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			Introduction: Over the last decade, global health policies and different research areas have focused on the relevance and impact of medicine shortages. Published studies suggest there have been difficulties with access to medicines since the beginning of the 20th century, and there have been advances in our understanding and management of the problem since then. However, in view of global and regional health care concerns with shortages, we believe this phenomenon needs to be characterized and described more fully regarding the types of medicines affected, possible causes, and potential strategies to address these. The aim of this scoping review was to identify, compare if possible, and characterize the recent literature regarding the situation of medicines shortages between countries, and provide different perspectives, including a global context and national approaches.

			Methodology: A scoping study presented as a narrative review of the situation and findings principally based on published articles.

			Results: Based on the reported cases in the literature, a typology of medicines shortage and supply interruption episodes and their causes were proposed; national approaches to notify and manage the medicines shortages cases were described and classified by update frequency; principal differences between market and supply chain management perspectives of the situation were identified and global and countries’ perspectives were described.

			Conclusion: Policy makers require solutions that prevent those cases in which the population’s health is affected by episodes of medicine shortages and/or interruption in the supply chain. There is also a need to generate a glossary related to logistics management and the availability of medicines which will be useful to understand and overcome shortages. In addition, recognize that potential solutions are not only related with actions linked to research, development and innovation, but much wider. Overall, we believe this article can act as a basis for future discussions in this important area.
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			Introduction

			The World Health Organization (WHO) defined “access to medicines” as a multidimensional problem in view of the rising prices of new medicines and persisting problems of medicine shortages among others (World Health Organization, 2018). Other concerns include out-of-pocket payments, which are especially important in lower- and middle-income countries (LMICs) where expenditure of medicines can be up to 70% of total health care expenditure and potentially catastrophic for patients and their families if they become ill (Cameron et al., 2009; Ofori-Asenso and Agyeman, 2016; World Health Organization, 2018). However, this is outside the scope of this article, which principally deals with issues of shortages of medicines.

			The last WHO Director-General’s report included a variety of terms on global medicine shortages such as “shortage,” “scarcity” (only in the Spanish version), and “stock outs” (only in the English version) that demand a comprehensive approach across countries (World Health Organization, 2018). Consequently, there is an urgent need to develop a set of terminologies related to the problems identified by countries regarding the continual availability of essential medicines.

			There are different situations leading to out of stock of medicines. Some of them can be solved without causing obstacles to health care provision or in the availability of the best therapeutic option, whereas others may require additional efforts and ways to overcome affected health conditions. There have been several important efforts to document countries’ experiences and potential ways forward to address concerns with medicine shortages. The study of ISAGS UNASUR published in 2017 characterized and analyzed the situation among eight South American countries: Bolivia, Chile, Colombia, Ecuador, Paraguay, Peru, Venezuela, and Uruguay (ISAGS, 2017). In 2018, Bochenek et al. (2018) systematically characterized, compared, and evaluated current measures, as well as legislative and organizational frameworks, to address medicines shortages among a wide range of European and Western Asian countries. These included 20 countries of the European Union (EU) and the European Free Trade Association (EFTA)—Austria, Belgium, Croatia, the Czech Republic, Estonia, France, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Malta, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, and Switzerland. In addition, eight non-EU/EFTA countries: Albania, Azerbaijan, Israel, Kosovo, Montenegro, Republic of Srpska (Bosnia and Herzegovina), Serbia, and Turkey.

			Both publications involving descriptions from different regions of the world with similar findings about formal definitions as well as strategies that had been developed to prevent or mitigate against medicine shortages. Both publications emphasized the urgent need to explore further the phenomena to identify mechanisms which introduce possible solutions for situations affected by medicine shortages, as well as facilitate the monitoring and assessing of signals and subsequent actions. However, there is a need to consolidate current findings to provide additional direction given current concerns, building on the experiences of other countries including Australia, Canada and the United States, as well as more recent research findings (Gupta and Huang, 2013; The Society of Hospital Pharmacists of Australian, SHPA, 2017; Videau et al., 2019).

			Learning from other countries’ experiences should not be underestimated or underutilized in shaping local or national pharmaceutical policies (Godman et al., 2010; Gupta and Huang, 2013; Godman et al., 2014; Moon et al., 2014; Godman et al., 2015; Moorkens et al., 2017; The Society of Hospital Pharmacists of Australian, SHPA, 2017; Godman et al., 2018; Kwon et al., 2018; Videau et al., 2019). Lessons can be drawn from cross-country comparisons, even if a given country’s characteristics do not perfectly correspond in terms of geographical location, size, demography, economy, or type of health care system. Consequently, the objectives of this article are to consolidate current findings as well as characterize and describe more fully the situation across continents to provide further evidence about the types of affected medicines, identified causes, and potential strategies to address shortages. Subsequently, use the findings to provide suggestions to address this important topic.

			Materials and Methods

			The design of this study is a scoping review. Scoping reviews have been useful to describe broad topic and provide an overview of diverse literature, including different study designs and methodologies, both widely available and gray scientific articles and reports (Pham et al., 2015).

			Previous efforts have helped identify the main characteristics to describe the medicine shortage situation including potential definitions, general characteristics of the problem, description of information systems, potential and perceived causes of shortages, and implemented solutions (UNASUR, 2014; De Weerdt et al., 2015a; De Weerdt et al., 2015b; Pauwels et al., 2015; de Weerdt et al., 2017; Nurse-Findlay et al., 2017; Bochenek et al., 2018). We have built on this including the studies of Bochenek et al. (2018) and ISAGS (2017).

			Full information on the content of the ISAGS survey form, including all the detailed questions which were posed in study on South American countries, can be found in the Supplementary Material to this paper. Likewise, detailed information on the content of the survey performed in European and Western Asian countries can be found in the Supplementary Material to the published study of Bochenek et al. Both surveys asked about existence of definitions of shortages of medicines, general characteristics of the problem, description of information systems, groups of medicines in shortage and particular molecules, potential and perceived causes of shortages, existence of processes, protocols and indicators to address shortages when they appear and to monitor their dynamics, and implemented solutions among others.

			Search Process

			First Step

			Figure 1 shows the search process. In 2017, eligible studies were first identified from a search of PubMed with the following general MeSH terms strategy “DRUG OR MEDICINE AND SHORTAGE.” The results were subsequently filtered by period (5 years from May 2012 to 2017), with references filtered by tittle and abstract taking into account representative descriptions of countries.
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			Figure 1 | Flow chart of first literature review process.

		


			Other gray literature was retrieved from websites of the WHO, ministries of health and national health authorities. In addition, legal acts, as well as information gathered and disclosed within the public domain by organizations involved in pharmaceutical markets.

			Second Step

			Figure 2 shows the search process for the update implemented in 2019. The same search strategy was used filtered by period (January 2016 until April 2019) to help recover additional eligible studies. The strategy was also translated into Portuguese and Spanish to run a search in Lilacs, a specific database for Latin America countries.
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			Figure 2 | Flow chart of second literature review process.

		


			To retrieve other potential studies, free text search terms and a snowball literature review was undertaken. We ran the term “SHORTAGE” with specific countries and continents including Africa, Australia, Canada, China, Costa Rica, Japan, Mexico, Panama and the United Kingdom.

			Inclusion Criteria

			This review includes studies that describe the medicines shortage situation within a large jurisdiction or system of care, and settings could be regional, national, or international.

			Selection Process

			Two reviewers (EV, AA) performed the screening of abstracts based on the tittle/abstract review. The full text of potential eligible studies was retrieved if one or both authors thought they were relevant. Disagreements were resolved by discussion and, when necessary, including a third author (TB) in the discussion.

			Data Extraction

			Data extracted from each study included the authors and year of publication, jurisdictional level, existence of definitions, general characteristics of shortages, medicines involved, description of information systems including four categories of frequencies of shortages reports (high, medium, low, unspecified), potential and perceived causes of shortages, and possible implemented solutions at jurisdictional levels.

			Results

			Description of Studies

			By 2017, the literature review had identified 50 references to include in this scoping review, and by 2019 another 6 new references where identified. Of these 56 references, 9 studies had a regional broad focus for Europe and Latin America. We found studies with country description of medicines shortage for one East Asia country (China), 7 European countries (Belgium, Finland, France, Ireland, Slovenia, Spain and the United Kingdom), two Latin America countries (Brazil and Venezuela); two North American countries (Canada and the United States); two Oceania countries (Australia and Fiji); and 4 Western Asia countries (Iran, Iraq, Jordan and Israel) (Table 1).




							Table 1 | Distribution of included references by geography.
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			Three of the identified articles had developed surveys addressed to the ministries of health, state medicines agencies and local health authorities of various countries from three regions to discuss potential ways to address medicine shortages (Bogaert et al., 2015; ISAGS, 2017; Bochenek et al., 2018). One study described the literature review in terms of the characteristics of shortages and country definitions of shortages (De Weerdt et al., 2015a). Another regional study described the shortage situation from the perspective of hospital pharmacists and prescribers (Pauwels et al., 2015).

			The United States (US) is the country with more publications in the field (26 references) than many other countries. Many of these publications describe the professionals’ perspective of the situation at the health care jurisdictional level (Morrison, 2011; Golembiewski, 2012; Griffith et al., 2012; Becker et al., 2013; McKeever et al., 2013; McLaughlin et al., 2013; Bible et al., 2014; Goldsack et al., 2014; Butterfield et al., 2015; Caulder et al., 2015; McLaughlin and Skoglund, 2015; Gabrielli et al., 2016; Parsons et al., 2016; Setayesh and Mackey, 2016; Bocquet et al., 2017; Fox and Tyler, 2017; Mazer-Amirshahi et al., 2017; Rinaldi et al., 2017; Schwartzberg et al., 2017). Another study performed a comparison of medicines shortages between two hospital settings, one from Arabia Saudi and the other from the US (Alsheikh et al., 2016).

			Contexts and Reasons of Medicines Shortage

			The description of the shortage situations may be associated with 4 principal causes or determinants, namely: market, supply chain management, manufacturing, and political issues (Table 2).


		
			
				
					
							
							Table 2 | Most frequent reasons for medicine shortages.

						
					

					
							
							Category

						
							
							Cause

						
					

					
							
							Market

						
							
							Increase in sales (McKeever et al., 2013; Ordre National des Pharmaciens, 2015)

							Price-related aspects (McKeever et al., 2013; Ordre National des Pharmaciens, 2015; Alevizakos et al., 2016; Yang et al., 2016)

							Voluntary withdrawal (Griffith et al., 2012; Steers, 2014; Chen et al., 2016; Yang et al., 2016; Rinaldi et al., 2017)

							Unexpected increases and unexpected changes in clinical practice (Griffith et al., 2012; Yang et al., 2016)

							Parallel or gray markets (Yang et al., 2016)

							Loss of market interest (Videau et al., 2019)

							Relocation of production facilities (Videau et al., 2019)

							Speculation in international markets (Videau et al., 2019)

							Mergers of manufacturers and joint purchasing group (Videau et al., 2019)

						
					

					
							
							Supply chain management

						
							
							Structure of the network or supply chain in the country (Schwartzberg et al., 2017)

							Supply of raw materials and excipients (Griffith et al., 2012; Ordre National des Pharmaciens, 2015; Chen et al., 2016; Gabrielli et al., 2016; Parsons et al., 2016; Bocquet et al., 2017; Rinaldi et al., 2017; Schwartzberg et al., 2017)

						
					

					
							
							Manufacturing process

						
							
							Quality concerns (Griffith et al., 2012; Gabrielli et al., 2016; Bocquet et al., 2017; De Weerdt et al., 2017; Rinaldi et al., 2017; Schwartzberg et al., 2017)

							Changes in the product formulation (Yang et al., 2016; Rinaldi et al., 2017)

							Industrial development capacities (Steers, 2014; Gabrielli et al., 2016; Yang et al., 2016; Fox and Tyler, 2017)

							Production problems (Videau et al., 2019)

						
					

					
							
							Political and ethical issues

						
							
							Regulatory problems (McKeever et al., 2013; Chen et al., 2016; Gabrielli et al., 2016; Parsons et al., 2016; Yang et al., 2016; Bocquet et al., 2017; Schwartzberg et al., 2017).

							Public policy (Cousins, 2014; Setayesh and Mackey, 2016; French Parliament).

							Social conflicts (Setayesh and Mackey, 2016; Bochenek et al., 2018).

							Enhancement of the legal and normative frameworks applicable to the manufacture of medicines (Videau et al., 2019)

						
					

				
			

		


			Some authors have concluded that these categories are interrelated and have one aspect in common, that is, many cases are related to the availability of safe and effective medicines with low profitability or with low sales making them non-viable commercially (McKeever et al., 2013; Alevizakos et al., 2016; Schwartzberg et al., 2017).

			In South American countries, medicine shortages generally occur with mature products without suppliers in the market due to lack of market viability, and correspond mostly to parenteral medicines with low profitability (ISAGS, 2017).

			Some countries issue alerts about medicines that are simply not available on the market in their country even if there is enough money to pay for them within their health care systems (Bochenek et al., 2018).

