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You said "generics":
the recent story of a well known antibiotic

http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_L.cfm

Before 
patent 

expiration

http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_L.cfm


8/1/2015 Generics of antibiotics - St-Luc, Brussels - 2015 4

A well known antibiotic in Belgium
1

2

3

4

5

6

7

After …

http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_L.cfm

http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_L.cfm
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But why would you choose a 
"generic" antibiotic ?

1. Because it is like airlines: low cost is better

2. Because they have the same quality as the original ones

3. Because they can be produced locally (in my country)
(as opposed to countries of "Big Pharma")

4. Because my patients / my hospital / my country has/have limited 
resources

5. Because "old antibiotics" (no longer under patent) cover most of my 
needs

6. All of the above  

Please, give your FIRST choice (1-5) 
OR choose 6
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I guess the real and only justifiable 
answer is...
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Much 
cheaper !
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What shall we discuss?
1. A political choice (US and EU laws as an example)

2. Approach to PK bioequivalence

3. Approach to microbiological equivalence

4. Approach to pharmacodynamic equivalence

5. Problems related to dissolution and stability

6. Impurities and falsified medicines

7. The hidden risks of "low cost" antibiotics 
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What shall we discuss?
1. A political choice (US and EU laws as an example)
2. Approach to PK bioequivalence

3. Approach to microbiological equivalence
 MIC, MPC, heteroresistance …

4. Approach to pharmacodynamic equivalence
 PK/PD animal models and clinical data

5. Problems related to dissolution and stability

6. Impurities and falcified medicines

7. The hidden risk of "low cost" antibiotics

http://vlpmaricopa.org/vlp/clc/Aboutus.htm
Last visited: 25 March 2014
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http://vlpmaricopa.org/vlp/clc/Aboutus.htm
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The US Law

• FDA works along the provisions of the Drug Price Competition and Patent 
Term Restoration Act ("Hatch-Waxman Act" [Public Law 98-417]), which 
encouraged the manufacture of generic drugs 

• Marketers of generic drugs can file an Abbreviated New Drug Application
(ANDAs) to seek FDA approval

http://www.gpo.gov/fdsys/pkg/STATUTE-98/pdf/STATUTE-98-Pg1585.pdf

http://www.gpo.gov/fdsys/pkg/STATUTE-98/pdf/STATUTE-98-Pg1585.pdf
http://www.gpo.gov/fdsys/pkg/STATUTE-98/pdf/STATUTE-98-Pg1585.pdf
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FDA requirements in a nutshell *

• Published literature (for data for which the applicant has no right of 
reference to the original raw data supporting the application)

• FDA's findings (safety and effectiveness of the already approved drug)

• Comparison with the original NCE/NME (New Chemical 
Entity/New Molecular Entity) application for
– dosage form, strength, route of administration
– substitution of an active ingredient in a combination product or 

change such as different salt, ester, complex, …

• Bioequivalence study

The proposed product does not need to be shown to be clinically better than the previously 
approved product; however, the application should not be used as a route of approval for 
poorly bioavailable generic drug products unable to meet the standards for bioequivalence. 

* 505 (B) (2) Application (Guidance to Industry) 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM079345.pdf

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM079345.pdf
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In the European Union 

* Legislative act of the European Union that is then translated into country-specific laws for actual implementation, which 
may vary (in details) between countries (vs regulations that are self-executing and do not require local adaptations) 

*

http://europa.eu/legislation_s
ummaries/internal_market/si
ngle_market_for_goods/phar
maceutical_and_cosmetic_p
roducts/l21230_en.htm

http://europa.eu/legislation_summaries/internal_market/single_market_for_goods/pharmaceutical_and_cosmetic_products/l21230_en.htm
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The EU Directive (excerpts)

• …the applicant shall not be required to provide the results of 
pre-clinical tests and of clinical trials if he can demonstrate that 
the medicinal product is a generic of a reference medicinal 
product…

• … ‘generic medicinal product’ shall mean a medicinal product 
which has the same qualitative and quantitative composition in 
active substances and the same pharmaceutical form as the 
reference medicinal product, and whose bioequivalence with the 
reference medicinal product has been demonstrated by appropriate 
bioavailability studies.  …

See “Médicaments originaux et génériques” for a short summary of the rules as implemented in Belgium
(available from the web site of the Agence fédérale des medicaments et produits de santé / Federale Agentschap voor geneesmiddelen

en gezondheidsproducten)

http://www.fagg-afmps.be/fr/items-HOME/Generiques/

(last visited: January 2015) 

http://www.fagg-afmps.be/fr/items-HOME/Generiques/


1st round of conclusions and discussions

• The decision to go for generics is a political decision

• It finds its origin and basis in
– the limited duration of the patent protection

(usually about 20 years post patent application), which makes generics 
possible after about 10 years of effective commercialization)

– the fact that drug production costs are usually very low 
(often only a very minor fraction of the total requested by the 
innovator at the time of initial commercialization)

