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Abstract

Multiple myeloma is one of the most commonly diagnosed blood cancers. Due to the introduction of new therapies in
recent years, there has been significant progress in treating myeloma. Even so, with the introduction of new groups of
drugs, there have been some adverse events. In addition to anti-myeloma treatment, patients require supportive thera-
pies. This article presents the principles of supportive treatment in emergencies and discusses the toxicity associated

with the use of new groups of drugs.
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Introduction

Multiple myeloma (MM) is one of the most frequently di-
agnosed hematological neoplasms [1]. In Poland, ¢.2,600
new MM cases are reported annually, and it is the third
most frequently diagnosed hematological neoplasm [2].
The introduction of thalidomide, bortezomib and lenalido-
mide to therapy has prolonged the survival of patients with
myeloma [3, 4]. The more recent use of pomalidomide,
carfilzomib, ixazomib, daratumumab, isatuximab, selinexor,
belantamab, mandolin, and chimeric antigen receptor-T
(CAR-T) will most likely prolong the survival of patients with
MM. In addition to anti-MM therapy, the standard of care
requires supportive therapies to prevent and treat organ
damage early.

The method of treating MM has been changing dy-
namically in recent years. In Europe, patients qualified for
high-dose (HD) chemotherapy followed by autologous stem
cell transplantation (ASCT) are treated with 3-4 cycles of
remission-inducing chemotherapy, followed by high-dose

*Address for correspondence: Artur Jurczyszyn, Plasma Cell Dyscrasia

Center, Department of Hematology, Jagiellonian University, Kopernika 17,
31-501 Krakow, Poland, phone +48 12 424 76 28, fax +48 12 424 76 26,

e-mail: mmjurczy@cyf-kr.edu.pl
Received: 26.06.2022 Accepted: 30.06.2022

Acta Haematologica Polonica 2022; 53, 4: 227-240

(HD) chemotherapy followed by ASCT. As recommended
by the European Hematology Association-European So-
ciety for Medical Oncology (EHA-ESMO), first-line chemo-
therapy protocols include VRd (bortezomib, lenalidomide,
dexamethasone) and DaraVTD (daratumumab, bortezomib,
thalidomide, dexamethasone). Other methods of induction
therapy include the VTD (bortezomib, thalidomide, dexa-
methasone) and the VCD (bortezomib, cyclophosphamide,
dexamethasone) protocols.

However, in patients not qualified for ASCT, the follow-
ing chemotherapy protocols are recommended for treat-
ing newly diagnosed myeloma (NDMM): DaraRd (daratu-
mumab, lenalidomide, dexamethasone); DaraVMP (dara-
tumumab, bortezomib, melphalan, prednisone); and VRd.
Other first-line treatment options include the VMP (bort-
ezomib, melphalan, prednisone) and the Rd (lenalidomide,
dexamethasone) protocols. Figure 1 shows the treatment
algorithm for patients with newly diagnosed myeloma rec-
ommended by the EHA-ESMO [5]. After achieving remis-
sion, all patients are expected to relapse. The duration of
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Figure 1. Multiple myeloma treatment recommendations according to European Hematology Association-European Society for Medi-
cal Oncology; ASCT — autologous stem cell transplantation; Bort — bortezomib; Darakd — daratumumab, carfilzomib, dexamethasone;
DaraRd — daratumumab, lenalidomide, dexamethasone; DaraVMP — daratumumab, bortezomib, melphalan, prednisone; DaraVTD — dara-
tumumab, bortezomib, thalidomide, dexamethasone; EloRd — elotuzumab, lenalidomide, dexamethasone; HDMel — high-dose melphalan;
Isakd — isatuximab, carfilzomib, dexamethasone; IxaRd — ixazomib, lenalidomide, dexamethasone; Kd — carfilzomib, dexamethasone;
KRd — carfilzomib, lenalidomide, dexamethasone; Len — lenalidomide; PomVd — pomalidomide, bortezomib, dexamethasone; Rd —
lenalidomide, dexamethasone; SVd — selinexor, bortezomib, dexamethasone; VCD — bortezomib, cyclophosphamide, dexamethasone;
VenVd — venetoclax, bortezomib, dexamethasone; VMP — bortezomib, melphalan, prednisone; VRd — bortezomib, lenalidomide, dexameth-

asone; VTD — bortezomib, thalidomide, dexamethasone

remission decreases with each subsequent relapse. Treat-
ing relapsed/refractory MM (RRMM) depends on many
factors, including time of remission, treatment applied,
response to previous therapy, the aggressiveness of the
relapse, and the patient’s performance status. . Among the
newest options for treating RRMM are belantamab mafo-
dotin (BM) and CAR-T [5].