			Finally, Bochenek et al. (2018) addressed an increasing amount of evidence where medicines were unavailable in countries even if the products complied with current regulations and were financed within the health care system. As a result, these situations show that ethical and political issues could be affecting the timely availability of first-line therapeutic alternatives. These situations threaten the ability of clinicians and governments to fulfill their moral obligations to patients and society to provide benefit to patients, minimize harm, and promote equity.

			Published studies in hospitals allow a better follow up of the health consequences of medicine shortages (Pauwels et al., 2015; de Weerdt et al., 2017); which is more difficult in ambulatory care (Golembiewski, 2012; Becker et al., 2013; Goldsack et al., 2014; Jagsi et al., 2014; Chen et al., 2016). This scoping review identified a number of published articles describing inpatient challenges regarding medicine shortages in the US (Morrison, 2011; Golembiewski, 2012; Griffith et al., 2012; Becker et al., 2013; McKeever et al., 2013; McLaughlin et al., 2013; Bible et al., 2014; Goldsack et al., 2014; Butterfield et al., 2015; Caulder et al., 2015; McLaughlin and Skoglund, 2015; Gabrielli et al., 2016; Parsons et al., 2016; Setayesh and Mackey, 2016; Bocquet et al., 2017; Fox and Tyler, 2017; Mazer-Amirshahi et al., 2017; Rinaldi et al., 2017; Schwartzberg et al., 2017).

			Medicines Involved

			The characterization of supply shortages, their frequency, and the main groups of medicines affected among countries and regions are described in Table 3. The same characterization though is not made for the impact of shortages on patients’ health and health care systems. Descriptions in this respect generally correspond to descriptions of cases regarding either the impact of shortages on health conditions or medical specialties, or limitations in obtaining data and estimates made from surveys.



							Table 3 | Description of medicines classes with shortages in the selected countries.
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			The shortage of essential medicines, including the active ingredients mostly used in injectable chemotherapy medicines, antibiotics, and anesthesia, is causing growing concern across regions including Europe, North America, Asia, and South America. However, the problem is much broader, affecting other classes of medicines - mainly parenteral medicines (Becker et al., 2013; Gulbis et al., 2013; Gupta and Huang, 2013; Jagsi et al., 2014; Caulder et al., 2015; De Weerdt et al., 2015b; De Weerdt et al., 2017; Schwartzberg et al., 2017) including anesthetics, nutrition and electrolyte solutions, enzyme replacement medicines, radiopharmaceuticals and antibiotics. The shortage of medicines has also been observed and documented for instance in Australia, Canada, China and Israel (Gray and Manasse, 2012; Kaposy, 2014; Schwartzberg et al., 2017). Most of the published evidence from countries of South America shows that shortages can occur even with essential medicines and especially injectable forms (ISAGS, 2017) (see Figure 3).
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			Figure 3 | Principal medicine groups experiencing shortages among South American countries.

		


			The groups of medicines, which were most frequently reported to be in shortage, were the cardiovascular medicines in Canada and Belgium; nervous system medicines in Australia, China, and Israel; and anti-infective medicines for most of the countries in South America (Bogaert et al., 2015; Yang et al., 2016; ISAGS, 2017; Schwartzberg et al., 2017; Videau et al., 2019).

			Brazil has reported the national shortage of penicillins (first-line treatment) as a result of the lack of specific raw materials for their production in the international market. This episode was described because of the increased incidence of syphilis, including also congenital syphilis, during the last 5 years and the concern this causes (see Figure 4). The alternative second-line antibiotics to treat acquired syphilis and the partners of pregnant women in Brazil, i.e., doxycycline and ceftriaxone, have doses of between 8 and 15 days, and there are concerns with adherence in practice (Lazarini and Barbosa, 2017).
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			Figure 4 | Detection rate of syphilis and congenital syphilis in Brazil. Source: Brazil Ministry of Health.

		


			In France (Bocquet et al., 2017), supply shortages with 71 types of medicine were identified. According to the ATC classification (Norwegian Institute of Public Nealth, 2018), the most prevalent medicine were antibiotics, oncological medicines, antidepressants, antipsychotics, tuberculosis medicines, vaccines, and immunoglobulins.

			In Iran, at least 73 cases of medicine shortages were identified, among which 44% were essential. Potentially, they impacted on successful management of disease areas including HIV, epilepsy, hemophilia, thalassemia, and patients undergoing organ transplants (Setayesh and Mackey, 2016).

			Definitions

			National Definitions

			Table 4 contains definitions adopted by countries, considering attributes with the formulation and agreement of potential definitions.


		
			
				
					
							
							Table 4 | Countries definitions.

						
					

					
							
							Country

						
							
							Terms/concepts

						
							
							Definition

						
					

					
							
							Argentina

						
							
							Medicines lacking

						
							
							“known circumstances or facts that could jeopardize the supply of products and cause their temporary or definitive discontinuity in the market”1

						
					

					
							
							Australia

						
							
							Shortage of a medicine

						
							
							“There is a shortage of a medicine in Australia at a particular time if, at any time in the 6 months after that particular time, the supply of that medicine in Australia will not, or will not be likely to, meet the demand for the medicine for all of the patients in Australia who take, or who may need to take, the medicine”2 (The Society of Hospital Pharmacists of Australian, SHPA, 2017)

						
					

					
							
							Belgium

						
							
							Unavailability of medicines on the Belgian market

						
							
							“A drug is unavailable when enterprises that are responsible for the marketing of the drug are unable to deliver that drug for an uninterrupted period of four consecutive days to the community pharmacies, hospital pharmacies or wholesalers in Belgium.” (De Weerdt et al., 2015a)

						
					

					
							
							Brazil

						
							
							“Temporary discontinuation”

							“Definitive discontinuation”

							“Unplanned discontinuation of the manufacture or importation of medicines”

						
							
							of the manufacture or importation of medicines means that the license holder does not intend to cancel or does not intend to require the renewal of the registration of the product.

							of a product, in its turn, happens when the license holder intends to cancel or not to request the renewal of the registration of the product.

							Are those cases where quality, efficacy or safety properties of medicines are affected and may lead to a supply shortage in the market. (ISAGS, 2017)

						
					

					
							
							Colombia

						
							
							Medicines shortage

						
							
							A situation which there is not enough supply to satisfy the demand of any medicine approved and marketed in at the country. (INVIMA, 2018)

						
					

					
							
							Canada

						
							
							Drug shortage

						
							
							A situation in which an authorization holder for a drug is unable to meet the demand for the drug. Drug shortages can include temporary or permanent discontinuances in the production and supply of a drug (Videau et al., 2019)

						
					

					
							
							Croatia

						
							
							Disturbance on the medicines’ market

						
							
							Not specific.

						
					

					
							
							France

						
							
							Drug shortage

						
							
							A drug shortage is defined by law in France as an inability for a community pharmacy or a hospital pharmacy to deliver a drug within 72 h (Ministre des affaires sociales, Ministre de la santè, 2012). Additionally, drug shortages in France have been classified formally into two separate contexts of either stock or supply problems. A stock-related shortage is defined as the lack of possibility to manufacture a medicine, whereas a supply-related shortage is defined as a problem in the distribution chain that makes the supply of a medicine impossible, even if enough of the medicine has been manufactured (De Weerdt et al., 2015a).

						
					

					
							
							Greece

						
							
							Actual shortages

							Temporary interruptions in supply

						
							
							“Pertains to the lack of capability to fulfill the demand and the non-availability of a drug in the whole health care system, without the possibility to obtain that medicine from any source.”

							“It refers to situations when drugs are not commercially available,”

							mainly for commercial reasons, for a limited time duration (Bochenek et al., 2018).

						
					

					
							
							Hungary

						
							
							“Drug shortage”

						
							
							As a term is reported to be widely used in the legislation, to report in case they are not able to supply, but without any association with a concrete formal definition (Bochenek et al., 2018).

						
					

					
							
							Italy

						
							
							Short supply

						
							
							The Italian Medicines Agency (AIFA) defines medicines in short supply as: “Medicines which are not available or not to be found in the whole Italian market, because the marketing authorization holder (MAH) is unable to guarantee the correct and regular supply to meet patients’ needs.” (Bochenek et al., 2018).

						
					

					
							
							Norway

						
							
							Temporary disruption of a

							medicine’s marketing

						
							
							It is de facto considered to be a shortage as soon as it lasted for at least 2 weeks (Bochenek et al., 2018).

						
					

					
							
							Peru

						
							
							“Supply shortage”

							Unavailable Pharmaceutical Products

							Pharmaceutical product with limited supply

						
							
							Considered as an operational definition in the management of drug availability indicators employed by the public bodies within the Ministry of Health and Regional Governments.

							Essential pharmaceutical products not supplied in the national market.

							Product with limited provision in the pharmaceutical market, which could generate access problems (availability and affordability) for the population

						
					

					
							
							Spain

						
							
							Supply problem

						
							
							The Spanish Agency for Medicines and Health Products (Spanish acronym: AEMPS), being part of the Spanish Ministry of Health Care, defined the “supply problem” as a situation in which the number of available units of a drug in the pharmaceutical trade channel is below the level of national or local consumption needs, being often due to problems in the manufacturing or distribution of a drug

						
					

					
							
							United States

						
							
							Medicines shortages

						
							
							“A period when the demand or projected demand for a medically necessary drug in the United States exceeds its supply” (Center for Drug Evaluation and research 2018).

						
					

					
							
							Uruguay

						
							
							Declaration of interruption of sale

							Interruption of marketing

						
							
							Interruptions lasting 30 days or more.

							Due to exceptional interruptions by the manufacturer lasting less than 30 days, which must be communicated to and validated by the Department of Medicines. (ISAGS, 2017)

						
					

					
							
							1 Administración Nacional de Medicamentos, Alimentos y Tecnología Médica. https://www.argentina.gob.ar/anmat

							2 The Therapeutic Goods Administration. Medicine Shortages Information Initiative Available from: https://apps.tga.gov.au/prod/MSI/search#furtherinformation

						
					

				
			

		


			One of the most important findings of this scoping review is that consulted sources, literature and institutional websites, have identified a considerable number of countries that are introducing legislative actions to cope the medicines shortages and had included formal definitions or related terms of medicine shortages.

			Recently, Bochenek et al (2018) identified four countries in Europe with specific definitions, and ISAGS in 2017 (ISAGS, 2017) described three definitions for Latin American countries. This scoping review found progress in both regions, i.e., eight European countries and seven Latin America now have national medicines shortage definitions. In addition, by using free terms in the search strategies, we found definitions for one more region, North America (Canada and the United States), and for one country, Australia (Table 4). There are two primary sources of definitions: one from health authority agency websites (Argentina, Australia, Brazil, Colombia, Spain, US, Uruguay, Norway), and the other is the published literature for countries including Belgium, Canada, France, Greece, Hungary, and Italy (Bogaert et al., 2015; Bocquet et al., 2017; Bochenek et al., 2018; Videau et al., 2019).

			Few countries have currently established a specific definition that includes the term “shortages” alone or in combination with the terms “medicines” or “drugs.” These include Belgium, Canada, Colombia, France, Hungary, Greece, Italy, Spain, and the US (Table 4).

			Some countries have used logistics and market related terms, including Uruguay (declaration of interruption of sale or interruption of marketing), Argentina (medicines lacking), Croatia (disturbance on the medicines’ market), Norway (temporary disruption of a medicine’s marketing), Brazil, which uses the term “discontinuation” complemented with a term related to the temporality (definitive or unplanned or temporary), Italy (short supply), and Peru, which uses three terms “supply shortage,” “unavailable pharmaceutical products,” and “pharmaceutical product with limited supply” (Table 4).

			The United States Food and Drug Administration (US FDA) has focused more on aspects related to scarcity and established a definition: “a period when the demand or projected demand for a medically necessary drug in the United States exceeds its supply” (CDER C for DE and research, 2018).

			Bolivia, Chile, Croatia, Ecuador, Greece, Hungary, Norway, and Venezuela currently do not have an official definition of medicine shortage. These countries consider terms associated with medicine shortages but currently do not define the term medicine shortages (Bochenek et al., 2018). Finally, Venezuela differentiates scarcity as the situation in which there is insufficient quantity of a medicine to meet current demand and a supply shortage when the product is just not available (Ministerio de Salud Venezuela, 2017).

			Country Approaches

			A new website at the European Medicines Agency (EMA) includes information about national legislation and local report mechanisms for 24 of the 30 European countries1. In South America, Brazil, Argentina, and Uruguay have regulations that make the reporting of situations that could potentially lead to shortages mandatory. EMA also have a regulation to report these cases.

			Two qualitative studies have documented countries’ legislation and report mechanisms for three regions: Europe, Western Asia, and South America (ISAGS, 2017; Bochenek et al., 2018). As mentioned, this scoping review described one new region, North America (Center for Drug Evaluation and research C, 2018; Videau et al., 2019). In addition, it was possible to include information from 12 new countries: Australia, Bulgaria, Canada, Czech Republic, Denmark, Finland, Germany, Iceland, Romania, Sweden, United Kingdom (UK), and the US (All-party Pharmacy, 2015; Schwartzberg et al., 2017; The Society of Hospital Pharmacists of Australian, SHPA, 2017; CDER C for DE and research, 2018; Videau et al., 2019).

