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Abstract

The smart drug delivery system (SDDS) is a milestone in cancer therapy and uses nanoparticle drug delivery 
principles such as surface linking with monoclonal antibodies (MABs). This interaction of SDDS with cancer 
cells can be ascertained by the MATLAB tool and chaotic dynamic system behavioral evaluation. The successful 
targeting depends on the interaction between the MAB ligand and the antigenic determinants of tumor antigens. 
However, the target-specific SDDS is highly influenced by various factors such as spatial orientation around the 
tumor antigens and specific ligands of the MABs. In this study, we focused on the implications of the MATLAB 
tool and chaotic principles to determine target-specific treatment with SDDS.

Key words: Cancer, chaotic principles, MATLAB system, monoclonal antibodies, smart drug delivery, targeted 
drug delivery

Address for correspondence: 
Dr. Sivakumar Sivagurunathan Moni, Department of 
Pharmaceutics, Faculty of Pharmacy, Jazan University, 
Jazan, Kingdom of Saudi Arabia. 
E-mail: drsmsivakumar@gmail.com

Received: 20-04-2020 
Revised: 15-05-2020 
Accepted: 27-05-2020

INTRODUCTION

The therapeutic implementation of 
chemotherapy to cure cancer faces a 
great obstacle due to the development of 

multiple drug resistance by cancer cells, leading 
to failure of treatment.[1,2] This issue might be 
due to inefficiently/insufficiently delivered 
drugs at the site of the cancer cell, leading to 
incomplete treatment, and thus, the cancer cell 
develops resistance through various cellular and 
molecular mechanisms.[3,4] Anticancer drugs 
have to overcome many hurdles to reach the 
cancer cell site, called pharmacokinetics (pk) 
resistance, which affects both conventional 
cytotoxic drugs and targeted therapies.[5-7] The 
pk properties of drug delivery at the site of 
cancer cells can be enhanced by nanoparticles 
because their endogenous transport system 
through the cell membrane becomes very easy 
due to the nanoscale size of the particles; thus, 
nanoparticles can improve the therapeutic 
compatibility at targeted cancer.[8,9] In this 
aspect, targeting of anticancer drugs at the cancer 

cell level can be further improved by tagging monoclonal 
antibodies (MABs) with nanoparticles that can easily target 
molecules such as human epidermal growth factor 2 (HER2) 
and epithelial growth factor receptor (EGFR) molecules3. 
However, these targeted therapies are also highly influenced 
by pk resistance.

Focusing on new drug development for targeting cancer-
associated biomolecules is highly cost-effective. Earlier 
reports showed that phase II clinical trials of newly 
developed drug moiety/delivery systems became a 
great burden for pharmaceutical industries since their 
investment reached millions of dollars and consumed 
many years.[10] Despite these investments, most of 
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the time in the later stage of clinical trials, failures in 
treatment occurred due to the ineffectiveness of the drug 
and the presence of possible adverse effects. Thus, these 
investments were a waste. However, the computational 
tool MATLAB can provide solutions for developing 
drug delivery models to overcome pk resistance[10] which 
can improve patient compliance. In the new area of 
computational biology, MATLAB can balance a variety 
of tasks.[11] MATLAB tools have enabled the organization 
and distribution of other applications such as Microsoft 
Excel plugins for making graphs to qualify the statistical 
comparative results.

Besides, an interesting phenomenon of nonlinear system 
dynamics has been studied, which has theoretical and 
practical applications in many disciplines, especially in 
biological function networks. In recent years, several 
concepts of nonlinear dynamics have been discovered 
specifically for their utilization in medical science. In this 
context, cancer reflects a dynamic and multistage process 
that can be described mathematically by chaos theory, 
which can be visualized in fractal geometry.[12] In this 
review, we focus on the molecular aspects of targeting, 
the MATLAB tool and chaotic principles in targeted drug 
delivery systems to improve the pk and pharmacodynamics 
(pd) profile of drug moieties. This effort will result in 
important advances against various cancers, as an urgent 
goal of the scientific world is to improve the health profile 
of cancer patients.

MOLECULAR ASPECTS OF DRUG 
TARGETING

The efficacy of conventional anticancer drugs is highly 
limited because of many barriers in pk and pd action due to 
poor penetration into the malignant tissue. This issue may 
also lead to multiple drug resistance, which subsequently 
leads to poor patient compliance. Moreover, the drugs 
also induce severe adverse effects on healthy cells. The 
pharmacological properties of drugs are highly influenced 
by the interaction between the drug and the receptor non-
specifically at the cellular membrane level. However, drug 
diffusion into the cell is dependent on membrane-bound 
efflux pump transporters.[13] Efflux pumps are proteins in 
the cell membrane that depends on proton motive force to 
efflux the drugs. Moreover, the efflux pumps are adenosine 
triphosphate-dependent energy pump transporters that 
are highly important in the development of multiple drug 
resistance.[13,14] A targeted drug delivery system represents the 
most significant technique used to deliver drugs at cellular 
levels and is a highly challenging subject in pharmaceutical 
research. Therefore, the successful therapeutic efficacy 
of anticancer drugs is highly dependent on targeting one 
specific cancer cell without interaction with other healthy 
cells, which will be an important advance in cancer therapy 
that can be achieved by a nanoparticle drug delivery system 

surface-linked with MABs.[14-16] During the past two decades, 
nanoparticle drug delivery systems have been studied as a 
promising therapeutic approach against cancer. However, the 
pk profiles of free drugs and the drug-loaded nanoparticles 
are not the same.[16] Furthermore, earlier studies suggested 
that the physicochemical properties of nanoparticles also 
dictate the pk profile after administration.

