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Epidemiology 
and Pathophysiology of Multiple 
Myeloma

Malin Hultcrantz, Gareth J. Morgan, 
and Ola Landgren

1.1  Introduction

Multiple myeloma is characterized by an abnor-
mal plasma cell proliferation and in the majority 
of patients, production of monoclonal immuno-
globulin heavy chains (M-protein) or light chains 
(Morgan et al. 2012). Findings of an M-protein 
in the blood of asymptomatic patients were first 
described in 1960 by Professor Jan Waldenström 
who called this condition “essential hypergam-
maglobulinemia” (Waldenstrom 1960). Kyle 
later observed that patients with monoclonal 
gammopathies were at a higher risk of develop-
ing plasma cell malignancies primarily multiple 
myeloma and thus concluded that this gammop-
athy was not always benign. They therefore 
coined the term monoclonal gammopathy of 
undetermined significance (MGUS) (Kyle 
1978). More recent studies on sequential serum 
samples by Landgren et al. revealed that multi-
ple myeloma is consistently preceded by MGUS 
(Landgren et al. 2009a). In a recent large 
screened study, the overall prevalence of MGUS 

was 2.4% with the highest prevalence observed 
in the African-American population (Landgren 
et al. 2014).

Myeloma has traditionally been associated 
with a poor outcome; however, the median sur-
vival has improved across all age groups after the 
introduction of novel agents more than 15 years 
old(Kristinsson et al. 2014). Importantly, survival 
has continued to improve with the subsequent 
development of second and third generations of 
the proteasome inhibitors and immunomodula-
tory drugs as well as new treatment options such 
as monoclonal antibodies (Kristinsson et al. 
2014).

Genetically, multiple myeloma is a complex 
disease including multiple genetic hits and 
branching disease evolution. During progression 
from MGUS to multiple myeloma, plasma cells 
acquire a number of genetic hits and the ability 
to evade the immune system. The techniques to 
detect genetic aberrations and functional changes 
are becoming increasingly sensitive and precise. 
With the use of massive parallel sequencing, we 
have gained important insights on disease evolu-
tion during the recent years. In addition to cyto-
genetic changes, somatic mutations affecting 
various cellular mechanisms have been identi-
fied in myeloma (Manier et al. 2017). 
Furthermore, in myeloma there is an intense 
interplay with the bone marrow microenviron-
ment and immune system acting in various ways 
to promote disease progression. Here we 
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describe the epidemiology and pathophysiology 
including the genetic  landscape and the role of 
the bone marrow microenvironment of multiple 
myeloma.

1.2  Epidemiology

Multiple myeloma is the second most common 
hematological malignancy in adults in Western 
countries with an age-adjusted incidence of 
5/100,000 individuals in Western countries 
(Velez et al. 2016; Siegel et al. 2016). Myeloma 
is more common in the elderly population; the 
median age at diagnosis is 69–70 years 
(Kristinsson et al. 2007). Myeloma is consis-
tently preceded by the precursor state monoclo-
nal gammopathy of undetermined significance 
(MGUS) (Landgren et al. 2009a). The disease 
trajectory spans from MGUS which can progress 
to smoldering multiple myeloma and to multiple 
myeloma requiring therapy (Rajkumar et al. 
2014). The rate of progression from MGUS to 
myeloma is 0.5–1% per year (Kyle et al. 2010; 
Turesson et al. 2014).

The etiology of MGUS and myeloma is not 
fully understood, but a number of host factors as 
well as external factors are of importance for dis-
ease evolution. Host factors include age where 
older individuals have a higher risk of develop-
ing myeloma. MGUS and myeloma are more 
common in men, and there are racial disparities 
in regard to incidence; MGUS and multiple 
myeloma are more common in African-
American and African blacks compared to 
whites and Mexican Americans (Landgren et al. 
2014; Landgren et al. 2007; Waxman et al. 
2010). In a recent population-based screening 
study, the prevalence of MGUS was 3.7% in 
African- American blacks, 2.3% in whites, and 
1.8% in Mexican Americans (Landgren et al. 
2014). Genome-wide association studies have 
identified several single nucleotide polymor-
phisms associated with myeloma development 
indicating an inherited susceptibility (Morgan 
et al. 2014). Furthermore, exposure to certain 
pesticides and herbicides including Agent 
Orange has been correlated to an increased risk 

of developing MGUS (Landgren et al. 2009b; 
Landgren et al. 2015).

1.3  Genetic Landscape 
of Multiple Myeloma

Genomic instability plays a major role in the 
pathogenesis of multiple myeloma and the dis-
ease including translocations, copy number 
abnormalities, as well as somatic mutations 
(Bianchi and Ghobrial 2014). The disease is het-
erogeneous and includes a number of subclones 
which evolve in a branching pattern similar to 
Darwinian evolution (Bolli et al. 2014; Walker 
et al. 2014). Initial genomic analyses captured 
mainly gross anatomical aberrations, while 
more modern techniques have rendered new 
insight to disease pathogenesis and individual 
disease patterns. The myeloma genome was first 
assessed using metaphase cytogenetics which is 
of limited value in myeloma due to limited sen-
sitivity and the low proliferation of terminally 
differentiated plasma cells. Fluorescence in situ 
hybridization (FISH) is widely used in clinical 
praxis to assess translocations and copy number 
variations. Interphase FISH can capture also 
cryptic aberrations; however, FISH is hampered 
by several limitations; it detects only known 
genetic aberrations, the sensitivity is limited, 
and the analyses are labor intensive. Gene 
expression profiling was developed as a prog-
nostic model that can be used within certain 
given therapies. More recently, massive parallel 
sequencing techniques with high-throughput 
sequencing of DNA have revolutionized 
genomic analyses. Using whole genome, whole 
exome, as well as targeted sequencing, great 
insights have been gained into the genomic 
landscape of multiple myeloma (Bolli et al. 
2014; Chapman et al. 2011; Lohr et al. 2014; 
Walker et al. 2015a). Sequencing techniques 
have also been used to detect IgH translocations 
and hyperdiploidy; the modern techniques 
tended to be more sensitive compared to inter-
phase FISH (Bolli et al. 2016). Here, we describe 
the emerging field of genomics in myeloma 
from cytogenetics and FISH to gene expression 
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profiling and next-generation sequencing 
techniques.

1.4  Chromosomal Abnormalities

Myeloma can broadly be divided into two groups 
based on chromosomal aberrations; transloca-
tions involving IgH on chromosome 14 and 
hyperdiploidy. These events are considered initi-
ating or primary events indicating that evolution 
to myeloma can follow at least two distinct path-
ways (Stella et al. 2015). However, these events 
by themselves do not seem to be sufficient for 
myeloma development as they are found already 
at the MGUS stage (Fonseca et al. 2002). IgH 
translocations are found in 45% of patients and 
hyperdiploidy in 50% of patients with myeloma 
(Manier et al. 2017). Approximately 10% of 
myeloma patients harbor both an IgH transloca-
tion and hyperdiploidy, while in 5%, neither IgH 
translocations nor hyperdiploidy can be detected. 
In addition to these primary cytogenetic events, a 
number of chromosomal gains and losses as well 
as somatic mutations are found in myeloma and 
can offer additional prognostic information 
(Stella et al. 2015).

1.4.1  IgH Translocations

Translocations occur when double-stranded 
DNA breaks and is aberrantly rejoined (Walker 
et al. 2013). During the maturation process of 
B-lymphocytes in the germinal center of the 
lymph nodes, there is genetic editing in the 
immunoglobulin heavy chain (IgH) gene to 
enhance the affinity of the antibody. First, there is 
a rearrangement of the hypervariable region 
(V-D-J) in a process called somatic hypermuta-
tion. Later, the cell undergoes class-switch 
recombination which results in antibodies of dif-
ferent isotypes (Nutt et al. 2015). Both somatic 
hypermutation and class-switch recombination 
infer double-stranded DNA breaks in the immu-
noglobulin locus (14q32) and require expression 
of activation-induced deaminase (AID). Despite 
rigorous control mechanisms, this genetic editing 

may result in aberrant rejoining and thus chromo-
somal translocations (Morgan et al. 2012; Manier 
et al. 2017; Walker et al. 2015b). The majority of 
IgH translocations occur during class-switch 
recombination or somatic hypermutation, but 
translocations can also occur at various stages 
during B-cell development including early stages 
of pro-B-lymphocytes (Walker et al. 2013).

The most common IgH translocations in 
myeloma are t(4;14), t(6;14), t(11;14), t(14;16), 
and t(14;20), all resulting in an oncogene being 
placed under the strong IgH enhancer and are 
thus overexpressed. The net effect in the majority 
of these translocations is promotion of cyclin D 
proteins resulting in propagation of the cell cycle 
from G1 to S phase and a selective advance for 
the clone in question (Walker et al. 2013). 
Furthermore, the translocation partner gene is 
mutated in 10–25% of cases (Walker et al. 
2015b). Translocations including IgH have dif-
ferent implications for disease prognosis and 
assessment for IgH rearrangement is recom-
mended in the workup of myeloma patients 
(Rajkumar et al. 2014).

Translocation (11;14) between chromosome 
11q13 (CCND1) and chromosome 14q32 is the 
most common translocation and is found in 
15–20% of myeloma patients (Manier et al. 
2017). The translocation results in the upregula-
tion of CCND1 and promotion of the cell cycle. 
Translocations between chromosome 11 and 14 
are found also in mantle cell lymphoma, how-
ever, with a different breakpoints, and in 50% of 
patients with AL amyloidosis (REF). There is an 
ambiguous information on the prognostic infor-
mation of t(11;14) in myeloma. Overall, it is con-
sidered to have a neutral impact, but there are 
indications that combination of t(11;14) translo-
cation and CCND1 mutations is associated with a 
poor prognosis (Bolli et al. 2014; Walker et al. 
2015b). Concomitant t(11;14) translocations and 
CCND1 mutations are found in 10% of patients 
arising through a mechanism called kataegis 
(Bolli et al. 2014). Furthermore, the t(11;14) 
translocation often occurs early in B-cell devel-
opment, already at the pro-B-lymphocyte stage 
(Walker et al. 2013), which may be an explana-
tion behind the lymphoma-like phenotype 
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observed in some cases. Patients with t(11;14) 
translocations can have a lymphoplasmacytic dif-
ferentiation, CD20 overexpression, and light- 
chain restriction. These patients may not respond 
as well to traditional myeloma drugs, and recently 
phase I/II studies indicate that these patients may 
respond better to treatment with novel drugs 
developed primarily for lymphoma (Sonneveld 
et al. 2016; Kumar et al. 2016; Moreau et al. 
2016).

The t(4;14) translocation is cryptic and is not 
detected by traditional metaphase cytogenetics. 
Therefore, FISH or polymerase chain reaction 
(PCR) must be performed for detection (Stella 
et al. 2015). Translocation (4;14) juxtaposes the 
genes MMSET and FGFR3 from chromosome 
4p16 to IgH enhancers whereby these genes are 
overexpressed (Sonneveld et al. 2016). The 
breakpoint on chromosome 4 falls between the 
two genes, and MMSET remains on der(4), and 
FGFR3 is translocated to der(14) (Walker et al. 
2013). MMSET, which affects epigenetic regula-
tion through histone modification, is expressed in 
100% of these translocations, while sustained 
expression of FGFR3, which is an oncogenic 
receptor tyrosine kinase, is detected in 75% 
(Stella et al. 2015; Lawasut et al. 2013). There is 
recent data indicating that both genes are impor-
tant for initial transformation but that sustained 
expression of FGFR3 is not essential and this 
part of the der(14) is deleted in 25–30% of cases 
with t(4;14) (Walker et al. 2013). In fact, a recent 
study on gene expression revealed that myeloma 
patients who have gene expression signature sim-
ilar to those with the t(4;14) translocation, i.e., 
MMSET-like signatures, have an equally poor 
prognosis even though they are lacking the actual 
translocation (Wu et al. 2016). Translocation 
t(4;14) is associated with a poor outcome, both in 
regard to progression-free survival and overall 
survival (Sonneveld et al. 2016; Chng et al. 
2014). Treatment with bortezomib and carfilzo-
mib seems to at least partly overcome the adverse 
outcome in patients with t(4;14) (Sonneveld et al. 
2016).

Translocations t(14;16) and t(14;20) affect 
the c-MAF proto-oncogene and the MAFB onco-
gene, respectively, and result in their overex-

pression (Sonneveld et al. 2016). These in turn 
affect CCND2 which also promotes prolifera-
tion by affecting the regulation of the G1/S 
phases of the cell cycle (Stella et al. 2015). Both 
t(14;16) and t(14;20) are associated with a poor 
outcome (Sonneveld et al. 2016). In addition to 
upregulation of c-MAF, the chromosome 16 
breakpoints in t(14;16) falls within the last 
intron of WWOX, a known tumor suppressor 
gene, resulting in the disruption of WWOX 
(Walker et al. 2013).

More rare translocations are t(6;14)(q21;q32) 
and t(12;14)(p13;q32) involving CCND3 and 
CCND2, respectively, and also leading to upreg-
ulation of these cyclin D proteins and an overall 
promotion of the cell cycle. An alternative 
translocation also involving chromosome 6 is 
t(6;14)(p25;q32) where IRF4 is juxtaposed to 
IgH on chromosome 14 (Stella et al. 2015). 
There is limited information on the impact of 
the latter translocation on outcome in myeloma 
patients.

1.4.2  Hyperdiploidy

Patients with hyperdiploidy have gains of odd 
numbers of chromosomes, 3, 5, 7, 9, 11, 15, 19, 
and 21, and the cells harbor in total between 48 
and 75 chromosomes. The mechanism behind 
hyperdiploidy is less clear, but the leading 
hypothesis is that all chromosome gains occur 
during one unsuccessful mitosis rather than con-
secutive gain of one chromosome at a time 
(Manier et al. 2017). Patients with hyperdiploidy 
are a heterogeneous group, but overall, they have 
a better prognosis compared to patients with IgH 
translocations (Stella et al. 2015; Avet-Loiseau 
et al. 2009). Hyperdiploidy is more often associ-
ated with IgG kappa myeloma, and patients are 
overall older compared to patients with IgH 
translocations (Stella et al. 2015). In addition to 
the gains of odd number of chromosomes as a 
probable initiating hit, these patients often have 
additional translocations as secondary hits. The 
most common are del1p, +1q, del17p, and trans-
locations and amplifications including the MYC 
locus on 8q24.

M. Hultcrantz et al.
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1.4.3  Secondary Translocations 
in Myeloma

In addition to IgH translocations and hyperdip-
loidy, gains and losses of chromosomal material 
are seen at diagnosis and then increasingly as the 
disease progresses. Translocations including 
MYC on 8q24 are frequently seen in myeloma, 
up to 18% of newly diagnosed patients and as 
many as 50% of patients in the relapse setting 
(Stella et al. 2015; Walker et al. 2015b). MYC 
has a number of translocation partners, and MYC 
rearrangements, leading to MYC upregulation, 
are associated with a poor outcome. The most 
common translocation partners were the immu-
noglobulin heavy- and light-chain genes IGH, 
IGL, and IGK as well as additional genes fre-
quently involved in myeloma, e.g., FAM46C 
(Walker et al. 2015b). In addition, similar to 
t(11;14) and CCDN1 mutations, there is also evi-
dence of kataegis where MYC translocations are 
combined with mutations in MYC (Manier et al. 
2017).

1.4.4  Copy Number Variations

Gains or amplifications of 1q21 are associated 
with a poor overall survival and are more fre-
quent in relapse and posttreatment samples. The 
minimally amplified region contains 679 genes, 
of which several oncogenes such as CKS1B and 
ANP23E have been identified. CKS1B encodes 
for a cell cycle-regulating protein which activates 
cyclin-dependent kinases and induces ubiquitina-
tion of inhibitory proteins, thus promoting cell 
proliferation (Stella et al. 2015).

Thirty percent of myeloma patients harbor 
deletions of the short arm of chromosome 1. 
Deletion 1p is associated with an adverse progno-
sis and can involve primarily two regions: 1p12, 
1p32, or both. The first, 1p21, harbors the tumor 
suppressor gene FAM46C whose function is of 
importance for protein translation. Moreover, 
1p32 harbors CDKN2C and FAF1. CDKN2C 
inhibits cell cycling and preserved the cell in the 
G1 phase. Deletion of CDKN2C thus results in 
more rapid cell cycling (Stella et al. 2015). FAF1 

encodes for a protein involved in initiation and 
promotion of apoptosis (Manier et al. 2016a).

Deletion 17p is associated with a poor progno-
sis in myeloma as in many other hematological 
malignancies. TP53, an important DNA repair 
and tumor suppressor gene, is situated on 17p13, 
which is always included in the minimally deleted 
region on 17p. 17p deletions are seen in 10% of 
newly diagnosed myeloma patients and up to 80% 
of patients in later disease stages (Manier et al. 
2017). Biallelic deletions of 17p or 17p deletion 
combined with TP53 mutation on the remaining 
allele are common and associated with poor out-
come (Weinhold et al. 2016a). Liu et al. recently 
reported from a mouse model study that 17p13 
deletions were associated with a worse prognosis 
compared to TP53 mutations. Their results indi-
cated that there may be additional loci on 17p13 
contributing to tumor progression through mecha-
nisms independent of TP53 (Liu et al. 2016).

Del13q is present in 40–50% of myeloma 
patients and is more common in IgH-translocated 
myelomas. In the majority of cases, the whole 
long arm of chromosome 13 is deleted. The mini-
mally deleted region includes the tumor suppres-
sor gene Rb1 which has a role in cell cycle 
regulation. DIS3 which is often mutated or 
deleted in myeloma is also located on the long 
arm of chromosome 13, however, not in the mini-
mally deleted region (Manier et al. 2017). 
Historically, del13q has been associated with a 
poor prognosis; however, the majority of patients 
with 13q also harbor t(4;14) translocations. 
Therefore, it is currently not obvious whether 
del13q has a prognostic implication independent 
of t(4;14) translocations (Tables 1.1 and 1.2) 
(Manier et al. 2016a).

Table 1.1 High-risk and standard-risk cytogenetic aber-
rations (Sonneveld et al. 2016)

High-risk cytogenetic 
aberrations

Standard-risk cytogenetic 
aberrations

t(4;14) t(11;14)

t(14;16) t(6;14)

t(14;20)

del(17/17p)

gain(1q)

Non-hyperdiploidy

1 Epidemiology and Pathophysiology of Multiple Myeloma
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1.5  Somatic Mutations

Through massive parallel sequencing, a number 
of recurrent somatic mutations have been identi-
fied in multiple myeloma by using next- 
generation sequencing (Bolli et al. 2014; 
Chapman et al. 2011; Lohr et al. 2014; Walker 
et al. 2015a). So far, no unique disease-specific 
gene mutation has been identified, but a number 
of the recurrently mutated driver genes have been 
described. The frequently mutated genes affect 
various cellular functions including the MAPK 
and NFKB signaling pathways as well as DNA 
repair, RNA editing, and cell cycling.

Mutations in KRAS and NRAS are observed in 
50% of patients and are in the majority of cases 
mutually exclusive (Bolli et al. 2014; Lohr et al. 
2014; Walker et al. 2015a). KRAS and NRAS are 
oncogenes which are mutated in a large spectrum 
of tumors and affect intracellular signaling 
through the RAS/MAPK pathway. Activation of 
the RAS/MAPK pathway alters gene expression 
ultimately affecting cell differentiation, prolifera-
tion, and survival. BRAF is also part of this sig-
naling pathway and is mutated in 10% of 
myeloma patients. BRAF mutations are primarily 
found in codon 600 (V600E), same as in hairy 
cell leukemia, but additional mutations in BRAF 
have also been observed (Walker et al. 2015a). 
Walker et al. reported the mean clonal cancer 
fraction of KRAS, NRAS, and BRAF mutations to 
be around 30% suggesting that these mutations 

are secondary subclonal events associated with 
progression rather than being founder mutations 
(Walker et al. 2015a). The NFKB pathway is 
upregulated in myeloma cells leading to gene 
transcription and cell proliferation. This signal-
ing pathway is important in myeloma cells which 
also is reflected in frequent mutations in a num-
ber of genes involved in this signaling pathway, 
e.g., TRAF3, CYLD, MAP3K14, BIRC2, BIRC3, 
IKBKB, and more (Lohr et al. 2014; Walker et al. 
2015a).

DNA repair mechanisms are altered by 
somatic mutations and gene deletions of TP53 
and deletions of the short arm of 17p. Mutations 
and deletions affecting the 17p region become 
more frequent as the disease progresses and are 
associated with a poor prognosis (Manier et al. 
2017). Mutations and deletions in ATM and ATR, 
which are part of the same DNA repair mecha-
nism as TP53, are also commonly observed in 
myeloma (Walker et al. 2015a). Mutations 
involving genes associated with regulation of 
RNA editing and protein translation are common 
in myeloma. FAM46C and DIS3, both involved 
in RNA regulation and protein translation, are 
affected by inactivating mutations and/or dele-
tions (Bianchi and Ghobrial 2014; Bolli et al. 
2014; Lohr et al. 2014; Walker et al. 2015a).

In addition to several translocations and 
mutations affecting the cyclin D proteins, cell 
cycle regulation is affected through events result-
ing in the loss of function of negative cell cycle 
regulatory genes such as CSKN2C, CDKN2A, 
and RB1. These genomic events can be inactivat-
ing mutations, gene deletions, or a combination 
of both (Weinhold et al. 2016a). The most fre-
quently mutated genes in myeloma are listed in 
Table 1.3.

Weinhold et al. recently observed that biallelic 
inactivating events are common in myeloma. 
These include deletions and/or inactivating muta-
tions in known tumor suppressor genes such as 
TP53, FAM46C, TRAF3, CYLD, and more 
(Weinhold et al. 2016a). Biallelic events were 
more common in the relapse setting compared to 
newly diagnosed patients and are associated with 
adverse gene expression profiling signatures. 
Especially biallelic events including 17p deletion 

Table 1.2 Most common cytogenetic aberrations in 
myeloma and the genes involved

Chromosomal 
aberration Genes involved

t(4;14)(p16;q32) MMSET/FGFR3-IGH

t(6;14)(p25;q32) IRF4/IGH

t(6;14)(p21;q32) CCND3/IGH

t(11;14)(q13;q32) CCND1/IGH

t(14;16)(q32;q23) IGH/c-MAF. WWOX disrupted

t(14;20)(q32;q11) MAFB/IGH

8q24 MYC

del(17/17p13) TP53

gain(1q) CSK1B

del(13q) Rb1, DIS3

M. Hultcrantz et al.
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and TP53 mutations were associated with a poor 
prognosis (Weinhold et al. 2016a).

1.5.1  Clonal Evolution

Chromosomal translocations are necessary but 
not sufficient for developing myeloma. MGUS 
and smoldering myeloma are similar to myeloma 
in regard to translocations, but myeloma is more 
genetically complex and has a higher mutational 
load (Walker et al. 2014; Malek et al. 2016). 
There is so far limited information on the genomic 
landscape and clonal evolution during transition 
from MGUS to smoldering myeloma to myeloma. 
Progression from MGUS to myeloma may be 
caused by acquisition of additional genetic events 
or the expansion of pre-existing clones already 
present at the MGUS stage. In the myeloma 
stage, there are often multiple disease clones 
present at diagnosis. Lohr et al. reported that 
most myeloma patients have at least three sub-
clones and many patients had up to seven clones 

(Lohr et al. 2014). Their study was able to detect 
subclones that were at least 10% of the tumor 
sample, while in reality, the number of subclones 
per myeloma patients is likely far greater (Lohr 
et al. 2014). Furthermore, some mutations in 
myeloma tend to be clonal, e.g., RB1, CCND1, 
and TP53, while others are more often subclonal, 
e.g., KRAS/NRAS and FAM46C, indicating early 
vs later acquisition (Manier et al. 2017; Walker 
et al. 2015a).

Myeloma evolution has been shown to pro-
ceed according to a branching disease evolution 
driven by competing subclones (Morgan et al. 
2012). Bolli et al. observed four different patterns 
of disease progression in patients where they had 
sequential samples. These included lineal evolu-
tion, branching evolution where there was a dif-
ferent dominant subclone at relapse, a new 
subclone had emerged in parallel with the origi-
nal dominant clone, or the emergence of a new 
subclone while the original clone was not detect-
able (Bolli et al. 2014).

1.5.2  Prognostic Impact

So far, approximately 900 patients in four pub-
lished studies have been sequenced using whole 
exome or targeted sequencing. Thus, there is cur-
rently no robust information on the prognostic 
effect of specific gene mutations. In these studies, 
mutations in TP53, KRAS, STAT3, PTPN11, 
PRDM1, CXCR4, IRF4, MAFB, ZFHX4, 
NCKAP5, and SP140 were associated with a 
shorter overall and/or progression-free survival 
(Bolli et al. 2014; Lohr et al. 2014; Walker et al. 
2015a; Kortuem et al. 2016). TRAF3 was on the 
other hand associated with a longer progression- 
free survival (Kortuem et al. 2016); however, as 
mentioned, there is so far limited data to support 
these findings.

1.5.3  Relapse

Regarding chromosomal aberrations, high-risk 
features such as gain1q, del 17p, and genetic 
events involving MYC are more common in 

Table 1.3 Most frequent genetic mutations in multiple 
myeloma

Gene

Frequency (%) (Bolli et al. 2014; Lohr 
et al. 2014; Walker et al. 2015a; Kortuem 
et al. 2016)

KRAS 20–23

NRAS 19–20

BRAF 6–12

FAM46C 6–11

TP53 3–12

DIS3 1–11

PRDM1 5

EGR1 2–6

SP140 4–6

TRAF3 2–5

CCND1 2–4

ATM 2–4

HISTH1E 3

CYLD 1–5

LTB 1–4

RB1 2–3

IRF4 3

STAT3 3

MAX 1–3

ATR 1–2

1 Epidemiology and Pathophysiology of Multiple Myeloma
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relapse samples (Walker et al. 2015b; Kortum 
et al. 2016). Moreover, Weinhold et al. described 
higher frequencies of del(1p) and loss of hetero-
zygosity at 6q and 16q (Weinhold et al. 2016a). 
Furthermore, mutations affecting specific treat-
ment pathways such as cereblon, the target of 
immunomodulatory drugs (IMiDs), are more 
common in relapse samples compared to samples 
analyzed at diagnosis. In a recent study on 50 
heavily pretreated myeloma patients, Kortuem 
et al. found cereblon-associated mutation in 25% 
of the relapse patients. All of these patients were 
refractory to IMIDs. These mutations included 
CRBN, CUL4B, IRF4, and IKZF1. In some of 
these, pretreatment samples were available for 
comparison. None of the pretreatment samples 
harbored the CRBN-associated mutations even 
with increased sequencing depth supporting that 
the resistance was indeed acquired over the 
course of the disease (Kortum et al. 2016).

In addition to CRBN, mutations were also 
found in the proteasome 19S subunit in patients 
that were refractory to proteasome inhibitors and 
immunomodulatory drugs. Kortum et al. also 
reported mutations in genes coding for protea-
some subunits, i.e., PSMB8 and PSMD1. In addi-
tion, mutations in XBP1, also found in one 
patient, have also been associated with PI resis-
tance (Kortum et al. 2016). In the study by 
Kortuem et al., the majority of patients with 
CRBN mutation were found to be refractory to 
IMIDs (Kortum et al. 2016).

Weinhold et al. recently reported on sequen-
tial sequencing at diagnosis and relapse of 33 
myeloma patients. The majority of the relapse 
samples showed a pattern of branching disease 
evolution. In the relapse samples, there were 
increasing proportions of 17p deletions, TP53 
mutations, as well as MYC translocations. There 
was also a higher mutational load in the relapse 
samples compared to the diagnostic samples, on 
average 43 nonsynonymous somatic mutations at 
presentation versus 60 at relapse. Furthermore, 
there were more biallelic events in tumor sup-
pressor genes, e.g., TP53, FAM46C, and TRAF3, 
at relapse. No increase in CRBN mutations was 
observed (Weinhold et al. 2016a). These 33 
patients were all treated on the total therapy pro-

tocols with a combination of alkylating agents 
and proteasome inhibitors. Weinhold et al. did 
observe any CRBN mutations; however, none of 
the patients were reported to be IMiDs refractory 
(Weinhold et al. 2016a).

1.6  Gene Expression

The first molecular classification in myeloma 
was performed using gene expression profiling. 
Assessing gene expression through microarray 
has provided a tool for prognostication that can 
contribute with additional information to conven-
tional risk stratification using FISH. These analy-
ses have revealed over- as well as underexpression 
of various genes including oncogenes, tumor 
suppressor genes, and cell signaling and tran-
scription factor genes. The Arkansas group, the 
IFM group, and the HOVON group have all pub-
lished gene expression signature that can predict 
favorable versus unfavorable outcome (Decaux 
et al. 2008; Kuiper et al. 2012; Shaughnessy et al. 
2007).

Initially, Shaughnessy et al. within the 
Arkansas group identified a 70-gene signature 
(GEP70) based on myeloma patients treated 
within the total therapy protocols (Shaughnessy 
et al. 2007). Depending on the level of expression 
of these 70 genes, patients were classified into 
seven separate subgroups with high or low risk of 
disease progression. These seven subtypes 
largely corresponded to the most common chro-
mosomal translocations and hyperdiploidy 
(Shaughnessy et al. 2007; Zhan et al. 2006). The 
seven subtypes were abbreviated MS, reflecting 
the activation of MMSET in the t(4;14) transloca-
tion, MF reflecting translocations t(14;16) and 
t(14;20) and activations of c-MAF and MAFB, 
CD-1 corresponding to t(11;14) and CCND1 
activation and CD-2 corresponding to t(6;14) 
translocation and activation of CCDN3, HY cor-
responding to the hyperdiploid karyotype, PR 
reflecting a subset of patients with a high disease 
proliferation, and LB which includes patients 
with a low prevalence of bone disease 
(Shaughnessy et al. 2007). In the newly diag-
nosed setting, around 10–15% had high-risk 
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 signatures, while in the relapse setting, a signifi-
cantly higher proportion of patients had gene 
expression profiles associated with a high risk of 
progression (Weinhold et al. 2016a; Shaughnessy 
et al. 2007; Weinhold et al. 2016b). The most 
common upregulated genes are found on 1q, and 
the majority of the downregulated genes are 
located on 1p (Shaughnessy et al. 2007; Zhan 
et al. 2006). The GEP70 model was able to pre-
dict outcome independently of the International 
Staging System (Shaughnessy et al. 2007).

Similarly, the EMC92 is based on a 92-gene 
signature, and the IFM model is based on a 
15-gene signature. Of note, there is a little over-
lap in the genes included in the different models. 
Even though the gene expression profiles are 
powerful prognostic tools, the signature models 
have been developed in specific patient cohorts 
that were uniformly treated with clinical trials. 
The models perform well within their respective 
patient population, but overall, not all gene 
expression profiling models have held true when 
cross-validated between patient cohorts. In addi-
tion, gene expression profiling generates large 
amounts of data and requires complex analyses. 
This, together with issues getting sufficient RNA 
for the microarrays, has hampered the implemen-
tation of gene expression profiling in the general 
clinical praxis (van Laar et al. 2014).

Recently, a simplified subgroup classification 
was presented, which is based on gene expres-
sion profiles as well as DNA sequencing data in a 
subset of patients. The new classification includes 
five translocation cyclin (TC) subgroups identi-
fied as the name implies through translocations 
and deregulation of cyclin D (Stein et al. 2016). 
There were clear associations between chromo-
somal aberrations (TC subtypes), somatic muta-
tions, and RNA expression. Interestingly, 
activation of the NFΚB pathway and MAPK 
pathway was inversely associated, and activation 
of these pathways was different between the TC 
subtypes (Stein et al. 2016).

Looking forward, gene expression is being 
assessed using high-throughput RNA sequencing 
of bone marrow samples and single-cell analyses 
of circulating tumor cells in the peripheral blood 
(Lohr et al. 2016). Additionally, RNA assessment 

can identify subsets of patients with gene expres-
sion profiles mimicking those in the high-risk 
groups, such as the MMSET-like profile leading 
to a poor prognosis similar to patients who harbor 
the actual t(4;14) translocation as mentioned ear-
lier (Wu et al. 2016). Studies including analyses 
of transcriptome modifiers such as alternative 
splicing, microRNAs, and epigenetic profiles are 
also ongoing (Szalat and Munshi 2015). Gene 
expression, particularly using RNA sequencing 
in combination with DNA sequencing will be of 
great interest to further delineate myeloma 
pathogenesis.

1.7  Bone Marrow 
Microenvironment

In addition to genomic aberrations and changes 
in gene expression, there is growing evidence 
that the bone marrow environment plays an 
important role in the pathogenesis of myeloma. 
There are multiple interactions, e.g., through 
direct cell–cell interactions and adhesion mole-
cules, secretion of cytokines and chemokines as 
well as exosomes with miRNA, between the bone 
marrow niche and the malignant plasma cells. 
These interactions result in the promotion of 
tumor cells survival and proliferation. The bone 
marrow environment consists of a cellular com-
ponent including hematopoietic and non- 
hematopoietic cells and a noncellular component 
including the extracellular matrix, liquid milieu, 
and oxygen level. There is a dense interplay 
including multiple feedback loops between all 
compartments with an overall effect of promot-
ing malignant plasma cell growth and survival 
(Landgren 2013).

The hematopoietic cells within the cellular 
component are hematopoietic stem cells, myeloid 
cells, B- and T-lymphocytes, natural killer (NK) 
cells, dendritic cells, and macrophages. Several 
of these cells have an altered function in myeloma 
resulting in either immunosuppressive effects 
allowing the malignant plasma cell to evade the 
immune system or various mechanisms to sup-
port growth and survival of the myeloma clone 
(Manier et al. 2016b; Balakumaran et al. 2010). 

1 Epidemiology and Pathophysiology of Multiple Myeloma
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The immunosuppressive mechanisms, often 
induced by the tumor cells, are mediated through 
expansion of regulatory/inhibitory immune cells, 
primarily myeloid-derived stem cells (MDSCs) 
and regulatory T-cells (Tregs). MDSCs are imma-
ture cells that under normal circumstances 
develop into granulocytes, macrophages, and 
dendritic cells. In myeloma, however, they 
remain in this early form with immunosuppres-
sive properties and may enable immune escape 
and inhibit the T-cell response and thus facilitate 
myeloma cell growth (Malek et al. 2016; Gorgun 
et al. 2013; Kawano et al. 2015). Through bi- 
directional interaction, MDSCs assist in protect-
ing the MM cells against chemotherapy and 
promote angiogenesis and metastasis (Malek 
et al. 2016). In addition, the MDSCs can contrib-
ute to bone destruction in myeloma by directly 
serving as osteoclast precursors (Kawano et al. 
2015; Zhuang et al. 2012). IMiDs and bortezo-
mib both act on myeloma cells and on the bone 
marrow microenvironment, however, they have 
not been shown to be effective in reversing the 
immunosuppressive effect of MDSCs (Gorgun 
et al. 2013; Kawano et al. 2015). Tregs are CD4+ 
T-cells characterized by the expression of the 
transcription factor FOXP3. In myeloma, Tregs 
accumulate in the blood and bone marrow, and an 
increasing number of Tregs have been associated 
with a poorer prognosis. Like MDSCs, Tregs also 
suppress an effective anti-myeloma immune 
response; the effect is mediated through inhibit-
ing the function of normal antigen-presenting 
cells and effector T-cells either by direct contact 
or through cytokine secretion (Moschetta et al. 
2016). In addition, dendritic cells, which promote 
either immunity or tolerance, and natural killer 
cells (NK cells) are observed to be functionally 
defective in myeloma further aiding myeloma 
cells to proliferate and evade the immune system 
(Kawano et al. 2015). In addition, NK cells 
expresses PD-1 which binds to PDL-1 on 
myeloma cells, not on normal plasma cells, 
thereby suppressing the antitumoral effect of NK 
cells in myeloma (Manier et al. 2016b; Moschetta 
et al. 2016).

Taken together, these effects result in immune 
escape and tumor growth through the direct stim-

ulation and loss of effective antigen presentation, 
effector cell dysfunction, deletion of myeloma- 
specific T-cells, and increasing presence of inhib-
itory cells (Tregs and MDSCs).

Macrophages interact with malignant plasma 
cells through contact as well as non-contact 
mechanisms, thereby stimulating cell growth and 
tumor cell invasion as well as protecting myeloma 
cells from therapy-induced apoptosis (Kawano 
et al. 2015; Moschetta et al. 2016). Macrophages 
secrete several pro-angiogenic cytokines includ-
ing vascular endothelial growth factor (VEGF), 
interleukin-8 (IL-8), fibroblast growth factor, as 
well as the cytokines IL-1b, IL-10, TNFa, and 
IL-6 with net effects of promoting angiogenesis 
and myeloma cell growth (Figs. 1.1 and 1.2) 
(Kawano et al. 2015).

The cells within the non-hematopoietic cellu-
lar compartment are stromal cells including mes-
enchymal stem cells, fibroblasts, bone marrow 
adipocytes, osteoclasts, osteoblasts, and endothe-
lial cells. Bone marrow stromal cells (BMSCs) 
bind closely to the plasma cells through various 
adhesion molecules such as intercellular adhe-
sion molecule 1 (ICAM-1) and vascular cell 
adhesion molecule 1 (VCAM-1). This adhesion 
triggers signaling through a number of pathways 
in the plasma cells, e.g., the RAS/MAPK, NFKB, 
and PI3K signaling pathways, resulting in cell 
proliferation and drug resistance (Manier et al. 
2016b). The BMSCs secrete cytokines, e.g., IL-6, 
which is a key cytokine in myeloma as it pro-
motes proliferation and survival of myeloma 
cells (Kawano et al. 2015). The plasma cells in 
turn secrete growth factors such as VEGF, fibro-
blast growth factor, and many more to stimulate 
proliferation of BMSCs, endothelial cells, and 
neoangiogenesis (Kawano et al. 2015). This cre-
ates a loop of cytokine secretion between the 
bone marrow plasma cells and the bone marrow 
niche which is essential for the survival of the 
myeloma cells (Manier et al. 2016b). Furthermore, 
BMSCs secrete stromal cell-derived factor 1 
(SDF-1) belonging to the CRCX4 axis which is 
critical for stromal-myeloma interaction in the 
bone marrow niche and for dissemination of 
myeloma cells within the bone marrow as well as 
to extramedullary sites (Manier et al. 2016b; 
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Kuiper et al. 2012; Stein et al. 2016; Lohr et al. 
2016; Szalat and Munshi 2015). In addition, 
BMSCs release exosome with miRNA and spe-
cific proteins that are taken up by the plasma cells 
and have the potential to affect gene expression 
and tumor growth (Kawano et al. 2015). 
Bortezomib can reverse many of the interactions 
between myeloma and stromal cell interactions 
as well as inhibit cytokine production and secre-
tion (Manier et al. 2016b).

In patients with myeloma, there is an ongoing 
neovascularization within the bone marrow. This 
process is gradually increased from MGUS to 
smoldering myeloma to multiple myeloma, and 
elevated microvascular density has been corre-
lated to a worse prognosis (Rajkumar et al. 2002). 
Within the bone marrow, myeloma cells secrete 
VEGF and stimulating endothelial cells which in 
turn secrete IL-6 resulting in simultaneous prolif-
eration of both myeloma cells and  neoangiogenesis 
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(Munshi and Wilson 2001; Rajkumar and Kyle 
2001). Treatment with IMiDs has a negative 
effect on angiogenesis (Kawano et al. 2015).

In myeloma, the balance between bone forma-
tion and bone resorption is altered favoring bone 
resorption and suppression of osteoblast activity. 
Osteoblasts, which normally are responsible for 
bone formation, are suppressed via Dickkopf-1 
(DKK1), a Wnt signaling inhibitor, contributing 
to lytic lesions. Osteoblasts also secrete IL-6 and 
osteoprotegerin blocking TRAIL-mediated pro-
grammed cell death MM by secreting (Manier 
et al. 2016b). In myeloma, the balance is tipped 
toward osteoclast activation leading to lytic 
lesions. Myeloma cells produce receptor activa-
tor of nuclear factor kappa-B ligand (RANKL), 
macrophage inflammatory protein 1a (MIP-1a), 
IL-3, and IL-6, all contributing to an increased 
osteoclast activity. RANKL is in the TNF family 
and plays a major role in osteoclast activation in 
myeloma. Blocking RANKL with the monoclo-
nal antibody denosumab, which is a soluble form 
of RANK, has been shown to modulate bone loss 
and improve overall survival in in vivo models 
(Manier et al. 2016b). Furthermore, bisphospho-
nates can inhibit osteoclasts but also target feed-
back loop with osteoclasts and myeloma cells 
(Manier et al. 2016b).

The noncellular compartment can be divided 
into the extracellular matrix component and the 
soluble component. The extracellular matrix con-
sists of fibrous proteins including collagenous 
proteins to 90%; the remaining 10% is made up 
of proteoglycans, glycosaminoglycans, and small 
integrin-binding ligand N-linked glycoproteins 
(SIBLINGs) (Balakumaran et al. 2010). These 
proteins constitute a supporting structure for 
bone marrow cells but also interact with myeloma 
cells directly promoting cell proliferation 
(Balakumaran et al. 2010). Remodeling of the 
extracellular matrix by BMSC may be important 
in the progression from MGUS to myeloma 
(Slany et al. 2014).

The soluble component includes a variety of 
cytokines, growth factors, and adhesion mole-
cules produced by the myeloma cells and nontu-
mor cells in the bone marrow (Balakumaran et al. 
2010). As mentioned, IL-6 is primarily produced 

by BMSCs and osteoblasts and is a key growth 
factor in myeloma cell growth. IL-6 stimulates 
osteoclasts formation as well as affects gene 
expression in myeloma cells through the MAPK, 
JAK/STAT, and PI3K/Akt signaling pathways 
resulting in the expression of transcription fac-
tors and activation of antiapoptotic proteins 
(Balakumaran et al. 2010). SDF-1α produced by 
BMSCs upregulates adhesion between myeloma 
cells to fibronectin and VCAM-1 resulting in 
proliferation, migration, and protection against 
drug- induced apoptosis. SDF-1 also affects 
BMSCs leading to upregulated secretion of IL-6 
and VEGF. TNFα and members of the TNF 
superfamily including CD40L, BAFF, and 
APRIL all mediate myeloma cell growth, through 
either direct mechanisms or upregulation of IL-6. 
RANKL, also a member of the TNF family, as 
mentioned increases osteoclastogenesis through 
binding to RANK on the osteoclasts (Balakumaran 
et al. 2010). Additional growth factors include 
VEGF from myeloma cells stimulating endothe-
lial cells and angiogenesis. Insulin-like growth 
factor-1 (IGF-1) which also is found in the liquid 
milieu of myeloma patients promotes cell growth, 
survival, and migration (Balakumaran et al. 
2010). Moreover, matrix metalloproteinases act 
through growth factors resulting in neovascular-
ization and osteoclast activity leading to myeloma 
progression (Balakumaran et al. 2010).

The liquid milieu is physiologically hypoxic 
and organized with varying oxygen content near 
the trabecular bone and near the vascular niche 
near sinusoids (Moschetta et al. 2016). The 
hypoxia of the endosteal niche supports myeloma 
cells primarily mediated through HIF-1 and HIF- 
2. In addition to promoting myeloma clone 
growth, hypoxia also decreases CD138 expres-
sion and induces a more immature and stem cell- 
like expression program in myeloma cells 
(Moschetta et al. 2016).

1.8  Future Perspective

The field of genomic assessment in multiple 
myeloma has over a short period of time gone from 
gross anatomical assessment using cytogenetics 
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and FISH to more advanced techniques which has 
led to great insights to the genomic landscape of 
myeloma. The first of these modern techniques was 
gene expression profiling where relative upregula-
tion and downregulation of mRNA are analyzed 
which may contribute with prognostic information. 
As mentioned, there are caveats with these tech-
niques not being fully generalizable outside of the 
setting they were developed in (Szalat and Munshi 
2015). More recently, next-generation sequencing 
including whole genome, whole exome, or targeted 
sequencing techniques have been utilized in 
myeloma. When applying bioinformatics process-
ing tools and filtering out intronic and silent muta-
tions, thus focusing on nonsynonymous exons 
coding for RNA and later protein products, the 
average number of mutation in multiple myeloma 
tumor cells is around 50 (Kortum et al. 2016; 
Mailankody et al. 2016).

These techniques enable DNA sequencing 
with a high resolution but are also associated 
with technical limitations. For instance, the poly-
merase chain reaction of the sequencing process 
and possible sequencing misreads result in an 
error rate of around 1% for next-generation 
sequencing platforms. In emerging techniques 
such as duplex sequencing with DNA strand- 
specific bar coding, the error rate can be reduced 
to 1 in 109 bases (Schmitt et al. 2012).

Going forward, the clinical implications of the 
various somatic mutations need to be confirmed 
across clinical datasets. Unanswered questions 
include whether the mutational landscape is 
affected by treatment or if treatment drives spe-
cific mutations, for instance, in treatment path-
ways such as cereblon? How is the clonal 
evolution and subclone dominance affected by 
treatment and does treatment select for more 
aggressive subclones? Furthermore, emerging 
techniques such as analysis of circulating tumor 
cells, cell-free DNA, RNA expression, and pro-
teomics will most likely lead to additional 
insights to myelomagenesis. How do findings 
from sequencing and functional studies correlate 
with the bone marrow picture, and can these tech-
niques be used for diagnostic and prognostic 
assessment going forward? Interestingly, in a 
recent study by Lohr et al., the DNA and RNA 

sequencing data from circulating tumor cells cor-
responded well with the findings from the malig-
nant plasma cells in the bone marrow suggesting 
that the assessment of circulating tumor cells 
could be a reliable and noninvasive option in the 
near future (Lohr et al. 2016). Larger patient 
cohorts and combination of findings from several 
techniques are desired to explore differences in 
the genetic landscape between patients as well as 
within individual patients, e.g., intra-tumor dif-
ference and spatial and temporal difference, as 
well as to decipher the clinical implications.
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Diagnosis and Staging of Multiple 
Myeloma and Related Disorders

S. Vincent Rajkumar, Rafael Fonseca, 
and Jesus F. San Miguel

2.1  Disease Definition

Multiple myeloma (MM) was defined until 
recently based on a combination of pathologic 
and clinical features. Specifically, in addition to 
demonstration of a neoplastic plasma cell clone, 
the definition also required the presence of spe-
cific end-organ damage (hypercalcemia, renal 
failure, anemia, or bone lesions, referred to as 
CRAB features) attributable to the underlying 
clonal process (Rajkumar 2011; Rajkumar et al. 
2011a). Patients with a neoplastic clone who did 
not have end-organ damage were considered to 
have either monoclonal gammopathy of undeter-
mined significance (MGUS) or smoldering mul-
tiple myeloma (SMM) depending on the extent of 
bone marrow plasmacytosis or the level of the 

monoclonal (M) protein. The disorders MGUS 
and SMM were split based on the risk of progres-
sion to malignancy, and this distinction is critical 
for clinical care, counseling, prognostic assess-
ment, and management. SMM carries a much 
higher risk of progression to malignancy (approx-
imately 10% per year) than MGUS (approxi-
mately 1% per year) (Kyle et al. 2002, 2007).

Until the late 1990s, there were few drugs to 
treat MM, and the ones that were available (alkyl-
ators and corticosteroids) were not very effective 
and carried long-term risks. Thus, it made sense 
to require a strict definition for MM, in order to 
limit therapy only to those who were symptom-
atic. Further, many patients with MGUS and 
SMM can be asymptomatic and progression free 
for years without any therapy. But this meant that 
early therapy was not possible and that end-organ 
damage had to occur by definition before treat-
ment can be instituted. In 2014, the International 
Myeloma Working Group (IMWG) revised the 
disease definition of MM to enable early diagno-
sis before end-organ damage occurred (Rajkumar 
et al. 2014). This paradigm shift was made pos-
sible by four key developments in the field. First, 
several new highly active drugs are now available 
to treat MM, and these agents have more than 
doubled the survival of patients with MM (Kumar 
et al. 2014). Second, specific biomarkers were 
identified that accurately distinguished patients 
with SMM who have a high probability (≥80%) 
or progression to MM within 2 years, thereby 
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providing the opportunity to deliver therapy only 
to patients with the highest risk, while patients 
with true MGUS and SMM could continue to be 
observed, with the exception of high- risk SMM 
that could be considered as candidates for early 
treatment but only within clinical trials (Rajkumar 
et al. 2012). Third, advanced imaging modalities 
to detect disease early became available, espe-
cially low-dose whole-body computed tomogra-
phy (CT) and positron emission tomography/
computed tomographic scans (PET/CT) 
(Zamagni et al. 2007). This also meant that 
patients who are being observed could poten-
tially be diagnosed when bone lesions are still 
small and nondestructive (Regelink et al. 2013). 
Finally, a randomized trial conducted by the 
Spanish Myeloma Group in patients with 

high- risk SMM showed a survival advantage to 
early therapy with lenalidomide and low-dose 
dexamethasone (Rd) (Mateos et al. 2013). This 
trial greatly reduced long-standing fears that pre-
vented SMM from being treated.

2.1.1  New Diagnostic Criteria 
for MM

The revised IMWG criteria for the diagnosis of 
MM and related disorders are shown on Table 2.1 
(Rajkumar et al. 2014). The diagnosis of MM 
now requires evidence of either 10% or more 
clonal plasma cells on bone marrow examination 
or a biopsy-proven plasmacytoma plus one or 
more myeloma defining events (MDE) in 

Table 2.1 International Myeloma Working Group diagnostic criteria for multiple myeloma and related plasma cell 
disorders

Disorder Disease definition

Non-IgM 
monoclonal 
gammopathy of 
undetermined 
significance 
(MGUS)

All three criteria must be met:
• Serum monoclonal protein (non-IgM type) <3 gm/dL
• Clonal bone marrow plasma cells <10%a

•  Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, and 
bone lesions (CRAB) that can be attributed to the plasma cell proliferative disorder

Smoldering 
multiple 
myeloma

Both criteria must be met:
•  Serum monoclonal protein (IgG or IgA) ≥3 gm/dL, or urinary monoclonal protein 
≥500 mg per 24 h, and/or clonal bone marrow plasma cells 10–60%

•  Absence of myeloma defining events or amyloidosis

Multiple 
myeloma

Both criteria must be met:
•  Clonal bone marrow plasma cells ≥10% or biopsy-proven bony or extramedullary 

plasmacytoma
•  Any one or more of the following myeloma defining events:

–  Evidence of end-organ damage that can be attributed to the underlying plasma cell 
proliferative disorder, specifically:
Hypercalcemia: serum calcium >0.25 mmol/L (>1 mg/dL) higher than the upper limit 
of normal or >2.75 mmol/L (>11 mg/dL)
Renal insufficiency: creatinine clearance <40 mL per minute or serum creatinine 
>177 μmol/L (>2 mg/dL)
Anemia: hemoglobin value of >2 g/dL below the lower limit of normal, or a 
hemoglobin value <10 g/dL
Bone lesions: one or more osteolytic lesions on skeletal radiography, computed 
tomography (CT), or positron emission tomography-CT (PET-CT)

–  Clonal bone marrow plasma cell percentage ≥60%
–  Involved: uninvolved serum free light chain (FLC) ratio ≥100 (involved free light chain 

level must be ≥100 mg/L)
– >1 focal lesions on magnetic resonance imaging (MRI) studies (at least 5 mm in size)

S. V. Rajkumar et al.
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(continued)

Table 2.1 (continued)

Disorder Disease definition

IgM monoclonal 
gammopathy of 
undetermined 
significance 
(IgM MGUS)

All three criteria must be met:
• Serum IgM monoclonal protein <3 gm/dL
• Bone marrow lymphoplasmacytic infiltration <10%
•  No evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy, or 

hepatosplenomegaly that can be attributed to the underlying lymphoproliferative disorder

Light chain 
MGUS

All criteria must be met:
•  Abnormal FLC ratio (<0.26 or >1.65)
•  Increased level of the appropriate involved light chain (increased kappa FLC in patients 

with ratio >1.65 and increased lambda FLC in patients with ratio <0.26)
•  No immunoglobulin heavy chain expression on immunofixation
•  Absence of end-organ damage that can be attributed to the plasma cell proliferative 

disorder
• Clonal bone marrow plasma cells <10%
• Urinary monoclonal protein <500 mg/24 h

Solitary 
plasmacytoma

All four criteria must be met:
• Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells
• Normal bone marrow with no evidence of clonal plasma cells
•  Normal skeletal survey and MRI (or CT) of the spine and pelvis (except for the primary 

solitary lesion)
•  Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, or bone 

lesions (CRAB) that can be attributed to a lympho-plasma cell proliferative disorder

Solitary 
plasmacytoma 
with minimal 
marrow 
involvementb

All four criteria must be met:
•  Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells
• Clonal bone marrow plasma cells <10%
•  Normal skeletal survey and MRI (or CT) of the spine and pelvis (except for the primary 

solitary lesion)
•  Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, or bone 

lesions (CRAB) that can be attributed to a lympho-plasma cell proliferative disorder

POEMS 
syndrome

All four criteria must be met:
• Polyneuropathy
• Monoclonal plasma cell proliferative disorder (almost always lambda)
• Any one of the following three other major criteria:

– Sclerotic bone lesions
– Castleman’s disease
– Elevated levels of vascular endothelial growth factor (VEGF)c

• Any one of the following six minor criteria
– Organomegaly (splenomegaly, hepatomegaly, or lymphadenopathy)
– Extravascular volume overload (edema, pleural effusion, or ascites)
– Endocrinopathy (adrenal, thyroid, pituitary, gonadal, parathyroid, pancreatic)d

–  Skin changes (hyperpigmentation, hypertrichosis, glomeruloid hemangiomata, plethora, 
acrocyanosis, flushing, white nails)

– Papilledema
– Thrombocytosis/polycythemia

Note: Not every patient meeting the above criteria will have POEMS syndrome; the features 
should have a temporal relationship to each other and no other attributable causes. Anemia and/
or thrombocytopenia are distinctively unusual in this syndrome unless Castleman’s disease is 
present

2 Diagnosis and Staging of Multiple Myeloma and Related Disorders
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addition to. The MDE includes established 
CRAB features attributable to a plasma cell pro-
liferative disorder, as well as three new biomark-
ers: clonal bone marrow plasma cells ≥60%, 
serum free light chain (FLC) ratio ≥100 (pro-
vided involved FLC level is ≥100 mg/L), and 
more than one focal lesion on magnetic reso-
nance imaging (MRI). The new biomarkers were 
added to the definition of MM since they are 
associated with a very high (approximately 80% 
within 2 years) risk of progression to symptom-
atic end-organ damage in two or more indepen-
dent studies.

2.1.1.1  Clonal Bone Marrow Plasma 
Cells ≥60%

Clonal bone marrow plasma cell involvement of 
≥60% is very uncommon without concomitant 
CRAB features. If it does occur, however, there is 
a high probability of end-organ damage within a 
few months. In a Mayo Clinic study, only 6 of 276 
patients (2%) had clonal bone marrow plasma 

cells ≥60% (Rajkumar et al. 2011b). These 
patients had rapid progression to symptomatic 
malignancy with a median progression- free sur-
vival (PFS) of 7.7 months (Rajkumar et al. 2011b). 
In another Mayo Clinic cohort of 651 patients 
with SMM, only 21 (3.2%) had clonal bone mar-
row plasma cells ≥60% (Rajkumar et al. 2011b). 
Of these, 95% progressed to MM within 2 years 
of diagnosis with a median time to progression 
(TTP) of 7 months. These results were confirmed 
by the Greek Myeloma Group (Kastritis et al. 
2012) and by the University of Pennsylvania 
(Waxman et al. 2014).

2.1.1.2  Elevated Serum Involved/
Uninvolved FLC Ratio ≥100

In SMM, an abnormal involved/uninvolved FLC 
ratio (≥8) is known to be associated with a higher 
risk of progression to MM (Dispenzieri et al. 
2008). The risk is proportional to the ratio. Thus, 
Larsen and colleagues investigated whether 
extreme abnormalities of the serum FLC ratio will 

Disorder Disease definition

Systemic AL 
amyloidosise

All four criteria must be met:
•  Presence of an amyloid-related systemic syndrome (such as renal, liver, heart, 

gastrointestinal tract, or peripheral nerve involvement)
•  Positive amyloid staining by Congo red in any tissue (e.g., fat aspirate, bone marrow, or 

organ biopsy)
•  Evidence that amyloid is light chain related established by direct examination of the 

amyloid using mass spectrometry (MS)-based proteomic analysis or immunoelectron 
microscopy

•  Evidence of a monoclonal plasma cell proliferative disorder (serum or urine M protein, 
abnormal free light chain ratio, or clonal plasma cells in the bone marrow)

Note: Approximately 2–3% of patients with AL amyloidosis will not meet the requirement for 
evidence of a monoclonal plasma cell disorder listed above; the diagnosis of AL amyloidosis 
must be made with caution in these patients

Reproduced from Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International Myeloma Working Group updated 
criteria for the diagnosis of multiple myeloma. Lancet Oncol 2014; 15: e538–e548
MGUS monoclonal gammopathy of undetermined significance, AL immunoglobulin light chain amyloidosis, AHL 
immunoglobulin heavy and light chain amyloidosis, AH immunoglobulin heavy chain amyloidosis, FLC free light chain
aA bone marrow can be deferred in patients with low-risk MGUS (IgG type, M protein <15 gm/L, normal free light 
chain ratio) in whom there are no clinical features concerning for myeloma
bSolitary plasmacytoma with 10% or more clonal plasma cells is considered as multiple myeloma
cThe source data do not define an optimal cutoff value for considering elevated VEGF level as a major criterion. We 
suggest that VEGF measured in the serum or plasma should be at least threefold to fourfold higher than the normal 
reference range for the laboratory that is doing the testing to be considered a major criterion
dIn order to consider endocrinopathy as a minor criterion, an endocrine disorder other than diabetes or hypothyroidism 
is required since these two disorders are common in the general population
ePatients with AL amyloidosis who also meet criteria for multiple myeloma are considered to have both diseases

Table 2.1 (continued)
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result in a risk of progression that meets the thresh-
old for definition of malignancy (Larsen et al. 
2013). In a study of 586 patients with SMM, an 
involved/uninvolved FLC ratio ≥100 was seen in 
90 patients (15%). The risk of progression to MM 
within the first 2 years with an FLC ratio ≥100 
was 72%. If progression to AL amyloidosis was 
added, the risk of progression within 2 years 
increased to 79%. This risk increased further if 
one considered risk over a 3-year period. Kastritis 
et al. studied 96 patients with SMM and found an 
involved/uninvolved FLC ratio of ≥100 in 7% of 
patients; almost all of these patients progressed to 
MM within 18 months (Kastritis et al. 2012). In a 
third study, at the University of Pennsylvania, 
SMM patients with an involved/uninvolved FLC 
ratio ≥100 had a 64% risk of progression within 
2 years (Waxman et al. 2014). To reduce possibil-
ity of error, in addition to the FLC ratio ≥100, the 
IMWG also added a requirement for a minimal 
involved FLC level of at least 100 mg/L in order to 
be considered as an MDE (Rajkumar et al. 2014).

2.1.1.3  More than One Focal Lesion 
on MRI

Diffuse and focal lesions on MRI have been asso-
ciated with an increased risk of progression in 
SMM. But sample sizes were small to determine 
if the risk was high enough to consider them as 
biomarkers of malignancy. In a study by 
Hillengass et al., 23 of 149 (15%) patients with 
SMM had more than one focal lesion on whole- 
body MRI (Hillengass et al. 2010). In these 
patients, the risk of progression to symptomatic 
MM was 70% within 2 years, with a median time 
to progression of 13 months. These results were 
confirmed later by Kastritis et al. They found >1 
focal lesion on spinal MRI in 9 of 65 patients 
(14%) with SMM (Kastritis et al. 2014). The risk 
of progression within 2 years was 69%, with a 
median time to progression of 15 months. The 
IMWG added a requirement that focal lesions 
need to be at least 5 mm or more in size and rec-
ommended follow-up examinations in 
3–6 months in patients who had a solitary focal 
lesion, equivocal findings, or diffuse infiltration 
(Rajkumar et al. 2014).

2.1.1.4  Imaging Requirements
The updated IMWG criteria state that in addition 
to whole-body skeletal radiographs, CT scans, 
low-dose whole-body CT, and positron emission 
tomography with PET-CT can be used to diag-
nose lytic bone disease in MM (Rajkumar et al. 
2014). These modalities are more sensitive and 
will enable early and more accurate diagnosis of 
MM (Zamagni et al. 2007; Bartel et al. 2009; 
Siontis et al. 2015). In order to qualify as an 
MDE, one or more sites of osteolytic bone 
destruction of at least 5 mm or more in size felt 
secondary to the plasma cell disorder are required. 
In terms of PET-CT scans, increased focal or dif-
fuse FDG uptake is alone not adequate for the 
diagnosis. There must be evidence of actual 
osteolytic bone destruction on the CT portion of 
the PET-CT. The revised IMWG criteria were 
made more strict in terms of other bone lesions; 
thus, the presence of osteoporosis, vertebral com-
pression fractures, or bone densitometric changes 
in the absence of lytic lesions is not a sufficient 
evidence of MM bone disease. As with skeletal 
radiographs, biopsy of one of the bone lesions 
should be considered if there is any doubt about 
the diagnosis of MM.

2.1.1.5  Other Miscellaneous Changes
Besides the revisions discussed above, the revised 
IMWG criteria also clarified several areas of con-
troversy. Hyperviscosity, systemic AL amyloido-
sis, peripheral neuropathy, and recurrent bacterial 
infections are not considered as MDE (Rajkumar 
et al. 2014). In terms of renal disease, only sus-
pected or proven light chain cast nephropathy is 
considered as an MDE (Rajkumar et al. 2014). 
Other renal disorders associated with M proteins 
such as light chain deposition disease, membra-
noproliferative glomerulonephritis, and AL amy-
loidosis are considered unique diseases and not 
MM. An accurate diagnosis of light chain cast 
nephropathy is essential (Gonsalves et al. 2015). 
A renal biopsy to clarify the underlying cause of 
the renal failure is recommended in patients with 
suspected cast nephropathy, especially if the 
serum involved FLC levels are less than 500 mg/L 
(Hutchison et al. 2012).
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2.2  New Diagnostic Criteria 
for SMM

Changes to the disease definition of MM auto-
matically result in a revision to the diagnostic cri-
teria for SMM. SMM is now defined by the 
presence of a serum monoclonal (M) protein of 
≥3 g/dl and/or 10–60% clonal bone marrow 
plasma cells with no evidence of MDE or amy-
loidosis (Table 2.1) (Rajkumar et al. 2014). SMM 
should be distinguished from MGUS, MM, and 
other related plasma cell disorders using the 
 criteria listed on Table 2.1. At least one advanced 
imaging exam (PET-CT, low-dose whole-body 
CT, or MRI of the whole body or spine) is recom-
mended in patients with suspected SMM or soli-
tary plasmacytoma (Rajkumar et al. 2014; Siontis 
et al. 2015; Dimopoulos et al. 2015).

Despite the changes to the criteria which 
reclassify some patients with the highest risk of 
progression as MM based on biomarkers, SMM 
remains a major clinical dilemma with an overall 
risk of progression of approximately 10% per 
year for the first 5 years (Rajkumar et al. 2015).

2.3  Molecular Classification 
of Myeloma

There are several molecular subtypes of MM, 
associated with several unique differences in dis-
ease presentation and prognosis (Table 2.2) 
(Kumar et al. 2012). Most patients with MM can 
be classified into one of the three groups: primary 
immunoglobulin heavy chain (IgH) transloca-
tions, trisomies (40%), or a combination of IgH 
translocations and trisomies. There are five com-
mon primary IgH translocations; each of these 
involves the IgH locus on chromosome 14q32, 
and one of the five recurrent partner chromosome 
loci: 11q13 (CCND1 [cyclin D1 gene]), 4p16.3 
(FGFR-3 and MMSET), 6p21 (CCND3 [cyclin 
D3 gene]), 16q23 (c-maf), and 20q11 (mafB). 
The resultant five IgH translocations, namely, 
t(11;14), t(4;14), t(6;14), t(14;16), and t(14;20), 
are considered nonoverlapping. Thus, a given 
patient with MM will not have two different types 
of IgH translocation. The molecular subtype of 
MM does influence clinical features and progno-
sis. For example, trisomic MM responds 

Table 2.2 Primary molecular cytogenetic classification of multiple myeloma

Subtype Gene(s)/chromosomes affecteda

Percentage of 
myeloma patients

Trisomic MM Recurrent trisomies involving odd-numbered 
chromosomes with the exception of 
chromosomes 1, 13, and 21

42

IgH-translocated MM 30

  t(11;14) (q13;q32) CCND1 (cyclin D1) 15

  t(4;14) (p16;q32) FGFR-3 and MMSET 6

  t(14;16) (q32;q23) C-MAF 4

  t(14;20) (q32;q11) MAFB <1

Other IgH translocationsa CCND3 (cyclin D3) in t(6;14) MM 5

Combined IgH translocated/trisomic MM Presence of trisomies and any one of the 
recurrent IgH translocations in the same patient

15

Isolated monosomy 14 Few cases may represent 14q32 translocations 
involving unknown partner chromosomes

4.5

Other cytogenetic abnormalities in the 
absence of IgH translocations or trisomy or 
monosomy 14

5.5

Normal 3

Modified from Kumar S et al. Trisomies in multiple myeloma: impact on survival in patients with high-risk cytogenet-
ics. Blood 2012; 119:2100. © American Society of Hematology
aIncludes the t(6;14)(p21;q32) translocation and, rarely, other IgH translocations involving uncommon partner 
chromosomes
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particularly well to lenalidomide-based therapy 
(Pandey et al. 2013; Vu et al. 2015). In contrast, 
t(4;14) MM requires bortezomib-based induc-
tion, stem cell transplantation, and maintenance 
therapy for good outcome (Sonneveld et al. 2012; 
Cavo et al. 2010). At diagnosis, t(4;14) MM is 
less likely to be associated with bone disease at 
diagnosis, while t(14;16) MM is often associated 
with high levels of serum free light chains (FLC) 
and a higher risk of acute renal failure (Greenberg 
et al. 2014). In general, t(4;14), t(14;16), and 
t(14;20) are considered high-risk features.

In addition to molecular classification based 
on specific cytogenetic abnormalities, patients 
with MM may also be grouped into two major 
categories according to ploidy status assessed by 
karyotyping: the hyperdiploid group (more than 
46/47 chromosomes) and the non-hyperdiploid 
group, composed of hypodiploid (up to 44/45 
chromosomes), pseudodiploid (44/45 to 46/47), 
and near-tetraploid (more than 74) cases. As 
expected, non-hyperdiploid MM is characterized 
by a very high prevalence of IGH translocations 
involving the five recurrent chromosome part-
ners. Besides primary cytogenetic abnormalities, 
there are several recurrent abnormalities that 
occur in MM that have prognostic significance. 
Conventional cytogenetics, FISH, and compara-
tive genomic hybridization analysis have all 
demonstrated that lesions of chromosome 1 are 
the most common abnormalities in MM; these 
include gain(1q) (as the result of tandem duplica-
tions and jumping segmental duplications of the 
chromosome 1q band) and del(1p). Both these 
abnormalities are thought to confer an adverse 
prognosis, but their independent impact is still 
controversial. The loss of chromosome 13 is the 
most frequent monosomy in MM, occurring in 
40–50% of newly diagnosed patients. This abnor-
mality shows a strong association with t(4;14) 
and t(14;16) and deletion of 17p and gain(1q). 
Although monosomy 13/del(13q) was initially 
considered as an adverse prognostic feature, this 
was mainly due to associations with other adverse 
prognostic factors. Del(17p), which includes loss 
of TP53, occurs at a lower frequency in newly 
diagnosed MM (5–10%). The prevalence of 
del(17p) increases in more advanced stages of 

MM, but the proportion is higher in advanced 
stages. Del(17p) probably represents the most 
adverse prognostic genetic feature in MM and is 
frequently associated with extramedullary 
disease.

2.4  Staging and Risk 
Stratification

Being able to predict outcome is critical not only 
for counseling patients but also in terms of decid-
ing treatment strategy (choice of drugs, duration 
of therapy, aggressiveness of the intervention, 
etc.). Besides the molecular subtype of MM 
which represents disease biology, there are sev-
eral other factors that affect prognosis. These 
include host factors (age, performance status, 
comorbidities), disease stage, and response to 
therapy (Palumbo et al. 2015a; Russell and 
Rajkumar 2011). Moreover, disease biology is 
also affected by secondary cytogenetic abnormal-
ities such as del(17p) and gain(1q). These second-
ary cytogenetic abnormalities can occur in any of 
the molecular subtypes as additional events, and 
they generally carry a more adverse prognosis.

Staging of MM has been traditionally done 
using the Durie-Salmon Staging (DSS) (Durie 
and Salmon 1975) or the International Staging 
System (ISS) (Greipp et al. 2005; Hari et al. 
2009). The DSS primarily classified patients 
based on tumor burden, while the ISS also 
includes a host factor determinant, namely, serum 
albumin. The main disadvantage of these older 
staging systems is that outcome in MM unlike 
many other malignancies is dependent more on 
disease biology. To rectify this, a Revised 
International Staging System (RISS) has been 
adopted by the IMWG that combines the ISS 
with determinants of disease biology (Palumbo 
et al. 2015b).

2.4.1  Revised International Staging 
System for MM

Recently, a Revised International Staging System 
(RISS) has been adopted by the IMWG (Palumbo 
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et al. 2015b). The RISS incorporates determi-
nants of disease biology (the presence of high- 
risk cytogenetic abnormalities or elevated lactate 
dehydrogenase level) into the former ISS to cre-
ate three disease stages (Table 2.3). The cytoge-
netic abnormalities considered as high risk in the 
RISS include t(4;14), t(14;16), and del(17p). In a 
study of 4445 patients with newly diagnosed MM 
from 11 international trials, the 5-year survival 
rate of patients with stage I, II, and III RISS was 
82%, 62%, and 40%, respectively.

2.4.2  Risk Stratification of SMM

The risk of progression of SMM is approximately 
10% per year for the first 5 years; after 5 years 
(cumulative 50% at 5 years), the risk decreases to 
3% per year for the next 5 years (cumulative 65% 
at 10 years) and further decreases to approxi-
mately 1% per year thereafter (Kyle et al. 2007). 
Patients with SMM who have a median time to 
progression of 2 years should be considered to 
have high-risk SMM (25% per year risk of pro-
gression in the first 2 years). Several studies have 
identified important prognostic markers that can 
identify such patients (Kyle et al. 2007; 
Dispenzieri et al. 2008; Hillengass et al. 2010; 
Perez-Persona et al. 2007; Rosinol et al. 2003; 
Rajkumar et al. 2013; Neben et al. 2013; 
Dhodapkar et al. 2014; Bianchi et al. 2013). 
Importantly the underlying cytogenetic subtype 

does affect outcome in SMM. Patients with 
t(4;14) translocation, del 17p, and gain 1q have a 
higher risk of progression from SMM to 
MM. Table 2.4 provides the criteria for high-risk 
SMM (Rajkumar et al. 2015). Based on encour-
aging results of the Spanish clinical trial in high- 
risk SMM (Mateos et al. 2013), certain patients 
with multiple risk factors can be considered can-
didates for MM therapy after a careful discussion 
of risks and benefits, particularly within clinical 
trials. In contrast, patients with low-risk SMM 
likely have a risk of progression of 5% per year 
or less and can be observed.

2.5  Response Assessment 
and Monitoring

Response to therapy in MM is done using the 
International Myeloma Working Group uni-
form response criteria (Table 2.5) (Durie et al. 
2006). In order to assess response and identify 
relapse in a timely manner, patients require 
periodic monitoring as outlined in Table 2.6. 
Besides history and examination, and basic 
aboratory tests (complete blood count, cal-
cium, and 404 creatinine measurements), the 
mainstay of monitoring include serial measure-
ments of M protein levels by serum protein 
electrophoresis (SPEP) and urine protein elec-
trophoresis (UPEP). The serum FLC assay is 
an alternative to the UPEP; but even it is a good 

Table 2.3 Revised International Staging System for myeloma (Palumbo et al. 2015b)

Stage
Frequency (% of 
patients)

5-year survival 
rate (%)

Stage I

•  ISS stage I (serum albumin >3.5, serum beta-2-microglobulin <3.5)
•  No high-risk cytogenetics
• Normal LDH

28 82

Stage II

• Neither stage I or III 62 62

Stage III

•  ISS stage III (serum beta-2-microglobulin >5.5)
•  High-risk cytogenetics [t(4;14), t(14;16), or del(17p)] or elevated LDH

10 40

Derived from: Palumbo A, et al. J Clin Oncol 2015; 33: 2863–2869

S. V. Rajkumar et al.



25

Table 2.4 Definition of high-risk smoldering multiple myelomaa

Bone marrow clonal plasma cells ≥10% and any one or more of the following:

  Serum M protein ≥30 g/L

  IgA SMM

  Immunoparesis with reduction of two uninvolved immunoglobulin isotypes

  Serum involved/uninvolved free light chain ratio ≥8 (but less than 100)

  Progressive increase in M protein level (evolving type of SMM)b

  Bone marrow clonal plasma cells 50–60%

  Abnormal plasma cell immunophenotype (≥95% of bone marrow plasma cells are clonal) and reduction of one 
or more uninvolved immunoglobulin isotypes

  t(4;14) or del 17p or 1q gain

  Increased circulating plasma cells

  MRI with diffuse abnormalities or one focal lesion

  PET-CT with focal lesion with increased uptake without underlying osteolytic bone destruction

SMM smoldering multiple myeloma, M monoclonal, MRI magnetic resonance imaging, PET-CT positron emission 
tomography-computed tomography
Reproduced from Rajkumar SV, Landgren O, Mateos MV. Smoldering Multiple Myeloma. Blood. 2015 Apr 2. pii: 
blood-2014-09-568899 © American Society of Hematology
aNote that the term smoldering multiple myeloma excludes patients without end-organ damage who meet revised defini-
tion of multiple myeloma, namely, clonal bone marrow plasma cells ≥60% or serum free light chain (FLC) ratio ≥100 
(plus measurable involved FLC level ≥100 mg/L) or more than one focal lesion on magnetic resonance imaging. The 
risk factors listed in this table are not meant to be indications for therapy; they are variables associated with a high risk 
of progression of SMM and identify patients who need close follow-up and consideration for clinical trials
bIncrease in serum monoclonal protein by ≥25% on two successive evaluations within a 6-month period

Table 2.5 International Myeloma Working Group uniform response criteria for multiple myeloma

Response 
subcategory Response criteria

Complete 
responsea (CR)

•  Negative immunofixation of serum and urine
•  Disappearance of any soft tissue plasmacytomas
•  <5% plasma cells in the bone marrow

Stringent complete 
response (sCR)b

CR as defined above plus
•  Normal FLC ratio
•  Absence of clonal PC by immunohistochemistry or 2–4 color flow cytometry

Very good partial 
response (VGPR)a

•  Serum and urine M-component detectable by immunofixation but not on electrophoresis
•  ≥90% or greater reduction in serum M-component plus urine M-component <100 mg per 

24 h

Partial response 
(PR)

•  ≥50% reduction of serum M protein and reduction in 24-h urinary M protein by ≥90% or to 
<200 mg per 24 h

•  If the serum and urine M protein are unmeasurable, a ≥50% decrease in the difference 
between involved and uninvolved FLC levels is required in place of the M protein criteria

•  If serum and urine M protein are unmeasurable, and serum free light assay is also 
unmeasurable, ≥50% reduction in bone marrow plasma cells is required in place of M 
protein, provided baseline percentage was ≥30%

•  In addition to the above criteria, if present at baseline, ≥50% reduction in the size of soft 
tissue plasmacytomas is also required

Stable disease 
(SD)

•  Not meeting criteria for CR, VGPR, PR, or progressive disease

(continued)
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Response 
subcategory Response criteria

Progressive 
disease (PD)b

•  Increase of 25% from lowest response value in any one or more of the following:
– Serum M-component (absolute increase must be ≥0.5 g/dl)c and/or
– Urine M-component (absolute increase must be ≥200 mg/24 h) and/or
–  Only in patients without measurable serum and urine M protein levels: the difference 

between involved and uninvolved FLC levels (absolute increase must be >100 mg/L)
–  Only in patients without measurable serum and urine M protein levels and without measurable 

disease by FLC levels, bone marrow plasma cell percentage (absolute % must be ≥10%)
•  Definite development of new bone lesions or soft tissue plasmacytomas or definite increase 

in the size of existing bone lesions or soft tissue plasmacytomas
•  Development of hypercalcemia (corrected serum calcium >11.5 mg/dl) that can be attributed 

solely to the plasma cell proliferative disorder

All response categories (CR, sCR, VGPR, PR, and PD) require two consecutive assessments made at any time before 
the institution of any new therapy; complete response and PR and SD categories also require no known evidence of 
progressive or new bone lesions if radiographic studies were performed. VGPR and CR categories require serum and 
urine studies regardless of whether disease at baseline was measurable on serum, urine, both, or neither. Radiographic 
studies are not required to satisfy these response requirements. Bone marrow assessments need not be confirmed
Reproduced from Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk stratification and response assessment of 
multiple myeloma. Leukemia 2009; 23: 3–9
aNote clarifications to IMWG criteria for coding CR and VGPR in patients in whom the only measurable disease is by 
serum FLC levels: CR in such patients is a normal FLC ratio of 0.26–1.65 in addition to CR criteria listed above. VGPR 
in such patients requires in addition a >90% decrease in the difference between involved and uninvolved free light chain 
(FLC) levels
bNote clarifications to IMWG criteria for coding PD: bone marrow criteria for progressive disease are to be used only 
in patients without measurable disease by M protein and by FLC levels. Clarified that “25% increase” refers to M pro-
tein, FLC, and bone marrow results and does not refer to bone lesions, soft tissue plasmacytomas, or hypercalcemia. 
Note that the “lowest response value” does not need to be a confirmed value

clinical practice to assess UPEP once every 
few months even in patients with stable serum 
FLC levels. Most patients without measurable 
disease in serum or urine, defined as less than 
1 gm/dL M protein on SPEP and <200 mg/24 h 
M protein on UPEP, can be followed using the 
serum FLC assay provided the FLC ratio is 
abnormal and the level of the involved FLC is 
≥10 mg/dL (Dispenzieri et al. 2009).

In general, these laboratory tests and M pro-
tein measurements are done monthly during 
active therapy, and once every 3 months when 
patients are being observed without therapy or 
using maintenance therapy (Table 2.6). 
Radiographic tests are typically done when 
symptoms indicate their need. Bone marrow 
studies are repeated if needed to confirm com-
plete response or when clinically indicated to 
assess relapse.

Further refinements to the response criteria are 
ongoing. These proposed revisions will stipulate 
new definitions for minimal residual disease (MRD) 

negative status. MRD negative can be ascertained 
up to the level of 1 in 10−5 using next- generation 
flow cytometry or next-generation sequencing. At 
present MRD negative status is clearly known to 
confer a favorable prognosis in MM, even in 
patients who are in complete response. However, it 
is still not known whether treatment decisions 
should be based on MRD results. Randomized trials 
in this regard are needed.
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Table 2.6 Disease monitoring

Recommendations

Monoclonal 
protein 
studies

•  Serum protein electrophoresis and serum free light chain assay monthly while on therapy and 
every 3–4 months when off therapy

•  Urine protein electrophoresis every 3–6 months
•  Serum and urine immunofixation to document complete response
•  In patients with IgA M proteins, quantitative IgA immunoglobulin level should also be measured

Bone 
marrow 
studies

•  Bone marrow studies to document complete response and to assess relapse as clinically indicated
•  At relapse, bone marrow studies should include FISH studies for del 17p and gain 1q and should 

also include probes to detect immunoglobulin heavy chain translocations and trisomies if 
informative results are not available from baseline marrow studies

•  Bone marrow studies should also include multiparameter flow cytometry to assess clonality and to 
determine proportion of aberrant vs. normal PCs

Imaging 
studies

•  Skeletal survey or low-dose whole-body CT should be considered once a year
•  PET-CT is an alternative and may be helpful if extramedullary disease is suspected. Response to 

therapy on PET-CT may also have prognostic value and should be considered in patients with 
oligo-secretory or nonsecretory disease

•  MRI of the spine/pelvis or whole body is needed in patients with suspected disease in the spine. 
MRI may be particularly helpful in smoldering myeloma or solitary plasmacytoma

MRD 
monitoring

•  MRD assessment is still investigational. It should be considered in patients in complete response
•  Next-generation flow cytometry or next-generation sequencing using standard methods that are 

sensitive to at least 1 × 10−5 or greater can help in the detection of MRD
•  MRD negativity has prognostic value, but more studies are needed to determine if assessment is of 

value in changing therapy

PCs plasma cells, FISH fluorescence in situ hybridization, MRI magnetic resonance imaging, CT computed tomogra-
phy, PET-CT positron emission tomography/computed tomography, MRD minimal residual disease
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Treatment of Transplant Eligible 
Patients with Multiple Myeloma

P. Sonneveld, H. Einsele, A. M. Brioli, and M. Cavo

3.1  Part 1: High-Dose Therapy

3.1.1  Introduction

The treatment outcome of patients with multiple 
myeloma (MM) has been invariably poor until 
the 1960s. With the introduction of the alkylating 
agent melphalan, later combined with prednisone 
it became possible to reduce tumor burden and 
thereby to effectively improve the patient’s qual-
ity of life. However, the duration of remission 
was usually short and prolonged dosing proved 
difficult because of bone marrow suppression. In 
1983 McElwain investigated the concept of dose 
escalation based on the fact that the anti-tumor 
effect of melphalan is dose-dependent. Seven 
patients with plasma-cell leukemia and (refrac-
tory) MM were treated with a single high-dose of 
intravenous melphalan (HDM) without stem-cell 
support (McElwain and Powles 1983). The same 
group expanded this concept in a larger group of 

patients still with obvious and lasting responses 
(Selby et al. 1988). Because of the severe hema-
tologic toxicity that was observed, further treat-
ments with high-dose melphalan were performed 
with autologous stem-cell support (ASCT) in eli-
gible patients with multiple myeloma.

