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Purpose
The prevalence of off-label anticancer drug use is not well characterized. The extent of off-label
use is a policy concern because the clinical benefits of such use to patients may not outweigh
costs or adverse health outcomes.
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Methods
Prescribing data from IntrinsiQ Intellidose data systems, a pharmacy software provider maintaining a population-based cohort database of medical oncologists, was analyzed. Use of the most
commonly prescribed anticancer drugs (“chemotherapies”) that were patent protected and
administered intravenously to patients in 2010 was examined. Use was classified as “on-label” if
the cancer site, stage, and therapy line met the US Food and Drug Administration (FDA)–approved
indication. All other use was “off-label.” Off-label use was divided by whether it conformed to
National Comprehensive Care Network (NCCN) Compendium recommendations, a basis of insurer
coverage policies. IMS Health National Sales Perspectives was used to estimate national spending
by use category.
Results
Ten chemotherapies met inclusion criteria. On-label use amounted to 70%, and off-label use
amounted to 30%. Fourteen percent of use conformed to an NCCN-supported off-label indication,
and 10% of off-label use was associated with an FDA-approved cancer site, but an NCCNunsupported cancer stage and/or line of therapy. Total national spending on these chemotherapies
amounted to $12 billion (B; $7.3B on-label, $2B off-label and NCCN supported; $2.5B off-label and
NCCN unsupported).
Conclusion
Commonly used, novel chemotherapies are more often used on-label than off-label in contemporary practice. Off-label use is composed of a roughly equal mix of chemotherapy applied in clinical
settings supported by the NCCN and those that are not.
J Clin Oncol 31:1134-1139. © 2013 by American Society of Clinical Oncology
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INTRODUCTION