The immune response mechanism is based on self and 
nonself-discrimination. Tumor-associated antigens are a 
unique class of proteins that are expressed in some normal 
cells but are overexpressed in cancer cells. Immunologically, 
these antigens are a target for tumor-reactive T cells 
originating from the discharge of lymph nodes or in 
peripheral blood. Besides, tumor antigens can be developed 
due to point mutations, frameshift insertions, and deletion 
mutations and produced mutated peptides that are processed 
inside the cancer cells and presented on the surface of cancer 
cells, called neoantigens. Neoantigens are ideal targets for 
cell-mediated cancer immune therapy.[17-19] Therefore, MAB-
based therapies offer many advantages such as specificity, 
biodistribution, and long half-life; furthermore, these types 
of therapies are well tolerated and can overcome many 
aspects of drug-induced toxicity.[20] The new therapeutic era 
is focused on targeted drug therapy using macromolecular 
proteins such as MABs that target specific ligands to enhance 
the efficacy of cancer cell treatment by not affecting healthy 
cells, which improves patient compliance.[21] Besides, the 
safety profile and targeting efficacy are based on tumor-
associated antigens that are expressed homogenously at 
constant rates on the surface of the cancer cells. Studies 
have suggested that the use of antibody anticancer drug 
conjugates to target malignant cells is a sophisticated 
option for treatment. There are several categories of MABs 
targeting tumor antigens.

Hematopoietic differentiation antigens

These are glycoproteins associated with a cluster of 
differentiation (CD) types that expressed in lymphoid 
cell development [Table 1]. The following hematopoietic 
antigens are associated with cancer development.

CD20

CD20 is a nonglycosylated phosphoprotein expressed on 
the surface of mature naive B cells and is not expressed on 
stem cells or plasma cells. This protein is involved in the 
development and differentiation of B cells into effector B cells 
(plasma cells). Rituximab, tositumomab, and ibritumomab 
are the currently available anti-CD20 MABs approved for 
clinical use.[22-27]

CD30

CD30 is a cell membrane protein of the tumor necrosis factor 
receptor family and is also known as TNFRSF8. This protein 
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is a tumor marker antigen that is expressed on activated T 
cells, NK cells, and B cells. CD30 is a marker of Hodgkin 
lymphoma. Brentuximab is a MAB that targets CD30, which 
is found on Hodgkin lymphoma and anaplastic large cell 
lymphoma cells.[28]

CD33

CD33 is a myeloid surface antigen that is expressed by 
leukemic blast cells of patients with acute myeloid leukemia 
(AML). Lintuzumab, an unconjugated, humanized anti-CD33 
MAB, has modest single-agent activity against AML.[29,30]

CD52

CD52 is expressed on the surface of mature lymphocytes, 
monocytes, and dendritic cells. This protein is associated 
with some types of lymphoma. Alemtuzumab, a humanized 
anti-CD52 MAB, is used for the treatment of acute 
lymphoblastic leukemia.[32]

Cellular growth factors

Growth factors are polypeptides which are major growth-
regulatory molecules that stimulate cell proliferation. 

Signaling pathways regulate the normal physiology of 
cellular growth and the deregulation process leads to cancer 
[Table 2].[33-46]

EGFR

EGFR is an epithelial growth factor receptor, also called 
ErbB1, a transmembrane protein involved in the growth of 
malignant cells. Anti-EGFR targets can suppress the growth 
of malignancy. Cetuximab, a MAB that inhibits the epidermal 
growth factor, is presently widely used in the treatment of 
colorectal cancer, head and neck cancer.[33,34]

HER2/ERbB2

HER2 proteins are expressed on the breast cells from which 
breast cancer arises. Trastuzumab and pertuzumab are the 
targeted MABs against HER2.[38-40]

HER3/ERbB3

Human epidermal growth factor receptor 3 (HER3) is 
a membrane-bound protein associated with malignant 
progression and is an important target for targeted therapeutic 
approaches. HER3 is overexpressed and activated in various 
cancer types such as breast, colon, ovarian, lung, and prostate. 

Table 1: Hematopoietic molecular markers, targeted specific MAB’s and their significance

Molecular 
markers

Expression cells Specific MAB’s Disease condition Comments References

CD20 B cells Rituximab Chronic lymphocytic 
leukemia, thrombotic 
thrombocytopenic 
purpura, rheumatoid 
arthritis, non-
Hodgkin’s lymphoma

1. Approved by the US FDA for 
human use
2. Resistance development has 
been reported
3. SDDS has been screened 
using mesoporous silica 
nanoparticles against lymphoma 
B cells

[25,26]

Tositumomab 
with iodine I 131 
tositumomab

Certain types of non-
Hodgkin’s lymphomas

1. Approved by the US FDA for 
human use
2. Severe adverse effects have 
been reported

[27]

CD30 T cells Brentuximab 
vedotin

Hodgkin lymphoma 1. Approved by the US FDA for 
human use
2. Resistance development has 
been reported

[29]

