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Introduction to Liquid Biopsy in Cancer 
Diagnosis and Monitoring

Cancer is one of the leading causes of death worldwide, and 
early diagnosis is critical for successful treatment and improved 
patient outcomes. Traditional diagnostic methods for cancer 
involve invasive tissue biopsies, which can be painful, risky, and 
expensive. In recent years, liquid biopsy has emerged as a promising 
alternative to tissue biopsy, offering a non-invasive and minimally 
invasive method for cancer diagnosis and monitoring of treatment 
response [1].

Liquid biopsy involves the analysis of various biomolecules, 
including Circulating Tumor Cells (CTCs), Circulating Tumor DNA  

 
(ctDNA), Extracellular Vesicles (EVs), and Circulating MicroRNAs 
(miRNAs) in blood or other body fluids [2]. CTCs are tumor cells 
that have detached from the primary tumor and are circulating in 
the bloodstream. ctDNA is released into the bloodstream by dying 
cancer cells and can be used to detect tumor-specific mutations. EVs 
are small lipid-bilayer vesicles secreted by cells, including cancer 
cells, and contain various biomolecules, including proteins, lipids, 
and nucleic acids [3]. miRNAs are small non-coding RNAs that 
regulate gene expression and have been shown to be dysregulated 
in cancer. One of the main advantages of liquid biopsy is its non-
invasive nature, which eliminates the need for invasive tissue 
biopsies. This makes it a safer and less painful method for cancer 
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diagnosis and monitoring of treatment response. In addition, liquid 
biopsy is a minimally invasive method that can be performed 
repeatedly, allowing for the monitoring of disease progression and 
treatment response over time.

Liquid biopsy has shown great potential in cancer diagnosis 
and monitoring of treatment response. Several studies have 
demonstrated the utility of liquid biopsy in the early detection of 
cancer, particularly in the detection of early-stage lung cancer. For 
example, a study published in the New England Journal of Medicine 
found that liquid biopsy was able to detect lung cancer with a 
sensitivity of 72% and a specificity of 90% in patients with stage I 
to III lung cancer. In addition, liquid biopsy has shown promise in 
monitoring treatment response in cancer patients. For example, a 
study published in Cancer Research found that changes in ctDNA 
levels could be used to monitor treatment response in patients 
with metastatic breast cancer. Another study published in JAMA 
Oncology found that changes in CTC levels could be used to monitor 
treatment response in patients with metastatic prostate cancer.

Liquid biopsy also has the potential to overcome the limitations 
of tissue biopsy in detecting tumor heterogeneity. Tumor 
heterogeneity refers to the presence of different subpopulations 
of cancer cells within a single tumor. Tissue biopsy samples only 
a small portion of the tumor, which may not be representative of 
the entire tumor. Liquid biopsy, on the other hand, allows for the 
analysis of multiple biomarkers from different regions of the tumor, 
providing a more comprehensive view of tumor heterogeneity. 
Despite its potential, liquid biopsy still faces several challenges 
that must be addressed. One of the main challenges is the detection 
of low levels of circulating biomarkers, which requires highly 
sensitive and specific detection methods. In addition, the lack of 

standardization in sample collection, processing, and analysis can 
lead to variability in results and limit the clinical utility of liquid 
biopsy. Hence liquid biopsy has emerged as a promising alternative 
to tissue biopsy in cancer diagnosis and monitoring of treatment 
response. Its non-invasive nature, ability to monitor disease 
progression and treatment response over time, and potential to 
overcome the limitations of tissue biopsy make it an attractive 
option for cancer patients. However, further research is needed 
to address the challenges associated with liquid biopsy and to 
establish standardized protocols for sample collection, processing, 
and analysis to ensure its clinical utility.

