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Introduction
The Sustainable Development Goal 3.8 aims at universal health coverage, including quality-assured and affordable essential medicines and vaccines for all. Oversight of the quality of medicines is the responsibility of the National Medicines Regulatory Authority (NMRA), and it is widely recognized that effective national regulatory systems are an essential component of health system strengthening. 
Unfortunately, the NMRAs of many low- and middle-income countries (LMICs) are under-resourced to carry out these tasks. In addition, pharmaceutical production and distribution have become globalised over the last three decades: pharmaceutical ingredients and finished products are manufactured in many different regions and countries, and they move on the international market through multiple, often unregulated, distribution channels. As a result, the global market is characterised by a situation of multiple quality standards, and the most vulnerable populations are exposed to the risk of receiving poor-quality medicines. 
This and the next session will introduce the definitions and reference documents related to the different aspects of pharmaceutical quality assurance, the role of NMRAs, and the role and support from the World Health Organization (WHO). We will also discuss evidence from the scientific literature and WHO reports on the global prevalence of substandard and falsified medicines. We will focus on what the policy issues are, identify the concerned actors at the different levels, refer to the concepts of prevention and risk-based assessment, and suggest different approaches for establishing adequate quality systems and for dealing with critical incidents that may occur (for the latter, we will build on real life cases documented in the literature). 
First, this session will introduce the notion of pharmaceutical quality assurance; it will describe how the quality of a medicine should be established and monitored; and it will discuss the role of NMRAs, and the challenges they face in many LMICs. It will provide the necessary knowledge to understand and master what will be discussed in the following session. You may find some of these concepts quite technical, but they are essential to make reflections and discussions in the following sessions meaningful. 
Please in addition to DF and activities, feel free to send an email with any questions to the convenor for clarification and comments and I will respond.


Session Contents
1. Introducing the context
2. Pharmaceutical quality assurance
3. Assessment of a pharmaceutical manufacturing site
4. Assessment of the product dossier 
5. Good distribution and storage practices 
6. Role of NMRAs 
7. Challenges and weaknesses of under-resourced NMRAs 
8. Application of what you have learned
9. Session summary
Learning Outcomes
	By the end of this session, you should:
· Understand the concept of pharmaceutical quality assurance, and the related concepts of risk management and harm prevention;
· Understand the nature, main characteristics and complexity of pharmaceutical quality;
· Understand the role of and challenges for NMRAs;
· Understand the challenges of the globalized pharmaceutical market; 
· Critically analyse an incident related to a poor-quality medicine, and reflect on possible prevention measures.
	In addition, you will practice the following academic literacy skills:
- Read and respond to reports & case studies;
- Reflect on medicine quality issues;
- Use new information to reflect on your own practice;
- Critically analyse situations presented visually (photos);
- Read and take notes to contribute to discussion forum;
- Analyse and comment on a case study;
- Interpret information presented graphically.




Timing

This is quite a long session. It includes three activities, one of which is to be submitted for marks, and two Discussion Forums. There are two core readings and a number of additional readings, and some links, some of which you will be referred to use in activities and the discussion forum. It should take you about 10 hours to work through thoroughly.
Readings
There are two main readings for this session. You will be referred them a number of times during the session, and directed to specific sections to read. They are listed below in the order you will be introduced to them. 
1. World Health Organization. (2017). Norms and standards. 70 years of WHO standards on medicines quality. Expert Committee on Specifications for Pharmaceutical Preparations 1947-2017: Addressing changing public health challenges. Who Drug Info 2017; 31(1): 15-26. https://www.who.int/medicines/publications/druginformation/issues/WHO_DI_31-1_Norms-Standards.pdf?ua=1  

2. Roth, et al. (2018). Expanding global access to essential medicines: investment priorities for sustainably strengthening medical product. Glob Health 2018: 14 (102). 
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-018-0421-2   
These are also additional readings you will be directed to for the activities, Discussion Forum and reflections:
E137-E, FEBR 01, 201
Caudron, J.M.C. et al. (2008). Sub-standard medicines in resource-poor settings: a problem that can no longer be ignored. TMIH; 13(8): 1062–1072
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-3156.2008.02106.x
 
[bookmark: _Hlk1119665]Gyanwali, P. et al. (2015). Surveillance of Quality of Medicines Available in the Nepalese Market: A Study from Kathmandu. J Nepal Health Res Counc. Sep – Dec.13 (31): 233-40  Add link

Lehmann, A., Katerere, D. and Dressman, J. (2018). Drug Quality in South Africa: A Field Test, Journal of Pharmaceutical Sciences doi: 10.1016/j.xphs.2018.06.012.
[bookmark: _GoBack] Add link

Peyraud, N., et al. (2017). An epidemic of dystonic reactions in central Africa. Lancet GH; 5(2):137-8
https://www.thelancet.com/action/showPdf?pii=S2214-109X%2816%2930287-X 
Rentz, E.D. et al. (2008). Outbreak of acute renal failure in Panama in 2006: a case-control study. Bulletin of the World Health Organization. 86: 749-756 
https://apps.who.int/iris/bitstream/handle/10665/270296/PMC2649516.pdf?sequence=1&isAllowed=y
World Health Organization. (2010). Assessment of medicines regulatory systems in Sub-Saharan African countries: an overview of findings from 26 assessment reports. Executive Summary
https://www.who.int/healthsystems/Assessment26African_countries.pdf?ua=1
1. Introducing the context
The Sustainable Development Goal 3.8 aims at universal health coverage, including quality-assured and affordable essential medicines and vaccines for all. The supervision of the quality of medicines manufactured, imported and/or distributed in a given country, is the responsibility of the National Medicines Regulatory Authority (NMRA). For instance, in South Africa this is the role of the South African Health Products Regulatory Authority (SAHPRA) https://www.sahpra.org.za which oversees medicines, vaccines, medical devices, diagnostics and aspects of radiation control. 
It is widely recognized that effective national regulatory systems are an essential component of health system strengthening. But the NMRAs of many LMICs are still under-resourced and lack the capacity to fully verify the quality of medical products manufactured, imported and/or distributed in their territory. In addition, the increasing globalisation of the pharmaceutical market has created a situation of multiple quality standards. Everyone has the right to receive medicines that do not harm them, but in practice the most vulnerable populations are exposed to the risk of receiving medicines of unverified quality, that entail risks for patients e.g. therapeutic failure, toxicity and/or emergence of resistance, and for health systems, e.g. misuse of resource and erosion of trust. 
[image: ]

