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Simple Summary: Multiple myeloma (MM) patients with relapsing and/or refractory (RR) disease
are exposed for a prolonged time to multiple drugs, which increase the risk of toxicity. In addition to
tumor response, preserving the quality of life represents an important goal for this patient population.
Therefore, supportive therapy plays a pivotal role in their treatment by limiting disease- and drug-
related complications. The aim of this review is to outline current standards and future strategies to
prevent and treat renal insufficiency, anemia, bone disease, and infection, including COVID-19, in
RRMM patients. In addition, the incidence and treatment of side effects of novel anti-MM agents will
be discussed.

Abstract: Relapsed/refractory (RR) multiple myeloma (MM) patients are a fragile population because
of prolonged drug exposure and advanced age. Preserving a good quality of life is of high priority
for these patients and the treatment of disease- and treatment-related complications plays a key
role in their management. By preventing and limiting MM-induced complications, supportive
care improves patients’ outcome. Erythropoietin-stimulating agents and bisphosphonates are well-
established supportive strategies, yet novel agents are under investigation, such as anabolic bone
agents and activin receptor-like kinase (ALK) inhibitors. The recent dramatic changes in the treatment
landscape of MM pose an additional challenge for the routine care of RRMM patients. Multidrug
combinations in first and later lines increase the risk for long-lasting toxicities, including adverse
cardiovascular and neurological events. Moreover, recently approved first-in-class drugs have unique
side-effect profiles, such as ocular toxicity of belantamab mafodotin or gastrointestinal toxicity of
selinexor. This review discusses current standards in supportive treatment of RRMM patients,
including recommendations in light of the recent SARS-CoV-19 pandemic, and critically looks at the
incidence and management of side effects of standard as well as next generation anti-MM agents.

Keywords: relapsed/refractory multiple myeloma; supportive care; treatment toxicity

1. Introduction

With an estimated incidence rate of 2.1 per persons worldwide, multiple myeloma
(MM) is one of the most common hematological malignancies [1]. Clinical manifestations
of MM range from a dysfunctional immune system, impaired hematopoiesis, and bone
fragility to organ failure, including the kidney, heart, and nervous system. Complications
of MM are not only a source of morbidity, but they are the leading cause of death [2].
Indeed, advances in supportive therapies along with the integration of novel strategies in
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the treatment landscape of MM have significantly contributed to the improved survival
observed in the recent decade [3–5].

Despite therapeutic progress, up to 20% of newly diagnosed patients present with
primary refractory disease and almost all of the responding patients eventually relapse [6,7].
Due to the prolonged exposure to therapies with overlapping toxicities, relapsed/refractory
(RR) MM patients are a vulnerable population, often characterized by a limited bone
marrow reserve and decreased renal function and peripheral neuropathy. In addition to
disease control, an adequate quality of life is a priority of second-line treatment and beyond.
Indeed, the side effects of next-generation anti-MM agents may jeopardize treatment
adherence and negatively influence survival [8].

This review outlines current recommendations and future strategies for the supportive
care of RRMM patients with renal failure, anemia, and bone disease, and discusses the
challenges of the rapidly evolving treatment landscape in MM.

2. Renal Disease

Renal impairment (RI), defined as creatinine clearance (CrCl) below 40 mL/min, is
observed in more than one third of RRMM patients and is associated with a higher incidence
of adverse events and a 20% increase in the risk of disease progression or death [9–11]. The
most common form of RI in MM is cast nephropathy due to the precipitation of excessive
free light chain. In addition, hypercalcemia, hyperuricemia, and nephrotoxic agents may
exacerbate RI. The treatment of acute MM-related RI consists in the rapid initiation of
anti-tumor therapy to reduce the light chain burden and of adequate supportive care
to eliminate contributing factors. A high-dose of dexamethasone and volume repletion
under constant monitoring of fluid balance are recommended. In case of hypercalcemia,
the concomitant administration of denosumab may improve renal function. In addition,
nephrotoxic agents should be avoided, including aminoglycoside antibiotics, non-steroidal
anti-inflammatory drugs, furosemide, and contrast agents [12]. Despite discordant results
from randomized trials, free light chain removal through high-cutoff hemodialysis should
be considered in MM patients requiring dialysis because of the acute kidney injury due to
light chain cast nephropathy [13–15].

