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1. Introduction

1.1 What is CISNE?

CISNE is a new program developed at the University of Oviedo by a
multidisciplinary group formed by physicists, chemists, biologists and
medical doctors, who were unhappy with the available methods to compute
synergism phenomena. CISNE stands for Code for the Identification of
Synergism Numerically Efficient. Like other available programs, CISNE
implements the theory of Chou et al. of synergism [1-5], but it differs from
the rest in its new mathematical approach, which allows to obtain more
accurate results from the experimental data.

Different versions of CISNE for Windows and Mac OS X users are freely
available at:

https://cisnecode.github.io

At this webpage you can find:
e The CISNE installer for each different platform.
e The CISNE User’s Guide.
e A package with templates and example files for toxicity and
synergism studies.

Users are encouraged to cite CISNE in their publications with the
following reference:

CISNE: An accurate description of dose-effect and synergism in

combination therapies. A. Garcia-Fuente, F. Vazquez, J. M. Viéitez, F. .
Garcia Alonso, J. I. Martin, J. Ferrer. Sci. Rep. 8, 4964 (2018)

1.2 Installing CISNE on Windows

There are 2 versions of CISNE available at https://cisnecode.github.io
for Windows operating systems, one of them is designed for computers with
32 bits architectures and the other one is designed for computers with 64
bits architectures. Nowadays almost all modern computers have a 64 bits
architecture and therefore the 64 bits version is highly recommended. Install
the 32 bits version only if the 64 bits version does not work in your particular
system.



To start the installation of CISNE, open the CISNE installer file that can
be found at the CISNE webpage. A window like that of Fig. 1.1 should appear:

55 CISNE_installer ==

Preparing for installation. This may take a few minutes...

— Cancel

Fig. 1.1: installing CISNE on Windows.

After a few seconds, a second window like that of Fig. 1.2 should
appear. Click “Next >” to continue the installation.

/\_‘Q CISNE Installer E”E‘@

CISNE1.0
Universidad de Oviedo

Cancel

Fig. 1.2: installing CISNE on Windows.

The window of Fig. 1.3 allows to select the installation folder for CISNE.
You can also add a shortcut to the desktop to run CISNE. Select a folder or
leave the default option and click “Next >".



CISNE needs the MATLAB Runtime to work. If it is not installed, the
CISNE installer will automatically download it and install it on your
computer. The particular required version of the MATLAB Runtime might
depend on the particular version of CISNE being installed. A window like that
of Fig. 1.4 will appear to select the installation folder for the MATLAB

Runtime

You will be asked to accept the license agreement of MATLAB Runtime
to install it (see Fig. 1.5). Accept the license agreement and click

in order
“Next >".

,\5 Installation Options IEI@
Choose installation folder:
[7] Add a shortcut to the desktop
Nt

Fig. 1.3: installing CISNE on Windows. Installation folder.

. Do not change the default folder and click “Next >”.
= Required Software =8[BSR =X
MATLAB Runtime is required.
Choose installation folder: MA’I‘IJA 13
R2017

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Please see
mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered trademarks of their respective holders.

WARNING: This program is protected by copyright law and international treaties. Copyright
1984-2017, The MathWorks, Inc. Protected by U.S. and other patents. See MathWorks.com/patents

Nt ) MatiWorks

Fig. 1.4: installing CISNE on Windows. MATLAB Runtime installation.



,\5 License Agreement EI @

The MathWorks, Inc.

MATLAB RUNTIME LICENSE

m

IMPORTANT NOTICE
BY CLICKING THE "YES" BUTTON BELOW, YOU ACCEPT THE TERMS OF THIS LICENSE. IF YOU ARE NOT WILLING TO DO
SO, SELECT THE "NO" BUTTON AND THE INSTALLATION WILL BE ABORTED.

1. LICENSE GRANT. Subject to the restrictions below, The MathWorks, Inc. ("MathWorks") hereby grants to you, whether
you are an individual or an entity, a license to install and use the MATLAB Runtime ("Runtime"), solely and expressly for
the purpose of running software created with the MATLAB Compiler (the "Application Software"), and for no other
purpose. This license is personal, nonexclusive, and nontransferable.