2. Pharmaceutical quality assurance
2.1 Norms and standards 
The concept of norms and standards are applicable in many fields of expertise, as well as in daily life. For instance, weight and length are measured against standards (that is, kilogram and meter). Quality of medicines is also measured against norms and standards. Some international references and websites are provided below for those who wish to know more about these technical aspects:  
· International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH): http://www.ich.org/home.html  
· Pharmaceutical Inspection Cooperation Scheme (PIC/S): https://www.picscheme.org/  
· International Pharmacopoeia : http://apps.who.int/phint/en/p/about/  
· European Directorate Quality Medicines: https://www.edqm.eu/en/   
· USP-PQM Promoting the Quality of Medicines: https://www.usp-pqm.org/  
However, in this session we mainly will refer to the standards set by the WHO. In particular, the Expert Committee on Specifications for Pharmaceutical Preparations, which advises the WHO Director-General and Member States on matters of medicines quality assurance. Their list of key areas for technical guidance, and existing guidelines, is publicly available at this website: http://www.who.int/medicines/publications/pharmprep/en/.  
You do not need to look at the website now, but it could be useful during your professional life, any time you may need to consult specific guidelines.  
Reading 1a 
World Health Organization (2017) Norms and standards. 70 years of WHO standards on medicines quality. Expert Committee on Specifications for Pharmaceutical Preparations 1947-2017: Addressing changing public health challenges.
The first reading is a short article from WHO Drug Information. It describes the history, mandate and achievements of the Expert Committee on Specifications for Pharmaceutical Preparations. Please start reading it focusing for the time being only on the sections “Background” and “History”:

 https://www.who.int/medicines/publications/druginformation/issues/WHO_DI_31-1_Norms-Standards.pdf?ua=1 
 
Note that we will look at the standards set by the WHO Pre-qualification Programme (http://apps.who.int/prequal/) in the next session. 
2.2 The concept of quality assurance 
The concept of quality assurance is not specific to pharmaceuticals; it is applicable to any products that are manufactured at an industrial scale, as well as to services and other activities. It is a wide-ranging concept covering all matters that individually or collectively influence the quality of a product. [image: ][image: ]We may define it as a risk management system, by which ?

· quality is built into a product, 
· at every step of development and production, 
· to protect the final users.    
For instance, in the aircraft industry, society will require public assurance that planes are manufactured and used in a way that mitigates as much as possible the risk of accidents. 
Another way to describe quality assurance in relation to medical products is: All arrangements, activities, and written procedures that are needed to assure that products are safe, effective, and of the quality required for their intended use. 
This should follow all the steps of medicines life cycle, starting with ‘needs’: 
[image: ]
It is very important to understand that pharmaceutical quality assurance is based on the principles of prevention, i.e. preventing conditions or situations that may predispose to incidents, and risk management, i.e. assessing the level of risk inherent to every situation, and acting to mitigate it. 
[bookmark: _Hlk2775613]Activity 1 – Respond to a case about falsified medicines
Read this correspondence from the Lancet Global Health in your Module Resources folder or at the link below:
Peyraud, N.et al. (2017). An epidemic of dystonic reactions in central Africa.
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30287-X/fulltext
This correspondence describes how harm done to the individuals and community in this case was due to falsified medicines, which contained haloperidol instead of declared diazepam. Nobody along the regulatory process or supply chain had identified upfront this serious quality problem, which was only revealed by a cluster of dystonic reactions in patients in DRC. In other words, there was not a quality assurance system in place that prevented the falsified diazepam from reaching and harming the patients. 
While you read the document, consider this question:
What should have been done, upfront, to prevent this? 
  

Feedback: Measures that could have prevented these falsified (fake) medicines from entering the legitimate supply chain and harming people, include: stringent regulatory inspections at the manufacturers; stringent evaluation of the product’s dossier; stringent regulatory inspections at the distributors (this could have highlighted that they purchased medicines from unknown/illegal sources); and stronger regulatory controls on imported medicines, to check that they are registered and their origin may be traced back.

 Do not worry if this is unclear now. It will become clearer when you go through section 4 below. 
3. Assessment of a pharmaceutical manufacturing site
There may be (very) technical aspects in this and the next section. Do not worry about the detail: the aim is not to master technicalities, but to understand the relevance and complexity of these aspects, and their links to policy and management. 
3.1 Good Manufacturing Practices (GMP) 
Good Manufacturing Practices (GMP) are the part of pharmaceutical quality assurance that ensures that pharmaceutical products are consistently produced and controlled to the quality standards appropriate to their intended use, and as required by the marketing authorization. 
Manufacturers should work according to GMP, and auditors and inspectors will evaluate manufacturers for their compliance with GMP. The WHO GMP includes the following main chapters: 
· General principles 
· Active PharmaceuticaI Ingredients (API)
· Excipients
· Finished Pharmaceutical Products (FPP)
· Specific products (e.g. sterile, biologicals, radio-pharmacy, hormones…)
[image: ]

You do not have to become an expert in each of these, but please go quickly through the list below, to get a taste of the complexity - and importance - of implementing GMP. Comments are given on some of these points, to provide a few examples on how poor implementation of specific aspects of GMP may result in direct harm to patients.

The elements of the WHO Good Manufacturing Practices (GMP)

1. Quality system: risk management & product quality review 
2. Good manufacturing practices for pharmaceutical products 
3. Sanitation and hygiene 
4. Qualification and validation. 
Comment: Validation is the process of establishing documentary evidence demonstrating that a procedure, process or activity maintains the desired level of compliance at all stages. For instance if the sterilization protocol is not validated, there is no assurance that all batches are sterile and it is possible that non-sterile products are produced and injected into patients.  
5. Complaints 
6. Product recalls 
Comment: Quality problems, such as the presence of an unwanted impurity, can be detected when a product is already in the market/field. It is likely that all the products belonging to the same batch (i.e. having been produced at the same time) will present the same problem, so they should all be recalled. For this purpose, manufacturers must keep an accurate record of all the clients to which a given product was shipped. If they fail to do so they cannot manage a batch recall, so it will be impossible to prevent the administration of the substandard medicine to more patients. 
7. Contract production, analysis and other activities
8. Self-inspection, quality audits and suppliers’ audits and approval
9. Personnel 
10. Training
Comment: Staff who have not been trained for the specific tasks they perform, irrespective of the level of specialisation needed, will be prone to making mistakes. For the sake of accountability, training should be documented in writing.  
11. Personal hygiene
12. Premises
13. Equipment 
14. Materials (starting/packaging materials, intermediate/ bulk/finished products, rejected, recovered, reprocessed and reworked materials, recalled products, returned goods, reagents and culture media, reference standards, waste materials) 
15. Documentation 
16. Good practices in production (cross-contamination, bacterial contamination; processing, packaging operations)
Comment: Cross-Contamination happens when a starting material, intermediate, or finished product is contaminated with another starting material or product. It may be due to mistakes in labelling, lack of validated cleaning procedures in-between two production cycle, etc. It can result in serious harm, such as toxicity or side effects due to the presence of an undeclared active ingredient. 
17. Good practices in quality control (starting materials, intermediate, bulk and finished products; test requirements; batch record review; stability studies; reference