• The only incentive in the promotion of the generics by 
governments and social organizations  to acquire and/or 
provide drugs more cheaply to the population 
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What shall we discuss?
1. The US and the EU laws

2. Approach to PK bioequivalence
3. Approach to microbiological equivalence

 MIC, MPC, eteroresistance …

4. Approach to armacodynamic equivalence
 PK/PD animal models and clinical data

5. Dissolution and stability

6. Impurities and falcified medicines

7. The hidden risk of "low cost" drugshttp://www.choosinggenerics.ca/Bioequivalence.aspx
Last visited: 15 March 2014

http://www.choosinggenerics.ca/Bioequivalence.aspx
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Bioequivalence: principles

• Bioequivalence is an accepted  surrogate for 
therapeutic equivalence 1 (including for branded drugs when 
the mareketed form differs from the form used in development…)2

• Primary metrics are 1,3

– AUC (area under the plasma concentration−time profile of the 
active substance)

 extent of absorption
– Cmax (the maximum plasma concentration of the active substance)  

 extent and rate of absorption
– Tmax (the time when Cmax is reached)

 rate of absorption

1. Hauschke et al. Bioequivalence Studies in Drug Development – Methods and Applications, John Wiley & Sons Ltd. (UK), 2007.
2. Benet LZ: Understanding bioequivalence testing. Transplant.Proc. 31 (Suppl 3A): 7S-9S, 1999.
3. Niazi SK: Handbook of Bioequivalence Testing, “Drugs and the Pharmaceutical Sciences”, vol. 171, Informa Healthcare (New York), 2007.
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What if the absorption is decreased ?
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What if absorption is delayed ?
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Criteria of bioequivalence (EMA* / FDA**)
• Calculate the 90% confidence interval around the geometric mean 

ratios of both AUC and Cmax for Test (generic) and Reference 
(innovator).

• The 90% confidence intervals should, in most cases, be within the 
0.80 – 1.25 acceptance limits.

Notes: 
1. if both AUC and Cmax are within range, the generic should have the same bioavailability than the reference
2. statistical evaluation of Tmax only makes sense if there is a clinically relevant claim for rapid release or action or signs 

related to adverse effects (see next slide)
3. For drugs with narrow therapeutic index, EMA recommends "tightened acceptance inervals, Health Canada requires 

0.9 – 1.12, but FDA accepts 0.8 – 1.25 

*    Guideline to the Investigation of Bioequivalence, London, 20 January 2010 - Doc. Ref.: CPMP/EWP/QWP/1401/98 Rev. 1/ Corr **
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf

**  Guidance for Industry (BIOEQUIVALENCE GUIDANCE) - Guidance for Industry Bioavailability and Bioequivalence Studies for Orally 
Administered Drug Products — General Considerations
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070124.pdf 
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/ucm052363.pdf

0.80 1.251.0

90 % CI around point estimate

ratio

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070124.pdf
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/ucm052363.pdf


Caveats !
• Bioequivalence studies are NOT required for drugs 

administered by the intravenous route ! (since that route is 
the parameter against which the other routes are tested !)

 Only demonstration that the drugs has the same qualitative and 
quantitative composition in active substances and the same 
pharmaceutical form as the reference medicinal product is 
required.

• Complex drugs (such as biologicals, fractionated heparins, 
etc. ) may require and will pass through more stringent 
requirements 1,2
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1 Tothfalusi et al. Eur J Health Econ (2014) 15 (Suppl 1):S5–S11 / Ahn & Lee, Ungyong Tonggye Yongu (2011) 24(3): 495–503
2 Lee et al. Nature Biotechnology (2013) 31:220-226



Is this enough ?

1. The US / EU laws (or the law of my country) are 
sufficient and convince me to say that generics are like 
the original products

2. While accepting the laws, I'm not convinced and would 
like to have additional information from the producers

3. What is required by law is insufficient and the laws need 
to be changed.

Only ONE answer (1, 2 or 3), 
please !
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What shall we discuss?
1. A political decision (US and EU laws as an example) 

2. Approach and limits to PK bioequivalence studies

3. Approach to microbiological and therapeutic 
equivalence
 MIC (heteroresistance in back-up slides) … 

 Approach to pharmacodynamic equivalence
 PK/PD animal models and clinical data

4. Dissolution, stability, Impurities

5. The hidden risk of "low cost" drugs

http://www.umu.se/english/research/research-
excellence/strong-research/Infection+Biology
Last visited: 25 March 2014

http://www.buzzle.com/articles/staph-infections-
staph-infection-treatment-and-symptoms.html
Last visited: 25 March 2014

http://www.gaebler.com/How-to-Start-a-
Laboratory-Animals-Business.htm
Last accessed: 29 March 2014

http://www.umu.se/english/research/research-excellence/strong-research/Infection+Biology
http://www.buzzle.com/articles/staph-infections-staph-infection-treatment-and-symptoms.html
http://www.gaebler.com/How-to-Start-a-Laboratory-Animals-Business.htm
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Potency (piperacillin)

Using the incremental MIC assay (Jones RN et al., Diagn Microbiol Infect Dis 2008; 61:76–79).

