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Cancer is a disease with rare, diverse symptoms, causing abnormal cell growth in an uncontrolled way, leading to cell damage,
apoptosis, and eventually death of the patient. This study uses the Fuzzy PROMETHEE technique to develop a new path for cancer
treatment based on nanoparticles (NPs) applications, used in controlled anticancer drug delivery (drug release, toxicity, and
unspecific site targeting) to enhance patient safety. The different nanoparticles employed in the drug delivery analysis are gold
nanoparticles (AuNPs), liposomes, dendrimers, polymeric micelles (PMs), and quantum dots (QDs). Fuzzy predictable preference
organization mode and evaluation multicriteria choice were used as tactics in making the best decision using the data from the
factors of cost, size, shape, surface charge, ligand type, pH and temperature stimuli, biocompatibility, accumulation ratio, toxicity,
specificity, stability, efficacy, adverse effect, and safety factor of the NPs. The results obtained from the total net flow of the visual
PROMETHEE scenario for anticancer drug delivery, based on NPs data analysis, show that AuNPs are ranked the highest among
the other NPs. The Phi values obtained for the NPs are as follows: AuNPs (0.1428), PMs (0.0280), QDs (—0.0467), dendrimers
(—0.0593), and liposomes (—0.0649). This study highlights the optimal choice of NPs as an intelligent drug delivery system that
facilitates therapeutic efficiency, where cancer cells are accurately targeted to enhance treatment quality and patient safety.

1. Introduction

Cancer is a disease with rare, diverse symptoms, causing
abnormal cell growth in an uncontrolled way, leading to cell
damage, apoptosis, and eventually death of the patient [1]. In
the United States, an estimation made by the American
Society of Cancer found the estimated data of new cancer
incidence. Their report shows that no fewer than 1,762,450
new cancer cases were recorded in 2019, while 606,380
mortality cases were recorded [2]. Moreover, there have
been projections of the number of new cases of cancer for the
next decades. One of such projections was made by the
World Health Organization (WHO). The global health body

WHO estimated that in 2018 cancer accounted for about 9.6
million deaths globally [3, 4], with the deaths projected to
reach up to 22 million by the year 2035. This shows the rate
at which cancer is increasing, and how important it is to
contribute to fighting it.

Different cancer treatment techniques are used alter-
natively. This includes surgery, chemotherapy, and radio-
therapy. Chemotherapy is the most widely used technique to
eliminate tumors and cancer cells. However, the chemo-
therapy technique usually lacks efficacy on the specificity of
targeting cancer cells without harming nearby healthy cells
or tissues. This is harmful to the patient and may result in
several side effects that may be active throughout the
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patient’s lifespan. Therefore, the need to increase the efficacy
of chemotherapy and other cancer therapies is necessary to
reduce the severity and adverse side effects of these treat-
ment techniques. The classical anticancer drugs are char-
acterized by poor control of the drug-releasing process and
biodistribution in the body of the patient. Other charac-
teristics include low effectiveness and unspecific selectivity
with undesirable adverse side effects. To improve the effi-
ciency of the drug delivery process for the targeted site, there
is a need to deliver fewer doses of these anticancer drugs to
achieve fewer undesirable side effects.

One promising technique to improve the efficiency of the
anticancer drug in targeted sites is nanoparticles (NPs). NPs
are considered one of the most attractive choices in targeting
and killing cancer cells with significantly reduced side ef-
fects. They can behave with highly flexible biological
properties offered by their extra small size, between 1 and
100nm, and high surface to area ratio. These excellent
characteristics give NPs the ability to be linked and adsorbed
with anticancer drug delivery agents at a wide range of
modulation to improve high efficacy. Problems associated
with uncontrollable drug delivery to desired targeted sites
are not new. However, NPs are used as a control agent in the
drug delivery process to reach desired targeted sites.
According to [5], nanodrug delivery system protects against
rapid degradation and enhances drug concentration in
target tissues. This smart drug delivery system can be
achieved by engineering the surface features of nanoparticles
to enhance biocompatibility, stability, efficacy, and patient’s
safety [6].

