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pose: Several recent oral oncology drugs were labeled for administration in fasted states despite the
at food increases their bioavailability. Because this was inconsistent with the principles of oral drug
ry, we hypothesized that there were inconsistencies across therapeutic areas.
erimental Design: Oral agents approved by the U.S. Food and Drug Administration from January
to May 2009 were included in our study. Comparison of the food labeling patterns between oncol-
d non-oncology drugs was made using Fisher's exact test.
ults: Of the 99 drugs evaluated, 34 showed significant food effects on bioavailability. When food
dly enhanced bioavailability, eight out of nine non-oncology drugs were labeled “fed” to take ad-
e of the food-drug interaction, whereas all oncology drugs (n = 3) were labeled to be administered
sted” states (Fisher's exact test, P = 0.01).
clusions: Drug labeling patterns with respect to food-drug interactions observed with oncology
clincancer
Con
drugs are in contradiction with fundamental pharmacologic principles, as exemplified in the labeling
of non-oncology drugs. Clin Cancer Res; 16(17); 4446–51. ©2010 AACR.
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y new antineoplastic agents are intended for daily
istration requiring the availability of oral formula-
Oral therapies could improve a patient's quality of
offering convenience and a sense of control, as well
iding the cost of administering parenteral agents
. However, oral cancer drugs could present special
nges. With increased patient responsibility, nonad-
ce to potent agents is a major concern to oncologists
addition, oral agents generally have more complex
acokinetic challenges compared with drugs admin-
intravenously.
inistration of oral drugs with meals could influence
bsorption and systemic exposure. The food effect on
ioavailability is the result of a complex interplay of
formulation, intestinal physiology, and meals. As
could either increase or decrease bioavailability, the
ction should be studied early in drug development
vide rational dosing recommendations for the pivot-
ical trials (4).
ere raised in the recent past regarding the
tinib, a dual tyrosine kinase inhibitor used

prima
www.
cluded
views
condu
pubm
web s
fect, b
name
Dat

clude
magn

s: 1Department of Medicine, 2Committee on Clinical
Pharmacogenomics, and 3Cancer Research Center,
go, Chicago, Illinois

thor: Mark J. Ratain, Section of Hematology/Oncolo-
f Medicine, The University of Chicago, 5841 South
MC 2115, Chicago, IL 60637. Phone: 773-702-4400;
; E-mail: mratain@medicine.bsd.uchicago.edu.

0432.CCR-10-0663

ssociation for Cancer Research.

; 16(17) September 1, 2010
t advanced breast cancer (5). Lapatinib is labeled to
en fasting, despite the fact that food markedly im-
d the bioavailability of the drug, exemplifying a
d opportunity to take advantage of pharmacological-
orable food-drug interactions (6). We hypothesized
ere might be a systematic difference between oncol-
d non-oncology products in terms of food labeling.
resent work examines the food labeling patterns of
ogy and non-oncology drugs to highlight the incon-
plications.

rials and Methods

present study is based on the examination of all
olecular entities (NME) that were approved for

dministration by the U.S. Food and Drug Adminis-
(FDA) between January 2000 and May 2009. The

ry source of data was the FDA web site (http://
accessdata.fda.gov/scripts/cder/drugsatfda). This in-
both clinical pharmacology/biopharmaceutics re-
and labels. A search of published literature was
cted in PubMed (http://www.ncbi.nlm.nih.gov/
ed) to gather missing information from the FDA
ite (7–19). Main search terms used were food ef-
ioavailability, pharmacokinetics, and the agents'
s.
a captured for the purpose of the present analysis in-

d drug approval date, drug name, therapeutic area,
itude of food effect, interindividual variability (IIV)
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Translational Relevance

Knowledge of food-drug interactions is critical in
optimizing the delivery of oral anticancer agents. We
found a systematic difference between oncology and
non-oncology drugs in how food-drug interactions
are applied in their labels. When food enhanced bio-
availability, non-oncology drugs were labeled “fed” to
take advantage of the food-drug interaction, whereas
oncology drugs were labeled to be administered in
“fasted” states. These oncology drug labeling decisions
are in contradiction with fundamental pharmacologic
principles as exemplified in non-oncology drugs;
therefore, they might lead to suboptimal dosing strat-
egies and outcomes. Although there is understandable
urgency that might be unique to oncology, it is impor-
tant that regulatory agencies insist on uniform applica-
tion of principles of clinical pharmacology in oncology
drug development.
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a under the curve (AUC) of fed and fasted states,
g recommendation with regards to meals (fed,

, or either), and black box safety warnings in drug
.

box w
oncol

1).

