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CompuSyn for Drug Combinations
COMPUSYN SOFTWARE LICENSE AGREEMENT

This is legal agreement between you, the user, and ComboSyn, Inc., by opening the software
packet(s), you agree to be bound by the terms of this agreement. If you do not agree to these terms,
promptly return all software items (disks, written materials and packaging) for a full refund.

You may use one copy of the software on only one computer at a time, ”Use” means loaded in
temporary memory or permanent storage on the computer.

United States copyright laws and international treaties protect the software. You may make one
copy of the software solely for backup or archival purposes or transfer it to a single hard disk provided
vou keep the original solely for backup or archival purposes. Any renting, leasing, or distributing of
the software or copying the written materials accompanying the software without the permission of
ComboSyn, Inc is strictly prohibited. Any transfer must include the most recent update and all prior

. LIMITED WARRANTY

The entire liability of ComboSyn and its suppliers, and your exclusive remedy, shall be (a) return of
the price paid for the software or (b) replacement of any disk that does not meet this warranty which
is sent with a return authorization number to ComboSyn, at your cost and risk. This limited warranty
is valid only for a period of thirty (30) days after purchase and is void if any disk damage had resulted
from accident, abuse, misapplication, or service or modification by someone other than ComboSyn. Any
replacement disk is warranted for the remaining original warranty period or 20 days, whichever is longer.

ComboSyn does not warrant that the functions of the software will meet your requirements or that
operation of the software will be uninterrupted or error free. You assume responsibility for selecting the
software to achieve your intended results, and for the use and results obtained from the software.

ComboSyn disclaims all other warranties, express or implied, including but not limited to implied
warranties of merchantability and fitness for a particular purpose, for the software and all accompanying
written materials.

In no event shall ComboSyn or its suppliers be liable for any damages whatsoever (including, without
limitation, damages for loss of business profits, business interruption, loss of business information, or
other pecuniary loss) arising out of use or inability to use the software, even if advised of the possibility
of such damages.

The contractor/manufacturer of this software is ComboSyn Inc. 599 Mill Run, Paramus, NJ 07653

This license is effective until terminated. Tt will terminate upon the conditions set forth above
or if you fail to comply with any term hereof. Upon termination, vou agree that the software and
accompanying materials, and all copies thereof, will be destroyed. This agreement is governed by the
laws of the State of New Jersey. You acknowledge that you have read this agreement, you understand
it, you agree to be bound by its terms, and that this is the complete and exclusive statement of the

agreement between you and ComboSyn regarding this software.
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Addendum for Pitfalls, Common Errors,
and Frequently Asked Questions

(For a Brief Article, see Chou T.-C. Cancer Res. 70: 440-446, 2010)

Synergism/Antagonism quantification is a mass-action law issue (determined by the
CI values), not a statistical issue (not determined by the P values).

For any drug combination synergy determination, the dose-effect curves of each drug alone are
always required [e.g., (Dy)1, my; (D)2, my; (D12, My, (for constant ratio combinations), m; ,
values are required] since these parameters are used to calculate/compute CI values, where
CI<1, =1, and >1 indicate synergism, additive effect, and antagonism, respectively.

Two-fold serial dilutions are usually performed for in vitro experiment for each drug
alone and their mixture to create 5-6 concentrations, with their D, values (ICs,
values) located in about the middle of the concentration ranges. The diluted mixture
(e.g., in [(ICs0),/(ICs¢),] ratio is always at a constant ratio when it is diluted. The non-
constant ratio combination can also be used for CI calculation. But it is less efficient
in analysis or in computation due to changing ratios, which does not allow simulation.

You only need 15-18 dose-effect data points (5 to 6 points for each drug and their
mixture) for two-drug combination in vitro to determine synergism or antagonism.

Never enter un-reliable dose-effect data into the computer [e.g., 0% inhibition, f, =0,
which means <<0.1% inhibition, f, <<0.001; or 100% inhibition; f, = 1, which means
>>99.9999% inhibition]. These will cause the computer to crash since log 0 is -co.
Delete the unreliable or erroneous data points (usually at low and high extreme of
doses or concentrations). There i1s no specific number of multiple doses (or
concentrations) that is required [e.g., Di: 5 concentrations, D,: 6 concentrations;
Mixture: 4 concentrations]. They are flexible as long as they are accurately
determined. Inaccurate data points of assays (e.g., poor r values) cannot provide
accurate synergism or antagonism determination.

For the combination of activators, e.g., fractional survival or fractional cure, you need
“Vimax  €quivalent or “curve” equivalent. For example, if immunosuppressant for
organ transplant to have 70 day survival is a long term survival (f;=1), then 35 day
survival is £,=0.5. Alternatively, in the median-effect equation, (f,/f,) = (C-T)/T for
inhibitor, and (f,/f,) = (T-C)/C for activator, where C is control and T is tested with a
drug or an effector.
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Chapter 1

Introduction

Dose-effect relationships in biological systems, despite their complexity, follow the fundamental
principle of the mass-action law. This law, not the empirical statistical functions, underlies the
physical-chemical principles of pharmacodynamics. The median-effect principle (MEP), (Chou,
1976) and its extension, the combination index equation (Chou and Talalay, 1981) are derived
from the mass-action law based on enzyme kinetic models and receptor binding theory via the

process of mathematical induction and deduction.

When dealing with dose-effect relationships, we do not intend to draw empirical curves that
best fit experimental data, but rather use the experimental data to fit the median-effect principle
of the mass-action law, and then quantitate the well-defined parameters associated with it. These
parameters quantitatively determine the potency (D), the shape (m) and conformity (r) . The
D, and m values for each drug and their combinations are then used for calculating their

interactions in term of synergism, additive effect and antagonism.

Based on the records from the Institute for Scientific Information, (ISI), Philadelphia, PA.,
during the past twenty years, the Chou’s median-effect equation and its extension, combination
index (CI) equation (Chou and Talalay, 1984) have been cited by over 1,700 scientific papers
published In over 260 biomedical journals. Although MEP is not among the most cited in

number, it is obviously among the most widely cited in terms of broad spectrum of applications.

The present software for Windows differs from the previously available ones in the field,
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containing new features such as Fa-DRI plot, Fa-Log(DRI} plot, normalized isobologram for
non-congtant ratio combinations, and polygonograms for three or more drug combinations. This
software is designed to be easy to use and very flexible in terms of options and improved graphics

and statistics.



Chapter 2

Getting Started

2.1 Computer, Memory and Printer Requirements

CompuSyn Is written in Sun Java 2.0 and runs using the Sun Java Runtime Environment 1.4.2.

For more information about Java, see http://java.sun.com.

For a list of hardware requirements, see Table 2.1.

Ttem Minimum Recommended

CPU Intel Pentium Class Chip | Intel Pentium Class Chip over 450 MHz
or Compatible Clone

RAM 64 MB 128 MB

Free Disk Space 80 MB 120 MB

Printer Any Windows-Compatible Printer 2

CD-ROM Drive Windows-Compatible CD-ROM =

Table 2.1: Hardware Requirements
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2.2 Installing CompuSyn

2.2.1 Basic Installation from CD

Installing from the CompuSyn CD iz quite simple. Insert the CI} into your CD-ROM drive,
double click on the My Computer icon on your dezsktop, then the COMPUSYN CT} icon. Now,
double click on the program labeled Install CompuSyn or Install Compusyn . EXE. If you have a
glow computer or slow CD-ROM drive, it may take a few moments hefore anything appears on
the screen. The Installer program will bring you through the installation process.

If you do not already have the Sun Java Runtime installed on your machine, CompuSyn will
not run. If this is the case, run the Java Installer provided on the CD, Install Java EXE. After

you have installed the Java Runtime Environment, try running CompuSyn again.

2.2.2 Installation Troubles

If you have problems installing CompuSyn, please report them as a bug. Include in the bug
report the manufacturer and model of your computer, the version of Windows you are running
and a description of the process you followed which produced the error. As always, an exact
description of the error message Is extremely useful. See the section on bug reporting later in

this document (§6.2).

2.3 Running CompuSyn

2.3.1 Loading CompuSyn

If you installed CompuSyn with the installer, vou should have a “CompuSyn” group in vour

Start Menu. Simply select Run CompuSyn.
Once you have loaded CompuSyn, you are presented with the Start Window. The Start Win-

dow has two buttons, New Experiment and Recall Experiment, both of which are self-explanatory.

Either one will create an Experiment, and load the Main Window.
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2.3.2 The Main Window

The Main Window should alse be rather self-explanatory. In the upper left there are Text
Fields for inputting descriptive information about the Experiment. These are provided for your

convenience. They will be printed in the Report, to aid you with your record keeping.

In the center of the window, there are two lists. The top one lists all the Single Drugs in the
current Experiment, the hottom lists the Drug Combos (both those at a Constant Ratio and a

Non-Constant Ratio).

New Drugs and Combos are created with the New Drug and New Drug Combo buttons
respectively. To edit or delete a drug, click on the drug in the list of drugs, then click the Edit

Drug or the Delete Drug button. The same goes for Drug Combos.

At the bottom of the Main Window, there are buttons to Save Experiment, Generate Report,

and Calculate Parameters.