The presence of RI limits anti-MM treatment options and precludes the inclusion
in most of the clinical trials. Retrospective analysis and small prospective studies have
evaluated safety and efficacy of anti-MM treatments, including proteasome inhibitors
(PI), immunomodulatory agents (IMiDs), chemotherapy, and, more recently, monoclonal
antibodies, in RRMM patients with renal failure [9,16–18]. Nephrotoxic medications, such
as lenalidomide and zoledronic acid, require specific dosing adjustments, as indicated
in the FDA and EMA drug approval specifications. On the other hand, some agents,
especially PI, are preferred in the treatment of RRMM patients with RI for their renal
protective effect and rapid hematologic response (Table 1). Recent data confirms the
efficacy of PI-based regimens for the renal rescue of RRMM patients with RI [9,12]. A
post hoc exploratory subgroup analysis of the ENDEAVOR study showed a rate of renal
response with bortezomib and carfilzomib (defined as improvement of CrCl ≥ 60 mL/min
in patients with baseline CrCl < 50 mL/min) of approximately 15% [9]. Similarly, in a
recent real-world study including more than 1500 patients with RRMM and RI, renal
complete response was 26.6% in patients treated with carfilzomib/dexamethasone and
22.2% with bortezomib/dexamethasone [19]. Interestingly, PI-free combination therapies
may also induce renal recovery, as recently shown in the ICARIA-MM study. A prespecified
subgroup analysis demonstrated long-lasting renal rescue in more than 30% of patients
treated with isatuximab, pomalidomide, and dexamethasone [20]. The efficacy and safety of
daratumumab in combination with bortezomib and dexamethasone is currently evaluated
in RRMM patients with severe renal failure (GMMG-Dante, NCT).
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Table 1. Overview of renal response in phase 3 clinical trials in RRMM with RI.

Study Regimen Baseline Renal
Function

Renal
Response PFS OS Discontinuation

Due to AEs

Retrospective
analysis [21]

Pegylated liposomal
doxorubicin and

bortezomib (n = 95) vs.
bortezomib (n = 98)

CrCl
30–60 mL/min Improvement 13.6 vs.

6.9 months NA 4.3 vs. 2.1% *

Subgroup
analysis of the
MM-009 and

MM-010
trials [18]

Lenalidomide and
dexamethasone (n = 353)

CrCl <
60 mL/min 70% a

7.8 months
(CrCl < 30)
9.5 months

(CrCl 30–59)

18.4 months
(CrCl < 30)
29 months

(CrCl 30–59)

38% (CrCl < 30)
18% (CrCl 30–59)

Retrospective
analysis of the

MM-003 trial [22]

Pomalidomide and
low-dose dexamethasone

(n = 93) vs. high dose
dexamethasone (n = 56)

CrCl
30–60 mL/min 42% vs. 47% a 4 vs. 1.9 months 10.4 vs.

4.9 months 13 vs. 11%

Post hoc
exploratory

analysis of the
Endeavor trial [9]

Carfilzomib and
dexamethasone (n = 85)

vs. bortezomib and
dexamethasone (n = 99)

CrCl
15–50 mL/min

15.3% vs.
14.1% b

14.9 vs.
6.5 months

42.1 vs.
23.7 months 31.8% vs. 23.7%

Prespecified
subgroup

analysis of the
ICARIA-MM

trial [20]

Isatuximab,
pomalidomide and

dexamethasone (n = 55)
vs. pomalidomide and
dexamethasone (n = 49)

eGFR
30–60 mL/min/

1.73 m2

71.9% vs.
38.1% c

9.5 vs.
3.7 months

NR vs.
11.6 months 11.1% vs. 14.9%

Abbreviations: RRMM, relapsed/refractory multiple myeloma; RI, renal impairment; PFS, progression-free survival; OS, overall survival;
AEs, adverse events; eGFR, estimated glomerular filtration rate; CrCl, creatinine clearance; mo, months; NR, not reached; NA, not available.
a CrCl 30–59 to CrCl ≥ 60 mL/min. b CrCl < 60 to CrCl ≥ 60 mL/min. c eGFR < 50 to eGFR ≥ 60 mL/min/1.73 m2. * Death due to AEs.

3. Anemia

Anemia is a frequent finding in RRMM, with hemoglobin values below 11 g/dL in
more than 40% of the patients. The pathogenesis of anemia is multifactorial: direct toxic
effect of MM cells, chronic inflammatory state, and renal disease may reduce bone marrow
reserves, as well as drug-induced myelosuppression [23,24]. Indeed, the incidence of
anemia ranges from 15% in patients treated with daratumumab or carfilzomib to 60% with
selinexor [25–27].

Current treatment options for MM-associated anemia include red blood cell (RBC)
transfusions and erythropoiesis-stimulating agents (ESAs). RBC are rapidly but only tran-
siently effective, therefore indicated for the acute management of symptomatic patients
or asymptomatic high-risk patients [28]. ESAs, such as epoetin or darbepoetin alpha, pro-
vide a sustained increase in hemoglobin, thus reducing the need for RBC transfusion [24].
However, ESAs increase the risk of thromboembolic events in MM patients, especially
in combination with IMiDs and dexamethasone [29–31]. Therefore, treatment with ESAs
should follow international guideline recommendations and initiated only after a careful
assessment of risk and benefit [32].

