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Preface

Over the past two decades, the outcome of multiple myeloma patients has substantially
improved due to the introduction of several lines of novel therapies, the adoption of
new therapeutic strategies, an increased understanding of disease biology, and recent
advances in diagnostics and supportive care.

This book is a recent update on multiple myeloma. It is divided into three sections
that cover a wide variety of topics, including diagnosis, risk stratification, and
management of multiple myeloma; treatment of myeloma at diagnosis and at relapse;
management of renal failure in patients with multiple myeloma; and stem cell
therapies in multiple myeloma. Each chapter is written by clinicians and scientists
with expertise in the field.

I would like to thank the authors for their valuable contributions, as well as Publishing
Manager Paula Gavran and the staff at IntechOpen for their remarkable efforts
throughout the publication process.

Khalid Ahmed Al-Anazi

Department of Adult Hematology and Hematopoietic
Stem Cell Transplantation, Oncology Center,

King Fahad Specialist Hospital,

Dammam, Saudi Arabia
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Chapter1

Introductory Chapter: Update on
Multiple Myeloma

Khalid Ahmed Al-Anazi

1. Introduction

Multiple myeloma (MM) is a heterogeneous and an incurable disease that is
characterized by periods of remission alternating with relapses or progressions that
ultimately lead to refractory disease [1, 2]. High-risk (HR) MM is defined by the pres-
ence of specific cytogenetic and molecular abnormalities [3, 4]. Double-hit myeloma
refers to the presence of >2 HR features, while triple-hit MM refers to the presence of
>3 HR abnormalities [3, 4].

Over the last two decades, the utilization of various novel therapies such as protea-
some inhibitors (PIs), immunomodulatory agents (IMiDs), and monoclonal antibodies
(MoAbs) in the treatment of patients with MM has improved the depth and duration
of disease response and has eventually translated into improved overall survival (OS)

[5, 6]. The therapeutic modalities of MM include alkylating agents such as melphalan;
corticosteroids including dexamethasone; anthracyclines such as liposomal doxorubicin;
IMiDs such as lenalidomide, and pomalidomide; Pls including bortezomib, and carfilzo-
mib; MoAbs such as daratumumab; histone deacetylase inhibitors such as panobinostat;
exportin-1 inhibitors such as selinexor; BCL2 inhibitors such as venetoclax; chimeric
antigen receptor (CAR) T-cells; and bispecific T-cell engaging (BiTE) therapy [1, 4].

For standard risk (SR) and transplant-eligible patients with MM, induction therapy
with a PI, an IMiD, and dexamethasone followed by autologous hematopoietic stem cell
transplantation (HSCT) represent the standard care [7, 8]. In SR patients, three-four
cycles of the triplet regimen bortezomib, lenalidomide, and dexamethasone (VRd) are
recommended while in HR patients daratumumab is added to VRd [3, 9-13]. Patients
who are not candidates for transplant are treated with 8-12 cycles of VRd, followed by
lenalidomide maintenance. Alternative regimens include daratumumab, lenalidomide,
dexamethasone (DRd) or daratumumab, bortezomib, melphalan, and prednisolone
(D-VMP) [3, 14-16].

Autologous HSCT is still considered the standard of care in the treatment of
patients with MM who are eligible for transplantation [5, 17-20]. The standard
conditioning regimen for patients with MM undergoing autologous HSCT is high-
dose (HD) melphalan but in patients with renal dysfunction or failure, reductions
in melphalan doses according to creatinine clearance are required [4, 5, 17-19].
Cryopreservation of the harvested stem cells is routinely employed prior to autolo-
gous HSCT [17, 20, 21]. However, autologous HSCT using non-cryopreserved stem
cells has been shown to be safe and cost-effective and leads to short-term and long-
term results that are at least equivalent to autologous HSCT using cryopreserved
stem cells [17, 21-23]. Patients with MM are ideal candidates for outpatient autolo-
gous HSCT due to the ease of administration of HD melphalan, the relatively low
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extra-hematological toxicity, and the brief period of neutropenia [24, 25]. Outpatient
HSCT has certain inclusion criteria and exclusion criteria as well as several advantages
that include: significant reduction in costs; saving hospital beds; lower rate of infec-
tions; and lower morbidity and treatment-related mortality [24, 26-28].

In patients with MM, maintenance therapy after autologous HSCT has been shown to
deepen and prolong responses and increase OS and progression-free survival (PFS) [29].
Lenalidomide maintenance given after autologous HSCT till disease progression is the
standard of care in patients with SR MM while bortezomib maintenance therapy after
autologous HSCT is preferable in MM patients having: HR cytogenetics, renal insuffi-
ciency, inability to tolerate lenalidomide, and previous history of another cancer [30-32].
Continuous therapy has been shown to significantly improve OS and PFS [33, 34].
Continuous therapy till disease progression has become a key strategy in the treatment of
patients with MM as it has been shown to improve duration of remission and it represents
the standard approach for patients with MM both at diagnosis and at relapse [35, 36].

Unfortunately, nearly all MM patients ultimately relapse, even those who experi-
ence a complete response (CR) to initial therapy [19]. Management of the relapsed
disease remains a critical aspect of MM care and an important area of ongoing
research [19]. New treatment strategies and therapeutic modalities are needed to
treat MM in relapse, particularly in case of triple-refractory disease [1]. Treatment of
relapsed MM should depend on: the number of relapses encountered; the previous
anti-myeloma treatment; the presence of de novo or acquired drug resistance; aggres-
siveness of disease relapse particularly in case of extramedullary disease, plasma cell
leukemia, or clonal evolution [3, 37].

Minimal residual disease (MRD) is an important factor that can independently
predict the prognosis of MM during treatment as undetectable MRD has been shown to
improve PFS and OS regardless: disease status, prior transplant, or cytogenetic risk [38].
Flow cytometry has become a valuable tool to monitor MRD and evaluate the depth of
CR. However, next-generation flow cytometry is more sensitive than the standard flow
cytometry in detecting MRD in patients with MM [39]. Finally, the development of
novel targeting therapies with different mechanisms of action is needed to achieve deep
and durable responses in an attempt to cure MM while identification of tumor intrinsic
and extrinsic resistance mechanisms may direct the design of combinations of novel
drugs that prevent or overcome drug resistance so as to improve patient survival [40, 41].
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Chapter?2

Multiple Myeloma in the Era
of Novel Agents and Stem Cell
Therapies

Khalid Ahmed Al-Anazi

Abstract

The recent availability of several lines of novel therapeutic agents such as
immunomodulatory agents, proteasome inhibitors, and monoclonal antibodies;
the widespread utilization of hematopoietic stem cell transplantation; the use of
advanced diagnostic techniques that allow risk stratification and monitoring of
treatment responses; and the general improvement in health care have revolutionized
treatment of patients with multiple myeloma and this has translated into significant
improvements in survival outcomes. Monitoring of minimal residual disease can
guide the intensity of treatment, and the efficient application of modern diagnostic
tools in monitoring treatment responses in real-world clinical practice can hopefully
be achieved in the near future. The recent use of quadruplet regimens in the treat-
ment of patients with multiple myeloma has translated into unprecedented treatment
responses and survival outcomes. Also, chimeric antigen receptor T-cell therapy and
bispecific antibodies represent a new dimension in the precision medicine in MM.
Additionally, our ability to induce deep responses has improved, and the treatment
goal in myeloma patients tolerating the recommended therapy has moved from delay
of disease progression to induction of the deepest possible response.

Keywords: multiple myeloma, proteasome inhibitors, immunomodulatory agents,
monoclonal antibodies, bispecific antibodies, chimeric antigen receptor T-cell therapy,
hematopoietic stem cell transplantation, maintenance therapy

1. Introduction

Multiple myeloma (MM), which accounts for 10-15% of all hematologic
malignancies, arises from a terminally differentiated postgerminal center plasma
cells in the bone marrow (BM) and is characterized by a monoclonal proliferation
of plasma cells resulting in the production of monoclonal antibodies and end-
organ damage [1-4]. MM is a disease of old age with the median age at diagnosis
ranging between 65 and 74 years in western countries [1-3, 5]. The risk factors for
MM include old age; certain races such as African Americans and living in certain
geographic locations such as Australia, Western Europe, and the United States
of America (USA); male gender; and family history [1, 3, 5]. However, ionizing
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radiation, pesticides and benzene, obesity and chronic infection, genetic factors,
chronic antigenic stimulation, and environmental as well as occupational factors
play a role in the pathogenesis of MM [5-8]. The recent advances in diagnostics
and therapeutics have translated into an increase in the median survival of
patients with MM by approximately 6 years [1, 9]. The global 5 years survival is
more than double over the past decades due to the availability of several lines of
novel therapeutic agents and hematopoietic stem cell transplantation (HSCT), the
recent advancements in diagnostic techniques, and the general improvement in
health care [3, 10, 11].

2. Diagnosis and staging of MM

The diagnosis of MM requires: (1) >10% clonal BM plasma cells or a biopsy
proven plasmacytoma; and (2) evidence of one or more of MM defining events
namely: [A] CRAB (hypercalcemia, renal failure, anemia, or lytic bone lesions)
features felt related to the plasma cell disorder, [B] BM clonal plasmacytosis > 60%,
[C] serum involved/uninvolved free light chain ratio (FLC) > 100 (provided involved
FLCis > 100 mg/L), or [D] >1 focal lesion on magnetic resonance imaging (MRI)
[1-3]. Based on the revised international staging system (RISS), MM is usually
classified into three stages: (1) stage I: all the following: serum albumin > 3.5 g/ dL,
serum beta 2 microglobulin (B2M) < 3.5 mg/L, normal serum lactic dehydrogenase
(LDH) and no high-risk (HR) cytogenetics; (2) stage II: not fitting stages I and III
with serum B2M: 3.5-5.5 mg/L; and (3) stage III: all the following: serum B2M > 5.5
mg/L and HR cytogenetics or elevated serum LDH level [1-3]. According to the RISS,
which was developed based on a study of 11 international trials, the 5 years survival
rates among the patients with stages I, II, and III RISS are 82%, 62%, and 40%,
respectively [3, 12]. The RISS combines elements of tumor burden as well as disease
biology and allows the use of (1) specific biomarkers to define the disease in addition
to the established CRAB features and (2) modern imaging tools to diagnose MM bone
disease and clarify several other diagnostic requirements [2, 3, 13]. The presence of
del(17p), t(4;14), t(14;16), t(14;20), gain 1q, or p53 mutation is considered HR-MM.
Additionally, the presence of any two HR factors is considered double-hit myeloma;
while triple-hit myeloma is defined by the presence of > 3 HR features [1].

3. General treatment outline

In transplant-eligible patients, 3-4 cycles of induction therapy that consist of
either bortezomib, lenalidomide, dexamethasone (VRd) or bortezomib, cyclophos-
phamide, dexamethasone (VCD), or bortezomib, thalidomide, dexamethasone
(VTD) are usually given followed by single autologous HSCT [1-3]. However, for
patients with HR-MM, it is recommended to give induction therapy with either
daratumumab, bortezomib, lenalidomide, dexamethasone (Dara-VRd), or carfilzo-
mib, lenalidomide, dexamethasone (KRd) as alternatives to VRd followed by single
or tandem autologous HSCT [1, 2]. Selected standard risk (SR) patients can receive
additional cycles of induction and delay in transplant until the first relapse [1].
Patients who are not eligible for HSCT are typically treated with 8-12 cycles of VRd
followed by lenalidomide maintenance. Alternatively, these patients can be treated
with daratumumab, lenalidomide, and dexamethasone (DRd) [1-3]. After autologous
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(1) Melphalan

?2) VAD (vincristine, doxorubicin, dexamethasone) regimen of chemotherapy
3) Corticosteroids: prednisolone and dexamethasone

4) Immunomodulatory agents: thalidomide, lenalidomide, pomalidomide

(5) Proteasome inhibitors: bortezomib, carfilzomib, ixazomib

6) Monoclonal antibodies:

(a) Anti-CD 38 (daratumumab, elotuzumab, isatuximab, and MOR202)
(b) Anti-CD138 (indatuximab ravtansine) (c) Anti-interleukin-6 (siltuximab)

(d) Anti-RANKL (denosumab) (e) Anti-KIR2DL1/2/4 (IPH2101)
@) Histone deacetylase inhibitors: panobinostat, vorinostat, romidepsin, and ricolinostat
(8) mTOR inhibitors: everolimus, temsirolimus.
&) Checkpoint (programmed cell death protein 1) inhibitors: nivolumab, pembrolizumab
(10) Bruton’s tyrosine kinase inhibitors: ibrutinib
(11) BCL2 antagonists (BH3 mimetics): venetoclax, obatoclax, and navitoclax
(12) Cyclin-dependent kinase inhibitors: dinaciclib
(13) BRAF and BRAF/MEK inhibitors: selumetinib
(14) Kinesin spindle protein 1 inhibitors: filanesib, array 520
(15) Selective inhibitors of nuclear-cytoplasmic transport: selinexor, exportin
(16) Phosphoinositide 3-kinase-Akt inhibitors: perifosine, afuresertib
17) PIM kinase inhibitors: LGH 447
(18) Kinesin spindle protein inhibitors: the peptide drug conjugate melfuflen
(19) Vaccines: (A) Multiple myeloma cell/dendritic cell fusion Vaccines

(B) Peptide-based vaccines

(20) Bispecific antibodies and bispecific T-cell engagers: AMG-4209; AMG-701;
CC-93269; Teclistamab; Talquetumab; Cevostamab (BFCR4350A); Blinatumomab

(21) Antibody-drug conjugates:
Belantamab mafodotin directed against B-cell maturation antigen (BCMA).

(22) Chimeric antigen receptor T cells (CAR T cells) that are directed against:
CD-19; CD-38; B-cell maturation antigen; and cell surface glycoprotein

Table1.
Old, current, and future thevapeutic modalities in multiple myeloma.

HSCT, SR patients need lenalidomide maintenance, while bortezomib-based main-
tenance is needed for patients with HR-MM [1, 3]. In case of refractory disease, most
patients require a triplet regimen at relapse, with the choice of regimen varying with
each successive relapse [1, 3]. The old, current, and future therapeutic modalities in
MM are shown in Table 1 [14-19].

4. Risk stratification, prognosis, and minimal residual disease

Definition of HR-MM includes the following features: (1) HR cytogenetics and
molecular mutations, such as del 17p; t4,14; t14,16; t14,20; 121 amplification; and
TP53; (2) plasma cell leukemia; (3) extramedullary disease (EMD); (4) 5-20%
circulating plasma cells; (5) renal failure; (6) relapsed MM; (7) MM refractory to
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(1) Risk stratification

A. Staging of MM such as the revised international staging system
B. Plasma cell labeling index

C. Cytogenetics; fluorescence in situ hybridization

D. Molecular mutations and single nucleotide polymorphism assay
E. Gene expression profiling

F. Serum biomarkers: f-2 microglobulin and lactic dehydrogenase

(2) Monitoring response to treatment:

A. Serum-free light chain assay
B. Serum heavy/light chain assay
C. Advanced imaging techniques: magnetic resonance imaging and positron emission tomography

(3) Minimal residual disease (MRD) monitoring:

A. Circulating plasma cells

B. MRD monitoring techniques: flowcytometry and next-generation sequencing
C. Value of depth of response

D. Proteomic evaluation of MRD

(4) Novel prognostic markers:

A. Proteomic- and glycomic-based platforms

B. Biomarkers of drug resistance

Table 2.
Prognostication in multiple myeloma (MM).

treatment; (8) advanced disease, stage III; and (9) frailty [16, 20]. In patients with
HR-MM (double-hit or triple-hit myeloma), it is recommended to adopt the following
line of treatment, induction therapy with 3-4 cycles of VRd followed by autologous
HSCT, and then maintenance therapy with bortezomib-based regimen, that is,
bortezomib every 2 weeks or low-intensity VRd regimen till disease progression

[1, 20-23]. Alternatively, patients can be treated with either (1) 3-4 cycles of KRd fol-
lowed by early autologous HSCT, followed by carfilzomib-based or bortezomib-based
maintenance therapy, or (2) the combination of daratumumab + VRd [16, 20, 22-25].
The details of prognostication in MM are shown in Table 2 [25-30].

In patients with MM, the presence of circulating clonal plasma cells is associated
with aggressive disease and poor prognosis [31]. Several studies have shown that
detection and quantification of circulating plasma cells as well as circulating tumor
cell-free DNA by flow cytometry, next-generation sequencing, and whole exome
sequencing, which are less invasive than performing BM biopsies can be used as bio-
markers of prognosis and risk stratification in patients with either newly diagnosed
MM or in patients with MM on treatment to monitor disease response or progression
[31-39]. Two groups of scientists have proposed two separate risk score models, each
composed of five genes: EPAS1, ERC2, PRC1, CSGALNACT1, CCND1, and FAMS53B,
TAPBPL, REPIN1, DDX11, CSGALNCT1, in order to predict prognosis and overall
survival (OS) in patients with MM [40, 41]. Another group of scientists has used 15
gene-signature to predict prognosis and OS in MM patients [42].

Minimal residual disease (MRD) detection represents a sensitive tool to appro-
priately measure the response obtained with therapies, and it can independently
predict prognosis during MM treatment [43, 44]. In 2016, the International Myeloma
Working Group (IMWG) updated MM response categories defining MRD-negative
responses both in the BM and outside the BM. Hence, our ability to induce deep
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responses has improved and the treatment goal in patients tolerating treatment has
moved from delay of disease progression to the induction of the deepest possible
response [44]. Intensive treatment regimens administered after establishing the
diagnosis of MM can lead to MRD negativity in up to 70% of patients, although the
current proportion of curable patients is still unknown [45]. Additionally, using
combinations of novel therapies, MRD-negative status can be achieved in a fairly high
proportion of patients [44]. In patients who achieve complete response (CR), several
high-sensitivity techniques are available for the detection of MRD, including (1)
techniques that can detect residual monoclonal plasma cells within the BM, such as
next-generation sequencing, and next-generation flow cytometry; and (2) techniques
which can detect disease outside the BM by imaging techniques, such as computerized
axial tomography scans, positron emission tomography, and MRI or by techniques
that detect circulating plasma cells and disease markers in the peripheral blood [45].
Utilization of these advanced techniques allows the determination of the efficacy of
antimyeloma treatments and early detection of MRD that can drive clinical relapse
[43, 45]. Consequently, high-sensitivity techniques to detect MRD have been devel-
oped and validated [44, 46].

The achievement of MRD negativity after therapy, which is considered prognosti-
cally important for MM patients, has superseded the conventional CR and has been
proposed as a surrogate endpoint for progression-free survival (PFS) and OS as con-
firmed by data from clinical trials and meta-analyses [43, 45]. So, MRD monitoring
can guide treatment intensity, but the efficient application of tools used in monitoring
in real-world clinical practice and their potential role to guide treatment-decision
making are still open issues [44-46]. In clinical practice, MRD evaluation is usually
performed prior to autologous HSCT, before starting maintenance chemotherapy, and
then yearly whilst on maintenance treatment [24].

5. Treatment of relapsed and refractory MM

The choice of treatment regimen at relapse of MM is complicated and is affected by
several factors, including the timing of relapse, response to prior therapy, aggressive-
ness of the relapse, and performance status of the patient [47]. The treatment choices
in patients with relapsed MM include (1) salvage with the classical triplet regimens:
VRd, VCD, and VTD; (2) daratumumab combinations: daratumumab, bortezomib,
dexamethasone; daratumumab, pomalidomide, dexamethasone; DRd; (3) other drug
combinations: KRd; ixazomib, lenalidomide, dexamethasone (IRD); elotuzumab,
lenalidomide, dexamethasone (ERD); pomalidomide, daratumumab, dexamethasone;
and pomalidomide, carfilzomib, dexamethasone; (4) other drugs (panobinostat,
bendamustine, venetoclax, pembrolizumab) in various combinations; (5) other
single-agent regimens: isatuximab, selinexor, and LGH-447 (pan PIM kinase inhibi-
tor); (6) new immunotherapies, such as chimeric antigen receptor (CAR) T-cells; and
(7) salvage or second autologous HSCT in patients relapsing after the first autologous
HSCT [1, 47, 48].

Approval of several novel agents in the last decade has substantially changed
the landscape of relapsed and refractory (RR-MM) [49]. During the past 2 decades,
agents with novel mechanisms of action, such as monoclonal antibodies (MAbs)
and histone deacetylase inhibitors (HDACs), have been applied to treat RR-MM
[50]. Many clinical trials have assessed the effect and safety of MAbs in combina-
tion with proteasome inhibitors (PIs) or immunomodulatory agents (IMiDs) plus
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dexamethasone/prednisone for the treatment of MM [51]. The choice of therapy
for RR-MM requires careful consideration of patient factors including age, frailty,
comorbidities, and disease factors, such as symptom burden or biology, as well as
treatment-related factors, including drug toxicities and responses to previous thera-
pies. Also, a critical factor in selecting a certain agent is the patient’s sensitivity to
lenalidomide and bortezomib at the time of relapse [49].

Combinatory strategies with carfilzomib, plus dexamethasone with or without
lenalidomide have shown promising efficacy for patients with RR-MM in pivotal
clinical trials [52]. The KRd regimen has been approved for the treatment of RR-MM
based on ASPIRE clinical trial as the regimen has been shown to be effective and
well tolerated in RR-MM patients [53, 54]. Additionally, a longer PFS was shown in
patients achieving a very good partial response (VGPR), in patients who are lenalido-
mide naive, and in those relapsing after previous autologous HSCT. Hence, previous
autologous HSCT should not hamper the option for KRd therapy [53].

Daratumumab has demonstrated efficacy as monotherapy and combination
therapy across several indications, both among newly diagnosed and refractory
patients with MM. Daratumumab-based regimens are an effective treatment option
across all lines of therapy, with highest response rate in first-line [55]. Daratumumab
triplet regimen (DRd) has been shown to be superior to other triplet regimens for
the treatment of RR-MM, and daratumumab monotherapy has been shown to be
more effective than either single agent in heavily pretreated MM patients, suggesting
that daratumumab is effective in the treatment of RR-MM [56]. The EQUULEUS
and CANDOR clinical trials have established the efficacy of the DKd regimen (dara-
tumumab, carfilzomib, and dexamethasone) in the landscape of bortezomib and
lenalidomide refractory patients. Additionally, the split dosing schedule of the first
dose of daratumumab, which was approved by the food and drug administration
(FDA) in the USA based on the EQUULEUS trial, has significantly improved patient
convenience [57]. Thus, novel and effective regimens are needed in patients with
RR-MM who inevitably relapse after treatment containing PIs and IMiDs [57].

Despite the availability of several treatment options, most patients with MM will
ultimately become refractory to the three classes of therapy that currently comprise
the standard of care for MM: PIs, IMiDs, and MoAbs [58, 59]. Patients who are refrac-
tory to the three classes of antimyeloma drugs have poor survival [58, 59]. The current
therapeutic approaches of triple-class refractory disease are limited with short-lived
efficacy, and they include conventional chemotherapy; salvage autologous HSCT;
and recycling of the previous regimens [58, 59]. Salvage high-dose chemotherapy
(HDCT) and autologous HSCT are the treatment options for RR-MM [53, 60]. The
deep remissions achieved with KRd translate into prolonged PFS, following salvage
HDCT and autologous HSCT, and are enhanced by maintenance treatment [53, 60]. It
is anticipated that selinexor, CAR T-cell therapy, and next-generation MoAbs will be
available for triple-refractory disease in the near future [58, 59].

6. New therapeutic modalities in MM
6.1 CAR T-cell therapy

CAR T-cell therapy is a new cellular immunotherapy that can target and recognize
antigens and kill tumor cells, but the efficacy and safety of this therapeutic modality
are variable in different studies [61]. Treatment with CAR T-cells has dramatically
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changed the therapeutic effectiveness in high-grade (HG) B-cell malignancies [62].
However, safety and efficacy of CAR T-cell therapy are affected by the types of
costimulatory molecules and CAR T-cell antigens [61].

In recent years, several novel therapeutic agents have improved the prognosis in
patients with RR-MM but the prognosis of patients with EMD remains poor [63]. CAR
T-cell therapy has demonstrated efficacy and safety in patients with RR-MM with
B-cell maturation antigen (BCMA)-targeted and anti-BCMA-contained regimens with
superior effectiveness [62, 64]. Despite the HG cytokine release syndrome (CRS) and
immune effector cell-associated neurotoxic syndrome encountered, anti-BCMA CAR
T-cell therapy allows a remission time for RR-MM patients with EMD, which could be
maintained by bridging to HSCT and other therapies [63]. In patients with RR-MM
having HR cytogenetics, anti-BCMA CAR T-cell treatment can improve the outcome,
particularly if this form of therapy is given early in the course of the disease [64].
Primary resistance and relapse occur with single-target immunotherapy, but human-
ized bispecific BM38 CAR T-cells (that target both BCMA and CD38) have been shown
to be feasible, safe, and significantly effective in patients with RR-MM [65].

6.2 Bispecific antibodies (BsAbs)

One of the hallmarks of MM is immune dysfunction and tumor-permissive immune
microenvironment. Hence, ameliorating immune paresis can lead to improved out-
comes [66]. However, the OS of triplet-class refractory MM remains poor [67].

BsAbs are novel immunotherapeutic approaches that are designed to bind antigens
on malignant plasma cells and cytotoxic effector cells, such as T-cells and natural
killer cells [67, 68]. The use of BsAbs early in clinical trials has shown a favorable
safety profile and impressive preliminary efficacy in heavily pretreated patients with
MM with response rates ranging between 61% and 83% [67-69]. However, CRS and
neurotoxicity have been reported and resistance mechanisms were found to be related
to the following: tumor-related features, T-cell characteristics, and impact of compo-
nents of the immune suppressive tumor microenvironment [66, 69].

Various clinical trials are currently evaluating combining BsAbs with other agents,
such as CD38 monoclonal antibodies, and immunomodulatory agents such as pomalid-
omide to further improve the duration and depth of responses [69]. Together with
CAR T-cells, BsAbs represent a new dimension in precision medicine in MM [68].

6.3 Selinexor in the treatment of MM

Selinexor, which is an oral inhibitor of the nuclear export protein exportin-1,
has been shown to be safe, tolerable, and effective in the treatment of RR-MM,
particularly when combined with either dexamethasone alone or bortezomib and
dexamethasone [70-74].

6.4 Venetoclax in the treatment of MM

B-cell lymphoma-2 (BCL-2) protein is an antiapoptotic protein expressed on
clonal plasma cells in patients with MM [75]. Venetoclax is a highly selective, potent,
oral BCL-2 inhibitor that can induce apoptosis in MM cells [76]. MM subsets with
t11,14 have overexpression of BCL-2 and can benefit from venetoclax when used
either alone or in combination with other chemotherapeutic agents with an over-
all response rate of 40-100% [75]. However, the following side effects have been
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reported: gastrointestinal disturbances, cytopenias, infectious complications, and
death [75, 76]. Venetoclax and dexamethasone combination has demonstrated effi-
cacy and manageable safety in heavily pretreated patients with RR-MM having t11,14
[77]. Additionally, the combination of venetoclax, bortezomib, and dexamethasone
has shown encouraging clinical efficacy with acceptable safety and tolerability in a
phase-I trial [76].

6.5 Iberdomide in the treatment of MM

Cereblon is the essential binding protein of IMiDs [78, 79]. Almost one-third of
MM patients have genetic alterations in cereblon by the time they become refractory
to pomalidomide [78]. Three cereblon genetic aberrations that are associated with
inferior outcomes to pomalidomide-based regimens have been described in patients
who are already refractory to lenalidomide [78]. The biochemical activity of iberbo-
mide, a potent cereblon E3 ligase modulator, translates into greater anti-MM activity
than lenalidomide or pomalidomide in IMiD-sensitive and IMiD-resistant MM cell
lines [80]. In patients with heavily pretreated RR-MM, the following combinations:
iberbomide, daratumumab, dexamethasone; iberbomide, bortezomib, dexametha-
sone; and iberbomide, carfilzomib, dexamethasone have shown tolerable safety
profile and promising efficacy [79, 81].

6.6 Melflufen in the treatment of MM

Melflufen, a peptide-drug conjugate that relies on a novel drug-delivery platform,
has 50 times higher cytotoxicity than melphalan and it received accelerated approval
by the FDA in the USA after showing potent antimyeloma activity based on the
Horizon trial in February 2021, but it was withdrawn from the USA market in October
2021, based on the results of the Ocean trial, which showed inferior survival in
patients treated with melflufen [82, 83].