Moet et al. Diagnostic Microbiology and Infectious Disease 2009;65: 319–322
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MIC values (vancomycin)

MICs were often higher than 
for the reference product…

Fujimura & Watanabe J Infect Chemother (2012) 18:421–427
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MIC values (meropenem)
MICs determined by arithmetic dilutions for strains 
displaying MICs ranging from 0.125 to 128 mg/L (geometric values)

susceptible strains (MIC ≤ 2 mg/L)
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Van Bambeke et al., in preparation

Susceptible strains
(MIC ≤ 2 mg/L)

Intermediate strains
(≤ 2 MIC < 8 mg/L)

Resistant strains
(MIC > 8 mg/L)

MERONEM® = meropenem commercialized by AstraZeneca
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Vancomycin: evidence of non-equivalence in 
PK/PD animal model

Vesga et al. Antimicrob Agents Chemother. 2010; 54:3271–3279. 

Neutropenic thigh mouse model
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Oxacillin: evidence of non-equivalence in 
animal PK/PD model

Rodriguez et al. BMC Infectious Diseases 2010, 10:153 - http://www.biomedcentral.com/1471-2334/10/153

Neutropenic thigh 
mouse model

Here is the 
original drug

http://www.biomedcentral.com/1471-2334/10/153


But pharmacodynamics equivalence can also be demonstrated
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But pharmacodynamics equivalence can also be demonstrated
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Same authors as those 
describing the non-

therapeutic equivalence 
of oxacillin !



Sometimes the generic has a problem of a 
“too good” bioavailability …
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Sometimes the generic has a problem of a 
“too good” bioavailability …
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The reasons are subtle differences in composition…
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The copy was almost 
perfect but …



Clinical alerts (efficacy and safety) ?

J Pharmacol Pharmacother. 2013 Dec;4(Suppl 1):S110-4. 
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J Pharmacol Pharmacother. 2013 Dec;4(Suppl 1):S110-4. 

Clinical alerts (efficacy and safety) ?
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But what about the excipients ?
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http://www.fagg-afmps.be/fr/items-HOME/Generiques/
(Last visited: 8 January 2015)

See http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003412.pdf
for the European Document
(Last visited: 8 January 2015)

http://www.fagg-afmps.be/fr/items-HOME/Generiques/
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003412.pdf
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Avez-vous des EEN (excipients à effet notoire)?



2d round of conclusions and discussions

• There are contradictory observations about the pharmacodynamic
and  therapeutic equivalence of generic antibiotics, (even from the 
same investigators when comparing different products !)

• The reasons for a non- equivalence remain often obscure but may be 
related to differences in biophysical properties that will impact on  
the inter- and intra-organ bioavailability, which cannot be detected by 
simple measurements of serum levels

• There is also a possibility of interferences with excipients (but 
which ones ?)

• This needs to be further studied, but, at this point, is beyond the 
clinician’s grip ! 
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Who can we 
really trust ?



And this brings me to pharmaceutical quality… 

1. the generic must have the same solubility / dispersion 
properties than the original

2. the generic cannot contain more impurities (or give rise 
to more degradation products) than the original

3. I must be sure about the real content of what I prescribe

4. All of the above is important

5. None of the above is important

Please, give your FIRST choice 
(1, 2 OR 3) 

OR choose 4 OR 5
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What shall we discuss ?

1. The EU and US laws 

2. Approach to PK bioequivalence 

3. Approach to microbiological and therapeutic equivalence
 MIC, MPC, heteroresistance … 
 Approach to pharmacodynamic equivalence
 PK/PD animal models and clinical data

4. Dissolution, stability, impurities
5. The hidden risk of "low cost" drugs

http://www.astrosurf.com/luxorion/eau-intro-molecule2.htm
Last visited: 25 March 2014

http://www.wiley-vch.de ...
Last visited: 25 March 2014

http://www.docstoc.com ...
Last visited: 25 March 2014

http://www.astrosurf.com/luxorion/eau-intro-molecule2.htm
http://www.wiley-vch.de/
http://www.docstoc.com/
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Dissolution of meropenem in Japan

Fujimura & Watanabe J Infect Chemother (2012) 18:421–427
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Crystals size in meropenem in Japan

Fujimura & Watanabe J Infect Chemother (2012) 18:421–427



8/1/2015 Generics of antibiotics - St-Luc, Brussels - 2015 43

Dissolution of meropenem in Belgium

Drug concentration : 50 mg/mL (~ solution used for infusion)
gentle manual shaking followed by turbidity measures;

room temperature
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Van Bambeke et al., in preparation
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Dissolution of meropenem in Belgium

Drug concentration : 50 mg/mL (~ solution used for infusion)
gentle manual shaking followed by turbidity measures;

room temperature
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Van Bambeke et al., in preparation
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Are Primary Health Care Professionals (nurses) happy? (meropenem)

Van Bambeke et al., in preparation

dissolution time
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Impurities in meropenem: coloured compounds

Van Bambeke et al., in preparation

are you 
happy with 
the colour?
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Impurities in meropenem: coloured compounds
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A pharmacist’s dream or nightmare ?
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What shall I give 
you today ?