Liquid biopsy is a minimally invasive approach that allows 
for the detection and monitoring of cancer using a variety of 
biofluids, including blood, urine, and cerebrospinal fluid. This 
technique provides a means of accessing and analyzing cancer-
derived material, such as Circulating Tumor Cells (CTCs), Cell-Free 
DNA (cfDNA), and Extracellular Vesicles (EVs), that are shed by 
tumors and released into the bloodstream or other bodily fluids. 
Liquid biopsy has several advantages over traditional tissue 
biopsy, including its ability to provide real-time information on 
cancer progression and treatment response, its potential for early 
detection of cancer, and its ability to identify the emergence of drug 
resistance. Furthermore, liquid biopsy is a less invasive and more 
convenient method for patients, as it eliminates the need for repeat 
tissue biopsies. Despite these advantages, liquid biopsy also faces 
several challenges and limitations, such as the need for standardized 
assays, sample heterogeneity, and the potential for false positives 
or negatives. We will provide an overview of liquid biopsy in cancer 
diagnosis and monitoring, highlighting its potential as a tool for 
personalized cancer management (Table 1).

Table 1: It compares the advantages and limitations of the three main types of biomarkers that can be detected using liquid biopsy in cancer diagnosis 
and monitoring: circulating tumor cells (CTCs), cell-free DNA (cfDNA), and extracellular vesicles (EVs). It provides a concise and organized way to 
present this information, making it easy for readers to compare the different types of biomarkers.

Type of Biomarker Advantages Limitations

Circulating Tumor Cells (CTCs) - Can provide information on tumor phenotype and invasive-
ness <br> - Can identify the emergence of drug resistance

- Low sensitivity due to low abundance of 
CTCs <br> - Difficulty in distinguishing CTCs 
from other circulating cells <br> - Heteroge-

neity in CTC phenotype

Cell-Free DNA (cfDNA)
- High sensitivity for detecting tumor-specific mutations 

<br> - Potential for early cancer detection <br> - Can monitor 
treatment response and the emergence of drug resistance

- Low specificity due to the presence of 
non-tumor-derived cfDNA <br> - Short half-
life of cfDNA <br> - Technical challenges in 

detecting low-frequency mutations

Extracellular Vesicles (EVs) - Can provide information on tumor phenotype and invasive-
ness <br> - Can identify the emergence of drug resistance

- Heterogeneity in EV composition <br> 
- Technical challenges in isolating and char-

acterizing EVs <br> - Potential for contamina-
tion with non-tumor-derived EVs
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Types of Liquid Biopsy
Liquid biopsy refers to the non-invasive approach of detecting 

cancer through the analysis of tumor-derived material present in 
various biofluids. The three main types of biomarkers that can be 
detected using liquid biopsy are Circulating Tumor Cells (CTCs), 
Cell-Free DNA (cfDNA), and Extracellular Vesicles (EVs).

CTCs are tumor cells that have detached from the primary 
tumor and entered the bloodstream. They can provide valuable 
information on tumor phenotype and invasiveness, as well as 
identify the emergence of drug resistance. However, CTCs are 
present at low frequencies in the blood and can be difficult to 
distinguish from other circulating cells. cfDNA refers to the 
fragments of DNA that are released by apoptotic or necrotic cells, 
including tumor cells, into the bloodstream. cfDNA can be used to 
detect tumor-specific mutations, monitor treatment response, and 
identify the emergence of drug resistance. However, cfDNA can also 
be derived from non-tumor cells and may not be specific to cancer.

EVs are small vesicles that are released by cells, including tumor 
cells, into the bloodstream. They can provide information on tumor 
phenotype and invasiveness, as well as identify the emergence of 

drug resistance. However, EVs are heterogeneous in composition 
and can be difficult to isolate and characterize.

Each type of liquid biopsy has its own advantages and limitations. 
By combining the analysis of different types of biomarkers, liquid 
biopsy has the potential to provide a comprehensive picture of 
the tumor and its response to therapy, enabling personalized 
cancer management. Liquid biopsy offers several advantages over 
traditional tissue biopsy, including non-invasiveness, repeatability, 
comprehensive sampling, real-time monitoring of tumor 
dynamics, and the ability to identify intra-tumor heterogeneity 
[4]. Additionally, liquid biopsy enables monitoring of treatment 
response and identification of drug resistance, which can inform 
clinical decision-making. However, liquid biopsy also faces several 
challenges and limitations, including the low abundance of 
biomarkers, lack of standardization, potential for false positive and 
false negative results, limited sensitivity and specificity, technical 
challenges in isolating and characterizing biomarkers, and 
limited access to advanced technology in certain regions. Despite 
these challenges, liquid biopsy has the potential to revolutionize 
cancer diagnosis and monitoring by enabling personalized cancer 
management (Table 2).