7. Conclusions

The recent advances in therapeutics and diagnostics have revolutionized the
management of patients with MM and have significantly improved survival out-
comes. The introduction of quadruplet regimens in the treatment of patients with
MM has translated into unprecedented therapeutic responses and survival outcomes.
The current and future use of new therapeutic modalities such as CAR T-cells, BsAbs,
selinexor, venetoclax, and iberdomide represents a new dimension in the era of preci-
sion medicine in MM.
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Chapter 3

Updates on Multiple Myeloma:
What’s New in Risk Stratification,
Treatment, and Prognosis

Enas Yahya Mutahar

Abstract

Multiple myeloma accounts for 10% of hematological malignancy and 1% of all
cancer. It manifests with anemia, hypercalcemia, renal failure, and bone lesions,
with the latter being the most common cause of morbidity. Over the last two decades,
many advances were achieved in different aspects of the disease, including, but not
limited to risk stratification and treatment approaches. With the approval of Chimeric
antigen receptor (CAR) T-cell therapy in multiple myeloma, the main effort in clinical
trials is toward studying different CAR T-cell products in different combinations at
different disease stages. Although more options are becoming available, more trials
are needed to compare their efficacy and safety in the long-term, as well it is essen-
tial to consider side effects and quality of life, which will be more noticeable with
patients’ lives long after the myeloma diagnosis. There continue to be several unmet
needs for multiple myeloma patients, including extramedullary plasmacytoma,
plasma cell leukemia, CNS myeloma, and high-risk/ultra-high-risk disease. These are
extremely challenging and further randomized clinical trials are highly needed.

Keywords: multiple myeloma, plasma cell leukemia, stem cell transplantation,
maintenance therapy

1. Introduction

Multiple myeloma (MM) is a clonal plasma cell disorder that accounts for 1% of all
cancers and approximately 10% of all hematologic malignancies with slight male pre-
dominance and is twice as common in African-Americans compared with Caucasians
[1]. Almost all MM patients evolve either from a pre-malignant monoclonal gam-
mopathy of undetermined significance (MGUS) or from a smoldering MM (SMM).
MGUS is asymptomatic with over 50% of individuals would have the condition for
over 10 years prior to the clinical diagnosis [2]. The risk of MGUS progression to
multiple myeloma is estimated to be at a rate of 1% per year [3, 4], while smoldering
MM progresses to symptomatic MM at a rate of approximately 10% per year over the
first 5 years following the diagnosis, 3% per year over the next 5 years, and 1.5% per
year, thereafter mainly determined by the underlying cytogenetic status [5, 6].

Multiple myeloma continues to advance at a rapid pace; noticeably over the last
decade, with the approval of several new exciting therapies (either upfront or at
25 IntechOpen
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relapse). The treatment landscape of multiple myeloma is now switching toward the
early introduction of intensive, multicombination therapy (quadruplet, pentaplex);
with efforts to incorporate risk stratification in making the appropriate treatment
decision. That said, the autologous stem cell transplant continues to be a major treat-
ment step during the disease journey.

In this chapter, we will summarize the recent major advances in multiple myeloma
diagnosis, risk assessment, and treatment strategy.

2. Diagnosis and risk stratification
2.1 Diagnosis and staging

In 2014, the international myeloma working group IMWG updated the diagnostic
criteria of multiple myeloma by adding new biomarkers, with or without CRAB
criteria. Clonal bone marrow plasma cells greater than or equal to 60%, difference
between involved and uninvolved light chain more than or equal to 100, and/or
more than one focal lesion on MRI [7]. Those new criteria have allowed clinicians to
diagnose and treat multiple myeloma earlier, before end organs damage manifest.
Whereas in 2015, the International Staging System (ISS) was incorporated with
additional laboratory elements, including serum lactate dehydrogenase (LDH) and
chromosomal abnormalities, detected by interphase fluorescent in situ hybridiza-
tion, after CD138 plasma cell purification [8], this has added an extra prognostic

Variables Stage Median OS
International Staging System (ISS) I: f2m <3.5 mg/L and serum albumin >3.5 62 months
Serum albumin and p2m levels g/dL
II: Neither Stage I nor Stage III 44 months
III: 2m >5.5 mg/L 29 months
Revised International Staging System I: ISS Stage I, normal LDH, standard-risk NR
(R-ISS) disease by FISH
Serum albumin, $2m, LDH levels, and N
plasma cell FISH II: Neither Stage I nor Stage III 83 months
III: ISS Stage III, and abnormal LDH or high- 43 months
risk disease by FISH (del(17p) and/or t(4;14)
and/or t(16;16))
mSMART risk stratification Standard risk: ~8-10 years
Serum albumin, f2m, and LDH le'vels, ' « Trisomies, t(11;14), or t(6;14)
plasma cell FISH, plasma cell proliferation
index, gene expression profiling (GEP) High risk: ~3 years

* t(4;14), t(14;16), t(14;20), del (17p), TP53
mutation, or gain (1q) by FISH

* Double/ triple hit MM

* R-ISS Stage III

* High plasma cell S-phase

* High-risk signature in GEP

Table 1.

Risk stratification by stage and CG (Am J Hematol. 2022;97: S3-S25).
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strength compared to conventional ISS staging system. Despite these efforts, multiple
myeloma remains a heterogeneous disease with unpredictable disease behavior.

2.2 Cytogenetic risk stratification

Several definitions for the high-risk disease have evolved over time, current
approach mainly relies on cytogenetic and clinical biomarkers, including the
International Staging System (ISS) group III, the presence of adverse transloca-
tions, and 17p deletion (dell7) (Table1). Several cytogenetic abnormalities were
also identified to confer poor prognosis, including t(4;14), del(17/17p), t(14;16),
t(14;20), non-hyperdiploid, and gain(1q) [8]. mSMART had proposed an additional
risk category as having two or three of the high-risk genetic abnormalities would be
labeled as double hit or triple hit multiple myeloma, respectively, which are associated
with poorer outcomes [9].

Although patients with high-risk signatures on gene expression profiling (GEP)
are considered to have high-risk myeloma, this test is not recommended on a routine
basis.

Careful analysis of cytogenetic subgroups is essential; not only for patients’ risk
stratification but also may signify a treatment target as some treatment appears to
overcome the high-risk abnormalities. Bortezomib and carfilzomib treatment appear
to improve complete response, progression-free survival, and overall survival in
t(4;14) and del(17/17p), whereas lenalidomide may be associated with improved
progression-free survival in t(4;14) and del(17/17p).

2.3 Disease biology

The clinical presentation and the disease biology have been identified to be an
important factor impacting the patients’ prognosis. The most important markers
of adverse prognosis include atypical bone marrow plasma cell immunophenotype,
increased plasma cell proliferative rate, plasmablastic morphology, increased circulat-
ing plasma cells, and the presence of extramedullary involvement.

3. Plasma cell leukemia (PCL)

The original definition of PCL was established in 1974 by Kyle requiring both
elements of circulating plasma cells of more than 20% and an absolute count greater
than 2 x 10°/1 plasma cells in peripheral blood [10]. Lately, patients who have a much
lower number of circulating plasma cells were found to have a similar poor outcome.
For this reason, plasma cell leukemia may now be considered when the patient with
symptomatic multiple myeloma has 5% or more circulating plasma cells in peripheral
blood smears [11].

Plasma cell leukemia carries a poor prognosis with a lack of durable response
to treatment. A database analysis by Ramsingh et al., done between 1973 and 2004
included 291 patients with plasma cell leukemia with a median age of 67 years. The
median overall survival (OS) was 4 months and the median disease-specific sur-
vival (DSS) was 6 months for patients with PCL, the 1-year, 2-year, and 5-year OS
rates were 27.8, 14.1, and 6.4%, respectively [12]. Despite the advances in therapy,
there is still a need for better therapeutic options for these patients who still have an
extremely poor outcomes.
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4. Plasma cell proliferative rate

The plasma cell proliferative index provides an insight into plasma cell biology
in plasma cell disorders and is an important prognostic marker in both symptomatic
and smoldering myeloma. It detects cells in the S-phase of the cell cycle using a slide
technique or flow cytometry.

The magnitude of the proliferative component of malignant plasma cells is an
important factor affecting survival. A retrospective analysis of 176 newly diagnosed
MM patients, with a measurable plasma cell labeling index (PCLI) at diagnosis
and repeat measurement 4 months after initiation of therapy, showed that patients
achieving a greater PCLI response had improved median overall survival of
54 months compared with 29 months in nonresponders [13].

4.1 Plasmablastic morphology

MM patients harboring plasmablastic plasma cells have worse outcomes, they
commonly present with unfavorable clinical features, such as high proliferation
index, high percentage of plasma cell infiltration in the bone marrow, abnormal
karyotype, and del(13q) detected by karyotyping, which indicates highly proliferative
disease. Despite being an indicator of poor outcome, plasmablastic morphology is not
correlated with the well-established adverse prognostic cytogenetics, identified by
FISH, like t(4;14), t(14;16), and del(17p) [14].

4.2 Extramedullary disease

Extramedullay disease (EMD) in multiple myeloma can evolves at any time of
disease course either accompanying newly diagnosed disease or with disease progres-
sion/relapse, and is associated with shorter OS and PFS. The majority of patients
presenting with EMD have highly complex cytogenetic abnormalities, and found
high-risk features on gene expression profiling (GEP). This was described by Usmani
et al., who analyzed the clinical and biological features of extramedullary disease in
936 patients with MM [15]. Multivariate analysis with logistic regression revealed that
extramedullary disease feature was more prevalent in patients with molecular sub-
types that are more prone to relapse, which include the MF subtype (MAF subtype,
associated with over-expression of the MAF gene seen with chromosome transloca-
tion 14:16 or 14:20) and the PR subtype (Proliferation subtype, associated with
overexpression of pro-proliferative genes).

Based on a multicenter retrospective study by Avivi et al., including 127 patients
diagnosed with MM between 2010 and 2018 [16], immunomodulators IMiDs might
provide a higher response rate with achievement of >VGPR, which predicts longer
survival. In multivariate analyses, failure to achieve >VGPR was the only significant
factor for worse OS (HR = 9.87, CI 95% 2.35-39) P = 0.001.

5. Treatment of multiple myeloma
5.1 Treatment of Newly Diagnosed Multiple Myeloma (NDMM)

Over the last era, numerous therapy combinations had developed in NDMM with
an encouraging impact on patients’ outcomes. These mainly include proteasome
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inhibitors, immunomodulators, monoclonal antibodies, and more recently anti-
BCMA and CAR T-cell therapy.

The treatment approach for newly diagnosed multiple myeloma is based on two
major factors: transplant eligibility and disease risk category. Whether autologous
stem cell transplant is performed early or delayed till relapse is controversial.

Until recent, the standard induction therapy for newly diagnosed multiple
myeloma was composed of triplet (doublet in some transplant-ineligible patients),
this has now changed with a tendency toward four and even five drug regimens.
Nevertheless, we have to take into account the adverse events affecting the patient’s
quality of life and his/her preferences for continuous versus fixed treatment duration.

5.2 Transplant eligible patients

Bortezomib, lenalidomide, and dexamethasone (VRd) are the most widely used
induction therapy; a randomized trial by the Intergroupe Francophone du Myelome
found that the 4-year OS rate with VRd was >80% with or without early ASCT [17].

Daratumumab has been incorporated into frontline therapy based on two
phases III randomized trials, the first one compared the addition of daratumumab
to a standard induction regimen of bortezomib, thalidomide, and dexamethasone
(VTd) versus bortezomib, thalidomide, and dexamethasone alone (CASSIOPEIA
Study) [18]. Patients were randomly assigned in (1:1) to daratumumab plus VTd
or to VTd alone. The regimens were given as four pretransplant induction and two
post-transplant consolidation cycles. 39% of patients in the D-VTd group versus
26% in the VTd group achieved a complete response or better, and 64% versus 44%
achieved minimal residual disease (MRD)-negativity (107 sensitivity threshold,
assessed by multiparametric flow cytometry) both p < 0-0001. The addition of
daratumumab was associated with significantly prolonged PFS (HR of 0.53 (95%
CI, 0.42-0.68)), with a 47% reduction in the risk of disease progression or death
with daratumumab.

The second trial is Griffin Study [19], which investigated bortezomib, lenalido-
mide, and dexamethasone (VRd) with or without daratumumab; patients were
stratified by the International Staging System (ISS) disease stage (I, II, or III) and
creatinine clearance (30-50 or .50 mL/min), and randomized in 1:1 to D-VRd or VRd
induction (4 cycles), followed by autologous stem cell transplant ASCT. Consolidation
with D-VRd or VRd was given in 60-100 days post-transplant (cycles 5 and 6) then
patients went on maintenance with daratumumab plus lenalidomide or lenalidomide
alone (cycles 7-32). At a median follow-up of 38.6 months, median PFS was not
reached in both groups. MRD negativity was analyzed at the 12-month maintenance
therapy cut-off in the intent-to-treat (ITT) population showed sustained MRD
negativity (107°) for >6 and > 12 months in the ITT population treated with D-VRd
was 37.5 and 28.8%, respectively. Conversely, the VRd-treated cohort had 7.8 and
2.9% sustained MRD negativity rates at >6 and > 12 months. Among those with MRD
negative status, the sustained MRD negativity rate lasting >12 months was 46.2%
(D-VRd) versus 10.7% (VRd).

Based on the data above, daratumumab has been approved for frontline therapy
in transplant-eligible newly diagnosed multiple myeloma, yet the use of quadruplet
regimens has some limitations of extended duration and a higher cost of therapy.
More data are needed to evaluate the OS of quadruplets in comparison to triplets, so
till then it is recommended that quadrable regimens are given to selected patients with
high-risk diseases.
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6. Autologous stem cell transplantation ASCT

High-dose chemotherapy and stem cell transplant remain a vital treatment options
either upfront or delayed to the time of the first relapse. The Intergroupe Francophone
Du Myelome (IFM) group in France and the Medical Research Council (MRC) group in
the United Kingdom, have demonstrated improved PFS and OS with ASCT compared
tono ASCT [20, 21]. Although early ASCT is preferred, patients with standard risk
disease can have this delayed till the disease relapse [22].

Melphalan 200 mg/m* (High-dose melphalan HDM) remains the standard
conditioning regimen, given its high efficacy and safety profile. The use of melphalan
140 mg/m’ (Mel140) has been studied and is considered an alternative option in
selected patients who can not tolerate the higher dose. A report by the EBMT to assess
the treatment outcomes for multiple myeloma patients who underwent ASCT by
Mel200 vs Mel140 [23]. In patients who were in PR or less pretransplant, there was
a significantly better OS with Mel200 compared to Mel140 (HR 0.39; 95% CI: 0.19,
0.82; P = 0.013), but no significant differences in PFS, CIR, or NRM.

In a phase II study published in Blood 2021, high-dose chemotherapy combining
bendamustine, etoposide, cytarabine, and melphalan (BeEAM) was evaluated as a con-
ditioning regimen [24]. With a median follow-up of 44 months, three-year OS and PFS
were 92 and 57%, respectively. When compared to conventional Mel200, BeEAM condi-
tioning offered no benefit to Mel200 in terms of OS, PFS, or risk of relapse/progression.

The addition of bortezomib to high-dose melphalan conditioning was assessed in
a phase III trial; patients were enrolled either in the experimental arm of bortezomib
(1 mg/m2 intravenously) given on days —6, -3, +1, and + 4 plus melphalan (200 mg/
m2 IV) on the day -2, or to the control arm consisted of HDM alone (200 mg/m2
IV). There were no differences in the depth of response. The sCR/CR rates at day
60 post-transplant was 22.1% in bortezomib arm versus 20.5% in the control arm
(P = 0.844), with no differences in undetectable minimum residual disease rates;
41.3% versus 39.4% (P = 0.864). Median progression-free survival was 34 months
versus 29.6 months for bortezomib and HDM, respectively (adjusted HR, 0.82; 95%
CI, 0.61-1.13; P = 0.244) with an estimated 3-year overall survival of 89.5% in both
arms (hazard ratio, 1.28; 95% CI, 0.62-2.64; P = 0.374) [25].

7. Consolidation therapy

The role of consolidation in multiple myeloma is controversial, different additional
interventions in addition to ASCT were evaluated in a three-arm phase III clinical trial
by BMT-CTN. The study compared tandem ASCT followed by lenalidomide mainte-
nance, ASCT plus four VRd consolidation followed by lenalidomide maintenance, and
ASCT with lenalidomide maintenance only [26]. Second ASCT or VRd consolidation
did not improve PFS or OS, with a 38-month PFS rate of 58.5% for the tandem trans-
plant arm, 57.8% for the consolidation arm, and 53.9% for ASCT with lenalidomide
maintenance alone. The OS rates were 81.8, 85.4, and 83.7%, respectively.

8. Maintenance therapy

The role of maintenance therapy in post-transplant is well established with lenalid-
omide being the first and the ideal agent with proven PFS and OS benefits [27, 28].
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McCarthy et al. conducted a meta-analysis on newly diagnosed multiple myeloma who
underwent ASCT followed by lenalidomide maintenance [29]. At a median follow-up
time of 79.5 months for all survivors, the median OS had not been reached for the
lenalidomide maintenance group versus 86.0 months for the placebo or observation
group (HR, 0.75; 95% CI, 0.63 to 0.90; P = .001). The median PFS was 52.8 months
for the lenalidomide group and 23.5 months for the placebo or observation group
(HR, 0.48; 95% CI, 0.41 to 0.55). Although lenalidomide is fairly well tolerated and
convenient, there is a two-to-three-fold risk of secondary primary malignancies.

Bortezomib is the drug of choice in patients with high-risk multiple myeloma and
can be given either alone or in combination with lenalidomide. In high-risk multiple
myeloma, particularly del 17p, bortezomib is the preferred drug, either as a single
agent or in combination with low-dose lenalidomide. HOVON-65/ GMMG-HD4 Trial
evaluated the efficacy of bortezomib induction and maintenance in patients with
NDMM. In the subset of patients presenting with increased creatinine of more than
2 mg/dl, bortezomib has significant superior outcome in both PFS and OS (13 versus
30 months; HR, 0.45; 95% CI, 0.26 to 0.78; P < .004) (21 v 54 months; HR, 0.33; 95%
CI, 0.16 to 0.65; P < .001), respectively, in comparison to vincristine, doxorubicin,
and dexamethasone (VAD)/thalidomide [30].

Combining lenalidomide with bortezomib as maintenance in high-risk patients
was evaluated by Nooka et al. [31]. Lenalidomide was given at 10 mg/day on days 1-21
of a28-day cycle in combination with bortezomib 1.3 mg/m” per week subcutane-
ously/intravenously and low-dose dexamethasone 40 mg per week orally. A total of
45 high-risk patients were evaluated, and the median PFS was 32 months.

There are ongoing trials involving other drug options for maintenance, either
alone or in combination, results of these trials are waited for. Ixazomib maintenance
was studied in phase 3, double-blind, placebo-controlled TOURMALINE-MM3 [32].
Patients were randomly assigned in a 3:2 ratio to oral ixazomib or to placebo on days
1, 8, and 15 in 28-day cycles for 2 years following induction, high-dose therapy, and
ASCT. Treatment consisted of 3 mg of ixazomib on days 1, 8, and 15 of a 28-day cycle
with a dose escalation to 4 mg allowed after cycle 4. Maintenance therapy continued
for up to 24 months (26 cycles). With a median follow-up of 31 months, ixazomib
maintenance led to a 28% reduction in the risk of progression and death. The
median PFS was 26.5 months with ixazomib compared with 21.3 months with pla-
cebo (HR, 0.72; 95% CI, 0.582-0.890; P = 0.002), no major toxicity required drug
discontinuation.

9. Transplant non-eligible patients

Melphalan based regimens (such as bortezomib, melphalan, prednisone
(VMP)/ melphalan,pPrednisone (MP)/ melphalan, prednisone, thalidomide
(MPT)/melphalan, prednisone, lenalidomide (MPR)/ and melphalan, prednisone,
thalidomide (VMPT)), were the standard of care in transplant-ineligible newly
diagnosed multiple myeloma. Subsequently, the FIRST trial showed that lenalido-
mide-dexamethasone (Rd) given until disease progression was associated with
a significant improvement in PFS with an overall survival benefit. Continuous
lenalidomide-dexamethasone was superior to MPT for all secondary efficacy
endpoints. OS at 4 years was 59% with continuous Rd, 56% with 18 cycles of Rd,
and 51% with MPT, median OS was 10 months longer with continuous Rd versus
MPT [33].
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SWOG S0777 trial is a randomized phase III trial, that compared bortezomib,
lenalidomide, and dexamethasone (VRd) with lenalidomide and dexamethasone
only (Rd). Combining bortezomib with lenalidomide and dexamethasone showed
a clinically significant PFS and OS. The median PFS was 41 months for VRd ver-
sus 29 months for Rd, with a median OS for VRd is still not reached compared to
69 months for Rd [34].

The substitution of bortezomib with another potent proteasome inhibitor
carfilzomib is an option. The ENDURANCE trial is a multicenter open-label, phase
3, RCT evaluated NDMM who are ineligible/not intended for immediate ASCT to
receive an induction of either carfilzomib/lenalidomide/dexamethasone (KRd) or
bortezomib, lenalidomide and dexamethasone (VRd) [35]. After completion of the
induction phase, patients went on second randomization to indefinite versus 2 years
of lenalidomide maintenance. KRd did not show any PFS benefit over VRd, at an
estimated median follow-up of 9 months from randomization, the median PFS was
34-6 months for KRd compared with 34-4 months for VRd (HR was 1-04 (95% CI
0-83-1-31, P = 0-74), with significantly higher cardiopulmonary and renal toxicity in
the carfilzomib arm.

Daratumumab is a suitable alternative to bortezomib in this setting, it was
approved as an upfront therapy in transplant-ineligible NDMM prior to its approval
in transplant eligible cohort. A pivotal phase III MAIA trial by Thierry Facon and
colleagues evaluated the combination of daratumumab with lenalidomide plus dexa-
methasone (DRd) versus lenalidomide and dexamethasone (Rd) alone [36]. More
than 700 newly diagnosed transplant-ineligible patients were included in the study
for a median follow-up of 56.2 months. The median PFS was not reached in the dara-
tumumab group versus 34.4 months in the Rd group (HR = 0.53, 95% CI = 0.43-0.66,
P <.0001). The estimated 5-year OS rate was 66.3% in D-Rd versus 53.1% in Rd
group; the estimated 5-year PFS rate was 52.5 and 28.7%, respectively, and the ORR
was 92.9 and 81.6%, respectively (P < 0.0001). The main disadvantage of DRd in
contrast to Rd, is that the DRd has to be given until disease progression, which can
be inconvenient to many patients, hopefully, the subcutaneous administration of
daratumumab overcomes this limitation.

The quadrable regimen using daratumumab was also studied in transplant-ineli-
gible NDMM; ALCYONE trial is an open-label randomized phase III trial, conducted
on 706 transplant-ineligible patients to either receive daratumumab-VMP or VMP
alone at (1:1) ratio [37]. The updated analysis with a median follow-up of 40.1 months
revealed a median PFS of 36.4 months with D-VMP versus 19.3 months with VMP
alone. The 3-year OS was 78.0% with D-VMP versus 67.9% with VMP alone (HR 0.60,
95% CI 0.46-0.80; P = 0.0003). Many patients sustained MRD status for >1 year, OR
(95% CI) of 5.63 (2.80-11.31) P value <0.0001.

10. Treatment of Relapsed/Refractory Multiple Myeloma (NDMM)

The traditional approach to relapsing patients is determined by the type of previ-
ous treatment and the choice of therapy is impacted by factors related to the patient’s
condition, prior treatment side effects, and disease risk stratification at relapse.

Salvage ASCT is a reasonable option for those who are candidates, the American
and European Associations for Bone and Marrow Transplantation and international
myeloma working group IMWG have reported that high dose chemotherapy and ASCT
should be considered in any patient relapsing after initial therapy that included an
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ASCT with initial remission duration of >18 months [38]. However, with the wide
use of maintenance therapy post-ASCT, salvage ASCT is recommended for patients
who relapse after primary therapy that includes an ASCT followed by lenalidomide
maintenance and had a remission duration of >36 months.

In patients who are not candidates for salvage ASCT, options include carfilzomib,
ixazomib, elotuzomab, and isatuximab in combination with lenalidomide if this was
not used in the first-line or if the patient is not refractory. Pomalidomide is the drug
of choice in patients exposed/ refractory to lenalidomide, as well as daratumumab
remains an option if it was not used as primary therapy.

Daratumumab in combination with pomalidomide and dexamethasone
(DPd) was evaluated by Dimopoulos et al., in phase 3 clinical trial (APOLLO),
over a median follow-up of 16.9 months, the addition of daratumumab showed
improved PFS; 12-4 months in DPD arm versus 6-9 months in Pd arm; HR 0-63
(95% CI 0-47-0-85) [39].

Carfilzomib and daratumumab are both approved as single agents or in combina-
tion with other therapies for the treatment of RRMM, the use of both drugs plus
dexamethasone given until disease progression; KdD versus KD was assessed in a
multicenter phase 3 trial by Dimopoulos et al. (CANDOR) [40]. There was a deeper
response observed in patients treated with KdD versus KD with a median PFS was
not reached in the KdD group versus 15-8 months in the KD group (HR 0-63; 95% CI
0-46-0-85). In spite that the majority of patients included were bortezomib and/or
lenalidomide refractory, only few patients were refractory to anti-CD38 monoclonal
antibody. This may make the use of this combination limited to those who were not
exposed to either drug.

Isatuximab is a monoclonal antibody that targets CD38, approved for relapsed or
refractory multiple myeloma in combination with pomalidomide/dexamethasone and
carfilzomib/dexamethasone [41, 42] with significant improved PFS. When isatux-
imab was combined with carfilzomib and dexamethasone, the median progression-
free survival was not reached in the isatuximab group compared with 19-15 months
in the carfilzomib and dexamethasone group (HR, 0-53; 99% CI 0-32-0-89; one-sided
p = 0-0007). Whereas, combining isatuximab with pomalidomide and dexametha-
sone improved PFS by 5 months, and nearly reached 1 year (11-5 months versus
6-5 months).

Venetoclax is a potent oral BCL-2 inhibitor, that induces apoptosis in BCL-2
expressing myeloma cells. In a randomized, double-blind, multicenter, phase 3
BELLINI trial, venetoclax was combined with bortezomib and dexamethasone in
patients who received one to three prior lines of therapy [43]. Although there was
increased mortality in the venetoclax group (mostly because of an increased rate
of infections), there was a PFS improvement by almost 11 months. This was more
perceptible in patients with t(11;14) or high BCL2 expression, with a favorable
benefit-risk profile.

While the approval of daratumumab as initial therapy has made enormous
progress in newly diagnosed multiple myeloma patients, this has made the treat-
ment of relapsing patients more challenging. With daratumumab being broadly used
as primary therapy, the use of immunotherapies and cellular therapies in RRMM
patients have become more recognized. Targeting B-cell maturation antigen (BCMA),
which is almost exclusively expressed on clonal plasma cells, has been demonstrated
to be highly effective.

On August 2020, belantamab mafodotin; a B-cell maturation antigen-targeting
antibody-drug conjugate, was granted accelerated FDA approval after the impressive
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results of the DREAMM? trial, which is a phase II, open-label, randomized 2-dose
study in RRMM after an anti-CD38 therapy [44]. Patients included in the trials were
heavily pretreated with a median of seven prior lines of therapy, they were random-
ized to receive belantamab single agent either 2.5 mg/kg or 3.4 mg/kg intravenously,
once every 3 weeks until disease progression or unacceptable toxicity. Median
estimated duration of response 11.0 months, OS 13.7 months, and PFS 2.8 months.
Among patients with > VGPR who were tested for minimal residual disease, 38%
achieved MRD negativity at the 1 x 107 sensitivity level, 100% with sCR, 40% with
CR, and 17% with VGPR [45]. The most common grade 3-4 adverse events were kera-
topathy that was reported in 27% of patients in the 2-5 mg/kg arm and 21% of patients
in the 3-4 mg/kg arm. Two deaths were potentially treatment-related (one case of
sepsis in the 25 mg/kg arm and one case of hemophagocytic lymphohistiocytosis in
the 3-4 mg/kg arm). Currently, belantamab mafodotin is being tested in several trials
as a combination with other anti-myeloma therapy and results are highly waited for.

