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Medication wastage is a global issue. This study aimed to clarify changes in the impact of high-priced medi-
cations on medication wastage in our university hospital. We investigated the total number and total cost of 
medication wastage, and the involvement of high-priced medications in each fiscal year (FY) from FY 2013 to 
FY 2020. During the eight years, total medication wastage did not increase, but total cost increased steadily from 
3,959,779 JPY (36,079 USD) in FY 2013 to 12,157,129 JPY (110,767 USD) in FY 2020. Medication wastage of 
50,000 JPY (456 USD) or more and 100,000 JPY (911 USD) or more per case were 11 cases and two cases in 
FY 2013, respectively; however, this increased to 42 cases and 23 cases in FY 2020, respectively. Furthermore, 
the costs of medication wastage of 50,000 JPY or more and 100,000 JPY or more per case were 1,018,111 JPY 
(9,276 USD) and 471,731 JPY (4,298 USD) in FY 2013, respectively, but increased significantly to 8,812,954 
JPY (80,297 USD) and 7,510,415 JPY (68,430 USD) in FY 2020, respectively. The most common medication 
type among medication wastage of high-priced medications was antineoplastic agents such as protein kinase 
inhibitors and monoclonal antibodies. These findings indicate that high-priced medications have the largest 
impact on the cost of medication wastage and suggest the need for efforts on medication management focusing 
on antineoplastic agents.

1. Introduction
Medication wastage, also referred to as pharmaceutical waste, is 
generated by healthcare activities. The definition of medication 
wastage by the World Health Organization (WHO) is expired, 
unused, spilt, and contaminated pharmaceutical products, 
prescribed and proprietary drugs, vaccines, and sera that are no 
longer required (WHO 2017). Medication wastage is a global 
issue, and its economic cost is a serious social concern. At the 
national level, the United Kingdom’s National Health Service 
estimated the annual losses by wasted prescription medica-
tions at 300 million GBP in 2009 (Hazell and Robson 2015). 
Most previous studies of medication wastage have focused on 
prescribed medications in the possession of patients (Abou-Auda 
2003; Law et al. 2015; Monga et al. 2019; Vogler and de Rooij 
2018; West et al. 2014); however, medication wastage also occurs 
in hospitals managed by healthcare professionals (Al-Dhawailie 
2011; AlSamanhodi et al. 2017; Ebrahim et al. 2019; Peltoniemi 
and Suomi 2019; Ueki et al. 2022), and research in this area is 
limited (West et al. 2014).
Prescription medication costs are steadily increasing due to rising 
prices for new medications (Burns et al. 2020; Chen et al. 2017; 
Gronde et al. 2017; Prasad et al. 2017; Shibata et al. 2018). In 
Japan, nivolumab, an immune checkpoint inhibitor, was approved 
for health insurance for the first time in 2014 and its high medi-
cation costs have sparked social debate about the sustainability 
of the health insurance system (Niki 2020). After that, many 
extremely high-priced medications have been released such as 
ipilimumab (Suzuki et al. 2016) and onasemnogene abeparvovec 
(Kotulska et al. 2021). Currently, high-priced medications are 
commonly used for treatment in hospitals that provide advanced 
medical care, and the wastage of these medications is a burden on 
hospital management. However, little is known about the changes 

in the impact of high-priced medications on medication wastage 
in recent years.
In the present study, we investigated the changes in medication 
wastage of high-priced medications in our university hospital 
during an eight-year study period.

Fig.: Correlation between total purchase amounts of medications and total costs of 
medication wastage

 Abbreviations: FY, fiscal year; CI, confidence interval.
 * Pearson’s correlation coefficient analysis
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2. Investigations and results

2.1. Changes in total number and total cost of medica-
tion wastage
We counted the numbers and costs of medication wastage in the 
hospital of the University of Occupational and Environmental 
Health, Japan. Changes in total number and total cost of medi-
cation wastage between fiscal year (FY) 2013 and FY 2020 are 
shown in Table 1. Although total medication wastage did not tend 
to increase, the total cost steadily increased every FY. Total cost of 
medication wastage and the total purchase amount of medications 
for each FY are shown in the Fig. A significant positive correlation 
was found for these variables (r = 0.959, 95% confidence interval 
0.785–0.993, p < 0.001). The proportions of the total cost of 
medication wastage to the total purchase amount of medications 
for each FY were: 0.10% in FY 2013, 0.11% in FY 2014, 0.13% 
in FY 2015, 0.15% in FY 2016, 0.18% in FY 2017, 0.19% in FY 
2018, 0.19% in FY 2019, and 0.23% in FY 2020.

