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Abstract

Sections

Since the publication in 2021 of the European Hematology Association
(EHA) Clinical Practice Guidelines for the treatment of patients with
smouldering multiple myeloma (SMM) and multiple myeloma (MM),
developed in collaboration with the European Society for Medical
Oncology, anovel international staging system (R2-1SS) has been
developed, several prognostic factors are entering clinical practice
(such as minimal residual disease, circulating plasma cells and
monoclonal protein assessed by mass spectrometry) and, at the time
of writing, 14 novel regimens have been approved by the EMA and/or
the FDA for the treatment of patients with MM. A multidisciplinary
group of experts from the EHA and European Myeloma Network,
basedinvariousinstitutions mostly located in Europe, have updated
the previous guidelines and produced algorithms for everyday
clinical practice thatincorporate levels of evidence and grades

of recommendation based on the aforementioned new data.
Inthese Evidence-Based Guidelines, we provide key treatment
recommendations for both patients with newly diagnosed MM and
those with relapsed and/or refractory MM, including guidance for the
use of established drugs as well as contemporary immunotherapies.
Novel approaches for the management of patients with SMM focus
onthose who might require early intervention. Finally, we provide
recommendations for myeloma-related complications and adverse
events, such asbone disease, renalimpairment and infections, as
well as for those associated with T cell-mobilizing therapies, such

as cytokine-release syndrome and immune effector cell-associated
neurotoxicity syndrome.
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Evidence-based guidelines

Introduction

Multiple myeloma (MM) is a plasma cell neoplasm that accounts for
1-2% of all cancers and 10-15% of all haematological malignancies'.
InEurope, MM s the second most common haematological cancer, with
an estimated incidence 4.5-6.0 cancers/100,000 persons per year™?.
MM is diagnosed most commonly in individuals with a median age of
65-70 years'*. MM accounted for almost 22% of all haematological
cancer-related deathsinthe USAin 2023 (ref.3). Over the past 20 years,
survival outcomes in patients with MM have improved substantially:
amongthoseinvolvedinclinicaltrials, almost 60% of patients eligible for
autologous haematopoietic stem cell transplantation (ASCT) remained
alive10 years after the procedure*. However, datafrom the Surveillance,
Epidemiology, and End Results (SEER) Programindicate that the 5-year
overall survival (OS) in all patients with MM was 61.1% in 2024 (ref. 5),
and that only 10-15% of them will reach the expected survival of the
matched general population®. Most patients with MM eventually have
disease relapse that becomes refractory to current treatments’.

Smouldering MM (SMM) is an asymptomatic condition that
occurs at the time between monoclonal gammopathy of undeter-
mined significance (MGUS) and MM along the spectrum of clonal
plasma cell proliferative disorders. SMM is not a biological inter-
mediate stage between MGUS and MM, but rather represents a
heterogeneous clinically defined condition in which some patients
(approximately two-thirds) have MGUS (a premalignancy), and
some (approximately one-third) have MM (a malignancy)®. The Inter-
national Myeloma Working Group (IMWG) has defined SMM as a clonal
plasma cell disorder with >10% clonal bone marrow plasma cells and/or
a serum levels of paraprotein of >3 g/dl (or urine levels of parapro-
tein of 2500 mg/24 h in the absence of a serum monoclonal protein
(M protein) spike) with no hypercalcaemia, renal failure, anaemia or
bone disease, or pathological features of light chain amyloidosis’. The
prevalence of SMM in the overall population is 0.53% in individuals
aged >40years'™.

In2021, the EuropeanHematology Association (EHA) and European
Society for Medical Oncology co-developed clinical practice guide-
lines for the management of patients with MM"2, Since then, several
novel regimens have been approved by the EMA and the FDA for use
in patients with newly diagnosed MM (NDMM) disease and/or in
those withrelapsed and/or refractory MM (RRMM). In addition, novel
methods have been developed to improve prognostication, define
high-risk disease and evaluate minimal residual disease (MRD). In these
Evidence-Based Guidelines, we provide up-to-date recommendations
for the management of patients with MM, taking into consideration
thenovel datainthefield, and we propose practical algorithms for the
treatment of these patients based on the current levels of evidence.
Although the guidelines have been mainly developed by European
experts and regional variations apply, their intended scope is global.