Table 2: Advantages of Liquid Biopsy over Traditional Tissue Biopsy, Challenges and Limitations of Liquid Biopsy in Cancer Diagnosis and Monitoring.

Advantages of Liquid Biopsy over Traditional Tissue Biopsy Challenges and Limitations of Liquid Biopsy

Non-invasive Low abundance of biomarkers

Repeatable Lack of standardization

Comprehensive sampling False positive and false negative results

Real-time monitoring of tumor dynamics Limited sensitivity and specificity

Enables identification of intra-tumor heterogeneity Technical challenges in isolating and characterizing biomarkers

Allows monitoring of treatment response and identification of drug 
resistance Limited access to advanced technology in certain regions

Liquid Biopsy for Early Cancer Detection and 
Diagnosis

Liquid biopsy has emerged as a promising approach for early 
cancer detection and diagnosis, as it enables the non-invasive 
analysis of tumor-derived material in various biofluids. The 
detection of cancer at an early stage can significantly improve 
patient outcomes, as it allows for earlier intervention and potentially 
curative treatment options. Several studies have demonstrated the 
potential of liquid biopsy for early cancer detection and diagnosis. 
For example, the detection of mutations in cfDNA has been shown 
to be effective for the early detection of lung cancer, colorectal 
cancer, and pancreatic cancer. Similarly, the analysis of CTCs has 

been shown to be effective for the early detection of breast cancer 
and prostate cancer.

However, the clinical utility of liquid biopsy for early cancer 
detection and diagnosis is still under investigation, and further 
research is needed to validate the sensitivity and specificity of liquid 
biopsy-based tests. Additionally, the development of standardized 
protocols and quality control measures is necessary to ensure the 
accuracy and reproducibility of liquid biopsy-based tests. Despite 
these challenges, the potential of liquid biopsy for early cancer 
detection and diagnosis is significant, and it has the potential to 
revolutionize cancer screening and detection by enabling non-
invasive, convenient, and cost-effective testing.
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Liquid Biopsy based bio markers for cancer
Liquid biopsy has shown great potential for the detection and 

monitoring of cancer based on various biomarkers in blood or 
other body fluids. These biomarkers include Circulating Tumor 

Cells (CTCs), Circulating Tumor DNA (ctDNA), Extracellular Vesicles 
(EVs), and Circulating MicroRNAs (miRNAs), among others [5-8]. 
Here are some of the potential applications of liquid biopsy-based 
biomarkers for cancer:

Table 3: Comparison between liquid biopsy and tissue biopsy.

Comparison Liquid Biopsy Tissue Biopsy

Sample collection method Blood, urine, saliva, cerebrospinal fluid Surgical or needle biopsy

Sample availability Can be collected repeatedly over time Limited, one-time collection

Invasiveness Non-invasive or minimally invasive Invasive

Risk of complications Very low Possible complications including bleeding, infection, or organ 
damage

Amount of tissue obtained Limited Usually provides larger tissue samples

Tumor heterogeneity Can capture heterogeneity by analyzing 
multiple samples Limited by the sampling site

Sensitivity Can detect low levels of circulating tumor 
DNA or RNA

Detection of mutations or expression levels can depend on 
tumor location and accessibility

Turnaround time Generally faster than tissue biopsy Can take several days or weeks for results

Cost Can be less expensive than tissue biopsy Can be more expensive depending on the type of biopsy and 
analysis required

Clinical applications Used for cancer diagnosis, monitoring, and 
treatment response Mainstay of cancer diagnosis and treatment planning

Early Detection of Cancer

Liquid biopsy-based biomarkers have shown promise in the 
early detection of cancer, particularly in the detection of early-stage 
cancer. For example, ctDNA can be used to detect tumor-specific 
mutations in early-stage lung cancer, while CTCs can be used to 
detect early-stage breast cancer [9].

