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Abstract—To enhance the drug delivery therapy efficacy and
reduce the adverse effects on patients, we propose a molecular
communication (MC) inspired optimization strategy to maintain
the locoregional concentration of drug within a therapeutic
window, the safe drug concentration range for individualized
therapy. Observing the parallels between the propagation of
information molecules and the delivery of drugs, MC, as a
new paradigm, has drawn devised to overcome the challenges
of the drug delivery system. The drug delivery is mapping
to the transmission process of information molecules from
the transmitter to the receiver. In addition, the locoregional
concentration-time profile of the administered drug particles
corresponds to the signalling waveform. Different from conven-
tional drug delivery strategy, this work focuses on locoregional
concentration instead of plasma concentration. Furthermore,
with sustained-release preparations schemes, we also propose
an algorithm to obtain the optimal administration time. The
simulation results demonstrate that this strategy effectively
maintains the relative steady-state drug concentration.

Index Terms—Molecular communication, sustained-release
preparations, locoregional drug concentration, therapeutic win-
dow, optimal administration time.

I. INTRODUCTION

Drug delivery therapy promise to deliver drugs to the
precise lesion locations at a controlled dosage and rate while
minimizing the adverse effects on the healthy parts of the
body. Currently, the major challenge is the low efficacy,
resulting in only 0.7% of the administered dose reaching
target diseased tissues, since reliance on systemic blood
circulation [1]. Molecular communication (MC) is a new
paradigm inspired by the biological system in nature, which
exchanges information molecules between the biological
nanomachines within a fluid environment [2]. Owing to the
similarities between the delivery of drugs and the propa-
gation of information molecules, the drug delivery process
can be mapped into the MC model by the principles of
pharmacokinetic and fluid dynamic [3][4]. MC-inspired drug
delivery system reveals how the drug particles propagate in
the vessels and the evolution of their distribution over time,
which is vital to control the locoregional concentration of the
drug. Consequently, MC-based Blood-mediated drug delivery
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is a new and growing field to enhance the locoregional
therapeutics and diagnostics of the tumour.

Individualized drug delivery regimes aim to provide pa-
tients with the most suitable type and dose of medicine at
the optimal time. In drug therapy, the pharmacological effect
depends on the plasma concentration and the locoregional
concentration. The relationship between plasma concentra-
tion and efficacy is not simply proportional, and an arbitrary
increase in dose often can not achieve the desired effect
[5]. Thus, it is critical to maintaining the locoregional drug
concentration within a reasonable range, sustaining pesticide
effects, and reducing adverse effects and drug resistance.
However, much of the research up to now has been de-
scriptive from the perspective of drug dosage concerning
plasma concentration [6][7]. To design the drug concentration
signaling pulse from a waveform design perspective, we
propose an optimal strategy for individualized drug delivery
inspired by MC.

The rest of this paper is organized as follows. Section
II introduces the mapping of the drug delivery process and
the components of an MC system. Section III illustrates the
methodology of obtaining the optimal administration time.
Section IV presents the parameters setting and analyzes the
simulation results. Finally, Section V concludes the paper.

II. DRUG DELIVERY SYSTEM MODEL BASED ON
MC

The role of sustained-release agents in vivo in the delivery
process is illustrated in Fig. 1. The drug particles are the
information molecules; the release rate of drug particles
corresponds to the input pulse xTi(t); the locoregional drug
concentration at the lesion corresponds to the received signal
yRi(t).

A. Sustained-release Model

In the conventional therapy of oral or injection drugs, it is
inconvenient to administer drugs several times a day, which
will cause a dramatic fluctuation of plasma concentration.
In addition, the use of conventional agents will lead to the
“crest-to-trough” phenomenon and adverse reactions such as
toxicity, drug resistance and low efficacy. Consequently, the
sustained-release agents were born, which can control the
release rate of drug particles, improve the compliance of
patients, reduce the excessive fluctuation of plasma concen-
tration and drug administration times [8].
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Fig. 1. The delivery process of sustained-release agents

From the MC perspective, the pharmacokinetic model of
cylindrical and degradable sustained-release agents is illus-
trated as the release process of communication, denoted as
the input pluse xTi(t) of the ith administration [9]:

xTi(t) = 2πC0hB (r −B (t− Ti)) i = 1, 2, 3, . . . (1)

where C0 is the dosage per unit area, h and r are the height
and radius of the cylindrical troche, respectively. B indicates
the surface degradation rate of the agent. Qi represents the
drug dosage carried by a sustained-release tablet, which is
given as:

Qi =

∫ Ti+Tslot

Ti

xTi(t) dt (2)

where Ti is the time of ith administration and Tslot is the
duration of drug release.