CD33 Myeloid stem 
cells, myeloblasts 
and monoblasts, 
monocytes/
macrophages, 
granulocyte 
precursors

Lintuzumab Acute myeloid 
leukemia

Not approved by the US FDA, 
it is under clinical trial Phase I 
studies

[31]

CD52 Lymphoid cells Alemtuzumab T and B cell 
lymphomas, 
lymphogenous 
malignancies

1. Approved by the US FDA for 
human use
2. Resistance development has 
been reported

[33]

MAB: Monoclonal antibodies
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Seribantumab is a MAB that inhibits ErbB3 signaling and 
enhances its antitumor activity.[41]

IGF-1R

The insulin-like growth factor receptor has tyrosine 
kinase activity and has been recognized to be involved in 
tumorigenesis and growth. This protein is highly expressed 
in malignant tissues, where it functions as an antiapoptotic 
agent by enhancing cell survival. IGF-1R MABs have been 
developed to target IGF-1R but are still under study.[47]

Ephrin type A-receptor 3 (EPHA3)

EPHA3 is a tyrosine kinase receptor and has dynamic roles 
in cell adhesion, migration, and axon guidance during 
development and homeostasis. EPHA3 is expressed in the 
tumor vasculature in cancers of the brain, kidney, bladder, 
and melanoma. EPHA3 is commonly overexpressed 

in glioblastoma. Ifabotuzumab is a MAB that has been 
developed to target glioblastoma multiforme but is still under 
study.[48]

Vascular endothelial growth factor (VEGF)/VEGFR

VEGF is a glycoprotein that, along with its receptor VEGFR, 
is the key mediator of angiogenesis. Bevacizumab is a MAB 
that blocks the protein VEGF and inhibits cancer.[49]

Cell surface differentiation antigens

Cell surface differentiation antigens are usually found on 
the surface of normal and cancer cells. These antigens are 
either glycoproteins or carbohydrate in nature. The present 
therapeutic approach has spurred research into new molecular 
targets, and specifically targeting tumor antigens by MABs 
has great potential to save patients. However, specifically 

Table 2: Cellular growth factors, targeted specific MAB’s and their significance
Cellular growth 
factor

Functional aspects Specific 
MAB’s

Disease 
conditions

Comments References

EGFR 1. Transmembrane 
tyrosine kinase 
receptor
2. Participates in 
the proliferation and 
survival of cancer 
cells

Cetuximab, 
panitumumab

Cancer of head 
and neck, lung, 
breast, colorectal, 
kidney, bladder, 
prostate, ovary, 
pancreas, brain 

1. Cetuximab and 
panitumumab were approved 
by the US FDA. Both cetuximab 
and panitumumab have been 
reported for the development of 
resistance.
2. SDDS with cetuximab has 
been developed using iron 
oxide nanoparticles for cancer 
imaging and therapy, poly 
(γ-glutamic acid)-docetaxel 
against gastric cancer. SDDS 
with panitumumab conjugated 
gold nanoparticles has been 
against pancreatic carcinoma 
cell lines.

[34-37]

HER2/ERbB 2 1. Transmembrane 
receptor tyrosine 
kinases and plays a 
role in intracellular 
signaling
2. Regulate cell 
growth, survival, 
and differentiation

Trastuzumab, 
Pertuzumab

Breast cancer 1. Trastuzumab was approved 
by the US FDA. Pertuzumab 
was also approved by the US 
FDA as adjuvant therapy in 
combination with trastuzumab 
against HER2-positive 
metastatic breast cancers. 
Resistance to trastuzumab 
has been reported. The 
combination of trastuzumab 
and pertuzumab in permitted 
doses overcame the resistance 
development.
2. SDDS with trastuzumab 
has been developed 
using mesoporous silica 
nanoparticles with polymers 
and linked with trastuzumab 
antibodies against breast 
cancer.

[42-46]

MAB: Monoclonal antibodies, HER2: Human epidermal growth factor 2, SDDS: Smart drug delivery system
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targeting cancer cells by MABs involve a deep understanding 
of cancer biology, immune clearance mechanisms, and in vivo 
pk/pd profiles. Knowledge of these aspects is essential for 
the characterization of the physicochemical properties of 
antibodies, analysis of the biodistribution and localization at 
the site of the malignant cell, and understanding of the spatial 
orientation of the cancer cells and MABs to determine the 
maximum possible attachment. However, targeting cancer 
cells only by MABs have limitations because the elimination 
of cancer cells is dependent on the immune clearance 
mechanism, where resistant factors are also an important 
component to nullify the effect of cancer. Thus, cancer 
therapy can be improved by a targeted drug delivery system 
using nanoparticles surface-linked with MABs.[50]

A targeted drug delivery system in principle should block 
the growth and spread of cancer by interacting with specific 
molecules. However, targeting also varies based on the nature 
of the targeted molecule. In general, drug targeting can be 
grouped into passive targeting and active targeting. Passive 
targeting is highly influenced by enhanced permeability 
retention (EPR), which determines the diffusion of the nano-
drug delivery system into malignant tissues through leaky 
tumor vasculature.[51]

However, active targeting is focused on molecular ligand-
receptor interactions. The interaction between molecular 
ligands on specific receptor molecules is highly dependent 
on the distance between the drug ligand and the receptor 
molecule and is a key factor for successful targeting. 
The delivered drug reaches the target site through blood 
circulation and extravasation. pk drug resistance is influenced 
by various physiological barriers imposed by cancer cells, 
the tumor vasculature, the microenvironment, and the spatial 

orientation around the cancer cells, which all contribute to 
the pk resistance of cancer cells.[52]

Nano-drug delivery systems with improved targeted efficacy 
to deliver the cytotoxic drug at the cancer site can overcome 
primary and secondary resistance in a reduced dosage form and 
thus overcome pk drug resistance. However, the interaction of 
nanoparticles with cancer cells is restricted due to the spatial 
orientation, the free space between the TAs on the cancer cells, 
and the spatial orientation available around a cytotoxic drug-
loaded nanoparticle surface-linked with a MAB [Figure 1].

