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Introduction
With an estimated 19.3 million new cases and almost 10 million 
deaths in 2020 alone, cancer is still one of the leading causes of 
death worldwide [1]. Invasive tissue biopsy is the conventional 
"gold standard" for molecular pro�iling and cancer diagnosis. 
Despite its value, this procedure is frequently constrained by its 
risks, which include the possibility of complications, discomfort 
for the patient, and the dif�iculty of sampling tumours in 
anatomical locations that are dif�icult to reach [2]. Furthermore, 
a tissue biopsy only offers a static image of a tumour at a 
particular moment in time; it is unable to record the dynamic 
cellular and genetic alterations that take place during the course 
of the disease, metastasis, and the emergence of treatment 
resistance. In the age of personalized medicine, where real-time 
tracking of tumour progression is essential for successful 
treatment, this intrinsic limitation is a signi�icant obstacle.
Liquid biopsy (LB), a groundbreaking noninvasive diagnostic
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ABSTRACT
Background:	 Although	 the	 gold	 standard	 for	 diagnosis,	 traditional	 tissue	
biopsies	have	several	drawbacks,	such	as	invasiveness,	sampling	bias,	and	the	
inability	to	track	tumour	progression	in	real	time.	A	revolutionary,	non-invasive	
substitute	that	provides	a	dynamic	and	thorough	understanding	of	a	tumor's	
biology	 from	a	 straightforward	 blood	 sample	 is	 a	 liquid	 biopsy.	 The	 current	
knowledge	 of	 liquid	 biopsy	 and	 its	 clinical	 uses	 throughout	 the	 cancer	 care	
continuum	is	summarized	in	this	academic	review.
Methods:	Using	databases	like	PubMed,	Web	of	Science,	and	Scopus,	we	carried	
out	 an	 extensive	 literature	 review	 of	 peer-reviewed	 publications	 released	
between	2020	and	2025.	The	following	search	terms	were	used:	"liquid	biopsy,"	
"circulating	 tumour	 DNA,"	 "ctDNA,"	 "circulating	 tumour	 cells,"	 "CTCs,"	
"exosomes,"	"cancer	diagnosis,"	"treatment	monitoring,"	and	"minimal	residual	
disease."	Articles	were	chosen	for	their	clinical	utility	in	a	variety	of	cancer	types,	
their	relevance	to	technological	advancements,	and	their	emerging	applications	
in	 both	Western	 and	 sub-Saharan	 African	 contexts.	 To	 summarise	 the	 main	
conclusions,	more	 than	 20	 articles	 including	 reviews,	 original	 research,	 and	
clinical	trial	reports	were	critically	examined.
Discussion:	Circulating	tumour	cells	(CTCs),	circulating	tumour	DNA	(ctDNA),	
and	 exosomes	 are	 among	 the	 essential	 elements	 of	 liquid	 biopsy	 that	 are	

Keywords:	circulating	tumour	cells	(CTCs),	circulating	tumour	DNA	(ctDNA),	Liquid	biopsy,	Exosomes,	Minimal	residual	disease	(MRD),	
Precision	oncology,	Sub-Saharan	Africa,	biomarkers,	Cancer	diagnosis,	and	Treatment	monitoring.

thoroughly	covered	in	the	review.	The	unique	information	that	each	biomarker	offers	is	highlighted.	From	molecular	pro�iling	and	early	
cancer	detection	 to	 real-time	 treatment	monitoring	and	 the	extremely	 sensitive	detection	of	minimal	 residual	disease	 (MRD)	and	
imminent	relapse,	we	examine	the	diverse	clinical	applications.	The	talk	also	covers	the	special	advantages	and	dif�iculties	of	using	liquid	
biopsy	in	places	with	limited	resources,	like	sub-Saharan	Africa,	where	it	may	be	able	to	get	past	major	diagnostic	obstacles.
Conclusion:	By	facilitating	a	more	individualized,	proactive,	and	patient-centric	approach	to	cancer	management,	liquid	biopsy	has	the	
potential	to	completely	transform	oncology.	Notwithstanding	issues	with	cost	and	standardization,	continued	research	and	technical	
developments	indicate	that	liquid	biopsies	will	be	a	vital	component	of	cancer	treatment	in	the	future.

