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1. Introduction

During the second decade of the twenty-first-cen-
tury people’s mindsets have become increasingly 
global, with the need for immediate access to a va-
riety of goods. However, the frequency and sever-
ity of medicine shortages in almost all member 
states of the European Economic Area (EEA) and 
in the United States (US) have substantially inten-
sified only in the last couple of years. Some medic-
inal products are simply not available on a certain 
market even though there is sufficient economic 
power to pay them [1]. Drug shortages are a state 
when the available or calculated claim for medi-
cines does not meet adequately at the end-user 
level. Causes are multiple and diverse among 
countries [2]. There are a complex set of factors un-
derlying such shortages but various stakeholders 
of the supply chain of human medicine all agree 
that they mainly derive from the following root 
causes, according to Figure 1:
 – Logistical [procurement of excipients] and regulatory 

challenges 
 – Maintaining mature Quality Management Systems 
 – Business and Economic Issues [3,4].

These factors can negatively affect patient re-
covery as delayed medicines and the use of re-

placement treatments are more likely to cause 
medication errors. Drug shortages also have a det-
rimental impact on the finances and personnel 
management of health care sites [5]. As a result, 
physicians cannot manage their patient’s therapy 
adequately or clinical pharmacists must provide 
an alternative treatment, which requires their sub-
stantial extra time and effort [6]. The issue of med-
icine shortages must be resolved as soon as possi-
ble, especially when “critical medicines” are af-
fected [7]. The aim of this review is to develop a 
comprehensive overview of the problem with an 
emphasis on global occurrence [8]. Figure 2 shows 
the annual cases of new shortages identified 
through the last 2 decades in the US [9].  

2. Literature Review

To gain a thorough understanding of the topic a 
search through Google Scholar and Pub Med was 
conducted between 19th September 2020 and 12th 
October 2020. The most frequent keywords and 
terms used included the followings: drug shortage 
as a global challenge, shortage impacts on stakeholders, 
causing factors of shortages, generics market, commonly 
affected products by shortages, handling of shortages, 
advanced protocols for shortages. Additional informa-
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tion has been collected from the American Society 
of Health-System Pharmacists (ASHP) website, the 
European Association of Hospital Pharmacist 
(EAHP) report and the National Institute of Phar-
macy and Nutrition (OGYEI), and Food and Drug 
Administration (FDA) database. The following 
professional journals have also served as a source: 
The New England Journal of Medicine, The Lan-
cet Oncology, The Oncologist, Mayo Clinic Pro-
ceedings, Journal of Parenteral and Enteral Nutri-
tion, Journal of Oncology Practice, Journal of the 
American Medical Association, American Journal 
of Health-System Pharmacy: AJHP: official journal 
of the American Society of Health-System Phar-
macists, American Journal of Pharmaceutical Edu-
cation. To obtain relevant statistical data regard-

ing annual new shortages in the 
United States between 2001 and 
2020 and the therapeutic percent-
age of shortages between 2013 and 
2019, the University of Utah infor-
mation system and database was 
used. 

Drug shortage is a state when 
the available or calculated claim for 
medicines does not meet demand 
adequately at the end-user level 
despite sufficient financial resourc-
es being available [1]. The problem 
has continuously been growing in 
the recent decades and the World 
Health Organization (WHO) re-
ported more than 20 countries to 
be affected worldwide in 2011 [10]. 
Despite this being a global chal-
lenge, there is no single common 
definition to exactly determine the 
state of “drug shortage” [11]. Based 
on an Institute for Healthcare In-
formatics survey conducted in No-
vember 2011 in the US,  there are 
five disease areas highly exposed 
to this problem, these being oncol-
ogy, anti-infectives, cardiovascular, 
central nervous system, and pain 
management medications [7,12]. 
Unfortunately, drug shortages 
show an increasing trend based on 
the data of the ASHP reports from 
2013 [13] and 2020 [9]. The same 
tendency can be observed in Hun-
gary. In 2012, 464 reported short-
ages were reported [14], while the 

„List of Product Shortages” published by the Na-
tional Institute of Pharmacy and Nutrition in 2020 
contains 1466 products being short in supply [15].  
This Hungarian data is based on MAHs legally 
obliged reports towards the Authority [16].  Lack 
of sufficient information due to an imperfect 
warning system contributes to the issue to a great 
extent [17]. According to US law, MAHs should 
notify the FDA in advance if they intend to dis-
continue supply [18], however nor administrative 
neither financial burdens are in prospect if they do 
so [17]. In case the notification does not happen, 
there is no chance to prepare healthcare systems 
for all direct and indirect consequences of drug 
shortages [19]. Manufacturers suggest that if they 
would be notified about the expected discontinua-

Figure 1 Potential root causes of shortages and derived factors [3,4].

Figure 2 New shortages by year in the US between 2001-2020 [9].
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tion of production of other MAHs, they would be 
able to increase production accordingly. However, 
this would require a much better flow of informa-
tion among supply chain members [20]. 