The group of Barlogie investigated the con-
cept of autologous stem-cell support in order to 
reduce the risk of long myelosuppression and/or 
incomplete bone marrow recovery (Barlogie 
et al. 1987).

After initial studies in relapsed MM, it became 
clear that HDM is more effective in previously 
untreated patients. Since the 1990s, high-dose 
therapy with ASCT has been the standard of care 
for younger (≤65 years) patients who are eligible 
for this procedure and have no significant co- 
morbidities (Harousseau and Moreau 2009). 
Through these efforts HDM became a backbone 
of treatment in younger patients, to which other 
therapies could be added. Current treatment pro-
tocols include sequential blocks of therapy, 
namely induction, consolidation, and mainte-
nance. All of these components are widely inves-
tigated in numerous ongoing international 
clinical trials, aimed at identifying the most 
effective treatment combination and the optimal 
therapeutic sequence. In most countries this treat-
ment is now recommended for newly diagnosed 
MM (NDMM), while more recently its delayed 
use in relapsed and/or refractory MM (RRMM) 
has received renewed interest.
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Allogeneic transplantation for MM has been 
developed in the 1980s and its clinical applica-
tion is currently concentrated in high-risk RRMM 
and in clinical trials.

In this chapter the role of high-dose treatment 
with autologous stem cell rescue in newly diag-
nosed, transplant-eligible patients will be dis-
cussed in the context of the era of novel drugs for 
induction, consolidation, and maintenance treat-
ment. The role of high-dose therapy as salvage 
treatment will be discussed elsewhere. In addi-
tion the role of allogeneic transplantation will be 
discussed.

3.1.1.1  HDT and ASCT: The Principle
Since the introduction of HDT supported by 
ASCT as a concept to improve response and 
long-term outcome, several cooperative trial 
groups have investigated this question. Early 
development concentrated on salvage treatment 
in patients with RRMM. Since 1990 HDT was 
investigated in NDMM, showing a higher 
response rate of 30% complete response (CR) as 
compared with standard dose melphalan com-
bined with prednisone. Later, prospective ran-
domized Phase 3 trials were performed, 
comparing HDT + ASCT with various schedules 
of conventional chemotherapy in newly diag-
nosed transplant-eligible patients. As an induc-
tion regimen prior to HDT, usually vincristine, 
doxorubicin, dexamethasone (VAD) was used 
based on the regimen for refractory disease, how-
ever still before the introduction of novel drugs 
(Attal et al. 1996; Fermand et al. 1998, 2005; 
Child et al. 2003; Palumbo et al. 2004; Blade 
et al. 2005; Segeren et al. 2003; Barlogie et al. 
2006a). In the majority of these trials, response 
rate, quality of response, and event-free survival 
were superior with HDT/ASCT, while an overall 
survival (OS) benefit was observed in only 3/8 
trials (Table 3.1). An important aspect of dose- 
intensification with HDT has been the reproduc-
ible observation that the associated higher “very 
good” response rates (VGPR) or better (CR) cor-
relate with longer progression-free survival (PFS) 
and possibly OS (Harousseau et al. 2009). These 
data indicate that HDT when given without effec-
tive pretreatment that reduces tumor burden has 

only a limited benefit for long-term outcome, i.e. 
OS. While there may be several explanations for 
this lack of OS improvement, the most likely 
explanation is the availability of HDT as salvage 
treatment in patients progressing from conven-
tional chemotherapy. Also, over time the use of 
total body irradiation (TBI) combined with 
cyclophosphamide as HDT was omitted in favor 
of high-dose melphalan (HDM) based on a 
French trial that showed better tolerability and 
superior efficacy of the latter (Moreau et al. 
2002). Hence, HDM 200 mg/m2 became the stan-
dard conditioning regimen for HDT + ASCT. In 
general, HDM with ASCT is used as part of a 
front-line treatment in transplant-eligible 
patients. However, the consensus is that it can 
also be used as a salvage treatment in patients 
who have not received this before, or in patients 
who had a favorable response and longer time to 
progression after prior HDM (Giralt et al. 2015; 
Ludwig et al. 2014).

3.1.2  Induction Treatment Prior 
to HDT

While high-dose melphalan was initially devel-
oped as a stand-alone treatment, it soon became 
clear that remission-induction treatment was 
required before this procedure for several rea-
sons. First, newly diagnosed patients and/or 
patients with a fulminant relapse had to be stabi-
lized and disease symptom control was needed 

Table 3.1 ASCT vs conventional chemotherapy: results 
of randomized studies

Author
Patients 
(n) Age

CR/ 
VGPR EFS OS

Attal et al. (1996) 200 ≤65 Yes Yes Yes

Fermand et al. 
(1998)

202 <55 Yes Yes No

Child et al. (2003) 401 ≤65 Yes Yes Yes

Palumbo et al. 
(2004)

194 <70 Yes Yes Yes

Fermand et al. 
(2005)

190 55–65 Yes Yes No

Blade et al. (2005) 164 ≤65 Yes Yes No

Barlogie et al. 
(2006a)

516 ≤70 No No No

P. Sonneveld et al.
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prior to intensive treatment. Second, in order to 
be able to collect good quality hematopoietic 
stem cells with little contamination of myeloma 
cells, pre-emptive non-hemato-toxic chemother-
apy was required. Finally, it became evident that 
achieving a good response after induction treat-
ment plus intensification with high-dose melpha-
lan incurred a better overall survival (Lahuerta 
et al. 2008).

During the 1990s VAD was the induction regi-
men of choice in nearly all HDT trials.

With the introduction of thalidomide in 1999, 
it became possible to include thalidomide in 
induction regimens and later lines of therapy. 
Thalidomide was combined with dexamethasone 
(TD), doxorubicin/dexamethasone (TAD), or 
cyclophosphamide/dexamethasone (CTD) in 
several randomized trials in transplant eligible 
NDMM (Cavo et al. 2005; Lokhorst et al. 2010; 
Morgan et al. 2011; Spencer et al. 2009; Barlogie 
et al. 2006b). While complete response rates in 
comparison with VAD are not necessarily higher, 
the very good partial response (VGPR) rate and 
overall response rate with thalidomide after 
induction were superior. The main endpoints of 
these trials were progression-free survival (PFS) 
and/or overall survival (OS). While PFS was bet-
ter with thalidomide, OS was similar in some of 
these trials. The main obstacles towards a general 
routine use of thalidomide in this setting have 
been the high incidence of serious complications 
such as thrombosis and peripheral neuropathy as 
well as the introduction of proteasome inhibitors 
(PI).

Bortezomib was the first PI that was intro-
duced in induction regimens for transplant eligi-
ble NDMM. The drug was combined with 
dexamethasone (BD) by the French IFM group or 
with doxorubicin/dexamethasone (PAD) by the 
HOVON65/GMMG-HD4 group and compared 
with VAD (Harousseau et al. 2010; Sonneveld 
et al. 2012). In both trials CR rate after induction 
was significantly higher with the bortezomib 
combination. In the HOVON65/GMMG-HD4 
trial bortezomib induction followed by HDM 
plus ASCT and bortezomib maintenance for 
2 years resulted in a superior PFS and OS when 
compared with standard treatment and 

thalidomide maintenance. Other regimens cur-
rently used include bortezomib, cyclophospha-
mide, dexamethasone (VCD), lenalidomide, 
bortezomib, dexamethasone (VRD), and other 
combinations (Kumar et al. 2012). Several trials 
have combined the 2 novel agents bortezomib 
and thalidomide with dexamethasone (VTD) as a 
regimen for induction prior to HDM/ASCT 
(Cavo et al. 2010; Rosiñol et al. 2012; Moreau 
et al. 2011a). In these trials the VTD combination 
when compared to TD showed superior overall 
response rate, CR + VGPR before and after 
ASCT as well as PFS (Cavo et al. 2015). More 
recently, it was demonstrated that VTD is also 
superior to VCD (Cavo et al. 2015; Moreau et al. 
2015). Currently, VCD and VTD are widely used 
as induction regimens in Europe, since they com-
bine good CR + VGPR rates with good tolerabil-
ity. Generally 4–6 cycles are administered before 
stem cell collection is performed. In general it 
can be concluded that from a cross-comparison 
between available regimens triplet combinations 
are more effective and give higher response rates 
than doublet combinations. An overview of avail-
able induction regimens is given in Fig. 3.1.

3.1.2.1  Conditioning Regimens Prior 
to ASCT

In transplant-eligible patients with myeloma the 
standard conditioning regimen prior to transplan-
tation is high-dose intravenous melphalan (HDM) 
at a dose of 200 mg/m2. In the past lower dosages 
of melphalan 140, 70, 100 mg/m2 as well as 
higher dosages have been used; however, these 
were not compared in a prospective way (Segeren 
et al. 2003). Alternative conditioning regimens 
include Total Body Irradiation (TBI), oral busul-
fan, intravenous busulfan, and combinations of 
these. TBI is no longer used because of the 
transplant- related morbidity and mortality. HDM 
140 mg/m2 plus oral busulfan was evaluated in 
comparison with HDM 200 mg/m2 in the Spanish 
Pethema trial and proved to be more toxic, while 
not improving survival (Lahuerta et al. 2010). 
Intravenous busulfan lacks this toxic profile, but 
unlike in acute leukemia, it is rarely used in 
myeloma. Other attempts to improve the efficacy 
of HDM followed by ASCT include the addition 
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of bortezomib during the first days after stem cell 
reinfusion. In a phase 2 trial performed by the 
French IFM group this regimen resulted in a 
higher CR rate compared with matched controls 
(Roussel et al. 2010) (Table 3.2).

3.1.2.2  Single Versus Double ASCT
In an attempt to improve the outcome of HDM 
followed by ASCT, several groups have treated 
patients with tandem (double) transplantation. 
The Arkansas group has made the tandem trans-
plantation a standard procedure as part of their 
intensified treatment program. Indeed, overall 

survival is superior to many other regimens 
(Barlogie et al. 2010). Several groups have pro-
spectively compared single versus double inten-
sive therapy (Segeren et al. 2003; Attal et al. 
2003). In all studies PFS or EFS was better with 
double intensive, but not OS. The extra impact of 
a second intensified regimen is especially evi-
dent in patients who achieve less than CR or 
VGPR with the first transplant. Still, tandem 
transplant has not become a standard regimen in 
most countries. Recently the HOVON65/
GMMG-HD4 trial evaluated a single HDM/
ASCT strategy with a double HDM/ASCT in 

Thalidomide
based 

Lenalidomide
based 

Bortezomib
based 

Bortezomib +
IMiD based 

2-drug
combinations 

TD RD

Rd

VD

3-drug
combinations 

TAD

CTD

RAD

RCD

BiRD

PAD

VCD

VTD

VRD

4-drug
combinations 

VTDC

RVDC

Fig. 3.1 Induction regimens prior to HDM in previously 
untreated multiple myeloma (Ludwig et al. 2012a). Note: 
Not all agents may be indicated for listed combinations or 
settings. BiRD clarithromycin, lenalidomide, dexametha-
sone, CTD cyclophosphamide, thalidomide, dexametha-
sone, IMiD immunomodulatory drug, PAD bortezomib, 
doxorubicin, dexamethasone, RAD lenalidomide, adriam-
ycin, dexamethasone, RCD lenalidomide, cyclophospha-
mide, dexamethasone, Rd lenalidomide, low-dose 

dexamethasone, RD lenalidomide, high-dose dexametha-
sone, RVDC lenalidomide, bortezomib, dexamethasone, 
cyclophosphamide, TAD thalidomide, adriamycin, dexa-
methasone, TD thalidomide, dexamethasone, VCD bort-
ezomib, cyclophosphamide, dexamethasone, VD 
bortezomib, dexamethasone, VRD bortezomib, lenalido-
mide, dexamethasone, VTD bortezomib, thalidomide, 
dexamethasone, VTDC bortezomib, thalidomide, dexa-
methasone, cyclophosphamide

Table 3.2 Results of induction regimens incorporating novel agents

Author
Induction 
regimens

Patients 
(n)

Overall 
response after 
induction CR/≥VGPR

Overall 
response 
after ASCT CR/≥VGPR

PFS 
(months)

Cavo et al. (2010) VTD vs
TD

236
238

93
79

19/63
5/28

93
84

42/82
30/64

68 at 3 year
56 at 3 year

Moreau et al. 
(2011a)

VTD vs
VD

100
99

88
81

13/49
12/36

89
86

29/74
31/58

26
30

Rosiñol et al. (2012) TD vs
VTD vs
VBMCP/
VBAD/Bort

127
130
129

62
85
75

14/29
35/60
21/36

–
–
–

40
57
48

28
56
35

Sonneveld et al. 
(2012)

VAD
PAD

414
413

54
78

5/20
11/53

77
88

15/51
30/91

24
36

Roussel et al. (2014) RVD 31 93 23/35 93 47/23 NR

P. Sonneveld et al.
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two different countries (Sonneveld et al. 2012). 
OS and PFS were superior with the double trans-
plant. Although this was not the primary study 
question, these results have renewed interest in a 
tandem transplantation.

In conclusion, high-dose therapy will remain 
the standard backbone of treatment in newly 
diagnosed patients with multiple myeloma. The 
introduction of novel agents like proteasome 
inhibitors and IMiDs has contributed to achiev-
ing higher response rates and also deeper 
responses. However, so far there are no indica-
tions that combinations of these drugs may 
replace the standard approach. The insight that 
deeper CRs can be achieved has raised the aware-
ness that the goals of treatment should be CR for 
all patients and that new response criteria are 
needed, which are based on minimal residual dis-
ease assessment. Other new agents such as the 
antibodies daratumumab, elotuzumab, and new 
proteasome inhibitors will be included in this 
backbone.

3.2  Part 2: Consolidation 
and Maintenance

3.2.1  Consolidation

The recent availability of different classes of 
drugs with different mechanism of action and 
good tolerability, as well as their proved effec-
tiveness as induction treatment for newly diag-
nosed multiple myeloma (MM), has dramatically 
changed the therapeutic paradigm of this still 
incurable hematologic malignancy. Although the 
concept of sequential treatment is not new in 
MM, having already been explored by some 
groups at the beginning of 2000 (Barlogie et al. 
1999, 2006c), only recently, with the new insight 
in the biology of myeloma (Brioli et al. 2014a), 
the concept of consolidation and maintenance 
treatment is becoming more widely accepted.

A first important distinction has to be made 
between the two concept of consolidation and 
maintenance. Although the two terms are often 
used synonymously, the rationale supporting 
these two strategies is different. Consolidation 

treatment is generally short-term and aims to 
increase the frequency and depth of response 
obtained with the previous treatment phases. 
Conversely maintenance therapy is given for a 
prolonged time period with the goal of keeping 
the disease under control, decreasing the risk of 
relapse while ensuring a good quality of life.

3.2.2  Transplantation 
as Consolidation Therapy

The existence of a dose response to melphalan 
formed the basis of the development of melpha-
lan high dose therapy (HDT) followed by autol-
ogous stem cell rescue (or stem cell 
transplantation, ASCT). Based on the results of 
phase III clinical trials, reporting and increased 
rate of complete response (CR) and conse-
quently prolonged overall survival (OS) in com-
parison with conventional chemotherapy, HDT 
and ASCT is still considered as one of the main-
stays of up-front treatment for younger patients 
with newly diagnosed MM (Attal et al. 1996; 
Child et al. 2003). A systematic review and 
meta-analysis of randomized clinical trials com-
paring ASCT with standard-dose therapy has 
confirmed that a single ASCT can significantly 
prolong progression-free survival (PFS), 
although an advantage in OS could not be dem-
onstrated (Koreth et al. 2007).

In order to improve the results of ASCT, 
efforts were made to increase the cytotoxic dose 
intensity: the administration of two sequential 
courses of melphalan followed by double, or tan-
dem, ASCT was explored in several studies. 
Following demonstration that such a procedure 
was feasible and effective, five randomized trials 
addressed the question of single versus double 
ASCT as up-front therapy for MM (Segeren et al. 
2003; Attal et al. 2003; Cavo et al. 2007; Mai 
et al. 2016; Goldschmidt 2005; Fermand 2005). 
Results of these trials were not homogeneous. In 
particular, while extended event-free survival 
(EFS) with double ASCT was observed in most 
of the studies, an OS benefit was not consistently 
shown (Segeren et al. 2003; Attal et al. 2003; 
Cavo et al. 2007; Mai et al. 2016; Goldschmidt 
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2005; Fermand 2005). A meta-analysis of data 
pooled from controlled clinical trials confirmed 
that double ASCT was associated with improved 
response rates and EFS in comparison with a 
single ASCT (Kumar et al. 2009). Post-hoc anal-
yses of several subgroups of patients further sug-
gested that the second ASCT was of major benefit 
for those patients who failed to achieve either a 
CR or at least a very good partial response 
(VGPR) after the first ASCT (Attal et al. 2003; 
Cavo et al. 2007). It has to be noted, however, 
that one of the major limitations of these studies 
was their lack of power to demonstrate the equiv-
alence of one versus two transplants for patients 
achieving high-quality responses after the first 
course of HDT. Another major limitation was the 
fact that all the studies were conducted before the 
novel agents thalidomide, lenalidomide, and 
bortezomib were included in the induction treat-
ment of transplant eligible newly diagnosed MM 
patients.

With the recent incorporation of novel agents 
into the transplantation sequence, the role of sin-
gle versus double ASCT still remains 
undetermined.

Recently an integrated analysis of 606 newly 
diagnosed myeloma patients enrolled in 3 phase 
III studies evaluating the role of bortezomib as 
induction therapy before ASCT showed that 
patients with adverse prognostic factors were 
those benefitting the most form a double ASCT 
approach. Patients were differentiated into four 
different risk groups, based on the presence or 
absence of known adverse prognostic variables 
(ISS3, high risk cytogenetic and failure to achieve 
a CR after induction therapy). Double ASCT sig-
nificantly prolonged PFS and OS in comparison 
with a single ASCT for those patients presenting 
with two adverse prognostic factors (Cavo et al. 
2013a). To further evaluate which group of 
patients can gain the highest advantage in terms 
of prolonged survival from a double transplant 
approach three studies are currently ongoing in 
Europe and in the USA, one headed by the 
European Myeloma Network, the German 
GMMS XIV Study and the American study 
chaired by the Blood and Marrow Transplant 
Clinical Trials Network.

3.2.3  Novel Agents 
as Consolidation Therapy 
After ASCT

The novel agents thalidomide, lenalidomide, and 
bortezomib have been successfully combined 
with one another and/or with cytotoxic drugs to 
form various doublet, triplet, and quadruplet regi-
mens that have been widely investigated as 
induction therapy before ASCT. More recently 
the second generation PI carfilzomib and the 
monoclonal antibodies elotuzumab and daratu-
mumab are also being investigated in the newly 
diagnosed setting. Based on the favorable results 
obtained with the use of these drugs as induction 
treatment, a three-drug regimen incorporating 
bortezomib combined with an IMiD or a cyto-
toxic drug, like cyclophosphamide or doxorubi-
cin, is currently considered the standard of care 
in preparation for ASCT (Cavo et al. 2010, 2011; 
Ludwig et al. 2012a). In several phase III studies 
the gain offered by novel agents incorporated into 
the ASCT sequence in terms of enhanced high- 
quality responses translated into extended PFS 
(Sonneveld et al. 2012; Cavo et al. 2010; Rosiñol 
et al. 2012) and, albeit less frequently, OS 
(Sonneveld et al. 2012).

It is widely recognized that the achievement of 
a deep response is associated with improved out-
comes. Therefore achieving the deeper possible 
CR (to the level of undetectable minimal residual 
disease, MRD) and attaining a sustained response 
represents a major endpoint of current treatment 
strategies incorporating autotransplantation up- 
front (Barlogie et al. 2008a; Chanan-Khan and 
Giralt 2010). To reach these objectives, over the 
last years the novel agents have been extensively 
investigated as part of post-ASCT consolidation 
and maintenance strategies (Barlogie et al. 
2008b). The main studies with consolidation reg-
imen with novel agents after ASCT are summa-
rized in Table 3.3.

3.2.3.1  Conventional Chemotherapy 
with or Without Thalidomide

The use of consolidation therapy after ASCT was 
pioneered by Barlogie et al. as part of Total 
Therapy 2 (TT2), an intensified treatment 

P. Sonneveld et al.
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program that was primarily aimed at evaluating 
in a randomized fashion the role of thalidomide 
incorporated into double ASCT (Barlogie et al. 
2006b, c). In addition, TT2 introduced post- 
transplant consolidation therapy, initially with 
DCEP (dexamethasone plus 4-day continuous 
infusions of cyclophosphamide, etoposide and 
cisplatin) for four cycles versus DCEP alternat-
ing with CAD (4-day continuous infusions of 
cyclophosphamide, doxorubicin, dexametha-
sone) for eight cycles and, in a later phase, with 
D-PACE (dexamethasone plus 4-day continuous 
infusions of cisplatin, doxorubicin, cyclophos-
phamide, etoposide) for four cycles. Pulsing 
HD-dex was offered as an alternative consolida-
tion strategy to those patients who failed platelet 
recovery or response to DCEP induction. In a 
post-hoc analysis, the outcomes of patients ran-
domized to the nonthalidomide-based arm of 
TT2 were compared with those of patients 
enrolled in the previous TT1 program that did not 
include thalidomide and post-ASCT consolida-
tion therapy (Barlogie et al. 2006c). Despite simi-
lar rates of CR with the two treatments when 
considering the overall patient population, TT2 
was associated with a higher 5-year probability 
of EFS (43%) and sustained CR (45%) than TT1 
(28% and 32%, respectively; P < 0.001 for both 
comparisons). In comparison with TT1, TT2 
extended both EFS and OS for patients whose 
tumors lacked chromosomal abnormalities. 
Among patients who were enrolled in TT2 and 
had abnormal metaphases in their bone marrow 
plasma cells, those receiving post-ASCT consoli-
dation chemotherapy had a longer OS (measured 
from a 6-month landmark after the second auto-
transplantation) at 4 years (76%) compared with 
those treated with HD-dex (34%) (P < 0.020). 
The 4-year OS estimate for patients who were 
enrolled in TT1 and did not have cytogenetic 
changes was 69%, suggesting that consolidation 
chemotherapy in TT2 improved the outcome of 
the high-risk cytogenetic subgroup to the level 
obtained with TT1 in the low-risk group. 
However, results of this retrospective analysis 
should be cautiously interpreted due to differ-
ences between studies with respect to the treat-
ment program that included a more intensive 

induction chemotherapy in TT2 and the lack of 
post-transplant consolidation therapy in TT1 
(Barlogie et al. 2006c).

3.2.3.2  Bortezomib
The role of single agent bortezomib as consolida-
tion therapy after ASCT was evaluated in a phase 
3 study in patients not previously exposed to the 
proteasome inhibitor (Mellqvist et al. 2013). A 
total of 370 patients were randomized 3 months 
after a single ASCT to receive no consolidation 
therapy or standard-dose bortezomib given twice- 
weekly for the first two 3-week cycles and then 
once weekly on day 1, 8, and 15 for four addi-
tional 4-week cycles. Roughly 39% of patients in 
both treatment arms had achieved at least VGPR 
at the time of randomization. After bortezomib 
consolidation therapy, the probability of achiev-
ing CR plus VGPR was 71%, a value signifi-
cantly higher than the 57% seen in the control 
group (P = 0.008). As a result, median PFS mea-
sured from the time of randomization was 
27 months for bortezomib-treated patients com-
pared to 20 months (P = 0.05) for those randomly 
assigned to the observation arm, although no sig-
nificant advantage in OS could be seen. It has to 
be noted, however, that the benefit of bortezomib 
consolidation treatment in terms of prolonged 
PFS was seen only in those patients failing to 
achieve at least a VGPR after ASCT. Patients 
achieving at least a VGPR had a significantly lon-
ger PFS, irrespective of the time of VGPR 
achievement (post ASCT or post consolidation) 
(Mellqvist et al. 2013).

3.2.3.3  Bortezomib in Combination 
with IMiDs

Bortezomib combined with thalidomide and 
dexamethasone (VTD) has been reported to yield 
profound and quick tumor cell mass reduction 
before ASCT. Based on these data, several groups 
have explored the activity of this triplet regimen 
as consolidation therapy after a single or double 
ASCT.

A large phase 3 study designed to compare 
VTD versus TD as induction therapy prior to 
ASCT evaluated also the role of the two regi-
mens as consolidation therapy (Cavo et al. 2010). 
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Of the 480 patients enrolled in the trial, 321 
patients entered the consolidation phase. Patients 
who were initially randomized to the VTD 
(n = 160) or TD (n = 161) arms of the study were 
planned to receive two 35-day cycles of the same 
triplet or doublet regimens as consolidation fol-
lowing double autotransplantation. In both arms, 
thalidomide and dexamethasone as part of con-
solidation therapy were given at the dose of 
100 mg daily and 320 mg per cycle, respectively, 
while bortezomib, 1.3 mg/m2 once a week on 
days 1, 8, 15 and 22, was incorporated into 
VTD. At the landmark of starting consolidation 
therapy, the rates of CR were similar in the two 
treatment groups. However, after consolidation 
the frequency of CR was significantly higher 
with VTD (61%) than TD (47%) (P = 0.012). 
Overall, the probability of upgrading from less 
than CR before consolidation to CR after con-
solidation therapy was two times higher for the 
VTD-treated group compared with TD (31 vs 
17%, P = 0.030). With a median follow-up of 
30 months from start of consolidation therapy, 
the estimated 3-year PFS rate was significantly 
longer with VTD versus TD (60% vs. 48%, 
P = 0.042), a gain retained across subgroups of 
patients with poor prognosis (such as the pres-
ence of t(4;14) or del17p) and confirmed in a 
multivariate analysis (Cavo et al. 2012). 
Importantly, with an extended follow-up of 
5 years, the post relapse OS was similar between 
the two randomization arms, and the PFS2 
(defined as the time from initial randomization 
to second disease progression or death from any 
cause) was higher in patients receiving VTD 
(76% vs. 63% at 5 years, respectively; HR 0.64, 
P = 0.009) as compared to patients randomized 
to TD. This advantage was seen regardless of 
second line therapy, i.e. irrespective to the use of 
bortezomib or an IMiD as part of treatment after 
relapse, suggesting that induction and consolida-
tion therapy with VTD does not select the emer-
gence of bortezomib-resistant clones at the time 
of relapse (Tacchetti et al. 2014a).

The activity of VTD consolidation after a 
single ASCT preceded by VTD induction was 
also reported by French IFM Group (Leleu et al. 
2013). Consolidation was given for two 3-week 

cycles and included standard-dose, twice 
weekly, bortezomib combined with thalido-
mide, 100 mg daily. Clinical outcomes of these 
patients were retrospectively compared with 
those of a control group who received the same 
treatment without consolidation therapy. Results 
confirmed the benefits of consolidation therapy 
in terms of increased rate of CR (52% vs 30%, 
P = 0.001) and reduced probability of relapse 
(21% vs 45%, P = 0.001), although no differ-
ence in PFS was seen between the two groups 
(Leleu et al. 2013).

An additional phase 2 study was designed to 
enroll patients who had achieved at least a VGPR 
after double ASCT and had an available molecu-
lar marker to detect MRD (Ladetto et al. 2010). 
Thirty-nine bortezomib-naïve patients were 
included and received four 35-day cycles of bort-
ezomib (1.6 mg/m2 on days 1, 8, 15, and 22), tha-
lidomide (up to the maximum daily dose of 
200 mg), and dexamethasone (20 mg on days 
1-4, 8-11, and 15-18). The CR rate increased 
from 15% after double ASCT to 49% after VTD 
consolidation therapy. MRD, as evaluated by 
qualitative polymerase chain reaction (PCR) 
using tumor-clone-specific primers, was unde-
tectable in a single patient (3%) before the start 
of consolidation therapy and in 6 patients out of 
37 (16%) who were assessed after consolidation. 
In these latter patients, consolidation therapy 
yielded a quantitative tumor cell mass reduction 
in the range of approximately four natural loga-
rithms. Patients achieving a low residual tumor 
mass measured by quantitative PCR had a signifi-
cantly longer PFS in comparison with those who 
failed this objective. The benefit of achieving an 
MRD negative CR was confirmed with an 
extended median follow-up of 93 months. With a 
median follow-up of 8 years the OS was 72% for 
patients MRD negative as compared to 48% for 
those with MRD persistence (P = 0.041). In addi-
tion, MRD kinetics resulted predictive for 
relapse: patients with persistent MRD negativity 
had a longer duration of remission (DOR) as 
compared to those patients in which MRD nega-
tivity was lost. Patients never achieving an MRD 
negativity showed the worst outcome, with a 
DOR of less than 1 year (DOR NR vs 38 vs 
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9 months for MRD negative patients, patient los-
ing MRD negativity and patient persistent MRD 
positive, respectively, P < 0.001) (Ferrero et al. 
2015).

Interestingly a consolidation treatment with 
the VTD regimen showed a positive effect not 
only in improving survival outcomes, but also 
in preventing myeloma-related complications 
such as the development of bone disease. In a 
prospective open label study two consolidation 
blocks of four cycles of VTD were adminis-
tered after ASCT (Terpos et al. 2014). The first 
consolidation block was given 100 days after 
ASCT and the second 100 days after the first 
consolidation. VTD consolidation resulted in a 
significant reduction of bone resorption (evalu-
ated as a reduction in circulating C-terminal 
cross-linking telopeptide of collagen type I, 
soluble receptor activator of NF-kB and osteo-
calcin) leading the authors to conclude that 
VTD consolidation has positive effects in 
reducing myeloma-related bone disease. 
Importantly patients enrolled in the study did 
not receive any bisphosphonate treatment 
(Terpos et al. 2014).

Given the impressive results of bortezomib 
consolidation when combined with thalidomide 
and dexamethasone, the further step was the eval-
uation of bortezomib consolidation in combina-
tion with the second generation IMiD 
lenalidomide.

In a phase II study, lenalidomide (25 mg/day 
for 21 days) was combined with standard-dose, 
twice weekly, bortezomib and dexamethasone to 
form a triplet regimen (VRD) that was given as 
induction therapy before, and consolidation after, 
a single ASCT (Roussel et al. 2014). The primary 
study endpoint was the rate of best responses 
achieved after two 3-week cycles of VRD as con-
solidation therapy. The rate of at least a VGPR 
increased from 58% after induction to 70% after 
ASCT to 87% after consolidation. Although the 
increase in the rate of CR after consolidation was 
marginal (47–50%), sCR improved from 27% to 
40%, highlighting the role of consolidation treat-
ment in improving the depth of response. 
Furthermore the study was able to show that at 
the end of consolidation treatment 58% of the 

patients were MRD negative as evaluated by flow 
cytometry (Roussel et al. 2014). The role of VRD 
as consolidation therapy is further being explored 
in the ongoing phase III trial chaired by the 
European Myeloma Network that will be dis-
cussed later.

3.2.3.4  Lenalidomide
Due to its oral formulation, the lack of neurologi-
cal toxicity and its immunomodulatory mecha-
nism of action lenalidomide has so far been 
regarded as the ideal agent to be use in a mainte-
nance context rather than being explored as sin-
gle agent in a consolidation setting. In a phase III 
trial, patients with nonprogressive disease after a 
single ASCT were randomized to receive con-
solidation therapy with lenalidomide followed by 
lenalidomide maintenance or lenalidomide con-
solidation followed by placebo (Attal et al. 2012). 
The consolidation phase of the study included 
two cycles of lenalidomide given at the dose of 
25 mg/day for 3 weeks every 28 days. Although 
the primary study endpoint was PFS for patients 
randomized to lenalidomide maintenance or pla-
cebo, results of consolidation therapy were 
briefly reported. Overall, consolidation with 
standard- dose lenalidomide improved the rate of 
CR plus VGPR, which increased from 58% 
before consolidation to 69% after consolidation 
therapy (P < 0.0001).

3.2.3.5  Ongoing Studies Exploring 
the Role of Novel-Agent-Based 
Consolidation Therapy

The role of novel agents as (part of) consolida-
tion therapy after ASCT needs to be prospec-
tively explored in the context of randomized 
clinical trials before routine consolidation can 
be recommended. Furthermore the availability 
of many promising novel target treatment ques-
tions the role of ASCT as consolidation therapy 
in comparison with novel agents. In a recently 
reported phase III clinical trial a tandem ASCT 
after lenalidomide/dexamethasone (Rd) induc-
tion was compared with six cycles of melpha-
lan, prednisolone, and lenalidomide (MPR) 
after the same induction regimen. Lenalidomide 
was given at the normal dose of 25 mg/day for 
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1 day of a 28-day cycle, in association with 
dexamethasone 40 mg weekly. In the MPR arm 
lenalidomide was given at a reduced dose of 
10 mg/day for 21 days in association with mel-
phalan 0.18 mg/kg and prednisone 2 mg/kg for 
day 1–4 for 6 28 days cycles. Patients were then 
further randomized to receive maintenance with 
lenalidomide versus observation. The results 
were in favor of a double transplant approach, 
with a median PFS of 43 months for patients 
receiving transplant versus 22.4 months for 
patients randomized to MPR (P < 0.001). The 
double ASCT group also showed a longer OS as 
compared to the experimental treatment arm 
(OS 81.6 vs 65.3%, P < 0.02) (Palumbo et al. 
2014a).

The role of ASCT as consolidation treatment 
was further explored in another trial with a simi-
lar design. After an induction treatment with Rd 
for four cycles, 389 patients were randomized to 
receive either two courses of high dose melpha-
lan with stem cell support, or a consolidation 
therapy with 6 cycles of cyclophosphamide 
(cyclophosphamide 300 mg/m2, days 1, 8, and 
15), dexamethasone (40 mg, days 1, 8, 15, and 
22), and lenalidomide (25 mg/day consecutively 
for 21 days of a 28-day cycle). Patients were 
then further randomized between two mainte-
nance arms, lenalidomide (10 mg/day) or 
lenalidomide plus prednisone (50 mg every 
other day). As already seen with the previous 
study survival data were in favor of the double 
transplant arm, with a median PFS of 
28.6 months (95% CI 20.6–36.7) for patients 
receiving chemotherapy plus lenalidomide as 
compared to 43.3 months (95% CI 33.2–52.2) 
for patients receiving ASCT (HR for the first 
24 months 2.51, 95% CI 1.60–3.94; P < 0.0001) 
(Gay et al. 2015). However one of the limits of 
the abovementioned trials is the nonoptimal 
induction treatment, with a two-drug combina-
tion instead of one the more widely agreed and 
effective three-drug combinations.

Another trial exploring the value of a trans-
plant consolidation versus a treatment regimen 
including novel agents is the IFM/DFCI 2009 
trial, evaluating the role of ASCT plus VRD con-
solidation (two cycles) as compared to 5 VRD 

cycles on 700 patients. Patients in both treatment 
arms are to receive an induction phase with VRD 
for three cycles. With a median follow-up of 
39 months, patients receiving ASCT had a sig-
nificantly higher rate of CR, which translated into 
a significant advantage in terms of PFS (PFS 
3 years post randomization 61% vs 48% for 
ASCT and VRD arm, respectively, P < 0.0002; 
HR 1.5, 95% CI 1.2–1.9), whilst an advantage on 
OS could not be demonstrated. Importantly the 
PSF benefit obtained by patients randomized in 
the ASCT group was not influenced by the pres-
ence of risk factors (patients >60 years, ISS stage 
III, high risk cytogenetic, less than CR after 
induction) (Attal et al. 2015).

Further trials are currently ongoing and inves-
tigating the role of ASCT and consolidation ther-
apy in the context of novel agents. One of these 
trials is the already mentioned phase III study 
headed by the European Myeloma Network 
(EMN02 study). Patients with newly diagnosed 
MM are randomized to an intensive therapy arm 
including single or double ASCT up-front or to a 
non-intensive treatment comprising bortezomib- 
melphalan- prednisone (VMP) eventually fol-
lowed by salvage ASCT at the time of relapse. In 
the USA the fully recruited BMT CTN 0702 trial 
did not show an improvement for consolidation 
with 4 cycles of VRD or with a second transplan-
tation in patients with newly diagnosed MM after 
extensive induction therapy and a first ASCT 
who also receive lenalidomide maintenance until 
progression.

Recently the proved effectiveness of monoclo-
nal antibodies in the treatment of relapsed/refrac-
tory and newly diagnosed MM patients not 
candidate to ASCT has opened a further treat-
ment possibility for MM patients. An ongoing 
clinical trial chaired by the French IFM and the 
Netherlander HOVON groups (IFM2015/
HOVON131) is currently exploring the role of 
the monoclonal antibody anti-CD38 daratu-
mumab in combination with VTD as induction 
before and consolidation after ASCT. Furthermore 
those patients receiving induction and consolida-
tion with VTD-Daratumumab will receive addi-
tional daratumumab as maintenance treatment 
for up to 2 years.
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3.2.4  Toxicities Related 
to Consolidation Therapy

Based on data so far reported, consolidation 
treatment appears to be generally safe and well 
tolerated, regardless of the class and number of 
agents used as part of the treatment program.

The most common adverse event reported 
with the use of thalidomide- and bortezomib- 
based treatment is peripheral neuropathy (PN), a 
complication that can impair patients’ quality of 
life. Thalidomide-induced PN (TiPN) is typically 
dose-dependent (more prevalent with daily doses 
higher than 200 mg) and duration-dependent 
(more likely to occur after 6–12 months of treat-
ment). Bortezomib-induced PN (BiPN) is more 
frequently sensory, often painful, rarely present-
ing with motor signs. It is dose-dependent and 
reaches a plateau at a threshold dose ranging 
between 30 and 45 mg/m2. Because consolida-
tion is short-term and treatment intensity is fre-
quently lower in comparison with other phases of 
the ASCT sequence, in many studies the fre-
quency and severity of treatment-emergent or 
-worsening PN was low. In a study of bortezomib 
as single agent, grade 2 or higher PN was 
observed in 5% of patients (Mellqvist et al. 
2013). In two studies investigating the triplet 
VTD regimen with standard-dose bortezomib, 
either once or twice a week, and thalidomide 
100 mg daily, the rate of grade 3–4 PN did not 
exceed 1% (Cavo et al. 2012; Leleu et al. 2013; 
Tacchetti et al. 2014b). In an additional study in 
which four cycles of VTD as consolidation were 
planned using higher doses of bortezomib 
(1.6 mg/m2, once a week) and thalidomide (up to 
200 mg/daily), grade 3–4 neuropathic pain was 
reported in 13% of cases (Ladetto et al. 2010). 
Grade 2 PN was observed in 13% of patients 
treated with two cycles of VRD (Roussel et al. 
2014), while 8% of patients receiving two VTD 
cycles had grade 2–3 neurological toxicity (Cavo 
et al. 2012; Tacchetti et al. 2014b).

Myelosuppression is the most common toxic-
ity related to lenalidomide therapy. In a study 
designed to administer three cycles of VRD 
induction and two cycles of VRD consolidation 
with bortezomib at the standard dose and 

lenalidomide at 25 mg daily for 3 weeks, grade 
3–4 neutropenia and thrombocytopenia (evalu-
ated as incidence in induction or consolidation) 
were seen in 35% and 13% of patients, respec-
tively (Roussel et al. 2014). As expected, severe 
thrombocytopenia (grade 3–4) was observed 
more frequently in comparison with that reported 
with the triplet VTD regimen (5.5% all grades) 
(Ladetto et al. 2010). Notably, no major infec-
tious complications were reported with VRD 
(Roussel et al. 2014).

In one study designed to compare no consoli-
dation with six cycles of bortezomib as single- 
agent consolidation therapy, the planned number 
of bortezomib infusions was 20 and the median 
number of infusions actually received was 19, 
corresponding to a median given dose of 90% 
(calculated as the total given dose divided by the 
total planned dose for each patient) (Mellqvist 
et al. 2013).

In another study of VTD versus TD consolida-
tion, 93% of the patients in the VTD arm received 
the planned doses of bortezomib and thalido-
mide; in TD arm 97% of patients received the 
planned dose of thalidomide (Ladetto et al. 2010).

The impact of consolidation therapy on 
patients’ quality of life was prospectively evalu-
ated in a phase 3 study (Mellqvist et al. 2013). In 
comparison with no consolidation, fatigue was 
reported more frequently after the first two cycles 
of bortezomib given twice weekly and was not 
registered when the once weekly schedule was 
used.

The major toxicities of consolidation therapy 
reported in the abovementioned trials are summa-
rized in Table 3.4.

3.2.5  Conclusion and Open Issues

Overall, all available studies demonstrate that 
novel agent-based consolidation therapy 
enhances the frequency and depth of response 
achieved with the previous treatment phases, 
including induction with novel agents and ASCT 
(either single or double). In several trials, the 
depth of response was improved up to the molec-
ular level, a finding previously seen only after 
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allogeneic stem-cell transplantation. Enhanced 
rates and quality of responses offered by consoli-
dation therapy translated into an extended PFS, 
suggesting that this treatment phase contributed 
to the improved clinical outcomes seen on an 
intention-to-treat analysis of the entire ASCT 
sequence. Nevertheless, the role of consolidation 
needs to be formally demonstrated before this 
treatment strategy is routinely recommended 
(Cavo et al. 2013b).

Notably, in several trials the superior activity 
of a particular induction regimen was retained 
despite re-administration of the same therapy as 
post-ASCT consolidation, suggesting that a 
switch from one class to another class of novel 
agents is not necessary moving from induction to 
consolidation therapy (Cavo et al. 2010, 2012; 
Roussel et al. 2014; Leleu et al. 2013). As previ-
ously demonstrated in the induction phase, it is 
likely that combining two different agents with 
different mechanisms of action, like a protea-
some inhibitor with an immunomodulatory drug, 
may help to maximize the activity of consolida-
tion therapy.

Consolidation treatment appears to be gener-
ally safe, with a substantial reduction of toxic 
events in comparison with those frequently 
seen with the same regimen in the induction 
phase, a finding possibly related to a reduction 
in treatment intensity and changes in the sched-
ule of the drugs (Cavo et al. 2013b). Recent 
availability of subcutaneous bortezomib as well 
as of novel proteasome inhibitors that have lit-
tle neurological toxicity would potentially 
allow a higher dose- intensity and/or more pro-
longed consolidation therapy. Whether more 
intensive consolidation regimens might ulti-
mately result in improved activity and reduced 
toxicity compared with previous ones remains 
an open issue.

Additional, not yet addressed, issues include 
the choice of the best consolidation therapy, the 
need, if any, to use consolidation therapy in all 
patients or, by the opposite, to plan a risk- and/or 
response-adapted consolidation strategy and the 
interface of consolidation with subsequent main-
tenance therapy. All these issues should be 
addressed in the context of future prospective 

Table 3.4 Major toxicities of consolidation treatment

Reference Type of trial
Treatment 
scheme

No. of 
patients

Hematologic 
toxicity Nonhematologic toxicity

Cavo et al. 
(2012)

Phase III VTD vs TD 160 vs 
161

NR Infections: 1.2% vs 3.1% (P = ns)
HZV: 0.6% vs 0.6% (P = ns)
GI: 1.8% vs 0.6% (P = ns)
PN: 0.6% vs 0% (P = ns)
DVT: 0.6% vs 0.6% (P = ns)

Mellqvist 
et al. (2013)

Phase III Bortezomib 
consolidation vs 
no consolidation

187 vs 
183

NR PN grade >2: 5% vs 1% 
(P < 0.04)

Ladetto 
et al. (2010)

Phase II VTD 39 Thrombocytopenia 
5%

Infections: 12%
HZV: 5%
GI: 7%
PN: 7%
Fatigue: 8%

Leleu et al. 
(2013)

Retrospective 
comparison

VTD-ASCT 
VTD vs 
VTD-ASCT

131 vs 
96

Hematological AE 
6% vs 4% (P = ns)

PN 1% during consolidation 
(overall 5 vs 3%)

Roussel 
et al. (2014)

Phase II VRD 31 Neutropenia: 35%
Thrombocytopenia: 
13%

Grade 2 PN: 16%

VTD bortezomib, thalidomide, dexamethasone, TD thalidomide, dexamethasone, NR not reported, HZV herpes zoster 
virus, PN peripheral neuropathy, GI gastrointestinal, DVT deep vein thrombosis, ns not significant, vs versus, ASCT 
autologous stem cell transplantation, VRD bortezomib, lenalidomide, dexamethasone
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randomized trials designed to further improve 
long-term clinical outcomes, while retaining a 
good quality of life.

3.3  Maintenance

3.3.1  Introduction

It is widely recognized that not only achieving 
the deepest level of response is an important step 
towards MM cure, but also maintaining a sus-
tained remission has a pivotal importance (Lonial 
and Anderson 2014). To achieve this goal, a 
sequential treatment strategy including consoli-
dation and/or maintenance is currently being 
actively studied and incorporated into most of the 
running phase II-III clinical trials. It is likely that 
consolidation and maintenance therapies will be 
implemented in the modern therapeutic paradigm 
and will become of clinical praxis for patients 
with MM. Both consolidation and maintenance 
therapies are ultimately aimed at prolonging OS, 
without impairing the quality of life. In particular 
maintenance treatment is regarded as a long last-
ing treatment that should keep the disease under 
control, without significantly impairing the qual-
ity of life.

The excellent activity shown by IMiDs and/or 
bortezomib as part of induction treatment for 
MM has led to their investigational use as main-
tenance therapy both in younger patients who are 
eligible to receive autologous stem-cell trans-
plantation (ASCT) and in elderly, nontransplant 
candidates (Sonneveld et al. 2012; Attal et al. 
2012; McCarthy et al. 2012; Palumbo et al. 
2012; Mateos et al. 2012). More specifically a 
long lasting treatment with lenalidomide and 
dexamethasone is now regarded as a new stan-
dard of care for elderly nontransplant eligible 
myeloma patients, based on the results of an 
international phase III clinical study. However, 
despite promising results obtained with continu-
ous treatment with the novel agents, consensus 
regarding maintenance therapy, especially on the 
post-ASCT setting, is still lacking. The difficulty 
to provide a definite answer to the “maintenance 
question” is highlighted by a consensus 

manuscript provided by the International 
Myeloma Working Group that failed to identify 
a widely agreed standard for maintenance ther-
apy. Based on the available data the authors con-
cluded that any patient’s and physician’s decision 
regarding maintenance should rely upon a care-
ful balance of potential benefits and risks 
(Ludwig et al. 2012b).

3.3.2  Maintenance Treatment 
in the Pre-Novel Agent Era: 
Chemotherapy and Steroids

The first attempts to use maintenance therapy in 
MM patients date back to the late 1970 and early 
1980s, when melphalan and prednisone (MP) 
was continued after response had been achieved. 
Despite PFS being significantly shorter in 
patients who did not receive maintenance, the 
study failed to show an improvement in OS 
(Belch et al. 1988).

Over the same years, the role of α-interferon 
as a maintenance treatment was assessed, how-
ever, with conflicting results in the different stud-
ies. Barlogie et al. compared the outcomes of 116 
patients who were enrolled in Total Therapy (TT) 
1 treatment program, including α-interferon 
maintenance following double ASCT, with those 
of matched controls who received standard che-
motherapy and no maintenance treatment. 
Results of the paired comparison showed better 
responses for the TT-treated group, which ulti-
mately translated in an extended event-free sur-
vival (EFS) (49 vs 22 months; P = 0.0001) and 
OS (median not reached at 62 vs 48 months; 
P = 0.01). A pitfall of the study is, however, that 
patients receiving maintenance were treated with 
a different and more intensive regimen compared 
to patients not receiving α-interferon, and there-
fore a formal comparison between maintenance 
and no maintenance therapy in this subset is not 
possible (Barlogie et al. 1997). Two meta- 
analyses evaluating the outcomes of approxi-
mately 4000 patients demonstrated a survival 
benefit of nearly 6 months with α-interferon 
maintenance compared with observation alone 
(Fritz and Ludwig 2000; Myeloma Trialists’ 
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Collaborative Group 2001). However, the limited 
survival advantage and the unfavorable toxicity 
profile of α-interferon, mainly characterized by 
mood swings and flu like symptoms, lead to a 
progressive decrease in the interest for using this 
treatment strategy and interferon maintenance 
treatment was abandoned.

Corticosteroids have a significant activity 
against the malignant plasma cells. This benefi-
cial effect has led to their investigational use not 
only as partner drug for many myeloma treat-
ments, but also alone and in combination in the 
maintenance setting, with a particular focus on 
the role of dexamethasone. Studies on dexameth-
asone maintenance versus observation after MP 
induction therapy demonstrated a significant 
improvement in PFS (2.8 vs 2.1 years; 
P = 0.0002), but no OS benefit (4.1 vs 3.8 years; 
P = 0.4) (Shustik et al. 2007). Different doses of 
steroids were also tested, and a randomized trial 
comparing two different doses of prednisolone 
(e.g., 50 mg every other day versus 10 mg every 
other day) showed an increased benefit for 
patients receiving the higher dose in terms of 
extended PFS (14 vs 5 months; P = 0.003) and 
OS (37 vs 26 months; P = 0.05) (Berenson et al. 
2002). However, it has to be noted that no com-
parison between prednisolone maintenance and 
observation alone was planned in this trial. A ran-
domized comparison between two different 
maintenance approaches including α-interferon 
and dexamethasone showed similar outcomes in 
terms of PFS (Alexanian et al. 2000). The role of 
dexamethasone as maintenance after ASCT was 
explored in two studies from the Italian group. In 
the phase II Bologna 2002 study patients received 
thalidomide-dexamethasone (thalidomide at the 
dose of 100 mg for the first 15 days, then 200 mg 
daily and dexamethasone 320 mg per cycle) for 
four cycles in preparation to two courses of high- 
dose melphalan (HMD) with stem cell support 
(Cavo et al. 2005, 2009). In the GIMEMA 
26866138-MMY-3006 trial 480 patients were 
randomized to receive bortezomib-thalidomide- 
dexamethasone (VTD) or thalidomide- 
dexamethasone (TD) as induction before and 
consolidation after double ASCT (Cavo et al. 
2010). In both studies dexamethasone 

maintenance at the dose of 320 mg/month was 
given after completion of study treatment. 
Unfortunately in both studies a maintenance ran-
domization was not foreseen, so that, even if TD 
implemented in double ASCT improved the out-
comes compared with conventional chemother-
apy and ASCT (PFS 51 vs 31% at 4 years for 
TD+ASCT and ASCT respectively, P = 0.001) 
and patients receiving VTD had a significantly 
longer PFS as compared to patients receiving TD 
(3 years PFS 68% vs 56% respectively, 
P = 0.0057), a definitive conclusion on the role of 
maintenance dexamethasone after ASCT cannot 
be drawn. Furthermore both studies failed to 
demonstrate an advantage for the experimental 
arm in terms of OS survival, even if a trend 
towards a better OS with the treatments including 
one or two novel agents could be seen (Cavo 
et al. 2005, 2009, 2010). Based on the lack of 
efficacy in prolonging OS and the not clear ben-
efit on PFS, the use of maintenance therapy with 
steroids has not been recommended by the 
International Myeloma Working Group (Ludwig 
et al. 2012b).

3.3.3  Maintenance Treatment 
in the Era of Novel Agents

3.3.3.1  Thalidomide
The immunomodulatory drug thalidomide has 
been extensively investigated as a maintenance 
treatment. Generally, most of these studies dem-
onstrated a PFS advantage, in the range between 
6 and 12 months, with thalidomide maintenance, 
while its impact on OS was less clear (Lokhorst 
et al. 2010; Spencer et al. 2009; Barlogie et al. 
2006b; Morgan et al. 2012; Attal et al. 2006; 
Stewart et al. 2013).

In the autotransplant setting, the combination 
of thalidomide (100–200 mg daily) and predniso-
lone (50 mg every other day) was more effective 
than prednisolone alone both in increasing the 
rate of at least very good partial response (VGPR) 
after a single ASCT (63% vs 40%, P < 0.001) 
and in prolonging both PFS (42% vs 23% at 
3 years, P < 0.001) and OS (86% vs 75% at 
3 years, P = 0.004). Furthermore, thalidomide 
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maintenance did not seem to affect survival after 
relapse (79% vs 77% at 1 year for the control 
treatment, P = 0.244) (Spencer et al. 2009).

The Intergroupe Francophone du Myélome 
(IFM) reported an OS benefit for patient receiv-
ing thalidomide maintenance as well. In the 
French trial patients who had received double 
ASCT were randomized to either no maintenance 
or to receive maintenance treatment with pami-
dronate alone or pamidronate plus thalidomide at 
400 mg daily. Thalidomide maintenance 
increased the rate of at least VGPR (67%) in 
comparison with both pamidronate alone (57%) 
and no maintenance (55%) (P = 0.03), a gain 
which ultimately resulted in significantly pro-
longed PFS (P = 0.009) and OS (P = 0.04) (Attal 
et al. 2006). Based on these findings and the 
observation that PFS benefit with thalidomide 
was limited to those patients who failed VGPR 
after ASCT, the authors hypothesized that the 
most relevant activity of the drug was that of a 
consolidation rather than of maintenance effect, 
improving the quality of response, rather than 
keeping under control the residual tumor burden 
after high-dose therapy. Notably, the OS benefit 
initially reported with thalidomide maintenance 
was not confirmed with a longer follow-up of 
5.7 years (P = 0.39) (Barlogie et al. 2010).

Total Therapy 2 (TT2) was an intensified 
treatment program designed by Barlogie et al. to 
primarily compare thalidomide maintenance ver-
sus no maintenance after double ASCT followed 
by post-transplant consolidation chemotherapy. 
Patients randomized to receive thalidomide 
maintenance experienced a higher rate of CR 
(62% vs 43%, P = 0.001) and a longer PFS (56 vs 
44% at 5 years, P = 0.01) compared to the control 
arm (Barlogie et al. 2006b). Although an OS ben-
efit with thalidomide maintenance could not be 
demonstrated at the time of the first analysis, it 
became evident at a later analysis in patients with 
adverse metaphase cytogenetics and was signifi-
cantly longer in the total group of patients after 
more than 7 years of follow-up. The survival 
advantage was seen despite 80% of the patients 
discontinuing maintenance treatment within 
2 years due to side effects (Barlogie et al. 2008c, 
2010).

Three additional independent trials confirmed 
a significant improvement in PFS with thalido-
mide maintenance compared to observation or 
interferon in ASCT eligible patients, but failed to 
demonstrate an OS benefit (Lokhorst et al. 2010; 
Morgan et al. 2012; Stewart et al. 2013).

Finally, the BMT CTN 0102 study comparing 
thalidomide and dexamethasone as maintenance 
therapy for 1 year versus no maintenance after 
double ASCT failed to demonstrate any benefit in 
terms of PFS (49% vs 43% at 3 years) and OS 
(80% vs 81% at 3 years) for patients randomized 
to the maintenance arm of the trial. These results, 
however, are likely due to the poor toxicity pro-
file of thalidomide-dexamethasone ultimately 
leading to premature treatment discontinuation in 
84% of patients and inability to complete the 
planned therapy in 77% of subjects (Krishnan 
et al. 2011).

To more carefully evaluate the role of thalido-
mide maintenance in the ASCT setting three 
meta-analyses of published trials were recently 
performed. Results revealed a significant PFS 
and OS advantage for patients treated with tha-
lidomide maintenance (Ludwig et al. 2012b; 
Morgan et al. 2012; Hahn-Ast et al. 2011). 
Incorporation of thalidomide into both induction 
and maintenance treatment phases did not 
adversely affect clinical outcomes in comparison 
with thalidomide maintenance alone. However, 
due to a major effect of heterogeneity between 
trials on OS benefit, caution in interpreting posi-
tive results of thalidomide maintenance is 
recommended.

3.3.3.2  Bortezomib
The first-in-class proteasome inhibitor bortezo-
mib has been investigated as maintenance treat-
ment in six phase III clinical trials, of whom four 
were designed for elderly, transplant ineligible, 
patients and two for younger, ASCT eligible, 
patients.

The HOVON-65/GMMG0-HD4 study jointly 
conducted by the Dutch (Hemato-Oncologie 
voor Volwassenen Nederland, HOVON) and 
German (German-Speaking Myeloma 
Multicenter Group, GMMG) cooperative groups 
was designed to compare VAD induction therapy 
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followed by post-ASCT maintenance with bort-
ezomib (1.3 mg/m2 every 2 weeks) for 2 years 
versus bortezomib-doxorubicin-dexamethasone 
as induction therapy followed by thalidomide 
maintenance (50 mg daily). Patients were planned 
to receive a single or double ASCT according to 
the policy of HOVON and GMMG groups, 
respectively. With a median follow-up of 
42 months, patients randomized to the bortezo-
mib arm of the study had prolonged PFS (35 vs 
28 months; P = 0.002) compared to the non- 
bortezomib- treated group. Analysis of PFS from 
the landmark of last ASCT suggested that bort-
ezomib maintenance contributed more to 
improved outcomes than thalidomide (median, 
31 vs 26 months, P = 0.05). In a multivariate 
analysis, a borderline OS advantage for 
bortezomib- treated patients could also be demon-
strated (P = 0.049) (Sonneveld et al. 2012). With 
a longer follow-up no difference between the two 
maintenance arms was seen in terms of PFS from 
the landmark of starting maintenance therapy, but 
OS was superior for patients randomized to 
receive bortezomib maintenance (p = 0.035) 
(Sonneveld et al. 2013). However, these data on 
an improved OS could not be confirmed in a 
 further update with a median follow-up of 
91.4 months. A landmark analysis starting at 
12 months showed a significant PFS advantage 
for bortezomib treated patients that had achieved 
at least a VGPR (p = 0.02), whilst no difference 
between treatment arms was seen for patients 
already in CR (p = 0.19). With a longer follow-up 
the significant difference in OS could not be con-
firmed, with 9 years OS of 42% for both treat-
ment groups (Sonneveld et al. 2015). Interestingly 
bortezomib gave an OS advantage for patients 
with del17p cytogenetic abnormalities and for 
those patients who presented in renal failure 
(Sonneveld et al. 2015; Neben et al. 2012). 
However, due to the design of the study which 
did not include a randomization to receive differ-
ent strategies after ASCT, no definitive conclu-
sion regarding the impact of bortezomib 
maintenance can be drawn.

Bortezomib was also included as part of post- 
ASCT maintenance therapy in Total Therapy 3A 
(TT3A) and Total Therapy 3B (TT3B) conducted 

by the Arkansas Group. In the TT3A trial bort-
ezomib combined with thalidomide and dexa-
methasone (VTD) was administered for 1 year 
after a multi-drug sequential approach including 
induction with VTD-PACE (cisplatin, doxorubi-
cin, cyclophosphamide, etoposide), ASCT and 
VTD-PACE consolidation. TD maintenance was 
continued for two additional years after bortezo-
mib was stopped. The TT3B trial had the same 
induction and consolidation phases as TT3A, but 
the planned maintenance treatment included 
bortezomib, lenalidomide, and dexamethasone 
(VRD) for 3 years. Results of the two trials were 
comparable in terms of both EFS (88% vs 86% 
at 2 years) and OS (91% vs 90% at 2 years), 
despite a higher number of patients with 
advanced ISS stage and adverse gene expression 
profiling (GEP) signature were enrolled in the 
TT3B study. According to the authors’ hypothe-
sis, similar outcomes observed with the two 
treatment programs may be due to the superior 
activity of VRD maintenance regimen (Nair 
et al. 2010).

In an additional study conducted by the 
Spanish PETHEMA/GEM group, transplant eli-
gible MM patients were randomized after a sin-
gle ASCT to receive 3-year maintenance therapy 
with either bortezomib-thalidomide (VT), tha-
lidomide alone or α-interferon. Bortezomib was 
administered at the dose of 1.3 mg/m2 on days 1, 
4, 8, and 11 every 3 months, thalidomide at 
100 mg daily, and α-interferon at the standard 
dose of 3 MU three times per week. No differ-
ence between the three arms was seen in terms of 
upgraded responses to CR (19%, 15% and 17% 
for VT, thalidomide and α-interferon, respec-
tively). However, with a median follow-up of 
34.9 months, PFS was significantly longer for 
patients receiving VT maintenance (p = 0.0009), 
while OS was similar between the three arms 
(Rosiñnol et al. 2015).

3.3.3.3  Lenalidomide
Lenalidomide, a second generation IMiD, is 
likely to be an ideal drug for maintenance treat-
ment, due to the advantages of oral administra-
tion and the favorable toxicity profile. In 
particular lenalidomide lacks of neurological 
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toxicity that is the most dreadful side effect of 
thalidomide and bortezomib.

Lenalidomide has first proven its remarkable 
anti-MM efficacy as salvage treatment for 
patients with relapsed/refractory disease; in this 
setting, the drug is approved as a continuous ther-
apy until relapse or progression occurs 
(Dimopoulos et al. 2007; Weber et al. 2007). 
Based on these favorable results, two double- 
blind phase III studies were designed to address 
the specific question of efficacy and toxicity of 
lenalidomide maintenance after ASCT in newly 
diagnosed patients (Attal et al. 2012; McCarthy 
et al. 2012). Two additional trials investigated the 
role of continuous treatment with lenalidomide in 
transplant ineligible newly diagnosed MM 
patients (Palumbo et al. 2012; Benboubker et al. 
2014).

In the IFM 05-02 study, patients having 
received previous induction therapy with either 
vincristine-doxorubicin-dexamethasone (VAD) 
or bortezomib-dexamethasone (VD) followed by 
one or two ASCT were treated with two cycles of 
lenalidomide consolidation therapy and were 
thereafter randomized to lenalidomide mainte-
nance (10–15 mg daily) or placebo until disease 
progression. After a median follow-up of 
45 months from randomization, the 4-year esti-
mates of PFS were 43% for the lenalidomide 
group and 22% for the placebo group (P < 0.001), 
while no difference in OS was seen between the 
two groups (73% vs 75%). Maintenance treat-
ment was stopped in all patients after 32 months, 
due to concerns regarding an increased risk of 
developing second primary malignancies (SPMs) 
in patients randomized to lenalidomide mainte-
nance (Attal et al. 2012). With a longer follow-up 
of 60 months, the PFS benefit with lenalidomide 
maintenance was confirmed (P < 0.0001), but no 
gain in OS was appreciated (68% at 5 years for 
the lenalidomide group vs 67% for the placebo 
group) as a result of the significantly shorter time 
from first to second relapse/progression observed 
for patients randomized to lenalidomide mainte-
nance (10 vs 18 months for the placebo group, 
P < 0.0001), a finding that ultimately translated 
into a shorter OS after the first relapse (29 vs 
48 months, P < 0.0001) (Attal et al. 2013).

The Cancer and Leukemia Group B (CALGB) 
designed a similar study (CALGB 1000104) for 
patients treated with one ASCT following tha-
lidomide- or lenalidomide-based induction ther-
apy. No consolidation was planned. As for the 
IFM study, patients receiving lenalidomide main-
tenance had a significantly longer time to pro-
gression (TTP) compared to those in the placebo 
arm (46 vs 27 months, p < 0.001). With a median 
follow-up of 34 months, a significantly longer 
OS was observed for patients in the maintenance 
arm (85% vs 77% for those randomized to receive 
placebo, p = 0.028). Notably, the OS benefit with 
lenalidomide was retained although 67% of the 
patients in the placebo arm who did not have pro-
gressive disease were allowed to cross over to 
lenalidomide therapy after the primary end point 
(TTP) was met and the study was unblinded 
(McCarthy et al. 2012).

A meta-analysis of three studies using lenalid-
omide maintenance (Attal et al. 2012; McCarthy 
et al. 2012; Palumbo et al. 2012) performed on 
1380 patients confirmed that maintenance ther-
apy was associated with a 65% reduction of the 
risk of progression (Ludwig et al. 2012b). 
However, concerns regarding the routine use of 
lenalidomide maintenance were raised by the 
increased risk of SPMs observed in the lenalido-
mide arm of all the trials.

More recently, in a prospective randomized 
trial comparing a nonintensive treatment includ-
ing MPR with double ASCT, patients in both 
treatment arms were further randomized to 
receive lenalidomide maintenance (10 mg on 
days 1–21, every 28 days) or no maintenance. In 
comparison with the no maintenance group, ran-
domization to lenalidomide maintenance was 
associated with a significantly longer PFS (21.6 
vs 41.9 months; P < 0.001) from the landmark of 
starting maintenance therapy. However, OS was 
not significantly improved as compared to the 
nonmaintenance arm OS (79.2% vs 88% at 
3 years; p = 0.14) (Palumbo et al. 2014a). The 
beneficial effect of lenalidomide maintenance on 
PFS was homogeneous in all subgroups with the 
only exception of patients with stage III disease 
at the time of diagnosis (P = 0.04 for the interac-
tion between stage and treatment).
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A similarly designed study randomized 389 
patients to receive consolidation therapy with 
two courses of high dose melphalan plus ASCT 
or intensification chemotherapy with lenalido-
mide, cyclophosphamide, and dexamethasone 
after induction therapy with lenalidomide and 
dexamethasone. Patients were further random-
ized between to maintenance regimen, either 
lenalidomide alone (at the standard dose of 10 mg 
daily for day 1–21 of a 28 day cycle) or lenalido-
mide plus prednisone (50 mg every other day). 
Patients eligible for the maintenance treatment 
were 223. Progression-free survival did not differ 
between the two maintenance treatments (median 
28.5 months vs 37·5 months respectively, HR 
0.84, 95% CI 0.59–1.20; p = 0.34), as did the 
adverse events that were comparable between the 
two treatment arms (Gay et al. 2015).

The Myeloma XI trial currently on going in 
the United Kingdom will further address the 
issue of lenalidomide maintenance either alone 
(10 mg daily for 21 consecutive days of a 28-days 
cycle) or in combination with the histone deacet-
ylase inhibitor vorinostat (300 mg on days 1–7 
and 15–21 of a 28-days cycle) versus observation 
in newly diagnosed MM patients of all age.

Based on its efficacy seen in randomized 
phase III clinical trials lenalidomide maintenance 
has currently been incorporated in phase III trials 
evaluating the role of consolidation therapy with 
novel agents as compared with ASCT as consoli-
dation strategy. In the IFM/DFCI 2009 trial 
patients will receive maintenance with lenalido-
mide (10–15 mg/days) after being randomized to 
consolidation treatment with RVD for five cycles 
or ASCT plus two VRD cycles. All patients will 
receive an induction phase with three courses of 
RVD. Patients in the European part of the trial 
will be on maintenance for 2 years, whilst patients 
randomized in the USA will receive maintenance 
until disease progression. The European EMN2 
trial will randomize patients to ASCT or VMP 
treatment after an induction with four cycles of 
VCD. Patients in both arms will be further ran-
domized to consolidation with two courses of 
VRD versus observation. All patients will receive 
maintenance with lenalidomide 10 mg/day until 
disease progression.

3.3.3.4  Monoclonal Antibodies
The proven efficacy of monoclonal antibodies in 
the treatment of relapsed/refractory MM patients, 
together with their favorable toxicity’s profile, 
makes them a very attractive option also in the 
setting of maintenance after ASCT (Lokhorst 
et al. 2015; Lonial et al. 2015, 2016). The cur-
rently ongoing phase III trial IFM2015/
HOVON131 is exploring the role of the mono-
clonal antibody anti-CD38 daratumumab in com-
bination with VTD as induction before and 
consolidation after ASCT. Patient randomized in 
the daratumumab arm will receive additional 
daratumumab as maintenance treatment for up to 
2 years.

3.3.4  Toxicity and Secondary 
Primary Malignancies

The mainstay of a maintenance treatment is the 
ease of administration and limited side effects, 
both allowing the drug(s) to be given over a long 
period of time, as a chronic therapy, without 
impairing patients’ quality of life.

In this respect thalidomide, despite being 
orally available, is the less promising candidate 
for a maintenance treatment, due to its unfavor-
able toxicity profile. Studies with thalidomide 
maintenance differed in terms of treatment dura-
tion, ranging from 7 to 24 months. The major and 
most wearisome side effect of thalidomide is 
peripheral neuropathy (PN), which is known to 
be both dose- and time-dependent, the higher 
prevalence being observed at daily doses above 
200 mg and after 6–12 months of treatment. 
During the years, thalidomide doses have been 
progressively decreased from 400 mg daily (Attal 
et al. 2006) to 50 mg daily (Lokhorst et al. 2010), 
with an improvement in tolerability and duration 
of treatment. It is, however, interesting to note 
that the trial with the shortest median duration of 
thalidomide maintenance (i.e. 7 months) is the 
MRC IX trial, in which thalidomide was deliv-
ered at the dose of 50–100 mg daily (Morgan 
et al. 2012). Other important side effects of tha-
lidomide include an increased risk of developing 
deep vein thrombosis and pulmonary embolism, 
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constipation, somnolence, and loss of balance. 
Elderly patients are also at higher risk of experi-
encing cardiac events, such as arrhythmias and 
bradycardia. In the Canadian Myeloma 10 trial, 
in which quality of life was assessed, patients 
treated with thalidomide maintenance reported a 
higher incidence of dyspnea, constipation, dry 
mouth, leg swelling, and balance problems 
(Spencer et al. 2009).

PN is also the major toxicity of bortezomib 
treatment. It is characteristically sensory and 
often painful neuropathy, but rarely presents with 
motor signs. Similarly to thalidomide-induced 
PN, bortezomib-induced PN is dose-dependent, 
reaching a plateau at a cumulative dose between 
30 and 45 mg/m2. Side effects of bortezomib 
treatment other than PN mainly include fatigue 
and diarrhea, reported in about 10% of patients. 
In the HOVON-65/GSSG-HD4 trial enrolling 
transplant-eligible MM patients, bortezomib 
maintenance was better tolerated than thalido-
mide, with only 11% of patients discontinuing 
treatment due to toxicity compared to 30% in the 
thalidomide arm (P < 0.001). Newly developed 
PN of grade 3–4 occurred in 5% of patients on 
bortezomib maintenance, as compared to 8% of 
patients receiving thalidomide (Sonneveld et al. 
2012).

The possibility to administer bortezomib sub-
cutaneously has further improved its toxicity pro-
file, significantly reducing the probability of 
developing bortezomib-induced PN (Moreau 
et al. 2011b).

Of the currently available drugs, lenalidomide 
is more promising in a maintenance setting. 
Lenalidomide’s major side effect is myelotoxic-
ity, mainly characterized by neutropenia and 
thrombocytopenia. However, despite grade 3–4 
neutropenia being reported in about 25% of the 
patients, grade 3–4 febrile neutropenia is rare, 
occurring in less than 10% of cases (Dimopoulos 
et al. 2007; Rajkumar et al. 2010). Most impor-
tantly, lenalidomide lacks the neurologic toxicity 
than is the major side effect and significantly lim-
its the use of both thalidomide and bortezomib. 
This favorable toxicity profile, together with the 
oral availability of the compound, has led to the 
extensive investigation of the specific role of 

lenalidomide as a maintenance therapy. As 
expected, a higher hematological toxicity for 
lenalidomide-treated patients was reported in all 
the trials. Between 20% to approximately half of 
the patients receiving lenalidomide maintenance 
after ASCT developed grade 3–4 neutropenia, 
and 5–20% of patients enrolled in clinical trials 
had to stop treatment early due to adverse events 
(Attal et al. 2012; Palumbo et al. 2014a; McCarthy 
et al. 2012). However, the most worrying and 
unexpected adverse event reported in the some of 
the trials was an increased risk of developing 
SPMs in patients randomized to the lenalidomide 
maintenance arm compared to the control group. 
The rate of SPMs was increased of 2.6 and 
3-folds in the CALGB100104 and in IFM 05-02 
studies, respectively (Attal et al. 2012; McCarthy 
et al. 2012). This data were however not con-
firmed in the GIMEMA study, where the rate of 
SPMNs was low (2.8%) with no difference 
observed between the maintenance and the obser-
vation arm (Palumbo et al. 2014a). Interpretation 
of the risk of developing SPMs for patients with 
prolonged exposure to lenalidomide is compli-
cated by the observation that new primary malig-
nancies, particularly myelodysplastic syndromes 
(MDS) and acute myeloid leukemia (AML), 
occur with increased frequency even in the 
absence of cytotoxic/genotoxic therapy, as is the 
case of monoclonal gammopathy of undeter-
mined significance (Mailankody et al. 2011). In 
addition to a possible intrinsic risk of second can-
cers in plasma cell disorders with a high genomic 
instability, additional drugs other than lenalido-
mide may predispose to secondary malignancies. 
In this regard, the IFM 2005-02 study identified 
prior exposure to the DCEP regimen including 
dexamethasone, cyclophosphamide, etoposide, 
and cisplatin as an adverse prognostic factor for 
the development of SPMs while on lenalidomide 
maintenance (Attal et al. 2012). Moreover, it is 
well known that exposure to melphalan is associ-
ated with an increased risk of MDS/AML 
(Rowley et al. 1981; Finnish Leukaemia Group 
2000; Bergsagel et al. 1979).

A recent meta-analysis of more than 3000 
newly diagnosed MM patients treated or not with 
lenalidomide identified the combination of 
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lenalidomide and oral melphalan as the combina-
tion at a higher risk of developing SMPs. More 
specifically the exposure to lenalidomide plus 
oral melphalan significantly increased hemato-
logical second primary malignancy risk as com-
pared to melphalan alone (HR 4.86, 95% CI 
2.79–8.46, P < 0.0001). Exposure to lenalido-
mide plus cyclophosphamide (HR 1.26, 95% CI 
0.30–5.38, P = 0.75) or lenalidomide plus dexa-
methasone (HR 0.86, 95% CI 0.33–2.24, 
p = 0.76) did not increase hematological second 
primary malignancy risk versus melphalan alone. 
Overall the cumulative incidences of all second 
primary malignancies at 5 years were 6.9% (95% 
CI 5.3–8.5) in patients who received lenalido-
mide and 4.8% (2.0–7.6) in those who did not 
(HR 1.55 95% CI 1.03–2.34, P = 0.037). There 
was no difference in the rate of developing solid 
tumors between lenalidomide treated and not 
treated patients, whilst the cumulative 5-year 
incidence of hematological second primary 
malignancies was 3.1% (95% CI 1.9–4.3) and 
1.4% (95% CI 0.0–3.6), for lenalidomide treated 
and not treated patients respectively (HR 3.8, 
95% CI 1.15–12.62, P = 0.029) (Palumbo et al. 
2014b).

Although it appears that the risk of secondary 
cancers in newly diagnosed MM receiving pro-
longed therapy with lenalidomide is relatively 
small and is likely counterbalanced by improved 
clinical outcomes, both physicians and patients 
must carefully outweigh pros and cons of a main-
tenance strategy with this drug.

With the ever increasing availability of effec-
tive new drugs and their potential incorporation 
into the maintenance armamentarium, physicians 
have to take into account the issues of economic 
cost and impact of treatment on quality of life 
(QoL). Only a single trial of thalidomide mainte-
nance evaluated the QoL (Spencer et al. 2009), 
while none of the studies focusing on bortezomib 
maintenance was designed to specifically address 
this important issue. Regarding lenalidomide 
maintenance, results on QoL are available only in 
the nontransplant setting, where patients receiv-
ing maintenance lenalidomide do not have a 
worse QoL compared to patients in the no main-
tenance arm (Palumbo et al. 2012). Therefore 

conclusive data regarding the impact of continu-
ous treatment on QoL are still lacking and pro-
spective studies in the future should be specifically 
designed to address this important issue.

Extended PFS and OS reported with the recent 
introduction of the new drugs into the mainte-
nance treatment phase have also raised major 
concerns about the optimal duration and eco-
nomic cost of this strategy. The optimal duration 
of maintenance therapy is, at present, undefined, 
while costs of maintenance treatments are in the 
range of $150,000 per year (Badros 2012).

3.3.5  Which Group of Patients 
Benefit the Most 
from Maintenance Treatment?

When evaluating the choice of the best mainte-
nance treatment for MM, it has to be taken into 
account that the efficacy of novel agents may be 
different according to the different clinical and 
biological characteristics of the disease, which 
ultimately drive clinical outcomes (Cavo et al. 
2010; Brioli et al. 2013, 2014a; Barlogie et al. 
2008c; Neben et al. 2012; Nair et al. 2010). The 
International Staging System based on the serum 
levels of beta-2 microglobulin (β2-m) and albu-
min has allowed the definition of different risk 
groups using readily available laboratory tests 
(Greipp et al. 2005). Other markers of pivotal 
importance in predicting the risk of MM patients 
are cytogenetic abnormalities (Chiecchio et al. 
2006; Avet-Louseau et al. 2000; Ross et al. 2012). 
The combination of adverse cytogenetic lesion, 
identified by fluorescence in situ hybridization 
(FISH) with ISS stage and LDH can further refine 
patients’ risk stratification, identifying patients 
with a ultrahigh risk myeloma and at higher risk 
of early myeloma progression related death 
(Boyd et al. 2012; Avet-Loiseau et al. 2013; 
Moreau et al. 2014). Moreover, different GEP 
signatures have also been shown by independent 
groups to be associated with different outcomes 
of the disease (Shaughnessy et al. 2007; Decaux 
et al. 2008; Dickens et al. 2010).

Although long-term results of TT2 suggested 
that the major benefit with thalidomide 
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maintenance was mostly seen in patients with 
metaphase defined high-risk disease (Barlogie 
et al. 2008c), many other groups failed to confirm 
these data (Morgan et al. 2012; Attal et al. 2006). 
In the French IFM 99-02 study, thalidomide 
maintenance significantly improved PFS and OS 
of patients lacking high-risk features, including 
del(13q) and high β2-m (Attal et al. 2006). 
Similarly, in the MRC Myeloma IX trial patients 
with favorable FISH abnormalities and who were 
randomized to receive thalidomide maintenance 
had a significantly longer PFS compared to the 
control group. By the opposite, thalidomide- 
treated patients with adverse abnormalities, 
including t(4;14), t(14;16), t(14;20), del(17p) and 
gain 1q had no improvement on PFS, and even a 
shorter OS than those assigned to observation 
(Morgan et al. 2012). The advantage of thalido-
mide maintenance on low-risk patients was con-
firmed also when a modified risk stratification 
based on the co-segregation of adverse FISH 
lesions was applied (Brioli et al. 2013).

The incorporation of bortezomib into the 
ASCT sequence has been reported to improve the 
adverse prognosis related to several genetic 
lesions, in particular t(4;14) (Cavo et al. 2010; 
Avet-Loiseau et al. 2010). In the HOVON-65/
GMMG-HD4 trial patients, with a high-risk cyto-
genetic profile, including gain 1q and t(4;14), 
benefited from prolonged exposure to bortezo-
mib as part of induction and subsequent mainte-
nance therapy (Mateos et al. 2012). Interestingly, 
in contrast with what seen by the French group, 
where bortezomib did not improve the outcome 
of patients harboring the deletion of chromosome 
17 (del (17p)) (Avet-Loiseau et al. 2010), in the 
HOVON Study an OS benefit for patients with 
del(17p) was also observed (Sonneveld et al. 
2015; Neben et al. 2012). In contrast with these 
findings, the Arkansans group failed to show any 
improvement with bortezomib use in GEP- 
defined high-risk patients (Nair et al. 2010).

In the IFM 05-02 study, the PFS benefit 
reported with lenalidomide maintenance in the 
entire patient population was retained across sub-
groups of patients with del(13q), del(17p) and 
t(4;14), although their outcome was poorer com-
pared to that of patients who were randomized to 

the same maintenance arm but who lacked these 
unfavorable cytogenetic abnormalities (Attal 
et al. 2012). No data on the impact of lenalido-
mide maintenance on the outcome of the high- 
risk cytogenetic subgroup has been reported so 
far for both the CALGB100104 and GIMEMA 
trials (Palumbo et al. 2014a; McCarthy et al. 
2012).

More recently, improved understanding of the 
biology of MM has led to the conclusion that the 
disease is characterized by intra-clonal heteroge-
neity, defined as the presence of multiple clones 
detectable at the same time in the same patients. 
Indeed, at least 4–6 different clones can be identi-
fied in MM patients at presentation (Melchor 
et al. 2014; Walker et al. 2012). Provided that 
MM is a heterogeneous disease, it is likely that a 
maintenance therapy should ideally aim to modi-
fying residual disease behavior, selecting for the 
more indolent clones with the target of keeping 
the disease under control. Some concerns have 
been recently raised about the possibility that 
maintenance treatment might favor the selection 
of treatment resistant clones and that, in particu-
lar, prolonged exposure to lenalidomide might be 
associated with refractoriness to IMiD-based 
therapies, a finding ultimately translating into a 
shorter OS from first relapse (Attal et al. 2013). 
However, until now no study has specifically 
addressed the issue of maintenance impact on 
different disease clones, and data regarding the 
impact of maintenance therapy on clonal behav-
ior are still lacking. Analyses of sequential paired 
patient samples will be the way forward to iden-
tify how the different maintenance treatments can 
modify residual disease biology, ultimately 
granting for a longer PFS and OS.

3.3.6  Conclusions

To date, in many countries still none of the novel 
agents has been approved as maintenance therapy 
for newly diagnosed MM patients, making it dif-
ficult to provide definite recommendation regard-
ing maintenance treatment (Brioli et al. 2014b). 
NCCN 2016 guidelines list thalidomide and 
lenalidomide as category 1 (uniform consensus 
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that the intervention is appropriate based upon 
high-level evidence) preferred maintenance regi-
mens, whilst evidence for bortezomib mainte-
nance places this treatment in category 2A 
(uniform consensus that the intervention is 
appropriate based upon lower-level evidence). 
Even lower evidence level has combination regi-
men such as steroid, interferon, or bortezomib 
plus prednisone or thalidomide (category 2B, 
consensus that the intervention is appropriate 
based upon lower-level evidence).