Preclinical studies and early clinical trials are investigating alternative strategies
against MM-associated anemia by targeting the activin signaling pathway or the chemokine
CCL3. Activin receptor ligand traps, such as sotatercept and luspatercept, enhance ery-
throid differentiation by downregulating the SMAD2/3 signaling in hematopoietic progen-
itor cells [33]. Sotatercept, in combination with melphalan, prednisolone, and thalidomide,
demonstrated a bone anabolic and erythropoietic effect in MM patients [34]. Luspatercept
has been recently approved for the treatment of ESA-resistant anemia in patients with
myelodysplastic syndrome [35]. Interestingly, the inhibition of the activin receptor-like ki-
nase (ALK)-2 improves anemia in mouse models of iron-refractory/iron-deficiency anemia
by repressing hepcidin, a critical mediator of anemia of chronic disease [36,37]. A novel
ALK-2 inhibitor, INCB000928, is currently assessed in a phase 1/2 trial in patients with
myelodysplastic syndrome or MM who are transfusion-dependent or have symptomatic
anemia (NCT04582539). Finally, a recent study suggests that MM-derived CCL3 suppresses
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the expression of GATA1, a master regulator of erythropoiesis, by binding to CCR1 on
hematopoietic stem and progenitor cells. The inhibition of the CCL3/CCR1 pathway may
therefore represent an additional promising strategy to overcome anemia in MM [23].

4. Bone Disease

Osteolytic bone disease in MM may lead to severe skeletal-related events (SREs), in-
cluding hypercalcemia, pain, bone fractures, as well as the need for surgery or radiotherapy.
Bone lesions are detected in 80% of patients with newly diagnosed MM and SREs occur
in 40%. Despite exposure to bone-protecting agents, more than 20% of MM patients at
first relapse experience SREs, thus also highlighting the significant economic and clinical
burden of bone disease in the relapsed/refractory setting [38].

Therapeutic approaches for painful bone lesions or fractures consist of local and
systemic strategies. In particular, kyphoplasty is recommended for symptomatic vertebral
compression fracture, surgery for long-bone pathological fractures or vertebral column
instability, and radiotherapy should be considered for uncontrolled pain or spinal cord
compression [39]. To treat and prevent SREs, two classes of antiresorptive agents are
available: bisphosphonates (BPs) and the RANKL inhibitor denosumab. Zoledronic acid
(ZA) is the preferred BP because of the survival advantage compared to clodronate in
newly diagnosed MM and is recommended for all patients regardless of the presence
of myeloma-related bone disease on imaging [32,39–42]. In particular, the most recent
guidelines of the Bone Working Group of the International Myeloma Working Group
(IMWG) support resuming ZA at time of asymptomatic biochemical relapse [39]. As shown
in the AZAPACHE study, the treatment of patients with biochemical MM relapse with
ZA did not show antitumor effects, yet significantly prevented occurrence of SREs [43].
Importantly, osteoprotective treatment should not be interrupted in refractory MM patients.

Although monthly ZA is the preferred bone-targeted strategy in MM, nephrotoxi-
city limits its use in patients with RI [44]. A valid alternative in case of renal failure is
denosumab, which showed in newly diagnosed MM patients no-inferiority for time to
first SRE compared to ZA, with significantly less renal adverse events [45]. In contrast to
ZA, Denosumab is currently recommended only for MM patients with evidence of bone
disease, in particular if renal failure is present [39]. Of note, since its approval, the use of
denosumab in MM increased dramatically, regardless of renal function or BP-intolerance,
mainly because of the advantages of subcutaneous administration, raising questions on
costs and long-term toxicity [46]. Similarly to ZA, denosumab has no anti-MM effects in
the relapsed setting but effectively suppresses markers of bone resorption [47].

The treatment recommendations for hypercalcemia of malignancy include ZA, as
first-agent, and denosumab, for BP-refractory patients. However, only BPs are currently
licensed in Europe after denosumab application withdrawal from AMGEN in January
2017 [48,49]. In addition, hydration, high-dose steroids, and calcitonin may also be useful
in the presence of hypercalcemia.

Side effects of anticatabolic agents include hypocalcemia and osteonecrosis of the
jaw (ONJ). Since incidence of hypocalcemia is 12% in ZA-treated and 17% in denosumab-
treated patients, calcium and vitamin D supplements are required during treatment. ONJ
is a rare, yet serious complication occurring in 2–6% of the patients [50]. To reduce the risk
for ONJ in MM patients, in addition to regular dental status controls, a maximal treatment
duration with osteoprotective agents of two years is recommended. In addition, after
one year of treatment with standard-dose ZA, responders could be offered a 3-monthly
dosing. In a large phase III randomized trial, no difference in SREs was observed in MM
patients treated with ZA every 4 or 12 weeks [51]. Similarly, the Z-MARK study confirmed
the safety of a less intense ZA schedule in patients with low of urinary N-telopeptide of
type 1 collagen (uNTX), a marker of bone turnover [52,53]. Retrospective analyses suggest
similar results with denosumab, yet the lack of prospective studies restricts the use of
a less-frequent dosing of denosumab only within clinical trials [54]. Since rechallenge
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with ZA or denosumab in the setting of relapsed MM may lead to ONJ recurrence, the
risk/benefit balance of osteoprotective treatment should be carefully discussed [55].

