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Abstract 
Ultrasensitive, non-invasive, and expeditious biomarker recognition is helpful in the effective detection, 
screening, and management of cancer. Nevertheless, the concerns associated with natural biomolecules are 
attributable to polymeric materials; there has been a pronounced shift in focus towards recognition elements 
over the past few decades, incorporating molecular imprinting polymers (MIPs). MIPs, exhibiting sensitivity 
akin to natural antibodies, often called 'synthetic or artificial antibodies,' have been used in analytical systems 
for cancer biomarker determination. This systematic review provides a profound overview of specific cancer 
biomarkers and the utility of MIPs in cancer biomarkers identification; some cancer biomarkers are- Breast 
cancer biomarkers (CA15-3, HER-2), epithelial Ovarian cancer (CA-125), Prostate cancer (e.g. PSA), 
Hepatocellular carcinoma (AFP), and small molecule cancer biomarkers (5-HIAA, neopterin). Mentioned 
cancer biomarkers could manifest in body fluids or healthy tissues, urine, blood, and faeces. At low 
concentration, biomarker quantification poses a formidable technical burden or challenge in intricate matrices. 
This systematic review delineates the postulate of molecular imprinting methods (MIP-based sensor). 
Additionally, we discussed various analytical signal determination methods and expounded upon molecularly 
imprinted polymers (MIPs), the nature and chemical structure, activity, or behaviour. We also addressed the 
most suitable materials for identifying particular cancer biomarkers, emphasising the necessity for meticulous 
consideration during MIP synthesis. The comprehensive aspiration to develop MIP-based diagnostic kits for 
cancer biomarkers will be discussed in this systematic review, focusing on endeavours to elucidate the potential 
of MIPs and their utility as recognition elements for sensors. How it works in the realm of cancer biomarker 
detection helps researchers apprehend the complexities of this field. 
Keywords: Molecularly Imprinted Polymer (MIPs), Molecular Imprinting, Biosensing, Cancer, Cancer 
Theranostics. 
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Introduction 

Cancer, a most common widespread ailment 
resulting from uninhibited cellular division, 
dissemination, and proliferation of healthy 
anatomical regions, comprises a substantial social 
burden worldwide. In 2021, according to the 
American Cancer Society, approximately 1.9 
million new cancer cases and 608,570 cancer 
deaths occurred in the United States (US) [1] due to 
the coronavirus disease-2019 (COVID-19) 
pandemic. By sub-optimal viability rate, the 
redoubtable spread of cancer has intensified, 
predominantly ascribed to the up-diagnosis process, 
inadequate resource accessibility, and the 
unavailability of cost-effective diagnostic options. 
Intervention, prompt investigation, and ongoing 

observation are pivotal for mitigating mortality 
associated with this intimidating ailment. Recently, 
researchers have used the above technique, which 
rises above the limitations inherent in conventional 
clinical diagnostics methods, which rely on 
expensive and convoluted instrumentation. At 
present, cancer diagnostic methodologies or 
processes predominantly entail sophisticated 
techniques such as Magnetic Resonance Imaging 
(MRI), Computerised tomography (CT), X-ray, 
Positron emission tomography (PET), Endoscopy, 
Sonography, Thermography, Cytology, Endoscopy 
[2-3]. Nevertheless, these methodologies frequently 
have skilled or well-experienced technicians, 
researchers and can be a financial burden. In 
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addition, early ultra-sensitive investigation methods 
are challenging when using this conventional 
procedure. 

To overcome this, there is a nascent propensity 
towards employing molecular diagnostic methods 
or tools encompassing proteomic and genomic 
materials, for example, polymerase chain reaction 
(PCR), Enzyme-Linked Immunosorbent (ELISA), 
immunohistochemistry (IHC), radioimmunoassay 
(RIA), and flow cytometry [4-5].  

Despite the biomarker accuracy and sensitivity-
based methods, they are causing trouble to labour-
intensive processes and high costs, often hindering 
reporting on time, essential for early cancer 
diagnosis [6-7]. In pursuit of lethal bio-affinity 
sensors, cancer biomarker detection has emerged as 
a promising alternative, addressing survival 
complexities and effectively serving as a valuable 
analytical method [8-9]. These sensors, acting as 
transducer signal processor devices and integrated 
receptors, mitigate earlier drawbacks by 
embellishing precise, rapid, quantitative and semi-
quantitative data. The molecularly imprinted 
polymer (MIP) is a structure homologous to natural 
biological antibody-antigen systems.    

Antigen–antibody interlinkage is based upon a 
lock-key system; similarly, MIPs are particular to 
their targets. MIP's essential sensing structure has 
specific recognition sites for targets called cavities. 
MIP cavities are formed in three processes. 1st 
process-functional monomer molecule is pre-
arranged around the template molecule in solution; 
2nd process involves complex polymerisation in 
the presence of cross-linking monomers, porogen-
suitable solvents, or ionic liquid; the last process-
template is removed from MIPs. In this systematic 
review, we will also discuss the molecular 
imprinting techniques, such as surface imprinting 
and their selectivity to analytes which they were 
templated during the synthesis. [10-11]. 

While aptamer-based targeting substances and 
long-established antibodies have notable 
specificity, their production involves prolonged, 
labour-intensive methods. Natural antibodies have 
defined drawbacks, such as they cannot execute 
well under low immunogenicity and target complex 
conditions. In contrast, molecular imprinting of 
polymers (MIPs) facilitates the straightforward 
specific targeting materials synthesis equally at a 
reduced cost [11-12]. The addition of biological 
sample separation in serving the identification of 
probes, MIPs achieved noteworthy favourable 
outcomes [13-14]. Additionally, MIPs-target on the 
surface of carrier nanoparticles (NPs), enabling 

localised cargo delivery, enhancing therapeutic 
efficacy, and reducing toxic effects [15-16].  

Regardless of existing articles, they have addressed 
therapeutic modalities and cancer diagnosis. MIPs 
remain relatively under-explored in their potential 
to enhance targeted therapy courses and cancer 
diagnostic methodologies. Our systematic review 
aims to comprehensively analyze topical cutting-
edge progression, application of therapeutic 
approaches, and reported biosensors, elucidating 
manifold MIPs approch.  

An interpretative discussion of various specific 
disadvantages and advantages is incorporated. 
Various distinguish persisting challenges and 
delineating expanse necessitating further 
investigation or future perspectives are also 
discussed; we aim to energize attentiveness across 
disciplines and provide a novel perspective on the 
exponential principality of MIP-based progressive 
applications for cancer detection. 