paradigm, has arisen in response to these dif�iculties. Tumor-
derived biomarkers from bodily �luids—most frequently blood, 
but also urine, saliva, and cerebrospinal �luid—are analyzed 
using this method. Without requiring an invasive procedure, 
liquid biopsy offers a dynamic, thorough, and repeatable 
window into the biology of the tumour by identifying and 
examining these circulating components [3]. The fundamental 
idea is that cancer cells constantly release different substances 
into the bloodstream, such as extracellular vesicles, DNA 
fragments, and entire cells. A major bene�it over static tissue 
biopsies is the ability to serially sample these biomarkers, which 
enables ongoing monitoring of disease progression and 
treatment response.

Method
This review systematically examines global, Western, and sub-
Saharan African literature on liquid biopsy and its oncology
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applications. A comprehensive search of PubMed/MEDLINE, 
Web of Science, Scopus, and Google Scholar identi�ied peer-
reviewed English-language studies published between January 
2020 and August 2025, focusing on ctDNA, CTCs, exosomes, 
treatment monitoring, and minimal residual disease. Opinion 
pieces, non-cancer studies, and pre-2020 publications were 
excluded. Two reviewers independently screened and extracted 
data on study design, clinical applications, methodologies, and 
geographic context. The review synthesizes key trends, 
methodologies, and controversies, emphasizing biomarker 
isolation and analysis, and explores their role in diagnosis, 
treatment monitoring, early detection, MRD assessment, 
resistance mechanisms, and future integration into clinical care.

Liquid	Biopsy	Components
Circulating	tumour	cells	(CTCs): Whole cancer cells that have 
shed from primary or metastatic tumours and made their way 
into the peripheral circulation. These cells are potent prognostic 
markers and a physical representation of metastasis. Since CTCs 
contain the entire genetic and proteomic signature of the 
original tumour, their analysis yields a wealth of information [4]. 
(Figure 1)

Isolation	and	Analysis: Because CTCs are so uncommon—an 
estimated one CTC per billion normal blood cells isolation and 
analysis present a substantial technical challenge(4). The most 
popular technique for CTC enrichment is the CellSearch® 
system, which captures cells expressing the epithelial cell 
adhesion molecule (EpCAM) using antibody-coated magnetic 
beads. The incapacity of EpCAM-based platforms to identify 
CTCs that have undergone epithelial-mesenchymal transition 
(EMT), a process in which cancer cells lose their epithelial traits 
in order to become more migratory, is a signi�icant drawback. To 
get around this, newer techniques that are less dependent on 
particular surface markers are being developed, such as size-
based �iltration and micro �luidic technologies [5].
 
Clinical	Signi�icance: It is commonly acknowledged that the 
presence and count of CTCs serve as prognostic biomarkers. A 
higher CTC count is consistently linked to a lower progression-
free and overall survival in a number of cancers, such as 
colorectal, breast, and prostate cancers. Analyzing CTCs 
presents a special chance to track the development of drug 
resistance and tumour evolution in real time [14].

Figure	1:	Circulating	Tumor	Cells	(CTCs)

The	Journey	and	Clinical	Signi�icance	of	Circulating	Tumour	
Cells	(CTCs):	This	schematic	illustrates	the	process	by	which	CTCs	
are	 shed	 from	 a	 primary	 tumour,	 intravasate	 into	 the	
bloodstream,	 survive	 in	 the	 circulation,	 and	 ultimately	
extravasate	to	form	distant	metastases.	CTCs	are	a	heterogeneous	
population,	and	their	analysis	provides	a	"real-time"	liquid	biopsy	
snapshot	of	the	tumour's	biological	state.	The	enumeration	and	
molecular	 pro�iling	 of	 CTCs	 serve	 as	 valuable	 prognostic	
biomarkers	 for	 monitoring	 disease	 progression	 and	 assessing	
treatment	response,	particularly	in	metastatic	settings.	The	�igure	
also	highlights	the	challenges	of	isolating	these	rare	cells	and	the	
diverse	molecular	information,	including	genetic	mutations	and	
protein	expression	that	they	carry.

