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Abstract. Relevance. According to experimental data, administration of the drug cisplatin into the tumor during radiation
therapy can increase its effectiveness. To date, there is no model that can predict the effectiveness of such therapy. The development
of such a model is an important task for planning therapy. The goal of this work is to find analytical relationships for the survival
of cells exposed to the combined effect of radiation and cisplatin in vitro. Materials and methods. Based on digitized experimental
data on cell survival from a number of publicly published works, the corresponding linear-quadratic (LQ) approximation coefficients
for survival were found for irradiation without the drug ¢, f,, and for combined exposure to radiation and cisplatin o, fyc.
Next, a regression analysis of the resulting set of coefficients and cell survival when exposed to cisplatin alone S . was performed.
Results and Discussion. ¢y was found to be statistically dependent on «,, £, and Se- This dependence could be described
by several models, the best of which in terms of a number of indicators was a,. =, +af;InS., where a =—-4.27+0.57 is
a parameter that is the same for all cell types and experimental conditions. It was found that f3,. is statistically dependent on /.
No signs of dependence of S, on ¢, and S, were found. The best model for 3,. was ;. = ;. These models are simple, but
they allow predicting the value of cell survival under the combined effect of radiation and cisplatin S,. from the values a,, g,
and S, only approximately. The obtained models are collated with kinetic equations and a mechanistic interpretation is given,
which is based on the hypothesis of a decrease in the rate of recovery of cells from potentially lethal lesions 7, with an increase
in the radiation dose and cisplatin concentration. Conclusion. The type of statistical dependence of LQ coefficients «,. and
Brc ON &, P and S, has been found. In the case of high toxicity of cisplatin (low values of S ), the combination of the
above-mentioned models for o, and S, allows to make a useful for practical application prediction of cell survival S, .
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The results of this work will help for the future construction of more complex models of the combined effects of radiation and
cisplatin, and may also have practical application in the case mentioned above.
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Introduction
For several decades, cisplatin has been used to

treat various cancers [1, 2]. The presence of side effects
during treatment [3] leads to the need of developing
complex therapy that would increase the effectiveness of
the drug and reduce the dose required for treatment. One
of the options for such therapy may be the use of the
drug in combination with radiation. A large number of in
vitro experiments have shown the potential effectiveness
of this method, revealing that cisplatin can serve as
a radiosensitizer (see, for example, [4—6]).

To plan therapy with the combined effects of
radiation and cisplatin, a model is needed that can
predict the fraction of surviving cells after exposure
to a given dose of drug and radiation [7]. To date, such
a model does not exist. In our opinion, the first step
towards its construction is to obtain simple empirical
relationships for cell survival in vitro. In the future,
based on them, it will be possible to build more
complex models that take into account in more detail
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the conditions of the experiment. Further, if necessary,
on the basis of such models it will be possible to build
mechanistic models of cell survival that contain the
most relevant scientific knowledge about the internal
processes occurring in cells during therapy.

The purpose of this work is to find analytical
relationships for the survival of cells exposed to the
combined effects of radiation and cisplatin in vitro.

Materials and methods

The main idea of the work
It is known that, over a wide range of doses,
experimental data on cell survival during irradiation
in vitro are almost always well described by a linear-
quadratic (LQ) function of the form:

(D

SR = e_aRD_ﬂRDZ ’
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where S, — cell survival, D — deposited dose, &, and
B — coefficients selected using regression analysis
methods [8, 9]. &, and S, depend on cell type, type
of radiation and a number of additional experimental
conditions. A more general form of expression (1) is
applicable to describe cell survival in the presence of
cisplatin:

Ske _

Sc
where S, — cell survival under combined exposure
to cisplatin and radiation; SC — cell survival in the
presence of cisplatin but without irradiation; o,
and f,. — coefficients similar in meaning to &,
and S, . Experimental conditions for S, and S,
must be equivalent, including the use of the same
concentration of cisplatin and time of incubation with
cells.