Thalidomide maintenance was effective in 
reducing the risk of relapse or death in patients 
with low-risk disease identified by FISH analy-
sis, and is a possible option in this specific sub-
group after either ASCT or conventional dose 
therapy (Morgan et al. 2012; Attal et al. 2006; 
Brioli et al. 2013). The toxicity profile of this 
drug, however, limits its applicability as mainte-
nance therapy. Consistently with the guidelines 
provided by the IMWG, thalidomide should be 
given at the minimal effective dose (e.g., 50 mg 
daily) to reduce the emergence of side effects, 
mainly PN and constipation, and possibly for no 
longer than 1 year (Ludwig et al. 2012b).

Lenalidomide maintenance was associated 
with remarkable prolongation of PFS, while the 
OS benefit was variable (Attal et al. 2012; 
Palumbo et al. 2014a; McCarthy et al. 2012). 
Controversies also exist concerning the gain 
offered by lenalidomide maintenance in patients 
with different disease status before starting main-
tenance (e.g., CR vs less than CR) and with dif-
ferent cytogenetic profiles at baseline (e.g., 
low-risk vs. high-risk) (Attal et al. 2012; 
McCarthy et al. 2012). Although an increased 
incidence of SPMs with long-term lenalidomide 
exposure was reported by several groups, this 
finding was not consistently observed (Attal et al. 
2012; Palumbo et al. 2014a, b; McCarthy et al. 
2012). In addition, uncertainties also include the 
optimal duration of lenalidomide treatment (e.g., 
until relapse/progression or for a definite period 
of time, such as 1–3 years) and the possible selec-
tion of tumor resistant, in particular IMiD- 
refractory, clones induced by prolonged exposure 
to lenalidomide (Attal et al. 2012, 2013; 
McCarthy et al. 2012).

Studies available on bortezomib maintenance 
were designed in a way that does not allow draw-
ing any definitive conclusion. Patients receiving 
bortezomib maintenance had received bortezo-
mib during induction or a more intensified induc-
tion compared to the control group. From the 
available data it seems that a treatment strategy 
including bortezomib induction and mainte-
nance is be able to overcome, or at least improve, 
the negative impact of adverse genetic lesions, 
such as t(4;14) and even del(17p) (Sonneveld 
et al. 2012; Neben et al. 2012). For this reason, 
despite the fact that the impact of maintenance 
with bortezomib “per se” still has to be investi-
gated, based on the available data it would be 
reasonable to offer patients with a biologically 
high-risk disease prolonged exposure to a prote-
asome inhibitor. Whether the impact of bortezo-
mib maintenance will be different in case of the 
presence of a single or more than one adverse 
genetic lesion is an issue that still has to be 
addressed.

Although formally not approved in MM, the 
concept of maintenance treatment is becoming 
more and more familiar to MM experts.

The recent availability of monoclonal antibod-
ies targeting candidate molecules expressed on 
the surface of MM cells, such as CS1, CD38 and 
CD138, might also change the maintenance treat-
ment paradigm in MM. A currently ongoing clin-
ical study has investigated the role of elotuzumab 
(a humanized anti-CS1 antibody) in association 
with lenalidomide and dexamethasone as first 
line treatment for MM patients. Elotuzumab is to 
be given until disease progression, with a mainte-
nance design after the nineteenth cycle. Based on 
the results of a phase III study with an identical 
design in relapsed/refractory myeloma patients, 
elotuzumab was granted a fast track approval by 
the FDA and EMA in association with lenalido-
mide and dexamethasone in this category of 
patients (Lonial et al. 2015). Daratumumab, the 
anti-CD38 antibody, might also prove to be use-
ful in a maintenance setting, and is currently 
being investigated in the IFM2015/HOVON131 
study for newly diagnosed transplant eligible 
myeloma patients. After induction and consoli-
dation with VTD plus daratumumab, the 
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monoclonal antibody will be administered as 
maintenance treatment for up to 2 years.

In the recent era characterized by develop-
ments in the field of evolutionary biology and 
remarkable therapeutic advances, the concept of 
maintenance therapy is probably one of the most 
promising and interesting for the treatment and 
cure of MM. Alternating selective pressure and 
preventing the emergence of resistant clones 
might be the key for long-term disease control. 
Future and ongoing studies will help us to address 
these important questions and to balance risks 
and benefits in the treatment of myeloma.

3.4  Part 3: Allogeneic Stem Cell 
Transplantation

Whereas allogeneic hematopoietic stem cell 
transplantation from a HLA-matched related or 
unrelated donor has become a standard treatment 
for many patients with hematological 
 malignancies, the role of this treatment approach 
in the treatment of patients with symptomatic 
multiple myeloma remains controversial.

Allogeneic stem cell transplantation is still the 
best curative approach for younger patients with 
MM. Allogeneic stem cell transplantation has the 
advantage when compared to autologous stem 
cell transplantation that the stem cell graft does 
not contain any tumor cells and that, due the 
transfer of a new—allogeneic—immune system 
to the patient, a graft versus myeloma effect can 
be generated and further enhanced using immu-
nomodulatory agents like lenalidomide or inter-
feron-@. Additional strategies to stimulate the 
graft-versus myeloma effect are the transfer of 
donor lymphocytes from the donor, especially 
following a lymphodepleting pretreatment.

3.4.1  Front-Line Treatment

Due to the higher median age of patients with 
MM allogeneic stem cell transplantation with 
myeloablative conditioning results in a very high 
transplant-related mortality ranging between 
40% and 50% (Barlogie et al. 2006a; Gahrton 

et al. 1991) and a cure-rate of only 15–30% for 
patients with MM. To reduce the high transplant- 
related mortality the dose-reduced conditioning 
was increasingly administered prior to an 
allograft for patients with MM which resulted in 
significant reduction in the transplant-related 
mortality now being reported to be around 
10–15% (Bruno et al. 2007, 2009; Giaccone et al. 
2011; Moreau et al. 2008; Rotta et al. 2009).

Because of the higher relapse rate found to be 
associated with the reduced intensity conditioning 
protocols several trials used a tandem transplant 
approach with an autologous-allogeneic transplan-
tation in the first line therapy for patients with mul-
tiple myeloma and additionally also for patients 
relapsing after a previous autograft (Bruno et al. 
2007; Moreau et al. 2008; Rosiñol et al. 2008).

When tandem-autologous-RIC-allogeneic 
transplantation was compared to tandem or sin-
gle autologous stem cell transplantation an 
advantage for the allogeneic stem cell transplan-
tation did not emerge until after 2–3 years since 
during the first 1–2 years the allo patients did 
worse due to the significantly higher transplant- 
related mortality (10–13% vs 3–4%). Among the 
six trials comparing tandem-auto-allo SCT and 
tandem or single autologous stem cell transplan-
tation are two showing a significant advantage of 
the allogeneic arm (EBMT study; (Bruno et al. 
2007; El-Cheikh et al. 2013)); these are the stud-
ies with the longest follow-up. In contrast four 
trials showed no difference (Pethema Study 
(Rosiñol et al. 2008), IFM study (Moreau et al. 
2008), BMT-CTN (Krishnan et al. 2011), 
HOVON study (Lokhorst et al. 2012)).

Especially in the very high risk patients (char-
acterized by p53 deletion/mutation, extramedul-
lary disease, especially plasma cell leukemia and 
high serum LDH levels) even induction with at 
least one of the novel agents and tandem high 
dose chemotherapy followed by autologous stem 
cell transplantation only offers an overall survival 
of less than 2 years. Thus in these patients increas-
ingly allogeneic stem cell transplantation is used 
in prospective clinical trials and has shown in one 
in a preliminary analysis to be superior to tandem 
autografting, esp. in patients with p53 deletion/
mutation.
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3.4.2  Treatment for Relapsed 
Disease

Several studies of allogeneic stem cell transplan-
tation to treat relapse following autologous SCT 
report long-term disease control and event free 
survival after allogeneic stem cell transplanta-
tion—even in patients who relapsed after an 
autologous SCT (Einsele et al. 2003; El-Cheikh 
et al. 2013). Ten years after alloSCT an OS and 
EFS of 32% and 24% were reported with a pla-
teau 6 years after alloSCT (El-Cheikh et al. 
2013).

In a study (Patriarca et al. 2012) patients who 
received novel agents for treatment of relapsing 
multiple myeloma after autologous stem cell 
transplantation the patients with a suitable donor 
who underwent allogeneic stem cell 
 transplantation showed an improved progression-
free survival when compared to the no donor 
group. An update of the study with a longer fol-
low-up presented at the last IMWG meeting in 
Rome in 2015 showed also a significant improve-
ment of overall survival for the donor group who 
received the allograft.

3.4.3  How to Increase the Graft- 
Versus Myeloma Effect After 
Allogeneic SCT

3.4.3.1  Donor Lymphocyte Infusions 
(DLI)

The efficacy of donor T cells given with donor 
leukocyte infusions (DLI) as treatment has been 
demonstrated for relapse of various hematologic 
malignancies after allogeneic bone marrow 
transplantation (BMT). In a trial 28 patients 
were studied of whom 24 had a complete donor 
T cell chimerism. The malignancies were as fol-
lows: chronic myeloid leukemia (CML) in 
chronic phase (CP) (n = 9); more advanced CML 
(n = 5); multiple myeloma (MM) (n = 5); acute 
leukemia (AL) (n = 9). T cell doses varied from 
0.1 to 33 × 107 T cells/kg. Eight patients received 
two to four DLI courses because they failed to 
respond to one course. Thirteen of 14 patients 
with CML achieved complete remission (CR). 

All five patients with MM responded, including 
three CRs. Six patients (three with CML, three 
with MM) responded only after two to four DLI 
courses. Patients with CML-CP were likely to 
respond to as few as 1 × 107 T cells/kg whereas 
patients with MM generally responded when 
they received > or =10 × 107 T cells/kg. The like-
lihood of response was strongly related to the 
occurrence of graft-versus-host disease (GVHD) 
in patients with CML and MM (P = 0.0002). 
Finally, there were no obvious differences in 
responses between complete donor T cell chime-
ras and mixed T cell chimeras (Krishnan et al. 
2011; Kröger et al. 2009; Lioznov et al. 2010; 
Lokhorst et al. 1997). In patients relapsing with 
their MM post-allogeneic stem cell transplanta-
tion only a minority showed a mixed chimerism 
prior to the documented relapse in contrast to 
patients with acute or chronic leukemias (Rasche 
et al. ASH 2015). Thus monitoring of chimerism 
does not allow to predict relapses for MM 
patients undergoing allogeneic stem cell 
transplantation.

Several studies suggested that achievement of 
CR after high-dose chemotherapy would prolong 
survival. In comparison with autologous stem 
cell transplantation, CR rate after allogeneic stem 
cell transplantation is higher, and even without 
novel agents about 50% of patients with CR will 
achieve molecular remission with a high proba-
bility of long-term disease freedom. Therefore, 
because prior to the era of novel agents 50–60% 
of patients already achieved negative immuno-
fixation after allografting with 25% even a CR on 
molecular level. This percentage will definitely 
increase following the introduction of novel 
agents also in protocols of allogeneic stem cell 
transplantation for patients with multiple 
myeloma.

In addition increasingly post-transplantation 
therapies are applied to investigate if, in patients 
without CR after allografting, a durable CR—if 
possible on molecular level—can be induced by 
posttransplantation therapies such as DLI with or 
without novel agents thalidomide, bortezomib, and 
lenalidomide. DLI has shown activity after alloge-
neic stem cell transplantation in myeloma patients, 
but has been investigated mainly in the setting of 
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relapsed disease. The novel less-toxic agents offer a 
new possibility to treat patients after transplantation 
in order to upgrade or maintain remission. The 
immunomodulating drugs lenalidomide and thalid-
omide especially induce T-cell as well as natural 
killer cell activation. The proteasome inhibitor bort-
ezomib has shown, in preclinical mouse models, 
that proteasome inhibition prevents T-cell prolifera-
tion and acute GVHD with retaining the graft-vs-
tumor effect. These drugs have shown remarkable 
activity in patients with multiple myeloma and 
relapse after allogeneic stem cell transplantation, 
even if DLI has failed. The activity of these novel 
agents might be increased if they were given in 
combination with DLI. No severe grade III or IV 
toxicity of thalidomide, bortezomib, or lenalido-
mide was observed in our study. Thus in one trial 
59% of patients achieved a CR, and this CR resulted 
in significantly improved progression-free survival 
at 5 years (58 vs 35%). CR by flow cytometry could 
be achieved in 63%, and this resulted in an even 
more favorable event-free survival at 5 years (74% 
vs 15%).

3.4.3.2  Lenalidomide Post-AlloSCT
The optimal salvage therapy for patients with 
MM relapsing after allogeneic stem cell trans-
plantation remains to be determined. Usually 
such patients have been extensively pretreated 
and present at relapse with a relatively refractory 
disease. Immunomodulatory properties of 
lenalidomide may be beneficial by facilitating a 
graft-versus myeloma effect after allogeneic stem 
cell transplantation. However, the safety of such 
treatment is still under debate. In contrast a high 
efficacy of lenalidomide has been reported in 
patients with MM relapsing after allogeneic stem 
cell transplantation.

Lioznov et al. reported 24 MM patients relaps-
ing after allograft who received Len/Dex (with 15 
or 25 mg/day Lenalidomide d1-21 in a 4-week 
cycle). The reported overall response rate was 
66%, the median time to progression 9.7 months 
and the incidence of grade 1–2 GvHD 13%. 
Coman et al. reported 52 patients who were diag-
nosed with a relapsed myeloma after allogeneic 
stem cell transplantation and received a Len/dex 

in the classical dose scheme (25 mg d1–12, 40 mg 
weekly). Len was discontinued in 22% of patients 
due to GvHD and >50% of patients responded 
with a PFS and OS of 18 and 30.5 months, respec-
tively (Coman et al. 2013; Lioznov et al. 2010)

In patients who have undergone an allogeneic 
stem cell transplantation residual or proliferating 
MM cells are specifically sensitive to lenalido-
mide. When patients treated with lenalidomide 
and dexamethasone after at two lines of prior ther-
apy were analyzed for treatment outcome, recipi-
ents of an allogeneic stem cell graft as well as 
patients achieving significant tumor reduction had 
the best chances to achieve long-term responses as 
defined as at least partial responses lasting for at 
least 12 months (Rosiñol et al. 2008).

The role of lenalidomide as maintenance 
treatment is controversial. The HOVON group 
has investigated Len 10 mg d1–d21 of a 28-day 
cycle as a maintenance therapy post- alloSCT 
from a HLA-matched sibling donor. Due to the 
fact tha 37% of patients developed a GvHD 
grade 2 or higher which was thought to corre-
late with Len treatment and a drop out rate of 
43% was reported Lenalidomide maintenance, 
especially when started eraly post-transplant 
did not seem to be feasible. Kroeger et al. 
reported that lenalidomide (median dose 5 mg/
day d1–d21 of a 28 day cycle) is feasible. In 
this study the rate of acute GvHD grade 2–3 
after lenalidomide was 28% and the drop-out 
rate 30% (Krishnan et al. 2011).
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Treatment of Elderly Patients 
with Multiple Myeloma

Eileen Mary Boyle, Thierry Facon, 
Maria Victoria Mateos, and Antonio Palumbo

4.1  Introduction

In Europe and North America, the majority of 
patients diagnosed with cancer are over 65 years 
old. This particularly applies to myeloma that has 
a median age at diagnosis of 69 years old includ-
ing 35% of patients diagnosed after 75 and 10% 
after 85 years of age, Fig. 4.1 (SEER data 2016). 
This is likely to increase in the years to come 
especially in Europe where it is foreseen that the 
percentage of Europeans aged over 65 will 
increase from 85 million (17% of the population) 
in 2008 to 151 million (30% of the population) in 
2060 (European commission 2009).

Since both the incidence and prevalence of 
chronic illness increase with age and chronic ail-
ments are a major cause of disability, these 
patients are more likely to harbour various psy-
chosocial and physical co-morbidities and dis-
abilities (SEER data 2016; Siegel et al. 2014; 
Smith et al. 2009) than their younger counter-

parts resulting in a heterogeneous group of 
patients.

The new elderly population, however, may be 
healthier than previous cohorts of elderly patients 
because they will have experienced a lifetime of 
different and better medical care. These factors 
will have complex effects on mortality rates, util-
isation of services and treatment approaches 
leading to specific treatment strategies in the 
elderly myeloma population that we plan, based 
on current data, to outline hereafter.

4.2  What is Special about 
Myeloma in the Elderly

4.2.1  Myeloma Cytogenetics 
and Biology

The genetic make-up of myeloma is vastly simi-
lar in terms of cytogenetic abnormalities and 
mutational spectrum among the young and the 
elderly (Walker et al. 2015; Avet-Loiseau et al. 
2013a). Interestingly, the incidence of t(4;14) and 
del(13q) decreases with age, whereas del(17p) is 
remarkably stable (Avet-Loiseau et al. 2013a). 
From a mutational perspective, the mutational 
spectrum does not vary in between young and 
older patients, but a mutational signature related 
to age according to Alexandrov et al. (2013) may 
be found in myeloma tumour samples (Walker 
et al. 2015).
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4.2.2  Clinical Features

Besides these slight biological variations, clinical 
differences ought to be taken into consideration 
when treating elderly patients.

Age and the human ageing process it reflects 
are an essential component that cannot define by 
itself this population (Smith et al. 2009; Walker 
et al. 2015; Avet-Loiseau et al. 2013a; Alexandrov 
et al. 2013; Palumbo et al. 2014). In order to 
account for the heterogeneity of this population, 
age should be combined to notions such as frailty 
and co-morbidity that can also predict outcome.

Frailty is a distinct clinically recognized phe-
notype but no single sign or symptom is suffi-
cient to define it. Usually, it requires at least three 
core elements among the following list: weak-
ness, poor endurance, weight loss, low physical 
activity, slow gate and speed. Specific indexes 
have been developed (Table 4.1, adapted from 
Palumbo et al. 2014) to measure and compare 
frailty between patients and have been used to 
predict poor outcomes in oncology (Alexandrov 
et al. 2013; Palumbo et al. 2014).

The second important component we ought to 
take into account is the presence of co- morbidities 

or treatment requiring associated diseases. 
Among the frequently used scales to quantify co- 
morbidities, the Charlson scale (Linn et al. 1968) 
is often perceived too complicated for routine 
clinical practice (Engelhardt et al. 2017) and 
replaced by the user friendly, well-validated, 
CIRS index (Linn et al. 1968).

Both age and co-morbidities can influence 
treatment toxicity. The human ageing processes 
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Fig. 4.1 Average number of new cases per year and age-specific incidence rates per 100,000 population, UK, 2012–
2014 (ONS 2010)

Table 4.1 Frailty indices

Frailty grade Description

Very fit Active, energetic patients, who exercise 
regularly or occasionally

Moderately 
fit

Patients not regularly active beyond 
routinely walking

Vulnerable Patients who can perform limited 
activities but yet do not need help from 
other people

Mildly frail Patients who need help for household 
tasks (shopping, walking several 
blocks, managing their finances and 
medications)

Moderately 
frail

Patients who need partial help for their 
personal care (dressing, bathing, 
toileting, eating)

Severely 
frail

Patients completely dependent on other 
people for their personal care
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are associated with a decrease in physiologic 
reserves and a change in body composure 
(decrease in muscle mass, increase in fat, increase 
in intracellular water) and age-related changes in 
organ function. These elements affect metabo-
lism, distribution, pharmacokinetics and pharma-
codynamics of myeloma drugs and often account 
for the poor tolerability of the treatment. 
Co-morbidity, and the subsequent poly- 
medication, may be associated with drug interac-
tions and modified toxicity profiles (Palumbo 
et al. 2014). The factors that should be taken into 
consideration in the choice of treatment may be 
summarized in Fig. 4.2. In that respect Palumbo 
et al. developed an easily applicable in the clinic 
IMWG score that stratifies patients into three 
groups in order to predict both mortality and tox-
icity (Palumbo et al. 2014). This myeloma- 
specific score, although it can be improved, 
constitutes the baseline that leaves room for 
improvement with more concise versions being 
published (Engelhardt et al. 2017).

4.3  Induction Treatment

4.3.1  When to Treat?

Like in the younger fitter patients, the diagnosis 
of symptomatic myeloma is based on the CRAB 
criteria (hypercalcaemia, renal failure, anaemia 
and bone lesions) and usually requires treatment 
(Rajkumar et al. 2014).

The diagnosis of symptomatic myeloma is 
sometimes less obvious in the elderly and may be 
mistaken for other coexisting conditions. For 
instance, osteoporosis should not be mistaken for 
myeloma bone disease. Mild kidney impairment 
is also very common in elderly patients. Often 
resulting from hypertension or diabetes, it should 
not be mistaken for myeloma kidney disease 
(Mallappallil et al. 2014). Sometimes, kidney 
biopsies may be required. Finally, regarding anae-
mia, if the degree of anaemia seems out of propor-
tion to the disease burden, concurrent causes 
should be sought after. Community-based studies 
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found that 10% and 20% of the ≥65 and ≥85, 
respectively, were anaemic (Patel 2008) and the 
most common causes of anaemia were iron defi-
ciency, vitamin deficiency (chiefly B9 and B12), 
chronic inflammation, chronic kidney disease and 
myelodysplastic syndrome. Often more than one 
cause were identified per patients (Goodnough 
and Schrier 2014; Guralnik et al. 2004; Price et al. 
2011; Pennypacker et al. 1992) suggesting that a 
complete anaemia workup should be performed 
in an elderly myeloma patient presenting with 
anaemia and a paraprotein without other evidence 
of symptomatic myeloma.

4.3.2  What to Aim for?

Achieving a complete remission (CR) is an impor-
tant goal among the young patients (Rawstron 
et al. 2013; Davies et al. 2001; Larocca et al. 
2013a; Barlogie et al. 2014). Until recently, this 
was not achievable in the elderly given the treat-
ment combinations used. Evidence from recent tri-
als suggests that the depth of response does affect 
outcome in the elderly (Niesvizky et al. 2008; Gay 
et al. 2011) although this was not confirmed in the 
Myeloma IX experience (Rawstron et al. 2013). 
Moreover, in older patients, the difference between 
attempting to achieve a CR at any cost and settling 
for a lower degree of response may be significant 
as treatment- related toxicities could outshine any 
benefit derived from the achievement of a CR. If 
significant toxicity is seen, obtaining good disease 
control whilst maintaining quality of life is reason-
able. Symptom control is achieved through effec-
tive disease-specific (Larocca et al. 2013b) and 
supportive therapy.

4.3.3  Induction Regimens Options

For a long term, melphalan-prednisone was the 
only standard offered to elderly myeloma patients 
for many years since its first description by 
Alexanian et al. (1968) despite yielding low 
response rates and poor overall survival.

The combination of MP with thalidomide 
(MPT) was shown to delay disease progression in 

several randomized trials (Facon et al. 2007; 
Wijermans et al. 2010; Hulin et al. 2009; Palumbo 
et al. 2006, 2008; Waage et al. 2010; Beksac et al. 
2011) and to improve OS in some of them (Facon 
et al. 2007; Wijermans et al. 2010; Hulin et al. 
2009). A meta-analysis of published data from 
six randomized trials confirmed an improvement 
in progression-free survival (PFS) and OS with 
MPT compared with MP alone (Fayers et al. 
2011). The reported median PFS and OS with 
MPT were 20.3 and 39.3 months, respectively. 
Toxicity, especially disabling neuropathy, was 
higher in the MPT arm (Facon et al. 2007; Hulin 
et al. 2009; Palumbo et al. 2008).

The addition of bortezomib to MP is now a 
well-established regimen. When first developed 
in the VISTA trial (San Miguel et al. 2008, 2013), 
it involved twice-weekly intravenous (I.V.) bort-
ezomib. When first published, VMP was superior 
to MP across all efficacy endpoints, including 
response rate, CR rate, median TTP [24 months 
vs 16.6 months using a stringent definition of dis-
ease progression (change from immunofixation 
negativity to positivity)] and OS. The CR rates 
were approximately 30% versus 5% in the MP 
arm. MPV yielded better results over all cytoge-
netic and renal failure subgroups (San Miguel 
et al. 2008). Neuropathy was the major side effect 
of this regimen. In the final analysis of the VISTA 
trial after a median follow-up of 60 months, the 
superiority of VMP over MP in terms of median 
time to second-line anti-myeloma therapy 
(31 months vs 20.5 months) and median OS 
(56 months vs 43 months) was sustained (San 
Miguel et al. 2013).

The results of a study comparing MP and 
MPR induction with or without lenalidomide 
maintenance (MM-015, MPR-R or MPR) showed 
that MPR-R was associated with a PFS benefit 
over MPR (Falco et al. 2013). Furthermore, in the 
E1A06 trial that compared MPT-T versus MPR-
R, there was no significant difference in terms of 
response and outcome in between the two arms 
suggesting that the potential benefit that may be 
acquired from lenalidomide is outshone by the 
toxicity profile (Stewart et al. 2014).

In the phase III trial, the FIRST study (IFM 
2007-01/MM-020), involving 1623 newly diag-
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nosed transplant-ineligible patients, continuous 
Rd regimen administered until disease progres-
sion or intolerance or for a fixed duration of 
18 cycles (72 weeks; Rd18), was compared to 
MPT administered for 12 cycles (72 weeks). 
Continuous Rd significantly improved PFS, with 
an OS benefit, compared with MPT. With a 
median follow-up of 37 months, the median PFS 
was 25.5 months for Rd, compared with 
20.7 months for Rd18 and 21.2 months for 
MPT. The 4-year estimated OS was 59% for Rd, 
56% for Rd18 and 51% for MPT. In addition, Rd 
was superior to MPT across all other efficacy 
endpoints, including response rate TTP, time to 
treatment failure, time to second-line anti- 
myeloma therapy and duration of response. Of 
note, Rd was also generally better tolerated than 
MPT (Benboubker et al. 2014; Facon 2016).

Adding bortezomib to the Rd backbone 
showed a significant impact on both PFS (43 vs 
30 months) and OS (73 vs 64 months). 
Nevertheless, only 42% of the patients in this 
large phase III trial were over 65 years of age 
(Durie et al. 2017) suggesting this combination 
may only be suitable for the fit-elderly patients. 
This led to the development of a customized dose 
scheduling of VRD, the RVD-lite combination 
for the elderly (O’Donnell 2015). Despite short 
follow-up, toxicity profiles and efficacy of the 
novel dose scheduling appear safe.

Recently the phase III CLARION trial evalu-
ated an investigational regimen of carfilzomib, 
melphalan and prednisone (KMP) versus bort-
ezomib, melphalan and prednisone (VMP) for 
54 weeks in patients with newly diagnosed mul-
tiple myeloma who were ineligible for haemato-
poietic stem-cell transplant. The trial did not 
meet the primary endpoint of superiority in 
progression- free survival (PFS) (median PFS 
22.3 months for KMP versus 22.1 months for 
VMP, HR = 0.91, 95% CI, 0.75–1.10, Hulin C 
et al., submitted).

4.3.4  Choice of Induction

For an elderly patient with a recent diagnosis of 
symptomatic myeloma, the primary objective is 

to determine an appropriate treatment approach 
on the basis of biologic age, performance status, 
co-morbidities and drug availability (Table 4.2).

Clinical trials may reflect more an idealized 
population than the daily reality where elderly 
patients are often clinically frail and vulnerable. 
Elderly and frail patients have been underrepre-
sented in clinical trials especially those investi-
gating new drugs (Zweegman et al. 2014). There 
have been a few studies that have been dedicated 
to patients over the age of 75 years (Larocca et al. 
2013a; Hulin et al. 2009), but to date there is, to 
the extent of our knowledge, currently no ongo-
ing study based on frailty in myeloma. Recruiting 
these patients into trials is challenging but would 
help us define safe tailored regimens.

The bortezomib-based VMP (or VCD or VD) 
or lenalidomide-based Rd or VRD regimens are 
the most widely used regimens (Moreau et al. 
2013). When bortezomib and/or lenalidomide are 
available, thalidomide is no longer an attractive 
treatment option. Since 2013, bortezomib is usu-
ally administered subcutaneously, and weekly 
dosing seems to be preferred over twice-weekly 
infusions for frail patients. Twice-weekly dosing 
may still be recommended, at least at start of 
therapy, for patients with renal impairment or 
aggressive disease (Ludwig et al. 2014). In the 
absence of direct, prospective comparisons, it is 
not possible to recommend one regimen over 
another, although several patient- and disease- 
related characteristics (such as medical history of 
thrombosis or neuropathy) may suggest one 
approach over the other.

Selected patients may benefit from predni-
sone rather than dexamethasone (Falco et al. 
2013). The key aspect of therapy is to use all 
available drugs and combinations appropriately. 
Re-challenge with any of the drugs is reason-
able, provided it was effective when used 
previously.

4.3.5  Future Induction Regimens

Other proteasome inhibitors (i.e. ixazomib- 
NCT01850524), as well as monoclonal antibodies, 
such as anti-CD38 (daratumumab-NCT02252172), 

4 Treatment of Elderly Patients with Multiple Myeloma



66

Table 4.2 Randomized clinical trials for the elderly in myeloma using a novel agent upfront

Study Regimen Number
Median age 
(range)

PFS 
(months) OS (months) Toxicity (exp vs std)

Palumbo et al. (2006) MPT 129 72 (60–85) 22 3y-OS 80% Neuropathy GIII–IV: 10%

MP 126 3y-OS 60%

Facon et al. (2007) MPT 125 69 (65–75) 27.5 51.6 Neuropathy III–IV: 6% vs 0%

MP 196 17.8 33.2 Neuropathy I–II: 20% vs 9%

Mel100 126 19.4 38.3 Neutropenia III–IC: 23 vs 20%

Hulin et al. (2009) MPT 113 78.5 (76–91) 27.1 45.3 Neuropathy III–IV: 2% vs 0%

MP 116 19 17.7

Waage et al. (2010) MPT 182 74.5 (49–92) 16 29 Neuropathy III–IV: 6% vs 1%

MP 180 14 33 Neuropathy I–II: 21% vs 6%

Beksac et al. (2011) MPT 62 70.6 21 26 Any III–IV: 22.4 vs 7%

MP 60 14 28

Wijermans et al. 
(2010)

MPT 168 72 (65–87) EFS: 13 40 Any III–IV: 50 vs 29%

MP 165 30% >75 EFS: 9 31 3% DVT

Infection II–IV: 28 vs 18%

Morgan et al. (2011) CTDa 426 73 (57–89) 13 30.6 DVT: 15.6 vs 5

MP 423 12.7 33.2 Neuropathy: 23 vs 6%

Infection: 32 vs 26%

Ludwig et al. (2009) TD 145 73 (54–86) 21.2 45 Neuropathy I–II: 65 vs 32%

MP 143 10% >80% 29.1 58 Leukopenia: 3 vs 20%

Infection: 13 vs 8%

San Miguel et al. 
(2008)

VMP 334 71 (30% 
>75%)

24 NR Neutropenia 40 vs 38%

MP 338 16.6 43.1 Neuropathy III–IC: 13 vs 0%

Mateos et al. (2010) VMP 125 32 63 Neuropathy: 9% vs 7%

VTP 128 23 43 Infection: 7% vs 1%

Stewart et al. (2014) MPR 306 47.7 2y-72% Any grade III–IV: 58 vs 73%

MPT 52.6 2y 78%

anti-CS1/SLAMF7 (elotuzumab-NCT01891643), 
and anti-PD1 (pembrolizumab-NCT02880228) are 
currently under investigation in the upfront setting.

4.3.6  ASCT in Elderly Patients

Although age does not affect the outcome of 
ASCT (Siegel et al. 1999), biological features are 
powerful determinants of prognosis. The 65-year- 
old cut-off is commonly used to determine ASCT 
eligibility in patients with myeloma, even if the 
feasibility of ASCT is well-established in fit 
patients up to the age of 70 (Gertz and Dingli 
2014). Evidence from the IFM 99-06 trial did not 
suggest any benefit of ASCT in this population, 
but the transplant arm did not incorporate any 

novel agents (the induction regimen was VAD) 
(Facon et al. 2007). Early ASCT may nevertheless 
be appropriate in selected patients between 65 and 
75 years of age. However this may need to be 
established in the context of a clinical trial in the 
era of three and potentially four drug induction 
and consolidation regimens incorporating new 
agents. Lower doses (100–140 mg/m2) may be 
used for older patients (Zweegman et al. 2014). 
ASCT in elderly patients with significantly com-
promised renal function should be avoided.

4.3.7  Maintenance

Several studies have recently evaluated the role 
of maintenance or continuous therapy. These 
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approaches include bortezomib, melphalan, 
prednisone, thalidomide (VMPT) followed by 
bortezomib, thalidomide (VT) maintenance 
(Palumbo et al. 2010; Mateos et al. 2010), VMP 
or bortezomib, thalidomide, prednisone (VTP) 
followed by VT or bortezomib, prednisone 
(VP) maintenance (Mateos et al. 2012), lenalid-
omide maintenance after MPR (Falco et al. 
2013) or continuous Rd (Benboubker et al. 
2014). Taken together, these studies support the 
role of continuous therapy, at least in terms of 
PFS and time to second-line anti-myeloma 
therapy. Only lenalidomide has so far a satis-
factory long-term safety profile, but second-
generation proteasome inhibitors and 
monoclonal antibodies represent potential 
effective drugs for maintenance and are cur-
rently actively investigated.

4.3.8  Impact of Cytogenetics 
in Elderly Patients

With the exception of the NCRI trials (Myeloma 
IX and XI) and the registration studies (Facon 
et al. 2007; Benboubker et al. 2014; Boyd et al. 
2012), most of the cytogenetic data collected in 
the past few years have come from younger, 
transplant-eligible newly diagnosed patients. The 
Intergroupe Francophone du Myélome (IFM) 
group recently reported on a series of 1890 
elderly patients (median age 72 years; 651 
patients >75 years of age), including 1095 
patients with updated data on treatment modali-
ties and survival (Avet-Loiseau et al. 2013a). 
Regardless of treatment, both t(4;14) and del(17p) 
were associated with a worse clinical outcome. 
The median PFS in patients with t(4;14) and 
del(17p) was 14 and 11 months, respectively, 
compared with 24 months for patients lacking 
both abnormalities. Similarly, the median OS 
was 32 and 19 months, respectively, compared 
with 50 months.

When considering treatment, the use of VMP 
did not improve the outcome of high-risk patients 
over MP (San Miguel et al. 2013). Similarly, the 
Rd arms did not offer a substantial benefit over 
MPT in the FIRST trial (Avet-Loiseau et al. 

2013b). By extension to the data seen in the 
younger fitter patients and in the relapsed setting, 
the combination of a proteasome inhibitor and an 
IMID may improve this. Evidence supporting this 
hypothesis should be available from the combina-
tion trials such as the IRD trial (NCT01850524). 
Finally the outcome of high- risk and ultra-high-
risk patients is always dismal.

4.4  Supportive Care 
and Management 
of Co-morbidities

Co-morbidities are frequent in the elderly 
patients, and several co-morbidities may be pres-
ent in a given patient. As they may be aggravated 
by the myeloma drugs, some ought to be taken 
into account before a treatment decision in made. 
The most common are hereafter summarized.

4.4.1  Thromboembolic Events

Age, cancer and impaired mobility are well 
known risk factors of deep vein thrombosis (Lee 
et al. 2003). This risk is increased by IMIDs such 
as thalidomide or lenalidomide especially when 
combined to conventional chemotherapy agents 
(including steroids). Thromboprophylaxis using 
low-molecular weight heparin is an effective pre-
ventive measure (Larocca et al. 2012) but for 
patients unable to tolerate them or with a past 
medical history of thrombosis whilst on prophy-
laxis, alternative approaches may be preferable. 
The risk of thrombosis is nevertheless limited 
when these drugs are used alone, option worth 
exploring in selected cases (Boyle et al. 2012).

4.4.2  Renal Failure

The use of fast-acting combinations is important 
to minimize tumour burden and maximize the 
chance of restoring a near-to-normal renal func-
tion in patients with myeloma-related kidney 
failure. The dose of lenalidomide must be 
adjusted to renal function. Thalidomide and 
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 bortezomib can be used at full doses in patients 
with renal dysfunction including in patients 
requiring haemodialysis (Kastritis et al. 2013). 
Cyclophosphamide is also easier to manage than 
melphalan in case of renal failure. Compared 
with thalidomide, bortezomib exerts faster and 
deeper responses, which could result in a greater 
chance of reversal of renal failure. 
Bisphosphonates should be used with caution 
with renal dysfunction as they may increase tubu-
lar necrosis (Hirschberg 2012). Of note there was 
no differential impact on renal failure of clodro-
nate or zoledronic acid (Jackson et al. 2014). 
Finally, as age and renal dysfunction both 
increase morbidity and mortality of transplant, 
ASCT should therefore not be performed in older 
patients regardless of the aetiology of the renal 
failure (Harousseau and Attal 2002).

4.4.3  Cardiovascular Disease

Steroids are associated with multiple side effects, 
the most common being cardiovascular such as 
hypertension, heart failure, fluid retention, mak-
ing regimens such as Rd, with reduced steroids 
appealing. Thalidomide (and to a lesser extent, 
lenalidomide) may cause bradycardia (Fahdi 
et al. 2004). The concomitant use of these drugs 
with a beta-blocker may increase that risk 
(Yamaguchi 2008). Furthermore, lenalidomide 
may increase levels of digoxine; they should 
therefore be monitored closely upon treatment 
initiation (Chen et al. 2014). Finally, maintaining 
adequate haemoglobin is important in patients 
with cardiovascular disease to minimize the risk 
of ischemic episodes and heart failure (Azad and 
Lemay 2014).

4.4.4  Diabetes

Diabetes and diabetes-related end-organ damage 
are common in elderly patients. Monitoring and 
adjusting the glycaemia control regimen whilst on 
steroids are essential. A recent review of 1240 
patients with diabetes and myeloma suggested its 
adverse prognosis, especially when 

 steroid- induced (Wu et al. 2014). Furthermore, as 
diabetic patients are also at risk of peripheral neu-
ropathy, a clear evaluation of baseline diabetes- 
related complications is required prior to 
introducing drugs such as thalidomide and bort-
ezomib and should therefore influence treatment.

4.4.5  QOL

The current treatment aims in myeloma are to 
control the disease, to improve overall survival 
and to increase the quality of life. Despite 
improvements in overall survival, novel agents 
are associated with adverse events that may, in 
conjunction with persistent myeloma-related 
symptoms, impair quality of life (Sonneveld et al. 
2013). The QOL scores improved among 
responders in bortezomib (Fayers et al. 2011; 
Chen et al. 2014; Azad and Lemay 2014) and 
lenalidomide (Delforge et al. 2015). As some 
treatment options have prolonged survival in 
myeloma patients, and owing to the impact of 
treatment-related toxicity on QOL, this data have 
become increasingly relevant. In the absence of 
differences in treatment efficacy, the choice of 
initial treatment should be based on QOL indica-
tors, among other patient-related factors.

 Conclusion

The clinical management of elderly patients 
with myeloma remains challenging. Not only 
does it require an up-to-date knowledge of 
tumour biology and clinical trials, day-to-day 
practice requires an accurate assessment of 
many clinical and social parameters. Novel 
agents, including thalidomide-lenalidomide 
and bortezomib have participated to the 
improvement of outcome of elderly myeloma 
patients with median OS in elderly NDMM 
patients increasing from roughly 30 to 
60 months. The way forward lies within 
future development of second- and third- 
generation immunomodulatory drugs and 
proteasome inhibitors, new drug families 
such as monoclonal antibodies and histone 
deacetylase inhibitors and better tools to 
develop more effective treatment strategies 
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and clinical  trials tailored to the specific needs 
of these patients.
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Treatment of Relapsed/Refractory 
Patients with Multiple Myeloma

Jacob P. Laubach, Philippe Moreau, 
Meletios A. Dimopoulos, and Paul G. Richardson

5.1  Introduction

Twenty years ago, this subject would not have 
warranted a separate chapter. Clinicians had only 
a limited number of chemotherapy options with 
which to attempt to manage their relapsed/refrac-
tory multiple myeloma (RRMM) patients, and 
this was reflected in the poor outcomes for 
patients with multiple myeloma (MM) overall, 
for whom median overall survival was only 
3 years (Kyle et al. 2003). However, the past two 
decades have witnessed an unprecedented 
increase in the number and variety of therapeutic 
options for MM (Larsen and Kumar 2015), 
including the emergence of four novel classes of 
agents with distinct mechanisms of action 
(Boudreault et al. 2017) and the approval of ten 
new individual agents.

These developments have been made possible 
through our significantly increased  understanding 

of the biology and genetics of the disease (Manier 
et al. 2017), enabling the identification of rational 
targets for anti-myeloma agents (Egan et al. 
2016). Furthermore, insights into clonal evolu-
tion of MM and the consequent clonal heteroge-
neity of the disease (Manier et al. 2017; Bianchi 
and Ghobrial 2014), particularly as it progresses 
through its course, are shaping our understanding 
of the management of MM across the disease 
course and highlighting the importance of treat-
ment selection and sequencing in the RRMM set-
ting (Yee and Raje 2016).

Indeed, treatment selection and sequencing 
are emerging as important new issues for consid-
eration by clinicians when planning for the 
longer- term (and, in some cases, chronic) man-
agement of their MM patients (Sonneveld and 
Broijl 2016), for whom survival times are increas-
ingly likely to exceed 10 years (National Cancer 
Institute 2016; Kumar et al. 2014; Pulte et al. 
2014). Additionally, the emerging treatment par-
adigms of triplet versus doublet therapy 
(Boudreault et al. 2017; Anderson 2016; Sun 
et al. 2017; Moreau and de Wit 2017) and the use 
of treat-to-progression and/or maintenance 
approaches (Musto and Montefusco 2016) are 
influencing the treatment of RRMM, and, with 
the availability of numerous novel agents and 
regimens, the affordability of treating MM as a 
chronic disease is also an increasingly relevant 
consideration (Fonseca et al. 2017; Rajkumar and 
Harousseau 2016).
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Despite remarkable improvements in outcome 
for patients with MM (National Cancer Institute 
2016; Kumar et al. 2014; Pulte et al. 2014) and 
frontline therapy becoming increasingly effec-
tive, with prolonged disease control, MM remains 
incurable and relapse remains an inevitability for 
the majority of patients (Dimopoulos et al. 
2015a). Therefore, with the wealth of therapeutic 
options becoming available to us, it is important 
to try to establish recommended treatment 
options for RRMM patients to guide selection of 
subsequent therapies based on key factors of 
importance. Furthermore, the development of 
new agents with unique mechanisms of anti- 
myeloma activity remains a very high priority in 
the field. For example, the recent availability of 
the monoclonal antibodies daratumumab and elo-
tuzumab has changed the treatment paradigm 
considerably and has expanded treatment options 
for patients through this novel mechanism of 
action (Laubach et al. 2017). Additionally, new 
approaches to MM management, including 
immunotherapies such as chimeric antigen recep-
tor (CAR) T-cell therapies (Kumar and Anderson 
2016), Bcl-2 inhibition with venetoclax (Terpos 
and International Myeloma Society 2017), and 
novel monoclonal antibodies with unique targets 
(Touzeau et al. 2017) are likely to further change 
the treatment paradigm in the coming years.

This chapter aims to provide a succinct over-
view of the issues affecting the treatment of 
RRMM patients, including a summary of impor-
tant recent data on each of the available treatment 
options, and recommendations for treatment 
approaches in different patient subgroups and in 
different disease settings. It also aims to provide a 
longer-term perspective, examining how treatment 
of RRMM patients may evolve in parallel with the 
evolution of frontline therapy and with the emer-
gence of additional novel agents in the future.

5.2  Currently Approved 
Treatment Options for RRMM

The approval of multiple new therapeutic 
agents over the past two decades has led to a 
large and growing number of treatment options 

for RRMM patients. While there are a number 
of single- agent options, many of these new 
options are two-, three-, and even four-drug 
regimens that incorporate multiple mechanisms 
of action. Inevitably, given this wealth of 
options, there is limited head-to-head evidence 
from randomized studies between all the differ-
ent regimens. However, a substantial number of 
large, randomized and, in some cases, placebo-
controlled phase 3 studies have been conducted, 
and our use of regimens for RRMM is guided in 
many cases by the evidence from such random-
ized studies demonstrating improved efficacy—
category 1 level evidence in the United States 
National Comprehensive Cancer Network 
(NCCN) guidelines (National Comprehensive 
Cancer Network 2016). Tables 5.1 and 5.2 sum-
marize the single-agent/doublet and triplet regi-
mens, respectively, available for RRMM for 
which such category 1 level evidence exists, 
and here we summarize some of the key infor-
mation and data on each regimen.

5.2.1  Single-Agent/Doublet 
Regimens

The only single-agent therapy for which phase 3 
study data are available in RRMM is bortezomib, 
which was compared with single-agent dexa-
methasone in the APEX trial in patients who had 
received 1–3 prior lines of therapy (Richardson 
et al. 2007, 2005). An overall response rate 
(ORR) of 43% was reported with bortezomib 
after prolonged follow-up, compared to only 
18% with dexamethasone, including 15% vs 2% 
complete/near-complete responses (CR/nCR), 
along with superior time to progression (TTP; 
median 6.2 vs 3.5 months, hazard ratio [HR] 
0.55) (Richardson et al. 2005) and overall sur-
vival (OS; median 29.8 vs 23.7 months, HR 0.77) 
(Richardson et al. 2007). However, increased 
rates of certain toxicities were reported with bort-
ezomib, notably peripheral neuropathy (PN) 
(Richardson et al. 2009), gastrointestinal toxici-
ties (Richardson et al. 2005), thrombocytopenia 
(Lonial et al. 2008), and herpes zoster reactiva-
tion (Chanan-Khan et al. 2008).
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Table 5.2 Triplet regimens evaluated in phase 3 studies for the treatment of RRMM

Trial Regimen N
Prior 
lines

≥MR, 
%

≥PR, 
%

≥VGPR, 
%

≥CR, 
%

TTP, 
mos

PFS, 
mos

OS, 
mos

ASPIRE (Stewart et al. 
2015; Amgen 2017)

Carfilzomib-Rd 396 2 91 87 70 32 31.4 26.3 48.3

Rd 396 2 76 67 40 9 19.4 17.6 40.4

TOURMALINE-MM1 
(Moreau et al. 2016a)

Ixazomib-Rd 360 1 NR 78 48 12 21.4 20.6 NR

Placebo-Rd 362 1 NR 72 39 7 15.7 14.7 NR

ELOQUENT-2 (Lonial 
et al. 2015; Dimopoulos 
et al. 2017a)

Elotuzumab-Rd 321 2 86 79 33 4 NR 19.4 48.0

Rd 325 2 76 66 28 7 NR 14.9 40.0

POLLUX (Dimopoulos 
et al. 2016c)

Daratumumab-Rd 286 1 95 93 76 43 NR NE NE

Rd 283 1 86 76 44 19 NR 18.4 NE

CASTOR (Palumbo et al. 
2016)

Daratumumab-Vd 251 2 87 83 59 19 NE NE NE

Vd 247 2 72 63 29 9 7.3 7.2 NE

PANORAMA1 (San-
Miguel et al. 2014, 2016)

Panobinostat-Vd 387 1 67 61 NR 28a 12.7 12.0 40.3

Placebo-Vd 381 1 66 55 NR 16a 8.5 8.1 35.8

Prior lines, TTP, PFS, OS data shown as medians except where indicated
CR complete response, MR minimal response, NE not estimable, NR not reported, OS overall survival, PFS progression-
free survival, PR partial response, Rd lenalidomide- dexamethasone, TTP time to progression, Vd bortezomib-dexa-
methasone, VGPR very good partial response
aCR/near-CR rate

The NCCN guidelines give category 1 recom-
mendation to bortezomib plus dexamethasone, 
rather than single-agent bortezomib, because 
although no phase 3 study has demonstrated 
superiority of this doublet over an older regimen, 
a number of studies and analyses in RRMM have 
shown that addition of dexamethasone to bort-
ezomib can augment efficacy and improve patient 
responses and outcomes (Jagannath et al. 2006; 
Mikhael et al. 2009; Dimopoulos et al. 2015b). 
Indeed, in the phase 3 study of subcutaneous 
(SC) versus intravenous (IV) bortezomib, with or 
without added dexamethasone, in patients with 
RRMM after 1–3 prior lines of therapy, 56% ver-
sus 53% of patients had dexamethasone added 
after four cycles of single-agent bortezomib, 
resulting in 13% of patients improving response 
from partial response (PR) to CR, and 30% 
improving response from <PR to PR, on each 
arm (Moreau et al. 2011). This study also demon-
strated the benefit of SC versus IV bortezomib in 
terms of significantly reduced rates of PN 
(Moreau et al. 2011). In another phase 3 study in 
RRMM patients after 1–3 prior lines of therapy, 
improved outcomes were also reported with the 
doublet regimen comprising pegylated liposomal 

doxorubicin plus bortezomib, compared to bort-
ezomib alone (Orlowski et al. 2007, 2016). TTP 
(median 9.3 vs 6.5 months, HR 1.82) and dura-
tion of response (median 10.2 vs 7.0 months) 
were improved with this steroid-free doublet ver-
sus single-agent bortezomib, but there was no 
significant improvement in OS (median 33 vs 
30.8 months, HR 1.047), and the combination 
resulted in increased rates of some toxicities, 
including neutropenia, thrombocytopenia, diar-
rhea, and hand-foot syndrome (Orlowski et al. 
2007, 2016).

The second-generation proteasome inhibitor 
carfilzomib is approved for the treatment of 
RRMM as a doublet regimen with dexametha-
sone, having demonstrated improved efficacy 
versus bortezomib-dexamethasone in the 
ENDEAVOR phase 3 study in patients with 
RRMM after 1–3 prior therapies (Dimopoulos 
et al. 2016a). The primary endpoint of 
progression- free survival (PFS) was significantly 
improved with carfilzomib-dexamethasone 
(median 18.7 vs 9.4 months, HR 0.53), as were 
ORR (77% vs 63%) and rates of very good partial 
response or better (≥VGPR; 54% vs 29%) and 
≥CR (13% vs 6%) (Dimopoulos et al. 2016a). 
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Notably, these findings were similar in subgroup 
analyses according to patients’ prior treatment 
status (Moreau et al. 2017a), cytogenetic status 
(Chng et al. 2017), and age (Ludwig et al. 2017). 
A follow-up analysis also demonstrated pro-
longed OS with carfilzomib-dexamethasone 
(median 47.6 vs 40.0 months, HR 0.79) (Siegel 
et al. 2017). Reflecting the safety profile seen in 
earlier-phase carfilzomib studies, the rate of PN 
was significantly lower with carfilzomib- 
dexamethasone (grade ≥ 2 PN: 6% vs 32%, odds 
ratio [OR] 0.14). Conversely, carfilzomib was 
associated with higher rates of some adverse 
events (AEs), including anemia, dyspnea, hyper-
tension, acute renal failure, and cardiac failure 
(Dimopoulos et al. 2016a).

The two immunomodulatory drugs lenalido-
mide and pomalidomide have likewise demon-
strated efficacy benefits in doublet combination 
regimens with dexamethasone in phase 3 stud-
ies in RRMM. Two parallel phase 3 studies of 
lenalidomide-dexamethasone versus placebo- 
dexamethasone in RRMM patients following 
1–3 prior therapies were conducted in North 
America (Weber et al. 2007) and the rest of the 
world (Dimopoulos et al. 2007), and both dem-
onstrated superior ORRs (61% vs 20%; 60% vs 
24%), rates of CR (14% vs 1%; 16% vs 3%), 
and TTP (median 11.1 vs 4.7 months; median 
11.3 vs 4.7 months). A combined long-term 
analysis showed a superior OS with 
lenalidomide- dexamethasone (median 38.0 vs 
31.6 months) (Dimopoulos et al. 2009), and 
subsequent analyses indicated that both higher 
quality of response to lenalidomide-dexametha-
sone (Harousseau et al. 2010) and longer dura-
tion of treatment (San-Miguel et al. 2011) were 
associated with better outcomes in these treat-
to-progression  protocols. Notable toxicities that 
occurred more frequently with the doublet regi-
men included neutropenia, thrombocytopenia, 
and venous thromboembolism, although an 
analysis demonstrated that the latter did not 
adversely affect survival (Zangari et al. 2010). 
In addition, the risk of second primary malig-
nancies (SPMs) in RRMM patients treated with 
lenalidomide- dexamethasone appeared to be 
increased compared with those receiving pla-

cebo-dexamethasone (incidence rate, per 100 
patient-years, 3.98 vs 1.38) (Dimopoulos et al. 
2012).

The efficacy and safety of pomalidomide- 
dexamethasone has also been demonstrated in a 
phase 3 randomized study of pomalidomide- 
dexamethasone versus high-dose dexamethasone 
alone. Patients in the NIMBUS (MM-003) study 
had relapsed and refractory disease and had to 
have failed at least two prior treatments including 
bortezomib and lenalidomide (San Miguel et al. 
2013). In this hard-to-treat population, who have 
poor prognosis (Kumar et al. 2012), 
pomalidomide- dexamethasone demonstrated 
superior PFS (median 4.0 vs 1.9 months, HR 
0.48) and OS (median 12.7 vs 8.1 months, HR 
0.74), with a generally consistent benefit seen in 
patients who were refractory to both lenalido-
mide and bortezomib, intolerant to prior bortezo-
mib, or who had received lenalidomide or 
bortezomib in their last prior regimen (San 
Miguel et al. 2013). A benefit was also seen in 
patients with high-risk cytogenetics, with spe-
cific benefit with pomalidomide-dexamethasone 
reported in RRMM patients with del(17p) 
(Dimopoulos et al. 2015c; Leleu et al. 2015). 
Overall, these findings showed the potential for 
pomalidomide-dexamethasone in this later set-
ting in the RRMM treatment algorithm. 
Additionally, the phase 3b STRATUS study con-
firmed these findings with pomalidomide plus 
low-dose dexamethasone in a heavily pretreated 
patient population that was mostly refractory to 
both lenalidomide and bortezomib; the ORR was 
33%, and median PFS and OS were 4.6 and 
11.9 months, respectively (Dimopoulos et al. 
2016b). Common toxicities across both MM-003 
and STRATUS were neutropenia, anemia, throm-
bocytopenia, and pneumonia (San Miguel et al. 
2013; Dimopoulos et al. 2016b; Moreau et al. 
2017b). Notably, as with lenalidomide- 
dexamethasone, an analysis of another study of 
pomalidomide-dexamethasone showed that 
patients who remained on therapy longer (>1 vs 
<1 year) in the treat-to-progression protocol had 
significantly better PFS and OS than those receiv-
ing shorter duration of therapy (Fouquet et al. 
2016).
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5.2.2  Triplet Regimens

Doublets based on a proteasome inhibitor or an 
immunomodulatory drug combined with dexa-
methasone have become standards of care in 
RRMM based on the results outlined above. 
Consequently, these regimens have been used as 
the backbone to which novel agents have been 
added to develop multiple triplet regimens, and 
these more extensive therapies have been demon-
strating superior activity and outcomes compared 
with doublets in RRMM patients (Sun et al. 
2017). For example, four recent phase 3 studies 
in RRMM have utilized the lenalidomide- 
dexamethasone backbone, adding the IV protea-
some inhibitor carfilzomib (Stewart et al. 2015), 
SLAMF7-directed monoclonal antibody elotu-
zumab (Lonial et al. 2015), the oral proteasome 
inhibitor ixazomib (Moreau et al. 2016a), and the 
CD38-directed monoclonal antibody daratu-
mumab (Dimopoulos et al. 2016c), to create 
highly active novel triplet regimens.

Phase 3 studies have demonstrated that addi-
tion of either of the proteasome inhibitors 
carfilzomib or ixazomib to lenalidomide-dexa-
methasone in patients with RRMM after 1–3 
prior therapies results in improvements in 
activity and outcomes. In the open-label 
ASPIRE (Stewart et al. 2015) and placebo-con-
trolled TOURMALINE-MM1 (Moreau et al. 
2016a) studies, PFS was significantly increased 
(median 26.3 vs 17.6 months, HR 0.69; and 
median 20.6 vs 14.7 months, HR 0.74, respec-
tively) after a median follow-up of ~32 months 
and ~15 months, respectively, and ORRs (87% 
vs 67%; and 78% vs 72%, respectively), 
≥VGPR rates (70% vs 40%; and 48% vs 39%), 
and ≥CR rates (32% vs 9%; and 12% vs 7%) 
were also significantly higher with the triplet 
regimens versus lenalidomide-dexamethasone 
alone. Subgroup analyses showed that both 
triplets provided benefit across the RRMM 
patient population, regardless of prior therapy 
exposure or cytogenetic risk (Stewart et al. 
2015; Moreau et al. 2016a; Avet-Loiseau et al. 
2016a, b; Dimopoulos et al. 2017b, c; Mateos 
et al. 2016a). Notably, PFS in patients with 
high-risk cytogenetics treated with ixazomib-

lenalidomide- dexamethasone appeared similar 
to that in standard-risk patients, suggesting that 
this regimen might partially overcome the poor 
prognosis associated with some high-risk fea-
tures (Moreau et al. 2016a; Avet-Loiseau et al. 
2016b). Both triplet regimens appeared well 
tolerated over a lengthy duration of treatment, 
with only limited increases in rates of toxicity 
seen versus the doublet arm. Of note, neither 
proteasome inhibitor- based regimen was asso-
ciated with a substantially higher rate of PN 
than lenalidomide- dexamethasone, indicating 
that this key AE of bortezomib is not a major 
complication of either carfilzomib or ixazomib. 
However, in ASPIRE (Stewart et al. 2015), 
higher rates of diarrhea, cough, hypokalemia, 
dyspnea, and hypertension were seen in the 
carfilzomib arm, while in TOURMALINE-MM1 
ixazomib-lenalidomide- dexamethasone was 
associated with higher rates of thrombocytope-
nia, gastrointestinal toxicities, and rash, com-
pared to lenalidomide- dexamethasone alone 
(Moreau et al. 2016a).

In the ELOQUENT-2 phase 3 trial, addition of 
the monoclonal antibody elotuzumab to 
lenalidomide- dexamethasone for the treatment of 
RRMM patients after 1–3 prior therapies demon-
strated superior PFS (median 19.4 vs 14.9 months, 
HR 0.70) after a median follow-up of 24.5 months, 
as well as a higher ORR (79% vs 66%) (Lonial 
et al. 2015). A lower rate of CR was reported in 
the elotuzumab arm, but this may have been due 
to false-positive M-protein spikes arising from 
the monoclonal antibody (Murata et al. 2016). 
The PFS benefit with the triplet was seen across 
patient subgroups, and treatment was well toler-
ated, with lymphocytopenia reported more com-
monly in the elotuzumab arm. Elotuzumab also 
resulted in a higher rate of infusion reactions, 
with the majority being grade 1 or 2 and occur-
ring during the first infusion (Lonial et al. 2015).

A second monoclonal antibody-lenalidomide- 
dexamethasone combination has demonstrated 
superiority to lenalidomide-dexamethasone 
alone. In the POLLUX phase 3 study, RRMM 
patients who had received a median of 1 prior 
line of therapy (range 1–11) were randomized to 
daratumumab plus lenalidomide-dexamethasone 
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or lenalidomide-dexamethasone alone, with 
treatment continuing until progression or unac-
ceptable toxicity (Dimopoulos et al. 2016c). The 
triplet resulted in highly superior PFS (median 
not reached vs 18.4 months, HR 0.37) after a 
median follow-up of 13.5 months, as well as a 
significantly higher ORR (93% vs 76%), ≥VGPR 
rate (76% vs 44%), and ≥CR rate (43% vs 19%). 
As reported with elotuzumab, the PFS benefit 
was seen across patient subgroups, regardless of 
prior lenalidomide or proteasome inhibitor expo-
sure, or number of prior lines of therapy, as well 
as in patients with high-risk cytogenetic features 
(Moreau et al. 2016b). Notably, treatment 
appeared very well tolerated, with limited addi-
tional toxicity reported; higher rates of neutrope-
nia, diarrhea, upper respiratory tract infection, 
and cough were seen with the triplet regimen. 
Additionally, as reported with elotuzumab, dara-
tumumab resulted in a higher rate of infusion 
reactions, which were mostly grade 1 or 2 and 
occurred primarily during the first infusion. The 
rate of infusion reactions appeared somewhat 
higher with daratumumab compared to elotu-
zumab. There was no increase in the rate of dis-
continuations with the triplet versus doublet 
regimen (Dimopoulos et al. 2016c).

Two phase 3 studies have utilized bortezomib- 
dexamethasone as a backbone regimen. In the 
CASTOR phase 3 study, RRMM patients who 
had received a median of 2 prior lines of therapy 
(range 1–10) were randomized to daratumumab 
plus bortezomib-dexamethasone or bortezomib- 
dexamethasone alone, with treatment comprising 
eight cycles of the triplet/doublet followed by 
single-agent daratumumab until progression or 
unacceptable toxicity (Palumbo et al. 2016). As 
in POLLUX, the triplet regimen resulted in 
highly superior PFS (median not reached vs 
7.2 months, HR 0.39) after a median follow-up of 
7.4 months, a benefit that was seen across patient 
subgroups defined by prior treatment exposure, 
as well as a significantly higher ORR (83% vs 
63%), ≥VGPR rate (59% vs 29%), and ≥CR rate 
(19% vs 9%). The triplet was associated with 
somewhat higher rates of toxicities than 
bortezomib- dexamethasone alone, with thrombo-
cytopenia, neutropenia, lymphopenia, diarrhea, 

upper respiratory tract infection, cough, dyspnea, 
and peripheral edema more common in the dara-
tumumab arm and the rate of PN also slightly 
higher. Infusion-related reactions with daratu-
mumab were similar to those reported in 
POLLUX and, as in POLLUX, the rate of discon-
tinuations was not higher in the triplet versus 
doublet arm (Palumbo et al. 2016).

Bortezomib-dexamethasone has also been 
studied in combination with the histone deacety-
lase inhibitor panobinostat in the placebo- 
controlled PANORAMA1 phase 3 trial in RRMM 
patients after 1–3 prior lines of therapy (San- 
Miguel et al. 2014). Panobinostat-bortezomib- 
dexamethasone resulted in a significantly longer 
PFS than bortezomib-dexamethasone alone 
(median 11.99 vs 8.08 months, HR 0.63), as well 
as a higher CR/near-CR rate (28% vs 16%), but 
the ORRs were similar (61% vs 55%). Particular 
benefit was noted in the subgroups of relapsed 
and refractory patients, and patients previously 
exposed to bortezomib and immunomodulatory 
drugs, and a specific analysis was conducted in 
patients with at least 2 prior regimens including 
bortezomib and an immunomodulatory drug 
(Richardson et al. 2016). An enhanced PFS ben-
efit was seen in this population (median 12.5 vs 
4.78 months, HR 0.47), and these data led to the 
approval of panobinostat in this indication. An 
updated analysis of the study showed a modest 
OS benefit with the triplet regimen (median 40.3 
vs 35.8 months, HR 0.94) that appeared similar 
in the subgroup of patients who had received at 
least 2 prior regimens including bortezomib and 
an immunomodulatory drug (median 25.5 vs 
19.5 months, HR 1.01). The efficacy benefit of 
the triplet regimen was accompanied by increased 
toxicity, including gastrointestinal and hemato-
logic AEs, and a higher rate of on-treatment 
deaths (San-Miguel et al. 2014; Richardson et al. 
2016).

5.2.3  Other Regimens Not Supported 
by Phase 3 Study Data

A number of treatment regimens that have not 
been evaluated in a phase 3 study in RRMM are 
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nevertheless widely used in this setting, and 
Table 5.3 provides a summary of those for which 
the strongest evidence is available, for example 
from large phase 2 studies. Of note, single-agent 
daratumumab is used in this setting, particular 
for patients with multiple prior lines of therapy 
or relapsed and refractory disease following 
treatment with a proteasome inhibitor and 
lenalidomide, as this is the setting in which dara-
tumumab was initially approved in the United 
States (Raedler 2016). Approval was based on 
the results from two phase 2 studies, GEN-501 
(Lokhorst et al. 2015) and SIRIUS (Lonial et al. 
2016). In the former, an ORR of 36% and a 
median PFS of 5.6 months were reported in 42 
RRMM patients treated at the approved dose of 
16 mg/kg who had received a median of 4 prior 
therapies, of whom approximately three-quarters 
were refractory to bortezomib and lenalidomide 
(Lokhorst et al. 2015). Similarly, in SIRIUS, 
which included RRMM patients who were more 
heavily pretreated (median 5 prior lines) and 
were more frequently refractory to proteasome 
inhibitors and immunomodulatory drugs than in 
GEN-501, an ORR of 29% and a median PFS of 
3.7 months were reported (Lonial et al. 2016). In 
both studies, single-agent daratumumab demon-
strated good tolerability and was shown to have 
a relative limited toxicity profile, with mostly 
mild AEs, including infusion-related AEs.

Numerous other regimens with a less-than- 
category 1 level of evidence are also utilized for 
the treatment of RRMM. Similarly to daratu-
mumab, single-agent carfilzomib was initially 
approved in the United States for heavily pre-
treated RRMM patients (Kortuem and Stewart 
2013), although its use has now expanded to ear-
lier in the treatment algorithm based upon the 
results from ENDEAVOR and ASPIRE. The 
doublet regimen of ixazomib-dexamethasone has 
been studied in relapsed MM patients who were 
not refractory to bortezomib (Kumar et al. 2015a, 
2016), demonstrating an ORR of 31% at a 4 mg 
dose and 54% at a 5.5 mg dose, and a median 
event-free survival of 5.7 months in bortezomib- 
exposed patients and 11.0 months in bortezomib- 
naïve patients. The higher dose of ixazomib was 
associated with more toxicity than the 4.0 mg 
dose.

Reflecting the emerging paradigm, multiple 
additional triplet regimens are frequently used for 
the treatment of RRMM, demonstrating notable 
activity in this setting. Combinations that have 
been investigated in phase 2 studies and have a 
category 2A recommendation in the NCCN 
guidelines (Network 2016) include bortezomib- 
lenalidomide-dexamethasone (Richardson et al. 
2014), bortezomib (de Waal et al. 2015), lenalido-
mide (Schey et al. 2010), or pomalidomide (Baz 
et al. 2016) in combination with cyclophospha-
mide-dexamethasone, elotuzumab- bortezomib-
dexamethasone (Jakubowiak et al. 2016), and 
bortezomib (Ludwig et al. 2014) or lenalidomide 
(Kumar et al. 2015b) plus bendamustine-dexa-
methasone. Another noteworthy regimen that is 
frequently considered in the United States for 
patients with high-risk disease is carfilzomib-
pomalidomide- dexamethasone (Shah et al. 2015), 
which has demonstrated an ORR of 64%, includ-
ing 26% ≥ VGPR, and a median PFS of 
9.2 months in a phase 1/2 multicenter study in 
RRMM patients after 1–3 prior lines of therapy 
(Bringhen et al. 2017a). Key data on all these 
regimens are summarized in Table 5.3.

5.3  Factors to Consider when 
Selecting Therapy in RRMM

The availability of the large and growing number 
of treatment regimens for RRMM raises impor-
tant questions pertaining to clinical practice, 
regarding how to make an appropriate choice of 
treatment at each relapse and how to plan to 
sequence the available regimens in an individual 
patient. As well as having a large number of dif-
ferent treatment options, MM is a highly hetero-
geneous disease (Manier et al. 2017) for which 
therapy must be individualized based on a range 
of factors. While there is currently limited infor-
mation on optimized sequencing of available 
therapies (Yee and Raje 2016; Mohty et al. 2012), 
it is widely acknowledged that multiple consider-
ations related to a patient’s characteristics, their 
disease characteristics, their personal circum-
stances and goals and preferences for treatment, 
and their previous treatment history must all be 
taken into account when selecting a treatment for 
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RRMM, as well as the efficacy and safety of the 
various treatment options being considered.

5.3.1  Disease Characteristics

A key question to consider with regards to RRMM 
disease characteristics is: what constitutes 
relapse? The definition of RRMM encompasses a 
number of different patient scenarios (Rajkumar 
et al. 2011), which can have an impact on progno-
sis (Kumar et al. 2012; Majithia et al. 2015), and 
thus warrant differentiation. Patients with RRMM 
may be classified as having relapsed disease, 
relapsed and refractory disease, or primary refrac-
tory disease. Per the International Myeloma 
Working Group (IMWG) consensus guidelines 
(Rajkumar et al. 2011), relapsed MM comprises 
previously responding disease (minimal response 
[MR] or better) that has subsequently progressed 
(Rajkumar et al. 2011). Disease defined as ‘refrac-
tory’ is associated with poorer prognosis than 
relapsed MM, as refractoriness is indicative of 
lower sensitivity of the MM clone to treatment. 
Refractory disease comprises two classifications: 
relapsed and refractory disease includes MM that 
has progressed during or within 60 days of com-
pleting previous treatment in patients who have 
achieved at least a MR to any prior line of therapy, 
whereas primary refractory disease is MM that 
has not responded (MR or better) to any prior 
therapy (Laubach et al. 2016).

In addition to considering the above issue 
when a patient relapses or progresses, a full 
 diagnostic evaluation is also needed—including 
patient history, clinical exam, laboratory testing 
(comprehensive metabolic panel, complete blood 
count), protein electrophoresis with immunofixa-
tion, radiography, and bone marrow evaluation if 
necessary—in order to characterize the nature of 
the disease at relapse (Laubach et al. 2016). MM 
patients may experience different types of relapse 
as they progress through their disease course, 
which may be associated with different outcomes 
and may warrant consideration when selecting 
subsequent treatment options. A primary distinc-
tion can be made between indolent or aggressive 
progression. Indolent progression may be charac-
terized solely by biochemical progression (i.e. 

reappearance of M-protein) in the absence of any 
other disease symptoms or associated end-organ 
dysfunction, and unless this increase in the 
M-protein spike is rapid (e.g. doubling within 
3 months) these patients may not necessarily 
need immediate treatment (Laubach et al. 2016). 
By contrast, aggressive progression may be asso-
ciated with a rapid return and development of dis-
ease, including marked symptomatology and 
organ involvement, for example renal failure and 
appearance of plasmacytomas. Such aggressive 
clinical features represent one of the characteris-
tics of high-risk relapsed disease, as defined in 
the IMWG recommendations on the management 
of relapsed MM (Laubach et al. 2016)—these 
characteristics are summarized in Table 5.4.

5.3.2  Patient Characteristics

A number of patient characteristics are important 
considerations when selecting subsequent ther-
apy for RRMM (Sonneveld and Broijl 2016; 

Table 5.4 Characteristics defining high-risk relapsed 
disease (Laubach et al. 2016)

Disease characteristics Notes

Adverse cytogenetic 
abnormalities

Hypodiploidy, t(4;14), 
del(17p), amp(1q21)

Advanced-stage 
disease

High (>5.5 mg/L) β2- 
microglobulin or low 
(<3.5 mg/dL) albumin

Extramedullary 
disease

There are no notes associated 
with these disease 
characteristics

Short duration of 
response to prior 
therapy

Or progression while on 
current therapy

Aggressive clinical 
features

Rapid symptomatic onset

Extensive disease at relapse

MM-related organ dysfunction 
(renal failure, hypercalcemia, 
skeletal events)

High lactate 
dehydrogenase levels

There are no notes associated 
with these disease 
characteristics

Isotype 
transformation

Light chain escape

Development of 
hyposecretory disease

Circulating plasma 
cells

There are no notes associated 
with these disease 
characteristics
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Moreau and de Wit 2017; Dimopoulos et al. 
2015a, d; Laubach et al. 2016; Malard et al. 
2017), including age, performance status, and 
comorbidities, as well as the goals for the 
patient’s care and the patient’s preferences with 
respect to treatment and its impact on their qual-
ity of life. One obvious example is the consider-
ation of a patient’s age and performance status 
when determining if they are eligible for receiv-
ing salvage autologous stem cell transplantation 
(ASCT), with only younger and fitter patients 
typically able to undergo a repeat ASCT (if 
received as part of frontline therapy, with lengthy 
PFS) or a first ASCT in the RRMM setting. 
However, beyond this, a patient’s age and fitness/
frailty, as determined by the presence of comor-
bidities and cognitive/physical functioning 
(Palumbo et al. 2015), is of relevance for deter-
mining feasible treatment options, as elderly or 
frail patients are not able to tolerate more inten-
sive therapy as well as younger, fitter patients, 
and may consequently require less dose-intense 
options or attenuated therapies (Dimopoulos 
et al. 2015d; Rosko et al. 2017; Willan et al. 
2016; Larocca and Palumbo 2015). Similarly, the 
presence of specific comorbidities, which may be 
more frequent in elderly patients, may preclude 
the use of particular treatment approaches in 
these patients, or may make the patients more 
susceptible to the known toxicities of a particular 
regimen (Dimopoulos et al. 2015a; Palumbo 
et al. 2015). For example, the presence of pre- 
existing peripheral neuropathy, either associated 
with MM itself or with previous treatment, may 
result in a recommendation not to utilize a 
bortezomib- based or a thalidomide-based 
 regimen, whereas in patients with elevated 
venous thromboembolic risk, lenalidomide and 
thalidomide may not be recommended 
(Dimopoulos et al. 2015a).

A patient’s age may have an impact on the 
treatment goals for that patient, which can inde-
pendently affect treatment decisions. For exam-
ple, in older patients the primary goal of 
treatment may be to prolong survival while 
maintaining quality of life (Mateos and San 
Miguel 2013), rather than achieve as deep a 
response as possible using intensive therapy that 

may be associated with substantial toxicity. 
Other patient preferences may also influence the 
goals of treatment and the treatment options 
(Postmus et al. 2016); analyses have identified a 
number of factors associated with treatment that 
can affect the quality of life of MM patients, 
such as the mode of treatment administration 
and the impact of clinic visits (Baz et al. 2015). 
Other aspects of treatment burden, such as the 
inconvenience and the financial impact, have 
also been shown to affect quality of life, along 
with symptomatic burden, AEs associated with 
treatment, and comorbidities (Baz et al. 2015; 
Osborne et al. 2014; Osborne et al. 2015), and 
these various considerations may thus affect 
patients’ preferences when selecting a treatment 
option. Such aspects are of direct clinical rele-
vance, as better quality of life has been shown to 
be associated with prolonged survival (Viala 
et al. 2007; Montazeri 2009).

5.3.3  History of Prior Therapies

Patients with RRMM may be recorded as having 
a certain number of prior lines of therapy, with 
prognosis generally becoming poorer and dura-
tion of therapy becoming shorter with increasing 
numbers of prior lines (Kumar et al. 2004, 2015c; 
Yong et al. 2016b; Jagannath et al. 2016). 
However, definitions of what constitutes a prior 
line of therapy have varied, and have not always 
required disease relapse between ‘lines’ of ther-
apy; therefore, in 2015, Rajkumar et al. pub-
lished a short paper containing recommendations 
to provide a clear definition of what constitutes a 
line of therapy in MM, in order to provide a uni-
form methodology for defining this metric 
(Rajkumar et al. 2015a). The number of prior 
lines of therapy is important because the extent 
of prior treatment can affect patients’ frailty and 
their ability to tolerate treatment, for example 
due to a limited bone marrow reserve, with such 
effects becoming increasingly marked with 
increasing number of prior lines (Dimopoulos 
et al. 2015a, d; Song et al. 2016). Similarly, vari-
ous comorbidities and toxicities have been 
shown to become increasingly common through 
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the  disease course, including renal impairment 
and cardiovascular complications (Yong et al. 
2016a, b).

The types of prior therapies received, as well 
as the duration of these therapies, the duration of 
response/PFS, and the toxicities associated with 
prior therapies, are also very important factors to 
consider when selecting RRMM treatment 
options. For example, if a patient has not yet been 
treated with a particular agent (or class of agents), 
then a treatment option incorporating this agent 
may be a good choice (Laubach et al. 2016). 
Subsequently, an alternating approach may be 
considered, with key drug classes being switched 
between lines of therapy, as outlined in guide-
lines from the European Myeloma Network 
(Sonneveld and Broijl 2016). This is a rational 
approach in the context of the known clonal het-
erogeneity of MM and the clonal evolution that 
can occur over the course of the disease (Morgan 
et al. 2012; Bahlis 2012). For example, a domi-
nant clone that is sensitive to a particular class of 
agents may be eradicated by treatment containing 
such an agent, but then at relapse a different clone 
may drive the reappearance of the disease, a pro-
cess known as clonal tiding (Keats et al. 2012; 
Binder et al. 2016; Egan et al. 2012), this clone, 
which could be a pre-existing minor clone, an 
ancestral clone, or a newly evolved clone, may 
have different characteristics and so may be sen-
sitive to a different class of agents (having not 
been eliminated by the previous therapy) (Bahlis 
2012).

However, relapse may also occur through the 
recovery of the same clone, and thus in patients 
who have achieved a good response to a prior 
treatment, with a duration of response of at least 
6–9 months, retreatment with this agent—either 
within the same regimen or as part of a different 
regimen—can also be considered (Sonneveld and 
Broijl 2016; Laubach et al. 2016). Immediate and 
delayed retreatment has been shown to be feasi-
ble and effective in RRMM with bortezomib 
(Petrucci et al. 2013; Knopf et al. 2014), lenalid-
omide (Madan et al. 2011), pomalidomide 
(Nooka et al. 2016), and daratumumab (Nooka 
et al. 2016). Similarly, repeating ASCT in the sal-
vage setting, following frontline use, has been 

shown to be feasible, with patients considered 
eligible if they achieved a PFS after their first 
ASCT of at least 18–24 months (Laubach et al. 
2016). It is important to note, however, that 
repeating an agent or a specific treatment option 
may become less feasible with the widespread 
adoption of treat-to-progression or maintenance 
paradigms in the frontline and relapsed settings. 
Continued use of a therapy until disease progres-
sion may give rise to disease refractory to that 
therapy, thus potentially limiting its utility in sub-
sequent lines of therapy.

As discussed earlier, the issue of sequencing has 
not been thoroughly explored in RRMM. However, 
with multiple different agents available within the 
two main classes—proteasome inhibitors and 
immunomodulatory drugs—the issue of whether 
prior therapy with one drug in a particular class 
affects efficacy with another drug in the same class 
has been investigated in a number of studies. For 
the proteasome inhibitors, there is evidence to sug-
gest that previous exposure to another proteasome 
inhibitor may reduce somewhat the activity of the 
subsequent agent, just as bortezomib retreatment in 
responding patients did not result in a second 
response in all those treated (Petrucci et al. 2013). 
For example, early-phase studies of carfilzomib 
alone or in combination with dexamethasone indi-
cated that response rates and outcomes were poorer 
in RRMM patients who had received or were 
 refractory to prior bortezomib (Vij et al. 2012a; 
Lendvai et al. 2014; Vij et al. 2012b). In the phase 3 
ENDEAVOR study of carfilzomib-dexamethasone 
versus bortezomib- dexamethasone, median PFS 
appeared somewhat shorter in both arms among 
patients with prior bortezomib exposure compared 
to bortezomib- naïve patients, although the magni-
tude of the benefit of carfilzomib-dexamethasone 
versus bortezomib-dexamethasone was similar in 
both groups (Moreau et al. 2017a). Similar findings 
were seen in analyses by prior treatment exposure 
of the phase 3 ASPIRE study of carfilzomib-lenalid-
omide-dexamethasone versus lenalidomide-dexa-
methasone (Dimopoulos et al. 2017c), and the 
phase 3 TOURMALINE-MM1 study of ixazomib-
lenalidomide-dexamethasone versus placebo-
lenalidomide-dexamethasone (Mateos et al. 2016a). 
For the immunomodulatory drugs, an analysis of 
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two phase 3 studies of lenalidomide-dexametha-
sone in RRMM showed that exposure to prior tha-
lidomide resulted in a significantly lower response 
rate and shorter TTP and PFS, but did not affect OS 
(Wang et al. 2008). By contrast, an analysis by prior 
therapy exposure of the phase 3 MM-003 study of 
pomalidomide- dexamethasone versus dexametha-
sone in patients who had all received prior lenalido-
mide showed similar response rates and outcomes 
regardless of prior thalidomide exposure or lenalid-
omide-refractory status (San Miguel et al. 2015). 
No clinical data on pomalidomide in lenalidomide-
naïve patients have been reported.

A final important consideration regarding 
prior therapies is that of residual or ongoing 
toxicity, which may influence treatment options 
in RRMM. As noted earlier, the presence of 
ongoing peripheral neuropathy from a previous 
line of treatment may result in a recommenda-
tion not to utilize a bortezomib-based or a 
thalidomide- based regimen, and the presence 
of ongoing renal toxicity or cardiac events 
might preclude the selection of specific regi-
mens (Dimopoulos et al. 2015a). With the 
improvements in median OS for MM patients, 
this issue of ongoing toxicity and of late and 
long-term consequences of treatment is becom-
ing increasingly important, as outlined in a 
paper by Snowden et al. for the UK Myeloma 
Forum and British Society for Haematology 
(Snowden et al. 2017). With survival times 
increasingly likely to exceed 10 years (National 
Cancer Institute 2016; Kumar et al. 2014; Pulte 
et al. 2014), the cumulative effects of multiple 
lines of therapy must be considered when 
 selecting treatment options for RRMM and 
when developing a long-term management 
plan for MM patients. For example, as summa-
rized by Snowden et al., long-term conse-
quences of treatment might include progressive 
immunosuppression and thus increased sus-
ceptibility to infections, increased renal 
impairment, ongoing neurologic complica-
tions, increasing cardiovascular and respira-
tory complications, ongoing gastrointestinal 
complications, increasing fatigue, and dimin-
ishing bone marrow capacity (Snowden et al. 
2017).