Multiple myeloma is a malignant tumor that worsens
patients’ quality of life due both to the disease itself and to
the consequences of adverse events (AES) associated with
the treatment used. Clinical symptoms of MM include im-
paired immune system function, impaired hematopoiesis,
diseases of the skeletal system, and organ failure includ-
ing kidney, heart, and nervous system [6]. Depending on
the symptoms, patients with MM often require supportive
treatment, including renal replacement therapy, treatment
of hypercalcemia, analgesic treatment, and treatment of
pathological bone fractures. An additional component of
treating patients with MM is the treatment of the AEs that
develop during anti-MM therapy.

AN

In this article, we summarize the principles of sup-
portive treatment and the principles of the prevention and
treatment of the adverse events observed in the most com-
monly used methods of anti-MM treatment. Table | lists the
most common AEs observed during the treatment of NDMM
[7-11]. Tables Il [12-19] and Ill [20-24] summarize the
most common AEs observed in treating RRMM.

Prevention and supportive treatment
in patients with MM

Treatment of hyperviscosity syndrome

Hyperviscosity syndrome (HVS) is a life-threatening con-
dition found in ¢.2-6% of MM patients [25]. Clinical
symptoms are most often seen when the concentration of
monoclonal (M) protein in the immunoglobulin (Ig) M class
is at least 30 g/L, IgA — 40 g/L, and IgG — 60 g/L (mean
concentration of M protein: >40 g/L). The most common
clinical symptoms of HVS are neurological symptoms
including headache, dizziness, impaired consciousness,
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Table 1. Incidence of serious adverse events (grade >3) in treatment of newly diagnosed multiple myeloma identified in pivotal phase IlI

clinical trials
Trial IFM2013-04 [7] CASSIOPEIA [8]
Regimen VCD VTD VTD DaraVTD
Hematological adverse events, grade >3 [%]
Neutropenia 33 19 15 28
Thrombocytopenia 11 B 7 11
Anemia 9 4 NA NA
Non-hematological adverse events, grade >3 [%]
Infections NA NA 20 22
Peripheral Grade Grade 9 9
neuropathy 2-4:13 2-4:22
Venous 2 2 NA NA
thromboembolism
Skin rash NA NA NA NA
Secondary malig- NA NA 2 2
nancy (any grade)
IRR (all grades) 4

SWOG S0777 [9] MAIA [10] ALCYONE [11]
Rd VRd DaraRd Rd DaraVMP VMP
21 19 50 35 40 39
14 18 NA NA 34 38
16 13 12 20 16 20
14 19 32 23 23 15
11 35 NA NA <2 4

9 8 NA NA

4 4 NA NA NA NA

3 38 9 7 NA NA
3 4

DaraRd — daratumumab, lenalidomide, dexamethasone; DaraVMP — daratumumab, bortezomib, melphalan, prednisone; DaraVTD — daratumumab, bortezomib, thalidomide, dexamethasone; IRR — infusion-
-related reactions; NA — not available; Rd — lenalidomide, dexamethasone; VCD — bortezomib, cyclophosphamide, dexamethasone; VMP — bortezomib, melphalan, prednisone; VRd — bortezomib, lenalidomide,

dexamethasone; VTD — bortezomib, thalidomide, dexamethasone

visual disturbances, central nervous system bleeding,
somnolence, and coma. Other symptoms include coronary
pain, dyspnea, pulmonary hypertension, and bleeding
disorder symptoms. The treatment of HVS in MM involves
plasmapheresis. In addition, anti-MM therapy should start
as soon as possible, and be repeated for 3-5 consecutive
days [26, 27].