Monitoring of Treatment Response 

Liquid biopsy-based biomarkers can be used to monitor treatment 
response in cancer patients. For example, changes in ctDNA levels 
can be used to monitor treatment response in patients with 
metastatic breast cancer, while changes in CTC levels can be used 
to monitor treatment response in patients with metastatic prostate 
cancer [10].

Prognostic Value

Liquid biopsy-based biomarkers can also provide prognostic 
information in cancer patients. For example, high levels of CTCs and 
ctDNA have been associated with poor prognosis in various types of 
cancer, including breast, lung, and colorectal cancer [11].

Tumor Heterogeneity

Liquid biopsy-based biomarkers can help overcome the 
limitations of tissue biopsy in detecting tumor heterogeneity. For 
example, by analyzing multiple biomarkers from different regions 

of the tumor, liquid biopsy can provide a more comprehensive view 
of tumor heterogeneity [12].

Minimal Residual Disease Detection

Liquid biopsy-based biomarkers can also be used to detect 
Minimal Residual Disease (MRD) in cancer patients. MRD refers 
to the presence of small amounts of cancer cells that remain after 
treatment, which can lead to disease recurrence. Liquid biopsy-
based biomarkers can detect MRD earlier than traditional imaging 
methods, allowing for earlier intervention and improved patient 
outcomes [13].

Personalized Medicine

Liquid biopsy-based biomarkers can also be used to guide 
personalized cancer treatment. For example, by analyzing ctDNA, 
oncologists can identify specific mutations that are driving tumor 
growth and select targeted therapies that are most likely to be 
effective (Figure 1).

Liquid Biopsy for Monitoring Treatment 
Response and Resistance
Liquid biopsy has shown immense potential for monitoring 
treatment response and resistance in cancer patients. Traditional 
methods for monitoring treatment response, such as imaging 
scans and tissue biopsies, are often invasive, expensive, and 
time-consuming. In contrast, liquid biopsy is a non-invasive and 
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convenient approach for monitoring treatment response, as it 
enables the analysis of tumor-derived material in various biofluids. 
One of the main biomarkers used for monitoring treatment response 
and resistance in liquid biopsy is ctDNA. The analysis of ctDNA can 

provide real-time information on tumor burden and the emergence 
of resistance mutations. Additionally, the analysis of CTCs and EVs 
can provide information on tumor phenotype and invasiveness, as 
well as the emergence of drug resistance (Figure 2).

Figure 1: Liquid Biopsy based bio markers.

Figure 2: Liquid Biopsy for Monitoring Treatment Response and Resistance.
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Several studies have demonstrated the potential of liquid 
biopsy for monitoring treatment response and resistance in cancer 
patients. For example, the analysis of ctDNA has been shown to be 
effective for monitoring treatment response in patients with lung 
cancer, breast cancer, and colorectal cancer. Similarly, the analysis 
of CTCs has been shown to be effective for monitoring treatment 
response in patients with prostate cancer and breast cancer. 
However, liquid biopsy also faces several challenges for monitoring 
treatment response and resistance. For example, the low abundance 
of biomarkers in biofluids and the lack of standardization in liquid 
biopsy protocols can impact the accuracy and reproducibility of 
liquid biopsy-based tests [14-16].

Despite these challenges, liquid biopsy has the potential to 
revolutionize cancer management by enabling personalized 
treatment strategies based on the real-time monitoring of treatment 
response and resistance. Ongoing research and development in 
liquid biopsy-based tests are expected to further improve the 
sensitivity and specificity of these tests for monitoring treatment 
response and resistance.

Clinical Applications of Liquid Biopsy in tumor 
management

Liquid biopsy has the potential to play a significant role in tumor 
management, including diagnosis, treatment, and monitoring of 
cancer. Here are some ways in which liquid biopsy can be used in 
tumor management.

Diagnosis 

Liquid biopsy-based biomarkers can help diagnose cancer by 
detecting specific biomolecules that are released by cancer cells 
into the bloodstream or other bodily fluids. For example, ctDNA and 
CTCs can be used to identify specific mutations that are indicative 
of cancer [18].