8

3.2 GMP certificate 
Pharmaceutical manufacturers, either of active ingredients or finished pharmaceutical products, must be approved (licensed) by the NMRA. In well-regulated contexts, the license is given following the positive outcome of a GMP-inspection, repeated at regular intervals. The NMRA will issue a “GMP certificate”, which is the proof that the manufacturer has the capacity to manufacture medicines.  
Procurement agents, such as National Procurement Agencies, importers, etc. should ask to see the GMP certificate of a potential supplier, and they can double-check its authenticity with the issuing authority. However, as we will see in Section 6 below, many NMRAs lack the resources and capacity to conduct stringent GMP inspections. Therefore, it should be considered that the level of reliability of the GMP certificate will depend on the capacity of the NMRA in the issuing country.  
Please also note that the WHO proposes a format (model) for issuing GMP certificate, but it does not issue GMP certificates! 

[image: ]
4. Assessment of the product dossier
The GMP-compliance, when checked by a stringent NMRA, is proof of the capacity to manufacture medicines adequately, with focus on products/dosage form/production lines (i.e., capacity to manufacture oral medicines, injectable medicines, etc.). However, GMP-compliance does not mean the licensed manufacturer will be able to adequately manufacture each and every product. 
Therefore, after having checked that a manufacturing site is GMP-compliant, the NMRA will still need to check carefully the specifications of each specific product manufactured there, before granting it Marketing Authorization. This implies checking the specifications of the Active Pharmaceutical Ingredient(s) and the Finished Pharmaceutical Product; stability; safety and efficacy (for innovator medicines) or bioequivalence (for generics); and the quality of packaging, labelling, and leaflet.  
4.1 Active Pharmaceutical Ingredient(s)
By Active Pharmaceutical lngredient(s) (API), we mean the substance or combination of substances used in a finished pharmaceutical product (FPP) and intended to furnish the desired pharmacological activity. The quality of the FPP will greatly depend on the quality, concentration, purity, and stability of the API. It is up to the manufacturer of the FPP to check that the API has the adequate quality specifications, as defined in the Pharmacopoeias (see section 4.2), and that it comes from a GMP-compliant manufacturing site (in section 3.2). 
In addition, many API(s) results from a complex, multiple-step, expensive production process. Thus, the API is often a critical element for the price of the FPP. 
4.2 Finished Pharmaceutical Product (FPP)
4.2.1. Marketing authorisation 
Marketing authorisation is an official document issued by the NMRA for the purpose of authorising the marketing or free distribution of a specific product within the country. It must set out, among other things, the name of the product, the pharmaceutical dosage form, the quantitative formula (including excipients) per unit dose, the shelf-life and storage conditions and packaging characteristics. 
It specifies the information on which authorisation is based (e.g. “The product(s) must conform with all the details provided in your application and as modified in subsequent correspondence”). It also contains the product information approved for health professionals and the public, the sales category, the name and address of the holder of the authorisation, and the period of validity of the authorisation.
The marketing authorisation number must appear on the packaging: 
[image: ]
Please note that regulators who assess a pharmaceutical product manufactured abroad, should check its “regulatory status” in the country of origin. This can be: 
· Registered AND marketed in the country of origin 
· Registered, NOT marketed in the country of origin 
· Manufactured for EXPORT ONLY
Reflection: Medicines manufactured for export only
 Do you think that there is a difference in quality assurance of medicines manufactured and registered in a country, and medicines manufactured in the same country for export only? 






Feedback: In principle, it should not be the case. But according to Caudron, et al (2008) page 1063: 

“… the reality today is that the quality of drugs for export from developed to developing countries is still determined through a much less rigorous evaluation than for the domestic market. Efficacy and safety are often not evaluated at all. Drugs destined for international aid and development programmes are also often exempted from regulatory control. The expectation is that the recipient country will evaluate the quality of the imported drug. While this may be an acceptable expectation between rich countries, placing this burden of responsibility on countries that do not have the resources to do it is impractical, even exploitative.”
This implies that a medicine should not be considered as fully quality-assured just because it was manufactured in a country with stringent regulatory authorities. It should also be checked if these authorities have granted a Marketing Authorization for use in their own country.  
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-3156.2008.02106.x


4.2.2. WHO Certification Scheme on the quality of pharmaceutical products moving in international commerce
To facilitate international trade in pharmaceutical products, the NMRA in the issuing country may issue this non-mandatory administrative instrument to the NMRA in the recipient country, to certify the GMP-certificate and marketing status of a FPP/API in the issuing country.  In line with section 3.2 above, the significance of this certificate will depend on the capacity of the NMRA in the issuing country.  
[image: ]
If you have any specific questions on this administrative instrument you can check this WHO Questions & Answers: http://apps.who.int/medicinedocs/documents/s23013en/s23013en.pdf 
4.2.3. Pharmacopoeial monographs
Reading 1b
World Health Organization (2017) Norms and standards. 70 years of WHO standards on medicines quality. Expert Committee on Specifications for Pharmaceutical Preparations 1947-2017: Addressing changing public health challenges.
Refer back to the previous reading, focusing now on the section “Pharmacopoeial Standards” (page 17): 

 https://www.who.int/medicines/publications/druginformation/issues/WHO_DI_31-1_Norms-Standards.pdf?ua=1  

