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Abstract

Background: The substantial increase in the use of expensive anticancer drugs has been accompanied by an
increase in the amount of disposing residual liquid from drug preparations. Many Western countries, including the
United States, have implemented drug vial optimization (DVO) to prevent the waste of anticancer drugs and have
reported the reductions in the total drug costs. This study was designed to estimate the expected reduction in
spending on anticancer drugs by Japanese cancer hospitals when DVO was implemented instead of individual
preparations and to test the effectiveness of this approach.

Methods: We investigated the doses of drugs used and quantity specifications for individually prepared vials for
patients who received anticancer drug treatment in December 2017 at the Outpatient Treatment Center of the
National Cancer Center Hospital East. Based on these findings, we calculated the total quantity of each drug used
on a given day, and the minimum cost for preparation of the number of specified combinations corresponding to
the total cost (DVO preparation). Based on the differences in these two costs, we estimated the economic impact
of implementing DVO.

Results: While the cost for anticancer drugs for the 1-month study period was US$3,305,595 (US$1 = \110) for
individual preparations, the estimated cost for DVO preparations was US$3,092,955, equivalent to a reduction of
US$212,640.

Conclusions: Based on these study results, implementation of DVO-based preparation of injectable anticancer
drugs in Japan in 2017 would have resulted in saving approximately US$460 million. This calculation revealed the
need for the Japanese government to modify the methods employed to calculate drug costs in the insurance
system and develop policies for the proper and optimal use of medical resources.
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Background
Japan’s anticancer drug market exceeded US$10 billion
in 2017, and this value is expected to increase to ap-
proximately US$13 billion in 2020 [1]. The significant
increase in the use of expensive anticancer drugs has
been accompanied by an increase in the amount of re-
sidual liquid discarded from drug preparations [2–5].
Under the Japanese insurance system, the final medical
cost is calculated as the total amount of vial usage for
each drug used for each patient. For this reason, the
Guidance on Safe Multiple Use of Injectable Anticancer
Drugs was issued by Japan’s Ministry of Health, Labour
and Welfare in 2018. However, the current medical in-
surance system provides little financial incentive for
medical institutions to implement drug vial optimization
(DVO). Consequently, drug waste accumulates, leading
to unnecessary medical spending. In Japan and other
countries, reducing unnecessary costs associated with
the disposal of anticancer drugs is a key factor in the
optimization of medical resources. By contrast, many
Western countries, including the United States, have im-
plemented DVO to increase the efficiency of anticancer
treatment, resulting in decreases in the total drug costs
[6–9]. However, because of the aforementioned reasons,
there has been little progress in reducing drug waste in
Japan. Maintaining the current method of disposing
large amounts of expensive anticancer drugs in Japan is
inefficient in terms of medical economics. Therefore,
this study aimed to estimate the potential cost savings
for the implementation of DVO in cancer hospitals in
Japan. To the best of our knowledge, analyses of this
issue have rarely been reported.

Methods
Aim
The aim of this study was to estimate cost savings that
could be realized with the implementation of DVO prep-
aration in cancer hospitals in Japan.

Design and setting of the study
We investigated treatment regimens, drug doses, and
quantities of drugs using vial specifications for individual
patients who received anticancer treatment in December
2017 at the Outpatient Treatment Center of the
National Cancer Center Hospital East. These data were
generated using the anonymized per-patient doses of an-
ticancer drugs extracted from the hospital electronic
medical records and imputed in the regimen manage-
ment system. The amount calculated using this method
represented the total level of vial usage of each drug
used in Japan, in where DVO had not been imple-
mented. We then used these data to calculate the total
quantities and costs of each drug used on a daily basis
along with the minimum cost for specified individual

combinations of drugs prepared using DVO. The
amount calculated using this method represented the
level of drug consumption when DVO is implemented
and the minimum amount is reached. The difference
between in these two costs reflected the estimated cost
reduction expected from the implementation of DVO.

The characteristics of the participants
All patients treated at the Outpatient Treatment Center
of National Cancer Center Hospital East during the sur-
vey period were included in this study.

Statistical analysis
Microsoft Office Excel 2016 (Microsoft, Redmond, WA,
USA) was used to compile and analyze the data in this
study; however, no statistical analysis was performed.

Ethics approval
Because this report only examined the quantities of anti-
cancer drugs used and thus, the study was a non-
medical study that did not require an ethical review or
approval under “Ethical Guidelines for Medical and
Health Research Involving Human Subjects” in Japan.