2. LICENSE RESTRICTIONS. You shall not modify or adapt the Runtime for any reason. You shall not disassemble,

decompile, or reverse engineer the Runtime. You shall not alter or remove any proprietary or other legal notices on or in
copies of the Runtime. Unless used to run Application Software, you shall not rent, lease, or loan the Runtime, time share

the Runtime, provide service bureau use, or use the Runtime for supporting any other party's use of the Runtime. You i

Do you accept the terms of the license agreement? ©) ¥es () No

Nt ) MatiWorks

Fig. 1.5: installing CISNE on Windows. MATLAB Runtime license agreement.

Finally, a window of confirmation will appear, like that of Fig. 1.6.
Verify that the information shown is correct and click “Install >”. CISNE
installer will then download the MATLAB Runtime if needed and install
CISNE.

,\5 Confirmation EI@

CISNE will be installed in:
C:\Program Files\CISNE

CISNE requires MATLAB Runtime R2017a.

MATLAB Runtime R2017a will be installed in:
C:\Program Files\MATLAB\MATLAB Runtime\v92

Download Size: 586 MB

Cancel

Fig. 1.6: installing CISNE on Windows. Confirmation window.

1.3 Installing CISNE on Mac OS X

At https://cisnecode.github.io there is also a version of CISNE for Mac
OS X available. The installation of this version is almost identical to that of
the Windows version. Simply open the CISNE_macOS_installer file and follow
the same steps described in section 1.2. Once the installation is finished, a



window like that of Fig. 1.7 might appear. In that case follow the instructions
shown in that window to make the MATLAB Runtime available for CISNE.

[ JON ] Installation Complete

Installation completed successfully.

Product Configuration Notes:

In the following directions, replace MCR_ROOT by the directory where the MATLAB
Runtime is installed on the target machine.

If the environment variable DYLD_LIBRARY_PATH is undefined, set it to the
concatenation of the following strings:

MCR_ROOT/v901/runtime/maci64:
MCR_ROOT/v901/sys/os/maci64:
MCR_ROOT/v901/bin/maci64

If it is defined, set it to the concatenation of these strings:

${LD_LIBRARY_PATH}:
MCR_ROOT/v901/runtime/maci64:
MCR_ROOT/v901/sys/os/maci64:
MCR_ROOT/v901/bin/maci64

Fig. 1.6: installing CISNE on Mac OS X. Configuration notes.



2. Theoretical Background

2.1 The dose-effect relationship

CISNE describes the relationship between the dose of a drug applied to
a system and its effect in terms of the median-effect equation introduced by
Chou et al [1-3]:

;—Z = (g)m [Eq. 2.1]

where:

e fsand f, are the fraction of the system affected and unaffected by
the drug, respectively. Therefore, fis+fu=1 for any drug
concentration.

e xisthe dose of the drug that induces the effect in the system.

e D is the drug concentration at which f,=f,=0.5, measured in the
same units of the dose x.

e mis a parameter that indicates the particular shape of the dose-
effect curve, where m=1 indicates an hyperbolic curve, m>1
indicates an sigmoidal curve and m<1 indicates a flat sigmoidal
curve.

Alternatively, equation 2.1 can be written as:

fu = ) [Eq. 2.2]

"T— D=10,m=0.8

— D=10, m=1
D=10, m=2
D=2, m=1

Fig. 2.1: several examples of dose (x) - effect (f.) relationships.



Therefore, we only need 2 parameters m and D to completely describe
the relationship between the variables x and f.. Several examples of dose-
effect relationships are given in Fig. 2.1.

In an experiment designed to determine the dose-effect relationship
the objective is to measure the effect (fs or fu) of the drug for several values
of the dose of the drug x, and from that experimental data obtain the m and
D parameters that define the particular shape of the dose-effect relationship.

2.2 Synergism and the Combination Index

The concept of synergism might seem very intuitive at first, but it can
lead to some misunderstandings. A combination of drugs is synergistic if
their combined effect is larger than the additive effect of each drug
separately. We might be tempted to think then that if a concentration x(A) of
drug A leads to a fraction affected f.(A), and another concentration x(B) of
drug B leads to a fraction affected f.(B), their combination is synergistic when
it leads to a fraction affected fi(A+B)> fu(A)+ fa(B). However, this would only
be true if the dose-effect relationship was perfectly linear, which is not true
(see Fig. 2.1). Instead, we need a definition of synergism that takes into
account the non-linear shape of the dose-effect relationship.