A pharmacopoeia may be defined as an official register, published in a country or a group of countries and periodically revised by a scientific commission, containing standards and specifications for identifying medicines and testing their quality. Pharmacopoeial specifications are of paramount importance, because they constitute the technical basis for quality control. 
The British Pharmacopoeia (https://www.pharmacopoeia.com/BP2018), the US Pharmacopoeia (http://www.usp.org/), and the International Pharmacopoeia (http://apps.who.int/phint/en/p/about/) are among the most reputable ones. The latter gives priority to medicines included in the WHO Model List of Essential Medicines, and to medicines which are important for WHO health programmes, for helping “enabling access to quality medicines worldwide”. But despite these efforts, a publication of 2018 showed that for 15% of WHO Essential Medicines, there was no monographs in any of 8 pharmacopeias investigated. For instance, 28% of essential antiretrovirals and 23% of essential antimalarials lacked monographs. 
In the absence of a pharmacopoeial monograph, the manufacturer will have to develop, and to submit to the NMRA, in-house specifications. Note that the manufacturer of a multisource (generic) product (see section 4.4) should use the same specifications used for the innovator product, when publicly available. 
4.2.4. Certificate of analysis 
You will have noticed that we often mention the word “batch”.  A batch is a defined quantity of pharmaceutical products processed in a single process or series of processes, so that it is expected to be homogeneous. Each batch of a give product should be accompanied by a certificate of analysis (CoA), which is a mandatory proof of its quality control or, in other words, a proof that the batch has been tested against the pharmacopoeial specifications (or in-house specifications) and found to conform. 
[image: D:\Consultances\QUAMED\2011\exemples PF\Benzylbenzoate CoA 1.jpg]

Quality may be affected by incidents during the manufacturing process, resulting in batch-to-batch variability. Therefore, each batch must be tested by the manufacturer before it is released, and the CoA must be available for regulators and for purchasers. A manufacturer or distributor unable to provide a CoA, should be considered as unreliable.  

 
4.2 Stability 
The shelf life of a pharmaceutical product is the period of time during which, if stored correctly, it is expected to comply with pharmacopoeial specification, i.e. to preserve its properties (aspects related to adequate storage will be further discussed in section 5, Good Distribution and Storage Practices). It is determined by means of formal stability studies, both accelerated and in real time, which are performed under different conditions, depending on the climatic zone where a product is due to be used: 
[image: ] 
Formal stability studies must be performed for each new product, e.g. you cannot just assume that all the tablets containing azithromycin will have the same shelf life, because there are multiple, product-specific determinants of stability: the characteristics of the API, of the excipients, formulation, packaging, etc. 
[image: ]
The expiry date is the date given on the individual container of a pharmaceutical product, up to and including the date on which it is expected to remain within specifications, if stored correctly as indicated (please note that vague storage instructions, such as «Store in a cool dry place», are never acceptable for medicines). The expiry date is established for each batch by adding the shelf-life established for that product, to the date of manufacture. If the manufacturer did not perform formal stability studies (for instance, it may have skipped them …. to save money), there is a risk of degradation before the stated expiry date. But degradation before the stated expiry date may also happen due to inadequate practices along the supply chain (we will discuss the importance of good storage and distribution practices, and of good stock management, in Section 5 of this session, Good Distribution and Storage Practices, and in the Procurement and Supply Policies session). 
In any case, degradation may have harmful, unpredictable consequences, such as loss of activity, and appearance of toxic degradation products. Sometimes, the degradation may be suggested or revealed by visual inspection:  
[image: ]  [image: ]
4.4 Safety/efficacy, or bioequivalence
An originator or innovator pharmaceutical product is the one which contains a given API, at a given dose and formulation, and that was first authorized for marketing, on the basis of documentation of efficacy, safety and quality. Safety and efficacy profiles are established through a long and costly research and development plan, including preclinical and clinical studies, which may take up to 10 years. 
For instance, Lariam® is the innovator product containing mefloquine 250 mg: it was developed and marketed by the company Roche. 
[image: ]
Multisource pharmaceutical products, often called generics, are products that contain the same API, at the same dose, and that are therapeutically equivalent to the innovator, thus interchangeable with it. They may be marketed under the non-proprietary name that identifies the API (for instance, paracetamol, zidovudine, amoxycillin) or under a brand (proprietary) commercial name. These days, they may only be manufactured and marketed when the patent on the originator is expired. 
For instance, the examples below are generic products containing mefloquine 250 mg. They are manufactured and marketed by different generic companies:
 [image: ] [image: ]

	Note: Intellectual property and patents on medicines are outside the scope of this session. Should you wish to know more, check the website of the MSF Access Campaign: https://msfaccess.org/patents-and-intellectual-property


To prove the equivalence of the generic(s) vs the innovator, the US first introduced in 1984 bioequivalence studies, conducted in vivo in healthy volunteers. These studies aim to check if two pharmaceutical products are bioequivalent, i.e. if the same happens when they are administered to a person. 
In practice, if you look at the figure on the left below, you will see that the red and green curves (corresponding respectively to the innovator and generic) are the same. This means that once administered, the absorption, distribution and excretion from the body are the same for the two active pharmaceutical ingredients (APIs), over the same time. Thus, they are expected to deliver the same quantity of API over the same time, and to have the same therapeutic effect.  
Conversely, in the figure on the right, the red and purple curves are not the same. This means that the generic (purple line) would deliver less quantity of API than the innovator (red line), so it would not have the same therapeutic effect.  

[image: ]
Should you be interested in more detail, check the WHO document “Marketing Authorization of Pharmaceutical Products with Special Reference to Multisource (Generic) Products. A manual for National Medicines Regulatory Authorities”: http://apps.who.int/iris/bitstream/10665/44576/1/9789241501453_eng.pdf 
Today, the proof of therapeutic equivalence by means of bioequivalence study is a widely accepted regulatory standard for multisource (generic) medicines. The WHO also issued in 2005 a Guideline on Bioequivalence of Fixed Dose Combinations; and in 2008, it issued a “biowaiver procedure”, exempting some medicines or groups of medicines from the requirement of bioequivalence studies. 
In practice, a formal proof of bioequivalence is essential for proving the efficacy and safety of each new multi-source (generic) product (solid formulations), but depending on the API, you will need either an in vivo study with healthy volunteers, or a simpler and cheaper in vitro comparative dissolution profile. 
Unfortunately, some manufacturers may be tempted to skip the bioequivalence study, in order to save money. Frauds have been frequently reported in this field. For instance, in 2015 the European Medicines Agency suspended more than 700 products over concerns about the reliability of bioequivalence studies. 
You will find more information here: https://www.ema.europa.eu/en/medicines/human/referrals/gvk-biosciences 
Data from 2007 from the French Regulatory Agency also showed worrisome trends: 
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4.5 Packaging
The primary packaging (e.g. the blister, the vial and other examples shown in the pictures below) is in direct contact with the pharmaceutical product. The quality of packaging materials is essential, since it preserves the product integrity during shelf-life and should not interact with it. 