The distance between the MAB ligand and cancer targets is 
highly important to achieve target-specific treatment. Earlier 
reports showed that the distance between the ligand and receptor 
molecule should be <0.5 mm for successful targeting.[53]

This can be expressed by the modified equation of Groh 
et al., 2014[52] as follows:

dc1V1 ak1. ²
dt

= s

where V1 is the extracellular space; c1 is the concentration of 
the nanoparticle; a is the area around the targeted molecule; k1 
is the rate constant; and σ² is the distance between the targeted 
TA molecule and the MAB ligand with the nanoparticle.

Therefore, a successful targeted drug delivery system should 
meet certain criteria such as the following:
1. The system must bind to a specific molecule on the cell 

membrane.
2. The drug should be delivered at the site of tumor cells 

either by receptor-mediated interactions or through an 
EPR effect.

Figure 1: Impact of spatial orientation on the efficacy of a smart drug delivery system (SDDS). The targeted efficacy of SDDS to 
deliver the cytotoxic drug at the cancer site. The interaction of SDDS with cancer cells is restricted due to the spatial orientation, 
the free space between the tumor antigens on the cancer cells and the available spatial orientation
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3. The achieved pk profile must elicit the desired pd effect 
so that unwanted complications such as nonspecific 
action on other healthy cells can be avoided.

Overall, with the present therapeutic era of MABs, these 
drugs are playing more significant roles in cancer care, 
specifically rituximab and trastuzumab. Accordingly, the 
biopharmaceutical industry has focused on developing 
many MABs against various cancer drugs over the past 15 
years.[54,55] Research findings have proven that antibody-
based therapies have many advantages such as biodistribution 
in the extracellular fluid space, good tolerance, and a long 
half-life.[56] However, the immune response to TAs is derived 
from the interplay between the host immune response and 
the malignant cells. The anticancer immune response is 
directly linked to the concurrent inhibitory mechanisms. 
Therefore, a smart drug delivery system (SDDS) will be a 
better therapeutic approach to cure cancer. When developing 
an SDDS, it is mandatory to ascertain the successful target 
TAs on the cancer cells, which can be achieved by predicting 
the chaotic behavior of both cancer cells and SDDSs. These 
behaviors can be explained by 3-dimensional (3D) plots 
expressing the cancer growth and determining the efficacy of 
the target treatment [Figure 2].

MATLAB tool and chaotic principles for cancer 
targets

MATLAB, which is an abbreviation for Matrix Laboratory, 
is a high-performing language for computing technical 
aspects to build a more interactive environment for 
programming, visualization, and solutions expressed in 
numerical computation. The applications of MATLAB are 
highly focused on computational biology, bioinformatics, 
and biological sciences. Recently, Pfizer pharmaceuticals 
developed an integrated Systems for Pharmacology approach 
using MATLAB and SimBiology to model receptor-based 
drug targets and to identify the exact concentration of a drug 
molecule that is needed to elicit the required inhibition, as well 
as to simulate and analyze biological systems in the earliest 
stages of drug discovery.[57] On the other hand, Chaos is an 
interesting complex phenomenon for understanding nonlinear 
systems and has theoretical and practical applications.[58] The 
primary characterization of a chaotic system as nonlinear 
differential equations can be applied to both temporal and 
spatial aspects such as
1. High sensitivity to initial conditions[59]

2. Pattern structure of a strange analyte.[60]

Figure 2: The chaotic behavior of cancer cells and smart drug delivery system (SDDS) and their successful target on the 
tumor antigens of cancer cells expressed as chaotic behavior model which is 3-dimensional plot expressing the normal cell 
progression, cancer development and determining the efficacy of the targeted treatment with SDDS
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The first chaotic model was discovered by Lorenz in 1963[61] 
and explained a 3D chaotic system; this was followed by 
many researchers who developed 3D smooth autonomous 
chaotic systems. Recently, researchers developed 3D smooth 
autonomous chaotic systems that can analyze various 
dynamic behaviors.[62] The concept of the cellular dynamics of 
cancer and carcinogenesis has evolved with the development 
of multiple hypotheses where the chaotic process is the 
prominent dynamic process to determine the nonlinear 
fashion of cancer cell growth.[63] Therefore, chaotic systems 
can be involved in genetics, extracellular and intracellular 
processes, and the development of tumors.[64,65]

