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Abstract

To evaluate the effect of the dose per fraction in a radiotherapy schedule of 7 fractions per week, and compare it
with a conventional one of 5fr/w, 2Gy/fr, we use computer simulations methods taking into account the tumor
proliferation. We have a significant increase of TCP with regard to te conventional schedule for 7 days per week
programmes in which the dose per fraction is =1.7 Gy.

1. Introduction

In the radiotherapy of some tumors, like head and neck cancers, it is a fact that the overall
treatment time has a great influence on the local control. Therefore, an increase in the
prescribed treatment time produces a significant fall of the tumor control probability. The
reason of this is to find in the malignant clonogens proliferation, which can be, in certain
cases, very important in the final phase of the treatment, in which the doubling time reaches
values of a few days [1,2]. Consequently, it is reasonable to conclude that a shortening of the
duration of schedules can increase the effectiveness of the radiotherapy. This is the accelerated
fractionation, which, in its pure version, consists in a shortening of the overall treatment time
without reducing the fraction size or the total dose. This can be acomplished by delivering
more than one daily fraction five days per week or one daily fraction six or seven days per
week. However, the concept of accelerated fractionation has been extended to include other
fractionated schedules like the continuous hyperfractionated accelerated radiotherapy
(CHART), split-courses, concomitant boost and those in which the total dose delivered per
week is progressively increased during the course of treatment [3].

The results of randomized clinical trials have been published for complex schedules [4,5],
however, we do not have clinical results of more simple ones, like those in which the dose per
week is progressively increased. Although the examinated schedules in references [4] and [5]
show that the tumor clonogen proliferation is determinant in the therapy effectiveness, these
schedules produce a high toxicity, what suggests the need of analyzing other ways of
shortening the overall treatment time.

One of the most simple accelerated schedules which can be designed consists in a daily
irradiation every day of the week. Using daily fraction of 2 Gy, the high incidence of severe
acute reactions and consequential late effects suggests that this schedule gives an unacceptable
toxicity [6]. Nevertheless, it is possible to shorten the treatment time decreasing the dose per
fraction and maintaing the total dose and the seven days per week programme, for example,
reducing from 2 to 1.8 Gy the dose per fraction, although results of this kind of schedule are
not available yet [7].

The aim of this study is to evaluate the influence of dose per fraction in 7 days per week
fractionated schedules. For that, we will use computer simulation methods based on Monte
Carlo techniques.
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2. Material and methods

To obtain realist results we will use, there where necessary, the data for multicellular tumor
spheroids of the MCF-7 breast cancer which our group has studied for the last years [8].

We make the computer simulation of a fractionated treatment similar to the actual situation in
which, after surgery of the tumor, the malignant clonogens cluster in microscopical aggregates
before the treatment. Two thousand virtual tumors which contain between 5000 and 50000
clonogens are produced according to a uniform distribution, this implies tumors diameters
between 0.5 and 1 mm. This sort of distribution is the best one to reproduce the experimental
data obtained for the sizes of the MCF-7 spheroids. This number of tumors guarantees a
correct statistical behaviour. The growth is introduced by the exponential model for different
values of doubling time (To). For each dose per fraction we calculate the mean surviving
fraction (SF) by the linear-quadratic model. Possible differences in the response of the tumor
clonogens to the radiation for each tumor of the sample have to be considered. These
differences can be due to the distinct locations, components and hypoxia in a true situation. In
order to take into account this fact, we assign a value of SF to each one of the sample tumors
normally distributed around the mean value, and with a standard deviation that implies
maximum differences of 10% in relation to the mean. The irradiation programme is simulated
by considering that the cell proliferation and cell death are described by binomial statistics.
The probability of tumor cure is determined by counting the proportion of tumors containing
no surviving clonogens at the end of treatment. In order to make the final analysis of the
control data which the simulation provides, and to compare the different fractionated
schedules, we will use the logistic model which, although it does not have biological base, fits
well the data.

3. Results

Following the described method, we have analyzed a conventional schedule, 2 Gy daily
irradiation from Monday to Friday, and 7 fractions per week with a daily irradiation between
1-2 Gy.

In all the simulations the parameters values used for the linear-quadratic model are the ones
obtained through clonogenic assay for monolayer culture of the MCF-7 cell line, a = 0.32 Gy"1

and a = 0.023 Gy"2 [9].