[image: ]
Fragile API’s require particularly robust primary packaging. For instance, artemisinin derivatives are only stable when kept in 100% aluminum blisters (ALU/ALU).
 
[image: ]

The secondary packaging (the box that contains the blisters, the vials etc.) is not in direct contact with the pharmaceutical product. Nonetheless, it contains critical information for the proper use and traceability of the product, such as the marketing authorisation number and the identification of the manufacturer.  

[image: ]

The tertiary packaging (e.g., the cartons for shipment) has a less critical role. Nonetheless, it needs adequate specifications, especially for long-distance shipments, because poor quality cartons can negatively affect quality (in cases of crashing, humidity, etc.). 

[image: ]

Discussion Forum 1: Inappropriate re-packaging
Read the paper by Lehmann et al. (2018). Drug Quality in South Africa: A Field Test. Journal of Pharmaceutical Sciences (2018). In particular focus on the abstract, and sections 3.2 and 4.2 concerning “visual inspection”. Add link
In this case, 316 samples of amoxicillin alone or in combination with clavulanic acid, and of paracetamol alone or in combination (only solid forms), were collected by mystery customers in three provinces of South Africa in 2016. Unexpectedly, only 55.4 % of samples fulfilled all specifications. In respect of the visual inspection, the most frequent out-of-specifications included inappropriate labelling and packaging, due to poor practices at pharmacy level. 
Discussion topics  
· Are you aware of any similar findings elsewhere (from literature, monitoring reports, personal observation, anecdotal reports, etc.)? 
· What actions could be implemented to prevent similar poor practices where you work? 

4.6 Label and leaflet 
A pharmaceutical product should be labelled with the following information: 
· name of the product; 
· type and amount of API(s); 
· batch number; 
· expiry date; 
· special storage conditions or handling precautions; 
· directions for use, warnings and precautions; 
· names and addresses of the manufacturer and/or the supplier. 
The label and the leaflet are important contributors to the quality of a pharmaceutical product, and they should be accurately checked and approved by the NMRA before it grants the marketing authorisation. 
The risks linked to wrong or incomplete information about identification, origin, expiry date, storage instructions, dosage and administration instructions, contraindications etc. (sometimes caused by translation mistakes) are often underestimated.
[image: ]
Labelling deviations may be caused by apparently unimportant details. For instance, poor quality glue will cause loss of label (particularly in tropical climates); and poor quality ink will make the printing disappear over time, before the expiry date. 
Activity 2 – Poor labelling practice: a case study
Please read the abstract of Gyanwali, et al (2015). 
file:///C:/Users/Admin/Downloads/678-1268-1-PB.pdf
Then answer the questions below.
· What are the potential consequences of poor quality labelling? 
· Who should implement corrective actions? 
· How can front-line workers contribute?  

Feedback: The consequences for the patients vary depending on the kind of shortcomings. For instance, lack of mention of the specific Pharmacopoeia used to define the specifications, will have no direct harmful consequences, provided that it is clearly stated in the Marketing Authorisation. Conversely, failure to provide the directions for use may result in irrational use and have a negative impact on therapeutic efficacy and safety. In principle, shortcomings in labelling should have been prevented by a stringent assessment of the product dossier by the NMRA, so this regulatory function should be reinforced in the future. However, front-line workers may also help, by reporting any problems they detect to the supplier and to the NMRA or Pharmacovigilance Program. 

4.7 Quality control
Before continuing, you may find it useful to go back to section 2.2, The Concept of Quality Assurance, and to quickly refresh your mind on its contents.
Quality control (QC) is the part of quality assurance that is concerned with (pharmacopoeial) specifications and laboratory testing. In practice, it consists in checking that a pharmaceutical ingredient, or a pharmaceutical finished product, complies with the required specifications. The testing should be carried out at a QC laboratory with the necessary equipment and expertise (more information on accredited laboratories will be provided in the session on Procurement and Supply Policies session of this module). 
QC is, together with other regulatory activities such as dossier assessment and inspections, an essential component of stringent regulatory supervision. It needs to be carried out on the starting materials, during the manufacturing process, and before releasing each batch of finished product. As already discussed in section 4.2.4. Certificate of analysis, each batch of a given product should be accompanied by a certificate of analysis, issued by the laboratory that tested the samples, in order to prove compliance with the stated specifications. 
Importantly, quality control is the basis of post-marketing surveillance: samples of marketed medicines are randomly sampled by the NMRA at different points along the supply chain, in order to obtain a representative sample of such product; and tested, on an ongoing basis, to check that batches keep on meeting the stated specifications. If a NMRA cannot rely on a national pharmaceutical QC laboratory, implementing effective post-marketing surveillance will be much more challenging. 
It is important to remember that QC is one of the steps in quality assurance, but cannot be a substitute for it.
Reflection: Quality Assurance (QA) vs Quality Control (QC)
In the figure below, which do you think would be QA and which QC?



[image: ]
Feedback: QA was defined as “All arrangements, activities, and written procedures that are needed to assure that products are safe, effective, and of the quality required for their intended use”. 
In this example, (a) training the drivers is a documented procedure, with clear rules, to ensure upfront that cars are adequately used; (b) signposts are written indications of procedures to be applied to prevent accidents; and (c) traffic officers are qualified persons who oversee that the activity of driving is carried out according to the agreed procedures. They can all be seen as “QA”. 
Conversely, (d) speed radars are placed randomly along some roads, for limited periods, to check if a specific driver is complying with the rules, and to help to identify hotspots of poor practices. They can be seen as “QC”.  

(Thanks to B. Schiavetti for this example).
 

Reading 1c
World Health Organization (2017) Norms and standards. 70 years of WHO standards on medicines quality. Expert Committee on Specifications for Pharmaceutical Preparations 1947-2017: Addressing changing public health challenges.
Now that you have completed section 4, please return to the first reading. This time, read it completely, trying to see how the different technical areas fit with each other: https://www.who.int/medicines/publications/druginformation/issues/WHO_DI_31-1_Norms-Standards.pdf?ua=1


Now that you have completed section 4, go back to Activity 1. You should now have a better understanding of how that situation could have been tackled. 

