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Abu Dhabi opens an new Museum…
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http://static.gulfnews.com/polopoly_fs/1.2085814!/image/3964771986.jpg_gen/derivatives/box_620347/3964771986.jpg
Last visited: 8 Nov 2017

http://static.gulfnews.com/polopoly_fs/1.2085814!/image/3964771986.jpg_gen/derivatives/box_620347/3964771986.jpg


http://static.gulfnews.com/polopoly_fs/1.2085814!/image/3964771986.jpg_gen/derivatives/box_620347/3964771986.jpg
Last visited: 8 Nov 2017

Would you prefer to see there 
originals or copies ?
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https://www.npr.org/2015/06/23/412244490/could-the-masterpiece-be-a-fake-profit-revenge-and-the-art-of-forgery
Last visited: 8 Nov 2017

http://static.gulfnews.com/polopoly_fs/1.2085814!/image/3964771986.jpg_gen/derivatives/box_620347/3964771986.jpg
https://www.npr.org/2015/06/23/412244490/could-the-masterpiece-be-a-fake-profit-revenge-and-the-art-of-forgery


Why choosing 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…
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Please, think about
what YOU would choose !



I guess the real and only justifiable answer is...

Much 
cheaper !
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Generics across countries in volumes …
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Source: The Global Use of Medicines: Outlook through 2017. Report by the IMS Institute for Healthcare Informatics
Available from http://www.imshealth.com/en/thought-leadership/quintilesims-institute/reports/global-use-of-medicines-outlook-through-2017#ims-form
Last visited: 15 Oct 2017

Volume measured in Standard Units. Unprotected Market: Never and No longer Protected Products

http://www.imshealth.com/en/thought-leadership/quintilesims-institute/reports/global-use-of-medicines-outlook-through-2017#ims-form


Branded vs Generics in spending…
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Source: The Global Use of Medicines: Outlook through 2017. Report by the IMS Institute for Healthcare Informatics
Available from http://www.imshealth.com/en/thought-leadership/quintilesims-institute/reports/global-use-of-medicines-outlook-through-2017#ims-form
Last visited: 15 Oct 2017

Spending in US$ with variable exchange rates.
Pharmerging: China, Brazil, Russia, India, Mexico, Turkey, Venezuela, Poland, Argentina, Saudi Arabia, Indonesia, Colombia, Thailand, Ukraine, South Africa, 

Egypt, Romania, Algeria, Vietnam, Pakistan and Nigeria.

http://www.imshealth.com/en/thought-leadership/quintilesims-institute/reports/global-use-of-medicines-outlook-through-2017#ims-form


What shall we discuss?
1. A political choice (US and EU … and Asia …)

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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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
Last accessed: 17 Oct 2017
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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


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
Last accessed: 17 Oct 2017

• Product-Specific Guidances for Generic Drug Development:
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm075207.htm
Last accessed: 20 Oct 2017
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM079345.pdf
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm075207.htm


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://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l21230 (and navigate from there [frequent updates])
Last accessed: 17 Oct 2017
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• …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…

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l21230


1st round of conclusions and discussions
• The decision to go for generics is political

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

(usually about 20 years post patent application   < 10 years after approval !!)
– 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 for going to generics by  governments (and/or 
drug acquisition organizations) is only to acquire and provide drugs 
more cheaply to the population

• The opinion of the clinically-active health professionals is rarely 
sought, and patients' opinion never beyond pure economic 
considerations…
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What shall we discuss?
1. The US and the EU laws (as template)

2. Approach to PK bioequivalence
3. medicines

4. The hidden risk of "low cost" drugs

http://www.choosinggenerics.ca/Bioequivalence.aspx
Last visited: 17 Oct 2017

11 Nov 2017 Middle East Anti-Infectives Forum 14

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


Bioequivalence: principles (for oral drugs)

• 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. Available from the Publisher (17 Oct 2017)
2. Benet LZ: Understanding bioequivalence testing. Transplant.Proc. 31 (Suppl 3A): 7S-9S, 1999 – PMID 10330950
3. Niazi SK: Handbook of Bioequivalence Testing, “Drugs and the Pharmaceutical Sciences”, vol. 171, Informa Healthcare (New York), 2007. Free download (17 Oct 2017)
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http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0470094753.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=10330950
http://www.gmpua.com/RD/RD/Handbook%20of%20Bioequivalence%20Testing.pdf
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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.