Molecular Imprinted polymers (MIPs):  

MIPs show a procedure employed for polymer 
affinity fabrication and various analytically 
remarkable target modifications. Via covalent and 
non-co-valent interactions, these methodologies 
necessitate the establishment of complexity among 
functional monomers and templates (specific target 
molecules). Then to yield, this complex undergoes 
polymerization. Induce binding site modeling 
within the polymer after expelling the template, 
identified by veracious orientation and the shape of 
functional groups, facilitating judicious imprinted 
genus recognition [17-18] as illustrated in Figure 1.  

Molecular memory imprinted on polymers 
influences preferential binding to target molecule 
[19-20] investigated in 1931 [21], MIPs could be 
designed for a broad array of constituents, 
including drugs, nucleic acid, inorganic ions, and 
protein. We have discussed the benefits of natural 
biomolecules, such as being cost-effective, 
specifically stable, and superficial for preparation 
at a small scale. Synthetic antibodies (MIPs) 
attribute promising substitutes to natural receptors 
in sensor methodologies [22].  

Essentially made up of acrylic and methacrylic 
monomers, MIPs exhibit greater flexibility in 
choosing suitable fluxionalities, and because there 
are many commercially available polymerizable 
compounds, they usually demonstrate superior 
recognition and binding capabilities as well as 
polymerization techniques (e.g., grafting, bulk 
polymerization, molecule-shaped or membrane) 
[23-26]. 
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Figure 1: Diagrammatic representation of Molecularly Imprinted Polymer recognition process (26). 

 
Artificial receptors have come across 
comprehensive applications as sample preparation 
tools for analyzing minor constituents based on 
lock and key method. However, in employing MIPs 
as molecular recognition sites in sensors, the 
demand for stable, cost-effective components in 
integrated systems for point-of-care testing has led 
to heightened. MIPs to binding selective target 
analytes could be investigated through various 
procedures, such as refractive index in SPR 
(surface plasmon resonance), refractive index or 
electrochemical sensors, (EIS) electrochemical 
impedance spectroscopy electrochemical sensors, a 
change in mass of acoustic sensor. By enhancing 
the surface-to-volume ratio, designing MIPs 
(molecularly imprinted polymers at the nano-scale 
has proven pivotal to addressing various 
challenges, making them more accessible to 
analytes by preparing binding sites. Various MIP-
based nanostructures comprising MIP nanoparticles 
(NPs) have been prepared and successfully 
implemented in diverse analytical fields [27-28]. 

The researcher employed a solid-phase mixture to 
synthesis MIPs, NPs, were utilized by using two 
vinyl ferrocene, and ferrocenyl methyl 
methacrylate (electroactive monomers) for non-
electroactive template molecules, electrochemical 
detection, such as vancomycin antibiotic (29). An 
unconventional appeal beyond the (International 
Union of Pure and Applied Chemistry (IUPAC) 
definition includes the use of MIPs fluorescent 
core-shell NPs as fluo-tags in a screening 
procedure targeting sialic acid (30), overexpression 
of which has been linked to cancer progression 
[31]. 

Comparison of MIPs with Antibodies & 
Aptamer: 

Monoclonal antibodies (Abs) prime to diminished 
antibody-centric element shelf life, necessitating 
continuous cold chain supply, specifically 
exhibiting suboptimal chemical stability [32]. MIPs 
manifest resilience across distant environments and 
acquiescence to their repeated usage in successive 
applications. Noteworthy, molecular imprinted 
polymers demonstrated resistance to variations in 
temperature, pressure, and exposure to organic 
solvent [33]. Additionally, monoclonal antibody 
production necessitates animal involvement, 
comprehending inherent drawbacks such as a 
prolonged timeline, a prerequisite for specialized 
personnel, and elevated production cost [32]. On 
the contrary, due to the capacity to select from 
miscellaneous monomers, molecular imprinting 
technology is identified as having heightened 
versatility. Compared to monoclonal antibodies, 
MIPs can perceive a broader spectrum of 
molecules. Additionally, artificial receptors 
circumvent batch-to-batch challenges and inherent 
antibody variability and could be easily inter-fused 
with other molecules. In addition, MIPs with 
aptamers exposed consensual attributes, including 
high thermal stability, production method, inherent 
elevated affinity for targets, and potential for 
functionalization, minimal batch-to-batch 
variability, and broad target molecule spectrum. 
Diminished stability arises from aptamers to 
organic solvents, pH augmented production time 
and costs, and restricted monomer lineup (nitrogen 
bases-4). These differences are given in Table 1 
[34]. 
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Table 1: Differences between MIPs, Antibodies and Aptamers: 
MIPs Antibodies Aptamers Features 
High Low High Thermal- stability 
Low Low  Low pH- stability  
High Low Low Organic solvent- stability 
 - Low High  Immunogenicity 
Low High Medium Production -cost 
Few weeks >6 months Few months Production time 
Thousands About 20 amino acids 4(Nitrogen bases) Number of usable monomers 
High Low High Possibility of functionalization 
Low High Medium Number of practical applications 
 
Molecularly imprinted designing & strategies: 

1. Constituents of MIPs: 

The predominant objective of molecular imprinting 
resides in the fabrication of MIPs, which can 
emulate the functionalities revealed by biological 
receptors and consequently envisage their 
prospective counterfeit for natural subsistence in 
the specified applications. By elevated affinity and 
specificity, synthetic antibodies characterized 
toward a designated target molecule, MIPs 
procedure necessitates judicious implementation of 
three pivotal reagents-functional monomers, 
template molecules and cross-linkers. 

2. Template molecules: 

In synthesizing MIPs within template functional 
moieties, inclusion such as easter, hydroxyl, 
carboxyl, and amide is most important [35-36]. In 
general, the optimal template must meet three well-
defined standards. 1st and foremost, the template 
molecule should indicate impeccable chemical 
stability throughout the polymerization reaction. 
2nd, it should possess abundant functional- groups 
capable of template-monomer formation complex 
through interactions with functional-monomer. 3rd 
and last, it’s imperative during reactions to ensure 
that binding between monomers with the template 
should not become subverted, obstructing the 
polymerization process illustrated in Figure 2.  