CAR T-cell therapy offered a promising result to patients who are extremely refrac-
tory with a very poor prognosis. The first FDA- approved CAR T-cell therapy in multiple
myeloma is idecabtagene vicleucel (bb2121). The approval was based on phase II clinical
trial (KarMMa) [46]; 128 patients received ide-cel target doses of 150 x 10° to 450 x 10°
CAR-positive (CAR+) T cells, and patients had a median of six prior regimens (range
3-16), with 84% being triple-class refractory. At a median 24.8-month follow-up, the
median OS was 24.8 months, the ORR was 73%, and the PFS was 8.6 months. Cytokine
release syndrome (CRS) was mostly low grade at 78%. Investigators reported grade 3
CRS in 4% and grade 4/5 in less than 1%, whereas, neurotoxicity (NT) of any grade was
reported in 18% of patients, with five cases (4%) of grade 3 NT with no Grade 4/5 events.

Cilta-cel is the second FDA-approved CAR-T cell therapy for patients with RRMM,
the FDA approval of cilta-cel was based on the data of pivotal phase 1b/phase 2
CARTITUDE-1 trial [47]. Ninety-seven patients with relapsed and/or refractory
multiple myeloma were included in a single-arm study. At a median follow-up of
18 months, results showed an ORR of 98% (95% CI, 92.7-99.7) with a median dura-
tion of response of 21.8 months, and OS in all patients was 80.9%.

There are other targets being evaluated in multiple myeloma, including bispecific
antibody, targeting BCMA x CD3 (teclistamab), bispecific IgG4 antibody binding
GPCRS5D CD3 receptors (talquetamab), FcRH5 (cevostamab) and GPRCsD-targeted
CAR T-cell therapy.

In a phase I/1I trial teclistamab, an off-the-shelf BCMA x CD3 bispecific antibody
has shown a deep and durable response with an ORR of 62% in triple class refractory
MM [48]. Talquetamab is a first-in-class bispecific IgG4 antibody binding GPCR5D
and CD3 receptors; the initial safety and tolerability data are promising with sug-
gested ORR of 67-70% in triple- and penta-refractory MM [49].

11. Conclusion

Multiple myeloma patients’ survival has improved significantly with highly effec-
tive therapies being used as a primary treatment. The outcomes of the available novel
therapies are still below the expectations in treating certain disease entities, such as
high-risk/ultra-high-risk myeloma, especially when these occur in young individuals.
Many clinical trials are ongoing testing different disease therapeutic targets, expec-
tantly the results of these trials would make a better impact on patient’s outcome,
however, the biggest hope remains to cure the disease in the future.
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Newly-Diagnosed Multiple Myeloma
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Abstract

Multiple Myeloma is an incurable disease. It is responsible for 1.8% of all cancers.
The median age is 69-71 years. The treatment of MM is challenging and is affected
by several factors such as the patient’s age, comorbidity index, and fitness. The main
combination regimen consists of the addition of proteasome inhibitors and IMIDs to
steroids. In all studies conducted to date, the results obtained in transplanted patients
are better than in patients who did not proceed into transplantation. Before starting
treatment, risk stratification should be performed for all patients, and they should
be treated accordingly. Recently, there have been advances in the treatment with the
introduction of new agents, particularly monoclonal antibodies.

Keywords: multiple myeloma, cytogenetic abnormality, geriatric assessment,
risk stratification, consolidation

1. Introduction

Multiple myeloma (MM) is characterized by clonal malignant plasma cell increase
in the bone marrow. Clinical manifestations are anemia, low back pain, and infections.
Hypogamoglobulinemia, osteolytic bone disease, hypercalcemia, and renal dysfunc-
tion are common in symptomatic patients. MM is responsible for 10% and 1.8% of
hematologic and all malignancies, respectively. The median age for the disease is
69 and it is rare under the age of 45 [1]. The most frequent morbidity cause is bone
disease due to osteolysis. It can be detected by using fluoro-deoxyglucose and (FDG)
positron emission tomography/computed tomographic scans (PET/CT), whole-body
computed tomography (WB-CT), or magnetic resonance imaging (MRI). PET/CT
may offer anatomical and metabolic information with a sensitivity of approximately
80-90% and a specificity of 80-100% [2].

In the 1980s, MM could only be treated with alkylating agents and steroids.
Later, in the 1990s, the availability of autologous stem cell transplantation (ASCT)
improved the course of the disease. In the 2000s, advances were made with the
first immunomodulatory (IMID’) agent thalidomide, In time, the new generation
of IMIDs (lenalidomide and pomalidomide) with fewer adverse effects, protea-
some inhibitors (bortezomib, carfilzomib, and ixazomib), monoclonal antibodies
and histone deacetylase inhibitors have positively impacted the survival of MM
patients.
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Stratification of the patients is essential for the appropriate management of newly
diagnosed multiple myeloma (NDMM). Treatment can be performed according to the
following subjects:

1. Treatment of smoldering MM (controversial).
2. Treatment for transplantation-eligible (TE) patients.
3. Treatment for transplantation-ineligible (TT) patients.

4.Treatment of fragile patients.

2. Risk stratification

The survival of MM patients varies: Some patients demonstrate more than
10 years of survival, while some patients have a limited lifespan of 2-3 years. The
main reason for this is the patient’s comorbidities and the biology of the disease. Age
is an important factor in treatment selection. However, there is still debate about
which patient should be considered elderly [3]. The majority of authors believe that
age is not the only determinant for treatment. Today, it is considered more decisive
whether the patients are fit or not in the choice of treatment method. For this pur-
pose, the Eastern Cooperative Oncology Group (ECOG) performance status can be
used as a useful guide. Patients with ECOG performance status 0-1 are candidates for
ASCT. The presence of comorbidities can optimally be determined by the Charlson
comorbidity index. Chromosomal abnormalities demonstrated by the fluorescent
in situ hybridization are also important for risk stratification which should be per-
formed as soon as MM diagnosis is made. Table 1 demonstrates the association of
cytogenetic abnormalities with prognosis, survey, and treatment.

Treatment of patients with a high Revised-International Scoring System (R-ISS)
requires a more aggressive approach. Proteosome inhibitors are especially effective in

Cytogenetic abnormality Risk Prognosis  Survey (years) Treatment relation

All types of trisomies Standard Favorable 7-10 Good response to lenalidomide

t(11;14) (q13;q32) Standard Favorable 7-10

t(6;14) (p21;q32) Standard Favorable 7-10 —

t(4;14) (p16;q32) High Adverse 5 ASCT recommended

t(14;16) (q32;q23) High Adverse 5 25% risk of renal failure

t(14;20) (q32;q11) High Adverse 5 ASCT recommended

Gain of 1q21 High Adverse 5 ASCT recommended

Del17p High Adverse 5 ASCT recommended

Trisomy+ del 14 Unknown Unknown Unknown Negativity due to del 17p, 14.
chromosome translocations can

disappear
None Low Good 7-10 Indicate to low tumor burden
Table 1.

The association of cytogenetic abnormalities with prognosis, survey, and treatment.
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Age >80 76-80 <75
Plus at least 1 of the following Plus at least 2 of the following
ADL <4 ADL<4
IADL <4 IADL <4
CCI>2 CCI>2
Table 2.

Geriatric assessment index for frail patients with MM.

patients with a high-risk cytogenetic risk. Patients with renal involvement may also
benefit from bortezomib treatment. Other factors that are effective in determining the
treatment algorithm are the patient’s life expectancy, treatment preference, and the
presence of extramedullary disease. Geriatric assessment is crucial for frail patients
and consists of age, the activity of daily living (ADL), the Charlson Comorbidity Index
(CCI), and instrumental activity of daily living (IADL) (Table 2) [4].

3. Treatment of transplant-eligible patients

Therapy with high-dose melphalan and ASCT is very effective in patients with MM.
Intergroupe Francophone du Myelome (IFM) and EMN/HO095 studies have shown that
bortezomib, which is used in the induction regimen, is a beneficial drug for TE patients.
TE patients were treated with at least 4 cycles of chemotherapy. Thereafter, the patients
were evaluated for response. PFS with ASCT was found better than the bortezomib-
melphalan-dexamethasone group (567.7 vs. 41.9 months, p = 0.0001) [5, 6].

Many centers perform transplantation when patients achieve a very good partial
remission (VGPR). If patients have not achieved VGPR, two more cycles of chemo-
therapy can be given. The best induction regimen includes a proteasome inhibitor plus
IMID plus dexamethasone. Moreau et al. compared Bortezomib, cyclophosphamide,
and dexamethasone (VCD) versus bortezomib, thalidomide, and dexamethasone
(VTD) combinations in induction. The overall response rate (ORR) with VTD was
detected higher than VCD (92.3% vs. 83.4%, P = 0.01) [7]. Peripheral neuropathy is
higher with thalidomide treatment. Lenalidomide was used instead of thalidomide in

Study Regimen n = VGPR =CR PFS OS Author
% % (m) (m)

IFM 2009 VRD+SCT 350 88 vs.78 59 50 81 Attal, N Eng ] Med 2017
VRD 350 47 36 82

IFM 2013-2014 VTD vs. 169 66 vs. 56 13 — — Moreau, Blood 2016
VCD 169 89

PETHEMA 2012 VRD 458 66 33 — — Rosinol, Blood 2019

GRIFFIN Dara-VRD 104 90 vs.73 42 — — Wooererhes, Blood 2020

103 22 months 32

CASSIOPEIA Dara-VTD 543 83 39 — — Moreau, Lancet 2019
VTD 542 78 26

ENDURANCE KRD 527 74 18 34.6 Kumar, Lancet Oncology
VRD 526 65 15 344 2020

Table 3.

Treatment rvegimens for TE patients.
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PETHEMA/GEM2012 study. VGPR or better rate was higher with VRD regimen, but
neuropathy rate was lower (3.9%) [8]. Endurance Study compared VRD with carfil-
zomib-lenalidomide and dexamethasone regimen (CRD). ORR was similar to VRD
and CRD regimens [9]. The addition of monoclonal antibodies to VTD (Cassisopea
and Griffin Studies) or VRD regimen can improve transplantation results [10, 11].
Improved results with daratumumab are correlated with minimal residual disease
negativity rate. These results suggest that Dara-VRD is the best regimen for induction
treatment. Other effective regimens are Dara-VTD, VRD, VTD, and VCD, respectively.

The standard conditioning regimen for ASCT includes melphalan 200 mg/m™.
Another drug addition to melphalan such as busulfan or bortezomib has not been
found beneficial. In patients with renal dysfunction or failure, the dose of melphalan
can be adjusted according to creatinine clearance [12]. The aforementioned induction
regimens are summarized in Table 3.

4. Consolidation treatment after ASCT

Is consolidation treatment necessary after ASCT in patients with NDMM? Straka
et al. evaluated the impact of bortezomib consolidation following ASCT in patients
aged between 61 and 75 [13]. Consolidation treatment consisted of 4 cycles bortezo-
mib (1.6 mg/ m?*IV on days 1, 8, 15, 22) or observation only. Median PFS with bortezo-
mib consolidation was 33.6 months while it was 29.0 months in the observation arm.
They showed that consolidation treatment is useful for PFS in older patients because
they received less intensive induction treatment. The generally accepted opinion
today is that the agents used in the induction regimen should be given 2-4 more times
post-ASCT. A randomized phase 3 study indicates that bortezomib-thalidomide-
dexamethasone (VTD) is superior to thalidomide-dexamethasone (TD) as consolida-
tion therapy after ASCT. After consolidation, the CR rate was 60.6 months in VTD
while it was 46.6% months in the TD arm. Ultimately, VTD was found superior to TD
as consolidation therapy [14]. A study that investigates the effect of Daratumumab in
consolidation is also ongoing [15]. Cassiopeia study showed that 2 cycles of Dara-VTD
consolidation treatment had a positive effect on PFS in patients with NDMM [10].

5. Treatment of transplant-ineligible patients

Several factors determine the choice of treatment in TI patients. Some authors
consider the age limit as 65 years. However, some patients above the age of 65 can have
avery good organ function. Therefore, age alone should not be considered the sole
determinant for transplantation. Charlson comorbidity index, geriatric assessment
scale, and hematopoietic comorbidity index can be used to determine the intensity
of treatment. Melphalan is the first agent used in the treatment of elderly myeloma
patients. Melphalan and prednisolone (MP) combination can be added to thalidomide
(MPT) or bortezomib (VMP). PFS varies between 14 and 62 months among the stud-
ies involving MPT [16-19]. PFS rate is 24 months in Vista Study (bortezomib plus MP
treatment) [20].

In a meta-analysis comparing VMP versus MPT, it was found that the CR rate was
21% vs. 13%, PFS 32 months vs. 23 months, and overall survival was 79 months vs.

45 months [21]. One of the most important studies is the SWOG S0777 study in which
VRD and RD treatments were compared. PFS rate was 41 months in the VRD group
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Study n >CR PFS OS (m) Author
% (m)
MPT vs. MP 850 vs. 4-16vs. 20.3 vs. 39 vs. Fayers, Blood 2011
772 1-8.8 149 32
VMP vs. MP 344 30 vs. 4 24 vs. 16 56 vs. 43 San Miguel, NEJ]M
(VISTA) 338 2008, JCO 2013
VMPvs. VTD 130 vs. 130 20 vs. 28 32vs.23 63vs. 43 Mateos Blood 2014
(GEM2005)
MP vs. MPR 154 vs. 152 5vs.13 12vs.15vs. 31 For 3 years 66% Palumbo, NEJM
vs. MPR-R vs. 153 vs. 18 vs. 62% vs. 70% 2012
(MM-015)
RdCvs. RD 18 535vs. 541 15vs.14vs.9  25.5vs.20.7 vs. 59 vs. 56 vs. 51 Benboubker, N Eng J
MPT 12 vs. 547 21.2 Med 2014
(FIRST)
VRD vs. RD 216 vs. 214 15vs. 8 41vs.29 Not reached Durie, Lancet 2015
(SWOG S0777) vs. 69 and Blood Cancer
Journal 2020
KMP vs. VMP 478 vs. 477 259vs. 231 22.3vs.221 Not reached in all Facon, Blood 2019
(CLARION) group
IRD vs. RD 73vs. 74 25.6 vs. 14.1 35.3vs.21.8 Not reached Facon, Blood 2021
Tourmaline 2
VTD vs. TDxSCT 241 vs. 239 — 60 vs. 41 110 months Tahetti, Lancet
(Gimema- 60% vs. 46% Hematol, 2020
MMY-3006)
Dara-LenDex vs. 346 vs. 354 47.6% vs. Not reached Notreachedinall ~ Facon, N Eng ] Med
Lendex 249 319 groups 2019
(MAIA)
Dara-MPV vs. 350 vs. 356 42%vs.24%  For 36 months Not reached vs. Mateos, N Eng ] Med
MPV 50% vs. 18.5% 46 months 2020
(ALCYON)

m: month (s), n: number, vs.: versus.

Table 4.
Treatment regimens for TE patients.

while 29 months in the RD group [22]. Therefore, it supports that bortezomib is one
of the most important drugs in induction therapy.

The prognosis has improved with the introduction of lenalidomide as first-line
therapy. With the addition of daratumumab to MPV (ALCYON study) or lenalido-
mide-dexamethasone treatments (MAIA study) as a first-line regimen, the success
rate has increased significantly [23, 24]. Today, proteasome inhibitor-IMID-dexa-
methasone plus a monoclonal antibody combination seems to be the most successful
treatment in TI patients. However, it should be emphasized that this treatment is an
expensive approach. The results of the studies regarding transplantation in TI patients
are presented in Table 4.

6. Maintenance treatment

Maintenance treatment with thalidomide has improved overall survival nonsig-
nificantly. PFS is improved with thalidomide maintenance, but thrombosis risk and
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Study n Regimen PFS 0S (m) Author
(m)
MMO0015 IFM 153vs.154  Lenalidomide vs. no 31 %77 for 3 years  Palumbo N Eng ] Med
Lenalidomide 2012
ECOG 231vs.229  Lenalidomide vs. no 46vs.27 — McCharty
Lenalidomide
Myeloma XI 1137vs. 834  Lenalidomide vs. no 39vs.20 87% vs. 74% Jackson Lancet Oncol
Lenalidomide for 3 years 2019
Tourmaline MM3 ~ 395vs.261  Ixazomib vs. Placebo 26.5vs. — Dimopoulos Lancet
213 2019
HOVON 213 vs. 219 VAD vs. PAD 28 vs. 35 — Sonneveld J Clin
Oncol 2012

m: month(s), n: number, vs.: versus.

Tables.
Maintenance treatment regimens in patients with NDMM.

peripheral neuropathy incidence are also higher with thalidomide vs. no maintenance.
Lenalidomide has also been found a very effective agent for maintenance. PFS and
OS were improved in First Study. PFS for Rd. Continue, Rd18, and MPT groups were
16.0, 21, and 21.9 months, respectively. The median OS was found similar in both Rd.
Continue, and Rd18 groups (59.1 months vs. 62.3 months) while 49.1 months in the
MPT group [25]. Lenalidomide maintenance results are demonstrated in Table 5. The
STAMINA study debated the dose and duration of lenalidomide use. In this study,
better results were reported in patients who received 15 mg daily lenalidomide treat-
ment continuously [26]. Huang et al. investigated the effect of lenalidomide versus
bortezomib maintenance treatment after ASCT. They showed that there is no differ-
ence in both arms although adverse effects in the bortezomib arm were higher than in
the lenalidomide arm [27].
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Abstract

The treatment scope for relapsed myeloma has been expanded considerably
in the last few years, by virtue of the advent of numerous novel agents with new
mechanisms of actions. This has resulted in increasing responses and prolonging
survival even in advanced diseases. The wealth of novel regimens comes with
the challenges of balancing toxicities and aligning a regimen with the biology of
myeloma and the nature of relapse in conjunction with the patient’s treatment
history, comorbidities, and personal preference. The second-line treatment in
myeloma includes new generation of proteasome inhibitors and immunomodu-
lators, CD38 monoclonal antibodies, Panobinostat, and Elotuzumab. Recent
randomized trials have shown that triplet combinations incorporating CD38
monoclonal antibodies, dexamethasone along with either proteasome inhibitor
or immunomodulator were superior to doublet combinations in terms of response
rate and progression-free survival. The choice of the second-line therapy is deter-
mined by lenalidomide/bortezomib exposure and resistance and access to new
agents. Furthermore, autologous transplantation should be considered in selected
cases. Here, we will be discussing the optimal management of multiple myeloma in
the first relapse.

Keywords: multiple myeloma, relapse, novel agents in myeloma

1. Introduction

Multiple myeloma (MM) is a neoplastic proliferation of plasma cells accounting
for 10% of hematologic malignancies [1]. An induction regimen using a combination
of immunomodulatory drugs, proteasome inhibitors, and dexamethasone followed
by autologous stem cell transplantation (ASCT) is considered standard treatment for
newly diagnosed myeloma in physically fit patients [2]. In the era of novel therapies,
several randomized trials have proved improved progression-free survival (PFS) and
overall survival (OS) in favor of use of novel therapies in a combination of ASCT with
maintenance therapy [3]. Despite these advances, MM remains an incurable disease
and the majority of patients continue to relapse and will require additional treatment
[4]. Factors related to poor outcomes include lack of response, high-risk cytogenetics,
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stage, age, presence of extramedullary disease, and circulating plasma cells, and
co-morbidities and functional status are linked to bad prognosis [5].

2. Definitions of relapsed and relapsed/refractory myeloma

The International myeloma working group (IMWG) published and revised the
definitions of relapsed MM in 2015. Relapsed MM is defined as a recurrence of disease
after prior response on the basis of objective laboratory and radiological criteria:

* >25% increase of the monoclonal protein (M-protein) in serum (absolute
increase >0.5 g/dl) or urine (absolute increase >200 mg /d) or

* >25% difference between involved and uninvolved serum free light chains
(absolute increase >10 g/L) or

* >10% increase of the absolute percentage of the bone marrow plasma cells or

* Development of new (extramedullary) plasmacytomas or hypercalcemia.

Relapsed/refractory MM (RRMM) is defined as a disease that becomes nonresponsive
or progressive on therapy or within 60 days of the last treatment in patients who had
achieved a minimal response or better on prior therapy [6]. Furthermore, the IMWG con-
sensus defined the relapse of MM based on the clinical aggressiveness as shown in Table 1.

3. Diagnosis of relapse

At relapse, the diagnostic assessment should include the full routine workup of
MM, including complete blood count and differential, serum electrolyte, renal and
liver function, serum and urine electrophoresis with immunofixation, serum free
light chain assay, and 24-hour urine for protein. Bone marrow evaluations are highly
recommended (especially in non or oligosecretory MM). BM examination should
include morphology and fluorescence in situ hybridization (FISH) on CD138 selected

Non-aggressive relapse Aggressive relapse

Biochemical Symptomatic

relapse relapse

Progression Slowly Short duration of response or progression while on therapy

based on increasing M Aggressive clinical progression includes:

increased protein and Rapid onset of symptoms

M-protein slow onset Extensive disease on radiologic, laboratory, or pathologic findings

No of clinical Circulatory plasma cells

associated symptoms ISS stage II/11I at relapse

symptoms Progressive Isotype transformation (light chain disease or hypo secretory disease)
or myeloma disease with Adverse cytogenetic abnormalities;

related organ prominent t14;4, del 17p, hypodiploidy

dysfunction symptoms High B2 microglobulin (>5.5 g/L) or low albumin (<3.5 g/ L), high LDH

Presence of extramedullary disease
Disease-associated organ impairment

Table 1.
The IMWG consensus defined the velapse of MM based on the clinical aggressiveness.
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plasma cells to detect cytogenetically unfavorable abnormalities that require an
intensive approach with a combination of maintenance therapy and other abnormali-
ties that predict response to therapy (Venetoclax) such as t(11;14) [7].

Imaging evaluation is recommended to all patients (Pts) at relapse and this
includes low dose whole body computed tomography (CT) scan or whole spine
magnetic resonance imaging (MRI) in cases of relapsed smoldering MM to detect any
focal lesion or FDG positron emission tomography combined with computed tomog-
raphy (PET/CT) in cases of suspected extramedullary relapse [8].

4. Predictive factors for early relapse

The result of Pourmoussa et al study in 2019 has shown that achievement of complete
response (CR) before transplant may help to prevent early relapse or progression of the
disease, which was in accordance with prior observations where achievement of CR
or very good partial response before autologous stem cell transplantation translated
to a better long-term outcome [9]. There is a strong association between high-risk
cytogenetic by FISH results such as del(17p) and/or t(4;14) and/or t(14;16), high lactate
dehydrogenase (LDH) and serum albumin (<3.5 g/L) are predictive of early relapse [10].
Furthermore, there was a strong relation between Freiberg comorbidity index (FCI) and
early relapse and progression partly due to poor tolerance to treatment [11]. Minimal
residual disease (MRD) positivity at the end of induction and post consolidation or
transplantation is strongly associated with inferior outcomes and early relapse [12].

5. Prognostic factors at time of relapse

There are several prognostic markers indicative of an aggressive relapse as shown
in Table 2. Patients who experienced a primary refractory disease, or relapsed within
112 months of initial diagnosis, usually have a poor prognosis [13]. Relapse with prior

Parameters
Disease-related parameters * High ISS
(parameters a.SSOCiated with * High risk cytogenetics (t (4;14), t(14;16), 17p del
poor prognosis)
* Extramedullary disease
« Short response to prior therapy (less than 12 months)
* Aggressive relapse (rapid onset hypercalcemia, renal failure)
Patient and treatment-related e Age
¢ Co-morbidities
¢ Performance status (EGOG or frailty index)
« Failure to achieve VGPR or more
¢ Detectable MRD
* Previous ASCT or not
¢ Lenalidomide/Bortezomib refractoriness or intolerance
* Number and toxicity of prior lines of treatment
Table 2.

prognostic markers indicative of an aggressive relapse.
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lenalidomide exposure usually indicates a poor prognosis and short progression-free
survival (PFS) [14]. Patients with extramedullary or secondary plasma cell leukemia
(sPCL) tend to have dismal outcomes [15, 16].

6. Management of early/first relapse
6.1 General considerations

Myeloma treatment has evolved during the past decade to include multiple immu-
nomodulatory agents, proteasome inhibitors, and monoclonal antibodies. The choices
of treatment can be guided by disease biology and the nature of relapse (biochemical
vs clinically aggressive) and prior lines of treatment.

Autologous stem cell transplantation remains a mainstay for patients who elect
to defer transplantation as initial therapy [17]. The main classes of drugs in multiple
myeloma include proteasome inhibitors, immunomodulatory agents, and mono-
clonal antibodies primarily anti CD38 monoclonal antibodies (daratumumab and
Isatuximab) and Elotuzumab (targets SLAMF?7). The choice of regimen depends on
response and prior therapies. It is preferable to class switch if needed or uses next
generation of the same class.

Evaluating indolent versus aggressive relapse is critical since patient with mild
biochemical relapse might not require switching therapy as discussed before. Patients
who experience a biochemical relapse may be treated by increasing the medica-
tion dose if they are on maintenance lenalidomide, reintroducing dexamethasone,
and/or adding another agent. While patients who develop aggressive relapses,
such as extramedullary disease, may require special approach with multiagent
chemoimmunotherapy.

Assessing frailty and comorbidities is crucial in deciding the choice of therapy. It is
generally recommended to use a triple combination; however, this might not be appro-
priate in extremely frail patients, therefore, a doublet combination might be used.

Psychosocial issues and access to care are important in the relapsed setting, espe-
cially in older patients or with relapsed myeloma with comorbidities. Patients who
have no access to transportation can be treated at home with oral treatment whenever
possible [18].

6.1.1 Indications of treatment at relapse

The goal of relapse treatment is to relieve disease symptoms, prevent new organ
damage, and achieve a second lasting disease remission. Second and later remissions
tend to be shorter because the disease may be more aggressive owing to the presence
of different clones, which represent refractory disease [19, 20].

Indications to start treatment at relapse have been defined as clinical or significant
relapse as defined by the IMWG [21] as shown in Table 3. The choice of salvage
regimen is based on lenalidomide/bortezomib resistance, CD38 monoclonal antibody
availability, and access. ASCT is done in specific scenarios as per standard recommen-
dations (to be discussed below).

There are different protocols used in the first relapse refractory cases as summarized
in Table 4. Incorporating CD38 monoclonal antibodies into the backbone of salvage
therapy has been shown to be superior to historical controls in many clinical trials.
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Type of relapse Indications

Clinical relapse Development of new soft-tissue plasmacytomas or bone lesions
* Definite increase (>50%) in size of existing plasmacytomas or bone lesions
* Hypercalcemia (>11.5 mg/dL; 2.875 mmol/L)

* Decrease in hemoglobin of >2 g/dL (1.25 mmol/L) or of10 g/dL because of
myeloma

* Rise in serum creatinine by >2 mg/dL or more (>177 mmol/L), due to myeloma

* Hyperviscosity requiring therapeutic intervention

Significant Doubling of the M-component in 2 consecutive measurements separated by 2 months
biochemical relapse with the reference value of 5 g/L, or
in patients without - In 2 consecutive measurements, any of the following increases:

clinical relapse * The absolute levels of serum M-protein by >10 g/L, or

* An increase of urine M-protein by >500 mg per 24 h, or

* Anincrease of involved FLC level by $20 mg/dL (plus an abnormal FLC ratio) ora
25% increase (whichever is greater)

Table 3.
Indications to start treatment at relapse.

Patients who are lenalidomide exposed or sensitive seem to have the best out-
comes from daratumumab, lenalidomide, and dexamethasone (D-Rd) combina-
tion as shown by POLLUX trial [22], with a median follow-up of 44.3 mons, the
median progression-free survival (PFS) not reached and 25.3 months for standard
risk and high-risk patients, respectively. In patients with lenalidomide refractori-
ness, the use of isatuximab (IKEMA, Isa-Kd) [23] and daratumumab (CANDOR
trial, Dara-Kd) [24] based combination with carfilzomib and dexamethasone best
outcomes. In CANDOR trial, with a median follow-up of 27.8 mons the median
PFS was 28.6 mons (Hazard ratio HR 0.59, P < 0.0001%), while the IKEMA trial
has shown a median PFS not reached with a median follow up of 20.7 mons.
Daratumumab, bortezomib, and dexamethasone (Dara-Vd) as per the CASTOR
trial, with a median follow-up of 40 mons, the median PFS was 16.7 months, and
HR of 0.31 (P < 0.0001) [25].

Another group of monoclonal antibodies called anti SLAMF7 (signal lymphocyte
activation molecule F7) has been evaluated in a phase 3 trial, Elotuzumab, lenalido-
mide, and dexamethasone (Elo-Rd) vs Rd have shown a median PFS benefit of 19.4
mons vs 14.9 mons (HR 0.70, P<0.001%) [26].