The successful targeting of a drug to a cancer cell in 
a microenvironment consisting of a group of cells is 
highly invasive, and there is a need to understand cancer 
progression. The understanding of and progress toward the 
present goal of targeting the cancer growth population by a 
clinical intervention can be achieved through various aspects 
of mathematical, physical, and computational techniques 
that have been developed for evaluating cancer growth. 
Unfortunately, interactions between healthy host cells, 
exponential cancer cell growth, and efficient drug targeting 
for cancer and tumor cells cannot be assumed, and the key 
parameters remain to be identified. Due to the interactions 
of cancer cell populations, problems arise, such as the 
genetic uncertainty of cancer cells and the unpredictability 
of cancer cell growth.[66] Carcinogenesis population-based 
models, strange-attractor models, and four-dimensional 
spatiotemporal cancer models have all been investigated 
to understand the dynamics of cancer cells for treatment 
responses, metastasis, tumor growth, and strong nonlinear 
couplings.[67] Cancer cell growth is different for every patient 
concerning their age, health, etc. These parameters must be 
clarified to understand the dynamic system characteristics 
such as sensitivity to initial conditions. Furthermost, if 
dynamic nonlinear system chaos is established, strategies 
could be used to adjust to fighting cancer using chaos control 
or chaos anticontrol. Regarding chaos in the brain, cardiac 
rhythm, and cell population dynamics have a better value than 
statistical linear methods. However, the earlier discussion is 
continued to be in the form of a dynamic analysis of healthy 
host cells, and a drug targeting growth model can provide 
insights through the application of MATLAB and Simulink 
tools. This model approach followed by data fitting is 
useful in analysis and scenarios regarding the efficacy of a 
therapeutic process; the investigation is motivated by a need 
to understand the behavior of cancer cell growth in a dynamic 
manner, specifically their chaotic features, if any. From a 
technical viewpoint, the Lorenz system is nonlinear, 3D, and 
deterministic.[68]

A drug targeting growth model that exhibits chaos in the 
parameter range of interest is described below. Three new 
parameters α, β, and γ are introduced, and the variables 
are considered as a transformation of x1, x2, x3, and x4 for 
Simulink computations and better clarity.

The resulting model is the following:

x1 = 0

x2 = α (y−x)

x3 = x (β−z) – y + γ

x4 = δ x y−z

Where α = 3.0; β = 26.5; γ = 0.74; δ = 0.5 (1)

where x1 is the cancer cell density, x2 is the number of 
healthy host cells before cancer appeared at time t, x3 is the 
number of malignant cells at time t, and x4 is the number 
of cells suppressed after drug targeting at time t. In the 
above equations, we can easily assume that α, β, and γ are 
the positive system parameters; x1, x2, x3, and x4 represent 
the system state; and this time. The model consists of three 
cell populations. All of the parameters α, ρ, and β are 
motivated by the fact that the cancer cell represents a visual 
manifestation of a fundamental balance of forces. More 
precisely, the parameters signify the following measures: α is 
the healthy cancer cell volume (propagation/non-propagation 
fraction), β is the exponential cancer cell volume, and γ is 
the volume of cancer cells after drug targeting concerning 
efficient targeting/inefficient targeting.

The set of equations in (1) defines a drug targeting growth 
model, showing the competition in the flow of graph, as seen 
in Figure 3. Dashed lines represent the nonlinear interactions, 
and the sign describes the cancer growth (+) and suppression 
(−) by the drug targeting model. Dissimilar to what is 
frequently observed in this drug target model, the target is 

Figure 3: Graphical reorientation of the flow for the drug 
target cancer model. Dashed lines represent the nonlinear 
interactions, (+) the sign describes the cancer progression, 
whereas suppression of cancer progression by the drug 
targeting model is expressed as (−). Considering x1 as an 
initial point of cancer development, x1 = 0
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not defined in a particular way. Nothing is stimulating the 
growth of a new cell, and all of the interactions between the 
dissimilar populations are suppressing this growth. There is 
no interaction between healthy host cells and cells suppressed 
after drug targeting.

The phase portraits and the corresponding power spectra of 
(x2−x3), (x3−x4), and (x4−x2) are shown in Figure 4a and b. 
The corresponding power spectra between the growth rate 
of healthy host cells, healthy host cells into an exponential 
cancer cell volume, and exponential cancer cell volume in 
the volume of cancer cells after drug targeting are shown. 
The time response of the system states in (x2−x3), (x3−x4), 
and (x4−x2) are shown in Figure 4c. The corresponding time 
evolution between the growth rate of healthy host cells, 
healthy host cells into an exponential cancer cell volume, and 
exponential cancer cell volume in the volume of cancer cells 
after drug targeting are shown.

CONCLUSION

The development of an SDDS against cancer will be an 
important advance in curing cancer since conventional 
drug therapy acts not only on cancer cells but also on 
adjacent normal cells. In the present modern therapeutic 
era, targeted specific MABs have been discovered against 
various cancers. Although many reports have addressed 
the successful treatment of MABs against various cancers, 
their efficacy is highly dependent on an immune clearance 
mechanistic approach and that may lead to drug resistance, 
which ends in the failure of treatment. During the past 
two decades, pharmaceutical researchers have focused on 
nanoparticle drug delivery systems for the treatment of cancer 
to limit the drug dosage and increase the pharmacokinetic 
and pharmacokinetic profiles. SDDSs are more target-
specific and cytotoxic to only cancer cells; thus, harm to 
normal cells can be prevented. Although there are many 