Saved Experiment files end with the extension .cse. If you do not name your file with the

.cse extension, CompuSyn will add it automatically.

When you choose to Calculate Parameters, the Parameter Calculation Dialog appears. In
this dialog, select the parameter you wish to calculate all other parameters from, enter your
effect (Fa) value, and press . For example, if you wish to calculate the Doses and Cls of
all Drugs and Combos at an Fa of 0.99, simply type [ El @ in the Fa Text Field, and press
. You can move between the Fields with the key or with the mouse.

2.3.3 Single Drug and Drug Combination Editing

All of the Data Entry Dialogs in CompuSyn are set up so that it should be very easy to enter
your data quickly and effectively. All you have to do is input the requested data (where the
cursor is, usually starting at Name) and press . This registers the information and moves
on to the next item. So, if you are entering a drug, all you have to do is type the name of the

drug, press , type the abbreviation, press , and so on, until all the data points are

entered. This will be more clear when you actually use the software.



6 CHAPTER 2. GETTING STARTED

Single Drug Editing

When you first open the Drug Editor Window, either by clicking on New Drug or Edit Drug in
the Main Window, you have the chance to enter a Name, Abbreviation and Units for the Drug.
The Name and Units are displayed in the Report Header, Summary, and Titlez. Although these
are optional, failing to enter them may make the Report look silly. The Abbreviation is used in
the actual Report Section and must be between 1 and 6 characters.

Each Drug must have at least two Data Points. To enter a Data Point, simply type a Dose
into the Dose field (a positive number), and press . Then enter an Effect (a number
between 0 and 1, exclusive, representing fraction of population affected by the treatment at the
specified Dose) and press . The Data Point should then appear in the Data Point List.
Data Points can be Edited and Deleted with the buttons Edit Point and Delete Point.

When you add a new Data Point, it is always on the bottom of the list. If you made a mistake
on a Data Point, you must click on it, then click the Edit Point button. When a point is edited,
it stays In the same place on the list. If you choose to delete the point with the Delete Point

button and re-add it to the lizt, it will be at the end of the list.

Drug Combo Editing

When you create a new Drug Combo, you must choose the Drugs which will be included in
the Combo and whether or not it is at a Constant Ratio. For this purpose, the Drug Selection
Dialog will appear. Click on each Drug that is in the Combo (Yes, this means you must enter
all the single drugs before entering the Combo}, click on the type of combo you would like it to
be (select Constant {Dose) Ratio or Non-constant (Dose) ratio), then click OK.

Drug Combos are similar to Single Drugs, with a few exceptions. First of all, there are no
Units on a Drug Combo, so you will only have to enter Name and Abbreviation. Drugs in a
combo may have different units, CompuSyn uses only the raw numbers to do it’s calculation.
Also, Combos at a Non-constant Ratio can have one or more Data Points (as opposed to a
minimum of two in the case of constant ratio combinations or single drugs).

For Constant Ratio Combos, you must enter the ratio at which the drugs are mixed or

sequentially combined. This is accomplished in the same manner as every other Entry task,
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simply type the ratio and press to move on to the next field.

After entering the ratios, you proceed to entering the Data Points, much the same as a Single
Drug. By default, you are prompted for the Dose of the first Drug, but you can input the Dose
of any Drug or the Total Dose and CompuSyn will automatically fill in all the other Doses. You
can move between Dose Entry Fields with the key. So, to enter the dose of the third drug

in the combo as 4.5 and the effect as .5, you would type, EI =]
Enter|

Only the total dose is recorded, so if you change the ratio after inputting the data points,

the individual doses will be altered so as to sum to the original total dose.

Non-Constant Ratio Combos are also quite simple. Since there is no constant ratio, you have
to input the Dose of each Drug individually. Simply enter the dose, and press . You will
be moved to the next dose until all doses are entered, at which point you will he prompted for

an effect.

2.3.4 Report Generation

To Generate a Report, click on the Generate Report button in the Main Window. You will
be asked to choose which items will be included in the report (Single Drugs, Drug Combos at
Constant Ratios, and Drug Combos at Non-Constant Ratios). Drugs which you do not ask to
include may still be referenced in several places if they are part of a Combo that is included
in the report. It Is recommended that you select not more than 10 Single Drugs and Drug
Combos to be included in the report as having too many items on each graph tends to make

them unreadable.

After choosing the Single Drugs and Drug Combos to be included, you will be asked to choose
which Sections will be included in the Report. After this the report will be created. This can

take a few moments, epecially on slower computers.

Once the report has been created, it will automatically open in your default web browser,

likely Internet Explorer or Mozilla. At this point, you are no longer in the CompuSyn application.
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Significant Figures

CompuSyn does not calculate significant figures. All numbers are stored and calculated using
80 bit TEEE standard double floating point precision. This means the largest gap between
representable numbers ig about 2x10~18,

On the other hand, when numbers are displayed in the Report, they are rounded. All
numbers are rounded such that they are 7 characters long, including the decimal point. Very
large numbers and very small numbers are converted into scientific notation. If “NaN” (Not a
Number) appears in place of a number, this indicates either a mathematical error {(e.g., a divide

by zero error) or a rounding error. “NaN” errors should be reported like any other bug (See

§6.2).

Printing the Report

To print a report, simply choose Print from your web browser’s file menu. The exact dialog box

and options vary from browser to brower.

Report Options

In the Main Window there is a Report Options button. This button brings up the Preferences
Window which has all sorts of settings.

You can set the effect levels (Fa) to be examined in the Isobologram, the Summary Table,
and the Polygonogram.

If you set the Fa to 0 as a Summary Table effect, that section will not be included. For
example, if you only want three sections at the end of the Summary table detailing Fa = .71,
.92, and .99, you would enter .71, .92, .99, 0, and 0 az the five summary table effect levels.

For the Polygonogram, the effect level is the level at which the CI to determine the thickness
of the lines is calculated at. This number is not directly displayed on the report. Synergism is
shown as a green solid line and antagonism is shown as a red dashed line. See Table 4.1.

There are also a number of Check Boxes which control features of the report.

S.D.A. for CI in Report tells CompuSyn to perform Sequential Deletion Analy-

sis in the CI Table and Fa-CI Plot. This may slow down report generation.
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S.DLA. Is a measure of variablity of CI values at a given effect level. For more
information on Sequential Deletion Analysis and determination of experiment.al

variability of CI values see §4.3.

Use Total Dose for Text in Report controls the printing of the dosage for Com-
bos at a Constant Ratio. If it is checked, the sum of the doses will be printed.
Otherwise, by default, the dose of the first drug in combo will be printed, fol-
lowed by a ‘4’ character to indicate an incomplete display. This does not affect

any calculations or plots, only the display in text based components.

Split Large Graphs (on by default) causes the Dose Effect Plot and the Median
Effect Plot to be split into two graphs to avold crowding if there are more than

two Drugs and two Combos. Note that the scaling of the graphs is unaffected.

Use Color in Report does exactly what it says, controls whether or not color is
used in generating the Report. Turning this off may significantly speed report

generation on slow computers.

The Scales button brings up the Scaling Window, a window devoted to report scales. By
default, everything is set to 0 which tells CompuSyn to do the scaling automatically. But if
CompuSyn does something wrong with the scaling, or you wish to use a custom zcale on one of
the graphs, you can manually override CompuSyn by entering something in the scale entry for
said graph. Note that for plots with multiple frames, such as the Isobologram, the scale on all

frames is affected.

2.4 The Console Window

When loaded in debug mode from the Start Menu (start the program csdebug.exe from the
Start Menu) CompuSyn outputs progress information to the Conscle Window as it runs. This
is intended to provide feedback and progress information to the user. As various operations,
such as Report Generation and Report Export, tend to take a long time, especially on slower
computers, it may be useful to watch the progress of CompuSyn in the Consgole Window, so one

can be sure CompuSyn is working correctly. If an error does occur, details of the error will be
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printed in the Consgole Window. For more information of what to do in case of an error, see §6.1.



Chapter 3

Theoretical Background

3.1 Theoretical Basis

The median-effect principle (MEP) introduced by Chou in 1976 is based on the physico-chemical
principle of the mass-action law. This basic approach is distinct from the empirical statistical
approach, although statistics is widely used for end-result analysis such as probability, variability,
correlation or significance estimate. The median-effect equation {(Chou, 1976) is derived via
mathematical induction and deduction of several hundred derived equations from enzyme kinetic
models with different reaction mechanisms in the presence of an Inhibitor. The median-effect
equation is the basis of the median-effect plot, which provides the foundation of the subsequent
developments.

The validity of the median-effect equation is confirmed by the fact that it can be used to
derive four major equations in biochemistry, namely, the Michaelis- Menten equation of enzyme
kinetics, the Hill equation of receptor occupancy, the Scatchard equation of receptor binding,
and the Henderson-Hesselbalch equation of pH ionization (Chou, 1977).

By using multiple inhibitors of different types and mechanisms of inhibition on enzyme kinetic
models, again, several hundred equations have been derived which can then be reduced to a
“general equation” by comparing theoretical biclogical activities in the presence and absence of

multiple inhibitors. These mathematical work lead to the term “combination index” (C'T) (Chou

11
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and Talalay, 1981). The C'I equation is the basis for the Fa-CI plot of Chou-Talalay.