In phase 3 trial, evaluating the use of pomalidomide, bortezomib, and dexa-
methasone (P-Vd) vs bortezomib and dexamethasone (Vd) at a median follow-up of
15.7 mons, median PFS for patients who had one prior line of therapy was 20.7 mons
in favor of P-Vd (HR 0.54, P=0.0027) [27]. TOURMALINE trial, which evaluated
Ixazomib, lenalidomide, and dexamethasone (I-Rd) vs Rd showed a median PFS of
20.6 months in favor of I-Rd with an HR of 0.83 [28], although there was no statisti-
cally significant difference in overall survival with the addition of ixazomib to the
combination, this might be confounded by the subsequent therapies [29].

High-dose chemotherapy and ASCT can be used in the first relapse for fit patients
who experienced a prolonged PFS after the first transplant or those who never had a
transplant before as summarized in Table 5 [7, 13, 30].
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Study Median Safety Hazard Comments
(median FU) PFS ratio
CANDOR 28.6 HTN: 21 vs 15% HR 0.59 1-3 lines, HR CG 15%
(278 m) vs15.2 JPLT: 25 vs 16% p<0-0001 (50% failed CG !1), GFR
-D-Kd vs Kd mons PNA:15vs 9% >20, LVEF 240%
Len refractory 39%
POLLUX SR: NR - SR: >1lines (1-11,), GFR
(44.3m) vs18.6 0.43;P< > 30,
-D-RdvsRd mons 0.0001 1line (52%), 80% no
HR: HR: priorlen
263 0.34;P=
vs 8.3 0.0035
mons
CASTOR 16.7 - HR0.31 1-9 lines (median 2)
(40 m) vs71 P <.0001 len refractory 25%,
-D-Vd vs Vd mons prior Velcade 65%
IKEMA NR - HR 0-53 1-3 lines, GFR 215, LVEF
(20.7 m) vs19 p=0-0007 >40%
- Isa-Kd vs Kd mons primary refractory
excluded, HR CG 23%
No K or Dara, Len
refractory 25%
OPTIMISUM ITT: Tneutropenia ITT: >1lines, GFR > 30
(15.7 m) 11.2 Tthrombocytopenia 0.61;P<
-P-Vd vs Vd mons tinfection 0.0001
1L Rx: 1L: 0.54;
20.7 P=.0027
mons
TOURMALINE ITT: - ITT:0.73 >1lines, GFR > 30
- Ixa-Rd vs Rd 20.6 1L:0.83 No G2PN, Exc. Len or
mons PI ref
1L Rx:
20.6
mons
ELOQUENT-2 194 vs * Lymphocytopenia,
- Elo-Rd vs Rd 14.9 neutropenia, fatigue, and
N=321pts mons pneumonia
¢ Infusion-related reactions
(IRR) 10% mostly Grade
1/2
Table 4.

Cross trial comparison of different protocols.

7. Treatment of relapse in special scenarios

7.1 Renal failure

Renal failure is commonly seen in patients with multiple myeloma at the first
diagnosis, however, it is less common in the relapse if the patient was followed up
regularly because antecedent biochemical relapse is seen before clinical relapse.
However, If the patient has renal impairment, it is crucial to note that almost all
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ESMO 2021:

¢ Initial remission duration of > 36 months.

mSMART 2020: if eligible

* Consider salvage auto SCT who have not had it before;
¢ Consider 2nd auto SCT
¢ Remission > 18 months unmaintained or

* Maintained response to first ASCT of > 36 months

EBMT/ASTCT 2015:

¢ Initial remission duration of > 18 months

Table 5.
Role of autologous stem cell transplant in the first relapse.

clinical trials have excluded patients with renal impairment (estimated glomerular
filtration rate eGFR) [31].

Proteasome inhibitors do not need dose modification except for Ixazomib.
Immunomodulators (pomalidomide and thalidomide) do not need dose modification
but lenalidomide does. CD38 monoclonal antibodies do not need dose modification.
Alkylating agents do need dose modification. In summary, we need to check the
dosing schedule as per eGFR for the patient.

7.2 Extramedullary relapse (EMD) or secondary plasma cell leukemia (sPCL)

EMD and sPCL usually indicate an aggressive disease and carry a dismal prognosis
with a median overall survival (OS) of 6 mons (EMD) [15] and 4.3 mon (sPCL) [16].
It required incorporating chemotherapy i.e. VTD-PACE followed by ASCT if meets the
criteria as discussed before. The use of CD38 monoclonal antibodies such as daratu-
mumab has not shown to improve outcomes in this group of patients [32].

Central nervous system (CNS) involvement at relapse correlates with poor out-
comes due to its resistance to several treatments. The frequency of CNS involvement
is only approximately 1% [33]. Inmunomodulators (IMIDs) and daratumumab have
been shown to have a good penetration to the blood-brain barrier (BBB) and are
effective in CNS myeloma cases as shown in Table 6 [34]. Use of intrathecal chemo-
therapy has shown efficacy in combination with anti-myeloma treatment, however,
dosing, frequency, and duration of therapy are not well defined [35]. Myeloma cells

Class of therapy Agents BBB penetration CNS Myeloma

Immunomodulator Thalidomide Good Effective
Lenalidomide Good Effective
Pomalidomide Good Effective

Proteasome Bortezomib Poor Ineffective

inhibitor Carfilzomib Poor No data
Ixazomib Poor No data

CD38 monoclonal Daratumumab Good Effective
Isatuximab No data No data

Table 6.

Anti-myeloma efficacy in CNS myeloma.
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are usually radiosensitive [36], therefore combining radiotherapy with chemotherapy
can be more effective than if used alone [37].

8. Summary and recommendations

* Patients with multiple myeloma at the first relapse should undergo a full clinical,
laboratory, and radiological evaluation.

* Itis crucial to differentiate between clinical and biochemical relapse and deter-
mine the aggressiveness of the relapse.

* The choice of treatment is based on the disease biology, prior treatment, and
aggressiveness of the relapse.

* ASCT can be offered to a specific group of patients who are fit and had a
prolonged duration of remission with the first transplant or those who are

transplant naive.

* The use of monoclonal antibodies yields the best outcomes in the first relapse
of multiple myeloma patients

* For lenalidomide refractory patients, Dara-KD, Isa-KD, KPD, or PVD can be
used.

* For lenalidomide sensitive patients: Dara-Rd, Dara-KD, Dara-Pd, Isa-Kd, Isa-Pd,
KRd, KPd, or Elo-Rd
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Chapter 6

Management of Renal Failure
in Multiple Myeloma

Daniele Derudas and Claudia Concu

Abstract

Multiple myeloma (MM) is a monoclonal plasma cell neoplasia that commonly
involves the kidney. Renal impairment is a serious complication during the course of
the disease, and it is associated with increased morbidity and mortality. The most
frequent mechanism of injury is represented by the precipitation of monoclonal free
light chains (FLCs) in the distal tubule of nephron, defining a dramatic condition
known as light chain cast nephropathy (LCCN). A prompt and early identification of
the cause of renal disease, particularly in case of acute kidney injury (AKI), is man-
datory for its effective management, avoiding the development of chronic kidney
disease (CKD). In case of LCCN, in order to achieve renal recovery, it is needed,
besides preventive measures, urgent intervention based on vigorous rehydration,
correction of precipitating factors and effective anti-plasma cell chemotherapy.
Currently, the association of the Proteasome Inhibitor Bortezomib with high-dose of
Dexamethasone represents the standard association in newly diagnosed patients.
The addition of another drug such as Cyclophosphamide or an Immunomodulatory
Drugs may improve FLCs reduction but could be toxic. Interesting is the role of
the newest therapeutic agents, particularly anti-CD38 Monoclonal Antibodies,
whose efficacy and tolerance have been documented in patients without renal
impairment. Despite controversial results from randomized studies, recent data
suggest that in patients with LCCN and AKI requiring dialysis the association of
systemic therapy with an extra-corporeal approach of FLCs removal, may
increase renal response recovery rates. In this chapter, it is summarized
physio-pathological basis of MM renal impairment, clinical manifestations,
diagnostic procedures, and therapeutic management, included autologous stem cell
transplantation.

Keywords: multiple myeloma, renal failure, light chain cast nephropathy,
chemotherapy

1. Introduction

Multiple myeloma (MM) is a malignant plasma cell neoplasia with an incidence of
about 11 cases per 100,000 patients/year [1]. The clinical manifestations of this tumor
are characterized by the presence of one or more signs gathered by the acronym
CRAB: Calcium elevated, Renal impairment, Anemia, Bone lesions [2].
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The renal failure, as end-stage organ damage related to MM, is defined as a value of
serum creatinine of 177 microml/L (>2 mg/dL) or creatinine clearance <40 mL/min/
1.73 m?, according with a recent review of diagnostic criteria for the plasma cell
dyscrasia [3]. Renal impairment is a frequent complication of MM, that accounts for
roughly 40% of newly diagnosis patients (10% requiring dialysis). Notably, this rate
increases in the relapsed/refractory population. There is a strong association
between the outcome of patients and entity of kidney injury in terms of overall
survival and risk of early mortality [4-6]. The MM kidney involvement is mainly
due to the toxic activity of monoclonal free light chains (FLCs), which can affect
every structure of the nephron, from basement membranes of the glomeruli to renal
tubules. The most common cause of acute kidney disease (AKI) is represented by
light chain cast nephropathy (LCCN). Less frequent lesions associated with MM are
immunoglobulin light chain (AL) amyloidosis, light chain deposition disease
(LCDD), and other rarest pathologic entities [7-9]. The diagnosis of the causes
of renal impairment is based on blood and urine tests, bone marrow aspirate,
and biopsy. The kidney biopsy should be performed only if the cause is not clear
and particularly for figuring out lesions different from LCCN as AL amyloidosis,
LCDD, or kidney disease not related to MM (i.e. diabetes mellitus or arterial
hypertension) [4, 10].

The AKI associated with LCCN is an emergency that can lead rapidly to an end
stage renal disease (ESRD) with lifelong dialysis needs. For that reason, it is manda-
tory on one hand to act on the precipitating factors in order to prevent the onset of
AKI, and on the other hand starting an immediate specific therapy with novel agent to
achieve a quick reduction of FLCs productions, avoiding the interaction of the toxic
proteins with the nephron. Besides the Proteasome Inhibitors, Immunomodulatory
Drugs and Steroids, the new Monoclonal Antibodies are becoming an interesting
option of therapy for these patients. In the fit population, the autologous hematopoi-
etic stem cells transplantation is feasible, also in presence of dialytic need. The associ-
ation of mechanical removal of the serum FLCs with the systemic therapy could be
useful but is to date under investigation [4, 10, 11]. In this chapter, it is discussed the
management of renal impairment associated with symptomatic multiple myeloma a
malignant neoplasia. The kidney diseases associated with nonmalignant or premalig-
nant monoclonal gammopathies, defined monoclonal gammopathies of renal signifi-
cance (MGRS) are not covered here.

2. Renal failure in multiple myeloma
2.1 Epidemiology

Renal impairment is one of the most frequent MM complications and its
frequency varies according with the definition used for this condition. Overall,
roughly 50% of patients with MM experience acute kidney injury (AKI) or chronic
kidney disease (CKD) at some time during the course of their disease. Particularly,
between 20 and 50% of newly diagnosed patients experience AKI or CKD during the
disease course and a median rate of 1-3% (up to 12%) have a severe acute or chronic
renal failure requiring dialysis [12-18]. According to estimated glomerular filtration
rate (eGFR), the reported prevalence of AKI was 17% using the current International
Myeloma Working Group criterion (<40 mL/min/1.73 m?) [4, 19, 20]. Using the
RIFLE (risk, injury, failure, loss of kidney function, and end-stage kidney disease)
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criteria, a clinical study showed that the 35% of patients with MM presented AKI [21].
Different kidney pathology lesions were described in patients with MM but only
LCCN must be considered a myeloma defining event, because almost always occurs in
presence a serum monoclonal (M) spike of >3 g/dL or clonal plasma cells of >10% in
bone marrow and others myeloma features [3]. Less frequent myeloma-related renal
pathologies are represented by AL amyloidosis. LCDD, proliferative glomerulone-
phritis with monoclonal immunoglobulin deposits, thrombotic microangiopathy,
fibrillary glomerulonephritis, cryoglobulinemia, pyelonephritis, focal segmental
glomerulosclerosis, plasma cell infiltration, renal extramedullary hematopoiesis and
crystal-line podocytopathy (Table 1) [22].

According with autopsy and kidney biopsy series the LCCN was reported in
approximately 30% of patients followed by LCDD and AL amyloidosis between 10
and 20% and 20% respectively [23, 24].

2.2 Pathophysiology

Kidney is a major target for monoclonal immunoglobulins (MlIg) produced by MM
malignant plasma cells because of its peculiar characteristics:

a. manages the 25% of cardiac output;
b. filters and reabsorbs light chains;

c. presents immunological and immunogenic properties that make it a specific
target for immunoglobulins;

d. shows special physiochemical conditions (high concentrations of various
solutes, pH, salts concentrations) that allow and facilitate the toxic action of
Mlig;

e. it is characterized by the presence of specific receptors for immunoglobulins in
tubular cells.

MM LC preference MGRS Other hematologic diseases
MCN ~100% None No CLL, WM
AL amyloidosis 5-15% Lambda Yes WM, CLL
MIDD 59-65% Kappa Yes WM, CLL
LCFN 31-50% Kappa Yes WM, CLL
MG-related MPGN <20% None Yes CLL, WM
ITG 12.5% None Yes CLL

Abbreviations: AL, immunoglobulin light chain; CLL, chronic lymphocytic leukemia; ITG, immunotactoid
glomerulonephritis; LCFN, light-chain Fanconi syndrome; MCN, myeloma cast nephropathy; MG, monoclonal
gammopathy; MIDD, monoclonal immunoglobulin deposition disease; MM, multiple myeloma; MPGN,
membranoproliferative glomerulonephritis; WM, Waldenstrom’s macroglobulinemia.

Table 1.
From myeloma-velated kidney disease [22].
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The kidney lesions in MM patients are caused mainly by the production of mono-
clonal immunoglobulins or their fragments (light or heavy chains) by clonal plasma
cells that carry out toxic effects on different nephron’s structures.

Rarely the kidney injuries are not related to MIg activity. Following the most
frequent:

* Expansion of bladder or ureteral extramedullary plasmocytoma with
obstruction of the urinary tract and renal parenchymal plasma cell

infiltration, that are uncommon and rarely represent the unique cause of renal
failure [25-271;

* Hypercalcemia, that represents a complication of symptomatic MM with
a prevalence is 2- to 3-fold higher (25-45%) in patients with high levels of
serum creatinine. Hypercalcemia may cause prerenal AKI because of
dehydration and vasoconstriction, and it could act as precipitating factor of
LCCN [28-30].

¢ Infections, often associated with AKI [31].

* Dehydration and nephrotoxic agent administration, such nonsteroidal anti-
inflammatory drugs, diuretics, and renin-angiotensin-aldosterone system
blockers, that may be involved in the development of prerenal AKI and the
formation of light chains (LC) casts.

* Specific treatments of MM, frequently associated to development of AKI [32-34]:

1. Bisphosphonates, especially Zoledronic Acid, are widely used to treat
hypercalcemia and MM bone disease and have been involved in the
development of acute tubular necrosis [35];

2.Renal thrombotic microangiopathy is a rare cause of myeloma-associated
renal injury and could be a potential complication of proteasome inhibitors,
particularly Carfilzomib [36, 37];

3.Lenalidomide has been described as a cause of acute reversible non-LC—
related Fanconi syndrome [38, 39];

4.Tumor lysis syndrome, very unusual in the past, is increasingly described at
the start of chemotherapy because of the high efficacy of the novel agents,
particularly in patients with altered kidney function treated with
Proteasome Inhibitor-based regimens [40].

The main mechanism of kidney injury related to MIg is deposition or precipitation
of the complete MIg or their fragment, usually the serum monoclonal FLCs. Physico-
chemical characteristics of Mlg, particularly of the variable domain, define the local-
ization and pattern of kidney lesions [41]. Two-thirds of AL amyloidosis are due to
lambda light chains (LC), while nearly three-quarters of LCDD and light chain prox-
imal tubulopathy is caused by a monoclonal kappa LC [42-45]. Specific lambda or
kappa subtypes underlie for a large proportion of these kidney diseases: for example,
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lambda VI accounts for more than 40% of AL amyloidosis, while kappa I and IV are
specific for LCDD [46, 47].

In presence of high tumor mass, with a production of a huge quantity of FLCs, the
characteristic kidney lesions are represented by the LCCN (Figure 1). As mentioned
above, the MIg related renal complications not associated with the tumor mass are
more frequently diagnosed in patients with MGRS and rarely cause a severe AKI. The
LCCN occurs when a large amount of FLCs are produced by monoclonal plasm cells
(rarely by B clonal lymphoid cells as in course of Waldenstrém Disease or Chronic
Lymphoid Leukemia). Physiologically our organism produces roughly 500 mg of
polyclonal free light chains, that circulate as monomers of 22 kDa but, particularly the
lambda, they may assemble as dimers of 45 kDa, with a intravascular distribution of
15%. After glomerular filtration, the serum FLCs are reabsorbed by proximal tubular
cells through a mechanism of endocytosis associated to tandem receptors cubilin and
megalin and degraded in the cellular lysosomes. For this reason, a low amount only of
FLCs are detected in the final urine (<30 mg/day) [48-52]. In case of a massive
production of FLCs, the resorption capacity can be exceeded, with a consequent high
concentration of protein into the lumen of the loop of Henle. Moreover, the increased
reabsorption can damage proximal tubular cells causing the reduction of their cata-
bolic capacities. FLCs reach the distal part of loop of Henle precipitate in the tubules as
a result of binding with a protein named uromodulin (formerly called Tamm-Horsfall

Figure 1.
Images of LCCN: upper vight and left Hematossilin-Eosin staining; lower right k stain (left picture) and lambda
stain (right picture); lower left PAS stain.
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mucoprotein, or THMP), normally secreted by cells of the thick ascending limb of the
loop of Henle. The uromodulin constitutes the matrix of all urinary casts. This inter-
action occurs between LC CDR3 hypervariable region that binds to a 9-amino acid
sequence of uromodulin [53-56]. Another factor that can favor the uromodulin bind-
ing and the predisposition to light chain cast nephropathy may be the isoelectric point
(pD) of the involved FLCs. Their pI >5.1 (that is above the tubular fluid pH in the distal
nephron) will have a positive charge, which may promote binding via charge interac-
tion to anionic uromodulin (THMP; pl = 3.2) [57-59]. The binding and precipitation as
co-aggregates lead to the formation of obstructing, dense, intratubular casts in the
distal and collecting tubules (rarely in proximal tubules and glomerulus). Conse-
quently, it starts a process characterized by a giant cell reaction and interstitial
inflammation and fibrosis. The obstructive activity of casts causes decreasing of glo-
merular filtration rate, tubular rupture, extravasation of monoclonal light chain into
the interstitium, further promoting the interstitial inflammatory process. The inflam-
mation could in turn develop an irreversible fibrosis in absence of immediate thera-
peutic intervention [56, 60, 61]. It is under investigation the role of crystalline
organization of LC cast in triggering distal tubulointerstitial inflammation through
NOD-like receptor family receptor, pyrin domain containing 3 (NLRP3)
inflammasome and interleukin-1beta production [62].

Different factors may facilitate and promote intratubular cast formation:

* volume depletion [63], by slowing flow within the tubules, that can promote the
formation of large aggregates;

* metabolic acidosis, because of low urinary pH, loop diuretics, by increasing
luminal sodium chloride;

* increased urinary calcium and hypercalcemia, mainly because of consequent
volume depletion and renal vasoconstriction;

* radiocontrast media (particularly high-osmolar agents), which may interact with
LG;

* nonsteroidal anti-inflammatory drugs (NSAIDs), which may precipitate acute
kidney injury in 7-30% of MM patients, particularly in case of LCCN [58, 59, 64-66].

Furthermore, the excessive endocytosis of monoclonal FLCs in the proximal
tubules leads to generation of hydrogen peroxide and redox signaling with activation
of several pro-inflammatory pathways as mitogen-activated protein kinases ERK1/2,
JNK, p38, and nuclear factor-kB. This process is in turn associated to the production of
inflammatory cytokines such as interleukin-6 and monocyte chemoattractant protein-
1 (MCP-1) and the upregulation of apoptotic pathways. Recently it is demonstrated
that activation of signal transducer and activator of transcription 1 (STAT1) is the
main pro- inflammatory mechanism caused by FLCs reabsorption, leading to the
production of interleukin-1b and of the pro- fibrotic agent transforming growth factor
b. These molecular processes develop as the consequence of the generation of hydro-
gen peroxide by the FLCs, which appears to depend on the molecular characteristics
of the variable domain [67-70]. This inflammatory process leads to an irreversible
fibrotic reaction. Both affinity and concentration of the FLCs determine the patho-
genesis of LCCN. In fact, the probability of cast formation presents a linear association
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with the serum level of the monoclonal FLCs and the amount of its urinary excretion.
LCCN rarely occurs in presence of a serum concentration of <500 mg/l. The risk
varies also with the molecular characteristics of each individual FLC. Notably, neither
kappa or lambda isotype nor variability subgroups, which are independent of CDR3
molecular sequence, correlate with the risk of LCCN [71, 72].

2.3 Clinical manifestations and diagnosis

A broad spectrum of clinical manifestations can characterize the MM renal com-
plications, from dramatic cases of AKI to slower onset of CKD. These different clinical
features can help to define the best diagnosis according with the hypothetical causes,
avoiding potentially dangerous intervention as the kidney biopsy.

In case of AKI or subacute renal injury most of patients are likely to have a LCCN,
although other causes can include hypercalcemia, nephrotoxic agents like NSAIDs,
Bisphosphonates and antimyeloma agents (Lenalidomide and Carfilzomib) and,
rarely, radiocontrast agents. The LCCN typically progresses rapidly, with an increase
in creatinine that is observed over 1-3 months. For this reason, it should be suspected
in all patients who are >40 years of age with an unexplained documented creatinine
increase over a period of less than 6 months and a bland urine sediment. In fact, it is
very uncommon that patients with untreated LCCN could show stable kidney func-
tion beyond 6 months.

Only in rare cases patients affected by MM develop a subacute or acute kidney
disease due to tubulointerstitial nephritis, associated with LC deposition in the tubular
basement membrane, plasma cell infiltration, thrombotic microangiopathy (associ-
ated to Carfilzomib or Bortezomib treatment), hyper-viscosity syndrome (more fre-
quent in case of Waldenstré6m Disease), through impairment of microcirculation and
crystal-storing histiocytosis.

In case of gradual or progressive kidney impairment, with an increase of serum
creatinine over 6 months or more, is unlikely that a LCCN could represent the under-
lying cause of renal impairment, unless the patients experienced different episodes of
light chain cast nephropathy without a complete renal recovery leading to CKD. Many
forms of kidney complications in MM patients can show, as clinical onset, the pres-
ence of some degree of proteinuria, frequently with a nephrotic syndrome, and albu-
minuria as principal feature. This presentation can help to differentiate the cause of
renal complication because the LCCN presents, other that AKI, a proteinuria that is
predominantly (90%) composed of monoclonal light chains (Bence Jones protein) and
slight amount of albuminuria. The presence of albuminuria and a massive proteinuria
is characteristic of an underlying AL amyloidosis and other MIg related glomerular
disorders. The MIDD, particularly in case of LCDD, can show both albuminuria from
glomerular damage and light chain excretion with associated cast nephropathy. Other
diseases associated with a CKD and predominant albuminuria or nephrotic syndrome
are immunotactoid glomerulopathy, monoclonal cryoglobulinemic glomerulonephri-
tis, proliferative glomerulonephritis with monoclonal immunoglobulin deposits
(PGNMID), or C3 glomerulopathy.

The diagnostic process in patients with a kidney disease and a malignant
monoclonal gammopathy depends on clinical presentation through a multistep
approach:

* definition of the role of the monoclonal in the pathogenesis of the kidney disease
in order to avoid inappropriate toxic treatment;
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* characterization of the pathologic lesions in order to define the more appropriate
treatment strategy;

* decision about the opportunity of performing the kidney biopsy.

First of all, it is important to underline that the renal failure as end-organ damage
event for symptomatic MM is defined by a value of serum creatinine of 177 microml/L
(>2 mg/dL) or creatinine clearance (CrCl) of <40 mL/min/1.73 m?, according with a
recent review of diagnostic criteria for the plasma cells dyscrasia by the International
Myeloma Working Group [3]. For evaluation of CrCl, eGFR, assessed by either the
Modification of Diet in Renal Disease (MDRD) formula or the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation, seems to give accurate results in
this MM population. However, CKD-EPI seems to more accurately reflect GFR than
does MDRD, mostly in higher levels of GFR [73-76]. Another method that can used to
define the renal function is an equation on the basis of both serum creatinine and
cystatin-C (CysC). This method is very accurate but it is not easily applicable in all the
Centers. B,-microglobulin is another widely used marker that reflects both renal
function and tumor burden in patients with MM and for this reason is included in the
revised International Staging System [77-79]. Despite the above consideration, eGFR
should be used only in patients with stable renal function. In cases of AKI, RIFLE
(Risk, Injury, Failure, Loss and End-Stage Kidney Disease) criteria and AKIN (Acute
Kidney Injury Network) classification would seem to be more sensitive for the deter-
mination and evaluation of this condition [80, 81].

In order to define the best diagnostic strategy, it is mandatory to consider some
critical points:

* LCCN is still a frequent mode of discovery of a previously unknown MM. In case
of AKI of unknown origin, particularly in the elderly in absence of MM features,
it is crucial to consider LCCN. Initial diagnostic workup should include serum
and urinary protein electrophoresis and measurement of FLC.s Nephelometric
assays such as the Freelite® test (Binding Site, Birmingham, UK) represent a
reliable and invaluable tool for the diagnosis and management of LCCN. The
presence of a monoclonal spike or hypogammaglobulinemia, a urinary albumin/
protein ratio of <10%, and/or a significantly increased level of one FLCs isotype
with an abnormal kappa/lambda ratio should prompt to perform a bone marrow
examination to define the diagnosis of MM through the evaluation of monoclonal
plasma cells;

* in patients with a known diagnosis of Multiple Myeloma, smoldering Multiple
Myeloma, or high-risk monoclonal gammopathy of undetermined significance
(MGUS) and a unexplained reduced kidney function, there are some mandatory
tests as assessment of volume and acid-base status, urinalysis with sediment
examination, measurement of serum calcium (corrected for serum albumin
concentration), serum uric acid and serum phosphorus, serum protein
electrophoresis and immunofixation, serum FLCs assay, 24-h urine
electrophoresis with immunofixation, 24-h albuminuria, urinary albumin/total
protein ratio < 10% and urinary albumin/creatinine <30 mg/mmol, kidney
ultrasound. The urinary FLCs assays, should not be performed because are not
helpful in the evaluation of acute or subacute kidney injury in MM patients. It is
also important to rule out possible nephrotoxic agent exposure;
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* if the diagnostic approach reveals an obstructive uropathy as hydronephrosis,
hypercalcemia, hypovolemia, or urate nephropathy, these conditions should be
treated or corrected,;

* in patients without reversible cause ok AKI or in absence of correction of these
disorders a diagnosis of LCCN is highly suspected in case of a serum FLCs
concentration >500-1500 mg/l, a predominance of monoclonal light chains in
24-h protein electrophoresis with immunofixation, a bland urine sediment, low
amount of urine albuminuria or urinary albumin/total protein ratio < 10% and
urinary albumin/creatinine <30 mg/mmol. In this case, the kidney biopsy is not
mandatory [4];

* in case of abnormal urine sediment, a serum FLC level < 500 mg/L or a
predominance of albumin by 24-h protein electrophoresis with immunofixation
or urinary albumin/protein ratio of >10% (or urinary albumin/creatinine
>30 mg/mmol) the kidney biopsy is mandatory to exclude a diagnosis of AL
amyloidosis, MIDD or MIg related nephropathy. If AL amyloidosis is suspected, a
subcutaneous fat aspirate in positive for Rosso Congo stain 70% of patients [82];
if the fat biopsy is negative, a renal biopsy is required. Indication for a kidney
biopsy should take into account either renal and extrarenal features of
monoclonal gammopathy, and also alternative or associated causes of renal
disease such as diabetes or atherosclerosis [4]. In fact, in >15% of MM patients
with renal impairment a renal biopsy indicated that kidney failure is not
associated with the plasma cell dyscrasia: in particularly the main causes were
arterio-nephrosclerosis (6%), diabetic glomerulosclerosis (5%), post-infectious
glomerulonephritis (2%), or even smoking-related glomerulopathy (0.5%) [33].

