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Abstract— In this paper, optimal drug schedule for paticnts
infectedbthuﬁtisllvim(llBV)isMed.Anobjecﬁveof
the control is reducing infected cells and free virions. The
optimal control problem is to design an cffective drug-schedule
to reduce the number of infected cells and free virions in 2
time-optimal fashion. To achicve this goal, a reinforcement
learning(RL),whiciiscneofﬂlcbelt-mperviud machine
learning algorithms, is proposed for coatrol. Because RL has
no need of emvironment model, ic. it is model-free; it has
absorbed interests during the recent years, especially in
medical applications. Performance evaluation of the proposed
algorithm has been performed by simulating on the
mathematical model of drug dosage of hepatitis therapy.
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L INTRODUCTION

HepatitisB,musedbyﬂ:ehepaﬁtistirus(HBV),
represents an enormous challenge to global public health,
which can lead to cirrhosis and primary hepatocellular
carcinoma (HCC). More than 2 billion people alive today
have been infected by HBV [1}, with 5 million new cases
each year [2]. The disease’s clinical course varies, in adults
usually resulting in self-limiting acute hepatitis or, rarely,
fatal fulminant disease [2-4]. Acute hepatitis B infection
does not usually require treatment because most adults clear
the infection spontancously [5]. Early antiviral treatmént
may only be required in less than 1% of patients, whose
infecﬁontakesaveryaggrmsivecmnse.Ondleoﬂ:erhand,
treatment of chronic infection may be necessary to reduce
the risk of cirrhosis and liver cancer. Chronically infected
individuals with persistently elevated serum alanine
aminotransferase, a marker of liver damage, and HBV
deoxyribonucleic acid (DNA) levels are candidates for
therapy [6]. '

Although none of the available drugs can clear the
infection, they can stop the virus from replicating, and
prevent liver damage such as cirrhosis and liver cancer.
Treatments include antiviral drugs such as lamivadine,
adefovir, tenofovir, telbivudine and entecavir, and immune
system modulators such as interferon alpha. However, some

individuals are much more likely to respond than others and
this might be because of the genotype of the infecting virus
or the patient’s heredity. The treatment works by reducing
the viral load, which in turn reduces viral replication in the

liver {7}.
The optimal control problem is to design an effective
drug-schedule to reduce the numbe of infected cells and free

virions for patients infected by HBV. The intention of this
paper is to introduce a model-free based Reinforcement
(RL) control Oz

discusses the mathematical issues of the compartment model.
In Section III basic concepts of reinforcement leaming will

ing the model-free feature of

The study of anti-HBV infection treatment may benefit

eling. Several models have
p HBV dynamics [8-11].
virus infection model
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Where 7, I and ¥V are numbers of uninfected cells,
infected cells and free virions, respectively. Uninfected celis

are assumed to be produced at constant rate A. Uninfected
cells are assumed to die at the of dT and become infected
at the rate of VT, where B is constant rate that describing

theinﬁcclionpmcss.lnfectedcellsmﬂmspmducedatﬂ\e
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rate of B¥'T and are assumed to die at the rate of 5. Free
virions are assumed to be produced from infected cells at the
rate of pl and are removed at the rate of c¥. This model can
describe some aspects of the viral dynamics in HBV
infection.

In this paper we use an mathematical model of HBV that
introduced by Hattaf et al. [7]. The HBV model is given by
the following nonlinear system of differential equations

—=A—dT — (1 —u,(t))BVT
a=-u@vr-s @
LA (1-w@®)pl —cv

Where u,(2), represents the efficiency of drug therapy in
blocking new infection, so that infection rate in the presence
of drug is (1 — u(¢))f. The control u,(f), represents the
efficiency of drug therapy in inhibiting viral production, such
that the virion production rate under therapy is (1 — u, (£))p.

1. REINFORCEMENT LEARNING

The reinforcement learning problem is the learning
problem of agent interacts with its environment so as to
achieve its goal. In fact, RL is leaming policy which means
what to do or, in other words, how to map each situation to
action to maximize the received long run reward. The trial
and error and delayed reward are the most important
characteristics of RL. In order to find the best policy, at
first, the agent must obtain new experiences based on trial
and error. In each state of environment, it evaluates how
good the chosen action is considering the immediate reward
and value of new state. The value of a state is the long term
reward expected to be acquired over the future starting from
that state {12],{13].