			Information Systems and Vigilance

			Countries are taking actions regarding legislation and reporting systems in public websites (Table 5). Most of them are at the National Regulatory Agency level (28 countries), whereas others are at the Ministries of Health or National Health System level, including Colombia, Israel, Malta, Poland, Spain, Switzerland, UK, and Uruguay). Five countries were documented by Bochenek et al. in 2018 (Gulbis et al., 2013; Bochenek et al., 2018) where pharmacist professional organizations and other stakeholders are involved in medicines shortages reports. Finally, Canada has a website operated by a telecommunication company (Table 5).



							Table 5 | Frequency of update on the publicly available databases to report medicines shortages.
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			Some of the main features of these systems include the frequency of updates, the obligation of pharmaceutical companies or marketing authorization holders to notify key stakeholder groups, and public institutions in charge of the database. To enhance our understanding of the characteristics of databases on medicine shortages in selected countries of Europe, Western Asia, North America, and Latin America, all databases have been divided into four groups, depending on frequency of their updating: high (daily), medium (weekly), low (less often than weekly), and unspecified (Table 5).

			Most of the countries have only a national reporting system, where the Ministry of Health or the National Regulatory Agency manage the database and request mandatory reports. However, other countries have more than one system involved in the gathering of information, such as professional associations in France, Ireland, Malta, Portugal, Spain, and Switzerland (Bochenek et al., 2018). Finally, 12 of 40 countries have not reported databases on medicine shortage, six from Europe (Albania, Cyprus, Lichtenstein, Montenegro, Netherlands, Serbia), seven from South America (Guyana, Suriname, Ecuador, Bolivia, Paraguay, Peru, Venezuela), and Azerbaijan from Western Asia. None of the databases reported affected health conditions, or the possible impact caused by the reported episode.

			Although all analyzed European countries have mandatory reporting systems, this scoping review revealed information systems with high frequency of shortages reports in countries, such as Australia, Canada, and the US. Countries of Latin America and Europe have low or unspecified update frequency of their medicines shortages websites on their (Table 5).

			Networks and Initiatives

			In 2014, the South American Council for Health from UNASUR issued a declaration on “Access to medicines and problems of medicines shortage,” which stated that medicines shortage is a global and regional problem that manifests itself in diverse and changing ways, with various effects since there is insufficient information to determine the magnitude and features of the problem (ISAGS, 2017).

			During 2016, several South American countries proposed to document the shortages situation of essential medicines in the region and to formulate strategies as part of the South American Institute of Government in Health (ISAGS UNASUR) actions for 2017. ISAGS UNASUR, together with the Andean Health Organization (Hipólito Unanue Agreement), undertook a study which described the situation in the member countries of the Andean and South American regions (ISAGS, 2017). An analysis of the medicines shortage situation of essential medicines was developed through the collection of information on decisions related to the problem, types of medicines identified by each country, identified causes, protocols of approach, solutions implemented, management and impact indicators, as well as limitations and experiences both at the country and regional levels that may be relevant to helping overcome the problem.

			In 2016, the research collaboration initiative funded by the European Union was started. It is named COST CA15105—European Medicines Shortages Research Network—addressing supply problems to patients (Medicines Shortages) and it aims to stimulate and develop scientific research, as well as to propose solutions by end of 2020 (COST, 2015; COST, 2018). The COST CA15105 network encourages systematic sharing of information and research about shortages of medicines and nutritional products. It also aims to respond to the diverse interests of clinical and financial parties and patients’ quality of life, to achieve analytical clarity on the causes of shortages, to simulate appropriate decision making in manufacturing and the trade of medicines, to highlight legal and economic frameworks, to disclose disincentives in the supply chain, as well as to reflect on best coping practices to help ensure patients’ health is not compromised by ongoing shortages.

			At the EU level, in 2016, the EMA and the Heads of Medicines Agencies (HMA) created an HMA/EMA Task Force on the Availability of Authorized Medicines for Human and Veterinary Use, aiming to provide strategic support and advice to tackle disruptions in the supply of human and veterinary medicines and to ensure their continued availability (EMA, 2019). The key priorities of the HMA/EMA Task Force included i) looking at ways to minimize supply disruptions and avoid shortages; ii) developing strategies to improve prevention and management of shortages caused by disruptions in the supply chain; iii) encouraging best practices within the pharmaceutical industry to prevent shortages; iv) improving sharing of information and best practices among EU regulatory authorities to better coordinate actions across the EU, and v) fostering collaboration with key stakeholders and enhancing communication of supply problems to EU citizens. A set of documents was published by EMA to support regulators involved in coordinating shortage situations due to good manufacturing practice (GMP) non-compliance. A public catalogue for shortages has been established by EMA2, which is designed to communicate clear information on shortages to patients, health care professionals, and other stakeholders.

			Discussion

			Studies Description

			The studies included in this scoping review describe regional and countries contexts of medicine shortages and current perceptions of stakeholders, as well as their different perspectives. Indexed literature from the last 6 years presents important challenges, such as research on health and economic implications caused by supply disruptions and medicines shortages (Cousins, 2014; Steers, 2014; de Weerdt et al., 2017; Videau et al., 2019). More research efforts are needed to fully estimate the impact of medicine shortages on patients’ health especially in ambulatory care.

			The descriptive cases reported from the US identified parenteral and hospital medicines with shortages episodes and their implications. Moreover, published studies for countries, including Brazil, help to estimate the health implications of shortages of essential antibiotics (Griffith et al., 2012; Galvao et al., 2013; McKeever et al., 2013; Goldsack et al., 2014; Taylor et al., 2016; Mazer-Amirshahi et al., 2017). Next, efforts are needed to compare the current situation between country and regional levels.

			Shortage Definitions and Global Context

			Some ministries and health authorities have developed important initiatives to the timely identification of potential medicine shortages alongside initiatives to manage episodes of interruption in the supply chain (Bocquet et al., 2017; Schwartzberg et al., 2017; Administración Nacional de Medicamentos A y TMA, 2018; CDER C for DE and research, 2018; INVIMA, 2018).

			De Weerdt et al. (2015a) identified some elements included in the definitions, i.e., “supply,” “delivery,” “availability,” “permanent discontinuation of drugs,” and “time frame,” to consider a uniform definition for drug shortages among European countries. Definitions from Table 4 do not involve “delivery” and “availability” as these are not reflected in the current formal definitions. Instead, other common terms are included, such as “market” and “lack.”

			Other countries, including France, Belgium, Italy, Spain, Brazil, and Colombia, have adopted definitions that include the perspective of shortage and some aspects related to supply chain management and market determinants. However, it is worth mentioning that the US FDA defines the problem of medicines shortage only from the perspective of scarcity and includes also a lead time. In addition, the US FDA, unlike other countries including Brazil and France, states that they will never ask a producer to make medicines or change the amount of medicines to be manufactured as solutions for dealing with drug shortages. They do not see this as their role (CDER C for DE and research, 2018).

			A further finding is that a few countries have established a specific period into their definition to confirm the shortage situation: Australia, Belgium, France, Norway, and Uruguay (Bogaert et al., 2015; Bocquet et al., 2017; ISAGS, 2017; The Society of Hospital Pharmacists of Australian, SHPA, 2017; Bochenek et al., 2018). There are though some differences based on the perspective of the definition. Belgium, France, Norway, and Uruguay establish the shortage situation in a specific point of the supply chain, for instance, community pharmacies, or hospital pharmacies, or wholesalers. These countries have included periods for shortages, which varies from 72 h to 30 days (ISAGS, 2017; Bochenek et al., 2018). On the other hand, Australia defined a period of 6 months considering the lack of a medication in the whole country (The Society of Hospital Pharmacists of Australian, SHPA, 2017). Uruguay uses a period less than 30 days as an “interruption of marketing” and more than 30 days as a “declaration of interruption of sale” (ISAGS, 2017).

			One main feature of a specific shortage situation is the identity of the involved medicine, e.g., simvastatin (as an individual medicine) or the class of medicines (statins, lipid modulators). Shortages can also refer to a certain pharmaceutical form (e.g., injectable, capsule, or lotion), administration route (e.g., parenteral or oral), or a certain concentration or package size. The way the product episode is defined—broadly or narrowly—depends on the purposes of the analysis and the availability of information.

			It should be highlighted that in 2017, a set of two co-existing definitions had been proposed by the WHO. On the supply side: “A ‘shortage’ occurs when the supply of medicines, health products and vaccines identified as essential by the health system is insufficient to meet public health and patient needs. This definition refers only to products that have already been approved and marketed, to avoid conflicts with research and development agendas.” On the demand side: “A ‘shortage’ will occur when demand exceeds supply at any point in the supply chain and may ultimately create a ‘stockout’ at the point of appropriate service delivery to the patient if the cause of the shortage cannot be resolved in a timely manner relative to the clinical needs of the patient” (WHO, 2017). The needs of patients about essential medicines are an important link in these definitions.

			The report of the Director General of the WHO presented at the last Assembly on global shortage of medicines and access to them in 2018 (A71/12) gives considerable relevance to situations that are recognized as a shortage of medicines, which coincide with those recently reported by South American countries (ISAGS, 2017; Organizaciòn Mundial de la Salud O, 2017). They show how different points of the medicines’ value chain are affected by concerns with demand, which are caused both by the lack of commercial attractiveness and by logistics, and supply factors that prevent having medicines in a timely manner.

			In contrast, the title of the WHO’s report refers to the global scarcity of medicines, and throughout the document, the term “shortage” is being used (Organizaciòn Mundial de la Salud O, 2017). In general terms, the difference between the two terms (“scarcity of medicines” and “shortage of medicines”) can be minimal. However, it is worth specifying that “scarcity” refers only to those situations in which for a specific need the medication does not exist, whereas “shortage” covers those cases in which it is not possible to obtain the medicine in a timely manner. These latter problems are not solved by activities linked to research, development, and innovation.

			Terms, such as “availability” and “affordability,” have also to be clearly distinguished to describe the shortage phenomena where these occur to avoid confusion and concentrate on appropriate activities to address the situation.

			Regarding “availability,” at the jurisdiction/country level, this term usually implies that a medicine has marketing authorization and is marketed (can be bought or obtained from the health system). At the pharmacy level, this usually means that the medicine could be dispensed at demand or within a short period.

			To contrast this, the term “affordability” refers to the extent the product is available at a reasonable price/cost for the patient or health care system considering the purchasing capacity of the individuals and/or the health system and does not endanger the financial sustainability of the purchasers. As mentioned earlier, this is particularly important for patients in LMICs where there are currently high co-payments. Affordability is also a growing issue in medium- to high-income countries especially with regard to new cancer medicines and those for orphan diseases with ever increasing prices (Howard et al., 2015; Godman et al., 2017; Godman et al., 2018; Kwon et al., 2018).

			The shortage of medicines is related to two main activities planned by the WHO to be implemented between 2019 and 2023. These include i) research and development of medicines, and ii) supply chain management (States, 2019). Previous studies have reported essential medicines that need rapid solutions to address current concerns (ISAGS, 2017), i.e., the penicillins for syphilis and congenital syphilis.

			The description of cases, the identified causes, and definitions of medicine shortages typically involve attributes that facilitate the identification of key solutions to address the main challenges of health conditions affected by the shortages. Currently, the specific actions described in the last version of WHO roadmap for 2019 to 2023 (States, 2019) do not discuss ways of approaching this and possible solutions to these cases, which is a concern.

			We have highlighted the difficulty of building a simple typology of medicine shortages based on the multiple possible combinations of criteria. It may be more useful to define a checklist of relevant criteria that allows the characterization of the episode and to predict/estimate the potential impact/effects according to the likely magnitude and length of the shortage. This again will be researched further in the future.

			Causes and Characteristics of the Context That Determines the Identified Episode

			The causes and context that define the shortage episodes or interruptions in the supply chain are different from other areas of policy that affect medicine availability, such as the non-availability of medicines without a marketing license, or those still in the research phase, or issues of affordability, leading to a lack of reimbursement or funding.

			Overall, we believe medicine shortages can be defined according to several criteria (Figure 5).
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			Figure 5 | Proposed criteria for different approach on medicines shortage.

		


			In fact, medicine shortages might have multiple causes. Some of the causes might have a sequential cause-effect relationship, such as a reduction of future envisaged demand due to a reduction of the incidence of relevant diseases or reduced use due to the availability of new valued medicines, replacing existing ones, which will negatively impact on future profitability. This might cause the manufacturer to stop investing in the manufacturing process and disregard safety concerns, which may in turn lead to an increase in side effects and subsequent closure of the manufacturing plant.

			Beyond an agreed single definition of medicine shortages, the concepts that could be developed must identify precisely the causes and points in the supply chain for which they apply. Topics, such as “shortage episode” could be more related to causes included in the market and policy dimensions (Table 2) or “interruption of supply chain episodes” for those situations caused or detected from the dimension of supply chain management.

