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Cost of Drug Wastage From Dose Modification
and Discontinuation of Oral Anticancer Drugs
Michael Lam, PharmD; Timothée Olivier, MD; Alyson Haslam, PhD; Jordan Tuia, BA; Vinay Prasad, MD, MPH

IMPORTANCE Oral chemotherapy is often dispensed to patients as a 1-month supply, with pill
dose and package size predetermined by the drug manufacturer; thus, changing the patient
dosage may waste the remaining initial drug supply. The cost of pills wasted due to dose
modification and discontinuation is often unreported.

OBJECTIVE To estimate the cost of pill wastage due to dose modification and discontinuation
for oral anticancer drugs that were recently approved by the US Food and Drug
Administration (FDA) or that are commonly prescribed.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cross-sectional economic evaluation
initially identified 26 oral anticancer drugs newly approved between January 1, 2020, and
August 31, 2022, from the FDA website and the top 50 best-selling pharmaceuticals in 2021
abstracted from the Drug Discovery Trends website managed by Drug Discovery and
Development. The monthly costs of each agent were extracted from the Micromedex RED
BOOK database. The FDA package insert, and in some cases PubMed, of each identified drug
and indication was searched (matching on trial registration number) for information on
registration trials. Information extracted for each drug included the name of the drug
approved, drug target, cost of the drug, number of pills per bottle, available strengths,
indication, name of the trial, number of patients exposed to treatment drug, number of dose
level reductions, median duration of treatment, percentage of patients who received dose
reduction, and percentage of dose discontinuation. All variables included in calculations were
derived from the package insert or original trial publication.

MAIN OUTCOMES AND MEASURES The cost of wastage for selected oral anticancer drugs due
to dose reduction or discontinuation and the percentage of wastage in comparison with the
total cost of treatment.

RESULTS After removing duplicates, 22 oral anticancer medications were included in the
study. Because some drugs had more than 1 indication, data from 35 clinical trials were
analyzed. Eight of the medications (covering 9 indications) had pill strengths divisible at each
dose-reduction level; thus the cost of reduction for these pills was assumed to be zero. Two
medications did not allow for dose reduction. The median cost of wastage from dose
reduction and discontinuation was $1750 (range, $43-$27 200), with a mean cost of $4290
(SD, $5720) per patient. The median percentage of wastage from the total cost of treatment
was 1.04% (range, 0.04%-10.80%) with a mean of 1.78% (SD, 2.21%).

CONCLUSIONS AND RELEVANCE This economic evaluation found that due to both the high cost
per pill and limited pill strength availability, the mean cost of wastage associated with dose
reduction or discontinuation was $4290 per patient. These results suggest that to reduce the
financial burden for patients with cancer, regulatory bodies should enforce availability of pill
strengths that will limit pill wastage during dose modification or recommend that drug
manufacturers issue credit for unused pills.
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O ral anticancer drugs are a convenient form of cancer
treatment for patients and have achieved wide-
spread popularity.1 In a report published in 2022,2

oral anticancer medications had the highest rate of increase
in use in the last 13 years among all cancer drugs. This trend
will likely continue, as pharmaceutical companies have a
vested interest in developing oral medications. Oral chemo-
therapies, similar to other forms of cancer treatment, are
extremely costly at more than $150 000 per patient per
year.3,4 Oral cancer drugs are often dispensed as a monthly
supply, with pill strength and quantity per bottle predeter-
mined by the manufacturer. In terms of pricing, 56% of oral
anticancer drugs have a single fixed price for each tablet
regardless of dose strength.5

It has been reported that the limited vial size of single-
dose intravenous cancer drugs leads to costly drugs being
discarded.6 Similar to the limited vial sizes for intravenous
cancer drugs, oral cancer drugs also have a limited availabil-
ity of pills per bottle, which may lead to costly medication
wastage. A study from 2016 estimated that as much as $1.8
billion of intravenous chemotherapy drugs were discarded
due to the oversized single-dose vials.7

Similar to intravenous chemotherapy, dose modification
is often needed for tolerance for oral medications.8 There is
a possibility that pills are wasted whenever patients develop
adverse effects that lead to dose reductions. This wastage is
due to patients discarding pills with strengths that are unus-
able at the next reduced dose level. The cost of wastage
from oral chemotherapy dose modification is often unre-
ported. Our objective was to quantify the cost of wasted oral
anticancer pills for commonly prescribed and newly
approved drugs.

Methods
Study Design and Search Strategy
This retrospective, cross-sectional economic evaluation
sought to identify oral anticancer drugs approved between
January 1, 2020, and August 31, 2022, and oral anticancer
drugs on the top 50 best-selling pharmaceuticals list in
2021. The combination of these 2 research strategies aimed
to capture recent patterns in oral anticancer drugs through
approvals as well as highly prescribed drugs based on
approvals that occurred prior to 2020. We identified the
medications by extracting all of the newly approved oral
chemotherapy medications from the US Food and Drug
Administration (FDA) website (January 1, 2020, to August
31, 2022) and the 2021 top 50 best-selling pharmaceuticals
list.9

For the selected drugs, indication-specific trial data were
identified through the FDA package insert. Prices for each drug
were obtained from the Micromedex RED BOOK database of
drug pricing information (based on US dollars from the whole-
sale acquisition cost). This study followed the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS)
reporting guideline for economic evaluations. Because we used
publicly available data, and this study is not considered human

participants research in accordance with 45 CFR §46.102(f),
we did not submit this study to an institutional review board
for approval and were not required to obtain informed consent.

