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Even though reducing waste in healthcare is a top priority,
analysts have missed the waste that can be created when
expensive infused drugs are packaged containing quantities
larger than the amount needed.1 2 This is particularly true for
drugs for which dosage is based on a patient’s weight or body
size and that come in single dose packages. These drugs must
be either administered or discarded once open, and because
patients’ body sizes are unlikely to match the amount of drug
included in the vial, there is nearly always some left over. The
leftover drug still has to be paid for, even when discarded,
making it possible for drug companies to artificially increase
the amount of drug they sell per treated patient by increasing
the amount in each single dose vial relative to the typically
required dose.
Increasing the amount of drug sold per treated patient also
increases profits to doctors and hospitals in the United States.
Under a system nicknamed “buy and bill,” doctors and hospitals
buy single dose vials of drugs and then bill insurers or patients
when they are used. The bill includes a percentage based
mark-up which can vary widely, but even low percentages can
equate to large amounts of money given that many of the drugs
cost thousands of dollars per vial.
Although doctors and hospitals sometimes use leftover drug to
treat a subsequent patient, thus reducing the amount of leftover
drug for which they bill, this practice is very limited. Safety
standards from theUS Pharmacopeial Convention permit sharing
only if leftover drug is used within six hours, and only in
specialised pharmacies.3-5

We analysed spending on cancer drugs that are packaged in
single dose vials and dosed based on body size in the United
States to estimate the extent of the problem. We focused on the

US because, unlike in most other Western countries, the
government plays no role in how drugs are priced and doctors
and hospitals can profit from leftover drugs. Although similar
problems exist with other drugs, cancer drugs are expensive and
they constitute the largest single category of specialty drug
spending.6Moreover, cancer drugs often have narrow therapeutic
and toxicity windows, meaning that dosing is commonly based
on a patient’s body size.

How big is the problem?
We examined the top 20 cancer drugs that are dosed by body
size and packaged in single dose vials (based on 2016 projected
sales), which collectively account for 93% of all sales of such
drugs. We calculated the total amount of leftover drug and
resulting 2016 US revenues for each drug using the method
shown in fig 1⇓. In brief, we estimated how often vial sharing
occurred by examining how often claims filed with theMedicare
program included amounts of drug that did not total the full
contents of the vial. We then calculated the most efficient way
to combine available vial sizes to achieve the lowest US Food
and Drug Administration approved dose in a representative
sample of the US population derived from the National Health
and Nutrition Examination Survey.7 After correcting for vial
sharing percentage, and adjusting the population to mirror a
cancer patient population, we apportioned projected 2016 US
revenues to administered or leftover drug.8 9When calculating
the effect of vial sharing we assumed that doses that were not
multiples of available vial sizes had no leftover drug, an
assumption that made our estimates of leftover drug
conservative.
Table 1⇓ shows the leftover drug from the packaging approaches
for the 20 drugs.We estimate total US revenue from these drugs
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to be $18bn (£12.5bn; €16bn) in 2016, with 10% or $1.8bn from
discarded drug. The extent and cost of leftover drug varies
according to market size and available vial sizes. For example,
in 2016, 7% of $3.9bn in rituximab sales will be on discarded
drug, totaling $254m, while 33% of $697m in carfilzomib sales
will be discarded, totaling nearly as much, $231m. Sensitivity
analyses suggested our results were robust. If every person
received the highest dose approved by the FDA, revenue from
discarded drugs falls to $1.4bn; if every cancer patients weighed
10% less than the survey participants, the estimate rises to $2bn.
The proportion of drug left over varies from 1% to 33%.
Between these extremes are drugs such as bevacizumab, which
comes in both 100mg and 500mg vials, and ipilimumab, which
comes in both 40 mg and 100 mg. About 9% and 7% of these
drugs, respectively, is left over. Yet small percentages can still
lead to large dollar amounts. The October 2015 Medicare
Average Sales Price files show that a dose of ipilumumabmight
cost $29 000,10 meaning that the 7% left over would generate
an additional $2000 in revenue for the company for each vial
sold.

