IntechOpen

Melanoma

Edited by Ahmed Lasfar and Karine Cohen-Solal







Melanoma

Edited by Ahmed Lasfar
and Karine Cohen-Solal

Published in London, United Kingdom




C
o
Q.
@)
L
&)
o
)
£




Supporting open minds since 2005




Melanoma
http:/dx.doi.org/10.5772/intechopen. 91524
Edited by Ahmed Lasfar and Karine Cohen-Solal

Contributors

Alena Furdova, Kristina Horkovi¢ovéd, Dace Pjanova, Ninel M. Vainshelbaum, Kristine Salmina,
Jekaterina Erenpreisa, Harika Regani, Santosh G. Honavar, Rahul Gupta, Nalini Bansal, Houssem
Ammar, JyotiKoli, Ullyanov Bezerra Toscano Mendonca, Julia Soffientini, Keren Cozer, Victoria Ficher
Barbosa, Ahmed Lasfar, Karine Cohen Solal, Rachael Pulica

© The Editor(s) and the Author(s) 2021

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright,
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED.
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

@) |

Individual chapters of this publication are distributed under the terms of the Creative Commons
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of
the individual chapters, provided the original author(s) and source publication are appropriately
acknowledged. If so indicated, certain images may not be included under the Creative Commons
license. In such cases users will need to obtain permission from the license holder to reproduce
the material. More details and guidelines concerning content reuse and adaptation can be found at
http: /www.intechopen.com/copyright-policy. html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published chapters. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

First published in London, United Kingdom, 2021 by IntechOpen

IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales,
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Melanoma

Edited by Ahmed Lasfar and Karine Cohen-Solal
p.cm.

Print ISBN 978-1-83880-878-5

Online ISBN 978-1-83880-879-2

eBook (PDF) ISBN 978-1-83880-880-8



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

53®®+ 130,000+ 155M+

ailable International authors and editor: Downloads

Our authors are among the

156 Top 1% 12. 2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editors

Dr. Ahmed Lasfar is a Cancer Immunologist and a leading expert
on melanoma. He is a full member of the Rutgers-Cancer Insti-
tute of New Jersey, principal investigator, and a faculty member
at Ernest Mario School of Pharmacy, Rutgers University, New
Jersey. Dr. Lasfar’s laboratory focuses on understanding the im-
mune mechanisms controlling cancer development and metasta-
sis. In addition to melanoma, Dr. Lasfar’s laboratory is studying
hepatocellular carcinoma and breast cancer. Dr. Lasfar has edited several books and
research topics in cancer. He is an editor, board member, and reviewer of relevant
international journals and foundations. Dr. Lasfar also serves as a consultant scien-
tific adviser for the pharmaceutical industry. Dr. Lasfar obtained his undergraduate
and graduate degrees in France from Paris Rene Descartes University and Denis
Diderot University. He completed his postdoctoral training in cancer immunology
at Robert Wood Johnson Medical School in New Jersey.

Dr. Karine Cohen-Solal is an oncologist with leading expertise in
melanoma, having directed a laboratory focused on melanoma
research and cell signaling. Currently, she is Director of Medical
Strategy, Oncology, at Physicians’ Education Resource, New
Jersey, and adjunct faculty in the Department of Pharmacology
"~ and Toxicology, Rutgers, The State University of New Jersey.

Dr. Cohen-Solal graduated from Paris University, France, and
completed her postdoctoral training at Ernest Mario School of Pharmacy, Rut-
gers. Dr. Cohen-Solal received several awards including a Research Scholar Grant
from the American Cancer Society and awards from the New Jersey Commission
on Cancer Research and the Melanoma Research Foundation. Dr. Cohen-Solal’s
breakthroughs involve the identification of a new type of receptor in the genesis of
melanoma, the disruption of natural tumor suppressive mechanisms in melanoma
development and progression, as well as the role of oncogenic signaling in immune
escape mechanisms.







Contents

Preface

Section 1
Types and Categories of Melanoma

Chapter1
Introductory Chapter: Melanoma and Therapeutic Perspectives
by Karine Cohen Solal and Ahwmed Lasfar

Chapter2
Uveal Melanoma
by Kristina Horkovicova and Alena Furdova

Chapter 3
Ocular Melanoma
by Harika Regani and Santosh G. Honavar

Chapter 4
Anorectal Melanoma
by Rahul Gupta, Nalini Bansal, Houssem Ammar and Jyoti Gupta

Chapter 5

Mucosal Melanoma of the Head and Neck: From Diagnosis to Treatment
by Ullyanov Bezerra Toscano de Mendonga, Jillia Guimardes Soffientini,
Victoria Ficher Barbosa and Keven Cozer

Section 2
New Advances in the Mechanisms and Treatment of Melanoma

Chapter 6

The Role of the Meiotic Component in Reproduction of B-RAF-Mutated
Melanoma: A Review and “Brainstorming” Session

by Dace Pjanova, Ninel M. Vainshelbaum, Kristine Salmina

and Jekaterina Erenpreisa

Chapter?7

Role of RUNX2 in Melanoma: A New Player in Tumor Progression
and Resistance to Therapy

by Rachael Pulica, Karine Cohen Solal and Ahmed Lasfar

XIII

11

33

51

67

89

91

127






Preface

Malignant melanoma is the most aggressive skin cancer. Despite this, significant
progress has been achieved for patients with unresectable or advanced melanoma.
The introduction of targeted therapy and, most recently, immune checkpoint
blockades have revolutionized melanoma treatment, increasing patient rates of
survival even in advanced disease. However, many melanoma patients are not
benefiting from current therapies. The major obstacle to therapeutic success is drug
resistance. The mechanisms of therapeutic resistance are under intense investiga-
tion and novel therapeutic strategies based on combining targeted therapy and
immunotherapy are emerging. Many clinical trials of the combination of BRAF
inhibitors and immune checkpoint inhibitors are very promising. We believe there
is a brighter future for therapeutic options for malignant melanoma.

This book explores the advances and challenges associated with melanoma, includ-
ing its diagnosis and management, and proposes new avenues for therapeutic
opportunities, based on sustained research efforts and ever-growing technological
advances.

The publication of this book was made possible by coordinated efforts and
collaborations from many experts and outstanding researchers on melanoma. We
thank all the contributors for their valuable studies and their wonderful efforts.

We are confident that this book provides important insights into melanoma treat-
ment, the emergence of therapeutic resistance, and novel therapeutic strategies.
We believe it will contribute to bringing answers and hope for healthcare providers,
clinicians, and scientists as well as patients and their loved ones.

Dr. Ahmed Lasfar

Department of Pharmacology and Toxicology,
Ernest Mario School of Pharmacy, Rutgers,
The State University of New Jersey,
Piscataway, NJ, United States

Rutgers-Cancer Institute of New Jersey,
Rutgers University,
New Brunswick, NJ, United States

Dr. Karine Cohen Solal

Department of Pharmacology and Toxicology,
Ernest Mario School of Pharmacy, Rutgers,
The State University of New Jersey,
Piscataway, NJ, United States
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Chapter1

Introductory Chapter: Melanoma
and Therapeutic Perspectives

Karine Cohen Solal and Ahmed Lasfar

1. Introduction

Malignant melanoma is one of the most aggressive forms of skin cancer, often
leading to distal metastasis [1, 2]. Melanoma arises often from transformed
melanocytes as a consequence of durable UV radiation. Unprecedented progress
in the treatment of advanced melanoma occurred largely through advances
in understanding how to target selective genetic mutations in patients with
melanoma, and to unleash exiting anti-tumor immune responses [3-5]. While
immunotherapy is characterized by induction of durable responses in a limited
number of patients, targeted therapy has been characterized by high response
rates [4, 5]. The introduction of targeted therapies has considerably improved
survival rates in a significant proportion of patients with BRAF-mutant melano-
mas [6, 7]. However, drug resistance significantly weakens the efficacy of almost
all current anticancer therapies [8, 9]. This resistance to therapy is generally
driven by intrinsic or acquired tumor mechanisms [10]. Understand underlying
mechanisms of resistance is crucial in elaborating novel therapeutic strategies

(Figure1).

Combination Therapy

Targeted Therapy
Immune Therapy

Alternative Therapy

Figure 1.

Current melanoma therapies. Several therapies are currently used in clinic for the treatment of melanoma
patients. Current thevapies are based on targeted therapy, immune therapy and combination therapy, consisting
on association of both targeted and immune thevapies. In addition, alternative thevapy. Is used in many cases of

drug resistance.
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2. Therapeutic resistance to targeted therapy

Emergence of drug resistance, usually within several months considerably
limited expected survival benefits [8, 9]. The V60OE activating mutation of BRAF
(MAPK pathway effector) induces constitutive activation of the kinase in 45-60%
of cutaneous melanomas, and inhibitors of BRAF, MEK or both have revolutionized
the treatment of patients with BRAF-mutated melanoma [10, 11]. Some mecha-
nisms of drug resistance have been being identified and strategies to circumvent
therapy failure are being investigated in preclinical models and clinical studies [12].

Accumulating evidence demonstrated that in the context of acquired resistance,
tumor cells will develop mechanisms that not only promote resistance to BRAF
V600E targeted therapy but also increase invasiveness favorable to further dissemi-
nation and metastasis [10, 13, 14]. The molecular effectors involved in resistance to
BRAF V600E targeted therapy are simultaneously playing key roles in melanoma
cell motility and invasiveness [8, 10]. Numerous studies documented that resistance
is often coupled to the development of an aggressive tumor phenotype, character-
ized by an active epithelial-to mesenchymal (EMT)-like process, increased motility
and invasion [15, 16]. As a well-documented example, transcription factors and
coactivators play an active role in resistance to BRAF V600E targeted therapy,
through a large variety of mechanisms [17]. In addition to promoting adaptive or
acquired resistance, the expression levels of some of these transcription factors
promotes a state of intrinsic resistance in the context of melanoma cells harboring
BRAF V600E mutations [18-20].

General mechanisms of BRAF inhibitor resistance involve up or down regula-
tion of transcription factors, phosphorylation of transcription factors, as well as
modulation of their subcellular localization [17-20]. These alterations are associated
with diverse oncogenic mechanisms, such as induced expression of ERK kinases
or stabilization of their phosphorylation, an increase and/or activation of specific
receptor tyrosine kinases, such as EGFR, IGF-1R, AXL PDGFR(, ERBB3, or the
activation of the TGF-p signaling pathway [17, 19]. Moreover, G-protein-coupled
receptors are being involved as a new protein class whose dysregulation underlies a
cascade of transcriptional events resulting in resistance to BRAF inhibition. These
studies altogether strongly suggest that the resistance mechanisms reestablish
activation of the MAPK pathway, on which melanoma cells are highly dependent for
survival, proliferation, aggressiveness and pro-metastatic behavior [17, 21]. In addi-
tion, reactivation of additional pathways, such as the PI3K/AKT pathway or GPCR-
mediated cAMP/PKA/CREB pathway further operate for rewiring melanoma cells
towards more aggressive characteristics in conjunction with drug resistance [21].

Simultaneous rewiring of oncogenic signaling pathways, phenotypic plasticity
favoring pro-invasive behavior, actin remodeling and cytoskeletal tension, and
bidirectional interplay between tumor cells and melanoma microenvironment,
represent remaining challenges, for overcoming resistance to BRAF V600E
inhibitors [22].

Other mechanisms of drug resistance have been identified in both melanoma
patients and BRAF-animal models. Recently, it has been reported that BRAF
interacts with GRP78 and removes its inhibitory impact on the three major ER stress
sensors of UPR, PERK, IRE1a, and ATF6. Disconnection of GRP78 from these ER
stress sensors stimulates UPR that consequently activates cytoprotective autophagy.
Thus, inhibition of BRAF-induced ER stress-mediated autophagy can possibly
resensitize BRAF mutant melanoma tumors to apoptosis [23].

Melanomas frequently display hyperactivity of nitric oxide synthase (NOS) and
NADPH oxidase (NOX), which, respectively, produce nitric oxide (NO’) and super-
oxide (O27). The NO and O2" react instantaneously with each other to produce

1
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peroxynitrite (ONOO~) which is the driver force of melanin chemiexcitation.
Melanocytes, the skin cells, specialized in synthesizing melanin, a shield against
sunlight’s ultraviolet (UV) radiation. However, melanin chemiexcitation paradoxi-
cally demonstrates the melanomagenic properties of melanin. In a loop, the NOS
activity regulates melanin synthesis, and melanin is utilized by the chemiexcitation
pathway to generate carcinogenic melanin-carbonyls in an excited triplet state.
These carbonyl compounds induce UV-specific DNA damage without UV [24].

It has been also reported that melanoma cells gain drug resistance to
Temozolomide through a complex inflammatory mechanism, involving
Inflammasome Sensor NLRP1 [25].

There is emergent indication that altered expression levels of microRNAs
(miRNA)s induce drug-resistance in melanoma cells and that restoring adequate
expression of miRNAs is critical in the re-establishment of therapeutic
sensitivity [26].

3. Immunotherapy resistance

On the other hand, since the first immune checkpoint inhibitor (ICI) approval
of an anti-CTL-A monoclonal antibody (mAb) in 2011 for unresectable/metastatic
melanoma, the class continued to evolve, resulting in an always-changing standard
of care for patients. Unfortunately, innate and acquired resistance to ICIs prevent
a substantial number of patients with advanced melanoma to benefit from these
clinical breakthroughs [27]. As the mechanisms responsible for both innate and
acquired resistance to ICIs are further elucidated, therapeutic strategies to over-
come these resistances are being clinically evaluated and will undoubtedly provide
superior therapeutic efficacy [28].

As an example, clinical trials are currently evaluating inhibitors of myeloid-
derived suppressors cells, which have emerged as important components in
resistance to cancer immunotherapy [29, 30]. In addition, intra-tumor injection
of interleukin-12, GMCSF, and Toll-like receptors (TLR9) agonists, among other
agents are currently evaluated in patients with melanoma refractory to anti-PD1
blockade [31, 32]. Another approach clinically tested in patients with BRAFV600E
is the triple combination of an approved anti-PD-L1 monoclonal antibody and an
approved combination of BRAF inhibitor/MEK inhibitor; this triplet regimen is
based on the rationale that BRAF inhibition increases the penetration of T cells
into the tumors, a major factor in the ability to respond to ICIs [33]. Altogether, the
different approaches aim at transforming a cold tumor, characterized by a lack or
paucity of tumor T cell infiltration, into a hot, inflamed tumor.

4. Alternative therapeutic strategies

Other alternative approaches have been elaborated in the treatment of meta-
static melanoma such as Photodynamic therapy (PDT), which relies on a light-
activated compound to produce death-inducing amounts of reactive oxygen species
(ROS) [34].

Histone Deacetylase Inhibitors have been also developed to overcome resistance
to targeted and immunotherapy in Metastatic Melanoma [35].

Nanotechnology, based therapy or neoadjuvant therapy represent an active
area of investigation as demonstrated by several clinical trials [36]. These novel
strategies may offer a multitude of benefits which could improve the survival
outcomes of melanoma patients, with low adverse effects. Their combination with
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immunotherapies and vaccines are expected to overcome drug resistance, offer-
ing survival benefits to a greater population of patients with advanced melanoma,
while maintaining a satisfying quality of life.

5. Conclusion

The future of patients with unresectable and advanced melanoma is look-
ing brighter than a decade ago. Besides immunotherapy revolution, promising
approaches are emerging. Currently combination therapy, based on targeted
therapy and immune checkpoint inhibitors is commonly recommended for
increasing treatment efficacy. However, many challenges remain, regarding the

mechanisms of tumorigenesis, the impact of tumor microenvironment on the
immunogenicity of melanoma.
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Chapter2
Uveal Melanoma

Kristina Horkovicova and Alena Furdova

Abstract

Currently, melanoma of uvea is the most well-known essential tumor, which is
intaocular and malignant. Treatment using radiation has now supplanted enucle-
ation as the therapy of decision. Radioactive eye plaques and treatment using
proton are being the two most examined radiotherapeutic modalities. All the more
as of late, stereotactic radiosurgery and fractionated stereotactic radiotherapy have
risen as promising, non-intrusive medicines for uveal melanoma. Technique called
stereotactic radiosurgery might be viewed as like “not surgery” on the grounds no
extractions are included. All things being equal, it is a serious strategy for radiation
treatment that conveys high dosages of radiation to exceptionally little territories
and volumes.

Keywords: intraocular tumor, uveal melanoma, radiotherapy, stereotactic
radiosurgery

1. Introduction

Malignant melanoma of uvea (iris, ciliary body, and choroid), is the most widely
recognized essential intraocular danger in grown-ups. Uveal melanoma (UM) is
analyzed generally in more established age, with a dynamically increasing age-
explicit frequency rate that tops close to the age of seventy. Ocular melanoma is
probably going to metastasize in different Iregions of the body, for example, breast,
lung, kidney or liver.

There are many factors associated with the development of uveal melanoma. The
most important include genetic factors, race, color of the eyes, fair coloring of the
skin and the ability to tan. Many observational studies up to date have attempted
to explore the relationship between sunlight exposure and risk of uveal melanoma
development [1].

Usually, uveal melanomas are in early stages of their development completely
asymptomatic. The comparatively low incidence of iris melanomas (anterior seg-
ment melanoma) has been attributed to the characteristic features of these tumors.
Iris melanomas also rarely metastasize. Posterior melanoma - choroidal melanoma
is the most common ocular melanoma type. This type is involved in over 75% of all
intraocular melanomas. Iris melanoma wechis is in anterior segment is cytologically
less malignant and metastatize less frequently tnak posterios uveal melanomas.

Ordinarily, choroidal melanoma is brown colored, raised mass, and the level of
its pigmentation can go from dim earthy colored to thoroughly white, amelanotic.

In advanced stages the symptoms are dependent on tumor location. The most
important test to establish the presence of intraocular melanoma, is the examination
by an experienced clinician at specialized Ophthalmology Department. Diagnostic
testing can be extremely valuable in establishing and confirming the diagnosis.
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Prognosis can be influenced by number of factors. The most important are the
histopathologic type of cells, the size of tumor, tumor volume, the margins of the
tumor, karyotype and grading and staging by TNM Classification (e.g. extraocular
extension). Cell type, however, remains the most often used predictor of outcome
with genetic results.

The treatment relies upon the site of birthplace (choroid, ciliary body or iris), the
size, volume and area of the injury, the general statis of the patient, age of the patient
and whether extraocular attack, repeat or metastasis has happened. Extraocular
augmentation, repeat, and metastasis are related with a very helpless guess and long -
term endurance cannot be normal [2].

Elective therapy modalities have been proposed as of late including extremist
careful evacuation of the eye globe (enucleation), nearby resection, light proce-
dures: plaque brachytherapy, charged-molecule radiotherapy, stereotactic photon
bar illumination treatment or in start of the tumor transpupillary thermotherapy
and photodynamic treatment.

Over the past 3—4 decades diagnostic methods have improved and radiotherapy
(external beam, charged particle or brachytherapy) has become the preferred treat-
ment for most of the patients with uveal melanoma. The aim of the treatment is to
improve survival and preserve eye globe anatomically with aim to preserve the best
vision in patients with uveal melanoma. Different radiation modalities are currently
in use in treatment of posterior uveal melanoma in many Ophthalmology Centers.
One of the methods of “conservative” approach is the stereotactic radiosurgery
(SRS) by linear accelerator [2-5].

2. Uvea and uveal tumors

The uveal parcel frames the center layer (or “vasculo-strong” coat) mass of the
eyeball. Uvea layer is a combination of veins, pigmented cells and muscles, woven
together by connective tissue. It has a nutritive capacity of the eye globe. The uveal
parcel comprises of three anatomical parts, all profoundly vascular and pigmented.
The noticeable part in front is the iris (part of the foremost portion of the eye) and
it makes the shade of the eye globe. The iris consolidates in reverse into the ciliary
body, and the ciliary body offers path to the choroid, to the back fragment of the eye
globe, which is such a vascular undercoat between the sclera and the shade retina. It
is substantial pigmented, along these lines engrossing light which has gone through
the retina.

2.1 Uvea layer

The pigmented cells (the melanocytes) - are derived from the neural crests
which have migrated to the skin and mucous membranes. Melanocytes synthesize
a special organelle called a melanosome — this is responsible for the characteristic
color of the skin in different races. Melanosis (melanocytosis) refers to increased
pigmentation caused by hyperplasia or hypertrophy of melanocytes.

Changes in melanocytes usually cause melanomas. Melanocytes produce mela-
nin, which is responsible for skin and hair tone. It can show up on ordinary skin or it
might start as a mole or other territory that has changed in appearance. A few moles
that are available upon entering the world may form into melanomas during the
adulthood.

Benign tumor composed of nevus cells or melanocytes is nevus. In nevi cells
contain melanosomes and are therefore capable of producing pigment melanin [1].
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2.2 Uveal melanoma

Melanoma is a malignant tumor resulting from a transformation of melanocytes
or nevus cells. It may be pigmented or non-pigmented. Melanoma is caused mainly
by intense, occasional UV exposure (frequently leading to sunburn), especially in
those who are genetically predisposed to the disease. Most melanomas are dark or
earthy colored, however they can likewise be skin-shaded, pink, red, purple, blue
or white. In the event that melanoma is perceived and treated early, it is quite often
reparable, however on the off chance that it is not, the tumor can progress and
spread to different pieces of the body, particularly liver, where it turns out to be
difficult to treat and can be deadly. Melanomas frequently metastasize widely and
the regional lymph nodes, liver, lungs and brain are likely to be involved.

Intraocular melanoma is the most common primary ocular malignant tumor in
adults and develops from uvea. Intraocular tumors might be benign or malignant.

Intraocular melanoma is a quite rare type of tumor and it occurs most often in
elderly people. There is lot of cases when ophthalmologists detected intraocular
melanoma during a routine eye examination. The chance of recovery is depend-
ing on factors such as the size, localization and cell type of the tumor. Extraocular
extension is the term used to describe the intraocular melanoma which spreads to
the optic nerve or nearby tissue of the eye socket and is the sign of the advanced
stage of the tumor [6].

Intraocular melanoma of the ciliary body and choroid (structures together
called the posterior uvea), is the most common primary ocular malignant tumor
in adults. Iris melanomas are a subset of uveal melanomas that tend to have a more
benign course, in comparison with posterior uveal melanomas. Anterior segment
melanomas have a lower incidence of metastases when compared to ciliary body
and choroidal melanomas. Anterior segment melanomas account for about 15%
of all uveal melanomas. The incidence of uveal melanoma increases with age and
reaches a maximum between the 6th and 7th decade of life. It is more common in
males and is uncommon or rare in kids and darker looking people. Uveal mela-
nomas are infrequently two-sided. Be that as it may, the quantity of patients with
two-sided inclusion is more noteworthy than would be anticipated by chance alone,
subsequently inferring a potential hereditary inclination.

As mentioned before, choroidal melanoma represents the most common primary
intraocular tumor in adults. Peak incidence is in the early 60s representing about
7.5 cases per one million populations. Incidence is rare in younger adults under
30 years of age with an estimated peak incidence of about six cases per one hundred
million. Caucasians are 8 times more likely to develop the melanoma than Africans
or Afro-Americans and 3 times more likely than Asians. Intraocular melanoma is
arising from choroid in more than 75% of all the cases. Whether some environmen-
tal exposure triggers the development of uveal melanoma remains an open question.
Sunlight has been proposed as an environmental risk factor for melanoma generally.
Unlike cutaneous melanoma, incidence rates for uveal melanoma have not increased
over time and last decades and it does not vary by latitude [7, 8].

2.3 Diagnostic method of uveal melanoma

The first step to diagnose uveal melanoma is patient’s history. Patients with uveal
melanoma may present with complaints of visual acuity reduction, but many can be
without symptoms and the condition is discovered on routine ocular examination
or by glasses prescription. In eyes with clear optic media, the diagnosis of posterior
uveal melanoma can be made by indirect ophthalmoscopy.
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a.ophthalmoscopy, fundus photography,
b.transillumination,

c.perimetry,

d.fluorescein angiography, indocyanine green angiography,
e.ultrasonography (A and B modes),

f. ultrasound biomicroscopy - UBM,

g.optical coherence tomography - OCT,
h.computed tomography - CT,

i. magnetic resonance imaging - MRI,

j- fine-needle biopsy

k.whole body PET/CT to distinguish metastasis.

Depending on their site of growth, posterior uveal melanomas differ in their
symptoms, clinical presentation and appearance. A ciliary body melanoma can
attain a large size, volume, before it is clinically recognized. It can be seen in
association with one or more dilated episcleral blood vessels, it can present itself
as an epibulbar pigmented lesion if there is transscleral extension of the tumor.
Also, cataract, and/or lens subluxation or secondary glaucoma due to infiltration
of the trabecular meshwork in the angle of the eye can be present. The tumor can
be envisioned clinically through a broadly enlarged understudy by cut light assess-
ment as an arch formed collection in the area or it can have a diffuse circumferential
development design known as “ring melanoma”. It can develop anteriorly into the
front chamber - iridocorneal point and iris (iridociliary melanoma) or back into the
choroid (ciliochoroidal melanoma).

A melanoma of choroid ordinarily presents as a sessile or curve formed col-
lection arranged under the retina. Initial step analytic techniques can be aberrant
ophthalmoscopy, ultrasound and fluorescein angiography. Surface orange color at
the degree of the retinal shade epithelium can be imagined clinically, particularly
in more modest back melanomas. Retinal separations can be seen auxiliary to the
tumor development just as Bruch membrane rupture (cellar layer bellow the retinal
shade epithelium). We can divide melanoma of chodoid into two groups the first is
melanoma with pigment and the second one is melanoma withou pigment and can
likewise accept a spread development design with just negligible tumor diameter
under 3 mm.

Melanoma of ciliary body and melanomas of choroidea may develop cataracts,
extraocular extension, secondary glaucoma. Orbital infiltration can be seen usually
when the tumor has large volume, higher stage and they therefore have a worse
prognosis [9].

Due to the huge range of clinical, morphologic and cytological changes and an
absence of discrete stages it is hard to foresee clinical result in singular instances of
uveal melanoma based on intraocular tumor size. His size and volume is perhaps the
best boundary used to foresee metastatic infection.
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A little tumor - melanoma - is characterized as estimating 3 mm or less in
thickness and under 10 mm in breadth because of TNM plot. A tumor is delegated
medium-sized in the event that it measures between 3 to 5 mm in thickness and
between 10 to 15 mm in width. A huge tumor is more prominent than 5 mm in
thickness and in excess of 15 mm in breadth.

Patients, who are diagnosed with a primary choroidal “intraocular” melanoma,
have usually no signs or symptoms of metastatic tumor. Even with total body
positron emission tomography/computed tomography (PET/CT) imaging, very
few patients are found to have their melanomas spread to other parts of their body.
Others may be found to have metastasis over the following years. The overall percent-
age of the patients diagnosed for choroidal melanoma does not develop metastatic
melanoma. The size of the tumor is one of the very important factors to predict the
risk for metastatic spreading. Treatments that limit tumors ability to enlarge will
decrease the chance of metastasis because removing the eye tumor is the best method
to prevent future spread from that tumor. It is very important for the patients to have
periodic general medical examinations because the treatment itself does not affect
micrometastasis that can be already present at the time the treatment occurs.

Patients who have metastatic choroidal melanoma, as mentioned above, seem
to have no symptoms. For this reason, they should have periodic medical examina-
tions, physical examinations, blood tests and radiographic imaging tests as X-ray,
MRI, CT or PET/CT. Later on, patients may have symptoms like loss of their
appetite, difficulty with breathing or fatigue.

The highest percentage of metastatic choroidal melanoma is likely to be found
in the liver. Metastases in this area of the body can be discovered by blood tests or
abdominal imaging studies even in cases when patients are asymptomatic. Besides
this, other organs also can be affected, e.g. subcutaneous lymph nodes, lung, bone
and brain. A needle biopsy can be used to aspirate tumor cells for cytopathologic
examination, when a liver or skin metastasis is suspected.

The liver is the known site of metastasing of choroidal melanoma. Hepatic
enzyme levels are tested in all patients with melanoma of uvea. The most sensitive
tests of liver capacity are serum antacid phosphate levels, glutamate oxaloacetic
transaminase, lactate dehydrogenase and gamma-glutamyl transpeptidase. These
test results are negative at closure hour in the majority of patients with choroidal
melanoma. If any of the results of these research devices is anomalous, ultrasonog-
raphy and CT of the liver are displayed. Both imaging modalities have low suscepti-
bility to metastases with a diameter of less than 10-20 mm [10-13].

