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Abstract

Package inserts of Food and Drug Administration (FDA) approved prescription drugs, including

chemotherapy drugs, must follow a specific format imposed by the FDA. These inserts are created

by unrelated pharmaceutical companies and as a result tend to be very different in the way the

required information is reported. Chemical and pharmacokinetic properties including absorption,

distribution, metabolism, excretion, and toxicity (ADME/Tox) are crucial elements to a

prescribing information packet and are often missing from the reported data. This undergraduate

research project analyzes the information packets of 85 randomly chosen chemically diverse

chemotherapy drugs for four parameters important to patient care; viz, volume of distribution

(VD), elimination half-life (t1/2), bioavailability, and water solubility. The prescribing information

from the package inserts of each was analyzed in detail and pertinent information was

consequently tabulated into a database using a commercial informatics platform. Then using a

substructure search-tool, sixty-five chemotherapy drugs containing a carbonyl group in their

chemical structure were selected and as hypothesized, it was found that many of these packets

were significantly lacking in the reporting of the four parameters of interest. To further enhance

this cataloged data, a freely available online database was consequently developed (http://

annotation.dbi.udel.edu/CancerDB/) with the intention that the chemical, biological, and clinical

community will now add some of the missing parameters.
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I. INTRODUCTION

Developing new drugs is one of the most expensive, time demanding and laborious process

in health care. It usually involves a standardized development, experimentation and

implementation channel. This is instigated with an extensive chemically based, ADME/Tox

dependent selection process followed by in-depth laboratory experimentation both in-vivo

and in-vitro. The final clinical trial phase is the most criticized and along with the gathered

experimental data, is the bases on which the FDA drug accreditation is conducted [1]. The

FDA implements elaborate highly detailed standards to evaluate and report the information

provided by the pharmaceutical company, and approves the drug if these standards are met

[1]. On approval, the clinical information is subsequently compiled by the companies into

prescribing information packets or package inserts in a standardized format approved by the

FDA [2]. The material provided in these inserts includes, among other parameters,

pharmacokinetic (ADME/Tox) properties, dosage and administration, adverse reactions,

contraindications, and precautions. This drug information and warnings are required for

patient education and are also essential for a physician to safely administer a drug to all

patient populations [3].

High risk category medications such as chemotherapy drugs have highly variable

pharmacokinetics and very narrow therapeutic windows i.e., very little room for error in

dosage [4]. Hence, having available all of the pharmacokinetic properties of such drugs

documented in the package inserts can help guide its selection in order to achieve efficacy

while minimizing or avoiding toxicity. Also, this knowledge could improve patient-centered

care practices by modifying dosage based on pharmacokinetics and pharmacodynamics [5].

Initial results from recent studies in our laboratory showed that some essential

pharmacokinetic parameters necessary for directing patient care were significantly lacking

in 30 FDA approved cancer drugs [6, 7] and 75 other common consumer drug packets [8, 9,

10].

Parameters of interest included: neurotoxicity, volume of distribution (VD), rate of

absorption, water solubility, teratogenicity, human intestinal absorption, bioavailability,

elimination half-life (t1/2), oncogenicity, plasma protein binding, pKa, and blood brain

barrier. Comprehension of these properties is important for the determination of the route of

administration, dosage, onset of action, time to peak concentration, duration of action, and

frequency of administration.

Since a number of these parameters are also common to QSAR (quantitative structure

activity relationship) modeling; in an earlier study, we extracted available information from

75 common consumer drug prescription inserts and created a drug database [8–10] using the

commercial KnowItAll® informatics platform [11–14]. We showed that we could

successfully predict and validate some of the missing properties on the basis of chemical

structure using the commercial prediction tools [15] available in Bio-Rad’s KnowItAll®

ADME/Tox edition [11].

A contemporary review [16] of web-based technologies has likewise shown that better

communication and documentation of clinical information could enable rapid sharing across

D’Souza et al. Page 2

Conf Comput Vis Pattern Recognit Workshops. Author manuscript; available in PMC 2014 October 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



global boundaries. Frequently used examples of such ‘free-to-access’ structure based

compound information systems are the Royal Society of Chemistry’s (RSC) ChemSpider

database [17] and PubChem [18]. Notwithstanding, in such systems numerous

experimentally determined clinical parameters are unknown.