Results
The investigation involved 7 diagnostic departments,
2354 patients, and 3346 drugs. Table 1 presents a sum-
mary of the quantity of the top 5 most used drugs.
The total number of vials used for each drug was then

utilized to estimate the vial usage of each drug under the
assumption that DVO was implemented in the manner
described in Table 2.
Based on these estimates, the drug costs for individual

vials and DVO preparation were US$3,305,595 and
US$3,092,955, respectively, resulting in a difference of
US$212,640 for the 1-month study period. Table 3 pre-
sents the differences in the total cost between individual
vials and DVO preparation for the top 10 drugs.
These results revealed the annual amounts, i.e., US$39,

667,140 and US$37,115,460, for individual vials and
DVO preparation, respectively, with a difference of
US$2,551,680.

Discussion
The study results indicated that annual spending on all
anticancer drugs in Japan could be reduced by 6.4% by
implementing DVO. Based on the estimated size of the
Japanese injectable anticancer drug market in 2017 of
US$7,227,096,043, the annual savings would be US$464,
899,573, thus representing savings of 3.7% for entire an-
ticancer drug market [1]. This percentage cannot be
neglected when considering limited the limitations on
the medical resources.
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Our estimation revealed that for therapy with specific
cytotoxic and molecular targeted agents, which are ex-
pensive drugs used in large quantities, noticeable cost
reductions would be expected. These results are consist-
ent with the findings of other similar studies [4, 5, 10,
11]. Further, some frequently used cytotoxic agents and
molecular targeted agents might account for 70% of
disposal costs [10]. Recently, expensive drugs such as
molecular targeted agents and immune checkpoint in-
hibitors have entered the market, leading to significant
increases in the total drug expenditures [12–17]. The
use of such drugs is expected to increase further in the
future; thus, the economic impact of DVO is expected to
increase accordingly.
Because of the differences in the medical insurance

systems, few economic studies related to DVO have
been conducted in Japan. However, a study in the
United Kingdom did report that repeated use of vials
showed significant cost savings, especially for
molecularly-targeted drugs [11]. In this study, vials could
be used repeatedly is possible for 7 days. However, our
estimates were based on the number of vials needed to
achieve same-day-only repeated use. Thus, the potential
economic savings in Japan could exceed the estima-
tion specified in this study. Further, two Italian inves-
tigations found that disposal costs accounted for 4.8
and 8.3% of the annual costs of anticancer drug ther-
apy, respectively [10, 18]. These percentages are in
line with our finding of 6.4%, and in terms of medical
economics, we believe that solving the problem of
disposal costs is a global issue.
In the medical insurance system in Japan, the presence

or absence of residual liquid is not considered important
by medical institutions because the patient is charged
for the total amount per vial opposed to the amount of
drug actually used. Hence, the implementation of DVO,
which would reduce the use of medical resources, has
not progressed. With Japan’s method of calculating drug
costs, the implementation of DVO means that only the
cost of using a closed system drug transfer device would
be borne by the medical institution. Disposal costs asso-
ciated with residual liquid from drug preparations in
Japan will continue to increase more rapidly than ob-
served in Europe and the United States, in which DVO
is widely implemented.
Unlike the United States, Japan does not use multidose

vials, and the drug packages insert only mention single-
dose vials. Furthermore, until the release of the
Guidance on Safe Multiple Use of Injectable Anticancer
Drugs in 2018, it was mandated that vials should be
punctured, used once, and quickly discarded. Large-
dose products were introduced earlier in Europe and
the United States than in Japan based on the premise
of DVO [6]. The use of large-dose products is

particularly economical for general-purpose products,
and the development of an environment in Japan in
which such products can be used will also be useful
in reducing costs [19].
On the contrary, it was suggested in recent theoretical

economic models that the use of standard oversized vials of
cancer drugs that are very large to be used by a single per-
son represents the cause of drug waste [20, 21]. To reduce
the waste of anticancer drugs, special attention should be
paid to giant vials, and consideration should be given to
manufacturing more suitable vials when necessary.
A limitation of this study was that the cost estimation

was performed using data collected from a single facility,
although it was a leading cancer hospital in Japan. In
addition, the drugs used and patients’ backgrounds were
not considered. Additionally, because the annual figure
was estimated using data for a single month, the data
may not strictly reflect the annual figure.

Conclusions
According to our estimates, the implementation of DVO
in Japan could lead to potential annual cost savings of
US$464,899,573. Currently, DVO has not been pro-
moted because of the lack of incentives in the Japanese
medical insurance claims system. However, given the
sizable amount of medical waste, institutional reform as
a national policy is urgently needed.

Abbreviation
DVO: Drug vial optimization
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