Figure 4: The chaotic pattern and Simulink of cancer targets: (a) Insight the analog circuit of the drug targeting cancer cell 
model; (b) Numerical simulation of phase portrait in the (x2−x3), (x3−x4), (x4−x2); (c) Time response of the system states in the 
(x2−x3), (x3−x4), (x4−x2)

c

b

a
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advantages to SDDSs, their action is highly challenging due 
to pharmacokinetic profiles of the specifically targeted cells, 
attachment of tumor antigens, and spatial orientation of the 
cancer cells/SDDS during targeting; these systems are still 
at the preclinical experimentation level today. Model-based 
drug development is an effective approach for success in 
preclinical experimentation work and the development of 
effective treatment strategies. To overcome the lacunae of 
SDDSs, the present goal of understanding and predicting 
targeted cancer therapy can be accomplished through the 
application of MATLAB tools and deterministic chaotic 
principles, which represent an important advance in the 
development of novel drug delivery approaches against 
cancer.

DECLARATION OF INTEREST

The authors declare no conflicts of interest. The authors 
are acknowledging the College of Pharmacy, College of 
Computer Science and Information Technology, Jazan 
University, Jazan, KSA, for constant support.

REFERENCES

1. Hubbard ME, Jove M, Loadman PM, Phillips RM, 
Twelves CJ, Smye SW. Drugdelivery in a tumor cord 
model: A computational simulation. R Soc Open Sci 
2017;4:1-18.

2. Safhi MM, Sivakumar SM, Aamena J, Foziyah Z, Farah I, 
Tarique A, et al. Nanoparticle system for anti-cancer 
drug delivery: Targeting to overcome multiple drug 
resistance. In: Multifunctional System for Combined 
Delivery, Biosensing and Diagnostics. USA: Elsevier 
Publications; 2017. p. 159-69.

3. Raju V, Chandrababu R, Ramar T. Targeted 
nanotherapeutics based biomarkers. In: Multifunctional 
System for Combined Delivery, Biosensing and 
Diagnostics. USA: Elsevier Publications; 2017. p. 
229-44.

4. Hiba Z, Katherine LB. Mechanism and insight into drug 
resistance in cancer. Front Pharmacol 2013;14:1-5.

5. Wenbo Z, Moath A, Xia YX. Computational modelling 
of drug delivery to solid tumor: Understanding the 
interplay between chemotherapeutics and biological 
system for optimized delivery systems for optimized 
delivery systems. Adv Drug Deliv Rev 2018;132:81-103.

6. Au JL, Yeng BZ, Wientjes MG. Delivery of cancer 
therapeutics to extra cellular and intra cellular targets: 
Determinants, barriers, challenges and opportunities. 
Adv Drug Deliv Rev 2016;97:280-301.

7. Chie-Ming JH, Liang FZ. Therapeutic nanoparticles 
to combat cancer drug resistance. Curr Drug Metab 
2009;10:836-41.

8. Minchnton AI, Tannock IF. Drug penetration in solid 
tumors. Nat Rev Cancer 2006;6:583-92.

9. Nerini IF, Morosi L, Zucchetti M, Ballerini A, Giavazzi R, 
D’lncalci M. Intratumor heterogeneity and its impact on 
drug distribution and sensitivity. Clin Pharmacol Ther 
2014;96:224-38.

10. Pfizer. Uses Model-Based Drug Development to Help 
Reduce Phase II Attrition Rates; (1994-2020). Available 
from: https://www.mathworks.com/company/user_
stories/pfizer-uses-model-based-drug-development-to-
help-reduce-phase-ii-attrition-rates.html.

11. Thomas E, Kuepfer L, Becker C, Michael B, Katrin C, 
Thomas G, et al. A computational systems biology 
software platform for multiscale modeling and 
simulation: Integrating whole-body physiology, disease 
biology, and molecular reaction networks. Front Physiol 
2011;2:1-10.

12. Roland S, Robert MM. Fractals, chaos, and cancer: Do 
they coincide? Cancer Investig 1997;15:601-7.

13. Tamara M, Lorna RR, Vital P. Nanotechnology 
approaches for personalized treatment of multiple drug 
resistant cancers. Adv Drug Deliv Rev 2013;65:1880-95.

14. Petra K, Natesa O, Mateja C, Janko K, Julijana K. 
Targeting cancer cells using PLGA nanoparticles surface 
modified with monoclonal antibody. J Controll Release 
2007;120:18-26.

15. Emine G, Bilal D, Bahar G, Dilek OD, Suna T. 
Biofunctionalized nanomaterials for targeting cancer 
cells. In: Nanostructure for Targeting Cancer Therapy. 
USA: Elsevier Publication; 2017.

16. Zibin G, Linan Z, Yongjun S. Nanotechnology applied 
to overcome tumor drug resistance. J Controll Release 
2012;162:45-55.

17. Yong CL, Paul FR. Cancer immune therapy targeting 
neoantigens. Semin Immunol 2016;28:22-7.

18. Cheever MA, Allison JP, Ferris AS. The prioritization of 
cancer antigens: A national cancer institute pilot project 
for acceleration of translation research. Clin Cancer Res 
2009;15:5323-37.

19. Parkhurst MR, James CY, Russell CL, Mark ED, 
Debbie-Ann NN, Steven AF, et al. T cells targeting 
carcinoembryonic antigen can mediate regression of 
metastatic colorectal cancer but induce severe transient 
colitis. Mol Ther 2011;19:620-6.