According to the FDA, there are three root caus-
es of shortages [3]. The first is business and eco-
nomic issues. There are no incentives to market 
barely profitable drugs [21], resulting from strong 
price competition, the so-called “race to the bot-
tom pricing” [22]. This can be traced back to basic 
economic principles, as companies rather invest 
their profit into drugs which promise a higher re-
turn [21] instead of old generics [23]. Another as-
pect of the first root cause is the highly concentrat-
ed generic market, [24] caused by the numerous 
mergers and acquisitions of companies since 1980 
in the US [24]. As an example, the sterile injectable 
drugs for oncology are marketed only by three 
Marketing Authorization Holders (MAHs) [7]. 
Moreover, parallel distribution, a very controver-
sial field which refers to business transactions be-
tween wholesalers registered in different markets, 
discussed in detail in section 2.1, can also poten-
tially explain the first root cause. Tendering prac-
tice as “single winner approach” introduces the 
risk that the chosen company may not be able to 
supply the right quantity in the right time [4].

The second root cause according to FDA reports 
is the obligation to maintain the quality manage-
ment as laid down in the Good Manufacturing 
Practice (GMP) [25]. To meet every standard, 
MAHs tend to remove batch for every suspected 
deviation from the GMP, which practice is re-
ferred to as voluntary recall [26]. From this root 
cause also derives to a more severe issue, manu-
facturing and quality problems, which were attrib-
uted to around 64% of shortages in 2017 [27]. This 
may primarily be due to subcontractors located on 
another continent, mostly in Asia [28]. To mitigate 
this issue, the FDA issued guidance on how to se-
lect proper subcontractors  [29]. Another reason 
behind manufacturing bottlenecks can be that 
MAHs often use the same equipment to produce 
different drugs [20].  Furthermore, the shortage of 
raw materials can also often lead to inability to 
maintain the quality management, thereby result-
ing in shortages of medicine [3]. This is due to the 
reason that MAHs do not only depend on manu-
facturers,  but also on suppliers located in great 
geographical distances, [30] mostly in China and 
India [31].

The third root cause [3] is logistical and regula-
tory challenges which are also in connection with 

outsourced activities [32]. What regards logistics, 
pharmacies and hospitals obtain medicines from 
wholesalers, and the highly restricted conditions 
of storing, selling and delivering drugs often cause 
delivery delays [33]  “Just-in-time ” stock manage-
ment system also contributes short supply [34]. 
Despite occurring rarely, natural disasters or pan-
demics can cause large shortages if they destroy 
manufacturing capacity [3] or spike up demand 
[4].  If the level of demand raised over regular ex-
pectations, [37] MAH may not be able to keep up 
production capacity [38]. On the regulatory side, 
the decision to contract out any task results in high 
bureaucratic and administrative burdens towards 
different authorities which are becoming increas-
ingly strict [39]. MAHs also report that the increas-
ing regulatory control is generally detrimental to 
their ability to meet demand as planned [17].

Regardless of their cause, shortages have a 
grave impact on every stakeholder [5]. Often they 
can be managed using alternative medicinal prod-
ucts, [18,40], however, this may reduce patient 
safety due to various reasons, [41,42] cause reputa-
tion damage for MAHs, hinder healthcare profes-
sionals from carrying out their tasks, [43] and in-
crease labor cost [44,45] because additional effort 
is needed to find the alternative therapy [46]. Be-
sides, alternative medication often has a higher 
cost [45]. A prospective risk assessment plan is 
necessary to minimize all the above-mentioned 
impacts [8].

Healthcare institutions should be ready to miti-
gate the impact of shortages even before they oc-
cur. They should implement a shortage manage-
ment strategy in advance, particularly to avoid the 
risk of making unethical triage decisions when al-
ready facing the shortage [18]. Healthcare institu-
tions have to create and maintain an interdiscipli-
nary expert committee who can make quick deci-
sions, handle potential shortages, and minimize 
their impact [18]. A resource allocation committee 
should be delegated to monitor resources in the 
facility, [47] while if a specific therapeutic area is 
affected, an expert from that particular field 
should be involved [48]. The triage procedure 
must be adapted to shortages, and it should be 
based on patient characteristics after any conflict 
of interest has been excluded [49]. This also helps 
to avoid the necessity for professionals to make 
triage calls on their own when the amount of 
available medications is limited. Healthcare insti-
tutions should create formal guidelines in advance 
on how to identify and approve alternatives [50]. 
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There are some complex cases when it is not pos-
sible to change the original agent [51]. It is in any 
case important to ensure through predefined pro-
cedures that priority is given to those who are 
younger or sicker [48,49]. The main goal is to not 
distinguish particular patients and always follow 
the principles of justice, beneficence, and nonma-
leficence [52].  Drug shortage management starts 
when the first signal arrives from the market, 
which launches a chain reaction [17]. Operational 
assessment should be carried out, clarifying the 
expected duration of shortage and the available 
inventory, converting inventory count into com-
mon measurement units if necessary [18]. Further-
more, therapeutic assessment is needed to identify 
available alternative therapies and identify affect-
ed patient groups [49]. In Hungary, the most criti-
cal aspect is the communication between supply 
chain players [53]. Often pharmacists behind the 
counter need to improvise which may cause mis-
trust between them and the patients, resulting in 
professional reputation loss [18]. If a certain drug 
cannot be provided, the first step is checking re-
placement therapies on the Hungarian Competent 
Authority’s website. If replacements are not avail-
able, the pharmacist notifies the prescriber to 
claim alternative therapy. The second step should 
be taken by wholesale distributors, who play an 
intermediary role between pharmacies and 
MAHs, and have the capability to identify and 
collect signals from the market which predict an 
approaching shortage [54]. They  should apply for 
“contingent approval” and/ or “individual ap-
proval of OGYEI” that both grant an authorization 
to import from abroad [55]. Additionally, the phy-
sician has an alternative option to prescribe medi-
cine non-registered in Hungary to avoid possible 
life-threatening consequences [56]. However, it is 
the MAHs’ responsibility by law [57] to not only 
market medicinal products on a particular market 