*    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 (Last accessed: 17 Oct 2017)

**  Guidance for Industry (BIOEQUIVALENCE GUIDANCE) - Guidance for Industry Bioavailability and Bioequivalence Studies for Orally Administered Drug Products —
General Considerations
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377465.pdf (Draft Guidance 2013 - Last accessed: 17 Oct 2017)
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/ucm052363.pdf (Last accessed: 17 Oct 2017)

0.80 1.251.0

90 % CI around point estimate

ratio
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0.80 1.251.0

0.80 1.251.0

is this 
within the 
limits ?

90 % CI around point estimate

ratio
too low

90 % CI around point estimate

ratio

too 
variable

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377465.pdf
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/ucm052363.pdf


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 

as 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 

intervals, Health Canada requires 0.9 – 1.12, but FDA accepts 0.8 – 1.25

0.80 1.251.0

90 % CI around point estimate

ratio
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Caveats !
• Bioequivalence studies are NOT required for drugs 

administered by the intravenous route ! (since that route 
provides, by definition a 100 % bioavailability and, therefore, full 
bioequivalence !)

Only demonstration that the drug 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 1-3

1 Tothfalusi et al. Eur J Health Econ (2014) 15 (Suppl 1):S5–S11 – PMID 24832831
2 Ahn & Lee, Ungyong Tonggye Yongu (2011) 24(3): 495–503 – PMID 23805045
3 Lee et al. Nature Biotechnology (2013) 31:220-226 – PMID 23471071
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https://www.ncbi.nlm.nih.gov/pubmed/?term=24832831
https://www.ncbi.nlm.nih.gov/pubmed/?term=23805045
https://www.ncbi.nlm.nih.gov/pubmed/?term=23471071


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
 PK/PD animal models
 clinical data (case reports)

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
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http://www.buzzle.com/articles/staph-infections-staph-infection-treatment-and-symptoms.html


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 – PMID 19822271
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https://www.ncbi.nlm.nih.gov/pubmed/?term=19822271


MIC values (vancomycin)

MICs were often 2 x higher 
than for the reference 

product…

Fujimura & Watanabe J Infect Chemother (2012) 18:421–427 – PMID 22684334
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https://www.ncbi.nlm.nih.gov/pubmed/?term=22684334


MIC values (meropenem) in Belgium
MICs determined by arithmetic dilutions in comparison 

with the originator MERONEM

susceptible strains (MIC ≤ 2 mg/L)
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Van Bambeke et al., unpublished
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Vancomycin: evidence of non-therapeutic equivalence 
revealed by a PK/PD animal model in Colombia

Vesga et al. Antimicrob Agents Chemother. 2010; 54:3271–3279 – PMID 20547818

Neutropenic mouse thigh infection model
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https://www.ncbi.nlm.nih.gov/pubmed/?term=20547818


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

Rodriguez et al. BMC Infect Dis. 2010 Jun 4;10:153 – PMID 20525378

Neutropenic
mouse thigh 
infection model

Here is the 
original drug
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https://www.ncbi.nlm.nih.gov/pubmed/?term=20525378


A series of other papers raising questions…
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Pharmaceutics 2017, 9, 18; doi:10.3390/pharmaceutics9020018



Piperacillin/tazobactam generics and resistance
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Rodriguez et al. PLoS One. 2016;11:e0155806 - PMID 27191163

After only 24 hours of treatment in the 
neutropenic murine thigh infection model, the 
generic amplified the resistant subpopulation up 
to 20-times compared with the innovator. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=27191163


Piperacillin/tazobactam generics and resistance
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Rodriguez et al. PLoS One. 2016;11:e0155806 - PMID 27191163