acrjournals.org
included all NMEs with food effect bioavailability
results available on the FDA web site or via publica-
nd divided them into two categories (oncology ver-
n-oncology) based on their indications and divisions
U.S. FDA involved in the approval processes.We used
as the reflection of the extent of drug exposure, and
he ratio of fed to fasted AUC to measure the food ef-
n keeping with guidance from the FDA, food effect
etermined to be significant if the AUC ratio (fed/
) was >1.25 or <0.8 (20). We then subclassified NMEs
ratio >1.5 and <0.5, a magnitude of food effects that
kely have clinical implications. A comparison of food
s was made between oncology and non-oncology
that met these criteria.
dosing recommendations regarding meal intakes
, fed, or either) available in the dosage and adminis-
section of package insertswere surveyed to studyhow
ffect results are applied. Comparison of the drug label
ns between oncology and non-oncology drugs with
d food effects were made by using Fisher's exact test.
assess the effect of food intake on IIV of AUC, we
ared coefficients of variation (CV) of AUC between
and fed states of 23 drugs with significant food ef-
nd available PK data. Black box safety warnings were
ble from package inserts and the frequency of black

arnings were compared between oncology and non-
ogy drugs. We also surveyed package inserts of NMEs

rres/article-pdf/16/17/4446/1990912/4446.pdf by guest on 06 February 2023
Application of marked
fects on labels: oncology
non-oncology. Food
endations on 18 drugs
rked food effects (AUC
.5 or ≤0.5). Y-axis
nts change of AUC from
states to fed states. Food
endations in labels were to
inistered with meals (fed),
meals (fasted), or without
to meals (either). When

commendations were made
ed or fasted on drugs with
increase of AUC, oncology
ere labeled as fed whereas
on-oncology drugs were
fed (Fisher's exact test,
Clin Cancer Res; 16(17) September 1, 2010 4447
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Table food 23 N were a d by nuary
2000

Name AUC r CV fas CV fed CV fed Label

Lapati 68 52% Fasted
Posac 36 41% Fed
Erlotin 36 18% Fasted
Alfuzo 69 40% Fed
Zipras 44 22% Fed
Nitazo 35 37% Fed
Rifaxim 51 26% Either
Nilotin 35 30% Fasted
Cinaca 60 46% Fed
Defera 36 31% Fasted
Etravir 111 80% Fed
Vorino 43 32% Fed
Rufina 30 28% Fed
Gefitin 55 40% Either
Daruna 15-35 5-35% Fed
Tapen 36 29% Either
Rasag 30 32% Either
Vorico 125 150% Fasted
Sorafe 36 53% Fasted
Sodium 38 42% Fasted
Teg
Eltro
Alis

NOTE: NMEs with both AUC and CV data available were included.
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ntake and associated risks.

lts

identified 104 oral NMEs that were approved by the
etween January 2000 and May 2009. This included
cology drugs and 93 non-oncology drugs. Most of
NMEs (n = 99) had food effect study results reported
clinical pharmacology section of the package inserts.

nce of meals on drug exposure
99 NMEs with available food effect study results,
one-third (n = 34) showed significant food effects
ir bioavailability. Marked food effects were observed
rly 20% of drugs (14 increasing and 4 decreasing
. Of the 18 NMEs with marked food effects, 3 were
ogy agents and 15 were non-oncology agents.

cation of food effect study to drug labeling
vast majority (94%, n = 93) of NMEs had specific
mendations with respect to food coadministration:

n = 56) without regard to meals, 24% (n = 22) to be
istered with food, and 16% (n = 15) to be adminis-

data a
or Cli

ancer Res; 16(17) September 1, 2010
in the fasted state. Only six NMEs had no specific
mendations regarding food intake.
lysis of 14 NMEs with marked increase in AUC with
evealed that there are different food labeling patterns
en oncology and non-oncology drugs. For the non-
ogy drugs, the marked increase in bioavailability
food generally (with one exception) led to recom-
ations to administer drugs in a fed state to take ad-
e of the favorable food effects. The opposite labeling
n was observed for oncology drugs, as all three drugs
marked increase in bioavailability with food were
mended to be administered in fasting states (Fig. 1).
d significantly decreased (by ≥20%) the bioavail-
of 11 NMEs, and the majority were labeled to be
istered in fasted state (7 fasted, 1 fed, and 3 either).
enib was the only oncology NME in this group,
is labeled to be taken fasting. Four NMEs showed

ked decrease of bioavailability (by ≥50%) with food,
ll of them were labeled to be administered in a fasted
o maximize their bioavailability (Fig. 1).

nce of meals on IIV of AUC
34 NMEs with significant food effects, 23 had CV
1. Summary of
to May 2009
effects and labels of
 MEs that
vailable t
nical Phar
pprove
hrough the FD
macology and
the FDA from Ja
A web site (package ins
Biopharmaceutics Revie

Clinical Cancer Resear
atio (fed/fasted)
 ted
 -CV fasted
nib
 4.1
 %
 −16%

onazole
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 5%
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 %
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sin HCl
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publications (Table 1). In general, we observed an
e relationship between food effects on bioavail-
and IIV. In most cases, increase of bioavailability
ood resulted in a decrease of IIV of AUC (Fig. 2).
drugs with a significant increase of bioavailability
eals (and with available CV data), only one drug

conazole) showed an increase of bioavailability as-
ed with a slight increase of IIV; the CV increase
food was merely 5%. The CVs of three oncology
with marked positive food effects were decreased
od intake, which indicate that coadministration of
with food did not add to the risk of unpredictable
ure, but in fact improved the exposure variability
bly as a result of enhanced bioavailability. On
ther hand, when food had a negative effect on a
bioavailability, administering the drug with food

ed in greater IIV compared with administering it
ut food (Fig. 2).