but also prepare a shortage strategy in advance to 
mitigate potential impacts of a drug shortage. 
MAHs should also be responsible for accommo-
dating unforeseen circumstances [17].

2.1. Causing factors behind drug shortages

Despite not being an explicit root cause, the lack 
of sufficient information due to an imperfect 
warning system contributes to the issue of drug 
shortages to a great extent [17]. In the US drug 
manufacturers must inform the Competent Au-
thority (FDA) 6 months in advance in case they in-
tend to stop the production of a certain medicinal 
product [18]. However, there is nor financial nei-
ther administrative fines for missing the report to-
wards the FDA [58] .The competent authority can-
not mandate a MAH to produce a particular prod-
uct. Without sufficient warning of upcoming dis-
continuation, there is no chance to prepare health-
care systems for all direct and indirect conse-
quences of drug shortages [19]. Some MAHs do 
voluntarily alert the FDA about upcoming short-
ages. If all other MAHs would be notified in ad-
vance that a drug shortage is anticipated, they 
probably would be able to increase production to 
obviate it [17]. Wholesalers and other actors enti-
tled to administer medicines for patients have also 
been inconsistent in providing information to 
health systems in relation to approaching drug 
shortages [2]. Drugs being short in supply are of-
ten only noted when patients walk into the phar-
macy and try to purchase medicine, but it is no 
longer available. The pharmacist behind the coun-
ter should have reliable and timely information to 
manage patients therapy [59]. In case the particu-
lar medicinal product being in shortage is pro-
duced only by one MAH who would be the only 
source for wholesalers or hospitals, the situation is 
more severe [1].

Figure 3 Causing factors behind the shortages (a: 2011-2013 [27], b: 2017 [62])
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The statistics in Figure 3/a are based on the in-
formation of the MAHs reported towards the au-
thority regarding the cause of occurred drug 
shortages. Table 1 reflects what is the proportion 
of different causes among all reported cases. In-
creased demand refers to a growth in the request 
for a particular product compared to its tradition-
al amount of usage e.g.: COVID-19 [60]. The man-
ufacturing and quality problems involve both de-
lays due to capacity issues and voluntary recall 
due to bacterial contamination or any other for-
eign matter found in the current batch [61]. The 
analysis of the FDA data indicates that 6% of the 
shortages reported between January 1, 2011, and 
June 30, 2013, were due to increased demand and 
3% because of natural disasters [27]. According to 
recent data (current as of 22-Oct-2019) by FDA 
(see Figure 3b) reports increased demand to ac-
count for 5% and natural disasters for 2%, indicat-
ing little change in the proportion of these causes 
over the years [62]. On the other hand, the propor-
tion of “manufacturing and quality problems” 
which decreased significantly (from 70% to 64%), 
while product discontinuation causes were 12% of 
all shortages in 2017, compared to 2% in 2011-
2013. Furthermore, the shortage of raw materials 
also shows a significant increase (from 9% to 27%) 
[27,62].

2.1.1 Root Cause 1 – Business and economic issues

Lack of incentives to market barely profitable medi-
cines

MAHs frequently remove less profitable products 
from their portfolio potentially causing short sup-
ply [21]. Causes of these decisions could be the 
poor profit, a new generic product arrives on the 
market, anticipated clinical demand, patent expi-
ration, drug-approval status, increased regulatory 
requirements, the expense to correct manufactur-
ing problems, or mergers [17]. If market conditions 
limit the profitability of MAHs they are undermo-
tivated to continue the production of the given 
product and invest more money in improving its 
quality [4]. There is strong price competition in 
the pharmaceutical market, also referred to as ” 
race to the bottom in pricing” [22]. This practice 
does not motivate MAHs to invest in the produc-
tion of older generic drugs which have little poten-
tial returns [21]. The essential medicines are fre-
quently generics, therefore relatively cheap to pur-
chase, however, not easy to produce  [23]. There is 

an open competition on the pharmaceutical mar-
ket for generic medicines, which results in lower 
prices and reduces the return on investment of 
producers and marketers. As another economic 
factor, mergers and acquisitions of pharmaceutical 
companies since the 1980s often lead to decreased 
product quantity and lines or due to shifting pro-
duction to another facility, further contributing to 
shortages [24]. Cost-containment actions such as 
reference pricing, payback mechanism or dis-
counts, introduced by some countries to control 
public expenditures on pharmaceuticals also limit 
profitability and thereby the incentives of MAHs 
to produce certain medications. Such economic 
pressure on MAHs also motivates them to store 
lower quantities or extract from the market [4]. 