2.4 Survival modeling of intraocular melanoma

Endurance displaying gives a sign of guess. Likewise, it empowers exceptional
measures to be focused just as it improves the assessment of clinical methodology.

Endurance rates give a more precise system so as to depict the visualization for
patients with a specific stage and type of disease. These rates are frequently founded
on past results of huge quantities of individuals who had the sickness, however
they cannot anticipate what will occur in a specific patient’s case. In patients whose
malignancy is bound to the eye, the five-year endurance rate is about 80%. This is
as opposed to melanomas that have spread to inaccessible pieces of the body, where
the five-year endurance rate is about 15%.

2.4.1 Prognostic factors for uveal melanoma

Pigmented choroidal lessions that are somewhat raised might be called vague
sores and present a test concerning determination and the board. Given the dangers
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and restrictions regarding getting histological affirmation of harm, ophthalmolo-

gists need to depend on clinical qualities recognized as prescient of development

and metastasis so as to separate little melanomas from raised choroidal melanocytic

tumors that are likely kindhearted. Shields et al. distinguished five components

related with danger of development of little choroidal melanocytic lessions under

3 mm in diameter using examinations retrospectively of around 1300 patients [14].
These factors were:

1. posterior tumor margin touching the disc;

2.visual symptoms;

3.tumor thickness bigger than 2.0 mm;

4.subretinal fluid;

5.orange pigment.

In 4 percent of patients was observed growth of lesion with none of risk factor,
in 36 percent of patients was present one risk factor, and three or more factors were
present in more than 50 percent of patients.

Clinical factors associated with an increased risk of metastasis included:

1. growth documentation;
2.increased tumor diameter (bigger than/equal to 1.1 mm);

3. posterior margin touching the disc.

The small-tumor observational study conducted by the COMS Group identified
similar risk factors associated with tumor growth; namely

1. apical tumor thickness was greater,

2.initial basal diameter was larger,

3. orange pigment was present,

4.there were no drusen,

5.retinal pigment epithelial change adjacent to the tumor was absent.

Prognostic factors for uveal melanoma can be subdivided into three categories:
clinical, histopathological and genetical. Clinical predictive factors have been
extensively described. Location of the tumor, its thickness and diameter are clinical
factors predicting tumor growth. In addition, age at time of treatment, male gender
and secondary glaucoma were prognostic relevant. Shields constructed a mnemonic
“TFSOM?” “to find small ocular melanoma” (thickness greater than 2 mm, subreti-
nal fluid, symptoms, orange pigment and margin at the disc) to assist in identifying
small choroidal melanoma at risk for growth. The most important histopathological
markers predicting clinical behavior are the presence of epithelioid cells, largest
tumor diameter, sclera invasion, and presence of vascular loops. Other valuable
prognostic factors are the presence of mitotic figures and tumor-infiltrating

16



Uveal Melanoma
DOI: http://dx.doi.org/10.5772/intechopen.95321

lymphocytes. The cell sort of uveal melanoma is identified with guess. Patients
with tumors made out of unadulterated axle cells have a more ideal guess, and
those with a part of epithelioid cells (blended or epithelioid-cell types) have a more
awful visualization. Melanomas with a low mitotic movement show a superior
anticipation. Tumor invasion by lymphocytes has been related with diminished
endurance [15].

3. Overview of methods of treatment of uveal melanoma

These days there are a lot greater treatment choices other than enucleation,
which was the main alternative for a large portion of a century ago. The more mod-
erate treatment choices mean to save the influenced eye and hold vision. Treatment
of uveal melanoma relies upon different variables including age of the patients,
foundational strength of the patient, state of the contrary eye, tumor size and area.

Neverthesess, metastases cannot be prevented. Based on the theoretical models,
clinically manifest metastases are likely to occour 5 or 6 years onset of the systemic
dissemination. By the time we diagnosis uveal melanoma, micrometastases may
have been spread as of now. Along these lines, metastatic sickness happening after
therapy is not unprecedented. Roughly 50% of the patients will kick the bucket
from the sickness inside 10 to 15 years of enucleation. When a metastasis is found
the endurance is under 7 months. In the event that a metastasis emerges as a lone
injury in the liver, expanded endurance might be acquired by nearby resection of
the tumor mass.

Tumor area and size are considered to be two of the primary factors in deciding on
the treatment of ocular melanoma. There is no reason to save the eye if a small mela-
noma in a necessary place completely destroyed vision. It is important to remember
this - patients who have undergone enucleation and individuals who have undergone
radiation treatment respond appropriately when they receive information about the
nature of their patients after treatment. The most important for them was tumor
endurance.

Treatment using radiation is a typical therapy for intraocular melanoma that
utilizes high energy radiation to kill tumor cells. Radiation treatment can regularly
safeguard some vision, albeit once in a while this is lost at any rate since radiation
harms different pieces of the eye. The structure of the eye is saved and this is mainly
the advantage of this sort of treatment.

Radiation treetment can be divided into two categories. External radiation
treatment that utilizes a machine outside the body to send radiation toward the
tumor, and the second type is inside radiation treatment that utilizes a radioactive
substance fixed in needles, seeds, wires, or catheters that are set legitimately into or
close to the tumor. The manner in which the radiation treatment is given relies upon
the sort and phase of the tumor being dealt with. In ophthalmooncology field we
utilize both photon pillar light and furthermore proton beam irradiation.

The metastatic free survival rate, the local control and the late toxicity were
studied in patients that underwent fractionated Stereotactic Radiation Therapy
(fSRT) for uveal melanoma. These patients had a median follow-up 32 months
and were given five fractions of 10 Gy. The results showed that fSRT is an effective
treatment for uveal melanoma with a good local control. There were performed 15
enucleations after irradiation mainly because of neurovascular glaucoma [16].

Plaque therapy is the most often utilized framework for delivering radiation The
other methods are Gamma Knife or methods that include proton beam. Radiation
plaque treatment which offers great tumor control, can frequently safeguard help-
ful vision, and has a fundamental visualization that is practically identical to that of
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enucleation. Enucleation remains the standard strategy for the board of the biggest
melanomas of the choroid and ciliary body. The Collaborative Ocular Melanoma
Study (COMS) is randomized clinical trial assessing essential enucleation versus
beam radiation done externaly followed by enucleation in the management of
patients with choroidal melanomas. The study demonstrated that the two options
to be used in same medium sized tumors. COMS studied also treatment of large
tumors and found out that combined external radiotherapy followd by enucleation
shown that there is no limit in orbital recurrence of the tumor mass [10-13].

3.1 One day session stereotactic radiosurgery for uveal melanoma: our
experience

Stereotactic radiosurgery (SRS) is technically challenging therapeutic irradiat-
ing method. SRS complements or supplies (replaces) classic surgical intervention.
The purpose of using SRS is single, because high therapeutic irradiation dosage is to
involve only an exact specified tumor structure, while the other organs and structures
are contemporary protected. We use special hardware equipment of workstation
and software. Professional experiences of specialists of various fields (neurosurgeon
trained in stereotactic radiosurgery, radiation oncologist, ophthalmologist, radiolo-
gist, clinical physicist and registered nurse trained for radiosurgery) are needed.

The surgery is determined by patient preparation before surgery interven-
tion. This consists of processing of health of the patient and whole patients
imaging documentation. It is important to analyze the patient’s illnesses and
the patient’s indication by the Indicating Commission (BTB). The Commission
consists of the members as a neurosurgeon trained in radiosurgery, radiation
oncologists, ophthalmologists, radiologists and clinical physicists. Just after the
see the records and imaging of the patients they decides whether to do SRS or
not. The Progress Committee selects, on the basis of a recommendation on the
suitability of ophthalmic oncological surgery, which evaluates the suitability of
conventional surgery, stereotactic radiosurgery, fractional stereotactic radiosur-
gery, intensity modulated radiotherapy (IMRT) or three-dimensional comfort
radiotherapy (3 D-CRT).

Indicated patients for stereotactic radiosurgical intervention are concerned
for inpatient care Ophthalmology Department of Faculty of Medicine, Comenius
University in Bratislava. The whole hospitalization lasts most often three days. The
patient admission includes interview with the patient with detailed information
about the course of operation, performance benefits as well as acquaintance with
potential acute and late postoperative complications (adverse effects), after the
informed consent is signed by the patient.

Patient’s affirmation in hospital bed department (clinical care) is carried two
days before the surgery. Clinical examination will be done in detail. The docu-
mentation patient brought is studied, in case there are some missing examinations
they are done and completed by the time of the surgery and a preoperative phar-
macotherapy treatment in hospital bed department is placed on. One day before
the stereotactic radiosurgery (SRS) patient has to use premedication. Within the
preoperative premedication the patient is using the antiedema therapy, which
intensity depends on the size, location of the lesion and the presence of edema. The
presented therapy continues at the day of surgery and also the following day.

The patient’s record must incorporate the age at treatment, volume and size of
tumor, the most extreme stature of the tumor estimated by A, B scan ultrasound.
The presence and the degree of secondary retinal detachment, and note if there is
an extrascleral expansion must be recorded in patients file. Tumor volume, in every
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patient straightforwardly after computer CT and MRI assessment is determined as
the progression of SRS strategy and is included to the scheme of stereotactic planning.

Mechanical fixation to the stereotactic (Leibinger) frame is done before ste-
reotactic irradiation immobilization of the affected eye. Stiches are put under 4
direct extraocular muscles through conjunctiva and through the upper and lower
lid. The stereotactic frame is fixed to the head and the stiches are attached to the
stereotactic frame on the side of affected eye. The patient undergoes a CT examina-
tion with the eye tied to the patient’s frame. After fixation and administration of the
drug contrast agent, the examination is performed on one-millimeter scans. After
completing the CT examination, the patient is transferred to an MRI examination.
The patient undergoes an MRI examination with the eye still fixed on a stereotactic
frame. After placement in the MRI, a contrast agent is administered. MRI and CT
imaging records are sent to a computer console in the computer room.

At that point after the CT and MRI examinations patient is transported to the
resting room of Department of radiotherapy of St. Elizabeth Oncological Institute
and is waiting for exposure in the linear accelerator.

Clinical physicist processes imaging records for the purpose of fusion and sub-
sequent planning of stereotactic radiosurgery irradiation. By the fusion of images
obtained from the CT and MRI it is obtained an accurate image and the structure-
relationship of operated patient. CT examination does not always perfect morphol-
ogy image of targeting and risk structures, but it is an accurate and does not distort
the displaying structures. MRI can distort displaying targeted and risk structures,
particularly in the area of bone structures arises the distortion. Neural structures
are showed in three dimensions, which allows a reconstruction and good distinc-
tiveness of targeted and risk neural structures. Planning system communicates only
with the CT imaging, in which information is transmitted from other investigating
modalities. Clinical physicist makes by the fusion the correction of the treating
volume of a focus and risk structures from the MRI records to CT imaging.

After imaging the target and risk structures, the neurosurgeon draws the
target volumes and risk structures in sections of one millimeter in a CT record and
consults them with an ophthalmologist and radiologist. The planning of stereotactic
treatment after the fusion of CT and MR is optimized according to the critical
structures, which are the lens, the optic nerve on both sides, and chiasma is also
marked as the critical structure.

The best plan is after applied for therapy at linear accelerator. Calculation of
tumor volume depends on the ROI (region of interest) of the tumor and 3D recon-
struction is done. The planned therapeutic dose is 35.0 Gy by 99% of DVH (dose
volume histogram). Model LINAC C 600 C/D Varian with 6 MeV X is utilized.

3.1.1 Stereotactic planning

The stereotactic treatment arranging after combination of CT and MRI pictures
is streamlined by the basic structures - focal point, optic nerve, and furthermore
focal point and optic nerve at the contralateral side, chiasm.

The planned therapeutic dose in SRS is 35.0 Gy, TDmin. The dose varies from
35.0 to 38.0 Gy, TDmax 37.0-50.0 Gy to the margin of the lesion. We use PTV
(treatment volume planning) at least 95% isodose planning. Doses for critical
structures such as the optic nerve and optic disc are less than 8.0 Gy and 10.0 Gy for
the anterior segment of the eye (Figures1and 2).

The clinical physicist embeds the plan into the verification system after printing
the radiation parameters and documentation. At the same day after the planning is
finished the patient undergoes irradiation at linear accelerator in the afternoon.
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Figure 1.
Stereotactic planning scheme for patient with uveal melanoma on linear accelerator (TD - 35.0 Gy) — Part a.
origin: Dept. of stereotactic radiosurgery, Bratislava.
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Figure 2.
Stereotactic planning scheme for patient with uveal melanoma on linear accelerator (TD - 35.0 Gy) — Part B.
origin: Dept. of stereotactic vadiosurgery, Bratislava.

Mechanical fixation to the stereotactic frame ensures that the head while the
examination and treatment is in the same, right position. Along with the merger of
images from CT and MRI is guaranteed the accuracy of the method in the order of
tenths of a millimeter.

When the exposure id completed the patient is unfixed from the operating table
and moved into the operating room. According to volume and collimators the whole
procedure lasts from 15 to 50 minutes.

In the case of application of stereotactic radiosurgery using micro-multileaf col-
limator makes clinical physicist verification plan using the verification phantom. He
inserts the irradiation plan of patient into verification system of linear accelerator
and verifies the accuracy of irradiation plan applications into verification phantom
by irradiation of verification phantom by the dosimetric system.
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3.1.2 Stereotactic radiosurgery for uveal melanoma: Our vesults

Treatment of uveal melanoma in Slovakia is performed on direct quicken-
ing agent LINAC. One-fraction LINAC radiotherapy/radiosurgery is an unusual
approach to treatment of choroidal melanoma. Hypofractionation with a broad
shoulder in linear-quadratic model for radioresistant tumors like choroidal mela-
noma is still in discussion.

We evaluated in our study local failure which leads into enucleation as an end
point in patients treated by SRS with long-term follow-up having accrued at the
time of analysis. We evaluate in our study the treatment of posterior uveal mela-
noma by one-day session of LINAC stereotactic radiosurgery.

The first goal of our study was to evaluate treatment BCVA decline in patients
who has posterior uveal melanoma treated with SRS in 6 months interval 24 months
after SRS.

The second goal was to find out whether the group of patients with better initial
visual acuity on the beginning of treatment would have also a better chance to pre-
serve vision. The observed after-treatment decline in BCVA was 24 months interval
after the treatment.

The third goal was observation of the tumor regression by the maximum eleva-
tion measurement using B-scan ultrasound in the group of patients with single
irradiation (SRS) in interval 1 and 2 years after the treatment.

For patients treated by SRS in the period 2001-2008 was a retrospective analysis
was undertaken. At the Department of Ophthalmology, Comenius University
in Bratislava we reviewed 84 patients records with choroidal melanoma or with
ciliary body melanoma treated in this period. 44 patients underwent primary
enucleation (52.4%) out of 84 patients and 40 patients underwent SRS as an initial
treatment (47.6%). The diagnosis was established on the basic of ophthalmologi-
cal examination, ultrasound, CT or MRI examination. Excluded from analyzed
cohort were metastatic intraocular tumors, juxtapapillary localized tumors and
melanocytomas.

Each patient record must have details such as the age at treatment, tumor size,
tumor volume, the maximum height of the tumor by A, B scan ultrasound, the
presence and the extent of secondary retinal detachment, and if there are signs of
extrascleral spread.

The tumors were divided into 3 groups as follows: small up to 4 or 5 mm of
maximal elevation, middle 4-8 mm, and large over 8 mm.

In the group of one stereotactic irradiation, an increase in the tumor was
observed in a 6-month interval by ultrasound with a B-scan ophthalmologist. We
compared tumor regression by measuring maximal elevation using B-scan ultra-
sound in a group of 25 patients with single irradiation (SRS) at 12 and 24 months
post-treatment.

3.1.3 Enucleation versus stereotactic radiosurgery: Our vesults

We analyzed the treatment outcome and possible survival difference between
radical surgical treatment (primary enucleation) and stereotactic radiosurgery
(SRS) at the Department of Ophthalmology, Comenius University in Bratislava, in
patients with posterior uveal melanoma.

Patients treated for uveal melanoma in posterior during the period 2001-2008
are analyzed in the study. The goal of the study was to compare the relapse-free
survival in the cohort of patients initially treated by SRS or they primary under-
went enucleation. Together we included 84 patients. Treatment was determined on
a case-by-case basis.
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We analyzed each patient’s record with ciliary body or choroidal melanoma
treated by enucleation. We divided them into two groups: first group had 44
patients (52%) using surgical treatment and the second group had 40 patients
(48%) using SRS treatment. The therapeutic attitude was set up based on ophthal-
moscopy, ultrasound (A, B mode), other ophthalmological findings, visual acuity,
and general status of each patient and MRI examination. Volume of the tumor was
determined by using the formula:

Tumor volume = 6£ *]ength * width * height (1)
Td - 0,30103 * number of months
~ log,, (final volume) - log, (starting volume) ()

The disease-free interval was defined as the period from treatment (either
enucleation or SRS) until the development of metastasis, or the death of the patient.
The patients after enucleation were examined by ophthalmologist every six months,
with a monthly interval in the first six months, dependent on problems with using
individual prosthesis. The patients after stereotactic radiosurgery were examined
by an ophthalmologist every three months: visual acuity, biomicroscopy (slit lamp),
intraocular pressure, ultrasound in A and B mode, fundus photography and since
the year 2007 also OCT (optical coherence tomography) was routinely done. Post
radiation complications and tumor dimension and extent of secondary retinal
detachment were observed. The patients were observed in the period from 2001
(01/01) to 2008 (31/12) and the data were analyzed.

The disease-free interval was defined as the time from treatment until the
development of metastases. Patients were seen in three months interval in the
first year after the SRS, later in six months interval following SRS. Patients in both
groups were regularly in six months interval recommended to their oncologist to a
liver ultrasound, abdominal ultrasound, liver function test, brain CT, chest X-ray to
confirm or exclude the presence of metastases. In individual cases they were recom-
mended to brain CT or PET/CT.

In the period 2001-2008 a total number of 84 patients with intermediate or large
uveal melanoma were treated with either radical surgical removal of the whole
eyeball (enucleation), or SRS. In a group of 40 patients who underwent SRS there
were 22 male and 18 female - the total median age was 55 years; the median age of
female was 54 years and 58 years of male. In a group of 44 patients with enucleated
eyes the median age was 68.5 year. In the group there were 21 males (median age
64), and 23 females (median age 73). The median tumor volume in group of ste-
reotactic patients was 0,65 cm’® (0,4 - 0,8), in group of enucleated patients 1,1 cm’
(0,8-1,25).

Five patients treated in the first step with SRS required subsequent enucleation
due to the complications - secondary neovascular glaucoma. Three patients of this
subgroup underwent pars plana vitrectomy with endoresection of the tumors plus
silicon oil, but the enucleation was necessary due to the complication - relapse of
the tumor.

Histopathologically in the group of enucleated eyes after SRS due to complica-
tions in four patients with malignant melanoma of the mixed cell type, in two cases
an epithelioid type, and in one case a spindle-cell type A was confirmed.

In the group of primary enucleated eyes, there were four findings of an epithe-
lioid-cell type, one case of a nodular type, as well as 10 cases of both, a mixed-cell
type and 29 cases of a spindle-cell type (A or B) melanoma.
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The age and tumor volume are important explanatory variables (termed
covariates) that are assumed to be associated with survival and need to be incor-
porated in the model. Results on logistic regression confirmed significance of the
model with the predictors age and tumor volume (P = 0.01). The tumor volume
was a significant unique predictor (P = 0.035); age with its borderline probabil-
ity value of 0.1 could be assumed as possibly associated with the outcome. The
estimator of survival rates adjusted for these predictors was constructed based
on Cox’s regression model which examines the relationship between survival and
both predictors.

3.1.4 Complications after stereotactic vadiosurgery: Our vesults

The fundamental objective of radioactive therapy is to control malignancy while
maintaining useful vision. Present techniques result in a high incidence of tumor
control for intermediate and small lesions (< 8 mm in height). Tumor control for
enormous sores is not ideal, also, here is a higher frequency of late complexities
bringing about hindered vision in huge sores. All things considered, radiation por-
tion decrease to the uninvolved piece of the eye will lessen the rate of late difficul-
ties while keeping up a high occurrence of tumor control for more modest tumors.

Utilizing of 3-D radiation dosimetry is accepted that will have significant advan-
tage as far as therapy enhancement and lower frequency of late inconveniences.
Such a 3-D framework grants exact pre-treatment arranging and adjustments of the
arrangement at short notification, for example, on account of new intraoperative
discoveries. There is overpowering proof that threatening melanoma of the uveal
plot can be dealt with securely with radioactive plaques with long haul endurance
rates equivalent to those of enucleation. We think, that the vessels around the optic
plate are harmed by full portion light, prompting retinal ischemia, and this courte-
sies the presence of neovascular glaucoma. Safeguarding of the eye work is normal
in most of radioactive-plaque treatment treated patients. Utilization of low energy
isotopes, collimation of individual seeds, and routine utilization of 3-D imaging and
3-D dosimetry should assist with promoting improve episcleral plaque treatment.
In writing the rate of post-radiotherapy enucleation from all causes is about 20%.
The diminishing of the occurrence of intricacies as waterfall, radiation papillitis,
radiation maculopathy, optional glaucoma is because of extremely exacting signs of
back uveal melanoma. Today, no randomized planned investigation of the impact of
the elective moderate medicines for choroidal melanoma on visual result have been
performed.

In our group of patients after Rul06/Rh106 plaque treatment the accompanying
late intricacies prompted crumbling of visual keenness and were seen at the last
subsequent assessment:

* macular pulverization due to scarring around the tumor, optic nerve decay,

* macular degeneration, retinopathy, fractional focal point haziness, complete
waterfall, glassy discharge, optional glaucoma, apoplexy of the focal retinal
vein.

The patient will develop radiation cataract if more than 30% of the periphery of
the lens is irradiated. If the diameter of the tumor is large, invasion of the iris may
occur, or if the anterior margin of the tumor is well in front of the equator, the lens
may be more sensitive to irradiation. Post-radiation cataracts can occur even if less
than 30% of its periphery is irradiated.
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Our clinical experience shows that auxiliary enucleation after stereotactic
radiosurgery because of light neuropathy and optional glaucoma was essential just
in 11.5% in 3 to 5 years stretch after illumination.

3.1.5 Follow-up

The patient after SRS is controlled regularly ambulatory, the clinical and MRI
examinations are carried out, which are made ambulatory, initially and MRI is con-
trolled after 3 months after SRS, first year, next two years in half yearly intervals,
then 1 time a year in a following 5 years. Patient is monitored by an ophthalmologist
in 2 weeks, later 6 weeks and 3 months interval - visual acuity, intraocular pressure,
slit lamp examination, fundus photo, ultrasound - B-scan, OCT, perimetry. In
3-months’ interval patient is send to MRI control [2, 17, 18].

4. Discussion

Fifty years back, enucleation was the main acknowledged choice of treatment
for melanoma, perception until recorded development was supported for little
tumors that could not be unquestionably analyzed as melanomas on beginning
introduction. These days with the openness and showed sufficiency of eyeball-
sparing medicines, a conflict can be made for before treatment of these vague les-
sions. Data from the COMS primers reveals that melanoma-related mortality varies
with tumor size at period of treatment. For medium estimated tumors (portrayed
as tumors 2.5 to 10 mm in apical height and up to 16 mm in greatest basal width),
melanoma-express mortality was 10% at five years, and 18% at 10 years. For huge
tumors (those astounding the size models for medium tumors in either apical height
or greatest basal expansiveness; or peripapillary tumors with an apical height more
conspicuous than 8 mm), the rates extended to generally 27% at five years and 40%
at 10 years. Also, as referenced above, archived development before treatment has
been demonstrated to be a danger factor for metastasis. In any case, development
might be a marker for more forceful tumors, and it has not been demonstrated that
treating these tumors prior diminishes mortality [7].

Our present strategies for radiotherapy consider powerful nearby tumor control
with eyeball preservation, yet visual morbidity is still high. In this manner, it is
important to gauge the mortality hazard caused via cautious perception before
treatment of uncertain sores against the outcomes of visual misfortune actuated by
treatment.

In a small COMS tumor observation study, there were six melanoma-related
transitions from a cohort of 67 tumor patients treated after baseline perception.
Only two of these transitions occurred within five years of enrollment, resulting in
an inaccurate five-year death rate with an explicit melanoma of 3% [11].

One-portion LINAC radiotherapy/radiosurgery is an abnormal way to deal
with treatment of choroidal melanoma. Hypofractionation with a wide shoulder
in straight quadratic model is still in conversation for radioresistant tumors like
choroidal melanoma. In this examination we assessed nearby disappointment
prompting enucleation as an end point in patients treated by SRS with long haul
development having accumulated at the hour of investigation [19].

Picture combination of a differentiation improved attractive reverberation
imaging (MRI) and figured tomography (CT) is utilized for treatment arranging
co-ordinates. A few creators incline toward light before enucleation for huge uveal
melanoma. This treatment is utilized in a method of SRS with a solitary division
managed with a valuable spatial exactness utilizing a collimating framework.
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Because of our outcomes the saw after-treatment decrease in BCVA was not
emphatically connected with higher pervasiveness of better BCVA before SRS,
however the anatomical outcome after the treatment was at any rate anatomically
saved eyeball [17].

Empowering our outcomes legitimize further examinations to assess one day
meeting method and its viability as an option in contrast to other light helpful meth-
odologies. On the off chance that we utilized single SRS treatment just, in patients
with tumor volume over 0.6 cm” the danger of relapse was high, over half and extra
treatment was essential. As per our experience the portion of 35.0 Gy is not adequate
light and may cause backslide just in patients with high volume tumors, over 0.6 cm’.
By breaking down individual patient’s consequences of this examination, we pre-
sume that this treatment is adequate for little and middle of the road tumors with the
rise not more than 6 mm, resp. volume up to 0.4 cm’ as per individual stereotactic
arranging plan of every patient as a solitary treatment system. Auxiliary enucleation
after stereotactic radiosurgery due to mild neuropathy and secondary glaucoma was
vital in only 11.5% at 3 to 5 years after illumination. In our examination, proximal
tumor control was effective in 95% of patients at 3 years after stereotactic radiosur-
gery and in 85% of patients at 5 years after stereotactic radiosurgery [20].

As indicated by our outcomes one-day session SRS with 35.0 Gy is adequate to
treat little and center stage melanoma. No endurance distinction inferable from
stereotactic light or consolidated and surgical attitude - enucleation of uveal mela-
noma has been exhibited in the review concentrate in Slovak Republic. Enucleation
after SRS in 7 patients was in stretch 6 months to two years after SRS. A little
distinction is conceivable, yet a clinically significant contrast in death rates, regard-
less of whether from all causes or from metastatic melanoma, is improbable.

A high degree of local control can be achieved with a five-year control rate
exceeding 95% in patients treated with charged particles. Radiotherapy with a
62 MeV proton rod with a cyclotron achieves a high rate of close tumor control
and visual protection, with the visual outcome depending on the size and area of
the tumor.

Huge, imminent, randomized preliminaries were intended to look at mortality
figures for medium-sized melanomas treated by brachytherapy or enucleation. The
outcomes could not show the distinction in death rates between the two treatment
bunches following a limit of 12 years of development.

In the most recent years, the administration of patients with uveal melanoma has
changed toward eyeball saving strategies. Options other than extreme enucleation
range from perception to perception to transpupillary thermotherapy, block-extrac-
tion, endoresection with standards plana vitrectomy, brachytherapy utilizing an
assortment of radioisotopes, outside bar radiotherapy, charged particles and stereo-
tactic radiosurgery or strategies can be approached. SRS has recently been proposed
as an optional treatment for posterior uveal melanoma. Treatment for each patient
should be selected according to the patient’s general condition, stage and nature of
the tumor. COMS is planned to provide remote information on regular history as
well as a useful speech.