To solve this problem, Chou et al. defined the Combination Index (CI)
for a combination of 2 drugs as:

(o C
—_ xA(fa) xB(fa)
Cla) = 0 T 380 [Eq.2.3]

where x2(f,) and x5 (f,) are the doses of drug A that produce an effect f;
individually and in combination with drug B, respectively. This equation can
be generalized to the combination of N drugs as:

C
i Ua)

A combination of drugs is then additive when its CI=1, it is synergistic
when CI<1 and it is antagonistic when CI>1. Lower (larger) values of CI
indicate a stronger synergistic (antagonistic) effect of the combination.
Notice that CI depends on fq, therefore it is possible that combination of drugs
are found to be synergistic at some concentrations (leading to particular
values of f;), and antagonistic to others.



Eqg. 2.3 can be rewritten in terms of the m and D parameters of the dose-
effect relationship of each individual drug (m4, ms, D4 and Dg) as well as of
their combination at a given ratio Ra:Rp (ma+s, Da+B) as:

Cl(fa) — Daip (f_a)#-l-B (R_A (f_“)mLA + RB (f_u)mi3> [Eq. 2.5]

Rp+Rp fu Dy fa Dp fa

2.3 How to design a drug-combination study

In order to apply Eq. 2.3 or Eq. 2.4 to determine the CI of a drug
combination we need to know the dose of each drug separately and of their
combination that leads to an effect f.. However, in an experiment we can only
control the applied dose x. Therefore, the dose-effect relationship of each
individual drug, as well as of their combination at a fixed ratio, must be
determined first. Then, from the obtained parameters Eq. 2.5 can be applied.
Some important points must be considered:

e Inorderto obtain a good dose-effect curve, several doses x above
and below x=D should be included in the study.

e The drugs must be combined at a fixed ratio, and the synergism
results might be dependent of this ratio. A good first attempt can
be to fix the ratio Ra:Rp close to the relation between the
parameters Da:Ds.

e Whenever possible, the determination of the effect of the
different drug doses x of each individual drug and their
combination at a fixed ratio must be performed under the same
conditions and at the same time.

Once the dose-effect data has been obtained experimentally for each
individual drug and their combination, CISNE allows to obtain directly the
dose-effect relationship of each individual drug and of the drug combination.
From that, CISNE calculates the CI as a function of f; and its confidence
interval.
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3. Using CISNE

31T

he imput graphical interface

The fi
input graph

rst thing that appears on screen when you open CISNE is the
ical interface (see Fig. 3.1). This is the interface that allows to

introduce all the input data related to your particular dose-effect or
combination experiment. The interface is divided into two blocks. In block A

the general

information of the experiment is introduced, meanwhile the

block B collects information of each drug of the study separately.

A1l
1A4
A2 File /
/
\ (Title Example study ]
BLOCK A \(Number of drugs 2 ' (Drug units uM ) RUN A6
A3 --(Input data type Fraction unaffected ) (Non linear fitting ) J
~AS
B1 L‘ drug Combination A+B - )
( (1 Drug dose Effect data
B2-—4{Label drug Combination A+B 0.3120 0.87:*
0.3120 0.91(‘;
B3 ( Drug dose Effect data | 0.3120 0.81(
0.3120 091! -+B5
BLOCK B 0.3120 0.92:
03120 057
0.6250 0.89¢
l Remove last H Remove all ) 0.6250 093¢
(Ratio p 0.6250 0.80¢
0.6250 0.90¢
drug A drug B
B4 1 > 0.6250 0.841
B N /RI2EN n A~
¢ I« 1 P i
Fig. 3.1: the input graphical interface of CISNE
Within block A we find:

A1: Space to introduce a name to label the study.
A2: Input for the number of drugs analyzed in the study. For a
simple dose-effect study it would be just 1, meanwhile it can take
values between 2 and 4 for combination studies.
A3: Indicates the type of input that is introduced for the effect
data. It can be:
» Total unaffected: Any value proportional to the number of
members of the study unaffected by the drug can be used
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as input for the effect data. It requires to introduce input
data for zero dose in B3. The average of the values of the
effect data introduced for zero dose is used to normalize
the rest of the data and calculate the fraction unaffected.