A principal objective of this project is to further substantiate our earlier revelation of

convincing shortcomings in the reporting of two crucial parameters (VD and t1/2) found in

30 randomly selected cancer drugs. In this project we have augmented our study to 85

indiscriminately chosen structurally diverse cancer drugs and in 65 of the drugs that contain

at least one carbonyl group in their chemical structure have thoroughly assessed the

reporting of 4 valuable parameters viz., bioavailability, water solubility, VD, and t1/2.

Furthermore, to create a framework that supports researchers in their data collection and

submission activities, a freely available online database was developed with the intention

that the chemical, biological, and clinical community will now add some of the missing

parameters.

II. MATERIALS AND METHODS

A. Collect Information Packets

First, the Scott Hamilton CARES initiative website [19] was utilized as a reference for

chemotherapy treatments currently being used on cancer patients. Then, eighty-five of the

current available chemotherapy drugs were randomly selected. The PDF files of the drug

information inserts were downloaded using the Drugs@FDA website [20] and the

Physicians’ Desk Reference website [21]. Only packets containing published chemical 2-D

drug structures were collected.

B. Isolate for Carbonyl-Containing Compounds

The 85 arbitrarily chosen packets were reviewed in detail to uncover the 14 chemical,

pharmacokinetic, and toxicological parameters [6, 8–10] of general interest (viz.,

oncogenicity, teratogenicity, mutagenicity, human intestinal absorption, plasma protein

binding, water solubility, volume of distribution, elimination half time, rate of absorption,

blood brain barrier, neurotoxicity, pKa, bioavailability, and log P). As communicated earlier

[6–10], there were significant differences in the methodology of reporting, hence to ensure

data integrity; data normalizations were sometimes performed [6, 8–10]. Utilizing the

KnowItAll® Informatics platform [11–14] each 2-D chemical structure was drawn with the

available drawing tools. A database containing the extracted chemical, pharmacokinetic, and

pharmacological data for all 85 chemotherapy drugs was created using the database building

and management package in the KnowItAll® Informatics platform. Employing the

substructure search tool SearchIT™ [11–14] within the platform, 65 compounds containing

carbonyl groups were isolated in order to assess the magnitude of lacking data and for future

SAR studies with this group of molecules. The brand names of the 65 carbonyl containing

drugs shown in Table 1 are: Abraxane® Accutane® Afinitor® Agrylin® Alkeran®

Aromasin® Camptosar® Carac® Casodex® CeeNu® Cosmegen® Dacogen® Depocyt®

Depo-Medrol® Doxil® Eldisine® Eligard® Evista® Fareston® Fusilev® Gemzar® Gleevec®

Hycamtin® Hydrea® Idamycin® Ixempra® Leukeran® Matulane® Megace® Mutamycin®
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Navelbine® Nexavar® Nilandron® Nolvadex® Novantrone® Orapred ODT® Oxsoralen®

Panretin® Plenaxis® Revlimid® Rheumatrex® Sandostatin® Solu-cortef® Sprycel® Sutent®

Targretin® Taxotere® Temodar® Thalomid® Tomudex® Toposar® Torisel® Treanda®

Valstar® Velban® Velcade® Vesanoid® Vidaza® Vincasar® Vumon® Xeloda® Zanosar®

Zinecard® Zoladex® Zolinza®

C. Collect Water Solubility Parameters

Water solubility information is important for orally administered drugs that will be absorbed

across the intestinal walls. In general, the more water-soluble a drug, the quicker it will be

absorbed and utilized by the body. Ideally water solubility parameters are reported as

intrinsic solubility in mg/ml of unionized species (free form) and ionized species (salt

forms), and documented at around 25 °C. However, many times non-numerical values were

reported. In such cases, approximations were made: sparingly soluble, practically insoluble,

relatively insoluble were documented as 0.001 mg/ml; slightly soluble were documented as

0.01 mg/ml; and freely soluble, highly soluble, very soluble, and soluble were recorded as

1000 mg/ml.