Methods

The EHA and the European Myeloma Network (EMN) convened an
interdisciplinary panel of expertsin MM from various institutions and
countries in Europe, who reviewed all the relevant literature, includ-
ing randomized clinical trials, guidelines, meta-analyses, systematic
reviews, observational studies, case series and case reports related
to the diagnosis and management of MM. The literature search was
performed using PubMed and Institute for Scientific Information
databases, and records from 1January 2021 until 31 May 2025 were
retrieved. Levels of evidence and grades of recommendation, adapted
from the US Public Health Service Grading System, were used for the

development of these recommendations (Supplementary Table 1).
The initial draft guidelines were discussed at the 20th EHA Annual
Meeting (Madrid, Spain, 13-16 June 2024) and the manuscript subse-
quently underwent three rounds of revision by the panel members.
When the evidence for a specific recommendation was not clear, panel
consensus was reached during revision rounds. For panel consensus
all authors had to agree on the final recommendation; these recom-
mendations are clearly indicated as such. All panel members agreed
onthedescribed recommendations. These guidelines were approved
by the EHA and the EMN boards in their respective meetings.

Regarding the section discussing therapy for MM, all regimens
that are approved by the EMA and/or the FDA or have been investi-
gated in registrational trials are included in both the main text and
Figs. 1-3. Regimens that have shown benefit in phase Ill trials but are
not likely to result in regulatory approval because they have not been
tested in registrational studies are discussed but not included in the
recommendations.

Diagnosis and staging
The diagnostic criteriafor MM and SMM defined in the EHA guidelines
from 2021 remain unchanged™". Diagnosis should be performed using
recommended tests (Table 1).

The Second Revision of the International Staging System (R2-ISS),
which was presented by the EMN in 2022 (ref. 13), is being increas-
ingly used. This staging system is based on four prognostic markers,
combining serum biomarkers and chromosomal abnormalities.
In the seminal study describing R2-ISS, patients were stratified into
four risk groups according to the total additive score: low (19.2% of
patients), low-intermediate (30.8%), intermediate-high (41.2%) and
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Induction (4-6 cycles) First option
First option o IsaVRd [I, A]
e DaraVRd [I, A] « DaraVRd [l, A]
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Fig.1|Recommendations for the treatment of patients with newly diagnosed
multiple myeloma. Recommendationsinclude supporting levels of evidence
and have been graded"”® (Supplementary Table 1). ASCT, autologous stem cell
transplantation; d, dexamethasone; Dara, daratumumab; Isa, isatuximab;

M, melphalan; P, pomalidomide; R, lenalidomide; T, thalidomide; V, bortezomib.
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Fig. 2| Recommendations for the treatment of patients with relapsed

and/or refractory multiple myeloma at second line. Recommendations
include supporting levels of evidence and have been graded"”° (Supplementary
Table1).*Only in patients exposed to lenalidomide. Bela, belantamab mafodotin;

cilta-cel, ciltacabtagene autoleucel; d, dexamethasone; Dara, daratumumab;
Elo, elotuzumab; Isa, isatuximab; Ixa, ixazomib; K, carfilzomib; P, pomalidomide;
R, lenalidomide; Sel, selinexor.

high (8.8%). The risk groups had different median OS (not reached,
109.2 months, 68.5 months and 37.9 months, respectively) and median
progression-free survival (PFS) (68 months, 45.5 months, 30.2 months
and19.9 months) using standard-of-care (SOC) therapies®. A new pro-
posed definition of high-risk myeloma (discussed in the New prognostic
criteria section) (Box 1) could soon affect the current staging systems
(R-ISS™ and R2-1SS").