Circulating	tumour	DNA	(ctDNA): Small DNA fragments are 
released into the bloodstream by necrotic or apoptotic tumour 
cells. CtDNA is frequently more prevalent and can be a more 
sensitive indicator of tumour burden than CTCs, which are 
uncommon. Certain genetic mutations, chromosomal 
abnormalities, and epigenetic modi�ications found in the 
tumour can be found by analyzing the ctDNA [6].

Detection	 Techniques: The main dif�iculty in identifying 
ctDNA is separating it from the large amount of normal cell-free 
DNA (cfDNA). Extremely sensitive methods are needed, the 
most common of which are based on Next-Generation 
Sequencing (NGS). These include whole-exome and whole-
genome sequencing for a more comprehensive picture of the 
genetic landscape of the tumour, as well as targeted gene panels 
for known cancer mutations [6]. A different, extremely sensitive 
technique for measuring particular mutations is digital droplet 
PCR (ddPCR).

Clinical	Utility: Following surgery with a curative goal, ctDNA is 
being used more and more to detect minimal residual disease 
(MRD). After surgery, the presence of ctDNA is a reliable 
indicator of cancer recurrence and frequently appears months 
before radiographic evidence [7]. This makes it possible to start 
adjuvant therapy in high-risk patients on time. Additionally, the 
foundation of precision oncology is ctDNA analysis, which 
makes it possible to �ind targetable mutations to direct the 
choice of medications such as tyrosine kinase inhibitors. Cells, 
including cancer cells, secrete exosomes and extracellular 
vesicles (EVs), which are nanoscale lipid vesicles with a 
diameter of 30 to 150 nm. Encapsulating proteins, lipids, RNA, 
and DNA that mirror the molecular properties of their parent 
cell, they are a rich source of molecular cargo8. Exosomes are 
essential for intercellular communication because they affect 
the tumour microenvironment and promote metastasis.

Isolation	and	Analysis: Exosomes are dif�icult to isolate and 
characterize technically due to their small size and 
h e t e r o g e n e i t y.  S i z e - e x c l u s i o n  c h r o m a t o g r a p h y, 
immunoaf�inity-based techniques, and ultracentrifugation are 
common approaches. Finding new biomarkers may be greatly 
aided by the examination of exosomal cargo, such as particular 
proteins or non-coding RNAs (miRNAs).

Clinical	 Potential: Exosomes are being studied for their 
potential as biomarkers for early diagnosis, especially in 
cancers that are dif�icult to detect, such as pancreatic cancer. In 
addition to being investigated as a drug delivery system, their 
distinct cargo offers information about the biological state of the 
tumor [9].
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Other	Biomarkers: Although exosomes, ctDNA, and CTCs have been studied the most, other circulating components are also being 
investigated. Emerging as promising new avenues for liquid biopsy research are circulating microRNAs (miRNAs), small non-coding 
RNA molecules, and tumor-educated platelets (TEPs), which absorb biomarkers derived from tumors [10].

Table	2:	Clinical	Applications	of	Liquid	Biopsy	across	the	Cancer	Care	Continuum.

Table	1:	Comparison	of	Liquid	Biopsy	Biomarkers

Comparison	of	Liquid	Biopsy	Biomarkers:	This	table	provides	a	
concise	 overview	 of	 the	 key	 biomarkers	 analyzed	 in	 liquid	
biopsies,	 their	 respective	 detection	methods,	 and	 their	 distinct	
clinical	advantages	and	limitations.	The	information	synthesized	
here	highlights	the	complementary	nature	of	these	biomarkers,	
underscoring	 the	 potential	 for	multi-analyte	 liquid	 biopsies	 to	
provide	a	more	comprehensive	and	accurate	picture	of	a	patient's	
tumour	biology.	This	data	is	based	on	a	critical	review	of	recent	
literature	and	represents	the	current	consensus	on	the	utility	of	
each	biomarker	[4-10].