Recently it is demonstrated that kidney biopsy may be helpful in the prognostica-
tion of LCCN. A retrospective study of patients with MM and LCCN (47% required
dialysis at presentation) showed that the number of casts per millimeter square in the
cortex and, to a lesser extent, the degree of interstitial fibrosis/tubular atrophy were
independent prognostic factors of renal outcome. Another relevant data from the
study is that the extent of cast formation could not be predicted by initial clinical data
and particularly the level of the involved FLCs [56, 83].

Particular clinical cases are represented by the patients with electrolyte abnormal-
ities as the onset of renal impairment, besides the frequent manifestations as hyper-
calcemia. Normoglycemic glycosuria, aminoaciduria, proximal renal tubular acidosis,
hypouricemia, and phosphate wasting are signs of tubular dysfunction [84]. In these
cases, light chain proximal tubulopathy could be a rare complication of MM with
clinical manifestations of Fanconi syndrome [85].

Furthermore, pseudohyponatremia can occur in MM patients with a severe
hyperprotidemia.

3. Management of renal failure

3.1 Prevention and early management

The AKI associated to MM is a medical emergency. The diagnosis must be
performed as fast as possible. The supportive care and anti-myeloma treatment should
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be started immediately in order to recovery the renal function and, in case of dialysis,
make the patients independent from that.

The first step in the management of renal failure is to set preventive measures,

particularly in MM patients with high risk of LCCN (i.e., FLCs concentration
> 1500 mg/L) through different actions:

* avoiding of NSAIDS and radiological exams with radiocontrast media
* a careful administration of bisphosphonates

* prompt treatment of infections with non-nephrotoxic antibiotics.

The early therapeutic approach aims to correct the precipitating factors and stabilize

hemodynamic conditions, decreasing the tubular precipitation of FLCs with uromodulin.
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The treatment approach consists in the following procedures [11, 85-87]:

* vigorous rehydration with saline fluids (24-h 4-5 L) in order to achieve a high

urine flow. The hydration must be managed carefully in case of oliguric AKI or
heart failure. It is necessary to limit the afflux of sodium and chloride in distal
tubules using half normal saline fluid. In case of volume depletion, it should be
used isotonic fluids for initial volume replacement. In the absence of volume
depletion or following, one-half isotonic saline at an initial rate of 150 mL/h,
adjusted to maintain the urine output at approximately 100-150 mL/h
(approximately 3 L/day), should be administrated. There is no uniform
agreement about the administration of isotonic sodium bicarbonate aiming to
achieve a urine pH > 7, particularly in presence of acidic urine pH, that can
facilitate cast formation. This approach must be avoided in patients with
hypercalcemia because of the risk of calcium phosphate precipitation;

* hypercalcemia must be treated with rehydration and intravenous administration

of Bisphosphonate with a dosage and infusion adapted with the eGFR. Among
bisphosphonate the Pamidronate is associated lower risk of renal complications
than Zoledronic Acid. Considering the pharmacodynamics properties, the anti-
receptor activator of nuclear-factor kappa B ligand monoclonal antibody
Denosumab represents the best option that may be proposed because this drug
does not need dose adjustment according with the eGFR [35, 88];

* the loop diuretics should be used only in presence of severe fluid overload since

there is some concern that they may facilitate cast formation;

* treatment with renin-angiotensin-aldosterone system blockers and NSAIDs must

be discontinued,;

* in case of infections a prompt and vigorous antibiotics therapy with nephrotoxic

antibiotics must be started as quickly as possible;

* hyperuricemia, if present, should be treated;

* hyper-viscosity is a rare cause of AKI among MM patients and should be treated

with plasmapheresis and appropriate chemotherapy;
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* conventional dialysis should be initiated for the usual indications (i.e. fluid
overload, hyperkalemia, and uremia) and it is not useful for the removal of free
light chains. In this MM populations, hemodialysis is the preferred modality and
peritoneal dialysis is an option for patients who develop end-stage kidney disease
(ESKD) and require chronic dialysis.

3.2 Medical therapy

The goal of any therapy for MM patients with renal impairment will involve either
reducing the exposure of the kidney to FLCs either inhibiting the interaction of FLCs
with uromodulin. Different studies demonstrated that:

* the recovery of renal function is associated to a reduction in serum FLCs
concentration > 50% [89];

* the relationship between the probability of renal recovery and the degree of an
early FLCs reduction in myeloma kidney is linear [90];

* besides the degree of reduction, also the speed at which the FLCs reduction
occurs is important to reach a recovery of kidney function. It was described that
patients who achieved a sustained reduction within 21 days were significantly
more likely to recover renal function than those who did not achieve a reduction
[90]. It is to date controversial if the FLCs assays can replace 24 h urine
collections for monitoring of disease response.

To achieve a rapid reduction of the circulating concentrations of pathological FLCs
in patients with LCCN, the production rate of monoclonal proteins by the plasma cell
clone must first be quickly decreased for a sustained time. Antimyeloma therapy is the
mainstay of treatment for patients with MM associated-AKI. The choice of optimal
drug class and therapeutic associations must follow the following principles:

* novel agents in association with Dexamethasone will obtain the fastest and
deepest responses;

* the drugs should show safety and efficacy in renal failure, including dialysis;

* the medical therapy should not impair collection of peripheral hemopoietic stem
cells if there is any possibility of a future autologous hemopoietic stem cells
transplant (ASCT);

* the ASCT should be considered a treatment option also in dialysis-dependent
patients in transplant-eligible population.

To date, the MM treatment consists in different classes of drugs administrated in
association with Steroids either in transplant-eligible either non-transplant eligible
population [4]. The main classes used in clinical practice are represented by
Proteasome-Inhibitors (Bortezomib, Carfilzomib, Ixazomib), Immunomodulatory
Drugs (Thalidomide, Lenalidomide, Pomalidomide), Monoclonal Antibodies
(Elotuzumab, Daratumumab, Isatuximab). The newest class of drugs are the
Immunoconjugates anti-BCMA (Belantamab-mafodotin), Selective Inhibitor of
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Nuclear Export (SINE) (Selinexor) and Cellular Therapies as bi-specific antibodies
and CAR-T cells (both used in trial), Melfuflen, Iberdomide, Venetoclax. Conven-
tional chemotherapy drugs usually used in association with novel drugs in the treat-
ment of MM or for hemopoietic stem cells mobilization and ASCT conditioning are
represented by Cyclophosphamide and Melphalan.

Unfortunately, there are little evidences about the efficacy and safety of these new
agents and their association in patients with acute kidney impairment included in the
clinical trials because, the threshold of renal function for inclusion is generally an
eGFR >60 ml/min. Another difficulty in the treatment of patients with Myeloma
related-AKI is the need of a dose adjustment according with kidney function because
of renal extraction and/or metabolism (Table 2).

* High-dose Dexamethasone is a key component in the treatment of LCCN because
of its potent cytotoxic and anti-inflammatory activity properties diagnosis of AKI
and can represent a bridge therapy before starting the anti-myeloma treatment
[91, 92].

* Conventional anti-myeloma agents most used in treatment of MM are
Cyclophosphamide and Melphalan. Cyclophosphamide is preferred to

Cr >60ml/min  30-59 ml/ 1529 ml/min < 15 mil/ On dialisys
clearance min min
Melphalan Yes 200 mg/m®>  160- 140-200 mg/m> 140- 140 mg/m”
200 mg/m® 200 mg/m’
Bortezomib No 1.3 mg/m? No No No No
modification modification modification modification
Talidomide No 100-200 mg/ No No No No
die modification modification modification modification
Lenalidomide Yes 25 mg/die 10 mg/die 15 mg once 5 mg/die 5 mg/die
every other day
Pomalidomide No 4 mg/die No No No No
modification modification modification modification
Carfilzomib ~ No 20-27 mg/m®  No No No No
56 mg/m” modification modification modification modification
Ixazomib No 4 mg/die No 3 mg/die 3 mg/die 3 mg/die
modification
Elotuzumab No 10 mg/kg No No No No
20 mg/m? modification modification modification modification
Daratumumab No 16 mg/kg No No No No
1800 mg s.c.  modification modification modification modification
Isatuximab No 10 mg/kg No No No No
Modification Modification Modification Modification
Belantamab No 2.5 mg/kg No No data No data No data
mafodotin Modification
Selinexor No 160 mg No No No No data

Modification Modification Modification

Table 2.
Dose-adjustment of anti-myeloma drugs according with creatinine clearance.
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Melphalan, which is eliminated by the kidneys, because it does not need a dose
adjustment according to eGFR and is frequently associated to novel agents and
Steroids. Melphalan, in combination or as conditioning regimen, needs adequate
dose reductions according with renal failure to avoid severe cytopenias and non-
hematologic toxicities. The cardiac toxicity of Doxorubicin limits its indications
in this setting of patients.

* The Proteasome Inhibitors (PIs) are a class of drugs which primary mechanism of
action is the inhibition of catalytically active subunits of proteasome, a large
multi-catalytic protein complex that degrades many cellular proteins. Besides
anti-apoptotic activity, Pls also act as immunosuppressants and inhibit bone
resorption. Currently, three PIs, Bortezomib, Carfilzomib, and Ixazomib, are
used for the MM treatment, mainly in association with other agents, either in MM
newly diagnosed (NDMM) patients either in MM relapsed/refractory (RRMM)
population.

Bortezomib is a reversible PI, administered in intravenous or subcutaneous way,
licensed for NDMM and RRMM patients in association with novel agents and
conventional chemotherapy. It represents the mainstay in the treatment of
patients with MM-related nephropathy, particularly LCCN. The rationale for use
of Bortezomib in this setting lies in:

1.the short time of a sustained response;

2.high overall and complete response in combination regimens;

3.good tolerability with a similar toxicity in patients with a renal impairment;
4.half-time life independent of renal clearance,

5.direct anti-inflammation activity in myeloma kidney disease.

Particularly the inhibition of nuclear factor kB (NFkB), which activation is
involved in the development of irreversible tubulointerstitial fibrosis, is likely to
contribute to improved renal outcomes through prevention of progressive
inflammation and fibrosis. Reversal of renal impairment has been observed in
several studies of patients with MM-related renal impairment, including some
patients who became independent of dialysis after treatment with Bortezomib.
Remarkably, renal responses in patients treated with Bortezomib-based
schedules tend to occur rapidly, usually within the initial two to three cycles of
treatment and this response is consistent and sustained. Bortezomib should be
administered after the dialysis procedures, because they may reduce the drug
concentrations [93-96].

Carfilzomib is a tetrapeptide epoxyketone PI that irreversibly binds to the p5-
proteasome subunit and the LMP7 (ip5) subunit of the immunoproteasome with
greater affinity than Bortezomib, characterized by an intravenous
administration. It is indicated for the treatment of RRMM patients mainly in
association with Lenalidomide and Dexamethasone or only Dexamethasone with
different dosages. Based on the pharmacokinetic data, no adjustment of the
initial dose is recommended for patients with mild, moderate, or severe baseline
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renal impairment, or in case of chronic dialysis therapy. Particularly, the data
from real-word evaluations and clinical trials suggest that Kd56 (Carfilzomib

56 mg/2 plus Dexamethasone) has a favorable benefit-risk profile and should be
considered an in patients with RRMM, regardless of kidney function. A warning
is represented by its potential cardiac and some rare complications as thrombotic
microangiopathy, that could preclude its use as a standard for LCCN [97-100].

Ixazomib is an oral, highly selective, and reversible PI that binds and inhibits the
chymotrypsin-like activity of the 5-subunit of 20S proteasome, which leads to
the disruption of cellular regulatory mechanisms, which in turn inhibits cell
growth and survival pathways leading to the induction of apoptosis. According to
the pharmacokinetics and safety results, a reduced Ixazomib dose of 3 mg (on
days 1, 8, and 15 of the 28-day cycles) is recommended in MM patients with
severe renal insufficiency or ESRD requiring hemodialysis, compared to the
recommended standard 4 mg dose for patients with normal renal function or
mild or moderate RI. The drug can be administered regardless of the time of
dialysis in patients requiring hemodialysis with ESRD [101, 102].

The Immunomodulatory Drugs (IMiDs) are oral agents approved for the
treatment of NDMM and RRMM populations in association with other novel
drugs or only with Dexamethasone. IMiDs have been reported to have a
multitude of activities, including anti-angiogenic, cytotoxic, and
immunomodulatory: Recently the recent discoveries that the IMiDs bind to
cereblon and thus regulate the ubiquitination of key transcription factors
including IKZF1 and IKZF3, have provided greater insight about their
mechanism of action. To date, the three IMiDs used for the treatment of MM
patients include Thalidomide, Lenalidomide and Pomalidomide. Iberdomide is a
novel, orally administered and highly effective cereblon-modulator, currently
under investigation as promising novel agent for the treatment of heavily
pretreated RRMM patients.

Thalidomide is not excreted by the kidneys and can be used even in patients
requiring chronic dialysis without dose adjustment. However, some toxic effects,
such as unexplained hyperkalemia, con lead to a careful use in patients receiving
dialysis. Other warning is represented by the thrombogenic properties, with the
need of prophylactic anti-coagulation, and poor tolerability, because of
neurotoxicity, particularly in elderly patients. Besides these side effects,
Thalidomide has shown a significant improvement of renal function in a high
proportion of patients with MM presenting renal insufficiency and can represent
an option in association with Bortezomib, Dexamethasone, and Daratumumab
for the NDMM patients transplant-eligible as induction and consolidation
therapy [103-105].

Lenalidomide is a second-generation IMiD that represents the backbone in
different associations for the treatment of NDMM, either eligible and non-
eligible transplant patients, and RRMM populations. Because of primary
excretion by the kidney, a dose-adjusted treatment according to renal function is
mandatory for patients with MM and renal impairment. The main toxicities
observed in patients with renal impairment is represented by thrombocytopenia.
The data from clinical trials and real-word experiences demonstrated the efficacy
of this drugs in achieving a renal recovery but only if dose modification is
provided [106-108].
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Pomalidomide is the third generation IMiD, indicated for the treatment in
different combinations for RRMM population. Before its excretion,
Pomalidomide is largely metabolized by CYP450 in the liver, and only 2% of the
drug that has not been metabolized is excreted in urine. This agent does not need
a dose modification according to renal function and this property makes
Pomalidomide is highly attractive for the therapy of population with MM-related
nephropathy. Data from clinical trials, in association with Dexamethasone or
with other agents (i.e. Isatuximab, Bortezomib), showed benefit from a therapy
with Pomalidomide with an acceptable safety profile also in population with
severe kidney impairment [109, 110].

Monoclonal antibodies (MoAbs) currently used for the treatment of MM patients
are represented by anti-CD38 MoAbs Daratumumab and Isatuximab and anti-
CS1 MoAb Elotuzumab.

Daratumumab is a human IgGlk MoAb that binds to a unique CD38 epitope
leading to a killing of Myeloma cells shortly through a variety of mechanisms,
including complement-mediated cytotoxicity, antibody-dependent cytotoxicity,
and antibody-dependent phagocytosis. An immunomodulatory action has been
demonstrated as well.

It represents an important agent in combination for the treatment of NDMM and
RRMM. Recently, besides the intravenous administration, a subcutaneous
formulation has been approved for the MM therapy. The data from different
studies demonstrated a rapid hematological response as well as a strong renal
response also in patients with a severe renal impairment and dialysis need. The
safety profile was acceptable in this population. No dose modification is needed
according to renal function [111-114].

Isatuximab is a IgG1 MoADb that targets a specific epitope on CD38 using
different mechanisms of action against Multiple Myeloma. Sub-analysis of phase
III studies, in association with Pomalidomide and Dexamethasone and
Carfilzomib and Dexamethasone in a RRMM population, shown clinical
effectiveness with a manageable safety profile in patients with renal
insufficiency. Like Daratumumab, it is not necessary a dose modification on
kidney impairment [115].

Elotuzumab is a humanized immune-stimulatory IgG1 MoAb that targets the
signaling lymphocyte activation molecule F7 (SLAMF?7, also referred to as CS1), a
glycoprotein that is expressed in monoclonal plasma cells and natural killer cells
but not in normal tissue. The associations with Lenalidomide-Dexamethasone or
Pomalidomide-Dexamethasone are licensed for the therapy of RRMM patients.
No dose adjustment is mandatory for this MoAb in case of renal impairment of
any degree. The combinations of Elotuzumab in phase III studies were well-
tolerated by MM patients with renal impairment, including patients with
terminal renal failure, and effective [116, 117].

The first immunoconjugate used outside clinical trials is the Belantamab
mafodotin, first-in-class anti-BCMA immunoconjugate with a humanized IgG1
anti-BCMA monoclonal antibody conjugated by a protease-resistant
maleimidocaproyl linker to a microtubule-disrupting agent, monomethyl
auristatin F (MMAF). In patients with mild or moderate renal impairment
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(eGFR >30 mL/min) no dose adjustment is necessary. Currently, insufficient
data are available for patients with severe renal impairment to support any dose
recommendation. Clinal trials including patients with various degrees of renal
impairment are ongoing to address this issue [118, 119].

 Selinexor is an oral, reversible, covalent Inhibitor of XPO1-mediated Nuclear
Export. The administration of Selinexor leads to the nuclear retention of TSPs
(p53, Rb, FOXO1, survivin and IkB) and blocks the export of e[F4E-bound onco-
protein mRNAs (c-Myec, cyclin D1, Bcl-6, Mdm?2 and Pim), resulting in growth
inhibition and apoptosis. No adjustment of the Selinexor dose is necessary in
patients with mild, moderate, or severe renal impairment. No data are available
for patients ESRD or hemodialysis [120, 121].

* No data are available about dose modifications of promising and effective
treatment as CAR-T cells [122-124] therapy, bi-specific antibodies [125-127],
and other agents as Venetoclax [128-130], Melfuflen [131-133], and
Iberdomide [134, 135] in case of renal impairment, and particularly
dialysis-dependence.

According to the clinical data and the international guidelines for the management
in patients with MM-related kidney impairment, and particularly in presence of
LCCN, Bortezomib-based treatment is the gold standard in term of efficacy in hema-
tologic and renal response and safety profile. The best agents to be associated to
Bortezomib and high-dose of Dexamethasone is still under debate, because of lack of
clinical trial. Cyclophosphamide and Thalidomide can be optimal options for efficacy,
safety, pharmacokinetic characteristics without impact on peripheral stem cells col-
lection for the transplant-eligible patients. In this setting, the introduction of
Daratumumab could increase the efficacy in terms of hematological and renal
responses without increased toxicity. The NDMM non-transplant eligible population
can benefit from the association of Daratumumab with Bortezomib-Melphalan and
Prednisone. Lenalidomide could be used in transplant-eligible and non-transplant
eligible populations but is more difficult to manage because the need of dose adjust-
ment on renal function and its myelotoxicity.

Different regimens can be exploited in the treatment of RRMM patients. It is
mandatory to consider not only the efficacy but also the need of adjustment of dosage
according to renal failure in order to achieve the best results with an acceptable safety
profile. This is more and more important in the heavily pretreated patients, where the
comorbidities and side effects remarkably impact on the outcomes and quality of life.
Furthermore, the RRMM patients present a higher risk of renal impairment with a
lower probability of recovery. Monoclonal Antibodies, Pomalidomide, and
Carfilzomib (with a careful assessment for cardiologic side effects) represent the best
options in different associations.

Despite the availability and the efficacy of novel agents, high-dose therapy with
hemopoietic peripheral stem cells transplantation (ASCT) represents currently the
standard of care for NDMM defined transplant-eligible for age (<70 years) and
fitness, according to comorbidity and performance status [136-138]. In recent years,
several reports have shown that the use of ASCT is safe and effective in MM patients
with renal impairment However, there still have some considerable variabilities in
reported survival outcomes and renal recovery from the limited literature because the
available studies (cohort studies, retrospective studies, and case report) are
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characterized by different priorities in clinical and renal response. The cohort analysis
seemed to take more attention to the clinical response. On the other side, the retro-
spective studies were more interested to renal function change [139]. One of major
issue has been represented by the dosage of Melphalan as conditioning: it is demon-
strated a large interpatient variability in melphalan exposure for the patients under-
going ASCT [136]. However, the use of higher dosage of Melphalan has been shown to
improve survival with an increased but acceptable transplant-related toxicities

[136, 140]. According to the reports of meta-analysis and the data from the literature
it is possible to conclude that:

* renal impairment and dialysis should not be considered an exclusion criterion for
the eligibility to ASCT;

* ASCT could be a feasible therapy and can lead to similar remission outcomes to
those without advanced renal failure;

* patients with MM-related kidney disease after ASCT have a good overall results
and improvement of renal function but present a low survival rate (rate of
mortality from 4% to 29%) [4];

* renal impairment does not affect the quality of stem cell collection or
engraftment [4];

* the clinical responses of the conditioning Melphalan therapy in patients with
renal failure remains controversial as well as the best dosage in this population
(140-200 mg/m?) [139];

* In this population, it is advisable to reduce the dose of Melphalan by 25% in case
of creatinine clearance between 10 and 45 ml/min and by 15% in patients with a
creatinine clearance between 46 and 60 ml/min: particularly full Melphalan dose
of 200 mg/m?2 is safe and effective in case of creatinine clearance between 30 and
60 ml/min [141, 142];

* ASCT can lead to dialysis-independence (up to 29% of patients) [143]. This
population needs careful evaluation prior to ASCT by a multidisciplinary team
and dose adjustment for all drugs in order to avoid serious toxicities should be
taken into consideration [144].

Following are reported some practice recommendations for management of
transplant-eligible patients with MM-related kidney disease:

* an induction Bortezomib-based (in association with Cyclophosphamide or
Thalidomide and, if possible, Daratumumab) is preferable for short time of
response and absence of myelotoxicity and no need of dose adjustment on renal
function. In case of a combination with Lenalidomide is mandatory to reduce the
dosage according with renal function;

* PBSC collection should be accomplished using either Cyclophosphamide
combined with G-CSF, or, if in stringent complete remission/complete remission
G-CSF, 15-30 mg/kg daily for 5 days associated with Plerixafor;
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* The doses of Cyclophosphamide in stem cell mobilization prior to ASCT are Low
dose (LD-Cy) from 1 to 1,5 g/m? intravenously, Intermediate dose (MD-Cy)
from 3 to 4 g/m” intravenously, High dose (HD-Cy) from 5 to 7 g/m”
intravenously: the first option is the most preferred in the practical use and
clinical trial to avoid long-term cytopenias and extra-hematological toxicities
[145-147];

* The doses of G-CSF in stem cell mobilization prior to ASCT are 5 mcg/kg twice
daily (i.e. 10 mcg/kg/day) subcutaneously twice daily for 4-5 days [148];

* The dose of Plerixafor is 0,24 mg/kg subcutaneously, one dose to be given the
night before stem cell collection: this agent is used in case of MM poor mobilizer
patients [149, 150];

* avoid dialysis on the day of Melphalan, administered over 30 min in 1 or 2 days;
* stem cell reinfusion should be performed after 24 h over 1 or 2 days, post dialysis;

* double ASCT could be considered in fit patients according to the results and
safety of first ASCT;

* consider consolidation and maintenance therapy in order to improve the overall
response and outcome of patients.

3.3 Mechanical therapy

The medical therapy is finalized to a rapid and sustained suppression of malignant
plasma cells clone but it could be not enough fast and effective to translate into an
immediate reduction of monoclonal FLCs, leading to prolonged renal exposure to
these pathologic proteins. For this reason, it has been considered the possibility of
using of complementary mechanical strategies, dedicated to remove the monoclonal
light chains from the circulation.

The mechanical approach should avoid the prolonged exposition of nephron to
elevated serum concentration of monoclonal LC.

The x and A FLCs are middle molecules that are physiologically present in the
serum as monomers and dimers, with molecular weights of 22.5 kDa and 45 kDa,
respectively. However, in MM patient monoclonal LC are frequently present as poly-
mers of various sizes. In healthy individuals, the monomers and dimers are filtered
freely at the glomerulus with serum half-lives of between 3 h and 6 h, and FLCs
represent an early marker of myeloma response to chemotherapy when renal function
is normal [151, 152]. In presence of severe renal failure, the serum half-lives of FLCs
are prolonged with a consequent increasing of absolute serum concentrations. There-
fore, in this context, serum half-lives are about 2-3 days and the reticuloendothelial
system becomes the most important mechanism of clearance. The serum concentra-
tions can remain elevated for long periods because of reduced renal clearance, even if
an effective chemotherapy is promptly started with a reduction of FLCs production
[153-155]. This prolonged kidney exposure to high FLCs levels could explain why it is
reported a significantly lower rate of renal recovery in dialysis-dependent at disease
presentation than in those with moderate renal impairment treated with Bortezomib-
based therapy (approximately from 30% to 60%) [156]. These observations led to
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consider that the strategies to remove FLCs directly from the serum could have a
particularly high effective role in the population with a significantly reduced FLCs
clearance.

Rapid FLCs depuration may be achieved either through plasmapheresis or inten-
sive hemodialysis using new-generation “high-cutoff” (HCO) protein-leaking dia-
lyzers with very high permeability to proteins.

Before choosing the best approach for these patients with a severe renal impair-
ment due to a LCCN is mandatory to subline preliminary considerations:

* these therapies are pointless if used without efficient associated chemotherapy;

* the renal effect of their combination with anti-plasma cell regimens is still
debated;

* FLCs, because of their molecular weight, re-equilibrate freely between
intravascular and extravascular compartments and approximately 80% of FLCs
are extravascular at any one time. Direct removal of FLCs from the serum could
have an affective benefit therefore only if the whole body is cleared of
monoclonal light chains to achieve a sustained reduction in serum FLC
concentrations.

Plasma exchange would seem to be a logical treatment for LCCN because of
technical characteristics. However, despite the effective FLCs plasma removal pro-
vided, the short duration of each session (typically 2 h or less) results in a limited
clearance of the extra-vascular compartment. Furthermore, in case of increasing the
dose of plasma exchange, there is the disadvantage of the non-targeted removal of
FLCs. Plasma exchange also removes many essential proteins including intact immu-
noglobulins and clotting factors. About clinical efficacy, randomized trials, performed
before the era of novel anti-myeloma agents and with a limitation of the absence of
pathological demonstration of LCCN, failed to show a benefit of plasmapheresis. A
more recent retrospective data evaluation in patients with biopsy-proven LCCN
treated with the combination of plasmapheresis with high-dose Dexamethasone and
Bortezomib or Thalidomide reported renal response rates of up to 75% [89, 157, 158].

For the MM LCCN patients requiring dialysis, another promising tool is
represented by hemodialysis using conventional high-flux dialyzers, with a protein
cutoff of 15-20 kDa. It provides only limited clearance of FLCs.

HCO dialyzers in reverse allow the removal of proteins up to 65 kDa and produce
highly efficient clearing of both kappa and lambda LC with acceptable albumin loss.
Because of the uppermost extravascular distribution of FLCs, prolonged HCO hemo-
dialysis sessions are needed to achieve a removal of high quantities of LCs, with the
risk of post-dialysis intravascular rebound. The first experiences with the association
of intensive HCO hemodialysis and chemotherapy with novel agents showed hemo-
dialysis independence rates of nearly 60% [90, 159-162], in comparation with 30%
rate reported in patients receiving conventional hemodialysis1 [36, 163].

Other techniques of FLCs removal consist in hemodialysis using adsorptive
polymethylmetacrylate dialyzers, supra-hemodiafiltration with endogenous reinfu-
sion after FLC adsorption hemodiafiltration using high-flux or very high flux mem-
branes, or continuous veno-venous hemofiltration with HCO filters. Their efficacy on
FLCs removal as compared to HCO hemodialysis remains to be assessed and little data
are available in patients with MM and AKI.
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Variable MYRE EulLite
Number of 98 90
randomized
patients
Randomization After a preinclusion period of 4-15d, Upfront
including symptomatic measures and high-
dose steroids (dexamethasone 40 mg/d
orally, 4 d)
Chemotherapy Bortezomib dexamethasone (and/or Bortezomib-dexamethasone-doxorubicin
regimens cyclophosphamide in patients without
hematological response after 3 cycles)
Hemodialysys  Identical in the HCO and control groups 8 Intensive HD in the HCO group Daily
schedule sessions of 5 h over the first 10 d and then sessions of 8 h over the first 10 d, then 8-h

thrice weekly

sessions thrice weekly from day 12 to day

21, and finally 6-h sessions thrice weekly
Standard HD in the control group 4-h
sessions thrice weekly

HCO dialyzers Single HCO Theralite dialyzer (Gambro

Dialysatoren GmbH, Hechingen,

2 1.1 m* HCO dialyzers in series

Germany) of 2.1 m” in surface

Premature 4 (8.7%) in the HCO group® 9 (20.9%) in the HCO group 2 (4.2%) in
treatment 2 (4.2%) in the control group the control group
discontinuation

Dialysis independence

At 3 mo 41% (HCO) vs. 33% (control) P = 40.42 56% (HCO) vs. 51% (control) P = 40.81
At 6 mo 56.5% (HCO) vs. 35% (control) P = 40.04 58% (HCO) vs. 66% (control) P = 40.76
At 12 mo 61% (HCO) vs. 37.5% (control) P1/40.02  58% (HCO) vs. 66% (control) P = 40.76

HCO, high cutoff; HD, hemodialysis.