The development of new anticancer drugs (“chemotherapies”) has produced reductions in cancer mortality and morbidity in the United States.1,2 Yet
many novel chemotherapies are priced high relative
to the existing standard of care.3 Use of these new,
high-priced chemotherapies seems to be a significant driver of prescription drug spending trends.4,5
A number of authors have questioned whether
some novel, high-cost chemotherapies are being
used “inappropriately” in clinical practice.6-9 The
extent of inappropriate chemotherapy use is a public
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policy concern because of the cost and potential
harms to patients from the use of toxic agents with
little likelihood of clinical benefit.10-13
“On-label” uses are clinical applications of a
drug conforming to indications listed in a drug’s
label as approved by the US Food and Drug Administration (FDA); conversely “off-label” uses are those
not approved by the FDA.8,9,14-19 Specifically, onlabel chemotherapy use is defined by cancer site,
stage, and line of therapy.20
However, not all off-label chemotherapy use is
inappropriate clinical care. One critical rationale
driving off-label chemotherapy use is insurance
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formed both by IntrinsiQ and through comparisons with firm-reported sales
in the IMS Health National Sales Perspectives.
The sample universe was obtained by analyzing IntrinsiQ data for all
administrations of chemotherapies by brand and chemical name in 2010.
Chemotherapies were linked to FDA approval dates and indications from the
Drugs@FDA database and cross-referenced with the MICROMEDEX DRUGDEX Evaluations database.31 The sample was restricted to those drugs available only in patent-protected formulation and those administered to patients
via infusion or injection (ie, physician administered), because IntrinsiQ internal audits suggested the data quality of oral chemotherapies may be low.20,21
2010 year-end reports to shareholders for the listed manufacturer of each
chemotherapy were reviewed to ascertain whether the manufacturing company maintained market exclusivity to sell the chemotherapy, the expected
date of market exclusivity loss for each chemotherapy and firm, and worldwide
and national sales of each chemotherapy overall and by disease category.
The unit of analysis is annual chemotherapy administrations (aggregated
over calendar months). Each administration was classified as on-label if it was
consistent with an FDA-approved cancer diagnosis, stage of diagnosis and line
of therapy in the IntrinsiQ data set; all other use was considered off-label.14-19
To classify on-label use, the reported indication (cancer diagnosis, stage of
diagnosis, line of therapy) for each chemotherapy administration was compared with the FDA-approved label (Data Supplement).24-26,32 In practice,
identifying reported on-label use conforming to these standards was complicated and required significant complementary expertise given the level of
detail found in the IntrinisiQ claims data (basic) relative to that specified by the
FDA-approved label (highly specific). Discrepancies in assessing on-label use
between reviewers were resolved by consensus among all coauthors, with final
determination provided by the oncologists (V.M.V., R.L.S.).
The order entry system of Intellidose required prospective identification
of clinical trial protocols, but did not distinguish between treatment and
control regimens. Therefore, all chemotherapy uses associated with a clinical
trial were excluded from analysis.
Estimates of the annual prevalence of on-label use of chemotherapies
overall and by chemotherapy are reported. To calculate the annual prevalence of on-label prescribing, the number of annual administrations applied on-label was divided by the number of administrations for all clinical
rationales. Standard deviations (SDs) for annual estimates were estimated
and are reported based on monthly estimates.
Off-label uses were also stratified according to whether or not the use was
supported by the December 2010 National Comprehensive Cancer Network
Drugs & Biologics Compendium (NCCN).22,24,26,32 The NCCN was chosen
because it is one of several compendia approved by Congress to guide CMS
coverage and reimbursement policy9,21 and because of the coauthors’ familiarity with the methodology of NCCN assessments (V.M.V., R.L.S., P.B.B.).
Three authors (R.M.C., A.C.B., and V.M.V.) with assistance from coauthors
independently reviewed the list of chemotherapy-indication pairs and
matched them to NCCN recommendations. Discrepancies were resolved by
consensus among all coauthors, with final determination provided by the
oncologists (V.M.V., R.L.S.).
Off-label uses for each chemotherapy were also stratified by those not
conforming to the NCCN but consistent with FDA-approved cancer site (Data
Supplement). A similar review and matching method to the on-label and
off-label supported by NCCN recommendations was employed.
2010 annual sales for each chemotherapy were obtained from IMS
Health National Sales Perspectives (NSP). NSP is a projected audit that describes 100% of the national sales in every major class of trade and distribution
channel for prescription pharmaceuticals, nonprescription products, and select self-administered diagnostic products, measuring both unit volume and
invoice dollars. The NSP sample is derived from more than 1.5 billion annual
transactions from more than 100 pharmaceutical manufacturers and more
than 700 distribution centers. In 2010, NSP tracked sales of 5,859 nonfederal
hospitals, 131,491 clinics, 59,202 retail pharmacies, 391 mail-service pharmacies, 4,842 home health facilities, and 2,840 long-term care outlets, in addition
to thousands of other entities. NSP has been recently used to examine national
trends in the sales of selected anticancer drugs.27
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coverage and reimbursement policies. The Center for Medicare
and Medicaid (CMS) is the largest insurer of cancer-related treatment.1 CMS and private insurers rely on FDA approval and
authoritative compendia to determine what uses of physicianadministered drugs to reimburse.9,21 Compendia include listings
of off-label uses determined by expert assessments of available
supportive evidence.8,10,12,13,20,21 Emerging scientific evidence of
novel medical treatment is commonly incorporated into guideline
development. Public reports of evidence development have been
shown to influence use of innovative medical care in cancer and
other clinical areas.13,22-26
The contemporaneous extent of off-label use of patentprotected chemotherapies and associated spending is unknown. A
1991 study by the US Government Accountability Office surveyed
oncologists and reported that the off-label use of a selected group
of chemotherapies amounted to 33% of all prescriptions.27 However, physician report is likely to bias estimates of off-label use
downward and, given the pace of technological change in cancer
care, these results are likely not directly relevant to contemporaneous practice.28 One recent study estimated the off-label use of
rituximab, a novel patent-protected chemotherapy, among patients drawn from a large proprietary insurance database.29 Results
suggest the off-label use of rituximab amounted to 47%. However,
this study has limited external validity because of the study’s setting. The study’s internal validity is also problematic because cancer site alone was used to classify on-label use without regard to
stage and/or line of therapy.
We conducted a study to quantify the magnitude of on-label
and off-label use of the most commonly used, patent-protected
chemotherapies in a population-based sample of office-based oncology practices in 2010. The rationale for our focus on patentprotected chemotherapies was chosen to reflect policy interest in
these therapies because of their high price and uncertain clinical
risks when applied in the off-label setting.8,27 The novelty of the
analysis over previously published work resides in the national
coverage of the data set and the inclusion of cancer indication,
stage, and line of therapy in classifying the use of chemotherapies.
In addition, we categorized off-label use into that conforming to
contemporaneous recommendations supporting insurance coverage by one CMS-approved compendium.