Parallel distribution

Occasionally, parallel distribution is also men-
tioned as a potential cause for medicine shortages, 
however, it is a highly controversial aspect. Paral-
lel distribution refers to business transactions be-
tween wholesalers registered in different markets, 
which leverage the difference in prices among 
their countries [63]. This is made possible by the 
concept of a common EU market without domes-
tic borders is embedded in articles 34–36 of the 
Treaty on the Functioning of the EU. If manufac-
turers of a country produce the quantity neces-
sary to meet the needs of their market, but a 
wholesaler exports a proportion of the products to 
a foreign market where they can gain a higher 
profit, a shortage will occur in the domestic mar-
ket [64]. In response to this ethically questionable 
practice of wholesalers, MAHs introduced quotas 
to reduce the possible amount of exported prod-
ucts. Quotas control the amount of certain medici-
nal products available to countries to limit parallel 
trade. However, if quotas are not set at right levels 
to cover domestic demand, they can also contrib-
ute to drug shortages [38].

Tendering practices

Public tendering is used to increase price competi-
tion and thereby reduce purchase prices. In 2009, 
18 EU member states used tendering practices for 
procuring medicinal products mostly for hospi-
tals. In Hungary “Act CXLIII of 2015 on public 
procurement” regulates tender practices [65]. The 
single winner approach introduces the risk that 
the chosen company may not be able to supply the 

10.33892/aph


APH 2020;90:170-184 Acta Pharmaceutica Hungarica 175

right quantity in the right time of the product, 
which is then sanctioned by fines. To mitigate this 
issue, when selecting the winner of the tender, be-
sides the most important criteria, the price, the 
second alternative criteria should be the availabil-
ity of the medicine. The single winner approach 
leaves hospitals highly dependent on one firm, 
which could be resolved by including second or 
third winners based on such multifactorial crite-
ria, who could automatically supply if the first 
winner is unable to do so [4].

2.1.2 Root Cause 2 - Maintaining mature quality 
management systems 

The pharmaceutical market does not acknowledge 
nor reward MAHs’ effort of investing in quality 
management systems [3]. All MAHs have to meet 
regulatory requirements like the GMP which is 
set forth as a prerequisite of being permitted to 
operate on the pharmaceutical market. Mature 
quality systems conform to GMP principles and is 

based on performance and patient-focused ap-
proach, incorporating technology, statistical pro-
cess control, and planning activities to make sure 
medicines are produced and supplied in a trans-
parent manner [25].

Voluntarily recall

Recall refers to not marketing a specific batch of 
products because of a lack of confidence in safety 
or any other defect [26]. These recalls may have a 
fast and severe effect on the accessibility especial-
ly if certain drugs are marketed only by a few 
MAHs. A dilemma may arise if it is predicted that 
a voluntary recall will cause a drug shortage [66]. 
To resolve this dilemma, OGYEI may authorize 
the MAH to place particular batch onto the mar-
ket to assure continuous supply even if it differs 
only formally from the marketing authorization 
guidelines but is otherwise safe to market. The 
procedure and the relating issues are described in 
35§ of Decree No. 52 of 18 November, 2005 of the 
Minister of Health [67].

Table 1 Comparing root causes of shortages in EU/Hungary and the US [3,4].
Root causes Derived shortage 

factor
USA EU including Hungary 

Economic related Market conditions 
/ Lack of incentives

Economic incentives favour highly profitable drugs, therefore MAHs 
might discontinue the production of those with low profit margin.

Tender practices Not applicable. Single winner structure leaves hospitals highly 
dependent on one firm, who might not be able to 
meet the whole demand.

Supply quotas and 
parallel export

Not applicable. Due to exporting to more profitable markets, 
discrepancy arises between the volume 
manufacturers release on a given market and the 
ability of the wholesalers to satisfy patients’ needs 
from the said market.

Manufacturing 
and quality

Manufacturing 
difficulties

Manufacturer cannot provide sufficient quantity or quality.

Natural disasters Production facilities have to discontinue production and/or have to 
meet increased the demand for particular medicinal products which 
would be essential to treat disaster victims.

Voluntarily recall The supply of medicines could be significantly reduced because of 
GMP issues.

Surges in demand Due to unpredicted increases in the use of a particular product, supply 
cannot meet the market needs e.g.: COVID-19.

