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Abstract

Since its release in 2006, the US Food and Drug Administration (FDA) final improved format for
prescription drug labeling has revamped the comprehensiveness of drug inserts, including
chemotherapy drugs. The chemotherapy drug “packets”, retrieved via the FDA website and other
accredited drug information reporting agencies such as the Physician Drug Reference (PDR), are
practically the only available unbiased summary of information. One objective is to impartially
evaluate the reporting of useful pharmacokinetic parameters, in particular, Volume of Distribution
(Vp) and elimination half-life (t/2), in randomly selected FDA approved chemotherapy drug
inserts. The web-accessible portable document format (PDF) files for 30 randomly selected
chemotherapy drugs are subjected to detailed search and the two parameters of interest are
tabulated. The knowledge of the two parameters is essential in directing patient care as well as for
clinical research and since the completeness of the core FDA recommendations has been found
deficient, a detailed explanation of the impact of such deficiencies is provided.
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Introduction

The development of chemotherapy drugs like the evolution in the formulation of any other
consumer drug is an extremely expensive time consuming process and includes several
experimental steps to establish its characteristics. These steps involve numerous in-vivo and
in-vitro processes that will add to the list of relevant parameters that influences drugability
of a given target [1]. When a particular chemotherapy drug is released for public
consumption, all the acquired information is then compiled in a supposedly comprehensive
patient package insert. These FDA approved drug inserts [2,3] are intended to provide the
patient with enough data to alert them to the benefit and risks of a particular drug. The
inserts are also used by the clinician or physician to plan the chemotherapy regimens
correctly, asses the drug’s efficacy and safety, and personalize it to the patient under
treatment [4]. For example and as explained in the FDA website [2], poorly excreted drugs
may be contraindicated in patients who have kidney problems; similarly poorly metabolized
drugs may harm patients with liver problems. Finally the information amassed from these
inserts is used extensively by researchers for the selection of their candidate drugs and in the
planning of specific in-vivo, in-vitro [5], and in-silico tests to validate them [6].
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Considering the above statements it is evident that the lack of proper documentation of
important pharmacokinetic parameters will not only directly affect patient care, but it will
also affect proper care indirectly by negatively influencing development of new drugs. Our
hypothesis based on previous work [7-9], is that there unfortunately exist a significant
deficit in the reporting of various parameters in the chemotherapy drug inserts and an
obvious outcome will hopefully be a push towards reinforcing strict criteria for constructing
the packets.

The FDA'’s mission is to make sure that all approved products specifically medicines such as
chemotherapy drugs sold in the United States are safe, effective, and pure. To insure the
proper standardization and accuracy of all publicly released information on drug products, a
package insert (also known as prescription drug product insert or professional labeling) is
compiled and distributed by the drug manufacturer, after FDA review and approval. In 2006,
the standard format for the package insert was changed in an attempt to make it more user-
friendly and is an efficient resource tool for patients, practitioners, and researchers [3]. It
was expected that the new package insert format will enhance rapid access to important
pharmacologic information, improve patient safety, and could contribute to the process for
the development of new improved drugs. This initiative was the result of a focused approach
over a 14 year span as shown in the following illustration adopted from the FDA health
professionals training course [3].

A proper review of the implementation steps and final result of the FDA 2006 improved
format for prescription drug labeling is performed, in order to correlate the findings of the
expected deficiencies in the sampled inserts. While the FDA addressed most of the
deficiencies in the old format, their recommendations are lacking in clinical pharmacology
specifics [10,11]. Their revision of the safety requirements is elaborate; however their
suggestion on including all the important pharmacokinetics parameters is not as strong [12].
Important parameters such as: Oncogenicity, Teratogenicity, Mutagenicity, Human
Intestinal Absorption, Plasma Protein Binding, Water Solubility, Bioavailability,
Elimination Half-Life, Rate of Absorption, Blood Brain Barrier, Neurotoxicity, pKa,
Volume of Distribution, and log P, were not addressed equally. While few were re-
emphasized and re-categorized such as oncogenicity, and teratogenicity, the more specific
pharmacokinetic parameters like elimination half-life, and Volume of Distribution, were not
mentioned.

The objectives of the proposed research can be summarized as: first, to objectively retrieve
the drug packets of the randomly selected chemotherapy drugs using secure FDA accredited
drug reporting websites. While the FDA website is still the gold standard to such
information, we also elected to use the “Physician Desk Reference” (PDR) website [13] as
well. This way we insure wider coverage and a more comprehensive approach. Second,
scrutinize these printed packets for the target parameters (viz. elimination half-life, and
Volume of Distribution) to eventually create an easily searchable table to include all the
acquired data. Third, to show that most of the randomly selected chemotherapy drugs
information packets are deficient in reporting the above mentioned pharmacokinetics
parameters. Fourth, to point out the need for a more comprehensive drug insert that is in
complete compliance with the FDA recommendations since these items have a direct impact
on the physicians’ decision, in the development of new drugs, and ultimately, in patient care.
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Materials and Methods