Despite continuous or previous exposure to osteoprotective agents, RRMM are still at
high risk of skeletal complications and current research efforts are directed to the develop-
ment of bone anabolic agents to implement skeletal stability in MM. Inhibitors of activin
A, DKK1 and sclerostin stimulate differentiation of osteoblasts, which are responsible for
bone formation [56–59]. In a phase 1B study, the inclusion of the DKK1 inhibitor BHQ880
to standard therapy and ZA in RRMM increased bone mineral density in the lumbar
spine [60]. Similarly, the activin A antagonist sotatecerpt, in combination with melphalan,
prednisolone, and thalidomide, improves bone mineral density and bone formation in
RRMM [34]. Further studies are warranted to confirm the benefit of these novel agents
in MM.

5. Immunosuppression and Infection Risk

Infectious diseases represent a major threat to patients’ safety in MM. A Swedish
population-based study conducted in 9253 MM patients between 1988 and 2004 reported a
7-fold increased risk of developing bacterial infections and 10-fold increased risk for viral
infections compared to population-based matched control subjects. Similarly, the 3-year
risk of infection-related death was 12.2% vs. 2.2% significantly higher in MM patients
compared to controls [61].

Patients with plasma cell dyscrasia have a dysfunctional immune system secondary to
immunoparesis and cellular immune defects, including the impaired function of dendritic
cells, and B and T lymphocytes [62,63]. The suppression of polyclonal immunoglobulin
is observed in up to 60% of relapsed MM patients and correlates with tumor burden.
Importantly, immunoparesis has a negative prognostic impact on overall survival (OS)
with 3-year OS estimates of 36% for patients with deep immunoparesis (defined as a
relative difference between polyclonal immunoglobulin and corresponding lower normal
limit < 50%) compared to 46% for patients without [63]. In addition, anti-MM agents further
aggravate immunosuppression by inducing leucopenia, impairing virus-specific cytotoxic
T lymphocytes response, or depleting NK cells. In particular, PI and daratumumab induce
the viral reactivation of herpes [64–66]. Importantly, increasing lines of therapy (>4) are
associated with a sevenfold increased risk of infection [67].

In addition to a proactive management of infections with antibiotic, antiviral, and
antifungal agents as needed, prophylactic strategies are also strongly recommended. Based
on the EHA-ESMO guidelines, patients should be vaccinated against influenza A and B,
Streptococcus pneumonia, and Hemophilus influenzae [68]. In general, only live virus vac-
cines should be avoided in MM patients. If treated with PI or daratumumab, MM patients
should receive antivirals, such as valaciclovir or acyclovir [69,70]. In addition, patients
could be offered the varicella zoster virus (VZV) recombinant vaccine, Shingrix [68,71].
This vaccine has been recently approved in adults aged 50 years or older and all adults
(≥18) at risk for VZV reactivation. The administration schedule consists of two doses
given 2 to 6 months apart. In a phase 3 trial in patients with hematological malignan-
cies, 80% of the people receiving the vaccine had a humoral response, which persisted
for one year, compared to 0,8% in the placebo group [72]. Similarly, a study assessing
MM patients undergoing active treatment reported seroconversion in 81% and 89% of the
patients receiving the first and second dose of Shingrix, respectively [73]. MM patients
may also profit from immunoglobulin replacement therapy (IgRT). Although the routine
prophylaxis with IgRT is not recommended, it should be considered in case of low IgG
levels (<400–500 mg/dL) and at least two severe infections needing hospitalization in the
past 12 months [69]. The recommendation is based on a meta-analysis of nine clinical trials
of IgRT in chronic lymphocytic leukemia and MM, which showed a significant reduction in
the rate of major infections with no survival benefit [74]. IgRT is commonly administrated
as a monthly intravenous infusion, requiring hospital stay and leading to concentration
peaks. An alternative strategy is the subcutaneous (sc) application, whose advantages
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rely on the possibility of home therapy, the stable steady state concentrations, and the
mainly local side effects [75]. Vacca et al. reported the results of a small, randomized trial
in MM patients, both newly diagnosed and relapsed, with secondary hypogammaglobu-
linemia treated for six months with sc IgRT or not. Treatment with sc IgRT protected MM
patients from severe infections and reduced antibiotic use, thus improving quality of life
and treatment adherence [76].

SARS-CoV-2 Infection and Vaccine

In the last 18 months, the management of cancer patients has proved quite challenging
due to the rapid and broad diffusion of a new pathogenic agent, SARS-CoV-2. During the
pandemic, diagnostic delays have been frequent, and treatments have often been modified
to privilege oral or subcutaneous drug combinations to reduce hospital access [77]. Data
currently available on coronavirus disease 2019 (COVID-19) in MM patients is still limited
but constantly updated.