How drug quantity affects profits and
waste
The effect of different approaches to packaging for single dose
vials is illustrated by the two drugs bendamustine and
bortezomib. Bendamustine, a drug for leukemia, is sold in a
broad array of single dose vials (25, 45, 100, and 180 mg) that
can be combined to reach its dose of 100 mg/m2 nearly precisely
(fig 2⇓). Vial combinations cover every 5 mg interval across
the typical adult dose range of 110 mg to 310 mg, with the
exception of 130 mg and 155 mg. We calculate that only 1% of
bendamustine is wasted. Bortezomib on the other hand, a drug
to treat multiple myeloma, is available in the US in only a 3.5
mg vial, much larger than the average required dose, which we
calculate to be 2.5 mg based on the drug’s dose of 1.3 mg/m2

and the average weight of a cancer patient. Our estimate is that
27% to 30% of bortezomib sales in the US are related to leftover
drug equating to $309m. The large vial size of bortezomib seems
to be unique to the US market. The drug is sold in 1 mg vials
in the UK.11

Pembrolizumab provides another example of how vial sizes can
influence revenues. When it was initially approved in the US
in September 2014, the drug was sold in 50 mg vials (as a
powder that needs to be reconstituted into a liquid). But in
February 2015 the manufacturer introduced a larger 100 mg
vial (as a liquid) and stopped distributing the 50 mg vials to the
US market. Five months later, in July 2015, pembrolizumab
was approved in Europe, where it is sold in the smaller 50 mg
vials as a powder.
The increased revenue from the change is substantial. Consider
a 70 kg patient who requires a dose of 140 mg (the drug is dosed
at 2 mg/kg). When the drug was sold in 50 mg vials, reaching
the desired dose would require three 50 mg vials and leave 10
mg unused. But with only 100 mg vials available, 60 mg is left
over. According to the Medicare Not Otherwise Classified
October 2015 file, which lists Medicare’s reimbursement rates
for these drugs, each milligram of pembrolizumab costs around
$50. In this example the change in vial size alone increases the
revenues for the company from leftover drug by sixfold, from
$500 to $3000, for a single dose.We estimate that the additional
revenue to the company from the packaging change over the
next five years will be $1.2bn, which comes on top of the $1.2bn
they would have gained from leftover drug with the 50 mg
package (table 2⇓). Similarly, by only selling bortezomib in the

US in the larger 3.5 mg vials rather than the 1 mg vials sizes
available in Europe, the manufacturer, Millennium, will increase
its 2016 US revenues by $130m (data not shown).11

Effect on hospitals and patients
We have focused on howmuchmoney companies earn in terms
of revenues from leftover drug, not how much payers and
patients are spending on them, which is a larger number due to
the fact that distributing intermediaries and treating doctors and
hospitals mark-up drugs when they bill for them. The mark-up
varies considerably. In public insurance programs such as the
Federal Medicare program the mark-up set by Congress is 6%
and is currently 4%. For commercial insurance, which is the
more common coverage in the United States, payers have
reported that they pay mark-ups to doctors and hospitals in the
order of 22% and 142%, respectively.12 In hospitals that use the
distribution channel 340B, mark-ups in the Medicare program
have been estimated to be 58%.13-15 The mark-up for
commercially insured patients at these types of hospitals is even
greater. So although it is hard to precisely estimate the additional
profit that will come to doctors and hospitals from billing for
leftover cancer drugs, our estimate is that it will almost certainly
exceed $1bn in 2016.
The additional costs to patients, who are charged for leftover
drug just as they are for drug they have received is also likely
to be substantial. Medicare Part B, covering roughly half of
cancer patients, includes 20% coinsurance with no upper limit,
and 14% of beneficiaries have no additional coverage for their
coinsurance.16 Private insurance generally has out of pocket
maximums that many patients with cancer reach regardless.
Although we focused on cancer, the problem of mismatched
single dose vials and doses is not unique to the disease. The
asthma drug omalizumab has approved doses in 75mg intervals,
but the company only sells 150 mg vials in the United States,
even though it has an approved 75 mg vial size. The drug
infliximab, one of the largest selling drugs in the United States
with expected 2015 revenues of $4.3bn, is available in only 100
mg single dose vials. It is also dosed based on body size and
using the same methods we applied to the cancer drugs, this
packaging generates around $500m in additional revenues from
leftover drug.