Results

The primary task involved randomly selecting 30 chemotherapy drugs using the FDA
website and scrolling through the posted data base. An impartial randomizing method is
used to select from the pull down list. The selected drugs are transcribed onto an MS
(Microsoft) Excel spread-sheet in preparation of the final table formation. They are written
in an alphabetical order and are assigned numbers from one to thirty. The inserts analyzed
are for the following drugs: Abraxane® Afinito® Agrylin® Alimta® Arimidex® Aromasin®
Arranon® Carac® Casodex® Clolar® Cosmegen® Cytoxan® Dacogen® Depocyt® Doxil®
Eligard® Eloxatin® Evista® Faslodex® Fludara® Gemzar® Gleevec® Gliadel® Wafer
Hexalen® Idamycin® Ixempra® Panretin® Paraplatin® Plenaxis® Targretin®

The MS Excel spread-sheet (shown below in Table 1.) is designed in a way to accept the
following parameters: drug brand name, drug scientific name, intended use, and presence or
absence of the targeted pharmacokinetics parameters (\Volume of Distribution, elimination
half-life,). The inserts retrieved online are in PDF format thus they are first converted to
hard copies (printout) for easy searching ability. Each packet is assigned a number in
accordance with its number in the MS Excel sheet. The data collection is done by reading
each packet in detail and highlighting all the information needed. The two parameters of
interest are searched for with special attention given to the way they are reported (if any).

The next step involved transcribing the information onto the MS Excel spread-sheet. The
way of reporting the parameters is standardized so as to make it acceptable for comparison.
In other words, in the reporting of a parameter (for example elimination half-life), in order to
be accepted as a part of the information packet, it should provide meaningful information
that can be compared to other drugs. Since such documentation is sometimes in the form of
specific values as numbers or percentages, while in other instances it is just reported as a
description (high, low, or medium), a standardized method is devised for each parameter to
facilitate reporting. This is performed concomitantly with the transcription of the
information into the Excel sheet. The final product is a detailed searchable table that made it
easy to compare the reporting of the pharmacokinetics in question. The results are then
analyzed and an objective measure of the observed deficiencies is deduced.

The expected outcome based on this pilot study, is revealed in the major and significant
deficiencies in the released inserts of the selected chemotherapy drugs (Table 1). We are
able to show that the parameters of interest, particularly VVolume of Distribution (Vp), are
missing in a substantial percentage of the packets tested (Table 2). The Volume of
Distribution (Vp) is a useful pharmacokinetic parameter that relates the amount of drug to
its observed concentration. Even though it has no true physiological significance, its
numerical value is indicative of the extent of distribution of the drug (since Vp is used to
estimate the amount of drug in the body, peak serum levels, and clearance). The elimination
half-life (t1/2) is calculated from the serum level decay curve and is defined as the time
necessary for the drug to be reduced to half of its pharmacologic, physiologic, or radiologic
level in the body through various bodily processes. Elimination half-life is a dependent
variable, related directly to the Volume of Distribution and inversely to clearance [14].
Hence, knowing both parameters is essential to calculate the proper dosage regimen for a
patient. Furthermore, due to the increasing complexity and challenges of cancer
chemotherapy makes it mandatory that the pharmacists be familiar with the complicated
regimens and highly toxic agents used [15].
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In anticipation for a collaborative study with a concurrent research project targeting
Structure Activity Relationships (SARs), we also assessed those compounds (amongst the
30 chemotherapy drugs listed in Table 1) that contained at least one carbonyl group (C=0)
within the drugs 3-D chemical structure. The Reported %, and Unreported %, of the target
pharmacokinetic parameters (viz. Volume of Distribution and elimination half-life) was then
correlated for the carbonyl containing compounds within the Excel data sheet (Table 3). As
expected, there is no significant statistical difference for the data shown in Tables 2, and 3;
between the percentages observed for the reported and unreported Vp and t1;, parameters.

Discussion

Clearly, the results show that there is marked deficiency in reporting of the Volume of
Distribution parameter in the sampled inserts. While the reporting of the elimination half-life
parameter looks sufficient (90%, as reported in Table 2.), it is less than optimal, as this
major clinical parameter will have direct implication on management decisions ultimately
resulting in suboptimal patient care. The new FDA recommendations for labeling [3] do not
seem stringent [16] and there are no uniform manufacturer regulations. The results from this
study now make it increasingly clear that the drug manufacturers are not abiding by these
lenient rules. Additionally, in a recent novel project [7-9] related to the development and
structure activity relationships (SARs) study of a commercially available searchable
database [17] of unrelated structurally diverse consumer drugs, numerous useful
pharmaceutical and pharmacological profiles were found to be missing from many of the
individual common consumer drug package inserts. In order to guarantee drug safety and to
maintain the integrity and reliability of experimental data, it is imperative that the
parameters governing the events leading to pharmacological action when available should be
mentioned in each packet [18].