5.3.4  Strength of Clinical Trial 
Evidence

As summarized in Tables 5.1, 5.2, and 5.3, there 
is an abundance of data from high-quality phase 
3 clinical trials in RRMM, as well as from impor-
tant earlier-phase trials, to help guide treatment 
selection in this setting. Indeed, anticipated effi-
cacy of treatment is a primary consideration for 
therapy selection, and strength of clinical trial 
evidence supporting this efficacy should also be 
borne in mind, with data from phase 3 trials 
regarded as the gold standard. It is important to 
note, however, that cross-trial comparisons 
between phase 3 trials should be avoided or 
approached with caution, as differences between 
studies in various aspects of study design, eligi-
bility criteria, and other factors may affect abso-
lute values of response and outcomes data. For 
example, exclusion of a poor prognosis subgroup 
of patients from one study but not another may 
result in a higher median PFS in the former ver-
sus the latter study, despite the ‘true’ effects of 
the treatments being similar.

A more stringent and valid approach for evalu-
ating the multiple different treatment options in the 
RRMM setting is to use a network meta- analysis to 
compare the relative efficacy of each treatment 
option versus a common comparator, utilizing a 
common endpoint such as PFS. Such a network 
meta-analysis for RRMM has been recently pub-
lished (van Beurden-Tan et al. 2017); a systematic 
literature review was used to identify all available 
evidence from relevant phase 3 randomized con-
trolled trials, and the data in the form of HRs for 
PFS (or TTP where PFS was not available) from 
individual studies were compiled into a network 
that enabled the generation of HRs for PFS for each 
different treatment option versus the common 
comparator of dexamethasone. The analysis deter-
mined that the five ‘best’ regimens in terms of HR 
compared to dexamethasone were all recently 
approved triplet regimens, with daratumumab- 
lenalidomide-dexamethasone demonstrating the 
greatest relative efficacy (HR 0.13), followed by 
carfilzomib-lenalidomide- dexamethasone (HR 
0.24), elotuzumab- lenalidomide- dexamethasone 
(HR 0.25), ixazomib-lenalidomide-dexamethasone 

5 Treatment of Relapsed/Refractory Patients with Multiple Myeloma



86

(HR 0.26), and daratumumab-bortezomib- 
dexamethasone (HR 0.27) (van Beurden-Tan et al. 
2017). These findings reflect the results from the 
individual studies and also support the treatment 
paradigm of utilizing triplet regimens for RRMM 
where feasible and available, on the basis of effi-
cacy improvement.

The network meta-analysis only utilized PFS 
or TTP data. However, other aspects of the clini-
cal trial evidence should also be considered when 
making treatment choices. Depth of response is 
an important parameter, and high rates of quality 
responses (CR and VGPR), such as those seen in 
several of the recent phase 3 trials including 
POLLUX (Dimopoulos et al. 2016c), CASTOR 
(Palumbo et al. 2016), and ASPIRE (Stewart 
et al. 2015), are associated with improved out-
comes (van de Velde et al. 2007, 2017; Lonial 
and Anderson 2014). Furthermore, elimination of 
minimal residual disease (MRD) has been shown 
to be prognostic for significantly improved out-
comes (Anderson et al. 2017), with sustained 
MRD-negative status being a prerequisite for 
“operational cure” of MM (Lahuerta et al. 2017; 
Harousseau and Avet-Loiseau 2017). Clinical 
study data demonstrating high rates of MRD- 
negative responses would be an important effi-
cacy consideration when selecting RRMM 
treatment, such as those findings reported from 
POLLUX and CASTOR with the daratumumab- 
based triplet regimens (Dimopoulos et al. 2016c; 
Mateos et al. 2016b). In tandem with considering 
the overall rates of quality responses, it is 
 important to determine if activity is maintained in 
high- risk subgroups such as those with high-risk 
cytogenetic features. Consistent benefits in these 
patient subgroups have been reported with the 
majority of the new doublet and triplet regimens, 
including in the TOURMALINE-MM1 (Avet- 
Loiseau et al. 2016b), ASPIRE (Avet-Loiseau 
et al. 2016a), ENDEAVOR (Chng et al. 2017), 
ELOQUENT (Lonial et al. 2015), CASTOR 
(Mateos et al. 2016b), and POLLUX (Moreau 
et al. 2016b) studies. Finally, from an efficacy 
perspective, consideration should be given to 
those regimens for RRMM that demonstrate an 
OS benefit versus a comparator, as such a benefit 
is becoming increasingly difficult to demonstrate 

in the modern era of multiple active salvage treat-
ment options. Notably, an OS benefit has been 
seen with carfilzomib-dexamethasone versus 
bortezomib-dexamethasone in ENDEAVOR 
(Siegel et al. 2017).

Any toxicity concerns arising from high- 
quality phase 3 trial data should be a significant 
consideration for RRMM treatment selection. 
Additionally, if data are available on patients’ 
perspectives of treatment, in the form of quality- 
of- life findings, these are also valuable to con-
sider, particularly in the context of different 
patient preferences for treatment and different 
goals of treatment. Many of the recent phase 3 
studies in RRMM have reported quality-of-life 
endpoint data, demonstrating no detrimental 
impact—and in some cases a positive effect—on 
patient-reported outcomes following the addition 
of a second or third agent to a single-agent or 
doublet backbone, for example, with 
pomalidomide- dexamethasone (Weisel et al. 
2015), ixazomib-lenalidomide-dexamethasone 
(Moreau et al. 2016a), and carfilzomib- 
lenalidomide- dexamethasone (Stewart et al. 
2016).

5.4  Recommendations 
Regarding Management 
of RRMM

A number of important guidelines are available 
providing recommendations on the treatment 
and management of RRMM, including from the 
IMWG (Laubach et al. 2016), the European 
Society for Medical Oncology (Moreau et al. 
2017c), the Mayo Clinic (Dingli et al. 2017), 
and the NCCN (Network 2016; Kumar et al. 
2017). With the rapidly changing nature of the 
RRMM treatment armamentarium and the avail-
ability of regularly updated recommendations 
and guidelines, this chapter is not the forum for 
providing a detailed regimen-by-regimen or 
setting-by- setting consolidated summary of cur-
rent recommendations. However, a number of 
important general principles may be derived 
from recent publications and the latest available 
data.
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5.4.1  Focused Clinical Assessment 
of Relapse

Patients should be thoroughly evaluated at relapse 
to determine the nature of their relapse and the 
returning disease. Specifically, an aggressive 
relapse requires immediate treatment with highly 
active triplet regimens (if tolerable) in order to 
achieve as deep a response as possible (Laubach 
et al. 2016); given the likelihood of subsequent 
progression with aggressive disease, the treat-
ment should be given continuously if tolerated, 
rather than for a finite duration (Laubach et al. 
2016). Additional options for aggressive relapse 
include consolidation with (repeat) ASCT or 
consideration for allogeneic stem cell transplant 
(Laubach et al. 2016). In contrast, patients with 
indolent relapse could potentially be carefully 
observed for a period of time or could be consid-
ered for treatment with a less intensive treatment 
option such as a doublet or even single-agent 
therapy, particularly if not previously exposed to 
that regimen or if previously responsive (Laubach 
et al. 2016). Patients should also undergo a frailty 
or geriatric assessment to determine the extent of 
comorbidities and cognitive/physical functioning 
(Palumbo et al. 2015; Engelhardt et al. 2016, 
2017), as this will be important for determining 
whether more intensive treatment options might 
be feasible or whether patients require attenuated 
therapy to balance activity and tolerability 
(Dimopoulos et al. 2015d; Rosko et al. 2017; 
Willan et al. 2016; Larocca and Palumbo 2015). 
A number of such approaches have been evalu-
ated in clinical trials in MM (Tuchman et al. 
2017; Quach et al. 2017; Larocca et al. 2016).

5.4.2  Use of Triplet Versus Doublet 
Regimens

There is now a wealth of high-quality data from 
phase 3 clinical trials supporting the benefit of 
using triplet versus doublet regimens in RRMM, 
if tolerable for the patient (Sun et al. 2017; 
Stewart et al. 2015; Moreau et al. 2016a; Lonial 
et al. 2015; Dimopoulos et al. 2016c; Palumbo 
et al. 2016; Garderet et al. 2012). As noted above, 

the use of triplet therapy is particularly recom-
mended in patients with high-risk disease, such 
as those with high-risk cytogenetics (Laubach 
et al. 2016), which aligns with the specific IMWG 
recommendation to treat patients with high-risk 
cytogenetics with a triplet combination compris-
ing a proteasome inhibitor, lenalidomide or 
pomalidomide, and dexamethasone (Sonneveld 
et al. 2016). However, it should be noted that this 
recommendation was published prior to the avail-
ability of data from CASTOR and POLLUX. For 
those patients in whom a doublet regimen is 
required due to frailty or tolerability issues, it is 
suggested to preferentially employ a regimen 
containing an agent to which the patient has not 
been previously exposed.

5.4.3  Use of Feasible Treatment 
Options Offering Greatest 
Degree of Impact 
Demonstrated in Clinical Trials

It is becoming increasingly well established that 
early (or, indeed, upfront) use of the most active 
drugs is important for achieving as deep and as 
durable a remission as possible (Mohty et al. 
2012), including MRD-negative status. Multiple 
studies have demonstrated better response rates 
and outcomes with specific regimens in earlier 
versus later lines of therapy (Moreau et al. 2016a, 
2017a; Dimopoulos et al. 2016c, 2017c; Palumbo 
et al. 2016), and thus, to optimize chances of the 
best clinical outcome, it is recommended to use 
the most active regimen, based on clinical trial 
data, that is feasible and available for an individ-
ual RRMM patient. In this context, and in the 
absence of head-to-head clinical trial data, 
approaches such as the previously described net-
work meta-analysis (van Beurden-Tan et al. 
2017) can provide important information for cli-
nicians selecting a treatment regimen. A counter- 
argument to such an approach—of utilizing 
complex treatment regimens incorporating sev-
eral classes of agent—is that it can “burn up” 
multiple agents early in a patient’s disease course, 
to the detriment of subsequent treatment options; 
however, as noted above, data suggest the feasi-
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bility of retreatment with a number of agents, and 
with the increasing availability of novel treat-
ment options, this may become less of a 
consideration.

It is important to acknowledge that subsequent 
developments in frontline therapy based on the 
above philosophy will obviously affect the feasi-
bility and availability of treatment options for 
RRMM. For example, daratumumab- 
lenalidomide- dexamethasone currently appears 
the most active option based upon network meta- 
analysis of available phase 3 studies in RRMM, 
followed by four other triplet regimens (van 
Beurden-Tan et al. 2017); however, if frontline 
therapy were to evolve based on the findings from 
currently ongoing phase 3 studies of daratu-
mumab (Cassiopeia, NCT02541383; Alcyone, 
NCT02195479; Maia, NCT02252172), elotu-
zumab (ELOQUENT-1 NCT01335399), carfilzo-
mib (ECOG E1A11, NCT01863550), or ixazomib 
(TOURMALINE-MM2, NCT01850524), for 
example, to incorporate widespread use of these 
agents, then subsequent therapy selection for 
RRMM would be affected. Similarly, while the 
current consensus is to not treat patients with 
smoldering MM, except for those with very high 
risk of progression to active MM who are now 
reclassified as having MM and requiring therapy 
(Rajkumar et al. 2015b; Korde 2016), more 
 widespread use of treatment for smoldering MM 
in the future may also affect the feasibility 
of  subsequent treatment options for MM in 
general.

5.4.4  Consideration of Patient 
Preferences, Impact 
on Lifestyle, and Potential 
Long-Term Effects

In tandem with the above considerations, it is 
important to remember that treatment choice is 
not necessarily all about efficacy. Patient prefer-
ences regarding choice of therapy, route of 
administration, and other factors affecting life-
style and quality of life should be taken into con-
sideration (Baz et al. 2015; Osborne et al. 2014; 
Tariman et al. 2014; Lassalle et al. 2016; 

Muhlbacher et al. 2008), and physicians should 
also consider the burden of relapse on the patient 
and on the caregiver, including the psychosocial 
impact, when making subsequent management 
decisions (Hulin et al. 2017; Kurtin 2017). 
Furthermore, the potential long-term effects of 
treatment, and the potential impact of the long- 
term effects of previous therapies, must also be 
taken into account given the increasing length of 
survival in RRMM. Specifically, as recom-
mended in a recent paper by Snowden et al., man-
agement of RRMM patients must include 
consideration of the long-term physical conse-
quences of treatment, patient frailty and evolving 
comorbidities, psychosocial aspects such as psy-
chologic well-being, and the impact on a patient’s 
work ability (Snowden et al. 2017). Additionally, 
the potential for side-effects based on a patient’s 
medical background and the toxicity profile of a 
given regimen will require consideration (Colson 
2015; Bringhen et al. 2017b), as may the finan-
cial impacts of treatment and the management of 
associated complications, in order to avoid 
“financial toxicity” from long-term therapy (Baz 
et al. 2015; Goodwin et al. 2013; Huntington 
et al. 2015).

5.5  Future Directions

As noted at the beginning of this chapter, the 
management of RRMM patients has changed 
remarkably over the past two decades, with the 
introduction of multiple classes of agents and 
numerous treatment options (Moreau and de Wit 
2017). Nevertheless, however, much progress in 
drug development has already occurred; the 
RRMM treatment algorithm is likely to undergo 
further changes in the years ahead as novel agents 
and regimens currently in the pipeline progress 
through clinical development. A number of new 
agents with novel mechanisms of action are cur-
rently in phase 3 clinical trials in RRMM, as 
summarized in Table 5.5.

Beyond these agents there are additional 
promising compounds and approaches in earlier- 
phase development (Gonsalves et al. 2017).  
For example, building on the approval of the 
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 pan- histone deacetylase inhibitor panobinostat, 
the histone deacetylase-6-specific inhibitors rico-
linostat (Vogl et al. 2017) and ACY-241 
(Niesvizky et al. 2016) have shown promising 
results in phase 1/2 studies in RRMM. Additionally, 
there is great excitement about the use of chime-
ric antigen receptor-engineered T-cell (CAR-T) 
therapy in MM, including approaches targeting 
the B-cell maturation antigen (BCMA) (Berdeja 
et al. 2017; Fan et al. 2017) and CD19 
(Kochenderfer 2016), which have shown sub-
stantial activity, including durable, deep 
responses. Reflecting the success of antibody- 
drug conjugates in other malignancies, a com-
pound targeting BCMA is also in development in 
RRMM (Cohen et al. 2016).

As these treatment options potentially come 
“online” in the future, clinicians will have an 
increasing range of novel regimens and different 
mechanisms of action with which to treat 
RRMM. As noted earlier, this may result in fur-
ther substantial changes to the treatment algo-
rithm, particularly if commonly used agents for 
RRMM move into the frontline setting. The 
availability of additional novel agents may also 
increase the cost pressures in RRMM (Fonseca 
et al. 2017; Rajkumar and Harousseau 2016), 
although this may be less of an issue in this set-
ting compared to first-line therapy, which may 
evolve to encompass a four-drug induction regi-
men comprising at least two novel agents, 
 possibly with stem cell transplantation, consoli-
dation, and maintenance therapy. Nevertheless, 
the financial issues associated with long-term 
survivorship in MM will need to be considered 

as part of patient management, alongside the 
clinical challenges of selecting the optimal ther-
apy, choosing appropriate combination regi-
mens and treatment sequences for individual 
patients, and managing toxicities from treat-
ment over a lengthy period of time (Snowden 
et al. 2017).

 Conclusions

The management of patients with RRMM 
has undergone a revolution over the past two 
decades, with improvements in treatment 
and supportive care resulting in prolonged 
survival and better quality of life. This has 
been a period of substantial positive change 
for both patients and clinicians, with further 
exciting developments on the horizon. 
However, patients with RRMM still have 
important unmet needs across the increasing 
duration of their disease course, and the 
hope is that newly available agents and 
emerging therapies and approaches may 
address these in the longer term, transform-
ing MM into a chronic disease. In the imme-
diate future, the wealth of novel and 
emerging treatment options, and increasing 
life expectancy of patients, are presenting 
their own challenges to clinicians, including 
determining the optimal treatment and 
sequence of therapies, as well as managing 
long- term effects and toxicities. 
Nevertheless, this is a positive set of prob-
lems to have, and as our MM knowledge 
expands further, we will move into an era of 
increasingly tailored, personalized therapy 

Table 5.5 Novel agents currently in phase 3 clinical trials in RRMM (registered on ClinicalTrials.gov, July 4, 2017; 
phase 3 studies in RRMM not yet recruiting, open, or ongoing)

Agent Mechanism of action Study name NCT

Pembrolizumab Anti-PD-1 monoclonal antibody KEYNOTE-183 (Shah et al. 2016) NCT02576977

Nivolumab Anti-PD-1 monoclonal antibody CheckMate 602 (Lonial et al. 2017) NCT02726581

Isatuximab Anti-CD38 monoclonal antibody ICARIA-MM (Richardson et al. 2017) NCT02990338

Venetoclax Bcl-2 inhibitor – NCT02755597

Selinexor Selective inhibitor of nuclear export 
compound

BOSTON NCT03110562

Plitidepsin Cyclic depsipeptide ADMYRE NCT01102426

Melflufen Peptidase potentiated alkylator OCEAN NCT03151811

5 Treatment of Relapsed/Refractory Patients with Multiple Myeloma
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for patients with RRMM, with the best regi-
mens and mechanisms of action selected 
based on individual patients and disease 
characteristics—an incredible advance on 
the generally bleak outlook for RRMM 
patients that existed just two decades ago.
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Minimal Residual Disease 
in Multiple Myeloma

Noemi Puig, Carmela Palladino, Bruno Paiva, 
and Marco Ladetto

6.1  Introduction

The number of drugs approved for the treatment 
of multiple myeloma (MM) in the last 10 years 
has significantly increased, and several agents 
with novel mechanisms of action and promising 
efficacy are in the pipeline (Ocio et al. 2014). The 
remarkable therapeutic advances achieved with 
the use of these drugs resulted in improved com-
plete remission (CR) rates and significantly pro-
longed progression-free (PFS) and overall 
survival (OS) (Mateos and San Miguel 2013; 
McCarthy and Hahn 2013; Kumar et al. 2014). 
Unfortunately, most patients with MM continue 
to relapse despite achieving such optimal 
responses, thus reflecting the persistence of resid-

ual disease undetected with the currently used 
methods for response assessment.

Response assessment in MM has been mainly 
based in the measurement of the serum parapro-
tein and/or urinary light chain excretion. In 
response to improved treatment efficacy, the 
International Myeloma Working Group intro-
duced in 2006 the normalization of serum-free 
light-chains ratio (sFLC) and the absence of bone 
marrow clonal plasma cells by immunohisto-
chemistry or immunofluorescence as additional 
requirements to CR, in order to define a more 
stringent CR (Durie et al. 2006). However, immu-
nohistochemistry cannot reliably be used to char-
acterize small numbers of clonal plasma cells 
given that the regeneration of normal polyclonal 
plasma cells after therapy normalizes kappa/
lambda ratios. Also, whereas the added prognos-
tic value of the stringent over conventional CR 
criteria has been demonstrated by Kapoor et al. 
(2013), others have failed to show additional 
prognostic value of sFLC assessment among CR 
patients (de Larrea et al. 2009; Giarin et al. 2009; 
Paiva et al. 2011).

Therefore, to adapt to the rapidly evolving 
treatment landscape in MM, techniques that are 
more sensitive and more directly linked to the 
actual tumor burden are needed to monitor mini-
mal residual disease (MRD). Furthermore cate-
gories of response should be updated accordingly 
(Rajkumar et al. 2011). Acknowledging this 
unmet need, the IMWG has recently published 
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consensus criteria for MRD assessment in MM, 
aiming to identify better definitions of CR than 
those traditionally defined by conventional meth-
ods (Kumar et al. 2016). With the use of flow 
cytometry or gene sequencing for the identifica-
tion of residual tumor cells in the bone marrow 
and sensitive imaging techniques to detect the 
presence of extramedullary residual disease, the 
IMWG has defined new response categories that 
will hopefully contribute to the uniform reporting 
within and outside clinical trials, to a better eval-
uation of treatment efficacy and also to help opti-
mizing patient treatment according to the risk of 
relapse, particularly during consolidation or 
maintenance phases of therapy (Kumar et al. 
2016).

6.2  Historic Perspective

The hypothesis that maximal cytoreduction could 
have a major impact on outcome is not a novel 
one and is accepted over the most disparate fields 
of onco-hematology (Harousseau et al. 2009; 
Abola et al. 2014). Most of the preliminary stud-
ies in this field date back to the last decade end of 
the previous millennium (Knulst et al. 1993; 
Dongen et al. 1998; van der Velden et al. 2003; 
Gribben et al. 1991). As a general rule, the factors 
which most critically impact the therapeutic rel-
evance of MRD are the availability of effective 
treatment and the applicability of the method 
employed. For several years, both these factors 
acted against a rapid development of MRD detec-
tion in MM compared to other neoplasms such as 
acute lymphoblastic leukemia, acute promyelo-
cytic leukemia and chronic myelogenous leuke-
mia. Until the last decade, MM was consistently 
regarded as a chronic illness with limited chances 
of effective control and potentially “curative”; 
treatments such as allogeneic transplantation 
were considered as experimental approaches lim-
ited to highly selected groups of patients (Dhakal 
et al. 2016; Figueiredo et al. 2016). From the 
methodological point of view, both molecular 
and flow cytometry-based MRD approaches 
were in their infancy (Voena et al. 1997; Almeida 
et al. 1999). They were considerably labor- 

intensive and had major limitations such as the 
nonquantitative nature of molecular MRD detec-
tion. Moreover issues of poor reproducibility and 
lack of standardization were consistently raised 
as major limitations. Finally some specific 
MM-related technical issues such as those related 
to somatic hypermutation made such evaluations 
definitely more complex in MM compared to 
other diseases. The technical scenario started to 
change at the turn of the century. Quantitative 
molecular MRD detection became a reality, and 
flow cytometry became increasingly feasible and 
reliable (Ladetto et al. 2000) In addition novel 
approaches became more reproducible and 
broadly used, while standardization efforts 
started in the context of other neoplasms pro-
vided the basis for method implementation in 
MM (van der Velden et al. 2007).

The most recent years witnessed further devel-
opment in MRD detection in MM, including the 
development of the next-generation flow cytom-
etry, digital droplets PCR next-generation 
sequencing (Martinez-Lopez et al. 2014; 
Lahuerta et al. 2017; Drandi et al. 2015; Ladetto 
et al. 2014; Flores-Montero et al. 2017). This led 
to the current phase in which MM should be con-
sidered one of the entities where MRD has 
reached one of the highest standards in terms of 
reliability, reproducibility, and uniform reporting 
compared to other mature B-cell disorders 
(Kumar et al. 2016).

6.3  Methodology

6.3.1  Flow

Multiparameter flow cytometry (MFC) is a 
method of analysis that allows the rapid study of 
certain physical and chemical characteristics of 
cells or other biological particles. The principle 
on which it is based is simple: the cells or bio-
logical particles to be analyzed are suspended in 
an isotonic fluid flow and are forced to pass, 
aligned, one by one and at a high speed (up to 
thousands of cells/second), in front of a light 
beam. The impact of each cell with the light 
beam, usually a laser of a given wavelength, 
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 produces individual signals corresponding to the 
different parameters of each individual cell, 
which are subsequently collected by detectors 
capable of measuring different individual physi-
cal and/or chemical characteristics. These detec-
tors convert the signals into electronic pulses that 
are finally digitalized to allow the simultaneous 
measurement of several parameters in the same 
cell or particle.

MFC is particularly well-suited to study bio-
logical samples containing PCs, because it allows 
(1) simultaneous identification of normal vs. 
tumors cells at the single-cell level, (2) fast eval-
uation of a very high number of cells (in a few 
hours), (3) quantitative assessment of both nor-
mal and tumor cells and their corresponding anti-
gen expression levels (e.g., for antibody-based 
therapy), (4) combined detection of cell surface 
and intracellular antigens (e.g., for confirmation 
of clonality within phenotypically aberrant cells) 
(Paiva et al. 2010).

Simultaneous assessment of CD38 and CD138 
represents the best marker combination for spe-
cific identification of PC (Almeida et al. 1999; 
García-Sanz et al. 1999; Lin et al. 2004; Rawstron 
et al. 2001). In the event of anti-CD38 and/or 
anti-CD138 therapies, simultaneous surface plus 
intracellular staining with polyclonal anti-CD38 
and/or anti-CD138 conjugates should be per-
formed. Phenotypically aberrant clonal PCs typi-
cally show (1) underexpression of CD19, CD27, 
CD38, and/or CD45, (2) overexpression of 
CD56, and (3) asynchronous expression of 
CD117 (Dahl et al. 2002; Davies et al. 2001; 
Mateo Manzanera et al. 2005; Nowakowski et al. 
2005; Pérez-Andrés et al. 2005; Rawstron et al. 
2002; Robillard et al. 2005; San Miguel et al. 
2002, 2006; Moreau et al. 2006). Although no 
single parameter reliably distinguishes clonal 
from normal PCs, a multiparameter approach that 
evaluates all markers used in a single tube can 
readily identify phenotypically aberrant PCs, 
provided enough cellular events are evaluated in 
the flow cytometer (Paiva et al. 2010).

The sensitivity of MFC has recently increased 
due to simultaneous assessment of >8 markers 
and evaluation of greater numbers of cells than 
what was previously feasible with analogical 

(four-color) instruments (Paiva et al. 2015). 
Thus, the availability of >8-color digital flow 
cytometers coupled to novel sample preparation 
procedures that allow fast and cost-effective 
evaluation of >5 million nucleated cells has 
boosted the sensitivity of modern MFC-based 
MRD monitoring into that achieved on molecular 
grounds (≤10−5). It should be noted that current 
sensitivity of MFC is at least 1-log superior than 
that of previous MFC analyses (10−4); therefore, 
ongoing MFC-based MRD monitoring should 
result in improved patient’ risk stratification vs. 
4- or 6-color analyses. Analysis of larger number 
of cells (i.e., >5 million events) allows visualiza-
tion of previously undetectable normal PC sub-
sets with more heterogeneous phenotypes, which 
implies the need for simultaneous evaluation of 
at least 8 parameters to improve specificity (and 
thereby sensitivity). Using validated and stan-
dardized 8-color panels, clonal PCs are readily 
and accurately distinguishable from normal PCs 
according to aberrant phenotypes (Paiva et al. 
2015) and their clonality further confirmed by 
light chain restriction. Because such analyses 
rely on the recognition of aberrant antigenic pat-
terns (i.e., different from normal), flow-MRD is 
applicable in virtually every MM patient without 
requiring for patient-specific diagnostic pheno-
typic profiles (although these are certainly use-
ful). Equally important, the flow-MRD method 
incorporates a sample quality check of BM cel-
lularity via simultaneous detection of B-cell pre-
cursors, erythroblasts, myeloid precursors, and/
or mast cells. This information is critical to 
ensure sample quality and to identify hemodi-
luted BM aspirates that may lead to false- negative 
results.

A potential limitation of MFC is that current 
strategies could miss hypothetical MM cancer 
stem cells with more immature phenotypes. 
However, recent investigations conducted with 
sensitive ASO-PCR assessment of clonal Ig 
genes among FACS-sorted peripheral blood 
B-cell subsets revealed that such clonotypic cells 
are either absent or present below highly sensi-
tive limits of detection (Thiago et al. 2014). The 
need for extensive expertise to analyze flow cyto-
metric data, together with the lack of 
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 well- standardized flow-MRD methods have been 
pointed out as additional and perhaps the main 
limitations of conventional MFC immunopheno-
typing (Flanders et al. 2013). Furthermore, con-
ventional visualization of flow cytometric data in 
bivariate (2D) dot plots becomes increasingly 
complex with increasing numbers of parameters. 
In recent years new multivariate computational 
tools and visualization plots (e.g., principal com-
ponent analysis and canonical analysis) have 
been developed and integrated into innovative 
software packages for improved multidimen-
sional identification and classification of differ-
ent clusters of cells coexisting in a sample. These 
tools, together with the use of normal and malig-
nant reference databases, further pave the way 
for automated detection and tracking of aberrant 
cell populations that deviate from the normal/
reactive phenotypic profiles (Pedreira et al. 
2013). Such innovative flow-MRD strategies are 
currently being developed by the EuroFlow 
Consortium under the Black Swan Research 
Initiative promoted by the International Myeloma 
Foundation (IMF), and it is likely to become the 
method of choice for accurate, high-sensitive, 
and automated flow-MRD monitoring in MM 
(i.e., “next-generation flow”). Regarding the 
potential impact of genetic heterogeneity and 
clonal tiding after treatment on the feasibility of 
MFC to detect MRD, it should be highlighted 
that the multidimensional approach of current 
flow cytometry immunophenotyping not only 
allows to detect clonal heterogeneity in approxi-
mately 30% of newly diagnosed patients but also 
to monitor all different phenotypic subclones 
throughout patients’ treatment, thereby assessing 
potential (phenotypical) clonal selection upon 
therapy. Nevertheless, it should be noted that 
according to the experience of the Medical 
Research Council (MRC) and the Grupo Español 
de Mieloma (GEM) groups based on large patient 
cohorts, there are no major antigenic shifts for 
consensus markers (e.g.: CD19, CD38, CD45, or 
CD56) used to monitor MRD (unpublished data). 
Accordingly, potential clonal evolution through-
out the course of treatment does not influence the 
efficacy of MFC-based MRD assessment. 
Additionally, discrimination between normal and 

myeloma PCs is still feasible in the (rare) event 
of phenotypic shifts from diagnostic to posttreat-
ment MRD samples.

6.3.2  Molecular

MRD detection by molecular tools is a reliable 
approach which has a high degree of comple-
mentarity with respect to MFC. The technical 
principle is simple and based on the identification 
of clonotypic sequences, i.e., sequences that ide-
ally are present exclusively on myeloma plasma 
cells and absent on other cells and particularly on 
nonmalignant plasma cells (Ferrero et al. 2011). 
There are several genetic sequences that fulfill 
these characteristics and the development of 
high-throughput approaches might potentially 
allow the detection and the monitoring of multi-
ple targets including both universal targets repre-
senting the whole tumor burden, as well as 
subclonal genetic lesions which might allow 
monitoring of specific potentially more aggres-
sive clones (Kotrova et al. 2017). Despite poten-
tial interest of multi-target approaches, the bulk 
of current knowledge on molecular evaluation of 
MRD was obtained using the immunoglobulin 
heavy and (to a lesser extent) light chain rear-
rangements (Ferrero et al. 2011). The immuno-
globulin heavy chain rearrangement is a highly 
reliable target for MRD detection in MM: it is 
stable, contains long N insertions, and is heavily 
hypermutated. Therefore MRD detection is 
highly sensitive and specific. On the other hand, 
its identification was often extremely difficult 
especially as long as target identification relied 
on PCR amplification with primers derived from 
the framework regions followed by Sanger 
sequencing. Indeed this approach could be ham-
pered by somatic mutations located in conserved 
regions used for consensus PCR amplification of 
the IgH rearrangement (Ferrero et al. 2011). Due 
to this limitation, DJ rearrangements and light 
chain rearrangements were frequently employed 
for patients failing IgH sequencing allowing to 
increase the number of molecularly evaluable 
patients (Puig et al. 2014). Current NGS-based 
approaches have basically overcome this 
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 limitation and currently ensure effective clono-
type sequencing in the vast majority of patients 
(Ladetto et al. 2014). The subsequent step of 
MRD analysis following identification of a clo-
notypic sequence is the detection and quantifica-
tion of these targets in follow-up samples. This 
was originally performed by nonquantitative 
approaches such as nested PCR (Voena et al. 
1997), and further developed using real-time 
quantitative PCR (RQ-PCR) (Ladetto et al. 2000) 
and most recently digital droplet PCR (dd-PCR) 
(Drandi et al. 2015). Both RQ-PCR and dd-PCR 
ensure optimal quantification of MRD and their 
use allowed obtaining useful information on 
MRD dynamics in a number of clinical settings. 
More recently an NGS-based approach has been 
developed for MRD quantification. This method 
has been compared to RQ-PCR resulting in com-
parable sensitivity and proved highly valuable 
for outcome prediction (Martinez-Lopez et al. 
2014; Ladetto et al. 2014). However it is usually 
provided as commercial service by one single 
company. However alternative methods are 
under development both at single academic insti-
tutions and within the Euro-MRD and Euro- 
clonality consortia (Martinez-Lopez et al. 2017; 
Wren et al. 2014; Brüggemann et al. 2010).

Currently both MFC and molecular MRD 
detection have been included in the MM consen-
sus criteria for response, and minimal residual 
disease assessment in multiple myeloma has 
been recently developed which include the defi-
nition of “flow-MRD negative,” “sequencing- 
MRD negative,” and “sustained MRD negative,” 
which are now routinely adopted in clinical trials 
addressing MRD as a secondary endpoint (Kumar 
et al. 2016). One potential added value of molec-
ular MRD detection that still deserve to be 
addressed in detail is the use of plasma-derived 
cell-free DNA which seems to be of potential 
interest in other B-cell neoplasms.

6.3.3  Imaging

Currently, MRD assessment is mainly based on 
the analysis of the tumor burden in a single 
bone marrow aspirate. However, bone marrow 

infiltration in patients with MM is characteris-
tically heterogeneous and the presence of 
extramedullary disease at diagnosis or during 
the disease is estimated in approximately 10% 
of MM patients (Bladé et al. 2012; Usmani 
et al. 2012; Short et al. 2011; Varettoni et al. 
2010; Sheth et al. 2009; Dores et al. 2009). 
This feature is likely higher in the current era 
of extended OS in MM with the novel treat-
ment options and could be even higher using 
sensitive imaging methods. Considering this, it 
becomes clear that MRD assessment in MM 
and the definition of high- quality responses 
cannot be merely based on the analysis of a 
single bone marrow sample but must include 
the analysis of the presence of extramedullary 
disease.

Two imaging techniques have been applied to 
the identification of extramedullary disease at 
diagnosis and to assess the presence of residual 
disease posttreatment: PET and MRI. 
18F-fluorodeoxyglucose PET assesses tumor 
metabolic activity, and the low-dose CT usually 
performed for localization is also useful for the 
assessment of MM-associated bone disease. 
Overall, the detection of PET-positive lesions has 
prognostic value in MM patients at diagnosis and 
at the time of relapse (Zamagni et al. 2011; 
Usmani et al. 2013; Bartel et al. 2009; van 
Lammeren-Venema et al. 2012; Elliott et al. 
2011). However, PET-based MRD monitoring is 
mainly based on the FDG uptake (rather than in 
the identification of bone lesions), and both false- 
negative and false-positive results due to coexist-
ing infectious or inflammatory processes may be 
seen (Caers et al. 2014). Various studies have 
shown the prognostic value of MRD assessment 
with PET/CT at different time points within the 
treatment scheme of MM patients undergoing 
ASCT. Among them, the Italian group has shown 
that, among patients achieving conventional CR 
post-ASCT, those associating negative PET scans 
presented with an improved PFS and OS 
(Zamagni et al. 2011). Most importantly, data 
from the IFM2009 trial showed that among the 
86 patients with PET and MRD by MFC avail-
able for analysis, PFS was significantly higher in 
the 41 patients presenting with negative PET 
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scans as compared with those patients with posi-
tive results using either or both methods.

MRI is the most sensitive imaging technique 
to detect focal lesions in the spine (Dimopoulos 
et al. 2009; Hillengass and Landgren 2013). It 
also provides information on the extent of soft 
tissue disease and the pattern of marrow infil-
tration (normal, focal, heterogeneous, or dif-
fuse). However, MRI responses can be 
significantly delayed as marrow signal abnor-
malities can persist a long time after therapy in 
both responding and non-responding patients 
(Elliott et al. 2011; Derlin et al. 2013; Walker 
et al. 2012). MRI also has a low specificity in 
the differentiation of viable disease from bone 
remodeling (Derlin et al. 2012; Shortt et al. 
2009). Thus, the usefulness of MRI for the 
MRD assessment posttreatment warrants fur-
ther investigations to be elucidated.

A recent comparison between WB-MRI and 
PET/CT in transplant-eligible patients showed 
that, against conventional response criteria, 
PET/CT had lower sensitivity (50% vs 80%) 
but higher specificity (85% vs 38%) than 
WB-MRI (Hillengass et al. 2011). While the 
utility of other MRI-based techniques is still 
under investigation (e.g., dynamic contrast-
enhanced MRI) (Hillengass et al. 2011), the 
current perception is that PET/CT represents 
the most promising imaging tool to monitor 
MRD in MM. New imaging technologies are 
currently under development, such as PET/
MRI, in which the PET detects avid focal 
lesions, while the MRI shows the location of 
the lesions and informs on myeloma cell infil-
tration of the bone marrow (Fraioli and Punwani 
2014). Also, a small study comparing PET/CT 
and functional WB-MRI (diffusion-weighted 
imaging) showed that the latter is superior in 
detecting focal and diffuse infiltration of the 
bone marrow (Pawlyn et al. 2016). However, 
standardization of PET-CT (including response 
criteria) and comparison with other sensitive 
BM-based MRD methods are still needed to 
define which imaging technique or combination 
gives the higher clinical benefit for patients 
with MM, both at diagnosis and for response 
assessment (Kumar et al. 2016).

6.4  Clinical Application

6.4.1  Transplant Setting

Patients undergoing autologous or allogeneic 
transplantation have always been considered 
ideal candidates for MRD evaluation, given the 
heavy cytoreduction, the high rate of CR and the 
potential existence of ongoing graft vs myeloma 
effect (for allogeneic transplantation). Early 
reports from the 1990s showed that autologous 
transplantation was unable to induce MRD nega-
tivity by nested PCR in MM as opposed to allo-
geneic transplantation that allowed a proportion 
of patients to enter molecular remission and 
become long-term MRD-free survivors 
(Corradini et al. 1996; Tarella et al. 1999).

The substantial impact of the introduction of 
novel agents in MM on tumor clearance was 
clearly demonstrated by studies indicating that 
non-chemotherapeutic-based combinations were 
able to further decrease tumor burden after autol-
ogous transplantation allowing a proportion of 
patients to enter molecular remission (Ladetto 
et al. 2010). Currently a large number of reports 
have proven the prognostic value of MRD evalu-
ated by both molecular and flow cytometry-based 
approaches on multiple survival parameters 
(Kumar et al. 2016) and in the context of differ-
ent therapeutic programs. Moreover MRD acted 
as an independent prognosticator in several large 
trials, and its impact was independent from other 
important prognosticators such as cytogenetics 
(Paiva et al. 2011, 2008, 2012; Sarasquete et al. 
2005; Puig et al. 2014; Hillengass et al. 2011; 
Ladetto et al. 2010; Rawstron et al. 2013; 
Martinez-Sanchez et al. 2008; Barlogie et al. 
2008; Korthals et al. 2012; Putkonen et al. 2010; 
Martinelli et al. 2000). One recent pooled data 
analysis confirmed the value of MRD (Lahuerta 
et al. 2017; Flores-Montero et al. 2017). Moreover 
it showed that achievement of complete remis-
sion (CR) in the absence of MRD negativity was 
not associated with prolonged progression-free 
survival, clearly surpassing the prognostic value 
of CR achievement. Moreover it showed that the 
predictive value of MRD was particularly evi-
dent in patients with high-risk cytogenetics, 
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 indicating that tumor burden is critical even in 
neoplasms where the rapid kinetic and genetic 
instability of the tumor clone could theoretically 
impair its value.

Of particular importance were kinetic studies 
addressing the behavior of residual tumor burden 
over time. These studies were performed both in 
the allogeneic and autologous SCT setting. These 
studies indicate that achievement of molecular 
remission is often not stable, although cases that 
appear devoid of molecular disease for prolonged 
periods are recorded especially in the allogeneic 
transplantation setting (Ladetto et al. 2015; Ferrero 
et al. 2015). Another important point which has 
been observed is that clinical relapse is in the 
majority of cases heralded by the reappearance of 
molecularly detectable disease with an anticipa-
tion of several months, indicating that molecular 
relapse is a potential window of interest where the 
application of experimental preemptive treatment 
could be applied. This strategy has been success-
fully tested in other B-cell disorders.

6.4.2  Elderly

The prognostic value of MRD assessment was 
not investigated outside of the SCT setting until 
recently, when the incorporation of novel agents 
into the treatment of patients who were not fit for 
HDT/ASCT showed increased CR rates and pro-
longed survival (Mateos et al. 2014). Puig et al. 
have demonstrated that among patients treated 
according to the PETHEMA/GEM2005MAS65 
protocol, those in molecular-CR after induction 
had a PFS not yet reached, whereas MRD- 
positive patients had a significantly shorter PFS 
(median 31 months; P = 0.03) (Puig et al. 2014). 
Similarly, a sub-analysis performed by Martinez- 
Lopez on elderly patients confirmed the prognos-
tic significance of achieving MRD negativity by 
NGS (Martinez-Lopez et al. 2014). Regarding 
MFC, in the MRC myeloma IX protocol only a 
few patients achieved flow-CR after induction 
regimens without proteasome inhibitors, and 
these showed nonsignificantly superior PFS 
(Rawstron et al. 2013). In contrast, in the 
PETHEMA/GEM2005MAS65 study patients 

were monitored after 6 induction cycles with 
bortezomib, melphalan, prednisone (VMP), or 
bortezomib, thalidomide, prednisone (VTP), and, 
within a subset of 102 cases in CR/VGPR, 30% 
attained MRD-negativity with PFS and OS rates 
at 3 years of 90% and 94%, respectively (de 
Larrea et al. 2009). A recent update of this study 
(Mateos et al. 2014) after a median follow-up 
>5 years shows median PFS and OS rates not yet 
reached for patients in flow-CR after VMP (but 
not VTP) induction. These results suggest that 
MRD monitoring is also clinically relevant in 
elderly patients. Since MRD-negative cases after 
two different regimens should experience similar 
outcomes (Böttcher et al. 2012), this study also 
unraveled that the four-color MFC assay origi-
nally performed was underpowered for ultrasen-
sitive detection of MRD (Mateos et al. 2014). 
This has been recently confirmed by comparing 
deep-sequencing vs. four-color MFC-based 
MRD monitoring in younger and elderly MM 
patients, indicating that MRD prognostication is 
improved when more sensitive (i.e., lower) limits 
of detection (i.e.: ≤1 tumor cell in 100,000 vs. 
10,000 normal cells; 10−5 vs. 10−4) are reached 
(Martinez-Lopez et al. 2014).

Accordingly, in 2016 we reported that second- 
generation flow-MRD monitoring was clinically 
meaningful in a series of 162 transplant- ineligible 
patients enrolled in the phase II GEM2010MAS65 
study. Noteworthy, we showed that by applying 
the limit of detection reached with first- generation 
flow (ie, 10−4), up to 30% of patients with persis-
tent MRD detectable by second-generation flow 
would had been wrongly classified as MRD neg-
ative. We also showed that the ability to monitor 
MRD up to 10−5 was clinically relevant, because 
this level identifies a subset of patients (those 
between 10−4 and 10−5) with inferior survival 
than MRD-negative cases, and like that of MRD- 
positive patients at the ≥10−4 level.

6.5  Future Perspectives

So far no clinical trial has randomized MM patients 
according to their MRD status, in order to investi-
gate the role of MRD to individualize therapy. 
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Overall, the experience of several cooperative 
groups using different MRD techniques indicates 
that persistence of MRD is always an adverse 
prognostic feature, even among CR patients. 
Consequently, it would be safer to take clinical 
decisions based on MRD positivity rather than on 
MRD negativity, since the patchy pattern of BM 
infiltration typically observed in MM leads to a 
degree of uncertainty regarding MRD- negative 
results: Does this guarantee absence of tumor cells 
or is it the result of a non- representative BM sam-
ple due to patchy tumor infiltration? Many studies 
have shown the value of MRD to evaluate the effi-
cacy of specific treatment phases and, therefore, to 
support potential treatment decisions. For exam-
ple, both the Spanish PETHEMA and the UK 
MRC study groups have shown that MRD kinetics 
before and after HDT/ASCT allow identification 
of chemosensitive vs. chemoresistant patients 
(Rawstron et al. 2013; Paiva et al. 2008). For the 
latter, it could be hypothesized that consolidation 
with alternative therapies would be needed to 
improve outcomes. Following consolidation phy-
sicians face another treatment decision: mainte-
nance vs no maintenance and duration? Ladetto 
et al. reported PFS rates of 100% vs. 57% for 
patients in molecular- CR vs. MRD-positive cases 
after consolidation, respectively (Ladetto et al. 
2010). Since no maintenance therapy was given in 
the GIMEMA VEL-03-096 study, one might 
hypothesize that for those cases failing to reach 
MRD negativity despite being in CR/nCR after 
consolidation, maintenance may represent an 
effective approach to eradicate MRD levels and 
improve outcome. Accordingly, Rawstron et al. 
have shown that one out of four MRD-positive 
patients randomized to the maintenance arm of the 
MRC-myeloma IX (intensive) study turned into 
MRD negative, and experienced significantly pro-
longed PFS vs. the abstention arm (Rawstron et al. 
2013). However, because even MRD-negative 
patients receiving maintenance continue to show 
late relapses (Rawstron et al. 2013), it may be 
envisioned that we need to increase the sensitivity 
of MRD techniques to better monitoring “theoreti-
cally MRD- negative” patients during maintenance 
therapy; moreover, if treatment decisions are taken 
according to patients’ MRD status, follow-up 

MRD studies would also become useful to detect 
MRD reappearance preceding clinical relapse 
(Ferrero et al. 2015). This approach is likely to 
imply serial MRD assessment which, at the 
moment, would require the need of invasive and 
inconvenient multiple BM aspirates. Most 
recently, NGS has been evaluated in PB (i.e., 
plasma) from MM patients after induction, and 
this would represent an attractive minimally inva-
sive approach. However, preliminary data indi-
cates that clonotypic sequences identified at 
baseline become undetectable with just a few 
cycles of chemotherapy, even among 
electrophoresis- positive patients. Thus, further 
research is warranted to establish the feasibility of 
PB (e.g., cell- or free DNA-based) MRD monitor-
ing. Furthermore, our knowledge on clonal tiding 
(i.e., disappearance of pre-existing or occurrence 
of new clones), during maintenance or progres-
sion-free periods without therapy, is very limited if 
existing at all, and the concept of clonal tiding 
should also be taken into consideration while 
designing such treatment strategies.

The choice of MRD technology for monitoring 
will depend on how individual centers’ priorities 
adjust to the specific advantages that each tool has 
to offer. In turn, extensive research is still warranted 
to determine how to best integrate medullary and 
extramedullary MRD monitoring. In other hemato-
logical malignancies, baseline risk factors and 
MRD monitoring have an established and comple-
mentary role to individualize treatment. Over the 
last two decades, several groups have consistently 
confirmed the added value of MRD in MM, and the 
time has come to establish the role of baseline risk 
factors plus MRD monitoring for tailored therapy. 
This requires the introduction of standardized, 
highly sensitive, cost-effective, and broadly avail-
able MRD techniques in clinical trials.
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Bone Disease

Evangelos Terpos, Nikolaos Kanellias, 
and Noopur Raje

7.1  Introduction

Multiple myeloma (MM) is a common hemato-
logical malignancy characterized by the accumu-
lation of abnormal plasma cells in the bone 
marrow. Despite the improvement in survival after 
the introduction of novel agents (Kumar et al. 
2008; Kastritis et al. 2009), MM remains an incur-
able plasma-cell malignancy (Jemal et al. 2010; 
Parker et al. 1998). MM is characterized by osteo-
lytic bone disease due to an elevated function of 
osteoclasts which is not balanced by a comparable 
elevation of osteoblast function (Kyle et al. 2003; 
Terpos and Dimopoulos 2005; Raje and Roodman 
2011). Osteolytic lesions are detected in 70–80% 
of patients at diagnosis and increase the risk for 
skeletal-related events (SREs: pathologic frac-
tures, spinal cord compression (SCC), require-
ment for surgery or palliative radiotherapy to 
bone). SREs have a serious impact on the quality 
of life (QoL) and survival of MM patients and 
affect both clinical and economic aspects of their 
life (Coleman 2007; Roodman 2008; Croucher 

and Apperley 1998; Cocks et al. 2007; Bruce et al. 
1999; McCloskey et al. 1998). The novel 
International Myeloma Working Group (IMWG) 
criteria for the diagnosis of symptomatic MM 
have revealed the value of modern imaging for the 
management of MM patients, as they include (1) 
the presence of at least one lytic lesion detected 
not only by conventional radiography but also by 
computed tomography (CT), whole-body low-
dose CT (WBLDCT), or positron emission tomog-
raphy/CT (PET/CT) and (2) the presence of >1 
focal bone marrow lesions on magnetic resonance 
imaging (MRI) studies (Rajkumar et al. 2014). 
Furthermore, novel imaging techniques, such as 
MRI and PET/CT, provide prognostic information 
and have been recently proven of value, for the 
better definition of response to anti-myeloma ther-
apy. Bisphosphonates (BPs) are the cornerstone of 
therapeutic management of myeloma bone dis-
ease, offering considerable benefit in preventing or 
delaying skeletal-related events and relieving pain 
(Silbermann and Roodman 2016). This chapter 
reviews the latest available details of imaging and 
treatment of myeloma- related bone disease.

7.2  Pathophysiology of Multiple 
Myeloma Bone Disease

In the adult skeleton, skeletal integrity is coordi-
nated by the synchronized activity of three cell 
types. Osteoblasts create new bone matrix, 
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 osteoclasts are responsible for bone resorption, 
and osteocytes regulate bone turnover. In MM 
patients, bone disease is the result of an uncou-
pling in bone remodeling. It consists of an 
increase in the osteoclast-mediated bone resorp-
tion, which is combined with suppression in the 
osteoblast, mediated bone mineralization, and 
defects on osteocyte functions (Bataille et al. 
1991). Until today, several direct and indirect 
interactions between myeloma cells and cells of 
the bone marrow microenvironment have been 
recognized. The fact that osteolytic lesions occur 
close to MM cells suggests that factors secreted 
by tumor cells lead to direct stimulation of 
osteoclast- mediated bone resorption and inhibi-
tion of osteoblast-mediated bone formation 
(Terpos and Dimopoulos 2005). In addition to 
that, the increased bone resorptive progress leads 
to the release of growth factors that increase the 
growth of MM cells, leading to a vicious cycle of 
tumor expansion and bone destruction. Apart 
from that, interactions via adhesion between MM 
cells and bone marrow cells result in the produc-
tion of factors that promote angiogenesis and 
make the myeloma cells resistant to chemother-
apy (Abe et al. 2004; Tanaka et al. 2007). The 
biologic pathway of the receptor activator of 
nuclear factor-kappa B (RANK), its ligand 
(RANKL), and osteoprotegerin (OPG) which is 
the decoy receptor of RANKL is of major impor-
tance for the increased osteoclast activity 
observed in MM. Myeloma cells disrupt the bal-
ance between RANKL and OPG by increasing 
the expression of RANKL and decreasing the 
expression of OPG. The resulting increase in 
RANKL favors the formation and activation of 
osteoclasts, leading to increased bone resorption 
(Pearse et al. 2001; Terpos et al. 2003). More 
recently, activin A has been implicated in MM 
bone disease, through stimulating RANK expres-
sion and inducing osteoclastogenesis (Sugatani 
et al. 2003; Terpos et al. 2012a). On the other 
hand, in addition to their stimulatory effect on 
osteoclasts, myeloma cells have been shown to 
suppress bone formation (Christoulas et al. 
2009). The Wingless-type (Wnt) signaling path-
way is one pathway that has been shown to play a 
key role in osteoblast differentiation and has been 

implicated in osteoblast suppression in myeloma. 
The Wnt signaling inhibitors dickkopf-1 (Dkk-1) 
and sclerostin are secreted by myeloma cells and 
have been found to be increased in the serum of 
myeloma patients, leading to the block of osteo-
blast differentiation and activity (Tian et al. 2003; 
Colucci et al. 2011; Politou et al. 2006; Terpos 
et al. 2012b). Soluble frizzled-related protein-2 
(sFRP-2), another inhibitor of Wnt signaling, has 
also been implicated in the suppression of bone 
formation in myeloma (Oshima et al. 2005). 
Although the circulating levels of the above mol-
ecules and mainly of sclerostin have not been 
found to be elevated in myeloma patients in all 
published studies, the importance of Wnt inhibi-
tion in the biology of myeloma-related bone dis-
ease is undoubted.

7.3  Imaging for the Diagnosis 
of Multiple Myeloma Bone 
Disease

The imaging techniques used for the diagnosis of 
multiple myeloma bone disease are:

 1. Whole-Body X-rays (WBXR).
 2. Whole-Body CT (WB-CT).
 3. Magnetic resonance imaging (MRI).
 4. PET/CT.

7.3.1  Whole-Body X-Rays (WBXR)

Conventional radiography has been widely used 
for the identification of osteolytic lesions both at 
diagnosis and during the course of the disease. 
The “skeletal survey” (whole-body X-rays, 
WBXR) at diagnosis should include plain radio-
graphs of the whole skeleton (anteroposterior and 
lateral views of the skull; posteroanterior view of 
the chest; anteroposterior and lateral views of the 
thoracic lumbar and cervical spine (including an 
open mouth view), humeri and femora and 
anteroposterior view of the pelvis) (Dimopoulos 
et al. 2009a). In addition, symptomatic areas 
should also be specifically visualized. Osteolyses 
have the typical appearance of “punched-out” 
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lesions with the absence of reactive sclerosis and 
are more common in the vertebrae, ribs, skull, 
and pelvis (Terpos et al. 2011). Although the 
WBXR was the standard of care for many years, 
it has several limitations:

 1. For a lytic lesion to become apparent, >30% 
loss of trabecular bone must occur.

 2. Difficulty of assessment of certain areas, such 
as the pelvis and the spine.

 3. Limitations in the detection of lytic lesion 
response to anti-myeloma therapy because of 
delayed evidence of healing.

 4. Reduced specificity for the differential diag-
nosis of myeloma-related versus benign frac-
ture (very important, particularly in cases of 
new vertebral compression fractures in the 
absence of other criteria of relapse).

 5. Observer dependency (there is very low repro-
ducibility among centers; a higher number of 
osteolytic lesions detected in academic versus 
nonacademic centers).

 6. Prolonged study length, often not tolerable 
from patients in severe pain (Dimopoulos 
et al. 2009a; Terpos et al. 2011).

Thus, the development of novel imaging 
methods has led to the replacement of WBXR by 
more advanced techniques, such as the WBLDCT 
in many European centers or by PET/CT in the 
USA.

7.3.2  Whole-Body Low-Dose CT 
(WBLDCT)

WBLDCT was introduced to allow the detection 
of osteolytic lesions in the whole skeleton with 
high accuracy, no need for contrast agents and 
low-radiation dose compared to standard CT 
(two- to threefold lower-radiation dose versus 
conventional CT) (Pianko et al. 2014; Ippolito 
et al. 2013). In several studies, WBLDCT was 
found to be superior to WBXR for the detection 
of osteolytic lesions (Pianko et al. 2014; Horger 
et al. 2005; Kropil et al. 2008; Gleeson et al. 
2009; Princewill et al. 2013; Wolf et al. 2014). In 
one of the largest studies staging myeloma 

patients, 61% of patients with normal WBXR 
had more than one osteolytic lesions on 
WBLDCT (Princewill et al. 2013). According to 
the latest criteria for symptomatic myeloma, 
these patients should receive therapy. In the same 
study, the total number of lesions detected by 
WBLDCT was 968 versus 248 for WBXR 
(p < 0.001). The only limitation of this study was 
its retrospective origin (Princewill et al. 2013). In 
a more recent prospective study, which included 
52 myeloma patients at diagnosis, WBLDCT 
revealed osteolyses in 12 patients (23%) with 
negative WBXR and proved to be more sensitive 
than WBXR mainly in the axial skeleton 
(p < 0.001). WBLDCT was superior in the detec-
tion of lesions in patients with osteopenia and 
osteoporosis (Wolf et al. 2014).

In total, WBLDCT advantages over WBXR 
include (1) superior diagnostic sensitivity for 
depiction of osteolytic lesions, especially in areas 
where the WBXR detection rate is low, i.e., pel-
vis and spine; (2) superiority in estimating frac-
ture risk and bone instability; (3) duration of the 
examination, which is ≤5 min, an important issue 
for patients in extreme pain; (4) production of 
higher-quality 3D high-resolution images for 
planning biopsies and therapeutic interventions; 
and finally (5) demonstration of unsuspected 
manifestations of myeloma or other diseases, 
especially in the lungs and kidneys (33% in the 
study by Wolf et al.; 37, 31–37). Major disadvan-
tages of WBLDCT include increased length of 
time required for radiologists to report their find-
ings, lack of availability in several centers 
(Rajkumar et al. 2014; Pianko et al. 2014), and 
lack of specificity for the differential diagnosis 
between malignant and osteoporotic fractures, 
despite improvements during the last years (Cretti 
and Perugini 2016). Furthermore, although expo-
sure to radiation is much lower compared to stan-
dard CT, it continues to be higher than WBXR: 
mean dose of WBLDCT is approximately 3.6 
and 2.8 mSv for females and males, respectively, 
versus 1.2 mSv for WBXR (Borggrefe et al. 
2015). Nevertheless, the higher diagnostic accu-
racy of the WBLDCT and patient comfort par-
ticularly important for the elderly, often suffering 
group, renders the dose/quality ratio favorable 
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for WBLDCT. For these reasons, the European 
Myeloma Network has suggested that WBLDCT 
should replace conventional radiography as the 
standard imaging technique for evaluation of 
bone disease in MM, where available (Terpos 
et al. 2015a).

7.3.3  Magnetic Resonance Imaging

Techniques Several MRI techniques have been 
developed for the assessment of the bone marrow 
involvement in MM. Conventional MRI proto-
cols include T1-weighted, T2-weighted with fat 
suppression, short time inversion recovery 
(STIR) and gadolinium T1-weighted with fat 
suppression (Moulopoulos and Dimopoulos 
1997). Myeloma lesions show typically a low 
signal intensity on T1-weighted images, a high 
signal intensity on T2-weighted and STIR 
images, and often enhancement on gadolinium- 
enhanced images (Libshitz et al. 1992; Weininger 
et al. 2008).

Limitations of MRI are the prolonged acquisi-
tion time, availability issues, the high cost, the 
exclusion of patients with metal devices in their 
body, the difficulties in cases of claustrophobic 
patients, and the limited field of view. To override 
these restrictions, a WB-MRI methodology, 
which does not usually require contrast infusion, 
was developed. The time of WB-MRI is approxi-
mately 45 min. Although of interest, this newer 
technique is not yet widely employed.

All above MRI methods use MRI exquisite 
contrast and spatial resolution for the depiction 
of the WB anatomy and specific tissue composi-
tion in details.

Novel MRI techniques include diffusion- 
weighted imaging, dynamic contrast-enhanced 
MRI, and PET-MRI.

A novel and promising MRI sequence is the 
diffusion-weighted imaging (DWI-MRI) which 
derives its contrast mainly from differences in the 
diffusivity of water molecules in the tissue envi-
ronment. This functional technique demonstrates 
alterations in intra- and extracellular water con-
tent from disruption of the transmembrane water 
flux that are visible before identified changes on 

the morphologic routine sequences (Attariwala 
and Picker 2013; Muller and Edelman 1995; 
Wang 2000). DWI-MRI uses the calculation of 
apparent diffusion coefficient (ADC) values to 
better evaluate myeloma burden and MRI infil-
tration patterns (Nonomura et al. 2001; Terpos 
et al. 2015b). DWI can be used to detect regions 
with bone marrow infiltration for both diagnosis 
and monitoring treatment response (Xu et al. 
2008), because ADC values are higher in MM 
patients at diagnosis compared with patients in 
remission 20 weeks after initiation of treatment 
(Messiou et al. 2012). In MM patients, the ADC 
was reproducible (Messiou et al. 2011) and cor-
related with bone marrow cellularity and 
microvessel density (MVD) (Hillengass et al. 
2011). One disadvantage of DWI is that the ADC 
is not exclusively influenced by diffusion but also 
by perfusion. However, improved sequences are 
under development to differentiate both influ-
ences (Lemke et al. 2011). DWI-MRI was found 
superior to WBXR for the detection of bone 
involvement in 20 patients with relapsed/refrac-
tory MM in all areas of the skeleton except of the 
skull, where both examinations had equal sensi-
tivity (Giles et al. 2015). In another small study 
with 24 myeloma patients (both treated and 
untreated), DWI-MRI was found more sensitive 
than F18-fluorodeoxyglucose (FDG)-PET in the 
detection of myeloma lesions (Sachpekidis et al. 
2015a). In a recent study, 17 patients were evalu-
ated with DWI-MRI and FDG-PET/CT, and the 
findings were compared with bone marrow 
biopsy data. In all studied regions, WB-DWI 
scores were higher compared to FDG-PET/
CT. DWI-MRI was particularly accurate in diag-
nosing diffuse disease (diffuse disease was 
observed in 37% of regions imaged on WB-DWI 
scans versus only 7% on FDG-PET/CT); both 
techniques were equally sensitive in the detection 
of focal lesions (Pawlyn et al. 2015). Preliminary 
reports suggest that DWI-MRI may be used for 
the better definition of response to therapy, but 
this has to be confirmed in larger studies and in 
comparison with PET/CT results (Terpos et al. 
2015b; Horger et al. 2011).

The dynamic contrast-enhanced MRI (DCE- 
MRI) is another MRI technique which evaluates 
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the distribution of a contrast agent inside and out-
side the blood vessels. Information is assessed by 
computer-based analysis of repeated images over 
time. The analysis provides data for blood vol-
ume and vessel permeability for the assessment 
of microcirculation of a specific area (Hillengass 
et al. 2007; Hillengass and Landgren 2013). 
More importantly in MM patients, DCE-MRI 
derived parameters correlated with marrow 
angiogenesis, microvessel density (MVD) 
(Huang et al. 2012), as well as in angiogenic 
response to therapy (Zechmann et al. 2012). 
Regarding DCE-MRI sampling rate and model, 
there are two pharmacokinetic models (proposed 
by Brix and Tofts) that have been applied in the 
literature. However, a comparison of these mod-
els demonstrated that the Brix model is a little bit 
more robust (Zwick et al. 2010). Since DCE-MRI 
has not been established in clinical routine, no 
definite sequence can be recommended.

Positron emission tomography in combination 
with MRI (PET-MRI) represents a novel imaging 
modality in which the PET part detects active 
focal lesions, while the MRI part shows the loca-
tion of the lesions and gives information on 
myeloma cell infiltration of the bone marrow. 
Especially in patients who reach a complete 
remission (CR), this technique might be able to 
localize residual sites of disease activity and 
therefore may help to guide treatment in the 
future (Fraioli and Punwani 2014). In MM, there 
is only one prospective study, which compared 
PET-MRI with PET/CT in 30 myeloma patients 
with both techniques performed sequentially. 
There was a high correlation between the two 
techniques, regarding number of active lesions 
and average SUV (Sachpekidis et al. 2015b). 
Further studies with PET-MRI will reveal if there 
is any value of this technique for MM patients.

MRI Patterns of Marrow Involvement Five 
MRI patterns of bone marrow infiltration in 
myeloma have been reported: (1) normal appear-
ance of the bone marrow, (2) focal involvement 
(positive focal lesion is considered the lesion of a 
diameter of at least 5 mm), (3) homogeneous dif-
fuse infiltration, (4) combined diffuse and focal 
infiltration, and (5) variegated or “salt-and- 

pepper” pattern with inhomogeneous bone mar-
row with interposition of fat islands (Baur-Melnyk 
et al. 2005; Moulopoulos et al. 1992). Low tumor 
burden is usually associated with a normal MRI 
pattern, but a high tumor burden is usually sus-
pected when there is diffuse hypointense change 
on T1-weighted images, diffuse hyperintensity 
on T2-weighted images, and enhancement with 
gadolinium injection (Moulopoulos et al. 2005). 
In several studies, the percentage of symptomatic 
patients with each of the abnormal MRI bone 
marrow patterns ranges from 18 to 50% for focal 
pattern, 25 to 43% for diffuse pattern, and 1 to 
5% for variegated pattern (Hillengass and 
Landgren 2013). The Durie-Salmon PLUS sys-
tem uses the number of focal lesions (from focal 
or combined focal/diffuse patterns) for the stag-
ing of a myeloma patient and not the diffuse or 
“salt-and-pepper” patterns (Durie 2006).

MRI Versus Conventional Radiography and 
Other Imaging Techniques for the Detection 
of Bone Involvement in Symptomatic 
Myeloma MRI is more sensitive compared to 
WBXR for the detection of bone involvement in 
MM. In the largest series of patients published to 
date, MRI was compared to WBXR in 611 
patients who received tandem autologous trans-
plantation (ASCT). MRI and WBXR detected 
focal and osteolytic lesions in 74% and 56% of 
the imaged anatomic sites, respectively. 
Furthermore, 52% of 267 patients with normal 
WBXR had focal lesions on MRI. More pre-
cisely, MRI detected more focal lesions com-
pared to lytic lesions in WBXR in the spine (78% 
vs. 16%, p < 0.001), the pelvis (64% vs. 28%, 
p < 0.001), and the sternum (24%vs. 3%, 
p < 0.001). WBXR had better performance than 
MRI in the ribs (10% vs. 43%, p < 0.001) and the 
long bones (37% vs. 48%, p = 0.006) and equal 
results in the skull and the shoulders (Walker 
et al. 2007). Similar results had been previously 
reported in smaller studies, where MRI was supe-
rior to WBXR for the detection of focal vs. osteo-
lytic lesions in the pelvis (75% vs. 46% of 
patients) and the spine (76% vs. 42%), especially 
in the lumbar spine (Ludwig et al. 1987; Ghanem 
et al. 2006; Lecouvet et al. 1999; Tertti et al. 
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1995; Narquin et al. 2013). A recent meta- 
analysis confirmed the superiority of MRI over 
WBXR regarding the detection of focal lesions 
and showed that MRI especially outscores 
WBXR in the axial skeleton but not in the ribs 
(Regelink et al. 2013).

Although it is clear that MRI can detect bone 
marrow focal lesions long before the develop-
ment of osteolytic lesions in the WBXR, other 
imaging techniques such as PET combined with 
computed tomography (PET/CT), CT, or WB-CT 
detect more osteolytic lesions compared to 
WBXR (Regelink et al. 2013). Is there any evi-
dence that MRI is superior to the other techniques 
in depicting bone involvement in myeloma? In a 
study with 41 newly diagnosed MM patients, 
WB-MRI was found superior to WB-CT in 
detecting lesions in the skeleton (Baur-Melnyk 
et al. 2008). In a prospective study, Zamagni 
et al. compared MRI of the spine and pelvis with 
WBXR and PET/CT in 46 MM patients at diag-
nosis. Although PET/CT was superior to WBXR 
in detecting lytic lesions in 46% of patients (19% 
had negative WBXR), it failed to reveal abnormal 
findings in 30% of patients who had abnormal 
MRI in the same areas, mainly of diffuse pattern. 
In that study, the combination of spine and pelvic 
MRI with PET/CT detected both medullary and 
extramedullary active myeloma sites in almost all 
patients (92%) (Zamagni et al. 2007). 
Nevertheless, the Arkansas group was not able to 
confirm any superiority of MRI over PET/CT in 
the detection of more focal lesions in a large 
number of patients (n = 303) within the total of 
three therapy protocols (Waheed et al. 2013). 
Still, in 188 patients who had at least 1 focal 
lesion in MRI, MRI was superior to PET/CT 
regarding the detection of a higher number of 
focal lesions (p = 0.032). Furthermore, in this 
study, the presence of diffuse marrow pattern was 
not taken into consideration as an abnormal MRI 
finding (Waheed et al. 2013). Compared to sesta-
mibi technetium-99 m (MIBI) scan, WB-MRI 
detected more lesions in the vertebrae and the 
long bones produced similar results in the skull 
and was inferior in the ribs (Khalafallah et al. 
2013). One important question in this point is the 
value of WB-MRI, which is not available 

everywhere, over the MRI of the spine and pel-
vis. In 100 patients with MM and MGUS who 
underwent WB-MRI, 10% presented with focal 
lesions merely in the extra-axial skeleton. These 
lesions would have been ignored if only MRI of 
the spine and pelvis had been performed (Bauerle 
et al. 2009).

Other advantages of MRI over WBXR and CT 
include the discrimination of myeloma from a 
normal marrow (Moulopoulos and Dimopoulos 
1997; Baur et al. 1998); this finding can help in 
the differential diagnosis between myeloma and 
benign cause of a vertebral fracture. This is of 
extreme importance in cases of patients with a 
vertebral fracture and no other CRAB criteria and 
no lytic lesions. The MRI can also accurately 
illustrate the spinal cord and/or nerve root com-
pression for surgical intervention or radiation 
therapy (Dimopoulos et al. 2009a; Moulopoulos 
and Dimopoulos 1997). Furthermore, the pres-
ence of soft tissue extension of MM and the pres-
ence of extramedullary plasmacytomas that are 
developed in approximately 10–20% of patients 
during the course of their disease can be precisely 
visualized by WB-MRI (Moulopoulos et al. 
1993; Dimopoulos et al. 2000; Varettoni et al. 
2010; Lafforgue et al. 1993). MRI can also help 
in the better evaluation of avascular necrosis of 
the femoral head (Lafforgue et al. 1993) and the 
presence of soft tissue amyloid deposits (Syed 
et al. 2010). Moreover, the tumor load can be 
assessed and monitored by MRI even in patients 
with nonsecretory and oligosecretory MM 
(Carlson et al. 1995).

In conclusion, according to the latest IMWG 
guidelines, MRI is the gold standard imaging 
technique for the detection of bone marrow 
involvement in MM (grade A). MRI detects bone 
marrow involvement and not bone destruction. 
MRI of the spine and pelvis can detect approxi-
mately 90% of focal lesions in MM, and thus it 
can be used in cases where WB-MRI is not 
 available (grade B). MRI is the procedure of 
choice to evaluate a painful lesion in myeloma 
patients, mainly in the axial skeleton, and to 
detect spinal cord compression (grade A). MRI is 
particularly useful in the evaluation of collapsed 
vertebrae, especially when myeloma is not active, 
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where the possibility of osteoporotic fracture is 
high (grade B) (Dimopoulos et al. 2015).

Prognostic Value of MRI The prognostic sig-
nificance of MRI findings in symptomatic 
myeloma has been evaluated. The largest study in 
the literature included 611 patients who received 
tandem ASCT-based protocols. Focal lesions are 
detected by spinal MRI and not seen on WBXR 
independently correlated with overall survival 
(OS). Resolution of the focal lesions on MRI 
posttreatment occurred in 60% of the patients 
who had superior survival. At disease progres-
sion after complete response (CR), MRI revealed 
new focal lesions in 26% of patients, enlargement 
of previous focal lesions in 28%, and both fea-
tures in 15% of patients (Walker et al. 2007). In a 
more recent analysis of the same group on 429 
patients, patients who had >7 focal lesions in 
MRI (n = 147) had a 73% probability of 3-year 
OS vs. 86% for those who had 0–7 focal lesions 
(n = 235) and 81% for those who had diffuse pat-
tern of marrow infiltration (n = 47; p = 0.04). 
PET/CT and WBXR also produced similar 
results in the univariate analysis. In the multivari-
ate analysis, from the imaging variables, only the 
presence of >2 osteolytic lesions in WBXR at 
diagnosis and the presence of >3 focal lesions in 
the PET/CT, 7 days post-ASCT had independent 
prognostic value for inferior OS (p = 0.01 and 
0.03, respectively). However, we have to mention 
the high percentage of patients (232/429, 54%) 
who had no detectable osteolytic lesions by 
WBXR and the absence of evaluation of diffuse 
MRI pattern in this study (Usmani et al. 2013).

The MRI pattern of marrow infiltration has 
also reported to have a prognostic significance in 
newly diagnosed patients with symptomatic dis-
ease (Moulopoulos et al. 2005; Lecouvet et al. 
1998; Moulopoulos et al. 2012). In the conven-
tional chemotherapy (CC) era, Moulopoulos 
et al. published that the median OS of newly 
diagnosed MM patients was 24 months if they 
had diffuse MRI pattern versus 51, 52, and 
56 months for those with focal, variegated, and 
normal patterns, respectively (p = 0.001) 
(Moulopoulos et al. 2005). This is possibly 
because diffuse MRI marrow pattern correlates 

with increased angiogenesis and advanced dis-
ease features (Moulopoulos et al. 2010; Song 
et al. 2014). The same group also reported the 
prognostic value of MRI patterns in 228 symp-
tomatic MM patients who received upfront regi-
mens based on novel agents. Patients with diffuse 
pattern had inferior survival compared to patients 
with other MRI patterns; moreover, the combina-
tion of diffuse MRI pattern, ISS-3 stage, and 
high-risk cytogenetics could identify a group of 
patients with very poor survival: median of 
21 months and a probability of 3-year OS of only 
35% (Moulopoulos et al. 2012). Another study in 
126 patients with newly diagnosed symptomatic 
myeloma who underwent an ASCT showed that 
the diffuse and the variegated MRI patterns had 
an independent predictive value for disease pro-
gression (HR: 1.922, p = 0.008) (Song et al. 
2014). Finally, in patients with progressive or 
relapsed MM, an increased signal of DCE-MRI 
offered shorter PFS, possibly due to its associa-
tion with higher MVD (Hillengass et al. 2007).

MRI and Response to Anti-myeloma 
Therapy An interesting finding is that a change 
in MRI pattern correlates with response to ther-
apy. Moulopoulos et al. firstly reported in the era 
of CC that CR is characterized by complete reso-
lution of the preceding marrow abnormality, 
while partial response (PR) is characterized by 
changeover of diffuse pattern to variegated or 
focal patterns (Moulopoulos et al. 1994). In a ret-
rospective study that was conducted in the era of 
novel agents, response to treatment was com-
pared with changes in infiltration patterns of 
WB-MRI before and after ASCT (n = 100). There 
was a strong correlation between response to 
anti-myeloma therapies and changes in both dif-
fuse (p = 0.004) and focal (p = 0.01) MRI pat-
terns. Furthermore, the number of focal lesions at 
second MRI was of prognostic significance for 
OS (p = 0.001) (Hillengass et al. 2012). Another 
study in 33 patients who underwent an ASCT 
showed that WB-MRI data demonstrated pro-
gressive disease in ten patients (30%) and 
response to high-dose therapy in 23 (70%). Eight 
(80%) of the ten patients with progressive disease 
revealed intramedullary lesions, and two patients 
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(20%) had intra- and extramedullary lesions. 
WB-MRI had a sensitivity of 64%, specificity of 
86%, positive predictive value of 70%, negative 
predictive value of 83%, and accuracy of 79% for 
detection of remission (Bannas et al. 2012). This 
study supports that one of the disadvantages of 
MRI is that it often provides false-positive results 
because of persistent nonviable lesions. Thus, 
PET/CT might be more suitable than MRI for 
determination of remission status (Derlin et al. 
2013). Indeed in a large study of 191 patients, 
PET/CT revealed faster change of imaging find-
ings than MRI in patients who responded to ther-
apy (Spinnato et al. 2012). It seems that the PET/
CT normalization after treatment can offer more 
information compared to MRI for the better defi-
nition of CR (Bartel et al. 2009).

To improve the results of MRI for the most 
accurate detection of remission, the DW-MRI has 
been recently used. In the first preliminary report, 
ADC values in active myeloma were significantly 
higher than marrow in remission (Messiou et al. 
2012). Furthermore, the mean ADC increased in 
95% of responding patients and decreased in all 
(n = 5) non-responders (p = 0.002). An increase 
of ADC by 3.3% was associated with a positive 
response, having a sensitivity of 90% and speci-
ficity of 100%. Furthermore, there was a negative 
correlation between changes of ADC and changes 
of biochemical markers of response (r = −0.614, 
p = 0.001) (Giles et al. 2014). Large prospective 
clinical studies are definitely justified by these 
results.

The Value of MRI in the Definition of 
Smoldering/Asymptomatic Myeloma The 
presence of lytic lesions by WBXR is included in 
the definition of symptomatic myeloma, based on 
studies showing that patients with at least one 
lytic lesion in WBXR have a median time to pro-
gression (TTP) of 10 months (Dimopoulos et al. 
1993). However, in patients with no osteolytic 
lesions in WBXR, the MRI reveals abnormal 
marrow appearance in 20–50% of them 
(Moulopoulos et al. 1992; Moulopoulos et al. 
2005; Moulopoulos et al. 1995; Hillengass et al. 
2010; Kastritis et al. 2013); these patients are at a 
higher risk for progression. Moulopoulos et al. 

reported that patients with SMM and abnormal 
MRI studies required therapy after a median of 
16 vs. 43 months for those with normal MRI 
(p < 0.01) (Moulopoulos et al. 1995). Hillengass 
and colleagues evaluated WB-MRI in 149 SMM 
patients. Focal lesions were detected in 42 (28%) 
patients, while >1 focal lesion was present in 23 
patients (15%) who had high risk of progression 
(HR = 4.05, p < 0.001). The median TTP was 
13 months, and the progression rate at 2 years 
was 70%. On multivariate analysis, the presence 
of >1 focal lesion remained a significant predic-
tor of progression after adjusting for other risk 
factors including bone marrow plasmacytosis, 
serum and urine M protein levels, and suppres-
sion of uninvolved immunoglobulins. In the same 
study, the diffuse marrow infiltration on MRI was 
also associated with increased risk for progres-
sion (HR = 3.5, p < 0.001) (Hillengass et al. 
2010). Kastritis and colleagues also showed in 98 
SMM patients that abnormal marrow pattern in 
the MRI of the spine, which was present in 21% 
of patients, was associated with high risk of pro-
gression with a median TTP to symptomatic 
myeloma of 15 months (p = 0.001) (Kastritis 
et al. 2013).

An important issue is whether patients who 
have two or more small focal lesions (<5 mm) 
should be considered as patients with symptom-
atic myeloma and how to manage them. The 
Heidelberg group analyzed very recently data of 
63 SMM patients who had at least two WB-MRIs 
performed for follow-up before progression into 
symptomatic disease. The definition of radiologi-
cal progression according to MRI findings 
included one of the following: (1) development 
of a new focal lesion, (2) increase of the diameter 
of an existing focal lesion, and (3) detection of 
novel or progressive diffuse MRI pattern. The 
second MRI was performed 3–6 months after the 
performance of the first MRI. Evaluation of 
response according to IMWG criteria was also 
performed. Progressive disease according to MRI 
was observed in approximately 50% of patients, 
while 40% of patients developed symptomatic 
MM based on the CRAB criteria. In the multi-
variate analysis, MRI-PD was an independent 
prognostic factor for progression. Patients with 
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stable MRI findings had no higher risk of pro-
gression, even when focal lesions were present at 
the initial MRI (Merz et al. 2014). Prospective 
clinical trials should be conducted to confirm the 
above findings.

MRI Findings in Monoclonal Gammopathy of 
Undetermined Significance (MGUS) MGUS 
by definition is characterized by the absence of 
osteolytic lesions. However, MGUS patients 
have higher incidence of osteoporosis and verte-
bral fractures compared to normal population 
(Pepe et al. 2006; Van de Donk et al. 2014). In a 
small study which included 37 patients with 
MGUS or SMM, MRI abnormalities were 
detected in 20% of them. These patients had a 
higher time to progression (TTP) to symptomatic 
myeloma compared to patients with a normal 
MRI who did not progress after a median follow-
 up of 30 months (Vande Berg et al. 1997). A pro-
spective study in 331 patients with MGUS or 
SMM revealed that the detection of multiple 
(>1) focal lesions by MRI conferred an increased 
risk of progression (Dhodapkar et al. 2014). In 
another large study, which included only MGUS 
patients (n = 137) who underwent a WB-MRI at 
diagnosis, a focal infiltration pattern was 
detected in 23% of them. Independent prognos-
tic factors for progression to symptomatic 
myeloma included the presence and number of 
focal lesions and the value of M protein 
(Hillengass et al. 2014).

MRI and Solitary Plasmacytoma of the Bone 
(SPB) The diagnosis of SBP includes the pres-
ence of a solitary bone lesion, with a confirmed 
infiltration by plasma cells in the biopsy of the 
lesion, absence of clonal plasma cells in the tre-
phine bone marrow biopsy, and no CRAB crite-
ria. Although definitive radiotherapy usually 
eradicates the local disease, the majority of 
patients will develop MM because of the growth 
of previously occult lesions which have not been 
detected by WBXR (Dimopoulos et al. 2000). 
Moulopoulos et al. published that spinal MRI 
revealed additional focal lesions in 4/12 SBP 
patients. After treatment with radiotherapy to the 
painful lesion, three patients developed systemic 

disease within 18 months from diagnosis 
(Moulopoulos et al. 1993). Furthermore, Liebross 
et al. observed that among SBP patients with spi-
nal disease, 7/8 staged by WBXR alone devel-
oped MM compared to only 1/7 patients who also 
had spinal MRI (Liebross et al. 1998).