Thus, &, and S, characterize the response of cells
to radiation, and S — to the presence of cisplatin. It
is logical to assume that, knowing the response of cells
to radiation and cisplatin separately, it is possible to
predict it for the case of their combined action, that is,
knowing a, B, and S, to predict . and f,..
Mathematically, this hypothesis can be written in the
form of relations:

—ageD~PreD? |

2

e

B :fﬂRC(aR,,BR,SC,ZiﬁRC)+gﬂRC,(4)

where f, ~and f, —unknown functions of variables
Qr, Py and S.; d,,  and a, — vectors with
parameters that are the same for all cell types, types
of photon sources, cisplatin concentrations, times of
incubation of cells with cisplatin and other factors; &, c
and €p,. — Gaussian errors. To date, experimental
data on the combined effect of radiation and cisplatin
are quite small, which is why it is possible to consider
only the simplest types of functions Sane and f e ?
containing no more than two parameters each. In view
of this, we will consider functions of a simpler form:

Opc =Ag +faRC (ﬂR’SC’aaRC )+8aRC ’ (5)
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where we have redefined functions f, —and f f, and
errors €q,. and gﬂRC from expressions (3) and (4) so
as not to introduce too much notation; expressions (3)
and (4) will not be used further.

Finding functions /.. and f;_ and their
inaccuracies is a regression analysis problem in which
expressions (5) and (6) are regression models.

The parameters of models (5) and (6) can be
interpreted mechanistically by proposing a new
kinetic model of the dynamics of lethal and potentially
lethal events occurring in cells during irradiation and
administration of cisplatin.

Selection of experimental data

Experimental data were extracted from published
articles mainly by digitizing the graphs presented in
them. We only used articles that met a number of
requirements:

— the article must explicitly indicate: photon
source (for example,°Co or 200 kV), cell type,
incubation times of cells with cisplatin during
measurement of S and S, (these times must match);

— the dose rate should not significantly exceed the
range of usual values used in this kind of experiments
(approximately from 0.5 to 5 Gy / min);

— cells should not be exposed to obviously
extreme conditions such as hypoxia or hyperthermia;

— the experiment must not involve manipulation
of the cell cycle.

A sufficient amount of data was extracted from
articles [10—15] to find the parameters of regression
models of simple form (5) and (6), containing no more
than two parameters, with satisfactory accuracy, namely
25 sets of values ¢, I[?R, S*C » G ,BRC, where the
cap above the value means that it represents an estimate
based on the experimental data of the article (that is,
based on a sample), rather than its true value (within the
framework of the frequentist approach to mathematical
statistics). Thus, we did not consider all the existing
experimental data, but only part of it, due to the fact
that a larger amount of data would not significantly
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improve the quality of the regression analysis results
for their practical application.

In the experimental data retrieved from articles,
the dose rates ranged from approximately 0.6 to
1.5 Gy/ min. The incubation times of cells with
cisplatin varied from 1 to 24 hours. Cells were
irradiated either before incubation with the drug
or after it (differently in different experiments). 11
types of cells were irradiated with 5 types of photon
sources.

Data on the SCC-25 cell line from the article [14]
were excluded from consideration as outliers: at a dose
of 1 Gy in the presence of cisplatin, an increase in cell
survival was observed in them, which did not occur in
other experiments.

Regression analysis of experimental data

Unfortunately, we were unable to extract standard
errors for all measurements from the articles, so they
were not used in our calculations.

If the article did not explicitly indicate the values
of S‘C , then they were found by interpolating the
presented data. First, we tried interpolation with the
Hill function [16]:

1
— ()
1+ <

ICy,

Sc=

where ¢ — drug concentration, /C;, and n —
parameters. However, in a number of cases it turned out
to be unsatisfactory, which is why linear interpolation
between the nearest values was used to obtain values
of S...