			Global Framework

			Once a shortage episode is identified and characterized, including the population and health condition affected, the appropriate pharmaceutical and health policy tools, as well as rational management of medicines and their stocks, could help identify the most effective and efficient available intervention to address the problem. This could include fast tracking authorization and importation of the medicine or an equivalent from another country or recommending physicians to prescribe a substitute medicine; alternatively, potentially increasing reimbursed prices where profitability is a concern. Coordination of national efforts and international cooperation is urgently needed on various levels to address this, including UNASUR, the Andean Health Organization-Hipólito Unanue Agreement, the European Union, and the WHO. We will be following this up in the future as well.

			There have been issues in Europe with older cancer medicines when the originator company has sold their molecule to a generic manufacturer, and this was re-launched at a considerably higher price, prompting potential counter measures (Pagliarulo, 2017; Hawkes, 2017; Kahn, 2017; UK Department of Health and Social Care, 2016). Such activities will also be followed up, mindful of the need for manufacturers to make a profit for sustained supply.

			Overall, we believe that specific strategies and solutions should be formulated at national and global levels. However, shortages must be clearly distinguished from scarcity. We believe this will lead to improved approaches to address episodes of medicine shortages and interruptions in the supply chain, as well as more pertinent solutions and their implementation to address current concerns.

			There is a growing interest in international cooperation in the area of medicine shortages research, its prevention and ways to facilitate actions that provide a timely response. For South American countries, the development of a consensus to build or adapt a definition of medicines shortages demands the compilation of the countries’ definitions to generate a glossary related to logistics management and the availability of medicines. Some approaches, such as risk management and a panel of logistical indicators for medicines, can be adapted to each country according to its complexities, including the health system, epidemiological alerts, and geographical peculiarities. At the regional level, it has also been proposed to design a regional platform for horizon scanning and undertaking a pilot project to identify medicines that may be at risk of stock-outs, or possible withdrawals from the market, by reviewing the license status and reviewing databases related to imports and pharmaceutical market. No less important is to develop pilots for those priority medicines that are affecting the population health in the region.

			Approaches to Medicine Shortages

			The proposed categorization of causes of medicines shortages can be used as a guidance to find potential solutions, as well as considering the supply stage of medicines, market competition, and possible therapeutic substitutes.

			The Ministries and Health Authorities must consider which health conditions are affected by the shortage or supply chain interruption. This includes the proposed therapeutic use of the medicine and the availability of other therapeutic options, considering the optimal treatment for the disease or health condition involved within available resources.

			Maybe the most critical causes of medicine shortages are those related to market aspects because these situations depend on the will of the producer, seller, or buyer, and the power relationship between each part. Some common situations are when a pharmaceutical company decides to suspend the production of a medicine, or the seller decides to modify the price of a specific pharmaceutical product, affecting its funding and supply. In view of this, possible solutions cannot just be focused on new possible innovations.

			Likewise, countries initiatives should not just consist only of designing and implementing systems to compile information about cases of medicine shortages. The specific interventions should be moved forward to address potential shortages, as stated earlier.

			Other approaches could include designing and implementing of risk management programs that allow the anticipation of shortage episodes as well as implementing activities, including horizon scanning to identify “programmed obsolescence” of a medicine based on market withdrawals or changes in the pricing of products. We have seen horizon scanning and budgeting successfully used in countries to better plan for the future, with Sweden and exemplar for other countries (Wettermark et al., 2010; Malmström et al., 2013; Eriksson et al., 2017; Godman et al., 2018), and these activities are likely to grow.

			On the other hand, problems related to supply chain management are focused on logistics management and the level of the supply chain or network. These problems can be mitigated through the design of health care supply chains, with objectives that look to maximize the service level (availability and accessibility) and optimize the financial component, with recent changes in the public system in South Africa, a recent example among LMICs (Meyer et al., 2017). Ministries of Health should set key performance indicators for the country’s supply chain as well as implement improvements among the different agents in the supply chain over the different process including inbound and outbound transportation, fleet management, warehousing, materials handling, order fulfillment, logistics network design, inventory management, supply/demand planning, and the management of third-party logistics services providers (Council of Supply Chain Management Professionals (CSCMP), 2013). This will help reduce shortages in the future.

			Some countries, such as France (Ordre National des Pharmaciens, 2015) have implemented actions focused on logistic aspects including defining a dead line to establish supply interruptions and length of shortage episodes. France also established a decree in 2012 to overcome the dysfunctions of the pharmaceutical distribution channel based on supply chain interventions, as well as introducing constraining and coercive measures for the various actors of the distribution channel. The decree defines shortages as the inability for a community or hospital pharmacy to deliver a medicine to a patient within 72 h if the medicine is currently not available, as well as possible therapeutic alternatives if needed, or which supply difficulties may lead to a risk of public health for patients, thereby creating an emergency. France established a procedure whereby all the actors of the medicine’s distribution channel should join forces to help address current concerns. The decree also established some regulatory obligations for pharmaceutical companies, including ensuring an appropriate and continuous supply of medicines to wholesalers to meet public and patients’ needs, implementing emergency call centers to inform agents about an anticipated or a current medicine shortage, informing the French authorities of emergency supplies, specifying the quantities and addresses, and informing of any risk concerns associated with any medicine shortage. The wholesaler must also declare its distribution territory, meet public obligations, have a selection of medicines at least nine tenths of commercialized pharmaceutical products in France, and ensure to deliver medicines within 8 h from any request (Ordre National des Pharmaciens, 2015; Bocquet et al., 2017). However, there are still challenges especially in the field of medicines with major therapeutic interest, and after 7 years of the introduction of the decree, there are still tensions between the different agents in the supply chain in France due to other causes not related to supply chain management (Biétry, 2018).

			Conclusions

			Descriptions of medicines shortage extracted from the multiple studies included in this scoping review allowed the authors to extract main characteristics, as well as contexts and reasons of medicines shortage, which medicines are involved, definitions of shortages, countries information systems on shortage reports and alerts management, and finally any networks between countries and stakeholders’ initiatives.

			We believe this is first time such a comprehensive study has been undertaken reporting the most representative description of the current medicine shortage situation across multiple countries and giving inputs regarding national and global health policies related to the most frequent reasons reported for medicine shortages. This includes the description of the most likely medicine classes with shortages, current national definitions, and related terms and available databases to report medicine shortages. The study also describes frameworks and approaches among countries to help address these issues in the future. Overall, we believe our findings can help with the development of definitions related to the shortage of medicines that can be universally applied to prevent future confusion.

			Signals linked with unattended or affected health conditions because of shortages must also be documented to establish effective interventions from a health authority perspective to ensure patients’ health is not compromised. Indeed, policy makers require solutions that prevent those cases in which the population’s health is affected by episodes of medicine shortages and/or interruption in the supply chain.

			As part of this, we believe it is necessary to develop a consensus to build or adapt definitions of shortage and scarcity, as well as identifying all local definitions, to generate a glossary related to logistics management and the availability of medicines to facilitate aggregation of data from different sources and to better manage future situations. We have started this process with this article.

			We also believe it is important to emphasize that for those cases where shortages are due to logistical and supply factors, and it is not possible to have the medicines in a timely manner, that potential ways forward are not related to improving research, development and innovation as some bodies are proposing. This is a very different situation, especially if alternative solutions are available including importation, as well as permitting increased prices if pertinent along with advocating and documenting possible alternatives, and these must be explored first.

			Overall, we believe it would also be useful to identify options and best practices on how to address the most common causes of shortages and share these among all countries to provide future direction. These are research topics for the future building on this review across countries.

			Our findings show that part of the problem of shortages is focused on provision, especially those cases related to the permanent suspension of production or voluntary suspension, due to, for instance, to the lack of commercial interest, either by low demand, end of the patent, price regulations, use of compulsory licenses and/or the introduction of new medicines. Regarding suspending commercialization, it is important to review specific cases that raise considerable public health concerns, such as antineoplastic and antibiotics, to suggest potential ways to overcome the situation. We have started this process and will continue.

			Limitations

			Although the findings presented in this study allows us to make comparisons between countries related with, for instance, national definitions and involved medicines, there are other attributes that may well broaden the situation which we have not discussed. These can be addressed going forward.

			Recommendations

			Further research is needed to fully assess the clinical and economic impact of medicine shortages at different jurisdictional levels, including both hospital and ambulatory care levels. Additionally, cross-country and regional studies will help to identify current essential medicines supply disruptions and shortages episodes, which need prompt solutions.

			Author Contributions

			AA and EV conducted the study and prepared the first draft of the article and the literature review. JR brought methodologic inputs and assessed preliminary results. JR, BG, and TB commented on and contributed to subsequent iterations on the manuscript.

			Acknowledgments

			The work on this article was facilitated by the ISAGS UNASUR institutional program of associate researchers, promoted by Carina Vance, its current Executive Director.

			Footnotes

				
					1 European Medicines Agency. Medicine shortages. https://www.ema.europa.eu/en/human-regulatory/post-authorisation/medicine-shortages

				

				
					2 European Medicines Agency—https://www.ema.europa.eu/en/human-regulatory/post-authorisation/medicine-shortages/shortages-catalogue

				

			Supplementary Material

			The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2019.00763/full#supplementary-material

			References

			Administración Nacional de Medicamentos A y TMA (2018). Faltante de medicamentos | Argentina.gob.ar [Internet]. ANMAT. [cited 2019 Jan 19]. Available from: https://www.argentina.gob.ar/faltante-de-medicamentos. 

			Alevizakos, M., Detsis, M., Grigoras, C. A., Machan, J. T., and Mylonakis, E. (2016). The impact of shortages on medication prices: implications for shortage prevention. Drugs 76 (16), 1551–8. doi: 10.1007/s40265-016-0651-7

			All-party Pharmacy (2015). Why drug shortages occur. Drug Ther. Bull. 53 (3), 33–6. doi: 10.1136/dtb.2015.3.0316

			Alsheikh, M., Seoane-Vazquez, E., Rittenhouse, B., Fox, E., and Fanikos, J. (2016). A comparison of drug shortages in the hospital setting in the United States and Saudi Arabia: an exploratory analysis. Hosp. Pharm. 51 (5), 370–5. doi: 10.1310/hpj5105-370

			American College of Medical Toxicology, American Academy of Clinical Toxicology (2015). Antidote shortages in the USA: Impact and Response. J. Med. Toxicol. 11 (1), 144–6. doi: 10.1007/s13181-013-0372-1

			Aular de González, Y. (2014). Escasez de medicamentos y su repercusión en la salud. Salus 18 (2), 5–6. http://www.redalyc.org/pdf/3759/375939026002.pdf

			Awad, H., Al-Zu’bi, Z. M. F., and Abdallah, A. B. (2016). A quantitative analysis of the causes of drug shortages in Jordan: a supply chain perspective. Int. Bus. Res. 9 (6), 53. doi: 10.5539/ibr.v9n6p53

			Bauters, T., Claus, B. O. M., Norga, K., Huys, I., Simoens, S., and Laureys, G. (2016). Chemotherapy drug shortages in paediatric oncology: a 14-year single-centre experience in Belgium. J. Oncol. Pharm. Pract. 22 (6), 766–70. doi: 10.1177/1078155215610915

			Becker, D. J., Talwar, S., Levy, B. P., Thorn, M., Roitman, J., Blum, R. H., et al. (2013). Impact of oncology drug shortages on patient therapy: unplanned treatment changes. J. Oncol. Pract. 9 (4), e122–8. doi: 10.1200/JOP.2012.000799

			Bible, J. R., Evans, D. C., Payne, B., and Mostafavifar, L. (2014). Impact of drug shortages on patients receiving parenteral nutrition after laparotomy. J. Parenter. Enteral Nutr. 38 (2_suppl), 65S–71S. doi: 10.1177/0148607114550317

			Biétry, G. (2018). Drug shortages causing tension between pharma, wholesalers and pharmacists in France. APM Health Europe. 

			Birgli® ag (2013). An Evaluation of Medicines Shortages in Europe with a more in-depth review of these in France, Greece, Poland, Spain, and the United Kingdom. 68. Available from: http://static.correofarmaceutico.com/docs/2013/10/21/evaluation.pdf. 

			Bochenek, T., Abilova, V., Alkan, A., Asanin, B., Beriain I de, M., Besovic, Z., et al. (2018). Systemic measures and legislative and organizational frameworks aimed at preventing or mitigating drug shortages in 28 European and Western Asian Countries. Front. Pharmacol. 8. doi: 10.3389/fphar.2017.00942

			Bocquet, F., Degrassat-Théas, A., Peigné, J., and Paubel, P. (2017). The new regulatory tools of the 2016 Health Law to fight drug shortages in France. Health Policy (New York). 121 (5), 471–476. doi: 10.1016/j.healthpol.2017.03.007

			Bogaert, P., Bochenek, T., Prokop, A., and Pilc, A. (2015). A Qualitative approach to a better understanding of the problems underlying drug shortages, as viewed from Belgian, French and the European Union’s perspectives. Lexchin J, editor. PLoS One 10 (5), e0125691. doi: 10.1371/journal.pone.0125691

			Bonnanno, V., and Gavril, F. (2011). Seven years of EU Pharmaceutical Regulation in Malta. WHO Drug Inf. 25, 343–53.