Inclusion and Exclusion Criteria
Website and drug list searches were performed in August 2022.
To be included, drugs needed to be orally administered and
be an anticancer agent. Supportive medications were ex-
cluded, as were medications that had variations in their treat-
ment duration, starting dose, and dose modification. Medica-
tions withdrawn from the market or medications only indicated
for pediatric use were also excluded.

Data Abstraction and End Point Calculations
For each drug, we extracted the price, strength availability,
number of pills per bottle, indication, tumor type, and regis-
tration trial information. The dose reduction levels and the per-
centage of patients who received dose reduction and discon-
tinuation were obtained from the latest version of the FDA
package insert. Data were extracted from published clinical
studies if the information needed was not provided in the
“Clinical Studies” section of the package insert. For those stud-
ies, we searched PubMed by using the trial registration num-
ber. For drugs with multiple indications, each indication was
analyzed separately, based on the different clinical studies
given in the package insert.

We made several assumptions in our cost estimates. For
the cost of discontinuation, we assumed that each patient who
experienced adverse reactions leading to treatment discon-
tinuation wasted half of the bottle prescribed. The cost of dis-
continuation was the number of patients with dose discon-
tinuation, multiplied by the cost of half a bottle. We also
assumed that medications were dispensed as a 1-month sup-
ply because this has been the most common way for drugs to
be dispensed.10

For the cost of dose reduction, we assumed that pills were
not wasted if the pill strength could be reused at the next re-
duced dose level. For example, sotorasib is available only as a
120-mg tablet, with 240 tablets per bottle. The dose level re-
duction is from 960 mg to 480 mg, then to 240 mg once daily,
and the same pill strength can be used at each reduction level.

For medications with only 1 dose reduction level, the num-
ber of patients who received a dose reduction was assumed to

Key Points
Question What is the cost of oral chemotherapy pill wastage due
to dose modification or discontinuation?

Findings In this economic evaluation of the 22 best-selling oral
anticancer drugs in 2021 and US Food and Drug Administration–
approved oral anticancer drugs prescribed between January 2020
and August 2022, the median cost of wastage from dose reduction
plus discontinuation was $1750, with a mean of $4290 per patient.

Meaning These results suggest that oral anticancer drugs have
considerable cost in wastage from pills that are not usable after a
dose reduction or that are wasted due to discontinuation.
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have wasted half of the bottle prescribed. The cost of dose re-
duction was the number of patients with dose reduction, mul-
tiplied by the cost of half a bottle. eTable 3 in Supplement 1 gives
a calculation template.

For medications with 2 dose reduction levels, patients were
separated into 2 groups: a group who received 2 levels of dose
reduction, and a group who received only 1 level of dose re-
duction. We used the number of patients with dose discon-
tinuation for this calculation. We assumed that the number of
patients who experienced dose discontinuation received 2 lev-
els of reductions and wasted 1 whole bottle of a drug. The num-
ber of patients who received only 1 dose reduction level were
the remaining patients (those who experienced any dose re-
duction minus the number of patients who received dose dis-
continuation). Patients who received only 1 dose reduction level
were assumed to have wasted half a bottle of a drug. The sum
of the 2 groups was the total cost of drug wastage for 2 dose
reduction levels. eTable 4 in Supplement 1 gives a calculation
template.

For drugs with 3 dose reduction levels, we used the same
principle in calculating drug wastage from dose reductions.
A detailed explanation is provided in eTable 5 and eTable 6 in
Supplement 1.

The cost of wastage per patient was calculated as the sum
of the medication wastage cost (from dose reduction and dis-
continuation) in the trial divided by the total number of pa-
tients who were exposed to the treatment drug in the clinical
trial. Additionally, we calculated the total percentage of wast-
age as the total cost of wastage divided by the total treatment
cost of the trial. The total treatment cost was the sum of medi-
cation cost for the median duration of treatment rounded up
to the nearest month, multiplied by the number of patients who
were exposed to the treatment drug in the trial. The total cost
of wastage was the sum of wastage from dose reduction and
dose discontinuation.

Finally, we performed sensitivity analyses to determine
more conservative and less conservative scenarios of wast-
age from dose reduction and discontinuation by assuming one-
third bottle and two-third bottle wastage.

Statistical Analysis
Descriptive statistics were performed and reported through-
out. Prices were rounded to the nearest dollar. All analyses were
performed in Microsoft Excel, and figures were developed using
R statistical software, version 4.1.2 (R Project for Statistical
Computing). A univariate linear regression analysis was per-
formed to model the correlation between the percentage of pa-
tients who received dose reduction and the corresponding cost
of wastage per patient.

Results
A total of 26 unique oral chemotherapy medications were ex-
tracted from the 2020 to 2022 FDA Novel Drug Approvals and
the 2021 top 50 best-selling pharmaceuticals lists. Four medi-
cations were excluded. Lenalidomide and pomalidomide were
excluded because of the variability in starting dose and dose

adjustments. Umbralisib was excluded because it has been
withdrawn from the market. Selumetinib was excluded be-
cause it is indicated for pediatric use only.

A final total of 22 oral chemotherapy medications with data
from 35 clinical trials were analyzed in this study.11-45 The Table
describes the characteristics of the medications, such as the
drug target, indications, dose modification, and cost. eTable 1
in Supplement 1 gives the drug name, clinical trial, number of
patients, levels of dose reduction, percentage of patients who
received dose reduction and dose discontinuation, total cost
of dose reduction and dose discontinuation, and cost of wast-
age per patient. eTable 7 in Supplement 1 provides price in-
formation for the 22 medications, including the price per pill.

Eight of the medications (covering 9 indications) had zero
cost of dose reduction because the available pill strength could
be reused at each reduced dose level. Two medications did not
allow for dose reductions (eTable 1 in Supplement 1).

