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Using new generation sequencing for multiple myeloma prognosis: 
scoping review

Leonardo Assad Lomonaco1 , Thereza Cristina Picado Pinheiro1 , Thainá Souza Ribeiro1 , Ildercílio Mota de Souza 
Lima2 , Jeniffer Dantas Ferreira1

Introduction: The next generation sequencing (NGS) approaches identify 
multiple myeloma (MM) precursor disease that will progress before major 
clonal expansion. Objective: To synthesize the scientific evidence on the 
use of next-generation sequencing panels for the prognosis of individuals 
with multiple myeloma. Method: This is a scoping review carried out 
on three databases between 2011 and 2023. Included studies met one 
of these criteria: (1) described the role of NGS on the genetic structure 
of MM; (2) delineated clonal evolution; (3) described prognostic factors 
and (4) revealed new treatment protocols for MM.  Results: This search 
yielded 572 abstracts, with 69 studies eligible for inclusion. For MM, 
genetic changes involving the MAPK pathway, NAFkB pathway, DIS3, 
FAM46C, MYC, IRF4, TRAF3, TP53, CCND1, CYLD were the main 
ones identified by NGS techniques. Progression to symptomatic disease 
was related to changes in MYC, TP53 and copy number changes (1q+, 
1q-, del 17p). As for prognosis, TP53 was identified both for mutations 
and losses. By expanding the identification of cytogenetic alterations, 
NGS can contribute to the most promising initial therapy. Studies with 
therapeutic protocols involving BRAF inhibitors and MAPK pathway 
inhibitors were identified. Conclusion: This scoping review offers 
insight into the use of next-generation sequencing for multiple myeloma 
prognosis. After understanding the evolution of the disease, prognosis 
and treatment, the NGS panel should include translocations at the IGH 
locus, hyperdiploidy, del(17p), accompanied by the biallelic mutation 
of TP53, an expression of APOBECs, MYC, N-RAS and K-RAS genes.
Keywords: Multiple myeloma; High throughput nucleotide sequencing; 
Prognosis; Scoping review.

ABSTRACT

Sequenciamento de nova geração para prognóstico de mieloma múltiplo: revisão de escopo
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Introduction

Multiple Myeloma (MM) is a cancer of the plasma 
cell, resulting from the rise of malignant clonal and several 
subclones in the bone marrow, and the production of 
monoclonal immunoglobulin with lesions in target organs 
and lytic lesions1,2. 

Although new drugs have been introduced, the 
prognosis of MM is worse than that of other hematologic 
malignancies. Cytogenetic changes can affect disease 
progression and overall survival, and their identification 
provides an important target for more specific and effective 
therapies3-7. In this sense, Next Generation Sequencing 
(NGS) is a technique that has the potential to identify the 
precursor disease of myeloma even before expansion and 
clonal progression2,6,8 due to the sequencing of millions of 
DNA and RNA fragments simultaneously and on a large 
scale, being able to detect more variants than fluorescence in 
situ hybridization (FISH). 

Introdução: O uso do sequenciamento de nova geração (NGS) identifica 
as alterações precursoras do mieloma múltiplo (MM) e sua progressão 
mesmo antes da expansão clonal significativa. Objetivo: Sintetizar as 
evidências científicas do uso de painéis de sequenciamento de nova geração 
para o prognóstico de indivíduos com mieloma múltiplo. Método: Trata-
se de uma revisão de escopo procedida em três bases de dados no período 
entre 2011 e 2023. Os estudos incluídos atenderam a um dos seguintes 
critérios: (1) descreveram o papel do NGS na estrutura genética do MM; 
(2) na evolução clonal; (3) fatores prognósticos e (4) novos protocolos 
de tratamento para MM. Resultados: Foram identificados 572 resumos, 
sendo 69 estudos elegíveis para a inclusão.  Para o MM, as principais 
alterações genéticas envolvendo a via MAPK, via NAFkB, DIS3, FAM46C, 
MYC, IRF4, TRAF3, TP53, CCND1 e CYLD foram identificadas pelas 
técnicas de NGS. A progressão para doença sintomática esteve relacionada 
a alterações em MYC, TP53 e alterações no número de cópias (1q+, 1q-, 
del 17p). E, relacionada ao prognóstico estava o TP53, tanto em mutações 
quanto em perdas. Ao ampliar a identificação de alterações citogenéticas, 
o NGS pode contribuir para a terapia inicial mais promissora. Foram 
identificados estudos com protocolos terapêuticos inibidores de BRAF 
e inibidores da via MAPK. Conclusão: Esta revisão de escopo oferece 
esclarecimentos sobre o uso do sequenciamento de nova geração para o 
prognóstico do mieloma múltiplo. Para melhor compreender a evolução 
da doença, o prognóstico e o tratamento, o painel do NGS deve incluir 
translocações no locus IGH, hiperdiploidia, del(17p), acompanhadas 
pela mutação bialélica de TP53, expressão dos genes APOBECs, MYC, 
N-RAS e K-RAS.
Palavras-chave: Mieloma múltiplo; Sequenciamento de nucleotídeos 
em larga escala; Prognóstico; Revisão de escopo.

