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Abstract

Multiple myeloma (MM) is a type of cancer that affects the plasma cells in your bone marrow. The severity of the
disease can range from a less serious condition called monoclonal gammopathy of unknown significance (MGUS)
to a more severe form called plasma cell leukemia (PCL). To ensure early treatment, the International Myeloma
Working Group (IMWG) has updated the criteria for when to begin therapy. In this article, we discuss how MM
progresses from MGUS to full-blown cancer at a molecular level. We also explain that because the disease is so
complex, it cannot be treated with a single approach or by targeting one specific biomarker. While traditional
biomarkers can be helpful in tracking the severity of the cancer, new biomarkers are being developed to create multi-
target therapies that can be used at different stages of the disease.
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Introduction

Multiple myeloma (MM) is a complex type of blood cancer that has its
roots in a condition called monoclonal gammopathy of uncertain
significance (MGUS). MGUS is often discovered by chance, particularly
in older adults, and can be seen as a warning sign for the eventual
development of multiple myeloma [1]. The transition from a symptomless
precursor to an obvious illness occurs slowly, at a rate of approximately
1% per annum. This highlights a path characterized by complex
interactions between genetics and the environment [2].

In the context of MM, there is a very important chapter that discusses
asymptomatic or smoldering myeloma (SMM). This is a condition that
makes up a significant portion of newly diagnosed MM cases [3]. At this
stage, it can be compared to standing at a crossroads where certain
medical markers indicate that something is happening, but the usual
dramatic symptoms of advanced MM are not present. From a clinical
perspective, it is somewhat of a mystery, as the risk of progressing to more
severe stages can vary, and it requires close monitoring and attention over
time [4].

The emergence of advanced genomic and proteomic technologies has
revealed a world of chromosomal abnormalities and molecular events that
play significant roles in the progression of MM patients [5]. Medical
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researchers have recently identified a mix of biomarkers, some genomic
and some non-genomic, that are improving our ability to diagnose and
predict outcomes [6].

The International Myeloma Working Group (IMWG) made a major
development in 2014 by redefining the diagnostic criteria for MM. This
included advanced biomarkers that can indicate a greater risk of disease
progression [7]. This development has opened up new possibilities for
early intervention, which has the potential to change the course of the
disease for many patients.

The goal of this paper is to navigate the complex progression of MM,
from its initial stages of MGUS and SMM to its more severe forms. We
will examine the intricate molecular mechanisms of myeloma genesis,
investigate the influence of new biomarkers on disease categorization,
and consider how these advancements alter our approach to treatment. [8].

Multiple Myeloma (MM)

MM, also known as myeloma, is a type of cancer that affects plasma cells
and has a wide range of clinical and genetic variations. It is always
preceded by a pre-malignant stage, often not given much attention. This
pre-malignant stage is usually detected incidentally and is known as
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monoclonal gammopathy of undetermined significance (MGUS). MGUS
is more common in older people but only progresses to MM at a rate of
around 1% per year. Patients with MGUS have a low level of monoclonal
protein and abnormal plasma cells in the bone marrow but no indicators
of active disease [1]. Approximately 14% of newly diagnosed myeloma
patients are asymptomatic or smoldering myeloma (SMM) [2].
Asymptomatic or SMM is a condition where either the level of plasma
cells in the blood is above 10%, or the monoclonal protein level is above
30 g/l. However, it does not show any of the clinical end-organ damage
criteria that are used to define symptomatic multiple myeloma, such as
CRAB (hypercalcemia, renal impairment, anemia, bone disease) [3].
SMM can be categorized into three distinct possibilities, namely MGUS
with a higher but stable number of abnormal plasma cells, minimally
progressive myeloma without CRAB criteria or myeloma-defining
events, and moderately progressive myeloma with no damage to red blood
cells, kidneys, or bones. For patients with standard-risk SMM, the risk of
progression to active myeloma is 10% per year for the first five years, 3%
per year for the next five years, and 1-2% per year for the next 10 years
[4]. Efforts have been made to identify biomarkers that can predict the
risk of progression for both MGUS and SMM to symptomatic disease.
However, there has been a lack of concordance and validation of
biomarkers, particularly with regard to SMM [5]. In 2014, The IMWG
updated the definition of multiple myeloma with three new criteria for
therapy initiation in addition to the CRAB criteria [6]. To diagnose
multiple myeloma, three criteria must be met. These include a level of
plasma cell infiltration greater than 60%, a serum-free light chain (sFLC)
level/ratio greater than 100mg/l, and the presence of focal lesions on
advanced imaging such as low dose whole body computerized
tomography (CT), magnetic resonance imaging (MRI), and 18F
fluorodeoxyglucose positron emission (18F FDG PET). In addition, the
IMWG revised the definitions of renal disease and bone disease in the
CRAB criteria and also defined a minimal plasma cell percentage
infiltration in the bone marrow required to meet the definition of myeloma

[6].

