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melanin pigment that imparts color to the skiGtudent
serve as the origin of melanoma, a specific form ®fi Padmavati Mahila Visvavidyalayam
skin cancer. Early diagnosis and treatment cAfomens University
enhance the prognosis for melanoma patieritslia.
Biopsy and clinical examination are the primary
methods for diagnosing melanoma. Howevelayanthi Chavali
histopathological differentiation between earlgroject faculty
invasive melanoma and pre-malignant melanocyliavironment Protection Training
tumors remains challenging. ConsequentRResearch Institute
additional diagnostic techniques, such as imagiigptri, Hyderabad, Gachibowli
genetic testing, biomarkers, and a comprehensindia.
clinical history, have been developed. This
investigation explores recent advancements Miams Krishna
biomarkers aimed at assisting in the diagnosis dject faculty
early detection of melanoma. Melanomd&nvironment Protection Training
associated antigens (MAAs), S100B, miRNAResearch Institute
circulating tumor cells (CTCs), and otheEptri, Hyderabad, Gachibowli
biomarkers show promise in detecting, diagnosirggia.
and prognosing the disease. Nevertheless, further
research is necessary to ascertain the potential
utility of biomarkers in melanoma
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. INTRODUCTION

Melanocytes, the skin's pigment-producing cellg #Hre source of melanoma, a
severe form of skin cancer. It is still the mosadlg type of skin cancer [1-3]. However, with
early detection and treatment, melanoma may bélufa-4]. It is the deadliest type of skin
cancer and the fifth most common type of cancerallyeaccounting for roughly 80% of skin
cancer-related deaths in the US. Melanoma is ctlyrpresent in over 1 million Americans,
and incidence rates have been gradually increasmge the 1970s. Additionally, affluent
countries are seeing a surge in incidence, anctdumts for 1.7% of all cancer cases globally
[1-6]. Although the 5-year relative survival ratashincreased to 93.7%, the survival rate for
advanced illness is still only about 50%][1-4]. Thare several reasons for this increase in
overall popularity. improvements in diagnostic teicues, immunological treatments, and
customised medications. Risk factors commonly idelpersons with fair complexion and
lower latitudes [1-3]. Men and older patients, whaserage age at diagnosis is 65, are also
more likely to receive a diagnosis [1-3].

It can be difficult to diagnose melanoma sinceah present itself in a variety of
ways, such as a newly developed or evolving moleatah or bump that doesn't seem like
other skin lesions, or a pain that won't go away.aélditional immuno-histologic difficulty is
presented by the different cytomorphologic manéeshs of melanoma [4—8]. This could be
attributed to the presence of immunological markemrmelanoma that share similarities with
markers found in other cancers, including carcirgnes well as various tumors such as
neuroendocrine and germ cell tumors. Diagnosis efanoma primarily involves clinical
examination and biopsy [1]. Nevertheless, even withiopsy, distinguishing between a
benign mole and melanoma can pose challenges ébordd2—8]. To achieve a more precise
diagnosis, additional imaging and genetic testiegome necessary [2, 6, 8, 9, and 15]. While
clinical examination and biopsy remain the goldndtads for melanoma diagnosis, the
difficulty in distinguishing between benign and mgabnt moles underscores the need for
further testing to aid in diagnosis [1-4,7-12].liding sun protection and early detection can
contribute to reducing melanoma morbidity and mniytarates. Identifying biomarkers
associated with the disease has implications fogmusis and treatment, particularly in
advanced-stage melanoma, where early discoverynégrdention can enhance survival rates
[1-3, 16-31]. This article will delve into the mosbntemporary techniques for diagnosing
melanoma, encompassing imaging, clinical signs, ahnigtological investigation.
Additionally, we will explore the potential rolegpecific biomarkers may play in the
diagnosis and prognosis of melanoma. Thus, theoéithis work is to provide an overview
of current protocols for melanoma diagnosis usingfigie biomarkers.