7.3.4  PET-CT

PET/CT Detection of Bone Involvement in 
Myeloma FDG-PET/CT is a functional imaging 
method, which combines demonstration of 
hypermetabolic activity in intramedullary and 
extramedullary sites (PET) with evidence of oste-
olysis (CT). Several studies have shown that 
PET/CT is more sensitive compared to WBXR 
for the detection of osteolytic lesions in MM 
(Zamagni et al. 2007; Bredella et al. 2005; Lütje 
et al. 2009; Breyer et al. 2006). This has been 
confirmed by the largest meta-analysis in the 
field (Regelink et al. 2013). The higher detection 
rate of PET/CT over WBXR for the presence of 
osteolytic lesions is especially important for 
patients with SMM. In one study with 120 
patients with SMM based on the previous IMWG 
criteria (Zamagni et al. 2007), 16% of patients 
with normal WBXR had positive PET/CT results. 
The median time to progression (TTP) for PET/
CT-positive patients was 1.1 years versus 4.5 for 
patients with negative PET/CT, while the proba-
bility of progression at 2 years for PET/
CT-positive patients was 58% (Zamagni et al. 
2015a). The largest study in the field involved 
188 with suspected SMM examined with PET/
CT. PET/CT was positive in 39% of patients. The 
probability of progression to symptomatic MM 
within 2 years was 75% for patients with a posi-
tive PET/CT under observation versus only 30% 
for patients with a negative PET/CT. This proba-
bility was higher if hypermetabolic activity was 
combined with underlying osteolysis (2-year 
 progression rate: 87%). The median TTP was 21 
versus 60 months for PET/CT-positive and nega-
tive patients, respectively (Siontis et al. 2015). 
The results of these two studies support the inte-
gration of changes in imaging requirements in 
the new IMWG diagnostic criteria for MM; 
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detection of osteolytic lesions by PET/CT is a crite-
rion for symptomatic MM (Rajkumar et al. 2014).

Compared to MRI, as mentioned previously, 
PET/CT performs equally well in detecting focal 
lesions, but MRI is better in detecting diffuse dis-
ease (Baur-Melnyk et al. 2008; Zamagni et al. 
2007; Breyer et al. 2006).

Value of PET/CT for Better Definition of 
Complete Response to Anti-myeloma 
Therapy Data obtained from PET/CT in 40 
MM patients, including average SUV and FDG 
kinetic parameters K1, influx, and fractal dimen-
sion, correlated significantly with the percentage 
of bone marrow infiltration on trephine biopsies 
(PC %) (Sachpekidis et al. 2015c). Furthermore, 
PET/CT efficiently detected extramedullary dis-
ease in patients both at diagnosis and at relapse 
(Tirumani et al. 2016). Consequently, PET/CT 
was tested for better definition of CR in 282 MM 
patients. It was performed at diagnosis and every 
12–18 months afterward. At diagnosis, 42% of 
MM patients had >3 focal lesions; in 50% of 
these patients, SUV max was >4.2. After treat-
ment, PET/CT was negative in 70% of patients, 
while 53% of patients achieved CR according to 
IMWG criteria. Approximately 30% of patients 
at CR had positive PET/CT. More importantly, 
PET/CT negativity was an independent predictor 
for prolonged PFS and OS in CR patients; median 
PFS was 50 months for PET/CT-positive and 
90 months for PET/CT-negative CR patients 
(Zamagni et al. 2015b). PET/CT, therefore, pro-
vides more accurate definition of CR, and it has 
been suggested that it should be incorporated to 
the CR criteria (Paiva et al. 2015).

Prognostic Significance of PET/CT Several 
studies have confirmed the value of PET/CT as 
an independent factor for survival in MM patients 
both at diagnosis and posttreatment (Bartel et al. 
2009; Zamagni et al. 2011; Patriarca et al. 2015; 
Fonti et al. 2015; Lapa et al. 2014; Cascini et al. 
2013). In 192 newly diagnosed patients who 
underwent ASCT, the presence of extramedullary 
disease and SUV max >4.2 on PET/CT per-
formed at diagnosis and the persistence of FDG 
uptake post-ASCT were independent variables, 

adversely affecting PFS (Zamagni et al. 2011). In 
the largest study in the field, 429 patients who 
were treated with total therapy protocols in 
Arkansas were evaluated with both MRI and 
PET/CT at diagnosis and 7 days post-ASCT. From 
the imaging variables, in the multivariate analy-
sis, only the detection of >2 osteolytic lesions by 
WBXR at diagnosis and the detection of >3 focal 
lesions by PET/CT, 7 days post-ASCT, were 
independent prognostic factors for inferior 
OS. Limitation of this study was the exclusion of 
diffuse MRI pattern from the analysis (Usmani 
et al. 2013). Despite this limitation, studies 
reported to date support the role of PET/CT after 
therapy, deeming it the best imaging technique 
for the follow-up of myeloma patients. Indeed, in 
a recent study which has been reported only in an 
abstract form, 134 patients who were eligible for 
treatment with ASCT were randomized to receive 
eight cycles of bortezomib-lenalidomide- 
dexamethasone (VRD) followed by 1-year main-
tenance with lenalidomide or three cycles of 
VRD followed by ASCT plus two cycles of VRD 
consolidation and 1-year lenalidomide mainte-
nance. PET/CT and WB-MRI were performed 
after induction and before maintenance. Both 
techniques were positive at diagnosis in more 
than 90% of patients. After induction therapy and 
before maintenance, more patients continued to 
have positive MRI than PET/CT (93% versus 
55% and 83% versus 21%, respectively), possi-
bly due to earlier reduction of activity of PET/CT 
lesions. Both after induction and before mainte-
nance, normalization of PET/CT and not of MRI 
could predict for PFS, while only normalization 
of PET/CT before maintenance could predict for 
OS (30-month OS rate: 70% in PET/CT-positive 
patients versus 94.6% in patients with negative 
PET/CT, p = 0.01) (Moreau et al. 2015).

At this point, it is crucial to mention that one 
of the major limitations of PET/CT is the lack of 
standardization and the controversies regarding 
SUV level of positivity. Recently, an Italian panel 
of experts introduced novel criteria for the inter-
pretation of PET/CT images (Nanni et al. 2016). 
Large, multicenter, studies with prospective eval-
uation of these new criteria will reveal their clini-
cal impact.
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Other PET/CT Indications and 
Limitations PET/CT may be used for the work-
 up of patients with SBP at diagnosis (Fouquet 
et al. 2014). However, it is not clear whether 
PET/CT or MRI is more suitable in this setting, 
since restaging PET/CT after radiotherapy has a 
number of false-positive findings (Alongi et al. 
2015). PET/CT also has a role in patients with 
nonsecretory or oligosecretory myeloma for the 
detection of active lesions in the body (Lonial 
and Kaufman 2013). Major limitations of PET/
CT include high cost, lack of availability in many 
centers and countries, and false-positive results 
due to inflammation of other underlying 
pathology.

7.4  Management of Multiple 
Myeloma Bone Disease

Bisphosphonates (BPs) are the mainstay in the 
management of MM bone disease. They are arti-
ficial analogues of pyrophosphates. In compari-
son with natural pyrophosphates, 
bisphosphonates are resistant to phosphatase-
induced hydrolysis (Rogers et al. 2000). 
Bisphosphonates cause osteoclast suppression. 
They bind to calcium- containing molecules such 
as hydroxyapatite (Terpos et al. 2009). 
Osteoclast-induced bone resorption causes expo-
sure of hydroxyapatite. Bisphosphonates bind to 
the exposed molecules of hydroxyapatite. This 
fact leads to increased concentration of bisphos-
phonates within the lytic lesions (Terpos et al. 
2009; Boonekamp et al. 1986; Rowe et al. 1999). 
There are two main groups of bisphosphonates, 
each with a differently proposed mechanism of 
action (Terpos et al. 2009). Nonnitrogen-
containing bisphosphonates induce osteoclast 
apoptosis via their cytotoxic ATP analogues. On 
the other hand, nitrogen-containing bisphospho-
nates downregulate osteoclast activity by inhib-
iting the HMG- CoA reductase pathway. 
Etidronate and clodronate (CLO) are nonnitro-
gen-containing bisphosphonates. Zoledronic 
acid (ZOL), ibandronate, pamidronate (PAM), 
and risedronate are nitrogen-containing bisphos-
phonates. All bisphosphonates have similar 

physicochemical properties; however, their anti-
resorbing activity is different. Their activity is 
drastically increased when an amino group is 
entered into the aliphatic carbon chain. Thus, 
pamidronate is 100- and 700-fold more potent 
than etidronate, both in vitro and in vivo, while 
zoledronic acid and ibandronate show 10,000- to 
100,000-fold greater potency than etidronate 
(Terpos et al. 2014). Bisphosphonates also 
appear to affect the microenvironment in which 
tumor cells grow and may have direct anti-tumor 
activity (Mundy and Yoneda 1998; Yin et al. 
1999; Diel et al. 1998; Aparicio et al. 1998; 
Shipman et al. 1997; Dhodapkar et al. 1998). 
Possible mechanisms include the reduction of 
IL-6 secretion by bone marrow stromal cells or 
the expansion of gamma/delta T cells with pos-
sible anti-MM activity. The aim of bisphospho-
nates use is the reduction of SREs in patients 
with myeloma bone disease (Christoulas et al. 
2009).

According to the latest IMWG Guidelines, 
bisphosphonates should be initiated in MM 
patients, with (grade A) or without (grade B) 
detectable osteolytic bone lesions in conven-
tional radiography, who are receiving anti-
myeloma therapy, as well as patients with 
osteoporosis (grade A) or osteopenia (grade C) 
due to myeloma. The beneficial effect of zole-
dronic acid in patients without detectable bone 
disease by MRI or PET/CT is not known. Oral 
clodronate, intravenous pamidronate, and intra-
venous zoledronic acid have been licensed for 
the management of myeloma bone disease. 
Etidronate and ibandronate were found to be 
ineffective for the treatment of bone disease in 
myeloma patients (Daragon et al. 1993; Menssen 
et al. 2002). Several studies have evaluated the 
effects of bisphosphonates (BPs) on SREs and 
bone pain in patients with MM (Terpos et al. 
2013a).

7.4.1  Etidronate

Etidronate was found to be ineffective in two 
placebo-controlled studies in myeloma patients 
(Daragon et al. 1993; Belch et al. 1991).
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7.4.2  Ibandronate

Ibandronate is ineffective in reducing SREs or 
improving bone pain in patients with MM 
(Menssen et al. 2002).

7.4.3  Clodronate

The oral BP, clodronate, reduced the proportion 
of patients with MM who experienced progres-
sion of osteolytic lesions by 50% compared with 
placebo (24% vs. 12%, p = 0.026) and reduced 
the time to first SRE and the rate of nonvertebral 
fracture (6.8% vs. 13.2% for placebo, p = 0.04) in 
patients with newly diagnosed MM (McCloskey 
et al. 1998). Two major, placebo-controlled, ran-
domized trials have been performed in 
MM. Lahtinen et al. reported reduction of the 
development of new osteolytic lesions by 50% in 
myeloma patients who received oral CLO for 
2 years that was independent of the presence of 
lytic lesions at baseline (Lahtinen et al. 1992). In 
the other study, although there was no difference 
in overall survival (OS) between CLO and pla-
cebo patients, patients who received CLO and 
did not have vertebral fractures at baseline 
appeared to have a survival advantage (59 vs. 
37 months). Both vertebral and nonvertebral 
fractures as well as the time to first nonvertebral 
fracture and severe hypercalcemia were reduced 
in the CLO group after 1 year of follow-up, and 
at 2 years, the patients who received CLO had 
better performance status and less myeloma-
related pain than patients treated with placebo 
(McCloskey et al. 2001).

7.4.4  Pamidronate

PAM is an amino-bisphosphonate, which has 
been administered either orally or intravenously. 
In one trial, patients with advanced disease and at 
least one lytic lesion were randomized to placebo 
or intravenous PAM (Berenson et al. 1998). 
Administration of PAM resulted in a significant 
reduction in skeletal-related events (SREs, 24%) 
versus placebo (41%, p < 0.001). Patients 

receiving PAM also experienced reduced bone 
pain and no deterioration in the quality of life 
(QoL) during the 2-year study. By contrast, 
administration of oral PAM failed to reduce SREs 
relative to placebo (Brincker et al. 1998). 
However, patients treated with oral PAM experi-
enced fewer episodes of severe pain. The overall 
negative result of this study was attributed to the 
low absorption of orally administered BPs 
(Brincker et al. 1998). A recent study for patients 
with newly diagnosed MM demonstrated that 
PAM 30 mg monthly had comparable time with 
SREs and SRE-free survival time as compared 
with PAM 90 mg monthly. After a minimum of 
3 years, patients receiving PAM 30 mg showed a 
trend toward lower risks of osteonecrosis of the 
jaw (ONJ) and nephrotoxicity compared with the 
higher dose. However, the study was not powered 
to show SRE differences between the two PAM 
dosages but only to show QoL differences 
(Gimsing et al. 2010).

7.4.5  Zoledronic Acid (ZOL)

In a non-inferiority randomized phase II trial 
published by Berenson et al. escalating doses of 
ZOL were tested in comparison with 90 mg of 
PAM; in 280 patients, 108 of them affected by 
MM (the other had metastatic breast cancer to the 
bone). Both ZOL (at doses of 2 and 4 mg) and 
PAM significantly reduced SREs in contrast to 
0.4 mg ZOL (Berenson et al. 2001). This phase II 
trial failed to show any superiority of ZOL com-
pared with PAM in terms of SREs, but it was not 
powered to show differences between the groups.

Bisphosphonates Head to Head There are only 
two large randomized studies comparing two 
 different BPs. A Phase III, randomized, double- 
blind, study was performed to compare the effects 
of zoledronic acid with pamidronate for patients 
with myeloma and lytic bone disease or with 
metastatic breast cancer to the bone (Rosen et al. 
2001; Rosen et al. 2003). In the myeloma cohort, 
there was no difference between the two treat-
ment arms regarding incidence and time to first 
SRE. However, N-terminal cross-linking 
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 telopeptide of collagen type I (NTX) levels, a 
sensitive marker of bone resorption, normalized 
more often in the zoledronic acid arm compared 
with pamidronate-treated patients. More recently, 
the Medical Research Council (MRC) of the UK 
compared zoledronic acid (4 mg intravenous 
every 3–4 weeks or at doses according to creati-
nine clearance [CrCl] rates) and oral clodronate 
(1600 mg orally daily) for patients with newly 
diagnosed, symptomatic MM, who were treated 
with anti-myeloma therapy (n = 1960 evaluable 
for efficacy). Zoledronic acid reduced the inci-
dence of SREs both in myeloma patients with or 
without bone lesions as assessed using conven-
tional radiography, compared with clodronate 
(Morgan et al. 2010; Morgan et al. 2012). After a 
median follow-up of 3.7 years, 35% of patients 
receiving clodronate had experienced SREs ver-
sus 27% of patients receiving zoledronic acid 
(p = 0.004). More importantly, zoledronic acid 
reduced mortality and extended median survival. 
Further, subset analysis showed this that treat-
ment extended survival by 10 months over clo-
dronate for patients with osteolytic disease at 
diagnosis, whereas myeloma patients without 
bone disease at diagnosis as assessed using con-
ventional radiography had no survival advantage 
with zoledronic acid (Morgan et al. 2012). These 
results confirm preclinical studies suggesting 
indirect and direct anti-myeloma effects of zole-
dronic acid (Croucher et al. 2003). Possible 
mechanisms for the anti-myeloma effects of zole-
dronic acid include direct cytotoxic effect on the 
tumor cells, the reduction of IL-6 secretion by 
bone marrow stromal cells, the expansion of 
gamma/delta T cells with possible anti-MM 
activity, anti-angiogenic effects, and inhibitory 
effects in the adhesion molecules. In specific sub-
sets of patients, other BPs have also been associ-
ated with improved survival: patients receiving 
second-line anti-myeloma chemotherapy and 
treated with pamidronate experienced a border-
line improvement in OS over placebo (Berenson 
et al. 1998), whereas clodronate had an OS 
advantage in patients without vertebral fractures 
at presentation relative to placebo (McCloskey 
et al. 2001). Nevertheless, a Cochrane Database 
meta-analysis showed that zoledronic acid was 

the only BP associated with superior OS com-
pared with placebo (hazard ratio, 0.61; 95% CI, 
0.28–0.98), but not compared with other BPs 
(Mhaskar et al. 2012).

Patients with Asymptomatic Myeloma 
(AMM) Intravenous PAM (60–90 mg monthly 
for 12 months) in patients with AMM reduced 
bone involvement at progression but did not 
decrease the risk and increase the time to pro-
gression (D’Arena et al. 2011). Similarly, intra-
venous ZOL (4 mg monthly for 12 months) 
reduced the SRE risk at progression but did not 
influence the risk of progression of AMM patients 
(Musto et al. 2008).

Several studies have reported the value of 
MRI (presence of >1 focal lesion and presence of 
diffuse pattern of marrow infiltration) in detect-
ing patients with AMM at high risk for progres-
sion (Moulopoulos et al. 1995; Hillengass et al. 
2010). Since there is no data supporting PFS 
advantage with bisphosphonates in AMM, 
bisphosphonates should not be recommended 
except for a clinical trial of high-risk patients.

Patients with MGUS MGUS patients are at 
high risk for developing osteoporosis and patho-
logical fractures (Bida et al. 2009; Kristinsson 
et al. 2010). Three doses of ZOL (4 mg intrave-
nously every 6 months) increased bone mineral 
density (BMD) by 15% in the lumbar spine and 
by 6% in the femoral neck in MGUS patients 
with osteopenia or osteoporosis (Berenson et al. 
2008). Oral alendronate (70 mg/weekly) also 
increased BMD of the lumbar spine and total 
femur by 6.1% and 1.5%, respectively, in 50 
MGUS patients with vertebral fractures and/or 
osteoporosis (Pepe et al. 2008).

Patients with Solitary Plasmacytoma 
(SPB) Patients with solitary plasmacytoma and 
no evidence of MM do not require therapy with 
bisphosphonates. However, these patients should 
have a whole-body MRI since in a study of 17 
patients diagnosed with a solitary plasmacytoma, 
all showed additional focal lesions or a diffuse 
infiltration on MRI, leading to a classification as 
stage I MM (76%), stage II MM (12%), or stage 
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III MM (12%) using the Durie-Salmon PLUS 
system (Fechtner et al. 2010).

Route of Administration Strict adherence to 
dosing recommendations is required for 
bisphosphonate therapy to effectively reduce 
and delay SREs in patients with MM. Each 
patient prescribed bisphosphonate therapy 
should be instructed about the crucial impor-
tance of adherence to the dosing regimen. 
Although a few randomized, placebo-controlled 
clinical studies suggest that long-term compli-
ance with oral bisphosphonates such as CLO is 
satisfactory in MM patients (McCloskey et al. 
1998; Lahtinen et al. 1992), compliance with 
oral bisphosphonate therapy is generally subop-
timal (Cramer et al. 2007). Further, the MRC-IX 
data strongly support the use of intravenous 
ZOL over CLO in all outcomes measured, 
including reduction of SREs and improvement 
in OS (Morgan et al. 2010; Morgan et al. 2012; 
Morgan et al. 2011). According to the latest 
IMWG guidelines, intravenous administration 
of BPs is the preferred choice (grade A). 
However, oral administration remains an option 
for patients who cannot receive regular hospital 
care or in-home nursing visits (grade D) (Terpos 
et al. 2013a).

Treatment Duration Intravenous bisphospho-
nates should be administered at 3- to 4-week 
intervals to all patients with active MM (grade 
A). ZOL improves OS and reduces SREs over 
CLO in patients who received treatment for more 
than 2 years; thus, it should be given until disease 
progression in patients not in complete remission 
(CR) or a very good partial remission (VGPR) 
and further continued at relapse (grade B). There 
is no similar evidence for PAM. PAM may be 
continued in patients with active disease at the 
physician’s discretion (grade D), and PAM ther-
apy should be resumed after disease relapse 
(grade D). For patients in CR/VGPR, the optimal 
treatment duration of BPs is not clear; according 
to the IMWG BPs should be given for at least 
12 months and up to 24 months and then at the 
physician’s discretion (grade D, panel 
consensus).

According to the latest IMWG guidelines and 
due to higher reported rates of ONJ with extended 
duration of therapy, ZOL or PAM should be dis-
continued after 1–2 years in patients who have 
achieved CR or VGPR (grade D, panel consen-
sus) (Terpos et al. 2013a).

7.4.6  Adverse Events

Even though bisphosphonate therapy is well tol-
erated in patients with MM, clinicians should be 
alert for symptoms and signs suggesting adverse 
events (AEs), and patients and healthcare profes-
sionals should be instructed on how to prevent 
and recognize AEs. Potential AEs associated 
with bisphosphonate administration include 
hypocalcemia and hypophosphatemia, gastroin-
testinal events after oral administration, inflam-
matory reactions at the injection site, and 
acute-phase reactions after IV administration of 
amino-bisphosphonates. Renal impairment and 
ONJ represent infrequent but potentially serious 
AEs with bisphosphonate use.

Hypocalcemia Hypocalcemia is usually rela-
tively mild and asymptomatic with bisphospho-
nate use in most MM patients. The incidence of 
symptomatic hypocalcemia is much lower in 
MM patients compared to patients with solid 
tumors. Although severe hypocalcemia has been 
observed in some patients (Roux et al. 2003), 
these events are usually preventable via the 
administration of oral calcium and vitamin D3. 
Patients should routinely receive calcium 
(600 mg/day) and vitamin D3 (400 IU/day) sup-
plementation since 60% of MM patients have 
vitamin D deficiency or insufficiency (Badros 
et al. 2008a; Laroche et al. 2010). In vitamin 
D-deficient patients, there is an increase in bone 
remodeling. This fact shows that MM patients 
should be calcium and vitamin D sufficient (Ross 
et al. 2011). Calcium supplementation should be 
used with caution in patients with renal 
insufficiency.

Renal Impairment Bisphosphonate infusions 
are associated with both dose- and infusion rate- 
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dependent effects on renal function. The poten-
tial for renal damage is dependent on the 
concentration of bisphosphonate in the blood-
stream, and the highest risk is observed after 
administration of high dosages or rapid infusion. 
Both ZOL and PAM have been associated with 
acute renal damage or increases in serum creati-
nine (Rosen et al. 2001; Berenson et al. 1996). 
Patients should be closely monitored for compro-
mised renal function by measuring CrCl before 
administration of each IV bisphosphonate infu-
sion. Current guideline recommendations (Terpos 
et al. 2013a) states that the dosages of zoledronic 
acid and clodronate, when administered intrave-
nously, should be reduced for patients who have 
preexisting renal impairment (CrCl 30–60 mL/
min), but there are no clinical studies demonstrat-
ing the efficacy of this approach. For patients 
with CrCl between 30 and 60 mL/min, zoledronic 
acid dose should be adjusted. Zoledronic acid has 
not been studied for patients presented with 
severe renal impairment (CrCl <30 mL/min), and 
it is not recommended for patients with severe 
renal impairment (CrCl <30 mL/min). We sug-
gest that pamidronate may be given at a dose of 
90 mg infused over 4–6 h for myeloma patients 
with osteolytic disease and renal insufficiency. 
Furthermore, serum creatinine and CrCl should 
be measured before each infusion of pamidronate 
or zoledronic acid, while BPs should not be 
administered in short infusion times (<2 h for 
pamidronate and less than 15 min for zoledronic 
acid). Bisphosphonate therapy can be resumed, 
after withholding zoledronic acid or pamidronate 
for patients who develop renal deterioration dur-
ing therapy, when serum creatinine returns to 
within 10% of the baseline (Terpos et al. 2013a).

Osteonecrosis of the Jaw It is an uncommon 
complication of intravenous bisphosphonates. It 
is potentially serious and its main characteristic 
is the presence of exposed bone in the mouth. 
Incidence may vary from 2% to 10% (Bamias 
et al. 2005; Dimopoulos et al. 2006). Longer 
exposure increases the cumulative incidence of 
ONJ. One of the main risk factors for the devel-
opment of ONJ is the invasive dental procedures 
(Bamias et al. 2005). Other risk factors include 

poor oral hygiene, age, and duration of myeloma. 
Zoledronic acid was associated with a higher 
incidence of ONJ in retrospective evaluations 
(Zervas et al. 2006). In approximately one half of 
patients, ONJ lesions will heal (Badros et al. 
2008b), but approximately one half of patients 
who restart bisphosphonate therapy after having 
stopped it will develop recurrence of 
ONJ. According to recent IMWG guidelines 
(Coleman et al. 2005), preventive strategies 
should be adopted to avoid ONJ. A dental exami-
nation is necessary before beginning of bisphos-
phonate’s course. Patients should also be alerted 
regarding dental hygiene (grade C, panel consen-
sus). All existing dental condition should be 
treated before initiation of bisphosphonate ther-
apy (grade C, panel consensus). After bisphos-
phonate treatment initiation, unnecessary 
invasive dental procedures should be avoided, 
and dental health status should be monitored on 
annual basis (grade C). Patients’ dental health 
status should be monitored by a physician and a 
dentist (grade D, panel consensus). Dental prob-
lems should be managed conservatively if possi-
ble (grade C). If invasive dental procedures are 
necessary, there should be temporary suspension 
of bisphosphonate treatment (grade D). The 
panel consensus suggests the interruption of 
bisphosphonates before and after dental proce-
dures for a total of 180 days (90 days before and 
90 days after procedures such as tooth extraction, 
dental implants, and surgery to the jaw). 
Bisphosphonates do not need to be discontinued 
for routine dental procedures including root 
canal. Initial treatment of ONJ should include 
discontinuation of bisphosphonates until healing 
occurs (grade C). The physician should consider 
the advantages and disadvantages of continued 
treatment with bisphosphonates, especially in the 
relapsed/refractory MM setting (grade D). 
Preventive measures during bisphosphonate 
treatment have the potential to reduce the inci-
dence of ONJ about 75% (Dimopoulos et al. 
2009b). Prophylactic antibiotic treatment may 
prevent ONJ occurrence after dental procedures 
(Montefusco et al. 2008). Management of 
patients depends on ONJ stage. Stage I (asymp-
tomatic exposed bone, no soft tissue infection) 
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can be managed conservatively with oral antimi-
crobial rinses. Stage II (exposed bone and associ-
ated pain/swelling and/or soft tissue infection) 
requires culture-directed long-term and mainte-
nance antimicrobial therapy, analgesic manage-
ment, and, occasionally, minor bony debridement. 
Stage III disease (pathological fracture and 
exposed bone or soft tissue infection not manage-
able with antibiotics) requires surgical resection 
in order to reduce the volume of necrotic bone in 
addition to the measures described in stage II 
(Migliorati et al. 2005). When ONJ occurs, initial 
therapy should include discontinuation of 
bisphosphonates until healing occurs (Terpos 
et al. 2009). The administration of medical ozone 
(O3) as an oil suspension directly to the ONJ 
lesions that are below ≤2.5 cm may be another 
possible therapeutic strategy for those patients 
who fail to respond to conservative treatment. In 
such patients, there are reports suggesting that 
ONJ lesions resolved with complete reconstitu-
tion of oral and jaw tissue, with three to ten appli-
cations (Ripamonti et al. 2011; Agrillo et al. 
2012). In addition, treatment with hyperbaric 
oxygen has been reported to be helpful.

7.4.7  Future Treatment Options

7.4.7.1  RANKL/RANK Pathway 
Regulators: Targeting 
the Osteoclast

RANKL Antagonists Preclinical models of 
MM demonstrated that RANKL inhibition can 
prevent bone destruction from MM. RANKL 
inhibition with recombinant RANK-Fc protein 
not only reduced MM-induced osteolysis but also 
caused a marked decline in tumor burden 
(Yaccoby et al. 2002; Croucher et al. 2001). 
Similar results were obtained using recombinant 
OPG for the treatment of MM-bearing animals 
(Vanderkerken et al. 2003). These data gave the 
rationale for using RANKL inhibition in the clin-
ical setting.

Denosumab A fully human monoclonal anti-
body has showed high affinity and specificity in 
binding RANKL and inhibits RANKL-RANK 

interaction, mimicking the endogenous effects of 
OPG. In knock-in mice with chimeric (murine/
human) RANKL expression, denosumab showed 
inhibition of bone resorption (Kostenuik et al. 
2009).

In a phase I trial, 54 patients with breast can-
cer (n = 29) or MM (n = 25) with radiologically 
confirmed bone lesions received a single dose of 
either denosumab or pamidronate. Denosumab 
decreased bone resorption within 24 h of admin-
istration, as reflected by levels of urinary and 
serum NTX. That was similar in magnitude but 
more sustained than with intravenous pamidro-
nate (Body et al. 2006). These results were con-
firmed in another phase I trial, in which 
denosumab was given at multiple doses 
(Yonemori et al. 2008).

In a phase II trial, the ability of denosumab 
(120 mg given monthly as a subcutaneous injec-
tion) to affect bone resorption markers and mono-
clonal protein levels in MM patients who relapsed 
after response to prior therapy and in patients 
with response to most recent therapy and who 
had stable disease for at least 3 months was eval-
uated. No patients experienced complete or par-
tial response (≥ 50% reduction in M protein), but 
seven patients had maximum reduction of ≥25% 
in serum M protein. Bone resorption markers 
were reduced by more than 50% with denosumab 
(Vij et al. 2007).

In another phase II trial, Fizazi et al. evalu-
ated the effect of denosumab in patients with 
bone metastases and elevated urinary NTX lev-
els despite ongoing intravenous bisphosphonate 
therapy. Patients were stratified by tumor type 
(total 111 patients: 9 patients with multiple 
myeloma, 50 patients with prostate cancer, 46 
patients with breast cancer, and 6 patients with 
another solid tumor) and screening NTX levels 
and randomly assigned to receive subcutaneous 
denosumab 180 mg every 4 or every 12 weeks or 
continue intravenous bisphosphonates every 
4 weeks. Denosumab normalized urinary NTX 
levels more frequently than the continuation of 
intravenous bisphosphonate (64% vs. 37% 
respectively, p = 0.01), while fewer patients 
receiving denosumab experienced on-study 
SREs than those receiving intravenous 
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bisphosphonate (8% vs. 17%) (Fizazi et al. 
2009). This study showed that denosumab inhib-
its bone resorption and prevents SREs even in 
patients who are refractory to bisphosphonate 
therapy.

A meta-analysis of major phase III studies 
comparing denosumab versus zoledronic acid 
including mainly patients with solid tumors 
showed that denosumab was superior in terms of 
delaying the time to first on-study SRE by 
8 months and reducing the risk of the first SRE by 
17%. No difference between the two drugs was 
reported regarding disease progression and over-
all survival. Hypocalcaemia was more common 
in denosumab arm, while ONJ was similar with 
the two drugs (Lipton et al. 2012).

Denosumab appears to have little toxicity, 
mainly asthenia, and multiple phase III trials of 
denosumab in patients with bone metastasis are 
ongoing. However, it is crucial to mention that 
RANKL is involved in dendritic cell survival and 
that the anti-RANKL strategy may have an effect 
on the immune system and a possible increase in 
infection rate, especially in cancer patients who 
have already had severe immunodeficiency. For 
MM patients, while denosumab was comparable 
to zoledronic acid with respect to the occurrence 
of SREs, inferior survival occurred in denosumab 
compared to zoledronic acid-treated patients, but 
this was a subset analysis from a large phase III 
trial that involved mostly solid tumor patients 
with metastatic bone disease (Henry et al. 2011). 
Interpretation is limited based on the small num-
bers of MM patients who were enrolled on the 
trial and imbalance in baseline disease 
characteristics.

7.4.7.2  Activin-A Inhibitors
Sotatercept (ACE-011) is a fusion protein of the 
extracellular domain of the high-affinity activin 
receptor IIA (ActRIIA) and human immunoglob-
ulin G (IgG) Fc domain with potent inhibitory 
effect on activin, enhancing the deposition of 
new bone tissue and preventing bone loss. In the 
preclinical setting, RAP-011, a murine counter-
part of sotatercept, prevented the formation of 
osteolytic lesions in a murine MM model by 
stimulating bone formation through osteoblasts, 

while having no effect on osteoclast activity 
(Chantry et al. 2010).

In a phase I study, in healthy postmenopausal 
volunteers, single-dose sotatercept was associ-
ated with increased serum levels of the bone for-
mation marker bone-specific alkaline phosphatase 
(bALP) and decreased bone resorption markers 
CTX and tartrate-resistant acid phosphatase iso-
form 5b (TRACP-5b), reflecting a decrease in 
bone resorption and an increase in bone forma-
tion (Ruckle et al. 2009). No safety concerns 
were noted in this study.

In a multicenter phase II trial, patients with 
osteolytic bone lesions due to MM were ran-
domized to receive either four 28-day cycles of 
sotatercept or placebo as subcutaneous injection 
with concomitant anticancer therapy consisting 
of oral melphalan, prednisolone, and thalido-
mide (MPT). Sotatercept treatment demon-
strated clinically significant increases in 
biomarkers of bone formation, decreases in bone 
pain, and anti-tumor activity as well as increase 
in hemoglobin levels (Chantry et al. 2010), but 
further research is needed to support these find-
ings. Moreover, increased activin-A secretion 
was induced by lenalidomide and was canceled 
by the addition of an activin-A-neutralizing anti-
body. This effectively restored osteoblast func-
tion and subsequently inhibited myeloma-related 
osteolysis without abrogating the cytotoxic 
effects of lenalidomide on malignant cells 
(Scullen et al. 2013) and thus supporting the 
combination of lenalidomide with an anti-
activin-A molecule.

7.4.7.3  Future Agents Targeting 
the Osteoclast

The pathophysiology of myeloma bone disease 
is complex. Interactions between myeloma 
cells, stromal cells, osteoclasts, and osteoblasts 
create vicious cycles that lead to the develop-
ment of osteolytic disease and support the 
myeloma cell growth and survival. The better 
understanding of this biology has revealed sev-
eral other pathways that enhance osteoclasto-
genesis, including the PI3K/AKT/mTOR 
pathway, the extracellular signal-regulated 
kinase 1/2 pathway, the nuclear export protein 
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CRM1/XPO1 signaling, the MAPK pathways, 
the parathyroid hormone- related protein, che-
mokines and their receptors such as the C-C 
chemokine receptor types I and II (CCR1 and 
-2), the C-C motif ligand 3 (CCL- 3, previously 
known as macrophage inflammatory protein 1a) 
pathways, and others (Christoulas et al. 2009; 
Oranger et al. 2013; Cao et al. 2013; Breitkreutz 
et al. 2007; Tai et al. 2013; Cafforio et al. 2013; 
Moreaux et al. 2011; Choi et al. 2001; Roussou 
et al. 2009). This knowledge has led to the 
development of novel drugs that may be used in 
the near future for the management of lytic bone 
disease in myeloma patients. AKT pathway is 
upregulated in marrow monocytes from MM 
patients, leading to a sustained high expression 
of RANK in osteoclast precursors. AKT inhibi-
tion blocks this upregulation of RANK expres-
sion and the subsequent osteoclast formation. In 
the clinical setting, the novel AKT inhibitor 
LY294002 blocked the formation of myeloma 
masses in the bone marrow cavity and dramati-
cally reduced osteoclast formation and osteo-
lytic lesions in SCID mice, suggesting a 
potential role in the management of MM patients 
with bone disease in the future (Cao et al. 2013). 
AZD6244 is a mitogen-activated or extracellu-
lar signal- regulated protein kinase (MEK) 
inhibitor. It has been reported in preclinical 
models that AZD6244 blocked osteoclast for-
mation in a dose-dependent manner and inhib-
ited bone resorption targeting a later stage of 
osteoclast differentiation (Breitkreutz et al. 
2007). Novel, oral, irreversible, selective nuclear 
export inhibitors (SINEs) that target CRM1 
have shown strong anti-myeloma activity, and 
they inhibit the MM-induced osteolysis. SINEs 
have direct anti-osteoclastic function through 
the blockade of RANKL-induced NF-kB and 
NFATc1, with almost no impact on osteoblasts, 
supporting their clinical development for 
myeloma-related bone disease (Tai et al. 2013). 
MLN3897 is a novel antagonist of the chemo-
kine receptor CCR1 that demonstrated reduc-
tion of osteoclast formation and function by 
inhibiting the AKT signaling and the CCL-3 
pathway in preclinical models (Vallet et al. 
2007).

7.4.7.4  Wnt Pathway Regulators: 
Helping the Osteoblast

DKK-1 Antagonists DKK-1 plays an important 
role in the dysfunction of osteoblasts observed in 
MM. The production of this soluble Wnt inhibi-
tor by MM cells inhibits osteoblast activity, and 
its serum level reflects the extension of focal 
bone lesions in MM (Durie 2006; Brincker et al. 
1998). Serum DKK-1 is increased not only in 
symptomatic MM patients at diagnosis but also 
in relapsed MM, correlating with advanced dis-
ease features and the presence of lytic lesions, 
while serum DKK-1 levels of asymptomatic 
patients at diagnosis and plateau do not differ 
from control values (Politou et al. 2006; Terpos 
et al. 2010a).

BHQ880, an IgG antibody, the first in class, 
fully human anti-Dkk-1 neutralizing antibody, 
seems to promote bone formation, and thus it has 
been shown to inhibit tumor-induced osteolytic 
disease in preclinical studies (Lipton et al. 2012). 
Inhibiting Dkk-1 with BHQ880 in the 5T2MM 
murine model of myeloma reduced the develop-
ment of osteolytic bone lesions and in vivo 
growth of MM cells (Steinman et al. 2005). A 
phase I/II study of BHQ880 in combination with 
zoledronic acid in relapsed or refractory myeloma 
patients is ongoing as well as phase II studies in 
patients with high-risk smoldering MM or 
untreated MM and renal insufficiency. Results 
are highly anticipated.

Sclerostin Antagonists Sclerostin is another 
Wnt inhibitor, specifically expressed by osteo-
cytes, which inhibits osteoblast-driven bone for-
mation and induces mature osteoblast apoptosis 
(Moester et al. 2010). Sclerostin deficiency leads 
to the development of rare bone sclerosing disor-
ders, including sclerosteosis and van Buchem 
disease. On the other hand, elevated sclerostin is 
implicated in the mechanisms of bone loss in 
metabolic bone diseases, such as postmenopausal 
osteoporosis and thalassemia-associated osteo-
porosis (Polyzos et al. 2012; Voskaridou et al. 
2012). Elevated circulating sclerostin levels cor-
relate with advanced disease features and abnor-
mal bone remodeling in symptomatic myeloma 
(Terpos et al. 2012b). In particular, MM patients 
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who presented with fractures at diagnosis had 
very high levels of circulating sclerostin com-
pared with all others (p < 0.01), while sclerostin 
serum levels correlated negatively with bALP 
(r = −0.541, p < 0.0001) and positively with CTX 
(r = 0.524, p < 0.0001) (Terpos et al. 2012b). 
Romosozumab (AMG 785, CDP7851), an inves-
tigational humanized monoclonal antibody that 
inhibits the activity of sclerostin, has been used in 
phase II clinical studies in postmenopausal 
women with low bone mineral density (BMD), 
demonstrating significant increases in lumbar 
spine BMD after 12 months (Lewiecki 2011). 
Studies in MM are planned to start soon.

7.5  Anti-Myeloma Agents

7.5.1  Bortezomib

Bortezomib is the first proteasome inhibitor with 
established activity against myeloma, with subse-
quent effects on osteoclasts that leads to reduced 
bone resorption (von Metzler et al. 2007; Boissy 
et al. 2008). For patients with relapsed/refractory 
MM, bortezomib reduces circulating RANKL, 
osteoclast function, and bone resorption, as 
assessed by TRACP-5b and CTX serum levels, 
respectively (Terpos et al. 2006). Furthermore, 
bortezomib increases osteoblast activity and 
bone formation both in vitro and for patients with 
relapsed/refractory MM (Giuliani et al. 2007; 
Zangari et al. 2005). More specifically, bortezo-
mib increased bone formation markers such as 
bALP; this increase was observed both among 
responders and non-responders to bortezomib 
suggesting a direct effect of bortezomib on osteo-
blastic activity (Heider et al. 2006). Another pro-
teasome inhibitor, carfilzomib, has been reported 
to increase bALP in patients with relapsed/refrac-
tory MM that responded to therapy (Zangari et al. 
2011). Bortezomib in combination with zole-
dronic acid increased BMD in a subset of MM 
patients at first relapse even in the presence of 
dexamethasone (Terpos et al. 2010b). However, 
when bortezomib was given in combination with 
other anti-myeloma drugs, such as melphalan and 
thalidomide (VMDT regimen), no increase in 

bALP and osteocalcin was observed suggesting 
that in such combinations, bortezomib seems to 
lose its beneficial effect on osteoblasts (Terpos 
et al. 2008). Even in post-autologous stem cell 
transplantation patients with low myeloma bur-
den, bortezomib in combination with thalido-
mide and dexamethasone as consolidation 
therapy failed to produce a significant bone ana-
bolic effect (Terpos et al. 2013b). Nevertheless, 
in this specific cohort of patients who did not 
receive BPs during consolidation, bone resorp-
tion was reduced, and there were no SREs in 
responding patients. In a subanalysis of a phase 
III study in newly diagnosed patients (VISTA 
trial), bortezomib in combination with melphalan 
and prednisone (VMP) reduced substantially 
DKK-1 in responding patients, while the MP 
regimen increased DKK-1 even in responders 
(Delforge et al. 2011). In the same study, there 
was evident bone formation effect in conven-
tional radiography in a subset of VMP patients 
but not in MP patients (Delforge et al. 2011).

These findings suggest that proteasome inhi-
bition and especially bortezomib, in addition to 
its antineoplastic effects on tumor cells, may 
directly stimulate osteoblast differentiation and 
function and lead to increased bone formation 
and increased BMD, at least in responders. 
However, it is unclear if bortezomib alone is suf-
ficient to reverse bone disease in MM patients 
and heal lytic lesions as evidence of the effect of 
bortezomib on clinical end points specific to the 
bone, such as SREs is limited, possibly as a result 
of relatively short follow-up periods. Prospective 
trials that specifically investigate end points 
related to bone formation are needed.

7.5.2  Immunomodulatory Agents

Immunomodulatory agents (IMiDs), such as tha-
lidomide, lenalidomide, and pomalidomide, are 
highly active agents in the treatment of both 
newly diagnosed and relapsed/refractory 
MM. These agents also alter interactions between 
bone marrow microenvironment and malignant 
plasma cells and modify abnormal bone metabo-
lism in MM (Christoulas et al. 2009).
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Thalidomide Thalidomide almost completely 
blocks RANKL-induced osteoclast formation 
in vitro. In relapsed/refractory MM patients, 
intermediate dose of thalidomide (200 mg/d) in 
combination with dexamethasone produced a 
significant reduction of serum markers of bone 
resorption [C-telopeptide of collagen type I 
(CTX) and tartrate-resistant acid phosphatase 
isoform-5b (TRACP-5b)] and also of sRANKL/
OPG ratio (Terpos et al. 2005).

Lenalidomide Lenalidomide also inhibited 
osteoclast formation, by targeting PU.1, a criti-
cal transcription factor for the development of 
osteoclasts, and downregulating cathepsin 
K. The downregulation of PU.1 in hematopoietic 
progenitor cells resulted in a complete shift of 
lineage development toward granulocytes. 
Lenalidomide also reduced the serum levels of 
sRANKL/OPG ratio in MM patients (Breitkreutz 
et al. 2008).

Pomalidomide Pomalidomide, like thalido-
mide, blocks RANKL-induced osteoclastogene-
sis in vitro, even at concentrations of 1 μM, which 
is similar or even lower than that achieved in vivo 
after the therapeutic administration of this agent. 
Pomalidomide downregulates transcription fac-
tor PU.1, affecting the lineage commitment of 
osteoclast precursors toward granulocytes instead 
of mature osteoclasts (Anderson et al. 2006).

7.5.3  Other Novel Agents

Panobinostat is a histone deacetylase inhibitor, 
which has shown significant preclinical anti- 
myeloma activity and is currently in phase III tri-
als for relapsed MM. Recently, a potent 
synergistic antiproliferative effect of panobino-
stat with zoledronic acid was described in three 
myeloma cell lines and may result in clinical tri-
als in myeloma patients (Bruzzese et al. 2013).

Bruton’s tyrosine kinase (BTK) has been 
reported to play an important role in myeloma 
cell homing to the bone and the subsequent 
myeloma-induced bone disease (Bam et al. 
2013). Several BTK inhibitors have been 

developed including ibrutinib, which was 
recently approved for the treatment of mantle cell 
lymphoma. This new category of drugs has 
entered into clinical trials in myeloma patients 
and may be used in the future in patients with 
bone disease.

Other novel anti-myeloma agents have also 
shown effects on bone disease in preclinical 
models. Antibodies against B-cell-activating 
factor (anti-BAFF) have produced direct anti- 
myeloma effects and reductions in tartrate-resis-
tant acid phosphatase-positive osteoclasts and 
in lytic lesions in anti-BAFF-treated animals 
(Neri et al. 2007). Similarly, SCIO-469, a selec-
tive p38a MAPK inhibitor, inhibited MM 
growth and prevented bone disease in the 
5T2MM and 5T33MM animal models 
(Vanderkerken et al. 2007).

7.6  Kyphoplasty 
and Vertebroplasty

Several studies have demonstrated that balloon 
kyphoplasty (BKP) and vertebroplasty are well- 
tolerated and effective procedures that provide 
pain relief and improve functional outcomes in 
patients with painful neoplastic spinal fractures. 
A single randomized study of 134 patients with 
bone metastases due to solid tumors and MM 
demonstrated that treatment of VCFs with BKP 
was associated with clinically meaningful 
improvements in physical functioning, back pain, 
QoL, and ability to perform daily activities rela-
tive to nonsurgical management. These benefits 
persisted throughout the 12-month study 
(Berenson et al. 2011). A meta-analysis of seven 
nonrandomized studies of patients with MM or 
osteolytic metastasis revealed that BKP was 
associated with reduced pain and improved func-
tional outcomes, benefits that were maintained up 
to 2 years post-procedure (N = 306). BKP also 
improved early vertebral height loss and spinal 
deformity, but these effects were not long term 
(Bouza et al. 2009). Similarly, a retrospective 
review of 67 patients with MM-related vertebral 
compression fractures (VCFs) demonstrated that 
vertebroplasty provided clinically meaningful 
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improvements in physical functioning, pain, and 
mobility throughout 12 months of follow-up 
(McDonald et al. 2008). Several small nonran-
domized studies of BKP or BKP and vertebro-
plasty generated comparable results (Huber et al. 
2009; Zou et al. 2010; Dalbayrak et al. 2010). 
However, the role of vertebroplasty for myeloma 
patients remains debatable in the absence of pro-
spective data (Zou et al. 2010), as two random-
ized trials failed to show any benefit of 
vertebroplasty in patients with osteoporotic frac-
tures versus conservative therapy (Buchbinder 
et al. 2009; Kallmes et al. 2009). Furthermore, a 
meta-analysis of 59 studies (56 case series) 
showed that BKP appears to be more effective 
than vertebroplasty in relieving pain secondary to 
cancer-related VCFs and is associated with lower 
rates of cement leakage (Bhargava et al. 2009).

7.7  Radiation Therapy

Several studies, the majority of which were retro-
spective and included relatively small patient 
cohorts, demonstrated that radiotherapy provided 
pain relief, decreased analgesic use, promoted 
recalcification, reduced neurologic symptoms, 
and improved motor function and QoL in patients 
with MM (Rades et al. 2006; Hirsch et al. 2011; 
Balducci et al. 2011). In addition, the total admin-
istered dose should be limited and the field of 
therapy restricted, especially when the aim of 
treatment is pain relief rather than treatment or 
prevention of pathologic fractures. A single 
8–10 Gy fraction is generally recommended. 
Indeed, single fractions are increasingly pre-
ferred to fractionated treatment. No difference in 
rapidity of onset or duration of pain relief was 
observed between a single 8 Gy fraction and a 
fractionated 2-week course of 30 Gy in a ran-
domized study of 288 patients with widespread 
bony metastases, including 23 patients with MM 
(Price et al. 1986).

MM accounts for 11% of the most prevalent 
cancer diagnoses causing spinal cord compres-
sion (SCC) (Mak et al. 2011). In the largest ret-
rospective series to date, radiotherapy alone 
improved motor function in 75% of patients 

with MM and SCC. One-year local control was 
100%, and 1-year survival was 94% (Rades 
et al. 2007).

7.8  Surgery

Surgery is usually directed toward preventing or 
repairing axial fractures, unstable spinal frac-
tures, and SCC in myeloma patients. 
Decompression laminectomy is rarely required in 
MM patients, but radioresistant MM or retro-
pulsed bone fragments may require surgical 
intervention (Wedin 2001). In a relatively large 
study, 75 MM patients were treated surgically 
(83 interventions) for skeletal complications of 
the disease. Most of the lesions were in the axial 
skeleton or the proximal extremities apart from 
one distal lesion of the fibula, and most surgery 
was performed in the spine (35 patients). Surgical 
treatment in these patients was mostly limited to 
a palliative approach and was well tolerated 
(Utzschneider et al. 2011).
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Other Complications of Multiple 
Myeloma

Heinz Ludwig, Meletios-Athanasios Dimopoulos, 
and Evangelos Terpos

8.1  Renal Impairment

8.1.1  Epidemiology

Comparison of data on the epidemiology of renal 
failure is limited because criteria used for defini-
tion of renal impairment vary between individual 
reports. This limitation should be overcome in 
the future by widespread use of the AKIN (acute 
kidney injury network) or the RIFLE (risk, injury, 
failure, loss, and end-stage kidney disease) crite-
ria for classification of renal impairment as rec-
ommended by a recent report of the IMWG 
(International Multiple Myeloma Working Group) 
(Dimopoulos et al. 2016a).

Renal impairment is one of the defining mark-
ers of symptomatic multiple myeloma according 
to the CRAB criteria (hypercalcemia, renal 
impairment, anemia, bone disease) and a fre-
quent complication throughout the course of the 
disease. In a small proportion of patients, acute 

severe renal impairment is the key symptom 
mandating emergency care (Johnson et al. 1990; 
Torra et al. 1995) and prompt diagnostic work-
 up. Mild to moderate myeloma-induced renal 
impairment has been reported in 20–50% of 
patients (Eleutherakis-Papaiakovou et al. 2007; 
Knudsen et al. 1994) but seems to be less fre-
quent now with earlier diagnosis and more effec-
tive therapies for multiple myeloma. Moderate 
myeloma-induced renal impairment often 
improves with successful anti-myeloma therapy 
but may aggravate or develop de novo during 
progressive disease.

8.1.2  Pathogenesis

Renal insufficiency in multiple myeloma is the 
consequence of the destructive effect of mono-
clonal free light chains (FLCs) on renal struc-
tures, mainly on the tubular apparatus, and—less 
frequently—on glomerular mesangium, and even 
less often on tubular and vascular basement 
membranes. Hypercalcemia, dehydration, infec-
tion, nephrotoxic drugs, and contrast agents may 
provoke the manifestation of clinical sequels or 
lead to their intensification (Dimopoulos et al. 
2008; Pirani et al. 1987).

Two general types of FLC-induced renal injury 
can be distinguished: Firstly, deposits of FLCs 
precipitate as amorphous non-amyloid structures 
as seen in cast nephropathy, Fanconi syndrome, or 
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monoclonal immunoglobulin deposit disease, and 
secondly amyloidogenic FLC fibrils aggregate as 
seen in amyloidosis (Sanders et al. 1991). In cast 
nephropathy, the most frequent form of renal 
injury, the abundantly circulating monoclonal 
FLCs are filtered through the glomeruli and bind 
to Tamm-Horsfall glycoprotein (uromodulin), 
thereby forming aggregates and casts which con-
gest the lumen of the distal nephrons leading to 
tubular obstruction, necrosis of tubular cells, inter-
stitial inflammation, and fibrosis (Fig. 8.1) 
(Sanders et al. 1991; Myatt et al. 1994). The bind-
ing affinity of FLCs to uromodulin depends on a 
nine amino acid epitope on the CDR3 region of the 
free light chains (Hutchison et al. 2011). This 
explains the great variability of FLCs in forming 
tubular casts and cast nephropathy. Acquired adult 
Fanconi syndrome affects the proximal renal 
tubules and renal reabsorption resulting in various 
degrees of glucosuria, aminoaciduria, hypourice-
mia, hypophosphatemia, and loss of bicarbonate 
(Ma et al. 2004). Most of these changes remain 
asymptomatic, but bicarbonate loss may result in 
tubular acidosis and long- standing hypophospha-
temia in rickets. FLCs found in Fanconi syndrome 
are structurally unorganized, often fragmented, 

and usually of kappa light chain type that do not 
bind Tamm-Horsfall glycoprotein. This explains 
why cast nephropathy and Fanconi syndrome 
rarely coexist (Leboulleux et al. 1995). Fanconi 
syndrome is less frequently associated with mul-
tiple myeloma and more often found in monoclo-
nal gammopathy of undetermined significance 
(MGUS). Monoclonal immunoglobulin deposi-
tion disease (MIDD), mainly due to monoclonal 
light chains (LCDD) and less frequently due to 
heavy chains (HCDD) or a combination of both 
light and heavy chains (LHDD), features amor-
phous granular deposits in multiple organs, with 
the kidneys being most likely affected (Leung 
et al. 2012). In amyloidosis, structurally organized 
(fibrillous β-pleated sheet) light chain amyloid 
(AL-amyloid) protein is deposited predominantly 
in the glomerular mesangium with massive fibril-
lary involvement (Bahlis and Lazarus 2006). The 
terminology of monoclonal gammopathy of renal 
significance (MGRS) has recently been introduced 
to describe B-cell monoclonal disorders that do 
not meet the criteria for the diagnosis of multiple 
myeloma or lymphoma but produce monoclonal 
proteins that cause permanent renal injury 
(Bridoux et al. 2015).
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Fig. 8.1 Mechanism of free light chain-induced injury (with kind permission from Hutchison CA, et al., Nat. Rev. 
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8.1.3  Diagnostic Work-Up

Determination of renal function, monoclonal 
components, and electrolytes in serum and urine 
at presentation is essential. Glomerular function 
should be estimated using the MDRD (modifica-
tion of diet in renal disease) or the CKD-EPI 
(chronic kidney disease epidemiology 
 collaboration) formula (Terpos et al. 2015). 
Immunoglobulins, albumin, β2-microglobulin, 
and FLCs should be measured in serum; electro-
phoresis should be run in serum and urine; and 
24-h proteinuria needs to be determined. 
Immunofixation of both serum and urine should 
be performed in newly diagnosed patients and in 
those with low urinary protein excretion. The 
electrophoresis of the urinary proteins usually 
reveals a pattern, which either is characteristic for 
glomerular or tubular injury. In patients with 
tubular injury (cast nephropathy), FLCs will pass 
through the glomeruli and will, to most part, be 
excreted in the urine. These large amounts of fil-
tered FLCs will appear as a large spike in the 
gamma region of the electrophoretic curve; urine 
immunofixation and/or the FLC tests will show 
kappa or lambda light chains. In cases with glo-
merular injury (AL-amyloidosis), albumin will 
predominate the electrophoretic curve and appear 
as a large, usually broader-based spike. Patients 
with amyloidosis usually have only little light 
chain excretion and levels are even lower in those 
with MIDD/LCDD. In the latter patients, urine 
immunofixation may be negative; therefore, FLCs 
should be determined in the urine of those patients 
as well. Monoclonal light chains of lambda type 
are more frequently associated with amyloidosis, 
while kappa type monoclonal light chains pre-
dominate in patients with LCDD. For definitive 
diagnosis, a biopsy should be carried out in those 
patients, where the nature of the renal damage 
cannot be established with noninvasive diagnostic 
procedures (Kastritis et al. 2013).

8.1.4  Treatment

Acute renal insufficiency is a medical emergency, 
and every effort must be taken to restore renal 

function rapidly. Symptomatic treatment should 
include hydration, urine alkalinization, therapy 
of hypercalcemia and, where indicated, dialysis. 
Prompt initiation of effective anti-myeloma ther-
apy for rapid reduction of pathogenic light chains 
is the most important measure. Bortezomib- 
based combination regimens exert significant 
activity in reversing renal impairment (Table 8.1) 
(Burnette et al. 2011; Badros et al. 2013). A retro-
spective comparison found superior activity of 
bortezomib-based regimens over thalidomide- or 
lenalidomide-based combinations with signifi-
cantly higher rates of reversal of renal function 
(Dimopoulos et al. 2014a). This favorable activ-
ity may partly be due to a significant anti- 
inflammatory effect of bortezomib that may 
ameliorate the intra- and peritubular inflamma-
tion induced by tubular damage as shown in an 
experimental mouse model (Hainz et al. 2012). 
Clearance of bortezomib and the newer protea-
some inhibitors carfilzomib and ixazomib are 
independent of renal function, obviating the need 
for dose adaption to renal function. Substantial 
experience with bortezomib did not reveal any 
nephrotoxicity.

Bortezomib in combination with alkylating 
agents, IMiDs, anthracyclines, and bendamustine 
revealed high anti-myeloma activity and renal 
recovery in about 20–45% of patients with severe 
renal impairment (Dimopoulos et al. 2009a, b; 
Jagannath et al. 2005; San-Miguel et al. 2008; 
Blade et al. 2008; Ludwig et al. 2010; Morabito 
et al. 2010; Ponisch et al. 2013; Scheid et al. 
2014). In patients tolerating more intensive ther-
apy, a three-drug combination is preferred. In 
order to enhance the response rate and to  expedite 
the reduction of light chains, dexamethasone 
should be administered in the traditional high- 
dose regimen during the first cycle, but this strat-
egy should be restricted to fit patients only, 
because of the heightened risk for infections and 
other complications such as fluid retention, psy-
chotropic effects, and cardiotoxicity in elderly 
patients.

Carfilzomib is presently considered the most 
potent proteasome inhibitor. Based on its activity 
and pharmacokinetic profile (Badros et al. 2013), 
it should be the ideal backbone for combination 

8 Other Complications of Multiple Myeloma



144

Ta
b

le
 8

.1
 

Se
le

ct
ed

 s
tu

di
es

 w
ith

 b
or

te
zo

m
ib

- 
or

 le
na

lid
om

id
e-

ba
se

d 
re

gi
m

en
s 

re
po

rt
in

g 
re

na
l r

es
po

ns
e 

ra
te

s 
in

 p
at

ie
nt

s 
w

ith
 r

en
al

 im
pa

ir
m

en
t

M
ai

n 
st

ud
y 

dr
ug

St
ud

y
N

o.
 o

f 
pa

tie
nt

s 
w

ith
 R

I
Pa

tie
nt

s 
on

 d
ia

ly
si

s
D

is
ea

se
 s

ta
tu

s
R

eg
im

en
M

ye
lo

m
a 

re
sp

on
se

a
R

en
al

 r
es

po
ns

e

B
or

te
zo

m
ib

D
im

op
ou

lo
s 

et
 a

l. 
(2

00
9b

)
46

 (
sC

r 
>

2 
m

g/
dL

; 
eG

FR
 <

40
 m

L
/m

in
)

9
N

d 
(n

 =
 1

0)
R

el
/R

ef
 

(n
 =

 3
6)

V
D

 (
n 

=
 1

7)
V

M
PT

 (
n 

=
 1

4)
PA

D
 (

n 
=

 6
)

V
T

D
 (

n 
=

 5
)

V
R

D
 (

n 
=

 4
)

O
R

R
: 7

6%
O

R
R

: 5
9%

2 
of

 9
 b

ec
am

e 
di

al
ys

is
 

in
de

pe
nd

en
t

D
im

op
ou

lo
s 

et
 a

l. 
(2

00
9a

)
22

7 
(3

4 
w

ith
 e

G
FR

 
<

30
 m

L
/m

in
)

0
N

d,
 in

el
ig

ib
le

 
fo

r 
A

SC
T

V
M

P 
(n

 =
 1

11
)

M
P 

(n
 =

 1
16

)
O

R
R

: V
M

P 
74

%
 p

ts
.

 
 (e

G
FR

 <
30

 m
L

/m
in

)
 

 M
P 

47
%

 p
ts

 
 (e

G
FR

 <
30

 m
L

/m
in

)

O
R

R
: V

M
P 

44
%

 
 M

P 
34

%

L
ud

w
ig

 e
t a

l. 
(2

01
0)

68
 (

eG
FR

 <
50

 m
L

/m
in

; 
sC

R
 ≥

 2
 m

g/
dL

)
9

N
d 

(n
 =

 5
0)

R
el

/R
ef

 
(n

 =
 1

8)

PA
D

O
R

R
: 7

2%
 

 C
R

/n
C

R
: 3

8%
 

 V
G

PR
: 1

5%
 

 PR
: 1

3%

O
R

R
: 6

2%
eG

FR
 (

m
ed

ia
n)

 in
cr

ea
se

d 
fr

om
 2

0.
5 

to
 4

8.
4 

m
L

/m
in

; 
3 

of
 9

 b
ec

am
e 

di
al

ys
is

 
in

de
pe

nd
en

t

Po
ni

sc
h 

et
 a

l. 
(2

01
3)

36
 (

eG
FR

 <
60

 m
L

/m
in

)
16

 (
eG

FR
 <

15
 m

L
/

m
in

)
R

el
/R

ef
B

PV
O

R
R

: 6
7%

O
R

R
: 8

7%
 

 C
R

: 3
1%

 
 PR

: 1
4%

 
 M

R
: 4

2%

Sc
he

id
 e

t a
l. 

(2
01

4)
81

 (
sC

R
 ≥

2 
m

g/
dL

)
0

N
d

PA
D

 (
n 

=
 3

6)
V

A
D

 (
n 

=
 4

5)
O

R
R

: P
A

D
 8

9%
 

 V
A

D
 6

4%
;

C
R

: P
A

D
 3

6%
 

 V
A

D
 1

3%

O
R

R
: P

A
D

 8
1%

 
 V

A
D

 6
3%

L
en

al
id

om
id

e
L

ud
w

ig
 e

t a
l. 

(2
01

5)
35

 (
eG

FR
 <

50
 m

L
/m

in
; 

sC
R

 ≥
2 

m
g/

dL
)

13
N

d 
(n

 =
 2

8)
R

el
/R

ef
 (

n 
=

 7
)

L
d

O
R

R
: 6

8.
6%

 
 C

R
: 2

0%
 

 V
G

PR
: 8

.6
%

 
 PR

: 4
0%

O
R

R
: 4

5.
7%

 
 C

R
: 1

4.
2%

 
 PR

: 1
1.

4%
 

 M
R

: 2
0%

N
d 

ne
w

ly
 d

ia
gn

os
ed

, 
R

el
/R

ef
 r

el
ap

se
d/

re
fr

ac
to

ry
, 

O
R

R
 o

bj
ec

tiv
e 

re
sp

on
se

 r
at

e,
 C

R
 c

om
pl

et
e 

re
sp

on
se

, 
V

G
P

R
 v

er
y 

go
od

 p
ar

tia
l 

re
sp

on
se

, 
P

R
 p

ar
tia

l 
re

sp
on

se
, 

M
R

 m
in

or
 

re
sp

on
se

, e
G

F
R

 e
st

im
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

, s
C

R
 s

er
um

 c
re

at
in

in
e,

 B
P

V
 b

en
da

m
us

tin
e-

pr
ed

ni
so

ne
-b

or
te

zo
m

ib
, M

P
 m

el
ph

al
an

-p
re

dn
is

on
e,

 P
A

D
 b

or
te

zo
m

ib
- d

ox
or

ub
ic

in
- 

de
xa

m
et

ha
so

ne
, 

V
A

D
 v

in
cr

is
tin

e-
do

xo
ru

bi
ci

n-
de

xa
m

et
ha

so
ne

, 
V

D
 b

or
te

zo
m

ib
-d

ex
am

et
ha

so
ne

, 
V

M
P

T
 b

or
te

zo
m

ib
-m

el
ph

al
an

-p
re

dn
is

on
e-

le
na

lid
om

id
e,

 V
R

D
 b

or
te

zo
m

ib
- 

le
na

lid
om

id
e-

 de
xa

m
et

ha
so

ne
, V

T
D

 b
or

te
zo

m
ib

-t
ha

lid
om

id
e-

de
xa

m
et

ha
so

ne
a C

R
: i

nc
re

as
e 

in
 e

G
FR

 >
60

 m
L

/m
in

, P
R

: e
G

FR
 in

cr
ea

se
 f

ro
m

 <
15

 to
 3

0–
59

 m
L

/m
in

, M
R

: e
G

FR
 in

cr
ea

se
 f

ro
m

 <
15

 b
y 

>
10

0%
 to

 1
–2

9 
m

L
/m

in

H. Ludwig et al.



145

regimens. Results from a randomized trial com-
paring carfilzomib-dexamethasone with 
bortezomib- dexamethasone, which enrolled 
patients with a GFR ≥15 mL/min (Dimopoulos 
et al. 2016b) showed slightly more frequent grade 
3/4 renal toxicities with the former regimen (7% 
vs. 4%). Hence, further data are required to estab-
lish its safety in patients with severe renal insuf-
ficiency (Jhaveri and Wanchoo 2015).

Thalidomide and pomalidomide (Dimopoulos 
et al. 2014b) are not cleared by renal pathways 
and do not require dose modification in patients 
with renal insufficiency. Thalidomide in combi-
nation with high-dose steroids resulted in unusual 
toxicity with hypokalemia (possibly because of 
high-dose glucocorticosteroids) but yielded renal 
recovery ranging from 55% to 75% in newly 
diagnosed patients and approximately 60% of 
patients with relapsed or refractory multiple 
myeloma (Dimopoulos et al. 2013; Kastritis et al. 
2007; Fakhouri et al. 2004; Tosi et al. 2004).

Lenalidomide is excreted by renal pathways 
and requires dose modifications in patients with 
renal impairment (Dimopoulos et al. 2011). 
Phase II trials including patients with renal insuf-
ficiency or acute renal failure showed improve-
ment in renal function in 72% and 45% of 
patients, respectively (Dimopoulos et al. 2010; 
Ludwig et al. 2015). Clearance of pomalidomide 
is not dependent on renal function; its potential in 
patients with renal failure is presently evaluated 
in several trials. Ixazomib likewise does not 
require dose modification in renal failure and has 
been found to be safe in patients with GFR 
>30 mL/min (Moreau et al. 2016).

Stem cell transplantation with high-dose mel-
phalan is an additional option, but not feasible in 
patients with acute renal failure if stem cells have 
not been collected before. When ASCT is consid-
ered in patients with slowly emerging or chronic 
renal failure, the melphalan dose should be 
reduced to 100–140 mg/m2.

Therapeutic plasma exchange for rapid 
removal of pathogenic light chains did not 
improve the outcome in two of three randomized 
trials (including the largest) (Burnette et al. 
2011). Prolonged hemodialysis with a high cutoff 
dialysis membrane to enhance mechanical 

elimination of free light chains unfortunately did 
not fulfill its early promise and was found to be 
ineffective and to increase mortality in the 
EuLITE trial (Cook et al. 2016). Similarly, in the 
MYRE study, no significant increase in dialysis 
indpendency was noted with the intensified dial-
ysis at 3 months after enrollment in the study 
(Bridoux et al. 2017). Treatment options for 
patients with MGRS are similar to those recom-
mended above and recently have been discussed 
in detail by Fermand et al. (2013).

8.2  Anemia

Anemia due to multiple myeloma with a Hb 
level <10 g/dL or below the lower limit of nor-
mal by >2 g/dL is a myeloma-defining event and 
as such included in the CRAB criteria and an 
indication for anti-myeloma therapy (Rajkumar 
et al. 2014).

8.2.1  Epidemiology

Anemia is a frequent complication of multiple 
myeloma and one of the most frequent adverse 
events of modern myeloma therapy. Depending 
on various factors such as stage of the disease, 
patient’s age, renal function, and tumor therapy, 
anemia can be observed in up to 85% of patients. 
Its incidence may even increase further in patients 
with refractory progressive disease and in those 
subjected to ASCT (Birgegard et al. 2006; Beguin 
et al. 1992; Kyle et al. 2003).

8.2.2  Pathogenesis

The pathogenesis of anemia in multiple myeloma 
is multifactorial and involves mechanisms of 
chronic anemia of cancer, mainly an increased 
release of inflammatory cytokines (TNF-α, IL-1, 
IL-6, interferon-γ), resulting in impaired renal 
erythropoietin production, reduced sensitivity of 
erythroid precursors to erythropoietin, impaired 
iron supply (Weinstein et al. 2002), and prema-
ture apoptosis. Other relevant causes are the 
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myelosuppressive effect of chemo- and radio-
therapy (Kyle et al. 2003). In addition, in aggres-
sive disease, myeloma cells exert a direct 
apoptotic effect on erythroid precursors via Fas-L 
and tumor necrosis factor-related apoptosis- 
inducing ligand (TRAIL) interaction (Silvestris 
et al. 2002).

8.2.3  Treatment

Treatment is recommended in patients with 
symptomatic anemia and concomitant anti- 
myeloma therapy. Treatment options are the 
administration of erythropoiesis-stimulating 
agents (ESAs) or red blood cell transfusions 
(RBCTs). RBCTs are associated with significant 
risks, such as thromboembolic complications, 
transfusion reactions due to blood group incom-
patibility, transfusion-related purpura, immuno-
suppression of the recipient with an increased 
risk for infections, and very rarely, graft-versus- 
host disease, and transfer of infections (Taylor 
et al. 2008; Schrijvers 2011). RBCTs, therefore 
are considered as treatment reserved for patients 
with severe symptomatic anemia, i.e., in patients 
with Hb <8 g/dL and in those severely symptom-
atic due to anemia needing rapid improvement.

ESAs increase Hb levels by ≥2 g/dL in 
60–75% of anemic patients with multiple 
myeloma, improve their quality of life, and 
reduce their transfusion requirements (Ludwig 
et al. 1990; Dammacco et al. 2001; Osterborg 
et al. 2002; Hedenus et al. 2003; Beguin et al. 
2013). However, ESAs are associated with side 
effects as well such as increased thromboem-
bolic complications (HR: 1.5), occasional hyper-
tension, and—when administered outside the 
approved indication—increased mortality. ESAs 
should be administered to prevent the need for 
RBCTs and to improve quality of life. Therapy 
should be initiated at Hb level of ≤10 g/dL. The 
dose of ESAs recommended in the package 
inserts varies between different types of ESAs. 
Epoetin theta should be administered at a dose of 
20.000 IU, Epoetin beta at 30.000 IU, Epoetin 
alpha or zeta at 40.000 IU, and Darbepoetin at 
150 μg once per week. Darbepoetin can also be 

given at a dose 500 μg once every 3 weeks. The 
Hb target level should not exceed 12 g/dL, 
because previous reports showed an increased 
risk of thromboembolic events and mortality in 
cancer patients in whom Hb levels were 
increased with ESAs widely exceeding this tar-
get level (Tonia et al. 2012). True or functional 
iron deficiency, which has been reported in about 
40% of patients with multiple myeloma, should 
adequately be corrected with intravenous iron. 
In case of inadequate response to ESA therapy 
(increase to Hb levels ≥10 g – ≤12/dL or Hb 
increase by >2 g/dL within 6–8 weeks) treatment 
should be discontinued (Rizzo et al. 2010).

8.3  Infections

8.3.1  Epidemiology

A history of an increased incidence of infections 
is one of the lead symptoms of multiple myeloma, 
mandating adequate diagnostic work-up. 
Infections are the second most frequent cause of 
death, outnumbered only by progressing multiple 
myeloma; they account for 22% of deaths within 
the first year and up to 42% overall (Blimark 
et al. 2015; Salonen and Nikoskelainen 1993). A 
large population-based study of 9253 myeloma 
patients found an infection rate of 40%, with an 
overall sevenfold increased risk of bacterial and a 
tenfold risk of viral infections compared to 
matched controls (Blimark et al. 2015). 
Interestingly a twofold increased risk of infec-
tions is already noted in patients with MGUS 
(Kristinsson et al. 2012a). A characteristic pattern 
of different types of infections along the different 
phases of treatment of multiple myeloma has 
been documented in a recent study on 199 multi-
ple myeloma patients with 771 infectious epi-
sodes. After initiation of therapy, bacterial 
infections prevail. Their incidence decreases sub-
sequently with viral infections or reactivation of 
latent viral infections becoming slightly more 
common. Fungal infections usually are observed 
only after high-dose dexamethasone therapy or 
after allogeneic transplantation (Fig. 8.2) (Teh 
et al. 2015).
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8.3.2  Pathogenesis

Haemophilus influenzae, Streptococcus pneumo-
nia, Gram-negative bacilli, and viruses (influenza 
and herpes zoster) are the most frequent patho-
genic germs found in myeloma patients (Blimark 
et al. 2015). Viral infections are most frequently 
due to newly acquired upper respiratory viruses 
or reactivation of viruses belonging to the herpes 
family. In multiple myeloma infection with less 
aggressive approximately 40%, respectively 
viruses, such as rhinovirus or parainfluenza virus, 
usually results in a self-limited illness (Hammond 
et al. 2012), which can lead to significant morbid-
ity and even mortality. These viruses tend to 
spread to the lower respiratory tract, cause addi-
tional immunosuppression, and serve as door 
openers for the development of secondary infec-
tions with bacteria or rarely fungi or other germs. 
Dormant viruses (including herpes simplex and 
zoster in about 90%, CMV in roughly 60%, and 
EBV in approximately 40%, respectively) kept 
under control by a healthy immune system are 
frequently found in the general population. 
Suppression of the subtle immune surveillance 
by anti-myeloma therapy and/or the disease itself 
may result in their reactivation with or without 
clinical symptoms (Arvin et al. 2007). Other risk 
factors for infections are uncontrolled myeloma, 
high age, comorbidity, hypoventilation, immobi-
lization, RBCTs, and indwelling catheters such 
as Port-A-Cath’s (Nucci and Anaissie 2009).

8.3.3  Diagnostic Work-Up

Infections, particularly those with unspecific 
clinical symptoms easily can be overlooked in 
multiple myeloma and not rarely are diagnosed 
with some delay only. Because of these risks, 
patients with active, uncontrolled disease 
should be monitored carefully, and fever should 
be considered as symptom of an underlying 
infection until proven otherwise. Respective 
diagnostic work-up is mandatory in patients 
with sudden onset of weakness, night sweats, 
diarrhea, or respiratory symptoms (Nucci and 
Anaissie 2009). Testing for viral infections 

should include herpes simplex and zoster virus, 
influenza, CMV, EBV, Adeno- and RSV viruses 
and others if indicated and should aim for direct 
detection of viral DNA by PCR, because anti-
body testing is less reliable due to frequently 
impaired immune response. Traditional detec-
tion of bacteria still depends on investigation of 
samples from various specimens of suspected 
infection and on investigation of blood cul-
tures, but in future will be substituted by mod-
ern technology detecting germ-specific nucleic 
acid sequence.

8.3.4  Treatment and Prevention

Appropriate prophylaxis is an essential element 
in the management of myeloma patients and 
encompasses vaccination, antiviral prophylaxis 
in all patients on proteasome inhibitors, and anti-
bacterial prophylaxis in selected patients 
(Table 8.2).

Ideally, patients should be vaccinated already 
during the precursor phase of myeloma when 
presenting with MGUS or at times of significant 
disease control. All patients, their family mem-
bers, and caregivers should be vaccinated against 
influenza. In addition, vaccination against 
Streptococcus pneumoniae, Haemophilus influ-
enzae, and hepatitis B is recommended (Anaissie 
2011). Response to vaccination is frequently 
impaired in patients with myeloma (Robertson 
et al. 2000; Hargreaves et al. 1995); this is why 
antibody formation to vaccines should be evalu-
ated and patients should be revaccinated in case 
of insufficient response. Importantly, live vac-
cines—such as yellow fever, varicella zoster, 
oral polio, intranasal influenza, bacillus 
Calmette–Guérin (BCG), typhoid fever, and 
measles- mumps- rubella (MMR)—should be 
avoided, unless in MGUS and smoldering 
myeloma or when the patient is in remission and 
>6 months after termination of chemotherapy 
(Khalafallah et al. 2010). Viral prophylaxis with 
acyclovir, valganciclovir, famvir, or similar 
drugs is mandatory in all patients on proteasome 
inhibitor therapy and in those subjected to high-
dose therapy with autologous or allogeneic stem 

8 Other Complications of Multiple Myeloma



148

cell  transplantation. Prophylactic treatment 
should be continued during active anti-myeloma 
therapy.

Antibiotic prophylaxis is indicated in very 
elderly patients (usually above age 75) and in 
those with a history of frequent episodes of bac-
terial infections and in patients with highly mar-
row suppressive treatment. Generally, antibiotic 
prophylaxis should be limited to episodes of 
poorly controlled myeloma. In case of suspected 

bacterial infection and active disease, prompt 
action should be taken and antibiotic treatment 
initiated even before availability of results of 
diagnostic work-up. Intravenous (IV) immuno-
globulins have been shown to reduce infection 
rates in myeloma patients (Kristinsson et al. 
2012a; Teh et al. 2015; Hammond et al. 2012; 
Arvin et al. 2007; Nucci and Anaissie 2009; 
Anaissie 2011; Robertson et al. 2000; Hargreaves 
et al. 1995; Khalafallah et al. 2010; Gordon et al. 

Table 8.2 Prophylaxis and treatment of infections (modified according to Nucci et al. (Hargreaves et al. 1995) and 
Ludwig et al. (Palumbo et al. 2014))

Prophylaxis Treatment

Viral infections

Herpes simplex Indication: mandatory during proteasome 
inhibitor treatment

Acyclovir, Valacyclovir, Famcyclovir 
usually 7–14 days

Herpes zoster Agents: Acyclovir, Valacyclovir, Famcyclovir

CMV Indication: allotransplantation, in CMV pos. 
patients and in CMV neg. patients with a 
CMV pos. donor

Gancyclovir, Valgancyclovir, Foscarnet, 
14–21 days

Agents: Valgancyclovir

Influenza Indication: recommended in all patients, 
family members, and caregivers

Oseltamivir for 5–7 days

Agents: vaccination

RSV No prophylaxis available Ribavirin 200 mg tid for 14 days

Bacterial infections

Pneumoccoci Indication: recommended in all patients Penicillin F, Cephalosporin 
(Ceftriaxone, Cefotaxime, Vancomycin, 
Rifampicin)

Agents: vaccination

Haemophilus influenzae Indication: recommended in all patients Aminopenicillin, Macrolide, 
FluorchinoloneAgents: vaccination

Any bacterial infections Indication: elderly patients, patients with a 
history of frequent episodes of infections, 
patients with uncontrolled myeloma, and high 
risk of neutropenia

Broad spectrum AB (Fluorchinolone, 
β-lactam AB). In case of suspected 
bacterial infection and active disease, 
start AB TX promptly

Limit prophylaxis to episodes of poorly 
controlled myeloma

Agents: Fluorchinolone, TMP-SMX, 
Amoxicillin

Clostridium Consider Metronidazole in relapsing clostridia 
infections

Vancomycin, Metronidazole 
(Fidaxomicin)

Fungal infections

Candidiasisa 
(oropharyngeal)

Amphotericin solution, fluconazole Fluconazole

Pneumocystis Jiroveciib Trimethoprim-sulfamethoxazole Trimethoprim-sulfamethoxazole

CMV cytomegalovirus, RSV respiratory syncytial virus, AB antibiotic, TX treatment
aOnly in selected patients on high-dose dexamethasone TX
bOnly in patients receiving allogeneic transplantation Table 8.3 recommendations for dose reduction or treatment dis-
continuation and strategies for PNP symptom control and (Becker 2011; Briani et al. 2013; Ludwig et al. 2014)
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1984; Chapel et al. 1994; Richardson et al. 2012), 
and may be considered in individual patients with 
frequent episodes of bacterial infections 
(Fig. 8.2).

8.4  Peripheral Neuropathy

8.4.1  Epidemiology

Peripheral neuropathy (PNP) is a frequent com-
plication in patients with multiple myeloma, par-
ticularly in those on thalidomide or bortezomib 
therapy. About 20% of patients present with PNP 
due to causes other than neurotoxic therapy 
already before start of any myeloma therapy, but 
the incidence increases up to 75% depending on 
the use of thalidomide and/or bortezomib, the 
dose administered, the duration of therapy, indi-
vidual susceptibility, and in case of bortezomib, 
on the route of administration (Gorson and 
Ropper 1997).

8.4.2  Pathophysiology

The pathomechanisms accounting for neurologic 
symptoms in multiple myeloma vary, depending 
on the cause of the PNP (Becker 2011). 
Thalidomide, bortezomib, and other 

chemotherapy drugs induce axonal neuropathies 
affecting myelin sheaths and Schwann cells. In 
myeloma, patients with concomitant AL amyloi-
dosis, endoneurial deposits of amyloidogenic 
FLCs can impair neuronal function. Polyclonal 
antibodies against myelin-associated glycopro-
tein on Schwann cells (anti-MAG antibodies) 
usually are associated with monoclonal gammop-
athy and are rarely observed in patients with mul-
tiple myeloma. A few studies showed an 
association between certain single nucleotide 
polymorphisms (SNPs) and the risk for drug-
induced PNP (Magrangeas et al. 2016), while a 
single SNP conferring a roughly twofold 
increased risk for bortezomib-induced polyneu-
ropathy has been described in a recent genome- 
wide association study (Moreau et al. 2011). 
Targeting the involved gene PKNOX1 may allow 
the development of protective strategies.

8.4.3  Clinical Presentation

Disease-associated symptoms are predominantly 
symmetric and include sensory, sensorimotor, or 
motor symptoms such as paranesthesia, numbness, 
burning sensation, weakness, or the “myeloma 
chin” meaning periorbital numbness. Treatment-
emergent symptoms usually are symmetric and 
affect distal extremities first, but may progress 

100.0

90.0

80.0

70.0

Viral

Fungal

Bacterial
60.0

50.0

40.0

30.0

20.0

10.0

0.0
3 6 9 12 15 18 21 24 27 30

Time from disease diagnosis (months)

In
fe

ct
io

n
 r

at
e 

(p
er

 1
00

 p
at

ie
n

t-
ye

ar
s)

33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78

Fig. 8.2 Incidence of 
bacterial, viral, and 
fungal infections during 
the course of multiple 
myeloma (with kind 
permission from Teh 
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J Haematology, 2015 
(Teh et al. 2015))
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proximally with relevant differences between 
 thalidomide-induced and bortezomib-induced 
PNP. Thalidomide-induced PNP is cumulative, 
dose dependent, and often permanent. Symptoms 
are largely sensorimotor. Bortezomib-induced PNP 
affects small nerve fibers as well and is perceived 
as sensory PNP mainly, prevailing in the lower 
extremities (Delforge et al. 2010), and importantly 
improves or even is resolved completely after dis-
continuation of therapy (Becker 2011; Briani et al. 
2013). Lenalidomide and carfilzomib are not asso-
ciated with substantial rates of new-onset PNP or 
exacerbation of previous or existing PNP (Martin 
2013; Dimopoulos et al. 2009c).

