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Consider a simple model of leukemia cancer cell maturation and the effects of a
chemotherapy regimen as a control mechanism. We assume that malignant cells
undergo a maturation process measured by a physiological variable x, which is
normalized so that 0 <x < 1. At x=0 cells are created from parent cells that divide
into two at maturity, which is x=1. Let u=u(x,t) denote the density of cells at
maturation stage x at time t. We assume a constant rate a of cell maturation, and
take the therapy-induced death term to be of the form m(t)u, with the death rate
m=m(t) that varies with chemotherapeutic drug concentration c=c(t) as follows:

_ac(t)
() = B+c(t)’

. .. . 1 .
Assume in addition that the competition term has the form p(.[ou(x,t)dxju , With
the tumor proliferation rate p(-) decreasing due to the competition for the nutrients
. 1 .
as the total cellular population Iou(x,t)dx increases.

Thus the growth of tumors can be modeled by the initial boundary value
problem

U +auy =-m(t)u+ p(_[;u(x,t)dxjwr f(t), 0<x<1t>0, (D)
u(x,0)=ug(x), 0<x<1 2
u(o,t)=2u(Lt), t=0. ?3)

The aim is to find the density u=u(x,t) of cells and the unknown therapy-induced
death rate m=m(t) using equations (1)-(3) and an additional relation

[ ;u(x,t)dx —n(t). @)
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In other words, the aim is to find the drug concentration c=c(t) via the death rate
m=m(t) in order to guarantee the given dynamics n=n(t) toward the eradication of
the disease.

Applying the method of characteristics and the Banach fixed-point theorem, it
can be proved that there is a unique solution to the inverse problem (1)-(4).
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OBEPHEHA 3AJJAYA B MOJEJTIOBAHHI ITYXJIMHHOT' O POCTY

Pozenanymo mamemamuuny mooens, wo onucye picm paxogoi nyxaunu. Cehopmynvosano
obepHeny 3adauy idemmuikayii Hegi0oM0o20 KoeiyieHma 8 pi6HAHHI, WO BUSHAUAEMBCA
KOHYenmpayicio XimiomepanesmuyHux iKie, BUKOPUCMOBYIOUU 000amKo8e iHmezpaibHe
CNiBGIOHOWENHS, WO ONUCYE OUHAMIKY NpUSHiYeHHA RNYXIUHU. 3acmocogyrouu Memoo
Xapaxmepucmux i meopemy banaxa npo mepyxomy mouxy, 008e0eHoO icHYy8aAHHA €OUHO20
036 ’A3Ky 0bepuenoi 3adaui.

http://mww.iapmm.lviv.ua/chyt2015