A retrospective case series of 167 MM patients hospitalized with COVID-19 was
reported from the Spanish Myeloma Collaborative Group. Patients had a median age
of 71 years, and two thirds of them had at least one comorbidity. More than 75% of the
patients had a moderate to severe clinical presentation and up to 21% required noninvasive
ventilation. The inpatient mortality rate was 34% vs. 23% higher in MM patients compared
to an age-/sex-matched noncancer control group. Age > 65 years, active/progressive
disease, and renal disease were independent prognostic factors for mortality in this patient
cohort [78]. Similarly, a retrospective study of the International Myeloma Society (IMS)
including 650 patients from 10 different countries confirmed the high mortality rate in
hospitalized patients with MM and COVID-19 infections, ranging from 27% in Germany
and Italy to 57% in the United Kingdom. The multivariate analysis identified age, high-
risk cytogenetic (del 17p, t(4;14), amp 1q or t(14;16)), active disease, and renal failure
(CrCl < 40 mL/min) as the independent predictors of death [79].

Considering the higher mortality due to COVID-19 of MM patients compared to
non-MM subjects, measures to prevent SARS-CoV-2 infection are of critical importance and
include social distancing, wearing masks, and vaccination. The IMS recommends that all
patients with MM, smoldering MM, and MGUS should be candidates for the SARS-CoV-2
vaccine, based on approval from local regulatory authorities [80]. However, in contrast to
the general population, in MM, the ability of SARS-CoV-2 vaccines to generate an effective
immune response might be impaired [81]. Terpos et al. reported an antibody response
(neutralizing antibody >50% 21 days after the first dose) to mRNA vaccine in elderly MM
patients of 8.3% compared with 20.2% in the control group [82]. Similarly, Pimpinelli et al.
observed seroprotection (titer of neutralizing anti-SARS-CoV-2 IgG > 15 AU/mL) in 78.6%
of MM patients receiving the BNT162b2 mRNA vaccine compared to 100% of controls. In-
terestingly, treatment with daratumumab was associated with a lower vaccine response [83].
These studies raise several questions, including the need for additional boosters, antibody
titer monitoring, and maintaining masks and social distancing for MM patients at risk of
COVID-19. Due to the rapidly evolving situation, treatment decisions should follow the
most updated guidelines (Table 2).

Table 2. Specific recommendations and continuously updated resources on COVID-19 in cancer patients.

Association Website

European Hematology Association (EHA) https://ehaweb.org/covid-19/covid-19-recommendations/recommendations-for-
specific-hematologic-malignancies/ (accessed on 4 October 2021)

American Association of Hematology (ASH) https://www.hematology.org/covid-19 (accessed on 4 October 2021)

European Society of Medical Oncology (ESMO) https://www.esmo.org/covid-19-and-cancer (accessed on 4 October 2021)

American Society of Clinical Oncology (ASCO) https://www.asco.org/asco-coronavirus-information (accessed on 4 October 2021)

National Cancer Institute (NCI-NIH) Home|NIH COVID-19 Research (accessed on 4 October 2021 )

National Comprehensive Cancer Network (NCCN) https://www.nccn.org/covid-19 (accessed on 4 October 2021)

https://ehaweb.org/covid-19/covid-19-recommendations/recommendations-for-specific-hematologic-malignancies/
https://ehaweb.org/covid-19/covid-19-recommendations/recommendations-for-specific-hematologic-malignancies/
https://www.hematology.org/covid-19
https://www.esmo.org/covid-19-and-cancer
https://www.asco.org/asco-coronavirus-information
https://www.nccn.org/covid-19
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6. Drug-Specific Non-Hematological Adverse Events of Special Interest

The recent approval of several new agents has significantly expanded the therapeutic
armamentarium against MM. Recommended agents in the RR setting include IMiDs, PI,
targeted therapies, and monoclonal antibodies, all with unique toxicity profiles (Table 3) [7].
Preserving quality of life is a priority for most patients with RRMM and choice of treat-
ment should take into consideration the accumulated toxicity and morbidity. In addition,
treatment compliance depends on the timely management of side effects, and an increased
awareness of the toxicity profiles of next-generation anti-MM agents is therefore critical to
therapy success.

Table 3. Extra-hematological Grade 3/4 adverse events of specific interest in RRMM.

Drug (Combination Agents) PN VTE C O GI I

Lenalidomide (dexamethasone) [84] 1.7% 14.7% 2.8% 9.6% 21.4%

Pomalidomide (dexamethasone) [85] 1% 6.3% 2.3% 34%

Bortezomib [86] 8% 6% 17%

Carfilzomib (dexamethasone) [25] 1% 15% 6.9% 2%

Ixazomib (lenalidomide, dexamethasone) [87] 2% 3% 3% 9.4% 1%

Elotuzumab (lenalidomide, dexamethasone) [88] 1% 6% 1%

Daratumumab (lenalidomide, dexamethasone) [89] 4% 8.9% 8.9%

Isatuximab [90] 7%

Belantamab [91] 6% 21–27% 3% 4–11%

Selinexor [27] 5.6% 2% 25% 10.5%

Panobinostat (bortezomib, dexamethasone) [92] 17.5% 7.3% 42% 16%

Abbreviations: PN: peripheral neuropathy; VTE: venous thromboembolism; C: cardiac toxicity; O: ocular toxicity; GI: gastrointestinal
toxicity; I: infections.