Organic macromolecules, including cells, ions, and 
proteins, have been traditionally employed in 
biological contexts as templates. A straightforward 
perspective precludes the need for revealed 
template preparation methodologies and typically 
yields MIPs characterized by favorable heightened- 
selectivity with binding capacity [37]. Additionally, 
imprinting bio-macromolecules through this 
procedure shows notable challenges, encompassing 
the ingrained complexity of these molecules. The 
existence of nonspecific detection sites on their 
surface, lean polymerization methods applicable to 

propensity and native macromolecules, and for-tiny 
nontarget molecules bind to comparatively wide-
ranging imprinted sites, accordingly diminishing 
sensitivities [38–39]. In this field, recent strides 
have introduced synthetic receptors utilization, 
such as monosaccharide glycan, aptamer 
oligosaccharide, and epitope, as alternative 
templates for molecular imprinting of target 
proteins in response to various challenges. 

3. Functional monomers and types: 

Consequently, the cautious selection of appropriate 
monomers binding within the imprinted site and 
their synergistic aggregate presume responsibility 
for imparting specificity and selectivity to MIPs 
[40].  Given that the expulsion of template post-
polymerization could capitulate cavities with 
precisely analogous structures, Certain significance 
should be placed on monomers its capable 
noncovalent interaction establishment, comprising 
but not limited to van der Waals forces, H-bonding, 
π-π stacking, such interactions induce binding 
strength, also assign to achieving a selectivity level 
akin to that perceive in natural biomolecules. 
Besides, meticulous enhancement of the molar ratio 
between the template and the monomers is 
imperative, as this ratio influences both the 
imprinting efficiency and affinity of the MIPs. 
Inadequate molar ratios result in the emergence of a 
reduced number of binding sites. In contrast, 
immoderate ratios could give rebellion to the 
generation of non-specific sites on the imprinted 
layer [41].  

Exemplary, functional monomers broadly utilized 
in these circumstances include Silica Monomers 
(e.g. Tetraethyl orthosilicate, N-octyl 
trimethoxysilane, 3-Amino-propyl-triethoxysilane, 
Poly-dopamine monomers (dopamine), Acrylate 
monomers (4-vinyl-benzene boronic acid, acrylic 
acid, 6-Viny-lbenzoxaborole, Polyaniline- 
monomers (aniline), these monomers and their 
functions are illustrated in Table-2. 

 
Table 2: Types of monomers and their functions. 

Types of monomers Types of monomers Functions Ref 
Silica Monomers Tetraethyl orthosilicate 

N-octy-ltrimethoxysilane, 
Initial silica precursor 
Facilitate hydrophobicity 

[42-
43] 
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3Aminopropyltriethoxysilane Facilitate, amine-group for 
functionalization 

Poly-dopamine 
monomers 

dopamine facilitate, coating on any-hydrophilic 
hydrophobic surface 

[44] 

Acrylate monomers Acrylic Acid,  
4-Vinylphenylboronic acids,  
6-Viny-lbenzoxaborole 

Chelator 
Capture cis diols 
capture cis diols at low binding ph. 

[45,46] 

Polyaniline- 
monomers 

aniline basic hydrophobic poly-aniline monomers [47] 

 
4. Cross-linkers: 

Cross-linker integration into the imprinting 
procedure facilitates precise functional-monomer 
arrangements around template constituents, 
suggesting a highly cross-linked polymeric matrix 
formation. This integration allows for meticulous 
morphology manipulation and MIPs mechanical 
stability after the template removal [48].  

Both analogous play roles of type; the quantity of 
cross-linker monomers utilized in the 
polymerization method significantly enhances the 
possessions exhibited by MIPs. During the 
polymerization process, several recognition sites 
and mechanical stability within MIPs are 

contingent upon the number of cross-linkers 
employed. Insufficient cross-linker quantities could 
capitulate mechanically unstable properties. 
Excessive amounts might diminish the number of 
recognition sites per unit mass of MIPs [49-50]. 
Consequently, a meticulous primary cross-linker 
optimization ratio is imperative for optimal 
polymerization outcomes. Proper monomer 
orientation and amalgamation could result in 
heightened selectivity and affinity to target 
templates and governed resultant polymer porosity 
mechanical stability. Template molecules, 
functional-momers, cross-linkers, and initiators are 
crucial in optimum ratios for complete 
polymerization, as illustrated in Figure 2 [51]. 

 

 
Figure 2. Representation of Molecularly Imprinted polymers synthesis or preparation (51). 

 
Design or strategies of MIPs: Various molecular 
procedures fall into three principal categories for 
fabrication: MIPs fabrication, namely surface 
imprinting, surface imprinting, bulk imprinting, and 
epitope imprinting. 

1. MIPs bulk Imprinting and surface 
Imprinting: Ancient approaches to MIP creations 
included amalgamation templates amalgamation 
and monomers to a bulk monolith formation. At the 
later date, resulting MIPs are typically subjected to 
sieving and crushing to achieve constituents of the 

desired size for distinct applications. These steps 
are investigated by labour-intensive and time-
consuming methods, yielding MIP constituents 
with heterogeneous binding sites and non-uniform 
dimensions.  

Consequently, they impact the selectivity of the 
imprinted aperture. On the contrary, surface 
molecular imprinting shows a beneficial 
alternative, as it facilitates the direct offering of 
well-defined binding sites and intensifies material 
efficiency.
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Figure 3. Illustration of Molecularly Imprinting Polymers (MIPs) using various methods (Adapted from 

Bhakta, S., & Mishra, P., 2021). 
 
In this procedure, target molecules are initially 
unified onto a functionalized surface via 
noncovalent interactions, undergo monomer 
addition, and subsequent polymerization initiation. 
The study enables the complete template molecule 
extraction outside of the polymeric matrix.  

They result in more organized, homogeneous 
binding site formation. Additionally, surface 
imprinting showed faster binding kinetics, making 
it a compelling alternative in contemporary 
applications compared with bulk imprinting. It 
could facilitate high-level acerbity of template 
molecule to MIPs binding site, some compression 

among surface and bulk imprinting is illustrated in 
(Table-3). Most specific artificial procedures in 
molecular imprinting use these two combined 
methods to make binding sites. Different types of 
the advent of MIPs are demonstrated in the above 
figure-3.  

The interplay between target-analyte and templates 
assumes a critical walk-on part in MIP-based 
biosensor designing. The template could 
encompass large bio-molecules such as peptides, 
proteins [52], and nucleic acid tiny molecules. The 
surface utilization of these template constituents is 
evident when investigating cancer biomarkers [53]. 

 
Table 3: Compression among Surface- Imprinting & bulk-Imprinting: 

Surface- imprinting Bulk- imprinting Method Ref 
Usually, high Usually, low Template utilization efficiency [54] 
Complicated Easy Fabrication accessibility [55] 
Complete removal Hard Template removal [56] 
High Low Rebinding capacity [55] 
Easy Low Recognition site accessibility [57] 
 
2. Aptamer and epitope imprinting: 

Poses challenges in causing highly particular 
binding pockets through molecular imprinting and 
inherent protein complexity as sophisticated bio-
molecules—multifarious publications related to 
epitope-imprinted materials developments for 
cancer protein biomarkers recognition of tumor 
cells.  