* Fraction unaffected: The effect is introduced as the
fraction of members of the study unaffected by the drug at
a given dose. Corresponds to f, as defined in section 2.1. If
non linear fitting is not selected in A5 effect data outside of
the range (0,1) are ignored.

* Fraction affected: The effect is introduced as the fraction
of members of the study affected by the drug at a given
dose. Corresponds to f,; as defined in section 2.1. If non
linear fitting is not selected in A5 effect data outside of the
range (0,1) are ignored.

A4: Space to introduce the units in which the drug doses are
measured. This units label is only used for output purposes, and
it has no effect in the calculation.

A5: Indicates whether the new non linear fitting procedure
introduced by CISNE should be used or not. It is highly
recommended to use the new method. If unselected, a standard
least squares linear fitting method is used.

A6: The run button to perform the calculation. If everything is
correct, the output graphical interface will appear after clicking
it. If not, an error will appear indicating the problem that is found
in the input.

Within block B we find:

B1: Pop-up menu to select each of the drugs in the study. If it is a
combination study (that is, if the number of drugs in A2 is larger
than 1), the last option of the menu corresponds to the drug
combination.

B2: Space to introduce the name of each drug of the study, or of
the drug combination.

B3: Controls to introduce de input data. The dose must be a
positive value (or also zero if Total unaffected is selected in A3).
If the drug combination is selected in B1, the drug dose that has
to be introduced here is a reference dose. The total dose of each
drug used in the experiment should be the result of multiplying
this reference dose by each value of the ratio introduced in B4.
There are no restrictions to the values of the effect data. Several
effect data can be included for the same dose, and all of them will
be used in the fitting procedure. In this case, average values and
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standard deviations of the effect for each dose are also
calculated.

e B4: Input of the constant ratio in which the drug combination
experiment has been performed. This input section only appears
when the drug combination is selected in B1l. The values
introduced for the ratio of each drug multiply the reference
doses introduced in B3 to give the total doses of each drug in the
combination.

e B5: Table containing all the introduced data from B3.

Once you have finished to introduce the input data of the study, the
input data can be saved in a .txt file by going to the File->Save project menu.
You can open a previously generated input data file by going to the File-
>0pen project menu. Data from a new experiment can be introduced by
going to the File->New project menu.

3.2 Input data from a text file

The format in which CISNE saves an input data file is human-readable,
which means that they can be easily edited or generated by a standard plain
text editor, such as Notepad. Some example and template files can be found
at http://cisnecode.github.io that can be used to generate CISNE input files
more easily. An example of an input data file in .txt format is shown in Fig.
3.2. The input is formed by flags, identified by a # symbol followed by their
name. The name of the flags is case-insensitive, therefore #NAME is
equivalent to #name and to #NaMe. There are two type of flags, one line flags
and block flags. For one line flags, the input of the flag is just what follows the
flag in the line. For block flags, their input is composed by all the lines
between the name of the flag and the flag #end.

The one line flags, and their possible input, are the following:

e #Title: the input is any string of text. It corresponds to the input
Alin Fig. 3.1.

e #Ndrugs: the input is a number between 1 and 4. It corresponds
to the input A2 in Fig. 3.1.

e #DataType: the input can be ‘tu’ for total unaffected, ‘fu’ for
fraction unaffected, or ‘fa’ for fraction affected. It corresponds to
the input A3 in Fig. 3.1.

e #Units: the input is any string of text. [t corresponds to the input
A4 in Fig. 3.1.
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#title Example study