Funkhouser first referred to nanotheranostics as a novel
technique with the capabilities of simultaneously providing
diagnosis and therapy in 2002 [7]. In the last two decades,
many studies have been carried out to exploit and develop
the unique properties of nanotheranostic agents for cancer
treatment. These studies were mainly concentrated on im-
aging, diagnosis, and treatment. NPs attracted considerable
attention in therapy due to weaknesses in classical anticancer
drugs. There is also the challenge of choosing the right
combination of theranostic agents for accurate cancer cell
targeting. About 12,000 research papers have been published
on NPs as anticancer drug delivery system, leading to rapid
development in this field [8]. The development of NPs for
targeted drug delivery is divided into three generations: The
first generation focused on the chemistry of the surface
particles and main charges to improve biocompatibility and
limiting toxicity [9]. The second generation incorporated
biocompatible polymers to improve functional properties
(e.g., polyethylene glycol (PEG)). This prolongs NPs in blood
circulation [10]. Lastly, the third generation focused on
developing environmental responsive polymer (e.g., pH and
temperature changes), to improve drug delivery efficacy [11].

This study explored a new decision-making process for
the selection and combination of the abovementioned three
generations with the best specific group of NPs used in
cancer therapy. The method used in realizing this aim is the
incorporation of fuzzy logic and multicriteria decision-
making technique (MCDM) called fuzzy PROMETHEE.
Accordingly, a comparative evaluation and ranking of NPs
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were achieved using several important factors affecting the
performance of NPs. These factors included size, shape,
surface charge, ligand type, and other important factors that
make NPs smart anticancer drug carriers. The main aim is to
find the best alternative to improve stability, specificity, and
efficacy of cancer therapies and patient’s safety
enhancement.

1.1. Gold Nanoparticles (AuNPs). Gold nanoparticles
(AuNPs) are inorganic nanostructures on the scale of col-
loidal nanocarriers. They are very resilient nanoparticles due
to their unique physical, chemical, electronic, optical,
sensing, and biomedical features which make them excellent
for use in diverse biomedical fields including cancer
theranostics, drug delivery, molecular imaging, and bio-
sensing [12]. Manufacturing AuNPs is easy compared to
other NPs. Special properties of AuNPs include flexibility in
the desired shape and small size, a very high surface-volume
ratio (about 5nm/20%; 1nm/100%), and excellent bio-
compatibility. Consequently, surfaces of AuNPs can be
functionalized with covalent or noncovalent bonds in
presence of negative charge [13, 14]. Additionally, AuNPs
have gotten more attention in academia (anticancer drug
delivery) because they are easily designed in a spherical
shape, specific tunable size range (1-10nm) for drug de-
livery, and long-lasting blood circulation time, with the
possibility of exertion with urine and nonsystematic toxicity
[15]. AuNPs are the most stable drug carriers with controlled
dispersion and regimented drug release with high specificity
for the cancer cell site [11-19]. Lastly, AuNPs have minor
noncovalent modifications and carry various drug molecules
with high capacity, control, and release through internal
stimuli (pH and temperature) or external stimuli (light)
changes.

AuNPs are potentially useful in different fields of ap-
plication. The relative stable ligand-gold binding outside the
cell and the reduced stability in the cells contribute partly to
making golden nanoparticles a good candidate for drug
delivery and drug release due to the high intracellular
concentrations of glutathione [20]. On-site and real-time
metal ion monitoring using AuNPs can be also employed in
environmental biology and clinical toxicity [21, 22]. These
metals include mercury (Hg*'), cadmium (Cd**), lead
(Pb**), and cupric ion (Cu*"). Glucose has been widely
utilized as a clinical indicator of diabetes and has recently
earned increasing interest in the analytical biochemistry
areas as a whole [23-26]. To date, electrochemical ap-
proaches have been regarded as useful for sensing glucose
due to the possibility of achieving a better sensitivity of
detection. The majority of electrochemical methods utilize
the enzyme glucose oxidase (GOx), which catalyzes the
oxidation of D-glucose to gluconolactone and the reduction
of oxygen to hydrogen peroxide selectively. Because the
association between the amino and cysteine groups of
proteins and AuNPs is as strong as that of routinely
employed thiols, AuNPs make ideal biocompatible surfaces
for the immobilization of enzymes and proteins. As a result,
amino acids and proteins can be directly adsorbed on AuNPs
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without any modification at all [27, 28]. The majority of
research on biosensors with AuNPs has focused on enzyme
electrodes [29, 30]. The application of AuNPs to protein
analysis/detection is also an exciting area of research.
AuNPs/protein conjugates have found growing use as
bioanalytical, diagnostic, and/or immunohistochemical
probes throughout the last decade.