Single-division stereotactic radiosurgery is normally finished with a Gamma
Knife just as more as of late with a CyberKnife. The remedial single portion has
been diminished to as low as 35.0 Gy in the course of recent years without decrease
in tumor control. Dosages of 40.0 Gy conveyed at the half isodose bring about
great nearby tumor control and satisfactory harmfulness. Since radiobiological
contemplates show a potential favorable position of hypo fractionated treatment
over a solitary huge portion to clean uveal melanoma cell lines, fractionated stereo-
tactic radiotherapy (SRT) has increased extra interest. Other than expanded tumor
control, poisonousness ought to hypothetically be diminished by fractionation.
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Direct quickening agents (LINAC) have the upside of an attainable fractionation.
Most LINAC contemplates utilize a hypo fractionated plan of 4-5 portions and
complete dosages somewhere in the range of 50.0 and 70.0 Gy. The viability of
SRT for uveal melanoma has been demonstrated in various investigations with
neighborhood tumor control rates announced over 90%, 5 and 10 years after
treatment. Radiogenic results after SRT are accounted for also to different types

of radiotherapy, with waterfall advancement, radiation retinopathy, opticopathy
and neovascular glaucoma being liable for most of optional vision misfortunes and
auxiliary enucleations. Generally speaking, stereotactic photon bar radiotherapies
(SRS and SRT) are viewed as compelling treatment modalities for uveal melanoma,
with promising late tumor control and poisonousness rates. SRS is a generally new
strategy, so there is a requirement for multi-focus preliminary to contrast the results
following stereotactic radiosurgery and different techniques. Nonetheless, as of
recently, no investigation has been acted in this point. Studies contrasting endur-
ance rates following enucleation versus more current treatment modalities, includ-
ing SRS, recommended comparative rates for tantamount sores and in light of the
fact that revealed nearby tumor control rate following SRS seem similar, we offer
SRS to patients who might somehow or another require enucleation [1].

Stereotactic photon treatment of uveal melanoma, in light of CT and MRI pic-
tures, is a protected and exact treatment choice. Neighborhood control was discov-
ered to be superb. Due to choice models, the quantity of patients in the investigation
with decreased visual sharpness will likely expansion later on.

Neighborhood power over 95% shows up in certain investigations: in the
investigation of Dieckmann nearby control is 98% after a middle perception time
33 months follow up. The perception time is still too short to even consider allowing
complete ends, yet their outcomes are tantamount with the 82-98% nearby control
rate detailed by different gatherings after a middle perception season of as long as
15 years [21].

Visual misfortune after proton pillar light was depicted in 33-47% following 1
and 2 years, individually, for tumors situated close to the optic plate and fovea.

Different creators announced in a review study that light of 30.0 Gy of in excess
of 2 mm of the optic nerve head started an optic neuropathy.

In the investigation of Dieckmann because of troublesome tumor size and
area in the region of basic structures, for example optic nerve and macula, visual
decrease was seen in a high number of the patients. After a perception season of
beyond what a half year visual sharpness can be assessed in 79 patients. In the gath-
ering of 77 patients 85.5% gave visual sharpness of 0.1 or better before radiotherapy.
LINAC based stereotactic light for melanoma of uvea is plausible and all around
endured. Can be offered to patients with medium measured and horribly found
melanoma of uvea who are looking for an eye-protecting therapy [22].

To accomplish great visual keenness result it is significant right limitation of the
tumor. Brachytherapy Rul06 of back choroidal melanoma accomplishes great pres-
ervation of vision if the tumor does not stretch out near the optic nerve or fovea.
Realize that the intensity of a test to look at endurance in at least two gatherings
is connected not to the all out example size but rather to the quantity of functions
of interest, (for example, passing for this situation). At the end of the day, the
endurance tests perform better when the editing is not excessively substantial, and,
specifically, when the example of controlling is comparable over the various gather-
ings. High number of right-blue-penciled information (from those patients who
actually were alive toward the finish of perception, or exited the investigation for
different reasons other than death before its end) could influence the unwavering
quality of the outcomes. Subsequently, the substantial controlling may confuse the
assessment of the endurance model, since it diminishes the comparable number of
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subjects uncovered (in danger) at later occasions, decreasing the successful example
sizes. Also, little example sizes may additionally expand the impact of the presump-
tion infringement. It is not sensible, notwithstanding, to drop the chose informative
variable(s) from the model, since there are “genuine world” reasons why these
specific factors ought to stay in the last model [23].

To this date, no preliminary examination of the dosimetry, safety and viability
of SRS or evaluation of gamma knife radiosurgery results for melanoma has been
performed. So far information from several reported cases recommends that SRS
can have comparable close tumor control rates, metastases, death rates and involve-
ment rates brachytherapy. Late examinations recommend that gamma knife radio-
surgery and SRS may be an appropriate choice for the treatment of uveal melanoma
in those patients in whom ulcers are not suitable for conventional brachytherapy.
The findings in the setting recommend a part of SRS in the treatment of selected
cases of uveal melanoma [24].

Entanglements after specific techniques can prompt auxiliary neovascular
glaucoma and may result to the enucleation, that is the reason the eye maintenance
is one of the fundamental objectives of the moderate treatment. A multivariate
information investigation by utilizing the directed learning methods, specifically
the calculation known as Regularized Least Squares (RLS) was utilized in investiga-
tion of Mosci. Their examination was the biggest one in Italy and they exhibited the
brilliant neighborhood tumor control, endurance and eye consistency standard after
the proton shaft light treatment. As their results suggest, further improvements in
treatment delivery may be important in determining visual outcomes and complexi-
ties after proton shaft therapy in visual melanoma dosing and delivery [25].

The basic problems of radiotherapy in one meeting are the effects of propaga-
tion and hypofractionation of the part. The size and area of the tumor, for example
closer than 2 mm from the optical plate, are the main components for determining
the clinical evaluation of the visual acuity result.

Distinguishing proof of danger variables may lessen the paces of repeat and
lead to less inconveniences, safeguarding of the eye, improved visual capacity
and, conceivably, better endurance result. Repeat of optic neuropathy after ste-
reotactic radiosurgery is an issue by intraocular tumors as well as for example by
perichiasmal tumors stereotactic illumination. Albeit uncommon, optic neuropathy
may follow radiosurgery to injuries close to the visual pathways. Cautious portion
arranging guided by MRI with limitation of the maximal portion to the visual path-
ways to under 8.0 Gy will probably diminish the frequency of this entanglement.

Similar issues with visual sharpness misfortune as in stereotactic radiosurgery
are found in patients after other radiotherapy methods, for example brachytherapy.
In the sequential arrangement of patients after Rul06 brachytherapy, patients held
some helpful vision in the principal postoperative years and a couple even improved
visual sharpness, notwithstanding, the drawn out visual result is poor with a
proceeding with visual keenness misfortune over the long run. Countless patients
became visually impaired or lost perusing capacity following 5 years, either due to
radiation confusions or auxiliary enucleation.

Stereotactic radiosurgery and fractionated stereotactic radiotherapy have
developed as promising, non-intrusive medicines for uveal melanoma [26]. Albeit,
verifiably, melanoma has been viewed as a moderately radioresistant tumor,
fresher information have tested this perspective, and radiation treatment is cur-
rently viewed as a helpful segment of the restorative armamentarium for harmful
melanoma. As indicated by our outcomes a solitary one-day meetings SRS with 35.0
Gy is adequate to treat little and center stage melanoma. No endurance distinction
inferable from stereotactic light or joined and careful mentality - enucleation of
uveal melanoma has been exhibited in the review concentrate in Slovakia.
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In our examination bunches researched, endurance investigation changed for
indicators demonstrated that the gathering of patients after stereotactic radiosur-
gery had similar result as the gathering of patients treated with extremist medical
procedure. In light of our examination, we expect that the endurance guess is
basically dictated by the personality of the tumor in relationship to the status of
the patient. Clinically, the main factors that influence the metastatic cycle are the
limitation and size (volume) of the sore.

There has been played out no multicenter preliminary to survey dosimetry,
wellbeing and adequacy of SRS, or to assess results of gamma knight radiosurgery
for melanoma yet, yet information from a few announced case arrangement
recommend that SRS could have comparative nearby tumor control rate, metastasis
rate, death rate and intricacies rate when contrasted with brachytherapy. Late
investigations have proposed that gamma knight radiosurgery and SRS might be
a fitting option for treating uveal melanoma in those patients, in whom sores are
ineligible for customary brachytherapy. The discoveries in the arrangement propose
a part of SRS in the treatment of chose instances of uveal melanoma. Treatment
by either essential enucleation or SRS as per our outcomes does not seem to impact
the improvement of metastases in patients with uveal melanoma; the endurance
anticipation is basically controlled by the stage and character of the tumor.

No endurance contrast inferable from stereotactic light or extremist careful dispo-
sition - enucleation of uveal melanoma has been shown in this review study. A little
contrast is conceivable, yet a clinically significant distinction in death rates, regardless
of whether from all causes or from metastatic melanoma, is far-fetched. SRS isa
non-intrusive option in contrast to enucleation in the treatment of uveal melanoma
with a high tumor control. There is a requirement for multi-focus preliminaries to
think about the results following stereotactic radiosurgery in treatment of uveal
melanoma.

5. Conclusion

The single light of the tumor itself is another methodology — it has been
appeared to accomplish ultrasonic tumor relapse along these lines to brachytherapy.
SRS of extracerebral sores like uveal melanoma has been developed over the most
recent twenty years and is an elective treatment for center and enormous back
choroidal melanoma. With plaque radiotherapy, eye rescue is accomplished, and
especially for cases in which the tumor is found away from the optic circle or
macula, helpful vision can be held after treatment.

As indicated by the creators experience dependent on consequences of their
exploration aftereffects of the adequacy of LINAC-based stereotactic radiosurgery
treatment in addition to joined strategies in patients with back uveal melanoma in
stage T2/T3, the stereotactic radiosurgery is a successful strategy to treat middle
of the road phase of uveal melanoma. At last, one-venture LINAC-based SRS with
a solitary portion 35.0 Gy can treat patients with center back uveal melanoma and
save the eyeball or be the initial step of consolidated strategies: illumination before
endoresection or cyclectomy.
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Chapter 3
Ocular Melanoma

Harika Regani and Santosh G. Honavar

Abstract

Ocular melanoma is the most common malignant tumor in adults after cutaneous
melanoma. There is a wide clinical spectrum depending upon the location of the
tumor. The various predispositions, risk factors, tumor classification, and treatment
modalities are discussed. Choroidal melanoma is the most common type of ocular
melanoma. Its management has evolved over the years. The Collaborative Ocular
Melanoma Study (COMS) has helped to precisely classify choroidal melanoma
and standardize its treatment. The future lies in the genetics which can help
prognosticate and provide adjuvant treatment to patients at risk.

Keywords: melanoma, plaque brachytherapy, coms

1. Introduction
The incidence of melanoma continues to rise globally with significant mortality
in spite of modern treatment protocols [1]. Ocular melanoma is the most common
type of melanoma in adults after the cutaneous melanoma. It constitutes 3.7% of all
melanomas [2]. It results due to the abnormal proliferation of the melanocytes in
the eye. Based on the location, the ocular melanoma can be broadly classified as
follows:
1.Eyelid melanoma
2. Conjunctival melanoma
3.Uveal melanoma
a. Iris melanoma
b. Trabecular meshwork melanoma
c. Iridotrabeculociliary or iridociliary melanoma
d. Ciliary body melanoma

e. Choroidal melanoma

f. Ciliochoroidal melanoma
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2. Eyelid melanoma

Eyelid melanoma is relatively and comprises less than 1% of all eyelid cancers.
Serial documentation and close monitoring of suspicious lesions play a very impor-
tant role in early diagnosis. Variable pigmentation, rapid increase in size, change in

color, abnormal vascularity, and tendency to bleed are the typical features of eyelid
melanoma [3].

3. Conjunctival melanoma
3.1 Epidemiology

The clinical spectrum of melanocytic tumors of the conjunctiva constitutes
about 53% of all conjunctival tumors. The reported incidence is two cases per

million per year, but the incidence is increasing. It usually occurs at a median age of
62 years and is very rare in children [4, 5].

3.2 Risk factors
1.PAM: 22% (overall: 9%, with atypia: 13%, and without atypia: 0%)
2. Preexisting nevus in 15%
3.De novo 5% [6, 7]
4.Dysplastic nevus syndrome
5.Neurofibromatosis

6.Xeroderma pigmentosum [8]

3.3 Clinical presentation
1.Fleshy, variably pigmented (tan to dark brown) placoid, or modular elevated
lesion located on the limbal, bulbar, forniceal, or palpebral conjunctiva. The
lesions which are localized, bulbar, thin, and limbal have a good prognosis
where as those which are large, diffuse, forniceal, on caruncle and tarsus have
poorer prognosis (Figure 1).

2.Prominent feeder vessels (conjunctival and scleral)

3.1t can develop secondarily in contiguity with an eyelid margin which is called
as implantation melanoma [9].

3.4 Treatment

1. A careful dissection of the mass with “no-touch technique,” wide excision with
frozen section margin control is ideal.

2. Alcohol keratoepitheliectomy for the corneal involvement.
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Figure 1.
Conjunctival melanoma.

3.Double freeze thaw cryotherapy of the resection edge and the clinically
suspected involved base if it is less than 3 clock hours.

4.Episcleral plaque brachytherapy if base is involved for more than 3 clock
hours. Plaque rotation can be customized depending on the tumor extent.

5.Interferon and interleukin-2 in combination can be administered in
disseminated melanoma [8].

6.Sentinel lymphangiography is indicated in tumors more than 2 mm and helps
in complete removal of the lymph nodes.

3.5 Histopathology

Abnormal proliferation of the melanocytes, spindle, or the epitheloid cells.

3.6 Prognosis

35

1. Metastasis to ipsilateral facial lymph nodes, brain, lung, skin, bone, and liver
are the most common.

2.Multiple recurrences, especially those within the orbit, might require orbital
exenteration [4].

3.Intraocular and intraorbital involvement may require modified enucleation
and orbital exenteration, respectively.

4.Recurrences after the therapy are 50-70% at 10 years.
5.0Overall mortality rate is 25% at 10 years and more than 30% in 15 years [9, 10].
6.The 10 year rate of metastasis is PAM 25%, Nevus 26%, De novo 49% [11]

7.The prognosis can be predicted by the AJCC-TNM staging of conjunctival
melanoma (Table 1).

8.The factors predictive of metastasis or death are de novo origin, tarsal or
forniceal location, nodular mass, and orbital invasion [11].
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3.7 Newer innovations

Definition of primary clinical tumor (cT)

TX Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Tumor of the bulbar conjunctiva
Tla < 1 quadrant
T1b > 1 but <2 quadrants
T1c > 2 but <3 quadrants
T2 Tumor of nonbulbar conjunctiva (forniceal, palpebral, tarsal, caruncle)
T2a Noncaruncular and < 1 quadrant nonbulbar conjunctiva
T2b Noncaruncular and > 1 quadrant nonbulbar conjunctiva
T2c Caruncular and < 1 quadrant nonbulbar conjunctiva
T2d Caruncular and > 1 quadrant nonbulbar conjunctiva
T3 Tumor of any size with local invasion
T3a Globe
T3b Eyelid
T3c Orbit
T3d Nasolacrimal duct and/or lacrimal sac and/or paranasal sinuses
T4 Tumor of any size with invasion of central nervous system.

Definition of regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO Regional lymph node metastasis absent
N1 Regional lymph node metastasis present

Definition of distant metastasis (M)

MO Distant metastasis absent
M1 Distant metastasis present

Definition of primary pathological tumor (pT)

TX Primary tumor cannot be assessed
TO No evidence or primary tumor
Tis Tumor confined to conjunctival epithelium
T1 Tumor of bulbar conjunctiva
T1a Tumor with <2 mm thickness invasion of substantia propria
T1b Tumor with >2 mm thickness invasion of substantia propria
T2 Tumor of nonbulbar conjunctiva
T2a Tumor with <2 mm thickness invasion of substantia propria
T2b Tumor with >2 mm thickness invasion of substantia propria
T3 Tumor of any size with local invasion
T3a Globe
T3b Eyelid
T3c Orbit
T3d Nasolacrimal duct and/or lacrimal sac and/or paranasal sinuses
T4 Tumor of any size with invasion of central nervous system

Table 1.
AJCC 8th edition classification of conjunctival melanoma.

1. Pembrolizumab—for recurrent conjunctival tumors [12]

2.Nivolumab [13]

4. Uveal melanoma
It is the most common primary intraocular malignancy in adults. The earlier

detection and prompt treatment has decreased the morbidity to some extent over
the years.
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Based on the location, they can be classified into
a. Iris melanoma

b. Trabecular meshwork melanoma

c. Iridotrabeculociliary or iridociliary melanoma
d. Ciliary body melanoma

e. Choroidal melanoma

f. Ciliochoroidal melanoma

The most common differential diagnosis of uveal melanoma is anevus. The
following are the key points to differentiate the two (pneumonic: ABCDEF):

1.Age < 40 years

2.Blood vessels

3.Clock hours inferiorly

4.Diffuse configuration

5.Ectropion uveae

6.Feathery margin
4.1 Iris melanoma
4.1.1 Epidemiology

Iris melanoma constitutes about 4% of uveal melanomas [14]. The mean age at
presentation is 40—47 years. It is very rarely seen in the pediatric age group. Males and
females are equally affected. It is most commonly seen in Caucasians (97.8%) [15].

4.1.2 Clinical presentation

Nodular pigmented lesion usually seen in the inferior iris. It is usually associated with
tumor seeding in the adjacent iris or trabecular meshwork and secondary glaucoma.

4.1.3 Types
1. Circumscribed
2.Diffuse
4.1.4 Management
1. Observation of clinically suspicious lesions

2.Local resection (iridectomy/iridocyclectomy) for tumors less than 3-4 clock hours
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3.Plaque brachytherapy—has up to 87% chance if tumor control after local
resection
4.Proton beam therapy

5.Enucleation—for diffuse, recurrent tumors or eyes with intractable glaucoma

4.1.5 Differential diagnosis
1. Primary iris cyst
2.Iris nevus
3.Essential iris atrophy
4.Iris foreign body
5.Peripheral anterior synechiae

6.1Iris metastasis

4.1.6 Factors predictive of metastasis
1.Increased age at diagnosis [16, 17]
2. Angle invasion
3.Elevated intraocular pressure
4.Extraocular extension
5.Previous surgical intervention before referral prognosis [14]
Prognosis is better than ciliary body or choroidal melanoma with a 10-year

metastasis of 7% as compared to 25% in choroidal melanoma and 34% for ciliary
body melanoma.

4.2 Ciliary body melanoma

It is relatively a rare uveal tumor and is reported in one of 10 cases of all
intraocular melanomas [18, 19].

4.2.1 Clinical presentation
1. Diminution of vision due to astigmatism or lens dislocation
2.Painless visual field loss or pain due to acute glaucoma
3.Episcleral sentinel vessels

4.Unexplained relatively low intraocular pressure
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Management options include local resection, plaque brachytherapy, proton
beam radiation, and enucleation.

4.2.2 Histopathological types (callender classification)
1.Spindle A and B type melanoma—best prognosis
2.Mixed cell melanoma
3.Epitheloid cell melanoma—poor prognosis

4.Necrotic melanoma—poor prognosis

4.2.3 Metastasis

Hematogenous metastasis is faster in ciliary body melanoma as a result of
continuous contractions of the ciliary muscle and rich vascularization.

T Category and criteria

T1—Tumor limited to the iris

T1la—Tumor limited to the iris, not more than 3 clock hours in size

T1b—Tumor limited to the iris, more than 3 clock hours in size

Tlc—Tumor limited to the iris with secondary glaucoma
T2—Tumor confluent with or extending into the ciliary body, choroid, or both

T2a—Tumor confluent with or extending into the ciliary body, without secondary glaucoma

T2b—Tumor confluent with or extending into the ciliary body and choroid, without secondary
glaucoma

T2c—Tumor confluent with or extending into the ciliary body, choroid, or both with secondary
glaucoma

T3—Tumor confluent with or extending into the ciliary body, choroid, or both, with scleral extension

T4—Tumor with extrascleral extension
T4a—Tumor with extrascleral extension <5 mm in largest diameter
T4b—Tumor with extrascleral extension >5 mm in largest diameter

G Category and criteria

GX—Grade cannot be assessed

G1—Spindle cell melanoma (>90% spindle cells)

G2—Mixed cell melanoma (>10% epitheloid cells and < 90% spindle cells)
G3—Epitheloid cell melanoma (>90% epitheloid cells)

N Category and criteria

N1—Regional lymph node metastasis or discrete tumor deposits in the orbit

Nla—Metastasis in one or more regional lymph node(s)

N1b—No regional lymph nodes are positive, but there are discrete tumor deposits in the orbit that
are not contiguous to the eye

M Category and criteria

MO—No distant metastasis by clinical classification
M1—Distant metastasis
M1la—Largest diameter of the largest metastasis <3 cm
M1b—Largest diameter of the largest metastasis 3.1-8 cm
Milc—Largest diameter of the largest metastasis >8.1 cm

Table 2.
AJCC 8th edition classification of iris melanoma [20].
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Clinical Macroscopic Microscopic

Local/general signs Size of the tumor Epitheloid and necrotic cellular patterns
Local extension <11 mm—small Necrosis

Presence of metastasis 11-15 mm—medium Intense pigmentation

Age of the patient >15 mm—Ilarge Melanophagic, lymphocytic infiltrate

Dysplastic nevi

Table 3.
The prognostic factors for ciliary body melanoma.

Host factors Environment factors
Light colored eyes Intermittent ultraviolet exposure to arc welding
Fair skinned Chronic UV exposure

Occupational sunlight exposure

Table 4.
Predisposing factors.

4.2.4 Prognosis

The prognostic factors are listed in Table 3.

4.3 Choroidal melanoma

Choroidal melanoma is the most common uveal melanoma and constitutes about
90% of all uveal melanomas. This is usually seen in an elderly age group at around
60 years and there is no gross gender predilection. It is seen predominantly in
Caucasians (98%), as compared to other races. It has a pronounced tendency to
metastasize resulting in high mortality [21]. Predisposing factors are listed in
Table 4.

4.3.1 Clinical presentation

It can be incidentally detected in asymptomatic patients on routine ocular
examination. Most of the patients, however, manifest with diminution of vision,
floaters, photopsia, visual field loss, or pain due to impingement of posterior ciliary
nerve or angle closure glaucoma. It can metastasize to liver (89%), lung (29%), and
bone (17%). Median survival after metastasis is 6-12 months [22]. Males have a
poor prognosis than females. The lower metastatic rate in females can be explained
due to the inhibitory action of estrogen on the growth of micrometastases within
the liver [23, 24].

4.3.2 Classification

Choroidal melanoma can be broadly classified into diffuse (Figure 2) and
circumscribed (Figure 3). The circumscribed variant can either be dome-shaped
(75%) or mushroom-shaped (20%). Diffuse choroidal melanoma is seen in 3-17%
cases and has a substantial risk of metastasis despite its flat appearance. The poor
prognostic factors include delayed diagnosis, greater proportion of epitheloid cells,
and a tendency for extraocular extension [25].

AJCC Classification has already been mentioned under the section of iris
melanoma (Table 2).
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Figure 2.
Diffuse choroidal melanoma.

Figure 3.
Circumscribed choroidal melanoma.

Figure 4.
Choroidal nevus.

The most common precursor lesion for choroidal melanoma is the preexisting
choroidal nevus (Figure 4), followed by oculodermal melanocytosis.

The following are used to differentiate a choroidal nevus from a melanoma
(pneumonic: to find small ocular melanoma using helpful hints daily):

1. Thickness > 2 mm

2.Fluid
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3.Symptoms

4.Orange pigmentation

5.Margin <3 mm to disk

6. Ultrasound hollow

7.Absent halo

8. Absent grusen
4.3.3 Investigations
4.3.3.1. Ultrasonography

It has 95% accuracy and is useful to estimate tumor size for periodic observation
and to evaluate for extraocular extension.

The characteristic features on A-scan are:

1.Initial prominent spike

2.Low to medium internal reflectivity with diminishing amplitude

3.Fine oscillation of internal spiking pattern (vascular pulsations)

The characteristic features on B-scan are:

1.Low to medium internal reflectivity

2.Choroidal excavation

3.Shadowing of subadjacent soft tissue

4.Internal vascularity

5. Acoustic hallowing
4.3.3.2. Autofloroscence

Hyperautofluorescence of orange-colored lipofuscin pigment.
4.3.3.3. Fundus fluorescein angiography

Small melanoma: Hypofluorescence (blocked fluorescence)

Large melanoma: Patchy pattern of early hypofluorescence and hyperfluorescence
followed by late intense staining. Double circulation—internal vascularity
4.3.3.4. Ultrasound biomicroscopy

It helps to differentiate anterior tumors from those of ciliary body origin.

Although the tumor margins and extent is well delineated by UBM, the resolution of
internal tumor details is limited.
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4.3.3.5. Optical coherence tomography
Dome-shaped choroidal mass with overlying outer retinal thickening and
subretinal fluid.

Optical coherence tomography angiography shows reduced capillary density in
the affected eye.

4.3.3.6. Magnetic resonance imaging

Pigmented melanomas can be seen as T1 Hyperdense and T2 hypodense
intraocular masses.

4.3.3.7. Fine needle aspiration cytology

Although reliable, it is technically challenging and requires expertise.

4.3.4 Management

The most common treatment modality is the episceral plaque brachytherapy.
Plaque brachytherapy is suitable for tumors up to 16 mm in diameter and up to
6 mm thickness with Ruthenium-106 and up to 8 mm thickness with Iodine-125.
The dose to the tumor apex should be 10,000 cGy and almost up to 90% tumor
control can be achieved. Enucleation is an option for tumors beyond the scope of
plaque brachytherapy. Orbital exenteration might be required in tumors with
orbital invasion. The proton beam irradiation has a higher chance of eye salvage but
the availability and affordability are the considerable limitations. The other treat-
ment modalities include laser photocoagulation, transpupillary thermotherapy,
chemotherapy, and immunotherapy.

The various newer treatment modalities under evaluation are:

1. Chemotherapy with dacarbazine+interferon alpha, cisplatin, tamoxifen
+sunitinib, and fotemustine.

2.Targeted therapy with crizotinib, sunitinib, and valproic acid.

3.Immunotherapy with Ipilimumab with nivolumab.

4.3.5 Histopathology

Modified Callenders’s classification describes various patterns on

histopathology.
1.Spindle cell nevi
2.Spindle cell melanoma
3.Necrotic melanoma
4.Epitheloid cell melanoma

5.Mixed cell melanoma
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Clinical features Histopathologic features Cytogenetic features Transcriptomic
feature
Older age at presentation  Epithelioid cytology Chromosome 3 loss Gene expression
(monosomy 3) profile class 2
Male gender High mitotic activity/PC-10/  Chromosome 8q gain
Ki-67 or 8p loss
Larger tumor basal High values of mean diameter Chromosome 1p loss
diameter of 10 largest nucleoli
Thicker tumor High microvascular density =~ Chromosome 6q loss
Ciliary body tumor location Microvascular loops and Chromosome 9q loss
patterns
Diffuse tumor Tumor-infiltrating BAP1 loss
configuration lymphocytes, macrophages
Association with ocular/ Loss of nuclear

oculodermal melanocytosis immunostaining for BAP1

Extraocular tumor High expression of insulin-
extension like growth factor 1 receptor

Advanced AJCC category  High expression of HLA class
and staging Iand II

Table 5.
The poor prognostic factors include [26].

The epitheloid cell and the mixed cell melanoma have the poorest prognosis
among all the subtypes (Table 5). Immunohistochemical markers characteristic of
choroidal melanoma are S-100, HMB-45.

4.3.6 Metastasis
The risk factors for metastasis include (Table 7):
1.Thickness > 2 mm
2.Symptoms
3.Margin <3 mm to disk
4.Documented growth

The presence of four risk factors has a metastatic rate of 20% but the absence of
risk factors has only <1% risk of systemic metastasis. Also, each millimeter increase
in thickness adds 5% risk for metastasis at 10 years and a hazard ratio of 1.08 [27].
Doubling time of untreated metastases ranged from 34 to 220 days (median,

63 days). The metastasis from tumors as small as 3 x 3 x 1.5 mm has been noted in a
study [28]. Based on the estimated growth rates, a rational follow-up interval to
detect metastatic uveal melanoma would be 4-6 months. Primary uveal melanomas
that develop clinically detectable metastasis after conservative therapy may have
micrometastasized several years before treatment.

Damato’s classification of metastasis [26]:

1. Metastasizing melanomas, which have already metastasized by the time of
ocular treatment even though the metastases may not be detectable.
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2.Pre-metastasizing melanomas, which develop metastatic capability and
disseminate if treatment is delayed.