The innovative approach emulates "lock-key" 
techniques, where specific complete protein 
segment- epitopes serve as template constituents, 
amiable MIPs molecularly imprinted polymers, to 
discern protein or peptide presence [58-59]. A 

novel strategy proposed involves incorporating a 
highly selective epitope, thiolated DNA-aptamer 
with strong conjugating affinity, concerning PSA, 
binding to the protein before the polymerization 
process [60]. Functional monomer Dopamine was 
subsequently initiated, allowing electro-
polymerisation around the template complex to 
induce imprinted wells. During the binding process, 
hybrid-MIP demonstrated synergistic functionality, 
enhancing sensitivities with embedded aptamer. 
Three-fold analogized to biosensors exploiting 
aptamers along   PSA detection was accomplished 
using electrochemical impedance spectroscopy 
(EIS) within 100 pg/ml - 100 ng/ml linear range. 
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Figure 4: Representation of Molecularly Imprinted Polymer application in various cancer biomarkers 

identification (Adapted from Bhakta, S., & Mishra, P., 2021). 
 
3. Small Molecule Imprinting: 

In addition to targeting sizable bio-components 
such as aptamers in MIPs, relatively large 
biomolecules like proteins, to detection, there is a 
diverse array of small molecule biomarkers—an 
enzyme-free MIP-based biosensor developed upon 
a carbon-carbon nanotube paste. Ethylene glycol 
di- methacrylate functioned like a cross-linker, and 
methacrylic acid served as a monomer [61]. 
Carbon/carbon nanotube Incorporation 
significantly induces a pyruvic acid binding signal. 
Imprinted materials improved the electron 
exchange rate during binding procedure 
measurements, confirmed through electrochemical 
impedance spectroscopy. The previous instigator 
devised an MIP for cancer detection, utilizing like-
wise solid phase separation material (5methyl-
uridine). The template employed was a pyridine 
nucleoside derivative vinyl-phenyl boronate ester. 
In the presence of acrylamide, pentaerythritol 
triacrylate co-polymer polymerization occurred. 
MIP manifested high efficiency in separating 
target-analyte among aqueous samples, producing 
18 μmol/g binding capacity and notably towards 
template nucleosides [62]. 

4. Cancer biomarker detection: 

It might originate from distinct molecular 
reservoirs, encompassing deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) proteins like 
antibodies and hormones. During comprehension of 
cancer progression for chemotherapy intervention, 
early tumor detection, precise pre-treatment 
staging, and ongoing epidemic monitoring, 
insightful fluctuations in biomarker levels emerge 
as a crucial investigative tool [63-64].  

Typically, biomarkers present such as blood, urine, 
serum, body fluids, cerebrospinal liquid, 
biomarkers such as AFP-blood, Her2 neu-tumor, 
PSA-blood, CA15-3/CA127.29-blood, CA-125-
blood, Urine-catecholamines VMA, HVA-Urine, 
metastatic Prostate cancer-blood, elaborated in 
Table-4 could also manifest within tumor 
corpuscles [65]. Remarkable tumor biomarkers are 
enumerated. In addition, diverse biomarkers 
necessitate validation for routine clinical utilization 
or therapeutic monitoring to ensure optimal 
sensitivity and specificity. The component is a 
domain wherein state-of-the-art oversensitive 
biosensors hold promise for essential contributions. 

 
Table 4: Cancer Bio-markers: 

Cancer type Biomarker Used to/for Analysed Ref 
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Liver-cancer germ-cell 
tumours 

Alpha-fetoprotein 
(AFP) 

Diagnosed liver-cancer, follow 
response to treatment 

Blood [66] 

Breast, ovarian bladder, 
pancreatic 

HER2 neu gene 
amplification 

Treatment, Progression Treatment Tumour [67] 

Prostate cancer Prostate specific 
antigen (PSA) 

Diagnosis and treatment Blood [68] 

Breast cancer  CA15–3/CA27.29 Treatment progression Blood [69] 
 Ovarian cancer  CA-125 Diagnosis and assessment Bloods [69] 
 Neuroblastoma  Urine-catecholamines 

VMA, HVA 
 Diagnosis Urine [67] 

Prostatic-Acid 
Phosphatase (PAP)   

metastatic Prostate 
cancer 

Diagnosis Blood [70] 

 
MIPs in detection of cancer biomarkers: 

Body excretions involving urine, feces, other 
biological tissues, or fluid materials could serve as 
causes for tumor biomarkers that furnish 
perceptiveness into cancer attributes such as its 
potential responsiveness, aggressiveness to 
specified treatments, and the efficacy of recent 
therapeutic intervention. Notably, most cancer 
biomarkers lack higher specificity, and favorable 
investigation does not invariably indicate prompt 
recognition of the influential site [71]. Even though 
tissue biopsy is an ongoing standard as the most 
conclusive and precise means for diagnosing 
cancer, its invasive nature necessitates substantial 
costs. It confines the examination to a localized 
sample area [72-74]. Furthermore, repeated 
invasive protocols are impractical, hindering 
accurate cancer progression monitoring. 

 Inscription these challenges, the circulating cancer 
biomarkers identification using liquified biopsy 
emerges as non-invasive, uncomplicated, and cost-
effective. [75,76]. Another potential avenue is 
imaging cancer biomarkers in vivo, which could 
substitute for tissue biopsy. Significantly, MIPs 
sensors have exhibited unique efficacy in detecting 
cancer biomarkers cells. MIP-based technologies 
deliver exceptional sensitivity and stability and 
showcase unparalleled cancer identification 
adaptability. 

MIPs have facilitated the progression of innovative 
diagnostic approaches targeting specific biomarkers 
connected with various diseases [77].  

In addition, beyond cancer-specific biomarkers' 
quantitative/qualitative determination, it's valuable 
for discerning biomarkers related to the 
inflammatory process. These encompass acute-
phase proteins effector nitrogen species, reactive 
oxygen, prostaglandins, cyclo-oxygenase factors, 
as well as mediators such as growth factors and 
transcription factors [78]. 