Treatment Selection

Liquid biopsy can help select the most appropriate treatment for 
cancer patients by identifying specific mutations that are driving 
tumor growth. For example, by analyzing ctDNA, oncologists can 
identify mutations that are responsive to targeted therapies and 
select treatments that are most likely to be effective [19].

Monitoring of Treatment Response

Liquid biopsy-based biomarkers can be used to monitor 
treatment response in cancer patients. For example, changes in 
ctDNA levels can be used to monitor treatment response in patients 
with metastatic breast cancer, while changes in CTC levels can be 
used to monitor treatment response in patients with metastatic 
prostate cancer [20].

Detection of Resistance

Liquid biopsy-based biomarkers can be used to detect resistance 
to cancer treatments. For example, by analyzing ctDNA, oncologists 
can detect mutations that confer resistance to targeted therapies, 
allowing for early intervention and a switch to alternative 
treatments [21].

Minimal Residual Disease Detection

Liquid biopsy-based biomarkers can be used to detect 
Minimal Residual Disease (MRD) in cancer patients. MRD refers 
to the presence of small amounts of cancer cells that remain after 
treatment, which can lead to disease recurrence. Liquid biopsy-
based biomarkers can detect MRD earlier than traditional imaging 
methods, allowing for earlier intervention and improved patient 
outcomes [22].

Prognostic Value

Liquid biopsy-based biomarkers can provide prognostic 
information in cancer patients. For example, high levels of CTCs and 
ctDNA have been associated with poor prognosis in various types of 
cancer, including breast, lung, and colorectal cancer [23].

Tumor Heterogeneity

Liquid biopsy-based biomarkers can help overcome the 
limitations of tissue biopsy in detecting tumor heterogeneity. By 
analyzing multiple biomarkers from different regions of the tumor, 
liquid biopsy can provide a more comprehensive view of tumor 
heterogeneity [24].

Clinical Applications of Liquid Biopsy in Cancer 
Management

Liquid biopsy has several clinical applications in cancer 
management, including:

a) Early Detection and Diagnosis

Liquid biopsy can be used for the early detection and diagnosis 
of cancer, enabling earlier intervention and potentially curative 
treatment options [25].

b) Treatment Selection and Monitoring

Liquid biopsy can be used to guide treatment selection by 
identifying actionable mutations and monitoring treatment 
response and resistance [26].

c) Prognosis and Monitoring of Disease Progression

Liquid biopsy can provide information on tumor burden, 
invasiveness, and the emergence of resistance mutations, enabling 
clinicians to make informed decisions about disease management 
[27].
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d) Minimal Residual Disease Detection

Liquid biopsy can be used to detect minimal residual disease, 
which is a small number of cancer cells that remain after treatment 
and can cause relapse [28].

e) Monitoring For Cancer Recurrence

Liquid biopsy can be used to monitor cancer recurrence and 

guide surveillance strategies for patients who have completed 
treatment [29].

f) Research and Drug Development

Liquid biopsy can be used in research and drug development to 
identify new biomarkers and therapeutic targets, as well as to test 
the efficacy of new drugs in clinical trials (Figure 3).

Figure 1: clinical application of liquid biopsy.

Liquid biopsy has the potential to revolutionize cancer 
management by enabling non-invasive, convenient, and cost-
effective testing for early detection, treatment selection and 
monitoring, prognosis, and disease surveillance. 

Recent Drugs in Pipeline
Some examples of promising drugs that were in the pipeline are:

a) Sacituzumab govitecan

A novel antibody-drug conjugate that targets Trop-2, a protein 
that is overexpressed in multiple types of cancer, including breast, 
lung, and bladder cancer. In April 2021, the US Food and Drug 
Administration (FDA) approved Sacituzumab govitecan for the 
treatment of metastatic triple-negative breast cancer [30].

b) Sotorasib

A targeted therapy that inhibits KRAS G12C, a driver mutation 
found in approximately 13% of Non-Small Cell Lung Cancer 

(NSCLC) cases. In May 2021, the FDA granted accelerated approval 
to Sotorasib for the treatment of locally advanced or metastatic 
NSCLC with KRAS G12C mutation [31].