Clinical	Uses	in	the	Treatment	of	Cancer
Early Cancer Detection and Screening: The potential of liquid 
biopsy to detect cancer in asymptomatic individuals early on is 
its holy grail. Liquid biopsy tests have the potential to screen for 
cancer before it has reached an advanced stage by identifying 
low-abundance tumor-derived biomarkers in the blood. Multi-
cancer early detection (MCED) tests are being validated through 
extensive clinical trials. One well-known example of this 
endeavour in Western nations is the GRAIL Galleri test, which 
examines methylation patterns in cfDNA. Liquid biopsy has 
enormous potential in sub-Saharan Africa, where diagnostic 
infrastructure is scarce. Research is looking into its potential for 
the quick diagnosis of endemic cancers like Burkitt's lymphoma 
and Kaposi's sarcoma, which are frequently detected too late 
because invasive biopsies are dif�icult to perform in 
environments with limited resources [11].
Diagnosis and Molecular Pro�iling: When a tissue biopsy is 
impractical or does not produce enough material, a liquid 
biopsy can be a potent tool for both initial diagnosis and 
molecular pro�iling in patients with a suspected cancer

diagnosis. Clinicians can determine the precise genetic 
mutations causing the tumour by examining ctDNA, such as 
EGFR mutations in non-small cell lung cancer, which directly 
in�luences the selection of targeted treatments [12]. This 
analysis can be completed from a straightforward blood sample, 
which greatly speeds up diagnosis and enables a more 
individualized treatment plan.
Treatment Monitoring and Response Evaluation: Real-time 
treatment monitoring is one of the most direct and signi�icant 
uses of liquid biopsy. Long before alterations are apparent on 
conventional imaging, changes in the amounts of ctDNA or CTCs 
can indicate how well the tumour is responding to treatment. 
For instance, a drop in ctDNA concentration after chemotherapy 
starts may be a sign of a good reaction, whereas an increase in 
concentration could indicate ineffectiveness or the emergence 
of resistance [13]. This makes it possible to promptly modify 
treatment plans, avoiding needless toxicity from ineffective 
medications.
Monitoring for Relapse and Minimal Residual Disease (MRD): 
After surgery or other curative measures, MRD may persist and 
cause relapse in the future. A very sensitive technique for 
identifying this MRD is liquid biopsy, especially ctDNA analysis. 
After a treatment that is thought to be curative, the presence of 
ctDNA is a strong indicator of relapse. CtDNA-positive patients 
have a markedly increased risk of recurrence and may bene�it 
from more aggressive adjuvant therapy, according to numerous 
studies, including a sizable study on colorectal cancer from the 
Netherlands14]. By shifting from "wait and see" methods to 
more proactive, individualized care, this application has the 
potential to completely transform post-treatment surveillance. 
(Table 2)
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Table	3:	Research	on	Liquid	Biopsies	in	Sub-Saharan	Africa	(SSA)

Clinical	Applications	of	Liquid	Biopsy	across	the	Cancer	Care	Continuum:	This	table	summarizes	the	diverse	and	evolving	clinical	
utility	of	liquid	biopsy	at	different	stages	of	a	patient's	cancer	journey.	It	highlights	how	various	biomarkers,	particularly	ctDNA	and	
CTCs,	are	being	applied	to	shift	cancer	management	from	a	reactive	to	a	proactive	paradigm.	The	information	presented	re�lects	key	
advancements	in	personalized	oncology,	from	screening	and	diagnosis	to	the	crucial	monitoring	of	treatment	response	and	minimal	
residual	disease	(MRD)	[11-14].

Challenges: Despite its potential, a number of obstacles need to be removed before liquid biopsy can be widely used in clinical 
settings. Assay standardization is crucial because disparate platforms and approaches can produce inconsistent results, making it 
dif�icult to compare data from different studies and clinics[15]. Technical challenges are also brought on by the low abundance of 
biomarkers, especially in early-stage cancers, where there is a greater chance of false-negative results. The cost of the technology is 
still a deterrent, particularly in low- and middle-income nations where there is a greater need for non-invasive diagnostics. Lastly, to 
conclusively prove the clinical utility and cost-effectiveness of liquid biopsy in standard practice, extensive, prospective clinical trials 
are required for strong clinical validation. (Table 3)

Summary	of	Studies	on	Liquid	Biopsy	in	Sub-Saharan	Africa	
(SSA):	 This	 table	 outlines	 key	 research	 efforts	 exploring	 liquid	
biopsy	 in	 SSA.	 It	 highlights	 the	 potential	 of	 this	 technology	 to	
address	regional	challenges,	such	as	diagnostic	delays	and	limited	
infrastructure,	 while	 also	 acknowledging	 the	 hurdles	 of	 cost,	
technical	validation,	and	standardization	that	must	be	overcome	
for	widespread	implementation.	The	studies	 listed	demonstrate	
the	 growing	 body	 of	 evidence	 supporting	 liquid	 biopsy	 as	 a	
transformative	tool	in	resource-constrained	settings.