8.4.4  Diagnostic Work-Up

Careful attention of treating physicians to evolve-
ment of PNP is essential. Physicians usually 
underestimate the impact of PNP on the individ-
ual patient. Therefore, it is important to obtain 
patient’s self-assessment. Electrophysiological 
testing (electromyograms, EMG) may help to 
determine whether PNP is treatment-emergent or 
myeloma-associated, because the latter is primar-
ily demyelinating, whereas treatment-emergent 
PNP is largely axonal. In addition, steroid- 
induced myopathy can be distinguished from 
motor neuropathy by EMG (Gorson and Ropper 
1997).

8.4.5  Treatment

Informing patients about the risk of PNP and 
instructing them to report emerging symptoms is 
important. They should be encouraged to seek 
advice promptly in case of onset or aggravation 
of PNP (Magrangeas et al. 2016; Briani et al. 
2013; Ludwig et al. 2014; Palumbo et al. 2014; 
Coppola et al. 2011). The principal treatment 
goal is to prevent emergence and/or progression 
of PNP and to reduce the severity of neuropathic 
symptoms. (Wolf et al. 2008). Table 8.3 shows 
preventive dose reduction or treatment discon-
tinuation in patients with different grades of tha-
lidomide or bortezomib- induced PNP, and 

Table 8.3 Strategies for PNP symptom control and rec-
ommendations for dose reduction or treatment discontinu-
ation (Becker 2011; Briani et al. 2013; Ludwig et al. 
2014)

Prevention of progression of PNP: dose modification of 
anti-myeloma drugs

Bortezomib

  Grade 1 with 
pain

If IV → switch to SC

BWD dosing → reduce dose or 
switch to QW

QW dosing → reduce dose

  Grade 2 If IV → switch to SC

BWD dosing → reduce dose or 
switch to QW

QW dosing → reduce dose or 
temporary discontinuation

If PNP resolves to grade ≤1, QW 
bortezomib at reduced dose may 
be restarted

  Grade 2 plus 
pain, grade 3 or 4

Discontinue Bortezomib

Thalidomide

  Grade 1 Reduce dose by 50%

  Grade 2 Discontinue Thalidomide

If PNP resolves to grade ≤1, 
thalidomide may be restarted at 
50% dose reduction

  Grade 3 or 4 Discontinue Thalidomide

PNP symptom control

Opioids μ Opioid receptor antagonists: 
Morphine, Hydromorphone, 
Dihydrocodeine, Tapentadol, 
Tramadol, Fentanyl plaster
κ Opioid receptor antagonists: 
Oxycodone, Nalbuphine

Muscle relaxants Tolperisone, Baclofen

Ca-antagonists Nifedipine

Anticonvulsive 
agents

Gabapentin, Pregabalin, 
Carbamazepine

Antidepressants Tricyclic: Amitriptyline, 
Nortriptyline

Reuptake inhibitors: Paroxetine 
(SSRI), Duloxetine (SSNRI), 
Bupropion (NDRI) Tetracyclic: 
Maprotiline

Topic therapies EMLA (1:1 EMLA of Lidocaine 
and Prilocaine), Lidocaine 5%, 
Capsaicin

BWD twice a week, EMLA eutectic mixture of local anes-
thetic, IV intravenous administration, NDRI noradrenalin 
dopamine reuptake inhibitor, PNP peripheral neuropathy, 
QW once weekly, SC subcutaneous administration, SSRI 
selective serotonin reuptake inhibitor, SSNRI selective 
serotonin noradrenalin reuptake inhibitor
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general measures recommended to control PNP 
symptoms. Most important is timely dose reduc-
tion or discontinuation of therapy, depending on 
the severity of PNP. Bortezomib should be 
administered s.c in all patients and in those with 
preexistent or emerging PNP in weekly instead of 
biweekly intervals.

Symptomatic treatment options are subopti-
mal at best. Drug classes commonly used are opi-
oids, muscle relaxants, Ca-antagonists, 
anticonvulsive agents, antidepressants, and topic 
therapies with lidocaine, capsaicin crèmes, or 
plasters.

8.5  Coagulation Disorders

8.5.1  Epidemiology

A variety of disease- and treatment-related fac-
tors affect the coagulation system in patients with 
multiple myeloma, leading to an increased risk of 
bleeding and thrombotic complications (Boyle 
et al. 2012). Overt bleeding is relatively rare in 
multiple myeloma, whereas venous thromboem-
bolism (VTE) is more frequent with a reported 
incidence of 8–22/1000 person-years (De Stefano 
et al. 2014). VTE incidence may increase to up to 
70% with IMiDs in combination with dexameth-
asone or chemotherapeutic agents in the absence 
of anticoagulation (Kristinsson 2010). The risk 

for VTE is highest within the first months after 
start of therapy and decreases thereafter. 
Interestingly, the risk for arterial thrombosis 
(myocardial infarction, transient ischemic attack, 
ischemic stroke, and angina) is increased as well 
(Palumbo et al. 2008) (Fig. 8.3).

8.5.2  Pathophysiology

Interactions between paraproteins (especially in 
case of hyperviscosity), coagulation factors, 
platelets, and vessels can interfere with physio-
logical hemostasis and may result in bleeding. 
Rarely, acquired von Willebrand syndrome may 
lead to increased bleeding tendency as well. In a 
number of patients, bleeding is due to uncommon 
hemostatic defects, which are not detectable with 
routine coagulation tests (Boyle et al. 2012).

The increased risk for thromboembolic com-
plications was also associated with the interac-
tion of paraproteins with platelets, which may 
result in enhanced platelet adhesion and aggrega-
tion. In addition, an increase of fibrin protofibrils, 
enhanced fibrin assembling, increased expression 
of factor VIII, von Willebrand factor, and inci-
dence of protein C resistance were proposed as 
likely procoagulant mechanisms contributing to 
the heightened VTE risk in multiple myeloma 
(De Stefano et al. 2014). Furthermore, several 
patient- and treatment- related risk factors 

Patient-relatd risk factors (RF)

• Infection • Hd Dexamethasone
• Erythropoietin
• Doxorubicin
• Thalidomide

• Lenalidomide

• Pomalidomide
• Hormone therapy in 

• Polychemotherapy

• Surgery

• Previous VTE
• Progressive disease

• Cardiovascular disease
• Immobilization
• Old age, obesity

• Blood clotting
   disorders

• Hyperviscosity

0 or 1 Pt-related RF

Aspirin (85–300mg/d) LMWH or full dose cumarin

≥2- Pt-related RF

Treatment-related risk factors (RF)

LMWH or full dose cumarin

Fig. 8.3 Risk factors 
and treatment 
recommendations in 
patients on therapy with 
IMiDs (modified 
according to 
(Kristinsson 2010; 
Kristinsson et al. 
2012b))
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predispose patients to VTE: High age, immobil-
ity, infections, surgery, progressive disease, pre-
vious VTE, cardiovascular disease, renal 
insufficiency, diabetes, obesity, and inherited 
thrombophilia account for the former and treat-
ment with IMiDs, high-dose dexamethasone, 
anthracycline, ESAs, and hormone substitution 
in females for the latter category (Kristinsson 
2010). Inherited thrombophilic abnormalities 
such as factor V Leiden, prothrombin G20210A 
mutation, protein C or protein S deficiency, and 
antithrombin deficiency are likely found in the 
same frequency as in the normal population and 
may also increase the risk for VTE (Palumbo 
et al. 2008).

8.5.3  Treatment

Management of clinically significant bleeding is 
often challenging because of the multiple mecha-
nisms involved. Plasmapheresis is very effective 
when hyperviscosity is the major cause of symp-
toms. Cytoreductive treatment may be started 
simultaneously, whereas RBCTs should be 
delayed when possible, to avoid further increase 
of blood viscosity. The prevalence of hypervis-
cosity, however, has become relatively rare with 
earlier diagnosis and more effective therapy 
being available nowadays. Therapy depends on 
the underlying pathology. In case of deficiency of 
specific coagulation factors, substitution of these 
factors should be considered, and  supplementation 
with recombinant activated factor VII (rFVIIa) 
could be considered in patients with severe hem-
orrhages (Boyle et al. 2012).

VTE prophylaxis should be used in all patients 
starting treatment with an IMiD (Kristinsson 
2010; Musallam et al. 2009; Palumbo et al. 2010). 
In those with low risk for a VTE, namely, in 
patients with no or one of the abovementioned 
risk factors, aspirin (100 mg/day) during anti- 
myeloma treatment and until 30 days posttreat-
ment is recommended (Boyle et al. 2012). 
Patients already receiving anticoagulation before 
diagnosis of multiple myeloma should remain on 
their current medication, providing it is appropri-
ate. In high-risk patients with more than one 

patient- or treatment-related risk factor, prophy-
lactic dose of low-molecular-weight-heparin 
(LMWH) or coumarin is recommended. This rec-
ommendation is supported by the reduced inci-
dence of VTE (2.25% vs. 1.2%) and pulmonary 
embolism (1.7% vs. 0%) in patients on LMWH 
prophylaxis compared to those on aspirin pro-
phylaxis in patients on lenalidomide-based ther-
apy (Palumbo et al. 2011). In contrast, no 
significant differences in VTE rate have been 
noted in patients on a thalidomide-based regimen 
between prophylaxis with aspirin, LMWH, or 
warfarin (6.4% vs. 5.0% vs. 8.2%, respectively) 
(Larocca et al. 2012). Evidence-based data on the 
optimal duration of anti-VTE prophylaxis are not 
available, but given the ease and tolerability of 
aspirin, continuation of prophylaxis after achieve-
ment of tumor response and during maintenance 
therapy seems to be a reasonable choice. For 
patients who started with LMWH or coumarin, 
discontinuation of therapy or switching to aspirin 
may be considered in patients with excellent 
tumor control or on maintenance therapy. 
Presently, it is unknown whether thrombopro-
phylaxis might also reduce the risk of arterial 
events (Boyle et al. 2012; Palumbo et al. 2011). If 
VTE occurs despite the use of prophylaxis, the 
responsible anti-myeloma drug should be discon-
tinued, the VTE be treated (Zangari et al. 2010), 
and anti-myeloma therapy should be reinstated 
only upon full resolution of the VTE event. A ret-
rospective analysis of the lenalidomide- 
dexamethasone vs high-dose dexamethasone 
studies (MM09 and MM10) did not reveal a neg-
ative impact of the occurrence of a VTE on OS 
(Kristinsson et al. 2012b), which is different to 
the occurrence of arterial thromboembolic com-
plications, which are associated with shortened 
survival in multiple myeloma.
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Plasma Cell Leukemia 
and Extramedullary Plasmacytoma

Morie A. Gertz, Laura Rosinol, and Joan Bladé

9.1  Plasma Cell Leukemia

Plasma cell leukemia represents a unique subset 
of patients with multiple myeloma. The current 
operational definition requires that either: (1) for 
a blood leukocyte count of >10,000/μL, at least 
2000/μL are circulating plasma cells or (2) for a 
peripheral blood white count of <10,000/μL, 
20% of the circulating cells must be plasma cells. 
The leukemia is classified as primary when this is 
the patient’s initial presentation of multiple 
myeloma or secondary when it is in the context 
of relapsing disease.

The reason why plasma cell leukemia is con-
sidered an independent entity is because plasma 
cell leukemia defines a high-risk population of 
patients, with genetics that are distinctly different 
from multiple myeloma. The clinical course, the 
median survival, and the effectiveness of various 
therapies are also different, which justifies the 
consideration of plasma cell leukemia as a dis-
tinct subset of multiple myeloma. In primary 
plasma cell leukemia, a constellation of adverse 

biologic and prognostic factors are already pres-
ent at diagnosis, similar to patients presenting 
with advanced aggressive disease. Primary 
plasma cell leukemia has a more aggressive clini-
cal presentation than multiple myeloma, with a 
higher frequency of extramedullary involvement, 
anemia, thrombocytopenia, hypercalcemia, and 
renal failure, many of which are defined as 
adverse prognostic factors in patients with mul-
tiple myeloma (Blade and Kyle 1999).

The definition of plasma cell leukemia alluded 
to above, however, has no biologic basis. The 
definition of >20% plasma cells circulating or 
>2000 absolute is an arbitrary definition that was 
created based on the available tools at the time 
and does not have a sound biologic underpinning 
to justify its use. Newer techniques for the identi-
fication of plasma cells in the blood are likely to 
redefine this entity going forward. Sensitive mul-
tiparameter flow cytometry allows assessment of 
circulating plasma cells in myeloma and provides 
a greater understanding of this entity. Six-color 
multiparameter flow cytometry was used to 
examine samples with a target of detecting 
150,000 events. Plasma cells were selectively 
analyzed using the light scatter properties of 
CD38 and CD138. Normal plasma cells were 
then separated from clonal plasma cells based on 
the differential expression of CD45, CD19, and 
polytypic immunoglobulin light chains. Among 
158 consecutive newly diagnosed multiple 
myeloma patients, the 2-year overall survival for 
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patients with any number of circulating plasma 
cells by flow was 76% compared with 91% that 
had no circulating plasma cells. However, using a 
receiver-operator analysis, the ideal cut point for 
predicting mortality at 1 and 2 years was 435 and 
376 plasma cells, respectively. When reanalyzing 
this patient population using 400 events as a cut-
off, the time to next treatment was 14 months 
compared to 26 months for those with <400 
events. The median overall survival was 
32 months for patients with >400 events com-
pared to not reached. Independent analysis 
showed that patients with >400 circulating 
plasma cells had a higher international stage, 
serum creatinine, LDH, and bone marrow plasma 
cells. In a univariate analysis, only circulating 
plasma cells were prognostic for overall survival. 
Therefore, it is conceivable that flow will replace 
peripheral blood estimations for defining plasma 
cell leukemia in the future. The proposal of >400 
clonal events per 150,000 mononuclear events 
will need to be validated by other groups 
(Gonsalves et al. 2014a, b).

Looking at a cohort of patients with ultrahigh- 
risk multiple myeloma, secondary plasma cell 
leukemia was seen in 14.3% compared to none of 
the patients that did not have ultrahigh-risk dis-
ease, reflecting the powerful correlation between 
the presence of plasma cell leukemia and risk. 
The median survival of patients with ultrahigh- 
risk myeloma was 5 months (Zhuang et al. 2014).

Other groups have investigated whether alter-
nate thresholds for circulating plasma cells can 
be used instead of the classic criteria. A Spanish 
group reported on 370 patients and classified 
patients into three groups: those that had <5% 
circulating cells, 5–20%, and then the classic 
>20%; 1.1% of patients fulfilled classic plasma 
cell leukemia criteria, but an additional 2.4% had 
5–20% circulating plasma cells or an absolute 
plasma cell count in the peripheral blood of over 
500. The group that had an intermediate percent-
age of plasma cells had a shorter survival than 
those with classically defined plasma cell leuke-
mia, 7 vs. 12 months. The authors concluded that 
the criteria for plasma cell leukemia could be 
relaxed to include patients with >5% circulating 
plasma cells or an absolute plasma cell count in 

the peripheral blood of >500. This definition of 
plasma cell leukemia has not been adopted by the 
Multiple Myeloma Working Group (Granell 
et al. 2015). When the presence of circulating 
plasma cells was defined as >2% compared with 
the traditional definition of 20%, there was little 
difference in median progression-free or overall 
survival, 12 and 15 months, respectively. Again, 
although the number of circulating plasma cells 
did not rise to the level for the classical diagnosis 
of plasma cell leukemia, the survival was compa-
rable and suggests that the definition currently is 
too strict (An et al. 2015).

It is easy to overlook the diagnosis of plasma 
cell leukemia when analysis is not done by flow. 
In one report, a patient with 89% large atypical 
blasts was initially thought to have acute myelo-
blastic leukemia when protein studies demon-
strated myeloma (Pavlovic et al. 2012). The 
United Kingdom has a Leukocyte 
Immunophenotyping Quality Committee that 
sent slides from two patients with plasma cell 
leukemia; and a significant number of laborato-
ries failed to make the correct diagnosis, suggest-
ing that standard morphologic techniques in the 
absence of immunophenotyping and flow could 
overlook patients with plasma cell leukemia. The 
definition of plasma cell leukemia introduced 
40 years ago may not be appropriate with current 
technologies (van Veen et al. 2004).

The detection of plasma cells in the peripheral 
blood of a patient with multiple myeloma is not 
straightforward. There is significant variability in 
the flow characteristics between mature and 
immature plasma cells, and they can appear as 
distinct populations in a flow scatter plot. 
Experience is required to accurately detect 
peripheral blood plasma cells by flow, necessary 
in recognizing plasma cell leukemia 
(Marionneaux et al. 2006).

One hundred and four patients were evaluated 
for circulating plasma cells by flow, and the opti-
mal cutoff of circulating plasma cells for defining 
a poor prognosis was 41. In a multivariable anal-
ysis, the presence of circulating plasma cells >41 
and age adversely affected progression-free sur-
vival. Redefining plasma cell leukemia using a 
flow cutoff of 41 events provides important 
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prognostic information that predicts high-risk 
and poor outcome. The median survival of 
patients with >41 plasma cells in the peripheral 
blood was approximately 24 months with a haz-
ard ratio of 2.63 compared to those with <41 
plasma cells (Vagnoni et al. 2015).

The frequency with which plasma cell leuke-
mia occurs varies by reporting group. In a group 
of 148 patients treated with bortezomib-based 
therapy, plasma cell leukemia was seen in two 
(1.4%) (Ahn et al. 2014). Sweden has a 
population- based registry and had clinical data 
available for 2494 patients diagnosed between 
2008 and 2011. Plasma cell leukemia was 
reported in 1% (Blimark et al. 2013). At the 
Arkansas Cancer Research Center, 27 out of 
1474 patients (1.8%) were diagnosed as primary 
plasma cell leukemia. These patients had low 
hemoglobin, high β2 microglobulin, and high 
LDH, and were classified as high risk. The 
median overall survival was 1.8 years with a 
progression- free survival of 0.8 years and was a 
highly significant independent adverse feature. 
The incidence of plasma cell leukemia ranges 
between 1 and 2%. A report by the International 
Myeloma Working Group has also suggested that 
the thresholds for diagnosis of multiple myeloma 
be reexamined because the criteria for diagnosis 
have not been evaluated prospectively. Lower 
values of circulating plasma cells may have the 
same prognostic impact as higher values 
(Fernandez de Larrea et al. 2013).

9.2  Biologic Features of Plasma 
Cell Leukemia

Plasma cell leukemia is acknowledged to have a 
high proliferative index; and although tumor 
lysis syndrome is quite unusual in multiple 
myeloma, it is a recognized complication of 
induction therapy in patients who have plasma 
cell leukemia. Tumor lysis syndrome was first 
reported after bortezomib therapy in 2005 
(Jaskiewicz et al. 2005). In an observational 
study from 1976 to 1994, 6 patients with primary 
plasma cell leukemia out of 512 myeloma 
patients (1.2%) showed a mean survival of 

14 months for primary plasma cell leukemia and 
6.8 months for secondary plasma cell leukemia, 
reflecting the high-risk nature of the disease 
(Pasqualetti et al. 1996).

Our own group has reported on the natural his-
tory of plasma cell leukemia by reviewing the 
surveillance epidemiology and end-results data-
base, detecting 445 patients with primary plasma 
cell leukemia. The median overall survival was 5, 
6, 4, and 12 months for those diagnosed from 
1973 to 1995, 1996 to 2000, 2001 to 2005, and 
2006 to 2009, respectively. Survival is improving 
but remains far below that expected with other 
myeloma patients (Gonsalves et al. 2014a). A 
report of patients with plasma cell leukemia was 
compared with multiple myeloma. The median 
survival of primary plasma cell leukemia, sec-
ondary plasma cell leukemia, and multiple 
myeloma were 22.2, 1.3, and 36.4 months, 
respectively (Cha et al. 2007). A recent review of 
How I Treat Plasma Cell Leukemia has been pub-
lished (van de Donk et al. 2012) and acknowl-
edges that patients with plasma cell leukemia 
more often have extramedullary involvement, 
anemia, thrombocytopenia, hypercalcemia, ele-
vated β2 microglobulin, and LDH. A retrospec-
tive report on the natural history of 31 patients 
with plasma cell leukemia from China, 22 pri-
mary and 9 secondary, reported 17 of 21 plasma 
cell leukemia patients had abnormal karyotypes 
with a survival of primary plasma cell leukemia, 
secondary plasma cell leukemia, and multiple 
myeloma of 14, 2, and 37 months, respectively 
(Peijing et al. 2009).

A SEER analysis of survival outcomes of 
plasma cell leukemia reviewed 74,826 patients 
with myeloma, of whom 479 had plasma cell leu-
kemia, representing 0.6%. The median overall 
survival was 6 months, with a 2-year overall sur-
vival of only 20%, compared with myeloma that 
had a median survival of just over 2 years 
(Ravipati et al. 2013). Another SEER database 
report covering 1973–2004 reported 291 patients 
with plasma cell leukemia among 49,106 (0.6%). 
The median overall survival was 4 months with 
1-year overall survival at 27.8%. Patients under 
the age of 60 had a better survival (7 vs. 3 months) 
(Ramsingh et al. 2009).

9 Plasma Cell Leukemia and Extramedullary Plasmacytoma



160

Plasma cell leukemia has been recognized to 
be a multiclonal disease. FISH analysis for aneu-
ploid patterns in plasma cell leukemia has been 
reported in 75%. Moreover, the incidence of two 
or more plasma cell clones was reported in 15% 
of patients. The aneuploid clones seen in patients 
with plasma cell leukemia were different from 
those in MGUS (Rasillo et al. 2003).

One of the mechanisms hypothesized for the 
development of plasma cell leukemia was the 
loss of adhesion receptors that tie the plasma cell 
to bone marrow stroma and prevent egress into 
the circulating blood. Forty percent of all CD56- 
negative malignant plasma cell patients devel-
oped a leukemic phase vs. only 15% of 
CD56-positive patients. This supported the 
hypothesis that the lack or weak expression of 
CD56 is a characteristic feature of plasma cell 
leukemia (Pellat-Deceunynck et al. 1998). Others 
have also reported the aberrant expression pro-
files of plasma cell leukemia, particularly empha-
sizing the decrease in expression of CD40 
(Perez-Andres et al. 2005).

Routine karyotyping of 126 plasma cell leuke-
mia patients identified whole chromosome losses 
and immunoglobulin heavy chain rearrange-
ments. Most plasma cell leukemia patients had 
10 abnormalities at diagnosis. It is hypothesized 
that the accumulation of abnormalities such as 
17p13 and 1p losses triggers some of the extra-
medullary growth features of plasma cell leuke-
mia (Jimenez-Zepeda et al. 2011). The flow 
cytometric and immunophenotypic characteris-
tics of 36 plasma cell leukemia patients were 
reported, and one-third expressed CD56, CD71, 
and CD117 (Kraj et al. 2011a). Impaired expres-
sion of adhesion molecules such as CD11A/
CD18 or CD56 was felt to explain hematologic 
dissemination of plasma cells into the peripheral 
blood.

9.3  Case Series of Plasma Cell 
Leukemia

There have been a number of reported case series 
on outcomes in plasma cell leukemia. One series 
reported 10 patients with a median age of 58 

(78% female) with primary plasma cell leukemia 
in 8, secondary plasma cell leukemia in 2. 
Interestingly, there was a 20% incidence of 
venous thrombosis. The mean survival was 
5.9 months, ranging 2–17 months. Secondary 
plasma cell leukemia had a median survival of 
2 months (Jimenez-Zepeda and Dominguez 
2006).

A single-center experience with 30 patients 
with primary plasma cell leukemia has been 
reported. These 30 patients were identified 
among 934 consecutive patients (3.1%). There 
was a strong male preponderance (22 out of 30); 
extramedullary involvement in 18 of 30 (60%); 
21 patients had cytogenetic studies; 6 were nor-
mal; 6 showed complex hypodiploidy, 5 pseudo-
diploidy, and 4 hyperdiploidy. Median survival 
was 4.5 months. LDH, performance status, and 
platelet count were independent predictors of 
survival (Colovic et al. 2008). In a clinical series 
of 63 patients (37 primary leukemia, 26 second-
ary leukemia), one-third of patients expressed 
CD56, CD71, and CD117. A complete response 
was achieved in only 17% of primary plasma cell 
leukemia patients, with a median progression- 
free survival of 6 months and a median overall 
survival of 9 months. In secondary plasma cell 
leukemia, time from diagnosis to the develop-
ment of secondary leukemia was 21 months, and 
subsequent median survival was 2 months (Kraj 
et al. 2011b).

9.4  Genetics of Plasma Cell 
Leukemia

Data on the genetics of this disorder has evolved 
rapidly. Fifteen years ago, using allele-specific 
amplification, N-RAS and/or K-RAS mutations 
were found in 54.5% of myeloma patients and 
50% of primary plasma cell leukemia. These 
mutations are very uncommon in indolent multi-
ple myeloma. K-RAS mutations were more fre-
quent than N-RAS mutations and were thought to 
help define higher-risk patients (Bezieau et al. 
2001). One of the first FISH analyses of multiple 
myeloma was published in 2001. Plasma cell leu-
kemia was found in 40 of 240 newly diagnosed 
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patients with stage 3 multiple myeloma. 
Cytogenetic abnormalities were found in 23 of 
34, usually complex hypodiploidy. Patients com-
monly had rearrangements of 14q32 and t (14;16) 
(13%). The hypodiploid karyotypes were thought 
to explain, in part, the poor prognosis of primary 
plasma cell leukemia (Avet-Loiseau et al. 2001). 
In a second series, 71% of plasma cell leukemia 
patients displayed chromosomal abnormalities 
(Lloveras et al. 2004). A series of 14 patients (5 
with primary and 9 with secondary plasma cell 
leukemia) reported chromosomal abnormalities 
in all, with deletions of 13q14 in 78% and dele-
tions of 17p13 in 43%. There was no association 
among the genetic abnormalities. This frequency 
of genetic changes was greater than that seen in 
multiple myeloma (Chang et al. 2005). The same 
group reported on a series of 26 plasma cell leu-
kemia patients. CKS1B was absent in MGUS but 
was detected in 62% of plasma cell leukemia 
patients, raising a hypothesis that CKS1B ampli-
fication was associated with progression to 
plasma cell leukemia (Chang et al. 2006).

Our group reported on genetic aberrations and 
survival in plasma cell leukemia. Eighty patients 
with primary or secondary plasma cell leukemia 
were compared with 439 cases of multiple 
myeloma. Primary plasma cell leukemia patients 
presented 10 years earlier than secondary plasma 
cell leukemia (55 vs. 65 years) and had a median 
survival of 11.1 vs. 1.3 months; 14q32 transloca-
tions were present in both forms of leukemia (82 
and 87%); and in primary plasma cell leukemia, 
the IgH translocations involved 11q13, whereas, 
in secondary plasma cell leukemia, multiple part-
ner chromosome abnormalities were found. Both 
showed a high incidence of −17p (56% and 83%, 
respectively, in primary and secondary leukemia) 
and frequent N-RAS and K-RAS mutations. 
Survival was consistently short (Tiedemann et al. 
2008). A series of 41 plasma cell leukemia 
patients reported Del(13q), t(4;14), 1q21 amplifi-
cation, and del(1p21) to be more common in 
plasma cell leukemia and patients with t(4;14) 
and del(1p21) having shorter overall survivals 
(Chang et al. 2009). Frequent upregulation of 
MYC in plasma cell leukemia has been reported. 
In 8 of 12 patients, abnormalities directly 

targeted or close to MYC were found. Only four 
were detected by FISH analysis. Quantitative RT 
PCR demonstrated that these abnormalities were 
associated with increased levels of MYC mRNA, 
and MYC dysregulation is an important molecu-
lar event in the development of plasma cell leuke-
mia (Chiecchio et al. 2009).

Twenty-one Chinese patients with plasma cell 
leukemia were reported, showing cytogenetic 
aberrations in 18. Four patients simultaneously 
had 13q14, illegitimate IgH translocations and 1q 
abnormalities. Most plasma cell leukemia 
patients had chromosomal abnormalities, rear-
rangements, and deletions (Xu et al. 2009). A 
series of 34 patients with plasma cell leukemia 
reported at least one chromosomal abnormality 
in 100%. Patients with plasma cell leukemia had 
deletion 12p13 in 64.7% and had the highest fre-
quency of chromosome 1 alterations. Their 
immunophenotype showed a higher expression 
of CD117 and CD19.

Poor-risk genetic abnormalities were more 
common in plasma cell leukemia than MGUS or 
myeloma (Ruggeri et al. 2010). Sixteen untreated 
plasma cell leukemia patients and six secondary 
plasma cell leukemia patients had their genomic 
profiles investigated by integrative microarray; 
237 differentially expressed genes in plasma cell 
leukemia vs. myeloma, of which 155 positively 
modulated genes were enriched in cytoskeleton 
organization, cell adhesion, and migration 
 categories. Compared to primary plasma cell 
 leukemia, secondary plasma cell leukemia over-
expressed transcripts; 30 upregulated and 21 
downregulated miRNAs were identified in pri-
mary plasma cell leukemia. Genotyping analysis 
and FISH detected 13q deletion in 77%, 17p 
deletion in 58%, and 1q gain in 61.5%. Twenty- 
three miRNAs, mostly mapping to chromosome 
1p (22%), were reported. This highlights a wide 
gene-dosage effect, suggesting that genomic 
abnormalities in primary plasma cell leukemia 
reflect expression imbalances (Lionetti et al. 
2011). Results were subsequently updated to 17 
untreated patients; 13q and 17p deletions were 
seen in 12 and 8, respectively; t(11;14), t(4;14), 
and MAF translocations were found in 4, 1, and 8 
patients, respectively; 199 probes whose 
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 expression level strongly correlated with the 
occurrence of allelic imbalances were identified; 
23 miRNAs mapping to 1p13 and 19 were found 
to be positively correlated (Mosca et al. 2011).

Gene and miRNA expression profiles in 16 
primary plasma cell leukemia patients and 6 sec-
ondary plasma cell leukemia patients were 
reported. Unsupervised gene and miRNA expres-
sion analyses grouped most of plasma cell leuke-
mias in two distinct branches according to IgH 
chromosomal translocations. The comparison of 
plasma cell leukemia forms revealed, in second-
ary plasma cell leukemia, overexpression of tran-
scripts concerning mitosis, spindle organization, 
and chromosome segregation. Transcriptomic 
analyses of plasma cell leukemia patients can 
identify molecular alterations characterizing this 
aggressive disorder (Todoerti et al. 2011). 
Analysis of the transcriptome and genomic pro-
files was performed in association with a pro-
spective series of newly diagnosed patients 
receiving lenalidomide and dexamethasone. 
There were 23 such patients, and all but 3 had 
either t(4;14), t(11;14), or MAF-associated trans-
location. However, none of these alterations pre-
dicted overall survival or response. A 27-gene 
model was able to dissect the plasma cell leuke-
mia patients into two groups; one contained six 
patients with a poor outcome. The 27-gene model 
was independent of cytogenic abnormalities as 
well as independent of autologous stem cell 
transplant therapy. Two miRNAs reached a sig-
nificant correlation with overall survival miR-92a 
and miR-330-3p (Agnelli et al. 2012).

Affymetrix gene chip mapping in primary 
plasma cell leukemia demonstrated alterations of 
chromosome 8 in 10 of 17. In particular, 8p dele-
tions were observed in six. Eight genes were 
found downregulated in primary plasma cell leu-
kemia with 8p loss, two of which mapped to 12q 
and six to 8p. A gene-dosage effect associated to 
8p loss provided novel candidate disease- 
associated genes (Barbieri et al. 2012). A multi-
center study of 21 previously untreated primary 
plasma cell leukemia patients had transcriptional 
profiling. Grouping was driven by major IgH 
chromosomal translocations. Comparing primary 
plasma cell leukemia with myeloma identified 

366 upregulated and 137 downregulated genes. A 
38-gene signature, which clustered patients with 
the poorest prognosis, was developed, and this 
gene signature can discriminate high-risk pri-
mary plasma cell leukemia (Todoerti et al. 2012).

An Eastern European analysis of seven plasma 
cell leukemia samples revealed early phases of 
cell cycle (G1 and G1/S) to be affected. In plasma 
cell leukemia samples, co-expression changes 
were associated with late phases of cell cycle 
(G2/M, S, and M) with severe alteration in early 
phases. Oncogenic stress was evidenced in the 
progression from myeloma to plasma cell leuke-
mia (Kryukov et al. 2013). miRNA expression 
signatures were reported in plasma cell leukemia 
from 18 patients. Results were integrated with 
gene expression profiles. There were 42 upregu-
lated and 41 downregulated miRNAs compared 
to myeloma. All four miRNAs (miR-497, miR- 
106b, miR-181a, and miR-181b) had expression 
levels that correlated with treatment response and 
four additional with clinical outcome. The contri-
bution of miRNAs in the pathogenesis of primary 
plasma cell leukemia suggests potential future 
therapeutic targets (Lionetti et al. 2013). A 
genome-wide analysis of primary plasma cell 
leukemia identified IgH translocations in 87%, 
with a prevalence of t(11;14) of 40% and t(14;16) 
of 30.5%. Mutations of p53 were identified in 
four. Gene expression profiling data showed a 
significant dosage effect of genes involved in 
transcription, translation, methyltransferase 
activity, and apoptosis (Mosca et al. 2013). Of 33 
patients with primary plasma cell leukemia, 16 
were hypodiploid, 13 were pseudodiploid, and 4 
were hyperdiploid; 33% had p53 deletion, 73% 
had RB1 deletion, and 3 of 7 had CCND1 rear-
rangement. The overall median survival was 106 
weeks. The genetic changes did not impact sur-
vival (Muzzafar et al. 2013).

Transcriptional characterization of 21 newly 
diagnosed primary plasma cell leukemia patients 
showed immunoglobulin heavy chain locus 
translocation in all but one; 503-gene signature 
distinguished primary plasma cell leukemia 
from myeloma; 27-gene signature was associ-
ated with overall survival independently. Gene 
expression profiling may be of great value in 
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plasma cell  leukemia. 17p deletion was seen in 8 
of 44 plasma cell leukemia patients at diagnosis 
(18%), nearly three times the risk in newly diag-
nosed myeloma (Parmar et al. 2014). Among 23 
primary plasma cell leukemia and 11 secondary 
plasma cell leukemia patients, variable genes on 
the plasma cell leukemia cases distinguished 
secondary from primary. All secondary plasma 
cell leukemia cases were grouped with the 
HMCL. Primary plasma cell leukemia cases 
were in a separate cluster. Upregulated miRNAs 
promoted proliferation, angiogenesis, and cell 
survival. Downregulated miRNAs mimic the 
effect of translocations on specific oncogenic 
targets. Specific gene and miRNA expression 
profiles help to elucidate the molecular altera-
tions discriminating the two forms of plasma cell 
leukemia (Todoerti et al. 2014). Whole-exome 
sequencing of primary plasma cell leukemia has 
been performed. In 12 primary plasma cell leu-
kemia patients, 166 variants per sample were 
seen. Only a few were recurrent in two or more 
samples. Fourteen candidate cancer driver genes 
were identified, but there was remarkable genetic 
heterogeneity of mutational patterns (Cifola 
et al. 2015).

9.5  Therapy of Plasma Cell 
Leukemia

In the pre-novel agent era, the prognosis of 
patients with plasma cell leukemia was poor; 18 
patients were reported in the era before the intro-
duction of novel agents and were treated with 
anthracycline regimens such as VAD; 6 of 18 had 
no response, and there was only 1 complete 
response. Median survival was 7 months 
(Costello et al. 2001). The first meaningful ben-
efit was achieved with the introduction of bort-
ezomib. A decade ago, the Spanish group 
reported on four patients with plasma cell leuke-
mia; the result was normalization of peripheral 
blood counts and transfusion independence. 
Bortezomib induced procaspase-3 and poly 
(ADP-ribose) polymerase cleavage and decreased 
the amount of Erk1/2 (Esparis-Ogando et al. 
2005).

Twelve patients with plasma cell leukemia 
received bortezomib, five partial responses, four 
very good partial responses, and two complete 
responses were seen with a median progression- 
free and overall survival of 8 and 12 months, 
respectively. Bortezomib’s effectiveness was rec-
ognized early for plasma cell leukemia (Musto 
et al. 2007). Twenty-nine patients with primary 
plasma cell leukemia received bortezomib in 
combination with dexamethasone, thalidomide, 
doxorubicin, melphalan, prednisone, vincristine, 
and cyclophosphamide. The overall response rate 
was 79%, 38% VGPR. At 24 months, 16 patients 
were alive, 12 in remission, and 4 relapses 
(D’Arena et al. 2012). At the Moffitt Cancer 
Center, 25 patients with plasma cell leukemia 
were identified; 18 received a bortezomib-based 
regimen. The median overall survival for all 
patients was 23.6 months, and bortezomib-treated 
patients had a median survival of 28.4 months, 
significantly higher than non-bortezomib-treated 
patients (Lebovic et al. 2011). In a CIBMTR 
database review of plasma cell leukemia, 28 
patients were identified, representing 1.6% of 
patients in the database. Median progression-free 
survival was 66% at 3 years with an overall sur-
vival of 73% at 4 years. In the secondary plasma 
cell leukemia subset, the median progression- 
free survival was 3 months, and median overall 
survival was 3 months; but cytoreduction with 
bortezomib-based regimens followed by early 
stem cell transplant and then RVD maintenance 
delivered superior and sustained response rates 
and prevented early relapse in primary plasma 
cell leukemia (Nooka et al. 2012).

Twelve patients with primary plasma cell leu-
kemia and five with secondary plasma cell leuke-
mia were reported from the Penn State Cancer 
Center. Median overall survival was 18 months, 
21 for primary plasma cell leukemia, and 
4 months for secondary plasma cell leukemia. 
However, their overall survival was improved 
with the use of novel agents that modestly 
improved outcomes (Talamo et al. 2012).

The Greek Myeloma Study Group reported on 
treatment with bortezomib in patients with 
plasma cell leukemia. Forty-two consecutive 
plasma cell leukemia patients (25 primary, 17 
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secondary) were reported. Serum calcium was 
significantly higher in primary plasma cell leuke-
mia, LDH was higher in secondary plasma cell 
leukemia, and 64% had high-risk cytogenetics. A 
bortezomib-based regimen was given to 29 of 42 
patients. An objective response was obtained in 
57% of patients, 80% primary plasma cell leuke-
mia, and 23.6% secondary plasma cell leukemia. 
Time to progression and overall survival was 13 
and 14 months, respectively, for primary plasma 
cell leukemia and 2 and 5 months, respectively, 
for secondary plasma cell leukemia. Treatment 
with a bortezomib-based regimen predicted for 
overall survival from the diagnosis of plasma cell 
leukemia and was felt to prolong overall survival 
(Katodritou et al. 2013). The Japanese Myeloma 
Society reported 38 consecutive patients. The 
incidence of primary plasma cell leukemia was 
1.1%. The median survival data of all patients 
was 2.85 years, those treated with novel agents, 
2.85 years, vs. those not treated with novel 
agents, 1.16 years. This improved survival 
reflects the high level utilization of bortezomib 
(Iriuchishima et al. 2014).

Lenalidomide-based therapy has also been 
used in the treatment of plasma cell leukemia. A 
multicenter Italian trial of the first-line therapy 
with lenalidomide and dexamethasone in pri-
mary plasma cell leukemia was first reported in 
2010. After a median follow-up of 9 months, 12 
patients were alive (85.7%), 9 that had respon-
sive disease (Musto et al. 2010). This was 
updated when 20 patients were enrolled; and on 
an intention to treat, 11 of 18 evaluable patients 
completing four cycles achieved a PR (61.1%, 
39% VGPR). The interim analysis suggested 
that lenalidomide- dexamethasone was promis-
ing (Musto et al. 2011a). Final results of this 
study included 23 patients, including those with 
renal failure, elevated LDH, and extramedullary 
disease in 39%, 44%, and 13% of patients, 
respectively. On an intention to treat, 14 of the 
23 completed four cycles of Rd. The overall 
response rate was 61%. VGPR or better was 
35% with a median follow- up 15 months. Overall 
and progression-free survival at 2 years was 65% 
and 52%, respectively (Musto et al. 2011b). Two 
subsequent updates have been published on this 

trial. At a median follow-up of 23 months, 
median-overall and progression- free survival in 
the intention-to-treat population were not 
reached at 22 months, respectively. Median 
overall survival was 12 months in 11 patients 
that did not receive stem cell transplant. Stem 
cell transplant was positively correlated to both 
overall and progression- free survival (Musto 
et al. 2012). Final publication on this series dem-
onstrated an overall response rate of 74%, 39% 
VGPR, progression-free and overall survivals of 
14 and 28 months, respectively, but progression-
free survival in the transplanted patients was 
27 months. Stem cell transplant after response to 
Ld impacted progression- free survival. Overall 
survival was influenced only by stem cell trans-
plant. t(14;16) was found in 31% of patients, 
TP53 in 4 of 17. First-line lenalidomide-dexa-
methasone followed by autologous stem cell 
transplant is capable of prolonging survival in 
patients with primary plasma cell leukemia 
(Musto et al. 2013).

The National Intergroup Trial for the treat-
ment of high-risk myeloma is a comparison of 
elotuzumab, lenalidomide, bortezomib, dexa-
methasone vs. lenalidomide, bortezomib, and 
dexamethasone. In the first report of accrual, 
three primary plasma cell leukemia patients 
were enrolled as part of the phase 1 MTD dose 
escalation. Patients received eight cycles of RVD 
with elotuzumab, with lenalidomide at 25 mg, 
14 of 21 days; bortezomib 1.3 mg/m2 subcutane-
ously days 1, 4, 8, 11; dexamethasone the day of 
and the day after bortezomib; and elotuzumab 
10 mg/kg day 1, 8, 15 for the first two cycles and 
then days 1 and 11 cycles 3 to 8. Stem cell trans-
plant was not planned as part of initial therapy 
on this trial. The MTD was determined, safety 
was established, and the randomized phase 2 
portion of this trial is accruing (Usmani et al. 
2014).

Lenalidomide, bortezomib, dexamethasone 
(RVD) has been reported for the treatment of sec-
ondary plasma cell leukemia. The median overall 
survival for the entire group was 5.1 months with 
median overall survival longer for patients 
achieving an objective response (7.9 vs. 
2.9 months) (Jimenez Zepeda et al. 2013).
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9.6  Stem Cell Transplantation 
in the Treatment of Plasma 
Cell Leukemia

Planned autologous stem cell transplant in the 
management of plasma cell leukemia has been 
reported. In an evaluation of the EBMT data-
base, 272 patients with plasma cell leukemia 
were identified and were transplanted within 
6 months of diagnosis. Those patients were more 
likely to enter complete remission after trans-
plantation with a median overall survival of 
25.7 months. This is the largest number of 
plasma cell leukemia patients reported, suggest-
ing autologous transplantation can improve out-
come, although its benefit remains inferior to 
those patients with standard-risk multiple 
myeloma (Drake et al. 2010). One hundred 
twenty-eight plasma cell leukemia, 73 primary, 
were reported; and patients receiving autologous 
stem cell transplant had both a longer overall 
survival and duration of response, 38.1 and 25.8 
months, respectively, compared with non-trans-
planted patients that had an overall survival and 
duration of response of 9.1 and 7.3 months, 
respectively. Response duration is favorably 
influenced by stem cell transplantation, which 
increased overall survival and duration of 
response by 69% and 88%, respectively (Pagano 
et al. 2011). The group at the Princess Margaret 
Hospital reported on induction therapy with 
cyclophosphamide, bortezomib, dexamethasone 
(CYBOR-D) followed by planned autologous 
stem cell transplant. Ten newly diagnosed 
patients with primary plasma cell leukemia 
received this therapy with an overall response 
rate of 100%, a VGPR of 50%, and a CR in 20%. 
Patients were given maintenance therapy after 
transplant, including thalidomide and lenalido-
mide. The median progression-free survival for 
all patients was 18 months, with seven patients 
alive after a median follow-up of 25 months. 
Disease progression was common and occurred 
early, but CYBOR-D followed by autologous 
stem cell transplant can provide longer- term dis-
ease control (Reece et al. 2013).

A prospective phase 2 trial of primary 
plasma cell leukemia treated with either 

bortezomib- cyclophosphamide- dexamethasone 
or bortezomib- doxorubicin-dexamethasone fol-
lowed by high-dose melphalan has been 
reported. After induction therapy, 17 of 27 
responded (63%). Of 17 responding patients, 
16 went to autologous stem cell transplant. 
Median progression- free survival was reported 
at 17.8 months, with three deaths due to sepsis. 
The feasibility of planned induction followed 
by autologous stem cell transplant in plasma 
cell leukemia was demonstrated, including high 
response rates (Royer et al. 2013).

Allogeneic transplant has also been reported 
for the treatment of plasma cell leukemia. Five 
years ago, a haploidentical stem cell transplant 
for the treatment of plasma cell leukemia, using 
stem cells from a daughter, was used. Complete 
donor chimerism was established by day 34, and 
this patient has been disease-free for 56 months, 
following stem cell transplantation without graft 
vs. host disease (Guifang et al. 2010). Seventeen 
patients receiving stem cell transplant have been 
reported. A 31-year-old male who presented 
with extramedullary disease underwent alloge-
neic bone marrow transplant from an HLA-
identical sister and survived 7 years after 
diagnosis. Allogeneic transplant is feasible for 
high-risk patients and can provide durable 
responses, although it does not appear to be 
curative (Saccaro et al. 2005). A review of results 
from the CIBMTR identified 147 patients with 
primary plasma cell leukemia, 97 autologous 
transplants, and 50 allogeneic transplants within 
18 months of diagnosis. Progression-free sur-
vival at 3 years was 34% in the autologous group 
and 20% in the allogenic group. Relapse at 
3 years was 61% in the autologous group and 
38% in the allogeneic group; and overall survival 
at 3 years was 64% in the autologous group and 
39% in the allogeneic group. The encouraging 
overall survival after autologous transplant 
establishes the safety and feasibility of this for 
plasma cell leukemia. Allogeneic transplant, 
however, carried a much higher risk of non-
relapse mortality, 41%, at 3 years without overall 
survival benefit (Mahindra et al. 2012).

A prospective trial of allotransplant for 17 
patients has been reported. Six patients 
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developed acute graft vs. host disease. At day 
100, 16 patients were evaluable, 76% VGPR, 
12% PR, 12% died. Three patients received 
donor lymphocyte infusions. They had a median 
follow-up of 22 months, 6 of 17 relapsed, and 5 
of them died. One-year post diagnosis, overall 
survival was 87%, and the progression-free sur-
vival was 86% and 65%, respectively. The pros-
pect of allogeneic transplant should not be 
unilaterally abandoned for this high-risk group 
(Charbonnier et al. 2014). Seven patients with 
primary plasma cell leukemia and two patients 
with refractory myeloma underwent a Mel-100 
TBI allogeneic transplant at the University of 
Pennsylvania. Three of nine patients, however, 
died before day 100. The median event-free sur-
vival was 28.2 months with a median overall 
survival not reached. Consolidation with a Mel-
TBI allotransplant can result in long-term sur-
vival without severe toxicity (Landsburg et al. 
2014).

9.6.1  Extramedullary 
Plasmacytomas

9.6.2  Localized Plasmacytomas

Localized plasmacytomas are plasma cell 
tumors, histologically indistinguishable from 
multiple myeloma that develop as single tumors, 
either in bone (solitary plasmacytoma of bobe –
SPB-) or in soft tissues (extramedyllary _EMP-). 
Both are uncommon disorders accounting for 
less than 5% of all plasma cell malignancies. 
SPB has been developed in Chap. 2 of this book; 
in consequence among localized plasmacytomas 
only, the extramedullary will be reviewed in this 
chapter.

9.6.3  Localized Extramedullary 
Plasmacytoma

Extramedullary plasmacytoma is an uncommon 
plasma cell disorder consisting of a plasma cell 
soft tissue tumor. EMP may originate in many 
anatomical sites, although more than 90% 

developed in the head or neck area, particularly 
in the upper respiratory structures (Wiltshaw 
1976; Woodruff et al. 1979; Knowling et al. 
1983).

9.6.3.1  Clinical Findings 
and Diagnostic Criteria

The incidence of EMP is about 3% of all plasma 
cell malignancies. It is more frequent in males 
than in females (2:1) and the median age at diag-
nosis is 60 years (Wiltshaw 1976; Woodruff et al. 
1979; Knowling et al. 1983). The clinical fea-
tures depend on the site and organ involved. 
Considering the frequent locations in the upper 
respiratory tract, patients usually present with 
symptoms such as nasal obstruction or discharge, 
epistaxis, hoarseness, or hemoptysis. Pain and 
tenderness at the plasmacytoma site may occur. 
EMP can occur in any organ including gastroin-
testinal tract, brain, thyroid, breasts, testes, or 
lymph nodes (Wiltshaw 1976; Woodruff et al. 
1979; Knowling et al. 1983; Meiss et al. 1987). 
There is a predominance of IgA immunoglobulin 
type. The diagnosis is based on the finding of a 
plasma cell proliferation in an extramedullary 
site and the absence of MM.

9.6.3.2  Treatment and Outcome
As in the SPB the treatment consists of tumori-
cidal radiation at the dose of 40–50 Gys over 
4–5 weeks (Wiltshaw 1976; Knowling et al. 
1983; Meiss et al. 1987; Mayr et al. 1990). 
Radiation therapy on local lymph nodes may be 
considered since up to 25% of patients with EMP 
of the head and neck may develop lymph node 
involvement. EMP localized in the upper respira-
tory tract have a better outcome than those aris-
ing outside the head and neck area. Involvement 
of the adjacent bone has been reported as an 
adverse factor. Local relapses, including lymph 
nodes involvement, occur in up to 15% of cases 
(Knowling et al. 1983; Mayr et al. 1990; Tong 
et al. 1980). Progression to MM is uncommon 
with a frequency ranging from 8 to 23% 
(Wiltshaw 1976; Woodruff et al. 1979; Knowling 
et al. 1983; Mayr et al. 1990; Tong et al. 1980; 
Corwin and Lindberg 1979; Chak et al. 1987; 
Dores et al. 2008; Katodritou et al. 2014).
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9.6.4  Soft Tissue Plasmacytomas 
in Multiple Myeloma

9.6.4.1  Bone Marrow Homing 
in Multiple Myeloma

Multiple myeloma is characterized by a plasma 
cell proliferation with a strong dependence on the 
bone marrow (BM) microenvironment (Tong 
et al. 1980). However, up to one-third of patients 
with MM can develop soft tissue plasmacytomas, 
which can be the most prominent disease features 
(Bladé et al. 2011).These soft tissue masses can 
have two different origins: (1) direct growth from 
skeletal lesions by disrupting the bone cortical 
and (2) resulting from hematogenous spread with 
no contact with bone. The mechanisms involved 
in the extramedullary myeloma dissemination are 
poorly understood; however, some hypotheses 
are (1) decreased expression of adhesion mole-
cules, (2) low expression of cytokine receptors, 
or (3) increased angiogenesis. It is likely that the 
physiopathological mechanisms involved in the 
hematogenous dissemination and direct growth 
from lytic lesions are different (Bladé et al. 
2011).

9.6.4.2  Incidence
In autopsy studies an extraskeletal involvement 
up to 70% was recognized. Pasmantier and Azar 
(1969) reported the findings in 57 consecutive 
autopsy cases and proposed a classification in 
three stages: stage I or intraskeletal were the 
disease was confined to the bone marrow or 
bone, stage II or paraskeletal with tumor masses 
arising from bones, and stage III or extraskeletal 
resulting from hematogenous spread. However, 
the definition of extramedullary disease in MM 
has not been uniform. Some authors consider 
EMD only when it results from hematogenous 
spread, while others also include the soft tissue 
masses originated directly from bones (Wu et al. 
2009; Varettoni et al. 2009; Pour et al. 2014; 
Varga et al. 2015; Usmani et al. 2012; Short 
et al. 2011; Weinstock et al. 2015). In this 
regard, the international Myeloma Working 
Group (IMWG) is working on a Consensus 
Statement on the definition of extramedullary 
involvement in MM.

Data on the incidence of EM involvement in 
MM are only observational. The rate of plasmacy-
tomas arising from bone lesions at diagnosis 
ranges from 7 to 34%, this incidence remaining 
similar ranging from 6 to 34% at the time of 
relapse while the incidence of EMD resulting from 
hematogenous spread at diagnosis is from 2 to 5% 
increasing up to 5–10% at the time of relapse. To 
note, about 50% of patients with plasmacytomas at 
diagnosis develop plasmacytomas at the time of 
relapse (Wu et al. 2009; Papanikolaou et al. 2013). 
The reported incidence of extramedullary involve-
ment after allogeneic transplantation is between 
20 and 37%, and it has been suggested that patients 
undergoing allogeneic transplantation with 
reduced intensity conditioning (Allo-RIC) have a 
higher incidence of extramedullary relapse (Pérez 
Simón et al. 2006; Minnema et al. 2004; Zeiser 
et al. 2004). In fact, the reported incidence after 
autologous stem cell transplantation (ASCT) 
ranges from 9 to 24%. The reasons for the discrep-
ancy between the incidence of plasmacytomas 
after ASCT and Allo-RIC are unclear. In a recent 
report on 663 patients who underwent stem cell 
transplantation (SCT) biopsy proven extramedul-
lary disease was reported in 8.3% and the authors 
suggested that there was no increase after SCT 
(Weinstock et al. 2015). In this study there is no 
information on the incidence of extramedullary 
involvement in patients relapsing from ASCT or 
from an allogeneic procedure. It has been claimed 
that soft tissue involvement in patients relapsing 
after novel agents exposure is increased. However, 
in several studies the risk of plasmacytomas was 
not increased by the use of front-line regimens 
incorporating thalidomide, bortezomib or lenalid-
omide (Varga et al. 2015; Bladé et al. 2015). 
However, the data is still limited and better control 
of medullary disease with novel drugs can lead to 
a survival prolongation resulting in a higher risk of 
plasmacytomas at the time of relapse/progression.

The most common locations of plasmacyto-
mas arising from bones are the vertebrae, ribs, 
sternum, skull, and pelvis. The hematogenous or 
metastatic spread can consist of (1) single or mul-
tiple highly vascularized large subcutaneous nod-
ules with a red-purple appearance, (2) multiple 
small nodules located at any organ, particularly 
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skin, liver, breast, or kidney, (3) pleura, (4) lymph 
nodes, and 5 central nervous system (CNS). Skin 
is the most common location at diagnosis, being 
the most frequent locations at relapse liver, 
pleura, and CNS. The CNS involvement will be 
developed later in this chapter. Plasmacytomas 
can develop on scars of surgical procedures per-
formed during the course of the disease or even 
years before MM is diagnosed. They can arise 
from laparotomy scars, bone surgery, or catheter 
insertions and can precede systemic relapses 
(Muchtar et al. 2014; Rosiñol et al. 2014).

9.6.4.3  Plasma Cell Characteristics at 
Extramedullary Sites

Plasma cells from hematogenous spread usually 
show plasmablastic morphology, while myeloma 
cells from plasmacytomas arising from focal 
bone lesions usually show a plasmacytic mor-
phology. CD56 tends to be downregulated in 
plasma cells at extramedullary locations. 
However, more data are needed to definitively 
establish the role of CD56 in the extramedullary 
myeloma progression. The frequency of 17p 
deletion and GEP-defined high-risk MM is more 
frequent in patients with extramedullary 
dissemination.

9.6.4.4  Assessment of Plasmacytomas
In some patients plasmacytomas consist of pal-
pable masses and can be assessed by physical 
examination. However, in most of the cases, 
radiographic imaging techniques are required. 
Magnetic resonance imaging (MRI) is useful in 
patients with suspicion of spinal cord or nerve 
root compression and is also mandatory when 
CNS involvement is suspected (Dimopoulos 
et al. 2015). Fluorodeoxyglucose (FDG) posi-
tron emission combined with computed tomog-
raphy (PET/CT) is the most useful whole body 
technique in patients in whom soft tissue 
involvement is suspected (Nanni et al. 2016; 
Zamagni and Cavo 2012; Zamagni et al. 2014). 
A limitation of PET/CT is that it is not standard-
ized and the possible lack of interobserver 
reproducibility. In any event, a PET/CT should 
be done when soft tissue involvement is sus-
pected based on clinical data or in high-risk 

patients, such as those with high LDH serum 
levels as well as at the time of relapse in patients 
with previous history of plasmacytomas, con-
sidering the high frequency of plasmacytomas 
at relapse in this population.

Concerning response evaluation, the IMWG 
criteria requires the disappearance of plasmacy-
tomas for CR and a decrease equal or higher than 
50% for PR. Progression is defined as the recur-
rence of a plasmacytoma that had disappeared 
with treatment, the appearance of new soft tissue 
involvement or the increase in at least 25% of 
pre-existing lesions (Mesguish et al. 2014). The 
same imaging technique should be used at base-
line and during follow-up assessment (Durie 
et al. 2016).

9.6.4.5  Prognosis
The Pavia group, using a time-dependent statis-
tical methodology, showed that the presence of 
extramedullary involvement at any time during 
the course of the disease was associated to a 
poorer prognosis (Varettoni et al. 2009). In 
other study, patients with extramedullary plas-
macytomas had worse prognosis when treated 
with conventional chemotherapy (Wu et al. 
2009). However, in both studies, patients who 
underwent ASCT had similar outcome, irre-
spective of the presence or absence of extra-
medullary involvement, suggesting that 
high-dose therapy can overcome the negative 
impact of the presence of extramedullary dis-
ease. A more recent study showed similar 
results (Wu et al. 2009; Varettoni et al. 2009). 
In a PETHEMA transplantation trial, there 
were no significant differences in PFS between 
patients with or without extramedullary 
involvement, while the OS was shorter in those 
with plasmacytomas (Rosiñol et al. 2012). The 
Arkansas group reported that patients with 
extramedullary hematogenous spread had a sig-
nificantly poorer PFS and OS even in the era of 
novel agents (Usmani et al. 2012). Pour et al. 
(2014) reported that in the relapse setting the 
survival of patients with extramedullary disease 
was poorer than in patients with no plasmacyto-
mas. In addition the survival of those with 
hematogenous spread was significantly shorter 
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when compared with that of patients with plas-
macytomas arising from lytic bone lesions 
(Pour et al. 2014).

9.6.4.6  Treatment
In the up-front setting, alkylating agents, particu-
larly high-dose melphalan are of benefit in 
patients with plasmacytomas arising from bones, 
while the efficacy is more doubtful in patients 
with hematogenous extramedullary disease. 
Bortezomib seems to be of benefit in patients 
with soft tissue masses adjacent to bones with 
less evidence for hematogenous dissemination 
(Patriarca et al. 2005; Rosiñol et al. 2006). The 
efficacy of other proteasome inhibitors such as 
carfilzomib or ixazomib is unknown. The effi-
cacy of IMiDs is limited. Thus, thalidomide is 
not effective on extramedullary myeloma 
involvement (Rosiñol et al. 2004; Avigdor et al. 
2001; Juliusson et al. 2000; Myers et al. 2001; 
Anagnostopoulos et al. 2004). There are no pub-
lished data on the efficacy of lenalidomide on 
plasmacytomas. The Mayo group reported that 4 
of 13 (31%) patients responded to pomalidomide 
plus low-dose dexamethasone. Of interest, a dis-
sociation between medullary and extramedullary 
response to thalidomide and bortezomib has been 
reported (Short et al. 2011). In any event, the 
small sample size and the absence of controlled 
studies are important limitations in the assess-
ment of the efficacy of bortezomib and IMiDs on 
soft tissue involvement in MM. In the front line, 
a bortezomib- and alkylating-based regimen such 
as MPV would be the treatment of choice for 
patients non-eligible for ASCT (San Miguel et al. 
2008). For younger patients a triple induction 
regimen such as VTD or VRD or VTD/PACE 
followed by ASCT would be the initial treatment 
of choice (Sonneveld et al. 2013; Barlogie et al. 
2007; Moreau et al. 2014). In patients relapsing 
with extramedullary disease, the most effective 
treatment consists of a lymphoma-like regimen 
such as PACE, Dexa-BEAM, or HyperCVAD 
(Srikanth et al. 2008; Rasche et al. 2014). With 
these regimens the response rate is about 50%; 
however, the response only last for a median of 
4 months. In consequence, the treatment with the 
above chemotherapy regimen should be followed 

by high-dose therapy/stem cell transplantation 
whenever possible.

9.6.5  Neurological Complications

Spinal cord compression resulting from plasma-
cytomas arising vertebrae is the most frequent 
and severe neurological complication which 
occurs in up to 10% of patients (Bladé and 
Rosiñol 2007). The dorsal spine is the most com-
monly involved. The clinical picture is usually 
back pain and paraparesis that may evolve in a 
matter of hours or days. Paraparesis is usually 
accompanied by a sensory level. This complica-
tion is a medical emergency which requires con-
firmation through an immediate MRI. Treatment 
with high-dose dexamethasone with a loading 
dose of 100 mg followed by 25 mg every 6 h with 
subsequent progressive tapering plus radiation 
therapy should be immediately started (Posner 
1987). If the spinal cord compression is caused 
by a vertebral collapse rather than from a verte-
bral plasmacytoma, which is extremely rare, 
urgent surgical decompression with a prosthesis 
insertion is required.

Lumbar vertebral involvement can be the 
cause of cauda equine syndrome, with low back 
radicular pain and legs weakness. Treatment with 
dexamethasone and radiation therapy can quickly 
relieve the symptoms.

Intracranial plasmacytomas are very uncom-
mon despite the frequent skull involvement. 
Occasionally, myeloma skull extension can result 
in a subdural plasmacytoma, direct leptomenin-
geal involvement, or in a brain plasmacytoma. 
Parenchymal brain plasmacytomas not associ-
ated with bone structures are exceedingly rare 
(Husain et al. 1987). Myeloma involvement of 
skull base can extend into the orbits causing 
orbital pain, exophthalmos, and diplopia 
(Woodruff and Ireton 1982). When orbital 
involvement is suspected, the radiological imag-
ing with CT scan or MRI should be extended to 
explore the orbital area in order that potential 
lesions are not missed.

Leptomeningeal or CNS involvement occurs 
in about 1% (Fassas et al. 2004; Nieuwenhuizen 
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and Biesma 2007; Schluteman et al. 2004; 
Chamberlain and Glanz 2008; Gozzetti et al. 
2012; Jurczyszyn et al. 2016). The more frequent 
presenting features are confusion, paraparesis, 
and cranial nerve palsies. The cerebrospinal fluid 
(CSF) shows increased protein levels and a posi-
tive immunofixation for the myeloma M-protein 
as well as plasma cells usually with plasmablas-
tic morphology. The MRI may show a diffuse 
leptomeningeal enhancement. Leptomeningeal 
involvement can result in spastic paraparesis, 
with MRI suggesting a parasagittal meningioma. 
CNS involvement is associated with poor prog-
nostic features such as high-risk cytogenetics, 
plasma cell leukemia, high LDH serum levels, 
and additional extramedullary plasmacytoma 
involvement. In a recent report, eight of the nine 
patients with CNS involvement harvested 17p 
deletion. Leptomeningeal involvement can pres-
ent as an isolated relapse in patients in complete 
remission. It is likely that, in these cases, 
myeloma viable cells are seeded in the active 
phase of the disease and remained dormant at the 
CNS sanctuary until the time of relapse. The 
prognosis is particularly poor with a median sur-
vival of less than 3 months, even when novel 
agents are used (Fassas et al. 2004; Nieuwenhuizen 
and Biesma 2007; Gozzetti et al. 2012; Jurczyszyn 
et al. 2016; Katadritou et al. 2015). The treatment 
of myeloma CNS involvement with intrathecal 
therapy with methotrexate, hydrocortisone, and 
cytosine arabinoside as well as cranial radiation 
is unsatisfactory. Craniospinal radiation can be 
considered. It has recently been reported that 
local plus systemic therapy can improve the out-
come (Jurczyszyn et al. 2016).
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POEMS Syndrome

Dimitrios C. Ziogas, Angela Dispenzieri, 
and Evangelos Terpos

10.1  Definition and Incidence

POEMS syndrome, less frequently known as 
osteosclerotic myeloma, Takatsuki syndrome, or 
Crow-Fukase syndrome, is a rare paraneoplastic 
syndrome due to an underlying plasma cell disor-
der (Dispenzieri 2015; Warsame et al. 2017). In 
1980, Bardwick defined initially the acronym 
describing some of the features of the syndrome: 
polyneuropathy, organomegaly, endocrinopathy, 
monoclonal plasma cell disorder, and skin 
changes (Bardwick et al. 1980). Notably, not all 
of the features within the acronym are required to 
make the diagnosis, while other important fea-
tures are not labeled in the POEMS acronym, 
including papilledema, extravascular volume 
overload, sclerotic bone lesions, thrombocytosis/
erythrocytosis (P.E.S.T.), elevated VEGF levels, 
a predisposition toward thrombosis, and abnor-
mal pulmonary function tests. Furthermore, there 
is a Castleman variant of POEMS that may not be 
driven by a clonal plasma cell disorder 
(Dispenzieri 2008).

Based on early reports from Japan, the disor-
der was firstly believed to be more common in 
Japanese cases (Takatsuki and Sanada 1983; 
Nakanishi et al. 1984), and a recent national sur-
vey showed a prevalence of 0.3 per 100,000 in 
Japan (Nasu et al. 2012). However, over the 
years, multiple series have also been reported 
from around the world (France, the United 
States, China, and India) (Nasu et al. 2012; 
Zhang et al. 2010; Li et al. 2011a; Kulkarni 
et al. 2011).

10.2  Theories of Pathogenesis

In order to elucidate the pathogenesis of this syn-
drome, two theories have been developed. The 
first theory correlates the disease activity with the 
increased production of cytokines and mainly 
high levels of VEGF (D’Souza et al. 2011; 
Scarlato et al. 2005; Watanabe et al. 1996; Nishi 
et al. 1999; Soubrier et al. 1998, 1999; Nobile- 
Orazio et al. 2009). VEGF, acting on endothelial 
cells, induces angiogenesis and reversible vascu-
lar permeability, contributing to polyneuropathy 
(D’Souza et al. 2011; Scarlato et al. 2005; 
Watanabe et al. 1996; Nishi et al. 1999; Soubrier 
et al. 1998, 1999; Nobile-Orazio et al. 2009). 
This cytokine is expressed in the majority of 
implicated cells in the syndrome, such as osteo-
blasts, macrophages, plasma cells (Soubrier et al. 
1997; Nakano et al. 2001), and megakaryocytes/
platelets (Koga et al. 2002). Unfortunately, 
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studies that targeted the VEGF inhibition with 
drugs such as bevacizumab never achieved to 
confirm successfully this hypothesis, concluding 
that VEGF pathway may be only one component 
of a much more complex cytokine process 
(Badros et al. 2005; Samaras et al. 2007; 
Sekiguchi et al. 2013; Kanai et al. 2007). Among 
the other cytokines, IL-1b and IL-6 have been 
shown to stimulate VEGF production (Soubrier 
et al. 1997), while IL-12 has also been found to 
be correlated with disease activity (Kanai et al. 
2012). The second theory is based on the fact that 
the plasma cells in POEMS syndrome produced 
in more than 95% of the time lambda light chains 
with restricted immunoglobulin light chain vari-
able gene usage (IGLV1) (Dispenzieri 2015; 
Warsame et al. 2017). There is a predilection for 
the genetic aberrations: Vλ1-44*01 (75% of the 
cases) and Vλ-40*01 (25% of the cases) seen in 
the vast majority (95%) of the cases (Abe et al. 
2008). Translocations and deletion of chromo-
some 13 have been described, but hyperdiploidy 
is not seen (Kang et al. 2013; Bryce et al. 2008).

Summarizing the two theories, a genetically 
mutated B/plasma cells clone, which will pro-
duce excess cytokines and primarily, VEGF, 
could potentially trigger the cataract of clinical 
manifestations in POEMS.

10.3  Diagnosis of POEMS

The identification of POEMS is quite difficult, as 
this condition, except for its rarity, is also charac-
terized by a wide spectrum of nonspecific pre-
senting signs and symptoms that lead to frequent 
misdiagnoses and delays in diagnosis. 
Reasonably, the median time from onset of symp-
toms to diagnosis of POEMS extends to more 
than 1 year (13–18 months) (Li et al. 2011a; 
Dispenzieri et al. 2003).

In order to overcome the challenge of diag-
nosis, a comprehensive approach of a patient 
with a suspected POEMS syndrome is needed. 
This includes a detailed history and physical 
examination followed by skeletal imaging 
(Shi et al. 2016), monoclonal protein studies 
(serum and urine 24 h protein electrophoresis, 

immunofixation, and serum-free light chains), 
measurement of VEGF levels (D’Souza et al. 
2011; Scarlato et al. 2005; Watanabe et al. 
1996; Nobile-Orazio et al. 2009), electromyogra-
phy (EMG), and careful analysis of bone marrow 
biopsy (Dao et al. 2011). The diagnosis of 
POEMS syndrome relies on the fulfillment of 
certain clinical and laboratory criteria. By defini-
tion, all patients must have a peripheral neuropa-
thy, usually demyelinating, and a monoclonal 
plasma cell disorder. In addition, the patient must 
have at least one of the other major criteria 
(Castleman disease, sclerotic bone lesions, or 
VEGF elevation) and one of the six minor criteria 
(organomegaly, extravascular volume overload, 
endocrinopathy, skin changes, papilledema, 
thrombocytosis/polycythemia).

Given the highly heterogeneous clinical pic-
ture of syndrome, it is critical to suspect the dis-
order in any patient with a combination of 
peripheral neuropathy and monoclonal protein, 
particularly a lambda-restricted monoclonal 
gammopathy. Table 10.1 presents the clinical 
characteristics, the diagnostic criteria, the esti-
mated frequencies of findings, and the recom-
mended tests for POEMS syndrome. The most 
crucial symptom is the peripheral neuropathy. It 
is ascending, symmetrical, and could affect both 
sensation and motor function (Kelly et al. 1983) 
while in significant proportion of patients could 
coexist with pain (Nasu et al. 2012; Koike et al. 
2008). Nerve conduction studies in patients with 
POEMS syndrome show slowing of nerve con-
duction in the intermediate than distal nerve seg-
ments as compared to chronic inflammatory 
demyelinating polyneuropathy (CIDP), more 
predominantly in the lower than upper limbs 
(Nasu et al. 2012; Mauermann et al. 2012; Min 
et al. 2005). Additionally, in approximately 95% 
of patients, osteosclerotic lesions are recognized 
but can be confused with benign bone islands, 
aneurysmal bone cysts, non-ossifying fibromas, 
and fibrous dysplasia (Dispenzieri 2015; 
Nakanishi et al. 1984; Dispenzieri et al. 2003). 
Bone windows of CT imaging, FDG uptake, and 
the whole body CT scan—using in multiple 
myeloma (MM)—could be very helpful in the 
detection of such lesions. Among the other 
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Table 10.1 Characteristics, diagnostic criteria, frequencies of findings, and recommended tests for POEMS 
syndrome

Characteristics
Criteria for 
the diagnosis

Frequencies of 
findings (based on 
large retrospective 
series) Recommended testing

Polyneuropathy
•  Peripheral, ascending, and symmetrical
•  Initially, sensory, progresses to motor, 

with features similar to CIDP, although 
conduction block is rare and axonal 
loss is greater

•  Painful in 10–15% of patients
•  Typically demyelinating with distal 

symmetric, progressive, and gradual 
proximal spread

•  Areflexia, with step-page/foot-drop 
gait, is common

Mandatory 
major criteria

100% •  Detailed neurologic history 
(numbness, pain, weakness, 
balance, orthostasis) and 
examination (including 
funduscopic exam)

•  Electrophysiologic study (nerve 
conduction studies)

•  Sural nerve biopsy

Monoclonal plasma cell proliferative 
disorder (almost always lambda)

•  M protein (IgAλ or IgGλ) on serum 
protein electrophoresis

•  Inclusion of immunofixation and serum 
FLC is necessary

•  Monoclonal proteins can also be seen 
on BM and osteosclerotic bone lesions

•  Clonal λ plasma cells are evident on 
biopsy in patients without an M-spike

Mandatory 
major criteria

100% (24–54%) •  Serum protein electrophoresis 
and immunofixation

•  Affected quantitative 
immunoglobulin

•  Complete blood count 
(hemoglobin, platelet)

•  24-h urine total protein, 
electrophoresis, and 
immunofixation

•  Bone marrow aspirate and biopsy 
(test for kappa/lambda by IHC)

Castleman disease (CD)
•  POEMS patients with coexisting CD 

have shorter OS
•  Patients with CD without peripheral 

neuropathy and a plasma cell clone can 
be classified as a Castleman disease 
variant of POEMS if they have other 
features consistent with POEMS 
syndrome

Other major 
criteria (one 
required)

11–25%

VEGF elevation
•  The ideal method of assay requires the 

use of serum. Plasma assay can be used 
(sensitivity 68%, specificity 95%)

•  VEGF levels are independent of the M 
protein size

Other major 
criteria (one 
required)

•  VEGF levels

Osteosclerotic lesions (OSL) Other major 
criteria (one 
required)

27–97% •  Skeletal radiographs, bone 
windows of CT images, and/or 
PET/CT

Organomegaly
•  Splenomegaly
•  Hepatomegaly
•  Lymphadenopathy

Minor criteria 45–85%
24–78%
22–70%
26–74%

•  Physical exam and CT scan 
documenting lymphadenopathy, 
organomegaly, ascites, pleural 
effusions, and edema

Extravascular volume overload
•  Peripheral edema
•  Ascites
•  Pleural effusion
•  Pericardial effusion

Minor criteria 29–87%
24–89%
7–54%
3–43%
1–64%

(continued)
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Table 10.1 (continued)

Characteristics
Criteria for 
the diagnosis

Frequencies of 
findings (based on 
large retrospective 
series) Recommended testing

Endocrinopathy
•  Hypogonadism
•  Hypothyroidism
•  Pituitary-adrenal axis

(Endocrinopathies can improve with 
treatment directed against the plasma cell 
clone)

85%
55–89%
9-67%
16–33%

•  History regarding menstrual and 
sexual function

•  Testosterone, estradiol, fasting 
glucose, glycosylated 
hemoglobin, thyroid- stimulating 
hormone, parathyroid hormone, 
prolactin, serum cortisol, 
luteinizing hormone, follicle-
stimulating hormone, and 
adrenocorticotropin hormone

•  Cortrosyn stimulation test

Skin changes
•  Hyperpigmentation
•  Acrocyanosis and plethora
•  Hemangioma/telangiectasia
•  Hypertrichosis
•  Thickening

(Treatment for POEMS leads to 
improvement in the skin changes)

68–89%
46–93%
19%
9–35%
26–74%
5–43%

•  History and physical with 
attention to skin pigment, 
thickening and texture, body hair 
quantity and texture, color of 
distal extremities, and 
development of cherry angiomata

Papilledema
•  Blurred vision, diplopia, and ocular 

pain
•  CSF protein is increased above normal 

levels
•  Unfavorable prognostic feature

29–64%

Thrombocytosis/polycythemia Other 
symptoms 
and signs

54–88%
12–19%

Pulmonary hypertension/restrictive lung 
disease

Other 
symptoms 
and signs

•  Pulmonary function tests
•  Echocardiography to assess right 

ventricular systolic and 
pulmonary artery pressures

Clubbing, weight loss, hyperhidrosis, 
thrombotic diatheses, diarrhea, low vitamin 
B12 values

Other 
symptoms 
and signs

BM bone marrow, IHC immunohistochemistry, OS overall survival

clinical symptoms, papilledema is present in at 
least one-third of patients (Cui et al. 2014; 
Kaushik et al. 2011), while skin manifestations 
including hyperpigmentation, hemangioma, 
hypertrichosis, acrocyanosis, white nails, sclero-
dermoid changes, facial atrophy, flushing, or 
clubbing (Dispenzieri 2015; Warsame et al. 
2017; Kulkarni et al. 2011; Singh et al. 2003; 
Barete et al. 2010) and pulmonary/respiratory 
complaints including pulmonary hypertension 
(in 27% of unselected patients with POEMS), 

restrictive lung disease, impaired neuromuscular 
respiratory function, and impaired DLCO have 
also been documented (Allam et al. 2008; Lesprit 
et al. 1998). Nearly 20% of patients experience 
one arterial and/or venous thrombosis 
(Dispenzieri 2007, 2015; Lesprit et al. 1996), 
and 10% patients present with a cerebrovascular 
event, most commonly embolic or vessel dissec-
tion and stenosis (Dupont et al. 2009). 
Extravascular overload most commonly mani-
fests as peripheral edema, but pleural effusion, 
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ascites, and pericardial effusions are also com-
mon (Dispenzieri 2015; Warsame et al. 2017). 
Endocrinopathy is a central but poorly under-
stood feature of POEMS, with hypogonadism 
being the most common abnormality, followed 
by thyroid abnormalities, glucose metabolism 
abnormalities, and lastly by adrenal insuffi-
ciency (Gandhi et al. 2007). The majority of 
patients have evidence of multiple endocrinopa-
thies in the four major endocrine axes (gonadal, 
thyroid, glucose, and adrenal) (Gandhi et al. 
2007).

Bone marrow (BM) is infiltrated by clonal 
plasma cells in the two-thirds of patients with 
POEMS syndrome (91% clonal lambda), while 
those without BM infiltration have a solitary or 
multiple plasmacytomas. BM biopsy reveals 
megakaryocyte hyperplasia and megakaryocyte 
clustering in 54 and 93% of cases, respectively 
(Dao et al. 2011). These megakaryocytes declare 
the presence of a myeloproliferative disorder but 
without JAK2V617F mutation. In patients with 
POEMS, VEGF levels are markedly elevated in 
plasma and serum and are correlated with the dis-
ease activity (D’Souza et al. 2011; Scarlato et al. 
2005; Watanabe et al. 1996; Nishi et al. 1999; 
Soubrier et al. 1998, 1999; Nobile-Orazio et al. 
2009). Focusing further on this finding, the higher 
level observed in serum is coming from the 
release of VEGF by the platelets in vitro during 
serum processing. Because plasma is a product of 
an anticoagulated sample, there is less platelet 
activation and therefore less platelet VEGF con-
tributing to the plasma measurement than the 
serum sample. Thus, VEGF levels for diagnosis 
of POEMS syndrome were recognized over 
200 pg/mL in plasma (with a specificity of 95% 
and a sensitivity of 68%) (D’Souza et al. 2011) 
and over 1920 pg/mL in serum (with a specificity 
of 98% and a sensitivity of 73%) (Wang et al. 
2014). A novel marker was added by Wang et al. 
(2014), when they found that the best cutoff of 
N-terminal propeptide of type I collagen to diag-
nose POEMS syndrome is 70 ng/mL with a spec-
ificity of 91.5% and a sensitivity of 80%.

In clinical practice, the differential diagnosis 
of POEMS syndrome includes CIDP, light chain 
amyloid neuropathy (AL neuropathy), MGUS 

neuropathy, MM, cryoglobulinemia, and 
Waldenstrom macroglobulinemia (WM). Any 
patient who carries a diagnosis of CIDP refrac-
tory to intravenous immunoglobulin therapy 
should be considered as a possible POEMS syn-
drome patient. Both CIDP and POEMS are 
demyelinating neuropathies, but the electromy-
ography (EMG) in patients with POEMS syn-
drome demonstrates greater axonal loss and 
slowing of intermediate nerve segments (Nasu 
et al. 2012; Mauermann et al. 2012). To distin-
guish the two entities, platelet count could be 
helpful. Approximately half of POEMS patients 
present with thrombocytosis (54%), while CIDP 
rarely shows concurrent increase of platelet count 
(1.5%) (Naddaf et al. 2015). Peripheral neuropa-
thy in AL is mixed sensory and motor, and light 
chain component is lambda-restricted. In AL, the 
diagnosis is based on BM infiltration and pres-
ence of amyloid in organ targets (Congo Red 
positive staining). Instead of POEMS, MGUS 
neuropathy is frequently associated with an anti-
body against myelin-associated glycoprotein 
(anti-MAG antibodies) and neural antigens and 
typically does not demonstrate any of the other 
features of the syndrome (Dispenzieri 2015; 
Warsame et al. 2017). From MM, POEMS syn-
drome is differentiated due to the following dis-
tinctive characteristics: (1) dominant symptoms 
are typically neuropathy, endocrine dysfunction, 
and volume overload; (2) these dominant symp-
toms have nothing to do with bone pain, extremely 
high infiltration of BM by plasma cells, or renal 
failure; (3) high VEGF levels; (4) sclerotic bone 
lesions in the majority of cases; (5) superior over-
all survival; and (6) mainly lambda clones 
(Dispenzieri 2007). Cryoglobulinemia can some-
times mimic POEMS with its neuropathy, skin 
changes, and paraproteinemia; however, the 
underlying disorders such as hepatitis C, autoim-
mune diseases, or lymphomas and the presence 
of serum will definitively differentiate between 
the two conditions. WM may also share some 
common clinical characteristics including papill-
edema (caused by hyperviscosity), neuropathy, 
and a monoclonal protein with POEMS syn-
drome. However, a BM biopsy is distinguishing, 
with a lymphocytic infiltration and the presence 
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of MYD88-L256P mutation in the vast majority 
of patients with WM (Kapoor et al. 2017). The 
specific BM histopathology in POEMS syndrome 
with the plasma cell rimming around lymphoid 
aggregates in the BM of nearly 50% of patients 
can help distinguish it from other plasma cell dis-
orders (Dao et al. 2011).