The TCP results have been fitted by means of the logistic model. The smallest obtained value
for the goodness of these fits is r2=0.9996. In Figure 1 we can see some cases of the
simulation results and their fits by the logistic model for a conventional and accelerated
schedule, for TD = 4 d and TD = 15 d. The dose per fraction is 2 Gy in the four cases.

By using the fit results for given values of TD an dose per fraction, we have calculated the
TCP for an accelerated programme in which the total dose is the same to the one which
produces a TCP = 0.5 according to a conventional schedule of 5 fraction per week of 2 Gy.
Figure 2 shows the results of this calculation for several doubling time values and doses per
fraction that are between 1 and 2 Gy. Here we represent the level of TCP = 0.5, in order that
we can see immediately whether a given schedule of 7 fraction per week is more effective
than the corresponding one to the same doubling time for conventional fractionation.
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For doubling times between 4 to 30 days, and for the conditions in which the simulation has
been carried out, we have a significant increase of TCP with regard to the conventional
schedule for schedules of 7 days per week in which the dose per fraction is =1.7 Gy. For a
dose per fraction of 1.7 Gy, the TCP increase in relation to TCP = 0.5 of the conventional
programme is 2.94% for TD = 15 d and 22.4% for TD = 4 d; for a dose per fraction of 2 Gy the
increase is 14.36% for TD = 15 d and 53.48% for TD = 4 d.

4. Discussion

In the simple case studied in this work, two factors contribute to the loss of tumor control
when the dose per fraction is reduced: the first one is the increase of the overall treatment time
and, as a result, it is related to the tumoral proliferation; the second one is a value of the a
parameter in the linear-quadratic model greater than 0. This second factor produces that the
TCP decreases in the 7 fractions per week, in relation to the conventional schedule, for a dose
per fraction which in the first one gives rise to an overall treatment time equal to the second
one. Thus, the total dose which produces a TCP = 0.5 for the conventional schedule is aprox.
40 Gy (we always suppose that the treatment starts on Mondays); to deliver this same dose in
an identic time according to the 7 fractions per week schedule, we have to use a dose per
fraction of 1.54 Gy which, if a is equal to 0, would also produce a TCP = 0.5, however, with
the a and a values used in this work, the result for TCP is 0.46 (see Figure 2). In conclusion, a
a parameter value greater than 0 produces a decrease of the effectiveness of the shortening in
the overall treatment time in an accelerated schedule in which the dose per fraction is smaller
than 2 Gy.
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Figure 1: Comparison of TCP's obtained in seven and five fractions per week schedules for TD equal to 4 and
15 days, such as indicated in the graph. The curves fits the data according to logistic model.

We wonder whether a model like the Poisson model is able to reproduce these results or, more
generally, whether we have the need of employing simulation methods in order to estimate the
effect of a therapeutic programme. In the case mentioned above, where TCP is 0.34, the
predicted value by the Poisson model is 0.30. This result is not surprising because the Poisson
model underestimates the cure capacity when proliferation occurs (see Tucker et al. [10]). As
we see, the TCP variation is of 13%, but this is not the only limitation of Poisson model. The
simulation methods, based on Monte Carlo thechniques, let us reproduce true situations where
a great statistical variability of the more outstanding parameters is frequent, what cannot be
done by means of simple analytical models.
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Figure 2: For a given value of TD, each point represents the TCP of an accelerated programme with a
given dose per fraction if it is reached the same total dose which produces TCP = 0.5 for a conventional
schedule, 5fr/w 2Gy/fr. The curves are obtained fitting a polynomial funtion of degree 4. Uncertainties
correspond to one standard deviation and are smaller than the symbols which represent points.

In summary, it is possible to obtain a therapeutical gain using accelerated schedules of 7
fractions per week with dose per fraction under 2 Gy, this can produce a reduction of the
complications. Thus, making randomized clinical trials can be considered in order to compare
these schedules to the conventional ones. On the other hand, and if we take into account the
accelerated repopulation in some tumors like head and neck cancers, it is possible that the use
of 7 fractions per week schedule only for the last weeks of treatment increases the tumor
control rate. At the moment we are studying this with similar methods to the ones used in this
preliminary work.
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