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ABSTRACT: Melanoma cancer is in the top 10 most diagnosed cancers worldwide yearly, causing around 57,000 deaths 
annually. Liquid biopsy in melanoma provides a novel staging and management tool that, in conjunction with tissue biopsies, can 
revolutionize treatment and care. It offers sufficient information about the melanoma in the patient's body by looking at various 
biomarkers present in bodily fluids. This systematic review provides a recent overview of rising liquid biopsy techniques for the 
detection and treatment response of melanoma. A total of 30 papers were compiled from 2019-2024. Results depict that ctDNA 
is the prominent biomarker used in the detection and treatment monitoring of stage III and IV melanoma. NGS and PCR-based 
assays are prominent genetic analysis tools for mutation analysis. There is a lack of use of liquid biopsy in early-stage melanoma for 
detection and treatment surveillance. Liquid biopsy is the future of the management, treatment, and survival of melanoma cancer 
patients; therefore, this needs to be addressed in more research.  

KEYWORDS: Translational Medical Sciences, Disease Detection and Diagnoses, Melanoma Cancer, Liquid Biopsy, 
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�   Introduction
In individuals ages 25-39, melanoma cancer is the 3rd most 

diagnosed cancer in the United States.1 In 2013, 7,990 peo-
ple died of melanoma, 1.3% of all cancer deaths globally.2 By 
providing adequate screening and early treatment, these deaths 
could have been prevented, as melanoma cancer patients' 
5-year survival rate is 99% if detection can occur before the 
cancer spreads to the lymph nodes. Therefore, it is important 
to prioritize regular check-ups for any suspicious symptoms 
because early detection might improve prognosis even more. 
As with most cancers, the earlier they are diagnosed, the better 
the outcome.

Between 2015 and 2019, melanoma mortality decreased by 
4% every year because of the introduction of new immunother-
apy drugs on the market.3 This shows that providing treatment 
can help significantly improve the survival rate, but it can only 
be done if the patient is diagnosed early. If the disease is de-
tected early and monitored during treatment using advanced 
methods such as liquid biopsy to identify and monitor a spe-
cific set of mutations that occur in DNA in the blood, the 
patient’s mortality rate could decrease.

Liquid biopsy studies biomarkers in body fluids and fluid 
connective tissues such as blood, urine, tears, and CSF rather 
than regular tissues. Biomarkers are molecular and genetic in-
dicators of normal or abnormal processes in a person’s body, in 
this case, from cancerous and normal cells. Some biomarkers 
used in oncology are circulating tumor DNA (ctDNA), circu-
lating cell-free DNA (cfDNA), circulating tumor cells (CTC), 
and tumor mutational burden (TMB).4 Liquid biopsy is an 
essential tool that can be used to gain information on tumor 
possibility and mutations in your genetic code at a molecular 
level that imaging through a PET scan can’t show us.

There are multiple reasons why blood tests are done on 
known cancer patients. Firstly, because of guided therapy. In 
guide therapy, if whole cells can be recovered, then they can 
be sequenced for specific mutations. Additionally, if ctDNA, 
cfDNA, or CTC levels go up, then doctors can know that the 
patient has relapsed. Commonly, when cfDNA levels it might 
trigger a full-body PET scan to look for recurrence.

One of the many benefits of liquid biopsy is personalized 
treatment. Personalized medicine is a new frontier extremely 
beneficial to cancer patients because each patient is treated ac-
cording to their genetic profile. This can potentially improve 
the management of patients, minimize side effects, and in-
crease survival rates. The benefit of using ctDNA or cfDNA 
from liquid biopsies is that the treatment will be able to combat 
unique problems for each specific patient, instead of having a 
generalized approach to various problems. This can solve not 
just the overarching problem, but also the small ones, in a pa-
tient, ensuring they live long, healthy lives. Another benefit, 
as mentioned above, is that it is noninvasive. Normal biopsies, 
while they are tiny and not very invasive, still require surgery to 
collect tissue for analysis and therefore put the patient at risk 
for bleeding, infections, and scarring. But with a liquid biopsy, 
similar critical information can be accessed completely nonin-
vasively.

