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Abstract: 
The global rise in cancer incidence underscores the need for scalable, cost-effective, and accessible 
diagnostic tools for early detection and monitoring. Electrochemical biosensors have come a long 
way thanks to screen-printed carbon electrodes (SPCEs), which are flexible, inexpensive, and have 
the potential for mass production. These attributes establish SPCE-based biosensors as a viable 
technology for global cancer screening initiatives, especially in resource-limited environments. 
Recent advancements involve the incorporation of nanomaterials, such as gold nanoparticles and 
carbon nanotubes, to improve sensitivity and specificity. It has been shown that SPCE-based 
systems can accurately find important cancer biomarkers like HER2, miRNA-21, and PSA. The 
integration of microfluidics and point-of-care devices highlights their potential for broad 
implementation. There are still big problems to solve, like making sure that SPCE fabrication is 
always the same, standardizing surface functionalization protocols, and raising the detection limits 
for finding biomarkers at very low concentrations. Scalability is further constrained by the 
necessity for strong multiplexing capabilities and the absence of real-time data integration with 
digital health platforms. There is a big research gap in how to make screen-printed carbon 
electrodes (SPCEs) work better for liquid biopsies, especially when it comes to circulating tumor 
DNA (ctDNA) or exosomes, which are very useful for cancer diagnosis with little harm. The 
regulatory landscape and the necessity for rigorous clinical validation pose significant challenges 
to global implementation. This review talks about the current state of SPCE-based biosensors in 
cancer screening, problems with scalability, and possible future directions. For example, AI could 
be used to analyze data, and sustainable fabrication techniques could be looked into for mass 
production that is beneficial for the environment. Addressing these gaps is essential for leveraging 
SPCE-based biosensors in transformative cancer diagnostics worldwide. 
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1.0 Introduction  
The increasing global incidence of cancer requires the creation of diagnostic tools that are both 
effective and scalable, especially in resource-constrained environments. Conventional diagnostic 
techniques, including imaging and histopathology, frequently necessitate advanced infrastructure 
and skilled personnel, thereby constraining their broader implementation (Ahmad et al., 2021). 
Biosensors, particularly those utilizing screen-printed carbon electrodes (SPCEs), present a viable 
alternative owing to their cost-effectiveness, portability, and capacity for mass production(Paimard 
et al., 2023). 
SPCEs have been thoroughly investigated for the detection of numerous cancer biomarkers, 
including proteins such as human mammaglobin (MG), which exhibits high specificity for breast 
cancer cells (Gajdosova et al., 2020). The incorporation of nanomaterials, including gold 
nanoparticles and carbon nanotubes, has improved the sensitivity and specificity of these 
biosensors, facilitating the detection of biomarkers at clinically relevant concentrations (Fritea et 
al., 2021). The incorporation of gold nanoparticles enhances the electrochemical response of 
screen-printed carbon electrodes (SPCEs), thereby facilitating the detection of biomarkers such as 
HER2 and miRNA-21, which are linked to breast cancer progression (Sadeghi et al., 2023). 
Despite these advancements, various challenges impede the scalability of SPCE-based biosensors 
for global cancer screening initiatives. Reproducibility in electrode fabrication and the 
standardization of surface functionalization protocols are essential for achieving consistent 
performance in large-scale production (Cong and Zhang, 2022). Furthermore, attaining the 
requisite sensitivity for the detection of biomarkers at ultra-low concentrations presents a 
considerable challenge. The proposal of integrated micro-total analysis systems (μ-TAS) that unify 
sample processing and detection on a single platform aims to tackle various challenges, providing 
a potential solution for point-of-care diagnostics (Tsai et al., 2023). This review presents an 
overview of recent advancements in SPCE-based biosensors for cancer diagnostics, identifies 
existing challenges, and discusses future directions to improve their scalability and clinical 
applicability. Addressing these issues may enable SPCE-based biosensors to serve as essential 
elements in global cancer screening efforts, especially in environments with limited access to 
conventional diagnostic resources. 