How can we stop the waste?
Regularly and systematically discarding expensive drugs is
antithetical to efforts to reduce spending on healthcare services
that provide no value. Policy makers should therefore explore
approaches that would reduce or eliminate paying for leftover
drug. Current regulatory standards could be viewed as
contradictory, or at least as ambiguous (box). The FDA calls
on companies to balance vial contents so that leftover drug is
minimized yet they should also provide enough drug that more
than one vial is rarely needed for a single dose.17 Guidance on
vial sharing is also inconsistent. The Centers for Medicare and
Medicaid Services essentially encourages it; the Centers for
Disease Control and Prevention states that it is unsafe (box).18 19

Several policy options merit exploration. Regulators could
require manufacturers to provide drugs in a reasonable set of
size options to ensure the amount of wasted drug is low, say
3%. This is achievable, as table 3⇓ shows. If all of our
suggestions were adopted, it would lower revenue from leftover
drug from $1.8bn to $400m and, including the reductions to
doctor and hospital mark-ups on leftover drug, would save
around $2bn in total. An alternative would be to leave
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Federal agency guidelines and advisories regarding proper drug quantity and use of drugs contained in single
dose vials (SDVs)

FDA guideline20—“Significantly more drug than is required for a single dose may result in the misuse of the leftover drug product. Similarly,
the need to combine several single-dose vials for a single patient dose may lead to medication errors and microbial contamination”
Centers for Medicare and Medicaid Services advisory21—“It is permissible for healthcare personnel to administer repackaged doses
derived from SDVs to multiple patients, provided that each repackaged dose is used for a single patient in accordance with applicable
storage and handling requirements”
Centers for Disease Control and Prevention guideline22—“Vials labeled by the manufacturer as ‘single dose’ or ‘single use’ should only
be used for a single patient. These medications typically lack antimicrobial preservatives and can become contaminated and serve as
a source of infection when they are used inappropriately”

manufacturers free to select their vial sizes but also require them
to refund the cost of leftover drug. This could be achieved
through certified disposal and a virtual return.
One pattern sometimes seen in clinical practice is to round up
doses to the quantity in the full vial, thus changing dosing from
body sized based to “flat” or “fixed” dosing. The approach is
problematic not only because it leads some patients to receive
too high a dose and others too low when compared to the FDA
approved dose, but also because it does not reduce spending on
leftover drug. It merely changes clinician behavior from
discarding leftover drug to infusing leftover drug into patients.
Policy makers should also revisit the current FDA guidance on
the appropriate packaging of infused drugs in single dose vials
and encourage the FDA, CDC, Centers for Medicare and
Medicaid Services, and US Pharmacopeial Convention to
reconcile their views on vial contents and vial sharing. Such
steps could lead to savings for our healthcare system without
sacrificing health outcomes. Opportunities to eradicate waste
of this kind are rare.
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Key messages

Many infused cancer drugs are packaged in single dose vials but dosed based on body size, often resulting in leftover drug
All the drug in the vial has to be paid for, making wasted drug a source of unnecessary spending
Drug companies will earn around $1.8bn from leftover cancer drugs in the United States in 2016
Manufacturers should be required to package drugs in quantities that allow better matching with required doses or enable virtual return
of leftover drug

Tables

Table 1| Top 20 infused cancer drugs based on projected 2016 sales sold in single dose vials and dosed based on patient body size

2016
expected

2016
expected
sales ($m)

Vial sharingAmount of drug in
available single

dose vials

Dose of first approved
indication (highest

approved dose at any time)

Drug (brand name), year of
FDA approval % of leftover

drug
adjusted for
frequency of
vial sharing†

% doses
with vial
sharing

% of
leftover

drug using
only full
vials

revenue
from leftover
drug ($m)

(discontinued vial
sizes)*

76.72960.778169100Breast 260 mg/m2Paclitaxel protein bound
(Abraxane), 2005

29.15292.1810361550Lymphoma 1.8 mg/kgBrentuximab vedotin (Adcetris),
2011

54.641269.044165100, 500Mesothelioma/lung 500 mg/
m2

Pemetrexed (Alimta), 2004

284.493159.3291911100, 400Colorectal 5 (15) mg/kgBevacizumab (Avastin), 2004

28.78471.55616‡7100, 500Gastric 8 (10) mg/kgRamucirumab (Cryamza), 2014

29.18570.225196100, 200Head/neck 250 (400) mg/m2Cetuximab (Erbitux), 2004

14.13170.40816‡1010000All 25000 IU/ m2Asparaginase Erwinia
chrysanthemi (Erwinaze), 2011