RESUMO

However, FISH is a technique elected for Revised 
International Staging System (R-ISS) classification and is high 
risk due to the presence of del(17p) and/or translocation t(4;14) 
and/or translocation t(14;16), which should be performed. 
It should be noted that the International Myeloma Society 
recently recommends the genomic staging consensus in which 
the NGS panel was used to identify the TP53 mutation and del 
(1p32) as criteria for defining high-risk MM given the impact 
of these alterations on the prognosis of individuals9.

Methods

Type of study

This is a scoping review which, through a systematic 
approach, identifies scientific evidence and summarizes 
the main concepts and remaining gaps on the topic10,11. It 
was conducted according to the recommendations of the 
international guide Preferred Reporting Items for Systematic 
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Reviews and Meta-Analyses Extension for Scoping Reviews 
(PRISMA-ScR)12. This protocol was registered on Open 
Science Framework (OSF), link: https://osf.io/d6j7h13.

Search strategy

The Population, Concept and Context strategy was 
adopted to formulate the guiding question “what is the 
clinical relevance of using high-throughput nucleotide 
sequencing for the prognosis of individuals newly diagnosed 
with multiple myeloma?” Population - individuals newly 
diagnosed with multiple myeloma; Concept - high-
throughput nucleotide sequencing; and Context - prognosis. 
The controlled vocabulary of the Medical Subject Headings 
(Mesh) and Health Sciences Descriptors (DeCS) databases 
were combined, covering all fields in the query box (Table 1).

The search for articles was carried out between January 
15th and 20th, 2024, on the Medline database via PubMed, 
and Embase via Cochrane and Science Direct.

Eligibility and exclusion criteria

Observational, experimental and review studies were 
included in this investigation, published from 2011 to 
2023, in English, Portuguese or Spanish, fully available. 
Publications that did not meet the research aim, were 
unrelated to the characterization of MM by NGS or were 
previously treated, relapses, minimal residual disease and 
laboratory animal studies were excluded. Book chapters, 
theses, dissertations, editorials and letters to the editor were 
excluded as well.

Screening and data extraction

The findings on the year of publication, authorship, 
periodical, type of study and title were cataloged and stored on 
spreadsheets in chronological order, by database. The selection 
of publications by title and abstract was carried out by pairs, 
separately, after excluding duplicates, following the PRISMA-
ScR procedure, facilitating the extraction of the objectives, 
design, setting, population and outcomes of the studies.

Results

Search Procedure

The search strategy identified 572 publications and, 
additionally, 40 articles that were included through reference 
scanning (N=612) cited in the articles found. After removing 
the duplicate (N=1), 611 remained for evaluation of titles 
and abstracts. 517 failed to meet the inclusion criteria and 
94 articles were selected for full reading. Of these, 24 were 
excluded for being out of scope, as well as 1 book chapter. 
Finally, 69 studies were included (Figure 1).

Description of publications

Literature mapping on NGS approaches to MM 
identified 69 publications, mainly carried out in multicenter 
institutes. It was composed of review studies (N=26), cohort 
study studies (N=28), cross-sectional studies (N=10), case 
reports (N=3) and case-control studies (N=2), published 
from 2011 to 2023 (Supplementary Box 2).

Table 1. Search strategy in databases according to the population, concept, context framework for scoping review.