10.4  Castleman Variant of POEMS

As already reported, there is a Castleman variant 
of POEMS syndrome that does not have a clonal 
plasma cell proliferative disorder underlying, but 
a lymphoproliferative disease with many clinical 
features indicative of POEMS syndrome 
(Dispenzieri 2008, 2015; Warsame et al. 2017). 
The percentage of POEMS with Castleman 
ranges from 11 to 25% (Nakanishi et al. 1984; Li 
et al. 2011a; Kulkarni et al. 2011; Dispenzieri 
et al. 2003). Instead of POEMS syndrome, the 
predominantly elevated cytokine is IL-6 and not 
VEGF (Scarlato et al. 2005). The therapeutic 
approach to Castleman variant of POEMS in the 
presence of bone lesions or monoclonal protein is 
similar to the classical POEMS. However, in the 
absence of these features, the use of a monoclo-
nal antibody (rituximab or siltuximab) alone may 
be justified (Dispenzieri 2008). Two series have 
separately demonstrated that patients of POEMS 
with coexisting Castleman disease may have an 
inferior overall survival (OS) (Li et al. 2011a; 
Dispenzieri et al. 2003).

10.5  Risk Stratification

Before the incorporation of autologous stem cell 
transplant for POEMS syndrome and the renais-
sance of therapeutic options for patients with 
multiple myeloma, median survivals were nearly 
14 years (Dispenzieri et al. 2003; Allam et al. 
2008). Patients treated with ASCT have a 
10-year OS of approximately 90% (Kourelis 
et al. 2016a).

Risk stratification is limited to clinical pheno-
type rather than specific molecular and genetic 
risk markers. The number of clinical criteria 

does not affect survival (Dispenzieri 2007; 
Soubrier et al. 1994), but the extent of the plasma 
cell disorder is prognostic. Some of the clinical 
manifestations of the syndrome have been iden-
tified to be associated with a significantly shorter 
OS such as clubbing, extravascular volume over-
load—effusions, edema, and ascites (Dispenzieri 
et al. 2003)—respiratory symptoms (Allam et al. 
2008), pulmonary hypertension (Li et al. 2013), 
impaired DLCO, and papilledema (Kaushik 
et al. 2011). Candidate patients for local radia-
tion therapy with negative BM aspiration have a 
better OS (Dispenzieri et al. 2003). Patients with 
coexisting Castleman disease may have an infe-
rior OS as compared to patients without (Li et al. 
2011a; Dispenzieri et al. 2003). In a series of 11 
patients, lower VEGF levels predicted for better 
response to therapy, with resolution of the skin 
changes, improvement of the neuropathic distur-
bances, and reduction of all the features assumed 
to be related to increased permeability, like pap-
illedema and organomegaly (Scarlato et al. 
2005). Wang and colleagues have developed a 
prognostic nomogram that includes age greater 
than 50, pulmonary hypertension, pleural effu-
sion, and eGFR <30 mL/min/1.73 m2 (Wang 
et al. 2017). The Mayo group identified young 
age, albumin greater than 3.2 g/dL, and attain-
ment of complete hematologic response as favor-
able prognostic factors in their series of 291 
patients (Kourelis et al. 2016a). Thrombocytosis 
and increased bone marrow infiltration are asso-
ciated with risk for cerebrovascular accidents 
(Dupont et al. 2009).

10.6  Therapy of POEMS

Therapy for POEMS is divided into the treatment 
of the underlying aberrant B/plasma cell clone(s), 
and the management of the organ-specific symp-
tomatology. Initial BM infiltration plays a key 
role in the therapeutic approach. Patients without 
clonal plasma cells on BM biopsy and with an 
isolated bone lesion or a dominant sclerotic plas-
macytoma are candidates for local radiation ther-
apy; those with a more extensive disease will be 
candidates for systemic therapy.
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10.7  Therapy of Localized POEMS 
Syndrome Without BM 
Infiltration

The radiation (usual doses between 30 and 50 
Gy) in localized disease improves the symptoms 
of POEMS syndrome for a time duration of 3–36 
months and can achieve the eradication of the 
aberrant clone with clinical response rates in 
47% to 75% of cases and hematologic response 
rates in 45% to 50% of cases (Suh et al. 2014; 
Humeniuk et al. 2013). More specifically, Mayo 
clinic presented a series of 35 patients with 
POEMS syndrome that were radiated as primary 
therapy and reached to a 4-year OS of 97% 
(Humeniuk et al. 2013). In this retrospective 
study, a high 4-year failure-free survival of 52% 
was observed with more than half the “failures” 
occurred within 12 months of radiation 
(Humeniuk et al. 2013). Another recent study 
from South Korea included six patients who had 
radiotherapy as primary therapy—two of whom 
had multiple lesions but were deemed too sick for 
chemotherapy—and seven patients received con-
solidative radiotherapy for persistent M-spike 
and/or persistent clinical symptoms (Suh et al. 
2014). For radiation alone, the response rates 
were comparable to that of the Mayo clinic, but 
both OS and PFS were inferior, largely due to the 
fact that these patients were sicker at time of 
treatment (Suh et al. 2014). Successful outcomes 
have been associated with directing therapy at 
the underlying clonal plasma cell disorder.

10.8  Systemic Therapy for POEMS 
Syndrome 
with Disseminated BM 
Involvement

Systemic therapies for POEMS are borrowed 
from other plasma cell disorders (MM and AL 
amyloidosis) and generally include either high- 
dose melphalan (140 or 200 mg/m2) followed by 
ASCT, or therapeutic combinations of melpha-
lan, thalidomide, bortezomib, or lenalidomide 
with dexamethasone. Two recent reviews on 
therapy for POEMS syndrome recapped the 

published evidence noticing the absence of ran-
domized controlled studies (Dispenzieri 2015; 
Warsame et al. 2017). Table 10.2 has a summary 
of large studies that included more than 30 
patients with POEMS and the outcomes of vari-
ous treatments.

10.8.1  Transplantation in POEMS

Multiple series have documented improvement in 
many of the features associated with POEMS 
including the neuropathy, the papilledema, and 
the extravascular overload after ASCT (Barete 
et al. 2010; Kuwabara et al. 2006; Soubrier et al. 
2002; Peggs et al. 2002; Hogan et al. 2001; Cook 
et al. 2017). Patients usually do not require induc-
tion chemotherapy since the plasma cell burden 
is typically low, unless a delay in transplant is 
anticipated for logistical issues or the patients are 
too ill to proceed with this approach (Dispenzieri 
2012). The updated Mayo Clinic series had 83 
(29%) patients undergoing an ASCT, and the 
10-year survival was significantly superior to 
radiation and chemotherapy alone, respectively 
(90 vs. 70 vs. 46%, p < 0.0001) (Kourelis et al. 
2016a). However, the outstanding outcomes may 
not be entirely attributable to transplant, and 
selection bias must be taken into account since 
transplant-eligible patients are fitter and gener-
ally have less advanced disease. There has been 
one report of tandem transplant, but no additional 
benefit was demonstrated with the second trans-
plant (Kojima et al. 2006). Splenomegaly at base-
line has been reported to be predictive of 
peri-transplant complications such as engraft-
ment syndrome that is characterized by fever, 
diarrhea, rash, weight gain, and dyspnea between 
7 and 15 days post stem cell infusion. Patients 
with splenomegaly have delayed neutrophil 
engraftment (median 16 vs. 12 days) and longer 
time to platelet recovery (median 19.5 vs. 
14 days) (Schmitz et al. 1996; Dispenzieri et al. 
2008). Treatment responses from ASCT are 
durable with a 5-year survival rate quoted at 
94%; however, late relapses have been reported 
(D’Souza et al. 2012; Imai et al. 2009). Usually, 
those relapses are clinically asymptomatic with 
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either VEGF increase or radiographic changes 
and amenable to salvage chemotherapy treatment 
(D’Souza et al. 2012).

10.8.2  Alkylators

Alkylating agents have been the backbone of 
treatment when transplant is not an option. In the 

first prospective study for POEMS syndrome 
evaluated the use of melphalan and dexametha-
sone for 12 cycles on 31 patients, 81% of patients 
had a hematologic response, while all patients 
had a VEGF response and reported some 
improvement in neuropathy, although follow-up 
was short at 21 months (Li et al. 2011b). In a ret-
rospective study by Dispenzieri et al., 48 patients 
were managed with the combination of 

Table 10.2 Large studies (>30 cases) focusing on patients with POEMS syndrome and/or prospective studies

Author, year
Sample 
size Therapy Median PFS Median OS Response and toxicity

Suh et al. (2014) 33 Radiation (n = 6)
Chemotherapy (n = 16)
Melphalan and 
prednisolone
Vincristine, doxorubicin, 
and dexamethasone
ASCT
Radiation + 
chemotherapy (9)

51 months 65 months CRR 75%/HRR 50%
CRR 50%/HRR 81%
CRR 66%/HRR 66%

Humeniuk et al. (2013)
Kourelis and 
Dispenzieri (2017)
Kourelis et al. (2016b)
Kourelis et al. (2016a)a

38 Radiation 52% at 4 years 97% at 4 
years

CRR 47%
HRR 45%
PET RR 22%

Dispenzieri et al. 
(2008)

30 ASCT CRR 100%
HRR 82.5%

D’Souza et al. (2012) 59 ASCT 75% at 5 years 94% at 5 
years

HRR 79%
CRR 92%
PET RR 35%

Kourelis and 
Dispenzieri (2017)
Kourelis et al. (2016b)
Kourelis et al. (2016a)
Cook et al. (2017)a

291 ASCT (n = 83)
Radiation (n = 91)
Chemotherapy (n = 94)

72% at 5 years
62% at 5 years
45% at 5 years

89% at 10 
years
75% at 10 
years
50% at 10 
years

HRR 60%

Li et al. (2011b)b 31 Melphalan and 
dexamethasone

NR Neurologic RR 100%
HRR 82%

Cook et al. (2017) 127 ASCT 74% at 5 years 89% at 5 
years

HRR 69%

Kuwabara et al. (1997) 51 Lenalidomide-based 
therapy as first line 
28.6%
As second line 47.6%

93.9% at 12 
months
41.7% at 24 
months

No deaths VEGF reduction—all 
evaluable patients
Neuropathy improvement 
92%; stabilized 8%
Hematological CR 18.6%; 
VGPR 39.5%; PR 37.2%

HRR hematologic response rate according to revised hematologic criteria for multiple myeloma, CRR clinical response 
rate of POEMS symptoms (e.g., neuropathy), patients can have significant clinical benefit without a hematologic 
response, ASCT autologous stem cell therapy, VGPR very good partial response, PR partial response, CR complete 
response, RR response rate
aMayo clinic experience is described by all these references, including the same patients
bProspective study

D. C. Ziogas et al.



185

melphalan and prednisone; an improvement in 
symptoms was noted in only 44%, with a 2-year 
survival rate of 78% (Dispenzieri et al. 2003). 
The clinical benefit of melphalan use was also 
recognized in other smaller cohorts of six and 
eight patients, with the 2-year survival of 100% 
(Kuwabara et al. 2006; Kuwabara et al. 1997). 
Melphalan-based induction regimens are not rec-
ommended in patients who are considered candi-
dates for ASCT due to the stem cell toxicity of 
melphalan, and a short course of a 
cyclophosphamide- based regimen is followed for 
patients if ASCT is delayed for logistical reasons 
or due to patients’ disease-related disabilities/
comorbidities at diagnosis.

10.8.3  Immunomodulatory  
Drugs (IMiDs)

Similarly to other plasma cell dyscrasias, IMiDs 
in POEMS syndrome are used for patients with 
disseminated disease who are transplant ineligi-
ble or relapse post-ASCT or have refractory dis-
ease. IMiDs (thalidomide, lenalidomide, and 
pomalidomide) are known to have anti-VEGF 
property. Despite their off-label use over a decade 
now, no randomized controlled trial proves their 
efficacy was available until recently (Zagouri 
et al. 2014; Cai et al. 2015). The J-POST study 
was the first landmark double-blind placebo- 
controlled trial, was conducted in Japan, and 
came to clearly support the role of thalidomide. 
The use of dexamethasone in combination with 
thalidomide showed significant VEGF reduction 
and improvement in motor function and certain 
relevant clinical/laboratory parameters as well as 
in some measures of quality of life compared to 
dexamethasone plus placebo (Katayama et al. 
2015; Misawa et al. 2016). This study has several 
limitations such as the small sample size (n = 25), 
the selection of primary end point of VEGF 
reduction, and finally the only marginal benefits 
in the clinical scores, which did not necessarily 
translate into functional improvement, although 
the results were statistically significant. Patients 
on the thalidomide arm experienced bradycardia 
more frequently. The authors did not document 

worsening neuropathy, a well-known adverse 
effect of thalidomide, on this trial (Jaccard and 
Magy 2016), but the small fiber neuropathy 
caused by thalidomide is not easily quantifiable 
by routine measures. In parallel, Cai et al. have 
shown the efficacy of daily low-dose lenalido-
mide (10 mg) with weekly dexamethasone 
(40 mg) in relapsed/refractory settings in a cohort 
of 12 patients. The estimated 2-year OS and PFS 
were 92%, respectively, without treatment- 
related mortality or ≥3 grade toxicities (Cai et al. 
2015). A pooled analysis of patients with POEMS 
syndrome who received lenalidomide (n = 51) 
showed similar results with a 1-year PFS of 
93.9%, VEGF reduction in all patients, and 
improvement in neuropathy in 92% of the patients 
(Zagouri et al. 2014).

10.8.4  Proteasome Inhibitors (PI)

Bortezomib is a first-generation proteasome 
inhibitor (PI) presenting anti-VEGF and anti- 
TNF properties (Roccaro et al. 2006). Several 
case reports have highlighted the successful use 
of bortezomib in POEMS (Warsame et al. 2012; 
Li et al. 2012; Ohguchi et al. 2011; Kaygusuz 
et al. 2010; He et al. 2017) resulting in significant 
improvement of ascites and fluid overload with-
out exacerbation of peripheral neuropathy. It has 
been used both as a single agent and in combina-
tion with dexamethasone, cyclophosphamide, 
and/or thalidomide. Bortezomib should be used 
with caution, especially when it is used in combi-
nation with thalidomide due to the increased risk 
for exacerbation of peripheral neuropathy.

10.8.5  Experimental Therapies

As described previously in the theories of patho-
genesis, studies that targeted the VEGF inhibi-
tion with drugs such as bevacizumab never 
achieved to reach to strong results, concluding 
that VEGF pathway may be only one component 
of a much more complex cytokine process 
(Badros et al. 2005; Samaras et al. 2007; 
Sekiguchi et al. 2013; Kanai et al. 2007). The role 
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of IVIG is controversial in the management of 
POEMS, with evidence of reduction in the VEGF 
levels but without simultaneous clinical 
responses. Thus, the use of IVIG has not included 
yet in clinical routine (Dispenzieri 2015; 
Terracciano et al. 2010). Investigators have also 
used agents such as tamoxifen, ticlopidine, all- 
trans- retinoic acid (ATRA), and interferon-α in 
the management of POEMS but with limited suc-
cess (Dispenzieri 2007, 2015; Authier et al. 
1996). Autologous cytokine-induced killer (CIK) 
cells in combination with cyclophosphamide 
have been studied in five patients with POEMS 
syndrome. CIK infusion was well tolerated and 
was associated with marginally improved symp-
toms and quality of life, with decrease in serum 
VEGF levels and increase in lymphocyte counts 
(Ma et al. 2016). Returning back to the pathogen-
esis theories, CIK infusion seems to interrupt the 
pro-inflammatory background of POEMS syn-
drome associated with increased cytokines, pre-
senting as a novel and promising treatment 
approach. Additional studies are needed before 
its generalized use. Ixazomib, a neuropathy- 
sparing oral PI, is also currently being evaluated 
in POEMS treatment.

10.9  Management of the Organ- 
Specific Symptom Complex 
Supportive Care

In clinical practice, the management of individ-
ual clinical symptoms is very important because 
therapies such as radiation, ASCT, and chemo-
therapy help in only decreasing the clonal plasma 
cell load, with no direct benefit to the clinical 
symptoms. As described previously, the organ 
response can delay by months to years after 
administration of plasma cell-directed therapeu-
tic approaches. Endocrinopathies require a close 
follow-up by an endocrinologist and extraneous 
replacement of the deficient hormones. 
Neuropathic pain is needed to be effectively con-
trolled with gabapentin and tricyclic antidepres-
sants like nortriptyline, duloxetine, and pregabalin 
(Dispenzieri 2015; Warsame et al. 2017). 
However, neuropathy could progress despite 

these medications. Patients should be actively 
monitored for the development of any subtle 
signs of depression. The use of orthopedic tools 
(such as ankle and foot braces) and physiother-
apy are recommended in order to improve mobil-
ity and functional capabilities. In addition, 
diuretics may be used to manage extravascular 
fluid overload. In some case with severe neuro-
muscular weakness, continuous positive airway 
pressure (CPAP) may be required to improve 
oxygenation.

 Conclusions

In summary, POEMS syndrome is a rare para-
neoplastic disorder associated with a clonal 
plasma cell neoplasm and likely caused by a 
pro- inflammatory cytokines-based back-
ground. Reaching to the diagnosis can be a 
challenge, but a comprehensive approach of 
the patient, followed by appropriate testing, 
can differentiate this syndrome from other 
conditions like CIDP, AL, MM, and MGUS 
neuropathy. Patients with limited disease 
should be treated with primary radiation, while 
those with widespread disease and BM 
involvement should receive systemic therapy 
which is preferred. ASCT is the up-front treat-
ment of choice in patients that are eligible; oth-
erwise, systemic therapies are active in MM.

Either in active treatment or in supportive 
care, regular monitoring of the relevant labo-
ratory parameters such as VEGF and periodic 
assessment of the clinical symptoms are criti-
cal for the long-term management of the 
syndrome.
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11.1  Epidemiology

The age-adjusted incidence rate of WM is 3.4 per 
1 million among males and 1.7 per 1 million 
among females in the United States. It increases 
in incidence geometrically with age (Groves 
et al. 1998; Herrinton and Weiss 1993). The inci-
dence rate is higher among Americans of 
European descent. African American descen-
dants represent approximately 5% of all patients.

Genetic factors play a role in the pathogenesis 
of WM. Approximately 20% of WM patients are 
of Ashkenazi-Jewish ethnic background (Hanzis 
et al. 2011). Familial disease has been reported 

commonly, including multigenerational cluster-
ing of WM and other B-cell lymphoproliferative 
diseases (Hanzis et al. 2011; Bjornsson et al. 
1978; Renier et al. 1989; Ogmundsdottir et al. 
1999). Approximately 28% of 924 sequential 
patients with WM presenting to a tertiary referral 
center had a first- or second-degree relative with 
either WM or another B-cell disorder (Hanzis 
et al. 2011). Familial clustering of WM with 
other immunologic disorders, including hypo-
gammaglobulinemia and hypergammaglobu-
linemia (particularly polyclonal IgM), 
autoantibody production (particularly to the thy-
roid), and manifestation of hyperactive B cells 
has also been reported in relatives without WM 
(Hanzis et al. 2011; Ogmundsdottir et al. 1999). 
Increased expression of the BCL-2 gene with 
enhanced survival has been observed in B cells 
from familial patients and their family members 
(Ogmundsdottir et al. 1999).

The role of environmental factors is uncer-
tain, but chronic antigenic stimulation from 
infections and certain drug or chemical expo-
sures have been considered but have not reached 
a level of scientific certainty. Hepatitis C virus 
(HCV) infection was implicated in WM causal-
ity in some series, but in a study of 100 consecu-
tive WM patients in whom serologic and 
molecular diagnostic studies for HCV infection 
were performed no association was found 
(Santini et al. 1993; Silvestri et al. 1996; Leleu 
et al. 2007).
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11.2  Pathogenesis

11.2.1  Nature of the WM Clone

Examination of the B-cell clone(s) found in the 
bone marrow of WM patients reveals a range of 
differentiation from small lymphocytes with 
large focal deposits of surface immunoglobulins 
to lymphoplasmacytic cells and to mature plasma 
cells that contain intracytoplasmic IgM 
(Fig. 11.1) (Swerdlow et al. 2008). Circulating 
clonal B cells are often detectable in patients with 
WM, though lymphocytosis is uncommon (Smith 
et al. 1983; Treon 2009). WM cells express the 
monoclonal IgM, and some clonal cells also 
express surface IgD (Preud’homme and 
Seligmann 1972). The characteristic immuno-
phenotypic profile of WM lymphoplasmacytic 
cells includes the expression of the pan B-cell 
markers CD19, CD20 (including FMC7), CD22, 
and CD79 (Preud’homme and Seligmann 1972; 
San Miguel et al. 2003). Expression of CD5, 
CD10, and CD23 can be present in 10–20% of 
cases, and their presence does not exclude the 
diagnosis of WM (Hunter et al. 2005). In addi-
tion, multiparameter flow cytometric analysis has 
also identified CD25 and CD27 as being charac-
teristic of the WM clone and that a CD22dim/
CD25+/CD27+/IgM+ population can be observed 

among clonal B lymphocytes in IgM MGUS 
patients who ultimately progressed to WM (Paiva 
et al. 2013).

Somatic mutations in immunoglobulin genes 
are present with increased frequency of nonsyn-
onymous versus silent mutations in compliment 
determining regions along with somatic hyper-
mutation thereby supporting a post-germinal cen-
ter derivation for the WM B-cell clone in most 
patients (Wagner et al. 1994; Aoki et al. 1995). A 
strong preferential usage of VH3/JH4 gene fami-
lies without intraclonal variation and without evi-
dence for any isotype-switched transcripts has 
also been shown (Shiokawa et al. 2001; Sahota 
et al. 2002). Taken together, these data support an 
IgM+ and/or IgM+IgD+ memory B-cell origin for 
most cases of WM.

In contrast to myeloma plasma cells, no recur-
rent translocations have been described in WM, 
which can help to distinguish IgM myeloma 
cases that often exhibit t(11;14) translocations 
from WM (Ackroyd et al. 2005; Avet-Loiseau 
et al. 2003). Despite the absence of IgH translo-
cations, recurrent chromosomal abnormalities 
are present in WM cells. These include deletions 
in chromosome 6q21-23 in 40–60% of WM 
patients, with concordant gains in 6p in 41% of 
6q deleted patients (Braggio et al. 2009a; Schop 
et al. 2002; Hunter et al. 2014; Nguyen-Khac 

Fig. 11.1 Marrow film 
from a patient with 
Waldenström 
macroglobulinemia. 
Note infiltrate of mature 
lymphocytes, 
lymphoplasmacytic 
cells, and plasma cells 
(Used with permission 
from Marvin J. Stone, 
MD)
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et al. 2013). In a series of 174 untreated WM 
patients, 6q deletions, followed by trisomy 18, 
13q deletions, 17p deletions, trisomy 4, and 11q 
deletions were observed (Nguyen-Khac et al. 
2013). Deletion of 6q and trisomy 4 were associ-
ated with adverse prognostic markers in this 
series. As 6q deletions represent the most recur-
rent cytogenetic finding in WM cases, there has 
been great interest in identifying the region of 
minimal deletion and possible target genes within 
this region. Two putative gene candidates within 
this region include TNFAIP3, a negative regula-
tor of nuclear factor kappa B signaling (NFκB), 
and PRDM1, a master regulator of B-cell differ-
entiation (Hunter et al. 2014; Braggio et al. 
2009b). The removal of an NFκB negative regu-
lator is of particular interest as the phosphoryla-
tion and translocation of NFκB into the nucleus is 
a crucial event for WM cell survival (Leleu et al. 
2008). The success of proteasome inhibitor ther-
apy in WM has been postulated to occur because 
the degradation of negative regulators of NFκB 
such as the Inhibitor of kappa B (IκB) is blocked 
(Treon et al. 2007; Treon et al. 2014a).

11.2.2  Mutation in MYD88

A highly recurrent somatic mutation 
(MYD88L265P) was first identified in WM patients 
by whole genome sequencing (WGS), and con-
firmed by multiple studies through Sanger 
sequencing and/or allele-specific polymerase 
chain reaction assays (Treon et al. 2012; Xu et al. 
2013; Varettoni et al. 2013; Jiménez et al. 2013; 
Poulain et al. 2013; Ansell et al. 2014). 
MYD88L265P is expressed in 90–95% of WM 
cases when more sensitive allele-specific PCR 
has been employed using both CD19-sorted and 
unsorted bone marrow (BM) cells (Xu et al. 
2013; Varettoni et al. 2013; Jiménez et al. 2013; 
Poulain et al. 2013; Ansell et al. 2014). By com-
parison, MYD88L265P was absent in myeloma 
samples, including IgM myeloma, and was 
expressed in a small subset (6–10%) of MZL 
patients, who surprisingly have WM-related fea-
tures (Xu et al. 2013; Varettoni et al. 2013; 
Jiménez et al. 2013; Ngo et al. 2011). By 

 polymerase chain reaction assays, 50–80% of 
IgM MGUS patients also express MYD88L265P, 
and expression of this mutation was associated 
with increased risk for malignant progression 
(Xu et al. 2013; Varettoni et al. 2013; Jiménez 
et al. 2013; Landgren and Staudt 2012). The pres-
ence of MYD88L265P in IgM MGUS patient sug-
gests a role for this mutation as an early oncogenic 
driver, and other mutations and/or copy number 
alterations leading to abnormal gene expression 
are likely to promote disease progression (Hunter 
et al. 2014).

The impact of MYD88L265P to growth and sur-
vival signaling in WM cells has been addressed 
in several studies (Fig. 11.2). Knockdown of 
MYD88 decreased survival of MYD88L265P- 
expressing WM cells, whereas survival was 
enhanced by knock-in of MYD88L265P versus 
wild-type MYD88 (Yang et al. 2013). The dis-
covery of a mutation in MYD88 is of significance 
given its role as an adaptor molecule in Toll-like 
receptor (TLR) and interleukin-1 receptor (IL- 
1R) signaling (Watters et al. 2007). All TLRs 
except for TLR3 use MYD88 to facilitate their 
signaling. Following TLR or IL-1R stimulation, 
MYD88 is recruited to the activated receptor 
complex as a homodimer which then complexes 
with IRAK4 and activates IRAK1 and IRAK2 
(Cohen et al. 1998; Loiarro et al. 2009; Lin et al. 
2010). Tumor necrosis factor receptor-associated 
factor 6 is then activated by IRAK1 leading to 
NFκB activation via IκBα phosphorylation 
(Kawagoe et al. 2008). Use of inhibitors of 
MYD88 pathway led to decreased IRAK1 and 
IκBα phosphorylation, as well as survival of 
MYD88L265P-expressing WM cells. These obser-
vations are of particular relevance to WM since 
NFκB signaling is important for WM growth and 
survival (Leleu et al. 2008). Bruton’s tyrosine 
kinase (BTK) is also activated by MYD88L265P 
(Yang et al. 2013). Activated BTK co- 
immunoprecipates with MYD88 that could be 
abrogated by use of a BTK kinase inhibitor, and 
overexpression of MYD88L265P but not wild-type 
(WT) MYD88 triggers BTK activation. 
Knockdown of MYD88 by lentiviral transfection 
or use of a MYD88 homodimerization inhibitor 
also abrogated BTK activation in 
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MYD88L265P- mutated WM cells. MYD88 also 
triggers HCK, a SRC family member that regu-
lates AKT and ERK survival signaling, and also 
activates BTK itself (Yang et al. 2016). Rarely, 
non-L265P activating mutations in WM may also 
occur, and Sanger sequencing of the entire 
MYD88 gene should be considered in patients 
suspected of having WM in whom PCR testing 
for MYD88L265P is negative (Treon et al. 2015a).

11.2.3  CXCR4 WHIM Mutations

The second most common somatic mutation after 
MYD88L265P revealed by whole genome sequenc-
ing was found in the C-terminus of the CXCR4 
receptor. These mutations are present in 30–35% 
of WM patients and impact serine 

phosphorylation sites that regulate CXCR4 sig-
naling by its only known ligand SDF-1a 
(CXCL12) (Hunter et al. 2014; Treon et al. 
2014b; Roccaro et al. 2014; Stephanie Poulain 
et al. 2014). The location of somatic mutations 
found in the C-terminus of CXCR4 in WM is 
similar to those observed in the germline of 
patients with WHIM (warts, hypogammaglobu-
linemia, infections, and myelokathexis) syn-
drome, a congenital immunodeficiency disorder 
characterized by chronic noncyclic neutropenia 
(Busillo et al. 2010). Patients with WHIM syn-
drome exhibit impaired CXCR4 receptor inter-
nalization following SDF-1a stimulation, which 
results in persistent CXCR4 activation and 
myelokathexis (Dotta et al. 2011).

In WM patients, two classes of CXCR4 
mutations occur in the C-terminus. These 

Fig. 11.2 MYD88 activating mutations are highly preva-
lent in patients with Waldenstrom’s macroglobulinemia 
and trigger multiple growth and survival pathways. 

Activated MYD88 triggers NF-kB through BTK and 
IRAK1/IRAK4, as well as HCK that activates BTK, AKT, 
and ERK

S. P. Treon et al.
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include nonsense (CXCR4WHIM/NS) mutations 
that truncate the distal 15–20 amino acid region 
and frameshift (CXCR4WHIM/FS) mutations that 
compromise a region of up to 40 amino acids in 
the C-terminal domain (Hunter et al. 2014; 
Treon et al. 2014b). Nonsense and frameshift 
mutations are almost equally divided among 
WM patients with CXCR4 somatic mutations, 
and over 30 different types of CXCR4WHIM 
mutations have been identified in WM patients 
(Hunter et al. 2014; Treon et al. 2014b). In some 
patients multiple CXCRWHIM mutations may be 
detected. CXCR4WHIM mutations are usually 
subclonal to MYD88, with highly variable 
clonal distribution (Xu et al. 2016). The sub-
clonal nature of these mutations suggests that 
CXCR4 mutations were likely acquired after 
MYD88 mutations.

Preclinical studies with WM cells engineered 
to express nonsense and frameshift CXCR4WHIM- 
mutated receptors have shown enhanced and sus-
tained AKT and ERK signaling following 
SDF-1a relative to CXCR4WT, as well increased 
cell migration, adhesion, growth and survival, 
and drug resistance (including ibrutinib) in WM 
cells (Cao et al. 2014; Cao et al. 2015).

11.2.4  Other Somatic Events

Many copy number alterations have been revealed 
in WM patients that impact growth and survival 
pathways. Frequent loss of HIVEP2 (80%) and 
TNAIP3 (50%) genes that are negative regulators 
of NFkB expression, as well as LYN (70%) and 
IBTK (40%) that modulate BCR signaling have 
been revealed by WGS (Hunter et al. 2014). WGS 
has also revealed common defects in chromatin 
remodeling with somatic mutations in ARID1A 
present in 17% and loss of ARID1B in 70% of 
WM patients. Both ARID1A and ARID1B are 
members of the SWI/SNF family of proteins and 
are thought to exert their effects via p53 and 
CDKN1A regulation. TP53 is mutated in 7% of 
sequenced WM genomes, while PRDM2 and 
TOP1 that participate in TP53-related signaling 
are deleted in 80% and 60% of WM patients, 
respectively (Hunter et al. 2014). Taken together, 

somatic events that contribute to impaired DNA 
damage response are also common in WM.

11.2.5  Impact of WM Genomics 
on Clinical Presentation

The importance of MYD88 and CXCR4 muta-
tions in the clinical presentation of WM patients 
was recently reported. Significantly higher BM 
disease involvement, serum IgM levels, and 
symptomatic disease requiring therapy, including 
hyperviscosity syndrome, was observed in those 
patients with MYD88L265PCXCR4WHIM/NS muta-
tions (Treon et al. 2014b). Patients with 
MYD88L265PCXCR4WHIM/FS or 
MYD88L265PCXCR4WT had intermediate BM and 
serum IgM levels; those with MYD88WTCXCR4WT 
showed the lowest BM disease burden. Fewer 
patients with MYD88L265P and CXCR4WHIM/FS or NS 
compared to MYD88L265PCXCR4WT presented 
with adenopathy, further delineating differences 
in disease tropism based on CXCR4 status. 
Despite the more aggressive presentation associ-
ated with CXCR4WHIM/NS genotype, risk of death 
was not impacted by CXCR4 mutation status. 
Risk of death was found to be tenfold higher in 
patients with MYD88WT versus MYD88L265P gen-
otype (Treon et al. 2014b).

11.3  Marrow Microenvironment

Increased numbers of mast cells are found in the 
bone marrow of WM patients, wherein they are 
usually admixed with tumor cell aggregates 
(Fig. 11.3) (Swerdlow et al. 2008; San Miguel 
et al. 2003; Xu et al. 2016). The role of mast cells 
in WM has been investigated in one study 
wherein co-culture of primary autologous or 
mast cell lines with WM LPC resulted in dose- 
dependent WM cell proliferation and/or tumor 
colony formation, through CD40 ligand (CD40L) 
signaling (Tournilhac et al. 2006). WM cells 
release soluble CD27 (sCD27) which may be 
triggered by cleavage of membrane-bound CD27 
by matrix metalloproteinase-8 (MMP8) (Zhou 
et al. 2011). sCD27 levels are elevated in the 
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serum of WM patients and follow disease burden 
in mice engrafted with WM cells, as well as in 
WM patients (Ngo et al. 2008). sCD27 triggers 
the upregulation of CD40L as well as A 
Proliferation Inducing Ligand (APRIL) on mast 
cells derived from WM patients, as well as mast 
cell lines through its receptor CD70. Modeling in 
mice engrafted with a CD70 blocking antibody 
shows inhibition of tumor cell growth suggesting 
that WM cells require a microenvironmental sup-
port system for their growth and survival (Ho 
et al. 2008). High levels of CXCR4 and Very Late 
Antigen-4 (VLA-4) have also been observed in 
WM cells (Ngo et al. 2008). In blocking experi-
ments studies, CXCR4 was shown to support 
migration of WM cells, while VLA-4 contributed 
to adhesion of WM cells to bone marrow stromal 
cells (Ngo et al. 2008).

11.4  Clinical Features

Table 11.1 presents the clinical and laboratory 
findings at time of diagnosis of WM in one large 
institutional study (Treon 2009). Unlike most 
indolent lymphomas, splenomegaly and 

lymphadenopathy are uncommon (≤15%). 
Purpura is frequently associated with cryoglobu-
linemia and in rare circumstances with light-
chain (AL) amyloidosis. Hemorrhagic and 
neuropathic manifestations are multifactorial 
(see “IgM-Related Neuropathy” below). The 
morbidity associated with WM is caused by the 
concurrence of two main components: tissue 
infiltration by neoplastic cells and, importantly, 
the physicochemical and immunologic properties 
of the monoclonal IgM. As shown in Table 11.2, 
the monoclonal IgM can produce clinical mani-
festations through several different mechanisms 
related to its physicochemical properties, non-
specific interactions with other proteins, antibody 
activity, and tendency to deposit in tissues 
(Merlini et al. 1986; Farhangi and Merlini 1986; 
Marmont and Merlini 1991).

11.4.1  Morbidity Mediated by 
the Effects of IGM

11.4.1.1  Hyperviscosity Syndrome
The increased plasma IgM levels leads to blood 
hyperviscosity and its complications (Mackenzie 

a b

Fig. 11.3 Marrow clot section. (a) Tryptase-staining 
mast cells surrounding a nodule of lymphoplasmacytic 
cells in a patient with Waldenström macroglobulinemia. 
(b) Mast cells in the same section exhibit strong CD40 

ligand signaling, which has been shown to support (at 
least in part) the growth and survival of lymphoplasma-
cytic cells

S. P. Treon et al.
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and Babcock 1975). The mechanisms behind the 
marked increase in the resistance to blood flow 
and the resulting impaired transit through the 
microcirculatory system are complex (Mackenzie 
and Babcock 1975; Gertz and Kyle 1995; Kwaan 
and Bongu 1999; Singh et al. 1993). The main 
determinants are (1) a high concentration of 

monoclonal IgMs, which may form aggregates 
and may bind water through their carbohydrate 
component, and (2) their interaction with blood 
cells. Monoclonal IgM increases red cell aggre-
gation (rouleaux formation) and red cell internal 
viscosity while reducing red cell deformability. 
The presence of cryoglobulins contributes to 

Table 11.1 Clinical and laboratory findings for 356 consecutive newly diagnosed patients with Waldenström macro-
globulinemia (Treon 2009)

Median Range Normal reference range

Age (years) 58 32–91 NA

Gender (male/female) 215/141 NA

Marrow involvement (% of area on slide) 30 5–95 NA

Adenopathy (% of patients) 15 NA

Splenomegaly (% of patients) 10 NA

IgM (mg/dL) 2620 270–12,400 40–230

IgG (mg/dL) 674 80–2770 700–1600

IgA (mg/dL) 58 6–438 70–400

Serum viscosity (cp) 2.0 1.1–7.2 1.4–1.9

Hematocrit (%) 35 17–45 35–44

Platelet count (× 109/L) 275 42–675 155–410

White cell count (× 109/L) 6.4 1.7–22 3.8–9.2

β2-M (mg/dL) 2.5 0.9–13.7 0–2.7

LDH (U/mL) 313 61–1701 313–618

β2M β2-microglobulin, cp centipoise, LDH lactic dehydrogenase, NA not applicable
Source: Data from patients seen at the Dana-Farber Cancer Institute, Boston, MA

Table 11.2 Physicochemical and immunological properties of the monoclonal IGM protein in Waldenström’s macro-
globulinemia (Merlini et al. 1986; Farhangi and Merlini 1986; Marmont and Merlini 1991)

Properties of IgM monoclonal protein Diagnostic condition Clinical manifestations

Pentameric structure Hyperviscosity Headaches, blurred vision, epistaxis, retinal 
hemorrhages, leg cramps, impaired mentation, 
intracranial hemorrhage

Precipitation on cooling Cryoglobulinemia 
(type I)

Raynaud phenomenon, acrocyanosis, ulcers, purpura, 
cold urticaria

Autoantibody activity to myelin- 
associated glycoprotein, ganglioside 
M1, sulfatide moieties on peripheral 
nerve sheaths

Peripheral 
neuropathies

Sensorimotor neuropathies, painful neuropathies, ataxic 
gait, bilateral foot drop

Autoantibody activity to IgG Cryoglobulinemia 
(type II)

Purpura, arthralgia, renal failure, sensorimotor 
neuropathies

Autoantibody activity to red blood 
cell antigens

Cold agglutinins Hemolytic anemia, Raynaud phenomenon, 
acrocyanosis, livedo reticularis

Tissue deposition as amorphous 
aggregates

Organ dysfunction Skin: Bullous skin disease, papules, Schnitzler syndrome

Gastrointestinal: Diarrhea, malabsorption, bleeding

Kidney: Proteinuria, renal failure (light-chain component)

Tissue deposition as amyloid fibrils 
(light-chain component most 
commonly)

Organ dysfunction Fatigue, weight loss, edema, hepatomegaly, macroglossia, 
organ dysfunction of involved organs (heart, kidney, liver, 
peripheral sensory and autonomic nerves)
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increasing blood viscosity, as well as to the ten-
dency to induce erythrocyte aggregation. Serum 
viscosity is proportional to IgM concentration up 
to 30 g/L and then increases sharply at higher lev-
els. Increased plasma viscosity may also contrib-
ute to inappropriately low erythropoietin 
production, which is the major reason for anemia 
in these patients (Singh et al. 1993). Renal syn-
thesis of erythropoietin is inversely correlated 
with plasma viscosity. Clinical manifestations 
are related to circulatory disturbances that can be 
best appreciated by ophthalmoscopy, which 
shows distended and tortuous retinal veins, hem-
orrhages, and papilledema (Fig. 11.4) (Menke 
et al. 2006). Symptoms usually occur when the 
monoclonal IgM concentration exceeds 50 g/L or 
when serum viscosity is >4.0 centipoises (cp), 
but there is individual variability, with some 
patients showing no evidence of hyperviscosity 
even at 10 cp (Mackenzie and Babcock 1975). 
The most common symptoms are oronasal muco-
sal bleeding, visual disturbances because of reti-
nal bleeding, and dizziness that rarely may lead 
to stupor or coma. Heart failure can be aggra-
vated, particularly in the elderly, owing to 
increased blood viscosity, expanded plasma 

volume, and anemia. Inappropriate red cell trans-
fusion can exacerbate hyperviscosity and may 
precipitate cardiac failure.

11.4.1.2  Cryoglobulinemia
The monoclonal IgM can behave as a cryoglobu-
lin in up to 20% of patients and is usually type I 
and asymptomatic in most cases (Treon 2009; 
Mackenzie and Babcock 1975; Stone 2009). 
Cryoprecipitation is mainly dependent on the 
concentration of monoclonal IgM; for this reason 
plasmapheresis or plasma exchange is commonly 
effective in this condition. Symptoms result from 
impaired blood flow in small vessels and include 
Raynaud phenomenon, acrocyanosis, and necro-
sis of the regions most exposed to cold, such as 
the tip of the nose, ears, fingers, and toes 
(Fig. 11.5), malleolar ulcers, purpura, and cold 
urticaria. Renal manifestations are infrequent. 
Mixed cryoglobulins (type II) consisting of IgM- 
IgG complexes may be associated with hepatitis 
C infections (Stone 2009).

11.4.1.3  Autoantibody Activity
Monoclonal IgM may exert its pathogenic effects 
through specific recognition of autologous anti-
gens, the most notable being nerve constituents, 
immunoglobulin determinants, and red blood cell 
antigens.

11.4.1.4  IgM-Related Neuropathy
IgM-related peripheral neuropathy is common in 
WM patients, with estimated prevalence rates of 
5–40% (Dellagi et al. 1983; Nobile-Orazio et al. 
1987; Treon et al. 2010). Approximately 8% of 
idiopathic neuropathies are associated with a 
monoclonal gammopathy, with a preponderance 
of IgM (60%) followed by IgG (30%) and IgA 
(10%) (Nemni et al. 1994; Ropper and Gorson 
1998). The nerve damage is mediated by diverse 
pathogenetic mechanisms: (1) IgM antibody 
activity toward nerve constituents causing demy-
elinating polyneuropathies; (2) endoneurial gran-
ulofibrillar deposits of IgM without antibody 
activity, associated with axonal polyneuropathy; 
(3) occasionally by tubular deposits in the 
 endoneurium associated with IgM cryoglobulin; 
and, rarely, (4) by amyloid deposits or by 

Fig. 11.4 Funduscopic examination of a patient with 
Waldenström macroglobulinemia with hyperviscosity- 
related changes, including dilated retinal vessels, hemor-
rhages, and “venous sausaging.” The white material at the 
edge of the veins may be cryoglobulin (Used with permis-
sion from Marvin J. Stone, MD)
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neoplastic cell infiltration of nerve structures 
(Treon et al. 2010; Vital 2001).

Half of the patients with IgM neuropathy have 
a distinctive clinical syndrome that is associated 
with antibodies against a minor 100-kDa glyco-
protein component of nerve known as the myelin- 
associated glycoprotein (MAG). Anti-MAG 
antibodies are generally monoclonal IgMκ and 
usually also exhibit reactivity with other glyco-
proteins or glycolipids that share antigenic deter-
minants with MAG (Latov et al. 1981; Chassande 
et al. 1998; Weiss et al. 1999). The anti-MAG- 
related neuropathy is typically distal and sym-
metrical, affecting both motor and sensory 
functions; it is slowly progressive with a long 
period of stability (Nobile-Orazio et al. 1987; 
Latov et al. 1988). Most patients present with 
sensory complaints (paresthesias, aching discom-
fort, dysesthesias, or lancinating pains), imbal-
ance and gait ataxia, owing to lack proprioception; 
leg muscles atrophy in advanced stage. Patients 
with predominantly demyelinating sensory neu-
ropathy in association with monoclonal IgM to 

gangliosides with disialosyl moieties, such as 
GD1b, GD3, GD2, GT1b, and GQ1b, have also 
been reported (Dalakas and Quarles 1996; 
Eurelings et al. 2001). Anti-GD1b and anti-GQ1b 
antibodies were associated with sensory ataxic 
neuropathy. These antiganglioside monoclonal 
IgMs present core clinical features of chronic 
ataxic neuropathy sometimes with present oph-
thalmoplegia and/or red blood cell cold aggluti-
nating activity. The disialosyl epitope is also 
present on red blood cell glycophorins, thereby 
accounting for the red cell cold agglutinin activ-
ity of anti-Pr2 specificity (Ilyas et al. 1985; 
Willison et al. 2001). Monoclonal IgM proteins 
that bind to gangliosides with a terminal trisac-
charide moiety, including ganglioside M2 (GM2) 
and GalNac-GD1A, are associated with chronic 
demyelinating neuropathy and severe sensory 
ataxia, unresponsive to glucocorticoids (Lopate 
et al. 2002). Antiganglioside IgM proteins may 
also cross-react with lipopolysaccharides of 
Campylobacter jejuni, whose infection is known 
to precipitate the Miller-Fisher syndrome, a 

a

b

Fig. 11.5 Cryoglobulinemia manifesting with severe acrocyanosis in a patient with Waldenström macroglobulinemia 
before (a) and following warming and plasmapheresis (b)
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 variant of the Guillain-Barré syndrome (Jacobs 
et al. 1997). Thus, molecular mimicry may play a 
role in this condition. Antisulfatide monoclonal 
IgM proteins, associated with sensory-sensorim-
otor neuropathy, have been detected in 5% of 
patients with IgM monoclonal gammopathy and 
neuropathy (Nobile-Orazio et al. 1994). Motor 
neuron disease has been reported in patients with 
WM and monoclonal IgM with anti-GM1 and 
sulfoglucuronyl paragloboside activity (Gordon 
et al. 1997). Polyneuropathy, organomegaly, 
endocrinopathy, M protein, and skin changes (the 
POEMS syndrome) are rare in patients with WM 
(Pavord et al. 1996).

11.4.1.5  Cold Agglutinin Hemolytic 
Anemia

Monoclonal IgM may have cold agglutinin activ-
ity, that is, it can recognize specific red cell anti-
gens at temperatures below 37 °C, producing 
chronic hemolytic anemia. This disorder occurs 
in <10% of WM patients and is associated with 
cold agglutinin titers greater than 1:1000 in most 
cases (Crisp and Pruzanski 1982). The monoclo-
nal component is usually an IgMκ and reacts 
most commonly with red cell I/i antigens, result-
ing in complement fixation and activation 
(Pruzanski and Shumak 1977a, b). Mild to mod-
erate chronic hemolytic anemia can be exacer-
bated after cold exposure. Hemoglobin usually 
remains above 70 g/L. The hemolysis is usually 
extravascular, mediated by removal of C3b- 
opsonized red cells by the mononuclear phago-
cyte system, primarily in the liver. Intravascular 
hemolysis from complement destruction of red 
blood cell membrane is infrequent. The aggluti-
nation of red cells in the skin circulation also 
causes Raynaud syndrome, acrocyanosis, and 
livedo reticularis. Macroglobulins with the prop-
erties of both cryoglobulins and cold agglutinins 
with anti-Pr specificity can occur. These proper-
ties may have as a common basis the binding of 
the sialic acid-containing carbohydrate present 
on red blood cell glycophorins and on Ig mole-
cules. Several other macroglobulins with anti-
body activity toward autologous antigens (i.e., 
phospholipids, tissue and plasma proteins, etc.) 
and foreign ligands have also been described.

11.4.1.6  IgM Tissue Deposition
The monoclonal protein can deposit in several 
tissues as amorphous aggregates. Linear deposi-
tion of monoclonal IgM along the skin basement 
membrane is associated with bullous skin dis-
ease (Whittaker et al. 1996). Amorphous IgM 
deposits in the dermis result in IgM storage pap-
ules on the extensor surface of the extremities, 
referred to as macroglobulinemia cutis (Daoud 
et al. 1999). Deposition of monoclonal IgM in 
the lamina propria and/or submucosa of the 
intestine may be associated with diarrhea, mal-
absorption, and gastrointestinal bleeding (Gad 
et al. 1995; Amrein and Compton 1990). Kidney 
involvement is less common and less severe in 
WM than in myeloma, probably because the 
amount of light chain excreted in the urine is 
generally lower in WM than in myeloma and 
because of the absence of contributing factors, 
such as hypercalcemia. Urinary cast nephropa-
thy, however, has occurred in WM (Isaac and 
Herrera 2002). On the other hand, the IgM mac-
romolecule is more susceptible to being trapped 
in the glomerular loops where ultrafiltration pre-
sumably contributes to its precipitation, forming 
subendothelial deposits of aggregated IgM pro-
teins that occlude the glomerular capillaries 
(Morel-Maroger et al. 1970). Mild and revers-
ible proteinuria may result and most patients are 
asymptomatic. The deposition of monoclonal 
light chain as fibrillar amyloid deposits (AL 
amyloidosis) is uncommon in patients with WM 
(Gertz et al. 1993). Clinical expression and 
prognosis are similar to those of other AL amy-
loidosis patients with involvement of the heart 
(44%), kidneys (32%), liver (14%), lungs 
(10%), peripheral or autonomic nerves (38%), 
and soft tissues (18%). The incidence of cardiac 
and pulmonary involvement is higher in patients 
with monoclonal IgM than with other immuno-
globulin isotypes. The association of WM with 
reactive amyloidosis has been documented 
rarely (Moyner et al. 1980; Gardyn et al. 2001). 
Simultaneous occurrence of fibrillary glomeru-
lopathy, characterized by glomerular deposits 
of wide noncongophilic fibrils and amyloid 
deposits, has been described (Dussol et al. 
1998).
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11.4.2  Manifestations Related 
to Tissue Infiltration by 
Neoplastic Cells

Tissue infiltration by neoplastic cells is uncom-
mon but can involve various organs and tissues, 
including the liver, spleen, lymph nodes, lungs, 
gastrointestinal tract, kidneys, skin, eyes, and 
central nervous system.

11.4.2.1  Lung
Pulmonary involvement in the form of masses, 
nodules, diffuse infiltrate, or pleural effusions is 
uncommon; the overall incidence of pulmonary 
and pleural findings is approximately 4% (Rausch 
and Herion 1980; Fadil and Taylor 1998; 
Kyrtsonis et al. 2001). Cough is the most com-
mon presenting symptom, followed by dyspnea 
and chest pain. Chest radiographic findings 
include parenchymal infiltrates, confluent 
masses, and effusions.

11.4.2.2  Gastrointestinal Tract
Malabsorption, diarrhea, bleeding, or obstruction 
may indicate involvement of the gastrointestinal 
tract at the level of the stomach, duodenum, or 
small intestine (Kaila et al. 1996; Yasui et al. 
1997; Rosenthal et al. 1998; Recine et al. 2001).

11.4.2.3  Renal System
In contrast to myeloma, infiltration of the kidney 
interstitium with lymphoplasmacytoid cell can 
occur in WM, and renal or perirenal masses are 
not uncommon (Veltman et al. 1997; Moore et al. 
1995).

11.4.2.4  Skin
The skin can be the site of dense lymphoplasma-
cytic infiltrates, similar to that seen in the liver, 
spleen, and lymph nodes, forming cutaneous 
plaques and, rarely, nodules (Mascaro et al. 
1982). Chronic urticaria and IgM gammopathy 
are the two cardinal features of the Schnitzler 
syndrome, which is not usually associated ini-
tially with clinical features of WM, although evo-
lution to WM is not uncommon (Schnitzler et al. 
1974). Thus, close follow-up of these patients is 
important.

11.4.2.5  Joints
Invasion of articular and periarticular structures 
by WM malignant cells is rarely reported (Roux 
et al. 1996).

11.4.2.6  Eye
The neoplastic cells can infiltrate the periorbital 
structures, lacrimal gland, and retro-orbital lym-
phoid tissues, resulting in ocular nerve palsies 
(Orellana and Friedman 1981; Ettl et al. 1992).

11.4.2.7  Central Nervous System
Direct infiltration of the central nervous system 
by monoclonal lymphoplasmacytic cells as infil-
trates or as tumors constitutes the rarely observed 
Bing-Neel syndrome, characterized clinically by 
confusion, memory loss, disorientation, and 
motor dysfunction. The diagnosis and manage-
ment of Bing-Neel Syndrome is reviewed in 
Minnema et al. 2017).

11.5  Laboratory Findings

11.5.1  Blood Abnormalities

Anemia is the most common finding in patients 
with symptomatic WM and is caused by a combi-
nation of factors: decrease in red cell survival, 
impaired erythropoiesis, moderate plasma vol-
ume expansion, hepcidin production leading to 
iron re-utilization defect, and blood loss from the 
gastrointestinal tract (Treon 2009; Ciccarelli 
et al. 2011; Treon et al. 2013). Blood films are 
usually normocytic and normochromic, and rou-
leaux formation is often pronounced. Mean red 
cell volume may be elevated spuriously owing to 
erythrocyte aggregation. In addition, the hemo-
globin estimate can be inaccurate, that is, falsely 
high, because of interaction between the mono-
clonal protein and the diluent used in some auto-
mated analyzers (Owen et al. 2001). Leukocyte 
and platelet counts are usually within the refer-
ence range at presentation, although patients may 
occasionally present with severe thrombocytope-
nia. Monoclonal B lymphocytes expressing sur-
face IgM and late-differentiation B-cell markers 
are uncommonly detected in blood by flow 
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cytometry. A raised erythrocyte sedimentation 
rate is almost always present and may be the first 
clue to the presence of the macroglobulinemia. 
The clotting abnormality detected most fre-
quently is prolongation of thrombin time. AL 
amyloidosis should be suspected in all patients 
with nephrotic syndrome, cardiomyopathy, hepa-
tomegaly, or peripheral neuropathy. Diagnosis 
requires the demonstration of green birefringence 
under polarized light of amyloid deposits stained 
with Congo red.

11.5.2  Marrow Findings

Central to the diagnosis of WM is the demonstra-
tion, by trephine biopsy, of marrow infiltration by 
a lymphoplasmacytic cell population character-
ized by small lymphocytes with evidence of plas-
macytoid and plasma cell maturation (Fig. 11.1) 
(Owen et al. 2003; Swerdlow et al. 2008). The 
pattern of marrow infiltration may be diffuse, 
interstitial, or nodular, usually with an intertra-
becular pattern of infiltration. A solely paratra-
becular pattern of infiltration is unusual and 
should raise the possibility of follicular lym-
phoma (Owen et al. 2003). The marrow cell 
immunophenotype should be confirmed by flow 
cytometry and/or immunohistochemistry. The 
cell immunoprofile: sIgM+CD19+CD20+CD22
+CD79+ is characteristic of WM (Swerdlow et al. 
2008; Owen et al. 2001; Feiner et al. 1990). Up to 
20% of cases may express either CD5, CD10, or 
CD23 (Hunter et al. 2005). In these cases, chronic 
lymphocytic leukemia and mantle cell lymphoma 
should be excluded. “Intranuclear” periodic acid- 
Schiff- positive inclusions (Dutcher-Fahey bod-
ies) (Dutcher and Fahey 1959) consisting of IgM 
deposits in the perinuclear space, and sometimes 
in intranuclear vacuoles, may be seen occasion-
ally in lymphoid cells. An increased number of 
mast cells, usually in association with the lym-
phoid aggregates, are commonly found, and their 
presence may help in differentiating WM from 
other B-cell lymphomas (see Fig. 11.3) 
(Swerdlow et al. 2008). MYD88L265P testing of 
bone marrow samples has been incorporated into 
many clinical laboratories and may help in 

clarifying the diagnosis of WM from other IgM- 
secreting entities (Treon et al. 2012; Xu et al. 
2013; Varettoni et al. 2013; Jiménez et al. 2013; 
Poulain et al. 2013). The use of peripheral blood 
B cells may also permit determination of 
MYD88L265P status by allele-specific polymerase 
chain reaction assays, particularly in untreated 
WM patients. CXCR4 mutation testing may also 
be useful in patients being considered for ibruti-
nib therapy (discussed below).

11.5.3  Immunologic Abnormalities

High-resolution electrophoresis combined with 
immunofixation of serum and urine is recom-
mended for identification and characterization of 
the IgM monoclonal protein. The light chain of 
the monoclonal IgM is κ in 75–80% of patients. 
More than one M component may be present. 
The concentration of the serum monoclonal pro-
tein is very variable but in most cases lies within 
the range of 15–45 g/L. Densitometry should be 
adopted to determine IgM levels for serial evalu-
ations because nephelometry is unreliable and 
shows large laboratory variation. The presence of 
cold agglutinins or cryoglobulins may affect 
determination of IgM levels, and, therefore, test-
ing for cold agglutinins and cryoglobulins should 
be performed at diagnosis. If present, subsequent 
serum samples should be analyzed at 37 °C for 
determination of serum monoclonal IgM level. 
Although Bence Jones proteinuria is frequently 
present, it exceeds 1 g/24 h in only 3% of cases. 
Whereas IgM levels are elevated in WM patients, 
IgA and IgG levels are most often depressed and 
do not recover after successful treatment (Hunter 
et al. 2010).

11.5.4  Serum Viscosity

Because of its large size (almost 1,000,000 dal-
tons), most IgM molecules are retained within 
the intravascular compartment and can exert an 
undue effect on serum viscosity (Mackenzie and 
Babcock 1975). Serum viscosity can be mea-
sured if the patient has signs or symptoms of 
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hyperviscosity syndrome, though levels often 
slow to be resulted and erratic due to a lack of 
standardization in most clinical laboratories 
(Treon 2009). As such, serum IgM levels may be 
more expedient and relied upon. Patients typi-
cally become symptomatic at serum viscosity 
levels of 4.0 centipoise and above that relates to 
serum IgM levels above 6000 mg/dL (Stone and 
Bogen 2012; Menke and Treon 2007). Patients 
may be symptomatic at lower serum viscosity 
and IgM levels, and in these patients cryoglobu-
lins may be present. Recurring nosebleeds, head-
aches, and visual disturbances are common 
symptoms in patients with symptomatic hyper-
viscosity (Treon 2009). Funduscopy is an impor-
tant indicator of clinically relevant hyperviscosity. 
Among the first clinical signs of hyperviscosity 
are the appearance of peripheral and midperiph-
eral dot and blot-like hemorrhages in the retina, 
which are best appreciated with indirect ophthal-
moscopy and scleral depression (Menke et al. 
2006). In more severe cases of hyperviscosity, 
dot, blot, and flame-shaped hemorrhages can 
appear in the macular area along with markedly 
dilated and tortuous veins with focal constric-
tions resulting in “venous sausaging,” as well as 
papilledema (Fig. 11.4).

11.5.5  Imaging

Magnetic resonance imaging (MRI) of the spine 
in conjunction with computed tomography (CT) 
of the abdomen and pelvis is useful in evaluating 
the disease status (Moulopoulos et al. 1993). 
Marrow involvement can be documented by MRI 
studies of the spine in more than 90% of patients; 
CT of the abdomen and pelvis demonstrates 
enlarged nodes in approximately 20% of WM 
patients at diagnosis but may be higher at relapse 
(Moulopoulos et al. 1993).

11.5.6  Lymph Node Biopsy

Lymph node biopsy may show preserved archi-
tecture or replacement by infiltration of neoplas-
tic cells with lymphoplasmacytoid, 

lymphoplasmacytic, or polymorphous cytologic 
patterns. Testing for MYD88 mutations may 
help.

11.6  Treatment

11.6.1  Initiating Treatment

As part of the Second International Workshop on 
Waldenström’s Macroglobulinemia, a consensus 
panel was organized to recommend criteria for 
the initiation of therapy in patients with WM 
(Kyle et al. 2003). The panel recommended that 
initiation of therapy should not be based on the 
IgM level per se, as this may not correlate with 
the clinical manifestations of WM. The consen-
sus panel did, however, agree that initiation of 
therapy is appropriate for patients with constitu-
tional symptoms, such as recurrent fever, night 
sweats, fatigue as a consequence of anemia, or 
weight loss. Progressive symptomatic lymphade-
nopathy and/or splenomegaly provide additional 
reasons to begin therapy. Anemia with a hemo-
globin value of ≤10 g/dL or a platelet count of 
≤100 × 109/L owing to marrow infiltration also 
justifies treatment. Certain complications, such 
as hyperviscosity syndrome, symptomatic senso-
rimotor peripheral neuropathy, systemic amyloi-
dosis, renal insufficiency, or symptomatic 
cryoglobulinemia, may also be indications for 
therapy (Treon 2009; Kyle et al. 2003).

11.6.2  Initial Therapy

The International Workshops on Waldenström 
Macroglobulinemia have also formulated con-
sensus recommendations for both initial therapy 
and therapy for refractory disease based on the 
best available evidence. The most recent recom-
mendations emerged from the Eighth 
International Workshop on WM (Leblond et al. 
2016). Individual patient considerations, includ-
ing the presence of cytopenias, need for more 
rapid disease control, age, and candidacy for 
autologous transplant therapy, should be taken 
into account in making the choice of the drugs to 
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use. For patients who are candidates for autolo-
gous stem cell transplantation, which typically is 
reserved for those patients younger than 70 years 
of age, the panel recommended that exposure to 
alkylating agents or nucleoside analogues should 
be limited. The use of nucleoside analogues 
should be approached cautiously in WM patients 
as there appears to be an increased risk for the 
development of disease transformation as well as 
myelodysplasia and acute myelogenous 
leukemia.

11.6.2.1  Oral Alkylating Agents
Oral alkylating drugs, alone and in combination 
therapy with glucocorticoids, have been exten-
sively evaluated in the treatment of 
WM. Chlorambucil has been administered on 
both a continuous (i.e., daily dose schedule) and 
an intermittent schedule. Patients receiving chlo-
rambucil on a continuous schedule typically 
receive 0.1 mg/kg per day, whereas on the inter-
mittent schedule patients typically receive 
0.3 mg/kg for 7 days, every 6 weeks. In a pro-
spective randomized study, no significant differ-
ence in the overall response rate between these 
schedules was observed (Kyle et al. 2000), 
although the median response duration was 
greater for patients receiving intermittent- versus 
continuous-dose chlorambucil (46 vs. 26 months). 
Despite the favorable median response duration 
in this study for use of the intermittent schedule, 
no difference in the median overall survival was 
observed. Moreover, an increased incidence for 
development of myelodysplasia and acute 
myelogenous leukemia with the intermittent (3 of 
22 patients) versus the continuous (0 of 24 
patients) chlorambucil schedule prompted the 
preference for use of continuous chlorambucil 
dosing. The use of glucocorticoids in combina-
tion with alkylating agent therapy has also been 
explored. Chlorambucil (8 mg/m2) plus predni-
sone (40 mg/m2) given orally for 10 days, every 
6 weeks, resulted in a major response (i.e., reduc-
tion of IgM by more than 50%) in 72% of patients 
(Dimopoulos and Alexanian 1994). Alkylating 
agent regimens employing melphalan and cyclo-
phosphamide in combination with glucocorti-
coids have also been examined (Petrucci et al. 

1989; Case et al. 1991). This approach produced 
slightly higher overall response rates and 
response durations, although the benefit of these 
more complex regimens over chlorambucil 
remains to be demonstrated. Pretreatment factors 
associated with shorter survival in the entire pop-
ulation of patients receiving single-agent chlo-
rambucil were age older than 60 years, male sex, 
hemoglobin less than 10 g/dL, leukocytes less 
than 4 × 109/L, and platelets less than 
150 × 109/L. Organomegaly, signs of hypervis-
cosity, renal failure, monoclonal IgM level, blood 
lymphocytosis, and percentage of marrow lym-
phoid cells were not significantly correlated with 
survival (Facon et al. 1993). Additional factors to 
be taken into account in considering alkylating 
agent therapy for patients with WM include 
necessity for more rapid disease control given the 
slow response, as well as consideration for pre-
serving stem cells in patients who are candidates 
for autologous stem cell transplantation therapy. 
A large randomized study showed an inferior 
response rate and time to progression in WM 
patients receiving chlorambucil versus fludara-
bine, as well as a higher incidence of secondary 
malignancies in the former. Neutropenia was 
however more pronounced in those patients on 
fludarabine (Leblond et al. 2013).

11.6.2.2  Nucleoside Analogue 
Therapy

Cladribine administered as a single agent by con-
tinuous intravenous infusion, by 2-h daily infu-
sion, or by subcutaneous bolus injections for 
5–7 days has resulted in major responses in 
40–90% of patients who received primary ther-
apy, whereas in the previously treated patients, 
responses have ranged from 38% to 54% 
(Dimopoulos et al. 1994a; Delannoy et al. 1994; 
Fridrik et al. 1997; Liu et al. 1998; Hellmann 
et al. 1999; Betticher et al. 1997; Dimopoulos 
et al. 1995). Median time to achievement of 
response in responding patients following 
cladribine ranged from 1.2 to 5 months. The 
overall response rate with daily infusion of fluda-
rabine, administered mainly on 5-day schedules, 
in previously untreated and treated patients 
ranged from 38 to 100% and 30 to 40%, 
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 respectively (Dimopoulos et al. 1993; Foran et al. 
1999; Thalhammer-Scherrer et al. 2000; 
Dhodapkar et al. 2001; Zinzani et al. 1995; 
Leblond et al. 1998), similar to the responses to 
cladribine. Median time to achievement of 
response for fludarabine (3–6 months) was also 
similar to cladribine. In general, response rates 
and durations of responses have been greater for 
patients receiving nucleoside analogues as initial 
therapy; although in several studies in which both 
untreated and previously treated patients were 
enrolled, no difference in the overall response 
rate was reported.

Myelosuppression commonly occurs follow-
ing prolonged exposure to either of the nucleo-
side analogues. A sustained decrease in both 
CD4+ and CD8+ T lymphocytes, measured 
1 year following initiation of therapy, is notable 
(Dimopoulos et al. 1994a; Delannoy et al. 1994; 
Fridrik et al. 1997). Treatment-related mortality 
as a consequence of myelosuppression and/or 
opportunistic infections attributable to immuno-
suppression occurred in up to 5% of all treated 
patients in some series with nucleoside 
analogues.

Factors predicting for a better response to 
nucleoside analogues include younger age at start 
of treatment (<70 years), higher pretreatment 
hemoglobin (>95 g/L), higher platelet count 
(>75 × 109/L), disease relapsing off therapy, and 
a long interval between first-line therapy and ini-
tiation of a nucleoside analogue in relapsing 
patients (Dimopoulos et al. 1994a; Betticher 
et al. 1997; Zinzani et al. 1995). There are limited 
data on the use of an alternate nucleoside ana-
logue in previously treated patients among whom 
disease relapsed or who had resistance when not 
on cladribine or fludarabine therapy (Dimopoulos 
et al. 1994b; Lewandowski et al. 2002). Three of 
four (75%) patients responded to cladribine after 
progression following an unmaintained remis-
sion to fludarabine, whereas only one of ten 
(10%) with disease resistant to fludarabine 
responded to cladribine (Dimopoulos et al. 
1994b). A response in two of six patients (33%) 
and disease stabilization in the remaining patients 
to fludarabine, in spite of an inadequate response 
or progressive disease, following cladribine 

therapy has been reported (Lewandowski et al. 
2002).

Harvesting autologous blood stem cells suc-
ceeded on the first attempt in 14 of 15 patients 
who did not receive nucleoside analogue therapy 
as compared to 2 of 6 patients who received a 
nucleoside analogue (Popat et al. 2009). A seven-
fold increase in transformation to an aggressive 
lymphoma and a threefold increase in the devel-
opment of myelodysplasia or acute myelogenous 
leukemia were observed among patients who 
received a nucleoside analogue versus other ther-
apies for their WM (Leleu et al. 2009a). A meta- 
analysis of several trials in which patients were 
treated with nucleoside analogues in WM 
patients, included patients who had previously 
received an alkylating agent, and showed a crude 
incidence of approximately 8% for development 
of disease transformation and of approximately 
5% for development of myelodysplasia or acute 
myelogenous leukemia (Leleu et al. 2009b). 
None of the risk factors—that is, gender, age, 
family history of WM, or B-cell malignancies, 
typical markers of tumor burden and prognosis, 
type of nucleoside analogue therapy (cladribine 
vs fludarabine), time from diagnosis to nucleo-
side analogue use, nucleoside analogue treatment 
as primary or salvage therapy, or treatment with 
an oral alkylator (i.e., chlorambucil)—predicted 
for the occurrence of transformation or develop-
ment of myelodysplasia or acute myelogenous 
leukemia in patients treated with a nucleoside 
analogue (Leleu et al. 2009b).

11.6.2.3  CD20-Directed Antibody 
Therapy

Rituximab is a chimeric monoclonal antibody 
that targets CD20, a widely expressed antigen on 
lymphoplasmacytic cells in WM (Treon et al. 
2003). Several retrospective and prospective 
studies have indicated that rituximab, when used 
at standard doses (i.e., four weekly infusions of 
375 mg/m2), induced major responses in approxi-
mately 30% of previously treated and untreated 
patients (Treon et al. 2001; Gertz et al. 2004). 
Even patients who achieved minor responses 
benefited from rituximab by improved hemoglo-
bin and platelet counts and reduction of 
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 lymphadenopathy and/or splenomegaly (Treon 
et al. 2001). The median time to treatment failure 
in these studies was found to range from 8 to 27+ 
months. Patients on an extended rituximab sched-
ule consisting of four weekly courses at 375 mg/
m2 per week, repeated 3 months later by another 
4-week course, have demonstrated major 
response rates of approximately 45%, with time 
to progression estimates of 16+ to 29+ months 
(Dimopoulos et al. 2002; Treon et al. 2005a).

In many WM patients, a transient increase or 
flare of the serum IgM may occur immediately 
following initiation of rituximab treatment 
(Dimopoulos et al. 2002; Treon et al. 2004; 
Ghobrial et al. 2004). Such an increase does not 
herald treatment failure, and most patients will 
return to their baseline serum IgM level by 
12 weeks. Some patients continue to show a pro-
longed increase in IgM despite an apparent 
reduction in their marrow tumor cells. However, 
patients with baseline serum IgM levels of >50 g/
dL or serum viscosity of >3.5 cp may be particu-
larly at risk for a hyperviscosity-related event, 
and plasmapheresis should be considered in these 
patients in advance of rituximab therapy (Treon 
et al. 2004). Because of the decreased likelihood 
of response in patients with higher IgM levels, as 
well as the possibility that serum IgM and blood 
viscosity levels may abruptly rise, rituximab 
monotherapy should not be used as sole therapy 
for the treatment of patients at risk for hypervis-
cosity symptoms (Leblond et al. 2016; 
Dimopoulos et al. 2002; Treon et al. 2005a).

Time to response after rituximab is slow and 
exceeds 3 months on the average. The time to 
best response in one study was 18 months (Treon 
et al. 2005a). Patients with baseline serum IgM 
levels of <60 g/dL are more likely to respond, 
regardless of the underlying marrow involvement 
by tumor cells (Dimopoulos et al. 2002; Treon 
et al. 2005a). An analysis of 52 patients who 
were treated with single-agent rituximab found 
the objective response rate was significantly 
lower in patients who had either low serum albu-
min (<35 g/L) or a serum monoclonal protein 
greater than 40 g/L (Dimopoulos et al. 2005a). 
The presence of both adverse prognostic factors 
was associated with a short time to progression 

(3.6 months). Patients who had normal serum 
albumin and relatively low serum monoclonal 
protein levels derived a substantial benefit from 
rituximab with a time to progression exceeding 
40 months.

A correlation between polymorphisms at posi-
tion 158 in the FcγRIIIa receptor (CD16), an acti-
vating Fc receptor on important effector cells that 
mediate antibody-dependent cell-mediated cyto-
toxicity, and rituximab response was observed in 
WM patients (Treon et al. 2005b). Individuals 
may encode either the amino acid valine or phe-
nylalanine at position 158 in the FcγRIIIa recep-
tor. WM patients who carried the valine amino 
acid (either in a homozygous or heterozygous 
pattern) had a fourfold higher major response 
rate (i.e., 50% decline in serum IgM levels) to 
rituximab versus those patients who expressed 
phenylalanine in a homozygous pattern.

11.6.2.4  Proteasome Inhibitors
Both bortezomib and carfilzomib have been eval-
uated in prospective studies in patients with WM, 
though the latter only in combination therapy 
(discussed below). In a retrospective study, ten 
patients with refractory or relapsed WM were 
treated with bortezomib administered intrave-
nously at a dose of 1.3 mg/m2 on days 1, 4, 8 and 
11 in a 21-day cycle for a total of four cycles. 
Most patients had been exposed to all active 
agents for WM, and eight patients had received 
three or more regimens. Six of these patients 
achieved a partial response which occurred at a 
median of 1 month. The median time to progres-
sion in the responding patients is expected to 
exceed 11 months. Peripheral neuropathy 
occurred in three patients, and one patient devel-
oped severe paralytic ileus in this series 
(Dimopoulos et al. 2005b). In a prospective study 
among 27 relapsed or refractory patients who 
received up to 8 cycles of bortezomib at 1.3 mg/
m2 on days 1, 4, 8, and 11, median serum IgM 
levels declined significantly from 4.7 to 2.1 g/dL 
(Treon et al. 2007). The overall response rate was 
85%, with 10 and 13 patients achieving a minor 
(<25%) and major (<50%) decrease in IgM level. 
Responses occurred at median of 1.4 months. 
The median time to progression for all  responding 
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patients in this study was 7.9 (range, 3–21.4+) 
months, and the most common grade III/IV tox-
icities were sensory neuropathies (22.2%), leuko-
penia (18.5%), neutropenia (14.8%), dizziness 
(11.1%), and thrombocytopenia (7.4%). Sensory 
neuropathies resolved or improved in nearly all 
patients following cessation of therapy. Twenty- 
seven patients with both untreated (44%) and pre-
viously treated (56%) disease received 
bortezomib, utilizing the standard schedule until 
they either demonstrated progressive disease or 
two cycles beyond a complete response or stable 
disease (Chen et al. 2007). The overall response 
rate was 78%, with major responses observed in 
44% of patients. Sensory neuropathy occurred in 
20 patients following 2–4 cycles of therapy. 
Among the 20 patients developing a neuropathy, 
14 showed resolution or improvement 
2–13 months after therapy.

11.6.2.5  Combination Therapies
Because rituximab is not myelosuppressive, its 
combination with chemotherapy has been 
explored. A regimen of rituximab, cladribine, 
and cyclophosphamide used in 17 previously 
untreated patients resulted in a partial response in 
94% of WM patients, including a complete 
response in 18% (Treon et al. 2005b). No patient 
had relapsed with a median follow-up of 
21 months. The combination of rituximab and 
fludarabine used in 43 patients of whom 32 (75%) 
were previously untreated led to an overall 
response rate of 95.3%, with 83% of patients 
achieving a major response (i.e., 50% reduction 
in disease burden) (Treon et al. 2009a). The 
median time to progression was 51.2 months in 
this series and was longer for those patients who 
were previously untreated and for those achiev-
ing a very good partial remission (i.e., 90% 
reduction in disease) or better. Hematologic tox-
icity was common: grade 3 neutropenia and 
thrombocytopenia observed in 27 and 4 patients, 
respectively. Two deaths occurred in this study 
from pneumonia. Secondary malignancies 
including transformation to aggressive lym-
phoma and development of myelodysplasia or 
acute myelogenous leukemia were observed in 
six patients in this series. The addition of 

rituximab to fludarabine and cyclophosphamide 
has also been explored in previously treated 
patients, of whom four of five patients had a 
response (Tam et al. 2005). In another combina-
tion study, rituximab along with pentostatin and 
cyclophosphamide given to 13 patients with 
untreated and previously treated WM or lympho-
plasmacytic lymphoma resulted in a major 
response in 77% of patients (Hensel et al. 2005). 
The combination of rituximab, dexamethasone, 
and cyclophosphamide was used as primary ther-
apy to treat 72 patients with WM in whom a 
major response was observed in 74% of patients 
in this study, and the 2-year progression-free sur-
vival was 67% (Dimopoulos et al. 2007). Therapy 
was well tolerated, although one patient died of 
interstitial pneumonia.

Two studies have examined cyclophospha-
mide, doxorubicin, vincristine, prednisone 
(CHOP) in combination with rituximab 
(R-CHOP). In a randomized trial involving 69 
patients, most of whom had WM, the addition of 
rituximab to CHOP resulted in a higher overall 
response rate (94% vs. 67%) and median time to 
progression (63 vs. 22 months) in comparison 
with patients treated with CHOP alone (Buske 
et al. 2009). R-CHOP was also used in 13 WM 
patients, 10 of whom had relapsed or refractory 
disease (Treon et al. 2005c). Among 13 evaluable 
patients, 10 patients achieved a major response 
(77%), including 3 complete and 7 partial remis-
sions. Two other patients achieved a minor 
response. In a retrospective study of symptomatic 
WM patients who received either R-CHOP; 
rituximab, cyclophosphamide, vincristine, and 
prednisone (R-CVP); or cyclophosphamide, 
prednisone, and rituximab (CPR) and were simi-
lar in most pretreatment variables, the overall 
response rates to therapy were comparable among 
all three treatment groups—R-CHOP (96%), 
R-CVP (88%), and CPR (95%)—although there 
was a trend for more complete remissions among 
patients treated with R-CVP and R-CHOP 
(Ioakimidis et al. 2009). Adverse events attrib-
uted to therapy showed a higher incidence for 
neutropenic fever and treatment-related neuropa-
thy for R-CHOP and R-CVP versus CPR. The 
results of this study suggest that in WM, the use 
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of CPR may provide analogous treatment 
responses to more intense cyclophosphamide- 
based regimens while minimizing treatment- 
related complications. The extended alkylator 
bendamustine has also been evaluated in combi-
nation with rituximab in both untreated and pre-
viously treated WM patients. A randomized 
study by the German STiL Group examined 
bendamustine plus rituximab (Benda-R) versus 
R-CHOP in patients with untreated, indolent 
B-cell lymphomas including WM (Rummel et al. 
2013). Patients with WM in this study showed 
similar overall responses (96% versus 94%), 
though progression-free survival was signifi-
cantly longer (69 versus 29 months) in patients 
who received Benda-R versus R-CHOP. Treatment 
was also better tolerated in patients receiving 
Benda-R. In the relapsed or refractory setting, an 
overall response rate of 83% was observed with 
bendamustine in combination with a CD20 
monoclonal antibody (Treon et al. 2011a). The 
median time to progression was 13 months in this 
study. Prolonged myelosuppression was more 
common in patients who received prior nucleo-
side analogues.

The use of two cycles of oral cyclophospha-
mide along with subcutaneous cladribine to 37 
patients with previously untreated WM led to a 
partial response in 84% of patients, and the 
median duration of response was 36 months 
(Weber et al. 2003). Fludarabine in combination 
with intravenous cyclophosphamide resulted in 
partial responses in 6 of 11 (55%) WM patients 
with either primary refractory disease or who had 
relapsed on treatment (Dimopoulos et al. 2003). 
The combination of fludarabine plus cyclophos-
phamide was also evaluated in 49 patients, 35 of 
whom were previously treated. Seventy-eight 
percent of the patients achieved a response, and 
the median time to treatment failure was 
27 months (Tamburini et al. 2005). Hematological 
toxicity was frequent, and three patients died of 
treatment-related toxicities. Two important find-
ings in this study were the development of acute 
leukemia in two patients, histologic transforma-
tion to diffuse large B-cell lymphoma in one 
patient, and two cases of solid malignancies 
(prostate and melanoma), as well as failure to 
mobilize stem cells in four of six patients.

The combination of bortezomib, dexametha-
sone, and rituximab (BDR) as primary therapy in 
23 patients with WM resulted in an overall 
response rate of 96% and a major response rate of 
83% (Treon et al. 2009b). Maintenance therapy 
with BDR was used in this study. The incidence 
of grade 3 neuropathy was approximately 30% 
and led to discontinuance of bortezomib in 60% 
of patients on BDR. An increased incidence of 
herpes zoster was also observed prompting the 
prophylactic use of antiviral therapy. The median 
progression-free survival in this study was 
66 months, and resolution of treatment-related 
neuropathy to at least grade 1 or less was observed 
in most 13/16; 81%) of patients with prolonged 
follow-up (Treon et al. 2015b).

Alternative schedules for administration of 
bortezomib (i.e., once weekly at higher doses) in 
combination with rituximab in patients with WM 
have achieved overall response rates of 80–90% 
(Ghobrial et al. 2008; Agathocleous et al. 2010). 
The European Myeloma Network (EMN) 
recently showed that transitioning bortezomib 
from twice weekly intravenous dosing during the 
first cycle to weekly administration thereafter 
reduced grade 3 neuropathy to under 10% in 
patients treated with BDR (Dimopoulos et al. 
2013). Overall, treatment was well tolerated, and 
the overall response rate was 85% that included 
68% major responders. The median PFS in this 
study was 43 months (Gavriatopoulou et al. 
2017). While subcutaneous bortezomib is also 
used to decrease risk of treatment-related neu-
ropathy with bortezomib, no formal studies 
addressing the safety and efficacy of subcutane-
ous bortezomib use in WM have been reported.