LQ parameter values dp, f3,, Qp and ﬁRC
were found using the least squares method (LS) for
the functions:

InS R A
fr=- DR=aR+ﬂRD, 8)
In Sfc
S . ~
Jre=- D =Qpe+ PreD, ©)]
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where S  and S »c — estimations of functions (1) and
(2) based on experimental samples. It should be noted
that the obtained parameter values cannot be considered
the result of solving a standard linear regression problem

, InS
Jr=— DR:aR+ﬂRD+gR’ (10)

In Sre
fI;C:_TC:aRC—i_ﬂRCD—i_gRC’ (11)

where &, and €~ — Gaussian errors. The point is
that the sizes of the samples relevant to S, and S,,. are
too small (in some cases they have only one degree of
freedom) to provide meaningful arguments about the
validity of the models (10) and (11). In other words,
it cannot be stated that the quantities &g and &g~
are random variables having a normal distribution. In
view of this, in order to avoid gross errors in further
calculations, we assumed that the values of dR s ,3R s
Oy and ,@RC obtained by this method represent single
measurements of the corresponding quantities.

Since it is known that the LQ approximation (1)
is not applicable for low doses [17], when selecting
parameters, points with a dose value of less than 0.9 Gy
were excluded from consideration.

_ The resulting set of values of Ay, [g’R , Oy and
Brc Was used to solve regression problems (5) and (6),
that is, finding model parameters, their inaccuracies and
accompanying statistical criteria.

In total, more than 100 types of functions faR .
and /, B Were considered, containing no more than
two parameters, from the simplest type to the more
complex. Consideration of such a large number of
functions was necessary because we were not based on
any already published model, so the type of functions
was not known in advance and had to be found by
enumerating options.

The amount of experimental data was too small
to prove the validity of models (5) and (6), but it was
possible to provide significant arguments in favor of
this based on statistical criteria. To do this, we used
the Shapiro-Wilk test, which is considered one of the
most powerful tests for testing data for normality [18]
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and the one-sample t-test for the mean [19]. Based on
these criteria, we drew conclusions about the possibility
of considering that the quantities &, . and &
have a normal distribution with zero mathematical
expectation. It should be noted that for samples of
finite size, the use of these criteria is an approximation
and assumes that the functions f, = u f Bec with true
parameter values are not far from their sample estimates.
Despite this rough approximation, this method allows
one to track models with highly non-Gaussian errors.
The values of the model parameters and their
uncertainties were found in two ways, depending on
the type of f, . and fﬁRc . For functions linear in
parameters, analytical relations were used [20]. For
non-linear functions, one of the bootstrapping methods
was used [21]: regression residuals were modeled
randomly and for each case the parameter values were
found using LS. For each function, a set of one million
parameter values was calculated. With such an amount,
the inaccuracy of this method was less than 1%, and in
the problem under consideration it could be neglected.
This method could also be used for linear functions,

since it gives the same results as analytical relations,
but the calculation required much more time, which is
why it was applied only to non-linear cases.

Results and discussion

Figure 1 shows examples of approximation of
experimental data by functions (1) and (2), whose
parameters were found using (8) and (9), as described
in materials and methods. The approximation described
the data well in all 25 cases of combined exposure to
radiation and cisplatin and, thus, the validity of (2)
was not in doubt. The mean value of the coefficient of
variation for function (9) was 0.127.

Diamonds indicate experimental data, a solid
line of the same color indicates their approximation.
Cisplatin concentrations are shown in the legend.
a) Data from [10] for CHO cells irradiated with
photons from a '*’Cs source at a cell incubation
time with cisplatin of 1 hour. At a concentration of
8 pg / ml, the authors of the work examined separately
the case of cell irradiation after incubation with

Fig. 1. Examples of approximation of experimental data by LQ functions (1) and (2)

ONCOLOGY
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cisplatin (1h + irr) and before incubation (irr + 1h),
without finding a significant difference between the
data. b) Data from [11] for RIF1 cells irradiated
with 200 kV photons at a cell incubation time with
cisplatin of 1 hour.