The methodologies for synthesizing AuNPs have been
constantly changing. Chemists now have a robust toolbox
for functionalizing AuNPs by the attachment of various
chemicals and biomolecules to the surface of AuNPs, in-
cluding small molecules, surfactants, dendrimers, polymers,
and proteins. Nanoparticles can be easily functionalized with
a number of ligands by several techniques, including thiol
(=SH) [31], hydroxyl (-OH) [32], phosphine (-PH2) [33],
and amine (-NH2) [34]. These functionalized AuNPs ex-
hibit the predicted reactivity and optical, electrical, and
biocompatible features. Three extensively used ways for
synthesizing AuNPs probes are electrostatic contact, specific
recognition (e.g., antibody-antigen, biotin-avidin), and co-
valent coupling (Au-S bonding).

1.2. Liposomes. Liposomes are phospholipid bilayer nano-
carriers. They differ in size from 20 nm to many microns
with spherical shape. Liposomes consist of cell membrane
which is a phospholipid, making up the lipid tail of fatty acid,
cholesterol, and polar head group. Gregory Gregordians was
the first to show that phospholipids have self-assembled
bilayer vehicles when immersed in water [18]. Unmodified
liposomes have problems such as instability, drug loading,
fast drug release, and short circulation blood time. In an-
ticancer  drug  delivery, liposomes have  diffi-
culties—controlled distribution, toxicity, and removal from
the body [8]. However, functionalized liposomes overcome
these problems. Liposomes have many advantages as
nanovehicles for drug delivery purpose. They prevent un-
desirable exposure of drug, protect degradation [35], and can
distinguish between healthy and cancerous cells using
various types of bonds to activate liposomes to target cancer
cells [36]. Liposomes can be stimulated by many factors such
as pH, temperature change, or light [37]. Liposomes are
more biocompatible than other synthetic materials due to
their structure. Additionally, other liposomes that have been
modified in desired size, shape, and surface functions can
control efficacy and toxicity, changes in absorbance, and
biodistribution, thus delivering and releasing the drug most
desirably. They also decrease their adverse effects when the
drug begins to accumulate within the body, prolonging the
time in blood circulation and enhancing the duration of
action. Nanotheranostic liposomes can carry both diagnostic
and therapeutic agents which improve their progress during
drug delivery, making them more promising as anticancer
theranostic agents [38, 39].

1.3. Dendrimers. Dendrimers are a synthetic class of poly-
mers that self-assemble into highly branched 3D controlled
spherical structures, with nanosize scale (1-100 nm). Den-
drimers have three sections: core, branches, and exterior

surface with functional surface groups [40]. The active
groups on the surface of dendrimers give a high level of
surface functionality and tune the physicochemical features.
Furthermore, because of their high biocompatibility, ad-
sorption, and monodisperse nature, they can be used in drug
delivery with a higher drug encapsulation rate [41]. Den-
drimers can be utilized as anticancer drug delivery and
diagnostic agents [42, 43]. For drug delivery, dendrimers can
encapsulate drug molecules covalently or noncovalently,
depending on whether the drug is encapsulated inside or
linked on the dendrimer surface. However, covalent bonds
are undoubtedly more stable [44, 45]. Drug leakage, im-
munogenicity, and cytotoxicity limit the use of dendrimers.
They usually have nonspecific drug release, which causes
undesired adverse effect and poor efficacy [46]. Though
dendrimers can improve polymer accumulation at a specific
targeted site and bind to other molecules to adjust solubility,
they still have difficulty in controlled drug release at the
targeted site [47].