Assume that an agent interacts with its environment at a
sequence of discrete time steps, =0, 1, 2, . . ., as shown in
Fig. 1. Also, assume that § = {5, 5,. . . 5.} is the finite set of
possible states of the environment and 4 = {a,, a,, . . ., a.} is
the finite set of admissible actions, which the agent can take.
At each time step 7, the agent senses the current state
s, = s € § of its environment and accordingly selects an
action a, = a € A. As a result of its action, the state of
environment changes to the new state s,., = 5 € §, with a
transition probability Pss{a), and the agent receives an
immediate reward 7,,.

Agent
S | It a
PRI
5| Enviroament [e
Figure 1. The agentcwm-+m interaction in RL

However, the reinforcement l
important assumption that the

reinforcement learning task is a
(MDP). In this condition, the value of a state s under policy
=, denoted by ¥*(s), as given in (3), is the expected return
when starting in state s and afterward following policy x

Ve(s)= E{Zrk'hkﬂ § = s} » 3
k=0

Where, y is discounted factor. Considering the Bellman
equation in dynamic programming, the above equation can
be written as:

ves)=Y x(s,a) Y PlRe + () 0

In which x(s,a) is the probability of taking action a in state s
and R, is the expected value of reward r,.;,. Now, the
optimal value and the best action in state s are calculated by
taking the maximum value of (4) over action space A(s) and

building Bellman optimality eq m as follows
Vo= max Yl o)) )

In the next section, it is explained that how the RL
algorithm is used to.

IV. CONTROL

The Dynamic Programming
appllmblc reinforcement leaming methods with great
expense in which environment model is

assumed to be perfect. Because of these limitations it is not
very suitable for biomedical | applications. Temporal
Difference (TD) methods have an advantage over DP
methods in that they do not require a model of the
environment and also they are y implemented in an
online, fully incremental fashion. As a consequence, TD

TEGY
) is one of the most
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approaches have a merit of being used on medical cases. We
proposed The following Temporal Difference RL-based
approach for solving the optimal control of chemotherapy
drug dosage regimen.

Initialize Q(s,a) arbitrarily
Repeat (for each episode):
Initialize S
Repeat (for each step of episode):
Choose a from 5 using policy derived from Q (e-greedy)
Take action a, observe r , and S(new)
Qcor= Ox + afrg- Oxd
Set S(new) to S
Until S is terminal

Complete control procedure flowchart is illustrated in
Fig. 2.

Indliswork,ﬂlreedimensionalstatesa:econsidemdwitll
mspectto'l‘,l,V.Allmesweva'iablwaenomalimdw
their initial values, and the whole interval of T, I, V{0, 1}-is
divided into 5 equal intervals. So the total number of the
states is 125.

While action-value is impl
table should be updated duri
episode. The numerical rew:
logUoia/ Inew) + log(Vo1a/Vnew) Which guide
through leaming the optimal
main feature of this i

The following parameters initial values are used for
the simulation which we have from [2]:
T, =5.5%10" cells, I =1.1x10" cells, ¥, =6.3 %10’ copies/ml,
c=067, h=1,d=3.78 x10”, 5 =3.259d, 1=(2/3)* 10%d,
Ro

[/,
- - A(Ro—l) i - ) . - .
¢ model equations (2) have been discretized with

we assume £ = 0.09,

loop has been iterated 500 infected cells and free
virions population during the was obtained as Fig.3
and Fig. 4
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Figure 4. Free virions population during treatment
The control demonstrates that infected cells population
and free virions are decreased during treatment. Uninfected
target cells population is shown in Fig. §.
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Figure 5. Uninfected target cells population during treatment

Fig. 5 shows that uninfected target cells population
during treatment, at first decreases and then increases.

V1. CONCLUSION

In this work, we discuss an efficient numerical method
basedonRLtoidentifyﬂ:eb&sttreanncntsuategyof
hepatitis B viral (HBV) in order to block new infection and
prevent viral production by using drug therapy with
minimum side effects. Although the dynamic model of
ordinary differential equations was implemented for the
simulation of the dynamic environment and reward signal,
showing the ability of RL algorithms in solving optimal

control problems was the main purpose. Furthermore, as it

ation between the usage of

model and the learning al The flexibility and relative
simplicity of this technique lead to improved therapy for
individuals, whose unique istics can be taken into
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