21.85167.711318151Breast 1.4 mg/ m2Eribulin (Halaven), 2010

26.89127.9621122360Prostate 25 mg/m2Cabazitaxel (Jevtana), 2010

23.66413.96616‡7100, 160Breast 3.6 mg/kgAdo-trastuzumab emtansine
(Kadcyla), 2013

197.94943.072116‡24(50), 100Melanoma 2 mg/kgPembrolizumab (Keytruda), 2014

231.45697.653316‡3760Myeloma 20 (27) mg/ m2Carfilzomib (Kyprolis), 2012

106.01623.85170§17300, 480Neutropenia 5 (10) µg/kgFilgrastim (Neupogen), 1991

7.13118.09616743Pancreatic 70 mg/m2Irinotecan liposome (Onivyde),
2015

68.932078.63316‡440, 100Melanoma 3 mg/kgNivolumab (Opdivo), 2014

253.853852.7570§7100, 500Non-Hodgkin’s lymphoma 375
(500) mg/m2

Rituximab (Rituxan), 1997

7.38563.4416125, 45, 100, 180Chronic lymphocytic leukemia
100 (120) mg/ m2

Bendamustine (Treanda), 2008

18.72237.4181710100, 200, 400Colorectal 6 mg/kgPanitumumab (Vectibix), 2006

308.741160.642716303.5Myeloma:1.3 mg/ m2Bortezomib (Velcade), 2003

46.47620.227221050, 200Melanoma 3 mg/kgIpilimumab (Yervoy), 2011

1836.1118 498.86—————Total

*All amounts in mg except for filgrastim (µg) and asparaginase (IU). Filgrastim also sold
in single dose prefilled syringes.
†Based on (discarded percentage assuming full vials×proportion of full vials)/((discarded
percentage assuming full vials×proportion of full vials)+average dose).
‡Based on median of drugs for which there were available data.
§Billed in full vial or full prefilled syringe units.
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Many infused cancer drugs are packaged in single dose vials but dosed based on body size, often resulting in leftover drug

All the drug in the vial has to be paid for, making wasted drug a source of unnecessary spending

Drug companies will earn around $1.8bn from leftover cancer drugs in the United States in 2016

Manufacturers should be required to package drugs in quantities that allow better matching with required doses or enable virtual return

of leftover drug





Table 2| Projected revenue from sales of pembrolizumab comparing scenarios with revenue only from administered drug, revenue based
on 50 mg vial sizes with reimbursement for leftover drug, and revenue based on 100 mg vial sizes with reimbursement for leftover drug.
Data based on pooled analyst estimates compiled by Defined Health.

Revenue from dose and leftover using 100 mg vials
($m)

Revenue from dose and leftover using 50 mg vials
($m)

Revenue from dose only ($m)Year of sales

9648627622016

1690151013352017

2520225319912018

2969265423462019

3401304026872020

11 54410 3209121Total
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Table 3| Proposed additional single dose vial sizes to reduce the amount of waste on leftover drug for 18 out of 20 top selling cancer drugs
in our analysis for which we propose one additional size and estimation of effect on waste in 2016

Value of drug in
additional vial ($)*

Estimated waste in 2016 ($m)Proposed
additional vial size

Currently available vial sizes
(mg)Generic name With additional vialWith existing vials

29387730100Paclitaxel protein bound

11936291050Brentuximab vedotin

367115560500, 100Pemetrexed

1396028420400, 100Bevacizumab

43262940500, 100Ramucirumab

267152950200, 100Cetuximab

11292143000†10000†Asparaginase Erwinia chrysanthemi

2566220.251Eribulin

3723272.560Cabazitaxel

584122420160, 100Ado-trastuzumab emtansine

4572419810100, (50)‡Pembrolizumab

78192312.560Carfilzomib

3891141043Irinotecan liposome

254356910100, 40Nivolumab

3005325440500, 100Rituximab

30321930400, 200, 100Panitumumab

117483090.253.5Bortezomib

1388104610200, 50Ipilimumab

—434.251843.11——Total

*Based on October 2015 ASP files.10

†International Units.
‡No longer marketed.
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Figures

Fig 1 Study flowchart

Fig 2Distribution of FDA approved dose (green histogram) in the US population of cancer patients, and available combinations
of full vial contents (red lines) to achieve that dose for bortezomib (top) and bendamustine (bottom)
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