Resistance proportion after in vivo exposure of a 
mixed E. coli population to innovator (Wyeth) 
and generic (Farmalogica). The generic 
significantly enriched the resistant subpopulation 
at 640 mg/kg per day (P<0.0001), without 
differences at the other doses.

https://www.ncbi.nlm.nih.gov/pubmed/?term=27191163


But pharmacodynamics equivalence can also be demonstrated
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Rodriguez et al. Antimicrob Agents Chemother 2015;59:53-58 - PMID 25313208

https://www.ncbi.nlm.nih.gov/pubmed/?term=25313208


But pharmacodynamics equivalence can also be demonstrated
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Antimicrob Agents Chemother 59:53–58.

Same authors as those 
describing the non-

therapeutic equivalence 
of vancomycin and  

oxacillin !

Rodriguez et al. Antimicrob Agents Chemother 2015;59:53-58 - PMID 25313208

https://www.ncbi.nlm.nih.gov/pubmed/?term=25313208


Clinical alerts (efficacy and safety) ?

Gallelli et al. J Pharmacol Pharmacother. 2013;4(Suppl 1):S110-114 - PMID 24347975

“In this case-review, we report the lack of efficacy during 

treatment with generic formulations of fluoroquinolones and 

discuss the relative reasons also considering the limitations 

of this legal approach.”
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https://www.ncbi.nlm.nih.gov/pubmed/?term=24347975


In this case-review, we report the lack of efficacy during 

treatment with generic formulations of fluoroquinolones and 

discuss the relative reasons also considering the limitations 

of this legal approach.

Clinical alerts (efficacy and safety) ?
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Gallelli et al. J Pharmacol Pharmacother. 2013;4(Suppl 1):S110-114 - PMID 24347975

https://www.ncbi.nlm.nih.gov/pubmed/?term=24347975


2nd 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

• This needs to be further studied, but, at this point, is beyond the 
clinician’s grip ! 

Who can we 
really trust ?
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And this brings me to pharmaceutical quality…
What is your opinion ? 

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 … 
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Please, think about
what YOU would choose !



Dissolution of meropenem in Japan
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Fujimura & Watanabe J Infect Chemother (2012) 18:421–427 – PMID 22684334

https://www.ncbi.nlm.nih.gov/pubmed/?term=22684334


Crystals size in meropenem in Japan
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Fujimura & Watanabe J Infect Chemother (2012) 18:421–427 – PMID 22684334

https://www.ncbi.nlm.nih.gov/pubmed/?term=22684334


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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Delattre et al. 30th International Congress of Chemotherapy, Taipei, Taiwan – poster #724 (to be presented)
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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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Delattre et al. 30th International Congress of Chemotherapy, Taipei, Taiwan – poster #724 (to be presented)



Impurities in meropenem: coloured compounds

are you 
happy with 
the colour?

generic B originator
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Delattre et al. 30th International Congress of Chemotherapy, Taipei, Taiwan – poster #724 (to be presented)



Impurities in meropenem: coloured compounds
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Delattre et al. 30th International Congress of Chemotherapy, Taipei, Taiwan – poster #724 (to be presented)



Impurities in ciprofloxacin…
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Trefi et al. J Pharm Biomed Anal 2007;44:743-754 - PMID 17446031

https://www.ncbi.nlm.nih.gov/pubmed/?term=17446031


Impurities in ciprofloxacin
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This is a synthesis 
precursor !

Trefi et al. J Pharm Biomed Anal 2007;44:743-754 - PMID 17446031

https://www.ncbi.nlm.nih.gov/pubmed/?term=17446031


Problems appearing in Europe !
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http://www.mediplanet.be/fr/content/la-belgique-retire-4-m%C3%A9dicaments-
commercialis%C3%A9s-par-la-soci%C3%A9t%C3%A9-indienne-gvk-biosciences
Last accessed: 08/02/2015

http://www.mediplanet.be/fr/content/la-belgique-retire-4-m%C3%A9dicaments-commercialis%C3%A9s-par-la-soci%C3%A9t%C3%A9-indienne-gvk-biosciences
http://www.mediplanet.be/fr/content/g%C3%A9n%C3%A9riques-8-nouveaux-m%C3%A9dicaments-retir%C3%A9s-du-march%C3%A9-en-france
http://ansm.sante.fr/S-informer/Actualite/L-ANSM-lance-une-procedure-de-suspension-a-compter-du-18-decembre-de-25-medicaments-commercialises-en-France-Point-d-Information