B. Vascular Network Model

The channel model corresponds to the vascular network
with advection, which is depicted by the advection-diffusion
equation [10]:

∂c

∂t
+∇ · (vc) = D∇2c (3)

where v denotes the velocity vector, D denotes the diffu-
sion coefficient. The vascular network has several bifurcation
nodes as shown in Fig. 2. When the drug particles pass
through a node, they enter another path of the channel
network which is characterized by the Channel Impulse
Response (CIR). As a result, the CIR of blood vessels at
different stages are described as hj(t) [10]:

hj(t) =
1√

4πDt
e

−(dj−vjt)
2

4Dt j = 1, 2, 3, . . . (4)

where dj and vj are the length and advection velocity of jth
stage of blood vessel, respectively.

According to the analysis of pharmacokinetic data, the
half-life of drugs is an essential reference factor for rational
drug use, which has a great correlation with the elimination

Fig. 2. The vascular network model based on molecular communication

function of the liver and kidney [11]. Hence, the CIR is
further given as (5):

Hj(t) = hj(t)e
−kt j = 1, 2, 3, . . . (5)

where k denotes the drug clearance rate. In a specific MC
system, the clearance rate is assumed as a constant.

C. Drug Particles Reception Model

The reception model describes the evolution of the locore-
gional drug concentration at the lesion, taking the effects
of the channel and the degradation of the therapeutic agent
into account. According to the MC channel model above and
the drug release rate xTi(t), the drug concentration at the
first-order bifurcation node of the vascular network can be
described as:

gi(t) =

∫
τ

xTi(τ)H1(t− τ)dτ i = 1, 2, 3, . . . (6)

Similarly, yRi(t) is the locoregional drug concentration at
the lesion:

yRi(t) = gi(t)⊗H2(t)⊗H3(t) (7)

The cumulative locoregional drug concentration-time pro-
file at the lesion yR(t) is given as:

yR(t) =
∑
i

yRi(t) i = 1, 2, 3, . . . (8)

III. METHODOLOGY

In clinical therapy, the optimal therapeutic effect is
achieved within a specific range of locoregional drug con-
centration, which is called the therapeutic window or the
safety window [12]. The upper limit of the therapeutic
window denotes the minimum toxic concentration (MTC).
Similarly, the lower limit represents the minimum effective
concentration (MEC). The drug concentration above MTC
may cause adverse effects, While the drug concentration
below MEC could hardly produce therapeutic effects. In
addition, unreasonable drug concentration may increase the
possibility of patients developing drug resistance [13].
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An algorithm is proposed to explore the optimal admin-
istration time Ti for efficient individualized therapy. The
locoregional drug concentration-time profile at the lesion has
the following two phases, ascending phase and maintaining
phase,

1) Ascending phase, the locoregional drug concentration
at the lesion rises during the first few doses until
reaching the expected value. To emphasize the effect
of the administration time, we assume that the drug
dosage is constant for each administration:

Qi = C i = 1, 2, 3, . . . (9)

2) Maintaining phase, when the locoregional drug con-
centration reaches the expected value, the subsequent
administration aims to maintain it in a safe range.

The peak point of the concentration-time profile after ith
dose is (ti, yRmax). When t > ti , the drug concentration will
decline until (i+ 1)th administration arrives. Once (i+ 1)th
administration reaches at time Ti+1, the drug concentration
will keep decreasing from Ti+1 to Ti+1 + ∆t because of the
rate of consumption of drug particles is greater than the rate
of compensation. Conversely, due to the compensation rate
of the drug particles is greater than the consumption rate, the
drug concentration rises continuously during Ti+1 + ∆t and
ti+1 until it returns to yRmax. As a result, the locoregional
drug concentration is maintained around the peak value
yRmax from ti to ti+1. Then, the algorithm of the optimal
administration time Ti+1 for the (i+ 1)th dose is given as:
• The drug concentration cannot exceed the expected

peak concentration yRmax.