#Ndrugs 2

#Units uM
#NonlinearFit YES
#DataType fu

#labell drug A
#label2 drug B
#labelC drug Combination A+B

#Ratio 1 2

#datal
0.312 1.016 0.979 0.865 1.051 0.949 1.029
0.625 0.964 0.990 0.927 0.906 0.960 0.953
1.250 0.964 0.832 0.821 1.016 0.831 0.904
2.500 0.828 0.758 0.872 0.885 0.821 0.745
5.000 0.697 0.738 0.724 0.745 0.736 0.748
10.000 0.474 0.468 0.610 0.479 0.473 0.542
20.000 0.326 0.401 0.353 0.339 0.361 0.391
40.000 0.232 0.148 0.128 0.194 0.158 0.260
80.000 0.145 0.097 0.141 0.207 0.184 0.099
#end
#data?2
0.312 0.973 1.035 0.959 0.892 0.942 1.103
0.625 0.911 1.033 0.959 0.902 0.979 0.878
1.250 0.949 1.024 1.033 1.024 1.060 0.987
2.500 0.942 0.975 0.907 0.988 0.872 0.972
5.000 0.853 0.838 0.909 0.918 0.861 0.887
10.000 0.719 0.749 0.686 0.737 0.698 0.803
20.000 0.510 0.537 0.521 0.447 0.513 0.520
40.000 0.330 0.286 0.374 0.190 0.203 0.162
80.000 0.093 0.079 0.144 0.085 0.193 0.137
#end
#dataC
0.312 0.872 0.910 0.810 0.913 0.924 0.870
0.625 0.898 0.935 0.808 0.908 0.847 0.842
1.250 0.666 0.728 0.707 0.612 0.614 0.672
2.500 0.457 0.523 0.467 0.361 0.523 0.478
5.000 0.336 0.278 0.201 0.200 0.217 0.221
10.000 0.078 0.188 0.052 0.243 0.175 0.068
20.000 0.096 0.083 0.052 0.166 0.172 0.052
40.000 0.040 0.042 0.089 0.036 0.094 0.085
80.000 0.058 0.041 0.050 0.062 0.116 0.044
#end

Fig. 3.2: example input data file in plain text, corresponding to the
example_2drugs.txt file included in the examples folder of CISNE
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e #NonLinearFit: the input can be ‘YES’ or ‘NO’, depending on if the
new non linear fitting method introduced by CISNE should be
used or not. It corresponds to the input A5 in Fig. 3.1.

e #LabelN: the input is any string of text. It corresponds to the
input B2 in Fig. 3.1, with N=1,2,3 or 4 for each of the individual
drugs or N=C for the drug combination.

e #Ratio: the input is as many values as different drugs the study
has. Their values corresponds to the ratio of each of the drugs in
the combination. It corresponds to the input B4 in Fig. 3.1. If the
number of drugs is equal to 1 this flag is not needed.

The block flags, and their possible input, are the following:

e #dataN: the input is the data of dose and effect, as introduced in
the input B3 in Fig. 3.1, with N=1,2,3 or 4 for each of the
individual drugs or N=C for the drug combination. The first value
of each row of data corresponds to the drug dose, and the rest
correspond to effect data for that given drug dose. There is no
restriction to the order of the rows within the block or the
number of effect data values for each drug. The same drug
concentration can also appear in several rows.

The input data file also allows to include comments with the % symbol.
Anything that follows this symbol in a line is ignored by CISNE. This allows,
for example, to test results omitting data at wish. Notice however, that as
CISNE ignores these comments, this information will be lost if the input
file is overwritten by CISNE via File->Save project.

3.3 The output graphical interface

After clicking on the run button of the input graphical interface (A6 in
Fig. 3.1), CISNE will perform the calculations and then show the output
graphical interface (see Fig. 3.3). From this interface all the data and graphics
generated by CISNE can be found. The interface is divided into two blocks. In
block A we can select a particular drug, combination or comparative, and the
mathematical results of the fitting are given, meanwhile block B allows to
check different graphs for the selection in block A.

Within block A we find:
e Al: The back button, to go back to the input graphical interface.
e A2:Pop-up menu which allows to select each individual drug, the
drug combination or a comparative mode. This affects to the
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information given in A3, as well as to the graphs shown in block
B.

e A3: Numerical values of the fitting parameters D and m of the
median effect equation, as described in section 2.1. Confidence
intervals of 95 % are given for each parameter. If the non linear
fitting option is not selected in A5 of the input graphical
interface, the r parameter of the linear fitting procedure is also
given.

e A4: The report button, that allows to generate a report in .html
format with all the graphs in .png format. The report contains all
the information that can be found in the input and output
graphical interfaces, as well as some numerical values of the
information shown in B2 of the ouput graphical interface.