			Butterfield, L., Cash, J., and Pham, K. (2015). Advocacy Committee for the Pediatric Pharmacy Advocacy Group on B of the AC for the PPA. Drug shortages and implications for pediatric patients. J. Pediatr. Pharmacol. Ther. 20 (2), 149–52. doi: 10.5863/1551-6776-20.2.149

			Cameron, A., Ewen, M., Ross-Degnan, D., Ball, D., and Laing, R. (2009). Medicine prices, availability, and affordability in 36 developing and middle-income countries: a secondary analysis. Lancet 373 (9659), 240–9. doi: 10.1016/S0140-6736(08)61762-6

			Caulder, C., Mehta, B., Bookstaver, P., Sims, L., and Stevenson, B. (2015). South Carolina Society of Health-Sy. Impact of drug shortages on health system pharmacies in the southeastern United States. Hosp. Pharm. 50 (4), 279–86. doi: 10.1310/hpj5004-279

			CDER C for DE and research (2018). CDER Conversation: FDA’s drug shortages prevention strategies. [cited 2019 Jan 16]; Available from: https://www.fda.gov/drugs/newsevents/ucm432474.htm. 

			Center for Drug Evaluation and research C (2018). Drug shortages—drug shortages infographic [Internet]. Center for Drug Evaluation and Research; [cited 2019 Jan 26]. Available from: https://www.fda.gov/Drugs/DrugSafety/DrugShortages/ucm441579.htm. 

			Chen, S. I., Fox, E. R., Kennedy Hall, M., Ross, J. S., Bucholz, E. M., Krumholz, H. M., et al. (2016). Despite federal legislation, shortages of drugs used in acute care settings remain persistent and prolonged. Health Aff. 35 (5), 798–804. doi: 10.1377/hlthaff.2015.1157

			COST. (2015). CA15105—European Medicines Shortages Research Network—addressing supply problems to patients (Medicines Shortages) [Internet]. Available from: https://www.cost.eu/actions/CA15105/#tabs%7CName:overview. 

			COST. (2018). European Medicines Shortages Research Network—addressing supply problems to patients (Medicines Shortages) [Internet]. Medicines Shortages in Europe. eCOST Action CA15105. Available from: http://www.medicinesshortages.eu/.

			Costelloe, E. M., Guinane, M., Nugent, F., Halley, O., and Parsons, C. (2015). An audit of drug shortages in a community pharmacy practice. Irish J. Med. Sci. 184 (2), 435–40. doi: 10.1007/s11845-014-1139-7

			Council of Supply Chain Management Professionals (CSCMP) (2013). SCM Definitions and Glossary of Terms [Internet]. [cited 2019 Jan 12]. Available from: https://cscmp.org/CSCMP/Educate/SCM_Definitions_and_Glossary_of_Terms/CSCMP/Educate/SCM_Definitions_and_Glossary_of_Terms.aspx?hkey=60879588-f65f-4ab5-8c4b-6878815ef921. 

			Cousins, S. (2014). Iraq: staff and medicine shortages are major challenges. Lancet 384 (9947), 943–4. doi: 10.1016/S0140-6736(14)61615-9

			De Weerdt, E., De Rijdt, T., Simoens, S., Casteels, M., and Huys, I. (2017). Time spent by Belgian hospital pharmacists on supply disruptions and drug shortages: an exploratory study. PLoS One 12 (3), 1–15. doi: 10.1371/journal.pone.0174556

			De Weerdt, E., Simoens, S., Casteels, M., and Huys, I. (2015a). Toward a European definition for a drug shortage: a qualitative study. Front. Pharmacol. 6, 1–9. doi: 10.3389/fphar.2015.00253

			de Weerdt, E., Simoens, S., Casteels, M., and Huys, I. (2017). Clinical, economic and policy implications of drug shortages in the European Union. Appl. Health Econ. Health Policy, 15 (4), 441–445. doi: 10.1007/s40258-016-0264-z

			De Weerdt, E., Simoens, S., Hombroeckx, L., Casteels, M., and Huys, I. (2015b). Causes of drug shortages in the legal pharmaceutical framework. Regul. Toxicol. Pharmacol. 71 (2), 251–8. doi: 10.1016/j.yrtph.2015.01.005

			EMA. (2019). Medicine shortages [Internet]. Available from: https://www.ema.europa.eu/en/human-regulatory/post-authorisation/medicine-shortages. 

			Eriksson, I., Wettermark, B., Persson, M., Edström, M., Godman, B., Lindhé, A., et al. (2017). The early awareness and alert system in Sweden: history and current status. Front. Pharmacol. 8, 1–8. doi: 10.3389/fphar.2017.00674

			Fox, E. R., and Tyler, L. S. (2017). Potential association between drug shortages and high-cost medications. Pharmacotherapy 37 (1), 36–42. doi: 10.1002/phar.1861

			Ministre des affaires sociales, Ministre de la santè. (2012). Décret n° 2012-1096 du 28 septembre 2012 relatif à l’approvisionnement en médicaments à usage humain [Internet]. Les autres textes législatifs et réglementaires, Décret n° 2012-1096 Version consolidée au 11 septembre 2017 France: Legifrance. Available from: https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000026426883&dateTexte=20170911

			Gabrielli, A., Layon, N. T., Bones, H. L., and Layon, A. J. (2016). The tragedy of the commons—drug shortages and our patients’ health. Am. J. Med. 129 (12), 1237–8. doi: 10.1016/j.amjmed.2016.09.007

			Galvao, T. F., Silva, M. T., Serruya, S. J., Newman, L. M., Klausner, J. D., Pereira, M. G., et al. (2013). Safety of benzathine penicillin for preventing congenital syphilis: a systematic review. PLoS One 8 (2), 1–9. doi: 10.1371/journal.pone.0056463

			Godman, B., Bucsics, A., Vella Bonnano, P., Oortwijn, W., Rothe, C., Ferrario, A., et al. (2018). Barriers for access to new medicines: searching for the balance between rising costs and limited budgets. Front. Public Health 6, 328. doi: 10.3389/fpubh.2018.00328

			Godman, B., Malmström, R. E., Diogene, E., Gray, A., Jayathissa, S., Timoney, A., et al. (2015). Are new models needed to optimize the utilization of new medicines to sustain healthcare systems? Expert Rev. Clin. Pharmacol. 8 (1), 77–94. doi: 10.1586/17512433.2015.990380

			Godman, B., Petzold, M., Bennett, K., Bennie, M., Bucsics, A., Finlayson, A., et al. (2014). Can authorities appreciably enhance the prescribing of oral generic risperidone to conserve resources? Findings from across Europe and their implications. BMC Med. 12, 98. doi: 10.1186/1741-7015-12-98

			Godman, B., Shrank, W., Andersen, M., Berg, C., Bishop, I., Burkhardt, T., et al. (2010). Comparing policies to enhance prescribing efficiency in Europe through increasing generic utilization: changes seen and global implications. Expert Rev. Pharmacoecon. Outcomes Res. 10 (6), 707–22. doi: 10.1586/erp.10.72

			Godman, B., Wild, C., and Haycox, A. (2017). Patent expiry and costs for anti-cancer medicines for clinical use: expiry and costs anti-cancer medicines. [cited 2019 Jan 27]; Available from: https://strathprints.strath.ac.uk/60241/1/Godman_etal_GABI_2017_Patent_expiry_and_costs_for_anti_cancer_medicines_for_clinical.pdf. doi: 10.5639/gabij.2017.0603.021

			Goldsack, J. C., Reilly, C., Bush, C., McElligott, S., Bristol, M. N., Motanya, U. N., et al. (2014). Impact of shortages of injectable oncology drugs on patient care. Am. J. Health Pharm. 71 (7), 571–8. doi: 10.2146/ajhp130569

			Golembiewski, J. (2012). Drug Shortages in the perioperative setting: causes, impact, and strategies. J. Perianesth. Nurs. 27 (4), 286–92. doi: 10.1016/j.jopan.2012.05.005

			Gray, A., and Manasse, H. R. (2012). Shortages of medicines: a complex global challenge. Bull. World Health Organ. 90 (3), 158–158A. doi: 10.2471/BLT.11.101303

			Griffith, M. M., Gross, A. E., Sutton, S. H., Bolon, M. K., Esterly, J. S., Patel, J. A., et al. (2012). The impact of anti-infective drug shortages on hospitals in the United States: trends and causes. Clin. Infect. Dis. 54 (5), 684–91. doi: 10.1093/cid/cir954

			Gulbis, B. E., Ruiz, M. C., and Denktas, A. E. (2013). The impact of drug shortages on the pharmacy, nursing, and medical staff’s ability to effectively care for critically ill patients. Crit. Care Nurs. Q. 36 (4), 400–6. doi: 10.1097/CNQ.0b013e3182a10ffe

			Gupta, D. K., and Huang, S. M. (2013). Drug shortages in the United States: a critical evaluation of root causes and the need for action. Clin. Pharmacol. Ther. 93 (2), 133–5. doi: 10.1038/clpt.2012.229

			Hawkes, N. (2017). Drug company Aspen faces probe over hiking generic prices. Available from: https://www.bmj.com/content/357/bmj.j2417. doi: 10.1136/bmj.j2417

			Heiskanen, K., Ahonen, R., Kanerva, R., Karttunen, P., and Timonen, J. (2017). The reasons behind medicine shortages from the perspective of pharmaceutical companies and pharmaceutical wholesalers in Finland. PLoS One 12 (6), e0179479. doi: 10.1371/journal.pone.0179479

			Howard, D. H., Bach, P. B., Berndt, E. R., and Conti, R. M. (2015). Pricing in the Market for Anticancer Drugs. J. Econ. Perspect. 29 (1), 139–62. doi: 10.1257/jep.29.1.139

			INVIMA (2018). Desabastecimiento de medicamentos-Invima_Instituto Nacional de Vigilancia de Medicamentos y Alimentos [Internet]. [cited 2019 Jan 19]. Available from: https://www.invima.gov.co/desabastecimiento-de-medicamentos. 

			ISAGS (2017). Situation of Essential Medicines at Risk of Supply Shortage with Emphasis on South American Countries [Internet]. Rio de Janeiro. Available from: http://isags-unasur.org/en/publicacao/situation-of-essential-medicines-at-risk-of-supply-shortage-with-emphasis-on-south-american-countries-2/. 

			Jagsi, R., Spence, L., Rathmell, W., Bradbury, A., Peppercorn, J., Grubbs, S., et al. (2014). Ethical considerations for the clinical oncologist in an era of oncology drug shortages. Oncologist 19 (2), 186–92. doi: 10.1634/theoncologist.2013-0301

			Kahn, T. (2017). Aspen loses Italy appeal over cancer drug prices. Available at URL: https://www.businesslive.co.za/bd/companies/healthcare/2017-06-15-aspen-loses-italy-appeal-over-cancer-drug-prices/. Available from: https://www.businesslive.co.za/bd/companies/healthcare/2017-06-15-aspen-loses-italy-appeal-over-cancer-drug-prices/. 

			Kaposy, C. (2014). Drugs, money, and power: the Canadian drug shortage. J. Bioeth. Inq. 11 (1), 85–9. doi: 10.1007/s11673-013-9494-z

			Kavanagh, J. (2017). How Pharmaceutical Supply Chains Can Be Managed to Minimise the Number of Medicines Shortages. Ireland: College Dublin. 

			Kwon, H. Y., Kim, H., and Godman, B. (2018). Availability and affordability of drugs with a conditional approval by the European Medicines Agency: comparison of Korea with other countries and the implications. Front. Pharmacol. 9, 1–9. doi: 10.3389/fphar.2018.00938

			Lazarini, F. M., and Barbosa, D. A. (2017). Educational intervention in Primary Care for the prevention of congenital syphilis. Rev. Lat. Am. Enfermagem 25, e2845. doi: 10.1590/1518-8345.1612.2845

			Malmström, R. E., Godman, B. B., Diogene, E., Baumgärtel, C., Bennie, M., Bishop, I., et al. (2013). Dabigatran—a case history demonstrating the need for comprehensive approaches to optimize the use of new drugs. Front. Pharmacol. 4, 39. doi: 10.3389/fphar.2013.00039

			Mazer-Amirshahi, M., Goyal, M., Umar, S. A., Fox, E. R., Zocchi, M., Hawley, K. L., et al. (2017). U.S. drug shortages for medications used in adult critical care (2001–2016). J. Crit. Care 41, 283–8. doi: 10.1016/j.jcrc.2017.06.005

			McKeever, A. E., Bloch, J. R., and Bratic, A. (2013). Drug shortages and the burden of access to care: a critical issue affecting patients with cancer. Clin. J. Oncol. Nurs. 17 (5), 490–495. doi: 10.1188/13.CJON.490-495

			McLaughlin, M. M., and Skoglund, E. W. (2015). Drug shortages and patient safety. J. Infus. Nurs. 38 (3), 205–8. doi: 10.1097/NAN.0000000000000101

			McLaughlin, M., Kotis, D., Thomson, K., Harrison, M., Fennessy, G., Postelnick, M., et al. (2013). Effects on patient care caused by drug shortages: a survey. J. Manag. Care Pharm. 19 (9), 783–8. doi: 10.18553/jmcp.2013.19.9.783

			Meyer, J. C., Schellack, N., Stokes, J., Lancaster, R., Zeeman, H., Defty, D., et al. (2017). Ongoing initiatives to improve the quality and efficiency of medicine use within the public healthcare system in South Africa; A preliminary study. Front. Pharmacol. 8, 1–16. doi: 10.3389/fphar.2017.00751

			Ministerio de Salud Venezuela (2017). Comunicación. 