Future	Prospects	for	Liquid	Biopsies
Key clinical and technological advancements will drive the 
dynamic and quickly changing landscape of liquid biopsy in the 
future. A key component of this advancement is expected to be 
the combination of machine learning (ML) and arti�icial 
intelligence (AI). These technologies are essential for analyzing 
the large and intricate datasets produced by multi-analyte 
liquid biopsies, allowing for the previously unheard-of level of 
precision in identifying subtle but clinically signi�icant 
biomarker signatures. With this increased analytical capability, 
the �ield will advance from the detection of simple mutations to a 
thorough comprehension of the biological state of a tumour, 
including its heterogeneity and changing resistance 
mechanisms [16-18].
An important advancement is the creation of multi-analyte 
platforms. These platforms will get around the drawbacks of 
single-biomarker methods by measuring several circulating 
biomarkers at once, including ctDNA, CTCs, and exosomes. The 
sensitivity and speci�icity of detection are increased by this 
holistic perspective, which offers a more thorough and accurate 
picture of a patient's cancer. For example, a multi-analyte 
approach could better track metastasis and inform treatment 
choices by combining the single-cell information from CTCs 
with the high speci�icity of ctDNA [19].

Developments	 in	 Global	 Accessibility	 and	 Ultrasensitive	
Detection
Ultrasensitive detection techniques, which are essential for 
clinical applications, are being rapidly developed in the �ield of 
liquid biopsy. Extremely low concentrations of circulating 
tumour DNA (ctDNA) can now be detected thanks to the 
development of sophisticated techniques like improved digital 
PCR and improved next-generation sequencing (NGS) methods 
[20-21]. Two important uses for this increased sensitivity are 
the accurate monitoring of minimal residual disease (MRD) 
following treatment and the early detection of cancer in 
asymptomatic individuals. More timely and ef�icient clinical 
interventions are made possible by these developments, which 
allow physicians to detect microscopic disease or approaching 
therapeutic resistance much earlier than traditional imaging 
can [22].
The ultimate goal of these technological developments is not 
only better performance but also more accessibility and 
affordability. The widespread use of liquid biopsy in settings 
with limited resources is becoming a real possibility as the cost 
of these ultrasensitive technologies drops and laboratory 
procedures become more standardized. This is especially 
important in places like sub-Saharan Africa, where the high 
expense of traditional biopsies and the absence of sophisticated 
diagnostic infrastructure frequently result in delayed diagnoses 
and subpar patient outcomes. Liquid biopsy has the potential to 
signi�icantly improve early diagnosis and management of 
cancer in these areas by providing a non-invasive, effective, and 
economical substitute [23].

Conclusion: As a dynamic and non-invasive substitute for 
conventional tissue biopsy, liquid biopsy has become a game-
changer in oncology. Its ability to provide real-time insights into 
tumour biology through the analysis of CTCs, ctDNA, and 
exosomes has opened up new avenues for personalized 
medicine. From early detection and molecular pro�iling to 
monitoring treatment response and detecting minimal residual 
disease, the clinical applications of liquid biopsy are vast and
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impactful. While challenges related to standardization, 
validation, and cost remain, the rapid pace of technological 
innovation suggests that liquid biopsy is on the cusp of 
becoming a cornerstone of cancer care. By enabling a more 
proactive, precise, and patient-friendly approach to diagnosis 
and management, liquid biopsy is not just a new tool it is a new 
frontier that is reshaping the future of oncology.

Recommendations: The review emphasizes the need for 
standardized protocols for liquid biopsy biomarker analysis to 
ensure reproducibility and clinical integration. It calls for large-
scale international trials to validate early detection and MRD 
monitoring, along with global collaboration to improve 
accessibility in low- and middle-income countries through 
affordable platforms and pilot programs. The integration of AI 
and bioinformatics is recommended to enhance biomarker 
detection and prognostication, while ongoing biomarker 
discovery, including exosomes and tumor-educated platelets, is 
essential for advancing precision oncology.

Con�lict	of	interest: There are no con�licts of interest. 
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