1.4. Polymeric Micelles. Polymeric micelles are self-assem-
bled amphiphilic block copolymers. They can be created at
specific critical micelle concentration [17]. Polymeric mi-
celles are spherical core-shell structures with nanosizes
ranging from 10 to 100 nm. It has been proven that poly-
meric micelles are an excellent drug delivery system due to
their high stability in physiological conditions [5]. Their
advantages include their unique size and shape, solubility,
drug release at the targeted site, protection of drugs from
degradation, surface functionalization’s property, and their
ability to be modified to decrease toxicity ratio, increase
targeting specificity, and improve efficacy, which makes
them a proper choice for anticancer drug delivery purposes
[48]. The drugs can be loaded into a polymeric micelle
physically, chemically, or through electrostatic interactions
[49]. Micelles may face undesirable interaction with blood
and damage the balance between micelle and blood, besides
the undesirable drug release bypassing the “critical micelle
concentration.” To overcome this problem, it is necessary to
modify polymeric micelles [49, 50]. Many types of bonds and
stimuli factors are used to functionalize the polymeric mi-
celles to release the drugs at the desired dose and site [51].
The codelivery technique in the multifunctional micelle is an
important factor to the improvement of their effects in
cancer treatment and diagnosis [52].

L.5. Quantum Dots. Quantum dots (QDs) are nanocrystal
inorganic NPs with spherical core-shell structure and
nanosize (2-10nm), consisting of a semiconductor inor-
ganic core and an aquatic organic shell. Their unique fea-
tures come from their physical nanosize, bright high
photostability, and wide range of excitation using UV light
[18]. QDs have been modified to achieve a longer time in the
intracellular process for bioimaging and monitoring in real
time in vitro. They are very useful in the medical field es-
pecially as diagnostic agents such as MRI and tissue fluo-
rescence imaging agent, in cell labeling, and for therapeutic
purpose in cancer treatment [53]. In an in vitro study,



prostate cancer was developed in experimental mice, and
QDs have been used as anticancer drug delivery. It was
proven that QDs accumulated at cancer sites successfully by
promoting permeability and retention effect. To increase the
accumulation ratio at the cancer sites, QDs were modified
with specific functionalization factors and bonds [54].
However, QDs have critical problems with nonexertion with
urine, deposition in lungs, and atriums of the heart, which
causes toxicities. The studies and reports on the excretion of
QDs are very limited making their clinical usage very dif-
ficult [5].

This study investigates the weaknesses of current cancer
therapy techniques and how rapid development in nano-
technology is strengthening them. We applied the fuzzy
PROMETHEE method to compare dominant criteria of NPs
in anticancer drug delivery.

2. Materials and Methods

2.1. Fuzzy PROMETHEE. Fuzzy logic and PROMETHEE
are two concepts combined to form fuzzy PROMETHEE.
This combination of concepts has only been explored by a
minor percentage of previous studies. PROMETHEE stands
for Preference Ranking Organization Method for Enrich-
ment Evaluation. It has been shown to effectively compare
alternative methods using vital materials (criteria) to de-
termine their performance. These criteria are qualitative
values that are converted into the fuzzy scale and weighted
(for each criterion) to define linguistic data. The result will
provide a ranking of the alternatives from the most favorable
choice to the least favorable choice. Some of the earliest
studies that used this methodology include [55-62].

More studies in 2019 incorporated fuzzy PROMETHEE
for various medical applications. They include studies on
antiretroviral combination decision in pediatric HIV ther-
apy [46], sterilization methods for medical devices [63],
postexposure prophylaxis regimen in the prevention of
potential pediatric HIV-1 infection [64], and selection of
most appropriate antiretroviral drugs in focused aged
groups of HIV-1 infected children [64]. All of these studies
made an effective comparative analysis of related alternatives
in various fields depending on the necessary and important
criteria and importance weights.