Population

“Multiple myeloma” OR “Multiple Myelomas” OR “Myeloma, Multiple” OR “Myeloma, Plasma-Cell” 
OR “Myeloma, Plasma Cell” OR “Myelomas, Plasma-Cell” OR “Plasma-Cell Myeloma” OR “Plasma-Cell 
Myelomas” OR “Myelomatosis” OR “Myelomatoses” OR “Plasma Cell Myeloma” OR “Cell Myeloma, Plasma” 
OR “Myelomas, Plasma Cell” OR “Plasma Cell Myelomas” OR “Kahler Disease” OR “Myeloma-Multiple” 
OR “Myeloma Multiple”

NOT “Neoplasm, Residual” OR “Residual Neoplasms” OR “Residual Neoplasm” OR “Minimal Residual 
Disease” OR “Minimal Disease, Residual” OR “Residual Minimal Disease” OR “Residual Minimal Diseases” 
OR “Residual Disease, Minimal” OR “Minimal Residual Diseases” OR “Residual Cancer” OR “Cancer, 
Residual” OR “Residual Cancers” OR “Residual Tumor” OR “Residual Tumors” OR “Residual Tumour” OR 
“Residual Tumours” OR “Tumour, Residual”

Concepts

“High Throughput Nucleotide Sequencing” OR “Next-Generation Sequencing” OR “Next Generation 
Sequencing” OR “Sequencing, Next-Generation” OR “Illumina Sequencing” OR “Sequencing, Illumina” 
OR “Ion Torrent Sequencing” OR “Sequencing, Ion Torrent” OR “Ion Proton Sequencing” OR “Sequencing, 
Ion Proton” OR “Deep Sequencing” OR “Sequencing, Deep” OR “High-Throughput RNA Sequencing” 
OR “High Throughput RNA Sequencing” OR “RNA Sequencing, High-Throughput” OR “Sequencing, 
High-Throughput RNA” OR “Massively-Parallel Sequencing” OR “Massively Parallel Sequencing” OR 
“Sequencing, Massively-Parallel” OR “Pyrosequencing” OR “High-Throughput Sequencing” OR “High 
Throughput Sequencing” OR “Sequencing, High-Throughput” OR “High-Throughput DNA Sequencing” 
OR “DNA Sequencing, High-Throughput” OR “High Throughput DNA Sequencing” OR “Sequencing, 
High-Throughput DNA”

Context “Prognosis” OR “Prognoses” OR “Prognostic Factors” OR “Prognostic Factor” OR “Factor, Prognostic” OR 
“Factors, Prognostic”

Source: Health Sciences Descriptors (DeCS) and Medical Subject Headings (MeSH), 2024.

https://osf.io/d6j7h
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Discussion

Next Generation Sequencing

Conventional cytogenetic analysis and FISH promoted 
greater understanding of MM genetics, with detection of 
alterations being around 40%-50%. While karyotyping 
detects hypo- or hyperdiploidy, FISH performed on plasma 
cells from bone marrow samples identifies rearrangements 
relevant to MM. However, the plasma cell does not have 
a sufficient mitotic index for the test to be performed 
effectively8. The FISH technique uses specific probes for the 
target in question, but cannot identify other abnormalities 
and is not very sensitive in situations of low cellular 
expression14–16. Other sensitive techniques for identifying 
genetic abnormalities have emerged in recent decades, such 
as NGS and Gene Expression Profiles (GEP), advancing the 
genomics of patients with MM, identifying patients at high 
risk of progression to symptomatic disease and enabling new 
prognostic assessments and better treatment strategies6,17–21.

It is pertinent to mention that the quality of the samples 
for the examination is determinative and the pre-analytical 
phase requires a team trained in collecting material and its 
appropriate interpretation22–27. The bone marrow samples 
should be collected in sodium heparin tubes, since the 
use of heparin does not inhibit cell growth or interfere 
with cell distortion, which are conditions for the correct 
interpretation of results in molecular analysis. 

Genomic structure and clonal evolution of Mul-
tiple Myeloma

MM evolves from an indolent condition called 
monoclonal gammopathy of undetermined significance 
(MGUS), characterized by medullary infiltration below 
10% of nucleated cells in the bone marrow, but already 
presenting primary genetic changes because of chromosomal 
instability acquired by plasma cells1,7,28. Hyperdiploidy and 
translocations involving the IGH gene (chromosome 14, 
14p32) are the most common changes found at this stage 
of the disease, with hypodiploidy and pseudodiploidy being 
rare. Translocation t(11;14) is the most common, responsible 
for the increased expression of CCND1(11q13) while t(6;14) 
promotes overexpression of CCND3(6p21). Other recurrent 
translocations are t(4;14) (4p16, FGFR3/MMSET), t(14;16) 
(16q23, MAF), and t(14;20) (20q11, MAFB)28. 