The isobologram concept was conceived Intuitively more than one hundred years ago. But
it. was followed by very confusing and conflicting discussions over the decades by various In-
vestigators. Among them are Loewe, Berenbaum, Steel and others. The explicit derivation
of the isobol equation was achieved by Chou and Talalay in 1984. With the iscbol equation
available, the automated construction of isobologram can be done in seconds. The isohologram
equation is, in fact, a special case expressing combination index equation. The Fa-CI plot is
“offect oriented” whereas isobologram is “dose oriented.” Both methods of graphics should yield
quantitatively identical conclusion of synergism or antagonism since both methods are based on
the same multiple drug effect equation (Chou and Talalay, 1981). However, it should be noted

that the Chou-Talalay plot for Fa-CI has several practical advantages over the isobol. They are:

1. Fa-CI plot covers all effect levels (e.g., for 1%-99% inhibition) whereas isobologram cover
only a few effect levels. Bevond three effect levels, isobol becomes over-crowded and difficult

to read.

2. Fa-CI plot is represented by actual combination data points as well as their simulated
curve which is never over-crowded. In contrast, isobol uses actual doses on x- and y-
axes which tend to be out-of-scale when strong antagonism occurs or difficult to read
(overcrowded) when very strong synergism occurs. Although Chou-Talalay’s Fa-Cl plot
may be out-of-zcale when strong antagonism occurs, it can be easily overcome by the

automated Fa-Log(C1) plot.

3. Fa-CI plot can handle both constant ratio and non-constant ratio combinations in which
constant ratio combo shows both the actual data points and the simulated curve, and
non-constant ratio combos shows actual data points only. In contrast, the classic isobol

can handle only the constant ratic combo with actual dose scales. For non-constant ratio

Do
DEQ

combo, the izobol has to use normalized doses for each component drugs (5?111 and

with a scale of 0 to 1 for both x- and y- axes), which we call “normalized isobol”.

4. The most serious limitation of the isobologram is that it is limited to two drugs. The three

dimensional izobol for three drug combos proves to be too messy to read. In contrast, for
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the CI equation and for the Fa-CI plot there is no limit to the number of drugs that can

be displayed.

All of the above graphics are presented in the present work, in which the normalized isobol

is llustrated for the first time with a computer program.

3.2 Glossary of Terms

Median-effect equation

}% — (%)m; a general equation for dose-effect relationship derived from the mass-action
law principle that takes into account both the potency (I2),) and the shape (m) of dose-
effect curve, where f, and f,, are the fractions affected and unaffected, respectively (Chou,
1976).

Median-effect plot (Chou plot)

A plot z = log(D) vs y = log(%). Since fo+ fu=1, fu=1— fa.

Median-effect dose (D)

The dose that produces 50% effect such as 1Csg, £ D5, or LDsg. It is potency parameter
and is obtained from the antilog of the x- intercept of the median-effect plot (Chou, 1976).
Also see Eq. 3.5.

m Value

The shape parameter for dose-effect curve. The m value is the slope of the median-effect
plot. m = 1, m > 1 and m < 1 indicate hyperholic, sigmoidal, and flat sigmoidal,

respectively.

r Value

The conformity parameter for goodness of fit. It is the linear correlation coefficient by the

median-effect plot.

Combination Index (CT)
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A quantitative measure of the degree of drug interaction in terms of synergism and antag-

onism for a given endpoint of the effect measurement. (Chou and Talalay, 1981).
Synergism (C7 < 1)
Greater than expected additive effect.

Additive effect (C'f =1)

The combined effect predicted by the mass-action law principle in the absence of synergism

or antagonism.

Antagonism (C7 > 1)

Smaller than expected additive effect.

Fa-CI Plot {Chou-Talalay Plot)

A plot of C' on y- axis as a function of effect level (f,) on the x- axis.

Potentiation
A condition in which one of two drugs is not effective by itself, but increases the effect of
the other drug. It is usually described by percent potentiation or fold potentiation.
Augmentation

Another term for potentiation.

Enhancement

Yet another term for potentiation.

Isobologram (EDs;-isobol, EDzs-isobol, E Dgg-isobol, etc.)

A graph indicating the equipotent combinations of various doses of two drugs. It can be

used to illustrate additive, synergism, or antagonism.

Classic Isobol

An equipotent graph with the doses of Drugy and Drugs on x- and y- axes, respectively.
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Normalized Isobol
An equipotent graph with the normalized dose of Drug; as [(59—;)1] and Drugs as [(59—;)2}
on the x- and y- axes, respectively.
Dose-Reduction Index (DRI)
A measure of how many folds the dose of each drug in a synergistic combination may be
reduced at a given effect level when compared with the doses of each drug alone.
Fa-DRI Plot {Chou-Martin Plot)

A plot of DRI on y- axis as a function of effect level (f,) on the x- axis.

Therapeutic Index (1'1)

The ratio of the median-effect dose for toxicity in relation for the dose for therapeutic

effect.

Sequential Deletion Analysis (S.D.A.)

An iterative sequential deletion of one dose {or concentration) of a drug at a time for
repetitive CI calculations. This is followed by calculating the mean + 95% confidence

interval at each specified effect levels.

Mutually Exclusive Drugs

Two (or more) drugs with similar basic modes of action are considered mutually exclusive
drugs. The mutually exclusive condition is the general assumption of the classic isobolo-
gram and its equations are accepted as the golden standard for calculating the CI and DRI

values.

Mutually Non-exclusive Drugs

Two (or more) drugs with totally independent modes of action analogous to the binding of
one ligand to the receptor will not at all affect the binding of other ligands at the different
gites. In the ideal situation, even if Dy and D3 alone give parallel lines on the median-effect
plot, D1+ D5 in combination will give a non-parallel concave upward curve. Thus, D1+ Ds

in combination contains an element of “intrinsic synergism” which may contribute to the
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overall synergism. If mutually non-exclusive condition is assumed for the CI calculation,
it will contain the third term (i.e., the product of the first two terms) in the CI equation.
Consequently, CI value will be greater (i.e., synergism will be less) and thus it was termed
conservative synergism (Chou and Talalay, 1984). In real life, partial exclusivity may occur
that would be difficult to quantize. This is especially so if the combination includes more
than two drugs, since different pairs of drugs could have different degrees of exclusivity.
In order to be consistent with the classic isobelogram assumption and for simplicity of
calculation, the present software uses only the mutually exclusive assumption and does
not use the mutually non-exclusive assumption for drug combinations (i.e., the intrinsic

synergism, if it exists, is incorporated as a norm in drug combination analysis).

Polygonogram

A polygonal graphic representation depicting synergism (solid line), additive effect (thin
line) and antagonism (broken line) for 3- (triangular), 4- (tetrahedral), 5- (pentagonal)
or more drug combinations. The degree of holdness (thickness) of the line represents the
degrees of synergism or antagonism. The “Component Drugs” in pairs or triplets, etc. in

the polygonogram may be considered dissectional components presented in the same graph

(Chou et al., 1994) (Chou, 1998).

In the current software, only drug pairs are represented. That is, only combinations (at a
constant ratio) with two member drugs are shown on the polygonogram. The polygonogram
provides a simple visual presentation for complicated multi-drug combinations. It also
provides a rational for projecting the outcome of synergism or antagonism for the multi-

drug combination experiments not yet conducted.

3.3 Equations and Definitions

3.3.1 The Median-Effect Equation of Chou and its Rearrangements

Jo D

=) (31)

[The dose-effect, relationships as depicted by the mass-action law: On the right is dose and on
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the left is effect.]

fa
1_fa

log( ) =mlog(D) — mlog(Dy,) (3.2)

[The dose effect curves can he linearized by the median-effect plot with = log(D) and y =

log(f)]

1

fa= w (3.3)

[From a given dose (1)) you can calculate the effect (f,) when the m value (slope) and the D,

value (antilog of x-intercept} are determined from the median effect plot.]

D:Dm[lf“fa]% (3.4)

[From a give effect (f,) you can calculate the dose (1) when the m and D,; values are determined
from the median effect plot.]
Where

fa: the fraction affected
fu: the fraction unaffected, (1 — f,) = fu
D: the dose of drug

D,..: the dose that is required to produce a median-effect (e.g., {Csq, £ D50, or LDsgg).
The D,,, value can be obtained from the antilog of the x-intercept of the
median-effect plot.

m: the slope of the median-effect plot signifying the shape of the dose-effect curve.

m = 1: hyperbolic
e > 1: sigmoidal

m < 1: negative (flat) sigmoidal

3.3.2 The Median-Effect Plot of Chou

Based on the logarithmic form of the median-effect equation (Eq. 3.2):
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log[%} =mlog(D) — mlog(D,)

U

thus, in the form of ¥ = az + & for a straight line, giving:
y : log[ 2]
z: log(l)
a (slope) : m
h (y — intercept) : —mlog(Dy,)
At the median-effect dose, f, = fi, = 0.5, and thus log(%) = 0, therefore, log(D) = log(Ly,).