II. METHODOLOGY

We searched PubMed for articles about melanoma kaocharkers in order to
examine the role of biomarkers in melanoma diagnoser the past ten years. Using the
Boolean operator "and/or,” the mesh words "melanorffaomarkers,” "diagnosis,” and
"prognosis" were applied. Only documents createtivéen 2013 and 2023 (the last ten
years) were included in the search parameters., Kegtfull texts and abstracts were chosen.
We chose research on randomised controlled trimlsta-analyses, and clinical trials.
Furthermore, the selected search parameters wafegwed to produce English-language
publications produced by humans. To find publicadidghat most closely matched the goal
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and subject of this manuscript, more screeninghefdenerated abstracts was done. /
then, the content of the piece was eined to make sure it adhered to the newspaperls.
Table 1 is below.1 below lists the inclusion andlesion criteria. Figure 1 below shows f
Prisma flow for the selected resea

Table 1: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

1) Literature on the application | 1)Because the study focused on the rol
biomarkers to the detection biomarkers in melanoma, research that
prognosis of melanome not address these topics was disrega
2) Case-controlgohort, or randomise| 2) Scanning reviews and other -data-
clinical controlled trials must be uniqi| driven study designs were disregar:
investigations.
3) The chosen studies may have| 3) Qualitative research was not considt
variety of goals, but they must all hz
measurable outcomes.

4) Studies on people. 4) Studies on people.

5) To preserve validity and reliabilit| 5) Dissertations and papers publishec
the investigations must be publishec| journals without per review wer:
a peerreviewed publicatiol disregarded.

6) For ease of reading by the review| 6) Studies that were first released
the research must have been origin| languages other than English w
published in English. disregarded.

7) Works of literature publishe
between 2013 and 2023

( Identification of studies via database J
—
= 2 ”
g Records identified from
= Databases Records removed before
g PubMed: (n = 160) ——»| screening:
5 Semantic Scholar (440) (n = 600)
=
'
)
Records screened.
(n = 600) Records excluded:
Title and abstract screening,
l (n = 382)
Reports sought for retrieval.
= (n=218)
=
@
- v T
=3
D
G Reports excluded: [
Reports assessed for eligibility. > Screen failed or inaccessible
(n =218) (n=193)
—
v
2
= Studies included in review.
=
T3 (n=25
=

Modern methods for melanoma diagnosis Clinicaldat
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The initial stage of melanoma diagnosis involveentdying atypical lesions [1-3,6-
12-15]. To aid medical professionals and the génpublic in recognizing potential
melanomas based on their characteristics, a stfarglard acronym, the ABCDE approach,
was developed. This mnemonic represents the fivia features of an abnormal skin lesion:
asymmetry, irregular border, color variability/clgan dimension, and progression. These
attributes are often observed in situ or during ¢hey stages of melanomas. Asymmetry
refers to the irregular shape of the lesion, whame half differs from the other. Border
irregularity involves blurred, notched, or unevelges of the lesion. "Color variability" and
"color change" denote the presence of various hauwet as multiple black or brown tones, or
changes in color, either lightening or darkeningpitally, the lesion has a diameter
exceeding six millimeters. Evolution, defined asmyes over time in size, shape, color, or
texture, is also considered [1,6-8,14, 15]. Ifsade is suspected to be malignant, a biopsy is
conducted, and the tissue is examined under a stiope to confirm the diagnosis [1-8].
Dermoscopy can enhance the accuracy of tissue sarfipB,6,8,12-16].

1. IMAGING

Imaging techniques, including CT scans, MRIs, atlichsonography, play a crucial
role in diagnosing melanoma alongside clinical satlrs. MRIs and CT scans offer detailed
insights into skin and surrounding tissue strucpagding in the identification or exclusion of
metastasis to other organs. Ultrasonography iscpéatly valuable for assessing melanoma
thickness [1,3-8, 16-23]. However, individuals witutaneous melanoma at stage O-II
(according to AAD) or stage 0 to IlIB (accordingM&CCN recommendations) are generally
not recommended for baseline examinations. Forethagh stage Ill or higher melanoma,
ESMO and NCCN suggest brain MRIs and whole-body RE&ns. Moreover, ESMO
recommends brain MRIs and PET scans for patients g@ncers at stage pT3b or higher.
According to NCCN guidelines [24], PET and MRI lrascans may be considered for
patients with early-stage disease, symptoms of stedta disease, or high-risk factors such as
positive sentinel lymph nodes, microscopic satelldr in-transit metastatic lesions on
pathology, or clinically palpable lymph nodes. lontrast, the CCA recommends PET and
MRI brain imaging for patients with palpable lympbdes (Grade B) but not for those with
positive sentinel lymph nodes (Grade B) [24].