D. Collect Bioavailability Parameters

Bioavailability refers to the amount of the administered drug that reaches the circulatory

system unchanged. Bioavailability varies depending on the route of administration,

incomplete absorption, first-pass gut and hepatic metabolism. This parameter is reported as a

percentage. Thus, the bioavailability of a drug should be 100% if administered intravenously

(IV). We have made this assumption for those chemotherapy drug inserts lacking

bioavailability parameters and that were administered via the IV route. Bioavailability is a

crucial piece of information necessary in oral medications because the bioavailability

reported data must be considered for all non-IV routes when calculating doses.

E. Collect Volume of Distribution (VD) Parameters

VD is a useful pharmacokinetic parameter that quantifies the relationship between amounts

of drug in the body to its distribution in the plasma after oral or parenteral dosing. Its

numerical value is indicative of the extent of distribution of the drug since VD is used to

estimate the amount of drug in the body, peak serum levels, and clearance. The magnitude

of the apparent volume of distribution can be used as a guide for dosage regimens and hence

the need to access this data from clinically controlled dose-optimization studies. Drugs that

are highly lipid soluble have a very high VD value (in liters). In this project VD values are

normalized to units of L/Kg. This was done by dividing the reported volume by 70 kg which

is the average weight of the human subjects in a majority of the documented FDA file data

[8]. When reported in units of L/m2, the VD value was divided by 40.5 to yield the necessary

units in L/Kg [22].

F. Collect Elimination Half-life (t1/2) data

The half-life is the speed of elimination for a drug to lose half its pharmacologic or

physiologic activity from plasma or serum. This process is determined on the results of

chemical analyses that tend to follow first-order kinetics and can be rationalized using linear
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or non-linear pharmacokinetic models [23]. The smaller the half-life the larger the dose

necessary, as the drug has a small residence time in the body. For its determination,

researchers evaluate volume of distribution and clearance. In this project t1/2 values are

reported in units of hours.

The data for each of the 4 parameters of interest was initially extracted from the prescription

inserts of the 85 chemotherapy drugs and organized as an MS-Excel table. Previously

described criteria [6, 8–10] were later employed to assess numerical estimations for the

specific parameters studied in this project when only descriptive texts for each were

reported. Each 2-D drug structure was redrawn using the drawing tools in the KnowItAll®

informatics package, and with its database building capacity we built a database so that in

future, we can predict and report the missing parameters using available SAR relationship

models [24].

In order to accomplish our goal of developing a freely-available dynamic database to host

these FDA cancer drugs, we aim to design a database, load all existing compounds, and

implement a web application that will allow users to view the content of the database.

III. RESULTS

A. Data Analysis

Figure 1 reveals the screen-shot of the created SAR relevant diverse chemical-structure

searchable database for 85 FDA approved chemotherapy drugs using Bio-Rads KnowItAll®

ADME/Tox Edition. Individual 2-D structures can be viewed in 3-D utilizing a 3-D

ViewIt™ application present in the KnowItAll® Cheminformatics edition. All drugs are

documented with their reported brand name, generic name, International Union of Pure and

Applied Chemistry (IUPAC) name, molecular formula composition, chemical structure, and

molecular weight. In Table 1 we report the numerical figures including appraisals for VD,

t1/2, bioavailability, and water solubility. Reported values were obtained from the drug

package inserts of the 65 cancer drugs that contain the common chemical structural motif,

C=O (a carbonyl group). We did this because the physiochemical and biological activities of

chemotherapy and other prescription drugs are partially due to the molecular structures of

the compounds (SAR studies).

Zoladex® was the only drug whose package insert chronicled the VD and t1/2 values based

on gender differences. Velcade®, Zinecord®, and Rheumatrex® reported t1/2 values that

were contingent on dose-dependent pharmacokinetics. Doxil®, Gemzar®, and Camptosar®

reported VD values that included specific drug dose adjustment guidelines.

As shown in Table 2, only six drugs reported their VD data in the necessary units of L/Kg.

For 22 drugs we estimated the VD value from the expressed units of L/m2 or L. 27 of the 65

carbonyl containing drugs had explanatory phrases for their water solubility information.