Shortage of raw 
materials

Due to limited availability of ingredients production is forced to be 
lower than normal manufacturing capacity e.g.: Valsartan case.

Logistical and 
regulatory

Logistical 
inefficiency

Medicine would be available however patients are unable to acquire 
due to various reasons.

Regulatory time 
lag

Medicine wait for MA renewal.

Different National 
requirements

Specific requirements by authorities e.g.: specific label requirements, 
pharmacovigilance system, and FMD regulation.



176 Acta Pharmaceutica Hungarica DOI: 10.33892/aph.2020.90.170-184

Manufacturing difficulties 

According to FDA investigation, around 64% and 
70% of shortages were attributed to manufactur-
ing and quality problems. Pharmaceutical manu-
facturers often subcontract production to third 
parties in geographically distant locations to take 
advantage of significantly production costs of de-
veloping countries. Consequently, the physical 
manufacturing facility and company headquar-
ters do not coincide [28].  Every party involved in 
the production process is responsible to work ac-
cording to  GMP, creating an additional responsi-
bility for MAHs, who have to ensure that subcon-
tractors also comply [29]. To ensure that these 
global guidelines are met, the new API regulation 
was introduced in 2013 in the EU. As a result, 
MAHs and regulatory authorities need to perform 
more personal audits over their contractors [68].

Bottlenecks can arise at various stages of the 
production process, for example, due to aged and 
inefficient equipment, the lack of competent work-
force or resources shifted towards business areas 
with higher profit potential such as research and 
development. MAHs often use the same equip-
ment to produce various products, therefore it is 
complicated to raise the level of production of one 
product without causing supply issues and delays 
for another [20].

Shortage of raw materials

On several occasions, disruptions in the supply 
chain of the raw materials bring forth shortages. 
The difficulties arising in the procurement of ex-
cipients and active substances has been highlight-

ed as one of the principal reasons 
behind medicine shortages [17]. 
Shortages of raw materials have a 
critical impact on the supply chain 
because even if multiple MAHs are 
producing the same medicinal 
product, they may have only one 
source of raw materials.  Conse-
quently, any interruption in the 
phase of procurement of raw mate-
rials can greatly affect the availabil-
ity of the finished product [17]. This 
issue can also be tied back to the 
geographical concentration of pro-
duction. Historically, the manufac-
turing of drugs for US citizens has 

been inland based [31], however, the import of raw 
materials particularly for active pharmaceutical in-
gredients (APIs) is continuously on the rise, mak-
ing the stability of these channels essential for the 
whole supply chain [31]  (Figure 4). As of August 
2019, only 28% of manufacturers procured Active 
Pharmaceutical Ingredients (APIs) as raw materi-
als from domestic market, while the remaining 
72% has been imported from overseas [31].

As materials are largely procured from non-Eu-
ropean countries such as China or India, the stable 
drug supply of developed countries is highly de-
pendent on these dominant producers [17].

In addition, there is a low number of suppliers 
capable of meeting quality standards required by 
EU or USA legislation, and many of them are af-
fected by operative risks of countries with high oc-
currence of natural disasters, armed conflicts, or 
political instability.  Problems also may arise due 
to, trade arguments, damage during transport, 
changing climate conditions, or a decreased yield 
of plants that are a source for materials [17].

2.1.3 Root Cause 3 - Logistical and regulatory 
challenges

Through the past decades, the pharmaceutical 
supply chain became higly complex and disinte-
grated as numerous industries have transmitted a 
higher portion of their production overseas [31].  
Normally markets would respond to an upcoming 
shortage by raising production level, however lo-
gistical and regulatory burdens resulting from the 
overly complex supply chain often limits the abili-
ty and speed of MAHs in raising production. If 
MAHs want to modify production capacity they 
may have to obtain approvals from many different 

Figure 4 Global percentage of API manufacturers by region, Aug 2019 [31].
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competent authorities and/or may have to find 
new API suppliers [4].

Supply chain difficulties 

Most hospitals and pharmacies who are entitled to 
provide medicines for patients procure through 
wholesale distributors. Every procedure along the 
supply chain is highly regulated, therefore any 
small deviation from normal procedure may re-
sult in shortages. Post marketing surveillance and 
market approval requirements induce MAHs to 
only provide to those wholesalers who ensure 
strict compliance with their contract terms and 
procedures. Most MAHs and distributors use 
“just-in-time” stock management, which allows a 
lower amount of goods “on-hand”. Benefits in-
clude optimized cashflow and storage capacity 
[34]. This inventory strategy is a widely-used prac-
tice among pharmaceutical companies, however, it 
results in higher exposure to unforeseen shortag-
es. Delivery issues can also contribute to short 
supply, especially when too many pharmacies or 
hospitals in a certain region are using the same 
source as distributor [4].

Natural disasters

Natural disasters may reduce product availability 
drastically. Production or shipment capacity can 
be significantly cut back by fires, hurricanes, tor-
nadoes, and floods. If a certain manufacturer is a 
sole-source of a product, a long-term shortage 
might occur because of the damage to manufac-
turing facilities. Sometimes disasters generate 
shortages as the treatment of vic-
tims creates an unexpected spike in 
the demand for certain medicines 
[5].

