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A
bout

B
iochem

ically
Intuitive

G
eneralized

Loewe,
or

B
IG

L,
package

for
R

proposes
a
workflow

to
study

synergy
in

drug
com

binations
with

m
eth-

odsthatrely
on

response
surface

construction.

W
hat

is
drug

synergy?

W
hen

com
bining

m
ultiple

drugs,
drug

synergy
occurswhen

drugscan
interactin

waysthatenhance
orm

agnify
theeffectsofthosedrugs.Itisespecially

relevantin
pharm

acology
since

•
certain

drugscan
be

effective
in

treatm
entbut

cause
adverse

effectsin
higherdoses.Finding

its
synergistic

pairallowslowering
the

dose.
•
hum

an
body

m
ay

learn
to

obstructthe
action

ofa
single

drug
butitwillbe

m
ore

diffi
cultto

do
so

in
case

ofm
ultiple

oneswith
differentm

echanism
sof

action

P
rocedure

W
e
would

like
to

assess
the

synergistic
effects

of
a
com

bination
consisting

oftwo
com

pounds.
This

m
eans

our
data

has
3
colum

ns:
“d1”,“d2”

(doses
ofCom

pounds
1
and

2)
and

“effect”
(num

erical
m
easure

ofresponse).
1U

nderstand
the

action
ofeach

com
pound

when
it

actsalone.
•
Estim

ate
dose-response

curvesforeach
ofthe

com
pounds.

2G
iven

inform
ation

in
point1),predictthe

com
bined

action
ofcom

poundsusing
a
nullm

odel
ofyourchoice.U

nderthe
nullm

odel,there
isno

drug
interaction.

•
B

IG
L

takesa
response

surface
m
odelapproach,i.e.it

constructsa
3-D

surface
asa

nullm
odeloverthe

dom
ain

ofavailable
dose

com
binations.

3Com
pare

response
surface

predictionswith
observed

“effect”
and

testforstatistically
significantdifferences.
•

B
IG

L
form

alizesthisstep
by

introducing
statistical

testing
m
ethodology,notably

meanR
and

maxR
tests.

1.
M

arginal
m

odels

First,itisim
portanttoinvestigatethedose-response

relationship
ofthe

individualcom
pounds

as
it

will
constitute

the
basis

ofthe
nullm

odel.
Experim

ent
data

should
thus

include
data

points
where

one
or

both
com

poundsare
dosed

atzero.
Ifwe

observe
activity

y
ofa

single
com

pound,we
expect

it
to

follow
a
standard

dose-response
rela-

tionship,e.g.

y (d
i )=

Baseline+
M
ax.Response−

Baseline
1+

(d
i /EC50 )

h

Baseline
is

calculated
at

points
where

both
com

-
pounds

are
dosed

at
zero

and
is

the
sam

e
for

each
com

pound.
H
owever,each

com
pound

has
its

own
H
illslope

h
and

m
id-point

EC50
param

eter.
D
e-

pending
on

the
nullm

odelforthe
response

surface,
m
axim

alresponsecan
beeithershared

orvary
freely.

Figure1:Dose-responsecurvesforCom
pound

1(left)and
Com

-
pound

2
(right).Both

curvesare
estim

ated
sim

ultaneously
and

share
the

sam
e
baseline.

2.
N

ull
m

odel

M
ultiple

biological
m
odels

exist
to

m
ake

use
of

dose-response
curve

param
eter

estim
ates

in
order

to
construct

a
null

m
odel

under
which

there
is

no
interaction

between
com

pounds .

B
IG

L
package

uses
estim

ates
of

dose-response
m
odelsto

constructthepredicted
3-D

responsesur-
face

under3
nullm

odels:
1H

ighestSingle
A
gent

2Loewe
Additivity

3G
eneralized

Loewe
Additivity

•
ItextendsLoewe

Additivity
by

allowing
fordiffering

m
axim

alresponse
acrosscom

pounds

3.
R

esponse
surface

A
fter

construction
ofthe

nullm
odel,the

predicted
response

surface
is

com
pared

with
observed

data
points

by
m
eans

of
a

global
(meanR)

and
local

(maxR)statisticaltests.

Figure
2:

Nullm
odelresponse

surface
in

grey.
Blue

coloring
indicates

observed
effects

(black
points)

higher
than

expected
(synergy)

whereas
red

coloring
indicates

observed
effects

lower
than

expected
(antagonism

)according
to

the
maxR

testscores.
3-D

plotisinteractive,can
be

zoom
ed

in/outand
rotated.

A
lso

available
in

B
IG

L

•
D
ealing

with
data

thathas(orhasn’t)replicates
•
Transform

ing
“effect”

to
stabilize

variance
•

B
IG

L
proposespre-defined

biologically-sensible
transform

ationsbutalso
allowsforautom

ated
transform

ation
selection.

•
Constraintson

dose-response
curve

param
eters

•
Parallelcom

putation
forthe

bootstrapping
procedure

Figure
3:

Projection
ofthe

3-D
plotonto

2-dim
ensionalspace.

Here
coloring

isbased
on

p-valuesofthe
maxR

teststatistic.

R
eferences

B
IG

L:
Biochem

ically
Intuitive

G
eneralized

Loewe
nullm

odelfor
prediction

of
the

expected
com

bined
effect

com
patible

with
partialagonism

and
antagonism

(in
preparation)

by
K
.Van

der
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O
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.N
azarov,H
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H
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Ceulem
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ontact
Inform

ation

•
dem
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•
e-m

ail:rytis.bagdziunas@
openanalytics.eu
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