Hence, the x-intercept of the median-effect plot gives log(DD,,), therefore, Dy, can be obtained

from the antilog of the x-Intercept.

Dy, = 10~ (=) (3.5)

7: the linear correlation coeflicient of the median-effect plot indicates goodness of fit or the

conformity of data to the mass-action law.

r = 1.0 indicates perfect conformity of the dose-effect data with respect to the

median-effect principle of the mass-action law.

r < 1.0 indicates less than perfect correlation.

3.3.3 Combination Index (C1) Equation of Chou-Talalay

Combination Index Equation for Two Drugs

(Dh | (D)2
Bn T e

¢iF (3.6)

Where in the denominators, (I;)1 is the doses of Drugy alone that inhibits x%. Likewise,
(D)2 iz the dose of Drugs alone that inhibits 2%. In the numerators, (D)1 is the portion of
Drug; in combination ()1 + (D)2 also inhibits %. Again, likewise (D)s. Thus (D)1 + (D)s

also inhibits z%.
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When Eq. (3.6) = 1 it indicates “additive effect,” which is derived from the median-effect
principle of the mass-action law using kinetic models.

The dimensionless value as specified by Eq. (3.6) was termed the “Combination Index” or
“CI" (Chou and Talalay, 1981).

Thus:

C'T =1 indicates additive effect in the absence of synergism or antagonism.
C'T < 1 indicates synergiam.
CI > 1 indicates antagonism.
Based on the median-effect equation, (1)) for each drug can be determined by Hq. {3.4).

Thus, when Dy : Dy = P: Q) for Dy o = Dy + Ds, we obtain the two-drug combination index

algorithm:

Di2(prg) D12 (33g)

CI = — + 1
Dual(2) ] (Dral(E2)75]

3.7)

It should be noted that when CI =1, it also describes the classic isobologram for two-drug
combination ag illustrated in Chou and Talalay (1981).

It should also be noted that Fq. (3.6) is derived under the assumption that [}; and Ds
are mutually exclusive in their effects {e.g., similar basic modes of action). If based on the
mutually non-exclusive assumption (e.g., purely independent modes of action) then, the additive
effect for CI = 1 in Eq. (3.6) includes a third term % which is the product of the
first two terms. Thus, the higher CI value should indicate lower degree of synergism. We
called it the conservalive estimation of synergism for the conservative isobologram. If all the
CT calculations are under the mutually exclusive assumption, then the mutually non-exclusive
case should have inirinsic synergistic effect which should contribute to the over-all synergism

determined. For simplicity and for the consistency with the classic isobologram concept, we have

employed mutually exclusive assumption in all the CI calculations in the present software.

Combination Index Equation for Three or More Drugs

Using the same kinetic model as abovein 3.3.8, it was further shown that Fq. 3.6 can be extended

to:
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(D (B (D)s
(Dw)l (DE)Q (Dm)g

o1 (3.8)

for 3-drug combination. Similarly,

Dy D) D) D

O o e Ty, - (3.9)
(D)
2 Dy); Cl (3.10)

for the n drug combination.

3.3.4 Dose-Reduction Index (DRI) Equation of Chou

From the reciprocal of each term of Eq. 3.6 (and Eqs. 3.8 — 3.10), we obtain DRI value for the

2% inhibition as shown below:

(DRI); = ((DD“)): (3.11)

(DRI); = ((DDG:)); (3.12)

(DRI)s — ((DS)); (3.13)
and

(DRI),, = ((1)5)): (3.14)

Where (Dy)1, (Dy)e, (D2)s, ..., (Ds)y alone each inhibit % and n drugs in combination,
Dizgs,.m = [(Dh + (D)2 4 (D)3 +- -+ +(D)g] inhibit 2%
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3.3.5 Therapeutic Index (TI) Equation

_ TDg
~ EDs

544 (3.15)

for the therapeutic index at the median-effect dose level.

For the general case, Tl at any effect level {e.g., z% inhibition}, Eq. 3.14 becomes:

7D,

TI =
ED,

(3.16)

3.4 References for Theoretical Background

Note: These refer to entries in the Bibliography. See Page 48.

3.4.1 Single Drugs (Theory)

(Chou, 1974}, (Chou, 1976), (Chou, 1977), (Chou, 1980}.

3.4.2 Drug Combinations (Reviews)

(Chou and Talalay, 1977), (Chou and Talalay, 1981}, (Chou and Talalay, 1983), (Chou and
Talalay, 1984), {Chou and Talalay, 1987), (Chou, 1987), (Chou et al., 1991a), (Chou, 1991h),
(Chou et al., 1994), (Bertino and Chou, 1997}, (Chou, 1998).

3.4.3 Computer Software

(Chou and Chou, 1987), (Chou, 1991a), (Chou and Hayball, 1996}, (Chou and Martin, 2004).
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Chapter 4

Scope of Applications

4.1 Single Drug and Dose-Effect Parameters

4.1.1 Calculation of Potency (D,, value)

Calculation of the median-effect concentration (ICsp) or the median-effect dose (EDg) is a
common practice in blomedical sciences. The old arbiirary method was to draw the empirical
best-fit curve and then predict 15, or E D5y value from the empirical curve. Instead of drawing
empirical curves to fit experimental data, the median-effect principle (MEP) uses the data to fit
the basic principle of the mass-action law. The median-effect equation takes into account both
the “shape” (the m value) and the “potency” (the D, value) simultaneously, and takes into
account every data points equally, not just the data point(s) near the s value (or near the
EDsp value).

Based on the logarithmic form of the median-effect equation (Eq. 3.2) we obtain
for
log{=) = mlog(D) —mlog(Dy,)

which represents a straight line ¥ = az + b when we designate y = log(%) vs x = log(D)),
which we call the median-effect plot. The resulting line should have a slope of m and a y-

intercept of log(Dm). At the median-effect dose, we have f, = f., therefore, log(J{—Z) = 0. Hence

23
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log(D) = log(Ly,). Thus, the D, value can be determined from the antilog of the x- intercept.
(See £3.3.1).

4.1.2 Calculation of Shape (m value)

As indicated above, the m value can be easily obtained from the “slope” of the median-effect
plot. Substitute this e value into the median-effect equation: the dose-effect curve represented

by ¥ = fo vs z = D yields various shapes depending on the m values:

m = 1: hyperbolic
me > 1: sigmoidal

m < 1: negative (flat) sigmoidal

4.1.3 Conformity to Rule (r value)

When experimental data follow the median-effect principle of the mass-action law, the resulting
median-effect plot should vield a straight line with a characteristic m and 1), values. The
goodness of fit to the straight line can be determined by the linear correlation coefficient (r
value) of the median-effect plot. The perfect fit will yield » = 1. The conformity as described
by the » value, however, is subjective. For practice purposes, we usually set higher standard for
in vitro studies on enzyme, or receptor binding studies (e.g., r > 0.95), or tissue culture studies

(e.g., r 2 0.90), and less stringent standard for the in vivo studies in animals {e.g., r > 0.85).

4.2 Multi-Drug Combination Dose-Effect Analysis

4.2.1 Experimental Design
Dose Density and Dose Range

It is desirable to spread experimental data points below and above the EDs; value. Usually
the approximated FDgy is obtained from the preliminary studies or from relevant literature
references. When approximate I/ Dgg is identified, more focused dose range and dose-density can

be designed.
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For example: If Drug 1 (D7) has an £Dsq of 2 uM, it is desirable to make a stock solution

of 8 uM and then make a 2-fold serial dilutions such as:

8 uM 4 uM 2 uM 1 uM 0.5 uM 0 uM
4(ED50) 2(ED50) (ED50) %(EDE,O) %(EDE,O) Control
In this case, the dose-range is from 0.5 uM - 8 uM or from }(E£Dsp) to 4 (EDsg).

The dose density for this drug is five doses (5 concentrations) plus a control.

The dose range or density can be Increased or decreased depending on the experimental
systems (e.g., increase for @n witro experiments and decrease for in vive experiments).

Serial 10x or 5x dilutions are not recommended since this may generate inaccurate extreme

data points {(e.g., near 0% or near 100% inhibition).

Constant Ratio Combination Design

The constant ratio design provides the most useful information while minimizing the number
of drug combination data points. Tt is most efficient and cost-effective and, therefore, highly
recommended. This is particularly important for én vivo animal or clinical studies (i.e. diagonal
rather than checker-board design).

This design allows auto-simulation of Fa-CI plot and Fa-DRI plot at all effect levels, and auto
construction of classic iscbologram.

Example for 2-drug constant ratio combination:

Assuming:

D has ICs of 1 uM
Ds has I(s of 5 uM

The recommended combination ratio is: I : )9 =1:5
This is at equipotency ratio so that the contribution to the effect of each drug would be about
equal.

You may design experiment in any other ratios if you have any reason to do so; e.g.,

1. One drug has severe toxicity and you want to minimize its contribution in the mixture, or

in the combination.
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2. One drug is very weak by itself (e.g., modulator or regulatory ligand} and you don’t want

to use it at too high concentrations.

Actual Design: 2-fold serial dilution, 1:5 ratio.