However, there are drawbacks and challenges. One challenge 
is that the concentration of tumor DNA available in the blood 
is not high enough. Cells, during apoptosis, shed only a little 
bit of their DNA into the blood because it is packaged into 
bound vesicles called apoptotic bodies. The rest is degraded by 
phagocytic cells. Therefore, amplification is required after ex-
traction, usually based on a PCR test, to increase the targeted 
sequence amount so that mutations can be detected. With liq-
uid biopsies, false negatives are also common in clinical settings 
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because of the low amount of tumor DNA that is not detected 
by the biopsy. Thus, the doctors there would probably have to 
conduct a tissue biopsy, defeating the noninvasive benefit of 
liquid biopsies. To find rare mutations in ctDNA or cfDNA, 
detected in liquid biopsy, Next Generation Sequencing (NGS) 
is conducted. However, it is quite expensive. It was found that 
for Targeted Panel Testing, sequencing cancer-specific genes 
costs around 2100 dollars. For whole genome and comprehen-
sive genome profiling, it costs even more, around 4950 and 
3420 dollars. Thus, not all clinics worldwide can afford to 
conduct NGS for each melanoma cancer patient. Before the 
implication of any treatment based on data from liquid biopsy, 
there must be a thorough analysis of the results with proper 
health authorities and prominent scientists, which has not yet 
been implemented and will take time, too.

While liquid biopsy isn’t an emerging technique for mel-
anoma, there are others that are being studied more recently 
for detection. For example, by using artificial intelligence to 
analyze pictures of different skin lesions, doctors can evaluate 
their diagnosis with another source. Additionally, total body 
photography allows doctors to diagnose high-risk patients 
who most likely have a family history of melanoma. Dermos-
copy, a process that uses a dermoscope to magnify sub-surface 
skin structures, is also becoming more sensitive and efficient to 
use to identify malignant melanoma in patients. Not necessar-
ily a new technique, but multimodal approaches have become 
more common, so evidence can be corroborated by multiple 
sources. By using these new imaging and photography in con-
junction with liquid biopsy, NGS, and immunotherapies for 
melanoma cancer detection and treatment, patients’ survival 
can be key to happen.

�   Methods
Research on melanoma and liquid biopsy has been a prom-

inent topic in the scientific community in the last 30 years. By 
targeting specific genes and using a broad range of technolog-
ical tools for collecting data, scientists are able to understand 
how to prevent, locate, and treat melanoma cancer. This paper 
analyzes a small portion of the most recent research done.

A list of 30 papers on melanoma, liquid biopsy, biomarkers, 
and new treatments in the field, ranging from 2019 to 2023, 
was compiled for a literature search. Some key terms for search 
include “melanoma and liquid biopsy” and “melanoma and 
ctDNA.” This information was summarized into a table with 
headings of methods, target genes, biomarkers, stage of cancer, 
and more. I’ve also stated the limitations and the future of liq-
uid biopsy in melanoma cancer in the discussions. The papers 
that were selected adhered to specific criteria: non-systematic 
reviews and had to be only in the English language.

�   Results
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Table 1: Compilation of scientific papers. Findings illustrate that ctDNA is 
the most prominent biomarker used. NGS and PCR are the most common 
tools, and analysis of PD-L1 is not common.
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Table 2: FDA-approved single and combination drug treatments for 
melanoma cancer. Results depict combination drugs to be more utilized 
currently.
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ed during this process, and how they quantified their data are 
preanalytical factors that introduce bias in their study.

�   Discussion 
The application of invasive tissue biopsy in clinical settings 

is a prognostic tool that, with initial tissue biopsy diagnosis 
to detect the depth of melanoma, can become a revolutionary 
tool for monitoring and treating patients. By understanding 
the depth of tissue biopsy, the amount of radiation to treat the 
patient can be determined, and liquid biopsy can be used to 
check for relapses.

Firstly, liquid biopsy must be more sensitive to late-stage 
melanoma because of the increased amount of ctDNA in the 
fluids. Because 83% of the ctDNA studies were utilizing stage 
3 and 4 melanomas, this shows that to procure enough DNA 
for sequencing and analysis, they needed fluid in which there 
was enough DNA for a liquid biopsy to detect. Connecting 
back to the introduction, this demonstrates how liquid biopsy 
can be an essential tool for monitoring treatment progress in 
late-stage cancers, as ctDNA levels are high enough for anal-
ysis. This shows the advantage of using liquid biopsies rather 
than using tissue biopsies to check progress, which will take 
time, money, and risk.