3.Non-metastasizing melanomas, which do not metastasize even if never treated.
4.3.7 Colloborative ocular melanoma study

This is the largest study ever to be performed in Ocular oncology with 43
participating centers and more than 2000 patients [29, 30].

Objectives of the study:

1.To evaluate the therapeutic interventions for patients with choroidal
melanoma

2.To determine which of the two, enucleation or brachytherapy prolongs the
lifetime of an individual, and if both have a similar survival, then which offers
the longer cancer-free survival and better prognosis for vision.

Inclusion and exclusion criteria:

* Primary choroidal melanoma in one eye

* Less than 50% involvement of ciliary body

* Age 21 years or older

* Ability to give informed consent

* Ability to return for treatment and scheduled follow-up

* No primary cancer (except noninvasive nonmelanotic skin cancer/CIS cervix)

* No coexisting disease threatening survival (5 years or longer)

* No metastatic melanoma

* No contraindication for surgery/RT

* No previous FNAB

* No previous treatment

* No extrascleral extension of 2 mm or more

* No diffuse, ring or multifocal tumor

* No iris/angle involvement

* No use of immunosuppressive therapy that cannot be discontinued

Outcome measures:

1.Primary outcome: Time to death from all-cause mortality
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2.Secondary outcome: Metastasis-free survival, cancer-free survival, and years
of useful vision

Trial design and treatment groups:

1.Small <3 (1.5-2.4) mm, 5 mm (observational group)
2.Medium 3-8 (2.5-10) mm, 16 mm (randomized group)
3.Large >8 (10 mm), >16 mm (randomized group)
Results:

1.Pre-enucleation EBRT for large melanoma has no advantage over enucleation
group. Five-year Kaplan-Meier estimates for survival were 57% for the
enucleation group and 62% for the pre enucleation radiation group.

2.Enucleation versus brachytherapy for medium melanoma were comparable.
The cumulative all-cause mortality at 12 years was 43% for patient in the
plaque radiotherapy group versus 41% for those in enucleation group.

3.The small tumor trial showed that small choroidal melanomas managed by
observation showed tumor growth in 21% by 2 years and 31% by 5 years.
Observation for small melanoma is not acceptable now and is treated
appropriately.

4.3.8 Genetic markers

The mitogen-activated protein kinase (MAPK) pathway is one of the main
regulatory pathways involved in choroidal melanoma development, particularly
through mutations in BRAF, NRAS, and KIT. Choroidal melanoma with BRAF
mutation is common in younger patients and the ones associated with preexisting
nevi. KIT mutations are the least common choroidal melanoma mutation in MAPK
pathway. NRAS mutation is very rare in choroidal melanoma [21-33]. Disomy 3 and
chromosome 6p gain are associated with a good prognosis.

Chromosome 3 loss, 8q gain, 1p loss and 6q loss = Class 1 associated with poor
prognosis.

Based on gene expression prolifes (GEP), uveal melanoma is now classified into
three prognostic categories for metastasis (Table 6).

The GEPs are playing a major role at present in prognosticating the risk of
metastasis. The tumor as such is constantly evolving at the genetic and molecular
level which is described as intratumoral genetic heterogeneity. The term cresendo
malignancy is described which explains the transformation of a small tumor which
is slow growing over years but acquires Class 2 genetic changes over time (Table 6).

Systemic metastasis at 5 years

Class 1A Low risk 2%

Class 1B Intermediate risk 21%

Class 2 High risk 72%
Table 6.

Prognostic categories for metastasis.
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Tumor size Monosomy 3 If M3, metastasis by 3 years
Small 0-3 mm 23% 0%
Med 3-8 mm 35% 24%
Large >8 mm >50% 58%
Table 7.

Metastasis depends on several factors: Size, markers-BAPI, and genetics [34].

4.3.9 Follow-up

A periodic follow-up with systemic investigations is mandatory in view of high
metastatic rates of choroidal melanoma. An annual PET-CT scan is ideal, however,
the monitoring of the liver function tests, ultrasonography of the abdomen and the
chest X-Ray are reasonably good.
5. Conclusion

Ocular melanoma is being effectively managed currently. A protocol-based
management of the patient can lead to good local tumor control and careful sys-
temic monitoring can decrease the morbidity and mortality to a great extent. The
ongoing research in genetics will probably help us understand and prognosticate
ocular melanoma in a better way.
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Abstract

Malignant melanoma is an aggressive disease. The anorectal region is the most
common site of primary gastrointestinal malignant melanoma. Due to its low
incidence, the diagnosis is often delayed. The most characteristic clinical feature of
this tumor is its brown-black appearance due to the melanin pigment. However, the
pigmentation may be absent in up to 20% cases. Timely diagnosis and treatment are
crucial for achieving good long-term outcomes. Surgical excision remains the treat-
ment of choice for localized disease. However, the extent of surgery has been a mat-
ter of debate. Anorectal melanoma is a highly malignant disease, and more than 50%
cases have metastasis at the time of diagnosis. Targeted therapies especially immune
check point inhibitors have brought about a paradigm shift in the management of
cutaneous melanoma. They are being increasingly used for mucosal melanomas, and
their role in anorectal melanoma is being investigated in various clinical trials.

Keywords: malignant melanoma, anus, rectum, mucosal, check point inhibitors

1. Introduction

Anorectal melanoma (AM) is a rare type of anorectal malignancy. It accounts
for about 1% of all anal cancers [1]. Due to its rarity, it is often misdiagnosed as
hemorrhoids, rectal adenocarcinoma and polyps. Its early diagnosis and treat-
ment are important to improve the prognosis as it is an aggressive disease with
high malignant potential. There are no standard guidelines for the diagnosis, stag-
ing and treatment of AM. In this chapter, we have discussed the epidemiological,
pathogenesis, clinical manifestations, treatment and prognosis of AM.

2. Epidemiology

Mucosal melanoma (MM) accounts for 1-2% of all melanomas with incidence
of 2-2.6 cases per million people/year [2]. The most common sites of MM are
head and neck followed by anorectal region [3]. AM is the most common type of
gastrointestinal melanoma and the third most common type of melanoma [3]. AM
accounts for 16.5% cases of mucosal melanomas [4]. The annual incidence rate of
AM is 0.259 in males and 0.407 in females according to Surveillance, Epidemiology,
and End Results (SEER) analysis and, the incidence has been steadily increasing
over the years [5, 6]. However, the exact reasons for rising incidence are poorly
understood. The prevalence of AM is 1.6 to 2.3 times higher in females than males
and two times higher in Caucasians than African Americans [7, 8].
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3. Pathogenesis and genetics

Melanocytes are derived from the neural crest cells. They migrate to the cutis and
mucocutaneous junctions during the embryonal life. The chief function of melano-
cytes is their antioxidant activity, which helps to counteract the free radicals gener-
ated by the ultraviolet rays. Additionally, they contribute to the regional immune
response [9, 10]. It has been postulated that the malignant transformation of mela-
nocytes occurs due to oxidative stress and/or immunosuppression [9]. Other theories
on AM suggest that they may be derived from Schwann cells of autonomic nervous
system or the cells of the amine-precursor uptake and decarboxylation (APUD)
system of the gastrointestinal tract [11]. Ultraviolet rays play a central role in the
development of cutaneous melanoma (CM) unlike mucosal melanoma (MM). Hence,
other pathways are involved in the development of MM which are poorly understood.

MM have different mutation profile compared to cutaneous melanomas [12].
BRAF mutations are infrequent, with an increased rate of c-KIT overexpression [13].
The incidence of BRAF, NRAS and c-KIT mutations are 5-16%, 14—18% and 11-15%
respectively [14-16]. The mutation profiles of mucosal melanomas indicate that they
have potential sensitivity to CDK4/6 and MEK inhibitors [16]. A study by Newell et al.
have identified various mutational signatures in mucosal melanomas [16]. They found
that mutations for melanoma in facial sites are different from that found in lower
body sites. For example, SF3B1 hotspot mutations are common in AM and vulvovagi-
nal melanomas, unlike other sites. Another study by Donizy et al. found that high poly
(ADP-ribose) polymerase 1 (PARP-1) expression alone and along with high indole-
amine 2,3-dioxygenase 1 (IDO-1) expression in mucosal melanomas was associated
with worse overall and disease-specific survival [17]. Some studies have speculated
that some viruses such as human papilloma virus (HPV) and human herpes virus
(HHV-8) could be involved in the development of primary MM [11]. However, HPV
DNA and HHV-8 DNA could not be detected in cases with AM [18, 19].

4. Clinical features
4.1 Clinical signs and symptoms

The clinical features of AM mimic that of benign anorectal disorders leading
to delay in diagnosis. The main clinical symptoms include bleeding per rectum,
perianal pain, pruritus ani, tenesmus, perianal mass, inguinal mass (Figure1).
It is more frequent in females than males (1.7:1). It is most frequently observed in
6th and 7th decade of life [5]. The most important aspect of clinical diagnosis is a
careful perianal and per-rectal examination. AM appears as an ulcerated or nodular
lesion with an irregular surface showing brown or black pigmentation (Figure1).
Moreover, these are vascular lesions which bleed on touching. Frequently, in about
20% cases, the pigmentation may be absent. In small lesions, a high index of sus-
picion is required for timely diagnosis due its appearance similar to hemorrhoids.
Hence, whenever in doubt, incisional or excisional biopsy should be performed for
histopathological examination to diagnose AM. Another important clinical find-
ing in cases of AM is the presence of inguinal lymphadenopathy. Inguinal lymph
nodal metastases are usually seen in cases of anal melanoma. In cases with inguinal
lymphadenopathy, fine needle aspiration and cytological examination for the
enlarged lymph nodes can help in making the diagnosis.

Serum markers can aid in the diagnosis of AM. However, they are elevated in
advanced cases of melanoma and often used as an adjunct to the other investiga-
tions for diagnosis. Lactate dehydrogenase (LDH) is a commonly used marker
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Figure 1.
Perianal examination showing the ulcevated mass in a patient with locally advanced anorectal melanoma.

for the detection of distant metastases in patients with melanoma [20]. Other
markers include S-100B, melanoma inhibitor activity (MIA) protein, enolase and
YKL-40 [21-24]. Elevated levels of these markers have been associated with a
poor prognosis.

4.2 Radiological studies

The main role of radiological investigations is to determine the extent of the dis-
ease. Chest radiograph can detect obvious pulmonary metastases while abdominal
ultrasound can detect liver metastasis [25]. Computed tomography (CT) is helpful
in accurate staging of the disease (Figure 2). On CT, the liver lesions show late
arterial enhancement and hypoattenuation of liver parenchyma in the portal venous
phase [26]. The pulmonary metastases on CT chest appear as multiple end-arterial
nodules with tree-in-bud appearance [25]. Magnetic resonance imaging (MRI) isa
good imaging modality for accurate assessment of the local invasion of the tumor

Figure 2.
Anorectal melanoma appeaved as a hetevogeneously enhancing polypoidal mass (arrow) on contrast enhanced
CT (A) and MRI (B, C).
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as well as for the detection of metastatic lesions in the liver (Figure 2) [27]. PETCT
is the recommended imaging for the staging and response assessment of metastatic
melanoma [20]. Melanoma cells have higher FDG avidity compared to normal tis-
sues due to high metabolic rate [20].

4.3 Endoscopic studies

For deeply located AM, especially rectal melanoma, endoscopy is very useful to
visualize the lesions and take biopsies for histological examination. On endoscopy,
the lesions appear as black or brownish plaques, ulcers or polyps due to the melanin
pigment. The accuracy of endoscopic biopsy ranges from 50 to 100% [28]. The
accuracy is low for lesions with atypical endoscopic characteristics. Endoscopic
ultrasound is helpful in determining the depth of the lesions especially the extent of
anal sphincter involvement and to look for perirectal lymphadenopathy. The lesions
appear hypoechoic with uneven internal echoes [28].

5. Histopathology

As none of the clinical features are unique to AM, histological examination of
the suspected lesions should be performed for the definitive diagnosis of AM. The
main cytological features of AM are highly cellular smear, presence of binucleated
or multinucleated cells, and cytoplasmic melanin pigment. However, melanin pig-
ment is found in only about 27% cases [29].

On gross examination, the lesion appears as polypoidal or ulcerated lesion with
or without brown-black pigmentation (Figure 3). The histological description
includes cell type, degree of melanin pigmentation and mitotic index (Ki-67) [20].
Typically, AM consists of spindle-shaped (Figure 4) or epitheloid cells with high
nuclear pleomorphism and presence of cytoplasmic melanin granules (Figure 5)
[30]. About 20% cases are truly amelanotic on histology [31]. Four subtypes of AM
based on histology are epitheloid, spindle cell, lymphoma-like and pleomorphic
[32]. In the absence of melanin pigments, the tumor morphology can mimic lym-
phoma and gastrointestinal stromal tumors. Inmunohistochemistry helps in dif-
ferentiate AM from other tumors. Melanoma antigens such as S-100, HMB-45 and
vimentin are positive in 78, 94 and 100% cases (Figure 6) [31]. The characteristic

Figure 3.
Gross examination of the specimen after abdominoperineal resection showing the pigmented polypoidal hard
growth (arrow) of about 3 cm veaching up to the outer surface (A) and involving the anorectal junction (B).
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Figure 4.

Histological examination of anorectal melanoma showing the diffuse infiltration of the tissue by spindle-
5hged cells with dense eosinophilic cytoplasm and pleomorphic nuclei: (A) HeYE x10, (B) HEZE x 20, and (C)
HeYE x 40. Immunohistochemical analysis revealed positive staining with c-KIT (D) and Melan A (E).

Figure 5.
Microscopic examination of the tumor showing diffuse infiltration of the anorectal vegion by large epitheloid
cells with vesicular and prominent nuclei (A) HevE x 10 and (B) He¥E x 40.

Figure 6.
Immunohistochemical analysis of the anorectal melanoma showing positivity for HMB 45 (A), Melan A (B)
and SOX 10 (C).

marker of gastrointestinal stromal tumor, c-Kit is positive in about three-fourth
cases of AM (Figure 4) [32]. In some cases, the tumor cells may show positivity
for CEA, CD30 and CD68 similar to colorectal adenocarcinoma and other tumors
[33]. Hence, a panel of markers should be tested to confirm the diagnosis of AM
in doubtful cases. Some unique markers for melanoma with high specificity and
low sensitivity include Melanin A, Mart-1 antibodies [20]. Interestingly, Ki-67
and proliferating cell nuclear antigen (PCNA) immunostains have been found to
predict survival in patients with AM [31].

Tumor-infiltrating lymphocytes (TILs) provide a reflection of the tumor
microenvironment. Presence of TILs in high concentration is associated with high
programmed cell death protein 1 (PD-1) [34]. High PD-1 expression indicates bet-
ter prognosis for patients with AM due to good response to targeted therapies. TILs
can be seen on hematoxylin and eosin stains and also with immunohistochemistry.
The majority of these TILs are CD8-positive cells. In a study of 43 AM patients, TILs
were present in 55% cases [35].
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6. Diagnosis and staging

As CM and MM are known for early hematogenous spread, secondary gastro-
intestinal melanomas are not rare. Hence, for differentiation between primary and
secondary melanoma, the following criteria must be satisfied: absence of melanoma
at any other cutaneous or mucosal sites confirmed by thorough clinical including
genital, oropharyngeal, ophthalmological and endoscopic examination; no past
history of melanoma and presence of atypical melanocytes in the basal epithelium
of the tissue sample [36].

There is no formal staging system for AM. However, the most commonly
described system for AM in previous studies is the Ballantye clinical system which
has three stages as follows: Stage I - localized disease, Stage II — presence of inguinal
or pelvic lymph nodes and stage III — distant metastasis [37-39]. Interestingly, a
recent study by Nagarajan et al. involving 160 AM patients found that the clinical
American Joint Cancer Committee (AJCC) staging system (8th edition) for CM sig-
nificantly stratified disease-specific survival of AM patients. Moreover, the authors
recommended slight modifications in the AJCC ‘T’ category criteria of staging for
better stratification [40]. Hence, either of the two staging systems can be used to
prognosticate the disease in patients with AM.

7. Treatment

The main treatment options for AM are surgery, chemotherapy, radiation therapy
and targeted therapies. According to a study which analyzed data of 1333 AM patients
from National Cancer Database from 2004 to 2015, the authors found that surgery
alone (48.7%) was the most common treatment given to the AM patients [6]. The use
of chemotherapy and radiotherapy was similar throughout the study period but there
has been a rapid increase in the use of targeted therapies for AM in the last few years.
In Figure 7, we have provided an overview of the management of patients with AM.

7.1 Surgery

Surgery remains the mainstay of treatment. Most of the previous studies recom-
mend surgical excision for Stage I and II AM. However, the benefit of lymph node
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Figure7.
A suggested algorithm for the management of anovectal melanoma. (WLE—Wide local excision,
APR—Abdominoperineal vesection, systemic therapy—Chemotherapy, targeted thevapies).
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dissection in AM has not been established. Unlike rectal adenocarcinoma and CM,
lymph nodal metastasis has no significant impact on the long-term survival [41, 42].
The systemic dissemination of the disease occurs early in the course of the disease
even before lymph nodal metastasis [43]. The 2020 UK National guidelines recom-
mend RO surgical resection in the least radical fashion [44]. Lymphadenectomy
should be performed in cases with metastatic regional lymph nodes.

The main procedures for AM include: (1) function-preserving procedures such
as endoscopic mucosal resection (EMR), wide local excision (WLE); (2) radical
procedures such as low anterior resection (LR), abdominoperineal resection (APR).
In a meta-analysis of 31 studies [43], 7 studies found APR to be superior to WLE
[45-471], 11 studies found WLE to be better than APR [41, 48, 49] while 10 stud-
ies reported similar survival outcomes between the two procedures [42, 50, 51].
However, the local recurrence rate was significantly higher in WLE group (57%
vs. 21.6%). The most recent study of 305 AM patients treated from 2004 to 2015
found no difference in overall survival (OS) between local and transabdominal
resection (2.54 vs. 1.86 years, p = 0.77) [52]. Another recent meta-analysis found no
significant difference in OS, disease-free survival (DFS) and local recurrence rates
between WLE and APR on analyzing of data from 23, 7 and 19 studies, respectively
[53]. So, we believe that WLE with regular surveillance should be the preferred
approach. If WLE is not feasible or there is local recurrence without distant metas-
tasis, then APR should be considered [39].

7.2 Chemotherapy

There is no standard chemotherapy regimen for AM due to the rarity of the
disease. However, dacarbazine in combination with high-dose interferon and inter-
leukin-2 was found to be effective in 10-20% cases of mucosal melanomas [54]. In
a Turkish study of 6 AM patients, all patients received APR followed by adjuvant
chemo- and radiotherapy [55]. The adjuvant chemotherapy included dacarbazine
and temozolomide. In addition, two patients received ipilimumab, and one patient
received interferon therapy. At the mean postoperative follow up of 12.5 months
(6-26 months), 4 patients died due to extensive distant metastases while two
patients were disease free [55]. In another study of 22 patients with metastatic AM,
six patients received dacarbazine while one patient received temozolomide and
thalidomide. The median survival in these patients was 9 months [56].

7.3 Radiation therapy

Radiation therapy has been used for palliation or in the adjuvant setting after
organ preserving surgery such as wide local excision to reduce the chances of local
recurrence. A study by Kelly et al. of 54 patients treated by WLE followed by hypo-
fractionated radiotherapy reported good local control in 82% cases but the 5-year
OS was only 30% [57].

7.4 Targeted therapies

Immune checkpoint inhibitors have become the standard of care in the treat-
ment of metastatic CM. However, their role in MM is still under investigation.
Cytotoxic T-lymphocyte-associated antigen (CTLA-4) and programmed-death
(PD1) protein are the most common immune checkpoint targets expressed on
activated T-cells with immunosuppressive effects. Ipilimumab is a fully human
monoclonal that blocks the binding of CTLA4 with CD80 and CD86 ligands. It was
the first agent approved for the treatment of advanced melanoma. It has an indirect
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effect on the T-cell mediated antitumor immune response. It prolongs survival in
about 20% patients [58].

The ligands of PD1, PDL1 (B7H8) and PDL2 (B7DC) are expressed on tumor
cells and other cell types. The immunosuppression of PD1 receptor is due to the
interaction between T lymphocytes and tumor cells. PD1 blockage seems to be
more effective toward t-cell activation than CTLA-4 inhibition. Nivolumab and
pembrolizumab are humanized monoclonal antibodies against PD1. In a study
of 44 MM patients having metastasis including 14 patients with AM, pembro-
lizumab was found to be more effective than ipilimumab in prolonging the PFS
[59]. Another study reported the objective response rate of 23% and 37% in MM
patients receiving nivolumab alone and in combination with ipilimumab respec-
tively [60]. A study of eight patients treated by immunotherapy, one patient on
PD-1 based combination therapy had stable disease and one patient with PD-1
monotherapy had complete response while rest of the six patients had progressive
disease [35].

Mitogen-activated protein kinase (MAPK) pathway plays an important role in
the cell survival, multiplication and differentiation. Overactivation of this pathway
has been detected in various human cancers. Through this pathway many enzymatic
kinases are expressed that are part of phosphorylation cascade including RAS, RAK,
MEK and ERK kinases [61]. Overactivation of BRAF is one of the most common
cause of abnormal MAPK signaling seen in cancers [62]. The MAPK pathway is
activated in 40-50% cases of metastatic melanomas [63]. Hence, various BRAF and
MEK inhibitors have been used for the treatment of metastatic melanoma.

Dabrafenib is a competitive reversible ATP inhibitor with selective BRAF inhibi-
tion. It has been found to be effective in 50-70% cases of melanomas with BRAF
V600E or V600K mutations [64, 65]. Additionally, use of MEK inhibitors in com-
bination with BRAF inhibitors such as vemurafenib plus cobimetinib or dabrafenib
plus trametinib have prolonged PFS and OS of melanoma patients.

KIT kinase inhibitors such as sorafenib, imatinib, dasatinib, have been found to
be very useful in the treatment of gastrointestinal stromal tumors. But they have
not been very successful in the treatment of melanomas. However, some studies
on KIT-mutated metastatic MM have shown good response to these KIT kinase
inhibitors [66-69].

NRAS mutations are present in 15-20% cases of melanoma [70]. Tumors with
NRAS mutations have aggressive tumor biology and show poor response to immune
check point inhibitors [70]. MEK inhibitors especially binimetinib has shown
promising results in phase II/III studies [71]. Several phase I/1I trials testing the role
of MEK inhibitors in combination with PI3K/AKT inhibitors are underway mainly
including metastatic CM patients [70].

In summary, patients with AM, unlike CM, have poor response to targeted
therapies. Also, the type of targeted therapy to be used depends upon the muta-
tion analysis of the tumor as highlighted in Figure 8. However, the response rates
with targeted therapies are better than conventional chemotherapy and are being
increasingly used in clinical trials and oncology practice. Some immune checkpoints
inhibitors and BRAF inhibitors are being used as adjuvant therapies in the ongoing
clinical trials to reduce the recurrence rate after complete surgical excision.

7.5 Other therapies such as immune mediators such as interferon-a,
interleukin-2

Studies have found alfa-interferon to improve relapse-free survival and overall

survival in patients with CM. In CM, particularly in patients with positive nodal
involvement, a-interferon at the dose of 20 MU/m2/day intravenously 5 day weekly
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A]glow chart outlining the use of various targeted therapies for the patients with anorectal melanoma
(molecular testing—Mutation testing can be done by immunohistochemistry or next-genevation or
high-throughput sequencing (NSG); BRAF inhibitors—Dabrafenib, vemurafenib, encovafenib; MEK
inhibitors— Trametinib, cobimetinib, binimetinib (MEK162); KIT inhibitors—Imatinib, sunitinib, nilotinib;
immune checkpoint inhibitors—Ipilimumab, nivolumab, pembrolizumab).

for 4 weeks, followed by 10 MU/m2/day subcutaneously three times weekly for
4-8 weeks had demonstrated a significant prolongation of DFS and OS [72].
However, their role in AM is not clear.

8. Prognostic factors

The 5-year survival rate of colorectal melanoma ranges from 4.3% to 174% [73].
The median survival of AM has been reported as 21 months [95% CI: 11-30] [15]. The
5-year OS rates of Stage I, IT and III are 26.7%, 9.8% and 0% respectively [35].

A recent study by Menon et al. of 209 nonmetastatic AM patients found no
significant difference in the median overall survival with chemotherapy (1.41 vs.,
2.24 years, p = 0.16), radiotherapy (2.55 vs. 1.96 years, p = 0.31) and targeted therapy
(2.07 vs. 1.96 years, p = 0.95) [52]. This study also found no benefit of adjuvant
therapy in nonmetastatic AM cases after surgery. On the other hand, in 116 patients
with metastatic disease, targeted therapy showed a trend toward higher survival (1.33
vs. 0.55 years, p = 0.06). On multivariate analysis, younger age, urban location of the
patients and surgery were associated with better OS [52]. Other studies have found
that age, tumor thickness, presence of ulceration, lymphovascular invasion, perineu-
ral invasion and tumor AJCC stage are the main predictors of survival [15, 39, 40].

The reported 1-,2-,3-,4-OS rates have been 67,40,40 and 32% in APR group and
100,100,67, and 67% in WLE group [39]. The median survival in WLE and APR
groups were 36 and 13 months respectively [3]. In another study by Bello et al., no
significant difference was found between WLE (n = 81) and APR (n = 14) provided
the resection margins were tumor-free [74].

The site of origin of melanoma affects the prognosis as seen in cutaneous and
mucosal melanoma. Whether the location of the tumor such as anal, rectal or anorectal
affects the prognosis is not clear. In a study of 120 AM patients by Bello et al., the
authors divided the patients in to three groups: anal (tumor below dentate line), ano-
rectal (tumor at or traversing dentate line) and rectal (tumor above the dentate line).
They found no significant difference in the DFS (23 vs. 28 vs. 27 months, p = 0.887) and
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OS (22 vs. 28 vs. 27 months, p = 0.696) between the three groups [74]. Additionally,
they found no survival benefit with adjuvant radiation or systemic therapy.

In the largest study of 60 Asian patients with AM, the authors found
age > 70 years, tumor size more than 5 cm, tumor thickness more than 10.5 mm,
lymph nodal metastasis, tumor invasion beyond deep muscular layer to be associ-
ated with poor disease-specific survival on univariate analysis. Among these
parameters, only age > 70 years and depth of tumor invasion were independent
predictors of low disease-specific survival [75].

9. Conclusion

AM is an uncommon malignancy of the anorectal region with high malignant
potential. Early diagnosis and treatment are required to achieve good long-term
results. Surgical excision remains the mainstay of curative treatment. AM shows
poor response to radiotherapy and conventional chemotherapy. Targeted therapies,
in the recent years, have shown promising results. Future studies with the use of a
combination of chemotherapy, immune check point inhibitors, BRAF inhibitors,
and MEK inhibitors are required to improve the long-term survival.
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Abstract

Mucosal melanomas of the head and neck are very rare malignancies that present
with aggressive behavior and poor prognosis. Usually diagnosed at advanced stages,
thus presenting macroscopically as aggressive nodular neoplasms arising from
the mucosa; few cases are detected in situ. Tumor staging for mucosal melanoma
remains a challenge. Several staging systems have been suggested, including tumor-
nodal-metastases (TNM) staging systems, but none are frequently used. There is no
clear consensus on the management of head and neck mucosal melanoma, which
reflects the rare nature of the disease and complexity of the anatomic site. The
late diagnosis, frequently presenting at an advanced stage, denotes the aggressive
nature of the disease. Currently, early detection and surgical excision is considered
the primary method of treatment. The multidisciplinary team approach can help
reduce morbidity and mortality once optimize treatment, reduce costs and minimize
adverse events, while maximizing the chances of recovery.

Keywords: mucosal, melanoma, head and neck

1. Introduction

Mucosal melanomas of the head and neck are very rare malignancies that
present with aggressive behavior, including frequent local recurrence, and poor
prognosis. First described by Weber in 1859 [1] and classified as its own distinct
disease by Lucke et al. in 1869 [2], they represent a small fraction of all head and
neck melanomas.