D, D
0 uM
0.25 uM
0.5 uM
1 uM
2 uM
4 uM

0 uM

1.25 uM

2.5 uM

5 uM

10 uM

20 uM

0.25 uM | 1.25 uM

0.5 uM 2.5 uM

1 uM 5 uM

2 uM 10 uM

4 uM 20 uM

Non-constant Ratio Combination Design

Some researchers design their drug combination in non-constant ratios for no apparent reason.

Even g0, the Chou-Talalay method can still be used to analyze this type of data set.

For example: If

5 for D1 = 5 uM
1% for Dy = 10 uM

One possible experiment would be random combination ratios:
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Dy D3 | ratio
0 uM
1 uM
3uM
5 uM
7 uM
9 uM
0 uM
5 uM
7 uM
10 uM
12 uM
15 uM
05uM | 2uM | (1:4)
1 uM 5uM | (1:5)
3 uM TuM | (3:7)
5uM | 10uM | (1:2)
TuM | 12uM | (7:12)
12uM | 17uM | (12:17)

As long as )1 and Ds alone dose-effect curves are available (i.e., the Dy, m and r value can
be determined), the CI value(s) for the combination at any ratios and with any number of data
point(s) (including only one data point) can be determined with the Chou-Talalay’s Cl equation.

Another possible experimental design for the non-constant ratio combination would be to

keep D1 at a fixed concentration and vary Ds or vice versa.

With this type of data set, we can obtain:

1. Dose-effect curves and the median-effect plots for each drug alone but not for the combi-

nation.

2. We will get the following parameters: (Dy,)1, 721, and r1; (D)2, ma, and rs.

3. Actual combination data points will be shown on plot but without simulated curve for the

dose-effect relation nor the simulated line for the median-effect plot.

4. Fa-Cl Table, Fa-CI plot, Fa-Log(CI) plot, Fa-DRI Table, Fa-DRI plot and Fa-log(DRI)
plot will show actual combination data points but no simulated curves in the plots are

possible.
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Combinations of More than Two Drugs

The same rules as above can also be applied for three or more drug combinations except no
igobologram will be generated and, instead, a polygonogram can be made available. However,
there will be some Increased complications due to the increased number of drugs involved. For
example, if )1, Do and Dj are combined at the ratio of @ : & @ ¢, it iz suggested (but not
obligated) that the combination of their component drug combinations be included at the same
time, at 1)y : Do =a:b, Do: Dy =b:c, and D1 : D3 =a: e These extended studies will have

the following benefita:

1. Dissection of the 3-drug combinations by the component 2-drug combinations, e.g., D1+ Dsg
synergism, Do+ D3 antagonism, and D + D3 synergism. For more than 3 drugs, the same

thing applies.

2. The each-drug-alone dose-effect curves and their parameters may be shared by all the
component drug combinations. It is more economical in terms of the number of assays,
time, effort and cost. Tt also avoids variations due to different experiments under different

conditions.

The above examples show that MEP and the Chou-Talalay method is versatile, quantitative
and very easy to use. The citations of these methods in over 260 biomedical journals lend support

to this conclusion.

4.2.2 Determination of Synergism and Antagonism (CI value)

In all cases where CI value can be determined, {e.g., CI Table, Fa-CI Plot or Fa-Log{CI) Plot)

the following diagnostic rule apply:

CT < 1 indicates Synergism
CI =1 indicates Additive Ejffect

CT > 1 indicates Antagonism

In conjunction with the CI values, the Chou-Talalay plots provide visual illustration of syn-

ergism or antagonism.
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The Fa-ClI Plot (Chou-Talalay’s Plot)

Diata pointzs or simnmlated curves

NMustrated Diagnosis

Eelow the &7 = 1 horizontal line

Above the &7 = 1 heorlzontal line

O the &FF = 1 horizgontal line

Shprer s
Antagomism

Additive Effent

l

1
2
3
b

< =[O

0 0.4
Fa

Figure 4.1: An Exampk Fa-CI Plot (Chou-Talalay Plot).

Fa- Log( CIh Plot

Diata points or sirmilated curves

Mustrated Dhiagnosis

Eelow the log(CI) = 0 horizontal line
Above the log(CT) = 0 herizortal line

On the log{CT) = 0 horizontal line

Synergism
Antaqomism

Additive Bjfect
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Lagi{Ch

1
Cc2
3
apc

< =000

n

1] 0.4
Fa

Figure 4.2: An Exsmpk Fa-Log(CI) Plot,

4.2.3 Construction of Isobologram

The constarnt ratio combination design for two drugs allows automsted construction of olassic

sobolomr am wheress the non-constant ratio combinstion design for two drugs allows the suto-

mated construction of the normalized Eobologram.

Isobology am

Data points

On the lower-left of the hypotenses
Cn the upper-right of the by potenise
n the hypotenuse

IMustrated Diagnosis

Syrargism
Antagonism

Additine EBifect
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0.ozr

i Fa=048
[ Fa=07
I M Fa=04

Doze A M

0.01 N

Point 1
Paoint 2
Point 3
Point 4
Point &
Point &

HoadEOo

Fipure 4.3 Example lzobols, Classic and Normalized,



3 CHAFPTER 4. 800PE OF APPLICATIONS

4.24 Calculation of Dose-Reduction Index (DAI value)

One major eim for achleving synerpy in drug combination is that it allows dose-reduction for the
therapeutic effect. The beneficial consequence of dogeredudtion Is the reduced toxloby towsed
the host. Doss-redustion Index (DRI denctes how mary fold of dess-reduction s sllowed for
each drug due to synergism when compared with the dose of each drug alone.

Dose-reduction Index (Chow, 1998 can be readily obtained from the reciprocsl of each term

of the &7 equation (Chou and Tslalay, 1934), Thus,

(Dﬁ:li
(DRI} = o
I:Dﬁjlg
(DRI, = o

Anexample of the DRI values at different-effect levels [ Chou-Martin Plot, 2004 as illustrated

for this manual) 1= shown below:

o Pac
L1 Top

DRI

Il 0.a 1
Fa

Figure 4.4; An Example Fa-DRI Plot,

In crder to aveld polnts being out of seale when DRI has » large value, the Fa-Log(DRI) plot
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was devised to condense the seals. Anexample of this s shown in Figure 4.5

I
zr Pac
L1 Tap
1k
LogiDRL
1]
1r
1] 0.4 1

Fa

Figure 4.5: An Exsmple Fa-Log{ DRI Flot,

4.2.5 Description of Complex Synergism and Antagonism
Verbal and Symbolic Diescriptions

The O (Combination Index) quaitifies the degree of synergism in & combinstion, However,
s indlested in many Fa-CI plots, different effect levels (different f, values) may have different
degress of synergism or antagonism (e.g., antagonism st f, = 0.3 and synergism at fp = 0.9, ete),
Frequently, there iz no slmple way to describe synergism or antagonism. Purthermore, how much
grnergism 8 & resl synerglsm? Does O = 0.92 indiestes synerpism snd &7 = 1,05 indicstes
artagonizm? Depending on biologieal varlability, scouracy of experimental ssssys, ¢ valuss, and
other statistics, it i difficult to have shesohte critaris of making conclision in marginal cases.
Jince the seale for synerglsm 8 00 T<1, and the scale for antagonism & 1<CT<oo, loga-
rithmic walues of CI can be useful to represent the relative degress of synerglsm or antagonism.

Esged on these premisss, alternative verbal deseriptions, graded symbole and graphic symbols



34 CHAFPTER 4. SCOFE OF APPLICATIONS

for synergism or antagonism are recommended, as in Table 4.1:

CcrI Description Symbol

< 0.1 Very Strong Synergism ]
0.1-0.3 Strong Synergism I
0.5-0.7 Synergism —

0.7-0.85  Moderate Synergism
0.85-0.90 Slight Synergism
0.90-1.10 Nearly Additive
1.10-1.20 Slight Antagonism
1.20-1.45 Moderate Antagonism
1.45-3.3  Antagonism

3.3-10 Strong Antagonism

> 10 Very Strong Antagonizsm

Table 4.1: Symbols for Synergism and Antagonism using C'T analysis

Polygonogram (for 3- or More Drug Combinations)

Polygonographic showing of synergism or antagonism was first used by Chou et al. in 1994, and
formerly presented as “Polygonogram” by Chou in 1998,

For example, five major cancer chemotherapeutic agents uzed worldwide with different mech-
anisms of action were used for the combination index analysis. Among taxol, vinblastine, cis-
platin, topotecan and etoposide, (Chou et al., 1994) tried to determined which 2 or 3 of these
drugs In combination would produce more synergism or antagonism than others. There are many
possible combinations of these drugs (025 + C’g’ + CE’ + Cg = 26) and Chou and coworkers used
the polygonographic presentations for some of them, later called “polygonograms” as shown in
Figure 4.6.

Since high effect levels are more relevant to cancer chemotherapy, the polygonogram con-
gtructions shown in Figure 4.6 used [C']go instead of the more conventional [C1]zg.

Similarly, four drug combinations can be represented by the individual solid or broken tetra-
hedral, and five drug combination can be represented by pentagonal, etc. (Note that the current
goftware does not have this functionality. Instead, the component two drug combinations are
presented in the polygonogram.)