With the evolution of the initial clonal stage of MM, 
secondary cytogenetic acquisitions arise1,21,29, including 
changes in copy number (genomic gains or losses) and 
other translocations, changes in 1q+ (gain), 1p deletions, 
changes in MYC, 17p deletion, in a multiple-step process3. 
The cytogenetic analysis of symptomatic and asymptomatic 
individuals shows minimal differences. However, when 
people present t(14;20), del(17p) and 1p-, even in the 
asymptomatic stages, these changes are associated with 
faster progression to symptomatic myeloma, in addition to 
worsening overall survival and event-free survival30–32. Thus, 
the Revised Multiple Myeloma Staging System (R-ISS) score 

incorporated laboratory markers (Beta2-microglobulin, 
serum LDH and adverse cytogenetic markers like del(17p), 
t(4,14), t(14,16))33,34. A Whole Genome Sequencing 
associated with RNA-seq proved to be highly sensitive for 
the diagnosis of MM and its risk stratification35,36. 

Scales et al. (2017)37 analyzed 513 patients with MM 
and 1,500 controls investigating if rare proteins and 
KIF18A could be related to the development of MM, 
with the appearance of a predominant clone and several 
associated and/or emerging subclones throughout the 
disease process31,38–40.

Kim et al. (2021)41 showed an overexpression of 
IGHV3-9, IGHV4-31 and IGHD3-3 and a decrease 
in IGKV4-1, different from what is seen in Western 
populations, suggesting that environmental factors may 
interfere with genomic expression. Another study compared 
the population of African Americans (AA) with Caucasian 
Americans (CA) and demonstrated that t(4;14) was common 
in the AA group (29%) and that mutations in TP53 were 
more common in CA, but there was no statistical difference 
between them42. Manojlovic et al. (2017)43 also compared 
AA and CA and observed that mutations in the BCL7A, 
BRWD3 and AUTS2 genes were frequent among AA cases 
and that mutations in TP53 and IRF4 were more common 
in CA. 

A study conducted by Jiménez et al. (2016)15 evaluated 
48 patients newly diagnosed with MM, using FISH and 
NGS techniques. Translocations involving the IGH gene 
were observed in 17 patients; three patients with t(4;14), 
eight patients with t(11;14), two patients with t(14;16) and 
four with 14q32 involvement, but without corresponding 
translocation. However, it was still possible to identify eight 
translocations not previously identified through FISH. 
Translocations involving chromosome 8 (MYC gene) were 
found in four of these samples. The analysis of NRAS, 
KRAS, HRAS, TP53, MYC and BRAF found changes in 
33%, being 15% in NRAS, 15% in KRAS, 4% in TP53 
(one case concomitantly harbored a TP53 deletion) and 2% 
in MYC. RAS pathway activating mutations were frequent 
in 29% and mutually exclusive15.

A North American study analyzed cytogenetic 
abnormalities in 142 untreated patients using FISH, with 
52% of patients having hyperdiploidy, 41% of patients with 
del(13q), 26% with t(11;14), 15% with del(17p), 10% 
with t(4;14) and 3% with t(14;16). Subsequently, using 
NGS techniques, it was observed that 75.4% of patients 
had at least one mutation and that approximately 61% of 
the genes analyzed in the panel were mutated. The main 
mutated genes were KRAS (24%), NRAS (17%), DIS3 
(14%), TRAF3 (11%), BRAF (9%), TP53 (9%), FAM46C 
(8%) and CYLD (5%)22.

Prognosis

Despite the cytogenetic complexity of MM, the 
mutations described above are recurrent1,2,37 and serve as 
targets for the prognostic evaluation of these patients.
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R-ISS is a prognostic score used in the diagnosis of 
multiple myeloma that includes laboratory characteristics 
and specific genetic alterations, including t(4;14), t(14;16), 
or del(17p) detected by FISH, whose presence confers a 
higher risk of the disease. Other laboratory evaluations, such 
as circulating plasma cell counts before and after treatment 
and minimal residual disease testing after treatment, are 
relevant in prognostic prospecting, as they can indicate 
whether the MM was sensitive to the therapy used39,44–46. In 
the literature consulted, the use of NGS techniques allowed 
the identification of a greater variety of genetic alterations 
in MM47, but their applicability in clinical practice still 
requires validation.