The fuzzy PROMETHEE is an MCDM method that
analyzes multicriteria scenario and makes a ranking orga-
nizational method for comparison and evaluation purposes
[65]. Comparison for decision-making in complex issues
such as anticancer drug delivery is usually difficult to
achieve; however, fuzzy PROMETHEE was developed to
tackle such challenges. The technique can complete the
comparison process with both numerical and nonnumerical
values by converting linguistic variables into mathematical
variables.

Criteria are weighted according to previous literature.
These weights can be altered according to the researcher’s
preference. Yager index was used in the defuzzification of
data because it considers all the points and is not hugely
affected by extreme values or weights. Lastly, defuzzified
values were imputed into PROMETHEE GAIA decision lab
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software with Gaussian preference function (GPF) for the
comparative analysis of NPs.

2.2. Dataset. Theranostic NPs for anticancer were selected
after an extensive review of previous studies on NPs. Ap-
propriate standards were chosen for the method of engi-
neering and modification of NPs specifications for improved
exploitation of their advantages, thus enhancing therapeutic
efficiency. Furthermore, the criteria adopted included NPs
manufacturing cost, size, shape, surface charge (SC), non-
covalent ligand type (NCL), stimuli effects (pH and tem-
perature), biocompatibility (BC), toxicity (TO), targeting
specificity (SP), stability (ST), efficacy (EF), adverse effects
(AE), and patient safety (SA). These criteria are vital for
enhanced biocompatibility, encapsulation, controlled bio-
degradability, leakage, and circulation time in the blood;
targeting the desired site efficiently with high specificity; and
stability with very specific doses. NPs accumulation (ACC)
in the body is significantly related to their toxicity/cyto-
toxicity that may cause adverse side effects. Thus, toxicity/
cytotoxicity was included as an important criterion for the
selection of NPs as anticancer drug carriers. Tables 1 and 2
show the dataset including selected NPs for anticancer drug
delivery, criteria, and corresponding visual PROMETHEE
values

A triangular fuzzy scale was utilized with weight selec-
tion for each criterion, distinguishing one criterion from
another clearly and directly reflecting the order of priority.
Weight was assigned to each criterion of NPs depending on
the importance of the criterion. The criteria size, shape,
surface charge, biocompatibility, accumulation ratio, tox-
icity, efficacy, adverse effects, and safety were classified
within the first-degree importance, and the maximum
weight was assigned as “very high” with fuzzy number
ranging within (0.75, 0.92, 1.00) because of the extreme
importance to improvement of drug targeting, enhanced
treatment efficiency, and patient safety, thus increasing
survival rate and quality life. Other criteria like pH, tem-
perature, ligand type, specificity, and stability were assigned
second-degree importance as “high” weight with fuzzy
number ranging within (0.50, 0.75, 1.00) because of the
indirect effect on survival rate. Finally, the cost of
manufacturing is assigned the least importance on the scale
“moderate” weight with fuzzy number ranging within (0.25,
0.50, 0.75), since all the previous parameters are much more
important for the cure and safety of the patient compared
with the latter one. Table 3 shows linguistic variables and
their corresponding priority weight of criteria and fuzzy
numbers.

3. Result and Discussion

The resulting order through the total net flow of the visual
PROMETHEE scenario ranking illustrates the sequence of
the NPs from the top to the bottom in terms of the per-
formance of each NP as intelligent drug delivery system for
anticancer treatment. The domain from the net flow point to
the positive outranking flow states the cumulative
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TasLE 1: Nanoparticles used as anticancer drug delivery vehicles, their respective parameters, and their corresponding visual PROMETHEE

values.
Criteria Cost Size Shape pH Temp SC NCL
Unit ($) (nm) (©)
Preference
Max\min Min Max Max Max Max Max Yes
Weight M VH VH H H VH H
Preference fn. Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian
Evaluation
AuNPs M VG VH VG VH VG Yes
Liposomes VH A M G M A No
Dendrimers H G M G H A No
PMs H A H G M G No
QDs M G H G VH G No

*AuNPs: gold nanoparticles; PMs: polymeric micelles; QDs: quantum dots; Temp: thermal conductivity; SC: surface charge; NCL: noncovalent legend; H:

high; M: medium; VH: very high; A:average; G: good; VG: very good.