Dr

METHODS

The analysis uses Intellidose data (IntrinsiQ, Burlington, MA) to examine
aggregate use of chemotherapies launched into the US market between 2004
and 2009 among patients with specific cancer diagnoses.28,30 The data are
collected via the Intellidose software system. During the study period, Intellidose was used as the exclusive method of infused outpatient chemotherapy
order entry and administrative billing for 122 medical oncology practices
comprising 570 oncologists across 35 US states, 19,500 patients, 47,000 office
visits, and 135,000 chemotherapy administrations. The majority of centers
using the chemotherapy order entry system were nonacademic or university
hospital affiliated private practices and community hospitals, clinics, and outpatient cancer care facilities. For each new patient, practice sites entered date of
birth, sex, cancer type, date of diagnosis, and American Joint Committee on
Cancer stage. The date of chemotherapy initiation was also recorded. Chemotherapy orders and patient data were monitored by IntrinsiQ staff oncology
nurses to ensure consistency and accuracy. The system updates patients’ cancer stage and line of therapy on a monthly basis. Sales validations were perwww.jco.org
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Estimated Use of
Chemotherapies (%)
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Fig 1. Estimated use of chemotherapies
on-label, off-label (National Comprehensive Cancer Network Drugs & Biologics
Compendium [NCCN] supported), and offlabel (NCCN unsupported).

20

Off-label NCCN unsupported

ter of 2010 or because the chemotherapy was an oral formulation.
Although gemcitabine lost patent protection in late December 2010, it
was included in the sample.
Figure 1 reports the names of each chemotherapy and the
estimated percentage of on-label use of each chemotherapy in
2010, displayed in order of initial market launch date. On-label
estimates range from a low of 32% for gemcitabine (SD ⫽ .01),
33% for rituximab (SD ⫽ .02), and 48% for bevacizumab
(SD ⫽ .01) to a high of 92% for bortezomib (SD ⫽ .04) and
pemetrexed (SD ⫽ .01) and 99% for trastuzumab (SD ⫽ .01).
Overall, chemotherapy on-label use amounted to 70% (SD ⫽ .04)
and off-label use amounted to 30% (SD ⫽ .03).
Figure 2 reports the estimated percentage of off-label use of
each chemotherapy in 2010, stratified by whether the use conformed to NCCN recommendations. We further classified offlabel use by whether it was consistent with FDA-approved cancer
site. Off-label use supported by NCCN recommendations varies
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On-label spending on each chemotherapy and overall chemotherapies was
calculated by multiplying total national sales derived from the NSP by the estimated percentage of on-label use derived from IntrinsiQ. However, rituximab has
FDA-approved uses outside oncology not captured by IntrinsiQ data. Therefore,
2010 shareholder reports for Roche Biopharmaceuticals (parent company of Genentech) were reviewed. The report estimated that 16% of rituximab sales were for
the treatment of rheumatoid arthritis and other autoimmune disorders.33 Consequently, 16% of total national sales of rituximab were subtracted from NSP sales.
Off-label spending on chemotherapies and off-label spending on chemotherapies
supportedbyNCCNrecommendationsbychemotherapyandoverallchemotherapy were calculated in an analogous manner.
To check the robustness of estimates to choice of year, the prevalence of
on-label use among study chemotherapies in 2009 was estimated. The University of Chicago institutional review board approved the study.
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Among the 30 most commonly used chemotherapies, 20 chemotherapies were excluded because their patent expired before the first quar-

Off-label NCCN supported
Off-label use, NCCN unsupported, FDA-approved cancer site
Other
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Estimated Off-Label Use
of Chemotherapy (%)
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Fig 2. Estimated off-label use of chemotherapies: off-label National Comprehensive Cancer Network (NCCN) Drugs &
Biologics Compendium supported, offlabel NCCN unsupported, US Food and
Drug Administration (FDA)–approved cancer site, and other.
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Table 1. 2010 US Spending on Sample Chemotherapies for Cancer Treatment by On-Label and Off-Label Uses
Estimated US Sales
US Manufacturer