This method has a great condensation and summarizing power. If we consider seven drugs
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Figure 4.6: An Fxample Palygonogram.

for combinations, there will be G‘g + G‘g + Cz + Cg + Cg + Cf; = 120 possible comhinatory

eomhinations. The polygonogram method should hawve utility in this complic ated situation.

4.3 Variability: Sequential Deletion Analysis (S.D.A.)

In the design of doss denaty for an esperiment, there 1z no absolute rule az to exactly how many
pomts (or coneentrations) should be used for each drug. To use 4, 5, 6 or ¥ concentrations for
each drug iz a rather arhitrary cholee. In order to determmine varability of effects ot different doss
levels, weemployed & s=quential (serial) deletion method. Forexample, if weuss B coneentrations,
A B, C Doand B for Drugy, and if for Drugs we use 5 coneentrations, a. b, ¢, d, and &, for
caleulating, the variahility of parameters D, 12 and », we conduct serial deletion: eg,, first
round with no deletion, 2 round we delete A for Drugy, 3*° round we delete B for Drugg,
...and 12* round we delste & for Drugs. For each round, the OI valuss at different effect levels
will be sirmulated. This iteration proesss allows the 98% confidence interwal around the mean at
each effect levels to be determined. A typical Fa-Cl Plot analyzed by the Sequential Deletion

Analyas 1z shown in Figure 4.7 Note that in many cases the varialility 1z greater at low effect
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levels (e.g., fo < 0.3) and af high effect levels (e.g., f, = 0.9) whereas the variability is smallest
neatr fp = 0.5 It should be noted that wariability can also be studied with other methods, e.g.
3, repeat the experiment several times and conduct statistical analyses; and %, conduct Monts

Carlo analysis or algebrale approximation (Chou and Hayball, 1996),

2r =1 A+B
O EB+C
A AT
W A+B+C
Cl
%
] 0.5 1

F'a

Figure 4.7: An Example Fa-CI Plot with Sequentizl Delation A nalysis,



Chapter 5

Example of Applications

In this chapter, numerical experimental data from Chou et al, J. Nat'l Cancer Inst. 86:1517-1524,
1994 are used as examples of 2- and 3- drug combinations and analysed with CompuSyn. In the
tables the left column explains what is being done while the right column tells what actions must be
taken to accomplish the task at hand. This only details the most basic use of CompuSyn operation

and should be used as a starting point for further exploration.
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Dose (M) Effect
Paclitaxel Cisplatin Topotecan £,
Single Drugs
0.002 0.429
0.004 0.708
0.005 0.761
0.01 0.882
0.02 0.932
0.05 0.055
0.1 0.233
0.2 0.301
0.5 0.559
1.0 0.821
2.0 0.953
0.01 | 0.069
0.02 | 0.213
0.05 | 0.373
0.1 | 0.785
0.2 | 0.940
0.5 | 0991
Two Drug Combos
0.001 0.1 0.450
0.002 0.2 0.701
0.005 0.5 0.910
0.01 1.0 0.968
0.05 0.005 | 0.304
0.1 0.01 | 0.413
0.2 0.02 | 0.675
0.5 0.05 | 0.924
1.0 0.1 | 0977
0.001 0.01 | 0274
0.002 0.02 | 0.579
0.005 0.05 | 0.901
0.01 0.1 | 0.985
Three Drug Combo
0.001 0.1 0.01 | 0.458
0.002 0.2 0.02 | 0.808
0.003 0.3 0.03 | 0.947
0.005 0.5 0.05 | 0.995

Data used in Examples 1-5. (Chou et al., 1994)



5.1. THE MEDIAN-EFFECT EQUATION OF CHOU

5.1 The Median-Effect Equation of Chou

39

5.1.1 Example 1: Dose-Effect Curve, Median-Effect Plot, m, D,,, and

r Values

e Dose-effect curve and the me

dian-effect plot

e Calculation of Dy, (FDsg), m, and r values.

DESCRIPTION

ACTION

Load CompuSyn

First, load CompuSyn. See §2.3

> Programs > CompuSyn > Run CompuSyn

Open a New Experiment.

‘ New Experiment ‘

Enter Experiment Info

Select existing title (“Untitled”). | Click and drag from one side of the title to the other.

Type new Title

[s][a][n][p|[1][e][ Enter]

Enter the Date

[ol[1][/][e][t][/][o][o] [Enter|

Enter a Description

[E] [x][2] [m][7] [1][=] | Space | 1]

Enter First Drug!

Create new Drug

Click ‘ New Single Drug ‘

Enter Name

PlEELE] LI E EE] ] [Ente]

Enter Abbreviation

[P][&][c][Enter]

Enter Units

[w] [m] [ Enter

Enter Data Point 1

r1[0][0][2][Enter]
1 [¢][2][e] [ Enter|

Data Point 2

r=1[0][o][a] [ Enter|
r1(7][0][8][ Enter|

Data Point 3

r=1[o][o][5][Enter]

Continues on next page. . .

Data from Journal of the National Cancer Institute, Vol. 86, No. 20, 1517-1524, 1994
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DESCRIPTION ACTION

=[71[e]
Data Point 4 1 @
B
Data Point 5 =] @
=[s]
Finish Drug Click

Enter Second and Third Drug.

Follow Same Procedure as Drug 1

Generate Report

Begin Report Generation Click | Generate Report ‘
Select all Drugs (default) Click
Accept default relevant sections Click

Report Generation is now complete. The resulting report
contains calculations of me, Dy, and » values for each of the
Drugs, as well as Doge-Effect and Median-Effect plots.

5.1.2 Example 2: Calculation of Dose from Effect or Effect from Dose

DESCRIPTION ACTION

Load CompuSyn and enter Drugs

Follow Same Procedure as Evample 1

Open Parameter Calculation Dialog Click ‘ Calculate Parameters ‘

Calculate E D7y for each drug Select (click and drag) Fa (*0.57)

Type =1 [7][Enter|

Daose of each drug required for effect of 0.7 is shown in Dose
column

Calculate Fractional Effect at a dose of 4.25 Select dose of Drug A

Type [4] =1 [2] [5][Enter|

Continues on next page. ..




5.2, THE COMBINATION INDEX EQUATION OF CHOU-TALALAY

DESCRIPTION

ACTION

column

Effect resulting from dose of 4.25 units of Drug A is shown in Fa
Box. Dose of each drug required for said effect is shown in Dose

5.2 The Combination Index Equation of Chou-Talalay

5.2.1 Example 3: Two Drug Combination at Constant Ratios

o CI and DRI values

¢ Fa-Cl Plot and Fa-DRI plot {with simulation)

e Classic Iscbol

DESCRIPTION

ACTION

Load CompuSyn and enter Drugs
Follow Same Procedure as Frample 1 (for Single Drugs)

Enter First Drug Combo?

Create new Drug Combo

Click ‘ New Drug Combo‘

Select Drugs to be included

m@ﬂm!

Enter Name

[c][o] [m][0] o] | Space 1]

Enter Abbreviation

Enter Ratio

Enter |1 @@ Enter

Enter Data Point 1

ri[o][o][1][Enter]
[-1(4][5]|Enter|

Enter Data Point 2 (using total dose®)

Continues on next page. . .

Tab[Tabl 2] [o] [2] [Enter]

2Data from Journal of the National Cancer Institute, Vol. 86, No. 20, 1517-1524, 1994
SUsing total dose is optional. One can enter the dose of any Single Drug or the total dose and all other doses
with be calculated. Total dose is used in this case as an example
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DESCRIPTION ACTION

[7][o]
Enter Data Point 3 {using dose B) ’ﬁ'ﬂ Enter

cel[1][o]
Enter Data Point 4 ] @
= [e][e]

Finish Drug Combo Click
Enter Second and Third Drug Combo.

Follow Same Procedure as Drug Combo 1

Generate Report

Begin Report Generation Click | Generate Report ‘
Select all Single Drugs (default) Click
Select all Drug Combos (default) Click
Accept default relevant sections Click

Report Generation is now complete. The resulting report
contains all the Dy, m and r calculations as seen in Example 1,
as well as calculations of C'T and DRI in both graphical and
tabular form. Specifically, the default report will contain CI and
DRI tables (one per Drug Combo), as well as Fa-Cl and Fa-DRI
Plots. Also of note is the Isobologram. In this case a “Classical
Isobologram™ is displayed, as the input is a Constant-ratio
Combo. Also provided is a Summary Table, ideally suited for
quick filing and record keeping.

5.2.2 Example 4: Two Drug Combination at Non-constant Ratios

¢ CI and DRI values
e Fa-CI Plot and Fa-DRI plot (without simulation)

o Normalized Isobol

DESCRIPTION ACTION

Continues on next page. ..




5.2, THE COMBINATION INDEX EQUATION OF CHOU-TALALAY

DESCRIPTION ACTION

Load CompuSyn and enter Drugs

Follow Same Procedure as FExample 1

Enter Drug Combo 1 at a Non-constant ratio *

Create new combo Click ‘ New Drug Combo ‘

Select Non-Constant Ratio Click ‘ Non-Constant Ratio ‘

Select Single Drugs to be included Click

Enter Name E'@E [0]|Space .