Prevention and treatment of MM anemia
Anemia develops due to direct AE of clonal plasmacytes,
chronic inflammation, kidney disease, and myelosuppres-
sive effects of drugs. Anemia is found in at least 60-70%
of NDMM patients and in more than 40% of patients
who are RRMM [28]. Treatment of MM-related anemia
includes red blood cell (RBC) transfusions and the use of
erythropoiesis-stimulating agents (ESAs; epoetin, darbep-
oetin alfa). Red blood cell transfusions cause a rapid but
transient increase in hemoglobin (Hb) level; therefore, this
is recommended for the acute treatment of symptomatic
anemia or in high-risk patients with asymptomatic anemia
[29]. Importantly, the use of ESAs increases the risk of
thromboembolic events, especially in patients treated
with immunomodulatory drugs (IMiDs) combined with
dexamethasone [30, 31]. On the other hand, a sustained
increase in Hb concentration and a reduction in the need
for RBC transfusion is achieved after using ESA [30]. For
this reason, treatment with ESA should be administered
only in accordance with international guidelines and having
carried out a risk-benefit assessment.

Infection prevention while treating MM

Patients with MM have an increased risk of infection, es-
pecially in the early stages of diagnosis. This is due to the
impairment of both humoral immunity (functional hypogam-
maglobulinemia) and cellular immunity and the applied
anti-MM therapy, which has a myelosuppressive effect [32]

Bacterial infections

The risk of bacterial infections in patients with MM is sig-
nificantly greater than in the healthy population [33]. This
mainly concerns active NDMM patients, especially the
elderly and people with recurrent infections. According to
the ESMO and the European Myeloma Network (EMN), all
MM patients should receive prophylactic antibiotic thera-
py during the first three months of anti-MM therapy. This
is especially true for patients treated with lenalidomide
and pomalidomide. As part of antibacterial prophylaxis,
trimethoprim-sulfamethoxazole (TMP/SMX), amoxycillin,
or quinolone is recommended [34-36]. The guidelines of
the Stratification for Myeloma and Risk-Adapted Therapy
(mSMART) and the International Myeloma Working Group
(IMWG) also recommend prophylactic use of TMP/SMX
during induction therapy of MM.

Viral infections

An increased risk of reactivation of Varicella-Zoster virus
(VZV) is observed in patients with MM. Prophylaxis with
acyclovir or its derivatives (famcyclovir, pencyclovir, and
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valacyclovir) is recommended in all MM patients treated
with proteasome inhibitors (Pls) and monoclonal antibodies
(MoAbs) [37, 38]. It is recommended to use prophylactic
doses, usually 50% of the therapeutic dose.

The outcomes of treating MM patients with coronavirus
disease 2019 (COVID-19) are relatively poor, with mortal-
ity ranging from 30% to 55% [39, 40]. Survival rates have
improved with the advent of vaccines and new drugs in-
cluding remdesivir, dexamethasone, and anti-severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) antibod-
ies. Nevertheless, the immune response to the applied vac-
cines in patients with MM is inconsistent, and is generally
lower than in the general population [41].
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Table IlI. Incidence of serious adverse events of pomalidomide in treatment of relapsed/refractory multiple myeloma identified in pivotal

phase lll clinical trials

Trial MM-003 [20] OPTIMISMM [21] APOLLO [22] ICARIA-MM [23] ELOQUENT-3 [24]
Regimen Dex Pd Vd PVd Pd DaraPd Pd IsaRd Pd EloPd
Hematological adverse events, grade 23 [%]

Neutropenia 16 48 9 41 51 68 71 85 27 13

Thrombocytopenia 26 21 29 28 18 17 25 34 5 8
Anemia 37 33 14 14 21 17 29 35 21 20
Non-hematological adverse events, grade 23 [%]

Febrile neutropenia 0 10 NA NA 3 9 NA NA 20 10
Infections 10 14 1 1 23 28 <1 5 22 13
Pneumonia 11 7 13 21 23 9 5
Peripheral neuropathy NA NA 9 NA NA NA NA NA NA
Venous thromboembolism NA NA NA NA NA NA NA NA NA NA
Skin rash NA NA NA NA NA NA NA NA 2 0
Cardiac disorders NA NA NA NA NA NA NA NA 4 7
IRR (all grades) 2 3 1

DaraPd — daratumumab, pomalidomide, dexamethasone; Dex — dexamethasone; EloPd — elotuzumab, pomalidomide, dexamethasone; IRR — infusion-related reactions; IsaRd — isatuximab, pomalidomide,
dexamethasone; NA — not available; Pd — pomalidomide, dexamethasone; PVd — pomalidomide, bortezomib, dexamethasone; Vd — bortezomib, dexamethasone