6.1. Peripheral Neuropathy

Neurological disorders in MM are either a direct consequence of the disease or induced
by specific treatments. The deposition of amyloid, cytokine-mediated nerve damage, or
direct nerve compression may all contribute to MM-associated peripheral neuropathy
(PN). Neurotoxic anti-MM agents include chemotherapy, IMIDs (especially thalidomide),
and PI [93]. Bortezomib, in particular, is frequently associated with severe PN in the RR
setting with up to 35% of patients reporting treatment-emergent PN and 8–13% with severe
PN [86,94]. In contrast, the incidence of PN with carfilzomib and ixazomib is lower, below
10% [25,87].

The pathogenesis of bortezomib-induced PN (BIPN) relies on mitochondria and
endoplasmic reticulum damage, oxidative stress, and inflammation, leading predominantly
to axonal injury of the dorsal root ganglia [95,96]. In addition, rare cases of demyelinating
polyradiculoneuritis have also been reported [97,98]. In contrast, MM-induced PN depends
mainly on segmental demyelination and axonal degeneration due to plasma cell infiltration
and amyloid deposition within the nerve [99,100].

BIPN typically manifests as a sensory axonopathy characterized by symmetric pares-
thesia, burning sensation and neuropathic pain in stocking and glove distribution. Among
the risk factors for BIPN, pre-existing neuropathy plays an important role. In the analysis of
Richardson et al., more than 80% of RRMM patients suffer from PN at the start of treatment,
which is further exacerbated by exposure to bortezomib [94]. BIPN also depends on the
cumulative dose and schedule of administration, whereas the mode of administration is
not relevant [101]. Since no curative treatment is available for BIPN, prevention represents
a key strategy to limit toxicity. Careful assessment of patients for baseline neuropathy by
means of specific questionnaires, such as the Functional Assessment of Cancer Therapy
Scale/Gynecologic Oncology Group-Neurotoxicity (FACT/GOG-Ntx), and neurological



Cancers 2021, 13, 4978 8 of 19

examination is mandatory before treatment initiation [94]. In case of grade 1 PNP, dose
reduction and/or switch to once-weekly administration is recommended and may lead
to improvement or resolution in the majority of patients [94,102,103]. In addition to dose
and schedule adjustments, alleviation of symptoms may be achieved with multi-B vitamin
supplements and neuroleptic medications, such as gabapentin, pregabalin, amitriptyline
and duloxetine [93]. Additional treatment strategies include topical treatments with lido-
caine or capsaicin patches [93,104], as well as acupuncture, which significantly improves
patient-reported sensory symptoms and motor disfunction due to BIPN [105].

6.2. Venous Thromboembolism

MM patients are at risk of developing venous thromboembolism (VTE) due to hyper-
viscosity, tumor-intrinsic properties as well as treatment [106,107]. In particular, thalido-
mide and lenalidomide-based combination strategies are associated with an increased
thrombotic risk, with up to 15% of Caucasian and up to 8% of Asian RRMM patients
experiencing VTE events [108–112].

VTE prophylaxis with low-dose acetylsalicylic acid or low molecular weight heparin
(LMWH) is compulsory in IMiDs-treated MM at high risk for VTE. Risk factors include
personal or family history of VTE, smoking history, performance status > 1, use of oral
contraceptives and, importantly, concurrent use of epoetin or dexamethasone [113]. Pro-
phylactic anticoagulation therapy is therefore not recommended in MM patients receiving
single-agent IMID treatment as maintenance strategy in the absence of risk factors for
VTE [114]. In contrast, patients treated with IMIDs and dexamethasone should receive
VTE prophylaxis and treatment choice is based on risk stratification according to IMWG
guidelines [113,115]. Recently, based on the results of the IMPEDE VTE study a new algo-
rithm with three risk categories has been proposed [116]. The IMPEDE VTE prediction
tool comprises nine variables: use of IMIDs, ESAs, and/or dexamethasone/doxorubicin;
body mass index; pelvic, hip or femur fracture; race; VTE history; central venous catheter;
and ongoing thromboprophylaxis. Patients are classified as having low, intermediate or
high risk of developing VTE within six months of treatment initiation if the overall score
is ≤ 3, 4–7 or ≥8, respectively. Despite validation in newly diagnosed MM patients, the
algorithm may effectively identify patients at high-risk for VTE also in the RR setting [117].

2 to 9% of RRMM patients treated with lenalidomide- and pomalidomide-based
combinations experience VTE events during thromboprophylaxis, with the main risk
factors being previous VTE and age [18,111,118–120]. Therefore, ongoing studies are
evaluating the risk/benefit profile of novel oral anticoagulants. In a pilot study assessing
primary prevention of VTE in MM patients treated with lenalidomide or pomalidomide,
apixaban was well-tolerated without major hemorrhage events and effectively protected
against VTE, stroke and myocardial infarction in the 6-month follow-up [121,122].