Mutations in the MAPK pathway genes (KRAS, NRAS, 
BRAF) are frequently reported by NGS studies, without 
being important in survival or disease-free progression28,48. 
Kortuem et al. (2016)22 observed 20% of mutation 
frequency in the NFkB pathway and 11% in the cyclin 
D1 gene (CCND1). In addition, it was suggested that the 
impact on disease-free time and survival was related to the 
STAT3 activation pathway, but in two patients there were 
other mutations associated with t(4;14) and del(17p)22.

The MYC genes are frequently mutated in symptomatic 
patients with MM and both NGS and FISH techniques 
detect MYC variants, with NGS showing a higher frequency 
of mutational discoveries for this gene4. These MYC 
mutations imply a reduction in the time to progression 
to symptomatic disease as a result of the clonal evolution 
present in MM, which shows some similarity with the 
tumor growth of adenocarcinomas when associated with 
mutations in the K-RAS pathway3,18,43,49. However, their 
impact on survival remains unclear.

Although translocations of the Immunoglobulin (Ig) 
gene have a positive impact on survival50, cases where 
the MYC alteration results from insertions originating 
from Ig genes, mainly the generation of lambda chain 
immunoglobulin gene, present in chromosome 22, suggest 
a poor prognosis4. Foltz et al. (2020)51 observed that this 
is probably a consequence of impairment of the PVT1 
generation, which is close to the MYC generation and 
would lead to the loss of its regulation and an impact on 
survival. These comments are also presented in regulatory, 
non-coding regions close to the PAX5 gene, but does not 
predict prognosis36.

Walker et al. (2015)48 analyzed 463 patients recently 
diagnosed with symptomatic MM and observed that 
CCND1, p53 and del(17p) mutations presented worse 
overall survival, as well as the ATM and ATR gene mutations. 
The ZFHX4 gene mutations were also associated with worse 
progression-free survival. However, mutations in the EGR1 
and IRF4 genes showed better results in overall survival and 
progression-free survival48. 

NGS is also more accurate in identifying mutations in 
TP53 and APOBECs5,44,45,52, which have been shown to be 
relevant prognostic conditions, especially for alterations in 
TP53. Deletions on the short arm of chromosome 17 have 
been linked to early relapses and a negative impact on the 

survival (overall or event-free) of patients due to the loss 
of expression of TP5334,53. NGS analyses demonstrate that 
mutations in the structure of p53 gene, or chromosomal 
losses at diagnosis are rare, but reflect on survival and 
become a point of interest in the evaluation of patients with 
MM28,54–58.

Walker et al. (2019)59 described the presence of the 
CKS1B amplification in patients classified as ISS stage III; 
while patients with a biallelic p53 mutation were classified 
with double-HIT MM and included in a high-risk group59. 
Corre et al. (2021)60 compared the impact on survival of 
del(17p) associated or not with a biallelic mutation in 
the p53 gene, and the result shows that when the two are 
associated, survival is lower than when it is demonstrated 
only with del(17p). 

Regarding APOBEC and the development of MM cases, 
it is observed that, during the initial acquisition of cytogenetic 
changes (hyperdiploidies and IGH translocations), pre-
malignant cells are chronically exposed to AID, a cytidine-
deaminase induced by activation presents in the germinal 
centers. This exposure leads to breaks in the DNA, mainly 
at the IGH locus, but which can occur in other parts of the 
genome. Subsequently,

the role of APOBEC emerges, especially APOBEC3B, 
which appears to be related to the

acquisition of several mutations in previously described 
genes of patients with MM, including TP53, in addition to 
being related to shorter survival in cases of MM29,32,56,61.

Changes in IGLL5, when related to IGH translocation, 
appear to impact disease progression, but with no impact on 
survival53,62. Sequencing IGH rearrangements proved to be 
potential prognostic markers for patients. Hypermutation of 
IGH, as well as mutations in IGHV3, IGHD2 and IGHD3 
suggest a satisfactory evolution in patients with MM in a 
multivariate analysis62.