The molecular progression of MM from early to
advanced stages

Myelomagenesis, the process of developing multiple myeloma (MM) [7],
is initiated by molecular events such as chromosomal translocations and
hyperdiploidy. Approximately 55% of MM patients exhibit recurrent
chromosomal translocations involving the immunoglobin heavy chain
(IgH) locus at 14932 [8], with t (11;14) (q13; q32) and t (4;14) (p16; q32)
being the most common [9]. Chromosomal hyperdiploidy is observed in
up to 50% of MM patients and is characterized by a trisomy of the odd-
numbered chromosomes [10]. These events lead to abnormal gene
expression of the cyclin D family, which helps dormant cells grow [11].In
monoclonal gammopathy of undetermined significance (MGUS), genetic
abnormalities increase malignant plasma cells to >10% of bone marrow
mononuclear cells. MM cells acquire non-synonymous point mutations in
Ras family oncogenes involving APOBEC3B cytidine deaminase [8].
Moreover, c-Myc overexpression occurs exclusively in the progression of
MGUS to MM [12]. Genomic instability due to DNA hypomethylation
may accelerate disease progression [13]. In the terminal stage of
myeloma, MM cells exhibit stroma-independent growth, forming
extramedullary lesions, and leukemic conversion. This growth is
sustained by the constitutive activation of Nuclear factor kappa B (NF-
kB) [13]. The loss of genes encoding NF-kB pathway inhibitors and
extensive structural abnormalities of chromosomes, such as complex
translocations involving the c-Myc gene, duplication of chromosome 1q,
and deletions of 1p32 or 17p13, are common in terminal-stage myeloma.
TP53 mutations almost exclusively occur with 17p deletion, especially in
refractory cases. TP53 mutations appear late in MM's clonal evolution
and usually have oncogenic functions, including up-regulation of c-Myc
and genes encoding proteasome subunits, which induce anti-cancer drug
resistance [14,15].
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Biomarkers: Their Importance
Diagnosis and Therapy

in Multiple Myeloma

1. Established biomarkers

To diagnose multiple myeloma, doctors use a series of biomarkers. These
biomarkers can be divided into two types: nongenomic and genomic.
Nongenomic biomarkers include the Durie-Salmon staging system (DSS)
[15], the international staging system (ISS) [16], the revised ISS (RISS)
[17], the percentage of plasma cells [18], chromosomal abnormalities
[19], serum protein electrophoresis (SPE), urinary Bence-Jones protein
[20], serum-free light chain (FLC) [21], and various imaging techniques
such as metastatic skeletal survey (MSS), computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography
(PET) with fluorodeoxyglucose (FDG) [22]. Genomic biomarkers include
interphase fluorescence in situ hybridization (IFISH) [23] as a cytogenetic
test and gene expression profiling (GEP) [24].

l. Nongenomic markers

The DSS was first reported in 1975 and is still used today as a diagnostic
method for MM. However, it has certain limitations, such as the
subjectivity involved in determining the extent of bone disease. As a
result, another system for staging myeloma, ISS, was developed. The two
most widely used staging systems in MM patients are the ISS and Durie—
DSS [15]. However, both have limitations. For instance, the ISS
prognostic model lacks biologic determinants of the disease. The ISS is a
simple risk stratification system based on serum albumin and (2-
microglobulin. Although it is powerful and reproducible, the outcome can
be affected by serum albumin, which is a host factor and not disease-
specific [16]. Furthermore, the ISS relies solely on tumor biological
parameters and does not incorporate medical imaging modalities. The
DSS, on the other hand, relies on clinical factors, such as the number of
lytic bone lesions on a skeletal radiographic survey, serum calcium, level
of hemoglobin, amount of M protein, and renal function. However, its
classification based on the extent and number of bone lesions found by X-
ray is observer-dependent, which makes it difficult to reproduce. To better
stratify patients into homogenous survival groups, ISS was combined
with serum lactate dehydrogenase (LDH) and chromosomal abnormalities
to form a revised ISS (RISS) [18]. The RISS improves the prognostic
value of the ISS by combining the variables in the ISS with the
chromosomal abnormalities (CA) detected by IFISH (t(14;16), t(4;14),
and del17p) [23] and serum LDH in those patients with newly diagnosed
MM. According to recent studies, the RISS can also be used to stratify
patients with relapsed/refractory MM [19]. When it comes to detecting
MM, the use of both MRI and PET scans has become an important part
of the diagnostic criteria [25]. In healthy individuals, the percentage of
plasma cells is usually less than 3%, but this number can increase
significantly in patients with MM, ranging from 10% to 100%, depending
on the severity of the disease. Screening for plasma cell percentage is a
common test performed to identify potential MM patients [26].
Monoclonal gammopathy is a type of cancer that occurs when a specific
group of cancerous plasma cells produces a type of protein. These
proteins, also called monoclonal or M proteins, can be detected using a
test called serum protein electrophoresis (SPE), which shows a spike in
the alpha, beta, or gamma globulin region. Detecting the presence of an
M spike is important for monitoring the progression of the disease [27,
28].