Table IV. Thrombosis risk factors and recommendations for use of antithrombotic prophylaxis according to International Myeloma Working

Group guidelines

Risk factors

Treatment-specific

Patient-specific

Myeloma-specific

Immunomodulatory drugs Age Active uncontrolled disease
High-dose dexamethasone Previous VTE Hyperviscosity
Erythropoietin Infection

Anthracyclines
Multiagent chemotherapy

Surgical procedures
Cardiovascular comorbidities

Immobilization

Inherited thrombophilia

Central venous catheter

Recomendations for thromboprophylaxis

Risk factor Number of risk factors Therapy
Treatment-specific >1 LMWH or warfarin
Patient-specific ASA
Myeloma-specific ASA
Patient- or myeloma-specific >2 LMWH or warfarin

VTE — venous thromboembolism; LMWH — low molecular weight heparin; ASA — acetylsalicylic acid

and decreases in the period of MM remission or recurrence.
VTE risk factors are presented in Table IV [51].

An increased risk of VTE has been observed during
treatment with IMiDs used both as monotherapy and com-
bined with dexamethasone and other drugs such as carfil-
zomib and adriamycin or ESA [52, 53]. According to the

www.journals.viamedica.pl/acta_haematologica_polonica

IMWG recommendations, in patients with at least one treat-
ment-specific, or at least two patient-specific or MM, risk
factors for VTE, treatment with low-molecular-weight hep-
arin (LMWH) or warfarin (target international normalized
ratio 2-3) is recommended. However, acetylsalicylic acid
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optimal duration of antithrombotic prophylaxis has not yet
been established. It is often recommended for 4-6 months,
while ASA can be used chronically. The risk of developing
VTE with lenalidomide maintenance treatment is low, and
thromboprophylaxis is not required [52, 54, 55].

If a thromboembolic complication occurs, anti-MM
treatment may be temporarily interrupted and restarted
with concomitant therapy with warfarin or LMWH. New oral
anticoagulants (dabigatran, rivaroxaban, apixaban, and
edoxaban) are valuable in VTE treatment [56, 57].

Application of dialysis therapy
in patients with MM

Renal impairment (RI) is diagnosed in 20-40% of patients
with MM, with 2-4% requiring renal dialysis [58]. Kidney
involvement occurs due to excessive secretion of se-
rum-free light chains (sFLC) leading to foundry nephropathy,
hypercalcemia, acute tubular necrosis, or acquired Fanconi
syndrome. Current data supports high-cutoff hemodialysis
(HCO-HD) combined with anti-MM therapy. In combination
with anti-MM therapy, HCO-HD leads to a sustained reduc-
tion in FLC concentration in 67% of patients and leads to
independence from dialysis in 63% of patients [59].

Prevention and treatment
of bone disease in course of MM

Osteolytic lesions can cause skeletal-related severe events
(SREs) such as hypercalcemia, pain, and fractures requiring
surgery or radiotherapy. Osteolytic changes are detected
by X-ray examination of the skeletal system in at least 80%
of MM patients [60]. SREs are found in 40% of NDMM
patients and in more than 20% of patients with RRMM.
At MM diagnosis, pathological fractures and compression
fractures are diagnosed in 26% and 22% of patients, re-
spectively. In 58% of patients with NDMM, pain is present
during bone disease [28]. As a result of compression of
the nerves in the spinal cord, neurological symptoms may
develop, including decreased sensation or numbness in
the extremities. Spinal cord compression caused by a MM
tumor or bone fractures that compress the spinal cord
can occur. Local and systemic treatment is used in the
treatment of bone changes. Radiotherapy can treat pain
or pressure on the spinal cord. In the case of compression
fractures of the vertebrae, kyphoplasty is performed, and
surgery is performed in the case of fractures of long bones
or instability of the spine. Two groups of drugs are used
to treat systemic treatment and prevent the occurrence of
SREs: bisphosphonates (BP) and denosumab, an inhibitor
of the kappa-B nuclear ligand-receptor RANKL (receptor
activator for nuclear factor kB ligand). Pamidronic acid
(PA) and zoledronic acid (ZA) are the BPs used to treat
bone disease [61]. Particular caution should be exercised