Enter Abbreviation

Enter Data Point 1 El@
[0l [L][Enter]
rl3][7][o][ Enter]

Enter Data Point 2 El@
r=1[0] [2][Enter]
1l 4] [4][1][Enter|

Enter Data Peint 3 El@
r=1[0] [1][Enter]
2] [1][3][Enter]

Enter Data Point 4 EI@
r=1[0] [3][Enter]
r1[e][z] [6] [ Enter]

Enter Data Point 5 E@E
r=1[0] [7][Enter]
1l 7][s][5]] Enter]

Continues on next page. ..

*Data are entirely fictional.
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DESCRIPTION ACTION

Generate Report

Begin Report Generation Click | Generate Report ‘
Select all Single Drugs (default) Click
Select all Combos at a

Non-Constant Ratio (default) Click
Accept default relevant sections Click

Report Generation is now complete. The resulting report contains
all the Dy, m and r calculations as seen in Example 1, as well as
calculations of C'T and DRI as in Example 3. However, since the
ratio is not constant, no simulation can occur. Thus, all graphs
and tables are restricted to actual experimental points. Instead of
the Classical Isobologram, a Normalized Isobologram is generated.

5.2.3 Example 5: Three Drug Combination at Constant Ratios

CI and DRI values

¢ [a-Cl Plot and Fa-DRI plot (with simulation)

Classic Isobol for each drug pair

e Polygonogram
DESCRIPTION ACTION
Load CompuSyn and enter Drugs
Follow Same Procedure as Evample 1
Enter Three Drug Combo®
Create new Drug Combo Click | New Drug Combo‘

Select Drugs to be included Click

Continues on next page. ..

SData. from Journal of the National Cancer Institute, Vol. 86, No. 20, 1517-1524, 1994



5.2, THE COMBINATION INDEX EQUATION OF CHOU-TALALAY

DESCRIPTION

AcCTION

Enter Name

[3] 0] [Space <] [&] 1 (6] (5] [Space] 1

Enter Abbreviation

Enter Ratio

[1][Enter[t][o] o] [Enter[1][o][ Enter]

Enter Data Point 1

(o] (o] [x][Enter]
(4] [51[6][Enter]

Enter Data Point 2 (using total dose®)

(8] [e][e] | Enter]

Enter Data Point 3 (using dose B)

|Tab|fy‘ Enter|
9] [4][7][Enter]

Enter Data Point 4

r1[0] [o][s]| Enter]
(o] [e][5] Enter]

Finish Drug Combo

Click

Generate Report

Begin Report Generation

Click ‘ Generate Report ‘

Select all Single Drugs (default)

Click

Select all Drug Combos (default)

Click

Accept default relevant sections

Click

Report Generation is now complete. The resulting report contains
all the features as seen in Example 3, with a few exceptions.
Since CompuSyn does not handle three-dimensional graphics,
Isobolograms are limited to drug pairs. Three or more drug
combos will still appear in Fa-CI and Fa-DRI plots and tables,
but will be excluded from Isobolograms and Polygonograms.
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SUsing total dose is optional. One can enter the dose of any Single Drug or the total dose and all other doses

will be calculated using the already specified combination ratio. Total dose is used in this case as an example



46

CHAPTER 5. EXAMFPLE OF APPLICATIONS



Chapter 6

Bug Reporting and

Troubleshooting

6.1 Troubleshooting

Since CompuSyn is a limited scale application environment, its built-in troubleshooting capa-
bilities are limited. CompuSyn will print various status messages in the Console Window when
run in debug mode. If something fails to work as expected, the first thing to do is try to repeat
the error in the debug application, csdebug.exe and look in the Console Window to see if it iz a

known error.

If the Console Window does not show an error message, yvou should save your Experiment,
quit CompuSyn, restart your computer, and reload CompuSyn. If the exact same error occurs,

file a bug report (See §6.2).

If the Conscle Window does show an error, and the solution is not obvious, try restarting
CompuSyn. If this does not help, report it as a bug and be sure to include all of the error

messages printed on the Console.
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6.2 Bug Reporting

Even though CompuSyn has been completed, tested, and released, there iz no guarantee that it
is completely bug-free. Reporting bugs and Inconsistencies you find greatly increases the ability
of ComboSyn staff to fix the problem.

You can emall bug reports to bugs@nimlabs.org. Please include in the body of the e-mall a
description of the problem and any error messages you receive as well as attaching the experiment
file that produced the error. The last few lines shown in the Console Window are also very helpful.

All bug reports are confidential.

6.3 Contacting ComboSyn

ComboSyn can be contacted In several ways. They are listed in order of preferability.

E-mail compusyn@nimlabs.org
US Mail ComboSyn, Inc.
599 Mill Run
Paramus, NJ

07653, USA

Note that for bug reports please use the procedure detailed in §6.2 for Contacting ComboSyn.



Bibliography

Aghi, M., Kramm, C., Chou, T.-C., Breakefield, X., and Chiocca, A. (1998). Synergistic
anticancer effects of the ganciclovir / thymidine kinase and 5-fluorocytosine/cytidine deaminase

gene therapies. J. Natl. Cancer Inst., 90:370-380.

Bertino, J. and Chou, T.-C. (1997). Chemotherapy: synergism and antagonism. In Bertino, J.,

editor, Encyclopedia of Cancer., volume 1, pages 368-379. Academic Press, San Diego.

Candinas, D., Mills, C., Lee, S., Dalgic, A., Antoniou, E., Germenis, A., Stavropoulos, C., Chou,
T.-C., McMaster, P., and [¥'Silva, M. (1997). Effect of combination schedules of leflunomide

with cyclosporine or fk306 in rat cardiac allografting. Cardiovascular Engineering., 2:143-153.

Chou, J. (1991a). Quantitation of synergism and antagonism of two or more drugs by com-
puterized analysis. In Chou, T.-C. and Rideout, D., editors, Synergism and antagonism in

chemotherapy., pages 223-244. Academic Press, San Diego.

Chou, J. and Chou, T.-C. (1987). Dose-effect analysis with microcomputers: Quantitation
of ED50, LD50, synergism, antagonism, low-dose risk, receptor-ligand binding and enzyme

kinetics. Biosoft, Cambridge, UK.

Chou, T.-C. (1974). Relationships between inhibition constants and fractional inhibitions in
enzyme-catalyzed reactions with different numbers of reaction mechanisms, and different types

of mechanisms of inhibition. Molecular Pharmacology, 10:235-247.

Chou, T.-C. (1976). Derivation and properties of Michaelis-Menten type and Hill type equations

for reference ligands. Journal Theoretical Biology, 39:253-276.

49



50 BIBLIOGRAPHY

Chou, T.-C. (1977). On the determination of availability of ligand binding sites in steady-state

systems. Jouwrnal of Theoretical Biology, 65:345-356.

Chou, T.-C. (1980). Comparison of dose-effect relationship of carcinogens following low-dose
chronic exposure and high-dose single injections: An analysis by the median-effect principle.

Carcinogensis, 1:203-213.

Chou, T.-C. (1987). Quantitative dose-effect analysis and algorithms: A theoretical study. Asia
Pacific J. Pharmacol., 2:93-99.

Chou, T.-C. (1991b). The median-effect principle and the combination index for quantitation of
gynergism and antagonism. In Chou, T.-C. and Rideout, D., editors, Synergism and antagonism

in chemotherapy, pages 61-102. Academic Press, San Diego.

Chou, T.-C. (1998). Drug combinations: from laboratory to practice. J. Lab. & Clin. Med.,
132:6-8. An Editorial.

Chou, T'-C. and Hayball, M. (1996). CalcwSyn for Windows, Multiple-drug dose effect analyzer.
Biosoft, Cambridge Place, Cambridge, UK.

Chou, T.-C. and Martin, N. (2004). CompuSyn for Drug Combinations. ComboSyn, Parmaus,
NI, USA.

Chou, T.-C., Motzer, R., Tong, Y., and Bosl, G. (1994). Computerized quantittion of syner-
gism and antagonism of taxol, topotecan and cisplatin against teratocarcinoma cell growth: A
rational approach to clinical protocol design. J. Natl Cancer Inst., 86:1517-1524. (Highlighted

paper with an editorial).

Chou, T.-C., Otter, G., and Sirotnak, F. (1996). Schedule-dependent synergism of taxol or
taxotere with edatrexate against human breast cancer cells in vitro. Cancer Chemother. Phar-

macol., 37:222-228.

Chou, T.-C., Rideout, D)., Chou, J., and Bertino, J. {1991a). Chemotherapeutic synergism, po-
tentiation and antagonizm. In Dulbecco, R., editor, Freylopedia of Human Biology., volume 2,

pages 371-379. Academic Press.



BIBLIOGRAFHY 51

Chou, T.-C. and Talalay, P. (1977). A simple generalized equation for the analysis multiple
inhibitions of Michaelis-Menten kinetic systems. Jowrnal of Biology and Chemistry, 252:6438—
6442,

Chou, T.-C. and Talalay, P. (1981). Generalized equations for the analysis of inhibitors of
Michaelis-Menten and higher order kinetic systems with two or more mutually exclusive and

non-exclusive inhibitors. Furopean Journal of Biochemistry, 115:207-216.