Problems appearing in Europe !
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http://www.mediplanet.be/fr/content/la-belgique-retire-4-m%C3%A9dicaments-
commercialis%C3%A9s-par-la-soci%C3%A9t%C3%A9-indienne-gvk-biosciences
Last accessed: 08/02/2015

http://www.ema.europa.eu/docs/en_GB/document_library/Other/2015/01/WC500180894.pdf
Published 29 Feb 2015 - Last accessed 17 Oct 2017

The list makes 
135 pages 

http://www.mediplanet.be/fr/content/la-belgique-retire-4-m%C3%A9dicaments-commercialis%C3%A9s-par-la-soci%C3%A9t%C3%A9-indienne-gvk-biosciences
http://www.mediplanet.be/fr/content/g%C3%A9n%C3%A9riques-8-nouveaux-m%C3%A9dicaments-retir%C3%A9s-du-march%C3%A9-en-france
http://ansm.sante.fr/S-informer/Actualite/L-ANSM-lance-une-procedure-de-suspension-a-compter-du-18-decembre-de-25-medicaments-commercialises-en-France-Point-d-Information
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2015/01/WC500180894.pdf


And problems in the World known since 2000…
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Available for download at http://apps.who.int/medicinedocs/pdf/h1463e/h1463e.pdf
Last accessed: 19 Oct 2017

Although the manufacture of generic essential drugs offers a practical way of 
[providing an acceptable level of health care at a reasonable cost], the quality of 
these products tends to be jeopardized by overriding considerations of cost.

http://apps.who.int/medicinedocs/pdf/h1463e/h1463e.pdf


and led to criminal investigations in the US…

11 Nov 2017 Middle East Anti-Infectives Forum 49

https://www.fda.gov/ICECI/CriminalInvestigations/ucm433761.htm
Last accessed: 19 Oct 2017

https://www.fda.gov/ICECI/CriminalInvestigations/ucm433761.htm


But the story continues…
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https://www.pharmacompass.com/radio-compass-blog/mid-2017-recap-of-fda-warning-letters-import-alerts-eu-non-compliances
Last accessed: 19 Oct 2017

https://www.pharmacompass.com/radio-compass-blog/mid-2017-recap-of-fda-warning-letters-import-alerts-eu-non-compliances


But the story continues…
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https://www.pharmacompass.com/radio-compass-blog/mid-2017-recap-of-fda-warning-letters-import-alerts-eu-non-compliances
Last accessed: 19 Oct 2017

https://www.pharmacompass.com/radio-compass-blog/mid-2017-recap-of-fda-warning-letters-import-alerts-eu-non-compliances


And we know the origins…
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And one issue clearly 
needs to be at the top of 
the agenda: the flood of 
low-quality medications 
flowing from Indian drug 
manufacturers to foreign 
markets.

https://www.forbes.com/sites/theapothecary/2014/09/17/india-must-fix-its-drug-quality-problem/#5ebd4e0e70b3
Last accessed: 19 Oct 2017

https://www.forbes.com/sites/theapothecary/2014/09/17/india-must-fix-its-drug-quality-problem/#5ebd4e0e70b3


Drug quality may vary according to 
whom the drugs are sold …
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Available from http://www.nber.org/papers/w20469
Last accessed: 19 Oct 2017 

Pharmaceutical experts 
anecdotally have observed that 
some Indian manufacturers sell 
inferior medicines to markets 
where drug regulatory oversight is 
weak, and better medicines to 
markets where oversight is more 
effective.

http://www.nber.org/papers/w20469


US and EU common actions for drug quality…
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https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm583057.htm
Last accessed: 6 Nov 2017

The U.S. Food and Drug Administration has determined the agency will recognize 
eight European drug regulatory authorities as capable of conducting inspections of 
manufacturing facilities that meet FDA requirements.