TaBLE 2: Nanoparticles used as anticancer drug delivery vehicles, their respective parameters, and their corresponding visual PROMETHEE

values.
Criteria BC ACC TO SP ST EF AE SA
Unit % % % % % % % %
Preference
Max\min Max Min Min Max Max Max Min Max
Weight VH VH VH H H VH VH VH
Preference fn. Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian Gaussian
Evaluation
AuNPs VH VL VL VH VH VH VL VH
Liposomes H H H H H H L L
Dendrimers M H M M M M M M
PMs H M M H H VH L H
QDs M H L H M H H VL

*AuNPs: gold nanoparticles; PMs: polymeric micelles; QDs: quantum dots; BC: biocompatibility; ACC: accumulation rate; TO: toxicity; SP: specificity; ST:
stability; EF: efficacy; AE: adverse effect; SA: safety; H: high; M: medium; VH: very high; L: low; VL: very low; A: average; G: good; VG: very good.

TaBLE 3: Linguistic variables and their corresponding priority weight of criteria and fuzzy numbers.

Priority weight of Fuzzy number

Rating of criteria

criteria
. (0.75, 1.00,
Very high (VH) 1.00)
. (0.50, 0.75,
High (H) 1.00)
(0.25, 0.50,
Moderate (M) 0.75)
Low (L) (0, 0.25, 0.50)
Very low (VL) (0, 0, 0.25)

Size, shape, surface charge, biocompatibility, accumulation ratio, toxicity, efficacy, adverse

effect, safety

pH, temperature, noncovalent ligand, specificity, stability

Cost

performance of NPs; however, the range from the net flow
point to the negative outranking flow states the descending
performance. The resulting sequence shown in Table 4 in-
dicates that AuNPs were ranked in first place with highest
net flow (Phi) equal to 0.1428, positive outranking flow
(+Phi) equal to 0.1428, and zero negative outranking flow
(=Phi), followed by polymeric micelles with Phi=0.0280,
positive Phi=0.0511, and negative Phi = 0.0231. The
quantum dots (QDs) had Phi=-0.0467, positive
Phi=0.0225, and negative Phi = 0.0692. The dendrimers had
net flow Phi=-0.0593, positive Phi=0.0111, and negative
Phi=0.0703. Ultimately, the last place was taken by the
liposomes with Phi=-0.0649, positive Phi=0.0110, and

negative Phi=0.0759. The result provides a complete
ranking of NPs from the best specific group of NPs used in
the treatment of cancer to the least which is beneficial for
decision-making. This considers all input factors or criteria
necessary for designing intelligent anticancer drug carriers
and then provides ranking.

The action profile for each NP included in this study has
been illustrated and clarified according to Figure 1, and the
results provide absolute strength and weaknesses of each
alternative NP. AuNPs were ranked in the first place due to
the classification, and its resulting action profile is all
design criteria as very good modification choices starting
from the size of the particle followed by the shape and
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TaBLE 4: A complete ranking of nanoparticles as anticancer drug delivery.
Rank Nanoparticles as intelligent anticancer drug delivery Phi Phi+ Phi-
1 AuNPs 0.1428 0.1428 0.0000
2 Polymeric micelles 0.0280 0.0511 0.0231
3 Quantum dots —0.0467 0.0225 0.0692
4 Dendrimers —-0.0593 0.0111 0.0703
5 Liposomes —0.0649 0.0110 0.0759
+1 4 Accumulation rate Safety Temp Size Adverse effect r+l
Safety Efficacy Toxicity Temp Biocompatibility
Toxicity Adverse effect Cost Safety Stability
Adverse effect Shape Size Specificity
Size Surface charge Shape
Shape Biocompatibility Surface charge
Surface charge Stability Specificity
Biocompatibility Specificity
Stability
Temp
Efficacy
Specificity
pH
Non covalent legend
Cost
0 e — ()
AuNPs PMs —
QDs Dendrimers Liposomes
Cost
pH
Non covalent legend pH
Toxicity Non covalent legend
Stability Efficacy
Cost pH Adverse effect Cost
A B . Non Covalent legend Specificity Size
ccumu ;[ ion rate Efficacy Shape Shape
N P Stability Surface charge Surface charge
on covalent legend Biocompatibilit . ST
Toxicit pal Y Biocompatibility Temp
OSX}CI Y Accumulation rate Accumulation rate Accumulation rate
T 1ze Adverse effect Efficacy Safety
14 emp Safety Toxicity L-1

