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A numerical approximation method and related algorithm for solving the
integral equations of the following type

F (t) = 1−G(t) +

∫ t

0
h(uq + (1− u)F (t− v))dG(v),

in the class of probability density functions (p.d.f.) F (t) and F (t) = 1−F (t), with
initial condition F (0) = 1, where h(s) is given probability generating function,
0 < u < 1 and G(t) is also given p.d.f.

This way we can estimate the distribution of the waiting time T to cancer
recurrence, satisfying these equations and the hazard function g(t) representing
the probability density for the appearance of a mutant cell that will possibly start
a path of indefinite survival of mutant cell population, as well, given that it has
not appeared yet. From the particular distribution of T we can also calculate the
conditional probability that a person will not develop aggressive cancer if he has
not developed it yet P (T =∞|T > t).

Numerical studies demonstrate that the proposed approximation algorithm
reveals the substantial difference of the results in discrete-time setting. In ad-
dition, to study the time needed for the mutant cell population to reach high
levels a simulation algorithm for continuous multi-type decomposable branching
process is proposed. Two different computational approaches together with the
theoretical studies might be applied to different kinds of cancer and their proper
treatment.



Acknowledgements. This work is partially supported by the financial
funds, the Ministerio de Economia y Competitividad (grant MTM2015 70522P),
the Junta de Extremadura (grant GR15105) and the FEDER, and the National
Fund for Scientific Research at the Ministry of Education and Science of Bul-
garia (grant DFNI-I02/17) and National Fund for Scientific Research at the Sofia
University (grant 80-10-146/21.04.2017)

References

[1] M. Serra, P. Haccou, Dynamics of escape mutants, Theor. Popul. Biol., 72,
2007, 167–178.

[2] M. Slavtchova-Bojkova, P. Trayanov, S. Dimitrov, Branching processes
in continuous time as models of mutations: Computational approaches
and algorithms, Computational Statistics and Data Analysis, 2017,
http://dx.doi.org/10.1016/j.csda.2016.12.013.

[3] M. Slavtchova-Bojkova, On two-type decomposable branching processes in
continuous time and time to escape extinction, Lecture Notes in Statistics,
219, Springer International Publishing Switzerland, 2016, 319-329.

2