			Moon, J. C., Godman, B., Petzold, M., Alvarez-Madrazo, S., Bennett, K., Bishop, I., et al. (2014). Different initiatives across Europe to enhance losartan utilisation post generics: impact and implications. Front. Pharmacol. 5, 1–10. doi: 10.3389/fphar.2014.00219

			Moorkens, E., Vulto, A. G., Huys, I., Dylst, P., Godman, B., Keuerleber, S., et al. (2017). Policies for biosimilar uptake in Europe: an overview. PLoS One 12 (12), 1–17. doi: 10.1371/journal.pone.0190147

			Morrison, A. (2011). Drug Supply Disruptions [Internet]. [cited 2019 Apr 21]. Available from: https://www.cadth.ca/sites/default/files/pdf/Drug_Supply_Disruptions_es-18_e.pdf. 

			Norwegian Institute of Public Nealth (2018). WHO—ATC/DDD Index [Internet]. ATC/DDD Index 2019. [cited 2019 Apr 28]. Available from: https://www.whocc.no/atc_ddd_index/. 

			Nurse-Findlay, S., Taylor, M. M., Savage, M., Mello, M. B., Saliyou, S., Lavayen, M., et al. (2017). Shortages of benzathine penicillin for prevention of mother-to-child transmission of syphilis: an evaluation from multi-country surveys and stakeholder interviews. PLoS Med. 14 (12), e1002473. doi: 10.1371/journal.pmed.1002473

			Ofori-Asenso, R., and Agyeman, A. (2016). Irrational Use of Medicines—a summary of key concepts. Pharmacy 4 (4), 35. doi: 10.3390/pharmacy4040035

			Ordre National des Pharmaciens (2015). Ruptures d’approvisionnement de médicaments. Les cahiers de l’Ordre national des pharmaciens, 1–29. 

			Organizaciòn Mundial de la Salud O (2017). La escasez mundial de medicamentos y vacunas y el acceso a ellos. 2016, 9. https://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_20-sp.pdf

			Pagliarulo, N. (2017). EU investigating generic drugmaker over cancer drug price hikes. Biopharmadive. https://www.biopharmadive.com/news/aspen-pharma-antitrust-generic-drugs-EC-europe-investigation/442722/

			Parsons, H. M., Schmidt, S., Karnad, A. B., Liang, Y., Pugh, M. J., Fox, E. R., et al. (2016). ReCAP: Association between the number of suppliers for critical antineoplastics and drug shortages: implications for future drug shortages and treatment. J. Oncol. Pract. 12 (3), 249–50. doi: 10.1200/JOP.2015.007237

			Pauwels, K., Huys, I., Casteels, M., and Simoens, S. (2014). Drug shortages in European countries: a trade-off between market attractiveness and cost containment? BMC Health Serv. Res. 14, 438. doi: 10.1186/1472-6963-14-438

			Pauwels, K., Simoens, S., Casteels, M., and Huys, I. (2015). Insights into European drug shortages: a survey of hospital pharmacists. PLoS One 10 (3), e0119322. doi: 10.1371/journal.pone.0119322

			Pfeffer, K., and Mozoľová, B. (2017). Re-export of drugs in the Slovak Republic Vol 2 The act. Two Birds. 

			Pham, M. T., Greig, J. D., Sargeant, J. M., and Mcewen, S. A., (2015). A scoping review of scoping reviews: advancing the approach and enhancing the consistency. Res. Synth. Methods 5 (4), 371–385.

			Rinaldi, F., de Denus, S., Nguyen, A., Nattel, S., and Bussières, J. F. (2017). Drug shortages: patients and health care providers are all drawing the short straw. Can. J. Cardiol. 33 (2), 283–6. doi: 10.1016/j.cjca.2016.08.010

			Rosa, M. B., Reis, A. M. M., Perini, E., Rosa, M. B., Reis, A. M. M., and Perini, E. (2016). Drug shortage: a public health problem. Cad. Saude Publica 32 (10), 1–3. doi: 10.1590/0102-311X00086916

			Schwartzberg, E., Ainbinder, D., Vishkauzan, A., and Gamzu, R. (2017). Drug shortages in Israel: regulatory perspectives, challenges and solutions. Isr. J. Health Policy Res. 6 (1), 17. doi: 10.1186/s13584-017-0140-9

			Schweitzer, S. O. (2013). How the US Food and Drug Administration can solve the prescription drug shortage problem. Am. J. Public Health 103 (5), e10–4. doi: 10.2105/AJPH.2013.301239

			Servicio Vasco de Salud -Osakidetza (2016). Desabastecimiento De Medicamentos: Un Problema Sin Resolver [Internet]. Vol. 23, INFORMACIÓN FARMACOTERAPÉUTICA DE LA COMARCA. Vitoria - Gasteiz. Available from: http://www.osakidetza.euskadi.eus/contenidos/informacion/cevime_infac/es_cevime/adjuntos/INFAC_Vol_23_N_7_Desabastecimientos.pdf. 

			Setayesh, S., and Mackey, T. K. (2016). Addressing the impact of economic sanctions on Iranian drug shortages in the joint comprehensive plan of action: promoting access to medicines and health diplomacy. Global Health 12 (1), 1–14. doi: 10.1186/s12992-016-0168-6

			States, M. (2019), Consultation DFOR. Roadmap for access 2019-2023. 

			Steers, W. D. (2014). Falling short: causes and implications of drug shortages in the United States. J. Urol. 192 (5), 1315–7. doi: 10.1016/j.juro.2014.09.003

			Taylor, M. M., Nurse-Findlay, S., Zhang, X., Hedman, L., Kamb, M. L., Broutet, N., et al. (2016). Estimating benzathine penicillin need for the treatment of pregnant women diagnosed with syphilis during antenatal care in high-morbidity countries. PLoS One 11 (7), 1–15. doi: 10.1371/journal.pone.0159483

			The Society of Hospital Pharmacists of Australian, SHPA (2017). “Medicine Shortages in Australia,” in A snapshot of shortages in Australian hospitals (Victoria). https://www.shpa.org.au/sites/default/files/uploaded-content/website-content/Fact-sheets-position-statements/medicines_shortages_in_australia-_shpa_snapshot_-_june_2017.pdf

			UK Department of Health and Social Care. (2016). Health Service Medical Supplies (Costs) [Internet]. Available from: https://www.gov.uk/government/publications/health-service-medical-supplies-costs/health-service-medical-supplies-costs-bill-factsheet. 

			UNASUR (2014). Acceso a medicamentos y problemas de desabastecimiento de medicamentos esenciales [Internet]. Surinam. Available from: http://www.isags-unasur.org/uploads/biblioteca/1/bb[503]ling[1]anx[1530].pdf. 

			Ventola, C. L. (2011). The drug shortage crisis in the United States: causes, impact, and management strategies. P T 36 (11), 740–57.

			Videau, M., Lebel, D., and Bussières, J. F. (2019). Drug shortages in Canada: Data for 2016–2017 and perspectives on the problem. Ann. Pharm. Fr. 77 (3), 205–211. doi: 10.1016/j.pharma.2018.11.007

			Walker, J., Chaar, B. B., Vera, N., Pillai, A. S., Lim, J. S., Bero, L., et al. (2017). Medicine shortages in Fiji: A qualitative exploration of stakeholders’ views. PLoS One 5. doi: 10.1371/journal.pone.0178429

			Wettermark, B., Persson, M. E., Wilking, N., Kalin, M., Korkmaz, S., Hjemdahl, P., et al. (2010). Forecasting drug utilization and expenditure in a metropolitan health region. BMC Health Serv. Res. 10, 1–14. doi: 10.1186/1472-6963-10-128

			WHO 2017. WHO. Meeting Report: Technical Definitions of Shortages and Stockouts of Medicines and Vaccines [Internet]. Geneva; [cited 2019 Jan 31]. Available from: http://www.who.int/about/licensing/copyright_form/en/index.html. 

			World Health Organization (2018). Addressing the global shortage of, and access to, medicines and vaccines Report by the Director-General BACKGROUND Vol. EB142/13. Geneva: World Health Assembly, 50. 

			Yang, C., Wu, L., Cai, W., Zhu, W., Shen, Q., Li, Z., et al. (2016). Current situation, determinants, and solutions to drug shortages in Shaanxi Province, China: a qualitative study. PLoS One 11 (10), 1–16. doi: 10.1371/journal.pone.0165183

			Conflict of Interest Statement: TB is an active member (Action Chair) of COST CA15105—European Medicines Shortages Research Network—addressing supply problems to patients (Medicines Shortages) funded by the European Union.

			The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

			Copyright © 2019 Acosta, Vanegas, Rovira, Godman and Bochenek. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

		

OEBPS/Images/Figure_5.jpg
Criterion 1

The life cycle of the product (once it has been.
‘marketed).

) Whenthe product
sales are on decline
b) Whentheproduct | becauseitis being
is subjectto generic | substitutedbynew.
competition, (multi- | _products butis stll

2) Whenthe product
is under market

exlusiviy; Towcs) siage; | beingusedfor cottin
patents orby certain
Physicans
Criterion 3.

The place in the supply chain where the problem
oceurs, which may differ from the place where the
problem s reported/identified

2) production’
importation;

) retal phamacist

) wholesater fevel; ol

Criterion 2
Existence of effective substitutes

<) oneor multiple equivilent

b) oneor molecules medicines under
) nosubstitutes; | multiple generic | patent/market exchusivity suchas
versions; othermedicines in the class or

celated class

Criterion 4.
Cause of the shortage
‘Supply side
<2 Lk of dequste profsbilty due
b
+a.1. Reduction in demand due to Demand side
competiionaf akeitice 3 Unespected substansalincrease
5, altematively, 10 l0nger  of demand/need, e.g. an epidemic or

kbt demonstsated value n a new

22 Regulated price toolow orother  idespread indication

T reiont 5 on 3y,
increasing production costs. ) Increase of demand due to

+b) Disrpti event:Fte,foods, disnuptionsin the supply chain of an
contmigation o auss equivalentproductbex
mamfctciag pints o stores ausing

ey oues it curentbaches





OEBPS/Images/tbl5a.jpg
Froquoncy
of updating

Hgh

Country

Austraa

Baigum.

Republc
Lavia

Porugal (1]

ustia

Hungary

tay

Mata 1]

Novway

Spanfe)

Switzoana (1)

Suitzorand 2)
Suitzotand [3)

Switzotand (4]

‘Organization in chargo of
database

Therapeutics Goods
Adminstaton

Fodoral Agency of Mediines
and Hoath Products.