1. Histopathological Examination: The most accurate way to diagnose melanoma is by a
histological analysis. A pathologist looks at thepsy sample under a microscope to
determine whether the tumour is malignant [1-8Lypical melanoma can be described
in various ways under a tissue microscope. Wherlysing a melanoma under a
microscope, a pathologist will frequently look farvariety of unique characteristics of
the cancer. For instance, whether or not perinaukasions exist, the arrangement of
melanocytic cells in sheets and nests, etc. Onbeofesion's additional characteristics is
the number of lymphocytes, or TILs (tumour-infitirg lymphocytes), that are present
there. TILs could indicate that the immune systematively battling melanoma cells as a
result of its determination that they are abnor@@&iB2]. The TILs may be referred to as
"brisk,” "non-brisk," or other words by the pathgist. Additionally, they might use the
words "mild" or "moderate,” or they might just &atabsent" [1,3,5-6,8,]. Other
characteristics of melanoma that can be seen umntissue microscope include the kind
of melanoma, the depth of invasion, the presencabsence of ulceration, the mitotic

Copyright © 2024 Authors Page | 218



Futuristic Trends in Biotechnolo
e4SBN: 978-93-6252-520-8
IIP Series, Volume 3, Bocl6, Part 3, Chapter 6
CANCER MOLECULAR BIOMARKERS OF MELANOM/

count, the presence or lack of regression, and theepae or absence of satellite lesic
In addition to the material type, the pathologisaymake into account the excisi
technique, the lesion's position and side on thy bihhe melanoma subtype, texcision
margin, the tumor's size, and whether it is in sitinvasive [-6].

V. BIOMARKERS FOR THE DIAGNOSISOF MELANOMA

Early melanoma exhibits genetic and anatomicalguiaities, including aberrai
collagenkke sequences, structural proteinUV-induced DNA mutations, oncoger
BRAFV600E mutations, and molecular signaling patysvaThese complex molecul
changes and processes within a cell may triggersymehesis of chemokines, cytokin
endopeptidases, phaeomelanin precursors, m-assaiated antigens, dimeric proteins li
S100B, RNA/DNA microarray products, and other tumorigeoutcomes, either in the eal
or late stages. Early detection and treatment damoena remain critical for improvir
patient survival and prognosis-3,6-915]. Biomarkers, chemical indicators present iroklc
tissue, and other biological samples, play a ctuo& in determining the presence
progression of a disease [B}. Diagnostic tests for melanoma include cirdatattumor
cells (CTCs), microRNAg§mMIiRNASs), circulating tumor antigens (MAAs), CRPDH, and
various potential biomarkers for S100B [—12]. Numerous putative melanoma biomark
such as Melam, circulating tumor DNA, MIAs, and cefree DNA, have been identifie
and thoroughly examed in scientific studies —14, 1825]. The field of biomarkers fc
melanoma detection is still evolving, as no singtamarker currently meets the criteria fo
minimally viable test (ctDNA) [-14, 1825]. These distinctive characteristics are elaled
upon (refer to the conceptual image in Figure 2Wwg
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V. AN OUTLINE FOR DETERMINING THE QUALITIES OF THE LEAST
CUMBERSOME BIOMARKER TESTS

Sensitivity, specificity, positive predictive valu®PV), negative predictive vall
(NPV), and the area undemet receiver operating characteristic curve (~ROC) are the
methods for evaluating the importance of biomarests with limited characteristics [1
18]. Two proteins known as MAAs, Pr-17/gpl100 and MARTHmelar-A, are only
expressed in melanoma ceand not in healthy cells when it comes to melandBetause
these proteins are distinctive to melanoma celdscam elicit an immune response, they h
attracted a lot of interest as possible biomarkarsnelanoma. Studies have demonstrat:
correlaton between the prognosis and course of melanomahengresence of MAAS i
individuals [58]. A different study [9] looked at the expressioh different MAAS in
individuals with melanoma and discovered a stromgetation between one MAA, MAC-
A3, and por survival results |-11-14]. According to the prognosis, patients with highels
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of MAA (CYT-MAA) had an 81% increased chance of ugence than individuals with

undetectable levels. Irene and colleagues evaluaggrognostic significance of MAA in

117 patients and found that it is a useful predéechiomarker, especially for individuals who
have had tumor removal [31]. Studies on the roleMefan-A have generated conflicting
results over the past decade. Melan-A, a unique breeme protein recognized by T
lymphocytes, exhibits a high specificity of 99%distinguishing non-melanocytic cells from
melanoma, according to multiple studies, especiallgarly-stage tumors. However, other
researchers have raised concerns about its spgcifice to its staining capabilities and
reported reduced sensitivity (approximately 86%pnhpigmented epithelial cells or their
derivatives, such as Leydig, adrenocortical, ovariand theca cells, along with other
pigmented epithelia like the retina, do not expfdstan-A [26]. In rare instances, it has been
observed that a subgroup of lesions lacking MAAHLA expression experiences rapid
regression. However, the precise mechanism underliis specific association is not yet
fully understood [32—34]. To regulate gene expmsssmall non-coding RNA molecules
known as miRNAs target specific MRNA molecules. M#&s have been recognized as
potential biomarkers for melanoma and other canceith numerous studies investigating
their expression in melanoma and their potentialityutas prognostic and diagnostic
biomarkers.