Table. Descriptive Characteristics of 22 Oral Anticancer Drugs
Analyzed for Drug Wastage

Characteristic Drugs analyzed, No. (%)
Total No. of clinical trials analyzed 35

Drug target

KIT plus PDGFRA 3 (9)

EGFR 4 (12)

FGFR 3 (9)

PARP 7 (21)

Other 17 (50)

Indication

Breast cancer 4 (12)

NSCLC 9 (26)

Ovarian cancer 3 (9)

Prostate cancer 3 (9)

Other 15 (44)

Patients exposed to drug,
median (IQR), No.

204 (106-320)

Level of dose reduction

None, not allowed 2 (5.9)

1 9 (28)

2 19 (59)

3 4 (12)

Drugs divisible at each dose level 8 (24)

Duration of treatment,
median (IQR), mo

9 (6-19)

Dose modification

Received dose reduction,
median (IQR), %

24 (11-32)

Permanently discontinued drug,
median (IQR), %

10 (7-16)

Cost

Dose reduction, median (IQR), $ 654 291 (231 486-1 403 392)

Permanent discontinuation,
median (IQR), $

184 452 (121 840-281 407)

Wastage per patient, median (IQR), $ 1751 (1096-5195)

Drug wastage in trial, median (IQR), % 1.04 (0.55-1.89)

Abbreviations: EGFR, epidermal growth factor receptor; FGFR, fibroblast
growth factor receptor; KIT, V-Kit Hardy-Zuckerman 4 feline sarcoma viral
oncogene homolog; NSCLC, non–small cell lung cancer; PARP, poly (ADP-ribose)
polymerase; PDGFRA, platelet-derived growth factor receptor alpha.
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The median cost of wastage from dose reduction and dis-
continuation was $1751 (range, $43-$27 200; Figure 1) with a
mean of $4290 (SD, $5720) per patient. The top five 5 drugs
with the highest wastage cost per patient were avapritinib, in-
figratinib, pemigatinib, olaparib, and tivozanib (Figure 1).
Avapritinib for treatment of advanced systemic mastocytosis
had the highest cost of wastage at $27 200 per patient be-
cause it had a combination of a high cost per bottle, multiple
dose reduction levels at different pill strengths, and a high rate
of dose reduction. Relugolix had the lowest cost of wastage at
$43. Dose reduction was not allowed for relugolix, and the cost
of wastage was from 3.5% of patients who received a dose
discontinuation.

The median percentage of wastage from the total cost of
treatment was 1.04% (range, 0.04%-10.80%) (Figure 2) with
a mean of 1.78% (SD, 2.21%). Asciminib used for the treat-
ment of chronic myeloid leukemia had the lowest percentage
of wastage at 0.04%. Infigratinib used for the treatment of cho-
langiocarcinoma had the highest percentage of wastage at
10.08%. The percentage of wastage was not calculated for 4
of the medication indications because the median duration of
treatment was not reported.

In sensitivity analyses (eTable 2 in Supplement 1), with the
assumption of one-third bottle of medication wasted, the me-
dian cost of wastage from dose reduction and discontinua-
tion was $1167 (range, $29-$21 304), with a mean of $2951 (SD,
$4156). With the assumption of two-thirds bottle of medica-
tion wasted, the median cost from dose reduction and discon-
tinuation was $2335 (range, $58-$42 607), with a mean of $5902
(SD, $8312). Similar to that for the assumption of half a bottle
of medication wastage, the sensitivity analysis found that
avapritinib had the highest cost of wastage, and relugolix had
the lowest cost of wastage.

Discussion
Our economic analysis of 22 oral anticancer drugs with data
from 35 clinical trials found that the median cost of wastage
from dose reduction plus discontinuation was $1751 (mean,
$4290 per patient). This represents a mean of 1.78% of the cost
of patients’ expenses for the entire treatment. Although 1.78%
of wastage may seem low, the cost of wastage should not be
ignored given the high cost of cancer treatment.

Figure 1. Cost of Wastage in US Dollars PER Patient of Oral Anticancer Drugs
Commonly Prescribed or Recently Approved and Their Indications and Targets

5000 15 00010 000 20 000 25 000 30 0000

Waste per patient, $

Avapritinib (AdvSM)

Avapritinib (GIST)

lnfigratinib (cholangiocarcinoma) 

Pemigatinib (MLNs)

Olaparib (ovarian cancer, maintenance)

Tivozanib (RCC)

Pemigatinib (cholangiocarcinoma)

Selpercatinib (NSCLC, advanced)

Ibrutinib (CLL)

Olaparib (prostate cancer, metastatic)

Olaparib (ovarian cancer, maintenance)

Olaparib (ovarian cancer, maintenance)

Palbociclib (breast cancer, advanced)

Olaparib (breast cancer, adjuvant)

Olaparib (breast cancer, metastatic)

Capmatinib (NSCLC, advanced)

Olaparib (pancreatic cancer)

Pacritinib (myelofibrosis)

Osimertinib (NSCLC, adjuvant)

Belumosudil (GVHD)

Osimertinib (NSCLC, metastatic)

Tepotinib (NSCLC, metastatic)

Ripretinib (GIST)

Asciminib (CML)

Pralsetinib (NSCLC, metastatic)

Mobocertinib (NSCLC, advanced)

Asciminib (CML, T315I+)

Tucatinib (breast cancer, metastatic)  

Sotorasib (NSCLC, advanced)

Osimertinib (NSCLC, metastatic)

Tazemetostat (follicular lymphoma)

Enzalutamide (prostate cancer, metastatic)

Tazemetostat (sarcoma)