Supply and demand issues

Level of demand for a certain drug 
rises over general expectations due 
to a various reasons , such as a new 
indication being approved regard-
ing the product, a disease being in 
high spread, or growing media at-
tention around a product [5] MAHs 
are often simply not able to keep up 
with drastically increased demand 
and they are not able to exceed their 
capacity e.g.: COVID-19 [60].

Regulatory Issues 

Another reason behind drug shortages can be the 
increasing control by the regulatory authorities. 
However, FDA regulatory bodies do not agree 
with this view as they identify manufacturing dif-
ficulties are the main causing factor [17]. Regulato-
ry-related shortages are reported when FDA offi-
cers find non-compliance with GMP in the MAHs’ 
facility or on their subcontractors’ site [5]. De-
pending on the outcome of the inspection, the au-
thority may seize involved products and schedule 
another inspection of the facility until the viola-
tion has been corrected. Further regulatory relat-
ed issue if medicine that was previously approved 
on a certain market and its Marketing Authoriza-
tion was invalidated, pending for MA approval or 
a medicine previously approved must wait for 
MA renewal so called “regulatory time lag” [4].

2.2 Shortages as a global challenge

Drug shortages became a global concern in the 
past decades both in Europe, and overseas (the 
USA and Canada). The World Health Organiza-
tion confirmed that shortages occurred in more 
than 20 countries worldwide in 2011 [10]. It is com-
plicated to classify and assess the issue because of 
the scarcity of  publicly available data and differ-
ent definitions between countries for drug short-
age [11]. The Institute for Healthcare Informatics 
(IMS) in November 2011 identified five disease ar-
eas which are extremely exposed to drug shortag-
es, meaning that 63% of all cases are reported in 
these categories. These areas were oncology, anti-

Figure 5 Affected drug classes with a shortage between 2013-2019 [9] [13].
CV: Cardiovascular, CNS: Central Nervous System, EENT: Eye, Ear, Nose 
and Throat, GI: Gastrointestinal
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infectives, cardiovascular, central nervous system 
and pain management, and generic injectables. 
The same five disease areas which are most often 
exposed to shortages have also been confirmed in 
2013 [13] and in 2019 [9].  

However, Figure 5 illustrates that some disease 
areas became more commonly affected between 
2013-2019 with shortage for example chemothera-
py products (from 7 to 19), cardiovascular prod-
ucts (from 6 to 28), central nervous system prod-
ucts (from 23 to 51) EENT products (from 8 to 21), 
electrolytes products (from 12 to 19).  On the other 
hand, there are some disease areas with a lower 
occurrence of shortage in 2019, for example, auto-
nomic products (from 6 to 3), gastrointestinal 
products (from 7 to 5), and hormones (from 15 to 
5).

The same trend regarding the affected thera-
peutic classes was also observed in Hungary 
based on a research project conducted between 
15th of May and  30th of June 2019 [69]. The survey 
was completed by 42 clinical pharmacists and 
highlighted the following groups: Blood and 
Blood-Forming Organs (52.4%), Cardiovascular 
system (50%), Antineoplastic agents (47.6%), Anti-
infectives for systematic use (38.1%), and Nervous 
system (38.1%) [69].

2.2.1 Prevalence of shortages in Hungary

The „List of Product Shortages” published by the 
National Institute of Pharmacy and Nutrition 
shows an increasing trend of shortages. In 2020, 
1466 products were reported by the OGYEI [15], 
while in 2012 “only” 464 cases were listed [14]. The 
Hungarian pharmaceutical market usually reflects 
European trends, and this aspect is no exception. 
In Hungary, only those products make it to this 
list that have been reported by MAHs themselves 
as per their legal obligation: „In the event where a 
marketing authorization holder intends to temporarily 

suspend the distribution of a specific medicinal product 
in the territory of Hungary or wishes to discontinue the 
distribution of such medicinal product, the wholesalers 
of medicinal products engaged under contract and the 
government body for pharmaceuticals must be notified 
accordingly at the time of delivery of the last production 
batch to the medicinal product wholesaler, in any case 
at least two months before the scheduled suspension or 
termination of distribution, and shall be liable to pro-
vide a supply of the medicinal products in question un-
til the date estimated for the suspension or termination 
of distribution in the quantity required to cover demand 
as estimated from previous turnover data. The govern-
ment body for pharmaceuticals shall verify the avail-
ability of supplies notified by the marketing authoriza-
tion holder in the quantity estimated to satisfy demand” 
[16]. The reporting process includes the filing of a 
specific Shortage Report Form on which the mar-
keting MAHs are obliged to indicate not only the 
specific causes of the shortage but also the esti-
mated period it will last for, and the methods by 
which the product could be substituted. Table 2 
summarizes the causes of shortages as reported 
by the marketing authorization holders for the 
1466 products on the list of January 19th, 2020.