Market Launch
Date

Total US Sales
($M)

Docetaxel
Gemcitabine
Rituximab
Trastuzumab
Bortezomib
Bevacizumab
Cetuximab
Pemetrexed
Azacitidine
Paclitaxel albumin bound
Total annual revenue

sanofi-aventis US
Lilly
Genentech
Genentech
Millennium Pharma/Takeda
Genentech
ImClone/Lilly
Lilly
Celgene
Abraxis Bioscience/Celgene

May 1996
May 1996
Nov 1997
Sep 1998
May 2003
Feb 2004
Feb 2004
Feb 2004
May 2004
Jan 2005

1,198
780
2,320
1,538
580
3,100
709
992
292
345
11,951

On-Label†
($M)

Off-Label
($M)

Off-Label, NCCN
Supported ($M)

Off-Label,
Other

928
250
922
1,523
534
1,158
567
913
237
224
7,255

271
530
1,398
15
46
1,942
142
79
55
121
4,479

144
273
557
15
23
837
70.9
10
38
52
2,020

127
257
998
0
25
768
69
68
18
59
2,390
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The results have several important implications. First, infused
chemotherapies are used on-label more often than previous
oncology-specific estimates suggest.12,20-23 Our estimates of the
off-label use of rituximab (33%) are less than that reported by Van
Allen et al (47%).24 This difference may be related to that study’s
focus on the application of rituximab in noncancer settings and
reliance on the use of diagnosis codes alone to assess on-label
rituximab use in cancer applications.34 The results suggest that
these chemotherapies are used off-label with a frequency similar to
that of other commonly used medication classes in the nononcology setting (20% to 50%).14-19
Second, a sizable proportion of off-label use seems to be
concentrated in clinical applications supported by the NCCN.
Compendia are of significant value to clinicians because they provide evidence in support of treatments’ use in patient populations
too small for trial recruitment and for patients who would not meet
strictly defined patient and/or tumor inclusion criteria in randomized clinical trials (including disease progression).28,30-32 However,
compendia do not require firms to provide the same amount and
quality of evidence as required by the FDA. Recent reports suggest
such recommendations may be subject to reporting delays and the
expert consultants critical to the inclusion and exclusion practices
of the NCCN may have significant financial conflicts of interest.35,36 Furthermore, caution should be used in interpreting these
estimates as evidence of “appropriate use” in 2010. We could not
distinguish between uses supported by the NCCN at a level 2a
recommendation versus 2b or 3 recommendation. Level 2b and 3
recommendations may not be considered by many physicians, nor
payers, to be clinically appropriate.
Third, the use of administrative data to examine the prevalence of off-label chemotherapy use has limitations. Multiple challenges were encountered in matching the relatively basic level of
detail found in a prescribing pattern audit of medical oncologists to
the highly specific standards conforming to the FDA label and
NCCN recommendations. Although the data employed contained
fairly detailed information on cancer site, stage, and therapy line,
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considerably by chemotherapy, ranging from less than 10% for
trastuzumab (SD ⫽ .001) and pemetrexed (SD ⫽ .003) to more
than 50% for azacitidine (SD ⫽ .02), docetaxel (SD ⫽ .01), bevacizumab (SD ⫽ .02), and gemcitabine (SD ⫽ .01). Variation is also
observed between chemotherapies in use not supported by NCCN
but consistent with FDA-approved cancer site. Overall, 14%
(SD ⫽ .02) of chemotherapy use was associated with an NCCNsupported indication, and 10% (SD ⫽ .01) of use was associated
with an FDA-approved cancer site, but an unapproved and NCCN
unsupported cancer stage and/or line of therapy.
Table 1 reports IMS Health NSP sales data for the 10 chemotherapies examined in the study. National sales of these 10 chemotherapies
totaled close to $12 billion (B) in 2010. Overall, on-label sales
amounted to $7.3B, and off-label sales amounted to $4.5B. Spending
on off-label use conforming to NCCN recommendations amounted
to $2B; $2.5B was for off-label uses not consistent with NCCN recommendations. Off-label use of bevacizumab was the single largest contributor to sales of off-label chemotherapies; gemcitabine and
rituximab were estimated to have off-label sales larger than onlabel sales.
Results were similar in 2009; On-label use amounted to 68% in
2009 (SD ⫽ .04; t test with unequal variances assumed, P ⫽ .97).