MIPs Breast cancer biomarker CA15-3 
detection: 

Cancer antigen (CA15-3) is a protein 
predominantly synthesized by specific neoplastic 

breast cells. The elevated value of CA15-3 is 
principally breast cancer indication with metastatic 
progression (79), and heightened concentrations 
≥30 U/ml levels in the bloodstream are related to 
cancer dissemination to osseous and hepatic tissues 
or both (80). The previous investigation suggested 
a single-use bio-sensor designed for breast cancer 
biomarker CA15-3 detection through MIPs 
molecular imprinting, which utilizes polyvoltine-
blue as a conductive layer, has been explained. The 
polyvoltine-blue film exhibited distinguishable 
outcomes for samples surpassing or falling 
significantly below 30 U/ml threshold [42]. 
According to a previous study, the polymerization 
process fabricates a bio-sensor for CA15-3, and 
pyrrole is electrochemically polymerized upon 
fluorine-doped tin oxide conductive glass. Ethanol 
was selected as a template for facile extraction, and 
the resultant bio-sensor exhibited a detection limit 
(LOD) of 1.07 U/ml. demonstrating a linear 
counter within 13.2–144 U/ml [81]. Investigation 
devised Molecularly Imprinted Polymer (MIP)-
based sensor in (CA15-3) detection, incorporating 
nonconductive poly2-aminophenol film upon the 
surface gold electrode AuE surface, yielding 1.5 
U/ml LOD (addition to kidney function biomarkers 
CA15-3, Human Epidermal Growth Factor 
Receptor- 2, cystatin C, extracellular domain, have 
selected for assessing specifically [82]. outcomes 
indicated extracellular domain, a potential 
influence of EGFR- 2. Despite offering easy and 
cost-effective monitoring, this MIP sensor exhibits 
less sensitivity than other sensors. Based upon 
(LOD), electrochemical MIP sensors underscore 
the suitability of molecular imprinting for breast 
cancer CA15-3 biomarkers detection. 

MIPs in HER2 biomarker detection: 

In HER2 biomarker identification, HER-2 (Human 
epidermal receptor-2) emerges as a pivotal 
biomolecular indicator within invasive breast 
carcinoma, as stipulated by 2007 guidelines 
established by (American Society of Clinical 
Oncology). The scientific assessment of HER-2 
entails methodologies such as ELISA, serum or 
tumor cytosol analysis, IHC immune-
histochemistry, and western blot technique 
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designed for HER-2 protein overexpression 
identification. At the same time, immune 
histochemistry is the prevailing modality for 
assessing HER2 position in breast cancer detection. 
Concerns persist regarding the precision and 
uniformity of results obtained from different 
laboratories innovatively devised point-of-care 
(POC) nano-structured bio-sensors dedicated to 
scrutiny of the HER2 cancer biomarker. As 
depicted in the biosensing platform, constructed 
using Laser-Scribed Graphene (LSG) electrodes, 
imbued with MIPs, gold (Au) nanostructures [83]. 
Au nanostructures augment surface region, 
fostering peptide adsorbent, while MIPs contribute 
to heightened sensitivity and selectivity. 

They concurrently engineered a sensor acclimated 
towards Breast cancer biomarker HER-2-ECD 
biomarker detection, which entailed utilization of a 
molecularly imprinted electrochemical sensor 
employing a nonconductive polyphenol matrix. 
Sensor’s Limit of Detection (LOD) has been 
recorded at 1.6 ng/ml, surpassing that of antecedent 
conducting MIPs bio-sensor conducting. Bio-
sensor responsiveness to officious proteins, namely 
cystatin C, CA 15-3, was scrutinized to evaluate 
selectivity, revealing potential interference by CA 
15-3 in the analysis [84]. Both methodologies 
integrated gold into sensor design, with one 
amalgamating polyphenol-matrix and Au-SPE (84) 
and 2nd employing poly 3,4- ethylene-di-
oxythiophene (LSG), gold nano-structures [83]. 
Comparative analysis of the outcomes indicated 
that compared to the nonconductive polyphenol 
variant, poly (3,4-ethylenedioxythiophene) 
exhibited less LOD for HER2. 

3.7. MIPS in Prostate Cancer biomarker 
detection-PSA 

Prostate-specific antigen (PSA), represents protein 
emanating from both normal and neoplastic 
prostate-gland cells. The PSA test facilitates 
quantifying the levels in the bloodstream. Instances 
where PSA values surpass 10.0 ng/m as affirmative 
cases are indicative of a heightened predisposition 
to prostate cancer.  

They elucidated a pioneering dual-modality MIP, 
MIPs-based sensors for myoglobin (Myo) and 
prostate-specific antigen (PSA) in a study 
conducted [84]. This electrochemical Sensor was 
explicitly designed to simultaneously detect two 
target analytes in urine and serum. The 
methodology encompassed the amalgamation of 
superfluous gold screen printed electrode (SPE) 
surface, immunoassay approach, and molecular 
imprinting technique. MIPs have been synthesized 
through methyl acrylate free radical polymerization 
procedure acrylate as monomer, N, N’-methylene 
bis-acrylamide as crosslinker- conjunction with 
nanocomposite. Selectivity examination 
substantiated the sensors' exceptional specificity 
towards the target analyte, and the immunosensor 
displayed commendable reproducibility, accuracy, 
stability, and regenerative capabilities, rendering 
them a promising tool for routine analyses. In 
actual samples, recuperation of PSA and Myo 
yielded favorable outcomes. 

MIP biosensor for PSA monitoring utilized 
polytoluidine-blue upon specified gold electrode 
AuE. The imprinted poly toluidine-blue film has 
electropolymerized upon electrode surfaces within 
the performed Glutaraldehyde Cysteamine (GA-
Cys A) pattern [85]. MIPs resilience against 
degradation was heightened through a cross-linking 
method involving AuS bond. Outcomes from blood 
serum samples, coupled with a straightforward 
process, affirm nano- sensor could be efficaciously 
serve for PSA detection, engineered more intricate 
hybrid MIPs/Aptamer hybrid sensor detection for 
PSA, leveraging conductivity [86]. Aptamers 
Integration augmented specificity and selectivity. 
These aptamer-based MIPs for PSA underwent 
selectivity testing about capacitance changes when 
exposed to Human Serum albumin and Human 
Kallikrein-2 Protein. Collectively scrutinized 
studies for PSA detection uniformly adopted gold 
electrodes (AuE or AuSPE). MIPs based method 
and application for different biomarkers 
demonstrated in Figure-5. 
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Figure 5: Diagramatic representation for the role of MIPs with Au-screening electrode for the detection 
of cancer biomarkers [87]. (A) Ppy based MIPs with PSA imprints upon, gold screen-printed electrode. 