The overwhelming cost of driving a drug from the discovery stage to its final consumer level
cost a little over 800 million dollars and almost 12 years [19,20]. Any modification to the
system that can improve on these numbers will definitely help and the ultimate benefit will
be in the reduction of the cost of the final product, thus making it more affordable. Lack of
documentation of useful pharmacokinetic parameters in the drug inserts will impact the
many approaches by which new chemotherapy drugs are formulated since drug companies
usually rely on previous successful models [21]. In other words since the behavior of a
specific drug in-vivo depends on its pharmacokinetics, the development of more efficient
related chemotherapy drugs can be shortened if all of the targeted parameters are known.
These parameters collectively referred to as ADME/Tox drug properties (absorption,
distribution, metabolism, elimination and toxicity), are at the center of the success or failure
of any drug [22] causing 50% to fail at the experimental levels, and up to 40% to be
dismissed before that because of safety problems. Recently much effort has been put into in-
silico prediction’s ability to accurately predict human absorption based on in-vitro data in an
attempt to decrease time needed to select good candidate drugs [23]. Many other qualitative
or semi-quantitative methods have also been developed to test these drugs and clear them for
experimental stage [24]. These tests target specific pharmacokinetics such as intestinal
absorption, drug metabolism, drug-drug interaction, as well as the two parameters screened
for in this research. The importance of these parameters is also evident by the development
of new in-silico screening tools [25] by the pharmaceutical industry to obtain the most
accurate results as a means to cut down on the cost of developing new drugs. Management
of all this biomolecular information requires efficient data storage and retrieval from
integrated databases [26]. However, the success of such in-silico approaches to model,
predict, and explain biological function depends primarily on the available data from
previous experiments for the development of a core database that will serve as the source for
organizing, storing, accessing, and visualizing—the various kinds of experimental data in
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concert with the diverse classes of computational models that attempt to capture their salient
features [27].

In the same token, the importance of knowing the pharmacokinetic parameters is as
important clinically as it is pharmacologically [28]. As chemotherapy drug recipients are
usually sicker patients with multiple organ problems, the type and dosage of the
chemotherapy drug is personalized to each patient. If a patient in need of a particular
chemotherapy has kidney problems, special care should be taken about the “terminal
elimination half life” [29]. While the risk of a poorly eliminated drug will outweigh its
benefit, the dosage can be adjusted so as this risk is eliminated [14]. Similarly other
parameters are of equal or more importance in directing patient care. We can thus imagine
the disadvantages of the failure to mention these parameters in the drug inserts for modern
in-silico prediction methods can now be of use in replacing missing data or extrapolating
parameters into similar drugs [22,30]. However, these methods have never been tested as a
clinical tool to estimate missing data in a clinical setting and its application to treatment
regimens. The chemical properties of drugs in general and chemotherapy drugs in particular,
dictate their biological properties. In other words, variation in biological response can be
expressed as a function of the variation in the chemical structure space [31]. Subsequently
when a drug is in the stage of development, its characteristics can be tested in in-vitro
experiments and later on by in-vivo methods. Hence, any acquired data should be reported in
detail in the inserts published explaining the use of the drug to guide regulatory policy and
to influence medical practice [18].

It is the belief of these authors that studies similar to the current endeavor will contribute
fundamentally to scientific understanding of using core knowledge of pharmacokinetics to
inform safe and effective prescribing [32]. They will also expose an issue resulting from
lack of comprehensive reporting of pharmacokinetic parameters in chemotherapy drug
inserts that could have significant implications for modern chemotherapy applications and
research. The clinical impact of such projects is improving drug safety understanding by the
end-user and is also paralleled by the added value to the drug developing researchers
through elucidating targets and/or associated pathways, thus cutting new drug research
related cost and time consumption [33]. The success of this and similar projects could open
the door towards more elaborate studies dealing with general consumer drug packets and
urge federal institutions to demand more comprehensive reporting strategies.
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Ghada J. Alabed (B.S. Biology, May 2010) is a senior at Wesley College with a cumulative
GPA of 3.87. She has earned several scholarships and honors, and is an active participant in
the Wesley College Undergraduate Directed Research Program in Chemistry. Ghada
recently lead a group of Wesley Science majors to organize fun activities in a

Kids & Chemistry program for around four hundred K-12 kids at the Independence School,
in Newark, Delaware. This event was organized by the

DE-Section of the American Chemical Society (ACS). Ghada is scheduled to present the
outcomes of this activity at the 239th National ACS Meeting in San Francisco, CA, March
21-25, 2010.
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Reported % and Unreported % of the targeted pharmacokinetic parameters showing a large discrepancy

Table 2

between the reporting of the two parameters.

Pharmacokinetic

Reported (%) Unreported (%0)

Parameter

Volume of Distribution  46.6 53.4
Elimination half-life 90 10
Total 68.3 31.7
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Table 3

Page 13

Reported % and Unreported % of the targeted pharmacokinetic parameters in the 22 sampled chemotherapy
drugs containing a carbonyl group.

carbonyl group containing
drugs

Pharmacokinetic Parameter in  Reported (%) Unreported
%

(%)

Volume of Distribution 50 50
Elimination half-life 86.4 13.6
Total 68.2 31.8
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