Relugolix (prostate cancer, advanced)

Median: $1751

EGFR

FGFR

PARP

Other

KIT + PDGFRA

Target

Drug (indication)

The dotted line represents median
cost of drug wastage per patient.
AdvSM indicates advanced systemic
mastocytosis; CLL, chronic
lymphocytic leukemia; CML, chronic
myelogenous leukemia; EGFR,
epidermal growth factor receptor;
FGFR, fibroblast growth factor
receptor; GIST, gastrointestinal
stromal tumor; GVHD, graft-vs-host
disease; KIT, V-Kit Hardy-Zuckerman
4 feline sarcoma viral oncogene
homolog; MLNs, myeloid and
lymphoid neoplasms; NSCLC,
non–small cell lung cancer; PARP, poly
(ADP-ribose) polymerase; PDGFRA,
platelet-derived growth factor
receptor alpha; and RCC, renal cell
carcinoma.
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In addition, we calculated the wastage cost conserva-
tively; therefore, it is likely that the cost of wastage may be even
higher. First, we assumed that only half a bottle of pills was
wasted at each dose reduction. Although dose reduction may
occur at any time during treatment, it more commonly oc-
curs soon after the patient starts treatment. Thus, even more
pills may be wasted. Our upper bound sensitivity analysis as-
sumed two-thirds of the bottle was wasted. Second, we as-
sumed that no pills were wasted if the pill strength from the
previous dosing level could be reused. This may not always oc-
cur in practice. Third, we assumed that no pills were wasted
at the completion of therapy. It is possible that patients moved
to the next line of treatment in the middle of a cycle due to pro-
gression; thus, pills may have been wasted. To our knowl-
edge, this is the first study that analyzed costs related to the
wastage of pills among patients with cancer.

Several factors contributed to the high cost of wastage.
First, 5 medications had dose reduction levels that required
new pill strengths at the next dose level. Second, likely due to
intolerability, a high percentage of patients required dose re-
ductions. Drugs with multiple levels of reductions contrib-
uted to more pills being wasted. Third, the costs of these drugs
were the same price regardless of dose strength. By contrast,
oral anticancer drugs that were dosed to allow for pills to be
reused at the next dose reduction level had less wastage. We

found that only 8 of the 22 drugs (36%) had pills that could be
used for dose reduction.

Oral anticancer agents offer patients convenience and ease
of administration. However, unlike intravenous chemo-
therapy, dose reduction of oral medication may lead to wast-
age of high-cost pills that must be discarded. The cost in wast-
age generated by oral anticancer pills is critical given rises in
anticancer drug prices and the recognized burden of finan-
cial toxicity for patients with cancer. The cost of cancer treat-
ment continues to rise rapidly while household income re-
mains relatively flat.46 This could result in a disproportionate
burden for patients who are expected to pay for an increasing
gap in coverage with no concomitant increase in wages.

One interesting observation resulting from our analysis is
that of differences in drug wastage by indication. Some of the
drugs in this study were approved for treatment of multiple
cancer types. Two of the drugs we analyzed, olaparib and os-
imertinib, were initially approved in the metastatic setting and
then later approved for treatment in the adjuvant setting. Our
group previously reported that patients receiving medication
in the adjuvant setting are more likely than patients in the meta-
static setting to discontinue treatment regimens, which we have
theorized to be due to lower tolerance in settings where the
treatment is being used as more of a preventive measure, rather
than a treatment measure.47 These differences in wastage were

Figure 2. Percentage of Wastage From Total Cost of Treatment for Oral Anticancer Drugs
Commonly Prescribed or Recently Approved and Their Corresponding Indications and Targets

2 64 8 10 120

Waste per patient, %

Infigratinib (cholangiocarcinoma)

Capmatinib (NSCLC, advanced)

Olaparib (prostate cancer, metastatic)

Pemigatinib (cholangiocarcinoma)

Pemigatinib (MLNs)

Olaparib (ovarian cancer, maintenance)

Olaparib (breast cancer, metastatic)

Tivozanib (RCC)

Avapritinib (GIST)

Olaparib (breast cancer, adjuvant)

Olaparib (pancreatic cancer)

Selpercatinib (NSCLC, advanced)

Palbociclib (breast cancer, advanced)

Olaparib (ovarian cancer, maintenance)

Olaparib (ovarian cancer, maintenance)

Ripretinib (GIST)

Sotorasib (NSCLC, advanced)

Belumosudil (GVHD)

Tepotinib (NSCLC, metastatic)

Pralsetinib (NSCLC, metastatic)

Mobocertinib (NSCLC, advanced)

Osimertinib (NSCLC, metastatic)

Tucatinib (breast cancer, metastatic)

Osimertinib (NSCLC, metastatic)

Ibrutinib (CLL)

Osimertinib (NSCLC, adjuvant)

Enzalutamide (prostate cancer, metastatic)

Asciminib (CML)

Tazemetostat (sarcoma)

Asciminib (CML, T315I+)

Drug (indication)

Median: 1.04%

EGFR

FGFR

PARP

Other

KIT + PDGFRA

Target

The dotted line represents median
wastage as a percentage of total drug
price. CLL indicates chronic
lymphocytic leukemia; CML, chronic
myelogenous leukemia; EGFR,
epidermal growth factor receptor;
FGFR, fibroblast growth factor
receptor; GIST, gastrointestinal
stromal tumor; GVHD, graft-vs-host
disease; KIT, V-Kit Hardy-Zuckerman
4 feline sarcoma viral oncogene
homolog; MLNs, myeloid and
lymphoid neoplasms; NSCLC,
non–small cell lung cancer; PARP, poly
(ADP-ribose) polymerase; PDGFRA,
platelet-derived growth factor
receptor alpha; and RCC, renal cell
carcinoma.
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most notable for olaparib.47 Focusing on settings where dis-
continuation is more likely is important when considering drug
wastage. However, only 2 drugs in this analyses had approval
for both adjuvant and metastatic treatment of the same tu-
mor type.