Ti+1 > ti (10)

• The original drug concentration has dropped by ∆y
from ti to ti+1, while the supplemented drug concen-
tration has increased by ∆y from Ti+1 to ti+1

yR(ti)− yR(ti+1) = yRi+1
(ti+1) (11)

The two curves satisfy the following three conditions
at time t: ∣∣∣dyRi+1(t)

dt |t=t−
i+1

∣∣∣ > ∣∣∣dyR(t)
dt |t=t−i+1

∣∣∣∣∣∣dyRi+1(t)
dt |t=ti+1

∣∣∣ =
∣∣∣dyR(t)

dt |t=ti+1

∣∣∣∣∣∣dyRi+1(t)
dt |t=t+

i+1

∣∣∣ < ∣∣∣dyR(t)
dt |t=t+i+1

∣∣∣ (12)

According to (11)(12)(13), ti+1 and ∆y can be ob-
tained.

• Then, because the the drug dosage is constant for
each administration, the time of the locoregional drug
concentration rising from 0 to ∆y for a single admin-
istration is ∆t1.

Consequently, the optimal administration time Ti+1 can be
expressed as :

Ti+1 = ti+1 −∆t1 (13)

TABLE I
PARAMETERS

Parameters Symbol Values
Diffusion coefficient D 0.00001m2/s

Length of vessel d 0.1 ∼ 5m
Clearance rate constant k 0.2

Degradation rate constant B 0.05
Dosage per unit area C0 0.39 ∼ 1.27g

Height of cylinder h 3mm
Radius of cylinder r 3 ∼ 9mm

IV. SIMULATION RESULTS AND ANALYSIS

In this section, the simulations of the proposed scheme are
presented and the parameters in Table 1 is adopted as default.

Fig. 3. Locoregional drug concentration at the lesion of sustained-release
and non-sustained-release.

Fig. 4. Plasma concentration of sustained-release and non-sustained-release.

The locoregional drug concentration-time profiles of
sustained-release agents and traditional drugs are investigated
and compared. Fig. 3 illustrates that the time required for
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sustained-release agents to reach the peak locoregional drug
concentration at the lesion is more than conventional ones
and the peak drug concentration of sustained-release agents is
lower than conventional ones. Such features could effectively
maintain the steady of the drug concentration to ensure a
safe treatment. In addition, the plasma concentration is also a
crucial factors of drug therapy. Hence, for drug dosage xT (t),
characterization volume V , observing the plasma concentra-
tion of traditional drugs and sustained-release preparations,
which are defined as C0(t) = xT (t)e−kt/V and C1(t) =
xT (t)⊗e−kt/V , respectively. As shown in Fig. 4, the peak
plasma concentration of sustained-release preparations is
much lower than traditional drugs, and this trend has been
enhanced with the increase of sustained-release levels.

Fig. 5. Under different sustained-release degrees, the locoregional drug
concentration-time curves of the optimal strategy for individualized drug
therapy.

In the continuous administration, the locoregional drug
concentration-time curves using the proposed strategy are
shown in Fig. 5. It can be seen that the locoregional drug
concentration at the lesion is maintained within a stabilized
range because the optimal administration time results in a
dynamic equilibrium of the evolution in drug concentration.
In addition, as the degree of sustained drug release increases,
the locoregional drug concentration will be maintained within
a safer range. Furthermore, most cytotoxic drugs used in
cancer treatment have a narrow therapeutic window, meaning
that the dosage of these drugs that significantly affect the
tumor is close to the dosage that causes unacceptable toxic
effects [6]. Therefore, using the sustained-release agents and
optimal administration time could play a significant role in
cancer treatment.

V. CONCLUSION

In this work, the proposed strategy inspired by MC en-
hances therapy efficacy of drug treatment. In the proposed
strategy, with the assistance of the MC system and sustained-
release preparations schemes, the optimal administration time

is obtained to maintain the locoregional drug concentration at
the lesion within the therapeutic window, which significantly
improves the effect of drug treatment. Future work will
consider optimizing the individualized drug delivery schemes
from perspectives of the administration time, drug dosage,
and the routing plan.
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