The problem may be in the physical forms 
and in the impurities
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The problem may be in the impurities
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huge variations of 
the physical form



The problem may be in the impurities
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A number of 
deviations
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Impurities in ciprofloxacin…
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Impurities in ciprofloxacin

Trefi et al. Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 743–754

Every 
pharmacochemist
will know why you 

get this !
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Substandard (wrong) drugs in the world ?



Is this a problem in Belgium ?
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Is this a problem in Belgium ?
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But what says France ?
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But what says France ?
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But what says France ?
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3d round of conclusions and discussion
• Generic drugs may or may not be of the same pharmaceutical quality 

as the original products

• The reasons for variable quality are
– difficulties in correctly reproducing the manufacturing and purifications 

procedures of the originator 
(often more a “know how” than patentable matters) 

– the race to low prices that may lead to changes in production schemes
– the different routes followed for approval (centralized, decentralized, 

national) 1

– the fact that controls may be insufficient (after first registration)

• Only stringent and continuous controls can help avoiding the flood of 
low quality products 
(but this may be difficult in face of the number of producers) 
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Do you remember how many 
levofloxacinS we now have in 

Belgium

1 see “Best practice guidance on the common principle for collaboration between CMDh/RMS and EMA on 
generics and hybrids” EMA/234449/2012
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2012/12/WC500135719.pdf
Last visited: 8 January 2014

http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2012/12/WC500135719.pdf
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What shall we discuss?
1. The EU and US laws 
2. Approach to PK bioequivalence 
3. Approach to microbiological and therapeutic equivalence

1. MIC, MPC, heteroresistance … 
2. Approach to pharmacodynamic equivalence
3. PK/PD animal models and clinical data

4. Dissolution, stability, impurities
5. The hidden risks of "low cost" drugs

1. overconsumption (and wrong publicity [in back-up])

2. lack of innovative research ... unless you pay !



The efforts for a correct use of antibiotics…

8/1/2015 Generics of antibiotics - St-Luc, Brussels - 2015 62

This has 
been 
known 
for years

How many of 
you were 
practicing 
Medicine at 
that time ?



We are facing contradictory situations
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https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf

This is today !

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf


We are facing contradictory situations
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https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf
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But see what happens with “Low cost antibiotics“… 
The sour Danish Experience

Jensen et al. J Antimicrob Chemother 2010; 65:1286–1291

trade names 

price  price 

DDD 



But this had already occurred in Germany…
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Klaus Kaier: The impact of pricing and patent expiration on demand for pharmaceuticals: an examination of the use of 
broadspectrum antimicrobials
Health Economics, Policy and Law (2013) 8:7-20

Specifically, generic 
competition lowers 
prices, which can 
accelerate 
consumption and 
resistance.

In: Mossialos et al. Policies and 
incentives for promoting
innovation in antibiotic research
LSE Health, London School of 
Economics & Political Science, 
Houghton Street, London, 199 pp

Available from 
http://www.euro.who.int/__data/assets/
pdf_file/0011/120143/E94241.pdf

See also: 
http://www.euro.who.int/en/about-
us/partners/observatory/studies/policie
s-and-incentives-for-promoting-
innovation-in-antibiotic-research

http://www.euro.who.int/__data/assets/pdf_file/0011/120143/E94241.pdf
http://www.euro.who.int/en/about-us/partners/observatory/studies/policies-and-incentives-for-promoting-innovation-in-antibiotic-research
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A Journey to the statins in Belgium ….
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Very good 
for the 
budget

Do all those 
patients really need 

a statin ?
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And generic companies will use any possible argument 
to foster sales…  

This is an ad for 
a generic of a 

fluoroquinolone

Find the errors 
…
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What shall we discuss?
1. The EU and US laws 
2. Approach to PK bioequivalence 
3. Approach to microbiological and therapeutic equivalence

1. MIC, MPC, heteroresistance … 
2. Approach to pharmacodynamic equivalence
3. PK/PD animal models and clinical data

4. Dissolution, stability, impurities
5. The hidden risks of "low cost" drugs

1. overconsumption (and wrong publicity [in back-up])

2. lack of innovative research ... unless you pay !
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A spiral to death (in Belgium)? 

• For antibiotics and antifungals, if a medical doctor or a dentist prescribes for an acute 
treatment:

– under the name of the active compound: the rules of prescription under INN (*) are of 
application (delivery of the cheapest preparation available) 

– under a trade name: as from 1st May 2012, the pharmacist must deliver the product 
available in the group of « the cheapest drugs ».