Secondly, the increased prevalence of BRAF, MEK, and 
NRAS gene sequencing over combating the protein PDL1 
shows the scientific community heading toward combating 
melanoma at a genetic level. 14 studies explicitly stated using 
those genes in their process, while only 1 explicitly stated com-
bating PDL1. A key part of personalized medicine, as stated 
in the introduction, is creating treatments according to the 
patient’s own DNA. Therefore, more research is being done 
toward installing personalized medicine in melanoma detec-
tion and treatment, as sequencing genes is the first step.

While these studies are thorough on liquid biopsy, biomark-
ers, and combination therapies, there are some limitations. 
These studies lacked the use of biomarkers in earlier stages of 
melanoma. This is because their low concentration in the plas-
ma extracted does not enable them to be used. Therefore, there 
should be an increased focus on early diagnosis in future stud-
ies that use liquid biopsy as the primary diagnostic tool. Liquid 
biopsy is the future of the detection of melanoma cancer.

�   Conclusion 
The main results of this study show that the most com-

mon biomarker used for diagnosis and prognosis is ctDNA, 
which is extracted by the liquid biopsy technique for stage III 
or IV melanoma patients. In addition, the implementation of 
FDA-approved combination drug treatments in melanoma 
over singular treatments has risen in recent years. In conclu-
sion, liquid biopsy is the future of melanoma cancer.
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For melanoma, as found in this review, ctDNA is the most 
common biomarker used. 16/30 or 53.3% of the results depict-
ed that ctDNA was the biomarker used for detection in their 
studies, showing that currently it is the most prominent. In 
earlier reports, the expression of PD-L1 has been more prom-
inent, but that is not the case now: the majority of the studies 
focused on BRAF and NRAS genes. The results also show 
that ctDNA is more sensitive to III and IV late-stage cancers, 
as shown in 81.3% of the 16 studies. (Table 1) However, in the 
early detection of melanoma, as shown in the studies gathered, 
the sensitivity is very low for stage I or II ctDNA (3 out of 16). 
This is because there is less presence of cancerous cells; there-
fore, fewer cells are releasing DNA. You need a large amount 
of ctDNA in the blood for a liquid biopsy to have a high sen-
sitivity. Additional work must be done to be able to use liquid 
biopsy to aid the genetic profiling of patients with earlier 
stages of melanoma, so that more personalized treatments can 
be made and given to them. It was also found that the most 
common genetic analysis technique used was next-generation 
sequencing (NGS) and droplet digital polymerase chain reac-
tion (ddPCR) in the studies collected (Table 1).

One way that scientists and doctors are using the immune 
system is checkpoint inhibition. Checkpoint inhibition is the 
blockage of proteins that inhibit the immune system from 
attacking cancerous cells in the body. It is a type of immuno-
therapy, a new treatment that focuses on using the immune 
system to stop the spread of cancer cells. Specifically, in terms 
of melanoma, the inhibition of the immune checkpoint in-
hibitor PD-1 is a key treatment that can be done by two 
specific drugs, pembrolizumab and nivolumab, on the market. 
Nivolumab is depicted in Table 2 as one of 2 in the up-and-
coming combination therapy.

FDA-Approved Drug Treatments:
As shown, in previous years, the use of a single drug for mel-

anoma treatment was common. 50% of the therapies presented 
show that it is a combination therapy, and they are all in the 
last 5-7 years. On the other hand, single-drug treatment was 
more common in the last 10-15 years. Therefore, combina-
tion therapies have become more prevalent. This is because 
of the need to combat multiple aspects of melanoma tumors 
in patients’ treatment. These various aspects could include 
increasing immune system strength, targeting and blocking 
specific genes, and creating proteins or antibodies. In relation 
to liquid biopsy, the use of combination therapies allows for 
targeting multiple cells, proteins, or kinases that can be rec-
ognized through sequencing after liquid biopsy. Liquid biopsy 
can monitor this treatment as well, and adjustments to deliv-
ery, drugs, or amount can be made accordingly.

Preanalytical Factors:
Preanalytical factors were also considered for bias in this 

systematic review. The amount of plasma in which tumor 
DNA was extracted, a range between 2-40 mL, affected the 
study’s sensitivity. The type of tube they used to store the plas-
ma, Strek or EDTA, also introduced bias. Additionally, the 
type of DNA extraction done, the different protocols conduct-
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