For instance, numerous investigations have idetiflistinct microRNAs (miRNAS)
with varied expression patterns in melanoma paiemtmpared to healthy individuals,
suggesting their potential utility as diagnostiorbarkers [6-15, 33]. The exploration of
alternative biomarkers, such as miRNAs and exospfoemelanoma diagnosis has been the
subject of several review studies [26—33]. The liypses proposed by the authors [4-15]
suggest that these markers could enhance the iprecs melanoma diagnosis, predict the
disease's progression, and indicate responsivénessatment. A study analyzing 126 blood
samples resembling melanoma revealed significdatagions in miRNA levels during the
advanced stages of the disease [34]. Several sthaidlight the potential of mIRNA as a
prognostic indicator for disease progression. Retance, Shanthi et al. reported comparable
findings in a pooled meta-analysis involving 26&8ignts, despite some inconclusive results.
The study yielded an overall effect size of 1.083% CI 0.921-1.181; p = 0.506), with a
4.3% mortality rate among individuals exhibitingstimarker.

Primary tumor cells release circulating tumor cdlBTCs) into the bloodstream.
These cells have been studied as possible bionsafteemelanoma and other malignancies.
They are especially attractive because they cad Bbkt on therapy response and tumor
metastasis. A number of further studies lookin€@&aCs in melanoma patients have found a
link between CTCs and a poor prognosis and therasaent of the illness [4-15]. Other
research has also linked CTCs to poor prognosisekample, Morcelin et al. [36] reported
higher rates of progression-free survival and diesarvival in early-stage melanoma
compared to late-stage melanoma, with hazard ratidd.45 and 2.42, respectively. This
conclusion was drawn from a meta-analysis involN6d83 melanoma patients from 53 trials.
Biomarkers such as circulating tumor DNA (ctDNA)dacell-free DNA (cfDNA) have
emerged as compelling diagnostic tools for melanddeaeral studies have demonstrated the
potential of ctDNA as a diagnostic biomarker forlam®ma [6—10]. In a study involving 135
patients with advanced melanoma, ctDNA was deteicté¥% of cases [13]. The presence
of ctDNA showed correlations with variables suchoagrall survival, disease stage, and
tumor burden. Moreover, ctDNA was identified inividuals with smaller tumors and earlier
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disease stages, suggesting its potential applicatioearly melanoma detection [13-15].
These findings indicate that ctDNA could serve aslaable diagnostic tool for melanoma,
particularly in situations where traditional diagtio methods like biopsy may be impractical.

The overexpression of the secreted protein MIA glamoma has shown promise for
both prognostic and diagnostic purposes [4-15,37+38@wever, as a standalone biomarker, it
has limitations due to its relatively low sensiiyviand specificity. A study examined the
diagnostic utility of melanoma inhibitory activiMIA) in stage | and stage Il cutaneous
melanoma patients under observation. The studyded data from 5,334 MIA serum level
measurements obtained from 1,079 consecutive stage stage I| melanoma patients during
standard follow-up intervals. The study employeatistical methods such as Somers' Dxy
rank correlation and calculated the sensitivityecficity, and area under the receiver-
operating characteristics curve for MIA. Among theients with metastases, the sensitivity
of MIA testing for stage Il and stage | patientsswé5.6% and 67.6%, respectively.
Specificity values were 76.9% and 66.7% for paie@ntstages | and Il, respectively. The
study determined that 12.0 ng/ml was the mostbidiapper limit for normal MIA levels,
compared to 8.8 ng/ml and 15.0 ng/ml in the study.

Additionally, the results of multivariate analysiglicated a significantly higher rate
of false-positive readings among elderly individyaparticularly those with increased
Breslow thickness. The study's findings also resgdhat MIA levels exhibited an increase
in 5.6% of individuals with early-stage melanomegahing as high as 89.5% in patients with
advanced-stage melanoma [25]. ctDNA has emergedpmemising blood-based biomarker
for melanoma detection, as demonstrated in vargtudies [4-6,8-15,20-25]. However,
further clinical trials are needed to establishdieggnostic performance with certainty.

