much worse than the median, but not much 
better. 

Red line: historical 
data from EARS-Net 
 
Dashed line: median 
assessments 
 
Light grey: 90% 
credible range 
 
Dark grey: 50% 
credible range 
 
Experts provided 
assessments for 
2018, 2021, and 
2026. 



 
Similar story to fluoroquinolones, just different magnitude. 
 

Red line: historical 
data from EARS-Net 
 
Dashed line: median 
assessments 
 
Light grey: 90% 
credible range 
 
Dark grey: 50% 
credible range 
 
Experts provided 
assessments for 
2018, 2021, and 
2026. 



Experts thought carbapenem-resistant E. coli was coming, but slowly.  
Medians reflect a steady increase, not an exponential jump. 
 

Red line: historical 
data from EARS-Net 
 
Dashed line: median 
assessments 
 
Light grey: 90% 
credible range 
 
Dark grey: 50% 
credible range 
 
Experts provided 
assessments for 
2018, 2021, and 
2026. 



 
Rates will continue to decline, until they hit a floor. 
 

Red line: historical 
data from EARS-Net 
 
Dashed line: median 
assessments 
 
Light grey: 90% 
credible range 
 
Dark grey: 50% 
credible range 
 
Experts provided 
assessments for 
2018, 2021, and 
2026. 



Comparing experts and statistical forecasting:  
E. coli and carbapenems 

ETS(A,N,N): exponential smoothing with additive error, no trend, no seasonality 
ETS(A,A,N): exponential smoothing with additive error and trend, no seasonality 
ETS(A,Ad,N): exponential smoothing with additive error, damped trend, no seasonality 



 
E. coli and carbapenems 

Italy: Some models give similar results; experts disagree with models. 
UK: All models similar; experts disagree with models. 



 
K. pneumo and carbapenems 

Models and experts quite different. 



 
MRSA 

Models and experts quite similar. 



Conclusions 

• Experts do not think we’ll be in a post-antibiotic world in 10 years 
given that they think antibiotic stewardship and infection control 
programs will both have an impact and continue. 

 

• Experts have knowledge about future resistance rates that is not 
captured in statistical forecasting. 

• The classical model is a technique to elicit that information. 



Next steps 

• Results of this work will feed into antibiotic valuation models. 

 

• There are a lot of interesting dependencies to explore! 
• The same bug/drug combination in different years. 

• Different drugs treating the same bug. 

• The same drug treating different bugs.  



Thank you! 
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