20. Gheath A, Jeffery JM. Immunobiology of Allogenic 
Hematopoietic Stem Cell Transplantation. 2nd ed. USA: 
Elsevier Publication; 2018.

21. Thomas M, Daniel S. Challenges in optimizing the 
successful construction of antibody drug conjugate in 
cancer therapy. Antibodies 2018;7:1-12.

22. Pierpont TM, Limper CB, Richards KL. Past, present, 
and future of rituximab-the world’s first oncology 
monoclonal antibody therapy. Front Oncol 2018;8:1-23.

23. Beers SA, Chan CH, James S, French RR, Attfield KE, 
Brennan CM. Type II (tositumomab) anti-CD20 
monoclonal antibody out performs type I (rituximab-like) 
reagents in B-cell depletion regardless of complement 
activation. Blood 2008;112:4170-7.

24. Krasner C, Joyce RM. Zevalin: 90yttrium labelled 



Moni and Mohideen: Cancers, drug targeting through MATLAB tool

Asian Journal of Pharmaceutics • Jul-Sep 2020 • 14 (3) | 328

Anti-CD20 (Ibritumomab tiuxetan), a new treatment 
for non-Hodgkin’s lymphoma. Curr Pharm Biotechnol 
2011;2:341-9.

25. Rezvani AR, Maloney DG. Rituximab resistance. Best 
Pract Res Clin Haematol 2011;24:203-16.

26. Shoubing Z, Wu D, Xiaodong Y, Xiaoxiao J, Xiu Z, 
Shiya Z, et al. Intracellular pH-responsive and rituximab-
conjugated mesoporous silica nanoparticles for targeted 
drug delivery to lymphoma B cells. J Exp Clin Cancer 
Res 2017;36:1-14.

27. Andrey I, Sergei K, Mark SC, lllidge T. Radiation 
therapy with tositumomab (B1) anti-CD20 monoclonal 
antibody initiates extracellular signal-regulated kinase/
mitogen-activated protein kinase-dependent cell death 
that overcomes resistance to apoptosis. Clin Cancer Res 
2008;14:4925-34.

28. Vivian T. Brentuximab vedotin in hodgkin lymphoma 
and anaplastic large cell lymphoma. J Adv Pract Oncol 
2012;3:184-90.

29. Robert WC, Jessie H, Indu N, Wu J, Tim S, Larry WK, 
et al. Inhibition of MDR1 overcomes brentuximab 
vedotin resistance in hodgkin lymphoma cell line model 
and is synergistic with brentuximab vedotin in mouse 
xenograft model. Blood 2016;128:752.

30. Jurcic JG. What happened to anti-CD33 therapy for 
acute myeloid leukemia? Curr Hematol Malig Rep 
2012;7:65-73.

31. Available from: https://www.clinicaltrials.gov/ct2/show/
nct00283114.

32. Alinari L, Lapalombella R, Andritsos L, Baiocchi RA, 
Lin TS, Byrd J. Alemtuzumab (Campath-1H) in the 
treatment of chronic lymphocytic leukemia. Oncogene 
2007;26:3644-53.

33. Dubuisson N, Baker D, Kang AS, Pryce G, Marta M, 
Visser LH, et al. Alemtuzumab depletion failure can occur 
in multiple sclerosis. Immunology 2017;154:253-60.

34. Shih-Heng T, Min YC, Chu IM. Cetuximab-conjugated 
iron oxide nanoparticles for cancer imaging and therapy. 
Int J Nanomed 2015;10:3663-85.

35. Heinz-Josef L. Cetuximab in the management of 
colorectal cancer. Biologics 2007;1:77-91.

36. Maya S, Saji U, Bruno S, Chethampadi GM, In-Kyu P, 
Rangasamy J. In vivo evaluation of cetuximab-conjugated 
poly (γ-glutamic acid)-docetaxel nanomedicines in 
EGFR-overexpressing gastric cancer xenografts. Int J 
Nanomed 2017;12:7165-82.

37. Evan SG, Steven AC. Panitumumab conjugated gold 
nanoparticles induce hyperthermic cytotoxicity in 
pancreatic carcinoma cell lines after non-invasive 
radiofrequency field exposure. Mol Cancer Ther 2009;8 
Suppl 12:C99.

38. Gábor T, Árpád S, László S. The combination of 
trastuzumab and pertuzumab administered at approved 
doses may delay development of trastuzumab resistance 
by additively enhancing antibody-dependent cell-
mediated cytotoxicity. MAbs 2016;8:1361-70.

39. Paula RP, Ingrid AM, Ray M. Resistance to trastuzumab 

in breast cancer. Clin Cancer Res 2009;15:7479-91.
40. Available from: https://www.fda.gov/drugs/

drug-approvals-and-databases/fda-approves-new-
formulation-herceptin-subcutaneous-use.

41. Michael DC, Gauri JS, Lucia W, Bambang SA, Gabriela G, 
Victor M, et al. Seribantumab, an anti-ERBB3 antibody, 
delays the onset of resistance and restores sensitivity to 
letrozole in an estrogen receptor positive breast cancer 
model. Mol Cancer Ther 2015;4:2642-52.