The wastage from anticancer pills may be reduced if drug
makers develop dose strengths that can be reused at each dos-
ing level, or if packaging allows for a different number of doses,
in case of discontinuation. Clinicians can help mitigate the cost
of cancer pill wastage by ensuring that adverse effects are man-
aged and by making the necessary dose reduction prior to the
dispensing of medication. Clinicians may also consider giv-
ing patients treatment holidays instead of proceeding with a
reduced dose to help reduce pill wastage. Clinicians may also
consider integrating pharmacy dispensing within their clinic.48

This would allow them to dispense a shorter pill supply early
in the patient’s treatment, when patients are often moni-
tored more closely and have more visits to their physicians.

In addition to solutions for clinicians, there are several pos-
sible solutions for payers, such as pharmacy benefit manag-
ers. Payers may consider implementing plan designs that al-
low for a split-fill program that provides a 15-day supply with
prorated copays for the first 3 months of treatment when the
risk of drug wastage is highest. Payers may also create benefit
designs that incentivize members to learn about the benefits
and possible adverse effects of potential available options and
to report drug treatment tolerance and wastage. Ultimately, real
cost savings may occur through better stewardship of oral an-
ticancer prescribing.

Strengths and Limitations
This study has strengths. The major strength of this study is
that we identified an often unaccounted cost of oral chemo-
therapy medications. We also identified the factors that may
contribute to wastage of oral anticancer pills, such as dose
strength availability and levels of dose reduction.

This study also has limitations. The first is that the num-
bers of pills wasted were calculated based on assumptions due
to patient-level data for time to dose reduction, the number
of dose reductions not being available, and frequency of dis-
pensing. In considering our assumptions, we made them based
on the most likely scenarios presented in the literature. In ad-
dition, these assumptions may have resulted in estimates that
were higher or lower than in reality; however, we selected a
midpoint estimate to account for this. For our sensitivity analy-
ses, we calculated less and more conservative estimates, based
on bottle wastage of one-third and two-thirds. We encourage
others to replicate our analysis with real-world data. The sec-
ond limitation is that clinical study data were mainly ex-
tracted from the FDA package insert, and the duration of treat-
ment and the percentage of dose reduction and dose
discontinuation may change as more data emerge. The third
limitation is that our estimates were based on clinical trial data,
which often include data for patients who are younger and
healthier than patients in the clinical practice. As a result, it is
likely that our estimates were an underestimation of cost
wastage.

Conclusions
Oral anticancer drugs offer many advantages and conve-
nience compared with intravenous anticancer medications.
However, this economic evaluation found that disadvan-
tages of oral medication include prespecified and limited pill
strengths, which when paired with dose reductions may re-
sult in wastage. Because of dose modification or discontinu-
ation, the high cost per pill, the limited options for the num-
ber of doses per package, and pill strength availability, a mean
of $4290 per patient was wasted. Future research should evalu-
ate the effect of pricing strategies and drug switching on drug
wastage.

ARTICLE INFORMATION

Accepted for Publication: May 3, 2023.

Published Online: July 20, 2023.
doi:10.1001/jamaoncol.2023.2306

Author Contributions: Drs Lam and Prasad had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Lam, Olivier, Prasad.
Acquisition, analysis, or interpretation of data:
Lam, Olivier, Haslam, Tuia.
Drafting of the manuscript: Lam, Olivier, Tuia.
Critical revision of the manuscript for important
intellectual content: Lam, Olivier, Haslam, Prasad.
Statistical analysis: Lam.
Administrative, technical, or material support:
Lam, Tuia.
Supervision: Lam, Olivier, Prasad.

Conflict of Interest Disclosures: Dr Prasad
reported receiving grants from Arnold Ventures LLC
during the conduct of the study and receiving
personal fees from Johns Hopkins University Press,
Medscape, MedPage Today, UnitedHealthcare, and
Optum Rx and subscriber fees from YouTube,

Substack, and Patreon outside the submitted work.
No other disclosures were reported.

Funding/Support: This project was funded by
Arnold Ventures LLC through a grant to Dr Prasad
paid to the University of California, San Francisco.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES

1. Weingart SN, Brown E, Bach PB, et al. NCCN task
force report: oral chemotherapy. J Natl Compr Canc
Netw. 2008;6(3)(suppl 3):S1-S14. doi:10.6004/
jnccn.2008.2003

2. Moreira A, Bernardo C, Ramos C, Aguiar P, Alves
da Costa F. National trends in the use of oral
chemotherapy over 13 years. Front Pharmacol.
2022;13:909948. doi:10.3389/fphar.2022.909948

3. Mailankody S, Prasad V. Five years of cancer drug
approvals: innovation, efficacy, and costs. JAMA

Oncol. 2015;1(4):539-540. doi:10.1001/jamaoncol.
2015.0373

4. DeMartino PC, Miljković MD, Prasad V. Potential
cost implications for all US Food and Drug
Administration oncology drug approvals in 2018.
JAMA Intern Med. 2021;181(2):162-167. doi:10.1001/
jamainternmed.2020.5921

5. Truong J, Chan KKW, Mai H, et al. The impact of
pricing strategy on the costs of oral anti-cancer
drugs. Cancer Med. 2019;8(8):3770-3781. Published
online May 27, 2019. doi:10.1002/cam4.2269

6. Nass SJ, Lustig TA, Amankwah FK, Shortliffe EH,
eds. Medications in Single-Dose Vials: Implications
of Discarded Drugs. National Academies Press (US);
2021.