Carfilzomib is a proteasome inhibitor that is 
associated with a low risk of treatment-related 
peripheral neuropathy. The combination of carfil-
zomib with rituximab and dexamethasone 
(CaRD) was evaluated in WM patients (Treon 
et al. 2014a). Carfilzomib was administered intra-
venously at 20 mg/m2 (cycle 1), then 36 mg/m2 
(cycles 2–6), together with dexamethasone 
(20 mg) on days 1, 2, 8, 9 as part of a 21-day 
cycle. As part of this regimen, rituximab 375  mg/
m2 was given on days 2 and 9 every 21 days. 
Maintenance therapy was given 8 weeks follow-
ing induction therapy with intravenous 
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carfilzomib (36 mg/m2) and dexamethasone 
(20 mg) administered on days 1, 2 and rituximab 
375 mg/m2 on day 2 every 8 weeks for up to eight 
cycles. Overall response rate with this regimen 
was 87% with major responses observed in 68% 
of patients and was not impacted by MYD88L265P 
or CXCR4WHIM mutation status. With a median 
follow- up of 15.4 months, 20 patients remained 
progression-free. Grade ≥2 toxicities included 
asymptomatic hyperlipasemia (41.9%), revers-
ible neutropenia (12.9%), and cardiomyopathy in 
one patient (3.2%) with multiple risk factors. 
Treatment-related neuropathy occurred in one 
patient (3.2%) that was grade 2. Declines in 
serum IgA and IgG were common, and some 
patients required intravenous gamma globulin 
therapy for recurring sinus and bronchial 
infections.

11.6.2.6  Novel Therapeutics
The use of ibrutinib was recently approved by the 
US Food and Drug Administration and the 
European Medicines Agency for the treatment of 
symptomatic patients with WM. Ibrutinib targets 
BTK and HCK, both targets of ibrutinib that are 
transactivated by MYD88L265P (Yang et al. 2013; 
Yang et al. 2016). In a multicenter study that 
examined the role of ibrutinib in previously 
treated (median 2 prior therapies, 40% refrac-
tory) WM patients, the overall response rate was 
91% (Treon et al. 2015c). Patients on this study 
received 420 mg a day of ibrutinib by mouth. 
Post-therapy, median serum IgM levels declined 
from 3610 to 880 mg/dL, hemoglobin rose from 
10.5 to 13.8 g/dL, and bone marrow involvement 
declined from 60% to 25%. Decreased or resolved 
adenopathy was observed in 60% of patients with 
extramedullary disease, and five of nine patients 
with IgM-related PN had symptomatic improve-
ment. At a median of 37 months of follow-up, the 
median progression-free and overall survival was 
68% and 90%, respectively. Major responses 
were absent in patients with wild-type MYD88, 
and slower response kinetics were observed in 
those patients who were both MYD88 and 
CXCR4 mutated. Major response rates were also 
lower in those patients with CXCR4 mutations 
(62%) versus those with wild-type CXCR4 
(92%). Grade ≥2 treatment-related toxicities 

included neutropenia (25%) and thrombocytope-
nia (14%) that were more common in heavily 
pretreated patients, atrial fibrillation associated 
with a prior history of arrhythmia (5%), and 
bleeding associated with procedures and marine 
oil supplements (3%). Serum IgA and IgG levels 
were unchanged following treatment with ibruti-
nib, and treatment-related infections were infre-
quent. A multicenter trial also examined the 
activity of ibrutinib in rituximab-refractory WM 
patients who had a median of four prior thera-
pies. The overall response rate in this study was 
90%, with major responses observed in 71% of 
patients. With a median follow-up of 18 months, 
the median progression-free and overall survival 
was 86% and 97% (Dimopoulos et al. 2016). 
Delays in serum IgM and hemoglobin responses 
were observed among MYD88-mutated patients 
with CXCR4 mutations, versus those who were 
wild type for CXCR4. One patient with wild-type 
MYD88 did not respond. A clinical study of the 
CXCR4 antagonist ulocuplumab with ibrutinib is 
being initiated in symptomatic WM patients with 
CXCR4 mutations.

Everolimus is an oral inhibitor of the mTOR 
pathway that is active in WM. A multicenter 
study examined everolimus in 60 previously 
treated patients that showed an ORR of 73%, 
with 50% of patients attaining a major response 
(Ghobrial et al. 2014). The median progression- 
free survival in this study was 21 months. Grade 
3 or higher related toxicities were observed in 
67% of patients with cytopenias constituting the 
most common toxicity. Pulmonary toxicity 
occurred in 5% of patients, and dose reductions 
due to toxicity occurred in 52% of patients. A 
clinical trial examining the activity of everolimus 
in 33 previously untreated patients with WM has 
also been reported that included serial bone mar-
row biopsies in response assessment (Treon et al. 
2016). The ORR in this study was 72%, includ-
ing partial or better responses in 60% of patients. 
Among genotyped patients, nonresponders asso-
ciated with wild-type MYD88 and mutated 
CXCR4 status. Median time to response was 
4 weeks. Discordance between serum IgM levels 
and bone marrow disease burden was remark-
able. The median time to progression was 
21 months for all patients and 33 months for 
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major responders. Discontinuation of everolimus 
led to rapid serum IgM rebound in seven patients 
and symptomatic hyperviscosity in two patients. 
Toxicity led to treatment discontinuation in 27% 
of patients, including 18% for pneumonitis which 
appeared more pronounced versus previously 
treated WM patients.

11.6.2.7  Maintenance Therapy
The outcome of rituximab-naïve patients who 
were either observed or received maintenance 
rituximab categorical responses was examined in 
a large retrospective study (Treon et al. 2011b). 
Categorical responses improved after induction 
therapy in 42% of patients who received mainte-
nance rituximab versus 10% in patients on obser-
vation. Additionally, both progression-free (56.3 
vs. 28.6 months) and overall survival (>120 vs. 
116 months) were longer in patients who received 
maintenance rituximab. Improved progression- 
free survival was evident despite previous treat-
ment status, induction with rituximab alone or in 
combination therapy. Best serum IgM response 
was also lower and hematocrit higher in those 
patients who received maintenance rituximab. 
Among patients who received maintenance ritux-
imab therapy, an increased number of infectious 
events, predominantly grade 1 or 2 sinusitis and 
bronchitis, were observed, along with lower 
serum IgA and IgG levels. A prospective study 
examining the role of maintenance rituximab has 
also been initiated by the German STiL group 
(Rummel et al. 2012). In this study, patients 
received up to six cycles of bendamustine and 
rituximab, and responders randomized to either 
observation or maintenance rituximab every 
2 months for 2 years. Enrollment for this study is 
complete, and response outcome for maintenance 
rituximab therapy is awaited.

11.6.3  High-Dose Therapy and Stem 
Cell Transplantation

The European Bone Marrow Transplant Registry 
reported the largest experience for both autolo-
gous and allogeneic SCT in WM (Kyriakou et al. 
2010a, b). Among 158 WM patients receiving an 

autologous SCT, which included primarily 
relapsed or refractory patients, the 5-year 
progression- free and overall survival rate was 
39.7% and 68.5%, respectively (Kyriakou et al. 
2010a). Non-relapse mortality at 1 year was 
3.8%. Chemorefractory disease and the number 
of prior lines of therapy at time of the autologous 
SCT were the most important prognostic factors 
for progression-free and overall survival. In the 
allogeneic SCT experience from the EBMT, the 
long-term outcome of 86 WM patients was 
reported (Kyriakou et al. 2010b). A total of 86 
patients received allograft by either myeloabla-
tive or reduced-intensity conditioning. The 
median age of patients in this series was 49 years, 
and 47 patients had three or more previous lines 
of therapy. Eight patients failed prior autologous 
SCT. Fifty-nine patients (68.6%) had 
chemotherapy- sensitive disease at the time of 
allogeneic SCT. Non-relapse mortality at 3 years 
was 33% for patients receiving a myeloablative 
transplant and 23% for those who received 
reduced-intensity conditioning. The overall 
response rate was 75.6%. The relapse rates at 
3 years were 11% for myeloablative and 25% for 
reduced-intensity conditioning recipients. Five- 
year progression-free and overall survival for 
WM patients who received a myeloablative allo-
geneic SCT were 56% and 62% and for patients 
who received reduced-intensity conditioning 
were 49% and 64%, respectively. The occurrence 
of chronic graft-versus-host disease was associ-
ated with improved progression-free survival and 
suggested the existence of a clinically relevant 
graft-versus-WM effect in this study.

11.7  Response Criteria 
in Waldenström 
Macroglobulinemia

Table 11.3 summarizes the response categories 
and criteria for progressive disease in WM based 
on the most recent consensus recommendations 
(Owen et al. 2013). The term “overall response” 
is used to characterize all responses, including 
minor responses. “Major responses” only include 
partial, very good partial, and complete responses. 
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The attainment of very good partial or complete 
responses is associated with improved 
progression- free survival (Treon et al. 2009a, b, 
2011c; Dimopoulos et al. 2013; Kyriakou et al. 
2010a). Response assessments in WM rely pri-
marily on serum IgM or IgM paraprotein levels, 
though complete responses require disappear-
ance of the IgM monoclonal protein and resolu-
tion of bone marrow and/or extramedullary WM 
disease (Owen et al. 2013). An important con-
cern with the use of IgM as a surrogate marker of 
disease is that it can fluctuate, independent of 
tumor cell killing with some agents. By way of 
example, rituximab can induce a flare in serum 
IgM levels, whereas everolimus, bortezomib, and 
ibrutinib can suppress IgM levels independent of 
tumor cell killing in some patients, a finding 
referred to as IgM discordance (Treon et al. 2007; 
Dimopoulos et al. 2002; Treon et al. 2004; 
Ghobrial et al. 2004; Treon et al. 2015c; Treon 
et al. 2016; Strauss et al. 2006). Moreover, with 
selective B-cell depleting agents such as 

rituximab and alemtuzumab, residual IgM-
producing plasma cells are spared and continue 
to persist, thus potentially skewing the relative 
response and assessment to treatment (Varghese 
et al. 2009). Soluble CD27 levels have been 
investigated as an alternative surrogate marker in 
WM given their correlation with WM disease 
burden and may remain a faithful marker of dis-
ease in patients experiencing a rituximab-related 
IgM flare, as well as after plasmapheresis 
(Ciccarelli et al. 2009). The use of quantitative 
allele- specific polymerase chain reaction assays 
to assess serial MYD88L265P burden in WM 
patients is also under investigation (Xu et al. 
2013; Jiménez et al. 2013; Xu et al. 2014).

11.8  Course and Prognosis

WM typically presents as an indolent disease. 
The presence of 6q deletions may have prognos-
tic significance, but does not appear to impact 

Table 11.3 Summary of consensus response criteria for Waldenström’s macroglobulinemia (Owen et al. 2013)

Complete 
response

CR Absence of serum monoclonal IgM protein by immunofixation

Normal serum IgM level

Complete resolution of extramedullary disease, i.e., lymphadenopathy/splenomegaly 
if present at baseline

Morphologically normal bone marrow aspirate and trephine biopsy

Very good partial 
response

VGPR Monoclonal IgM protein is detectable

90% reduction in serum IgM level from baseline or normalization of serum IgM level

Complete resolution of extramedullary disease, i.e., lymphadenopathy/splenomegaly 
if present at baseline

No new signs or symptoms of active disease

Partial response PR Monoclonal IgM protein is detectable

≥50% but <90% reduction in serum IgM level from baseline

Reduction in extramedullary disease, i.e., lymphadenopathy/splenomegaly if present 
at baseline

No new signs or symptoms of active disease

Minor response MR Monoclonal IgM protein is detectable

≥25% but <50% reduction in serum IgM level from baseline

No new signs or symptoms of active disease

Stable disease SD Monoclonal IgM protein is detectable

<25% reduction and <25% increase in serum IgM level from baseline

No progression in extramedullary disease, i.e., lymphadenopathy/splenomegaly

No new signs or symptoms of active disease

Progressive 
disease

PD >25% increase in serum IgM level from lowest nadir (requires confirmation) and/or 
progression in clinical features attributable to the disease

11 Waldenström’s Macroglobulinemia



212

overall survival (Nguyen-Khac et al. 2013; Ocio 
et al. 2007; Chang et al. 2009). Age is an impor-
tant prognostic factor (>65 years) (Gobbi et al. 
1994; Morel et al. 2000; Dimopoulos et al. 2004) 
but is influenced by comorbidities. Anemia that 
reflects both marrow involvement and the serum 
level of the IgM monoclonal protein (because of 
the impact of IgM on intravascular fluid reten-
tion) has emerged as a strong adverse prognostic 
factor with hemoglobin levels of <9–12 g/dL 
associated with decreased survival in several 
series (Dhodapkar et al. 2001; Gobbi et al. 1994; 
Morel et al. 2000; Dimopoulos et al. 2004). Other 
cytopenias also may be significant predictors of 
survival, and the number of cytopenias in a given 
patient has been proposed as a prognostic factor 
(Morel et al. 2000). Serum albumin levels have 

also correlated with survival in some studies in 
WM patients (Morel et al. 2000; Dimopoulos 
et al. 2004). Elevated serum β2-microglobulin 
levels (>3–3.5 g/dL) have also shown strong 
prognostic correlation in WM (Dhodapkar et al. 
2001; Dimopoulos et al. 2004; Anagnostopoulos 
et al. 2006). Several scoring systems have been 
proposed based on these analyses (Table 11.4), 
including the WM International Prognostic 
Scoring System (WM IPSS) which incorporates 
five adverse covariates: advanced age (>65 years), 
hemoglobin less than or equal to 11.5 g/dL, plate-
let count less than or equal to 100 × 109/L, beta2- 
microglobulin more than 3 mg/L, and serum 
monoclonal protein concentration more than 
7.0 g/dL (Morel et al. 2009). Among 537 WM 
patients evaluated in the development of WM 

Table 11.4 Prognostic scoring systems in Waldenström macroglobulinemia

Study Adverse prognostic factors Number of groups Survival

Gobbi et al. (1994) Hgb <9 g/dL 0–1 prognostic factors Median: 48 months

Age >70 years 2–4 prognostic factors Median: 80 months

Weight loss

Cryoglobulinemia

Morel et al. (2000) Age ≥65 years 0–1 prognostic factors 5-year: 87% of 
patients

Albumin <4 g/dL 2 prognostic factors 5-year: 62%

Number of cytopenias: 3–4 prognostic factors 5-year: 25%

Hgb <12 g/dL

Platelets <150 × 109/L

WBC <4 × 109/L

Dhodapkar et al. (2001) β2M ≥3 g/dL β2M <3 mg/dL + Hgb ≥12 g/dL 5-year: 87% of 
patients

Hgb <12 g/dL β2M <3 mg/dL + Hgb <12 g/dL 5-year: 63%

IgM <4 g/dL β2M ≥3 mg/dL + IgM ≥4 g/dL 5-year: 53%

β2M ≥3 mg/dL + IgM <4 g/dL 5-year: 21%

Application of 
international staging 
system criteria for 
myeloma to WM 
Dimopoulos et al. (2004)

Albumin ≤3.5 g/dL Albumin ≥3.5 g/dL + β2M <3.5 mg/dL Median: NR

β2M ≥3.5 mg/L Albumin ≤3.5 g/dL + β2M <3.5 or Median: 116 months

Β2M 3.5–5.5 mg/dL Median: 54 months

β2M >5.5 mg/dL

International prognostic 
scoring system for WM 
Morel et al. (2009)

Age >65 years 0–1 prognostic factors (excluding age) 5-year: 87% of 
patients

Hgb <11.5 g/dL 2 prognostic factors (or age 
>65 years)

5-year: 68%

Platelets <100 × 109/L 3–5 prognostic factors 5-year: 36%

β2M >3 mg/L

IgM >7 g/dL

β2M β2-microbloulin, Hgb hemoglobulin, NR not reported, WBC white blood cell count
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IPSS, low-risk patients (27%) presented with no 
or one of the adverse characteristics and advanced 
age, intermediate-risk patients (38%) with two 
adverse characteristics or only advanced age, and 
high-risk patients (35%) with more than two 
adverse characteristics. Five-year survival rates 
for these patients were 87%, 68%, and 36%, 
respectively. Importantly, the WM IPSS retained 
its prognostic significance in subgroups defined 
by age, treatment with alkylating agent, and 
nucleoside analogues. Recent data from the 
Surveillance, Epidemiology, and End Results 
(SEER) database involving 7744 WM patients 
showed that the relative survival of WM patients 
has improved over time (Castillo et al. 2014). 
Patients diagnosed during 2001–2010 had higher 
5-year (78% versus 67%) and 10-year (66% ver-
sus 49%) relative survival rates versus patients 
diagnosed during 1980–2000. A Greek study that 
included 345 patients with WM failed to show 
any overall or cause-specific survival improve-
ment in recent years, though the study might have 
been underpowered to detect any expected bene-
fit (Castillo et al. 2014). However, a Swedish 
study of 1555 patients diagnosed with WM 
between 1980 and 2005 showed that the 5-year 
relative survival rate improved from 57% in 
1980–1985 to 78% in 2001–2005 (Kristinsson 
et al. 2013).
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Primary Systemic Amyloidosis

Efstathios Kastritis, Ashutosh Wechalekar, 
and Giampaolo Merlini

12.1  Introduction

The amyloidoses constitute a large group of dis-
eases in which misfolding of extracellular pro-
tein has a prominent role. This dynamic process 
generates insoluble, toxic protein aggregates that 
are deposited in tissues in bundles of β-sheet 
fibrillar protein (Lachmann and Hawkins 2006; 
Merlini and Bellotti 2003). Amyloid deposition 
may occur in the presence of an abnormal protein 
(hereditary amyloidosis and acquired systemic 
immunoglobulin light chain (AL) amyloidosis) or 
in association with prolonged excess abundance 
of a normal protein (reactive systemic (AA) 
amyloidosis and beta-2-microglobulin dialysis- 
related amyloidosis); may accompany the age-
ing process for reasons unknown, for example, 

wild-type transthyretin amyloidosis (ATTRwt; 
senile systemic amyloidosis). More than 35 pro-
teins have been identified to form amyloid in man, 
either locally or systemically (Sipe et al. 2014), 
but recent use of mass spectrometry for amyloid 
diagnosis suggests many more proteins may be 
amyloidogenic (Brambilla et al. 2013). AL amy-
loidosis is the most frequently diagnosed type in 
the western world. Table 12.1 lists the common 
types and their main clinical features (Table 12.1). 
Advent of newer technologies has improved diag-
nosis, enabled accurate fibril typing and better 
risk stratification. Outcomes have improved, at 
least in AL type, and a number of novel therapies 
are on the horizon for various types of amyloi-
dosis including antibody-based therapy and RNA 
inhibition strategies. However, a major challenge 
remains in that patients with advanced cardiac 
involvement at diagnosis, nearly a third of all 
patients with AL amyloidosis, still die within a 
few months. Early diagnosis of amyloidosis is 
vital and requires education of both physicians 
and patients. We review progress in the field over 
the last decade.

12.2  Incidence and Prevalence

Epidemiological data in amyloidosis are few. The 
first population-based study of AL in Olmsted 
County, USA, reported in 1992, reported the 
 incidence of AL amyloidosis of approximately 
ten cases per million population (Kyle et al. 1992). 
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UK death certificate data indicates amyloidosis is 
the cause of death in 0.58/1000 individuals, and 
the incidence of amyloidosis is about ten per mil-
lion population (Pinney et al. 2013). Analysis of 
Swedish hospital discharge and outpatient regis-
ters gave an incidence of nonhereditary amyloi-
dosis of 8.29 per million person-years and of AL 
amyloidosis of 3.2 per million (Hemminki et al. 
2012). The pattern of amyloid patients seen at ter-
tiary referral centres has changed over the last 
decade. Frequency of AL amyloidosis, as a pro-
portion of total referrals each year, has remained 
essentially stable over the decades (about two 
thirds of all cases). Conversely, there has been a 
remarkable progressive decrease in the proportion 
of patients referred with AA amyloidosis from a 
third to less than a tenth from 1987–1995 to 
2009–2012, likely reflecting better recent 

treatment of inflammatory arthropathies with bio-
logic therapies. Recognition of patients with 
ATTRwt amyloid-related cardiomyopathy has 
increased strikingly from hardly any patients to a 
tenth of the entire case load from 1988–1999 to 
2009–2012, respectively. This has led to a sub-
stantial diagnostic challenge in these elderly 
patients with amyloidosis, where the incidence of 
monoclonal gammopathy is high (up to 30%), to 
differentiate AL from ATTRwt in an elderly (par-
ticularly male) patient with predominant cardiac 
amyloid deposition. Amyloidosis of the recently 
described leucocyte chemotactic factor-2 
(ALect2) type (Benson et al. 2008) is the third 
most common cause of acquired renal amyloido-
sis occurring predominantly in patients from 
South Asia, North Africa, the Middle East and 
Mexico (Murphy et al. 2011; Murphy et al. 2010; 

Table 12.1 The common types of amyloidosis

Amyloid 
type

Acquired 
(A)/
hereditary 
(H)

Underlying 
disorders

Precursor protein Organ involvement

Heart

Kidneys Liver PN 
(AN)

Other

AL A Plasma cell 
dyscrasia

Monoclonal 
immunoglobulin 
light chain

+++ +++ ++ + (+) Soft tissue GI

AA A Inflammatory 
disorders

Serum amyloid A 
protein (SAA)

∓ (late) ++++ + (late) (+) GI (late)

ATTR A None Wild-type TTR +++ − − − Carpal tunnel 
syndrome

H Mutations in TTR 
gene

Abnormal TTR ++ − − +++ 
(+++)

−

AFib H Mutations in 
fibrinogen α-chain 
gene

Abnormal 
fibrinogen

− +++ ∓ − −

ALect2 A Uncertain Leucocyte 
chemotactic factor 
2

− +++ ++ − −

AApoA1 H Mutations in 
apolipoprotein A1 
gene

Abnormal ApoA1 + ++ ++ ± (−) Testis

ALys H Mutations in 
lysozyme gene

Abnormal 
lysozyme

− + ++ − GI/skin

AGel H Mutations in 
gelsolin gene

Abnormal gelsolin − ∓ − ++ (−) 
cranial

−

Aβ2M A/H Long-term dialysis Β-2 microglobulin − − − − (+a) Carpal tunnel 
syndrome, 
arthropathy

+, indicated relative frequency (+++, very common: ++, common; +, less common; ∓, rare); AN autonomic neuropathy, 
PN peripheral neuropathy, SAA serum amyloid A, TTR transthyretin, GI gastrointestinal, CHF congestive heart failure
aAutonomic neuropathy only in familial Aβ2M amyloidosis (Valleix et al. 2012)
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Larsen et al. 2010), another important diagnosis 
to be considered in a patient with isolated renal or 
liver amyloidosis in absence of a monoclonal pro-
tein in the appropriate epidemiological setting.

12.3  Amyloid Fibrils

All amyloid deposits are composed of protein 
fibrils of remarkably similar structure with a 
diameter of 7–13 nm and sharing a common core 
structure consisting of antiparallel β-strands (or 
less commonly parallel β-strands) forming sheets 
(Sawaya et al. 2007; Bonar et al. 1969; Glenner 
and Terry 1974; Sunde et al. 1997). All amyloid 
deposits also contain a number of minor non- 
fibrillary constituents including glycosaminogly-
cans and serum amyloid P component (SAP) 
(Pepys et al. 1994; Tan and Pepys 1994). The 
specific highly ordered ultrastructure of amyloid 
fibrils accounts for their characteristic property 
of binding Congo red dye in a spatial manner that 
produces green birefringence when viewed under 
cross-polarized light, and this remains the histo-
logical gold standard for confirming the presence 
of amyloid in tissue samples.

The universal presence of common non- 
fibrillary constituents within amyloid deposits is 
the basis for specific imaging (SAP scintigraphy) 
and novel therapeutic approaches (targeting the 
glycosaminoglycans (Dember et al. 2007) or 
amyloid-associated SAP (Bodin et al. 2010)).

12.4  Clinical Features 
of Amyloidosis

The clinical features of systemic amyloidosis are 
diverse given the potential for amyloid deposits 
to affect almost any organ system, with the excep-
tion of brain, and are rarely type specific leading 
to diagnostic difficulties and delays of over a year 
from the first physician visit in a third of all 
patients with over five different specialities con-
sulted before the diagnosis was made (Lousada 
et al. 2015). Clinical features that are virtually 
pathognomonic of AL amyloidosis include a 
combination of macroglossia and periorbital pur-
pura; however, they occur in less than a third of 

all cases. Isolated periorbital purpura is occasion-
ally seen in other types of amyloidosis.

Cardiac involvement is the leading cause of 
morbidity and mortality in amyloidosis (Falk 
2005; Merlini and Palladini 2013) and occurs in 
about 70% of patients with AL amyloidosis 
(Merlini 2012). Amyloid cardiomyopathy pres-
ents with heart failure and preserved ejection 
fraction, typically with echocardiography of 
restrictive cardiomyopathy, often with dispropor-
tionate signs of right ventricular failure (oedema, 
raised jugular vein distension and congestive 
hepatomegaly); low cardiac output and hypoten-
sion are features of advanced disease. Patients 
with AL cardiomyopathy are often more symp-
tomatic compared to patients with other types 
given an apparently similar degree of amyloid 
deposition in the heart, supporting in vitro evi-
dence of myocardial cell toxicity of amyloido-
genic light chains in AL type (Liao et al. 2001; 
Shi et al. 2010; Lavatelli et al. 2015).

Kidneys are the next most common organ 
involved in AL amyloidosis presenting with albu-
minuria, which typically has progressed to 
nephrotic syndrome in majority of cases. Renal 
dysfunction may remain asymptomatic until it is 
very advanced. Liver involvement is seen in 
15–20% of all patients. 123I-labelled serum amyloid 
P component scintigraphy identifies asymptomatic 
liver involvement in another 10–20% of patients. 
Liver amyloidosis, although less common, is still 
the commonest cause of morbidity and mortality in 
patients with otherwise early- stage disease.

Although mild neuropathy is not uncommon, 
significant neuropathy (peripheral and/or auto-
nomic neuropathy) as presenting feature of AL 
amyloidosis occurs in 10–20% of patients. 
Amyloid peripheral neuropathy is a predomi-
nantly axonal length-dependent neuropathy caus-
ing both small and large fibre involvement. It 
begins with loss of the small fibre-mediated sen-
sations of heat or cold, may be painful (Reilly 
and Staunton 1996) and can be difficult to 
 differentiate from the more common chronic 
inflammatory demyelinating polyneuropathy. 
Autonomic neuropathy causes impotence as an 
early symptom in men followed by postural 
hypotension, early satiety, diarrhoea and/or con-
stipation. Other than amyloidosis and severe 
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diabetic neuropathy, diseases causing a combina-
tion of progressive sensory motor peripheral neu-
ropathy and autonomic neuropathy are rare. 
Isolated neuropathy in absence of other organ 
involvement is uncommon in AL amyloidosis—
thus most patients with monoclonal gammopathy 
and an isolated neuropathy do not have amyloi-
dosis although this remains a differential 
diagnosis.

Involvement of soft tissues, apart from carpal 
tunnel syndrome, is almost unique to AL amyloido-
sis. Macroglossia, muscular pseudohypertrophy, 
“shoulder pad” sign, salivary gland enlargement and 
submandibular soft tissue infiltration are common.

Localized AL amyloidosis is associated with 
in situ production of amyloidogenic light chains 
by clonal B cells in the affected tissue. Common 
sites include the respiratory tract, bladder, eyelids 
and skin. This form of amyloidosis is an indolent 
disease that almost never evolves systemically, 
but it can nevertheless have serious space occu-
pying and other consequences. Local surgical 
measures to control symptoms are usually appro-
priate, and radiotherapy may have a role in 
selected cases (Gertz et al. 2005).

12.5  Diagnosis

A stepwise approach to diagnosis and staging of 
amyloidosis is critical (Fig. 12.1). This involves 
confirmation of amyloid deposition, identifica-
tion of fibril type, assessment of the underlying 
clonal disorder and evaluation of the extent and 
severity of amyloidotic organ involvement. 
Serum cardiac biomarkers are an important vali-
dated tool for risk stratification/staging in AL 
amyloidosis (Dispenzieri et al. 2004).

Advanced and irreversible organ dysfunction 
has often ensued by the time a clinical diagnosis 
of amyloidosis is made. Specific symptom com-
binations in a patient with a monoclonal gam-
mopathy should trigger suspicion for a diagnosis 
of amyloidosis such as nephrotic syndrome and 
heart failure, a combination of peripheral and 
autonomic neuropathy, thick-walled heart failure 
with normal- or low-voltage ECG, recurrent car-
pal tunnel syndrome and a combination of carpal 
tunnel syndrome and heart failure. Since the 

outcome of patients treated prior to development 
of clinical symptoms is significantly better, keep-
ing a high index of suspicion and making an early 
diagnosis is critical. Addition of regular testing 
for NTproBNP and urine sample for albuminuria 
in a patient with monoclonal gammopathy of 
uncertain significance with abnormal free light 
chain ratio will identify over 95% of patients 
with AL amyloidosis and should become a part 
of standard practice (Merlini et al. 2013).

12.5.1  Histological Confirmation 
of Diagnosis and Type 
of Amyloid Fibril Protein

Demonstration of characteristic green birefrin-
gence under cross-polarized light following 
Congo red staining of a tissue biopsy remains the 
gold standard for confirming amyloid deposition. 
Novel fluorescent dyes show promise for both 
identifying and typing amyloid deposits (Sipe 
et al. 2012; Nilsson et al. 2010). Biopsy of an 
organ suspected to be involved by amyloid is the 
commonest approach, but there is a risk of bleed-
ing, and biopsy should only be considered if 
other methods do not reveal amyloid deposits. 
Abdominal fat aspiration is a simple and innocu-
ous test with high rates of detection in systemic 
AL amyloidosis. A negative fat aspirate does not 
exclude amyloidosis, and rectal or labial salivary 
glands biopsy are alternatives with reasonable 
diagnostic sensitivity (Foli et al. 2011).

The critical next step is to confirm the amyloid 
fibril type—this is crucial to avoid catastrophic 
treatment errors. Immunohistochemistry with anti-
bodies to amyloid fibril protein was the most widely 
available method for fibril typing. When using spe-
cifically developed panel of antibodies (Schonland 
et al. 2012) or used as immune- electron microscopy 
(Arbustini et al. 1997; Fernandez de Larrea et al. 
2015), this has a very high diagnostic accuracy. 
However, using commercially available antibodies, 
which are not optimized for amyloid fibril detec-
tion, risks misdiagnosis. The proteomic method of 
mass spectrometric analysis of amyloidotic mate-
rial captured by laser microdissection from tissue 
sections or from abdominal fat aspirates is the new 
gold standard for fibril typing (Tan and Pepys 1994; 
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2008-2012 –median not reached; estimated 4 year OS  -50%

2001-2003 –median 1.7 yr; 4 yr OS –34%

1996-2000 –median 1.4 yr; 4 yr OS –28%

Upto 1995 –median 1.5 yr; 4 yr OS –28%

2004-2007 –median 2.2 yr; estimated 4 year OS  -38%
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Fig. 12.1 Kaplan-Meier survival curve showing 
improvement in overall survival of patients with sys-
temic AL amyloidosis seen at the UK National 
Amyloidosis Centre (n = 3486). The estimated 4-year 
survival has improved from 28% for patients diagnosed 
in early part of the last decade to nearly 50% for patients 
diagnosed in the last 4 years (log rank p values: 2008–
2012 vs 2004–2007, p = 0.008; 2004–2007 vs 2001–

2003, p = 0.03; 2001–2003 vs 1996–2000, p = 0.29; 
1996–2000 vs up to 1995, p = 0.64). This improvement 
in survival has coincided with availability of novel agents 
like thalidomide and bortezomib for the treatment of AL 
amyloidosis. However, over the last two decades, there 
has been no improvement in the early mortality in the 
first few months after diagnosis of AL amyloidosis 
(Reproduced from Lancet 2015)

Dember et al. 2007). Although a robust and reliable 
technique, it requires validation in each laboratory 
prior to routine clinical use. Gene sequencing must 
be performed when there is any suspicion of 

hereditary amyloidosis. An online database (www.
amyloidosismutations.com) provides an updated 
list of amyloidogenic mutations and an outline of 
phenotype in hereditary amyloidosis (Fig. 12.2).
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Likely ATTR
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Fig. 12.2 Approach to a patient with suspected systemic 
amyloidosis. *Monoclonal protein—serum and urine 
immunofixation + serum free light chain measurement. 

ATTR transthyretin amyloidosis, IHC immunohistochem-
istry, LCMS laser capture mass spectrometry

12 Primary Systemic Amyloidosis

http://www.amyloidosismutations.com/
http://www.amyloidosismutations.com/


226

12.5.2  Monoclonal Protein 
Detection and Assessment 
of the Underlying Clonal 
Disorder

Assessment or identification of the underlying 
disorder is the next step in patients with AL amy-
loidosis. Detection and accurate quantification of 
the monoclonal protein, particularly of the mono-
clonal amyloidogenic light chains, is crucial at 
diagnosis especially prior to starting any treat-
ment. All patients need combination of serum 
and urine testing with electrophoresis, immuno-
fixation (IFE) and measurement of serum free 
light chain (FLC) (Palladini et al. 2009). Each 
technique in isolation will miss a substantial 
number of patients but when used together will 
be informative in over 98% cases (Lachmann 
et al. 2003). AL fibrils are four times more often 
of lambda than kappa light chain type, in contrast 
with MGUS and myeloma. The plasma cell infil-
trate in the bone marrow is usually very modest 
with a median of 10% (Deshmukh et al. 2009; 
Paiva et al. 2009). Chromosomal translocations 
(such as t(11;14)) or deletions (del 1p or 17p) 
appear to negatively influence outcomes with 
chemotherapy in AL amyloidosis (Bochtler et al. 
2014). Baseline testing should be considered 
although data is not forthcoming about utility of 
such markers in selection of therapy. Whole body 
imaging with low-dose CT, PET-CT or MRI is 
needed to detect presence of myeloma-related 
bone disease. Patients with AL amyloidosis with 
additional features of myeloma-related end organ 
damage have worse outcomes.

12.5.3  Increasingly Important Role 
of Imaging

Assessment of amyloid-related end organ dam-
age informs prognosis, supportive care needs 
and formulation of a risk-adapted treatment plan. 
Until recently, serum amyloid P component 
(SAP) scintigraphy was the only specific imag-
ing method available and enables the amyloid 

load in the liver, kidneys, spleen, adrenal glands, 
bones and various other sites to be ascertained 
and monitored serially (Hawkins et al. 1990). 
SAP scintigraphy shows that there is a poor cor-
relation between the quantity of amyloid present 
in a given organ and the level of organ dysfunc-
tion, and that regression of amyloid deposits 
occurs at different rates in different organs. 
Lately, bone scintigraphy tracers (99mTc-labelled 
DPD, PYP or HMDP), which show high-affinity 
uptake in cardiac amyloidosis (mainly ATTR but 
about half all cases with AL amyloidosis), and 
thioflavin-like tracers (carbon-11-labelled 
Pittsburgh compound- B (11C-PIB) (Antoni et al. 
2013), florbetapir (Dorbala et al. 2014) and flor-
betaben (Law et al. 2016) which have been 
extensively used in Alzheimer’s disease) appear 
to have a role in amyloid-specific imaging 
(Fig. 12.3).

Cross-sectional imaging has been used for 
defining the anatomical characteristics of organs 
in amyloidosis—particularly in the heart—with 
echocardiography and, more recently, by  cardiac 
magnetic resonance imaging. Echocardiography, 
including tissue Doppler and strain imaging, is 
important to document baseline cardiac struc-
ture and function (Falk 2005; Buss et al. 2012). 
Echocardiography shows “pan-cardiac” thick-
ening (increased thickness of left and right ven-
tricular free walls, septum, valves and intra-atrial 
septum with dilation of the atria) which is rare 
in other infiltrative cardiomyopathies. A thick- 
walled heart on echocardiogram with normal- or 
low-voltage electrocardiogram remains a diag-
nostic hallmark of amyloidosis with a high sen-
sitivity (72–79%) and specificity (91–100%) for 
the diagnosis (Selvanayagam et al. 2007). 2-D 
strain mapping shows relative preservation of 
apical function which can be an early clue to 
amyloidosis—this gives rise to a “bull’s-eye” 
pattern on plotting the segmental stain, which is 
rare in other cardiomyopathies (Fig. 12.3).

Cardiac MRI for amyloid imaging has been a 
major advance over echocardiography providing 
an easily available diagnostic tool with a high 
specificity for diagnosis of cardiac amyloidosis 
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(Maceira et al. 2005; Mekinian et al. 2010). 
Amyloid cardiomyopathy demonstrates a typical 
pattern of late subendocardial or diffuse enhance-
ment after gadolinium contrast injection 
(Lachmann et al. 2003; Deshmukh et al. 2009). 
CMR can give accurate anatomical information 
including the wall thickness and LV mass. 
Equilibrium contrast MRI (Eq-CMR) is a tech-
nique using a low-dose gadolinium infusion for 
contrast and allows accurate quantification of the 
myocardial interstitial volume fraction which is 
greatly expanded in amyloidosis (Banypersad 
et al. 2013) and therefore provides a novel tool 
for monitoring cardiac amyloid load.

99mTc-3,3-diphosphono-1,2-propanodicarbox-
ylic acid (99mTc-DPD), 99mTc- hydroxymethylene 
diphosphonate (99mTc-HMDP) and 

99mTc-pyrophosphate (99mTc-PYP) are bone-seek-
ing radionuclide tracers that appear to also local-
ize in cardiac ATTR amyloid deposits with 
remarkable sensitivity (Bokhari et al. 2013; Chen 
and Dilsizian 2012; Castano et al. 2012; Rapezzi 
et al. 2011; Rapezzi et al. 2008; Perugini et al. 
2005; Galat et al. 2017; Galat et al. 2015) 
(Fig. 12.3). 99mTc-DPD scans appear to show 
asymptomatic ATTR cardiac deposits before any 
other imaging modality (Hutt et al. 2014). Uptake 
into other types of cardiac amyloid may occur but 
is usually minor (Rapezzi et al. 2008). 99mTc-
DPD/HMDP/PYP scintigraphy may have a 
potential role for screening for cardiac ATTR 
amyloidosis in elderly patients with cardiac fail-
ure of unclear aetiology. An algorithm for non-
invasively diagnosing ATTR cardiac amyloidosis 

 2 D Strain

c 
123I SAP scan

 FDG PET e 99mTc-DPD scan

b Cardiac MRI

Anterior Posterior

a

d

Fig. 12.3 (a) Typical 2-D strain pattern in cardiac amy-
loidosis showing marked impairment of function at the 
base compared to the apex giving a typical “bull’s-eye” 
pattern in mapping. (b) Cardiac MRI scan after gadolin-
ium contrast showing a rim on late subendocardial 
enhancement in the left picture and extensive transmural 
enhancement in the right panel. (c) 123I-labelled serum 
amyloid P component scintigraphy showing extensive 

uptake in the liver in a patient with AL amyloidosis c. 
18F-FDG PET scan in a patient with localized amyloido-
sis showing FDG uptake in the amyloidotic mass d. 
99mTc-DPD scan in a patient with transthyretin amyloi-
dosis showing marked cardiac uptake with attenuation of 
the bone signal—grade 2 uptake which in the absence of a 
detectable monoclonal protein is characteristic of ATTR 
amyloidosis
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has recently been published (Gillmore et al. 
2016). 123I-mIBG (metaiodobenzylguanidine) 
scintigraphy can provide information on cardiac 
autonomic neuropathy, but its place in clinical 
practice remains to be established (Hongo et al. 
2002; Lekakis et al. 2003).

12.6  Treatment Approach 
to Patients with AL 
Amyloidosis

The ultimate goal of therapy in AL amyloidosis 
is to improve organ function and to extend sur-
vival of the patient. Until recently, no effective 
therapies targeting directly amyloid deposits 
existed, and the treatment strategy was solely 
based on the elimination of light chain produc-
tion and supportive care for the complications 
of the disease and therapy. Several lines of evi-
dence have shown that reducing the amount of 
the pro- amyloidogenic protein results in stabili-
zation and regression of amyloid deposits in the 
tissues and organs and in many cases in organ 
function improvement and extended survival 
(van Gameren et al. 2009; Wechalekar et al. 
2016; Dispenzieri and Merlini 2016). In fact, 
AL amyloidosis represents, among all amyloid 
diseases, the most successful example of the 
effect of therapy on organ recovery providing 
substantial survival improvement. This is due to 
the fact that in AL amyloidosis it is possible to 
suppress the synthesis of the amyloid protein. 
Therefore, in AL amyloidosis, the mainstay of 
therapy is the rapid reduction and, even better, 
the elimination of the light chain-producing 
plasma cell or B-cell clone by means of 
chemotherapy.

Defining an effective and safe treatment strat-
egy requires assessment of treatment efficacy 
based on objective criteria. Both the clonal dis-
ease and the organ function should be assessed 
by reproducible and objectively measurable bio-
markers which are associated with clinically 
meaningful endpoints. Hematologic response 
represents the reduction of the amount of clonal 
free light chains. Organ response assesses the 
improvement of involved organ function. There 

is a close association of hematologic and organ 
response: improvement of organ function follows 
clonal light chain reduction.

12.7  Hematologic Response

According to the updated criteria, the evaluation 
of hematologic response is based on the mea-
surement of serum free light chains (sFLCs): a 
partial hematologic response requires the reduc-
tion of the dFLC (difference of involved and 
uninvolved light chain) by 50%, a very good 
partial response (VGPR) requires dFLC 
<40 mg/L and a complete hematologic response 
requires a normal FLC concentration and ratio 
and negative serum and urine immunofixation 
(Palladini et al. 2012a). However, a significant 
minority of patients with AL may have sFLCs 
levels that are below the threshold that is consid-
ered as “measurable” (defined as a dFLC 
≥50 mg/L with abnormal ratio). In these patients 
the reduction of the circulating FLCs is still the 
goal of therapy, but there are difficulties in the 
evaluation of hematologic response (PR and 
VGPR while there is no problem in assessing the 
CR). In most centres the FLCs are measured 
using a polyclonal antisera- based assay 
(Freelite), and the current criteria have been 
developed using this assay (Palladini et al. 
2012a). Two new assays using monoclonal anti-
sera (N Latex and Seralite) have been introduced 
and may give different results (Lock et al. 2013; 
Campbell et al. 2017; Te Velthuis et al. 2016). 
Both Freelite and N Latex assays have shown 
good correlation in detecting the abnormal light 
chain subtype, but there is significant discor-
dance in absolute values between the assays, and 
thus they are not interchangeable (Mahmood 
et al. 2016). Patients should be followed using 
the same assay, and an extensive evaluation of 
the new assays should be performed before 
introducing their results in the response criteria. 
Most patients with AL amyloidosis have serum 
monoclonal protein below the levels that are 
considered as measurable by SPEP criteria, but 
in those with measurable M-spikes (≥0.5  gr/dl), 
the reduction of the monoclonal peak may be 
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used to assess the quality of response, if serum 
FLCs are below “measurable” (Table 12.2).

12.8  Organ Response

Organ response criteria have been developed and 
modified with the addition of biomarkers for car-
diac assessment (Gertz et al. 2005; Palladini et al. 
2012b). According to these criteria, at least 30% 
reduction of NTproBNP (provided that at base-
line was ≥650 ng/L and the absolute of reduction 
is at least 300 ng/L) from baseline defines a car-
diac response (Palladini et al. 2012b). This 
response, at 3 and 6 months post initiation of 
therapy, has been strongly associated with func-
tional improvement and survival benefit in a large 
cohort and validated in an independent cohort of 
patients with AL amyloidosis. However, specific 
therapies (thalidomide, lenalidomide or pomalid-
omide) (Dispenzieri et al. 2010) may 

disproportionally increase NTproBNP; renal 
dysfunction (especially if eGFR <30 ml/min) 
also increases NTproBNP. Until recently, renal 
response criteria required the reduction of pro-
teinuria by ≥50% without increase in serum cre-
atinine (Gertz et al. 2005). In a collaborative 
project, the Pavia and Heidelberg groups evalu-
ated renal outcomes in 732 patients and identified 
that a >25% eGFR decrease predicted poor renal 
survival, while a decrease in proteinuria by ≥30% 
or below 0.5 g/24 h without renal progression at 
6 months was associated with longer renal sur-
vival and was proposed as criterion for renal 
response (Palladini et al. 2014a). Improvement of 
proteinuria is closely associated to hematologic 
response, with the greatest probability for renal 
response among patients who achieve at least a 
VGPR (Palladini et al. 2014a; Pinney et al. 2011).

12.9  Risk Assessment

Patients with AL amyloidosis are often frail due 
to multiorgan involvement and prone to treatment- 
related toxicities. The design of an effective treat-
ment strategy requires the evaluation of the risks 
that are associated with a specific treatment and 
the potential benefits in the short and long term. 
Cardiac biomarkers (NTproBNP and cardiac tro-
ponins) are powerful risk stratification tools, and a 
cardiobiomarker-based staging system proposed 
by the Mayo Clinic investigators (Mayo Clinic 
cardiac staging system) has been adopted 
(Dispenzieri et al. 2004). A refinement of risk 
stratification by including the level of the free 
light chains has also been proposed (Kumar et al. 
2012a) (Table 12.3). However, a subgroup of 
patients, those with stage III by the Mayo stage 
system and with NTproBNP level >8500 pg/ml 
(stage 3B) seem to have the poorest survival 
despite any recent treatment advances (Palladini 
et al. 2015; Wechalekar et al. 2013; Merlini and 
Palladini 2013); this prognosis is even poorer if 
systolic blood pressure is low (Wechalekar et al. 
2013). Markers of endothelial dysfunction as 
reflected by increased levels of von Willebrand 
factor seem to identify patients with very poor 
outcomes even among stage 3B patients (Kastritis 

Table 12.2 Evaluation of risk in patients with AL amy-
loidosis based on Mayo staging system based on 
NTproBNP and cTnT (Dispenzieri et al. 2004) and the 
revised system based on NTproBNP, cTnT and dFLC 
(Kumar et al. 2012a)

Stage

% of patients 
with AL 
amyloidosis

Median 
survival 
(months)

Good/low 
risk

Mayo stage I 15–20% 26–94

Modified 
Mayo stage I

Intermediate 
risk

Mayo stage 
II

25–30% 12–40

Modified 
Mayo stage 
II or some III

High risk Mayo stage 
III

25–30% 9–26

Modified 
Mayo stage 
III, some IV 
and few II

Very high 
risk

Mayo stage 
III with 
NTproBNP 
>8500 pg/ml

10–15% 3–6

Modified 
Mayo stage 
IV and some 
III
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et al. 2016). Both the “tumour burden”, as 
reflected by the bone marrow plasma cell infiltra-
tion, and the presence of specific cytogenetic 
abnormalities of the plasma cells are also affect-
ing prognosis; however, this effect is mostly 
observed in those patients which have less severe 
cardiac involvement (Bochtler et al. 2014; 
Bochtler et al. 2015). In most patients with AL 
amyloidosis, plasma cell clones are small (median 
bone marrow infiltration is 7–10%) with low pro-
liferative activity (Gertz et al. 1989), expressing 
λ-light chains in 75%. A minority of patients with 
extensive infiltration (more than 30% of plasma 
cells) present with symptoms of amyloidotic 
organ involvement and not with classical myeloma 
CRAB criteria. More extensive marrow infiltra-
tion is associated with inferior survival, indepen-
dently of other disease characteristics (Kourelis 
et al. 2013). High-risk cytogenetic abnormalities, 
such as t(4;14) and del17p, are uncommon in AL 
amyloidosis (Bochtler et al. 2011), but t(11;14) is 
more common and, in contrast to what has been 

observed in MM, is associated with adverse prog-
nosis in patients treated with conventional chemo-
therapy or high- dose therapy (Bryce et al. 2009) 
or bortezomib- based regimens (Bochtler et al. 
2015). In a large series from Mayo Clinic, the 
presence of FISH- detected abnormalities was 
associated with poor prognosis and cardiac 
involvement (Warsame et al. 2015). Regarding 
specific abnormalities, when plasma cell burden 
was ≤10%, then trisomies predicted for worse 
survival (44 vs 19 months), and when it was 
⩽10%, then t(11;14) predicted for worse survival 
(53 months vs not reached); abnormal cIg-FISH 
remained a prognostic factor on multivariate anal-
ysis (Warsame et al. 2015). Amplification of chro-
mosome 1q21 has been associated with less 
favourable prognosis in patients treated with mel-
phalan and  dexamethasone (Bochtler et al. 2014). 
IgM-related amyloidosis may have distinct char-
acteristic regarding the B-cell clone and pattern of 
organ involvement (Sachchithanantham et al. 
2016).

Table 12.3 Clonal and organ response and progression criteria (Palladini et al. 2012a, 2014a; Gertz et al. 2005)

Response Progression

Clonal disease 
(hematologic 
assessment)

Complete response: Normalization of FLC 
levels and κ to λ ratio, with negative serum and 
urine immunofixation
Very good partial response: Decrease of dFLC 
to <40 mg/l
Partial response: >50% reduction of dFLC

From a complete response: Any detectable 
monoclonal protein or abnormal FLC ratio 
(amyloidogenic FLC levels must double)
From a partial response: ≥50% increase in serum 
M protein levels to >0.5 g/dl or ≥50% increase 
in urine M protein levels to >200 mg per day (a 
visible peak must be present) or ≥50% increase 
in involved FLC levels to >100 mg/l

Heart >30% and >300 ng/l decrease in NTproBNP 
levels in patients with NTproBNP levels 
≥650 ng/l at baseline or ≥2-class decrease in 
NYHA class in patients with NYHA class 3 or 
4 at baseline

>30% and >300 ng/l increase in NTproBNP 
levels or ≥33% increase in cardiac troponin 
levels or ≥10% decrease in ejection fraction

Kidney >50% (≥0.5 g per day) decrease in 24 h urine 
protein levels in patients with urine protein 
levels >0.5 g per day at baseline without ≥25% 
increase in serum creatinine levels or decrease 
in creatinine clearance from baseline
Proposed modification: Decrease in proteinuria 
by ≥30% or below 0.5 g/24 h without renal 
progression

≥50% (≥1 g per day) increase in 24 h urine 
protein levels or ≥25% increase in serum 
creatinine levels or ≥25% decrease in creatinine 
clearance from baseline

Liver ≥50% decrease in alkaline phosphatase levels 
and/or ≥2 cm decrease in liver size (assessed by 
radiography)

≥50% increase in alkaline phosphatase levels 
from the lowest recorded value

Peripheral 
nervous system

Improvement in electromyogram nerve 
conduction velocity (such a response is rare)

Progressive neuropathy by electromyography or 
nerve conduction velocity
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12.10  Therapies Targeting 
the Light Chain-Producing 
Clone

AL amyloidosis is a rare disease, and only few 
prospective randomized phase III studies have 
been conducted. Thus, most treatment recom-
mendations are based on phase II studies, retro-
spective comparisons and case series (Tables 
12.4 and 12.5). The effort to reduce or eliminate 
the light chain production is based on chemother-
apy approaches, based on regimens that were 
developed for the treatment of myeloma, with 
adaptations in terms of dose and schedule. In the 
case of IgM-related AL amyloidosis, regimens 
used for the treatment of lymphoplasmacytic 
lymphoma/Waldenström’s macroglobulinemia 
are commonly used (Wechalekar et al. 2008). 
The most commonly used drugs, in various com-
binations, include alkylators, proteasome inhibi-
tors, IMiDs and in most regimens steroids.

12.10.1  Alkylators

Alkylator-based therapy, either standard or high 
dose (i.e. high-dose melphalan with ASCT), has 
been the mainstay of therapy of AL for decades. 
Standard-dose oral melphalan with high-dose 
dexamethasone (MDex) (Palladini et al. 2004) 
has been associated with favourable long-term 

outcomes in patients at good or intermediate risk, 
with low toxicity (Palladini et al. 2014b). 
However, patients with high-risk disease have 
poor outcomes with MDex (Palladini et al. 
2014b). In a prospective randomized multicentre 
phase III trial, MDex was not inferior to high- 
dose melphalan with ASCT (Jaccard et al. 2007), 
but this study was conducted before the availabil-
ity of cardiac biomarkers and included also 
patients that would be considered ineligible for 
ASCT with the current selection criteria. 
Melphalan dose also needs adjustment for renal 
dysfunction. Cyclophosphamide has also been 
used, especially in combination with the new 
drugs (thalidomide, lenalidomide, bortezomib), 
and at the standard dosing may be easier to use in 
patients with renal dysfunction. Bendamustine 
has been used in patients with AL amyloidosis 
who have relapsed after previous therapy, but the 
experience is not very extensive (Palladini et al. 
2012b); however, in patients with IgM-related 
AL amyloidosis, bendamustine-based regimens 
in combination with rituximab may be the prefer-
able treatment (Leblond et al. 2016).

12.10.1.1  High-Dose Melphalan 
with ASCT

High-dose melphalan supported by ASCT 
induces high rates of long maintained complete 
hematologic responses which are followed by 
organ responses. In the USA, HDM with ASCT 

Table 12.4 Outcome of high-dose melphalan followed by autologous stem cell transplantation

Author N HR (CR) Organ responses TRM PFS/OS (years)

Boston University 
(Sanchorawala 2014) 
(1994–2013)

607 34% NR 9% Median OS: 6.7 years
Median OS for those 
in CR >12 years

Mayo Clinic (Gertz 
et al. 2010) 
(1996–2010)

434 39% 47% 10% CR >10 years
PR: 8.9 years
NR: 2.7 years

MD Anderson (Parmar 
et al. 2014) (1998–2011)

80 31% 39% 12.5% OS >10 years (56% 
at 10 years)

Heidelberg (Hegenbart 
et al. 2014) (1998–2014)

174 38% 40% 2% Median OS: 11. 
3 years

CIBMTR registry 
(D’Souza et al. 2015)

1536 2001–2006: 30%
2007–2012: 37%
(n = 354 with full 
data)

2001–2006: 31%
2007–2012: 32%
(renal only)

1995–2000: 4%
2001–2006: 11%
2007–2012: 19%

5 year OS:
1995–2000: 55%
2001–2006: 61%
2007–2012: 77%
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Table 12.5 Conventional dose regimens for patients with AL amyloidosis

Regimen
N of 
patients

Treatment 
naive

Cardiac 
involvement

Hematologic 
response Organ responses

3-month 
mortality

OS 
(years)

Melphalan, 
dexamethasone 
(Palladini et al. 2004)

46 46 32 (70%) 67% (Cr: 
33%)

48%
6/32 (19%) cardiac
16/29 (55%) renal

NR 5.1 years

Melphalan, 
dexamethasone 
(Palladini et al. 2014b)

119 119 67 (56%) 76% (Cr: 
31%)

36%
25/67 (37%) 
cardiac
20/82 (24%) renal

0 7.3 years

Melphalan, attenuated-
dose dexamethasone 
(Palladini et al. 2014b)

140 140 122 (87%) 51% (Cr: 
12%)

21%
24/122 (20%) 
cardiac
15/87 (17%) renal

18% 1.7 years

Bortezomib (Reece 
et al. 2011)

70 0 39/70 
(56%)

68% (Cr: 
29%)

5/39 (13%) cardiac 
14/49 (29%) renal

3% 1-year OS 
94%

Bortezomib ± 
dexamethasone 
(Kastritis et al. 2010)

94 18 69/94 
(73%)

71% (Cr: 
25%)

30%
20/69 (29%) 
cardiac
13/70 (19%) renal
4/18 (22%) liver

3% 1-year OS 
76%

Bortezomib, 
dexamethasone 
(Kastritis et al. 2015)

49 49 38/49 
(77%)

77% (Cr: 
39%)

49%
17/38 (45%) 
cardiac
16/35 (46%) renal

13% 1-year OS 
67%

Bortezomib, 
cyclophosphamide, 
dexamethasone (Venner 
et al. 2012)

43 20 32/43 
(74%)

83% (Cr: 
42%)

46%
11% cardiac 
responses (33% 
NTproBNP 
response), 29% 
renal responses, 
40% liver response

0 98% at 
2 years

Bortezomib, 
cyclophosphamide, 
dexamethasone 
(Mikhael et al. 2012)

17 10 10/17 
(58%)

94%/71% 5/7 cardiac 
response
6/12 renal response

NR 70% at 
21 months

Bortezomib, 
cyclophosphamide, 
dexamethasone 
(Palladini et al. 2015)

230 230 168 (73%) 62% (Cr: 
21%, VGPR: 
22%)

29/167 (17%) 
cardiac
40/157 (25%) renal

12.6% 1-year OS 
~70%

Bortezomib, 
cyclophosphamide, 
dexamethasone (Jaccard 
et al. 2014)

60 60 60/60 
(100%)

68% (Cr: 
17%, VGPR: 
25%)

19/60 (32%) 
cardiac

30% 1-year OS 
57%

Cyclophosphamide, 
Thalidomide, 
Dexamethasone (CTD) 
(Wechalekar et al. 2007)

75 31 44 (59%) 74% (Cr: 
21%)

11/48 (23%) renal 4% 3.4 years

Lenalidomide, 
dexamethasone 
(Dispenzieri et al. 2007)

22 9 14/22 
(64%)

41% (Cr: Nr) 23%
2/14 (14%) cardiac
4/16 (25%) renal
2/5 (40%) liver

18% NR

Lenalidomide, 
dexamethasone 
(Sanchorawala et al. 
2007)

34 3 17/34 
(50%)

67% 
(Cr:29%)

6/17 (35%) renal
1/17 (6%): Cardiac

3% NR

(continued)
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is used more extensively than in Europe (Cibeira 
et al. 2011; Gertz et al. 2010; D’Souza et al. 
2015). Large case series from specialized tertiary 
centres have shown consistently a CR rate of 
34–49% with organ responses in 26–53% of 
patients (Cibeira et al. 2011; Dispenzieri et al. 
2013) (Table 12.5). More importantly, 10-year 
rates of sustained CR are high, especially com-
pared to myeloma patients, probably because the 
small plasma cell clone may be exterminated by 
HDM; 10-year survival exceeds 40%(Cibeira 
et al. 2011; Dispenzieri et al. 2013). However, 
HDM was associated with significant treatment- 
related mortality, reaching 10–12% especially 
before the era of cardiac biomarkers (Cibeira 
et al. 2011). The introduction of objective risk 
stratification tools, mainly of cardiac biomarkers, 
has improved the selection of those patients who 
have a low risk of fatal complications, and a sig-
nificant reduction of TRM by about 40%, near 
the TRM rate for ASCT in patients with MM, has 
been observed (Gertz et al. 2013). It has been 

proposed that patients with NTproBNP >5000 pg/
ml or troponin-T >0.06 μg/ml should not be con-
sidered for ASCT because of high risk of TRM 
(Gertz et al. 2013). Other exclusion criteria may 
include age, systolic blood pressure <100 mmHg, 
positive tests for faecal blood, inadequate liver 
function and severe autonomic neuropathy 
(Dingli et al. 2010). Adjustments in the intensity 
of conditioning with melphalan should be 
weighed against the probability of reduced effec-
tiveness (Gertz et al. 2004). A strategy incorpo-
rating consolidation with bortezomib for patients 
with less than optimal response after HDM may 
however improve overall efficacy and deepen 
responses (Landau et al. 2017). It must be empha-
sized, however, that the proposed selection crite-
ria (NTproBNP <5000 pg/ml and troponin-T 
<0.06 μg/ml) rate as “eligible for ASCT” even 
patients with severe cardiac dysfunction. Also, 
data on safety of ASCT in such patients derive 
from highly specialized centres and should be 
interpreted cautiously in less experienced centres 

Table 12.5 (continued)

Regimen
N of 
patients

Treatment 
naive

Cardiac 
involvement

Hematologic 
response Organ responses

3-month 
mortality

OS 
(years)

Lenalidomide, 
cyclophosphamide, 
dexamethasone 
(Kastritis et al. 2012)

37 24 21/37 
(57%)

55% (Cr: 
8%)

22%
1/21 (5%) cardiac
8/24 (33%) renal

19% 1.5 years

Lenalidomide, 
cyclophosphamide, 
dexamethasone (Cibeira 
et al. 2015)

28 28 23 (82%) 46% (Cr: 
25%)

46%
6/23 (26%) cardiac 
10/23 (43%)
Renal

35% 2-year OS 
59%

Lenalidomide, 
cyclophosphamide, 
dexamethasone (Kumar 
et al. 2012b)

35 11 22 (63%) 44% 
(Cr:11%)

32%
5/22 (23%) cardiac
8/26 (31%) renal

9% 2-year OS 
59%

Lenalidomide, 
melphalan, 
dexamethasone (Moreau 
et al. 2010)

26 26 15 (58%) 58% (Cr: 
23%)

50%
6/15 (40%) cardiac
11/15 (73%) renal
3/7 (43%) liver

15% 2-year OS 
81%

Lenalidomide, 
melphalan, 
dexamethasone (Dinner 
et al. 2013)

25 23 23 (92%) 58% (Cr: 
8%)

8%
2/23 (8%) cardiac

40% 1-year OS 
58%

Pomalidomide, 
dexamethasone 
(Dispenzieri et al. 2012)

33 0 27 (82%) 48% (Cr: 
3%)

15%
4/27 (15%) cardiac
2/12 (17%) renal

3% 1-year OS 
76%
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with lower volumes of patients with AL amyloi-
dosis (Table 12.4). Data on maintenance after 
HDM-ASCT are very limited; whether a mainte-
nance phase could improve outcomes of patients 
not in CR should be prospectively examined.

12.10.2  Thalidomide and IMiDs

Thalidomide, in combination with dexametha-
sone, is active but poorly tolerated (Palladini 
et al. 2005). Given at low doses, and in combina-
tion with cyclophosphamide and dexamethasone 
(CTD) is efficient and better tolerated 
(Wechalekar et al. 2007) (Table 12.4), however, 
neurotoxicity and constipation may be significant 
problems. There is significant experience with 
the all oral CTD especially in the UK, but today 
it has been widely replaced by bortezomib-based 
regimens.

Lenalidomide with dexamethasone 
(Sanchorawala et al. 2007; Dispenzieri et al. 
2007) or with the addition of alkylators (either 
melphalan (Moreau et al. 2010; Dinner et al. 
2013) or cyclophosphamide (Kastritis et al. 2012; 
Kumar et al. 2012b; Cibeira et al. 2015) has 
shown efficacy in patients with newly diagnosed 
or relapsed AL amyloidosis (Table 12.4). 
However, the toxicity of lenalidomide is higher in 
patients with AL than in patients with myeloma 
and lower doses are used (usually no more than 
15 mg). Skin rash (Sviggum et al. 2006) and 
pneumonitis (Zagouri et al. 2011) may be more 
common in patients with AL than in myeloma 
patients. Hematologic responses may take a 
median of 2–3 months to occur; complete hema-
tologic responses are achieved in 10–20% of 
patients and are durable. In patients with cardiac 
involvement, the results are poor (Dinner et al. 
2013) but for patients at low risk, lenalidomide- 
based therapy is a safe, effective and convenient 
option (Kastritis et al. 2012; Cibeira et al. 2015). 
Pomalidomide has promising activity, mainly in 
terms of hematologic responses and with a toxic-
ity profile similar to that of lenalidomide. Data 
from the Pavia and Mayo groups indicate that 
pomalidomide with dexamethasone may be a 
very effective salvage therapy for several patients 
with relapsed or refractory AL amyloidosis, 

especially if they have preserved organ function 
(Dispenzieri et al. 2012; Milani et al. 2013).

12.10.3  Proteasome Inhibitors

Bortezomib is the first-in-class proteasome inhib-
itor in clinical use and, either alone or in combi-
nation with dexamethasone, induces rapid and 
deep hematologic responses in patients with AL 
amyloidosis (Kastritis et al. 2010; Reece et al. 
2011). Alkylating agents (cyclophosphamide or 
melphalan) have been added to bortezomib- 
dexamethasone backbone. Bortezomib- 
dexamethasone with cyclophosphamide 
(CyBorD or VCD) is a widely used frontline 
regimen for AL amyloidosis, but there are no pro-
spective randomized phase III data (Venner et al. 
2012; Mikhael et al. 2012) (Table 12.4). In an 
analysis of 230 patients who received primary 
therapy with VCD, hematologic responses were 
recorded in 62%, with 43% of patients achieving 
at least VGPR. Organ response rates were less 
impressive (cardiac response in 17% and renal 
response in 25%). The greatest benefit was 
obtained by patients at good or intermediate risk, 
although a subgroup of high-risk patients 
achieved a long survival (Palladini et al. 2015); 
patients with stage 3B disease had poor outcome 
with a median survival of ~6 months. In a retro-
spective comparison of upfront VCD vs CTD, 
hematologic response rates were similar between 
the two regimens, but VGPR (or better) was more 
common with VCD (40.5% vs 24.6%). 
Progression-free survival was longer with VCD, 
but the overall survival was similar (Venner et al. 
2014), and both regimens failed to reduce early 
deaths. In a case-matched-case, retrospective, 
comparison of bortezomib with MDex (BMDex) 
vs MDex, triplet combination showed higher 
rates of complete hematologic responses (42% vs 
19%) but without an improvement in overall sur-
vival rates (Palladini et al. 2014c). However, in 
patients with NTproBNP <8500 ng/l, there was a 
survival benefit, probably reflecting the poor out-
come of high-risk patients which is probably 
independent of treatment. Also, the addition of 
bortezomib seemed to improve outcomes of 
patients who could not receive full-dose 
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dexamethasone. Recently, a prospective random-
ized multicentre study comparing MDex to 
BMDex in newly diagnosed ASCT ineligible 
patients (NCT01277016) completed accrual. 
Interim results showed that BMDex improves 
responses rates and quality of responses at the 
expense of increased toxicity (Kastritis et al. 
2014); a progression- free survival benefit may 
also exist. Bortezomib is neurotoxic and many 
patients with AL have amyloidosis-related neu-
ropathy. Hypotension after bortezomib adminis-
tration has been reported (Dubrey et al. 2011; 
Kastritis et al. 2007) and pre-hydration may 
reduce this complication, but in patients with 
peripheral oedema or severe cardiac dysfunction, 
it may not be feasible. Although there are no pro-
spective data in patients with AL amyloidosis, 
the administration of bortezomib subcutaneously 
may reduce toxicity without significant reduction 
of efficacy and is currently used by most centres. 
Weekly administration is also favoured by most 
physicians (Palladini et al. 2015; Kastritis et al. 
2015). These strategies may reduce toxicity and 
maintain activity (Kastritis et al. 2015).

Ixazomib is an orally available proteasome 
inhibitor, structurally similar to bortezomib, and 
was recently approved for relapsed myeloma. In 
a phase I study, ixazomib induced hematologic 
responses in 52% of patients with relapsed or 
refractory AL, which were higher in bortezomib- 
naive (100%) than in bortezomib-exposed 
patients (38%) (Merlini et al. 2014). Cardiac and 
renal responses were observed in 50% and 18% 
of patients, respectively, and toxicities were gen-
erally mild (mostly diarrhoea, nausea, fatigue, 
thrombocytopenia, peripheral neuropathy, fever 
and rash). An ongoing phase III study compares 
ixazomib with dexamethasone to standard non- 
PI- containing regimens in patients with relapsed 
or refractory AL (NCT01659658). Carfilzomib is 
a second-generation PI, has different structure 
than bortezomib and ixazomib (it is an epoxyke-
tone), is given as IV infusion and lacks the neuro-
toxicity of bortezomib, but its use has been 
associated with a low but reproducible signal of 
reversible cardiotoxicity. In a phase I study in 
patients with relapsed or refractory AL, carfilzo-
mib monotherapy (at a dose of 20/36 mg/m2) was 
associated with a hematologic response in 78% 

(67% VGPR) of nine evaluable patients, most of 
which were previously treated with bortezomib 
(Cohen et al. 2014). Cardiac events were com-
mon, but it was difficult to assess whether related 
to carfilzomib toxicity or to the underlying dis-
ease. More data are needed regarding the safety 
of carfilzomib.

12.10.4  Monoclonal Antibodies 
Targeting Plasma Cell Clone

Daratumumab is a monoclonal anti-CD38 anti-
body that has shown efficacy in myeloma patients 
refractory to all available therapies (Lokhorst 
et al. 2015). The unique mechanism of action of 
this drug makes it an ideal therapy for patients 
with AL amyloidosis. There is only limited expe-
rience with daratumumab in AL amyloidosis, 
since it has only recently been approved in the 
USA. Small series of patients with refractory dis-
ease have shown that it is safe and can induce 
deep hematologic remission in patients with AL 
amyloidosis (Kaufman et al. 2016; Weiss et al. 
2016; Sher et al. 2016). However, more data are 
needed for the use of daratumumab, safety and 
the optimal combinations. The cost of daratu-
mumab therapy is also a major issue.

12.10.5  Strategies of Therapy in AL 
Amyloidosis

Delayed diagnosis and delayed initiation of ther-
apy may lead to irreversible organ damage. The 
goal of therapy is to rapidly “shut down” the pro-
duction of the precursor protein (i.e. the clonal 
light chain), by targeting the underlying plasma 
cell (or B-cell) clone. The attainment of at least 
VGPR is associated with a survival benefit, even 
compared to a PR and a higher probability of 
organ response (Palladini et al. 2012a, 2014a). 
Thus, at least a VGPR, within a few months from 
start of therapy, should be the goal for hemato-
logic response. If a deep hematologic response 
(i.e. at least VGPR) has not been reached or only 
a plateau response (i.e. a PR) has been achieved 
after three to four cycles of therapy, it is probably 
better to change treatment regimen (either add a 
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drug or switch drug class), in order to achieve the 
target of hematologic VGPR or CR. However this 
may not be feasible in many patients.

High-dose melphalan with ASCT is a reason-
able primary option, but less than one quarter of 
patients with AL amyloidosis is eligible. 
Bortezomib-based combinations are the major 
primary treatment option for most patients, 
although no prospective randomized data exist, 
and it seems that the greatest benefit is obtained 
by those patients at lower risk (Palladini et al. 
2015; Palladini et al. 2014b), although a signifi-
cant proportion (20–30%) of patients in cardiac 
stage 3B can still benefit from bortezomib 
(Palladini et al. 2015). Most centres follow a risk- 
adapted dosing and schedule strategy, in which 
lower doses and weekly administrations of bort-
ezomib and dexamethasone are given in patients 
at intermediate or high risk. A strategy for bort-
ezomib and dexamethasone dosing, based on car-
diac biomarkers, age, systolic blood pressure and 
presence of neuropathy, may reduce early mortal-
ity in high-risk patients, without compromising 
efficacy, but long-term outcomes may not 
improve significantly (Kastritis et al. 2015). 
MDex has been considered the standard of care 

and remains a reasonable choice for patients at 
low risk and is associated with low toxicity. The 
efficacy and outcomes of MDex have not been 
convincingly outperformed by either ASCT 
(Jaccard et al. 2007) or bortezomib-based combi-
nations so far (Palladini et al. 2014c); the results 
of the prospective randomized comparison of 
BMDex to MDex in newly diagnosed, transplant- 
ineligible patients are awaited. For patients with 
low-risk disease, additional options may also 
include lenalidomide-based combinations espe-
cially in patients who present with neuropathy or 
with renal involvement without severe cardiac 
dysfunction (Table 12.6), although the potential 
nephrotoxicity of lenalidomide should be consid-
ered (Specter et al. 2011). Patients with IgM- 
related amyloidosis are usually treated with 
lymphoma regimens (dexamethasone, rituximab 
and cyclophosphamide (DRC); rituximab, cyclo-
phosphamide, vincristine and prednisone 
(R-COP); bendamustine-rituximab), although 
vincristine should be used cautiously in patients 
with neuropathy. Ibrutinib may be quite effective 
in reducing IgM but cannot induce CRs (Leblond 
et al. 2016; Treon et al. 2015). Patients who pres-
ent with hematologic relapse may be treated with 

Table 12.6 Risk-adapted treatment strategy for patients with AL amyloidosis

Risk category Primary options Secondary options

Stage I, PS 0–1, eGFR >60 ml/
min/1.73 m2, Age <65

1. HDM with ASCT (induction with 
bortezomib- based therapy before HDM may 
be considered)

• VCD
• BMDex
• MDex
• Lenalidomide-based

Stage II/III with NTproBNP 
<5000 ng/L and cTnT <0.06 ng/L,
PS 0–1, eGFR >50 ml/min/1.73 m2, 
Age <65

1. HDM with ASCT (if experienced centre)
2. VCD (full or adjusted dose)

• BMDex
• MDex

Stage I/II, NTproBNP <5000 ng/L, 
PS 0–1, no neuropathy, Age >65

1. VCD (full or adjusted dose)
2. BMDex
3. MDex

• Lenalidomide-based

Stage II, NTproBNP >5000 ng/l but 
<8500 ng/L, PS 1–2, age >65

1. VCD (adjusted dose)
2. BMDex (adjusted dose)
3. MDex (full Dexa dose)

• VD (adjusted dose)
• MDex (adjusted Dexa dose)

Stage I/II, AL-related neuropathy 1. MDex
2. Lenalidomide-based

• VCD adjusted dose

High risk: Stage III (but NTproBNP 
<8500 ng/L)

1. VCD adjusted dose
2. BMDex (adjusted dose)

• MDex

Stage III, NTproBNP >8500 ng/L, 
low SBP

1. Low-dose VCD (consider in-hospital 
administration of therapy)

• Low-dose VD
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drugs or combinations in which they have not 
been exposed (lenalidomide-based therapy in 
bortezomib-treated patients, pomalidomide in 
lenalidomide- and bortezomib-exposed patients, 
bortezomib in non-bortezomib-exposed patients, 
bendamustine combinations). Re-challenge with 
a regimen which was associated with a durable 
response may be reasonable for selected patients.

12.11  Therapies Targeting 
the Amyloid Deposits

Recently, passive immunotherapy has entered the 
clinical arena; the aim is to accelerate the recov-
ery of the organ function by promoting the clear-
ance of the amyloid deposits. The obligate 
combination of a small molecule, CPHPC, clear-
ing circulating SAP, followed by monoclonal 
antibodies directed to SAP present in amyloid 
deposits, has been shown, in a phase I–II study, to 
be able to dramatically reduce the amyloid bur-
den in visceral organs (estimated by SAP scintig-
raphy) in several types of amyloidosis, including 
AL amyloidosis (Richards et al. 2015; Pepys 
et al. 2015). Another humanized monoclonal 
antibody (NEOD001) has been shown, in a phase 
I–II study in patients with AL amyloidosis, who 
achieved partial response or better, to improve 
cardiac and renal biomarkers (Gertz et al. 2016a, 
b). Based on these very promising results, a phase 
IIb study in previously treated AL patients and a 
phase III study in previously untreated patients 
are ongoing. A third monoclonal antibody target-
ing AL amyloid deposits has been tested in clinic. 
Preliminary results, on a very small patient popu-
lation, show improvement in cardiac and renal 
biomarkers in some patients (Langer et al. 2015).

Small molecules may promote the reabsorp-
tion of amyloid deposits. An anthracycline ana-
logue, iododoxorubicin, has been shown in a 
phase I–II study to facilitate the clearance of 
amyloid deposits (Merlini et al. 1995; Gianni 
et al. 1995). A common antibiotic with the same 
tetracyclic structure, doxycycline, has been 
shown to provide some clinical benefit, when 
used as infection prophylaxis in patients under-
going ASCT (Mayo Clinic ASH abstract). More 

recently a case-matched study has shown that the 
addition of doxycycline to chemotherapy reduces 
significantly the early mortality (within the first 
6 months) in patients with cardiac involvement 
(Wechalekar et al. 2015). A phase III study is 
warranted in order to determine the clinical util-
ity of this small molecule in improving the out-
come of patients with cardiac involvement.

Epigallocatechin gallate has been also claimed 
to have anti-amyloid activity (Hunstein 2007). 
Preliminary data suggest that this compound may 
benefit patients with AL amyloidosis with car-
diac involvement (Mereles et al. 2010), but a con-
trolled trial is needed.

12.12  Supportive Care

Treatment may further complicate the manage-
ment of multisystemic organ dysfunction. 
Nephrotic syndrome is associated with oedema, 
anasarca, orthostatic hypotension, syncope and a 
risk for infections and thrombosis. Albumin infu-
sion with IV diuretics and monitoring of renal 
function and electrolytes may be used until some 
improvement in oedema occurs followed by oral 
diuretics at high doses if blood pressure allows. 
Nutritional support and counselling is necessary 
(Caccialanza et al. 2015). There is a risk of infec-
tions due to loss of immunoglobulins and the use 
of immunosuppressive drugs, so that prophylac-
tic antibiotics should be considered, and antiviral 
prophylaxis with acyclovir is recommended dur-
ing treatment with proteasome inhibitors. There 
is also an increased risk of thrombosis due to loss 
of antithrombotic proteins, but given the potential 
bleeding tendency due to reduced factor X levels 
in some patients with AL amyloidosis (Choufani 
et al. 2001), the decisions for antithrombotic pro-
phylaxis should be individualized.

Diuretic therapy is the mainstay of supportive 
care for patients with cardiac amyloidosis, but 
due to restrictive pattern of haemodynamics, it 
may not be well tolerated. Loop diuretics should 
be titrated to maintain systolic blood pressure 
preferably >90 mmHg. Close follow-up of 
patient’s weight is required. Addition of low 
doses of spironolactone may help some patients. 
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Angiotensin-converting enzyme inhibitors or 
angiotensin receptor blockers are poorly toler-
ated and often cause severe hypotension. Beta 
blockers are also poorly tolerated, but in some 
patients, very low doses may be helpful if rate 
control is required. Calcium channel blockers 
may cause hypotension and conduction abnor-
malities. Atrial fibrillation is common and may 
further compromise haemodynamic stability. 
Ventricular arrhythmias are frequent findings, 
especially in 24-h ECGs (Palladini et al. 2001). 
Amiodarone may reduce the risk of fatal VT, but 
no controlled studies have been reported. The 
efficacy of implantable cardioverter-defibrillators 
has not been demonstrated (Hamon et al. 2016). 
In a report of 33 patients with AL amyloidosis 
who received an ICD (12 of which underwent 
ASCT), three patients died of a sustained VT/VF 
that could not be terminated by the ICD, and four 
died of asystolic arrest or pulseless electrical 
activity (Lin et al. 2013). The median survival 
was 7.5 months, not different than what is 
expected in this group of patients without ICDs. 
Conduction abnormalities and bradyarrhythmias 
are also common. Among 20 consecutive newly 
diagnosed patients with severe cardiac AL amy-
loidosis and symptoms of syncope or pre- syncope 
who received implantable loop recorders, 13 
died, but in each of eight evaluable cases, death 
was heralded by bradycardia, usually associated 
with complete atrioventricular block, followed 
by pulseless electrical activity. Among four 
patients who received pacemakers, three died of 
rapid cardiac decompensation (Sayed et al. 
2015). Given the failure of pacemaker insertion 
to salvage patients with bradyarrhythmias, their 
role must be further investigated before recom-
mending more extensive use.

12.13  Organ Transplantation 
for AL Amyloidosis

Renal transplantation is associated with a 5- and 
10-year probability of graft survival of 54% to 
71% and 26%, respectively, in two series (one of 
19 patients who received mostly allograft from 
18 living donors and one with 21 patients with 

allograft mostly from deceased donors) (Pinney 
et al. 2011; Tang et al. 2013). Therapy, including 
ASCT, was given either before or after renal 
transplantation, with similar results regarding 
renal outcomes. Although there were some cases 
of rejection, there was no allograft loss. 
Recurrence of renal amyloid was also found 
either with biopsy or with SAP scintigraphy in 
some patients. Thus, in carefully selected 
patients, renal transplantation is associated with 
long allograft survival, although recurrence of 
amyloidosis in the kidney allograft may occur.

Cardiac transplantation is the most effective 
treatment for patients at terminal stage of heart 
failure. Cardiac transplantation has been reported 
before or after intensive therapy with HDM or 
after conventional dose therapy. Patients who 
receive a heart transplant followed by ASCT 
seem to have the best outcomes (Gray Gilstrap 
et al. 2014; Dey et al. 2010; Sattianayagam et al. 
2010; Davis et al. 2015), but these results reflect 
the highly selected patient population but also 
the reduced risk of relapse in those who achieve 
a complete hematologic response with 
ASCT. Unfortunately, many patients die while 
awaiting a heart allograft. Mechanical support 
using left or biventricular assist devices may 
offer the additional time needed in some patients 
until a heart allograft is available (Swiecicki 
et al. 2013). Liver transplantation for end-stage 
liver disease caused by AL amyloidosis has also 
been used for few selected patients. In a series of 
nine patients who received orthotopic liver trans-
plantation, 1- and 5-year survival were 33% and 
22% (six patients died within the first year). 
Three patients were unable to receive effective 
chemotherapy, and those who received subse-
quently ASCT and achieved a hematologic 
response had the longer survival (Sattianayagam 
et al. 2010).

One- and 5-year patient survival from trans-
plantation among those receiving OLT were 33% 
and 22%, respectively. Causes of death among 
the six patients who died within the first year 
were as follows: intraoperative death due to car-
diac decompensation (one case), sepsis (three 
cases), sudden unexplained death (one case) and 
declining renal function (one case).
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 Conclusions

During the last decade, impressive advances 
have occurred in the field of AL amyloidosis 
that translated into improved quality of life and 
extended survival. AL amyloidosis represents 
the most successful example of effective ther-
apy in the whole realm of amyloidosis, due to 
the possibility to effectively suppress the syn-
thesis of the amyloidogenic precursor, the 
monoclonal light chains. Newer anti-clone 
agents, able to improve our capability to anni-
hilate the amyloidogenic clone, and passive 
immunotherapy targeting the cumbersome 
amyloid deposits promise to change the face of 
this disease, making the cure a reachable target. 
What remains disheartening is the still high rate 
of late diagnosis, with patients diagnosed when 
irreversible organ damage has occurred, miss-
ing the therapeutic windows. Early diagnosis is 
therefore imperative. The haematologist should 
keep a high level of clinical awareness and 
alertness and use, during the follow-up of 
patients at risk (with MGUS and abnormal 
FLC ratio), two simple and extremely powerful 
biomarkers, NTproBNP, for the early detection 
of amyloid cardiac involvement, and urinary 
albumin, for the detection of renal involve-
ment. The use of these two biomarkers allows 
the identification of 97% of patients with AL 
amyloidosis (Merlini et al. 2013).
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