Table 3.
MYRE and EuLite trials.

Two randomized trial, MYRE [26] and EuLite [164], evaluated HCO hemodialysis
in comparison with standard high-flux hemodialysis. Their clinical designs (Table 3)
presented noticeable differences in terms of randomization, hemodialysis and che-
motherapy schedule and expertise of centers. Notably, also the results were discor-
dant: both studies demonstrated dialysis independence rates at 6 months of 60% but,
in contrast, data differed in control groups, being significantly lower rate in MYRE
trial (35%). At primary end point (3 months), in MYRE study the hemodialysis
withdrawal rates were not significantly different. In a hand, the HCO group of EuLite
experienced a high rate of serious adverse events (frequent severe infections), which
resulted in frequent treatment interruptions, in the other hand tolerance of HCO
hemodialysis was good in MYRE. Overall survival was similar in the 2 groups of the
MYRE study, whereas mortality rate was higher in the HCO group of EuLite. Regard-
ing the light chain isotype, no difference was observed in both studies in terms of
HCO dialyzers. Despite the non-concordant data from these trials, the combination of
HCO hemodialysis with an effective chemotherapy can be considered a therapeutic
option for LCCN patients. Additional data are required for define the role of anti-
CD38 MoAbs in this mechanical/chemotherapy approach.
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3.4 New treatment approach

The main problem in the treatment of LCCN is the dependence on fast and
sustained FLCs reduction. Because no therapy is 100% effective against LCCN and it
remains to be determined if mechanical devices can reduce FLCs in association with
chemotherapy, new therapeutic approaches are needed to face this issue.

Recently a competitive inhibitor peptide (AHXCLSADSSGSYLYVCKK) capable of
interrupting the binding between FLC and uromodulin, preventing obstruction, was
described as effective in animal models. Earlier another agent, a polypeptide pituitary
adenylate cyclase-activating poly-peptide with 38 residues (PACAP38), has demon-
strated high activity at blocking cellular damage from FLCs in an in vitro setting [165].
Despite additional data regarding the clinical efficacy and the potential role in this setting
are warranted, therapeutic approaches that can target the monoclonal protein rather than
the plasma cell are extremely attractive, avoiding the use of toxic chemotherapy, in
patients with AL amyloidosis who may be too frail to be treated with medical therapy.

3.5 Prognosis and response criteria

Early assessment of hematologic response through serial FLCs assessment is crucial
for the management of MM-related kidney diseases, particularly in case of LCCN. The
absence of rapid and deep hematologic response can lead to the need to reinforce the
previous regimen either by introducing an Immunomodulatory Drug or an anti-CD38
Monoclonal Antibody because:

* in case of persisting AKI, hematologic response is the main predicting factor of
renal survival, particularly for patients requiring dialysis, in whom the
achievement of involved FLCs level below 500 mg/1 after the first cycle of
chemotherapy is an independent factor of renal recovery [26].

* without indication for dialysis, a reduction of >90% monoclonal FLCs
concentration is also associated with a high probability of renal response [27].

Besides the early and sustained FLCs reduction, another prognostic factor for renal
recovery is represented by the severity of renal impairment. It was demonstrated the
AKIN 3 stage is an independent predictor of poor renal outcome [27]. In this
population the kidney biopsy may help predict renal prognosis and potentially guide
therapeutic decisions (i.e. the reinforcement of chemotherapy with extracorporeal
FLC removal) though two key predictive histologic features (Table 4) [56]:

Variable Definition Score

Highest number of light chain Highest number of light chain casts in one 20~ Cal: <5 casts/mm?

casts per millimeter square in the field divided by the area of one 20 field in Ca2: 5-10 casts/mm”
cortex (Ca) millimeter square Ca3: >10 casts/mm?
Interstitial fibrosis/tubular Thickened tubular basement membranes with  T0: <10%
atrophy (T) flattened epithelial cells, expanded interstitium T1: 10-24%
with fibrosis, whichever is the highest T2: 25-50%
T3: >50%
Table 4.
From [56].
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Renal response Baseline eGFR, mL/min/1.73 m?’ Best CrCl response
Complete response <50 >60 mL/min
Partial response <15 20-59 mL/min
Minor response <15 15-29 mL/min
15-29 30-59 ml/min

Abbreviations: CrCl, creatinine clearance; eGFR, estimate glomerular filtration rate.
eGFR is based on the Modification of Diet in Renal Disease formula, or the Chronic Kidney Disease Epidemiology
Collaboration equation.

Table 5.
Criteria for the definition of venal response to antimyeloma therapy.

* Degree of interstitial fibrosis and/or tubular atrophy
* Highest number of cortex cast for millimeter square

Although life expectancy of patients with ESRD caused by LCCN has increased
over the last decade, it remains inferior to 2 years in those requiring chronic hemodi-
alysis [166]. Moreover, it has been shown that renal recovery can lead to improved
survival in patients with MM but the life expectancy of patients with reversal of renal
impairment remains inferior to patients with normal renal function at diagnosis. The
International Myeloma Working Group defined criteria for renal response, defining
complete, partial, and minor responses, but their clinical relevance remains to be
evaluated (Table 5) [4]. In the clinical practice improvement in renal function,
defined by a stable eGFR value >40 ml/min/1.73 m?, is represents desirable goal,
particularly in fit eligible for ASCT.

4. Conclusion

Renal diseases associated to MM represent frequent complications of this malig-
nant disease. The diagnosis could be challenging and it is mandatory to define the
effective role of underlying MM in the renal pathology development and rule other
cause as, for example, MGRS. Particularly, the LCCN is a dramatic renal complication
of MM that need a prompt and fast diagnosis and therapy to avoid dialysis-
dependence and improve the outcome of this population of patients. Despite the
recent advances in the management of MM-related AKI further progress is required:

* prevention and early diagnosis should be eagerly improved;

* definition of the best therapeutic regimen, and likely the introduction of newest
agent as anti-CD38 MoAbs, is mandatory to optimize the efficacy and reduction
of toxicity of treatment and to enhance renal recovery that affects morbidity and
mortality;

* in patients requiring dialysis, further studies are needed to set the optimal
modalities of the combination of HCO hemodialysis with chemotherapy;

* therapeutic decisions, like change or enhancing therapy, should be guided by
improved prediction of renal outcomes through pathology data from a wider use
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of the kidney biopsy in patients with severe LCCN AKI. For example, the
chemotherapy in association with HCO hemodialysis could effective in patients
with high risk of ESRD according with assessment of renal prognosis with kidney
biopsy (high number of pathologic cast);

* a more extensive multidisciplinary approach is mandatory to improve the
management of these complications, particularly LCCN.
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Abstract

Multiple myeloma is a clonal plasma cell neoplasm that is mainly characterized by
anemia, renal insufficiency, hypercalcemia, and bone destruction. Since 1990, there
is an increase in the incidence of myeloma globally by 126%. However, due to the
presence of the new therapeutic agents such as proteasome inhibitors, immunomodu-
latory drugs, Chimeric antigen receptor T-cell therapy, bispecific antibodies, bisphos-
phonates, corticosteroids, melfulfen, iberdomide, cyclophosphamide, plerixafor,
melphalan chemotherapy, nuclear transport inhibitor, and monoclonal antibodies,
as well as upfront autologous and allogeneic hematopoietic cell transplantation in
eligible patients, a decline in the age-standardized mortality rate has been seen. This
leads to higher survival rates of patients with multiple myeloma in the last 15 years,
and hence, patients with multiple myeloma for 10-15 years are no longer rare.
However, it has been observed that even though the treatment goal was to prevent
end-organ damage, improve or maintain quality of life (QoL), and achieve long-term
disease-free survival; thus, new treatments have converted myeloma into a chronic
disease, such as peripheral neuropathy (PN), venous thromboembolism, and cardiac
toxicity. Notably, most patients remain on continuous treatment for extended time
periods, which leads to various complications. Hence, management of immediate and
late complications from disease and treatment is a critical component of survivorship
care in myeloma.

Keywords: quality of life, disease, adverse effects, treatment, peripheral neuropathy

1. Introduction

Multiple myeloma (MM) is known to be one of the most common types of plasma
cell cancer and is the third most hematological malignance after non-Hodgkin
lymphoma cancer and leukemia. Moreover, it represents almost “21% of all cancer
types globally and in the United Kingdom with a soar in the incidence rates since the
mid-1970s” [1, 2]. Around 305 patients (128 females and 177 males) in Ireland are
diagnosed with MM per year. In 2019, around 2000 people were living with myeloma
in Ireland. Hence, various treatments are used to slow down, control, or prolong
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survival rate of MM patients [3, 4]. The normal plasma cells that are located in the
bone marrow (soft tissue within the bones) have a huge impact on the immune system,
which consists of different cells, which aim to fight infections and various diseases.
Lymphocytes including T cells and B cells are white blood cells in the immune system,
which are located in various areas in the body, such as “lymph nodes, the bone mar-
row, the intestines, and the bloodstream.” In the normal conditions, when an infection
occurs, B cells would mature and progress into plasma cells. Thus, the antibodies
(immunoglobulins) are formed by the plasma and aim to attack and kill germs [5].

In general, once the plasma cells grow out of control and become cancerous, this
results in MM, which leads to malignant transformation of the plasma cells. Data
from gene sequencing studies explain that the malignant clone in MM may arise from
a late cell in B-cell development. Patients suspected of MM should be examined using
screening tests, such as electrophoresis of serum and concentrated urine and then
immunofixation to indicate any M protein present. To diagnose MM, radiographic
skeletal survey, bone marrow aspiration, and biopsy are performed. As a result,
plasma cells would lead to the formation of abnormal protein antibodies known as
“monoclonal protein (M-protein) or paraprotein,” which may lead to bone pain, frac-
tures, anemia, infections, and other complications [6-8]. Chronic pain is extremely
prevalent in patients with MM, and it is one of the most common symptoms upon
diagnosis experienced by MM patients and could be an indicator of a relapse.

2. Complications of multiple myeloma
2.1Infections

Moreover, MM is related to high rate of infections that could lead to death for MM
patients. The increased susceptibility of patients to infections arises from the MM
disease itself, therapies, age, and disease-related conditions. Moreover, the main lead-
ing cause of the infection is due to a multifactorial immunodeficiency caused by the
disease itself and the novel therapies given during the different stages of treatment
[9]. It was previously reported that MM patients exhibit a higher risk of developing a
bacterial/viral infection compared with healthy individuals of the same sex and age.
At 1 year of follow-up, high rate of infection was possessed in MM patients leading
to death. The most common causes of infection in MM are gram-negative bacilli,
Streptococcus pneumoniae, and viruses (influenza and herpes zoster) [10]. The most
common infections resulted from MM are meningitis, septicemia, pneumonia, osteo-
myelitis, cellulitis, and pyelonephritis. Influenza infection and herpes zoster were the
most frequent viral infections.

Hence, careful monitoring for infection and appropriate use of antibiotics are
required with MM patients. In a randomized phase II study in 157 patients who were
treated through autologous hematopoietic cell transplantation [HSCT], it was reported
that administration of ciprofloxacin and vancomycin lowered the incidence of neutro-
penic fever without causing any effect on the total interval of hospitalization [11].

2.2 Renal complications

The kidney is one of the major target organs in MM. Thus, almost 40% of MM
patients will develop kidney impairment, while 10 to 15% will require dialysis.
Hence, renal impairment has a significant effect on the overall survival (OS) of these
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patients and is a major complication of MM disease and can be presented as either
Ig-dependent or Ig-independent [12], as in Ig-dependent that results from the toxic
effects of monoclonal light chains, which can with other kidney lesions such as cast
neuropathy, monoclonal immunoglobulin deposition disease, light chain amyloidosis,
glomerulonephritis: membranoproliferative, diffuse proliferative, cryoglobulinaemic
tubulointerstitial nephritis, Fanconi syndrome, minimal change disease membranous
glomerulopathy, immunotactoid/fibrillary glomerulopathy, and thrombotic microan-
giopathy. The most common renal complication is the cast neuropathy, which results
in acute kidney injury (AKI) and causes dehydration, infection, hypercalcemia,
hyperuricemia, or nepthrotoxins and in most cases occurs in MM patients with serum
light chains level greater than 100 mg/dl [12]. Hypercalcemia is the second most
frequent reason of AKI in MM.

The most common glomerular lesion in MM patients is AL amyloidosis, which is
arapidly fatal systemic disease that involves extracellular deposition of congophilic
fibrils in soft tissues.

Thus, renal insufficiency is associated with higher morbidity and mortality, and
it is the second most common cause of death in MM patients, after infection, thus
highlighting the importance of an early and aggressive treatment, because recovery of
renal function is associated with increased survival [13].

2.3 Hyperviscosity syndrome (HVS)

Hyperviscosity syndrome is common in patients with multiple myeloma. It
occurs as a result of increased serum viscosity usually resulting from increased cir-
culating serum immunoglobulins leading to increased blood viscosity [14]. It can
be caused due to the alternation of the shape of red blood cells or due to enhanced
cellular or acellular components of blood, specifically immunoglobulins [15]. It
has been previously reported that hypergammaglobulinemia is the most common
cause of HVS particularly the monoclonal condition of Waldenstrom macroglobu-
linemia (WM) followed by myelomas, with the IgG type accounting for less than
5% of the cases.

2.4 Spinal cord compression

Previous findings have demonstrated that MM leads to 5-10% of all malignant
tumors due to spinal cord compression (SCC) [16]. SCC is a devastating complica-
tion of MM and may lead to loss of neurological function. Hence, the common
symptoms of SCC are back pain, motor weakness, and sensory change. Due to its
complication, patient should be managed as soon as possible in order to forbid loss
of neurological function [17].

2.5 Cytopenia

Initially, in the early stages of the disease, anemia is very common; however, in
advanced stages, thrombocytopenia and neutropenia may develop leading to pan-
cytopenia. Pancytopenia leads to decreases in all peripheral blood lineages, and its
presence occurs when all three cell lines are under the normal reference range.

The main cause of pancytopenia is due to the plasma cell proliferation replacing
normal hematopoietic cells, cytokine-mediated bone marrow failure, or renal failure-
induced erythropoietin deficiency [18].
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3. Complications of treatment of multiple myeloma

Unfortunately, the treatment options for MM are limited due to the fact that most
of the drugs used in MM may cause peripheral neuropathy, which has been shown to
negatively impact patient’s quality of life [QoL] too.

3.1 Proteasome inhibitors and immunomodulatory drugs

Proteasome is a protease complex that maintains the optimal levels of intracellular
proteins required for cell cycle progression, cell apoptosis, mitosis, DNA replication,
DNA repair, and other normal cellular processes. The proteasome is a large multi-
protein complex that is composed of multicatalytic proteases and aims at degrading or
processing intracellular proteins via ubiquitin-dependent or ubiquitin-independent
degradation pathways [19-23]. MM patients produce high levels of excess proteins
including abnormal misfolded proteins by their cancerous cells as a consequence
of genome mutations [24-26]. Examples of proteasome inhibitors are bortezomib,
carfilzomib, and ixazomib. They can all cause nerve damage and increase the risk for
certain infections [23].

Immunomodulatory drugs [IMiDs] modify the response of immune system,
which can be beneficial for MM patients, and IMiDs have various uses and are mainly
used as induction therapy for both transplant eligible and ineligible patients, in the
posttransplant maintenance setting, and for relapsed/refractory disease [27].

In addition to this immunomodulatory action, these drugs have other actions in
the body such as anti-angiogenic and cytotoxic. Examples of such drugs are lenalido-
mide, pomalidomide, and thalidomide. These IMiDs drugs can disrupt the myeloma
cell-bone marrow stromal cell interaction by reducing the expression of cell surface
adhesion molecules and decreasing IL-6 production [19, 27, 28].

3.1.1 Peripheral neuropathy

Peripheral neuropathy [PN] occurs as a result of damage to the peripheral (i.e.,
arms and legs) nervous system. Signals are being transmitted by the system between
the central nervous system (the brain and spinal cord) and the rest of the body. This
would lead to an alteration in feelings of the hands, fingers, legs, feet, toes, or lips
causing pain, numbness, burning, or even tingling [29]. In case of tingling, burning
pain, muscle weakness, sensitivity to touch prickling sensations, or even cold feel
sensation develop; then, patient should report directly to his physician who will then
adjust the myeloma treatment in order to manage the symptoms of PN [29, 30].

One of the main side effects of proteasome inhibitors [PI] and IMiDs is the
treatment-induced PN. It is a common and debilitating toxicity in patients with
multiple myeloma. Among the PI the major drug that leads to the highest incidence
of PN is bortezomib with almost one-third of patients developing this toxicity [29].

It has been previously reported that subcutaneous and a once weekly dose admin-
istration of bortezomib causes a lower incidence of severe PN. Bortezomib mainly
targets small nerve fibers and dorsal root ganglion leading to sensory polyneuropathy.
Among the various proteasome inhibitors (PI), bortezomib was the first therapeutic
agent effective against MM and has been used in clinical practice for the treatment of
all stages of MM. Furthermore, daratumumab (DARA) was approved in 2015 by the
Food and Drug Administration (FDA) in the United States of America (USA) for MM
patients [31].
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Moreover, thalidomide is one of the first-generation IMiD-causing PN and is
usually observed in up to two-thirds of the patients [29]. It is usually noted beyond
a daily dose of 200 mg and with a longer duration of treatment. In contrast to bort-
ezomib, thalidomide may result in higher rates of motor and autonomic neuropathy
[32]. Hence, it is reversible in almost a quarter of the patients and may last around
4-6 years. It has been previously seen that newer IMiDs such as lenalidomide and
pomalidomide did not cause a high rate of peripheral neuropathy [32].

3.1.2 Infectious complications

Despite prolonging survival times of MM patients, both bortezomib and DARA
caused an enhancement in infectious complications thus becoming a life-threatening
issue in these patients. The main cause of infection is due to the change in lymphocyte
count as well as due to the immunosuppressive effect of the disease [33].

3.1.3 Cardiac toxicity

Carfilzomib has demonstrated a high risk of cardiac toxicity with the incidence of
all grade and higher than grade three toxicities being 18.1 and 8.2% and the risk ratio
for high-grade cardiac toxicities being 2.2 [34, 35]. The most common cardiac toxici-
ties with carfilzomib include heart failure (systolic or diastolic), cardiac chest pain,
hypertension, arrhythmia, acute coronary syndrome, and pulmonary hypertension.
Usually, almost 90% of cardiac toxicities occur during the first 3 months of treatment
with a median time to first even being 31 days and a plateau in the incidence curve
beyond 5 months [32].

It was previously reported [36] that administration of IMiDs to MM patients
may result in cognitive impairment. For instance, in 2013, a 59-year-old male was
diagnosed with MM. Upon reviewal of his medication, he was started on bortezomib
and dexamethasone. Two months later, lenalidomide was added. However, 5 days
later after initiating lenalidomide, the patient was taken to the emergency depart-
ment as a result of cognitive decline and expressive aphasia (impaired word finding).
Therefore, a decision was made to stop lenalidomide. Thalidomide was introduced
instead, but the patient could not tolerate it due to extreme fatigue. Therefore,
lenalidomide was reintroduced at a reduced dose of 5 mg daily and his symptoms did
not recur upon follow-up after 16 months [37]. Hence, cognitive impairment caused
by IMiDs is mostly reversible within days to weeks after dose discontinuation.

3.1.4 Venous thromboembolism

Furthermore, it has been previously reported that a high risk of venous thrombo-
embolism (VTE) was associated with both thalidomide and lenalidomide. Hence, the
incidence of VTE with IMiDs is the highest in the first 6 months of therapy and higher
in newly diagnosed patients in contrast to relapsed settings.

IMiDs including lenalidomide, thalidomide, and pomalidomide are known to
be the most effective therapies for MM; however, they cause an increase in the risk
of VTE. In a previous meta-analysis study evaluating the effect of thalidomide, a
2-6-fold higher risk of VTE was observed, while an 8-fold higher risk of VTE was
observed when thalidomide was combined with dexamethasone. A high incidence
of VTE is particularly the highest seen during induction therapy of newly diagnosed
MM patients [34].
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Patients with MM have a high incidence of baseline cardiovascular co-morbidities,
which is observed mainly with IMiDs and may induce arrhythmias, such as bradycar-
dia and atrioventricular block.

3.2 Chimeric antigen receptor T cell therapy

Chimeric antigen receptor T-cell therapy (CAR-T) is an effective treatment
of relapsed refractory MM that targets a protein called B-cell maturation antigen
(BCMA) that is on the surface of myeloma cells but not healthy cells. However, CAR-T
has shown high rates of infections from 23 to 63%. Furthermore, toxicities associ-
ated with CAR-T include cytokine release syndrome (CRS), immune effector cell-
associated neurotoxicity syndrome (ICANS), cytopenias, tumor lysis syndrome, and
hypogammaglobulinemia [38].

3.3 Bispecific antibodies

The main role of bispecific antibodies is to create an immunologic synapse by
binding a target both on the malignant plasma cells and on cytotoxic immune effector
cells (T-cells/natural killer (NK) cells) leading to T/NK cell activation and destruction
of tumor [39]. Various adverse events have been seen throughout all early phase trials
for bispecific antibodies including neurological events and cytopenia, such as neutro-
penia and lymphopenia and CRS in addition to hypogammaglobulinemia, which may
lead to a high rate of infection [40].

3.4 Biphosphonates

The most widely used bisphonates (BPs) are pamidronate (Pam) and zoledronic
acid (ZA) the most commonly used for the treatment of myeloma-related bone
disease. Other BPs such as clodronate (Clo) and ibandronate (iban) have been less
frequently used. Almost 40% of MM treated with biphosphonates emit an acute
phase response post-administration of BP. Various side effects are found, such as
flu-like symptoms, fever fatigue, malaise, and bone pain. A previous study showed
nephrotoxicity from BPs and renal failure was observed in MM patients. It depends on
the type of BP, and some are more nephrotoxic than others. Moreover, ZA is known to
have a long renal tissue half-life, which could accumulate in the renal tissue causing
renal damage [41, 42].

3.5 Corticosteroids

Corticosteroids, such as dexamethasone and prednisone either alone or in combi-
nation with other myeloma drugs such as immunomodulators or chemotherapeutics
agents, are widely used in the treatment of MM. Inclusion of corticosteroids with
other myeloma drugs increases the clinical response rates [43]. In addition, corticoste-
roids aid to decrease the nausea and vomiting that may result from the chemotherapy.
The beneficial effects of corticosteroids in the treatment of MM are related to their
anti-inflammatory and immunosuppressive effects [43]. These drugs can inhibit
the movement of white blood cells to the areas where cancerous myeloma cells are
causing damage, decreasing the degree of swelling and inflammation in these areas
and mitigating the associated pain and pressure. Even at high doses, dexamethasone
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can kill myeloma cells. The side effects associated with using corticosteroids are main
concerns, especially it needs to be given at much higher doses than those given in
other areas, which may affect patient QoL, especially in elderly patients [44].

As outlined previously, due to their anti-inflammatory and anti-immunosuppressive
qualities, glucocorticoids have been shown to be effective in the treatment of MM.
Nevertheless, both the short-term and long-term side effects of the use of glucocorti-
coids prove to be substantial, and it is certainly critical to address them. Glucocorticoids
can increase insulin resistance by interfering with signaling pathways. These pathways
and the abundance of insulin determine the glucose storage levels in skeletal muscles
[35, 45]. Dexamethasone is a glucocorticoid commonly used for the treatment of MM.
However, the use of dexamethasone has been demonstrated to trigger impairments in
insulin-induced cascades, which then increases insulin resistance in skeletal muscles
[46, 47]. The increased insulin resistance leads to a higher incidence rate of induced
hyperglycemia in patients due to increased glucose levels. According to 13 studies
observing the incidence rate of glucocorticoid-induced hyperglycemia, it was found
that 32.3% of the patients involved in the studies developed hyperglycemia stimulated
by glucocorticoid use [47, 48]. Furthermore, glucocorticoids evidently decrease bone
mineral density [BMD], leading to osteoporosis. The use of prednisolone, another
widely used corticosteroid, presents decreased intestinal Ca2+ absorption [47].
Therefore, the use of prednisolone eventually leads to the reduction of BMD, leading
to osteoporosis consequently. Prednisolone is not the only glucocorticoid that portrays
intestinal Ca2+ malabsorption, as dexamethasone proves to have similar effects on BMD
[49, 50]. At least 50 percent of those who require extensive glucocorticoid therapy have
osteoporosis. The incidence rate of osteoporotic fractures from long-term glucocorticoid
oral use may be as high as 30-50% [34, 51]. The benefits of glucocorticoid treatments
for MM certainly outweigh the negatives of the side effects; however, the side effects
certainly remain significant and must be tackled by adjusting doses or using other
medication to counter the effects. Additionally, corticosteroids may result in hyperten-
sion, cardiac Al amyloidosis, hyperviscosity, high output failure, and arteriovenous
shunting [35, 37]. Other adverse events include alopecia, weight gain, dermatological
rash, endocrine disorders, gastrointestinal disorders, leukocytosis, infections, muscu-
loskeletal, ophthalmic, and psychiatric disorders. Therefore, as a result of this, steroids
can adversely affect various boy systems and may exert an effect on patients, physical,
social, and psychological functioning leading to decrease in quality of life and reduced
treatment adherence. Thus, due to these adverse effects, less effective dosing may be
required, which may negatively impact on treatment and survival outcomes [35].

3.6 Melfuflen

Cytopenia is common with melfuflen, especially thrombocytopenia. Therefore,
it is essential to monitor cytopenias with melflufen and to ensure proper manage-
ment and supportive care for platelet count recovery including dose reductions,
growth factor support, and platelet transfusions. It has been previously reported that
melflufen does not lead to alopecia despite working through an alkylator-dependent
mechanism, and the incidence of mucositis is low [52].

3.7 Iberdomide

Iberdomide is a novel cereblon E3 ligase modulator with enhanced tumoricidal
and immunostimulatory activity. Previous studies have shown that iberdomide
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has the potential to overcome the resistance of IMiD and is compatible with dexa-
methasone, bortezomib, and daratumumab thus initiating enhanced apoptosis and
antibody-dependent cellular cytotoxicity. When combined with dexamethasone,
the novel agent iberdomide exhibited antitumor activity in patients with relapsed/
refractory MM [53]. Despite its antitumor activity, it has possessed various adverse
events including infection, neutropenia, anemia, fatigue, and gastrointestinal
toxicities.

3.8 Cyclophosphamide

Cyclophosphamide is a medication primarily used in the management and treat-
ment of neoplasms, including MM, sarcoma, and breast cancer that exerts its effect
through alkylation of DNA [54]. However, various concerns were observed with
cyclophosphamide regarding their adverse side effects. Bladder and gonadal toxicity
are highly observed with this type of drug. Other various adverse side effects were
reported such as hemorrhagic cystitis, amenorrhea, myelosuppression, alopecia, and
spells of nausea and vomiting [55].

3.9 Plerixafor

Plerixafor is a CXCR 4 antagonist that is used for stem cell mobilization along
with granulocyte colony-stimulating factor (G-CSF) in patients with MM [56].
As mentioned earlier, stem cell transplantation is one of the most effective treat-
ment for MM; however, mobilization failure is an important concern with stem
cell transplantations. Accordingly, stem cells are yielded from the peripheral
blood via apheresis. Thus, the most commonly used mobilization agent that is
administered subcutaneously for multiple days among patients and donors is the
G-CSF. However, there are various adverse effects of G-CSF such as headaches,
tiredness and weakness, bone and muscle pain, diarrhea, nausea, bruising or
bleeding problems, breathlessness, shortness of breath, feeling sick, sore mouth,
gut and back passage, and hair thinning. Accordingly, plerixafor has been
reported to be used with G-CSF in patients who exhibited mobilization failure
with G-CSF alone. Plerixafor has shown well tolerability by patients. The mild
and transient adverse effects of plerixafor had overcome the adverse events due
to G-CSF alone [57].