In Table 1 and Table 2 the resulting models (5)
and (6) for a,. and S, are presented, which are
most worthy of mention (there are more than 100
models in total). For «,., by the latter, we mean
several of the best models in terms of statistical
indicators and simplicity, as well as several
models that characterize the methods and results
of regression analysis of this work. For [, ., models
are presented that have the same form as models for

Qg - We found that . is statistically dependent
on ag, Py and S, and . is dependent on .
We found no evidence of a statistical dependence of
Brc on o, and S . The results of the regression
analysis did not allow us to clearly identify the
best model for Ape - Thus, based on statistical
indicators, several models could be used as such.
In such a situation, we conditionally chose model
number 8 as the best one, since among the models
with the best performance it had the simplest form.
The approximation of experimental data by this
model is shown in Figure 2. Unlike Ope s the best
model for ﬂRC could be chosen unambiguously and
this was model number 2.

Table 1
Models of LQ coefficient &~ for combined exposure to radiation and cisplatin
Opc, Gy !
# Model a b RSD Shapiro-Wilk One-sample t-testp-value R?
p-value
1 a 0.234 +0.062 0.312 4.49x10°° 1.00
2 Op 0.288 7.31x10° 0.0166
3 ap+a 0.148 +0.058 0.288 7.31x10°° 1.00
4 ap+apy’ 99.0+17.6 0.214 0.190 0.835 0.569
a,+alns -0.237
5 R c +0.040 0.206 0.799 0.515 0.599
6 aR+a1n2 SC 0.118 £0.018 0.195 0.0803 0.602 0.642
b
7 ap+a(-nS,) 0.118+0.063 | 2.000.85 | 0.199 0.0845 0.592
8 ag+aByInS, -4.27 +0.57 0.177 0.119 0.844 0.703
9 ap+afIn*S, 1.91 +0.26 0.178 0.0573 0.415 0.699
b
10 ag+apy (—ln SC) 3.43+1.22 | 130054 | 0.180 0.0343 0.867

Note: a, is expressed in Gy™', B, in Gy 2 S,. is dimensionless. The table shows sample parameter estimates and their standard
errors, separated from the former by +. Parameter a has different dimensions depending on the model, and parameter b is
dimensionless. RSD — residual standard deviation. The p-value for Shapiro-Wilk test is indicated for the null hypothesis that the
sample is drawn from a population with a normal distribution. The p- value for one-sample t-test for the mean is indicated for the
null hypothesis that the sample is drawn from a population with an expected value of zero (see “Materials and methods” section).
Coefficient of determination R? is indicated only for cases of linear regression, where it can be interpreted in a standard way.
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Models of LQ coefficient [, for combined exposure to radiation and cisplatin reble
ﬁRc, Gy ?

Ne Model a x10° b RSDx102 if‘vfl’gg;‘{‘g'zk o"e'sa\:‘;lpu'g Htestp | poxq
1 a 3.25+0.65 - 3.25 0.577 1.00 -

2 Br - - 1.94 6.44 0.786 -

3 Brta 0.106 + 0.387 - 1.94 6.44 1.00 -

4 B +ac’ -8.0+16.5 - 1.93 451 0.590 0.984
5 BrtalnS, -0.229 +0.370 - 1.92 8.32 0.872 1.57
6 Br+aln’S,. 0.137+0.178 - 1.92 9.19 0.915 2.41
7 e+a(-InS.) 0.125:0409 | 979 1.8 6.22 0.937 .

8 Pr+acy,InS, 0.20 +3.65 - 1.94 6.13 0.757 0.0129
9 Brtac,In’ S, 0.92+1.93 - 1.93 8.08 0.978 0.939
10| fetac(-Ins,) 137z371 | 0% 1.8 480 0.591 .

Note: The table data format is similar to Table 1.

Fig. 2. Approximation of experimental values of LQ coefficient for combined exposure to radiation and cisplatin & by linear
model 8 from Table 1. R? = 0.703

ONCOLOGY
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Thus, the best model of cell survival under the
combined effects of radiation and cisplatin in this work
was considered to be function S, from (2) with LQ
parameters corresponding to models 8 and 2 from Table
1 and Table 2, respectively:

apc=0ap+af,InS., (12)

ﬁRC :ﬁR’

(13)

Figure 3 shows this model’s description of the
experimental data from Figure 1.