Unlike cutaneous melanomas, which incidence is believed to be rising over the
years, the incidence of mucosal melanomas seems to remain stable [2]. Its annual
incidence rate in Europe was estimated in 1.5 per million, with slight female pre-
dominance (1.2 vs. 1.0 per million) and in people aged over of 65 years [3], with
median age at diagnosis ranging around 70 years old — developing at more advanced
ages when compared to cutaneous melanomas. Significant variation between races
is observed, with the Japanese more likely to be affected (8%) when compared to
Caucasians [4], especially regarding oral cavity mucosal melanoma, suggesting asso-
ciation of this particular subtype with common hereditary or environmental factors,

67 IntechOpen



Melanoma

still not identified [5]. Mucosal melanomas represent 0.8 to 3.7% of all melanomas,
0.03% of all neoplasms [6] and occur most commonly in the head and neck (55%)
[7], mainly in the nasal cavity (lateral wall and septum) and paranasal sinuses
(ethmoid and maxillary sinuses) [6], followed by the oral cavity — approximately
80% in the mucosa of the upper jaws (maxillary anterior gingiva), in the keratin-
izing mucosa of the palate and alveolar gingivae [8] -, pharynx, larynx, and upper
esophagus [3, 9].

To date there are no clearly established risk factors for the mucosal melanoma
development [5]. Cigarette smoking seems to be a risk factor for the oral tumor,
while exposure to formaldehyde has been suggested as risk factor for the sinonasal
malignancy. Association with viruses, such as human papilloma viruses, human herpes
viruses or polymavirus is unlikely. Although sun radiation is a well-established risk
factor for cutaneous melanoma, there is no evidence of its implication in mucosal
melanoma pathogenesis, since its common locations preclude exposure to UV light [3].

Another particularity of mucosal melanomas, divergent from the cutaneous
ones, is the more hostile behavior and frequent neoplastic dissemination, which
results in greater death rate [10]. The mucosal melanoma aggressive clinical course
results in very poor prognosis, especially among old male patients, likely due to
little understanding of this rare malignancy and delayed detection, given the lack
of specific clinical features for diagnosis, a challenging scenario for clinicians and
pathologists [4]. Studies made on European cases diagnosed between 2000 and
2007 showed survival rates in 1, 3 and 5 years of 63%, 30% and 20%, respectively,
as well as high rates of locoregional recurrence and distant metastasis [3, 11].

Tumor arising from the respiratory mucosa (such as the nasal cavity) have
different clinical and pathological features when compared to those involving oral
mucosa, as melanomas originating from non-squamous mucosa behave differently
than those originating from multilayered squamous mucosa [11], but still they share
similar adverse outcomes and prognosis and, therefore, will be discussed further in

this chapter [1].

2. Pathology and biology

Melanomas are malignant tumors arising from pigment cells - melanocytes.
Tumors can either develop from stem melanocytes with cytogenetic variations
or mature melanocytes with secondary cytogenetic alterations due to external
stimuli [6]. Precursors of melanocytes migrate from the neural crest to their
final destination through embryonic mesenchyme, along specific pathways,
most of them ending up in the epidermis and dermis of the skin, while some of
them can be found in other locations, such as the mucosal membranes of the
respiratory, gastrointestinal, and genitourinary tract [2, 3]. Melanin, the main
product of melanocytes, may be missing in rare cases (2 to 8%), resulting in a
non-pigmented lesion, referred as amelanotic malignant melanoma [9]. The
presence and the function of melanocytes in the mucosa remain unclear. A few
studies have supported the hypothesis of anti-oxidative, antimicrobial and
immunological functions [3, 6]. In the sinonasal region, melanocytes take part in
the metabolization of polycyclic aromatic hydrocarbons, suggesting association
between inhaled environmental and immune factors and the development of
mucosal melanoma in this particular site [5].

The etiology and pathogenesis of mucosal melanoma of the head and neck is
still not fully understood. Whether it is due to preexisting mucosal nevi or racial
pigmentation affecting its site, no risk factors have been unequivocally linked to
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those features. Despite the common association between cutaneous melanomas

and sun exposure, mucosal melanomas are associated with embryology alterations
(justifying the close proximity of commonly affected areas), inhaled and ingested
carcinogens (e.g. smoking and formaldehyde exposure) and family history. Reports
suggest that smoking patients have greater prevalence of pigmented oral lesions due
to a hyper-production of melanocytes in the oral mucosa. Furthermore, 33% of oral
cavity mucosal melanomas are preceded by pathological oral melanosis - increased
number of normal or atypical melanocytes in the basal cell layer of the oral epithe-
lium. Even though, conflicting data suggest oral melanosis should not be considered
a pre-cancerous lesion [6]. Molecular studies of mucosal melanoma show several
genetic changes in intracellular signaling cascades, which may constitute the
distinct pathogenic mechanisms among these malignancies. Genomic hybridization
studies have shown varied chromosomal aberrations - gains of 1q, 6p and 8q; gain
of function mutations, such as K642E, L576P, D816H and V559A; amplifications of
the 4q12 locus [11].

Special attention is addressed to the high incidence of activating mutations in
the c-KIT (CD117) oncogene, present in 80% of all primary mucosal melanomas,
whereas it seems not to have pathogenic importance in cutaneous melanomas
[2, 5, 11]. KIT is a transmembrane tyrosine kinase receptor, expressed on mela-
nocytes, but also on hematopoietic progenitor cells, mast cells, primordial germ
cells, and interstitial cells of Cajal. Activating mutations and amplifications
generate activation of growth and proliferation pathways, which seem to be
important and common in acral and mucosal melanoma, both tumors unrelated to
sun exposure [8]. Screening for KIT aberrations may have diagnostic value, given
the evidence of a possible pathogenic role of this gene in mucosal melanomas, as
well as a possible a therapeutic target in these patients [12]. Therapeutic c-KIT
blockade could be useful in the treatment of patients with activating KIT muta-
tion [6]. New drugs, such as imatinib, work on this pathway [8].

Along its signaling pathway, Microphthalmia-associated transcription factor
(MITF) is referred to be involved in melanocyte development. The amplification
of this gene is found in approximately 15-20% of primary mucosal melanomas.
RAS-mitogen activated protein kinase related genes overexpression were found
in up to 90% of primary mucosal melanomas [11]. Mutations in B-type Raf gene
(proto-oncogene BRaf), present in up to 70% of cutaneous melanomas, have been
detected in less than 10% of primary mucosal melanomas [2, 11]. Differently
from the Human Papillomavirus (HPV) infection, which leads to p16/INK4a
overexpression, loss of pl6 expression, CDKN2A mutations, and loss of hetero-
zygosity are observed in up to 50% of primary mucosal melanomas. GNAQ/11
mutations were observed in only 9.5% of the patients, who also presented shorter
mean survival when compared to patients with wild type GNAQ/11. Programmed
death-ligand 1 (PD-L1) expression seems to occur less frequently in patients with
mucosal melanoma, which may lead to believe that mucosal melanomas are less
immunogenic due to a lower mutational burden [2]. Primary sinonasal melanomas
develop due to distinct genetic abnormalities, that lead to diffuse activation of the
PI3K/Akt and RAS-MAPK pathways. These specific genetic pathway alterations,
however, are not associated with different prognosis [6].

The key molecular events that trigger the malignancy development and
progression is still unknown, which makes it difficult to work on new specific or
multimodal treatment for this disease [12]. We can observe that mucosal melanoma
is one unique subgroup in a vast emerging molecular classification system of
melanoma. The complete understanding of these mechanisms may hopefully lead
to a future of more optimized target therapy [11].
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3. Diagnosis

Melanomas are malignant tumors arising from pigment cells—melanocytes.
Melanocytes in mucosal membranes are distributed to the oral cavity, nasal cavity,
paranasal sinuses, esophagus, larynx, vagina, cervix, rectum, and anus [13].

Mucosal melanoma of the head and neck (HNMM) region constitutes 55% of
all mucosal melanomas, but <10% of all melanomas of the head and neck region. A
majority of these tumors are found in the sinonasal regions (55%), while the rest are
located in the oral cavity (25-40%) [13-16]. Mucosal melanomas generally present
at a later stage, are more aggressive and carry a worse prognosis regardless of the
stage at diagnosis [17-31].

Of all mucosal melanomas, paranasal sinus has the worst prognosis. The best
prognosis locations are the nasal and oral cavity [15]. In contrast to cutaneous
melanomas, mucosal melanomas more frequently are amelanotic and present
in a multifocal fashion [17]. Early detection provides the best chance at survival
but is often difficult due to anatomic location [17, 22, 27, 29]. Mucosal melanoma
remains a challenge for several reasons: firstly, the clinical diagnosis often occurs
relatively late, because it is not usually confirmed before the disease is symptom-
atic; secondly, traditional aspects of cutaneous melanoma clinical staging may
not apply; and thirdly histological diagnosis can be difficult due to its rarity and
variable appearance.

3.1 Clinical signs and symptoms
Presenting symptoms of mucosal melanomas differ in relation to the site of origin.
3.1.1 Primary mucosal melanomas of the nose and pavanasal sinuses

Sinonasal primary mucosal melanomas (PMM) account for <1% of all melanomas
and <5% of all sinonasal tract neoplasms [32].

In the sinonasal tract, early signs and symptoms are similar to those encountered
in inflammatory benign conditions and therefore may be overlooked for some
time [33].

The tumors can present with non-specific symptoms including nasal obstruction,
facial pain, rhinorrhea and epistaxis [34]. In advanced stage primary tumors, symp-
toms such as diplopia, exophthalmos, ophthalmoplegia, headache, skin infiltration
and ulceration, can occur [11].

At endoscopy, MM may present as a polypoid, with strict unilateral involve-
ment in most cases. Lesions may have different degrees of pigmentation, with the
possibility of diversely pigmented areas within the same mass. It can assume dark,
brown, red, or pale white colors.

Compared with oral melanoma, completely amelanotic tumors are rare but
when they do occur are associated with an even worse prognosis because of a more
aggressive biology and greater difficulty in diagnosis [33]. Furthermore, multiple
lesions (satellite lesions) can be frequently observed, even centimeters away from
the main tumor, with spreading occurring along the mucosal/submucosal planes.

Among sinonasal cases, approximately 80% are located in the nasal cavity itself,
most commonly the middle and inferior turbinates, lateral nasal wall and nasal
septum, while 20% occur in the paranasal sinuses [13, 15, 16].

Concurrent nasal and paranasal lesions are infrequent.

The most frequently involved paranasal sinus is the maxillary sinus followed by
the ethmoid, frontal and sphenoid sinuses respectively [11]. Primary lesions of the
sphenoid and frontal sinus are exceedingly rare [11, 35].
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Most of the patients with melanomas of the nasal cavity (75%) are diagnosed
with clinically localized disease. That is the reason why patients with nasal mela-
noma have a more favorable prognosis when compared with melanoma arising from
other head and neck sites. However, melanomas of the paranasal sinuses are usually
advanced at presentation. PMMs of the ethmoid and maxillary sinuses have a worse
prognosis than those arising from other sites. This is related to the higher T clas-
sification and late symptomatology. When occurs infiltration into the orbit, skull
base, infratemporal fossa or facial soft tissue, the outcome is very poor [36-39]. At
initial diagnosis, lymphatic metastases are present in 10% to 20% of patients with
sinonasal PMMs, and <10% of patients have evidence of distant metastases [40].
40% of cases will develop distant metastases in lungs, brain, bone, and liver, during
the course of the disease [41]. Vascular and neural invasion is observed in approxi-
mately 40% of patients [42]. Early and repeated recurrences is frequently noticed in
malignant melanomas of the nasal cavity and paranal sinuses.

3.1.2 Primary mucosal melanomas of the oral cavity

Primary mucosal melanomas of the oral cavity account for <1% of all melano-
mas, 0.5% of all oral malignancies, and 40% of all PMMs of the head and neck.
The incidence of oral PMMs is higher in Asians, Africans, Hispanics, and Asian
Indians [43-45].

Oral primary mucosal melanomas tend to present late as they are usually
asymptomatic in the early stages and are often unnoticed by patients [11].

Compared to sinonasal disease, it may be diagnosed earlier due to the greater
accessibility for inspection and oral examination.

Oral MM generally presents as a hyperpigmented lesion (Figures 1 and 2),
with a wide range of colors varying from black, brown, gray to reddish or white.
Interestingly, oral lesions may be amelanotic in up to 10-30% of cases; in these
patients, diagnosis may be challenging. Amelanotic melanomas may simulate
pyogenic granulomas [46, 47].

The tumors can be macular, nodular or plaque-like. Just like cutaneous melanomas,
melanoma in the mouth may be asymmetric with irregular borders.

There can also be non-specific symptoms including bleeding, ulceration and
pain, which is associated with the vertical growth of the lesion [48].

Macular lesions are flat, and up to one-third of patients have a long history of
mucosal pigmentation (melanosis) [49, 50], which is considered the radial growth
phase before invasion of underlying tissues (vertical growth phase). Nodular
tumors, conversely, have an irregular surface and present as ulcerated, exophytic
lesions.

Figure 1.
Aveolar ridge mucosal melanoma.
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Figure 2.
Hard palate mucosal melanoma.

As with the sinonasal tract, it is also possible to observe satellite lesions in the
oral cavity surrounding the primary lesion [49, 51].

The majority of oral melanomas occur in the maxillary alveolar ridge or the hard
palate. Such locations favor early invasion of underlying bone, which may account
for their poor prognosis. The buccal mucosa, lips, tongue, floor of the mouth, and
uvula can also be affected as well [52].

The involvement of other subsites (floor of the mouth and tongue) is not
commonly observed.

Tanaka et al. [52] featured oral MM into 5 types: pigmented, nodular type;
non-pigmented, nodular type; pigmented, macular type; pigmented, mixed type;
non-pigmented, mixed type. This classification was based in patterns of growth and
presence of pigmentation.

25% of the patients with oral cavity melanomas present with lymph node
metastases. The likelihood of cervical lymph node metastases increases when the
tumor thickness is more than 5 mm [53, 54]. Wu et al. [52], on the other hand,
found that MMs with a nodular pattern of growth have a higher risk of nodal
involvement compared to macular melanomas.

3.1.3 Primary mucosal melanomas of other head and neck sites

Rare cases of laryngeal [55], oropharyngeal [56] and nasopharyngeal [50, 57]
MM have been reported; these lesions are extremely rare, with only sixty cases
reported in the literature. The tumors are most commonly located in the supraglottic
region (62.2%) followed by the vocal cords (37.8%).

Clinical presentation does not generally differ from that typical of other primary
tumors, mainly squamous cell carcinomas, arising in the same sites.

The symptoms of laryngeal MM are dysphagia, hoarseness, and painful sore
throat [18, 19, 58].

Pharyngeal lesions may cause hemorrhage, dysphagia and/or dyspnea [19].

Symptoms of nasopharyngeal PMMs are similar to sinonasal PMMs; the tumors
usually present with epistaxis, nasal obstruction, and obstruction of the Eustachian
tube with serous otitis [19].

Notably, the risk of nodal (65.5%) and distant (59.3%) metastases in pharyngo-
laryngeal lesions is definitely higher than in other head and neck subsites [4].

As a general rule, the risk of nodal involvement in HNMM at presentation is
higher in oral (25-43%) [47] than in sinonasal lesions (<10%) [35, 53].

The high rates of cervical node involvement at presentation is probably related
to the size of primary lesions. 61% of nodal involvement occurs in lesions larger
than 4 cm. Levels I (68%), II (68%) and III (23%) are the most commonly involved,
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whereas the frequency of metastases at levels IV (12%) and V (2%) is much lower
[44]. The occurrence of distant metastases at presentation is low (5-10%), with
no significant difference between oral and sinonasal lesions [53, 59]. The brain
and lungs are the preferential sites of distant localization, whereas multiple organ
involvement may be detected in up to one-third of cases [53].

3.2 Histological diagnosis

Head and neck PMMs are usually diagnosed at advanced stages, thus presenting
macroscopically as aggressive nodular neoplasms arising from the mucosa; few cases
are detected in situ [60]. Histopathological diagnosis is straightforward when the
tumor cells are melanin rich. About two thirds of mucosal melanomas contain some
intracytoplasmic brown pigment, which has to be confirmed as melanin and can be
found in tumor cells or macrophages [61].

The histological features of HNMM can be as diverse as cutaneous melanomas
[62], with variable mitotic activity and cell morphology [11]. Approximately 15 to
50% of cases presents with amelanotic lesions [63, 64]; as they can mimic another
malignant neoplasms, including squamous cell carcinoma, this diagnosis has been
challenging. These tumors frequently have a worse outcome [65, 66].

Histologically, mucosal melanoma is characterized by the proliferation of
neoplastic melanocytes with variable phenotypes (epithelioid, spindle, and plasma-
cytoid cells without maturation and with nuclear changes, appearing as large and
hyperchromatic nuclei with prominent nucleoli) that are arranged in a sheet-like,
organoid, alveolar, solid, or desmoplastic architecture. They display high mitotic
activity and show a pattern of invasion of the submucosa destroying the underlying
tissues [67-69].

Tumors with mixed cell phenotypes are more related with vascular invasion and
the development of metastasis. The neoplastic proliferation is commonly found along
the junction between the epithelial and lamina propria, but this may be difficult to
detect in advanced and ulcerated lesions [70].

Molecular studies have tried to find clinical predictors and immunohisto-
chemical biomarkers to improve outcomes and survival rates.

Immunohistochemical stains may help distinguish mucosal melanoma from
other malignancies and from cutaneous melanoma.

PMMs variously express S-100 protein and melanocytic markers, including
MART-1/Melan-A, tyrosinase, HMB- 45, and MITF. 62 S-100 protein has greater
sensitivity, but HMB-45 is probably more specific [42]. The absence or scarcity
of melanin makes the diagnosis difficult and immunohistochemical techniques
are required. The cells of amelanotic melanomas are positive for S-100 protein
Melan-A, HMB-45, MITF and vimentin; and negative for cytokeratin [71].

One study assessed the expression of DNA mismatch repair and looked for the
presence of microsatellite instability in HNMM. They showed that the cells had
increased expression of mismatch repair proteins and increased microsatellite
stability [72]. Besides these classical markers, the diagnostic potential of other
molecules has been evaluated in Primary Oral Mucosal Melanoma (POMM), in
particular several adhesion molecules. Integrin beta-3 and CD166 expression is
correlated with extensive vascular invasion, while lower expression of CD54 is
correlated with cell necrosis [73].

The expression of BCL2 in POMM has an important correlation with a longer
overall survival [74].

The expression of podoplanin and CD13 in combination with S100 has been
useful in the evaluation of lymph vessel and blood vessel invasion. Both markers are
related to a poorer prognosis [75].

73



Melanoma

Programmed cell death ligand 1 (PDL-1) is known as a potent prognostic
biomarker in several human tumors. Although this experimental evidence strongly
supports the use of monoclonal antibodies targeting immune checkpoint proteins in
MM, PDL-1 expression does not seem to be predictive of patient outcome, at least in
melanoma [76]. Indeed, although PDL-1 positive tumors achieve a better responses
to immunotherapies, PDL-1 negative patients can also have good outcomes.

3.3 Imaging of melanomas of the head and neck

When malignancy is suspected, computed tomography (CT) and magnetic
resonance imaging (MRI) are valuable in defining the locoregional extent of the
tumor, which is critical in determining resectability. For more accurate evaluation
of MM, magnetic resonance imaging (MRI) is the modality of choice. This modality
provide more information about the tumor, the localization, its relation to adjacent
structures, and expansive or infiltrative characteristics. The analysis of signals in
the different sequences is more.

sophisticated than the analysis of CT densities. The MRI signal of mucosal
melanoma is influenced by the amount of melanotic pigment and hemorrhage
within the lesion.

CT and MRI, when used together, can be complementary and define even better
the invasion and destruction of structures of the skull base by soft-tissue masses.

The paramagnetic properties of melanin and of the free radicals produced by
the metals ligated to the pigment itself account for a MRI pattern composed of T1
hyperintensity and T2 hypointensity [77].

MM usually manifests radiologically as an aggressive solid tumor with destruc-
tive characteristics related to compression or infiltration. The tumor causes bone
destruction and invades adjacent soft tissues [13]. Thus, pre-treatment tumor
mapping requires definition of tumor relationships with all surrounding anatomic
sites and subsites. It is mandatory the accurate evaluation of involvement of
intracranial structures and the surrounding vital structures such as cranial nerves
or vessels, the anterior cranial fossa, the orbits, the pterygopalatine fossa and the
infratemporal fossa.

Tumors arising along the Eustachian tube or in the nasopharynx can spread
to the skull base at the foramen lacerum or along the tube to potentially reach the
middle ear.

From a surgical point of view, key elements in the preoperative staging of
mucosal melanoma of the oral cavity and oropharynx include depth of submucosal
invasion, extension across the midline bone invasion and infiltration of deep space
of the suprahyoid neck [77]. When the neoplasm reaches important anatomic
crossroads, such as the posterior third of the hard palate, the pterygopalatine fossa,
and the foramen ovale, perineural growth should be accurately evaluated.

MRI is the standard imaging modality for postoperative surveillance.
Micrometastases may be radiologically occult. Because of the high fluorodeoxy-
glucose avidity of PMMs, FDG-positron emission tomography (PET)/CT may play
an important role in the staging of PMM and in selecting the goals of therapy for
patients with suspected metastasis or recurrence [78, 79].

3.4 Staging
Tumor staging for mucosal melanoma remains a challenge. Several staging
systems have been suggested, including tumor-nodal-metastases (TNM) staging

systems, but none are frequently used. TNM staging is only used for head and neck
mucosal melanoma [11, 18].
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The often concealed locations of mucosal melanoma result in frequent presen-
tations of advanced disease.

In addition, unique to these anatomic locations are vast vascular and lym-
phatic networks in close proximity to the primary tumor, allowing for diffuse
spread, with approximately one third of patients having nodal involvement at
diagnosis [17, 21, 22, 24, 25, 29].

While different staging systems are in place for mucosal melanomas of different
primary sites, Ballantyne described a three level staging system for classifying mucosal
melanomas in 1970, which continues to be largely used:

Stage I: clinically localized disease;

Stage II: regional nodal involvement (cervical lymph node metastases).

Stage III: distant metastatic involvement.

Although its major advantage lies in its simplicity, this classification does not
include depth of invasion or local tumor extension. The classification provides
limited prognostic information as the majority of patients present with stage I
disease [80].

To overcome these limitations, the pattern of tumor invasion has been studied in
depth by Prasad et al., who reported that progression of the invasion at the micro-
scopic level is associated with clinical worsening and suggests increased aggression.

They proposed microstaging as a prognostic marker, based on invasion of tissue
compartments [81]:

Level I (in situ disease)

Level IT (superficially invasive: melanoma invading up to the lamina propria)

Level III (deeply invasive: muscle, bone or cartilage).

The study evidenced a statistically significant difference in disease specific
survival rates in levels I (75%), II (52%) and III (23%) respectively. However, this
classification system is based on histological findings, the disadvantage is that it can
only be used in evaluation of tissues following tumor excision, although invasion
noted on pre-treatment imaging can be included.

The American Joint Committee on Cancer (AJCC) staging system for head and
neck mucosal melanoma is often utilized, beginning at stage III. This focuses on the
extent or size of the primary mucosal tumor using it as a predictor for outcome [82].
Mucosal melanomas are aggressive tumors, therefore T1 and T2 are omitted as are
stages I and II.

TNM Clinical Classification:

T — Primary Tumor

TX: Primary tumor cannot be assessed

TO: No evidence of primary tumor

T3: Tumor limited to the epithelium and/or submucosa (mucosal disease)

T4a: Moderately advanced disease involving the deep soft tissue, bone, cartilage,
or overlying skin T4b: Tumor invades any of the following: brain, dura, skull base,
lower cranial nerves (IX, X, XI, XII), masticator space, carotid artery, prevertebral
space, mediastinal structures

N - regional lymph nodes.

NX: regional lymph nodes cannot be assessed

NO: no regional lymph node metastasis

N1: regional lymph node metastasis

M - distant metastasis

MO: no distant metastasis

M1: distant metastasis

Stage Grouping

Stage III: T3 NO MO

Stage IV A: T4a NO MO

75



Melanoma

T3 ouT4a, N1, MO

Stage IV B: T4b, Any N, MO

Stage IV C: Any T, Any N, M1

A staging system should be valid as a prognostic tool to target treatment in terms
of overall survival, but this system is not yet identified. At this point, tumor thick-
ness greater than 5 mm, more than 10 mitotic figures per high power fields and/or
ulceration has been suggested as independent prognostic factors [11]. To develop a
uniform staging system a more thorough understanding of the prognostic factors
is required [17]. This could facilitate comparisons of the results of different institu-
tions, and help define the best therapy.

4. Treatment/management

There is no clear consensus on the management of head and neck mucosal mela-
noma, which reflects the rare nature of the disease and complexity of the anatomic
site. The late diagnosis, frequently presenting at an advanced stage, denoting the
aggressive nature of the disease. Currently, early detection and surgical excision is
considered the primary method of treatment.

4.1 Surgery

Surgical treatment is the “gold standard” [80]. Wide excision with clear margins
is the first goal in surgical management, once the complete surgical resection with
negative margins significantly improves patient prognosis [83], whereas positive
surgical margins have been associated with a higher rate of distant metastases,
decreased survival measures, and a significantly higher risk of death compared to
patients with negative surgical margins [84-86].

The incision depends on tumor site and size. Due to low rate of regional spread
and the lack of effect on survival, elective neck dissection is not recommended.
Neck dissection is mandatory only in cases of clinical or radiological positivity neck.
Sentinel lymph node biopsy is not usually performed [80, 87, 88].

Surgical excision as a monotherapy should be reserved for patients with small
tumors, localized disease and negative margins [89].

For sino-nasal mucosal melanomas, endoscopic techniques or external incision
can be used [80, 90, 91]. In cases of oral mucosal tumors, a radical surgical resec-
tion with clear margins is the only curative option, and in cases of large masses,
maxillectomy or marginal or segmental mandibulectomy is a possibility [11].

For laryngeal or pharyngeal melanomas, for complete resection is necessary
total or partial laryngectomy or pharyngectomy [91]. The HNMM can be an
aggressive disease and has high recurrences, demanding extensive resection surgery
leading to disfigurement [80].

In most cases, complete resection is technically impossible without a destructive
or disabling procedure, due to the proximity of the tumor to critical organs, but
also because of the acceptable cosmetic result [36, 92], which frequently makes an
adjuvant therapy necessary. Supplementary surgery can be executed for patients
with recurrent disease and no evidence of distant disease [35, 90].

The National Comprehensive Cancer Network (NCCN, U.S.A.) guidelines
emphasize that primary treatment should be surgical for stage III to IVA in the
AJCC staging system but state that surgery is not recommended for stages IVB and
IVC. These patients should be allocated in clinical trials or offered primary radiation
therapy [93].
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4.2 Radiotherapy

Radiotherapy (RT) is indicated to control local disease, positive surgical
margins, or in case of palliative therapy. The addition of radiotherapy to surgery
(adjuvant RT) may reduce the risk loco-regional recurrence without any impact
on overall survival and disease-specific survival neither on the risk of distant
metastasis [83, 87, 94-98].

According to the NCCN, adjuvant RT is indicated for patients with resected
melanoma with high-risk nodal disease with four or more positive lymph nodes,
lymph nodes of >3 cm and macroscopic extranodal soft tissue extension [93].

There is no clear indication of the appropriate evidence and the best radia-
tion scheme.

Particle-beam therapy has also been used to facilitate the delivery of high doses
to the residual tumor while minimizing exposure to the surrounding normal
tissues, avoiding severe adverse effect in patients with tumors proximal to critical
anatomical structures [99-101].

Primary RT alone has been advocated in patients with non-operable disease or a
poor performance status [91].

4.3 Chemotherapy

The role of chemotherapy is minor compared to the biological and immuno-
logical systemic therapies [102]. The paucity of association of chemotherapy alone
with improve overall survival led to its discontinuation as the election treatment
for patients with metastatic mucosal melanoma. Therefore, chemotherapy is
nowadays used as an adjuvant therapy in combination with other immunothera-
peutic and biological drugs [103, 104].

4.4 Biological treatment

The selective inhibitors of various targeted (targeted therapy) have been
approved since 2011 and include the BRAF inhibitors, dabrafenib and vemurafenib,
the MEK inhibitors, trametinib and binimetinib and c-KIT inhibitors, which
provides an attractive opportunity for developing adjuvant therapies for HNMM,
mainly for patients with advanced locoregional or metastatic disease.