5. Good Distribution and Storage Practices 
Good distribution practices (GDP) is the part of quality assurance that ensures that the quality of a pharmaceutical product is maintained during the distribution process, and that the distribution system is secured from falsified, unapproved, stolen, and other inappropriate pharmaceutical products. 
Good storage practices (GSP) is the part of quality assurance that ensures that the quality of pharmaceutical products is maintained throughout the storage. As mentioned earlier in section 4.2, the shelf life of a pharmaceutical product is contingent upon adequate storage conditions. 
GDP cover procurement, purchasing, storage, distribution, transportation, repackaging, re-labelling, documentation and record-keeping practices. Similarly to Good Manufacturing Practices (presented in section 3.1), specific chapters describe the requirements for organization and management of pharmacies and pharmaceutical warehouses; personnel; quality systems; premises, warehousing and storage; vehicles and equipment’s; containers for shipment; containers’ labelling; dispatch and receipt; transportation; products in transit; documentation; repackaging and relabeling; complaints; batch recalls; returned products; protection from falsified pharmaceutical products; importation; contract activities; and self-inspection. 
We will discuss all these aspects more in detail in the session on: Procurement and Supply Policies. At this stage, it is important to understand that coordinated efforts are needed at different levels to safeguard the quality of medicines along the supply chains. 
Reflection: Reception procedures
 What do you think went wrong in the picture below?



[image: ]
Feedback: A pharmaceutical warehouse should work according to a logical flow of persons and goods. This should include a dedicated reception area, to ensure that reception is done accurately, by qualified staff, and in a protected environment that minimises the risk of mistakes. This is not the case in the example provided, where the products are exposed to direct sunlight, contact with insects or rodents, potentially to rain …. all having a detrimental impact on their quality. 
Also, the lack of logical flow creates the risk of confusion/mix-ups among products, or between batches with different expiry dates. It looks as if the team in this picture has been taken by surprise by the consignment! 
We should avoid blaming the people in the picture. It is likely that the real problem is represented by the overall lack of a quality system, with standardised procedures, pre-defined roles and adequate training. The responsibility goes back to the warehouse manager(s), the province inspector(s), and possibly to poor national regulation of distribution.


Reflection: Storage procedures

What do you think went wrong in the situation depicted in the picture below?






[image: ]
Feedback: The storage area should be designed with the characteristics and vulnerabilities of the products, and the need to facilitate adequate management, in mind. In the present case, because of the lack of shelves, the cartons on the bottom are bearing an excessive weigh, which may damage the primary packaging of the products inside the cartons. Also, there is no protection from direct sunlight. And the overall arrangement may be unstable, creating risks to the staff security. 
Again, we should avoid putting the blame on the stock-keeper. The problem is ultimately due to the lack of adequate premises, perhaps due to a wrong managerial decision (to save money by not buying shelves!), and to the failure of the regulatory system to enforce adequate GDP standards through regulations and inspections.  
The two examples that we have just seen were taken from a simple warehouse context. However, poor practices can be detected at all levels along the supply chain, including during transport (e.g. when medicines are sent by boat, in non-refrigerated containers), storage, and transit at the customs or port. 
Among the possible problems and deficiencies, due to poor practices, we may observe:
· Inappropriate temperature and humidity conditions in the storage areas (e.g. temperature constantly above 30°C, or frequent extreme temperatures)
· Lack of (documented) monitoring of temperature and humidity in the storage areas
· Poor management of the cold chain for heat sensitive products (e.g., frequent black-outs, lack of temperature monitoring for fridges and freezer, lack of adequate shipment materials such as cold boxes with ice packs and thermometer, etc.)
· Failure to implement corrective actions when any of the above problems is observed  
· Lack of a separate quarantine area for expired or suspicious products 
· Lack of a dedicated, locked area for controlled substances 
· Poor stock management (e.g. no stock cards, no physical inventory, no dedicated and trained staff …), resulting in planning mistakes that may cause shortages, overstocks, expired medicines, and financial loss 
· Poor documentation of medicines flow (in and out), resulting in lack of products’ traceability 
· Poor customer services, resulting in impossibility to manage complaints and launch batch recalls. 
In some cases, or at some stages, the degradation due to inappropriate storage conditions (e.g. temperature, humidity) becomes visible, due to physical changes in the appearance of the medicines: 
[image: ][image: ] [image: ]
However, the lack of obvious physical changes cannot be taken as a proof that quality and efficacy are preserved. 
If you need to implement GDP, or to supervise GDP implementation, in your professional work, you may also wish to consult the WHO Guidelines at some time: https://www.who.int/medicines/areas/quality_safety/quality_assurance/GoodDistributionPracticesTRS957Annex5.pdf 

In summary, pharmaceutical quality assurance requires a risk management approach. By assessing manufacturing practices, product dossiers, storage and distribution practices, and by means of post-marketing surveillance, a National Medicines Regulatory Authority (NMRA) will be able to prevent harm and protect individual and public health. We will learn more about NMRAs in the next two sections. 

6. Role of NMRAs 
Reading 2a
Roth, et al. (2018). Expanding global access to essential medicines: investment priorities for sustainably strengthening medical product.
The second reading is a review of existing normative documents aimed at identifying the critical challenges faced by regulatory authorities in LMICs that are limiting access to quality-assured medicines.
Please start reading it, focusing for the time being on the Abstract and Background:  https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-018-0421-2   

National Medicines Regulatory Authorities (NMRAs) are the key institutions responsible for the regulation and control of medical products, such as medicines, vaccines, blood products and medical devices that are manufactured, imported and distributed in their own territory: 
[image: ]