6.3. Cardiotoxicity

In MM patients advanced age and pre-existing risk factors, such as diabetes and
hypertension, increase the risk for cardiovascular (CV) disease, which is further exacerbated
by MM-associated factors, such as amyloidosis and renal failure, and anti-MM treatment,
in particular radiotherapy to sternal lesions, chemotherapy, such as doxorubicin, and
irreversible proteasome inhibitors, in particular carfilzomib [123]. CV complications include
hypertension, peripheral edema, dyspnea, ischemia, and heart failure. They are often
treatment-limiting events and adversely impact survival of MM patients [8].

As recently shown in a prospective study in relapsed MM, CV adverse events are
common in patients treated with carfilzomib, occurring as grade 3 events or higher in more
than half of the patients within the first three months of treatment. In contrast, bortezomib
and ixazomib are associated to a lower rate of CV adverse events [8,124]. Importantly, a
recent analysis of real-world data suggests a higher incidence of hypertension in patients
treated with carfilzomib compared to that reported in clinical trials (60% vs. 18%) [125,126].
Risk factors for CV toxicity include baseline elevated pBNP levels and higher doses of
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carfilzomib (≥45 mg/m2), [127] whereas treatment line and combination strategies are not
significantly affecting CV risk [128].

Recommendations to reduce the incidence of CV adverse events include the treatment
of baseline cardiovascular risk factors, the identification of patients at risk for CV disease,
who require more intense follow-ups, and the regular monitoring of blood pressure to
allow a timely start of antihypertensive agents [129]. In case of carfilzomib-induced CV
adverse events, a dose reduction or, eventually, discontinuation may be indicated based on
severity. Considering the widespread use of carfilzomib, guidelines on the management of
carfilzomib-induced CV events have been recently published by the European Myeloma
Network and the Italian Society of Arterial Hypertension [129].

6.4. Gastrointestinal Toxicity

Gastrointestinal (GI) toxicity is one of the most frequent side effects of anti-MM agents.
Up to 60% of RRMM patients treated with IMiDs and PIs suffer from nausea, vomiting,
diarrhea, and loss of appetite, which may be further exacerbated by opioid-based analgesia,
lifestyle, and diet. Most symptoms are mild to moderate and are successfully treated
with supportive therapies [130]. However, if left untreated, severe GI manifestations may
have serious consequences such as abdominalgia, weight loss, and electrolyte imbalance.
Of note, IMIDs are often associated to late onset diarrhea. Lenalidomide, in particular,
may result in chronic diarrhea due to bile acid malabsorption [131]. Retrospective studies
suggest that treatment with bile acid sequestrant, such as colesevelam, and/or reduction in
dietary fat intake significantly improve stool consistency and frequency, thus enabling the
continuation of anti-MM therapy [132]. A phase 2 study to assess the efficacy of colesevelam
in MM patients on lenalidomide maintenance is currently ongoing (NCT03767257).

Nausea and vomiting are frequently observed during treatment with selinexor, an oral
inhibitor of the nuclear export protein exportin 1 [27]. Based on a recent study reviewing
data from more than 400 patients enrolled in clinical trials, nausea occurred in 68% and
vomiting in 37% of the patients [133]. The incidence of GI symptoms is at its highest
within the first two weeks of treatment and drops thereafter. The median time to onset
is three days, and GI toxicity may last for up to three weeks if not treated. Nausea and
vomiting are reversible upon drug discontinuation, and the use of supportive care such
as dexamethasone, 5-HT3 antagonists, and neurokinin 1 receptor antagonists effectively
mitigates nausea. Therefore, antiemetic prophylaxis is strongly recommended to improve
tolerance to selinexor and ensure treatment adherence [134].

In addition to drug toxicity, immunoglobulin-derived light chain (AL) amyloidosis
should also be considered in the differential diagnosis of MM patients presenting with
GI symptoms [135]. Indeed, amyloid deposition in the autonomic nervous system, liver,
and GI tract may lead to bowel dysmotility, gastroparesis with early satiety, macroglossia,
hepatomegaly, GI bleeding, malabsorption, diarrhea, and weight loss in up to 10% of MM
patients [136,137]. GI amyloidosis is confirmed by the identification of amyloid deposits
with congo red stain in biopsy specimens from bone marrow, subcutaneous fat, or affected
organs. Less invasive approaches based on functional imaging such as 18F-Florbetaben
PET scans are under investigation [138].

6.5. Ocular Toxicity

Treatment-related adverse events involving the eye were until recently extremely
rare in MM patients [139,140]. However, the approval of belantamab mafodotin (belamaf;
GSK2857916) for the treatment of RRMM in July 2020 drastically increased the rate of
ocular toxicity [91]. Belamaf is a B-cell maturation antigen (BCMA)-targeting antibody
conjugated to the cytotoxic agent monomethyl auristatin F (MMAF), which is typically
associated with keratopathy. Indeed, up to 75% of the patients treated with Belamaf
develop microcyst-like epithelial changes (MEC) of the cornea and superficial punctate
keratopathy [141,142]. Symptoms include blurred vision and dry eyes, but corneal lesions
may also remain asymptomatic. Diagnosis is based on slit lamp exam and Snellen visual
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acuity testing [143]. Ocular toxicity increases with higher doses and history of dry eyes but
is reversible upon drug discontinuation. Regular monitoring before treatment initiation
and at every cycle is recommended. In case of ocular toxicity, a dose reduction or treatment
interruption for severe disease is recommended [143].