2.2. Changes in numbers and costs of medication wast-
age of high-priced medications
The numbers and costs of medication wastage of 50,000 JPY 
(456 USD) or more per case and 100,000 JPY (911 USD) or 
more per case, and their proportions of the total numbers and 
the total costs every FY are shown in Table 2. The numbers of 
medication wastage of 50,000 JPY or more and 100,000 JPY 
or more per case were 11 cases (0.32% of the total number) 
and two cases (0.06%), respectively, in FY 2013; however, 
these increased to 42 cases (1.42%) and 23 cases (0.77%), 
respectively, in FY 2020. Furthermore, the costs of medication 
wastage of 50,000 JPY or more and 100,000 JPY or more per 
case were 1,018,111 JPY (9,276 USD) (25.7% of the total 
cost) and 471,731 JPY (4,298 USD) (11.9%), respectively, in 
FY 2013, but these increased significantly to 8,812,954 JPY 
(80,297 USD) (72.5%) and 7,510,415 JPY (68,430 USD) 
(61.8%), respectively, in FY 2020.

Table 1: Changes in total numbers and total costs of medication wastage

FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020

Total number of medication wastage for the year 3,480 3,426 3,977 3,815 3,810 3,766 3,762 2,968

Total cost of medication wastage for the year 
JPY ¥3,959,779 ¥4,150,314 ¥5,577,899 ¥6,703,240 ¥8,252,473 ¥9,958,100 ¥0,624,899 ¥12,157,129

USD $36,079 $37,815 $50,822 $61,075 $75,191 $90,731 $96,806 $110,767

The cost calculated in JPY was converted to USD using the currency exchange rate of 2021 announced by the Organisation for Economic Co-operation and Development (1 USD = 109.754 JPY).
Abbreviation: FY, fiscal year.

Table 2: Changes in numbers and costs of medication wastage in high-priced medications of 50,000 JPY (456 USD) or more per case and 100,000 
JPY (911 USD) or more per case

FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020

Number of medication wastage of 50,000 JPY (456 USD) or more 
per case

11 15 16 24 38 33 45 42

Proportion of the total number 0.32% 0.44% 0.40% 0.63% 1.00% 0.88% 1.20% 1.42%

Cost of medication wastage of 50,000 JPY (456 USD) or more 
per case

JPY ¥1,018,111 ¥1,391,257 ¥2,625,943 ¥3,435,443 ¥4,978,543 ¥6,319,345 ¥7,301,558 ¥8,812,954

USD $9,276 $12,676 $23,926 $31,301 $45,361 $57,577 $66,527 $80,297

Proportion of the total cost 25.7% 33.5% 47.1% 51.3% 60.3% 63.5% 68.7% 72.5%

Number of medication wastage of 100,000 JPY (911 USD) or 
more per case

2 5 6 11 16 22 25 23

Proportion of the total number 0.06% 0.15% 0.15% 0.29% 0.42% 0.58% 0.66% 0.77%

Cost of medication wastage of 100,000 JPY (911 USD) or more 
per case

JPY ¥471,731 ¥750,713 ¥1,945,316 ¥2,506,535 ¥3,350,108 ¥5,568,697 ¥5,833,271 ¥7,510,415

USD $4,298 $6,840 $17,724 $22,838 $30,524 $50,738 $53,149 $68,430

Proportion of the total cost 11.9% 18.1% 34.9% 37.4% 40.6% 55.9% 54.9% 61.8%

The numbers and costs of medication wastage of 50,000 JPY (456 USD) or more per case includes those of 100,000 JPY (911 USD) or more per case.
The cost calculated in JPY was converted to USD using the currency exchange rate of 2021 announced by the Organisation for Economic Co-operation and Development (1 USD = 109.754 JPY).
Abbreviation: FY, fiscal year.

2.3. Reasons for medication wastage of high-priced 
medications
The reasons for medication wastage of 50,000 JPY or more per 
case and 100,000 JPY or more per case for every FY are shown in 
Table 3. During the eight-year study period, expired medications 
and change or discontinuation of medication after preparation 
increased as reasons for medication wastage of high-priced medi-
cations.

2.4. Medication types for medication wastage in high-
priced medications
The medication types of medication wastage of 50,000 JPY or 
more per case and 100,000 JPY or more per case for every FY 
are shown in Table 4. During the eight-year study period, medi-
cation wastage of high-priced antineoplastic agents (Anatomical 
Therapeutic Chemical [ATC] code second level L01), especially 
protein kinase inhibitors (ATC code third level L01E), monoclonal 
antibodies, and antibody drug conjugates (ATC code third level 
L01F), increased.