Vemurafenib, dabrafenib and trametinib are options for patients with BRAF
V600 mutations who have unresectable or metastatic melanoma, mostly in com-
bined therapy [3].

The selective inhibition of ¢-KIT alteration with, for example, the tyrosine
kinase inhibitor, imatinib mesylate, has been revealed significant outcomes in
patients with the K642E c-KIT gene mutation [27] whereas dasatinib, showed
promising results in clinical trials in patients with L576P c¢-KIT gene mutation, once
the KIT gene is mutated or present in increased numbers in mucosal melanoma
[28]. Nilotinib is another selective inhibitor of ¢-KIT that does not require an active
transport mechanism to enter cells [3]. Sadly, target therapy for c-KIT-mutated
mucosal melanoma does not attempt the clinical reliability detected with BRAF-
targeted treatment in cutaneous melanoma.

In clinical trials vemurafenib, a BRAF kinase inhibitor, has been showed greater
efficacy and tolerability when compared to the chemotherapeutic dacarbazine
[105, 106], as well as binimetinib, a MEK inhibitor (MEK162), administrated
before or after immunotherapy with better overall response, progression-free
survival, and disease control [107, 108].
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4.5 Immunotherapy

A role for biologic treatment, as well as immunotherapy, has emerged over the
last decade. Recent studies suggest that immunotherapy may confer survival benefit
to patients with advanced disease.

Multiple prospective and retrospective studies support the use of the mono-
clonal antibody targeting cytotoxic T-lymphocyte-associated antigen-4 (CTLA4),
ipilimumab, a promising immunotherapy [109], and the inhibitor of interactions of
ligands PD-L1 and PD-L2 with its receptor, programmed death-1 receptor (PD-1),
therefore blocking T-cell activation (anti-PD1 agents), nivolumab and pembroli-
zumab [110].

Nivolumab has been used as a promisor therapy in clinical trials. In patients with
ipilimumab monotherapy-refractory or ipilimumab in combination with BRAF
inhibitor-refractory metastatic melanoma, nivolumab showed a higher overall
survival rate than standard chemotherapy [110, 111]. Furthermore, nivolumab in
combination with ipilimumab has been shown a higher overall response rate then
monotherapies [112].

Just like nivolumab, other checkpoint inhibitors, like pembrolizumab, have
demonstrated more improvement in progression-free survival, toxicity, and overall
survival than ipilimumab [113, 114].

Durvalumab and atezolizumab, other anti-PD-L1 antibody monotherapies, have
not been very successful [115], whereas ipilimumab, nivolumab and pembroli-
zumab are standard options for unresectable or metastatic melanoma and may have
potential as adjuvant therapy [3].

5. Prognosis

The prognosis of HNMM is relatively dismal, often due to late diagnosis, with
5-year overall survival rate of 25% [116-121] and higher rates of local recurrence
and distant metastases than cutaneous melanomas [10, 122, 123].

Distant metastasis is the most common cause of treatment failure. The most
common sites for distant metastases are the lungs, followed by the liver, bones and
brain [124].

Local recurrence is frequent and commonly associated to positive surgical
margins. Advanced age is associated with decreased survival [59, 83, 98, 124-126].
Present of distant metastases, advanced T-category, ulceration, vascular invasion,
deep infiltration and male gender are associated with a poorer prognosis too [8, 97].

The multidisciplinary team approach can help reduce morbidity and mortality
once optimize treatment, reduce costs and minimize adverse events, while maxi-
mizing the chances of recovery. A collaborative interprofessional team includes
surgery, medical oncology, radiation oncology, radiology, nuclear medicine and
pathology [127]. A multidisciplinary team workup will provide proper appraisal
evidence based decision-making, and the most helpful treatment planning and care.

6. Conclusion

Mucosal melanoma is an exceedingly rare variant of cutaneous melanoma, with
aggressive behavior and less favorable prognosis. This could be because of late
diagnosis, patients’ delay or the obscured anatomic site of origin. Unfortunately,
because of its rarity, is poorly described and infrequently studied. Establishing
guidelines for the clinical course of mucosal melanoma has been challenging.
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The etiology and pathogenesis remain unclear. To date there are no clearly
established risk factors for its development.

Primary tumor resection is the best treatment that also provides additional prog-
nostic indicators. The type of surgical approach used is dependent upon the location
and extension of the tumor, but the goal is negative margins with minimal cosmetic
or functional derangements. Unfortunately, achieving melanoma-free margins is
often compromised due to the anatomical complexity of the region and the close
proximity of critical anatomic structures. Elective neck dissection is indicated for
patients with lymph node metastases, especially in oral mucosal melanomas where
there is an increased frequency. Adjuvant external beam radiotherapy is generally
advocated with chemotherapy and targeted therapy being used for distant meta-
static or unresectable disease.

Systemic treatment with immunotherapy can offer scope for modifying the
course of the disease but response rates are lower and clinical research remains a
priority. More studies and investigations are necessary to provide enough informa-
tion and increase the survival rates.
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Chapter 6

The Role of the Meiotic
Component in Reproduction of
B-RAF-Mutated Melanoma: A
Review and “Brainstorming”
Session

Dace Pjanova, Ninel M. Vainshelbaum, Kristine Salmina
and Jekaterina Evenpreisa

Abstract

The ectopic expression of cancer testis (CT) antigens and classic meiotic genes
is characteristic and a hallmark of poor prognosis of melanoma disease. Here the
potential mechanisms of meiotic influence on the cell and life cycle of malignant
melanoma are reviewed in the genetic, epigenetic, and evolutionary aspects. The
involved mutant B-RAF and N-RAS-induced senescence may be reversed by repro-
gramming, with stemness linked to meiotic landscape, possibly induced by DNA
double-strand breaks at the mutual telomere hot spots. The induced by senescence
mitotic slippage (reset of interphase from arrested metaphase) and resulting poly-
ploidy trigger the meiotic ploidy cycle to function for effective DNA recombination
repair, genome reduction, and escape of survivors, which enter the mitotic cycle
again. The aberrant meiotic pathway in cancer is reviewed in the ancestral asexual
variants; inverted meiosis is possible. The conundrum of cancer aneuploidy para-
dox, selection of fit clones, and the Muller’s Ratchet of inevitable accumulation of
harmful mutations is discussed. The bioinformatic study of the densely connected
protein interaction network of CT antigen expressed genes revealed the melanoma-
genesis attractor composed of PRAME and small MAGEA group in primary tumors
as compared with B-RAF-mutant nevi, restructured stemness network; invasive
melanoma further displays the leading role of SPANX CT antigen group; meiotic
genes are expressed in all three tissue cohorts.

Keywords: B-RAF-mutant melanoma, reversible senescence, reversible polyploidy,
DSB hot spots, ancestral meiosis
1. Introduction

Approximately 50% of melanomas carry mutations in the gene encoding
B-RAF [1]. Ninety percent of activating B-RAF mutations affect the codon 600

and the most common missense change there is V60OE [2]. This mutation leads to
a constitutive activation of B-RAF, and consequently of the MAPK/ERK pathway,
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promoting survival and proliferation of melanoma cells. Other frequent mutations
in melanoma include N-RAS gene, which is estimated to be present in 13-25% of
melanomas [1], and being upstream of the same MAPK/ERK signal transduction
pathway. The MAPK/ERK signal transduction pathway involves a signaling cascade
initiated by the binding of growth factors or cytokines to their respective receptors,
resulting in activation of RAS, which then recruits RAF proteins, a family of protein
kinases including B-RAF, to the cell membrane. Phosphorylation of RAF allows the
activation of MEK1 [MAP kinase/extracellular signal-regulated kinase 1(ERK1)],
which positively regulates the extracellular signal-regulated kinases (ERK). ERK can
then directly phosphorylate downstream transcription factors, leading to increased
transcription and eventual cell growth and proliferation [3]. Following the discovery
of the V60OE mutation, the pathway targeting inhibitor drugs was developed [4-10].
However, while initial responses are impressive, therapeutic resistance develops in
nearly every patient at a median of 11-15 months of treatment [6, 7, 9, 11, 12].

Human nevi (benign lesions of melanocytes) also frequently harbor V6OOE
mutation in B-RAF [13]; however, in spite of the oncogenic nature of this mutation
[14], they display classical characteristics of senescence [15] and remain benign in the
large majority of cases. At the same time, nevi are supposed to give rise to a quarter of
all melanomas [16]. This led to the concept that oncogene induced senescence (OIS)
precedes transformation [15, 17, 18], in particular if induced by mutant RAS or B-RAF.
The expression of mutant RAS in normal human tissues inducing cell proliferation
arrest was first described in [19] and further widely used as a model of OIS in normal
cells. For along time, OIS as well as senescence induced either by chemotherapy or
oxidative stress (so called accelerated senescence ACS) were assumed as a barrier in
premalignant tumor for tumor progression [20]. However, later it was found that
senescence has also an opposite side and can reverse, so promoting cancer and metas-
tases development [21-24]. Moreover, the cells that have experienced and evaded cel-
lular senescence are more resistant to therapy than their counterparts [25]. The same
group showed also that two different types of histone H3 lysine 9 (H3K9) demethyl-
ases, the flavin-dependent amine oxidase LSD1 and the 2-oxoglutarate-dependent
Jumonji C family member JMJD2C, epigenetically disable oncogenic RAS- or B-RAF-
induced senescence by enabling the expression of E2F target genes, which permits
restarting of proliferation cycles. In turn, the inhibition of the H3K9 demethylases
restores senescence and controls tumor growth of melanoma [26]. These experiments
show the important contribution of the chromatin remodeling in OIS and cancer.

Biochemically, B-RAF has the same kinase activity as the serine-threonine
protein kinase MOS [27] that is the main meiotic kinase [28]. Interestingly, proto-
oncogenes c-ras and c-raf also participate in gametogenesis and when overex-
pressed (even non-mutant) can impose the meiotic mechanisms onto somatic cells
[29]. In tumors, this pathway elaborating MOS-kinase can be triggered from mitosis
through DNA damage checkpoint and senescence, supposedly providing them with
the survival advantage [30-33]. At the same time, the expression of many germ-
line proteins specific for meiotic prophase has been found upregulated in cancers
[34-36] and in melanoma [37] as well.

Below we review the literature data of the abovementioned meiosis-associated
processes and pathways involved in cancer (in the wide sense) and melanoma, in
particular.

2. Senescence, TP53 function, and polyploidy in melanoma

Melanomas often derive from nevi, which already contain oncogenic B-RAF
and N-RAS mutations. It was shown in several works that the melanoma genesis
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from these nevi is associated with the reverse of the OIS induced by these muta-
tions. The mutual feature for all kinds of ACS (OIS, drug-, and oxidative stress-
induced) is the introduction of DNA double-strand breaks (DSBs); a persistent
DNA damage signaling was shown triggering senescence [38]. The response
to the latter includes the activity of tumor suppressor transcription factor p53.
Dysfunction of p53 is generally associated with malignant tumors and also with
associated overcoming the polyploidy barrier [39]. In relation to melanoma,
these issues will be briefly considered below. Wild-type (WT) p53 that is present
at undetectable levels in normal tissues, when upregulated by DNA damage, isa
potent inducer of apoptosis, cell cycle arrest, and cellular senescence, in general
counteracting carcinogenesis [40], but also caring for stem cells by causing
transient alternative splicing of POU5F1 in senescent embryonal carcinoma
until the repair of DNA damage [41]. The tumor suppressor TP53 is mutated in
its DNA binding domain in about half of somatic cancers [42]. In other cases,
it is also mostly inactivated in other ways, e.g., by promoter methylation, etc.
[43]. TP53 mutants, however, acquire additive functions, e.g., invasive features
[44]. Melanoma is not an exclusion: with approximately only 10-19% disabling
point mutations, WT p53 is found inactivated in approximately 90% of cases
(45, 46]. The low frequency of p53 mutation in melanoma may be due to the
overexpression of its counterpart oncoprotein MDM2, which is due to inactiva-
tion of CDKN2A locus encoding the dual tumor suppressors pl6INK4A and
pl4ARF. Likewise, the most common somatic mutations associated with familial
melanoma also disrupt the CDKN2A locus [47]. In the presence of oncogenic
activation (B-RAF or N-RAS), p14ARF acts to directly inhibit MDM2, the major
ubiquitin ligase that normally degrades and inactivates p53 [48]. The cooperation
of B-RAF mutations with nonfunctional p53 in melanoma genesis was mod-
eled by Patton and colleagues [49] in p53-deficient Zebrafish, where activated
B-RAF induced formation of melanocyte lesions rapidly developed into invasive
melanomas, resembling human melanomas and could be serially transplanted.
Another tumor suppressor PTEN may also participate in melanoma genesis from
B-RAF V600E nevi [50]. TP53 is a barrier to polyploidy [39], the latter is often
reached by mitotic slippage (reset of interphase from arrested metaphase with
a tetraploid genome). Mitotic slippage and thus polyploidization accompanies
OIS or irradiation-drug-induced senescence in tumors with characteristic DNA
damage response [51]; however, both senescence and polyploidy, induced by
OIS or genotoxic treatments, can be reversed [52-55]. In this prolonged process
occupying 7 and more days, the majority of giant cells succumb and the pro-
portion of escape (de-polyploidized) cells may be rather low [56, 57] but they
repopulate the tumor in the remote period of time. Mitotic slippage and DNA
re-replication resulting in polyploidization was modeled in melanoma by Aurora
A-kinase interference [58]. The DNA re-replication stress resulting in the fold-
increased amount of DNA DSBs in the polyploidized cells was revealed. MDM2
antagonists relieved it by restoring the functional p53 and its downstream p21,
interrupting re-replication of cells. Finally, the same was shown in melanoma: the
experiments with prolonged expression of the oncogene N-RAS Q61K in pigment
cells showed the induction of senescent multi-nucleated polyploid cells, however
further overcoming OIS by the emergence of tumor-initiating mononucleated
(de-polyploidized) stem-like cells from senescent cells. This progeny was dedif-
ferentiated, highly proliferative, and anoikis-resistant, and induces fast-growing,
metastatic tumors [59].

Besides inducing OIS, N-RAS and B-RAF-activating mutations can poten-
tially impose meiotic features onto melanocytes (substituting by overexpressed
B-RAF of meiotic MOS-MEK-kinase or alternatively triggering its pathway).
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The possibility of imposing the meiotic (oocyte maturation) program by overex-
pressed RAS and RAF onto somatic cells was reported in literature [29, 60, 61].
Such trigger can supposedly favor the reduction division of polyploidized tumor
cells [31-33] and likely also, in collaboration with RECS, the monopolar spindle
of meiotic prophase [62]. In irradiated lymphoma cell lines, MOS was activated
through polyploidy only in TP53-mutants, not their WT TP53 counterparts

[30], where neither polyploidy nor MOS was induced. MOS protein was shown
expressed in 20 types of cancer, including melanoma (https://www.proteinatlas.
org/ENSG00000172680-MOS/pathology). As shown by more recent data on OIS
in melanoma [58], the persistence of DNA damage in the absence of p53 function
may be a bridge to invasive melanoma. And the persistent DNA DSBs in senescing
polyploid cells, in turn, may be also a bridge from the G2M DNA damage check-
point and/or mitotic slippage to the meiotic-type recombinative prophase pos-
sessing the same molecular background [33] (see also below in the section about
SPO11 nuclease). So, B-RAF and N-RAS mutation, senescence with DDR signal-
ing, deficiency of p53 function (upregulation of MDM2), induced and reversible
polyploidy, and trigger to meiotic prophase are all molecularly related and this
network can be potentially involved in melanoma genesis.

3. Cancer testis (CT) genes

CT genes were first defined as a group of tumor antigens that elicit a cytosolic
T cell response and are expressed in male germ cells in the testis and various
malignancies [63-65]. The first CT antigen identified was melanoma antigen 1
(MAGEA-1) [66]. Using the melanoma cell line MZ2-MEL and autologous cyto-
toxic T-lymphocyte (CTL) clones cytolytic to this line, MAGE-1 (subsequently
re-named as MAGEA1, melanoma antigen A1) was identified as the target
antigen for one of the CTL clones. This represented the first immunogenic tumor
antigen shown to have elicited autologous cytotoxic T-lymphocyte responses in a
cancer patient. Pursuing the same strategy, a range of other tumor-antigen genes,
including MAGE-A3, another member of the MAGE-A family, as well as two
additional families of antigens, namely the BAGE and GAGE gene families, were
identified [64, 67-69]. The next huge step toward the identification of tumor
antigens came from the screening of cDNA expression libraries with antibodies,
the technology called SEREX (serological analysis of cDNA expression libraries)
[70]. Very soon SEREX led to the identification of several categories of tumor
antigens. To date, more than 80 families of CT genes are recognized and defined
as germline restricted genes with evaluated expression in cancer [71]. As per
today’s definition, CT gene should simply exhibit a biased expression in the
testis, ovaries [72], or the placenta [73], and in cancer.

CT genes can be divided between those that are encoded in the X chromosome
(CT-X genes) and those that are distributed throughout the genome (non-X CT
genes). CT-X genes are mostly members of gene families organized into complex
direct and inverted repeats, and are expressed in testes primarily during the
spermatogonial stage of spermatogenesis [74]. Annotation of the sequence of the
human X chromosome has revealed that as many as 10% of all genes present on
the chromosome are members of known CT families [75]. Further analysis of the
expression patterns of genes of unknown function located in these repeated regions
could even increase this estimate [76]. Melanoma has been found to have one of the
highest CT antigens frequency expressions among other cancers. Moreover, higher
frequency of CT antigens expression in melanoma is also correlated with worse
disease outcome [77-80].
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Our analyses of the NCBI’s Gene Expression Omnibus [81] GSE98394 dataset
including a cohort of 27 B-RAF-mutant nevi and 51 melanoma, described in details
in [81] revealed the stark upregulation of many CT antigens in primary melanoma
compared to nevi (Appendix Table 1). The densely connected component of pro-
tein-protein interactions (PPI) network of the upregulated melanoma CT antigens
genes constructed using String Server [82] revealed the melanoma network module
composed of 25 nodes, with a carcass of MAGEA-group hubs connected with the
cohesin subunit SA-2 (STAG2) and the inhibitor of the differentiation-inducing
retinoid acid receptor (PRAME) [83] hubs indicating to the acquired stemness
(Figure 1). The high average node connectivity degree (5.84, PPI enrichment
p-value <1.0e-16) characterizes this module as a CT antigen attractor of melanoma
genesis from B-RAF-mutant nevi.

Similar upregulation of many CTA, however, different from those, occurs
when the primary melanoma progresses and metastasis are formed as revealed in
the TCGA-SKCM dataset that includes 103 primary melanoma and 368 melanoma
metastases (https://www.cancer.gov/tcga) (Appendix Table 2).

The biological role of CT genes, particularly CT-X genes (a majority of them are
CT antigens), in both germline tissues and tumors remains not well understood.
However, studies have provided some evidence that MAGE gene expression may
protect cells from programmed cell death and contribute to the development of
malignancies by promoting survival [84]. It has also been shown that MAGE A2 isa
strong inhibitor of the p53 tumor suppressor through histone deacetylase (HDAC)3
recruitment. In human primary melanoma cells, Mage A2 expression confers
resistance to chemotherapeutic drugs by interfering with p53 acetylation [85]. Mage
A2 interferes with p53 acetylation at promyelocytic leukemia (PML)-nuclear bodies
(NBs) and with PMLIV-dependent activation of p53 through an HDAC-dependent
mechanism, so downregulating it [86]. Usually, p53 is recruited to PML-NBs where
it becomes acetylated and activated, and participates in the triggering of cellular
senescence [87], a critical barrier against cell transformation (discussed above).

The mechanisms involved in the regulation of CT antigens expression appears to
be promoted by DNA demethylation. Methylation of CpG islands within gene pro-
moters is responsible for gene silencing due to both its effect on chromatin structure
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Figure 1.
The densely connected component of protein-protein interactions (PPI) network of the upregulated melanoma
CT antigens constructed using String server [82].
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and binding of transcription factors [88]. “Epigenetic reprogramming,” consisting
of concerted DNA pan-demethylation and corresponding chromatin remodeling,
occurs twice in the human life cycle: during early embryogenesis and gametogenesis
of primordial germ cells (PGC) [89]. So far, all CT antigens studied have methyl-
ated CpG islands in normal somatic tissues and are activated by demethylation
during spermatogenesis [90]. Experimental demethylation of CT antigens promot-
ers induces antigen expression in cells that do not normally produce them [91]. It
has been proposed that the activation of CT antigens in cancer is a consequence of
the ectopic induction of gametogenic program [74, 92, 93], which thus includes the
meiotic component.

As recently found, all MAGESs contain a conservative E-ring domain and assem-
ble with E3 RING ubiquitin ligases to form MAGE-RING ligases (MRLs) that act as
regulators of ubiquitination by modulating E-ring-ligase activity [94]. The latter
are acting at the cross-roads between tumor suppression and oncogenesis [95]. In
addition, a majority of the CT antigens [96, 97] are intrinsically disordered proteins
(IDPs). IDPs lack rigid 3D structures either along their entire length or in localized
regions. Despite the lack of structure, most IDPs can transit from disorder to order
upon binding to various biological targets [98]. Protein intrinsic disorder can serve
as the structural basis for hub protein promiscuity; thus, CT antigens proteins can
provide flexible linkers between functional domains [99]. Many normal cellular
processes are associated with the presence of the right amount of precisely activated
IDPs at right places and at the right time, those may be altered in disease, including
cancer [100, 101]. The IDPs—{features of the X-linked CT antigen-encoded genes,
which can change their targets, as well as the relation of the MAGE group to ubiq-
uitin-ligases suggest their highly adaptive post-translation functions for the cancer
genome and proteome networks. This property is consistent with their activation
by CTCF inhibitor and pan-genome activator, the CT gene Brother of Regulator of
Imprinted Sites (BORIS) located at the chromosome region 20q13.2. This region is
commonly amplified in human cancers [102, 103]. BORIS expression is normally
restricted to testis and becomes aberrantly expressed in different types of cancer
[104]. In melanoma, BORIS expression was observed in 59% of melanoma cell lines,
in 16% of primary melanomas and in 34% of melanoma metastases [105].

Normally, BORIS plays a major role in regulating de-repressing, de-methylation
processes during spermatogenesis—it removes imprinting from genes during the
last mitotic division of type B spermatogonia producing the first spermatocyte
[106]. In particular, in melanoma, BORIS binds near the promoter of transforming
growth factor-beta 1 (TFGB1), a well-recognized factor involved in the transition
toward an invasive state, activating it through transcriptional reprogramming
[107]. BORIS is a paralog and antagonist of CTCF. A primary role for CTCF in the
global organization of chromatin architecture was shown, which suggests that
CTCF may be a heritable topological repressive component of an epigenetic system
regulating the interplay between DNA methylation, higher-order chromatin struc-
ture, and lineage-specific gene expression [108, 109]. Nowadays, multiple studies
have indicated an oncogenic role for BORIS [110-112]. Notably, emerging evidence
has shown that BORIS functions as an epigenetic modifier in modulating the whole
genome gene expression [113-115], including expression of other CT genes [116,
117]. BORIS was also found to be expressed in embryonal carcinoma, ovarian
cancer [118] as well as cancer stem cell (CSC)-enriched populations isolated from
epithelial cancer cells [119, 120]. The mRNA isoforms of BORIS genes are expressed
in normal ovary and in the altered pattern, in epithelial ovarian cancer [121].

An association of BORIS expression with CSC-like properties was also observed
[119, 120]. Moreover, it has been shown that BORIS association with the CSC-like
traits occurs through the epigenetic regulation of POU5F1/0CT4 [112]. OCT4 is
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considered a master regulator in the maintenance of stem cell pluripotency. Many
studies have demonstrated a correlation between OCT4 and CSCs in many cancers,
including melanoma [122-124].

In relation to metastatic melanoma, using the TCGA database (https://www.
cancer.gov/tcga), we assessed the expression of a number of genes selected from the
POU, SOX, SALL, and NANOG gene families with relation to stemness in normal
and cancer stem cells [125] and noted an increase in stemness during transition
from primary melanoma to metastases. Moreover, the heat map shows the recon-
struction of the landscape in the expression of stemness-associated genes indicating
to the whole genome rearrangement (Figure 2).

Melanocytes originate from the neural crest developing in embryo very early (as
the fourth germ layer) and is associated with intensive cell migration. Melanomas
in patients or cell constructs upregulating the Wnt pathway, associated with neural
crest development, display epithelial-to-mesenchyme-transition (EMT) phenotype,
worse prognoses in patients, and resistance to drugs in vitro [129]. The role of the
neural crest development factors in ectopic regulation of melanoma was also inves-
tigated in [130]. Likely, because of the origin, nearly the root of the ontogenetic
tree, melanoma is so invasive and malignant.

= POUZF1

= KLF12

= SOX&

= KLF7

= POU2F2
4[ — SALL2
SOX17
SALL1

SOX11

SOX2-0T

POU4F2

KLF1

POUGF2

Primary Tumor Metastasis

Figure 2.

Gegne expression (in log2CPM values) of stemness genes in the cohort of 368 melanoma metastases compared to
103 primary melanoma from the TCGA-SKCM dataset (https://www.cancer.gov/tcga). The data was extracted
from the TCGA database using the TCGA Biolinks Bioconductor package [126]. EdgeR [127] was used to
perform differential expression analysis through the generalized linear model approach. The differentially
expressed genes (DEGs) which were upregulated in metastatic melanoma (log2FC > o, p < 0.01) were filtered
for genes from the POU, SOX, SALL, and NANOG gene families with relation to stemness. Seaborn [128] was
used to construct the heat map.
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The particular interest for carcinogenesis represents the non-X CT genes or germ-
line restricted genes that normally mediate meiotic program [30, 34-37, 131] and
therefore are denoted by some authors, the meiosis-specific CT (meiCT) genes [36].

4, Conventional meiosis: in brief

The conventional meiotic progression is well described [28] and has been
recently updated by Feichtinger and McFarlane [35]. Thus, only a short recitation of
some of the main points is provided here.

Meiosis is a special mode of cell division that naturally occurs in mammalian
only in the germ cells—in the male testis and female ovary. During meiosis,
diploid germ cells undergo a single round of premeiotic DNA replication (4n),
followed by two chromosome segregation events, meiosis I (reductional) and
meiosis I (equational), creating haploid (1n) gametes. Meiosis I is marked by
a prolonged prophase that is subdivided into five stages: leptotene, zygotene,
pachytene, diplotene, and diakinesis, where during the first three stages, there
occurs the formation of DSBs, homologous chromosome pairing, and synapsis
and reciprocal homologous recombination (HR) between them. The initiation of
meiosis is not fully understood in mammals, but it is thought that meiotic entry
is initiated by upregulation of the stimulated by retinoic acid 8 (STRA8) gene
expression—transcription activator that binds directly to the promoter regions of
meiosis-specific genes [124-126].

During premeiotic DNA replication, a ring of specific cohesins is formed that
holds newly formed sister chromatids together [127]. In meiosis I prophase, HR
program is initiated by the generation of DNA DSBs along the chromosome axis
in specific hotspots [128]. This is initiated by a protein complex, which consists
of SPO11 and TOPOVIBL [129]. Generated DSBs serve as the substrates for the
recombinase RAD51 and its meiosis-specific paralogue DMC1 acting as a heterodi-
mer [130]. The hot spot selection in mammals mediates the zinc finger histone
methyltransferase, PR domain containing 9 (PRDM9), which primes the DNA for
DSB and exchange of DNA between chromosomes [131, 132]. Of note, in the case
of meiosis, DNA DSBs are obligatory rather than the result of accidental damage, as
in the mitotic cell cycle, and the recombination partners are homologous chromo-
somes in meiosis, whereas they are sister chromatids in DNA repair during mitosis.
As the homologous chromosome bivalents after HR align on the metaphase I plate,
the centromeres of sister chromatids form monopolar spindle associations. Loss of
sister cohesion in the arm regions of chromosomes, but not the centromeric regions,
occurs on entry into meiotic anaphase I permitting reductional segregation of
homologous chromosomes. During meiosis II, centromeric cohesion is broken down
and an equational segregation of the chromatids, like in mitosis, occurs [127].