Over the past century, HMb-45 has been extensistlydied as a potential
immunohistochemical marker. The monoclonal antibHdi§b-45 exhibits a sensitivity range
of 66% to 97%, with lower sensitivity in cases oétastatic melanoma. Glycoproteins such
as gpl100 and Pmell7 are typically stained in tihgorebetween junctional nevus cells and
melanoma cells. Numerous peer-reviewed articlese haonsistently demonstrated a
melanoma specificity ranging from 91% to 100% fdvlibi45, although it tends to perform
less effectively in detecting the desmoplasticasiriof melanoma [26].

Researchers have also explored the relationshipveleet elevated lactate
dehydrogenase (LDH) levels and survival indicaiarsnelanoma over time. Although the
guantitative definition of the degree of LDH chanfyem baseline in predicting overall
survival (OS) has not been firmly established, igtsidhave investigated its effectiveness in
this regard. The significance of this biomarker bagn substantiated by numerous studies
and recommendations. In a retrospective 10-yeastiyation involving 48 patients to assess
the predictive value of circulating blood biomarkeArana et al. identified changes from
baseline as predictors of overall survival (OS)|[B38&nry et al. conducted a study examining
the diagnostic and predictive utility of a combioat of biomarkers in 121 individuals,
revealing significant correlation values betweea serum biomarkers S100B, LDH, MIA,
proteasome, and OS [39]. The 7th edition of AJGsdmamended using elevated LDH levels
for categorizing metastatic lesions. The 8th ediiistroduced additional anatomic sites for
the M1C metastatic category [37].
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Recently, non-invasive methods have achieved sogmf success in assessing the
expression of melanotic genes in skin lesions. B¢\studies evaluating gene expression
have demonstrated substantial success with norsivevdiopatch collection techniques. For
instance, studies conducted by Gerami and his teama shown that non-invasive methods
like this can increase biopsy sensitivity from 356.@0 98.6% and specificity from 32.1% to
56.9%. Additional research has reported that adgpthese non-invasive methods for
collecting and assessing melanotic gene expressiommprove sensitivity and specificity by
91% and 69%, respectively [27-29]. However, it'srtvonoting that this method has
limitations, including its inability to detect melatic lesions in areas that are challenging to
visualize, such as the mucosa, nails, soles ofetbie and hands, as well as some uncertainty
regarding its predictive value [29].

1. Future Advancementsin Melanoma Detection: Nowadays, visual inspection is used to
identify the majority of skin malignancies, incladi melanoma [1-3]. For this, a variety
of imaging methods are useful, including opticalh@ence tomography (OCT),
dermoscopy, and reflectance confocal microscopyMR@onetheless, the creation of
more precise non-invasive diagnostic techniqueshoty be the main goal of future
research on melanoma diagnosis. Using artificiglligence (Al) to assess histology and
clinical images to help with diagnosis and progesadsione exciting area of research [1-
3,28-34]. Furthermore, more and more scientistdaking into the possibility of using
liquid biopsies to find circulating cancer cellsdacell-free DNA. These methods may
make it easier to evaluate treatment responsemakd early diagnoses [1-3,17-26].

It's worth noting that most of these markers areenpwevalent in advanced stages
of melanoma. Consequently, these markers are rasely for early diagnosis due to their
serum levels [33]. Therefore, research should cana® on developing more sensitive
and specific markers for early diagnosis amongdhaisrisk for melanoma, even though
certain other markers have demonstrated encouragisglts as potential prognostic
indicators for early disease detection or prognosikherapy effects. These developments
in science could eventually lead to better pat@rnitomes by facilitating early detection
and therapy response tracking. It's critical taogeize that, given the arbitrary selection
of a small number of significant biomarkers and #xelusion of potentially relevant
markers, constraints in study selection may hagated bias in this investigation.

VI. CONCLUSIONS

In conclusion, the overabundance of skin cellsechalinelanocytes is the cause of
melanoma, a type of skin cancer. Early melanomgndisis and identification are essential
for successful treatment and better patient outsoarious biomarkers with potential for
melanoma diagnosis have been identified througherdes methods and technologies.
Currently, there is active ongoing research exptpra range of promising biomarkers for
melanoma diagnosis.

However, it is important to note that further rasbais required to establish the
clinical utility of these biomarkers. Their diagtiosefficacy must be rigorously validated
through comprehensive clinical trials before thay be integrated into clinical practice. The
process of determining the essential attributesbiomarker tests ensures a consistent

Copyright © 2024 Authors Page | 222



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-520-8
IIP Series, Volume 3, Book 16, Part 3, Chapter 6
CANCEBROLECULAR BIOMARKERS OF MELANOMA

approach to assessing their diagnostic accuratynaiely allowing only highly accurate
biomarkers to be employed in clinical settings.
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