This verbiage was standardized using techniques described earlier [6, 8–10]. The 31 given

bioavailability values shown in Table 2 include the intravenously administered drugs, where

it was assumed that the bioavailability value would be 100%.
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B. Database Design

We have designed a schema of the normalized relational database (Figure 2). This design

allows storing the various properties of the compounds. The database not only provides a

framework for the existing 85 compounds but involves a community annotation services

thus enriching existing information. The enrichment is possible through adding new

compounds to the database as well as adding new properties to all cancer drugs stored in the

database. While the properties or compounds are added into the database, the evidence

attribution is kept allowing to track the information quality and facilitate analysis or

prediction of pharmacokinetic properties.

The information for the existing compounds was loaded into the database. Even though, the

physicochemical parameters of the initial compounds did not have evidence attribution, the

database allowed the properties to be stored. After the initial batch loading of the data, the

users will be required to provide evidence attribution in order to add new compounds or

properties.

IV. DISCUSSION AND CONCLUSIONS

From Table 2, we demonstrate that 57% of the VD values, 17% of the t1/2 data, 37% of the

water solubility information and 52% of the bioavailability values are not reported. These

results clearly show that the FDA approved chemotherapy drug prescribing information

inserts lack important pharmacokinetic information. In 2006 the FDA established a new set

of rules for pharmaceuticals companies to follow when putting together a package insert [2].

This change in the insert requirements was influenced by the approximate 300,000 mishaps

occurring each year relating to misleading information collected from the package inserts by

health care providers [25].

While these new FDA rules may have improved the ability of people to understand the

prescribing information inserts, the requirements did not include the necessary

implementation of the important pharmacokinetic properties discussed in this article.

According to the FDA website [1] in 2009 alone, 76 existing drug and therapeutic biological

properties were issued new safety alerts. This suggests that although prescribing information

packets created since 2006 may be easier to understand and provide more detailed safety

information [2], they still lack important information needed for physicians to safely provide

patients with care.

In a broad sense, most chemotherapy patients are weak and more vulnerable to severe side-

effects due to multiple organ problems. Such derangement in organ function common in

elderly cancer patients [26] and often coupled with decreases in skeletal muscle mass, can

alter the pharmacokinetic processes of absorption, distribution, metabolism, and excretion of

drugs.

For three capsules, Hydrea®, Matulane®, and Zolinza®, listed in Table 1, data for VD, t1/2,

and bioavailability are unreported in their package inserts. Hence, duration of action and

peak plasma concentration of a drug would be difficult to estimate. We also cannot assess
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the ability of these drugs to reach their target organs in an effective concentration. This

makes toxicity less predictable.

In June 2010, pharmaceutical giant Pfizer voluntarily withdrew the acute myeloid leukemia

(AML) drug Mylotarg® off the market over concerns of safety and the drug’s failure to

extend survival time in patients [27]. A decade ago Mylotarg® was the first drug that was

approved under the “accelerated approval” rules of the FDA. Such speedy FDA drug

approvals under “special protocol assessments” are appraised on preliminary drug data and a

promise by the company to follow up with more extensive clinical trials.

To overcome such inadequate clinical data, one option would be to utilize in-silico tools to

predict the missing pharmacokinetic parameters thus giving us a better ability to estimate

how these cancer drugs will act in the human body. Such tools available in commercial

platforms such as KnowItAll® are able to predict the ADME/tox properties of drugs based

on the compounds chemical structure [6–10]. We will report the results of such a task

elsewhere.

A second option is to develop a freely-accessible online database where clinicians,

researchers, and healthcare providers can add real-world data for future healthcare research

and analytics. This will address the reporting challenges seen with the prescription inserts

and will provide better therapeutic dosing strategies resulting in a higher quality care to

beneficiaries. The implementation of the web application is currently under development.

We are in the process to allow the browsing of the database, the loading of the new

compounds, and the modification of the evidence attributions available to each user. The

initial browsing of the database is currently available online -http://annotation.dbi.udel.edu/

CancerDB/.
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Figure 1.
A screen-shot of the database containing 85 chemotherapy drugs that was built using the

KnowItAll® Informatics System.
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Figure 2.
Database E/R diagram
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Table 2

Results obtained after analyzing the drug package inserts of the 65 chemotherapy drugs for the four

parameters of interest.

Parameter Given Not Given Estimation Given Unit

Volume of Distribution

6 L/Kg

7 L/m2

15 L

37

Elimination Half-Life
54 h

11

Water Solubility

14 mg/mL

27 N/A

24

Bioavailability
31 %

34
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