(B) Gold electrode with, glutaraldehyde cysteamine matrix pre-treatment coated with polytoluidine blue, 
analyte PSA entrapment. (C) Thiolated aptamer PSA complex has immobilised on gold (Aug) electrode 
coated with, polydopamine, analyte PSA entrapment. (D) screen-printed electrode with, self-assembled 

di-thiodipropionic acid di-N-hydroxysuccinimide. (E) Gold screen, printed electrode with, self-assembled 
cysteamine coated with, Ppy - analyte CA-125 entrapment. (F)  Gold screen-printed electrode coated 

with, poly2-aminophenol, analyte CA15-3 entrapment. (G)  MIPS based Upon, thiol-modified (AuSPE), 
analyte CA15-3 entrapment. (H) fluorine doped, tin oxide-glass electrode coated, with Ppy, analyte CA15-

3 entrapment. (I) Glassy carbon electrode with, polythionine, gold nanoparticle coated, with 
polydopamine, analyte AFP entrapment. (J) Laser-scribed graphene electrode, with gold nanoparticles 

coated, with PEDOT, analyte HER-2 entrapment. (K) Gold screen printed-electrode coated, with 
polyphenol, analyte HER-2 entrapment. Gold screen-printe- electrode coated, with polyphenol analyte 

HER-2 entrapment [87]. 
 
MIPs in Epithelial Ovarian Cancer—CA-125 
biomarker detection: 

Cancer antigen CA-125 serves as canonical 
epithelial ovarian cancer tumorigenic biomarker 
detection and individual surveillance undergoing or 
post-epithelial ovarian cancer therapy. The label-
free amperometry immunosensor [88] represents 
one among various procedures employed in 
immunoassays. Upon paper crystal microbalance 
techniques such as immune-radiometric assays, 
electrochemical immunoassays, electrochemical 
immunosensors, enzyme-linked immunosorbent 

assays, and electro-chemiluminescence 
immunosensors can be utilized for CA-125 
measurements. While enzyme-immunoassays, 
immune-radiometric tests, and enzyme-linked 
immunosorbent assays exhibit sensitivity, they are 
time-sensitive, intricate, costly, and reliant on toxic 
reagents. The immobilization of immunoreagents 
on the electrode surface poses a challenge in 
electrochemical enzyme immunoassays [89]. 

MIP for quantifying CA-125 using electro-
polymerization of pyrrole on a gold screen-printed 
electrode (AuSPE), Surface Square plasmon 
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resonance and wave voltammetry have been 
employed for quantification.  

The outcomes indicated that biosensors employing 
electrochemical plasmon resonance exhibited 
superior performance, boasting a lower Limit of 
Detection of 0.01 U/ml, an extended direct 
spanning from 500U/ml to 0.01. They evaluated the 
analytical execution of the sensor in synthetic 
serum media and compared it with the results of the 
buffer solution. MIPs exposure to synthetic serum 
heightened susceptibility, Limit of Detection 0.1 

U/ml, albeit the direct concentration level has 
diminished to (0.1–500 U/ml.) In serum CA-125, 
quantification remains attainable despite the 
lowering working level, given the significant 
threshold at 35 U/mL (90).  

In addition, synthetic serum comprised such as 
NaHCO3, bovine serum albumin, and NaCl has 
demonstrated selectivity against interferences CA 
15-3. CA-125 analysis based upon Limit of 
Detection LOD 0.01U/ml, bio-sensor furnishes 
precise outcomes. 

 
Table 4: Utilization of MIPs in cancer biomarkers detection: 

Polymers Electrode Detection -
procedure 

LOD Linear- 
Range 

Ref 

                                                                              Myo 
poly-N,N’methylene-bisacrylamide-
Acrylamide 

AuSPE EIS 5.4 pg/ ml 0.01-100 
ng/ml 

(91) 

poly (toluidine- blue) AuE DPV 1 µg/l 1-60µg/l (92) 
PDA AuE DPV 1 pg/ ml 0.100-100 

ng/ml 
(93) 

                                                                              CA15-3 
poly O- aminophenol AuSPE DPV, EIS 1.5 U/ml 5-50 U/ml (94) 
Ppy FTO-

glass 
EMF 1.072U/ml 1.44- 

13.2U/ml 
(81) 

poly (toluidine- blue) AuSPE DPV 0.10U/ml 0.10- 
100U/ml 

(92) 

                                                                             HER-2 
polyphenol AuSPE EIS, DPV 1.6 ng/ml 10-70 ng/ml (81) 
poly3,4ethylenedi-oxythiophene LSG SWV, EIS 0.43 ng/ml - (83) 
                                                                             CA125 
PDA GCE DPV 0.8138pg/ml 0.001- 

800ng/ml 
(93) 

Ppy FTO CV, EIS 3.3pg/ml 10- 104pg/ml (94) 
 
MIPs for small molecule cancer biomarkers- 5-
HIAA detection: 

5-Hydroxyindole Acetic Acid 5-HIAA cancer 
biomarker identification of cancerous conditions 
extends beyond the realm of protein investigation 
to encompass minute molecular entities. 
Exemplifying this approach, 5-HIAA emerges as a 
noteworthy serotonin metabolite [95]. 
Consequently, 5- Hydroxy-indole Acetic Acid 
assumes significance in assessing serotonin 
concentrations within urine specimens. Elevated 5-
HIAA levels, notably 2–9 mg over 24 hours, might 
signify the presence of a carcinoid tumor [96]. 

It elucidated the fabrication of an electrochemical 
biosensor upon GCE Glassy carbon electrode, 
particularly for 5-HIAA detection, leveraging 
molecularly imprinted polypyrrole (Ppy). A critical 
procedural facet involves the judicious selection of 
solvent for washing during Molecularly Imprinted 
Polymer (MIP) preparation. This essential step 
facilitates the creation of complementary 
imprinting cavities that ensure selective 
reassociation through washing templates while 

conserving 3-dimensional polymer network 
formation. The MIP-based sensor was deployed to 
quantify 5- Hydroxyindole Acetic Acid in serum, 
plasma, urine, and serum samples, exhibiting a 
LODof 15 pm/l. Potentially, nano-sensors are a 
promising technique for expeditious 5-HIAA in 
urine testing, obviating the need for cumbersome 
pretreatment. The 5-HIAA normal range in urine 
was determined to be within 4–9 mg/ml/24h. MIPs' 
characteristics are attributed to the capacity for 
rapid template discernment, sample screening, and 
sensitive quantification [97]. 