7. Bach PB, Conti RM, Muller RJ, Schnorr GC, Saltz
LB. Overspending driven by oversized single dose
vials of cancer drugs. BMJ. 2016;352:i788. doi:10.
1136/bmj.i788

8. Prasad V, Massey PR, Fojo T. Oral anticancer
drugs: how limited dosing options and dose
reductions may affect outcomes in comparative
trials and efficacy in patients. J Clin Oncol. 2014;32
(15):1620-1629. doi:10.1200/JCO.2013.53.0204

Research Original Investigation Cost of Drug Wastage From Dose Modification and Discontinuation of Oral Anticancer Drugs

E6 JAMA Oncology Published online July 20, 2023 (Reprinted) jamaoncology.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 08/09/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.2306?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.2306?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://dx.doi.org/10.6004/jnccn.2008.2003
https://dx.doi.org/10.6004/jnccn.2008.2003
https://dx.doi.org/10.3389/fphar.2022.909948
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2015.0373?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2015.0373?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.5921?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.5921?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://dx.doi.org/10.1002/cam4.2269
https://dx.doi.org/10.1136/bmj.i788
https://dx.doi.org/10.1136/bmj.i788
https://dx.doi.org/10.1200/JCO.2013.53.0204
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306


9. Drug Discovery and Development. Drug
discovery. Accessed May 16, 2023. https://www.
drugdiscoverytrends.com

10. Shields JL, Englert B, Passero VA. Dispensing
and monitoring oral anticancer therapy. Fed Pract.
2015;32(suppl 1):38S-41S.

11. Hughes TP, Mauro MJ, Cortes JE, et al. Asciminib
in chronic myeloid leukemia after ABL kinase
inhibitor failure. N Engl J Med. 2019;381(24):2315-
2326. doi:10.1056/NEJMoa1902328

12. Réa D, Mauro MJ, Boquimpani C, et al. A phase
3, open-label, randomized study of asciminib, a
STAMP inhibitor, vs bosutinib in CML after 2 or
more prior TKIs. Blood. 2021;138(21):2031-2041.
doi:10.1182/blood.2020009984

13. Heinrich MC, Jones RL, von Mehren M, et al.
Avapritinib in advanced PDGFRA D842V-mutant
gastrointestinal stromal tumour (NAVIGATOR):
a multicentre, open-label, phase 1 trial. Lancet
Oncol. 2020;21(7):935-946. doi:10.1016/S1470-
2045(20)30269-2

14. Reiter A, Schwaab J, DeAngelo DJ, et al. Efficacy
and safety of avapritinib in previously treated
patients with advanced systemic mastocytosis.
Blood Adv. 2022;6(21):5750-5762. doi:10.1182/
bloodadvances.2022007539

15. Gotlib J, Reiter A, Radia DH, et al. Efficacy and
safety of avapritinib in advanced systemic
mastocytosis: interim analysis of the phase 2
PATHFINDER trial. Nat Med. 2021;27(12):2192-2199.
doi:10.1038/s41591-021-01539-8

16. Cutler C, Lee SJ, Arai S, et al. Belumosudil for
chronic graft-versus-host disease after 2 or more
prior lines of therapy: the ROCKstar study. Blood.
2021;138(22):2278-2289. doi:10.1182/blood.
2021012021

17. Wolf J, Seto T, Han JY, et al. Capmatinib in MET
exon 14-mutated or MET-amplified non–small-cell
lung cancer. N Engl J Med. 2020;383(10):944-957.
doi:10.1056/NEJMoa2002787

18. Armstrong AJ, Szmulewitz RZ, Petrylak DP,
et al. ARCHES: a randomized, phase III study of
androgen deprivation therapy with enzalutamide or
placebo in men with metastatic hormone-sensitive
prostate cancer. J Clin Oncol. 2019;37(32):2974-
2986. doi:10.1200/JCO.19.00799

19. Barr PM, Owen C, Robak T, et al. Up to 8-year
follow-up from RESONATE-2: first-line ibrutinib
treatment for patients with chronic lymphocytic
leukemia. Blood Adv. 2022;6(11):3440-3450. doi:
10.1182/bloodadvances.2021006434

20. Javle M, Roychowdhury S, Kelley RK, et al.
Infigratinib (BGJ398) in previously treated patients
with advanced or metastatic cholangiocarcinoma
with FGFR2 fusions or rearrangements: mature
results from a multicentre, open-label, single-arm,
phase 2 study. Lancet Gastroenterol Hepatol.
2021;6(10):803-815. doi:10.1016/S2468-1253(21)
00196-5

21. Zhou C, Ramalingam SS, Kim TM, et al.
Treatment outcomes and safety of mobocertinib in
platinum-pretreated patients with EGFR exon 20
insertion–positive metastatic non–small cell lung
cancer: a phase 1/2 open-label nonrandomized
clinical trial. JAMA Oncol. 2021;7(12):e214761. doi:
10.1001/jamaoncol.2021.4761

22. Golan T, Hammel P, Reni M, et al. Maintenance
olaparib for germline BRCA-mutated metastatic
pancreatic cancer. N Engl J Med. 2019;381(4):
317-327. doi:10.1056/NEJMoa1903387

23. Robson M, Im SA, Senkus E, Xu B et al. Olaparib
for metastatic breast cancer in patients with a
germline BRCA mutation. N Engl J Med.
2017;377(6):523-533. doi:10.1056/
NEJMoa1706450