Figure 1: PROMETHEE rainbow showing a complete ranking and action profile of the selected NPs from the specific group of NPs used in

the treatment of cancer to the least.

thermal sensitivity, accumulation ratio with good bio-
compatibility, and pH sensitivity, in addition to the high
ability to functionalize the AuNPs surface with non-
covalent ligand and moderated surface charge perfor-
mance. These decorating factors result in high percentage
of biocompatibility, targeting specificity, and therapeutic
efficiency with favorable stability, with no systematic
toxicity or adverse effects, which guarantees the patient’s
safety. The polymeric micelles were assorted in the second
place, and the action profile states that the main problem
for the PMs is related to the shape of the PMs and the high
accumulation rate resulting in systematic toxicities. The
dendrimers were classified in the third place, and the
action profile emphasizes that the main problem with
dendrimers NPs is related to the modified size perfor-
mance and the specificity of targeting, resulting in ther-
apeutic deficiency. The unfavorable stimuli factor
performance (pH) and ligand type of the dendrimers in

addition to the accumulation rate of the particle in the
body cause side effects and deficiency in patient safety
factor. The liposomes have been rated in the fourth place,
and from the action profile it is clear that the behavior of
these NPs as intelligent anticancer drug delivery system
suffers from serious problems in the systematic toxicity, in
addition to deficiencies in the surface charge, temperature
stimulus factor, and biocompatibility in one level. In the
other level, there is the pH sensitivity, ligand type, particle
shape, and stability. Overall, these results lead to mild
liposome accumulation rate in the body, mild targeting
specificity, low side effect, very low therapeutic efficiency,
and patient safety.

The quantum dots were in the last place, and from the
action file the main weakness point in this type was due to
the deficiency in the thermal sensitivity and the accumu-
lation rate in the body due to the size of the particle which
causes side effects and insufficient therapeutic results, in
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addition to other problems in pH sensitivity, ligand type,
and specificity. Despite the serious problems that these
atoms suffer from due to the accumulation rate, these
particles are rather nontoxic and have the possibility of
discharging out of the body after a while.

4. Conclusion

Deciding on the right technique to treat cancer with no side
effects can be made using nanomedicine technologies by
exploiting the advantages of both the features used and the
characteristics of the cancerous environment of the infected
cell which entirely differs from the healthy cell. Nano-
medicine can enhance therapeutic effectiveness of cancer
treatment techniques to a new level of efficiency and pa-
tient’s safety and reduce the chances of secondary infection
as side effects of treatment.

This study used fuzzy PROMETHEE that employs
double comparison in fuzzy conditions. It discussed a set of
important specifications for a group of nanoparticles that are
considered as ideal options for designing intelligent systems
to deliver anticancer drugs, against set of designing criteria.
Each criterion in turn was given an importance factor. The
outcomes of the study indicate that AuNPs are determined
as preferred alternatives, while PMs, QDs, dendrimers, and
liposomes are less preferred alternatives, respectively. The
criteria that were selected for determining AuNPs showed
high effectiveness of loading and delivering the drug to the
targeted cell with almost no side effects. The proposed
method is capable of merging qualitative and quantitative
data, which makes it unique. Its efficacy and ease of use make
it one of the best methods of visualization and application
compared to the other MCDM methods. It is also very
applicable to and suitable for creating a knowledge-based
system of design.

Data Availability

The data used and/or analyzed during the current study is
already available from the literature.
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