when treating BPs in patients with MM and RI (creatinine
clearance: 30-60 mL/min). Zoledronic acid is a BP rec-
ommended for use in all MM patients, regardless of the
presence of bone disease in imaging tests. In addition, this
drug is recommended for use in patients with asymptomatic
biochemical recurrence of MM. The use of ZA is limited in
patients with RI[62, 63]. In such cases, an alternative may
be denosumab, a MoAb that inhibits RANKL activation.
The effectiveness of denosumab is comparable to that
of ZA at the time of the first SRE [64]. Hypocalcemia is
more frequent with denosumab treatment than with ZA
treatment (17% vs. 12%), but conversely renal adverse
events are less frequent (10% vs. 17%). For this reason,
denosumab is recommended for treating MM patients with
RI [65-67]. Another indication for denosumab treatment
is BPs-resistant hypercalcemia.

It is worth noting that since its approval the use of de-
nosumab in MM has increased rapidly, irrespective of renal
function or BP intolerance, mainly due to the advantages
of subcutaneous administration. Denosumab, like ZA, does
not show anti-MM activity in the case of disease recurrence,
but is effective in inhibiting bone resorption markers.

Other treatments for bone disease in the course of MM
include surgery, vertebroplasty, and radiotherapy.

Surgical treatment is indicated in the case of high-
-risk long bone fractures and compression fractures of the
vertebrae. Vertebroplasty and balloon kyphoplasty effec-
tively reduce pain resulting from compression fractures
of the vertebrae. Radiotherapy is the treatment of choice
for solitary plasmacytoma. More than 90% of patients re-
spond to topical therapy. Low-dose radiotherapy (8 Gy x
x 1 fx or 10-30 Gy x 2-3 fx) can be used for uncontrolled
bone pain, impending spinal compression, and pathologi-
cal fractures [67].

Prevention and treatment
of peripheral neuropathy in course of MM

Peripheral neuropathy (PNP) can be seen in MM and can
also develop with IMiDs, Pls, and histone deacetylase
inhibitor (HDACI) treatment, an incidence rising to 19% in
NDMM [68]. Thalidomide can cause severe and, in most
cases irreversible, PNP, especially in patients with existing
PNP. Thalidomide-induced PNP appears to be cumulative
and persistent toxicity, unlike bortezomib-induced PNP,
which typically occurs within the first five treatment cycles
and is rarely observed later [69]. PNP development is
more likely to occur during treatment with intravenous
bortezomib than with subcutaneous administration. The
most common PNP is sensory, very rarely motor. We have
clearly defined guidelines for dose reduction of bortezomib
based on the intensity of PNP. Anticonvulsants (gabapentin
and pregabalin), antidepressants, and analgesics mainly
treat PNP and neuropathic pain symptoms.
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Other anti-MM agents, including other Pls (ixazomib,
carfilzomib), and other IMiDs (lenalidomide, pomalido-
mide), are less likely to cause neurotoxicity [70].

Occurrence and treatment
of skin lesions during MM therapy

Skin changes, including rashes, are among the most com-
monly observed AEs during treatment with IMiDs. Rash (of
any grade) has been reported in approximately a quarter
of lenalidomide-treated patients and most often develops
within the first month of treatment [71]. Such rashes have
been rarely observed and are primarily mild during treat-
ment with bortezomib. In combination with antihistamines,
topical corticosteroids treat mild and moderate rash [72].
In contrast, the discontinuation of lenalidomide treatment
and the initiation of systemic corticosteroid therapy is rec-
ommended to treat a severe rash. The changes usually go
away after one or two weeks, and most patients tolerate
re-treatment with lenalidomide and switching from dexa-
methasone to prednisone. The reappearance of rash is
a contraindication to lenalidomide treatment [72].