Figure 4 shows part of the data from Figure 3 with
a constructed 95% prediction interval that predicts the
outcome of individual experimental values and thus
includes random error (not to be confused with a 95%
confidence interval). As can be seen from Figure 4q, in
some cases the prediction interval is too wide, and then
the model’s predictions may be useless for practical use.

Unfortunately, for the vast majority of experimental data
considered in this work, the situation in this regard is
similar to Figure 4a.

It should be noted that in the experimental data
considered there was only one case of high incubation
time of cells with cisplatin — 24 hours, much longer
than the others (1 hour and 2 hours). According to
statistical indicators, this experiment did not stand out
in any way from the general trends of the considered
models.

According to model (12), &~ can be considered
linearly dependent on £, and In S, however, this
result is the average indicator for the 11 types of cells
considered in the work, 5 types of photon sources,
a wide range of times of incubation of cells with
cisplatin and other factors. To use this model to predict
the results of an individual experiment, it is necessary to
take into account the random error (RSD from Table 1),
as it is done in Fig. 4. Due to high RSD values, in some

Fig. 3. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1 by
models (12) and (13):a = &, =0.0819 Gy ', BR =0.0380 Gy 2. S’C are equal to 0.573, 0.484, 0.392 and 0.137 for concentrations
of 8,10,12 and 16 pg / ml, respectively; b - ¢, = 0.0923 Gy~ ', BR =0.0686 Gy 2 S‘C are equal to 0.583, 0.484, 0.290, 0.156,
0.0851 and 0.0731 for concentrations of 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 ug / ml, respectively
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Fig. 4. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1
by models (12) and (13), with a constructed 95% prediction interval (dashed line)

series of experiments there may not be an increase
in the value of & rc When cisplatin is administered
and even a decrease may be observed. According to
model (12), one can state that aRC clearly increases
only at sufficiently high values of ,BR and |1n SC| (see
Fig. 4b, in which ﬁR is equal to 0.0686, and S,. varies
from 0.0731 to 0.156). Just as with the model for Oy
the equality of S, and £, (see model (13)) has a high
random error, so the value of ,B can differ significantly
from ﬂ in individual experlments

The obtained models (12) and (13) in most cases
cannot provide a useful predlctlon of ap and Brc
based on the values of &, f3, and S,. due to the
prediction intervals being too wide. To increase the
accuracy of the prediction, we assumed that such a width
of the intervals is due to the fact that the parameters of
the models should depend on the cell type and the time
of incubation of cells with cisplatin, and their obtained
values are averaged over these factors. It is known
that there are a number of kinetic models that claim to
describe cell survival after irradiation (in the absence
of drugs in the cells): MKM, LPL, RMR and others

ONCOLOGY

[22—-24]. Such models are based on kinetic equations,
the solution of which allows to express cell survival
through a set of parameters that depend on the cell
type and radiation. Thus, the expressions (12) and (13)
should be solutions (possibly approximate ones) of such
equations, generalized to the case of the presence of
cisplatin in cells.

Let us create a system of kinetic equations. We
will assume that damage to cells as a result of their
irradiation and exposure to cisplatin can be divided into
two groups: potentially lethal and lethal. By lethal we
mean any events that are guaranteed to lead to the death
of a cell or the loss of its reproductive functions. By
potentially lethal we mean the averaged set of events
that with some probability can lead to cell death or loss
of reproductive functions (i.e. become lethal). Such
events include various types of DNA damage, damage to
cell organelles, and increase in level of oxidative stress.