MIPs for Hepatocellular cancer biomarker 
detection—AFP: 

AFP is a predominant diagnostic benchmark 
despite the many proposed Hepatocellular 
Carcinoma biomarkers. Furthermore, individuals 
afflicted with gastric, bile duct, lung, 
teratocarcinoma, specific ovarian, and testis 
embryonal carcinoma exhibit elevated antigen 
concentrations [79]. 70-kDa glycoprotein AFP 
serves as a carrier for bilirubin, steroids, 
phytoestrogens, retinoids, heavy metals, flavonoids, 
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fatty acids, and potentially pharmaceuticals. In 
healthy individuals, excluding pregnant women, 
AFP levels sharply diminish, with negligible 
quantities of 5ng/ml. [98]. Electrochemical MIP 
immunosensors designed for AFP detection, MIPs 
have been synthesized through dopamine electro-
polymerization with AFP templates upon a poly-
thionine film, an electrically conductive polymer 
with rapid charge transfer capabilities for AFP 
target molecules detection. Poly-thionine and gold 
nanoparticle modification on glassy carbon 
electrodes ensured high stability, conductivity, and 
sufficient biocompatibility, resulting in an 
impressively lower LOD of 0.8138 pg/mL [93]. 
Meanwhile, spiked human serum samples showed 
favorable sensor recoveries. The biosensor's 
selectivity was not scrutinized. With ongoing 
enhancements in cancer cases, this sensor holds 

promising results for AFP monitoring. A dual 
MIPs-based biosensor has been developed to 
concurrently detect CEA carcinoembryonic 
antigen, AFP. Pyrrole Electro-polymerization on 
the fluorine-doped tin oxide electrode, in methyl 
orange presence. CEA, AFP antigens, facilitated 
template imprinting. Around the methyl orange 
template, Pyrrole monomers are polymerized, 
driven by hydrogen bonding and electrostatic 
interactions, as illustrated in Figure 6. The crucial 
role of methyl orange in generating molecularly 
imprinted poly-pyrrole lies in its ability to foster 
poly-pyrrole rectangular nanotubes formation. 
Linear ranges for CEA and AFP were determined 
to be 5–104 and 10–104 pg/l, respectively, with 
LOD 1.6 and 3.3 pg/ml (94). Bi-sensors exhibited 
precise analysis for AFP and CEA detection, along 
with notable sensitivity and stability. 

 

 
Figure 6. Pyrrole monomer polymerisation a- with dyes methyl orange and b-without dyes [99] 

 
MIPs-imaging technology for cancer detection: 

MIPs employed in imaging technology for cancer 
detection represent pivotal advancement in the 
pursuit of biomolecule monitoring and compounds 
associated with superior temporal and spatial 
precision, thereby simplifying molecular intricacies 
within biological systems [100].  

The Genesis of this technological trajectory could 
be traced back to the identification of green 
fluorescent protein (GFP) and its derivatives, 
catalyzing advancement in bioimaging [101]. 
Subsequent progressions involved innovation of 
organic dyes and quantum dots (QDs) [102] for 
both in vitro and in vivo investigation, whereby 
QDs amalgamation facilitated the effective 
observation of distinct biological phenomena 
within organism’s cells and cells, offering insights 

into cellular sites and morphologies [103]. This 
paradigm has unraveled the tumorigenesis 
dynamics, growth, and metastasis through 
exfoliating light upon physiological processes. 
Small elements like nitro-benzoxazole, nano-MIPs, 
and fluorescent molecular imprinting probes were 
developed for cell imaging [104]. They extended 
these endeavors by crafting QD-based molecular 
imprinting polymers to identify cell patterns and 
affix them to three distinct sugar molecules. 
Various fluorescence signals have been discerned, 
elucidating characteristics of monosaccharide 
molecules upon disparate cells, thereby facilitating 
the discrimination of specific cancer cells. 
Subsequently, MIPs incorporating carbon- -
nanodot were deployed, trace hyaluronan of 
cancerous cell, graphical representation given in 
Figure 7. 
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Figure 7. Hyaluronan imaging of HeLa cancerous cells by Molecular Imprinting Polymers (MIPs) [105]. 

 
MIPs-targeted HeLa cells, exhibiting high 
expression of epidermal growth factor receptor 
(EGFR), emitted more intense fluorescence 
compared to MIP-targeted MCF-7 cell line with 
less EGFR expression, signifying composite MIPs 
effectively targeted overexpressing epidermal 
growth factor receptor (EGFR), tumour-cell. 
Recognizing limitations of single fluorescent 
imaging modes due to restricted tissue penetration 
[106]. Glycan-oriented MIPs utilizing the BACOSI 
method for magnetic resonance imaging (MRI) and 
high-resolution fluorescent.  

The methodology involved fabricating Gd-
comprised fluorescent silica nanoparticles as a 
core, functionalizing boronic- acid to immobilize 
Tn antigen (Gal-NAc) epitope, and conducting 
surface imprinting. Incorporating Gd augmented 
fluorescent and MRI imaging resolutions, 
leveraging the known enhancement of intrinsic 
properties through heteroatoms doping, the metal 
ion in SiNPs (107-108). The resultant nanoparticles 
showed 31.8 nm in size and demonstrated1.15 
μMg-1 adsorption capacity with stable 
fluorescence, low cytotoxicity intensity factor 7.5, 
and low cytotoxicity, showcasing substantial 
potentially targeted cancerous cell imaging along 
with high resolution. 

Challenges: 

MIP based biosensor fabrication grounded on 2-
aminophenol for the electrochemical identification 
of a cancer antigen through electro polymerization 
(109). Furthermore, they devised electrochemical 
MIPs targeting human epidermal growth factor 
receptor -2 (HER2) [110]. Regardless, their 
observations manifested reciprocal interference 
among the two specified target analytes throughout 
conjugating events. The substantial commercial 
strength of MIPs is indisputable, nevertheless, 
despite its considerable success in academic literary 
text. Pervasively, MIPs have yet to infiltrate 
industrial utilization as anticipated. Two principal 
rationales might underlie this phenomenon. 1st, 
antibody dominance in therapeutic and diagnostic 
domains poses a formidable challenge to aptamers, 
MIPs, and analogous biomimetic elements as they 
contend with well-maintained, extensively invested 
[111]. 2nd strategy impediments inherent in 
authentic molecular imprinting, particularly the 
difficulties in imprinting bio-macromolecules 
insoluble in conventionally employed organic 
solvents, pose a substantial hurdle. Notably, bulk 
polymers, which are extensive designs like 
peptides, exhibit sluggish mass transposition 
kinetics—precision in protein detection, 
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predominant drug development, and bioassays. 
MIPs-based biosensors necessitate substantial 
refinement to supersede antibodies-based 
bioassays. 