Prophylaxis and treatment
of cardiovascular complications

Cardiovascular diseases are diagnosed in over 60% of pa-
tients at the time of MM diagnosis, the most common being
cardiac arrhythmias, ischemic disease, and congestive
heart failure. Additionally, more than 70% of patients de-
velop cardiac complications during the treatment of newly
diagnosed and recurrent MM [73]. Drugs used in treating
MM with AEs on the heart are anthracycline antibiotics,
IMiDs, or Pls. Acute cardiac events during treatment with
doxorubicin include arrhythmias and ECG abnormalities.
Left ventricular failure and the development of congestive
heart failure occur in ¢.1-2% of patients and increase with
cumulative dose of the drug [74]. The pegylated liposomal
form of doxorubicin reduces cardiotoxicity compared to
the classic form. In contrast, using pegylated liposomal
doxorubicin in combination with bortezomib causes cardiac
severe adverse events in 2% of patients [75].
Immunomodulatory drugs can induce cardiac arrhyth-
mias, including sinus bradycardia and atrioventricular
block, and increase the risk of thromboembolic events.
Thalidomide causes sinus bradycardia in 5% of patients
[76]. Another serious complication of treatment with tha-
lidomide is the development of pulmonary arterial hyperten-
sion (PAH), which occurs in 4.8% of patients and correlates
with structural heart disease and PAH [77]. In phase lll clini-
cal trials with IMiDs (lenalidomide, pomalidomide) in com-
bination with dexamethasone, heart failure (grade >3) was
found in 2-8% of patients [12-15, 24]. On the other hand,
the use of thalidomide in combination with bortezomib and
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dexamethasone in inducing treatment causes serious car-
diac events (grade =3) in 8% of patients [78].

The causes of cardiotoxicity caused by Pls are still not
fully understood. One of the mechanisms may be the inhi-
bition of the sarcomeric turnover protein, resulting in the
death of myocytes [79]. The incidence of heart failure (all
grades) in patients treated with bortezomib ranges from 2%
to 17.9%, depending on the clinical trial [80]. Carfilzomib
is a Pl used in Europe to treat RRMM. In phase Ill studies,
heart failure (grade >3) was observed in 2-4% of carfilzo-
mib-treated patients [12, 16, 81] and in 0-7.5% of bortezo-
mib-treated patients [9, 82-84]. In the ENDEAVOR study,
heart failure (grade >3) was observed in 2.8% of patients
treated with carfilzomib in combination with dexametha-
sone and in 0.7% of patients treated with bortezomib plus
dexamethasone [16]. In patients treated with ixazomib,
the development of arterial hypertension has been found
in 5% of patients [85]. In the TOURMALINE-MM1 study, in
a group of patients treated with Ixa-Rd (ixazomib, lenalid-
omide, dexamethasone) versus Rd, heart failure, arrhyth-
mias, hypertension, and myocardial ischemia were found
in 4% of both groups, 16% versus 15%, 6% versus 5%, and
1%, respectively versus 2% of patients [13].

In Europe, bortezomib is approved for the treatment of
both NDMM and RRMM, while carfilzomib and ixasomib are
used to treat RRMM.

Angiotensin-converting enzyme (ACE) inhibitors and beta-
blockers are drugs recommended for treating symptomatic
heart failure with reduced ejection fraction. An additional
option is using a mineralocorticoid receptor antagonist; an
angiotensin receptor nepresin inhibitor, and ivabradine. If
optimal pharmacological treatment is not practical, cardio-
verter-defibrillator implantation may be considered [86].

Arterial hypertension is diagnosed in 38% of patients
at the time of myeloma diagnosis [87]. It is found relatively
often in patients treated with Pls. In phase Il studies, in
a group of patients with RRMM, the development of arte-
rial hypertension (grade >3) was found in 0-4% of patients
treated with bortezomib, in 3-15% of patients treated with
carfilzomib [12, 16, 81], and in 5% of patients treated with
ixasomib in combination with Rd [85].

Arterial hypertension develops in 5% of patients treated
with daratumumab and in less than 7% of patients treated
with daratumumab plus bortezomib and dexamethasone
[88]. In the treatment of grade | hypertension, thiazides are
recommended, and grade Il a diuretic plus an ACE inhibi-
tor or an angiotensin receptor blocker or a beta-blocker is
the recommendation [89].

Prevention and treatment of most common
AEs observed during treatment with MoAbs

In 2015, the US Food and Drug Administration (FDA) ap-
proved the first anti-CD38 monoclonal antibody for treating
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MM, daratumumab. Another anti-CD38 MoAb is isatuximab.
Isatuximab, based on the results of the phase Il ICARIA-MM
study, has been approved by the FDA and European Med-
icines Agency (EMA) for use in combination with Pd in the
therapy of RRMM. The anti-SLAM7 monoclonal antibodies
(elotuzumab) and anti-B-cell maturation antigen are also
used to treat MM (anti-BCMA, belantamab mafodotin).
Many clinical trials have been carried out with these drugs
in recent years, and they are currently used to treat NDMM
and RRMM.