Let us consider the simplest, approximate version
of kinetic equations. We will assume that cisplatin
was introduced into the cells before the instantaneous
irradiation, and all potentially lethal events produced

277



Konobeev L. A., Kurachenko Yu.A., Sheino LN. Bectuuk PYJH. Cepust: Meguumnna. 2026. T. 30. Ne 2

by it can be considered either successfully eliminated
by cellular mechanisms or became lethal at the time
of irradiation. Then the system of equations can be
written as follows:

dU (t)

dt

dL(t)
dt

— _rU()=rU(t), U@©)=xD
rU(t)-rU(t), U(0) K‘, "

=rU(t), L(0)=nD-InS,

where U(t) is the average number of potentially
lethal events per cell at time #, L(¢) is the average
number of lethal events per cell at time ¢, 7, is the
rate of disappearance of potentially lethal events as
a result of successful cell recovery, 7_ is the rate
of transition of potentially lethal events to lethal
ones as a result of unsuccessful recovery, K is the
average number of potentially lethal events per
cell, produced by radiation per one Gy, 77 is the
average number of lethal events per cell produced
by radiation per one Gy, D is deposited dose. The
term —In S, represents the average number of lethal
events produced by cisplatin and takes into account
the assumption that they are distributed over cells
according to Poisson distribution. # = 0 corresponds
to the time immediately after irradiation.

Let us assume that 7, depends on the dose and the
presence of cisplatin as follows:

_ 1
A A+ 4, (ayIn S+ D)’

(15)

where 4, A, and g, are parameters that do not
depend on the dose and concentration of cisplatin.
Thus, we assume that the cellular recovery system from
potentially lethal events is weakened by increasing
radiation dose and cisplatin concentration, which is in
agreement with existing data (see, e.g., [25] and [26]).
Let us assume that 7. >> 7_ by analogy with [22].
This approximation means that the vast majority of
potentially lethal events are successfully eliminated
and do not become lethal. Then the system of equations
takes the form:
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du(e) ul) _
dt A4 +4,(ayInS.+D)’ . KD, (16)
dL(t) oA
— - rU(t), L(0)=nD-InS,

This system has an analytical solution:

_ t
A+ Ay(agInS+D)

U (t) =xDe , (17)

L(t)=nD~-InS. +
+1.kD( 4+ 4,(a,InS. +D))

_ t
l—e A1+A2(a01nSC+D)]’ (18)

For large times ¢, taking into account the Poisson
distribution of lethal events across cells, we obtain the
LQ dependence for survival:

Sge = e =
_ Sce[”D”‘”D[*““’zf“O bfscie)e2])] 5, ) 1)
where
Qpe :77+r_1c(A1 +4,a, lnSC) , (20)
Prc=r-KkA4,, (21)
In the absence of cisplatin InS. =0, then:
ap=n+rkd, (22)
Br=rkd,=Prc, (23)
Expressing ax through f,, we find:
Ope=ap+ayfrlnSe> (24)

The obtained relations for ¢, and S, . are fully
consistent with models (12) and (13) provided that
a=a,.

With the approximations made, the case of

irradiation of cells before the administration of cisplatin
is no different from the case of irradiation after, provided

OHKOJOI 14
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that cisplatin is administered into the cells immediately
after irradiation.

Figure 5 and Figure 6 show approximations of
the experimental data from Figurel using models (23)
and (24) by analogy with Figure 3 and Figure 4. When
approximating, deviations of the experimental values

In S'RC

of 7p  from the mentioned models were considered
as a Gaussian error. As can be seen from the comparison
of Figures 3-6, the model predictions have improved
significantly in case a) and remained approximately the
same in case b). This difference in predictions is due to
the large scatter of experimental data and the sharply
changing “shoulder” BR ¢ in one direction or the other
when changing the concentration of cisplatin in the
latter case (see Figure 1).

Thus, in a number of cases, approximation of
cell survival based on kinetic equations (14) predicts
experimental data significantly better than relations (12)
and (13). However, it should be noted that such an
approximation requires experimental data on the
survival during irradiation of a given cell type in the

presence of cisplatin, while they are not needed to use
relations (12) and (13). That is, it is necessary to know
not only @, f3, and S’C , but also a number of values
of S‘RC, which is a serious drawback.

It should be noted that some parameters of the
system (14) may be dependent on each other. At the
moment, this is the subject of further research and is
not addressed in this work.

As described above, system (14) is approximate,
since in reality the irradiation of cells is not
instantaneous, and potentially lethal events created by
cisplatin exist simultaneously with those created by
irradiation. However, this case is much more complex
and is not considered in this paper.