Official text in French available at:  http://www.inami.fgov.be/drug/fr/drugs/general-information/antibiotic/index.htm
(last accessed: 7 November 2013)

• The drug acquisition cost for the treatment of a community-acquired pneumonia 
following the recommendations of BAPCOC (**) (amoxicillin [3 g / day in 3 
administrations for 5 to7 days] is only 13-14 € … (ex-factory price:  ∼7 €)

Source: Belgian "Répertoire commenté des médicaments" available at http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_A.cfm
(last accessed: 7 November 2013)

*  INN: International International Nonproprietary Name
** BAPCOC: Belgian Antibiotic Policy Coordination Committee



But here is the consequence…
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Will you 
do it for 
free ?



Innovative antibiotic development 
is abandoned by Industry 

Boucher H W et al. Clin Infect Dis. 2009;48:1-12
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Why do they abandon it ?

Boucher H W et al. Clin Infect Dis. 2009;48:1-12
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A spiral to death (in Belgium)? 

• For antibiotics and antifungals, if a medical doctor or a dentist prescribes for an acute 
treatment:

– under the name of the active compound: the rules of prescription under INN (*) are of 
application (delivery of the cheapest preparation available) 

– under a trade name: as from 1st May 2012, the pharmacist must deliver the product 
available in the group of « the cheapest drugs ».

Official text in French available at:  http://www.inami.fgov.be/drug/fr/drugs/general-information/antibiotic/index.htm
(last accessed: 7 November 2013)

• The drug acquisition cost for the treatment of a community-acquired pneumonia 
following the recommendations of BAPCOC (**) (amoxicillin [3 g / day in 3 
administrations for 5 to7 days] is only 13-14 € … (ex-factory price:  ∼7 €)

Source: Belgian "Répertoire commenté des médicaments" available at http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_A.cfm
(last accessed: 7 November 2013)

This infernal spiral (to low prices) 
explains why nnovators leave the field

*  INN: International International Nonproprietary Name
** BAPCOC: Belgian Antibiotic Policy Coordination Committee
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The "Qualy" of antibiotics (*)

• The quality-adjusted life year or quality-adjusted life-year (QALY) is a 
measure of disease burden, including both the quality and the quantity of life 
lived. It is used in assessing the value for money of a medical intervention.

• If antibiotics prolong your life of 2 to 10 years, and the cost of one year of 
your life is 20,000 euros, then the value of the "Qualy" of an antibiotic 
treatment is 40,000 to 200,000 euros

• But the real cost and reimbursement of an antibiotic treatment is MUCH less

• For comparison, the cost of an anticancer treatment for 1 year survival is…. 
up to 20,000 to 70,000 euros… (and the accepted "Qualy" is close to that)

• Compare to the drug acquisition price to threat a pneumonia (as an example)

• Find where the problem lies…  

* inspired by Hollis & Ahmed, Preserving Antibiotics Rationally, New Engl. J. Med. 2013; 369,26:2474-2476
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Europe in Action … 

http://www.imi.europa.eu/
Last accessed: 8 May 2014

• €2 billions euro budget…  
• collaborative research projects and networks of industrial and academic experts…
• collaborative ecosystem for pharmaceutical research and development (R&D)…
• increase Europe's competitiveness globally…
• establish Europe as the most attractive place for pharmaceutical R&D

http://www.imi.europa.eu/


And more generally speaking… with a caveat…
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And more generally speaking… with a caveat…
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So, you will keep on reserve 
• cefaroline and ceftobiprole
• oritavancin and dalbavancin
• tedizolid …
• ceftozolane/tazobactam
• solithromycin
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Summary / Suggestions

• The decision to "go for generics" is a political one that may need revision (at 
political level) to avoid over-use of antibiotics

• Pharmacokinetic criteria are, so far, the (nearly) only ones adopted and 
accepted by the Regulatory Authorities (EMA / FDA) 

• Improved criteria for anti-infective drugs (MIC, MPC, animal PK/PD, …) are 
probably necessary (but are not yet implemented)

• The control of the quality of the generics (and of all antibiotics in general) is 
critical and should go beyond simple declarations and initial lot analysis… 

• Antibiotics are a precious commodity that should not be lost.  Misuse 
through low prices may cause HUGE expenses in the future… 

• May be we should move to new economic frameworks…  
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Back-up
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You said "generics"

Lead generic companies resort to multiple 
strategies for growth

These include 

• applying for generic approvals with Food and 
Drug Administration (FDA) and European 
Medicines Agency (EMA); 

• merger and acquisitions; 

• developing a strong and innovative generic 
drug pipeline; 

• improving infrastructure to enhance 
manufacturing and R&D capabilities; 

• new product launches, and geographic 
expansion. 

http://www.computescotland.com/generic-drug-strategies-5795.php
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US "Abbreviated New Drug Application"

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/Abb
reviatedNewDrugApplicationANDAGenerics/default.htm

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/AbbreviatedNewDrugApplicationANDAGenerics/default.htm
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FDA approved generic drugs: "Orange book" *

* http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm

http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm
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FDA approved generic drugs: "Orange book" *

* http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm

As in LEVAQUIN®
http://medicaidprovider.hhs.mt.g

ov/pdf/levaquinpi.pdf

http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm
http://medicaidprovider.hhs.mt.gov/pdf/levaquinpi.pdf
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If absorption is markedly delayed, 
you also have a lower initial AUC
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Additional criteria for early AUC (EMA) *

• Use the partial AUC truncated at the population median of Tmax for the 
reference formulation for for products where rapid absorption is of 
importance
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* Guideline to the Investigation of Bioequivalence, London, 20 January 2010 - Doc. Ref.: CPMP/EWP/QWP/1401/98 Rev. 1/ Corr **
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
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Unsolved problems with PK-based bioequivalence …
(application to antibiotics)

• Is PK equivalence leading to pharmacological equivalence ?