24. Tutt ANJ, Garber JE, Kaufman B, et al; OlympiA
Clinical Trial Steering Committee and Investigators.
Adjuvant olaparib for patients with BRCA1- or
BRCA2-mutated breast cancer. N Engl J Med.
2021;384(25):2394-2405. doi:10.1056/
NEJMoa2105215

25. Poveda A, Floquet A, Ledermann JA, et al.
Olaparib tablets as maintenance therapy in patients
with platinum-sensitive relapsed ovarian cancer
and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21):
a final analysis of a double-blind, randomised,
placebo-controlled, phase 3 trial. Lancet Oncol.
2021;22(5):620-631. doi:10.1016/S1470-2045(21)
00073-5

26. DiSilvestro P, Banerjee S, Colombo N, et al.
Overall survival with maintenance olaparib at a
7-year follow-up in patients with newly diagnosed
advanced ovarian cancer and a BRCA mutation: The
SOLO1/GOG 3004 Trial. J Clin Oncol.
2023;41(3):609-617. doi:10.1200/JCO.22.01549

27. de Bono J, Mateo J, Fizazi K, et al. Olaparib for
metastatic castration-resistant prostate cancer. N
Engl J Med. 2020;382(22):2091-2102. doi:10.1056/
NEJMoa1911440

28. Ray-Coquard I, Pautier P, Pignata S, et al.
Olaparib plus bevacizumab as first-line
maintenance in ovarian cancer. N Engl J Med.
2019;381(25):2416-2428. doi:10.1056/
NEJMoa1911361

29. Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or
platinum-pemetrexed in EGFR T790M-positive lung
cancer. N Engl J Med. 2017;376(7):629-640. doi:10.
1056/NEJMoa1612674

30. Soria JC, Ohe Y, Vansteenkiste J, et al.
Osimertinib in untreated EGFR-mutated advanced
non–small-cell lung cancer. N Engl J Med.
2018;378(2):113-125. doi:10.1056/NEJMoa1713137

31. Wu YL, Tsuboi M, He J, et al. Osimertinib in
resected EGFR-mutated non–small-cell lung cancer.
N Engl J Med. 2020;383(18):1711-1723. doi:10.1056/
NEJMoa2027071

32. Mascarenhas J, Hoffman R, Talpaz M, et al.
Pacritinib vs best available therapy, including
ruxolitinib, in patients with myelofibrosis:
a randomized clinical trial. JAMA Oncol.
2018;4(5):652-659. doi:10.1001/jamaoncol.2017.
5818

33. Finn RS, Martin M, Rugo HS, et al. Palbociclib
and letrozole in advanced breast cancer. N Engl J
Med. 2016;375(20):1925-1936. doi:10.1056/
NEJMoa1607303

34. Abou-Alfa GK, Sahai V, Hollebecque A, et al.
Pemigatinib for previously treated, locally advanced
or metastatic cholangiocarcinoma: a multicentre,
open-label, phase 2 study. Lancet Oncol.
2020;21(5):671-684. doi:10.1016/S1470-2045(20)
30109-1

35. Verstovsek S, Gotlib J, Vannucchi AM, et al.
FIGHT-203, an ongoing phase 2 study of
pemigatinib in patients with myeloid/lymphoid
neoplasms (MLNs) with fibroblast growth factor
receptor 1 (FGFR1) rearrangement (MLNFGFR1):
a focus on centrally reviewed clinical and
cytogenetic responses in previously treated
patients. Blood. 2022;140 (suppl 1):3980–3982.

36. Gainor JF, Curigliano G, Kim DW, et al.
Pralsetinib for RET fusion–positive non–small-cell
lung cancer (ARROW): a multi-cohort, open-label,
phase 1/2 study. Lancet Oncol. 2021;22(7):959-969.
doi:10.1016/S1470-2045(21)00247-3

37. Shore ND, Saad F, Cookson MS, et al. Oral
relugolix for androgen-deprivation therapy in
advanced prostate cancer. N Engl J Med.
2020;382(23):2187-2196. doi:10.1056/
NEJMoa2004325

38. Blay JY, Serrano C, Heinrich MC, et al. Ripretinib
in patients with advanced gastrointestinal stromal
tumours (INVICTUS): a double-blind, randomised,
placebo-controlled, phase 3 trial. Lancet Oncol.
2020;21(7):923-934. doi:10.1016/S1470-2045(20)
30168-6

39. Drilon A, Subbiah V, Gautschi O, et al.
Selpercatinib in patients with RET fusion–positive
non–small-cell lung cancer: updated safety and
efficacy from the registrational LIBRETTO-001
phase I/II trial. J Clin Oncol. 2023;41(2):385-394.
doi:10.1200/JCO.22.00393

40. Skoulidis F, Li BT, Dy GK, et al. Sotorasib for
lung cancers with KRAS p.G12C mutation. N Engl J
Med. 2021;384(25):2371-2381. doi:10.1056/
NEJMoa2103695

41. Gounder M, Schöffski P, Jones RL, et al.
Tazemetostat in advanced epithelioid sarcoma with
loss of INI1/SMARCB1: an international, open-label,
phase 2 basket study. Lancet Oncol.
2020;21(11):1423-1432. doi:10.1016/S1470-2045
(20)30451-4

42. Morschhauser F, Tilly H, Chaidos A, et al.
Tazemetostat for patients with relapsed or
refractory follicular lymphoma: an open-label,
single-arm, multicentre, phase 2 trial. Lancet Oncol.
2020;21(11):1433-1442. doi:10.1016/S1470-2045
(20)30441-1