The section of the Shortage Report Form on the 
specific causes of shortages can be individually 
edited on a case-by-case basis by MAHs. Based on 
this reporting system, it is possible to conclude 
that shortages in Hungary occur due to the above 
listed 6 reasons among which commercial consid-
erations and manufacturing problems account for 
90% of all the shortages. 

2.3. Impact of drug shortages and strategies to mitigate 
them

Regardless of the original cause of a drug short-
age, it has a grave impact on every stakeholder in 
the supply chain [17]. Shortages would severely 
affect the effectiveness of patient therapy and 
could simoultaneosly hinder healthcare profes-
sionals from doing their jobs effectively. It would 
force them to take on additional work, as the 
working hours spent mitigating the effect of short-
ages has already tripled between 2004 and 2010. A 
shortage is always associated with a higher level 
of risk due to the discontinuation of regular care 
and using alternative substitution that are less 
safe and cause a higher occurrence of medication 
errors [5]. This is because physicians can be forced 
to prescribe an alternative drug they may not be 
familiar with [43]. When working with unfamiliar 

Table 2 Reported causes of shortages by MAHs in Hungary 
from 13th January 2020 till 20th January 2020 [15]
Commercial considerations 922 63%
Manufacturing problems 395 27%
Logistics and warehousing problems 47 3%
Problems with the availability of 
active substances 43 3%

Administrative problems 34 2%
Unexpected increase in demand 21 1%
Other reasons 4 0%

1466 100%

10.33892/aph
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substances health care professionals may miscal-
culate the dosage, thereby increasing the occur-
rence of overdosing or underdosing. Moreover, 
when patients are “triaged”, the medicines for 
which there is no known alternative substitute are 
preserved for those who are suggested to have the 
best medical prognosis, thereby reducig the quali-
ty of care some patients receive [17] .

To mitigate such severe impacts, drug shortage 
management has to start when the first piece of in-
formation arrives pertains to approaching inter-
ruption. The appearance of a potential drug short-
age launches a “chain reaction” from procurement 
until final therapeutic decision making. The drug 
shortage team has to measure the expected opera-
tional and therapeutic impacts on patient care to 
develop a final action plan for its approval and 
implementation [5]. A designated person should 
be responsible to perform the operational assess-
ment, which should cover all details of approach-
ing shortage like estimate available stock on hand, 
and the availability of an alternative supplier or 
alternative therapy [70]. In practice, this is usually 
the responsibility of the chief hospital pharmacist.

The designated person in charge of drug short-
ages management can contact the MAHs respon-
sible for marketing affected products, distributors, 
FDA, the Centers for Disease Control and Preven-
tion (CDC), and other sources to identify the cause 
of the interruption and its expected duration. In 
case the shortage has not already been reported by 
MAHs and made available on the FDA and ASHP 
shortage websites as well, the appointed person 
ahould report the supply interruption. These re-
ports for example when the product will be avail-
able again meaning great help to hospitals and 
persons how entitled to provide medicines for pa-
tients to develop strategies [18].

After the fact of shortage has been confirmed, 
the clinical pharmacist officer has to assess “on-
hand stock” and estimate the period it can last for. 
Pharmacy Department has to assess available 
stock and analyze based on past usage propor-
tions whether the inventory stock can last to cover 
demand during the expected short supply period. 

The Therapeutic Assessment can be adjusted by 
the same appointed person who conducted the 
Operational Assessment. The main target to iden-
tify alternative therapies and to assess the affected 
patient groups [18].

In case a drug is critically low in stock and exist-
ing alternatives for certain patient groups are high-
ly undesirable, it may be required to prioritize the 

dispense of the drug for these patient groups. Pri-
oritization criteria can be based on the medication-
use evaluation data upon prescribing and adminis-
tration trends. Further criteria can be the character-
istic of therapeutic application (curative vs. pallia-
tive). Triage practice for such scenarios should be 
developed in advance by an interdisciplinary team 
and follow strict ethical considerations [49].

Available therapeutic alternatives should be pro-
cured and stockpiled in advance under the man-
agement of the Pharmacy Department, who has to 
ensure sufficient supplies to meet all patient needs. 

