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Prediction of multidimensional drug dose responses
based on measurements of drug pairs
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1. Bliss independent model (Bliss)

gl2=gl*g2
ignore the synergism and antagonis

2. machanism-independent model (Lserliss)

for antibiotics by Wood et al.

Lserliss-like formula example for triplet
0123 = Q1203 + Q13gz + Q2301 — 201028s.

3. machine learning algorithms (Regression)

use regression and require interation cycle

can avoid local maxima

0 = [PLn] /[P‘l‘ulzll]

K,/[L]

WIKI:Dose—response relationship
TR
dose—response curve

ni=Hill coefficient
D, = a halfway point D,

equal to the drug concentration of 50% effect

Wiki: Hill equation
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Methods

Regression Model. Machine learning approaches often use regression models.
A commonly used regression formula employs the varlables xi=0o0r1
that denote the The effect

of the mixture g is described in the model as log(g) = bx; + Y ¢;xx;. .

The parameters b; and ¢; are fit from single and pair data. For tri;;let;, a quadl'atlc number Of measurements,
the =equnvalent formula is g_,_z_;izgy_g_;_:.g_njg_;g_zg; For quadruplets, N:-D-+ CN(N — 1)/2’ Where C 1S ~10
Estimation of Model Parameters. We determine the values and confidence in- .

tervals of the model parameters (n,, Dy;, and a,,) usmg the MATLAB function “fit.” This means that forN = 6 dl'llgS and D
We use the sinx ONSE €5 —

certainty of n;and Dy; for eadn drug. The interaction parametersa are determlned 8 dOSGS, we need Only 198

by the two-drug response matrix. In the process of fitting a;; we allow n; and Dy, to measurements instead of DN = 3 - 105.
change within their uncertainty estimated from the single-drug measurements.

Computation of Effective Doses in the Model. In the general case a; # 0, we — —

determine the effective dose by numerically solving Eg. 2 using the MATLAB For N 10 dI'llgS and D 8 dOSGS, we
function “fmincon.” When there exists a hierarchy between the drugs in the need only 530 measurements instead
combination and {a; = 0|a; = 0}, there is an analytic solution to Eq. 2 that

one can use instead of a numerical solution Of ~ 1 09
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Fig. 1. Response matrix of three chemotherapy drugs at eight doses shows nonmonotonic behavior that is well model but no! r

models. (A) Survival of A549 lung cancer cells when treated wrth the three palrs of drugs (taxol-doxorubicin, cnsplatm—doxorublcm cisplatin-taxol) at eight

doses each: (Left) the measured response, (Middle) the and (Right) the predicted response by Bliss inde-
pendence. (B) Slices of the three-drug dose-response matrix. The flrst column is the measured response, followed by the predlctlon of the three drugs' in-

teractions using different models. Note that

R? =1 — > (Model — Experiment)/var(Experiment) can yield negative values
when the mean model prediction is different from the mean experimental
measurement, indicating a very poor fit
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Cip, ciprofloxacin; A g7 &

Cm, chloramphenicol; &5 &

Dox, doxycycline; th iR £ Fi 25 &

Ery, erythromycin; ZL5 &

Linc, lincomycin; #k ] 25 25

Ofl, ofloxacin; &7V &

Sal, salicylate; 7 K R 5
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(A) Antagonistic

(B) hyperantagonistic,

(C) synergistic.

(D) Interactions of anticancer
drug pairs

ALL well described by the
model.
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interaction N
A Bt el
A AR _ _ .
skl btained because we find that that these relations are
transitive: If drug 1 affects drug 2 (1—2) and drug 2

affects drug 3 (2—3), then drug 1 will affect drug 3
(1—3) but not vice versa.

Cip
The direction of the interaction is transitive, but the absolute
strength of the interaction is not always transitive. To quantify
the strength of the hierarchy we use the goodness of fit

(RMSE) (b5 1% ) difference in the case of a12 = 0 and a21
=0

The strength of the interaction is indicated by the color of the
arrow (red, strong antagonistic; blue, strong synergistic).
We plotted only interaction with nonnegligible hierarchy

(ARMSE > 0.005%). (& X AH B AF FH ik 5:E)




Assuming that side effects increase with drug doses,
we can seek to minimize
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