3. Discussion
The aim of this study was to clarify changes in medication wastage 
of high-priced medications in our hospital. Our results showed that 
the numbers and costs of medication wastage of high-priced medi-
cations increased over the study period. Moreover, the wastage 
of high-priced medications had a significant impact on the total 
medication wastage cost. Expired medications and change or 
discontinuation of medication after preparation increased among 
the reasons for the medication wastage of high-priced medications. 
The most common medication type in the medication wastage of 
high-priced medications was antineoplastic agents such as protein 
kinase inhibitors and monoclonal antibodies.
The increase in total purchase amount of medications was 
correlated with an increase in the total cost of medication wastage. 
In addition, the proportion of the total cost of medication wastage 
to the total purchase amount of medications gradually increased. 
One explanation for this may be the increasing frequency of high-
priced medications used for rare diseases (Luzzatto et al. 2018; 
McCabe et al. 2010) and personalized cancer chemotherapy (Chen 
et al. 2017). Although these medications were only used in a few 
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patients, they were unlikely to be reused by other patients and, 
if discontinued, were wasted due to expiration. Furthermore, we 
found that expired medication was the most common reason for 
medication wastage in high-priced medications. A particular focus 
should be placed on the management of infrequently used high-
priced medications to reduce the total cost of medication wastage, 
such as optimizing orders and inventory, at hospital pharmacy 
departments (American Society of Health-System Pharmacists 
2008).
In the present study, the most wasted high-priced medication type 
was antineoplastic agents. A previous study reported that the purchase 
costs of antineoplastic agents have a significant positive correlation 
with the total purchase amount of medications and account for a large 
proportion of the total purchase cost (Sakurada et al. 2022). Thus, 
hospitals offering active cancer chemotherapy, such as our hospital, 
have higher medication purchase costs. Attention should be paid to 
their management to reduce the cost of medication wastage.
In the practice of cancer chemotherapy in hospitals, antineoplastic 
agents are often dose-reduced, medication-changed, or discon-
tinued because of adverse effects or disease progression (Ang et al. 
2020; Layton et al. 2019; Monga et al. 2019). As a result, unused 
antineoplastic agents eventually expire if they cannot be reused by 
other patients. Although these patient factors are unavoidable, it is 
difficult to promote the use of leftover antineoplastic agents.
On the other hand, one of the major reasons for the medication 
wastage of high-priced medications was change or discontinua-
tion of medication after preparation. Specifically, on the day of 
administration, if blood examination results, such as neutropenia, 
or changes to a patient’s condition, such as fever, require dose 
reduction or discontinuation of injectable antineoplastic agents 
after their preparation, the mixed antineoplastic agents are wasted. 
This medication wastage can be reduced by healthcare profes-
sionals carefully checking the results of blood examinations and 
the patient’s condition on the day of administration. For example, 
checking medical orders prior to the preparation of antineoplastic 
agents by hospital pharmacists is expected to reduce medication 
wastage (Yamada et al. 2020); thus, we should be proactive in 
addressing preventable medication wastage.
Our study had some limitations. First, this study was conducted 
in a single advanced treatment hospital; therefore, our results may 
not be transferable to other hospitals. Second, specific plans that 
are currently feasible within the hospital to minimize medication 
wastage were not examined in this study. Further research is 
needed to establish an effective strategy.
In conclusion, our study found that the number and cost of 
medication wastage in high-priced medications has increased in 
recent years, with a large impact on cost. Antineoplastic agents, 
such as protein kinase inhibitors and monoclonal antibodies, were 
the most common medication type among medication wastage of 
high-priced medications, which suggests the need for medication 
management efforts to reduce waste due to expired medications 
and change or discontinue drugs after preparation of those medi-
cations.

4. Experimental

4.1. Study setting
This study was conducted at the hospital of the University of Occupational and Envi-
ronmental Health (Kitakyushu, Japan), which is an advanced treatment hospital and a 
designated regional cancer care hospital with 678 beds.

4.2. Data source
As a routine workflow in our hospital, information on the medications that could not 
be used or completely administered (excluding reusable and/or re-dispensable medi-
cations) was reported by healthcare professionals in each department as a “Medication 
Disposal Report”, and these reports were submitted to the hospital pharmacy depart-
ment. The reports submitted in the period from April 2013 to March 2021 were used 
for analysis. The submitted reports during the eight-year study period were evaluated 
by hospital pharmacists and were aggregated for each medication type by the quantity 
of each report. For example, if one report described that an injection consisting of 
two medication vials and one infusion solution bottle were wasted, these were each 
aggregated into one case. The submitted reports were aggregated for each FY from 
April of that year to March of the following year (for example, FY 2013 was from 
April 2013 to March 2014).

4.3. Defi nition
The definition of medication wastage of high-priced medication in our hospital was 
50,000 JPY or more per case (Ueki et al. 2022).

4.4. Cost calculation
Medication costs were calculated based on the purchase prices at our hospital. The 
cost calculated in JPY was converted to USD using the currency exchange rate of 
2021 (1 USD = 109.754 JPY) (Organisation for Economic Co-operation and Devel-
opment 2022).