3. Conclusions

The most crucial point of maintaining a strictly 
regulated pharmaceutical supply chain is protect-
ing patient safety by legally assuring that both the 
highest quality and sufficient quantity of medi-
cines will be available to satisfy patients’ needs. 
Drug shortages may compromise this ambition, 
while they can also reduce the effectiveness of the 
healthcare system in general, thereby causing fur-
ther risks for patient safety from multiple aspects. 
Even though drug shortages may arise due to dif-
ferent causes, the consequences in the supply 
chain are almost identical despite the initial trig-
ger. As root causes and associated factors underly-
ing the shortages are well-described in literature, 
this should be an easily avertable issue. Neverthe-
less, shortages remain a global problem, as a con-
tinuously rising number of cases were observed 
over the last decades both internationally and in 
Hungary. The most affected therapeutic areas be-
ing critical medications, drug shortages should be 
considered a current health crisis, and therefore a 
comprehensive solution must be adopted in the 
coming years to tackle this phenomenon. Firstly, a 
comprehensive and effective reporting system 
should be adopted to ensure every stakeholder is 
notified about the shortage in time. Almost all Eu-
ropean member states obligate stakeholders to no-
tify a specific institution according to Directive 
2001/83/EC Article 81 and 23a of the European 
Parliament and of the Council of 6 November 2001 
on the Community code relating to medicinal 
products for human use [57]. Table 3 demonstrates 
that how many kind of reporting systems exist at 
the same time in European territory. Even though 
they have the common aim of obtaining the same 
information, they have been created based on dif-
ferent logics and they operate in different ways, 
therefore they are not comparable to each other.
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Secondly, transparent and effective communi-
cation would be favourable not only from MAHs 
towards the Authority but also among other stake-
holders in the supply chain. New communication 
platforms should be created, which can provide 
an appropriate information gathering system 
while also protecting business interests and the in-
tegrity of the supply chain. Moreover, healthcare 
institutions should designate a person or team re-
sponsible for developing and implementing an 
agile strategy to prevent and mitigate the effect of 
drug shortages. Finally, if communication issues 
have been resolved among stakeholders, special 
inventory measures can be taken to protect scarce 

resources and ensure the disposal of medicines in 
the most reasonable manner. In conclusion, the 
drug shortage problem demands a quick and en-
during solution to avoid unnecessary burden on 
patients, extra workload of health care profession-
als, and to reduce to use of expensive alternatives.

Future perspectives and possible solutions

The impact of drug shortages is still not fully 
identified. Future studies should move from char-
acterizing the problem towards developing a solu-
tion to reduce or even eliminate the occurrence 
and so impacts of drug shortages. It would be a 

Table 3 Comparing reporting systems in Europe [1,71,72]
Country Reportable products Frequency 

of database 
updating

Short description

Austria Unlimited Weekly The voluntary list provided by
MAHs regarding their products.

Belgium If unavailability poses a 
risk to public health/ no 
therapeutic alternative 
available

Daily MAHs have to report by
law any shortage that will last for 2 weeks.

Croatia Only reimbursed products Monthly A list is available for download at website.
England Products for community 

pharmacy only
Monthly Pharmacists via direct email.

Estonia Unlimited On-call basis It changes with new information every day.
France If unavailability poses a 

risk to public health/ no 
therapeutic alternative 
available

Daily Pharmacists and hospitals

Germany If unavailability poses a 
risk to public health/ no 
therapeutic alternative 
available

In cases 
assumed to 
be of special 
interest to 
healthcare 
professionals

MAHs should report to different institutions. 
List is often not up to date, and not all shortages 
are listed here because it is not mandatory.

Hungary Unlimited Weekly Based on MAHs information
also have a national website where they propose 
a solution for substitutions.

Italy Unlimited Weekly MAHs, health care providers, health 
departments, patients, or associations.

Latvia Unlimited Daily Anyone (hospital, pharmacy, patient) could use 
this website to report.

Norway Unlimited Weekly Both Norwegian Authority and the national 
centre of shortage of drugs in hospital has 
webpages open to everyone.

Poland Unlimited At least 
bimonthly

Chef Pharmaceutical Inspectorate collects data 
from the pharmacist who are obliged to report 
online by giving details of nature of shortage.

Spain Unlimited On-call basis MAHs or health authorities of autonomous 
communities.

Netherlands Unlimited Daily MAHs, wholesalers, pharmacists.

10.33892/aph
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great step ahead if we could assess shortages 
based on the severity of their impact on patients. 
It would be cost-effective to measure such impact 
severity using the same method in all member 
states at the same time [73].

On the regulatory side, a „Supportive Attitude 
Practice” from the competent authority would be a 
great step to avoid post-approval changes hinder-
ing the availability of a product. For example, dif-
ferent pack sizes at the national level based on 
Marketing Authorization and multi-country pack-
ages should be accepted in case of a confirmed 
shortage of a medicine. 

From an economic perspective, incentives 
would be necessary to ensure that life-saving 
drugs remain on the market even when sufficient 
profits are no longer achievable. Reasonable mar-
ket conditions including foreseeable pricing, pay-
back and reimbursement mechanism would pro-
vide help to keep MAHs on a particular market or 
willing to enter the market. Concentration of mar-
kets should also be avoided, as in case more than 
one MAHs supply a product there is lower chance 
for a shortage to occur. 

To mitigate manufacturing and quality-related 
issues, policymakers should reward MAHs who 
are investing in manufacturing reliability and 
quality, as this ensures the supply medicines con-
tinuously for patients. 

Finally, to improve communication channels, 
MAHs have to communicate with competent au-
thorities when anticipating or experiencing a 
shortage to speed up the transmission of relevant 
information to all stakeholders, and thereby allow 
for the preparation of impact mitigation strategies 
as soon as possible.
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