“At a time in which medical product manufacturing is truly a global enterprise, there 
is much to be gained by partnering with regulatory counterparts to reduce duplicative 
efforts and maximize global resources while realizing the greatest bang for our 
collective inspectional buck,” said FDA Commissioner Scott Gottlieb, M.D. 

http://www.ema.europa.eu/docs/en_GB/document_library/Press_release/2017/10/WC500237909.pdf
Last accessed: 6 Nov 2017

why do you think they must act together ?

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm583057.htm
http://www.ema.europa.eu/docs/en_GB/document_library/Press_release/2017/10/WC500237909.pdf


We should also address the CRIMINAL
problem of counterfeited drugs
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Packs bought at pharmacies in Lagos, Nigeria both sold as "CIPROTAB 500 ®"
The only noticeable difference is that the real package has a hologram on the back (left). The 
fake was two-thirds talcum powder and contained no ciprofloxacin. Even holograms can be 
faked. 
 25% of drugs sold worldwide are substandard and 50% in some Countries…
 It hurts low and middle income countries the most…

Bate & Attaran A. Lancet. 2010;376(9751):1446-1448 - PMID 21036261Slide kindly communicated by S. Opal

https://www.ncbi.nlm.nih.gov/pubmed/?term=21036261


Substandard (wrong) drugs in the world ?

A concerted effort is required on the part of governments, drug manufacturers, charities 
and healthcare providers to ensure that only drugs of acceptable quality reach the patient.
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Johnston & Holt Br J Clin Pharmacol. 2014;78:218-243 - PMID 24286459

https://www.ncbi.nlm.nih.gov/pubmed/?term=24286459


An European action is ongoing … but is costly
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https://www.edqm.eu/en/medicrime-convention-0
Last accessed: 18 Oct 2016

https://www.edqm.eu/en/medicrime-convention-0


An European action is ongoing … but is costly
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https://www.edqm.eu/en/medicrime-convention-0
Last accessed: 18 Oct 2016

• the manufacturing of falsified medical products.

• supplying, offering to supply and trafficking in falsified 
medical products

https://www.edqm.eu/en/medicrime-convention-0


MEDICRIME: which countries ?
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https://www.edqm.eu/sites/default/files/medicrime-world-map-en.png
Last accessed: 18 Oct 2017 

https://www.edqm.eu/sites/default/files/medicrime-world-map-en.png


3rd round of conclusions and discussion

• Generic drugs may or may not be of the same pharmaceutical quality 
as the original products

• The reasons for lower 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
– the fact that controls may be insufficient (after first registration)

• Only stringent and continuous controls by public authorities can 
help avoiding the flood of low quality products 
(but this may be difficult in face of the number of producers) 

We have 9 levofloxacinS in Belgium
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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)

2. lack of innovative research ... 
unless the government (=you) pay !

3. Drug shortages …
4. Price increases…
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We are facing contradictory situations …

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf
Published Sep 2013 - Last accessed: 17 Oct 2017
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https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/253094/ARHAIprescrcompetencies__2_.pdf


But see what happens with “Low cost antibiotics“… 
The sour Danish Experience

Jensen et al. J Antimicrob Chemother 2010; 65:1286–1291 – PMID  20363806
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DDD 

price 

https://www.ncbi.nlm.nih.gov/pubmed/?term=20363806


And a dramatic Indian experience…
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Gandra et al. Clin Infect Dis. 2016;62:1050-1052 - PMID 26908807

https://www.ncbi.nlm.nih.gov/pubmed/?term=26908807


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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Public actions …

https://www.asm.org/index.php/public-policy/137-policy/documents/statements-and-testimony/93355-ar-2015
http://www.imi.europa.eu/
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Public actions …

https://www.asm.org/index.php/public-policy/137-policy/documents/statements-and-testimony/93355-ar-2015
http://www.imi.europa.eu/