Reactions related to infusion of MoAbs

Daratumumab treatment in monotherapy and combination
therapy has a favorable safety profile. Most infusion-related
reactions (IRR, 96%) are observed with the first infusion.
The most commonly observed AEs are fatigue, nausea,
anemia, back pain, cough, upper respiratory tract infection,
thrombocytopenia, and neutropenia. Reactions related
to daratumumab infusion have been observed in 48%
of patients and include nasal congestion, cough, allergic
rhinitis, throat irritation, and dyspnea. Antihistamines, cor-
ticosteroids, and acetaminophen have been used to treat
infusion-related reactions [90]. In the POLLUX clinical trial,
daratumumab IRR were observed in 47.7% of patients; they
were most often mild and occurred during the first infusion
[14]. A similar incidence of IRR was seen in the CASTOR
study, which used daratumumab in combination with bor-
tezomib and dexamethasone (DVd). Daratumumab IRR
occurred in 45.3% of patients and occurred mainly during
the first infusion [17]. In both the POLLUX and the CASTOR
studies, dexamethasone 20 mg intravenously/orally or
an equivalent long-acting corticosteroid, acetaminophen
650-1,000 mg intravenously/orally, and an intravenous/
/oral antihistamine (diphenhydramine in 25-50 mg or
equivalent) were used.

Rarely, mild (grade I/11) AEs develop during treatment
with elotuzumab. The most common symptoms are chills,
fatigue, fever, cough, headache, anemia, nausea, and back
pain. One of the most frequently reported AEs is an IRR,
found in fewer than 60% of patients during the first elotu-
zumab infusion in a Phase | study. With subsequent infu-
sions of elotuzumab, IRRs were observed in half of them.
No severe IRR was observed after changing the infusion
rate of elotuzumab and using methylprednisolone, diphen-
hydramine, and acetaminophen. Grade /Il infusion reac-
tions resolved spontaneously, usually within 24 hours [91].

In the phase lll clinical trial, ELOQUENT-2, which com-
pared EloRd (elotuzumab, lenalidomide, dexamethasone)
to Rd, diphenhydramine (dose: 25-50 mg) or its equiva-
lent, ranitidine (dose: 50 mg) or equivalent, and acetamin-
ophen (dose: 650-1,000 mg) were used before starting
the elotuzumab infusion. Infusion-related reactions were
reported in 33 patients, including 29 with grade I/1l. Most

infusion-related reactions (70%) were observed after the
first dose of elotuzumab [15]. To prevent an IRR to elotu-
zumab, the administration of diphenhydramine and raniti-
dine or their equivalents, as well as acetaminophen, is rec-
ommended ¢.30-60 minutes before the start of elotuzum-
ab infusion and administration of elotuzumab 10 mg/kg
body weight (in 250 mL), starting with flow 0.5 mL/min [92].
Infusion-related reactions with belantamab mafodotin
(BM) are rare and usually grade I/1l. If grade Il or higher in-
fusion reactions occur during the BM infusion, the infusion
rate should be reduced or stopped, depending on the se-
verity of the symptoms. If a grade Il or higher IRR occurs,
premedication should be initiated before the next infusion.
If a grade I IRR occurs, the infusion should be interrupted,
supportive treatment started, and when symptoms resolve,
infusion should be continued at a rate reduced by at least
50%. However, if grade lll/IV IRRs occur, the infusion should
be stopped and supportive care given. After symptoms have
resolved, the infusion can be continued at a reduced rate of
at least 50%. If an anaphylactic or life-threatening infusion-
related reaction occurs, the infusion should be stopped and
appropriate emergency measures started [93].

Prevention and treatment of keratopathy
during BM therapy

Belantamab mafodotine is an antibody-drug conjugate
approved for the treatment of RRMM. It is an agent against
the B-cell maturation antigen (BCMA). Treatment with BM
is associated with a high incidence of ocular complica-
tions, including keratopathy (>20%) [85]. In the Phase
| DREAMM-1 clinical trial, 53% of patients in the first part,
and 63% of patients with MM in the second part of the
study, had corneal AEs [94]. In contrast, in the randomized
phase Il clinical trial, DREAMM-2, keratopathy (grade Ill/IV)
was observed in 31% of RRMM patients treated with BM
2.5 mg/kg body weight monotherapy and 34% of RRMM
patients treated with BM in 3.4 mg/kg body weight [95,
96]. In the DREAMM-6 study, 83% of patients experienced
keratopathy in the combination of BM with bortezomib
and dexamethasone in RRMM [97]. To reduce the risk of
keratopathy incidence, an ophthalmological examination to
assess vision is recommended before initiating treatment
with BM and then again during treatment (assessment of
AEs). Dose reduction or interruption of therapy with BM
depends on the severity of ocular toxicity, including blurred
vision, dry eyes, and corneal ulceration. BM should be dis-
continued if ocular toxicity is severe. BM dose modifications
based on AEs in the cornea are summarized in Table V [93].