– in vitro testing (MIC, MPC, impact on hetero-resistance) …

– PK/PD models (animals)

– Clinical studies (?)

• What about intravenous forms ?
(that, by definition, are not amenable to conventional bioequivalence studies)

• What about 

– dissolution times (critical in a nursing environment)

– stablility (penems, e.g.) 

– impurities (do you like them ?) 

– … 



Are generic really comparable ?
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Are generic really comparable ?

subject# AUC generic A AUC reference AUC generic B A/reference B/reference

1 30.00 31.00 33.00 0.97 1.06

1 31.00 33.00 30.00 0.94 0.91

1 24.00 36.00 32.00 0.67 0.89

1 28.00 37.00 33.00 0.76 0.89

1 36.00 34.00 28.00 1.06 0.82

1 35.00 31.00 27.00 1.13 0.87

1 15.00 25.00 22.00 0.60 0.88

1 35.00 37.00 33.00 0.95 0.89

1 25.00 39.00 34.00 0.64 0.87

1 12.00 42.00 37.00 0.29 0.88

1 25.00 35.00 30.00 0.71 0.86

1 15.00 39.00 35.00 0.38 0.90

arithmetic mean 25.92 34.92 31.17 0.76 0.89

SD 8.26 4.54 4.06 0.26 0.06

geometric mean 24.49 34.63 30.90 0.71 0.89

CI 90 0.12 0.03

lower 90 0.58 0.86

higher 110 0.83 0.92
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Are generic really comparable ?
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Special situations (EU)
Narrow therapeutic index drugs
• In specific cases of products with a narrow therapeutic index, the acceptance interval 

for AUC should be tightened to 90.00-111.11%. Where Cmax is of particular importance 
for safety, efficacy or drug level monitoring the 90.00-111.11% acceptance interval 
should also be applied for this parameter. It is not possible to define a set of criteria to 
categorise drugs as narrow therapeutic index drugs (NTIDs) and it must be decided 
case by case if an active substance is an NTID based on clinical considerations. 

Highly variable drugs or drug products
• The extent of the widening is defined based upon the within-subject variability seen in 

the bioequivalence study using scaled-average-bioequivalence according to [U, L] = exp 
[±k·sWR], where U is the upper limit of the acceptance range, L is the lower limit of the 
acceptance range, k is the regulatory constant set to 0.760 and sWR is the within-
subject standard deviation of the log-transformed values of Cmax of the reference 
product (Important: this applies to Cmax only, NOT to AUC)
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Potency (oxacillin)

Rodriguez et al. BMC Infectious Diseases 2010, 10:153
http://www.biomedcentral.com/1471-2334/10/153

http://www.biomedcentral.com/1471-2334/10/153
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Killing curves and hetero-resistance (vancomycin)

Rodriguez et al. Antimicrob Agents Chemother. 2012; 56:243–247
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Killing curves and hetero-resistance (vancomycin)

Rodriguez et al. Antimicrob Agents Chemother. 2012; 56:243–247
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Gentamicin: evidence of non-equivalence in 
animal PK/PD model

Neutropenic thigh mouse model

Zuluaga et al. PLoS ONE 2010; 5: e10744. doi:10.1371/journal.pone.0010744
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Zuluaga et al. PLoS ONE 2010; 5: e10744. doi:10.1371/journal.pone.0010744

Gentamicin: evidence of non-equivalence for 
survival in animals

Neutropenic thigh mouse model
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Vancomycin: complete equivalence in the 
rabbit endocarditis model

Antimicrob Agents Chemother. 2013 Mar;57(3):1157-62. PMID: 23254435; PMCID: PMC3591878. 
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Vancomycin: complete equivalence in the 
rabbit endocarditis model

Antimicrob Agents Chemother. 2013 Mar;57(3):1157-62. PMID: 23254435; PMCID: PMC3591878. 