Significant deviations of individual experimental
values of survival from the LQ function approximating
them, which in this work were interpreted as random
errors, are a serious obstacle to the development of
a model of cell survival, since even in cases where
the model can very accurately predict the average
survival value, variation in the prediction of individual
survival values may be too large and have no practical

Fig. 5. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1 by models
(23)and (24):a - a, =-1.442+0.319, a; =0.0175+0.0327, B, = 0.0483 + 0.0033; b - a, =-3.555+0.478,
ap, =0.0302 +0.0639, B, =0.0789 + 0.0099
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Fig. 6. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1
by models (23) and (24), with a constructed 95% prediction interval (dashed line). In case a) one of the interval boundaries
practically coincides with the solid line, which is why it is not clearly visible

application (the prediction interval constructed from the
model is too wide). This makes it relevant to use a more
accurate model than L.Q to approximate survival data,
as well as to investigate random errors in measuring
cell survival, for example, whether deviations from
LQ are really random errors or regular behavior and
whether a significant difference in measured survival
values can be avoided when the experiment is repeated
(the problem of reproducibility of experimental data).

The experimental data in Fig. 1b cast doubt on the
possibility of constructing a useful general cell survival
model for practical application based only on the values of
S xc due to the sharply changing “shoulder” of BRC , firstin
one direction and then in the other, when the concentration
of cisplatin changes. It is likely that to build such a model
it is necessary to use microscopic characteristics of cells
along with (or instead of) S »c s input data.

Conclusion

As aresult of statistical processing of experimental
data, it was found that &p- is statistically dependent on
Op, By and S, . This dependence can be described by
several models, the best of which in terms of a number
of indicators is (12). It was found that S, is statistically
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dependent on f3,. No signs of dependence of Sy on &,
and S, were observed. The best model for Brc is (13).

A new kinetic model is proposed. Its innovation is
the hypothesis that the rate of recovery of cells from
potentially lethal events ¥, decreases with increasing
radiation dose and cisplatin concentration. This model
in some cases allows to increase the accuracy of the
prediction of S rc 10 comparison with models (12)
and (13), but requires the availability of a number of
experimental values of § »c for the same type of cells
and radiation for which the prediction is made.