Chou, T.-C. and Talalay, P. (1983). Analysis of combined drug effects: A new look at a very
old problem. Trends Pharmacel. Seci., 4:450-454.

Chou, T.-C. and Talalay, P. (1984). Quantitative analysis of dose-effect relationships: The

combined effects of multiple drugs or enzyme inhibitors. Adv. Enz. Regul., 22:27-55.

Chou, T.-C. and Talalay, P. (1987). Applications of the median-effect principle for the assess-
ment of low-dose risk of carcinogens and for the quantitation of synergism and antagonism of
chemotherapeutic agents: A new avenue in development cancer chemotherapy. In Harrap, K.
and Connors, T., editors, Bristol-Myers Symposium series., pages 37T-64. New York Academic

Press.

Chou, T.-C., Zhang, X.-G., Balog, A., Su, D., Meng, D)., Savin, K., Bertino, R., and Danizhef-
sky, S. (1998). Desoxyepothilone B: an efficacious microtubule-targeted antitumor agent with

a promising in vivo profile relative to epothilone B. Proc. Natl. Acad. Sei., 95:9642-9647.

Chou, T.-C., Zhu, Q.-Y., and Stein, C. (1991h). Differential alteration of the anti-hiv effect
of phosphorthicate oligonucleotide s-de28 by azt, interferon-alpha and dextran sulfate. AIDS
Kes. Human Retrovir., 7:943-951.

Hayashi, S., Fine, R., Chou, T.-C., Currents, M., Broder, S., and Mitsuya, H. (1990). In vitro
inhibition of the infectivity and replication of human immunodeficiency virus type-1 by com-
bination of anti-retroviral 21,31-dideoxynuclecsides and viral binding inhibitors. Antimicrob.

Agenits Chemother., 34:82-88.

Johngon, V., Merrill, D., Chou, T.-C., and Hirsch, M. (1992). Human immunodeficiency virus

type-1 (hiv-1) inhibitory interactions between protease inhibitor ro131-8959 and zidovudine,



52 BIBLIOGRAPHY

21,31-dideoxycytidine or recombinant interferon-alpha-a against using azt-sensitive or resistant

hiv-1 in vitro. J. Infect. Dis., 166:1143-1145.

Koechli, O., Sevin, B.-U., Peras, J., Chou, T.-C., Angicli, R., Steren, A., Untch, M., and
Averette, H. (1993). Characteristics of the combination taxol-adriamycin in breast cancer cell

lines analyzed with the ATP-cell-viability-assay. J. Cancer Res., 32:245-250.

Manion, D)., Vibhagool, A., Chou, T.-C., Kaplan, J., Caliendo, A., and Hirsch, M. (1996).
Susceptibility of human cytomegalovirus to two-drug combination in vitro. Antiviral Therapy,

1:257-245.

Magzzulli, T., Rusconi, S., Merrill, D., D’Aquila, R., Moonis, M., Chou, T.-C., and Hirsch, M.
(1994). Alternating versus continuous drug regiments in combination chemotherapy of human

immunodeficiency virus type-1 infection in vitro. Antémicro. Agenis Chemother., 38:656-661.

Merrill, I)., Manion, D., Chou, T.-C., and Hirsch, M. (1997). Antagonism between hiv-1

protease inhibitors, indinavir and saquinavir in vitro. J. Infect. Dis., 176:265.

Perez, K., Hack, F., Webber, L., and Chou, T.-C. (1993). Schedule dependence of synergism
of edatrexate and cisplatin in combination in the A549 lung cancer-cell line as assessed by the

median-effect analysis. Cancer Chemother. Pharmacol., 33:245-250.

Romanini, A., Chou, T.-C., and Bertino, J. (1989). Carboxypeptidase g2 enhances trimetrexate
cytotoxicity in ccrf-cem cell lines sensitive and resistant to methotrexate. Adv. Enz Regul.,

28:525-538.

Sacks, P., Harris, D., and Chou, T.-C. (1995). Modulation of growth and prolifieration in squa-
mous cell carcinoma by retinoic acid: A rationale for combination therapy with chemothera-

peutic agentz. Int'l J. Cancer., 61:409-415.

Vathsala, A., Chou, T'-C., and Kahan, B. (1990). Analysis of the interaction of immunosup-

pressive drugs with cyclosporine in inhibiting dna proliferation. Transplantation., 49:493-472.

Vathsala, A., Goto, 8., Yoshimura, N., Stepkowski, S., Chou, T.-C., and Kahan, B. (1991). Im-
munosuppressive antagonism of low doses of FK506 and cyclosporine. Transplonitation, 52:121—

128.



BIBLIOGRAFHY 53

Vogt, M., Hartshorn, K., Furman, P., Chou, T.-C., Fyte, J., Coleman, L., Crumpacker, C.,
Schooley, R., and Hirsch, M. (1987). Ribavirin antagonizes the effect of azidothymidine on hiv
replication. Science, 235:1376-1379.



Index

Calculate Parameters Button, 5
Delete Drug Button, 5
Delete Point Button, &

Edit Drug Button, 5

Edit Point Button, 6
Generate Report Button, 5
Install EXE, 4

NaN, 8

New Drug Combo Button, 5
New Drug Button, 5

New Experiment Button, 4
Recall Experiment Button, 4
Save Report Button, 5

Additive Effect, 1, 14, 28
Antagonism, 1, 14, 28

Bug Reports, 4, 47

Calculating Parameters, 5
CD-ROM, 4
Combination Design, 25
More than Two Drugs, 28
Non-constant, 26
Combination Index, 1, 11, 13, 18, 28
Conformity, 1, 24
Console Window, 9, 47
.cse KExtension, 5

Data Entry Dialogs, 5
Data Point, €

List, &
Dose Density and Range, 24
Dose Effect Plot, 9
Dose-Reduction Index, 15, 20, 32
Drug Editor Window, 6
Drug Selection Dialog, 6

54

Drugs
Combos, 5
Constant Ratio, 5
Non-constant Ratio, 5
Single, 5

Experiment, 4

Fa-CI Plot, 14, 29
Fa-DRI Plot, 15

Hardware Requirements, 3
Henderson-Hesselbalch, 11
Hill Equation, 11

Installation
Basic, 4
Troubleshooting, 4
[zobologram, 12, 14, 30

Java, 3
License Agreement, il

Main Window, 5
Mass-action Law, 1, 11
Median-Effect

Dose, 13, 18

Equation, 13

Plot, 9, 13, 17

Principle, 1, 11
Michaelis-Menten, 11
Mutually Exclusive Drugs, 15
Mutually Non-exclusive Drugs, 15

Normalized Isobol, 12, 15

Optlons



INDEX

Scales, 9

Parameter Calculation Dialog, 5
Polygonogram, 16, 34
Potency, 1, 23

Report, 5, 9
Generation, 5, 7
Options, 8
Printing, 8
Report Options Button, 8
Report Viewing, 7

Scales, 9
Scaling Window, 9
Scatchard Equation, 11
Sequential Deletion Analysis, 8, 15, 35
Shape, 1, 24
Significant Figures, 8
Start Menu
Loading CompuSyn From, 4
Start Window, 4
Sun
Java, 3
Synergism, 1, 14, 28

Therapeutic Index, 15, 21
Troublezhooting, 47

Warranty, il

35



CompuSyn 3.0.1 Release Notes

Ting-Chao Chou and Nick Martin

This document describes all the known issues with CompuSyn version 1.0.1 and

methods for working around them.

1 Dose Effect Plot Scaling for Small Doses

Due to an error in the automatic scaling routine for the Dose-effect plots, the plot will
only scale to integral doses on the x axis. Usually, this is the correct behavior, but in the
case where a drug’s maximum dosage is significantly below 1.0, the plot may not be
scaled appropriately. While all the information on the plot is still correct, it may display
poorly.

There are several workarounds for this issue. First, the Report Options dialog
available from the Main Window allows the user to manually specify a scale for the
Dose-Effect plot. Manually specifying a dose avoids the automatic scaling routine
altogether.

Users can also re-express the dosages of the experiment in different units. Since
CompuSyn only regards the absolute value of the dosage, disregarding the units, doses
that would otherwise cause poor scaling of the Dose-Effect plot can be expressed in

units which result in a maximum dosage above 1.0.

2 Single Point Experiments

CompuSyn requires at least two data points for all combinations in order to perform

various analyses, such as linear regression. Although some analyses are not performed



for non-constant ratio drug combinations, CompuSyn incorrectly still requires more
than one data point for non-constant combinations.

An experiment performed with only one data point is not enough to perform some
of the more complex analysis CompuSyn is capable of, such as CI curve simulation, but
some useful calculations can still be made. In such cases, the easiest workaround is to
simply enter the same data point twice in the Non-Constant Drug Combo entry dialogs.
It is important to enter the single point as a non-constant combination, since linear
regression will fail if it is entered as a constant ratio combination. Once the point has
been entered as a non-constant combination, CompuSyn will perform all the
calculations possible on the data and it will be displayed in the report like any other

non-constant combination.
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