2.0 Advantages of SPCE-Based Biosensors 
SPCE-based biosensors offer significant advantages in cancer detection and monitoring, 
enhancing early diagnosis and treatment outcomes. These biosensors leverage advanced materials 
and technologies, providing high sensitivity, selectivity, and rapid response times, which are 
crucial for effective cancer management. SPCE-based biosensors utilize materials like gold and 
carbon, which enhance their sensitivity to cancer biomarkers, enabling the detection of low-
abundance targets such as microRNA-21 and prostate-specific antigen (Mohammadniaei et al., 
2019). Biosensors based on SPCE have been successfully used to identify a number of diseases. 
One example is an electrochemical immunoassay for hypoxia-inducible factor-1α (HIF-1α), a 
marker linked to tumor growth and metastasis, that used magnetic beads with SPCEs to obtain a 
detection limit of 76 pg/mL (Deng et al., 2023). An innovative SPCE-based biosensor showed 
ultrasensitive lncRNA detection capabilities, with a detection limit as low as 0.33 fM. This 
demonstrates how SPCEs can be used to find nucleic acid biomarkers linked to cancer (Chen et 
al., 2012). Surface modifications with nanomaterials increase the active surface area, improving 
sensitivity. Advanced electrochemical techniques, such as cyclic voltammetry and differential 
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pulse voltammetry, enable precise detection of cancer biomarkers at low concentrations. These 
biosensors facilitate real-time monitoring of cancer biomarkers, allowing for timely adjustments 
in treatment strategies(Wasilewski et al., 2024). The ability to detect various cancer types, 
including breast and cervical cancers, underscores their versatility in clinical applications. SPCE-
based biosensors provide swift analysis, often delivering results within minutes, which is 
advantageous over traditional methods like ELISA or PCR. 
SPCE-based biosensors are generally cost-effective and require minimal sample preparation, 
making them accessible for widespread clinical use. Their compatibility with miniaturized devices 
enhances their practicality in point-of-care settings (Singh et al., 2023). SPCEs are fabricated using 
screen-printing technology, which is both economical and scalable, allowing for mass production 
of disposable sensors suitable for widespread use. The manufacturing process ensures consistent 
quality across large batches, facilitating the production of customized electrode designs tailored to 
specific diagnostic needs. SPCEs can be functionalized with a variety of biorecognition elements, 
including antibodies, aptamers, and enzymes, enabling the detection of diverse cancer biomarkers. 
The incorporation of nanomaterials, such as gold nanoparticles and carbon nanotubes, further 
enhances their electrochemical performance. Their compact and lightweight nature makes SPCEs 
ideal for integration into portable diagnostic devices, facilitating point-of-care testing and real-
time data acquisition. The carbon surface of SPCEs allows for straightforward chemical 
modifications, facilitating the efficient immobilization of biomolecules essential for biosensing 
applications. The production of SPCEs involves minimal material waste, aligning with eco-
friendly manufacturing practices. SPCE arrays can be engineered to detect multiple biomarkers 
simultaneously, enabling comprehensive cancer profiling in a single assay. Requiring only 
microliter-scale sample volumes, SPCE-based biosensors are suitable for applications where 
sample availability is limited. The flexibility and miniaturization of SPCEs support their 
integration into wearable or implantable biosensors for continuous monitoring of cancer 
biomarkers.  
 
 
Table No 1. Advantages of SPCE Biosensor in Cancer 

Advantage Description 

Cost-Effectiveness 
Low-cost, disposable electrodes 
suitable for large-scale production 
and use. 

Scalability 
Consistent, high-volume 
manufacturing with customizable 
designs. 

Versatility 
Compatible with various 
biorecognition elements and 
nanomaterials. 

Portability 
Compact and lightweight, ideal for 
point-of-care devices. 

High Sensitivity and 
Specificity 

Enhanced by surface modification 
with nanomaterials and advanced 
electrochemical techniques. 

Rapid Detection 
Fast analysis with results in 
minutes. 
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Ease of Functionalization 
Carbon surface allows efficient 
immobilization of biomolecules. 

Environmental 
Compatibility 

Eco-friendly production processes 
with minimal waste. 

Multiplexing 
Capable of detecting multiple 
biomarkers simultaneously. 

Minimal Sample Volume 
Requires only microliters of 
sample, ideal for limited 
availability. 

Potential for Wearables 
Flexible design supports integration 
into wearable or implantable 
devices. 