Laganà et al. (2018)63 described mutations in KIF22, 
ORC6, ATAD5 and TSKU genes, in which the first three 
are linked to DNA repair processes, a condition that could 
constitute a high-risk disease. “Signatures” of central genes 
were also observed in t(4;14) (CDC42BPA CLEC11A), 
suggesting that they are high-risk patients63. Boyle et al. 
(2022)54 analyzed telomeres length and showed that the 
shortening of telomere length in myelomatous cells is related 
to an adverse prognostic factor54. 

The presence of mutations in the DIS3 gene, in 
subclones present in MM, is associated with translocations 
related to IGH, causing the loss of RNA exosome functions, 
the loss of correct reading, disease progression through 
MYC overexpression and the loss of p53 regulation and is 
implicated in poor survival64,65.

Mutations in KMT2C, KMT2D, EP300 and genes from 
the ARID family are related to poor prognosis in MM, as 
well as the expression of AIMP166,67. Esterase gene expression 
changes as patients progress from newly diagnosed multiple 
myeloma to relapse/refractory Multiple Myeloma68. High 
expression of OVCA2, PAFAH1B3, USP4 and SIAE, and 
low expression of PCED1B, are markers of poor prognosis 
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in MM56. Mutation in the CDC27 gene and the PRDM1 
gene are involved in the progression of the disease and a 
possible therapeutic target69,70.

Therapeutic protocols

One of the possibilities with the use of NGS techniques 
is the identification of more specific therapeutic protocols for 
the treatment of patients with MM, according to the genetic 
alterations detected71. Therefore, determining the genetic 
alterations of disease subclones may lead to more promising 
initial therapy, also impacting refractory and relapsed patients 
. Sequencing studies have shown that the initial therapeutic 
protocol can promote the selection of subclones with a profile 
resistant to previously used drugs72,73. 

The use of MEK and MAPK pathway inhibitors as 
monotherapy or associated with other drugs, such as 
trametinib, was seen in a study with 40 patients that had an 
overall response rate of 40%. Cobimetinib and vemurafenib 
have been described in case report articles as active treatment 
drugs in refractory and relapsed patients, but with different 
results71. Recently, the use of ATM and ATR gene inhibitors, 
as well as PDL-1 inhibitors, IDH, FGFR3, PARP inhibitors, 
are being studied71.

EGR1 and IRF4 mutations are susceptible to the use 
of immunomodulators, but resistance to bortezomib and 
appear to be associated with NRAS mutations in relapse56. 
KRAS inhibitors are already a reality in medical practice, 
being an important target in other malignant neoplasms, 
and can also be used in MM, as well as tyrosine kinase 
inhibitors49,74.

Although NGS has increased the ability to detect 
genomic aberrations in MM, its validation and routine use 
in clinical trials has not yet been regulated. NGS and other 
techniques of deeper analysis of genomic sequencing in the 
search for therapeutic targets are promising, but several 
adversities in the use of these medicines are present, many of 
them related to the variable expression of alleles and proteins 
that could interfere52. The main obstacle to routine clinical 
use in MM patients is the cost and implementation of NGS 
techniques. Thus, several panel proposals have already been 
suggested to classify risk and guide patients’ therapy, making 
them more accessible and bringing expected results.

Conclusion

NGS techniques, in the context of MM diagnosis, 
prognosis, and treatment, provide significant information 
about patients' genomic structure and oncogenesis. The 
ability to identify recurrent mutations was an important 
step toward understanding the pathways affected in MM 
development, revealing the complexity of the MM genome 
and its evolution. Among these, TP53 alterations, both 
biallelic mutations and associated or unassociated 17p loss, 
proved to be important in identifying high-risk groups 
in multiple myeloma patients. Translocations in the IGH 
locus, hyperdiploidy, and MYC expression were amplified 
by NGS, in terms of their structures and mutations. Other 

gene groups, APOBECs, N-RAS, and K-RAS, were more 
clearly defined in the emergence of MM. Understanding 
this new information is important for better classification of 
MM patients and, in the future, for the inclusion of NGS 
techniques in daily practice. The routine use of the NGS 
technique as a therapy definer is still imprecise and requires 
more robust validation.
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