Template removal comprises conjugating 
characteristics of MIP constituents. If leaky 
templates threaten forensic clinical/ forensic 
analyses, the MIP's utilization as bio-recognition 
investigation in bio-sensors and assays becomes 
challenging, impeding precise outcomes. The 
binding site heterogeneity in bulk MIPs introduces 
a nonspecific site plethora, contributing non-
discriminatory behavior of conjugating affinity 
[112]. Elevated value of nonspecific connection 
restricts MIPs applicability in separation contexts, 
diagnostic, pharmaceutical, and pharmaceutical, 
barring a few specific instances where alternatives 
are scarce. MIP development for small particles is 
comparatively straightforward. MIP 
commercialization for large bio-macromolecules 
encounters additional impediments because of 
conformational flexibility, sensitivity to solvent 
pH, structural complexity, conformational 
flexibility, and less flexibility in biological solvents 
commonly used for matrix formation. The 
judicious monomers selection and chemical 
employed for template extraction exhibit a pivotal 
appearance in MIP synthesis customized for 
biomolecules. 

Current trends Future perspectives: 

Precise, expeditious, premature cancer biomarkers 
identification constitute a pivotal stage in the 
therapeutic approach to this lethal ailment. The 
advent of biosensor advent technology engenders 
optimism globally, and the significant 
achievements in this domain are noteworthy. Most 
biosensors employ indigenous bio-macromolecules 
as their detection elements, thereby instigating 
uneasiness regarding the durability of these sensors 
in adverse environments. Furthermore, the 
exorbitant cost connected with natural bio-
molecules, such as antibodies, imposes an 
additional financial overload on the progression of 
these sensors. To render them financially accessible 
to a broader economical, demographic, robust, and 
sensitive substitute featuring Molecularly Imprinted 
Polymers (MIPs) assumes an essential role. 
Numerous industries are energetically engaged in 
the MIP-based sensor advancement, with a distinct 
array of products ensuing from this technology. 
Industries such as MIPs Polyintell SAS) France) 
Semore (Israel, USA), MIPs Diagnostics United 
Kingdom, Technologies Ltd. (Sweden, later 
acquired by Biotage), and Sixth Wave (North 
America) have introduced a comprehensive product 
range dedicated to extraction/detection. Semorex 
has gained renown for pioneering work in 
developing MIPs for the medical sector, including 

novel targeted medicinal treatments for cancer 
diagnosis cases. 

Recent trends in embedding MIPs onto magnetic 
nanoparticles are a practical leap in its widespread 
adoption. Magnetic MIPs showed the capability to 
concurrently concentrate, identify, or segregate 
pivotal biomarkers for diverse applications. The 
inherent magnetism enables the separation of the 
particles in under a minute, thereby substantially 
reducing the duration of laborious washing steps 
[112]. Additionally, polymerization refinement 
methodologies through tailor-made monomer 
incorporation could augment the MIP's stability and 
efficiency. The MIP synthesis process needs 
meticulous attention to achieve selectivity and 
sensitivity upon natural bioreceptors. Utilizing 
numerous functional monomers facilitates the 
binding sites creation resembling amino acids, 
ultimately enhancing MIPs sites conjugating 
affinity [113–114]. Furthermore, detecting that a 
singular biomarker might be insufficient for 
comprehending cancer progression. Multimodal 
biomarker imprinting Implementation strategies are 
instrumental in achieving more confidence and 
precise cancer detection [112]. Through extensive 
investigation leveraging modern technology, the 
affordable MIP-based sensor development 
accessible to a broader population becomes a 
plausible prospect. 

Conclusion: 

Cancer prevails as the most lethal affliction 
afflicting humanity, posing a formidable social 
challenge. Early cancer identification through the 
use of biomarkers holds significant promise for 
profound therapeutic interventions. This systematic 
review explores distinct biomarker categories, 
comprehensive proteins, e.g., CA15-3, HER-2, 
PSA, Myo, CA15-3, CA-125, and associated 
microscopic molecules, neopterin, 5-HIAA in the 
cancer factors. Over-viewed research has identified 
that, for Cancer investigation, MIPs could be 
successfully applied in developing biosensors. In 
conclusion, MIP-based electrochemical biosensors, 
such as small molecules (5-HIAA, neopterin) and 
proteins (PSA, Myo, CA15-3, HER-2, CA-125) 
have been used for cancer-marker identification. 
Therefore, it could be tailored using pre-post-
polymerisation modification, an alternative to time-
consuming, expensive laboratory tests.  

They are considering most biological fluids' 
complexity. MIPs have continuously demonstrated 
their potential to overcome biosensor fabrication's 
most challenging aspects, such as stability of 
detection probes, reaction sensing mechanism, 
time, excellent selectivity, and sensitivity. In the 
MIPs procedure, gold electrodes were specially 
selected, while alternative electrode categories, 
such as LSG and GCE electrodes, were integrated 
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with gold nanoparticles. Recently, the (SPE) 
technique has emerged as a prevalent selection 
owing to its practical clinical pertinence, given the 
requisite multiple biomarkers determination 
effective for cancer detection. Existing biosensor 
integration platforms, spanning electrical and 
optical modalities, are inescapable. Biosensor 
development can concurrently detect numerous 
biomarkers, which confer various advantages. In 
totality, these biosensors proffer a straightforward, 
cost-effective, highly responsive, and analytical 
approach crucial for timely cancer diagnosis in 
contrast to conventional research assays. 

In tandem with the ongoing epidemic arises exigent 
demand for novel methodologies facilitating 
prompt diagnosis, particularly in the initial global 
phase of escalating cancer prevalence. Previous 
studies concluded that quantum dots are an 
effective method for imaging cancer; these dots are 
generally made using heavy metals, such as 
tellurium, cadmium, etc. Heavy metals could 
induce cytotoxicity, poisoning the living system. 
Rather than quantum dots, we can use carbon dots 
as an alternative. Carbon dots are used in this 
procedure to reduce toxicity, are eco-friendly, have 
higher photo-stability and chemical inertness, and 
differentiate from quantum dots (115-116). A 
cutting-edge plethora of MIP-based biosensors 
advancement is undergoing meticulous 
investigation to address this imperative at the 
interdisciplinary nexus of biology, chemistry, and 
material science. MIP-based bio-sensors manifest 
extensive detection potentialities to diverse cancer 
biomarkers identification, encompassing protein 
HER-2, CA15-3, PSA, Myo, CA-125, and 
diminutive element neopterin 5-HIAA, attributable 
to sensitivity, durability, and cost-efficient 
analytical capabilities. 
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