3.10 Melphalan

High-dose melphalan has been used as a common agent in treating refractory
myeloma; however, due to complications of prolonged granulocytopenia, high
mortality rates were observed [58].

3.11 Chemotherapy

Chemotherapy refers to the use of medicines to stop or slow the growth and
longevity of cancer cells. These chemotherapeutic drugs go into blood and hence can
reach all body parts to destroy myeloma cells. Chemotherapy can be used alone or
in combination with other myeloma drugs. This can provide efficient control over
MM and its symptoms or even may lead to complete remission in some cases [59].
Chemotherapy can be given alone as a main treatment for MM or it can be combined
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with other myeloma drugs to get better clinical outcomes. It can be given before and
even after stem cell transplant to make sure that the cancerous cells will not return.
Examples of chemotherapeutic drugs used in MM include melphalan, cyclophospha-
mide, doxorubicin, and liposomal doxorubicin.

Chemotherapy may be an option for treating MM. However, there are various side
effects that vary based on the medicine and the doses administered. Some of the most
common side effects of chemo include hair loss, nausea and vomiting, mouth and
throat sores, loss of appetite, fast and quick bleeding and bruising, extreme tiredness,
and high risk for infection [60].

3.12 Stem cell transplantation

Stem cell transplant, also called a bone marrow transplant, can be effective in the
treatment of MM. There are two types of stem cell transplants: autologous transplantation
and allogeneic transplantation. In autologous transplantation, which is safer and more
common, patient’s own stem cells are taken before chemotherapy and then returned back
after completion of the chemotherapy. On the other hand, in allogeneic transplantation,
the stem cells are taken from a donor, mostly a close relative to the patient such as a sister
or brother, whose cells are closely matched to the patient’s cell type. MM patients should
be exposed to high-dose chemotherapy prior to transplant to kill the cancerous cells; then
after few days, the new stem cells are infused into the blood, and they go to settle in the
bone marrow where they grow and develop into new blood cells.

Although autologous HSCT is not curative, it can improve the myeloma patient’s
quality. Stem cell transplant is an integral part of therapy in newly diagnosed MM
young and fit elderly patients, or at the time of relapse [61].

High-dose chemotherapy and autologous HSCT is standard therapy for patients
with MM. Even though autologous HSCT provides an enhanced survival rate to
patients with MM, it can cause various complications such as infections (bacterial,
viral, or fungal), chemotherapy-related toxicity, and organ failure [62]. Infections
may arise due to damage to the mucosal surfaces and skin from preparatory regimens
and central venous catheters, neutropenia, and immunodeficiency secondary to
chemotherapy. Thus, patients would require prophylactic antibiotics. The major
concern in this process is the development of resistant organisms and the presence of
Clostridium difficile infections [63].

Furthermore, relapse rates are higher after autologous transplants than allogenic
transplantation.

On the other hand, a lower risk for disease recurrence is found post-allogenic
transplants compared to autologous transplantation. However, allogenic transplants
may lead to fatal complications such as organ toxicity, graft failure, and graft-
versus-host disease [64].

Hence, MM is the most frequent indication of autologous HSCT. It has been previ-
ously reported that melphalan 200 mg/m? is the gold standard conditioning regimen
and the peripheral blood stems cell (PBSC) is the major source of cells. Accordingly,
the PBSC is cryopreserved after harvesting using dimethyl sulfoxide (DMSO) as the
cryoprotectant, which aims to prevent freezing damage to living cells. Even though
DMSO is safe, it may cause mild adverse reactions such as cardiovascular, neuro-
logical, respiratory, renal, and hepatic dysfunction [65]. To reduce adverse effects,
treatment before and after transplantation may be given, optimization of the infusion
procedure, reduction of DMSO concentration or using alternative agents for cryo-
preservation, and removing DMSO prior to infusion [66].
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3.13 Monoclonal antibodies

Immunotherapeutic agents such as monoclonal antibodies, which are proteins
designed to attack antigens on the surface of the myeloma cells, play an important role
in treatment of MM patients. This role relies on designing a target-specific antibodies
produced from a single clone, monoclonal antibodies, which can directly target neo-
plastic cells and activate the immune system or disrupt a signaling pathway protecting
neoplastic cells from immune-cell destruction. The first monoclonal antibody used
for the treatment of multiple myeloma was daratumumab, a fully human IgG anti-
body [67]. Daratumumab was approved by the USA-FDA in 2015 and by the European
Medicines Agency (EMA) in 2016 [68, 69]. More promising clinical outcomes were
obtained when daratumumab was combined with IMiDs and PIs. Other examples of
monoclonal antibodies used in the treatment of multiple myeloma are elotuzumab,
isatuximab, and belantamab mafodotin.

Daratumumab may cause a certain drug reaction in people within several hours
afterward, which can sometimes be severe. Symptoms may include coughing, wheez-
ing, trouble in breathing, tightness in the throat, stuffy nose, dizziness, headache,
rash, and nausea. It can also cause a drop in blood cell count, which may lead to a
higher risk of infections and bleeding or bruising. Moreover, isatuzimab may cause
drug respiratory infections such as pneumonia and cold leading to lower blood cell
counts. Unfortunately, this drug may lead to high risk of developing a second type of
cancer [70]. Furthermore, several complications may be observed with elotuzumab
including fever, chills, feeling dizzy, wheezing, breathing problems, throat tightness,
loss of appetite, diarrhea, constipation, cough, and nerve damage resulting in weak-
ness or numbness in both hand and feet.

Common side effects of belantamab include tiredness, fever, nausea, severe prob-
lems in the eyes including blurry vision, dry eyes, vision loss, and damage to the cornea.

3.14 Nuclear transport inhibitor

The nuclear export protein expression in multiple myeloma cells is high. This
intracellular nuclear export is responsible for transferring proteins out of the nucleus.
Therefore, blocking this action by using a nuclear export inhibitors results in that the
proteins build up inside the nucleus of the myeloma cells and consequently the cell
dies. In July 2019, selinexor became the first nuclear export inhibitor approved for
use in relapsed/refractory multiple myeloma. Clinical trials showed that this modern
treatment is efficacious when used alone or in combination with dexamethasone,
doxorubicin, bortezomib, or carfilzomib agents to treat multiple myeloma [71]. In
addition, it was shown that SINEs also have an added benefit of reducing the progres-
sion of bone disease in multiple myeloma patients.

Selinexor may cause various adverse effects that include low platelet counts, low
white blood cell counts, diarrhea, nausea, vomiting, not feeling hungry, weight loss,
low blood sodium levels, and infections like bronchitis or pneumonia [70].

4, Conclusion

Due to the complications of treatment, myeloma is known to be transformed into
a chronic disease. Therefore, focusing on immediate and late complications from the
treatment is important to deliver higher survivorship care.
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Various reports have demonstrated the importance of MM patients to continue
with their daily activities and maintain good physical and mental well-being. Hence,
their ability to continue with their daily routine and physical activities during treat-
ment results in fewer side effects and lower fatigue and thus improves quality of life.
Accordingly, the mental health and physical health of patient are extremely important
during treatment [59].

An increase in prevalence of myeloma survivors has been observed; thus, monitor-
ing and managing early and late complications is essential. Future investigational
research is recommended to monitor the treatment-related complications, therefore
improving the quantity and quality of life in patients with myeloma.
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Abstract

Over the past two decades, treatment of multiple myeloma (MM) has advanced
dramatically. However, despite the introduction of several lines of novel therapeutics,
autologous hematopoietic stem cell transplantation (HSCT) followed by maintenance
therapy is the current standard of care in transplant eligible patients. Autologous
HSCT can be performed with or without cryopreservation with equivalent short-term
and long-term outcomes. In patients with MM, performance of autologous HSCT
at outpatient setting is safe, feasible and has a number of advantages such as saving
hospital beds and reducing treatment costs. Autologous HSCT can be safely per-
formed in patients with MM having renal dysfunction or failure although particular
attention should be made to the timing of administering medications and stem cells
with respect to hemodialysis and dose reduction of specific medications according
to creatinine clearance. Tandem autologous HSCT is of value in younger patients
with adverse cytogenetics and extramedullary disease. Allogeneic HSCT is the only
potentially curative therapeutic modality in MM, but it can only be performed in a
small fraction of highly selected patients due to the relatively high treatment-related
morbidity and mortality. Despite its valuable role in the treatment of MM, autologous
HSCT has its own short-term as well as long-term complications.

Keywords: multiple myeloma, hematopietic stem cell transplantation,
cryopreservation, maintenance therapy

1. Introduction

MM accounts for 1% of all cancers and 10-15% of all hematologic malignancies

[1, 2]. Itis a disease of old age with the median age at diagnosis ranging between 65 and
74 years in the United States of America (USA) and Europe [1-4]. The 5 years survival
not only in the USA but also globally has more than doubled over the past decades due
to the availability of several lines of novel therapeutic agents, HSCT, advancements in
diagnostic techniques, and general improvement in health care [4-6]. The diagnostic
criteria for multiple myeloma (MM) and staging of the disease according to the revised
international staging system (RISS) are shown in Tables 1 and 2, respectively [1, 2, 4].

119 IntechOpen



Recent Updates on Multiple Myeloma

1. > 10% clonal bone marrow (BM) plasma cells or a biopsy-proven plasmacytoma
and
2. Evidence of one or more multiple myeloma-defining events namely:

a. CRAB (hypercalcemia, renal failure, anemia, or lytic bone lesions)
features felt related to the plasma cell disorder

b. BM clonal plasmacytosis >60%

c. Serum involved/uninvolved free light chain ratio (FLC) > 100
(provided that involved FLC is >100 mg/L)

d. More than one focal lesion on magnetic resonance imaging

Table1.
Diagnostic criteria for multiple myeloma.

Stage All of the following:
a. Serum albumin >3.5 g/ dL
b. Serum beta 2 microglobulin (B2M) < 3.5 mg/L
c. Normal serum lactic dehydrogenase (LDH)

d. No high-risk cytogenetic abnormalities.

Stage II a. Not fitting stages I and III.
b. Serum B2M: 3.5-5.5 mg/L.

Stage III All of the following:
a. Serum B2M > 5.5 mg/L

b. High-risk cytogenetic abnormalities or elevated serum LDH level

Table 2.
Staging of multiple myeloma according to the revised international staging system (RISS).

Presence of the following cytogenetic and molecular abnormalities: del(17p), t(4;14),
t(14;16), t(14;20), gain 1q, or p53 mutation implies high-risk (HR) MM. Additionally,
the presence of any two HR factors is considered double-hit myeloma; three or more
HR factors are triple-hit MM [1].

The treatment of MM has advanced dramatically in the past two decades [7].
Induction therapy with a proteasome inhibitor, an immunomodulatory agent, and
dexamethasone followed by autologous hematopoietic stem cell transplantation
(HSCT), and maintenance therapy with lenalidomide are among the treatments that
are considered the standard care for standard risk (SR) and eligible patients [8, 9].
The triplet regimen of bortezomib, lenalidomide, and dexamethasone (VRd) is
recommended as the standard first-line treatment, although the addition of a fourth
drug can improve efficacy and survival. In transplant-eligible patients, 3-4 cycles
of VRd induction therapy can be administered prior to HSCT while in HR patients,
daratumumab, bortezomib, lenalidomide, dexamethasone (Dara-VRd) is an alterna-
tive to VRd [1, 10-14]. Selected SR patients can receive additional cycles of induction,
and delay in transplant until the first relapse [1]. After autologous HSCT, SR patients
need lenalidomide maintenance, while bortezomib-based maintenance is needed for
patients with HR myeloma [15, 16]. The role of a 4-drug induction regimen is still
being defined but can be considered for patients with HR disease [1, 7, 10, 12]. For
patients who are eligible to undergo HSCT, this option is of value in case the transplant
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is delayed or refused by the patient [8]. Patients who are not candidates for transplant
are typically treated with VRd, for approximately 8-12 cycles followed by lenalidomide
maintenance. Alternatively, these patients can be treated with the triplet regimen:
daratumumab, lenalidomide, dexamethasone (DRd), or the quadruplet regimen:
daratumumab, bortezomib, melphalan, and prednisolone (D-VMP) [1, 17-19].
Unfortunately, nearly all MM patients ultimately relapse, even those who experi-
ence a complete response (CR) to initial therapy [2]. In patients with relapsed disease,
it is important to switch treatment to new drug classes; for this, multiple combina-
tions can be recommended [8]. Management of the relapsed disease remains a critical
aspect of MM care and an important area of ongoing research [2]. In case of refrac-
tory disease, most patients require a triplet regimen at relapse, with the choice of regi-
men varying with each successive relapse [1]. The updated National Comprehensive
Cancer Network (NCCN) guidelines include new drugs for refractory disease such
as selinexor and belantamab mafodotin which are listed as other regimens [8]. For
relapsed/refractory myeloma (RRMM) patients, novel agents such as selinexor and
venetoclax are superior to bortezomib. Also, chimeric antigen receptor (CAR)-T cells
and other cell-surface-targeted therapies appear promising [7].

2. Autologous HSCT in patients with MM

Since the mid-1990s and despite the recent availability of several lines of novel
agents, high-dose (HD) melphalan followed by autologous HSCT is still the standard
of care for newly diagnosed patients with MM who are eligible for autologous HSCT
[20-23]. The long-term outcome of patients with MM subjected to autologous HSCT
has improved significantly over the last three decades [1, 24]. Nishimura KK et al.
reported the long-term outcomes of a total of 4329 patients with newly diagnosed
MM treated with autologous HSCT using cryopreserved stem cells at the university
of Arkansas in the USA between 1989 and 2014 [24]. The 5 years progression-free
survival (PFS) for the entire population of autologous HSCT recipients had improved
from 29-68% and the overall survival (OS) for the entire population of autologous
HSCT recipients had improved over that period of time from 47-70%, respectively
[24]. Eligibility for autologous HSCT is determined by age, performance status, pres-
ence and severity of comorbid medical conditions, and frailty score as frailty has been
shown to be a predictor of short survival and is considered an exclusion criterion for
autologous HSCT [25-27]. Cryopreservation of hematopoietic stem cells is routinely
employed in the setting of autologous HSCT [23].

Melphalan is the standard chemotherapeutic agent that is used in conditioning
therapy prior to autologous HSCT in MM [20, 23]. According to creatinine clearance,
the dose ranges between 140 and 200 mg/m?, and the drug is administered intrave-
nously (IV) [23, 28, 29]. However, large interpatient variability in melphalan expo-
sure exists among MM patients undergoing autologous HSCT. Additionally, higher
melphalan exposure has been shown to improve survival at the expense of increased
but acceptable transplant-related toxicities. So, it is recommended to apply pharma-
cokinetic testing and individualized dosing of melphalan in MM patients undergoing
autologous HSCT [30]. In patients with MM having renal impairment, several studies
have shown that: (1) conditioning therapy with melphalan 140 mg/m” has acceptable
toxicity and is equally effective to a melphalan dose of 200 mg/m”, and (2) melphalan
dose adjustment is not needed in patients having renal failure subjected to autologous
HSCT [31-38]. However, in patients with MM having renal impairment subjected
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to autologous HSCT: (1) it is advisable to reduce the dose of melphalan by 25% in
patients having creatinine clearance between 10 and 45 ml/minute and by 15% in
patients having creatinine clearance between 46 and 60 ml/min, respectively; and (2)
melphalan dose of 200 mg/m” is safe and effective in patients having creatinine clear-
ance between 30 and 60 ml/minute [30, 39]. In patients with MM having end-stage
renal disease (ESRD) receiving hemodialysis, careful evaluation prior to autologous
HSCT with the involvement of a multidisciplinary team should be made and dose
adjustment for all drugs that adversely affect renal function should be taken into
consideration [40, 41].

The doses of granulocyte colony-stimulating factor (G-CSF) and plerixafor; which
is used in case of poor mobilization in heavily pretreated patients with MM in stem
cell mobilization prior to autologous HSCT are as follows: (1) G-CSF: 5 pg per kilo-
gram (kg) body weight twice daily subcutaneously (SC) twice daily [ie 10 pg/kg/day]
for 4-5 days, and (2) plerixafor: 0.24 mg/kg SC, one dose to be given the night before
stem cell collection [42-45]. The doses of cyclophosphamide in stem cell mobilization
prior to autologous HSCT are as follows: (1) low dose: 1.0 to 1.5 g/m? IV; (2) interme-
diate dose: 3.0 to 4.0 g/m” IV; and (3) high dose: 5.0 to 7.0 g/m” IV [23, 46-49].

3. Autologous HSCT without cryopreservation

Melphalan is cleared from plasma and urine in 1 and 6 hours, respectively. Hence,
stem cells can be safely infused as early as 8-24 hours following melphalan admin-
istration [23, 50]. Since 1957, there have been preclinical data supporting the use of
non-cryopreserved HSCs. Also, studies on mice have reported successful rescue after
the administration of lethal doses of total body irradiation and reinfusion of BM cells
that had been stored for 11 days at 25°C [50]. Studies have shown that: (1) periph-
eral blood stem cells can be stored safely at 4°C for at least 5 days, while the patient
receives HD chemotherapy; and (2) the viability of stem cells decreases progressively
from day 5 onwards [23, 51]. Three studies that compared immediate cryopreserva-
tion of peripheral blood progenitor cell products and overnight storage showed that
there was no statistically significant difference between the two groups regarding:
viability of stem cells, neutrophil and platelet engraftment days, safety, and even
long-term outcome of the primary disease. Additional benefits of overnight storage of
stem cells were a reduction in costs and processing time [52-54].

Several studies and one meta-analysis have shown that non-cryopreserved autolo-
gous HSCT for MM is simple, safe, and cost-effective and gives results that are at least
equivalent to autologous HSCT with cryopreservation [23, 50, 55]. Treatment-related
mortality (TRM) at day 100 post-HSCT using non-cryopreserved autologous stem
cells has ranged between 0.0 and 3.4% [28, 55]. Non-cryopreserved stem cells can
be infused till day 5 post-apheresis without viability loss provided they are stored at
+4°C in a conventional blood bank refrigerator [23, 28, 50]. In a systematic review
that included 16 studies having 560 patients with various hematologic malignancies
(HMs) including MM, hematopoietic engraftment was universal and only one graft
failure was reported [23, 50]. Several old and more recent studies have shown that the
median times of engraftment following non-cryopreserved autografts were 9-14 days
for neutrophils and 13-25 days for platelets [23, 50, 56-63]. Transplantation of non-
cryopreserved stem cells may be of value in two scenarios: (1) use in medical institu-
tions from areas with limited economic resources, that is, having the infrastructure
to treat HMs but not cryopreservation facilities, and (2) use in medical institutions
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treating HMs and in the process of establishing an HSCT program that will eventually
have cryopreservation [28, 50, 55, 64].

HSCT without cryopreservation has several advantages including (1) allowing
autologous HSCT to be performed entirely as an outpatient due to the simplicity of
its implementation, (2) decreasing transplantation costs and the time between the
last induction therapy and HD chemotherapy, (3) prevention of dimethyl sulfoxide
toxicity, (4) no significant loss of viability of the collected HSCs provided stem cell
infusion is made within 5 days of apheresis, (5) expansion of the number of medical
institutions performing stem cell therapies, and (6) potent engraftment syndrome
and autologous graft versus host disease (GVHD) [23, 28, 50, 55, 65-68]. HSCT
without cryopreservation has the following disadvantages: (1) plenty of coordina-
tion is needed between various teams regarding the timing of stem cell mobilization,
apheresis, administration of conditioning therapy, and infusion of stem cells; (2)
limitation of the use of standard HD chemotherapy schedules such as BEAM (BCNU,
etoposide, cytarabine, and melphalan) employed in the autologous HSCT for lym-
phoma, and (3) inability to store part of the collection and reserving it for a second
autologous HSCT in case a rich product is obtained [23, 28, 50, 55].

4. Autologous HSCT in patients with MM having renal failure

Renal failure is one of the most common and most serious complications of
MM that is associated with high mortality [41, 69-72]. Renal impairment has been
reported in 30-50% of patients with newly diagnosed MM, while renal failure occurs
in 20-30% of MM patients. Additionally, renal impairment develops in 50% of
patients with MM during the course of the disease, and approximately 5-10% of MM
patients having renal failure at diagnosis are dialysis-dependent [34, 36, 37, 73-75].
Causes of renal dysfunction/failure in patients with MM include: light chain-induced
proximal tubular damage, cast nephropathy, interstitial nephritis, dehydration,
hypercalcemia, hyperuricemia, amyloid deposition, plasma cell infiltration, hyper-
viscosity, various infections, nephrotoxic drugs, and contrast media [36, 37, 72, 76].
The modalities of treatment of renal dysfunction/failure in MM patients include:
hydration, treatment of infectious complications, withholding nephrotoxic drugs and
contrast media, renal replacement therapy such as hemodialysis, removal of serum-
free light chains by plasma exchange, use of high cut-off dialyzers, administration of
anti-myeloma chemotherapy, HSCT for patients with controlled disease, and renal
transplantation [37, 71, 75-77].

In patients with MM having dialysis-dependent renal failure, the use of
induction therapy with novel agents and high cut-off dialyzers has resulted in an
improvement of renal function due to the removal of large quantities of serum-
free light chains [37, 75, 77]. Factors associated with a high probability of dialysis
independence in patients with newly diagnosed MM having dialysis-dependent
renal failure include: shorter duration of kidney disease, achieving at least very
good partial response (VGPR), low beta 2 microglobulin at diagnosis, and low level
of free light chains at diagnosis [70]. In patients with MM having renal dysfunc-
tion/failure, recovery of renal function depends on: the elimination of causes of
renal dysfunction/failure, and timely induction therapy using novel agents such as
bortezomib in addition to corticosteroids followed by autologous HSCT once the
disease is under control [37, 70, 71, 73, 76]. In patients with MM having dialysis-
dependent renal failure, HD chemotherapy and autologous HSCT have traditionally
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been contraindicated due to the following reasons: lower survival rates, higher
short-term mortality, greater susceptibility to infectious complications, longer
duration of hospitalization, greatly compromised quality of life, as well as predilec-
tion for the following complications: mucositis, cardiac arrhythmias, bleeding, and
encephalopathy [34, 37, 72, 74, 78, 79].

Patients with MM having renal dysfunction and even those having ESRD receiving
hemodialysis should not be excluded from autologous HSCT as several studies have
proven not only the safety but also the efficacy of HD chemotherapy and autologous
HSCT in this group of patients [35, 37, 40, 69, 74, 79-81]. Historically, the fist autologous
HSCT performed for a patient with MM having renal insufficiency was reported in the
year 1997 [82]. In patients with MM having renal impairment, studies have shown that:
(1) induction therapy with almost all the combinations of novel agents such as VRd and
bortezomib, cyclophosphamide and dexamethasone (VCD) results in the reversal of
renal impairment in the majority of patients, and (2) despite the acceptable toxicity,
consolidation with autologous HSCT can overcome the adverse impact of renal impair-
ment on survival and may further improve renal function in at least one-third of patients
[34, 37, 83, 84]. Factors associated with a high probability of recovery of renal function in
patients having renal failure subjected to autologous HSCT include: being on hemodialy-
sis for less than 6 months, and pre-transplant creatinine clearance >10 ml/minute [71].

In patients with MM having ESRD receiving hemodialysis, careful evaluation
prior to HSCT with the involvement of a multidisciplinary team should be made and
dose adjustment for all drugs that adversely affect renal function should be taken into
consideration. In patients with MM having ESRD on hemodialysis, it is recommended
to perform hemodialysis before and 24 hours after the administration of HD melpha-
lan [78]. Additionally, in patients with MM having ESRD, combined HSCT and renal
transplantation can be performed either simultaneously or sequentially after control-
ling MM by appropriate chemotherapy [37, 71, 85, 86].

The prognostic factors that imply good prognosis in patients with MM having
severe renal impairment subjected to autologous HSCT include: (1) good performance
status, (2) higher albumin concentration, (3) chemotherapy-responsive disease in the
pre-HSCT period, (4) adjustment of melphalan dose to that of chronic kidney disease,
and (5) intensive supportive care post-transplantation [87]. Autologous HSCT is a
safe and effective therapeutic modality in patients with ESRD even those on regular
hemodialysis [87, 88]. However, patients who demonstrate renal deterioration at one-
year post-HSCT should be monitored closely as this predicts poor long-term survival
[88]. In patients with MM subjected to autologous HSCT, autologous transplantation
does not adversely affect renal function [89]. One study showed that peritoneal
dialysis is safe in patients with MM having ESRD subjected to autologous HSCT [90].

In patients with MM having renal impairment, two studies have demonstrated that
the use of bortezomib-containing therapeutic regimens in induction treatment as well
as in maintenance therapy after autologous HSCT can overcome the negative prognostic
impact of renal impairment in this group of patients [91, 92]. However, two other studies
have shown the superiority of carfilzomib-based therapeutic regimens as compared to
bortezomib-based treatment not only in improving renal function but also in offering
better survival outcomes in patients with RRMM having various degrees of renal impair-
ment [93, 94]. Novel agents have helped to widen the treatment options that are available
for patients with renal impairment and RRMM, since dose adjustments are unnecessary
with dexamethasone, bortezomib, carfilzomib, panobinostat, elotuzumab, pomalido-
mide, or daratumumab in patients with renal impairment [39, 95]. Pretransplant
hemoglobin level and creatinine clearance represent important determinants of clinical
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outcomes after autologous HSCT conditioned with melphalan dose of 200 mg/m”.
Patients having lower hemoglobin levels and creatinine clearance were reported to
achieve longer treatment-free survival despite experiencing increased toxicity, likely
due to higher melphalan exposure [96]. Finally, studies have shown that despite the
requirement of hemodialysis at the time of autologous HSCT, patients with MM having
ESRD may recover their renal function at least partially [97, 98]. So, in patients with MM
having ESRD, it is recommended to perform autologous HSCT as early as possible [98].

5. Tandem autologous HSCT in MM

In the 1990s and in an era where conventional chemotherapy was the only avail-
able drug, the concept of up-front treatment with a tandem autologous HSCT was
attempted to improve PFS and OS [99, 100]. Previous randomized trials had demon-
strated improved outcomes with tandem transplantation in terms of PFS and OS even
in patients who had not achieved a VGPR after the first transplant [20, 100].

In the era of novel drugs, clinical trials such as EMNO02/HO 95 and StaMINA
are needed to evaluate the impact of tandem transplantation [101, 102]. Although
the results have to be interpreted with caution due to high drop-out rates, lack of
use of novel therapy, and lack of subgroup analysis, the long-term analysis of the
GMMG-HD? trial that compared single versus tandem transplantation with condi-
tioning with melphalan (200 mg/m?) showed non-inferiority of single transplanta-
tion compared to tandem in the sense that OS and EFS did not significantly differ
and that the CR rates were significantly improved after the second transplantation
[103]. The EMNO02/HO9S5 trial which explored the result of tandem versus single
transplantation in newly diagnosed MM patients showed that tandem transplanta-
tion improved the depth of the response by 25% with more than 50% of the patients
achieving at least a CR and that PFS and OS were significantly improved after a
second transplant, with approximately 30% reduction in the risk of death and pro-
gression [102]. Updated results of the EMN02/HO95 confirmed the improved 3-year
PFS in tandem autologous HSCTs and showed the positive effect of tandem autolo-
gous HSCT in HR groups [102, 104]. So, the analysis concluded that double frontline
autologous HSCT was superior to single autologous HSCT in terms of PFS and OS in
all patients, particularly poor prognosis subgroups of patients [102, 104]. However,
the StaMINA trial failed to show the superiority of tandem versus single transplant
in the era of novel agents although more than 30% of patients randomized to tandem
transplant did not receive the second transplant [101]. Overall, with the currently
available data, a second autologous HSCT may be beneficial in HR patients including
patients with adverse cytogenetics and RISS stage III disease [20].

In patients with newly diagnosed MM having HR cytogenetics and extramedullary
disease, tandem autologous HSCT has been shown to overcome the expected poor
outcome [105]. As compared with a single autologous HSCT after HD chemotherapy,
tandem transplantation improves OS among patients with myeloma, especially those
who do not have a VGPR after undergoing the first transplantation [106]. In com-
parison with a single autologous HSCT as up-front therapy for newly diagnosed MM,
double autologous HSCT achieved superior CR or near CR (nCR) rate, relapse-free
survival (RFS), and event-free survival (EFS), but failed to significantly prolong
OS. Benefits offered by double autologous HSCT were particularly evident among
patients who failed to achieve at least nCR after one auto-transplantation [107].
Whether tandem autologous transplantation will continue to provide benefits in this
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HR population with an extramedullary disease in an era of highly active induction
regimens, cellular therapeutics, and effective maintenance therapy is an open ques-
tion, but Gagelmann and colleagues have provided evidence that outcomes with a
tandem transplant are superior to standard induction and a single transplant alone
and should be weighed as an option taking into consideration the following factors:
patient and disease characteristics, trial availability, and access to active triplet and
quadruplet induction regimens [108]. A tandem autologous HSCT approach should
be considered for all patients, although the benefit from the second autologous HSCT
in patients who are in CR or experience a VGPR should be answered in a clinical trial.
Recent results with the new induction regimens indicate that there is a role for tandem
autologous HSCT in the presence of adverse cytogenetic abnormalities [109].