A2
File
A1l ( Example study )
drug A =
BLOCK A BACK falfu=(x/D)*m D= 11.2242+0.9763 uM REPORT A4
[m:10343t00879 ]
) A3
fu vs dose } B1
( Example study - drug A dose-effect curve A
1
0.8 5\
°
BLOCK B B2
04 h ~3 i
02 \\5“§~~‘H_N&_¥_ E
7 .
0 10 20 30 40 50 60 70 80
L drug A concentration (uM) )
Fig. 3.3: the output graphical interface of CISNE
Within block B we find:

e B1:Pop-up menu to select the graph to show in B2. The available
options depend on the selection in A2. More details are given
below.

e B2: Graph selected in B1. More details are given below.
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We describe now the different graphs that the output graphical
interface can generate. If the selection in A2 is an individual drug, the
available options in B1 are:

fu vs dose: represents the fraction unaffected (f.) against the
drug dose. Dots indicate the dose and f, obtained from the input
data. If more than one effect value is given for the same dose
value, the dots represent the average of the effects and a vertical
bar indicates its standard deviation.

fu vs dose (semilog x): represents the same information as ‘fu vs
dose’, but the dose is shown in logarithmic scale.

fa/fu vs dose (log): this plot is only represented when the non
linear fitting option A5 in the input graphical interface is not
selected. It shows fu/f, against the dose, both in logarithmic scale.
The dots indicate the values obtained from the input data that
come into the fitting. A straight line indicates the result of the
linear fitting of the data.

If the drug combination is selected in A2, new graphs can be shown
beside the ones for the individual drug. Notice that the dose shown for the ‘fu
vs dose’, ‘fu vs dose (semilog x)" and ‘fa/fu vs dose (log)’ is the total dose (the
sum of the dose of each drug in the combination). The new available graphs

are:

combination index: the combination index CI is given as a
function of the fraction affected fo. with a continuous line. Dashed
lines indicate the upper and lower limits of a 95 % confidence
interval of the combination index. The space within the
confidence interval is shaded with dots.

combination index (log): represents the same information of
‘combination index’, but the combination index CI is substituted
by its logarithm.

IC50 isobologram: this graph is available only if the number of
drugs in the combination is 2. The isobologram represents the
concentration of the first and second drugs on the x and y axis,
respectively. A straight red line joins the drug concentration that
generates f,=f,=0.5 for each of the drugs (what is usually called
IC50) between the axes. Dashed red lines join the upper and
lower limits of a 95 % confidence interval of the IC50 of each
drug between the axes. The space within the confidence interval
lines is shaded with red dots. Now, the dose of each compound
that corresponds to the IC50 in the combination is plotted as a
blue point, with the confidence interval of both drug
concentrations represented with a dashed blue line with
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elliptical shape. The red line represents an additive effect of the
drug combination. If the combination blue dot is within the space
limited by the red line and the axes, this indicates that the drug
concentrations needed to generate the same effect is lower than
in the additive case, and therefore the combination is synergistic.
If the dot is outside of the triangle, the opposite happens and the
combination is antagonistic. If the confidence intervals overlap,
no synergistic or antagonistic effect can be guaranteed and the
combination might be just additive.

normalized IC50 isobologram: represents the same information
of ‘IC50 isobologram’, but with the individual drug
concentrations corresponding to the IC50 normalized to 1. This
allows to compare easily isobolograms between different drug
combinations.

[f the comparative is selected in B1, the same ‘fu vs dose’ and ‘fu vs dose
(semilog x)’ as before are available, where now the graphs include the
information of each drug and the drug combination together. For each
individual drug the following options are also available:

label drug change: where label indicates the name of the selected
drug. It shows the dose-effect relationship of the selected drug
individually or in the combination. Notice that a dose-effect
curve indicating more effect of the drug in combination that
individually does not necessarily indicate a synergistic effect, but
only a reduction of the dose of this drug in the drug combination
needed to obtain the same effect as the individual drug.

label drug change (semilog x): represents the same information
as ‘label drug change’, but the dose is shown in logarithmic scale.
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