It is widely recognized that effective national regulatory systems are an essential component of health system strengthening [World Health Assembly 2014. Resolution WHA67.20]. According to the WHO, national regulatory systems contribute to promoting and protecting public health by ensuring that: 
· medicines are of the required quality, safety and efficacy
· health professionals and patients have the necessary information to enable them to use medicines adequately
· medicines are appropriately manufactured, stored, distributed and dispensed
· illegal manufacturing and trade are detected and adequately sanctioned
· promotion and advertising is fair, balanced and aimed at rational drug use 
· access to medicines is not hindered by unjustified regulatory work. 
If you are working in a regulatory role, you may wish to read more about this at https://www.who.int/medicines/areas/quality_safety/regulation_legislation/assesment/en/
Among the tasks of a NMRA, the following are described in the WHO Blue Book Marketing Authorization of Pharmaceutical Products with Special Reference to Multisource Generic Products. A Manual for NMRAs. 2nd Edition. https://apps.who.int/iris/bitstream/handle/10665/44576/9789241501453_eng.pdf?sequence=1&isAllowed=y   
· Marketing authorisations, to ensure standards of quality, safety and efficacy
· Laboratory Quality Control testing
· Inspections of pharmaceutical premises, such as manufacturers, wholesalers, importers, distributors, retail pharmacies etc. 
· Based on the results of inspections, licensing of the pharmaceutical premises 
· Pharmacovigilance, i.e. a system of information-gathering that deals with detection, understanding and assessment of adverse effects or any other problem associated with medicines use
· Medicines information for the prescribers, users and patients
· Rational use of medicines
· Control of promotion & advertising of medicines 
· Monitoring of medicines utilisation
· Any enforcement operations needed to achieve the above tasks.
Some NMRAs belong to initiatives for the harmonisation of regulatory standards across countries, or within a given region. The harmonisation initiatives with the longest history, and most often referred to, are probably the International Conference of Harmonisation (ICH) and the Pharmaceutical Inspection Co-operation Scheme (PIC/S). 

The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), started in 1990, brings together regulatory authorities and pharmaceutical industry. Since its inception, ICH's stated mission is “to achieve greater harmonisation worldwide to ensure that safe, effective, and high-quality medicines are developed and registered in the most resource-efficient manner”. In practice, it aims at improving the efficiency of medicines’ development and registration processes, and it has published guidelines in all areas of medicines’ regulation. The founding regulatory members, traditionally indicated as “stringent regulatory authorities”, include the NMRAs from Europe, Unites States and Japan. An updated list of other members and observers can be consulted here: https://www.ich.org/about/members-observers.html. 
If interested, you can learn more here: https://www.ich.org/home.html 



The Pharmaceutical Inspection Co-operation Scheme (PIC/S), established in 1995, is a non-binding, informal co-operative arrangement between Regulatory Authorities in the field of Good Manufacturing Practice (GMP)of medicinal products for human or veterinary use. It is open to any Authority having a comparable GMP inspection system (no other elements are considered, apart from inspection capacities). PIC/S presently comprises 52 Participating Authorities coming from all over the world. PIC/S stated mission is “harmonising inspection procedures worldwide by developing common standards in the field of GMP and by providing training opportunities to inspectors”. 
If interested, you can learn more here: https://picscheme.org/en/about

There are also regional harmonisation initiatives, such as the one successfully implemented by the European Union (EU). Under the “EU centralised procedure”, pharmaceutical companies submit a single marketing authorisation application to the European Medicines Agency, and once granted, the centralised marketing authorisation is valid in all EU member states. Under the “EU mutual recognition procedure”, national marketing authorisations can be rapidly recognised by other EU member states. These procedures allow streamlining the efforts and the resources for marketing authorisation. But they are only possible because all the member states are implementing the same standards and procedures (they would be impossible across countries with different standards and different levels of regulatory stringency).  
Other regional harmonisation initiatives are underway in the Association of the Southeast Asian Nations (ASEAN), the Gulf Cooperation Council (GCC), the Pan American Network for Drug Regulatory Harmonization (PANDRH), the Southern African Development Community (SADC), and the East African Community (EAC). In addition, NEPAD supports the African Medicines Regulatory Harmonization (AMRH), which could result in the future in the creation of an African Medicines Authority. 
The project of African Medicines Regulatory Harmonisation (AMRH), was started in 2009. Its current objective is “ensure that African people have access to essential medical products and technologies” (https://www.nepad.org/programme-details/998). In May 2018, the African Ministers of Health unanimously adopted a draft Treaty for the establishment of a single continental body for the regulation of medicines and medical products, the African Medicines Agency (AMA).

The EAC Medicines Regulation Harmonisation (MRH) Programme was launched in 2012. It was the first programme to receive funding under the AMRH. Its goal is to establish a harmonised regulatory system in the region that enables approval of medicines through various regulatory pathways, similar to the regulation model implemented in the EU.
If you are interested in how a regional harmonisation works in practice, you can learn more here: http://apps.who.int/medicinedocs/documents/s23136en/s23136en.pdf 



Reading 2b
Roth, et al. (2018). Expanding global access to essential medicines: investment priorities for sustainably strengthening medical product.
Please return to the second reading. This time, read the chapter “Implement value-added regulatory practices that utilise available resources” (page 3-5). Note that the wording “reliance” and “convergence” are often used in the same (or very similar) way as “harmonisation” and “mutual recognition”.
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-018-0421-2 
 

7. Challenges and weaknesses of under-resourced NMRAs 
Most people in the pharmaceutical or medical sectors are aware that procuring medicines at unlicensed outlets, unlicensed online vendors, and on the informal market, brings an inherent risk that the purchased products are of poor or unverified quality. However, the current international pharmaceutical market is characterised by a situation of multiple quality standards, and many LMICs face an increased risk that poor-quality medical products are present also in the legitimate supply chain, i.e. at licensed suppliers, distributors, health facilities and outlets. If we are involved in the selection, purchase, distribution and/or management of medical products (and of medicines in particular), either at local or national level, and either from a policy or management perspective, we need to be aware of these risks, and of possible risk-mitigation measures. 
But why is the international pharmaceutical market not homogenous in terms of quality standards? 
First, the NMRAs of many low- and middle-income countries (LMICs) are under-resourced. This means that they lack the human, financial and infrastructural capacities needed to adequately assure the quality of medicines. For instance, a WHO report (referenced in the Discussion Forum below) showed in 2010 that in 26 African countries assessed, the main regulatory functions and measures were often inadequate. Common weaknesses included a fragmented legal basis, weak management structures and processes, and severe lack of staff and resources. Many countries did not have the capacity to control the quality, safety and efficacy of the medicines circulating on their markets or passing through their territories. 
Discussion Forum 2: The weaknesses of NMRAs
Read the Executive Summary of this report:
WHO (2010). Assessment of medicines regulatory systems in sub-Saharan African countries. An overview of findings from 26 assessments. 
https://www.who.int/healthsystems/Assessment26African_countries.pdf?ua=1
When you have read the report, think about the questions below and make notes to share in the Discussion Forum:
1. Based on the reading and your experience, share any concrete examples of the consequences of such weaknesses (from personal observation, anecdotal reports from others, etc.). You do not need to explicitly mention the concerned countries or organization, but just describe the kind of problem that was observed or reported. 
2. What actions could be implemented by the NMRA to prevent similar incidents in the future?