T0: no antibiotic
T1 – T6: generics of vancomycin

Differences in terms of no. of organisms in vegetations
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Metronidazole: complete equivalence

Agudelo & Vesga, Antimicrob Agents Chemother. 2013; 56:2659–2665

Cmax/MIC Time>MIC
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Falsified Medicines: An EU reaction

http://ec.europa.eu/health/files/eudralex/vol-1/dir_2011_62/dir_2011_62_en.pdf. 

with an 
immediate 
follow-up 
from the 
Industry

http://www.egagenerics.com/index.php/publications

http://ec.europa.eu/health/files/eudralex/vol-1/dir_2011_62/dir_2011_62_en.pdf.
http://www.egagenerics.com/index.php/publications


But at the end of the day…
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The risk of overconsumption in France …
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A Journey to the statins ….
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Very good 
for the 
budget

Do all those 
patients really need 

a statin ?
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And generic companies will use any possible argument 
to foster sales…  

This is an ad 
for a generic 

of
moxifloxacin

Find the errors 
…
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"Low cost 
antibiotics" 
and Internet

http://antidotum.org/index.php?showtopic=424075
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"Low cost antibiotics" and Internet

http://buygeneric24.org/cart_page.php
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A recent economic US study

A "natural experiment" in which Meijer, a popular Midwestern retail 
chain, offered 14-day supplies of certain generic oral antibiotics free 
of charge to customers with prescriptions from October 2006 
(about 2 millions prescriptions analysed from 2004 trough 2008)

 We find that the program increased the filled prescriptions of 
covered (free) antibiotics while reducing those of not-covered (paid) 
antibiotics, with an increase in overall antibiotic prescriptions.
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The situation may be worse in veterinary medicine
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The situation may be worse in veterinary medicine

• In France, introduction of generic fluoroquinolones 
increased their use by 30% in turkey (n=5500) production 
and 50% in chicken broiler (n=7000) production.

• The level of resistance in Spain where cheap generics are 
available is associated with a higher use of fluoroquinolones 
in poultry and pigs vs Germany, UK or Denmark where 
prices are higher and practice better controlled

 Generic drug promotion in veterinary medicine is not 
consistent with the general objective of Public Health 
authorities to restrict the use of antibiotics in veterinary 
medicine…
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A spiral to death (in Belgium)? 

• For antibiotics and antifungals, if a medical doctor or a dentist prescribes for an acute 
treatment:

– under the name of the active compound: the rules of prescription under INN (*) are of 
application (delivery of the cheapest preparation available) 

– under a trade name: as from 1st May 2012, the pharmacist must deliver the product 
available in the group of « the cheapest drugs ».

Official text in French available at:  http://www.inami.fgov.be/drug/fr/drugs/general-information/antibiotic/index.htm
(last accessed: 7 November 2013)

• The drug acquisition cost for the treatment of a community-acquired pneumonia 
following the recommendations of BAPCOC (**) (amoxicillin [3 g / day in 3 
administrations for 5 to7 days] is only 13-14 € … (ex-factory price:  ∼7 €)

Source: Belgian "Répertoire commenté des médicaments" available at http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_A.cfm
(last accessed: 7 November 2013)

*  INN: International International Nonproprietary Name
** BAPCOC: Belgian Antibiotic Policy Coordination Committee



But there is something worse…
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Will you 
do it for 
free ?



Innovative antibiotic development 
is abandoned by Industry 

Boucher H W et al. Clin Infect Dis. 2009;48:1-12
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Why do they abandon it ?

Boucher H W et al. Clin Infect Dis. 2009;48:1-12
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A spiral to death (in Belgium)? 

• For antibiotics and antifungals, if a medical doctor or a dentist prescribes for an acute 
treatment:

– under the name of the active compound: the rules of prescription under INN (*) are of 
application (delivery of the cheapest preparation available) 

– under a trade name: as from 1st May 2012, the pharmacist must deliver the product 
available in the group of « the cheapest drugs ».

Official text in French available at:  http://www.inami.fgov.be/drug/fr/drugs/general-information/antibiotic/index.htm
(last accessed: 7 November 2013)

• The drug acquisition cost for the treatment of a community-acquired pneumonia 
following the recommendations of BAPCOC (**) (amoxicillin [3 g / day in 3 
administrations for 5 to7 days] is only 13-14 € … (ex-factory price:  ∼7 €)

Source: Belgian "Répertoire commenté des médicaments" available at http://www.cbip.be/GGR/Index.cfm?ggrWelk=/nIndex/GGR/Stof/IN_A.cfm
(last accessed: 7 November 2013)

This infernal spiral (to low prices) 
explains why nnovators leave the field

*  INN: International International Nonproprietary Name
** BAPCOC: Belgian Antibiotic Policy Coordination Committee
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The "Qualy" of antibiotics (*)

• The quality-adjusted life year or quality-adjusted life-year (QALY) is a 
measure of disease burden, including both the quality and the quantity of life 
lived. It is used in assessing the value for money of a medical intervention.

• If antibiotics prolong your life of 2 to 10 years, and the cost of one year of 
your life is 20,000 euros, then the value of the "Qualy" of an antibiotic 
treatment is 40,000 to 200,000 euros

• But the real cost and reimbursement of an antibiotic treatment is MUCH less

• For comparison, the cost of an anticancer treatment for 1 year survival is…. 
up to 20,000 to 70,000 euros… (and the accepted "Qualy" is close to that)

• Compare to the drug acquisition price to threat a pneumonia (as an example)

• Find where the problem lies…  

* inspired by Hollis & Ahmed, Preserving Antibiotics Rationally, New Engl. J. Med. 2013; 369,26:2474-2476
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2009 EU-US Summit Declaration
called for the establishment of “…a
transatlantic task force on urgent
antimicrobial resistance issues
focused on appropriate therapeutic
use of antimicrobial drugs in the
medical and veterinary
communities, prevention of both
healthcare- and community
associated drug-resistant
infections, and strategies for
improving the pipeline of new
antimicrobial drugs, which could
be better addressed by intensified
cooperation between us.”