Drug shortages …
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Pauwels et al. PLoS One. 2015;10:e0119322 - PMID 25775406

a nightmare for 
pharmacists

https://www.ncbi.nlm.nih.gov/pubmed/?term=25775406


Drug shortages …
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PLoS ONE 10(3): e0119322. doi:10.1371/journal.pone.0119322

a recent paper …
(2015…)

Pauwels et al. PLoS One. 2015;10:e0119322 - PMID 25775406

https://www.ncbi.nlm.nih.gov/pubmed/?term=25775406


Drug shortages are not only in Belgium…
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https://www.accessdata.fda.gov/scripts/drugshortages/
Last accessed: 20 Oct 2017

The list is 
24 items 

long !

https://www.accessdata.fda.gov/scripts/drugshortages/


But the situation was known years ago …
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https://www.imshealth.com/files/web/IMSH%20Institute/Reports/Drug%20Shortages%20A%20closer%20look/IHII_Drug_Shortage_Report.pdf
Last accessed: 18 Oct 2017

https://www.imshealth.com/files/web/IMSH%20Institute/Reports/Drug%20Shortages%20A%20closer%20look/IHII_Drug_Shortage_Report.pdf


… and the main affected products were known
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and the main 
reason is 
"market 

volatility"

https://www.imshealth.com/files/web/IMSH%20Institute/Reports/Drug%20Shortages%20A%20closer%20look/IHII_Drug_Shortage_Report.pdf
Last accessed: 18 Oct 2017

https://www.imshealth.com/files/web/IMSH%20Institute/Reports/Drug%20Shortages%20A%20closer%20look/IHII_Drug_Shortage_Report.pdf


Price increases !
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https://www.medscape.com/viewarticle/868812
Last accessed: 19 Oct 2017

https://www.medscape.com/viewarticle/868812


Price increases !
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https://www.medscape.com/viewarticle/868812
Last accessed: 19 Oct 2017

http://www.gao.gov/assets/680/679022.pdf
Last accessed: 19 Oct 2017

Observed for:
• cefuroxime axetil
• cephalexin
• ciprofloxacin
• clarithromycin
• clindamycin
• doxycycline
• erythromycin
• gentamicin
• metronidazole
• ofloxacin
• tobramycin

https://www.medscape.com/viewarticle/868812
http://www.gao.gov/assets/680/679022.pdf


Why do prices increase ?
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Alpern et al. Clin Infect Dis 2017;[Epub ahead of print] - PMID 29020146

https://www.ncbi.nlm.nih.gov/pubmed/?term=29020146


Why do prices increase ?
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Alpern et al. Clin Infect Dis 2017;[Epub ahead of print] - PMID 29020146

It all depends 
from

the competition !

https://www.ncbi.nlm.nih.gov/pubmed/?term=29020146


Now, what can I do as a clinician ?
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FDA,
EMA,
your 

approval 
body…

Ministry
of health

LaboratoryCompany

Pharmacy



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 / others…) 

• 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), of their availability, and of their responsible use are all 
critical and should go beyond declarations and initial lot analysis… 

• Antibiotics are a precious commodity that should not be lost.  
Misuse may cause HUGE expenses in the future…  
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Remember: a true copy must be a piece of art
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https://www.npr.org/2015/06/23/412244490/could-the-masterpiece-be-a-fake-profit-revenge-and-the-art-of-forgery
Last visited: 8 Nov 2017

https://www.npr.org/2015/06/23/412244490/could-the-masterpiece-be-a-fake-profit-revenge-and-the-art-of-forgery


Thank you for your attention!
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Here are questions…

11 Nov 2017 Middle East Anti-Infectives Forum 82



Are you happy about the law(s) ?

1. The US and EU laws are enough and we only need to follow 
them… 

2. An "Middle East" regulation is essential and should be 
developed… 

3. I need a law specific to  my country … 

4. We do not need any law (Industry will autoregulate it-self)…

5. I cannot decide because I’m not an expert (I’m a doctor)… 
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Please, think about
what YOU would choose !



Pharmaceutical quality…
What is your opinion ? 

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 … 
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Please, think about
what YOU would choose !
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