c) Teclistamab

A bispecific antibody that targets both BCMA and CD3, two 
proteins found on the surface of multiple myeloma cells and T 
cells, respectively. In August 2021, the FDA granted breakthrough 
therapy designation to Teclistamab for the treatment of relapsed or 
refractory multiple myeloma.

d) Amivantamab

A bispecific antibody that targets both EGFR and MET, two proteins 
that are frequently overexpressed or mutated in non-small cell 
lung cancer. In May 2021, the FDA granted accelerated approval to 
Amivantamab for the treatment of patients with locally advanced or 
metastatic NSCLC with EGFR exon 20 insertion mutations.
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e) Zanidatamab

A bispecific antibody that targets both HER2 and HER3, two 
proteins that are overexpressed in multiple types of cancer, 
including breast, gastric, and ovarian cancer. In August 2021, the 
FDA granted breakthrough therapy designation to Zanidatamab 
for the treatment of patients with HER2-positive metastatic breast 
cancer who have received prior HER2-targeted therapies [32].

Future Directions and Opportunities in Liquid 
Biopsy Research

The field of liquid biopsy is rapidly evolving, and there are several 
future directions and opportunities for research that could further 
advance the clinical utility of liquid biopsy in cancer management:

f) Multi-omics analysis

Integrating the analysis of multiple types of biomarkers, such 
as ctDNA, CTCs, and EVs, could provide a more comprehensive 
understanding of tumor biology and treatment response.

g) Development of novel biomarkers

The discovery and validation of new biomarkers in liquid 
biopsy, such as RNA and proteins, could enhance the sensitivity and 
specificity of liquid biopsy-based tests [33].

h) Standardization and quality control

The establishment of standardized protocols and quality control 
measures is essential for ensuring the accuracy and reproducibility 
of liquid biopsy-based tests [34].

i) Large-scale clinical validation studies

Large-scale clinical validation studies are needed to demonstrate 
the clinical utility of liquid biopsy-based tests and establish their 
role in cancer management [35].

j) Integration with other technologies

Combining liquid biopsy with other technologies, such as 
imaging and artificial intelligence, could enhance the accuracy and 
clinical utility of liquid biopsy-based tests.

k) Patient stratification and personalized medicine

Liquid biopsy could be used to stratify patients based on their 
tumor biology and treatment response, enabling personalized 
treatment strategies [36].

l) Development of non-cancer applications

Liquid biopsy could have potential applications beyond cancer, 
such as in infectious diseases and autoimmune disorders [37].

Liquid biopsy is a rapidly evolving field with great potential for 
improving cancer management. Future research and development 

in liquid biopsy could further enhance its clinical utility and 
revolutionize cancer care.

Conclusion and Implications for Clinical 
Practice

In conclusion, liquid biopsy is a promising and rapidly evolving 
approach for cancer diagnosis, monitoring, and management. Its 
non-invasive and convenient nature, coupled with its potential for 
early detection, treatment selection and monitoring, and disease 
surveillance, make it an attractive option for clinical practice. 
However, there are still challenges and limitations that need to be 
addressed, such as the need for standardized protocols and quality 
control measures, the development of novel biomarkers, and large-
scale clinical validation studies. Despite these challenges, liquid 
biopsy holds great potential for transforming cancer care and 
improving patient outcomes.

The implications for clinical practice are significant. Liquid 
biopsy can provide clinicians with real-time information on tumor 
biology and treatment response, enabling more informed decision-
making and personalized treatment strategies. It can also reduce 
the need for invasive tissue biopsies, which can be costly, time-
consuming, and associated with potential complications. However, 
it is important to note that liquid biopsy-based tests should not 
replace traditional tissue biopsy in all cases, as tissue biopsy remains 
the gold standard for definitive diagnosis and characterization of 
tumors. So, the development and integration of liquid biopsy-based 
tests into clinical practice could have a significant impact on cancer 
management, leading to earlier detection, more accurate diagnosis, 
improved treatment selection and monitoring, and better patient 
outcomes. The continued research and development in this field 
are essential for realizing the full potential of liquid biopsy in 
cancer care.
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