42. Available from: Available from: https://www.fda.
gov/drugs/resources-information-approved-drugs/
fda-grants-regular-approval-pertuzumab-adjuvant-
treatment-her2-positive-breast-cancer.

43. Nahta R, Hung MC, Esteva FJ. The HER-2-targeting 
antibodies trastuzumab and pertuzumab synergistically 
inhibit the survival of breast cancer cells. Cancer Res 
2004;64:2343-6.

44. Gu S, Worapol N, Moataz R, Hu Z, Joe WG, Wassana Y. 
Lack of acquired resistance in HER2-positive breast 
cancer cells after long-term HER2 siRNA nanoparticle 
treatment. PLoS One 2018;13:e0198141.

45. Famby TM, Fong PM, Goyal A, Saltzman WM. Target 
for drug delivery. Mater Today 2005;8:18-26.

46. Stella B, Arpicco S, Peracchia MT, Desmaële D, 
Hoebeke J, Renoir M, et al. Design of folic acid-
conjugated nanoparticles for drug targeting. J Pharm Sci 
2000;11:1452-64.

47. Helen XC, Elad S. IGF-1R as an anti-cancer target-trials 
and tribulations. Chin J Cancer 2013;32:242-52.

48. Olivia GT, Joshua SB, Kathryn AS. Glioblastoma 
multiforme: An overview of emerging therapeutic 
targets. Front Oncol 2019;9:1-9.

49. Deok-Hoon K, Mi-Ra K, Ji-Hye J, Na HJ, Sukmook L. 
A review of anti-angiogenic targets for monoclonal 
antibody cancer therapy. Int J Mol Sci 2017;18:1-25.

50. Matsmura Y, Maede H. A new concept for macromolecular 
therapeutics in cancer chemotherapy: Mechanism of 
tumirotropic accumulation of proteins and the anti-
tumor agent smancs. Cancer Res 1986;46:6387-92.

51. Bae YH, Park K. Targeted drug delivery to tumours: 
Myths, reality and possibility. J Controll Release 
2011;153:198-205.

52. Groh CM, Hubbard ME, Jones PF, Loadman PM, 
Periasamy N, Sleeman BD, et al. Mathematical and 
computational models of drug transport in tumors. J R 
Soc Interface 2014;11:20131173.

53. Reichert JM. Antibodies to watch in 2014. MAbs 
2014;6:5-14.

54. Lorenzo G, Erika V, Wolf HF, Jerome G, Catherine SF, 
Eric T, et al. Trial watch: Monoclonal antibodies in 
cancer therapy. Oncoimmunology 2013;2:28-37.

55. Henri AM, Jean FE, Virginie L, Nathalie B, Laurent G. 
Tumour antigen targeting monoclonal antibody based 
immune therapy: Orchestrating combined strategies 
for the development of long-term antitumor immunity. 
Oncoimmunology 2014;3:1-8.

56. Sun JD, Liu Q, Wang J, Ahluwalia D, Ferraro D, 



Moni and Mohideen: Cancers, drug targeting through MATLAB tool

Asian Journal of Pharmaceutics • Jul-Sep 2020 • 14 (3) | 329

Wang Y, et al. Selective tumor hypoxia targeting by 
hypoxia activated prodrug TH-302 inhibits tumor 
growth in preclinical models of cancer. Clin Cancer Res 
2012;18:758-70.

57. Anderson AR, Chaplain MA. Continuous and discrete 
mathematical models of tumour-induced angiogenesis. 
Bull Math Biol 1998;60:857-900.

58. Abdollah G, Hassan SN, Amin J. Analysis and control 
of a three-dimensional autonomous chaotic system. Appl 
Math Inf Sci 2015;9:739-47.

59. Hilborn RC. Chaos and Non-linear Dynamics: An 
Introduction for Scientists and Engineers. New York, 
USA: Oxford University Press; 2000.

60. Ott E. Chaos in Dynamical Systems. 2nd ed. Cambridge: 
Cambridge University Press; 2003.

61. Lorenz EN. Deterministic nonperiodic flow. J Atmos Sci 
1963;20:130-41.

62. Li C, Li H, Tong Y. Analysis of a novel three-dimensional 
chaotic system. Optik 2013;124:1516-22.

63. Tuan DP, Kazuhisa I. Spatial chaos and complexity in 

the intracellular space of cancer and normal cells. Theor 
Biol Med Model 2013;10:1-20.

64. Banasiak J, Lachowicz M, Moszynski M. Chaotic 
behaviour of semi groups related to the process of gene 
amplification/de amplification with cell proliferation. 
Math Biosci 2007;206:200-15.

65. Heffner DK. Chaotic tumors and 2 mistakes of molecular 
oncologists. Ann Diagn Pathol 2005;9:61-7.

66. El-Gohary A. Chaos and optimal control of cancer 
self-remission and tumour system steady states. Chaos 
Solitons Fractals 2008;37:1305-16.

67. El-Gohary A, Alwasel IA. The chaos and optimal control 
of cancer model with complete unknown parameter. 
Chaos Solitons Fractals 2009;42:2865-74.

68. Timbo C, da Rosa LA, Goncalves M, Duarte SB. 
Computational cancer cells identification by 
fractal dimension analysis. Comput Phys Commun 
2009;180:850-3.

Source of Support: Nil. Conflicts of Interest: None declared.