The results of this work will help for the future
construction of more complex models of the combined
effects of radiation and cisplatin, and may also have
practical application for prediction of cell survival S, .
in the case of high toxicity of cisplatin (low values of S.).
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AnHoTanusa. AkmyaabHocmb. COIVIacCHO 3KCIIepUMeHTa/lIbHbIM [JAHHBIM BBeZleHHe Iperapara LUMCIIJIaTUH B OIyX0/b MpY
JIyueBOM Teparuy MOKeT MOBBICUTH ee 3¢ deKTUBHOCTb. Ha cerofHsAmHNI ieHb He CyIIleCTBYeT MOJe/H, ClIocOOHOM pefcKa-
3bIBaTh 3()(eKTUBHOCTh Takol Tepanyu. PaspaboTka Takoil Mozie/u IB/sIeTCs BaKHOM 3a/iaueid /1l IIaHUPOBaHUs Teparyu.
Llesbto HacTOSIIIIEH PaOOTHI SIB/ISIETCS] HAXOXK/IEHWEe aHATUTHUeCKUX COOTHOILIEHUH /151 BLDKMBAaeMOCTH KJIeTOK, MOZIBePKEHHBIX
KOMOMHUPOBAHHOMY JIEHCTBUIO U3TyUeHUsl ¥ LUCIUIaTHHA in vitro. Mamepuasbt u Memoobl. I1o oribpoBaHHBIM 3KCITIEPUMEH-
TaJIbHBIM JIAHHBIM 10 BEDKUBAEMOCTH KJIETOK 13 PsiJia OMyO/IMKOBaHHBIX B OTKPBITOM JJOCTYTIe paboT HalifIleHbl COOTBETCTBYIOLLIE
K03 UIMeHTs! IMHeiHOo-KBapaTnuHoH (L Q) anmpoKkcuMaliiy BbDKABaeMOCTH TIpY 00/TyueHnu Ge3 npernapara o, [, U 1Ipu
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KOMOMHMPOBaHHOM BO3/€MCTBUN U3/TyUeHNs U LIUCTIIATUHA (-, [y [lasiee IpoM3Be/iEH perpeCcCHOHHBII aHa/M3 0TyYeHHOTro
Habopa k03()(UIMEHTOB 1 BEDKUBAEMOCTH KJIETOK MPH BO3/efCTBUM OJHOTO LUCIIaTHHA S, . Pesynbmambl u obcyscdeHue.
YCTaHOBJIEHO, UTO (. CTaTHUCTUYECKH 3aBUCUM OT &y, Py U S,.. [laHHas 3aBUCHMOCTb MOXeT OBITh OIMCaHa HECKOTbKUMH
MO/Ie/IIMH, JIy4ILIed U3 KOTOPBIX 0 PAAY MOKasaTe/leld ABIAeTC o, = o, +af, InS. , rae a=-4,27+0,57 — napamertp,
OZIMHAKOBBII /IJIsI BCEX TUIIOB KJIETOK U YCJIOBUI TIPOBeJIeHHsI SKCITIePUMEHTA. YCTaHOBJIEHO, UTO [, CTaTUCTHUECKH 3aBUCUM
oT [ . TIpU3HaKOB 3aBUCUMOCTU Sy OT @ U S,. He oOHapyxeHo. JIyureld Mogie/bto Anis B sBnsetcs Py = Pi. YkasaHHble
MOJie/y TIPOCTBI, HO ITO3BOJISTIFOT TIPeficKa3arh 3HaueHre BbDKUBAEMOCTY K/IeTOK IPH KOMOMHHUPOBaHHOM BO3/€fICTBUN H3/TyUeHHs
Y LMCIUIAaTUHA Sy 110 3HAYEHUAM Oy, [, U S TONBKO NPUO/IMKeHHO. [ToyueHHBIM MO/Ie/ISIM COTIOCTaB/IeHbl KUHETUYeCKHe
yPaBHEHUS ¥ JaHa MEXaHUCTUYECKAsl UHTEPIPETALMS], B OCHOBE KOTOPOH JIEXKUT IUroTe3a 06 yObIBaHUM CKOPOCTH BOCCTAHOB/IEHHS
KJIETOK OT TIOTEHLMA/IBHO JIeTa/IbHBIX TIOBPEXKIEHHUH 7, TIPH YBeTMUeHHH J03bl 00 TyYeHHsT ¥ KOHLIEHTPALWH LIUCIIaTHHA. BbigookbL.
YCTaHOB/IEH BUJ, CTATUCTAYECKOM 3aBUCUMOCTH LQ KO3DPULMEHTOB X, U Sre OT Qp, P uS,.. [Ipy BBICOKMX 3HAUEHUAX
TOKCHYHOCTH LIUCII/IAaTHHA (HU3KUX 3HAYeHUsIX S ) COYeTaHUe YIIOMSHYThIX BbIILe MOZie/lel Il (g U Sy TI03BOJISIET CAE/AaTh
T0/1e3HBIH /7151 TPAKTHUeCKOro IIPUMeHeH s TPOTrHO3 BLDKUBAEMOCTH KJIeTOK S, . Pe3ynbrarel jaHHOI paboThI MOMOTYT Anist
Oyzy1iiero nocTpoeHust 6osee CI0KHBIX MOZe/iell KOMOMHHUPOBAHHOTO [iefiCTBUsI U3/TyueHNs ¥ LIMCIVIaTHHA, @ TAKKe MOTYT UMeTh
TIpaKTHUeCcKoe IPUMeHeHe B YIIOMSTHYTOM BBILIIe CTydae.

KiroueBble cioBa: nycraTvy, LQ anmpokcuManys BBbKABaeMOCTH K/IeTOK, OTOHHaAs TyueBasi Tepamnusi, perpeCccroHHbIA
aHa/M3, KHHeTHUYeCKHe MO/Ie/T BbDKIBaeMOCTH KITeTOK
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