Adverse events in CAR-T therapy

The introduction to therapy of CAR-T has significantly
changed the prognosis of patients with B-cell malignances,
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Table V. Belantamab mafodotin dose modifications based on corneal adverse events

Category

Corneal examination finding(s)

Mild Mild superficial keratopathy

Eye examination findings

Decline from baseline of 1-line

Belantamab mafodotin dose modifi-
cation

Change in BCVA

Continue treatment at current dose

on Snellen Visual Acuity

Moderate Moderate superficial keratopathy

Severe Severe superficial keratopathy

Corneal epithelial defect

BCVA — best corrected visual acuity

including patients with MM. CAR-T can cause numerous
AEs, including life-threatening ones such as cytokine-re-
lease syndrome (CRS) and immune effector cell-associated
neurotoxicity syndrome (ICANS) [98]. CRS (grade llI/IV) is
found in 6-38% of patients and ICANS (grade IlI/IV) in
3-12% of patients [99-102]. The main symptoms of CRS
include pyrexia, hypotension, hypoxia, and organ toxicity,
which may result in organ failure. However, the main
symptoms of ICANS are a disturbance in concentration,
cognitive impairment, confusion, agitation, tremors, leth-
argy, aphasia, delirium, somnolence, convulsions, motor
weakness, and paresis or signs of intracerebral pressure.
ICANS development most often occurs during or after CRS
and in ¢.10% of cases up to four weeks after CAR-T infusion.

For early detection, it is recommended to perform a neu-
rological assessment at least twice daily using the immune
effector cell-associated encephalopathy (ICE) screening
tool [98]. It is currently believed that pro-infammatory in-
terleukin-6 (IL-6) plays a crucial role in the pathogenesis
of CRS [103]. A recent study identified mball-6 expression
on the surface of T cells that was associated with the rapid
clearance of IL-6 from the cell culture supernatant. T lym-
phocytes co-expressing mball-6 and anti-CD19 CAR neu-
tralized macrophage-derived IL-6, retaining antitumor activ-
ity in vitro and the xenograft model. Another strategy is to
turn on ‘suicidal’ switches such as constructs containing
CAR and inducible caspase 9. The administration of a small
molecule that dimerizes inducible caspase 9 resulted in
CAR-T specific apoptosis and depletion [104].

Other side effects during CAR-T treatment are he-
mophagocytosis and prolonged cytopenia. Neutropenia
(grade ll/IV) has been reported in 85-100% of patients
and thrombocytopenia (grade llI/1V) in 28-69% of patients
[99-102].

Decline from baseline of 2 or 3 lines
(and Snellen Visual acuity not worse
than 20/200)

Change in BCVA: decline from
baseline of more than three lines

Withhold treatment until improve-
ment in examination findings
and BCVA to mild severity or better

Consider resuming treatment
at a reduced dose of 1.9 mg/kg
body weight

Withhold until improvement
in examination findings and BCVA
to mild severity or better

For worsening symptoms that are
unresponsive to appropriate manage-
ment, consider discontinuation

Conclusions

In the past, dosages of anti-MM drugs and durations of treat-
ment were determined by AEs, especially myelosuppression
or PNP. The introduction of new anti-MM drugs has led to
the development of highly effective treatment regimens for
MM. Better understanding of the role of drug toxicity in early
and late AEs is important due to the shift from short-term to
chronic treatment. Treatment of a patient with MM should
be based not only on the characteristics of the disease, but
also on patient factors including age, general condition,
comorbidities, and AEs of previous treatment.

In the treatment of MM, a very important role is played
by the management of AEs, including regular monitoring
and prompt and appropriate intervention in the event of
treatment-related AEs, based on scientific knowledge, ap-
plicable guidelines, and clinical experience.
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