nte
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Total US Sales were provided by IMS Health National Sales Perspectives. Only sales of the drug for cancer treatment are reported. According the 2010
Genentech/Roche Annual Report to shareholders, rituximab total US Sales included 16% for the treatment of noncancer diagnoses. Noncancer sales for rituximab
were excluded from those reported in the table.
†Sales by on-label category were calculated for each drug by multiplying the percentage of use by on-label and off-label use estimated by total cancer-related
annual sales.

DISCUSSION

We aimed to quantify the magnitude of on-label and off-label use
of commonly used, patent-protected, infused chemotherapies
among a population-based cohort of oncologists in the United
States in 2010. On-label use in our sample amounted to 70% (SD ⫽
.04); off-label use amounted to 30% (SD ⫽ .03). Fourteen percent
of use was off-label but supported by NCCN recommendations.
Ten percent of use was unsupported by the NCCN, but consistent
with FDA-pproved cancer site. 2010 spending on these chemotherapies amounted to $12B; spending on off-label use amounted to
$4.5B. Sensitivity analyses suggest the results are robust to
year choice.
www.jco.org
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evidence in the United States and abroad. Although it is outside the
scope of the current analysis, understanding the responsivity of
chemotherapy use to such reports is an important area for future research.
In sum, the analyses provide empirical evidence that commonly
used, high-cost, patent-protected infused chemotherapies are used
on-label frequently. Sample chemotherapies are used off-label with a
frequency similar to that of other commonly used patent-protected
prescription drugs in the nononcology setting. 2010 spending on these
chemotherapies amounted to approximately $12B; spending on onlabel use amounted to $7.3B and off-label use amounted to more than
$4.5B. Off-label use is composed of a roughly equal mix of chemotherapy applied in clinical settings supported by the NCCN and those that
are not.
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we were unable to examine patient correlates of off-label use,
including age and the presence of comorbid conditions. We were
also unable to examine other aspects of on-label use, including
concurrent chemotherapy use, duration of chemotherapy use, and
chemotherapy dose indicated in the clinical application of some
chemotherapies examined (Data Supplement). The presence and
results of somatic and germ-line genotyping tests indicated in the
clinical application of some chemotherapies examined (cetuximab, rituximab, and trastuzumab) were also unavailable in the
data (Data Supplement). Therefore, data limitations dictated that
we attribute on-label and NCCN-consistent uses to those conforming to cancer site, stage, and line alone. These omissions likely
bias the estimates of on-label use upward, yet the magnitude of the
bias is unknown.
Some of these limitations could be overcome by using detailed
data linking treatment use to individual patient level data. However, medical record abstraction entails considerable administrative costs, consequently limiting the sample size of a potential
study. Future research examining the quality of chemotherapy use
could employ administrative data and physician surveys37 to prioritize chemotherapies or chemotherapy classes and, secondarily,
medical record abstraction to address these limitations. It is likely
that medical record abstraction efforts would be most valuable
targeted to assessing the use of chemotherapies with significant
clinical outcome uncertainty, safety concerns, and/or vulnerable
patient subpopulations.38
The analyses have other limitations. It is possible that provider
selection into the IntrinsiQ sampling frame could bias the estimates toward capturing patterns of use from more technologically
savvy practices. It is possible these practices may be more “guideline adherent” for quality of care purposes and/or to maximize
insurer reimbursement recovery. This would bias on-label use
estimates upward. The sampling frame is based on commonly
used, patent-protected chemotherapies; we cannot determine
whether the relative proportion of on-label to off-label use is
similar to that of less commonly used chemotherapies and those
that have undergone patent expiration and generic entry. IMS
Health’s NSP data were used to ascertain national spending by
chemotherapy; although sales validations performed by IntrinsiQ
provided some assurance of the external validity of our spending
estimates, we are not aware of any independent assessments of
volume or sales comparability between the two data sets. Finally, it
is possible some off-label use not supported by NCCN recommendations in 2010 is related to public reports of emerging scientific
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