01 Ganada undr contract
with Hoalh Canada.
State Ittt for dug contrcl

State Agency of Medcines
(sAMY)

Portugal ANF - Natonal
Association o Pramacies
(AN - Associagio Nacioral
do Famécias)

‘Swodish modcal products
agency

Amorican Sociaty of Health
Systoms Phamacist - ASHP
Austian Modicings and
Madcal Dovioes Agency
(AGES MEA)

Natonal Instuto of Pharmacy.
and Ntiion

Halan Modicinos Agoncy
(AFA-Agorzia taiara dol
amaco)

M for Hoalth (0PSU—
Gental Procuremant and
Supplos Uri)

Novwogian Madicngs Agoncy

Tho Stato nsttutfor g
Gortrol (SUKL)

Gontorfor Information on
Madicines Supplyn Spanish:
Gontro do Informacion
Sobro ol Suminitro do
Madicamentos: CISMED)
FodoralOffco of Publc Heath

Accoss

hitps/apps.1ga govau/prod/MSUsearch

hitpsi/banauodedonnossmedicaments agg:
afmps be/b/query/suppy-prodem-istoryhuman

e drugshortagescanada.ca/

it vkl uldodaky loci-50-zamorani-
nadociveltky
itpsAin 20, QowNI/ <781 8ang=810p=33
a8sa-673

hitpsAwmianfonine oY

itps/akomodelsvorkot se/OVRIGA-SIDOR/
Rostnotoringar/
itpsAwiashp.org/chug-shortages/

curent shortages
esbasg.qal/news-contornowsnews-detal
articoueborsichisisio-vertiebsainschiaenkungen
086/

its:/ewakogye goutAemporey_Ssooninaton.
ofsdo/

itploata qovit/contentcaronze-o-
indsponbitiiCa%A0

hitps/heath gowmi/on/cpsu/Pages/POYC-00S,
aspx

hitps/Agomiddotorkot norogomiddoimangol

logemiddaimangel.og-awogitrernger-2017-rad-
‘apotok-og-holsepersonal

gk leninspecton

post-auhorization-quaity-control

oxport ot medicinal produets/

st of-medicinal-products-forutich-

they-weressuect-docinsot10-alow the-

‘oxportfom:sovak ropublc?pago _d=4006.

hitpAnportatama,com/Profesiondos/

‘consejonfoma/Pagias/infama 2016 CISVED.

aspx

itpsAbag aderin.chvbag/dolbome/
themenvmenschgesundhel/biomedzi
forschung heimstolsicherboi in-der-
‘modiamentenrsorgung himi?_organization=
317

itps/As b admin chibwldo/homo.html

itpsAmsissmedd.chimarktusbonachung/
00136/00136/00140/00142fndex himi7ang=do.
i drogehontage.ch

Frequency of update

s soon as posilo

Woeldy

Wooldy

Wooldy

Wooldy

Mandatory.
Reporting

Yoo

H

H

H

Yoo

H

H

Not appicabde
(riato and
voluntary but
highy ffoctio
ative)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/logo.jpg
’ frontiers
in Pharmacology





OEBPS/Images/fphar.2019.00763_cover.jpg
’ frontiers
in Pharmacology

Medicine Shortages: Gaps Between
Countries and Global Perspectives





OEBPS/Images/Figure_1.jpg
Records identified
through PUBMED Otherrecordsidentified

database through other sources
(n=7666) (n=22)

L |

A 4
Recordsfilteredbythe
lastfive years after
duplictesremoved
(n=3152)

+

> Records excluded

v
Records screened by
tittle and abstract

(n=200)

Records excluded, with

> reasons(n=141)

Fulltext reviewedfor
elegibility
(n=59)

Fulltext excluded, with
reasons (n=9)

Studiesincludedinfinal
analysis
(n=50)






OEBPS/Images/tbl1a.jpg
Region/country  Numbor  Rof Total by region

East Asia 1
Crina 1 e Yang,C,Wu, L, Cal,W. Zhu, W, Shen, 0., U, Z. ot a. (2016). Curot stuation determinants, and soluions

0dng shortages in Shaand Provinos, China: a quaitatie sty PLoS ONE 11; 0165183 dof: 10,1371/

Jounal pons.0165183 (ang o1 a. 2016)

Europe 16
Europe (broad 8« Bochonok T, Abiva V Akan A, Asanin B, Beran | do M, Besovi Z, ot al. Systomic measuses and logsatve
ocus) and organizaional ameworks amad at proventing or migating chug shortages i 28 European and Westom

Asian Counties Font Phamacl, 2018BUAN) (Eocheret ot . 2015)
« Paunot, K, Huye, 1 Castel, M, and Smoans, 5. [2014). O shortages i Exropean counie: a ac-
offbanusan marke tacthensss an cost containent? BMC Health Ser Res. 146438, ok 10.1188/1472-
6960-14.438 P e, 2014)
+ Pauots, K Smoons, S, Castels, M, and Huy, | 2015 Inihts o Exopoan crg shortages: sy
‘of hospital phammacists. PLoS ONE 10:¢0119322.doi: 10,137 1/journal pone.0119322 (Pauwels et al., 2015)
+ Bigi, A . 2013, An Evakitonof Mecines Shariages in Eutopo ith Moo n-Depth v of Theso
Franco, Greoco, Poand, Spainand o Uniad Ko, Avlblo oridat: Nips/ v 0aopc o/ magos/
pdtievaluation.pdf (Birgi® ag, 2013)
* Bogaet, P., Bochenek, T., Prokop, A., and Pic., A. {2015). A qualitative approach toa better understanding
ofth problems undainchug hortages, a viewed o Bkgan,Fench a th Eurcpean Uin's
perspoctives. PLoS ONE 10:00125691.dot 10.137 Vjoumal pane 0125691 (Eogeor ot . 2015)
« Do Woor, . Smoans, ., Castoos, M. and Hoys, . 2017, Giical, ecanomic and pscy pications of
g shortages i the European i, Agp. HoalhEcon,Health Pty 15, 41-445,dot 10.1007/340256-
016.0264:2 (oo iearct o 1, 2017)
+ Do Woor . Smoans, S, Hombroecks, L. Castots, M. and Huys . 20150) Causes of crg
shortages i th ogal pharacouta Famomork. Rogu. Tovcol Phamacol. 71, 261-258, o 10.10161
J1ph2015.01,005 0o Woorc o, 20155)
+ Do Woart E, Sinoans S, astols M, Huys. Tovard a Eeopean defion o g shotage: A quataths
sty Front Pharmacl. 2015/60CT)1-0 (De Vierd: o, 20152)
peigm 1+ BautersT Cous B0, Narga K, Huys!, Smoons S, Lteeys G, Chamotherapy cru shorages i paedatic
oncciogy: A 14year sngle-cente experionc i Bagm, Onccl Pharm Prac terat). 2016220176670
v fom: htp/cpp sagepul comiogico10.1177/107618521S610915 (Baers ot o, 2016)
Foiand 1+ Hoskanen, K. Anonen, R, Kanene, R, Kartnen, P, and Tinonen, J. (2017). Thereasons bohd modicno
shortagesfom th pospocivo of prammacouical comparies and pharmceica wholsaors in k.
PLoS ONE 12.60179479.df: 10,137 joumal pone O179479, (eiskanen ot l. 2017
France. 1 * Bocquat, F., Degrassat-Théas, A., Peigné, J., and Paubel, P: (2017). The new reguiatory tools of
1 2016 Heath La o igh g shortages inFance. Hoath oty 121, 471476, ot 10.10165
haahol 2017.03007 Becauet ot o 2017
roand 1+ Kavanagh . 2017 How Phamaceutial Supply Chains Can Bo Managed to Miiri the Nurber of
Medicines Shortages, Unpublished Masters thesis, University College Dublin, Ireland. (Kavanagh, 2017)
« Vol Bonanno, ., and Gavi, . (2011).Seven years f EU Phiamacautca roqiton i Ml WHO Ong
25, 341412, Bormano and G, 2011)
Siovenia 1 * Pleffer, K., and Mozolovd, B. (2017). Re-export of drugs in the Slovak Republic vol. 2 - the Act (internet].
Available: hitps://www.twobirds.com/en/news/articles/2017/uk/Is/te-export-of-dnugs-in-the-slovak-republic-
‘vol-2-the-act (Plefier and Mozofova, 2017)
span 4+ Sano Vasco da Sakud saldceza,Desabastacirianto Do Madcamartos: Un Proema S sober
{rtomet) ol 23, INFORMACION FARMACOTERAPEUTICA DE L COMARGA. Vo - Gt 2016
Avaiabl rom: Hip s osidctz,ouskacauscontericos/formacion/cavime,ifac 2015/es ot/
aduntosNFAC_Vol23_N_7_Desabastosmintos pf (S Vasco do Saud -Osakidetza 2016)

United Kingdom 2« Costoloa, .M, Guinane, M. Nugen!, . Haley, 0., and Parsons, G. (2014). An auct of drug shortages na
ommurity pharmacy practice. . J. Mo, Sc435-440. dof: 10.1007/511845-014-1139.7 Cosiolo ot 1.
2015)

= Group AR Wiy chug shortages occur. Drug Ther Bulntemet. 2015;53(3:33-6. Avalabl rom: ips:/ct.
o comicontenyS&//33.fll Al-pary Pharmacy, 2015)

Latin America H
Latin Arerica 1+ 1SAGS. Stuation of Essontal Mocdicines a Risk of Supply Shortage with Emphasis on South Amarcan
oroad focue) ‘Countis internat]. Fio de Janoio; 2017. Avaiabl fom: hip//sags-unasuxorg/on/publcacao/stuaton-of-
ssental mecicinos-atrsk-of-supply-shortage-with-cmphasis-on-soulf-amorcan-counties 2/ (SAGS, 2017)
crazi T PoriniE, Rosa MB, Reis AMM, Pk E. Drug shortage: a pblchealthproblem. Cad Sauds Publca

el 2016 Oct cited 2017 Jul 10}32(10). Avala rom: /w5l or/scielo phpPcript=si_.
arttoxt8pid=S0102-311X20160010003018ingeengting=en (osa o al. 2016)

Venezuola T Aur do Gonziler Y. Escasez do medicamentos.y su repercusicn en la salud. Saks. 2014;185215-6, (ular
de Gonzdlez, 2014)





OEBPS/Images/Figure_2.jpg
Recordsidentified Other records identified

through PUBMED through other sources
database and freetext strategies
(n=2257) (n=5)

e

|
Records after duplicate
removalandprevious
strategy resultsscreening
(n=557)

—| Recordsexcluded (n=510)

A4
Records screened by
tittle and abstract
(n=47)

Records excluded, with
reasons(n=32)
S\ (TN
Fulltextreviewedfor
elegibility
(n=15)

>

> Fulltext excluded, with
reasons(n=9)

Studiesincludedinfinal

analysis
(n=6)






OEBPS/Images/tbl1b.jpg
SHNE o
Canada

2

Morson, A.(2011), Drug Supply Distuptions Enviconmental Scan lssue 17J0ttawa: Canadian Agency

for Drugs and Tochnologies in Health, Avaiable oo a: Pips://wwicacih caldnug-supply-dsnptions
(Vorson, 2011)

Kaposy C. Dugs, money, and powe: the Canacian g shortage. J Bosth n [ternet]. 2014 M [ted
2014 May 291111859, Avalablo from: it /fwvivinc i h gov/pubmec 24367073
VickauM, Lol D, Busséros JF. D shortages in Ganada: Datafor 2016-2017 an perspecties o the poblen.
A Prenn Fe et 2019; Avalalo o ps¢/cok o/ 10,1018/ prarma 2018.11,007 (Ve . 2019)
Schwizer . O, 2013). How the US Food and Dug Administation can sove the proscription drug shortage
problem. Am. J. Pubic Healt. 10810-14. do: 10.2105/AJPH 2013301239 (Schzer, 2013)

Ventola, G L. 2011). The dhug shortage criss in the Urited Sttes: causes, impact, and management
siratogis. PT. 36, 740-757. (Vnicia, 2011)

Goldsack, 3. G, Reiy, C. Bush, C., McEligot, S., Bistol, M. N, Motanya, U. N
shortages of rjectatle oncalogy drugs on patient care. Am. J. Hea. Pham 71,
130669 Goldsack ot ., 2014)

Butterld, L. Cash, ., and Pham, K. 2015, Posiion tatement crug shertages and impications for
podiarc paient. . Pocat Phamacal. Thor. 20, 149-152. o 10.5863/1551.6776-20.2.149 (Biterfcld
etal, 2018)

Mazor Amirshabi, M., Goyal, M., Umar,S. A, Fox, E. R. Zocohi, M, Have KL.. ot l. 2017). US. dg
shortages for medcations used n adul cricalcare(2001-2016). J. it Gare 41, 283-288. doi: 10,1016/,
orc.2017.06.006 (Vazer Amicshahi o L. 2017)

MeLaughin,M.M., and Skoglund, EXW. 2015). Orug shortages and patient safety: J. nfus, Nurs. 38, 206-208,
ok 10,1097/NAN,0000000000000101

Nelaughin, M. Kot, D, Thomson, K. Harison, M. Fonnessy, G., Postaick, M. ot a. Q013).Efects

on patent care caused by chug shortages: asurvey. J. Manag. Care Pharm. 19, 763-788. doi: 10,1859/
imep2013.19.9.783

MeKeovor AE, Bloch JR, Bratic A Drug shartages and the burden of access o care: A cical issue affecting
patients vith cance. Gin J Oncol Nurs. 2013; (McKoever of o, 201)

Aevizakos M, Detss M, Grigoras CA, Machan JT, Mylonaids . The Impact of Shorages on Medication
Prcos: Impications fr Shortago Provetion. Drugs. 2016:76(16) 16518 Aezakos ot o, 2016)

Grifth MM, Gross AE, Sutton SH, Bclon MK, Estery JS, Patel JA, et al. The impact of aniinfectve dug
shortages on hospial nthe Urited States: Trends and causes. Cin Infect Dis. 2012,54(5:684-91. (Grftn
etal, 2012

Steers WD, Faling shrt: Causes and Implicaion of Dug Shortages i the United States. J Url [termat].
2014192(5)1315-7. Avalabo rom: i:/wvecbi i gov/pubmec 25218647 (Stecrs, 2014)