5. Melanoma and meiosis specific CT (meiCT) genes

HR sites resulting in crossovers are initiated by the creation of DSBs in the
leptotene prophase stage catalyzed by the protein Spol1 [132]. Spol1 is an homolog
of the A subunit of type Il DNA topoisomerase that together with TOPOVIBL,
an homolog of B subunit, forms protein complex. The MREII exonuclease creates
DNA nicks guiding the SPO11-TOPOVIBL complex to accurately catalyze DSBs
along the genome in specific hotspots [133, 134]. Aberrant expression of SPO11 has
been found in cell lines of melanoma and also lung cancer [135], see Figure 3, acute
myeloid leukemia (AML) [136], cutaneous T-cell lymphoma (CTCL) [137] as well
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as in patient samples of melanoma, [135, 138], cervical cancer [135], gastric cancer
[138], and CTCL [139]. Although the exact mechanism of SPO11 reactivation in
cancer cells remains elusive, it has been shown that in CTCL, it is regulated epige-
netically and temporary expressed at the onset of the cell division in G1/S phase
transition [139]. This expression before DNA replication seems unrelevant but,
indeed, it appears that SPO11 expression in B-RAF- and TP-53 mutant melanoma
may be not dependent on the cell cycle phase (Figure 3).

SPO11 expression in CTCL cell lines decreased after cell line treatment with
histone deacetylase (HDAC) inhibitors, e.g., Vorinostat and Romidepsin [137].
Moreover, SPO11-introduced DNA DSBs have also been shown to increase the risk
of genome rearrangements and mutations in the germline [140]—a potential source
of the idiopathic male infertility, which is associated with the 20-fold increased
risk of the germline cancer [141]. Spol1 appears to be present in all sequenced
eukaryotic genomes, and indeed it may be the only truly universal meiotic protein.
At the same time, in many organisms, the recombination defect in Spoll mutants
can rescue meiosis by production of DSBs from an exogenous source such as ion-
izing radiation [142, 143]. On the other side, SPO11 was also found in species and
tissues undergoing asexual life-cycles [143] or DNA recombination for nonsexual
function. e.g., SPO11 was revealed in mouse germinal center B cells undergoing

SPO11

SPO11

Figure 3.

Mfiotic genes, alternative telomere lengthening, and mitotic slippage in B-RAF V600E and TPs53-mutant
melanoma SkMel28 cell line: (A) the expression of the meiotic MOS-kinase (sc-28,789) and recombination
endonuclease SPO11 (sc-377,161) in cell nuclei of non-treated cells; (B) co-expression of MOS and cyclin

B1 (sc-245) in rare polyploid cells and some metaphases [14] of nontreated control; (C) the polyploid cell

on day 7 after doxorubicine treatment (500 nM for 24 h) maintains telomeres (marked by TRF2, 05-521,
millipore) by alternative lengthening of telomeres (ALT) in promyelocytic leukemia (PML) (PA5-80910,
thermo fisher scientific) bodies; and (D) two giant cells vesistant to B-RAF inhibitor vemurafenib (50 nM for
24 h), with signs of mitotic slippage and multinucleation on day 21 after treatment show positivity for SPO11.
Bars = 10 pm.
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immunoglobulin gene diversification and class switch recombination, but mice
lacking Spol1 had no detectable immune system defects [144]. SPO11 introduces
meiotic recombination breaks in the chromosome DSB hotspots [145]. So, it is
possible that senescence-associated DDR affecting the DSB hot spots (at least, in
p53-nonfunctional tumors) can upregulate and attract SPO11. Localized clustered
hotspots are a feature of meiotic recombination in S. pombe, mouse, and humans as
well, but the factors that determine whether a given DNA sequence will be a DSB
hotspot are not well understood in any organism. Such hotspots may appear due to
underreplication of DNA in the heterochromatin, particularly in telomeres, e.g.,

in the drug-induced senescence of tumor cells [146]. Depletion of the H3K9me3
chromatin repressive hallmarks seems rather decisive for attraction of SPO11 to the
hot spots [147]. This data shows that execution of the very definitive molecular bio-
chemical mechanism of SPO11 is dependent on the permissive epigenetic chromatin
organization of the very general character. Therefore, it is interesting to highlight
the breaking through report showing the reset of senescence and abrogation of
invasive growth achieved in melanoma by inhibition of the DNA demethylases [26].

Spol1 is the catalytic center of the meiotic recombination initiation mechanism,
but it is not sufficient to generate DSBs: numerous additional proteins are also
required; the main of them is Mrel1l-Rad50-Xrs2 (MRX). These proteins form a com-
plex with multiple roles in many different aspects of DNA metabolism, including DNA
repair, telomere maintenance, and checkpoint signaling. Mutant MRX complex leaves
SPO11 accumulated to telomere ends with the nonreleased terminal chiasmata [148].
Although the SPO11 catalytic gene part is conserved, the proteins involved in meiotic
recombination are generally among the more rapidly evolving of all cellular proteins:
major challenges for them represent the whole genome duplications (WGDs) and the
difficulties of auto- and allo-polyploids in the meiotic reduction divisions [149, 150].

The meiosis-specific histone methyltransferase gene PRDM9 has also been
reported to be activated in melanoma alongside with other cancers, like embryonal
carcinoma, astrocytoma, leukemia, colon, prostate, breast, and ovary cancers [151].

Another meiosis-specific gene involved in SPO11-mediated recombination
regulation, TEX15, has been reported to be overexpressed in melanoma and other
cancers including bladder, head and neck, and lung carcinomas, neuroblastomas,
prostate tumors, and sarcomas [152].

The synapsis of homologous chromosomes in conventional meiotic prophase is
marked by synaptonemal complex (SC). SC is a large zipper-like protein complex that
connects one pair of sister chromatids to the homologous pair, so stabilizing the tetrad
and ensuring proper homolog pairing. SC formation starts with the formation of
axial element that consists from SC proteins 2 and 3 (SCP2 and SCP3). Then, the axial
elements (at this point referred lateral elements) are joined by the transverse filaments
formed by the SC protein 1 (SCP1) [153-155]. The central elements consists of SC
central element 1 and 2 (encoded by SYCE1 and SYCE2) [156]. Notably, SYCP1 and
SYCP3 genes both have been implicated in cancer. Both mRNA are expressed in a vari-
ety of cancers and cancer cell lines including melanoma [30, 31, 157, 158]. Moreover,
SCP3 protein expression correlated with activated AKT (pAKT) signaling [159].
Overexpression of SCP3 was shown prognostically unfavorable for lung cancer [160].

HORMA domain containing 1 (Hormad1) is another protein associated with
SC axis. It has multiple roles, but in general it coordinates DSB formation with
synapsis and the timely progression of DSB repair through HR [161]. Hormad1 is
significantly upregulated in several cancers and noted also in melanoma [37, 162].
Although the mechanism of its reactivation remains elusive, hypomethylation of
the HORMAD1 promoter region correlates with its increased expression in breast
cancer and small cell lung cancer [163, 164], suggesting at least partial involvement
of epigenetic pathways.
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Chromosome regulation in meiosis and in mitosis is dependent upon the
cohesin complex. In mitotically dividing cells, this complex serves to hold sister
chromatids until they settle in metaphase plate, becoming separated in anaphase
while in conventional meiosis, sisters stay together through the whole meiosis I
to ensure sister centromeres orientate to the same pole to drive the reductional
segregation of bi-chromatid homologs. Although the structure of cohesin com-
plexes involved in mitosis and meiosis is similar, the difference lies in subunit
composition. In meiosis, specific paralogues of some of the cohesin proteins
replace their mitotic counterparts [165]. One of the more prominent cohesin
subunits that appears to be restricted to meiosis is REC8 (paralogous counterparts
to the RAD21 mitotic cohesin) [165]. The upregulated expression of Rec8 protein
was demonstrated in melanoma [37, 166] as well as in CTCL [139, 167], irradiated
TP53-mutant lymphoma cell lines, HeLa, and breast and colon cancer cell lines
[31, 168]. Recently it has been shown that REC8 imposed monopolarity of sister
centromeres in mitotically dividing cells could result in uniparent disomy (UPD) at
least in the model organism S. pombe (fission yeast) [169] possessing a facultative
sex. REC8 in cooperation with Mos-kinase forms a monopolar spindle of octoploid
lymphoma cells (after ionizing irradiation) which undergo recombination of DNA
DSBs by meiotic recombinase DMC1 [62]. Interestingly, Rec8 does not appear to be
incorporated into mitotic cohesin complex in HEK293 cells unless another meiosis-
specific cohesin subunit, STAG3, is activated [170]. In melanoma, STAG3 as well as
STAG?2 (mitosis specific cohesin subunit) levels have been linked to the resistance
of B-RAF inhibitors [171]. STAG cohesins also participate with CTCF in the topo-
logical suppression of transcription and it is the the reduced level of STAG3 that is
associated with resistance to B-RAF inhibitors.

The cohesin-related regulators, SGO1/2 are also the meiosis-specific proteins that
protect cohesin complex, in particular Rec8, from the protease separase-mediated
cleavage at the centromeres of sister chromatids in meiosis I and retained Rec8 around
the centromere until the start of anaphase II [172-174]. Upregulation of SGO2 expres-
sion has been demonstrated in melanoma [37] alongside with upregulation also in
CTCL [139, 167] and SGO 1/2, along with REC8, in irradiated lymphoma cells [168].
However, the role of meiotic cohesins in cancer has not been extensively investigated.

Another meiosis-specific cohesin subunit, which has gene expression tightly
restricted to the testis in healthy humans, is RAD21L (also RAD21/RECS paralogue)
[165]. However, it is also important for the maintenance of female fertility during
natural aging [175].

While the majority of somatic cells are deficient in active telomerase, cancer cells
not only can reactivate telomerase, but can also initiate a mechanism of the alternative
telomere maintenance (ALT) in the absence of telomerase activity [176] or undergo
transient ALT [177]. Some meiosis genes were found associated with supposed
homology search in ALT [178, 179]. ALT requires a recombination-like mechanism to
recognize the telomere end as DSBs and mediate the strand invasion of the end into
a nonhomologous chromosome end. This strand invasion permits the initiation of a
break-induced DNA replication process where the invaded non-homolog telomeric
DNA serves as a replicative template for the invading telomere to elongate [180]. In
summary, the review of the classic meiotic genes demonstrates their involvement in
cancer, and melanoma in particular, although their function in cancer is ill defined.

6. Brainstorming session

“Nothing in biology makes sense except in the light of evolution”—Dobzhansky
1973 [181].
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B-RAF-mutant melanoma activates MEK-ERK proliferative pathway but cancer
can be explained neither only by enhanced proliferation nor it can be reduced to
somatic mutation theory, which has been shaken by cancer genome sequencing
projects. Cancer is more complex than that [182]. B-RAF-and N-RAS-mutant nevi
remaining quiescent and benign just support this notion. A very important role of
OIS-induced cellular senescence for initiation of malignant tumors discovered by
Serrano et al. [19] and the role of its epigenetic landscape have been revealed in
recent years. Melanoma is interesting therefore as RAS, B-RAF mutations just
produce this senescent background, which can undergo reverse by reprogramming
resulting in drug resistance [25], but senescence can be again restored in invasive
B-RAF-mutant melanoma by structurally unrelated silencing with H3K9 de-
methylases [26]. Thus, OIS senescence in cancer has a dynamic nature with the
epigenetic component of the general character [183]. But melanoma is also inter-
esting for the high overexpression of meiosis-related CT genes. Overexpression of
CT antigens is prognostic for poor outcome of invasive melanoma; in addition,
classic meiotic genes are known to be expressed in cancers [30, 31, 168] and also in
melanoma [37]. Some authors reason that overlaying of meiotic protein aberrant
activities over the normal mitotic cycle (termed “meiomitosis”), first of all of the
stable cohesion of sister chromatids needed for meiosis I, is interfering with
normal mitotic separation of chromatids, leading to aneuploidy, genome instabil-
ity, and tumor progression [36, 37, 184, 185]. The questions arise: (1) whether the
mitotic cycle in tumors is normal? (2) If the meiotic features found in tumors
belong to conventional gametic meiosis? (3) If an aneuploidy can perpetuate the
tumor growth? Let us begin with the latter. This problem is well known as
“Aneuploidy Paradox” [186], which means that incorrect segregations of genetic
material should hinder and prevent cell division; however, aneuploidy paradoxi-
cally is well known as correlating with tumor growth and aggression, which may
be due to selection of the fittest aneuploid clones. This conundrum cannot be
explained satisfactorily with clonal selection of rare positive mutations because the
“Muller‘s Ratchet” [187] will inevitably accumulate deleterious mutation leading
ultimately to extinction of the asexual cell line. The problem, of the “Muller
Rachet”, however is still explored by population evolutionists [188]. Aneuploidy in
cancer arises from the inherent chromosome instability of polyploidy cells. So, we
arrive here to the polyploidy which in different proportions is a very characteristic
feature of all malignant tumors (comparing with their normal tissue origins),
progresses with cancer aggression, and which up to now is often ignored by cancer
researchers [189]. However, it is just a reversible polyploidy, which provides the
extraordinary resistance of cancers to therapy [56, 190-192] and likely a cancer
line immortality as such. Moreover, our studies brought us to the notion of a cancer
life cycle, composed of a cell cycle (lasting 17-23 h) and ploidy cycle (reversible
polyploidization which takes 1-2 weeks or more), both cycles are reciprocally
linked [32, 193]. This reciprocal cancer life cycle is an analogue of the “neosis” of
cancer cells, related to polyploidy and senescence with rejuvenation of reduced
offsprings described by Rajaraman [194, 195] and was confirmed in tumors by
multiple authors [190-192], also in melanoma [59]. Thus, the answer to the first
question is that the cell cycle in cancers including melanoma is not conventional
and at least, in the tumor subpopulation, it is composed of two reciprocally joined
different cycles, conventional mitotic and a ploidy cycle, one being quick and
another being slow. The latter is often overlooked [189] as being hidden due to the
low proportion in relation to the mitotic cycles. The ploidy cycle of giant cells
associated with senescence reprogramming becomes clearly manifested in resistant
tumors after high dosage DNA damage with anticancer drugs and ionizing irradia-
tion [177, 196-198]. Therefore, cancer research needs prolong follow up of
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individual cells and ploidy measurements [177, 191, 199, 200]. Tumor cells enter
this ploidy cycle when they senesce by OIS or get the DNA damage in any other
way (e.g., by ionizing irradiation or oxidative stress). If the treatment is harsh, the
majority of induced giant cells will die in the time course, during mitotic catastro-
phe or in unsuccessful attempts of multipolar or aberrant bipolar bridged mitoses,
but a minor minority of resistant cancer cells repair the DNA damage and repopu-
late tumors through depolyploidization by budding or other type of ploidy reduc-
tion [33, 56, 189, 191, 201, 202]. So, in our brainstorming session, we arrived to
ploidy cycles and DNA damage. Here is a right link to the origin of meiosis and sex.
The whole genome duplications (WGD) is a well-known driver of gene and species
evolution [203] and appeared already in prokaryotes as the first evolutionary steps
toward eukaryotic sex [204]. The most immediate reasons of the meiosis origin
were the necessity to repair DNA damage [205]. Another reason, coupled to the
first, was the relief of mutational load of aneuploidy resulting from polyploidy
when it was advantageous to have more than one copy of the genome per cell
[206]. Thus, the aneuploidy paradox in cancer might be resolved by asexual
(somatic) meiosis (including recombination and reduction) and this meiosis is
very likely ancestral. Briefly, the evolution of meiosis in eukaryotes could start
from polyploid endomitosis (insect-type, without actual karyotomy), (enriched in
MOS-kinase as found in tumor cells) [207], followed by zygotic meiosis, and
ending in gametic meiosis in most extant vertebrates [149, 208-210]. Meiosis
originated in evolution several times; there is also a view that individual blocks of
genetic program of meiotic regulation could evolve independently [211].
Considering the expression of CT genes not only in testis but also in ovaria, early
embryo and placenta, Loyd Old [212] associated their expression with the female
gametogenesis-like program in tumor cells by formulating the title of his article
“Cancer is a somatic cell pregnancy.” Some researchers consider a possible parthe-
nogenetic variant of the embryological in essence theory of cancer which is known
from the nineteenth century [29, 213] while ontogenetic variant of this theory for
the origin of tumors termed “a life-code” has been recently suggested by Jinsong
Liu [214]. An interesting asexual parthenogenetic variant for triploid tumors,
which are typical for resistant cancers may be achieved by digyny (69, XXY, in case
of male cancers) [215]. Some observations suggest that triploidy may exchange
with diploid subline on the basis of multinucleated giant cells in the same tumor
[216]. The cycle of cancer stem cells likely can start with the relic uniparental
disomy. The latter is described in facultative sex of the fission yeast [169], in
plants, stressed and spontaneously [217] and in senescing human cells [218]. All
these parasexual mechanisms may include aberrant meiotic elements and genes
activity [62] and may exist in parallel or as a complex chain of one process of the
survival support and escape of resistant tumors. In fact, their studies are only
started. So, the answer to the second question if we should reckon exclusively with
the mechanisms of conventional gametic meiosis in somatic tumors is also nega-
tive. SC in tumors was never found although the relevant genes and proteins
ectopically expressed [62, 160], including melanoma [37]. We should rather
reckon with evolutionary forms of meiosis in asexual life cycles. This turn of
reasoning is becoming particularly context-updated if we also consider the recent
gene expression phylostratigraphic analysis showing that ancestral regulatory
networks drive cancer [219]. The latter in turn is associated with polyploidy [220].
Moreover, in recent time, the ancient inverted meiosis (IM) appeared on the stage
[221]. IM does not require the cohesion of sister chromatids (thus, SC is not
needed): the homologs are joined by their ends, recombine by sub-telomeric
sequences, segregate sisters in the first meiosis and homologs in the second. Thus,
IM can repair the damaged telomeres, provide some degree of genetic diversity,
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and not the least, it can count homologous chromosome pairs, to get rid of aneu-
ploidy. Strikingly, IM was revealed in the proportion of normal human oocytes
sorting out the aneuploid embryos in a polar body [222]. Although SC is not
needed, however the telomere clustering at the spindle pole body for the chromo-
some homology search by spinning the chromosomes, for DNA recombination
between homologs, is needed. Although currently the study of IM in human cancer
is in infancy [62], the IM related to telomere DSBs well fits several peculiarities
found in tumors: cellular senescence linked to telomere attrition, polyploidy
associated with cellular senescence, mitotic slippage, reprogramming, and alterna-
tive telomere lengthening characteristic for some cancers [62]. We proposed a
hypothesis that ALT-associated PML bodies in mitotic slippage of tumor cells may
serve as a site for IM recombination repair [177]. Interestingly, the meiotic genes
involved in the homology search and recombination RAD21L (Rec8 paralog) and
Hop2-Mnd1 heterodimer (RAD51-dependent) were found associated with ALT
[178, 179]. The expression of the proteins, which may be involved in IM-related
ALT (SPO11, MOS, TRF2-colocalised with PML-bodies), and mitotic slippage were
also observed in polyploidy cells of B-RAF V600E mutant melanoma SkMel28 cell
line treated with doxorubicin and vemurafenib (mutated B-RAF-inhibitor)
(Figure 3). The question how much the meiotic features in tumors are stochastic
and how much program-directed is central for addressing the problem. The most
prominent feature of cancer is adaptation to extinction by the mechanisms
acquired in the evolution of life on earth. The naturally occurring tumors are
found already in Hydra [223]. When the organisms were challenged by extinction,
they have adapted to it by transient polyploidy, epigenetic plasticity, including
pluripotent stemness with its bivalency of genes, intrinsically disordered proteins,
and rearrangement of the nuclear architecture domains by phase transitions—
these epigenetic adaptations are by two orders faster than the gene mutation-
selection-based process would allow [224]. In accord, the expression of stemness
genes, early stress response genes, epigenetic master activator CTCFL/BORIS and
in particular, CT antigens genes as universal adaptors for reconstruction of the
genome functional network—all these epigenetic evolutionary adaptations are
found in melanoma, which are highly mortal-risky and treatment resistant in
patients. At the same time, the tumor pathways are rare evolutionary attractors of
the genome multi-dimensional network [225], entrapping cancer cells by the
therapy resistance—only a small number of cells, but inevitably survive and
repopulate the tumors [56, 177]. These rare genome space states can be only chosen
by the mechanisms of nonequilibrium thermodynamics, which is by coherating
fluctuations, through the method of trial and error [224, 226]. Those are inevitably
accompanied by a lot of cell death and a lot of aberrant phenotypes, which may
persist as transient or axillary to reproductive cancer cell line. The fidelity of the
genome achieved through the evolutionary meiosis and ploidy life cycles can
counteract the aneuploidy; otherwise, tumor cells may balance between both
options. The snap-shot studies, not considering this factor (e.g., the productive
expression of meiotic genes in only sub-population of tumor cells) can thus bring
to misleading interpretations [227]. Moreover, both forward and reverse mutations
occurring by gene conversion were recently found in the oldest (from 1951) human
cancer cell line cervical carcinoma HeLa [228], which is also known serving a
positive control for the meiotic proteins antibodies and expresses them in revers-
ible polyploidy cycles [31]. As suggested by Maciver in 2016 [229], gene conversion
in asexual polyploid species can compensate the “Muller’s Ratchet.” Gene conver-
sion is the process by which one DNA sequence replaces a homologous sequence
such that the sequences become identical after the conversion event. In this case,
the nonreciprocal “copy-paste” recombination is occurring which is stimulated by
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DNA strand breaks in hot spots [230]. This type of the genetic reconstruction
seems also to be compatible with tumor cell senescence, mitotic slippage, and ALT.

7. Conclusion

The CT antigens and meiotic genes enhanced expression in tumors, includ-
ing B-RAF-mutant melanoma, is associated with poor prognosis for the patient
survival and treatment outcomes. The review shows that the functions of CTA and
meiotic genes in cancer are multilayered: they involve genetic, whole-genomic,
cytogenetic, epigenomic, and posttranslational levels of regulation, which are
evolutionarily evolved. That means that the expression of CT antigens and meiotic
genes is in general adaptive, explaining the correlation of this expression with
poor melanoma prognosis. The matter concerns some recently acknowledged
biological processes, whose mechanisms and thermodynamics are not fully under-
stood. These are reversible polyploidy and reversible senescence, transient ALT,
gene conversion, and likely also several forms of evolutionary, nonconventional,
asexual meiosis and parthenogenesis. The fidelity of the genome aimed through
the evolutionary meiosis and ploidy life cycles can potentially compensate the
aneuploidy, or the tumor cells may balance between the advantages and disadvan-
tages of both options [150]. All these questions still remain open for future studies.

Acknowledgements

The authors thank Olga Anatskaya (St. Petersburg) for advice in bioinformatic
methodology and Madara Kreismane for technical support for manuscript preparation.

This work was supported by a grant from the European Regional Development
Fund (ERDF) projects No. 1.1.1.1/18/A/099, 1.1.1.2/VIAA/3/19/463 for K.S. and
Student Scholarship from the University of Latvia Foundation to N.M.V.

Conflict of interest

The authors declare no conflict of interest.

Appendix A
Gene Symbol Log2FC
Melanoma-associated antigen 3 MAGEA3 7645235
Melanoma-associated antigen 12 MAGEA12 7.348702
Cancer/testis antigen 2 CTAG2 7111641
MAGE family member C2 MAGEC2 6.874003
Melanoma-associated antigen 6 MAGEA6 6.828297
Chondrosarcoma-associated Gene 1 CSAG1 6.204377
Preferentially expressed antigen of melanoma PRAME 5.821726
Melanoma-associated antigen 1 MAGEA1 5.752684
MAGE family member A2B MAGEA2B 5.738676
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Gene Symbol Log2FC
Melanoma-associated antigen 4 MAGEA4 5.327805
Prostate-associated gene protein 5 PAGE5 5246215
Prostate-associated gene protein 2 PAGE2 4.905513
MAGE family member B2 MAGEB2 4.803597
Melanoma-associated antigen 11 MAGEA11 3.985815
PAGE family member 2B PAGE2B 3714482
MAGE family member C1 MAGEC1 3.522569
Melanoma-associated antigen 10 MAGEA10 3.168079
Cancer/testis antigen family 25, member 1a DSCR8 2770747
Interleukin 13 receptor subunit alpha 2 IL13RA2 2.338307
Transgelin TAGLN 2.28783

Catenin alpha 2 CTNNA2 2.112868
Mesenteric estrogen-dependent adipogenesis MEDAG 2.087961
PDZ binding kinase PBK 2.022606
Homeobox protein BarH-like 1 BARX1 1.99113

Centrosomal protein 55 CEP55 1.86278

Sperm-associated antigen 4 SPAG4 1.521662
T-cell activation RhoGTPase activating protein TAGAP 1.510325
MAGE family member B17 MAGEB17 1.498956
Homeobox protein ARX ARX 1.147917
Outer dense fiber of sperm tails 3B ODF3B 1144663
ATPase family AAA domain containing 2 ATAD2 1116308
MAGE family member D1 MAGED1 0.941916
GATA zinc finger domain containing 2A GATAD2A 0.892566
ADAM metallopeptidase domain 28 ADAM28 0.838868
Phosphotyrosine picked threonine-protein kinase TTK 0.78873

Opa-interacting protein 5 OIP5 0.775664
Acrosin binding protein ACRBP 0.518623
Nucleolar protein 4 like NOLA4L 0.487608
GATA zinc finger domain containing 2B GATAD2B 0.484958
Outer dense fiber of sperm tails 2 ODF2 0.40552

MAGE family member F1 MAGEF1 0.334573
Cancer/testis antigen 101 KIAA0100 0.315249
Transgelin 2 TAGLN2 0.241303
DDBI- and CUL4-associated factor 12 DCAF12 0.228037

Appendix Table 1.

The list of genes with significantly upregulated expression of CT antigenes in the cohort of 51 primary
melanomas compared to 27 B-RAF V600E-mutant nevi from the NCBI's Gene Expression Ommnibus GSE98394
dataset (described in detail in [80]). EdgeR [127] was used to perform diffevential expression analysis through
the generalized linear model approach. The diffeventially upregulated in melanoma genes (log2FC > o,

p < 0.01) were filteved for CT antigenes. The whole CT antigenes list comprising of 220 genes was acquired from
the CT database [70]. Expression is presented as log, FC units.
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Gene Symbol Log2FC
SPANX family member A2 SPANXA2 4.748924
SPANX family member B1 SPANXB1 4.617090
Sperm protein associated with the nucleus, X-linked, SPANXA1 4.501381
family member A1

Transgelin 3 TAGLN3 4426952
SPANX family member D SPANXD 3.947176
Transmembrane protein with EGF-like and two follistatin- TMEFF2 3.767568
like domains 2

SPANX family member C SPANXC 3.684016
Interleukin 13 receptor subunit alpha 2 IL13RA2 2.558249
Coiled-coil domain containing 33 CCDC33 2.399770
PAGE family member 4 PAGE4 2.248496
Nucleolar protein 4 NOL4 2.078128
Tudor domain containing 15 TDRD15 1.896378
VENT homeobox pseudogene 1 VENTXP1 1.859120
DDB1 and CUL4 associated factor 12 like 2 DCAF12L2 1.816185
SPANXA?2 overlapping transcript 1 SPANXA2-OT1 1793161
RNA binding motif protein 46 RBM46 1.765131
F-box protein 39 FBX039 1.599419
ADAM metallopeptidase domain 28 ADAM28 1.545184
T cell activation RhoGTPase activating protein TAGAP 1.530934
Tektin 5 TEKT5 1443142
Maelstrom spermatogenic transposon silencer MAEL 1.415596
Actin-like 8 ACTLS 1.358688
MAGE family member Al MAGEA1 1315031
ADAM metallopeptidase domain 21 ADAM21 1.210916
PRAME N-terminal-like, pseudogene PRAMENP 1.202568
MAGE family member A10 MAGEA10 1163532
MAGEA10-MAGEAS readthrough MAGEA10-MAGEA5 1163181
NLR family pyrin domain containing 4 NLRP4 1.053507
ADAM metallopeptidase domain 22 ADAM22 0.922948
Acrosin binding protein ACRBP 0.854224
Transmembrane protein 108 TMEM108 0.793037
Ankyrin repeat domain 45 ANKRD45 0.779239
BAGE family member 2 BAGE2 0.733106
Mesenteric estrogen dependent adipogenesis MEDAG 0.72858

Sperm associated antigen 4 SPAG4 0.70602
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Gene Symbol Log2FC

Placenta enriched 1 PLAC1 0.669653
Fetal and adult testis expressed 1 FATE1 0.61294

Transmembrane protein with EGF-like and two follistatin- TMEFF1 0.603075
like domains 1

Piwi-like RNA-mediated gene silencing 4 PIWIL4 0.601545
Piwi-like RNA-mediated gene silencing 2 PIWIL2 0.566213
Centrosomal protein 290 CEP290 0.489041
Stromal antigen 2 STAG2 0.470227
Cutaneous T cell lymphoma-associated antigen 1 CTAGE1 0.457364
SSX family member 2 interacting protein SSX2IP 0.426617
Transgelin TAGLN 0.425961
MSANTD3-TMEFF1 readthrough MSANTD3-TMEFF1 0.423834
Tudor domain containing TDRD6 0.344416
ATPase family AAA domain containing 2 ATAD2 0.322527
TTK protein kinase TTK 0.316241
ATPase family AAA domain containing 2B ATAD2B 0.30301

Stromal antigen 1 STAG1 0.277385
OIP5 antisense RNA 1 OIP5-AS1 0.26571

M-phase phosphoprotein 10 MPHOSPH10 0.235959
DDB1- and CUL4-associated factor 12 DCAF12 0.158102

Appendix Table 2.