Trans Atlantic Task Force on Antimicrobial 
Resistance - TATFAR

EU-US Summit – Washington 3 November 2009 

This slide from  van Hengel and D. Dixon, Meet the Experts: Antimicrobial resistance research, supported by funding from the EU and the US NIH/NIAID, ECCMID 2014, 13 May 2014.
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use of antimicrobial drugs in the
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communities, prevention of both
healthcare- and community
associated drug-resistant
infections, and strategies for
improving the pipeline of new
antimicrobial drugs, which could
be better addressed by intensified
cooperation between us.”

Trans Atlantic Task Force on Antimicrobial 
Resistance - TATFAR

EU-US Summit – Washington 3 November 2009 

This slide from  van Hengel and D. Dixon, Meet the Experts: Antimicrobial resistance research, supported by funding from the EU and the US NIH/NIAID, ECCMID 2014, 13 May 2014.
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In the US: resources for Researchers

Web Search Term: DMID Resources

This slide from  van Hengel and D. Dixon, Meet the Experts: Antimicrobial resistance research, supported by funding from the EU and the US NIH/NIAID, ECCMID 2014, 13 May 2014.
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Other key changes in the US … 

• GAIN Act (Generating Antibiotics Incentives Now) - 2012
– priority FDA review
– additional five years of market exclusivity for breakthrough antibiotics that target serious or life-

threatening pathogens
– relaxed its criterion for non-inferiority to within 10%, making it easier to show comparability to 

drugs already on the market
• BARDA: Biomedical Advanced Research and Development Authority

[within the Office of the Assistant Secretary for Preparedness and Response in the U.S. Department of Health and 
Human Services]

– provides an integrated, systematic approach to the development and purchase of the necessary 
vaccines, drugs, therapies, and diagnostic tools for public health medical emergencies.

• FDA:
– new guidance documents (aBSSSI, cUTIs, cIAIs, …) that are considered being significantly better

• Department of Health and Human Services (HHS)
– awarding funds to allow companies to shift funds around an antibiotic programs (portofolio 

approach; example: GSK antibiotic programme)

• Genetic Engineering and Biotechnology News 14 Aug 2013
http://www.genengnews.com/insight-and-intelligenceand153/biopharmas-drive-antibiotic-development/77899874/
Last accessed: 8 May 2014

• Biomedical Advanced Research and Development Authority
http://www.phe.gov/about/barda/Pages/default.aspx
Last accessed: 9 May 2014

http://www.genengnews.com/insight-and-intelligenceand153/biopharmas-drive-antibiotic-development/77899874/
http://www.phe.gov/about/barda/Pages/default.aspx
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Unless Big Brother comes to your help…

http://www.phe.gov/newsroom/Pages/mcm-procurements.aspx

http://www.phe.gov/newsroom/Pages/mcm-procurements.aspx
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Unless Big Brother comes to your help…
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Unless Big Brother comes to your help…
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What in Europe ? 

http://www.ema.europa.eu/docs/en_GB/document_library/Report/2009/11/WC500008770.pdf
Last accessed: 9 May 2014

ECDC/EMEA Joint Working 
Group

• assigned on 28 February 
2008.

• technical Report accepted 
by ECDC/EMEA on 23 July 
2009

• circulated for information 
on 20 August 2009. 

• published in September 
2009

http://www.ema.europa.eu/docs/en_GB/document_library/Report/2009/11/WC500008770.pdf
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Investments in Europe …

http://europa.eu/rapid/press-release_MEMO-13-996_en.pdf
Last accessed: 8 May 2014

http://europa.eu/rapid/press-release_MEMO-13-996_en.pdf
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Investments in Europe…

http://europa.eu/rapid/press-release_MEMO-13-996_en.pdf
Last accessed: 8 May 2014

http://europa.eu/rapid/press-release_MEMO-13-996_en.pdf
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Public/Private shares in Europe
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IMI in action … 

http://www.imi.europa.eu/
Last accessed: 8 May 2014

• €2 billion euro budget…  
• collaborative research projects and networks of industrial and academic experts…
• collaborative ecosystem for pharmaceutical research and development (R&D)…
• increase Europe's competitiveness globally…
• establish Europe as the most attractive place for pharmaceutical R&D

http://www.imi.europa.eu/
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And more generally speaking… with a caveat…
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So, you will keep on reserve 
• cefaroline and ceftobiprole
• oritavancin and dalbavancin
• tedizolid …



How can you COMBACTE ?

https://www.combacte.com/?q=node/32
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