Gabrieli A, Layon T, Bonas HL, Layon AJ. The Tragedy of the Commons - Dnug Shortages and Our Patients”
Hoalt. Am J Med [rterer]. 2016:1212):1237-8. Avalatie from: hitp:/inkinghb,iseve comireleve/pi/
S00020343163101309%OA it/ ncbini i gow/pubmec/2802957 (Gabrilh o ., 2016)
FinaliF.do Donus:S, Nguyen A, Nattel S, Bussires J-F. Orug Shortages: Patints and Health Car Provicers
Are Al Draving the Short Straw, Gan J Carciol intere] 2016; Avadatie from: htp:/inkinghub,lseiercon
retioelpi/SO828282X1630842X5KOA hitp//winncbirim. . Gov/pubmed/27923583 (Rl o 1. 2017)
Parsors HM, Schich S, Kamad AB, Ling Y, Pugh MJ, Fox ER, e . Associaion Betwean the Nurmber

of Supplrsfor Griical Antneopsastcs and Drug Shortages: Implicatons for Fture Drug Shortages and
Treatment. J Oncol Pact ntemet]. 2016:12(35249-50. Avalablefrom: hitp/jop ascopubs.org/col
di/10.1200I0P2016,007237

Chen'S, Fox ER, Kennady Hall M, Ross JS, Buchoz EM, Krumiholz HM, et al. Despite federalegisation,
shortages of dnugs used i acute caro setings omain persstent and prolonged. Health Al 2016:35(5)798-
804. (Chen etal. 2016)

Fox ER, Tlr LS. Potetial Association between Drug Shortages and High-Cost Medications
Phanmacotherapy (iernet]. 2016; Avaiable foms htp/wwncbiim i Gou/pubmed/27891635 (Fox and
Tyer 2017)

Warkentin J, Rood , Kanouse J, Shah N, Cronin A, Impact of a Shartage of Firs-Line Antubercuiosis
Medcaton on Tubercuosis Gontol — Untod Sates, 2012-2013. Morb Morial Wkl Rep - GO [ternel.
201:62,20)396-400. Avalable from: hitp//vvincbiim . Gov/pubmed 23698603

JagsiR.. Spanco R.. Raihmell WK, Bradbury A, Poppercorn J., o al.Etical consilratons o ho ciical
‘oncologis in an era of oncology g shorages, Oncclogst. 2014:19%2 186-82. (agsi ol 2014)
Bcker DJ, Taiar S, Levy BB Thom M, Rotman J, Bum FH ot al. Impactof onocogy drug shortages on
patient theapy: upanned rtme changes. J OncolPrac, 2013(0:122-8, Becker o ol 2013)

Gupta DK, Huang M. Drug Shortages inthe Urited States: A Ciical Evaluation o Root Causes and the
Nood for Acton. Cin Pharmacol Ther temall 2013,93(2)133-5. Avalabl fom: Hitp/vrcbiim. i
gov/pubmed/23337520 (Guota and Huang, 2013)

1. 2014) Impact of
1-578. doi: 102146/






OEBPS/Images/tbl5c.jpg
of Sk,
Bosniaand

Span(i]

Unted
Kingdom

usil

o Agancy for Mecical
Products and MedicalDovices
of Bosria and Horzogovna
v

Natonai Agency for Medicnes
ani Modical Devioes

‘Sparish Agency of Medicines.
and Health Products
(AEMPS), boing partof the
‘Sparish Ministy o Hoalh
Agoncy for ModicnalProckets.
‘ant Modical Devies (AZMP,
and Health Insuranco Instute
of Sveria

‘Speciaist pharmacy senvic

Miisryof Publc Health
Food and Drug Administration

ipZfwww.aimoh.govba/\vyestl:

tps:/Aaapm olens

itpsy/cima,aemps es/cima/fichasTeoicas.
‘dormetodo-buscarDosabastocidos

it/ jazmp.sifleadeindatotske/soznami
‘SFEPrisotnost/Soznam_44_HUM_prenshania_
moiriepd

ez i

tps:/spe.nbe.

ips:/Aramites guby/ampladosid-2659

s/ accsssdata fda gov/scrpts/
rugshortages/

/A8 soonas the ALVEIR
s inormed by the MAH
about shortage ofa
gvenmedicne

s roguired

s recuired (whenever
‘ashortage s detected)

Ineguiar

s nocdod

#s naodod
Not spaiiod

Yes

H

5






OEBPS/Images/Figure_4.jpg
2008

Detection rate of syphil

acquired. pregnant and congenital (100.000 inhabitants)

2010 201

2012 2013 201 2015 2016

= S QUL A, S

2017





OEBPS/Images/tbl3.jpg
Region/country"

South America 2017
Belgium 2006-2013
jorasl 2013-2015.
US 2013-2017
Canada

2019

(The Society of
Hospital Pharmacits
of Austalan, SHPA,
2017

China (Yang o 2.
2016)

Norvous systom

17%
2%
2%
8%

Ers

12%

(anaosthatics)
9% (Neurology)

1%

Cardiovascular
system

o5
21%
5%
1%

219%

10%

%

Anti-infoctives.
systemic use

21%
"%
16%

Non avaiatio

85%

20%

o

Cancor

10%
o5
Non avalatso
o5
5%

os%

5%

Genitourinary
system and sex
hormones

I
Nonavaiatso
%
Nonavaiaio
Non avaiatio

10%

"o

Alimentary track
‘and metabolism

Nonavalallo
8%
™
Non aaialso
01%

Non avalallo

0%





OEBPS/Images/Figure_3.jpg
»
=
»
5
m I
°

Ophtaimologiques Nervous System  Cardiovasculars  Antiparasitaries  Antineoplasties  Antidotes Antibioties Analgesics

®Bolivia ®Chile =Colombia wEcuador ®Peru uUruguay mVenezuela





OEBPS/Images/tbl5b.jpg
lurkey

Croatia

France 1]

France 2]

Uihwarsa

oland (1)

H

Calombia 1]
(may2018
wntlnow)
Colombia 2)
012w
apr 2018)

treng

dand 1)
Kosoro
Mata 1]

e
Dovices Agoncy: TMMDA (n
Torish; Toriyo g Vo Tiobi
iz Kuruma; TITCK)
Natonal Adminstation of
Medcines, Food and Medcal
Technolagy (ANMAT)
Groatian Health nsurance
Fund

Fronch Agancy for Mecscines
Salety (ANSM - Agence
Natonalo pour a Sécurté s
Medcamen)

Natonal Counclof the
Cotege o Pramacsts
(Consei ational de Forcre
paticnal dos phamaciens -
onor)

Stato Medicines Control
Agency (SMCA)

Natonal Organzaton or
Medicines €0R

Iish Phamaceutical Uion
)

Miisty o Health

National Health Suveilance.
Agency (ANVISA)

Buigarian Drug Agency
National Intfuo of Food
and Mecicines Sunsilanco
(s

Miristy of Heath

Darish Madicines Agoncy.

Estonian State Agency of
Medcinos

Tho Fivish Modicines Agency.
-Fimoa

Instiuto Fedaraldo
Medcamentos y Dispositivos
Meédcos

Miisty of Health

UniPrar

Kosovo Medicines Agency
Miistyfor Health (OPSU -
ortral Procuremont and
‘Supplies Unit)

Mipdiwvaw.tiickgovtr/

hitps/wenargentioa gob.aratanto-do-
medicamentos

e ——
razica:zadljkove-s-vazecihsta/
hitp/ansm santo frMociaihoqua/Pubsications/
Iformation-n-Engish

hitpfwwsorcre pharmacien.fLe-Dossier-
Prarmaceutique/Ruptures-d-approvisonnement.
e-DP-Ruptures

e

itpivot griwebiguest/oparkeia

hitpsfpuiomomefipu-product-le/
medicine-shortages/

it/ .z gow plegislaciaaty-prawne/
bvieszczenio-ministra:zckowa: 2-dra-10-
stycania-2017-ra-spravie-vykazu-produdon-
lecaniczychsrodkon-spozczyeh-speciinego-

itps/wminsalud govcolsaMT/Pagias!
desabastocimionto aspx

hitps:/Aaegemiceistyrisen e/

itps/wsnSimea Vttoa,_fimeasta/arkohtastal
saatavushaidotiodotioot
itps/wer.otarm o/ DE/BIAY.node Himl

vewehesth govl
ewwiusipharie

vewakppm.com

hitps:/Meaith gourmyen/cpsPages Homs:
Problomatic-To-Sourco.aspx

Toico amenth

Monthly

Yoary

Monthly

Biweakly

Monthly (i s usual
roquency)

Miimum monthy, bt
on demand based

on compltion of
medicines shortages
potiicaton orm
Atleast bimonthy

As nacossary (ator
every notfcation by
A

A5 recuiored
Asrequied

Ao roquired
Asrequired

As nacossary (ater
every notfcation by
A

As required

As roquired

Accordng tothe need
As required

As roquired

Yos

H

7

FE5F





OEBPS/Images/tbl1c.jpg
Ocoania
pustraia

Westorn Asia.
ran

Cross settings.
comparisons.
botweon countios
Tho Unted Statos
and Arabia Saus -
Hospital Seting

L R e LTy L e e e s
'Drug Shortages on Heath System Pharmacies inthe Southeastern Unitod States. Hosp Phan o]
2015i50(0;279-86. Avaabio fom: hips//vus i i gouprmc/aricks/PICASBO883 pd 50-279,
ol (Cauior ot a, 2015)

+ Golembiewsii J. D shortages i the peroperative setting: cases, mpact, an strategies. J Perianssth
Nors intomat]. 2012 Aug ctod 2013 Mar 7:274)286-92. Avaabl fom: /b im.ah gov/
Py 22826028 (Colembsewsii, 2012)

+ Dy M, Lat, Kane-Gil 5. Appicabity of Guidslne Recommendations Chalengad i the Seting of Dnug
‘Shortages. Gt Caro Mod nternel). 2013141(7)0142-3. Avalabio froms hitp/contentwhhesih com/
inkbackiopenut?sid-WKPTLPandingpagoSan=00003246-201307000-00058

+ MeLaughin M, Kot D, Thomson K, Harrison M, Fonnossy G, Posteinick M, ot a, s on Patont Caro
‘Causod by Drug Shortages: A Survey: J Manag Caro Phanm [ternet. 2013;19(9)783-8. Avalabl fom:
itpiAejmaporg/coi10.1855¥mcp 2013.10.9.783 (cLaughin ot al, 2013)

+ Adminsira- D, Ac, Hoffman RS. Antdoto shortagos n he Urited States: impast and rosponso. Gin
ool (Phia) e, 2014:52(3:157-9. Avalabo rom: tp:/wi.cbirim. i gov/pubmed 24397753
(American Colege of Medical Toxicalogy, Amarican Academy of Giical Towcology, 2015)

+ Bt JR, Evans OC, Payno B, Mostafafar L. Impact of Drusg Shortages on Patients Receing Pareneral
Nuirifon After Laparotomy.J Parentr Entor Nut ntomet. 2014:38(2_ supp) 855-715. Avelabio from: hitp/
ounals sagopub com/doi 10,1 177/0148607 114650317

+ Tha Sociaty of Hospital Pharmacists of Australan, SHPA. Mediino shortages in Australa. A snapshot of
‘shortages in austraan hospitas. Victora; 2017. (The Sociey of Hospital Parmacits of Astalan, SHPA,
2017)

« Walker, J. Chaar, B, 8, Vera, N., Pisi, A S, Ui, . S, Baro, L, o al. (2017). Modicino shortages i Fif: &
quatatio oxploration of stakeholdors' vows. PLGS ONE 12:60178429, ds: 0,137 jourmal pano. 0178429
Waker o al. 2017)

+ Setayosh S, Mackey T Addessing the impact ofeconomic sanctions on Farian dug shortages n the ot
‘comprehansive pan of acton: promling acoess 1o modcines and hoalth dplomacy:. Global Heath et
2016;12(1:31. Avalablo from: htp/giobaizationancheaith bomedcontal com/aricles/ 10.1186/512982-
016.0168.6 (Soayosh and Mackey, 2016)

» Cousins S. raq: stafl and modicino shortages aro maor chaengos. Lancat nornet. 2014:384(9947)943-4
Avaiabiofom: hl:/frkinghub esevircomatievelpi/SO1A0G7IBTA16169 (Cousins, 2014)

« Awad, H. A2, ZM. . and Abcalah, A. B. 2016). A quanttatvo anayss of the causos of drg
Shortages in ordan:a supply chain perspoctive. It Bus. Ros 953, doi: 10.5639/xvanGpSS3 (Avad ot .
2016

+ Schartzberg E, Aisindor D, Vishkauzan A, Garmzu R, Dg shortages i sl egulatory perspeciies,
halongos and soktons. s J Healih Polcy Res intoret]. 2017.6(1)17. Avalabe rom: i/
pcbiomedcentalconartices/ 10,1 186/613584-017-0140-0%0A hipy/vsntncbiim.rih gow/
uibmo28392910%0A it/ pubmedcontral i govlartilrendi ogi2aric=PNCS 376685
(Schwarizbarg ot ., 2017)

+ Asholkh, M., Secane-Vazquez, ., Riterhouss, B, Fox E. R., and Farikos, J. 2016). Acomparison of
g shortages in the Hospilal Seting n the United States and Sauck Arabia: an exploratory analyss. Hosp.
Pharm. 51,370-375. dot: 10.1310/piS105-370 (Nshoik ot al, 2016)