43. Paik PK, Felip E, Veillon R, et al. Tepotinib in
non–small-cell lung cancer with MET exon 14
skipping mutations. N Engl J Med.
2020;383(10):931-943. doi:10.1056/
NEJMoa2004407

44. Rini BI, Pal SK, Escudier BJ, et al. Tivozanib
versus sorafenib in patients with advanced renal
cell carcinoma (TIVO-3): a phase 3, multicentre,
randomised, controlled, open-label study. Lancet
Oncol. 2020;21(1):95-104. doi:10.1016/S1470-2045
(19)30735-1

45. Murthy RK, Loi S, Okines A, et al. Tucatinib,
trastuzumab, and capecitabine for HER2-positive
metastatic breast cancer. N Engl J Med.
2020;382(7):597-609. doi:10.1056/
NEJMoa1914609

46. Prasad V, De Jesús K, Mailankody S. The high
price of anticancer drugs: origins, implications,
barriers, solutions. Nat Rev Clin Oncol. 2017;14(6):
381-390. doi:10.1038/nrclinonc.2017.31

47. Ahmed N, Vengalasetti Y, Haslam A, Prasad V.
Association of adjuvant or metastatic setting with
discontinuation of cancer drugs in clinical trials.
JAMA Netw Open. 2022;5(5):e2212327. doi:10.1001/
jamanetworkopen.2022.12327

48. Kanter GP, Parikh RB, Fisch MJ, et al. Trends in
medically integrated dispensing among oncology
practices. JCO Oncol Pract. 2022;18(10):e1672-e1682.
doi:10.1200/OP.22.00136

Cost of Drug Wastage From Dose Modification and Discontinuation of Oral Anticancer Drugs Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology Published online July 20, 2023 E7

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 08/09/2023

https://www.drugdiscoverytrends.com
https://www.drugdiscoverytrends.com
https://www.ncbi.nlm.nih.gov/pubmed/30766093
https://www.ncbi.nlm.nih.gov/pubmed/30766093
https://dx.doi.org/10.1056/NEJMoa1902328
https://dx.doi.org/10.1182/blood.2020009984
https://dx.doi.org/10.1016/S1470-2045(20)30269-2
https://dx.doi.org/10.1016/S1470-2045(20)30269-2
https://dx.doi.org/10.1182/bloodadvances.2022007539
https://dx.doi.org/10.1182/bloodadvances.2022007539
https://dx.doi.org/10.1038/s41591-021-01539-8
https://dx.doi.org/10.1182/blood.2021012021
https://dx.doi.org/10.1182/blood.2021012021
https://dx.doi.org/10.1056/NEJMoa2002787
https://dx.doi.org/10.1200/JCO.19.00799
https://dx.doi.org/10.1182/bloodadvances.2021006434
https://dx.doi.org/10.1016/S2468-1253(21)00196-5
https://dx.doi.org/10.1016/S2468-1253(21)00196-5
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.4761?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://dx.doi.org/10.1056/NEJMoa1903387
https://dx.doi.org/10.1056/NEJMoa1706450
https://dx.doi.org/10.1056/NEJMoa1706450
https://dx.doi.org/10.1056/NEJMoa2105215
https://dx.doi.org/10.1056/NEJMoa2105215
https://dx.doi.org/10.1016/S1470-2045(21)00073-5
https://dx.doi.org/10.1016/S1470-2045(21)00073-5
https://dx.doi.org/10.1200/JCO.22.01549
https://dx.doi.org/10.1056/NEJMoa1911440
https://dx.doi.org/10.1056/NEJMoa1911440
https://dx.doi.org/10.1056/NEJMoa1911361
https://dx.doi.org/10.1056/NEJMoa1911361
https://dx.doi.org/10.1056/NEJMoa1612674
https://dx.doi.org/10.1056/NEJMoa1612674
https://dx.doi.org/10.1056/NEJMoa1713137
https://dx.doi.org/10.1056/NEJMoa2027071
https://dx.doi.org/10.1056/NEJMoa2027071
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2017.5818?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2017.5818?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://dx.doi.org/10.1056/NEJMoa1607303
https://dx.doi.org/10.1056/NEJMoa1607303
https://dx.doi.org/10.1016/S1470-2045(20)30109-1
https://dx.doi.org/10.1016/S1470-2045(20)30109-1
https://dx.doi.org/10.1016/S1470-2045(21)00247-3
https://dx.doi.org/10.1056/NEJMoa2004325
https://dx.doi.org/10.1056/NEJMoa2004325
https://dx.doi.org/10.1016/S1470-2045(20)30168-6
https://dx.doi.org/10.1016/S1470-2045(20)30168-6
https://dx.doi.org/10.1200/JCO.22.00393
https://dx.doi.org/10.1056/NEJMoa2103695
https://dx.doi.org/10.1056/NEJMoa2103695
https://dx.doi.org/10.1016/S1470-2045(20)30451-4
https://dx.doi.org/10.1016/S1470-2045(20)30451-4
https://dx.doi.org/10.1016/S1470-2045(20)30441-1
https://dx.doi.org/10.1016/S1470-2045(20)30441-1
https://dx.doi.org/10.1056/NEJMoa2004407
https://dx.doi.org/10.1056/NEJMoa2004407
https://dx.doi.org/10.1016/S1470-2045(19)30735-1
https://dx.doi.org/10.1016/S1470-2045(19)30735-1
https://dx.doi.org/10.1056/NEJMoa1914609
https://dx.doi.org/10.1056/NEJMoa1914609
https://dx.doi.org/10.1038/nrclinonc.2017.31
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2022.12327?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2022.12327?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306
https://dx.doi.org/10.1200/OP.22.00136
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.2306