Tandem HSCT; with autologous HSCT followed by non-myeloablative allogeneic
HSCT; is an effective therapy for HR or relapsed MM [110]. Planned allogeneic HSCT
after autologous HSCT has not been found to be superior in the majority of studies
and is not recommended outside a clinical trial. However, single or tandem autologous
HSCT are both appropriate options and participation in prospective clinical trials
should be encouraged to resolve the debate in the era of novel agents for MM [109].
After a median follow-up of more than 11 years, the prospective, randomized phase
III trial (GMMG-HD?2) that aimed to demonstrate non-inferiority of single versus
tandem HD melphalan followed by autologous transplantation with regard to 2-year
EFS in newly-diagnosed MM and which included 358 evaluable patients showed
that HD melphalan followed by single autologous HSCT was non-inferior to tandem
transplantation in newly diagnosed patients with MM [103].

In a phase II trial that evaluated, for the first time, the safety and efficacy of
bendamustine plus HD melphalan as a conditioning regimen before the second
autologous HSCT in previously untreated MM patients, it was shown that bendamus-
tine plus HD melphalan is feasible as conditioning regimen for second autologous
HSCT in MM patients [111]. In a study exploring the safety and efficacy of combining
dose-intensified bendamustine (200 mg/m? on days —4/—3) with HD melphalan
(100 mg/m? on days —2/—1) before a second (tandem) autologous HSCT in adverse
risk MM patients after the first HD melphalan and autologous HSCT, dose-intensified
bendamustine with melphalan conditioning was shown to be safe [112]. Additionally,
thiotepa/melphalan is another feasible and safe conditioning regimen for autologous
HSCT in MM and should be explored for efficacy in a phase III study [111, 113].

A systematic review and a meta-analysis that included all phase 3 randomized
clinical trials evaluating the role of HD therapy followed by autologous HSCT showed
that: (1) both HD therapy followed by tandem autologous HSCT and HD therapy fol-
lowed by single autologous HSCT plus bortezomib, lenalidomide, and dexamethasone
were superior to HD therapy followed by single autologous HSCT alone and standard-
dose therapy (SDT) for PFS, and (2) for PFS, HD therapy followed by tandem
autologous HSCT had the most favorable hazard ratio followed by HD therapy and
single autologous HSCT plus bortezomib, lenalidomide, and dexamethasone [114].

However, in the era of novel agents; where novel anti-myeloma drugs are used in
induction as well as maintenance therapy; the use of novel therapies might decrease
the need for a second transplant and tandem transplantation may not improve OS or
PFS in either SR MM or HR MM patients compared to a single transplant [115, 116].
Additionally, the alternative treatment approach to tandem autologous HSCT which is
the total therapy 3 (T'T3) that includes induction, tandem autologous HSCT, consoli-
dation, and maintenance, has allowed one of the best outcomes in terms of CR/nCR,
OS, and PFS [117]. Therefore, induction therapy with novel agents followed by single
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autologous HCT and maintenance therapy should remain as the standard of care for
newly diagnosed MM patients who are transplant eligible [115, 116].

6. Outpatient autologous HSCT in MM

While historically, due to logistic issues and concerns regarding toxicities and
infections, most of the autologous HSCTs were performed in inpatient setting, the
swift recovery after peripheral autologous HSCT and improvements in supportive
care have enabled patients to receive autologous HSCT at outpatient [60, 118]. It has
been reported that outpatient autologous HSCT is safe and feasible in patients with:
lymphoma, tumors of the central nervous system, and breast cancer [60, 119-121].

Several studies have shown that; with daily outpatient clinical evaluation and
intensive supportive care; outpatient autologous HSCT is safe, feasible, and cost-
effective and it can lead to excellent short-term as well as long-term outcomes in
carefully selected patients with MM and lymphoma [13, 56, 57, 59-61, 122-135].
However, a multidisciplinary approach with close follow-up is required to guarantee
a successful outcome of the autologous outpatient HSCT program [59, 122, 123, 131,
136]. Patients with MM are ideal candidates for outpatient autologous HSCT due to:
the ease of administration of HD melphalan, the relatively low extra-hematological
toxicity and the short period of neutropenia [56, 135, 137].

The inclusion criteria of outpatient HSCT include: (1) availability of full-time
caregiver; (2) residence within 20-30 minutes-drive from the hospital; (3) favorable
performance status and comorbidity profile; (4) stable psychology and expected
compliance; and (5) patient preference and signed written consent [60, 124, 125, 132,
134, 135]. On the other hand, the exclusion criteria of outpatient HSCT include: (1)
age more than 65 years; (2) performance status >1; (3) severe comorbid medical con-
ditions and severe impairment of organ functions; (4) severe recent or incompletely
eradicated infection and colonization with multidrug-resistant micro-organisms;

(5) lack of caregiver and living >1-hour drive distance from the hospital; and (6)
advanced disease such as MM or lymphoma [60, 61, 63, 118].

Indications for admission in recipients of outpatient HSCT include: (1) febrile
neutropenia, pneumonia, sepsis, or arrhythmia; (2) severe mucositis and poor oral
intake; and (3) declining performance status of the patient and inability of family or
caregiver to cope [57, 61, 118, 123, 129, 130, 138]. Between 8% and 84%. of recipients of
outpatient autologous HSCT require hospitalization in the first 100 days post-HSCT and
the duration of hospitalization ranges between 4 and 9 days [57, 59, 61, 122, 123, 127, 129,
130]. The median time to engraftment in patients with MM receiving autologous HSCT
at outpatient is: 9-14 days for neutrophils and 12-19 days for platelets, while the reported
transplant-related mortality is <1.1% [57, 59, 61, 123, 124, 126, 127, 129, 130, 132, 136].
Outpatient autologous HSCT has the following advantages: (1) significant reduction in
costs and saving beds; (2) patient convenience and high patient satisfaction; (3) lower
rate of infections; and (4) lower morbidity and TRM [56, 59, 61, 122, 134, 136, 139-141].

7. Allogeneic HSCT in MM

Despite the current advances in the treatment of MM including the introduction
of several classes of novel agents, MM remains incurable and eventually most patients
develop progressive disease [142-145]. Currently, allogeneic HSCT represents the
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only potentially curative therapy for patients with MM [146-149]. In MM patients,
allogeneic HSCT exerts its therapeutic efficacy mainly through its graft versus
myeloma (GVM) [143, 144, 146]. It is reasonable to consider allogeneic HSCT as the
treatment strategy for younger patients with MM having HR disease as several studies
have shown that allogeneic HSCT can potentially overcome the adverse prognosis of
HR cytogenetics [143, 146-148]. In MM patients, the use of myeloablative condition-
ing (MAC) in allogeneic HSCT is associated with high treatment-related mortality
(TRM) mainly due to the regimen-related toxicities and GVHD which are translated
into considerable transplant-related morbidity and mortality while the use of reduced
intensity conditioning (RIC) in allogeneic HSCT is associated with high relapse

rates [144, 145, 147-149]. Nevertheless, allogeneic HSCT offers a potentially curative
option in 10-20% of patients with RR MM [142]. A study performed at MD Andersen
Cancer Centre that included 149 patients with MM subjected to allogeneic HSCT [38
MAC; and 110 RIC] showed that predictors of prolonged survival included: chemo-
sensitive disease in the pre-transplant period in addition to the absence of HR cyto-
genetics [150].To minimize treatment-related toxicity while allowing the GVM effect,
some clinical trials have used RIC-allogeneic HSCT as a tandem approach following
autologous HSCT, that is, autologous-RIC allogeneic HSCT in patients with MM who
are eligible for HSCT [144, 149]. In patients with RR MM, allogeneic HCT with an
RIC regimen is associated with acceptable toxicity as well as durable remissions and
long-term survival and the use of novel agents as maintenance therapy following
RIC-allogeneic HSCT can reduce the rate of relapse and disease progression [142, 145,
149, 151]. Haploidentical HSCT with post-transplant cyclophosphamide is a feasible
option in patients with HR-MM eligible for allogeneic HSCT but lacking HLA-
identical donors [146]. The use of CD34-selected stem cells in allogeneic HSCT in
patients with MM is safe and effective, although the outcome of CD34-selected HSCT
is influenced by the following: age of the patient, extramedullary disease, and disease
status prior to CD34-selected HSCT [152]. Whole-body imaging is an appropriate and
highly recommended diagnostic approach for the detection of prognostically relevant
lesions before and after allogeneic HSCT in patients with MM [153]. The utilization of
minimal residual disease evaluation prior to allogeneic HSCT could allow the identifi-
cation of subgroups of patients who are likely to benefit from allogeneic HSCT [154].
Finally, the role of allogeneic HSCT in patients should be complementary to other
available therapeutic options such as: monoclonal antibodies, bispecific T-cell engag-
ers (BiTe), and CAR T-cell therapy [149, 154].

8. Complications of autologous HSCT in patients with MM
8.1 Engraftment syndrome and autologous GVHD

During the neutrophilic recovery following HSCT, a constellation of clinical
manifestations that include fever, erythematous skin rash, nausea, vomiting, diarrhea,
and noncardiogenic pulmonary edema may occur [67, 155]. These clinical features are
usually referred to as engraftment syndrome which may be a manifestation of graft
versus host reaction. This syndrome reflects cellular and cytokine interactions and
may be associated with significant transplant-related mortality and morbidity due to
pulmonary leak syndrome and multiorgan failure [155-158]. Early recognition of this
syndrome is vital in order to administer appropriate GVHD therapy which includes HD
corticosteroids, alemtuzumab, infliximab, daclizumab, and etanercept [67, 155-159].
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GVHD is a common complication of allogeneic HSCT [160]. A similar autoim-
mune syndrome, termed auto-aggregation syndrome or autologous GVHD, has
been reported in the setting of autologous HSCT [160, 161]. Autologous GVHD
represents the extreme or severe form of engraftment syndrome [68]. The incidence
of autologous GVHD is 5-20% [162]. The predisposing factors for autologous GVHD
include: MM as the primary disease; second auto-HSCT; heavily pretreated patients;
high CD34+ cells infused; HLA B55 expression; low percentages of CD3+ and CD8+
T-cells; and achievement of high levels of absolute lymphocyte counts after HSCT
[68, 155-160, 163].

In autologous GVHD, there is dysregulation of the immune responses due to: the
primary disease such as MM, HD melphalan used the conditioning therapy before
HSCT; and the use of immunomodulatory agents in the treatment of MM [163].
The clinical and histological manifestations of autologous GVHD are similar to
those encountered in acute GVHD following allogeneic HSCT although the clinical
features tend to be milder and self-limited in most cases [68, 160, 161, 164-166].
Autologous GVHD can involve the: skin, liver, and gastrointestinal tract [68, 160,
162, 164-166]. Treatment is usually symptomatic although immunosuppression
with corticosteroids is usually needed in severe cases [68, 160, 164, 162, 165]. Death
as a consequence of infectious complications has been reported in severe forms of
autologous GVHD [165].

8.2 Other complications of autologous HSCT in MM patients

Autologous HSCT in patients with MM has several complications that can be
classified as early or late complications. Early complications occur before day 100
post-HSCT, while late complications are usually encountered after day 100 post-
transplantation. The early and late complications are shown in Table 3 [167-182] and
Table 4 [183-188], respectively. The predisposing factors for the complications of
autologous HSCT in patients with MM include: (1) the disease itself; (2) presence of
other comorbid medical conditions; (3) old age; (4) renal failure; and (5) drugs used
in the treatment of patients with MM such as: corticosteroids, cyclophosphamide, HD

1. Febrile neutropenia

2. Sepsis; bacteremia with multidrug-resistant organisms

3. Pneumonia with Streptococcus pneumoniae

4. Cellulitis

5. Neutropenic colitis

6. Infections with Candida species

7. Clostridium difficile infections

8. Oral mucositis

9. Electrolytic disturbances particularly hypokalemia and hypophosphatemia

10. Thromboses related to central venous catheters

11. Acute renal failure

12. Acute respiratory failure requiring endotracheal intubation and mechanical ventilation
Table 3.

Early complications of autologous hematopoietic stem cell transplantation in patients with multiple myeloma.
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1) Reactivation of cytomegalovirus and hepatitis-B infections
2) Infection with herpes simplex and varicella-zoster viruses
3) Pneumocystis jeroveci infections
(4) Infections with Aspergillus species
(5) Infection with multidrug-resistant organisms
6) Therapy-related myelodysplasia and acute myeloid leukemia
@) Second primary malignancies such as solid tumors and skin cancer
(8) Chronic pulmonary complications: lung dysfunction and pneumonitis
) Sexual dysfunction
(10) Hypothyroidism
(11) Cataract
(12) Osteopenia and osteoporosis
(13) Avascular necrosis of bone
(14) Hypertension
(15) Cardiomyopathy and congestive cardiac failure
(16) Post-traumatic stress disorders: anxiety; and depression
Table 4.

Late complications of autologous hematopoietic stem cell transplantation in patients with multiple myeloma.

melphalan, thalidomide, lenalidomide use before and after HSCT, as well as bortezo-
mib use before and after autologous transplantation [167, 171-177, 179-185, 187].

9. Maintenance therapy after autologous HSCT in patients with MM

In patients with MM, autologous HSCT has been shown to improve OS and
PFS but it is not curative [189]. The residual disease is almost always present after
autologous HSCT and is responsible for relapse [190]. Maintenance therapy after
autologous HSCT has been shown to deepen and prolong responses and increase OS
and PFS [190, 191]. Thalidomide was the first immunomodulatory agent to be used
in maintenance therapy after autologous HSCT in MM patients [192, 193]. The use
of lenalidomide in the maintenance therapy following autologous HSCT in patients
with newly diagnosed MM has been investigated in four phase III randomized control
studies [193, 194]. These clinical trials and other studies have shown that lenalido-
mide maintenance therapy until disease progression prolongs OS, PFS, and EFS in
patients with MM [189, 193, 195-197].

In patients with MM, bortezomib induction and maintenance therapy after autolo-
gous HSCT improves rates of CR and achieves superior OS and PFS [198]. Bortezomib
alone or in combination with other drugs such as dexamethasone, thalidomide,
and pomalidomide has been shown to be feasible, well tolerated, and beneficial in
maintenance therapy following autologous HSCT in patients with: (1) HR MM such
as patients with 17 p deletion; (2) renal insufficiency; (3) previous history of another
cancer; and (4) inability to tolerate lenalidomide [16, 199, 200]. However, in patients
with newly diagnosed MM lenalidomide maintenance therapy after HD melphalan
and autologous HSCT has become the standard of care [190, 193, 196, 199, 201].
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10. Continuous therapy after autologous HSCT in MM patients

In younger patients with MM, long-term maintenance therapy after autologous
HSCT has been shown to significantly improve OS and PFS compared to observation
[202]. Consolidation therapy with VRd regimen followed by lenalidomide mainte-
nance improves PFS and the depth of response in patients with newly diagnosed MM
compared to maintenance therapy alone [203]. Compared to the traditional fixed-
duration therapy, maintenance therapy approaches in MM offer prolonged disease
control and improved outcomes. In patients with newly diagnosed MM, multiple
agents have been investigated as long-term options and these include: immunomodu-
latory agents such as thalidomide and lenalidomide; proteasome inhibitors such as
bortezomib, carfizomib, and ixazomib; and monoclonal antibodies such as daratu-
mumab, elotuzumab, and isatuximab [204].

Continuous therapy has become a key strategy in patients with MM as it has
been shown to prolong the duration of remission and significantly improve OS and
PFS [205-207]. Continuous therapy represents the standard approach for patients
with MM both at diagnosis and at relapse as it provides better disease control [202].
However, risk-adapted therapy is recommended as patients having HR-MM may
benefit from more intensive maintenance treatment than patients with SR-MM [205].

11. Conclusions and future directions

Autologous HSCT followed by maintenance therapy till relapse or disease progres-
sion remains the standard of care in patients with MM who are transplant eligible.
Autologous HSCT can safely be performed with or without cryopreservation in inpa-
tient or outpatient settings as well as in patients having renal failure. Allogeneic HSCT
and tandem autologous HSCT are indicated in a highly selected group of patients with
MM particularly younger patients with HR features such as adverse cytogenetics. The
recent developments in the treatment of patients with MM include: induction therapy
with four drugs; continuous therapy even in transplanted patients; and the use of
CAR T-cell therapy, bispecific antibodies, and other novel agents in the treatment of
patients having RR-MM. The timing of the incorporation of novel agents, stem cell
therapies, and new immunotherapies will be determined by the results of the ongoing
clinical trials.
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Abstract

Autologous hematopoietic stem cell transplantation is still the standard of care
in patients with multiple myeloma who are eligible for transplantation, despite the
recent availability of several lines of novel therapies. Several studies have shown that
autologous transplantation using non-cryopreserved stem cells is safe, cost-effective,
and leads to outcomes that are equivalent to transplantation of cryopreserved autolo-
gous stem cells. With daily clinical evaluation and intensive supportive care, perfor-
mance of autologous stem cell transplantation at outpatient setting is safe, feasible,
and cost-effective. However, there are specific inclusion and exclusion criteria that
should be taken into consideration to select the right candidates for this modality of
transplantation. Recipients of outpatient transplantation may require hospitaliza-
tion in case of certain complications, such as febrile neutropenia, sepsis, decrease in
performance status, and severe mucositis. Following outpatient autologous transplan-
tation, maintenance therapy is usually given till disease progression.

Keywords: multiple myeloma, autologous hematopoietic stem cell transplantation,
cryopreservation, outpatient transplantation, maintenance therapy

1. Introduction

Multiple myeloma (MM), the second most common hematologic malignancy
(HM), is characterized by proliferation of monoclonal plasma cells in the bone
marrow and production of monoclonal proteins as well as occurrence of secondary
end-organ damage [1-7]. Over the last two decades, the utilization of various novel
therapies, such as proteasome inhibitors, immunomodulatory agents, and monoclo-
nal antibodies, in the treatment of patients with newly diagnosed MM and relapsed
disease has improved the depth and duration of disease response and has eventually
translated into improved overall survival (OS) in patients with MM [8, 9].

In patients with newly diagnosed MM, the triplet regimen: bortezomib, lenalido-
mide, and dexamethasone (VRd) is recommended as the standard first-line treatment
[4, 7, 10]. However, in patients with high-risk (HR) MM, the addition of a fourth
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drug, such as daratumumab, has been shown to improve efficacy and prolong sur-
vival [4, 10-13]. Despite the recent advances in the development of novel therapies,
MM has remained an incurable disease [14, 15]. The development of novel targeting
therapies with different mechanisms of action is needed to achieve deep and durable
responses in an attempt to cure MM [14]. Additionally, identification of tumor intrin-
sic and extrinsic resistance mechanisms may direct the design of combinations of
novel drugs that prevent or overcome drug resistance to improve patient survival [15].

2. Autologous HSCT in MM

Autologous hematopoietic stem cell transplantation (HSCT) is a widely accepted
therapeutic strategy for the treatment of certain HMs and it is most frequently indi-
cated for patients with MM and lymphoma [9, 16]. Despite the availability of several
lines of novel agents, autologous HSCT is still considered the standard of care in the
treatment of patients with MM who are eligible for transplantation [1, 7, 8, 13, 17].
Eligibility for autologous HSCT is determined by age, performance status, presence
and severity of comorbid medical conditions, and frailty score as frailty has been
shown to be a predictor of short survival and is considered an exclusion criterion for
autologous HSCT [7, 8, 18, 19].

The standard conditioning regimen for patients with MM undergoing autologous
HSCT is high-dose melphalan (200 mg/mz) given intravenously (IV) [5, 7, 8, 13, 20].
However, in patients with renal dysfunction or failure, dose reductions to 100—140
mg/m” are needed according to creatinine clearance [5, 7]. The following drugs are
used in mobilization of stem cells: cyclophosphamide, granulocyte colony-stimulat-
ing factor (G-CSF), and plerixafor in case of poor mobilization [3, 13, 16]. After stem
cell mobilization, peripheral blood stem cells are collected using apheresis machine
aiming to collect at least 2.5 x 10°/kilogram body weight to guarantee a successful
autologous graft [3, 16].

Cryopreservation using the cryopreservative dimethyl sulfoxide is routinely
employed after stem cell collection prior to autologous HSCT [3, 7, 21]. However,
several old and recent studies in addition to one systematic review have shown that
autologous HSCT using non-cryopreserved stem cells is safe and cost effective and
leads to short-term as well as long-term results that are at least equivalent to autolo-
gous HSCT using cryopreserved stem cells [7, 16, 21-26]. One of the advantages of
autologous HSCT without cryopreservation is the simplicity of its implementation.
Hence, autologous HSCT can be performed entirely as outpatient [3, 7, 27].

3. Outpatient autologous HSCT in MM

There are several models for autologous HSCT in patients with MM and these
include (1) entirely inpatient model; (2) entirely outpatient model; (3) at-home
model; and (4) mixed inpatient outpatient model, that is, inpatient model with early
discharge after HSCT [28-43]. Unfortunately, there is a lack of randomized studies
that clearly indicate which model is better than the other; there are no studies that
have analyzed long-term survival outcomes and real costs of these models or HSCT
programs, and there are no stringent guidelines for selection of patients and clinical
management for each model [28, 44]. However, one randomized study compared the
model of early hospital discharge with that of entirely inpatient model of HSCT and
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it showed safety and feasibility of early discharge model provided that caregivers are
available and that the distance between home and hospital is relatively short [43].

While historically, due to logistic issues and concerns regarding toxicities and
infections, most of the autologous HSCTs were performed at inpatient setting, the
swift recovery after peripheral autologous HSCT and improvements in supportive
care have enabled patients to receive autologous HSCT at outpatient [32, 45]. It has
been reported that outpatient autologous HSCT is safe and feasible in patients with
lymphoma, central nervous system tumors, and breast cancer [32, 46-48]. Early dis-
charge after intensive chemotherapy has been done successfully in patients with acute
myeloid leukemia receiving induction and consolidation cycles of chemotherapy, and
in patients with lymphoma receiving BCNU, etoposide, cytarabine, and melphalan
(BEAM) conditioning therapy [49-52]. Additionally, allogeneic HSCT with reduced
intensity conditioning therapy as well as haploidentical allogeneic HSCT has been
performed in outpatient settings in the following diseases: MM; relapsed and refrac-
tory (R/R) lymphoma; Sezary syndrome; and other R/R HMs [53-59]. Even total
body irradiation has been given successfully in outpatient settings [59].

In carefully selected patients with MM and lymphoma, outpatient autologous
HSCT has been shown to be safe, feasible, and cost-effective, provided the following
measures are applied: frequent clinical evaluation, administration of the needed sup-
portive care, adopting a multidisciplinary approach, and close follow-up at the desig-
nated outpatient clinics and treatment areas. Additionally, it can lead to improvement
in quality of life as well as excellent short-term and long-term patient outcomes
[28, 30-32, 40, 44, 60-70]. It is vital to have HSCT-specific supportive interventions
that address the multidisciplinary and complex needs of both patients and their care-
givers by optimizing the involvement of the key stakeholders throughout the entire
process from stem cell mobilization to passing the first 100 days post-HSCT [71]. A
multidisciplinary approach with close follow-up is required to guarantee successful
outcome of the autologous outpatient HSCT program [60, 61, 68, 72]. Due to the ease
of administration of high-dose melphalan, the relatively low extra-hematological
toxicity and the short period of neutropenia, patients with MM are ideal candidates
for outpatient autologous HSCT [29, 44, 70].

Several studies have clearly indicated that outpatient HSCT has certain inclu-
sion criteria, including (1) availability of full-time caregiver; (2) residence within
20- to 30-minute drive from the hospital; (3) good performance status; (4) favorable
comorbidity profile; (5) stable psychology; (6) expected compliance; (7) patient
preference; and (8) signed written consent [28, 30, 32, 62, 69, 70]. On the other hand,
the exclusion criteria of outpatient HSCT include (1) age more than 65 years; (2) per-
formance status > 1; (3) severe comorbid medical conditions; (4) severe impairment
of organ functions; (5) severe infection either encountered recently or not completely
eradicated; (6) colonization with multidrug-resistant bacteria or fungus; (7) lack of
caregiver; (8) > 1-hour drive distance between home and hospital; (9) no guaranteed
availability of quick readmission to hospital once hospitalization is needed; and (10)
advanced disease, such as MM or lymphoma [44, 45, 64, 73].

Indications for admission in recipients of outpatient HSCT include (1) febrile
neutropenia; (2) severe mucositis requiring narcotic analgesia or total parenteral
nutrition (TPN); (3) inability of family or caregiver to cope; (4) poor oral intake or
uncontrolled nausea, vomiting, or diarrhea requiring TPN or intensive hydration;

(5) the presence of any other serious complication, such as pneumonia, sepsis or
arrhythmia; and (6) declining performance status of the patient [43, 45, 61, 64-67].
Percentage of recipients of outpatient autologous HSCT who require hospitalization
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in the first 100 days post-HSCT ranges between 8% and 84% [31, 45, 61, 64-68, 74].
Duration of hospitalization ranges between 4 and 9 days and the most frequent day
of unexpected hospitalization is day 7 after autologous HSCT [31, 60, 61, 65, 67].
The median time to engraftment in patients with MM receiving autologous HSCT at
outpatient is 9—14 days for neutrophils and 12-19 days for platelets [61, 63-67]. The
reported transplant-related mortality in recipients of autologous transplantation
performed at outpatient is 0.0—1.1% [28, 31, 44, 61, 66-69, 72]. Outpatient autolo-
gous HSCT has several advantages that include the following: (1) significant reduction
in costs; (2) alleviation of constraints of chronic bed shortage; (3) significantly lower
overall resource utilization; (4) patient convenience and high patient satisfaction; (5)
lower rate of infectious complications; (6) lower morbidity; and (7) lower treatment-
related mortality [30, 42, 44, 60, 64, 68, 72, 75].

4. Maintenance and continuous therapy in MM

In patients with MM, maintenance therapy after autologous HSCT has been shown
to deepen and prolong responses and increase OS and progression-free survival (PFS)
[76]. The use of lenalidomide as a maintenance treatment after autologous HSCT in
patients with MM had been investigated in 4 phase III randomized control studies,
which demonstrated a benefit in PFS [77-79]. Lenalidomide is the only drug that has
been approved for maintenance therapy in patients with MMM [76]. Lenalidomide
maintenance given after autologous HSCT till disease progression had become
the standard of care in patients with newly diagnosed MM as it has been shown to
prolong PFS and event-free survival [78, 80-82].

Bortezomib maintenance therapy after autologous HSCT in MM patients has been
shown to be safe, well tolerated, and efficacious, particularly in patients with HR
cytogenetics including deletion 17p, renal insufficiency, inability to tolerate lenalido-
mide, and previous history of another cancer [83-85]. Additional benefits of bortezo-
mib maintenance are upgrading of post autologous HSCT responses, achievement of
superior OS and PFS, and absence of peripheral neuropathy [84, 86].

In maintenance therapy, a single agent or double treatment is used while in con-
tinuous therapy a doublet or triplet regimen is administered till disease progression
[87]. Compared to the traditional fixed-duration approaches, the evolving paradigm
of continuous therapy and maintenance treatment offers prolonged disease control
and improved outcomes in patients with MM. For example, continuous therapy has
been shown to significantly improve OS and PFS [87, 88]. Hence, continuous therapy
has become a key strategy in the treatment of patients with MM as it has been shown
to improve duration of remission [89]. Currently, continuous therapy till disease
progression represents the standard approach for patients with MM both at diagnosis
and at relapse [90].

5. Conclusions

Outpatient autologous HSCT has specific inclusion and exclusion criteria. With
daily clinical evaluation, and intensive supportive care including correction of
electrolytic disturbances, and administration of blood products and antimicrobials
as needed, autologous HSCT performed at outpatient can lead to short-term as well
as long-term outcomes that are at least equivalent to autologous HSCT performed at
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an inpatient setting. Additional advantages of outpatient autologous HSCT include

reduction in costs, saving hospital beds, and lower rates of infectious complications as
well as transplant-related morbidity and mortality.
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