Second, pharmaceutical production and distribution have become globalised since the last decade of the 20th century: active pharmaceutical ingredients (APIs) and finished pharmaceutical products (FPPs) are increasingly manufactured in many different regions and countries, and they increasingly move on the international market through multiple distribution channels. When it comes to multiple distribution channels, it is important to understand that these intermediary steps are often unregulated, e.g. the APIs and FPPs are not subject to the oversight of any NMRA when they are in transit. 
[bookmark: _Hlk2586848]The complexity of the international supply is well represented in the below figure, taken from the 2017 Report of WHO Global Surveillance and Monitoring System (https://www.who.int/medicines/regulation/ssffc/publications/gsms-report-sf/en/): 
[image: ]
The two figures below present a visual representation of the evolution and complexification of the international market over time (where “today” means 2018): 
[image: ]
[image: ]

You could now go back to the paper by Caudron et al.(2008), introduced in the Reflection 1 and read pages 1062-1064 which address the issues of multiple standards on the global market: 
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-3156.2008.02106.x 
We already mentioned the notion of Stringent Regulatory Authority (SRA) in Section 6, in the “encadré” on the International Conference of Harmonization (ICH). It indicates those regulatory authorities that are able to carry out their tasks in a complete and adequate way. It has been used to promote reliance on adequate standards and to guide procurement decisions, because medicines approved by SRAs have been assessed (and monitored after marketing) in a stringent way. 
Up to 2017, the WHO Expert Committee on Specifications for Pharmaceutical Preparations had a very complex, interim definition of SRA: 
A regulatory authority which is a member of the International Conference of Harmonization (ICH), being the European Commission, the US FDA and the Ministry of Health, Labour and Welfare of Japan also represented by the Pharmaceuticals and Medical Devices Agency (as before 23 October 2015); or an ICH observer, being the European Free Trade Association, as represented by Swissmedic, and Health Canada (as before 23 October 2015); or a regulatory authority associated with an ICH member through a legally-binding, mutual recognition agreement, including Australia, Iceland, Liechtenstein and Norway (as before 23 October 2015). 
But since 2018, the WHO is working at a Global Benchmarking of Regulatory Systems, to evaluate regulatory systems via a comprehensive and systematic benchmarking, based on 4 maturity levels. Under the new framework, the term SRA will be replaced by WHO-Listed Authority (WLA). 
The WHO Global Benchmarking Tool is available, for those interested in more details, at https://www.who.int/medicines/areas/regulation/01_GBT_RS_RevVI.pdf?ua=1). 
In 2018, it was confirmed by the WHO that most NMRAs lack the resources for fully carrying out their tasks. 
The figure below shows that 144 countries out of 195 WHO member States have NMRAs with a maturity level 1 or 2, i.e. insufficient or severely insufficient to assure the quality of medicines in a stringent way; and only 50 out of 195 WHO member States have a NMRA with a maturity level 3 or 4, i.e. sufficient or very good to fully assure the quality of medicines. It is worth noting that figures would be even more worrisome when it comes to the capacity to regulate medical devices. 
[image: ]
This is work in progress. Thus, if you are interested in this topic, we advise to keep on checking the relevant WHO website over time: https://www.who.int/medicines/regulation/benchmarking_tool/en/


Reading 2c
Roth, et al. (2018). Expanding global access to essential medicines: investment priorities for sustainably strengthening medical product.
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-018-0421-2  

Please return now to the second reading and read the text thoroughly now. You do not need to understand all the details, but rather get a sense of the complexity of challenges faced by NMRAs in LMICs, and of the need to implement regulatory practices that best utilize the (limited) available resources.



8. Application of what you have learned

	Activity 3:  Critical analysis of a quality incident 

Read this paper carefully:

Rentz et al. (2008). Outbreak of acute renal failure in Panama in 2006: a case-control study. Bulletin of the World Health Organization; 86: 749-756. 
https://apps.who.int/iris/bitstream/handle/10665/270296/PMC2649516.pdf?sequence=1&isAllowed=y  

The paper describes a major quality incident that was detected only after causing a cluster of avoidable morbidity and mortality. It remains difficult to determine the outbreak’s magnitude (deaths before recognition? “Isolated” deaths far from the cluster?). 
Please open the Excel worksheet which you will find in your Module Resources folder, and fill it in with your analysis, then submit the worksheet. You will be given feedback. 




9.	Session Summary                                                                              
The access to quality-assured essential medicines is an essential prerequisite to achieve universal health coverage. Pharmaceutical quality assurance is based on the principles of prevention and risk-management, and it includes essential steps, none of which, however, is sufficient to fully assure the quality of medicines if taken in isolation: 
· the assessment of manufacturing site for compliance with good manufacturing practices, before -and periodically after- granting the manufacturing license
· the assessment of the dossier of each product, before - and periodically after - granting a marketing authorisation. It includes but is not limited to aspects related to the quality of active and inactive ingredients; quality of packaging materials, labels and leaflets; compliance with pharmacopoeial specifications; stability, bioequivalence for multisource products, etc.
· the post-marketing surveillance, by means of random quality control tests  
· the compliance with good distribution and storage practices, from the moment the medicine is released from the manufacturing site, until it is administered to a patient.
The National Medicines Regulatory Authorities (NMRAs) are the key-institutions responsible for the regulation and control of medical products, including medicines. Some belong to harmonisation initiatives, such as the International Conference of Harmonization, the Pharmaceutical Inspection Co-operation Scheme, and the East African Community. Unfortunately, the NMRAs of many low- and middle-income countries (LMICs) lack the human, financial and infrastructural capacities needed to adequately assure the quality of medicines. According to the WHO, which is working at a Global Benchmarking of Regulatory Systems, 144 countries out of 195 WHO member States have NMRAs with an insufficient maturity level. In addition, they are confronted to the increasing globalisation of pharmaceutical production and distribution, which results in multiple quality standards. Consequently, many LMICs face an increased risk of poor-quality medicines, even in the legitimate supply chain. 
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