7. Discussion

By preventing disease and treatment-related complications, supportive care signifi-
cantly contributes to improved outcomes in MM. However, physicians still face several
challenges in delivering optimal therapy. For example, organizational hurdles and patients´
preference may jeopardize guidelines´ adherence. A recent analysis of the “Surveillance,
Epidemiology, and End Results-Medicare“ database (https://seer.cancer.gov/, accessed
on 4 October 2021) showed that only 64% of older adults with active MM received bone-
modifying agents, 52% an influenza vaccination, and less than 50% antiviral prophylaxis
during treatment with PI [144]. Similarly, a French study reported very low rates of vac-
cination for influenza (28%) in MM patients, with less than 1% of the patients receiving
all three recommended vaccines (influenza, Streptococcus pneumoniae, and Hemophilus
influenzae) [145]. The frequent risk factors for the underutilization of recommended care
are older age, higher comorbidity burden, and care in the community setting. Specific
interventions targeting these subgroups of patients, such as the integration of primary care
providers and clinical decision support systems, are required to implement quality of care
in MM.

Similarly, the discrepancy between clinical trials and real-world MM patients questions
the safety data of novel agents, thus posing an additional challenge for health care providers.
Indeed, up to 70% of patients with RRMM do not meet the eligibility criteria of phase
3 studies because of comorbidities such as renal and cardiovascular disease [146]. Recently,
Chavda et al. observed a higher incidence of hypertension in unselected MM patients
treated with carfilzomib compared to clinical trial data (60% vs. 18%) [125,126]. Poor
tolerability of pomalidomide requiring frequent dose reduction has been reported in
elderly RRMM patients with poor performance status [147]. Several initiatives have been
proposed to broaden the standard inclusion/exclusion criteria of clinical trials, therefore
ensuring a more representative real-world MM patient population [148].

Research progress in MM is leading to a dramatic increase in the number of new
drugs and the complexity of combination regimens, demanding constant updates on their
indications, mechanisms of action, and safety profiles. T-cell engaging treatments, such
as bispecific antibodies (T-BsAbs) and chimeric antigen receptor (CAR) T cells, have revo-
lutionized the treatment of hematological cancers, including MM [149–151]. In addition
to cytopenia and infection, cytokine release syndrome (CRS) and neurotoxicity represent
common and potentially fatal adverse events of these agents [152,153]. CRS is a systemic
inflammatory response occurring within few weeks of drug administration due to a mas-
sive T cell stimulation with consequent cytokine storm (including IL-6, IL-2R, IL-10, IFN-γ,
and TNF-α). CRS may be mild with flu-like symptoms, but few patients may develop
severe life-threatening manifestations including circulatory shock, disseminated intravas-
cular coagulation, and multi-organ system failure. The monoclonal antibody against IL-6,
tocilizumab, represents the treatment of choice in case of CRS. Frequency and severity of
CRS depend on the therapeutic agent. In patients treated with T-BsAbs the incidence of CRS
ranges from 40 to 70%, and intensity is usually mild to moderate [151,154]. On the contrary,
treatment with CAR-T cells is complicated by CRS in almost 90% of the patients, and 7 to
30% may experience grade 3 or worse toxicity [149,155]. Similarly, neurotoxicity has been
mainly reported in CAR-T cell trials with an overall frequency of 36%. Two syndromes
have been recognized: CAR-T cell-related encephalopathy syndrome (CRES) and immune
effector cell-associated neurotoxicity syndrome (ICANS). CRES and ICANS are probably
related to the disruption of the blood–brain barrier, enabling lymphocyte and cytokine infil-
tration in the cerebrospinal fluid. Symptoms range from confusion to paresis and seizures,
and treatment is based on intravenous steroids [156]. Despite their recent FDA approval,

https://seer.cancer.gov/
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the complexity of the treatment and the spectrum of therapy-related complications requires
an interdisciplinary team of hematologists, neurologists, and intensive care physicians and
therefore limits their use only to selected medical facilities [156]. In addition, late-onset side
effects may become increasingly relevant due to the long-lasting remissions and improved
survival rates of MM patients. For instance, secondary malignancies have been described
in RRMM patients receiving lenalidomide, and spontaneous vertebral fractures have been
observed in breast cancer patients after long-term treatment with denosumab [157,158].

8. Conclusions

In conclusion, optimal care of the disease and treatment-related complications has a
pivotal role in MM, not only to improve health-related quality of life but also to prolong pa-
tients´ survival. An awareness of drug toxicity allows for early diagnosis and intervention,
thus supporting longer treatment exposure and better response rates.
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