warning label
surveyed NMEs with a black box safety warning to
ine whether marked food-drug interactions are in-

rated in such a warning. The frequencies of black
arnings were similar between oncology and non-
ogy drugs (36% versus 32%). Of three drugs with

d food-drug interactions, only one NME (niloti-
had its food effect on drug exposure clearly de-

prove
in can

acrjournals.org
d in the black box safety warning. Lapatinib,
showed the greatest food effect on its AUC, did

ave a black box warning regarding its food-drug
ledged risk (Table 2).

ssion

sing strategies to enhance bioavailability offer several
tages to delivery of oral drugs. They include reduced
intestinal toxicity (from unabsorbed drugs) and
ased intraindividual and/or IIV in drug exposure
). Increased drug absorption also reduces wasted
roduct and improves pharmacoeconomic efficiency.
warranted food restrictions might compromise the
cality of drug administration for patients and result
reased adherence. The complexity of the drug regi-
s a major reason for nonadherence, and interventions
s reminder systems have been shown to improve ad-
ce (3, 22–26). Daily routines such as breakfast, could
as great reminders to take medications consistently.
, a dosing schedule tied to routine meals will be eas-
patients (particularly elderly cancer patients taking

ple oral medications) and can be a great way to im-

adherence, which is recognized as a serious challenge
cer treatments with oral agents.

rres/article-pdf/16/17/4446/1990912/4446.pdf by guest on 06 February 2023
Relationship between food
on bioavailability and
ividual variation of drug
re. Y-axis represents
in coefficient of variance of
m fasted to fed states.

represents food effect on
UC. Examination of 23
ith significant food effects
ilable CV data revealed an
relationship between
in BA and change in IIV of
posure from prandial
Clin Cancer Res; 16(17) September 1, 2010 4449
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Table e o n

Drugs with positive food
effect
safety

Therapeutic Black box warning Risk of QT
n

AUC ratio
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Warning
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e

Label

Zipras o ly
a

Y

Lap
Nilo

*Positive food effect: increase of AUC by at least 25% with meals.
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food labeling pattern of recently approved oral
ogy drug products is inconsistent with fundamental
iples of oral drug delivery. The labels of three
s (erlotinib, nilotinib, and lapatinib) minimized
ailability through food restrictions, which is in con-
o the labeling principles used for all other classes
l agents. In the absence of a scientific basis for
restrictions, one can hypothesize that the atypical
abeling pattern of some oral oncology drug products
be a consequence of external pressures (corporate
gulatory pressures) in an era of immense competi-
n oncology. Phase II (and occasionally registration)
s are often initiated prior to the completion of an ap-
iate food-effect study (14, 27). Because the default
on seems to be fasting, this has occasionally resulted
completion of all clinical studies with a fasting dos-
gimen in the absence of adequate supportive phar-
inetic data (14, 27, 28). Furthermore, there is little
st from the industry in conducting such studies later
result would be a lower labeled dose because this
result in reduced revenues, unless accompanied by
rease in pricing. Thus, regulators should require such
s after approval, if the prior studies have not ade-
ly addressed this issue.
ood effect study conducted in a timely fashion
facilitate pharmacologically rational drug dosing
ies. The optimal time for studying food-drug in-
ons would be at the end of the first phase I clin-
ial: once the dose-toxicity relationship has been
fied. At the very minimum, the appropriate pran-
tate(s) should be determined before undertaking
l trials, given the importance of such trials in drug
ng.
ould also be noted that food restriction in the first
I clinical trial, before the characterization of food
s, is not ideal from standpoints of pharmacology
atient safety. Because a marked decrease of AUC with
is uncommon, it is probably most appropriate—in
sence of data—to begin studies of NMEs in a fed
On the other hand, nearly 15% of recently approved

showed a marked increase in bioavailability with
Starting the first phase I trials in fed conditions will

Rece
publish

ancer Res; 16(17) September 1, 2010
e the risks of severe adverse events due to inadvertent
drug interactions.
recognize the limitation of this retrospective anal-
articularly with regard to identifying the rationale
parently irrational decisions given the complex
e of oncology drug development processes and
on-making. There are potential limitations in com-
drug labels of oncology and non-oncology drugs

o different potencies, indications, and targeted pa-
. The inability to study other factors relevant for
labeling, such as the comparison of IIV of drug ex-
es between prandial states with differing food con-
due to the lack of such data, is another limitation
is report. Despite these limitations, our analysis
y illustrates a distinct food labeling pattern with
ogy products that is inconsistent with the funda-
l principles routinely practiced in other disciplines.
ugh there is understandable urgency that might be
e to oncology, it is important that regulatory agen-
nsist on the uniform application of principles of
al pharmacology, regardless of the effect on the
or's timelines.
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