4.5. Medication classifi cation
The medication types were categorized based on the ATC classification system (WHO 
Collaborating Centre for Drug Statistics Methodology 2021), and ATC codes up to the 
third level (pharmacological subgroup level) were investigated in this study.

4.6. Statistical analysis
The correlation between total purchase amounts of medications and total costs of 
medication wastage was assessed by Pearson’s correlation coefficient analysis after 
testing the normality of each data. The level of significance was set at p < 0.05. Statis-
tical analyses were performed with EZR software (version 1.35), which is a graphical 
user interface for R (Kanda 2013).

4.7. Ethical approval
Ethical approval by the Ethics Committee of Medical Research of our university was 
not applicable as this study did not include any human subjects.

Conflicts of interest: None declared
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First level
(Anatomical main group)

Second level
(Therapeutic subgroup)

Third level
(Pharmacological subgroup)

FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020

A:
Alimentary tract and metabolism

A16:
Other alimentary tract and 
metabolism products

A16A:
Other alimentary tract and metabo-
lism products

1 (1)

B:
Blood and blood-forming organs

B01:
Antithrombotic agents

B01A:
Antithrombotic agents

3 2 4 4 5 (1) 6 (1) 3 (1)

B02:
Antihemorrhagics

B02B:
Vitamin K and other hemostatics

6 1 2 1 2 (2) 4 (3)

B06:
Other hematological agents

B06A:
Other hematological agents

1

D:
Dermatologicals

D11:
Other dermatological prepa-
rations

D11A:
Other dermatological preparations

1 1

H:
Systemic hormonal preparations, 
excl. sex hormones and insulins

H01:
Pituitary and hypothalamic 
hormones and analogues

H01A:
Anterior pituitary lobe hormones 
and analogues

1 2

J:
Antiinfectives for systemic use

J01:
Antibacterials for systemic use

J01X:
Other antibacterials

1

J02:
Antimycotics for systemic use

J02A:
Antimycotics for systemic use

1 1 (1)

J04:
Antimycobacterials

J04A:
Drugs for treatment of tuberculosis

1

J05:
Antivirals for systemic use

J05A:
Direct acting antivirals

2 (1) 2 3 (2) 7 (4) 1

J06:
Immune sera and immuno-
globulins

J06B:
Immunoglobulins

1 1 2 1 1

J07:
Vaccines

J07B:
Viral vaccines

1 (1) 1

L:
Antineoplastic and immunomod-
ulating agents

L01:
Antineoplastic agents

L01A:
Alkylating agents

1 3 (3) 1 2 (1)

L01B:
Antimetabolites

1 (1) 3 (2) 3 (3) 2 (2) 1

L01C:
Plant alkaloids and other natural 
products

1 1 (1) 1 3 (1) 1

L01D:
Cytotoxic antibiotics and related 
substances

1 1

L01E:
Protein kinase inhibitors

1 1 2 (1) 2 (1) 4 (3) 10 (5)

L01F:
Monoclonal antibodies and anti-
body drug conjugates

1 (1) 3 (2) 6 (5) 14 (9) 13 (11) 7 (7) 7 (7)

L01X:
Other antineoplastic agents

1 3 (1) 2 (1) 2 5 (3)

L02:
Endocrine therapy

L02A:
Hormones and related agents

1 2

L02B:
Hormone antagonists and related 
agents

1 (1)

L03:
Immunostimulants

L03A:
Immunostimulants

1 3 1

L04:
Immunosuppressants

L04A:
Immunosuppressants

1 3 (2) 1 (1) 1 (1) 4 (2) 4 (2)

N:
Nervous system

N02:
Analgesics

N02A:
Opioids

2 (2) 1 (1)

N04:
Anti-parkinson drugs

N04B:
Dopaminergic agents

1

N05:
Psycholeptics

N05A:
Antipsychotics

1

R:
Respiratory system

R03:
Drugs for obstructive airway 
diseases

R03D:
Other systemic drugs for obstruc-
tive airway diseases

1 (1)

S:
Sensory organs

S01:
Ophthalmologicals

S01L:
Ocular vascular disorder agents

1 (1) 2 (2) 2 (2)

V:
Various

V03:
All other therapeutic products

V03A:
All other therapeutic products

1 (1) 1 (1) 1 (1)

Values are numbers of medication wastage of 50,000 JPY (456 USD) or more per case, and in the parentheses are medication wastage of 100,000 JPY (911 USD) or more per case.
The numbers of medication wastage of 50,000 JPY (456 USD) or more per case includes those of 100,000 JPY (911 USD) or more per case.
Medication types were categorized based on the Anatomical Therapeutic Chemical (ATC) classification system.
Abbreviation: FY, fiscal year.
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