Significantly upregulated expression of CT antigenes in the cohort of 368 melanoma metastases compared to 103
primary melanomas from the TCGA-SKCM dataset (hitps://www.cancer.gov/tcga). The data was extracted
from the TCGA database using the TCGA Biolinks Bioconductor package [124]. EdgeR [127] was used to
perform differential expression analysis through the generalized linear model approach and the diffeventially
expressed genes (DEGs) which were upregulated in metastatic melanoma (log2FC > o, p < 0.01) were filtered
for CT antigens. The CT antigenes list comprising of 220 genes was acquired from the CT database [70].
Expression is presented as log,FC units.
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Chapter7

Role of RUNX2 in Melanoma: A
New Player in Tumor Progression
and Resistance to Therapy

Rachael Pulica, Karine Cohen Solal and Ahmed Lasfar

Abstract

RUNX2, a transcription factor, initially known for its indispensable role in skeletal
development. RUNX2 is essential for osteoblast differentiation and the maintain of
the osteocyte balance. RUNX2 acts directly on osteoblasts via Fgf pathway or on mes-
enchymal progenitors through Hedgehog, Wnt, Pthlh and DLX5. Currently, many
reports point its critical role in the progression and metastasis of several cancer types.
RUNX2 is involved in EMT process, invasion and metastasis through the modulation
of important oncogenic pathways, including Wnt, FAK/PTK and AKT. In mela-
noma, RUNX2 is a key player in mediating intrinsic RTK-associated pro-oncogenic
properties. We have showed a dramatic up regulation of RUNX2 expression with
concomitant up-regulation of EGFR, IGF-1R and AXL, in melanoma cells rendered
resistant to BRAF mutant inhibitors. Approximately half of melanomas carry BRAF
mutations which enhance tumor invasion and metastasis. In this chapter, we describe
the potential mechanisms, leading to the upregulation of RUNX?2 in melanoma with
BRAF mutations. We also highlight the critical role of PI3K/AKT in the expression
and activation of RUNX2, and its consequences on the regulation of many critical
factors, controlling cancer invasion and metastasis.

Keywords: Cancer and metastasis, melanoma, RUNX2, BRAF, PI3K/AKT, Wnt,
Pthlh and DLX5, EGFR, IGF-1R and AXL

1. Introduction

Runt-related transcription factor 2 (Runx2) belongs to RUNX family, consisting
of three members, Runx1, Runx2, and Runx3. All members are highly conserved
with a 128 amino acid DNA binding/protein binding domain runt. In contrast to
other RUNX members, RUNX2 holds a variable poly-glutamine, poly-alanine repeat
domain [1]. Natural discrepancy within this repeat could alter the transactivation
potential of RUNX2 which acts as an evolutionary ‘tuning button’ for the control of
suggested to skull shape. The role of Runx?2 is critical in skeletal development, and its
alteration or low expression often lead to skeletal dysplasia. Runx2 plays important
role in the process of mesenchymal stem cells differentiation into osteoblasts, and
ultimately to osteocyte. Runx2 is required for the proliferation of pre-osteoblasts in
whole skeletons and mesenchymal cells in sutures. Indeed, Runx2 is required for the
commitment of mesenchymal cells to osteoblast lineage cells [2]. Thus, Runx2 makes
a condensed cell layer of uncommitted mesenchymal cells or osteoblast progenitors
by increasing their proliferation and facilitates their differentiation into osteoblast
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RUNX2 and skeletal development. RUNX2 promotes osteoblast differentiation via several signaling pathways.
RUNXz2 divectly acts on osteoblasts via Fgfr1 and Fgr2 to induce their diffeventiation and their promotion to
osteocytes. RUNX2 acts on mesenchymal cells and induces specific pathways to enable osteoblast differentiation.

lineage cells. RUNX2 modulates the balance between osteoblasts and osteocytes,

by either stimulating or inhibiting the osteoblast differentiation, occurring via the
modulation of many factors and signaling pathways, including hedgehog signaling
(Gli1, Ptchl and Thh), FGFR signaling (FGFR2 and FGFR3), Wnt signaling (Tcf7
and Wnt10b), Pthlr, DIx5, Tnc, and Ncam1 (Figure 1). Defects or alterations in the
expression or the activity of these factors or signaling pathways, may lead to skeletal
dysplasia. Therefore, Runx2 could be used as target for the development of novel
therapeutic strategies for bone-related diseases.

Besides, it is critical role in osteoblast differentiation, RUNX2 is also involved
in the regulation of chondrocyte proliferation during bone formation. However,
Runx? expression in terminal hypertrophic chondrocytes is not essential for vas-
cular invasion into the cartilage, but is for their survival and trans-differentiation
into osteoblasts. Studies in animal models, showed that the trans-differentiation is
required for trabecular bone formation in embryonic and neonatal stages, but not
for procuring normal bone structure and volume in young and elder animals [3].

2. Multifaceted role of RUNX2 in cancer

The role of RUNX2 in cancer promotion has been well described in many cancer
types. The common feature of those cancers is the elevated level of RUNX2 expres-
sion. Although, numerous similarities have been reported for the pro oncogenic role
of RUNX2, some differences are also described (Figure 2).

In breast cancer (BC), early studies have shown a correlation between RUNX2
expression and the “Triple Negative” phenotype [4]. Analysis of tissue microarrays
shown that high level of RUNX2 expression is associated with the triple-negative
breast cancer phenotype and a low survival of BC patients, in comparison with
patients, displaying reduced level of RUNX2 expression. Apparently, in triple
negative cells, RUNX2 promotes Wnt and TGF-beta signaling [5]. RUNX2 is capable
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RUNX2 and promotion of cancer. RUNX2 promotes cancer development of several cancer types: Melanoma,
hepatocellular carcinoma, prostate cancer, colon cancer, thyroid cancer, gastric cancey, osteosarcoma and breast
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Melanoma

\

SOX9, SNAI2

Colon cancer

to regulate different factors, playing critical role in either inhibiting or stimulating
Wnt pathway. RUNX2 can interact with SMAD?3 to promote TGF-beta signaling, in
addition, to its direct interaction with the Estrogen receptor-alpha (ER-a), enabling
the expression of aromatase, an estrogen producing enzyme. Increasing the level of
estrogens, which in turn stimulate cell proliferation of BC cells [5].

It has been also reported that RUNX2 directly regulates TGFp-induced levels of
PTHrP, the level of MMP13 and MMP9, IL-8, bone sialoprotein and OPN [6-11].
Furthermore, we and others found that irregularities in RUNX2 expression induce
EMT changes in some mammary epithelial cell lines and twists normal acini struc-
ture [6, 11, 12], strongly suggesting that RUNX2 plays a critical role in early breast
cancer progression [6].

More recently, it has been demonstrated that RUNX2 was involved in breast
cancer bone metastasis. This pro-metastatic role is mediated through integrin
alpha5 [13].

In hepatocellular carcinoma (HCC), a significant increase of RUNX2 has been
established in both HCC samples and cell lines. It has been demonstrated that
RUNX2 promotes HCC cell migration and invasion via MMP9 [14]. In addi-
tion, RUNX2 increases the pro-metastatic process via MiR-23a and Mgat3 direct
targeting [15].

In prostate cancer, RUNX2 has been also reported as cancer promotor. When
RUNZX2 is overexpressed in a C4-2B prostate cancer cell line, the invasiveness is
greatly enhanced, and transcription factors involved in EMT (SOX9, SNAI2, and
SMAD?3) are upregulated [6, 16]. RUNX2 siRNA treatment of the prostate and
breast cancer cells decreased migration and invasion of the cancerous cells [6, 17].
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In gastric cancer (GC), a correlation between RUNX?2 expression and invasion/
metastasis has been established. Patients with GC tumors displaying low RUNX2
expression had a better outcome than those with high RUNX2 expression [18, 19].
RUNX2 was identified as an independent prognostic indicator for GC patients
with a COX regression analysis. In an orthopedic GC nude mouse model, RUNX2
significantly increased the invasion and metastatic potential of the GC cells. I vitro
studies reflected a significant increase in migration and invasion abilities of GC cells
connected to an increase in RUNX2.

RUNX2 promotes metastasis and invasiveness of GC cells, via the chemokine
receptor CXCR4 [18]. RUNX2 directly binds to the promotor region of CXCR4,
enhancing its transcription and leading to overexpression in human GC cells.
Knockdown of RUNX2 in GC cell lines results in a significant downregulation
of CXCR4 mRNA. Additionally, CXCR4 is found to have a role in early-stage GC
development by recruiting stromal cells and establishing a progenitor niche that
favors tumor growth and development. However, it has been recently demon-
strated that RUNX2 can negatively regulate the expression of Febronectinl (FN1)
[19], an important gene, playing critical role in tumor invasiveness and metastasis
of GC [20, 21].

The role of RUNX2 has been also described in colon cancer. It has been found
that RUNX2 promoted cell proliferation and invasion of colon cancer cells via estro-
gen/ERbeta pathway [10]. More recently, it has been demonstrated that RUNX2
could interact with BRG1 to target CD44 for promoting invasion and migration
of colorectal cancer cells [22]. It has been also recently reported that Integrative
multi-omics analysis of a colon cancer cells with heterogeneous Wnt activity reveals
RUNX2 as an epigenetic regulator of Epithelial-mesenchymal transition (EMT),
the critical process which promotes cancer metastasis, stemness and resistance to
treatment [23].

The contribution of RUNX2 to the promotion of other cancer types, including
thyroid cancer, osteosarcoma and melanoma has been also reported. RUNX2 acti-
vates expression of MMP2, MMP13, MMP14, and OPN, promoting the invasive and
migratory activity of thyroid cancer cells [6, 24]. Osteosarcoma cells with siRNA
depletion of RUNX2 show a reduction in motility. The genomic promoter of RUNX2
in osteosarcoma shows genes involved in cancer cell motility including FAK/PTK2
and TNL1 [6, 25]. The role of RUNx2 has been well studied in melanoma. Our group
has extensively contributed to the understanding of the role of RUNX2 in this lead-
ing skin cancer.

3. Role of RUNX2 in melanoma promotion

Melanoma malignancy has a very high mortality rate and a resistance to chemo-
therapy [26]. Of these melanoma malignancies, a study reflected almost half of
patients had bone metastases [27]. Melanocytes arise from the neural crest and
show progressive stemness features. This renders melanoma to be such a highly
metastatic cancer once the process has started [13]. Malignant melanoma has been
described to have a higher expression level of RUNX2 than normal melanocytes
[26]. As other cancer types, Runx2 has been investigated in connection to the
progression, development, and metastasis of tumors as well as the epithelial
to mesenchymal transition (EMT). It has been shown that the RUNT domain
of RUNX2 affects EMT and promote bone metastasis in melanoma via several
mechanisms, including WWTR1 and TGF-beta [26, 27].

The interaction of RUNX2 with the PI3K/AKT signaling pathway is critical
for tumor invasion and metastasis [28]. AKT interacts with RUNX2 via different
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Role RUNX2/PIT3K/AKT axis in cancer invasion and metastasis. PIT3/AKT promotes cancer invasion
and metastasis via RUNX2. Activation loop between RUNX2 and PIT3/AKT enables the amplification of
oncogenic signaling via many factors. Activation of RUNX2 lead to the promotion of cancer invasion and
metastasis via the induction of MMPs and other factors.

mechanisms, including phosphorylating/activating of RUNX2 or RUNX2 modula-
tors. Reciprocally, the activation of the PI3K/AKT pathway by RUNX2 has been also
reported. This mutual activation, maintain a constitutive AKT activation and high
expression of RUNX2 in cancer cells, and constitute one of a major driving force for
tumor progression and metastasis in melanoma (Figure 3).

4. Role of RUNX2 in melanoma progression and acquired resistance to
BRAFi

RUNX2 was initially described as one of the transcription factors whose expres-
sion was significantly correlated with elevated levels of the non-canonical signaling
member of the WNT family, WNT5A, following chronic treatment (over 10 weeks)
with the BRAF inhibitors PLX4720 and PLX4032 [29]. We previously showed that
RUNX2-deficient melanoma cells, displayed a significant down-regulation of
leading receptor tyrosine kinases, EGFR, IGF-1R, PDGFR and AXL. Our finding
strongly suggested a critical role for RUNX2 in mediating intrinsic RTK-associated
pro-oncogenic properties in melanoma. In addition, we demonstrated a significant
up-regulation of RUNX2 expression and concomitant up-regulation of EGFR,
IGF-1R and AXL in melanoma cells rendered resistant to PLX4720 [30]. We then
reported that PLX4720-resistant cells developed in an iz vivo context exhibit an
increase in RUNX2 levels when re-exposed to PLX4720 in vitro. These findings
strongly suggest that RUNX2 could play a critical role in acquired resistance to
PLX4720. In order to address the relevance of these findings in human melanoma,
clinical data from a cohort containing samples from untreated tumors and tumors
treated with vemurafenib and dabrafenib respectively [31] were analyzed. Probes
for all three main RUNX2 transcripts were represented on the array. We found that
the expression of RUNX2 isoform 3 is significantly higher in vemurafenib-treated
patients compared to the untreated group (p = 0.0024). These results showing the
up-regulation of RUNX2 in melanoma lesions from patients treated with vemu-
rafenib, strongly suggest that chronic exposure to BRAFi (PLX4720/vemurafenib)
could favor RUNX2 up-regulation, leading to RTK up-regulation and the induction
of acquired drug resistance to BRAFi [30].

The mechanism(s) leading to RUNX2 up-regulation in BRAFi-resistant
melanoma cells have yet to be discovered. One possible mechanism would involve
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WNT5A and the WNT5A-mediated activation of the PI3K/AKT pathway [29].

As RUNX2 expression is increased by the PI3K/AKT pathway signaling [28, 30],
elevated WNT5A expression and subsequent AKT pathway activation could result
in RUNX2 overexpression. Therefore, any kinase rewiring that leads to hyper-
activated PI3K/AKT signaling in melanomas resistant to BRAFi [32] would provide
a favorable context for high RUNX2 expression.

5. Conclusion

Besides, its indispensable role in bone development, the transcription factor
RUNX2 is a critical player in the promotion of several cancers. Important oncogenic
pathways, including PI3K/AKT axis are involved in mediating the effects of RUNX2.
We believe that targeting RUNX2 or its modulators may open novel therapeutic
avenues for cancer.
Acknowledgements

The authors thank all present and past laboratory members for their great con-

tributions in progressing our understanding of RUNX2. American Cancer Society
and NIH for funding.

Author details
Rachael Pulical, Karine Cohen Solal' and Ahmed Lasfar*

1 Department of Pharmacology and Toxicology, Ernest Mario School of Pharmacy,
Rutgers, The State University of New Jersey, Piscataway, NJ, United States

2 Rutgers-Cancer Institute of New Jersey, Rutgers University, New Brunswick, NJ,
United States

*Address all correspondence to: lasfarah@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

132



Role of RUNX2 in Melanoma: A New Player in Tumor Progression and Resistance to Therapy

DOI: http://dx.doi.org/10.5772/intechopen.97105

References

[1] Newton, A.H. and Pask, A.J. (2020)
Evolution and expansion of the RUNX2
QA repeat corresponds with the
emergence of vertebrate complexity.
Commun Biol, 3, 771.

[2] Pokrovskaya, L.A., Nadezhdin, SV.,,
Zubareva, EV,, Burda, Y.E. and
Gnezdyukova, E.S. (2020) Expression
of RUNX2 and Osterix in Rat
Mesenchymal Stem Cells during
Culturing in Osteogenic-Conditioned
Medium. Bull Exp Biol Med, 169,
571-575.

[3] Qin, X., Jiang, Q., Nagano, K.,
Moriishi, T., Miyazaki, T., Komori, H.,
Ito, K., Mark, KV, Sakane, C., Kaneko,
H. et al. (2020) Runx?2 is essential for
the transdifferentiation of chondrocytes
into osteoblasts. PLoS Genet, 16,
€1009169.

[4] Ferrari, N., McDonald, L., Morris,
J.S., Cameron, E.R. and Blyth, K. (2013)
RUNX2 in mammary gland
development and breast cancer. J Cell
Physiol, 228, 1137-1142.

[5] Wysokinski, D., Blasiak, J. and
Pawlowska, E. (2015) Role of RUNX2 in
Breast Carcinogenesis. Int ] Mol Sci, 16,
20969-20993.

(6] Blyth, K., Vaillant, F., Jenkins, A.,
McDonald, L., Pringle, M.A., Huser, C.,
Stein, T., Neil, J. and Cameron, E.R.
(2010) Runx?2 in normal tissues and

cancer cells: A developing story. Blood
Cells Mol Dis, 45, 117-123.

[7] Owens, TW., Rogers, R.L., Best, S.A.,
Ledger, A., Mooney, A.M., Ferguson,
A., Shore, P, Swarbrick, A., Ormandy,
CJ., Simpson, PT. et al. (2014) Runx2 is
a novel regulator of mammary epithelial
cell fate in development and breast
cancer. Cancer Res, 74, 5277-5286.

(8] Pratap, J., Imbalzano, K.M.,
Underwood, J.M., Cohet, N., Gokul, K.,

133

Akech, J., van Wijnen, A J., Stein, J.L.,
Imbalzano, A.N., Nickerson, J.A. et al.
(2009) Ectopic runx?2 expression in
mammary epithelial cells disrupts
formation of normal acini structure:
implications for breast cancer
progression. Cancer Res, 69, 6807-6814.

[9] Sancisi, V., Borettini, G., Maramotti,
S., Ragazzi, M., Tamagnini, I., Nicoli,
D., Piana, S. and Ciarrocchi, A. (2012)
Runx?2 isoform I controls a panel of
proinvasive genes driving aggressiveness
of papillary thyroid carcinomas. J Clin
Endocrinol Metab, 97, E2006-E2015.

[10] Sase, T., Suzuki, T., Miura, K.,
Shiiba, K., Sato, I., Nakamura, Y.,
Takagi, K., Onodera, Y., Miki, Y.,
Watanabe, M. et al. (2012) Runt-related
transcription factor 2 in human colon
carcinoma: a potent prognostic factor
associated with estrogen receptor. Int J
Cancer, 131, 2284-2293.

[11] van der Deen, M., Akech, J.,
Lapointe, D., Gupta, S., Young, DW,,
Montecino, M.A., Galindo, M., Lian,
J.B., Stein, J.L., Stein, G.S. et al. (2012)
Genomic promoter occupancy of
runt-related transcription factor
RUNZX2 in Osteosarcoma cells identifies
genes involved in cell adhesion and
motility. ] Biol Chem, 287, 4503-4517.

[12] Boregowda, R.K., Olabisi, O.0.,
Abushahba, W, Jeong, B.S., Haenssen,
K.K., Chen, W., Chekmareva, M.,
Lasfar, A., Foran, D.J., Goydos, ].S. et al.
(2014) RUNX2 is overexpressed in
melanoma cells and mediates their
migration and invasion. Cancer Lett,
348, 61-70.

[13]1 Li, X.Q., Lu, JT., Tan, C.C., Wang,
Q.S. and Feng, Y.M. (2016) RUNX2
promotes breast cancer bone metastasis
by increasing integrin alpha5-mediated
colonization. Cancer Lett, 380, 78-86.

[14] Wang, Q., Yu, W., Huang, T., Zhu, Y.
and Huang, C. (2016) RUNX2 promotes



Melanoma

hepatocellular carcinoma cell migration
and invasion by upregulating MMP9
expression. Oncol Rep, 36, 2777-2784.

[15] Huang, H,, Liu, Y., Yu, P, Qu, J,,
Guo, Y., Li, W,, Wang, S. and Zhang, J.
(2018) MiR-23a transcriptional activated
by Runx2 increases metastatic potential
of mouse hepatoma cell via directly
targeting Mgat3. Sci Rep, 8, 7366.

[16] Pratap, J., Javed, A., Languino, L.R.,
van Wijnen, A J., Stein, J.L., Stein, G.S.
and Lian, J.B. (2005) The Runx2
osteogenic transcription factor regulates
matrix metalloproteinase 9 in bone
metastatic cancer cells and controls cell
invasion. Mol Cell Biol, 25, 8581-8591.

[17] Selvamurugan, N., Kwok, S. and
Partridge, N.C. (2004) Smad3 interacts
with JunB and Cbfal/Runx?2 for
transforming growth factor-betal-
stimulated collagenase-3 expression in
human breast cancer cells. ] Biol Chem,
279, 27764-27773.

[18] Guo, Z.]., Yang, L., Qian, F., Wang,
Y.X., Yu, X., Ji, C.D., Cui, W., Xiang,
D.F., Zhang, X., Zhang, P. et al. (2016)
Transcription factor RUNX2
up-regulates chemokine receptor
CXCR4 to promote invasive and
metastatic potentials of human gastric
cancer. Oncotarget, 7, 20999-21012.

[19] Han, C., Jin, L., Ma, X., Hao, Q .,
Lin, H. and Zhang, Z. (2020)
Identification of the hub genes RUNX2
and FN1 in gastric cancer. Open Med
(Wars), 15, 403-412.

[20] Wang, ]., Deng, L., Huang, J., Cai,
R., Zhu, X., Liu, F., Wang, Q., Zhang, J.
and Zheng, Y. (2017) High expression of
Fibronectin 1 suppresses apoptosis
through the NF-kappaB pathway and is
associated with migration in
nasopharyngeal carcinoma. Am ] Transl
Res, 9, 4502-4511.

[21] Xu, X., Liu, Z., Zhou, L., Xie, H.,
Cheng, J., Ling, Q., Wang, J., Guo, H.,

134

Wei, X. and Zheng, S. (2015)
Characterization of genome-wide
TFCP2 targets in hepatocellular
carcinoma: implication of targets FN1
and TJP1 in metastasis. ] Exp Clin
Cancer Res, 34, 6.

[22] Yan, X., Han, D., Chen, Z., Han, C.,
Dong, W., Han, L., Zou, L., Zhang, J.,
Liu, Y. and Chai, J. (2020) RUNX?2
interacts with BRG1 to target CD44 for
promoting invasion and migration of

colorectal cancer cells. Cancer Cell Int,
20, 505.

[23]Yi, H., Li, G., Long, Y., Liang, W.,
Cui, H., Zhang, B., Tan, Y., Li, Y., Shen,
L., Deng, D. et al. (2020) Integrative
multi-omics analysis of a colon cancer
cell line with heterogeneous Wnt
activity revealed RUNX2 as an
epigenetic regulator of EMT. Oncogene,
39, 5152-5164.

[24] Sun, L., Vitolo, M. and Passaniti, A.
(2001) Runt-related gene 2 in
endothelial cells: inducible expression
and specific regulation of cell migration
and invasion. Cancer Res, 61,
4994-5001.

[25] Kwon, T.G., Zhao, X., Yang, Q_., Li,
Y., Ge, C., Zhao, G. and Franceschi, RT.
(2011) Physical and functional
interactions between Runx?2 and
HIF-1alpha induce vascular endothelial
growth factor gene expression. J Cell
Biochem, 112, 3582-3593.

[26] Pratap, J., Lian, J.B. and Stein, G.S.
(2011) Metastatic bone disease: role of

transcription factors and future targets.
Bone, 48, 30-36.

[27] Sun, S.S., Zhang, L., Yang, J. and
Zhou, X. (2015) Role of runt-related
transcription factor 2 in signal network
of tumors as an inter-mediator. Cancer

Lett, 361, 1-7.

[28] Cohen-Solal, K.A., Boregowda, R.K.
and Lasfar, A. (2015) RUNX2 and the
PI3K/AKT axis reciprocal activation as a



Role of RUNX2 in Melanoma: A New Player in Tumor Progression and Resistance to Therapy
DOI: http://dx.doi.org/10.5772/intechopen.97105

driving force for tumor progression.
Mol Cancer, 14, 137.

[29] Anastas, J.N., Kulikauskas, R.M.,
Tamir, T., Rizos, H., Long, GV.,, von
Euw, E.M., Yang, PT., Chen, HW.,,
Haydu, L., Toroni, R.A. et al. (2014)
WNT5A enhances resistance of
melanoma cells to targeted BRAF
inhibitors. ] Clin Invest, 124, 2877-2890.

[30] Boregowda, R.K., Medina, DJ.,
Markert, E., Bryan, M.A., Chen, W.,
Chen, S., Rabkin, A., Vido, M.J.,
Gunderson, S.I., Chekmareva, M. et al.
(2016) The transcription factor RUNX2
regulates receptor tyrosine kinase
expression in melanoma. Oncotarget, 7,
29689-29707.

[31] Rizos, H., Menzies, A.M., Pupo,
G.M,, Carlino, M.S., Fung, C., Hyman,
J., Haydu, L.E., Mijatov, B., Becker,
T.M., Boyd, S.C. et al. (2014) BRAF
inhibitor resistance mechanisms in
metastatic melanoma: spectrum and
clinical impact. Clin Cancer Res, 20,
1965-1977.

[32] Paraiso, K.H., Xiang, Y., Rebecca,
VW., Abel, EV,, Chen, Y.A., Munko,
A.C., Wood, E., Fedorenko, IV,, Sondak,
V.K., Anderson, A.R. et al. (2011) PTEN
loss confers BRAF inhibitor resistance to
melanoma cells through the suppression
of BIM expression. Cancer Res, 71,
2750-2760.

135



Edited by Ahmed Lasfar and Karine Cohen-Solal

Although melanoma represents a limited number of cutaneous cancers each year, it
remains a significant public health crisis because the metastatic disease is associated
with poor survival. The incidence of the disease has increased 200% since 1973
and the median age at diagnosis is 40 years, making it one of the most significant
cancers responsible for productive years of life lost. Fortunately, there has been
unprecedented progress in the treatment of advanced melanoma, largely through
advances in understanding how to manipulate immune responses and target selective
genetic mutations in melanoma patients. Clinical benefits to patients with advanced
melanoma have been nevertheless limited by the development of innate and acquired
drug resistance, and numerous efforts are focusing on the elucidation of these
mechanisms. Combination strategies are being actively investigated to overcome
drug resistance, by awakening existing anti-tumor mechanisms disabled by a cancer-
promoting microenvironment. This book explores the advances and challenges
associated with melanoma today, particularly those related to its diagnosis and
management. It also proposes new avenues for therapeutic opportunities based on
sustained research efforts and ever-growing technological advances.

This is a relevant source of knowledge, very useful for researchers, medical
doctors, health providers and all individuals interested in learning more about this
devastating disease.

ISBN 978-1-83880-880-8

1838

808808

Published in London, UK

© 2021 IntechOpen
© KoliadzynskalIryna / iStock InteChOpen

9‘7

8183




	Melanoma
	Contents
	Preface
	Section 1
Types and Categories of Melanoma
	Chapter1
Introductory Chapter: Melanoma and Therapeutic Perspectives
	Chapter2
Uveal Melanoma
	Chapter3
Ocular Melanoma
	Chapter4
Anorectal Melanoma
	Chapter5
Mucosal Melanoma of the Head and Neck: From Diagnosis toTreatment

	Section 2
New Advances in the Mechanisms and Treatment of Melanoma
	Chapter6
The Role of the Meiotic Component in Reproduction of B-RAF-Mutated Melanoma: A Review and“Brainstorming” Session
	Chapter7
Role of RUNX2 in Melanoma: A New Player inTumor Progression and Resistance toTherapy