Patients with monoclonal gammopathy may also have Bence Jones
proteins in their urine, which are also known as kappa and lambda [29].
These proteins play a key role in diagnosing and predicting the prognosis
of monoclonal gammopathy.

Elevated levels of immunoglobulin free light chain (FLC) [30] and an
abnormal FLC ratio are common in monoclonal gammopathy and can
affect the prognosis. An abnormal FLC ratio, where the involved and/or
uninvolved FLC is > 100, is now included in the updated diagnostic
criteria for newly diagnosed monoclonal gammopathy [31].
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. Genomic markers

Multiple genetic abnormalities have been identified in patients suffering
from MM. Hyperdiploidy and chromosome translocations are the most
common of these genetic aberrations and are considered to be primary
events. Studies have reported that IFISH and cytogenetics have
prognostic significance. Specifically, t(14;16), t(14;20), and 17p deletion
are associated with poor prognosis, while t(11;14), t(6;14), and
Hyperdiploidy myeloma are associated with standard risk [32]. High-risk
IFISH, such as t(4;14), t(14;16), and 17p deletion have been combined
with ISS and lactate dehydrogenase to form the R-ISS for better
prognostication. However, it is important to note that no single genetic
abnormality by itself defines high-risk MM. It is important to determine
the presence or absence of a panel of cytogenetic abnormalities to
properly identify patients with an adverse prognosis [33]. Gene
expression profiling (GEP) is an alternative method that combines the
influence of multiple genetic abnormalities and pathways into a single
signature. Although GEP could be a potential method for risk assessment
in MM, methods to define a standardized user-friendly GEP signature are
required for its widespread use [33].

2. Emerging novel biomarkers

When diagnosing and staging multiple myeloma (MM), markers such as
plasma cell percentage [34], B2 microglobulin, albumin [35], and Bence
Jones proteins[36] are commonly used only a few cases. However, newer
markers and liquid biopsy[37] offer a non-invasive approach to detecting
the disease. Certain extracellular matrix (ECM) proteins which are also
known as angiogenesis markers, such as laminins, nidogens, and
fabulous, show promise as markers for diagnosis, prognosis, or
therapeutics in MM [38, 39]. Circulatory tumor cells (CTCs), miRNAs,
and cell-free DNA (cfDNA) can help predict disease status, determine
minimal residual disease (MRD), and improve prognostic accuracy [40].
The use of liquid biopsy for the evaluation of plasma cells, nucleic acids
(such as cell free DNA and microRNAS) is a promising and non-invasive
approach for efficiently detecting MM. Liquid biopsy can serve as a
reliable indicator of BM, making it a user-friendly and advancing
technique.

Immunotherapy using immune-modulating drugs (IMIDs) like
lenalidomide or pomalidomide is followed by monoclonal antibodies
such as daratumumab and elotuzumab, which have been approved for
treating relapsed cases of MM [40]. Proteomics analysis in MM patients
has revealed dysregulated expression of certain proteins such as amyloid
A protein, vitamin D-binding protein isoform-1 [41], proteasome
activator complex subunit 1 (PSMEL), PSME2, heat shock protein 90 [42]
that could potentially serve as markers for diagnosis or prognosis
prediction. Liquid biopsy offers a non-invasive way to comprehensively
investigate the disease's molecular profile in the peripheral circulation,
providing all relevant information about the disease and its response to
treatment [43].

Discussion

Multiple myeloma (MM) is a challenging cancer that affects plasma cells
in the bone marrow. MM is the second most common type of blood cancer
after non-Hodgkin lymphoma, ranging from a benign condition known as
monoclonal gammopathy of unknown significance (MGUS) to a more
serious form called plasma cell leukemia [44]. However, through the
International Myeloma Working Group's updated criteria for therapy
initiation, clinicians and researchers are encouraged to make a difference
in the lives of those affected by this disease. While diagnosing MM can
be problematic, the potential for a non-invasive liquid biopsy approach
using novel biomarkers offers hope. These biomarkers provide valuable
information about the disease and its response to treatment, Additionally,
it can assist in evaluating MRD to predict the probability of relapse in
MM [45]. As diagnostic and therapeutic biomarkers continue to be
developed, researchers and clinicians alike can be inspired by the ongoing
studies that aim to better understand MM. By working together, we can
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continue to make progress in the fight against this disease, bringing hope
to those affected by it.
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