3.0 Scalability Considerations 
To guarantee reliable performance, affordability, and broad accessibility, a number of crucial 
issues must be resolved before expanding the use of screen-printed carbon electrode (SPCE)-based 
biosensors for cancer screening worldwide. Because differences in the quality of the electrode 
material and printing accuracy might affect sensitivity and specificity, manufacturing consistency 
is still a significant concern. To solve this problem, sophisticated methods like automated quality 
control systems and roll-to-roll printing are crucial (Hosseine et al., 2024). Furthermore, even 
though SPCEs are naturally inexpensive, production costs may increase if nanomaterials like gold 
nanoparticles and functionalization procedures for certain biomarkers are included. These financial 
obstacles can be lessened by investigating substitute materials and scalable production techniques, 
such as hydrogel-based biosensors (Sun and Chen, 2024). Another challenge is functionalization 
scalability, since standardizing procedures for various cancer indicators is still difficult. A potential 
remedy is the creation of universal or flexible surface modification techniques, like bead-based 
biosensors (Cheng et al., 2024). Additionally, for real-time data monitoring and worldwide 
healthcare networking, SPCE-based biosensor integration with digital health systems is essential. 
This integration can be made easier by integrating wireless communication technologies and 
making sure they work with digital systems(Iannazzo et al., 2021, p. 0). Scalability is also 
significantly impacted by regulatory issues because several international frameworks require 
thorough clinical validations. Clinical efficacy can be demonstrated and the approval process 
streamlined through early involvement with regulatory agencies and multicenter trials (Hosseine 
et al., 2024). Lastly, multiplexing capabilities are crucial for thorough cancer screening; yet, it is 
still difficult to create sensors that can detect many biomarkers with precision. This need can be 
met by developments in multiplexing methods, such as multi-electrode arrays (MDPI, 2023). 
Leveraging SPCE-based biosensors for scalable, affordable, and accessible worldwide cancer 
screening programs requires addressing these factors through technological innovation, strategic 
partnerships, and sustainable practices (Ozer and Henry, 2021). 

4.0 Future Prospects 
The future potential of SPCE-based biosensors in worldwide cancer screening is optimistic, 
propelled by ongoing technological developments and integration with developing disciplines. 
Using both artificial intelligence (AI) and machine learning (ML) together for real-time data 
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analysis and pattern recognition is a trend that stands out. This makes it easier to quickly and 
accurately interpret biomarker signals. This can improve early cancer identification and 
surveillance, especially in resource-limited environments. Furthermore, progress in nanomaterial 
engineering, such as the use of quantum dots and different types of graphene, is expected to make 
SPCE-based biosensors more sensitive and specific, allowing them to find biomarkers even at very 
low concentrations. The development of SPCE-based biosensors that are flexible and wearable 
opens the door to non-invasive and continuous monitoring of cancer, which improves personalized 
healthcare. Adding microfluidics and point-of-care systems will make it easier to manage samples 
and make the devices smaller, which makes these biosensors perfect for home diagnostics. 
Implementing sustainable manufacturing methods, including the utilization of biodegradable 
materials, will mitigate environmental issues while facilitating mass production. Using blockchain 
and cloud technology can also make sure that health data is exchanged securely, interoperable, and 
in real time across global digital health networks, which encourages widespread use. Nonetheless, 
overcoming obstacles like regulatory permissions, clinical validation, and multiplexing 
capabilities is essential for their deployment. Through ongoing research and collaborations 
between different fields, SPCE-based biosensors will revolutionize the way cancer is diagnosed 
around the world by providing scalable, cost-effective, and easy-to-use options for early detection 
and monitoring. 

5.0 Conclusion 
SPCE-based biosensors have the potential to completely change the way cancer is screened around 
the world by making early detection and monitoring options that are scalable, affordable, and easy 
to get to. Due to their inherent benefits, such as being cost-effective, flexible, and compatible with 
large-scale production, they are ideal for use in places with limited resources. Nanomaterials, 
microfluidics, and digital health technologies have recently made big steps forward in how 
sensitive, specific, and useful they are. This makes it easier to use them in point-of-care devices 
and personalized healthcare. Nonetheless, obstacles such as attaining uniform fabrication, 
standardizing functionalization procedures, and enhancing multiplexing capabilities must be 
resolved to facilitate wider use. Moreover, surmounting legislative obstacles and establishing 
clinical reliability are essential for worldwide deployment. Future projects should focus on using 
AI to analyze data, looking into sustainable and scalable ways to make things, and encouraging 
people from different fields to work together to fix current research gaps. By fixing these issues 
and using new developments, SPCE-based biosensors could become a revolutionary tool for 
finding cancer, making screening programs around the world more fair and effective. 
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