New prognostic criteria
The International Myeloma Society (IMS) and the IMWG have updated
their consensus definition of high-risk MM" (Box 1). These disease
features need to be assessed with recommended tests (Table 1) and
will influence disease staging and prognostication in the near future.

Several techniques that could soon change the routine man-
agement of patients with MM include the assessment of circulating
plasma cells (CPCs), the evaluation of M protein using mass spectrom-
etry (MS), and gene expression profiling. Several groups have reported
on the prognostic value of CPCs'* ™%, albeit without agreement on a
universal cut-off percentage in blood. An EMN committeeis currently
establishing the definition of a CPC cut-off percentage to be used in
routine clinical practice. The combination of CPC assessment with ISS
might furtherimprove disease staging'. CPC values determined using
next-generation flow cytometry (NGF) might also be used for a more
accurate diagnosis of plasma cell leukaemia®*?, which is currently
defined as 5% of CPCs in peripheral blood smears?.

Quantitative immunoprecipitation (QIP) MS is more sensitive
than immunofixation electrophoresis for detecting M protein in
patients with MM, both at baseline and during treatment, and has

greater predictive value*>**. Clonotypic peptide MS might be even
more sensitive than QIP MS, although clinical data remain sparse®.
The combination of QIP MS with CPC assessment has prognostic value
and mightbe suitable for response assessment and MRD evaluationin
peripheral blood?. This approach will be tested in clinical trials, with
results eagerly awaited because they mightlead to the substitution of
bone marrow sampling with less-invasive techniques when performing
response assessment in the future.

Finally, gene expression profiling has independent prognostic
value, especially in patients with NDMM*?°, Nevertheless, this tool is
not widely available in routine clinical settings.

Assessment of response to therapy

The 2016 definitions from the IMWG for response, progressive disease,
relapse and refractoriness to therapy have not changed® (Supplemen-
tary Box1). These criteriaintroduced the use of MRD assessment both
inthe bone marrow (using either next-generation sequencing (NGS) or
NGF) and outside the bone marrow (using PET-CT; also referred to as
imaging MRD). Bone marrow MRD negativity is a strong predictor of a
favourable prognosis and correlates withimproved PFSand OSinboth
patients with NDMM and those with RRMM?*"*2, On the basis of these and
other datadiscussed on12 April 2024 (refs.33,34), the FDA Oncologic
Drugs Advisory Committee recommended the use of MRD negativity as
anend pointin clinical trials involving patients with MM and provided
considerations regarding timing of assessment, patient populations
and trial design for future studies that intend to use MRD to support
Accelerated Approval of anew product or supplementary indication.
This decision resulted in the implementation of MRD negativity as a
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primary end point in registrational trials with the aim of minimizing
the time to approval of novel drugs.

Intheir 2016 criteria®®, the IMWG define bone marrow MRD nega-
tivity as the absence of malignant plasma cells within 100,000 nucle-
ated bone marrow cells (that is, the sensitivity threshold is <1075).
However, novel data suggest that lower cut-off values (such as 107°)
provide better prognostication than the standard definition, although
this sensitivity is harder to achieve®. In these guidelines, we use the
cut-offvalue of 10 when we refer to MRD negativity; if the cut-off value
of MRD negativity is different in a given study, we clarify thisin the text.
Outside the bone marrow, PET-CT can help toidentify hypermetabolic
areas in -15-20% of patients with bone marrow MRD negativity, and is
considered one of the best methods currently available for imaging
MRD?*. Diffusion-weighted imaging (DWI) is a form of MRI based on
measuring the random Brownian motion of water molecules within
avoxel of tissue. A meta-analysis found that DWI MRl is significantly
more sensitive than PET-CT in depicting abnormal areas in the bone
marrow of patients with MM?. Furthermore, DWI MRl is effective for
predicting sustained imaging MRD negativity*®, although prospective
datafromlarge-cohort randomizedtrials comparing the two functional
imaging techniques for the definition of imaging MRD negativity are
not available at present. Novel immuno-PET approaches are under
development. For example, CD38-targeted immuno-PET enabled the
detection of >100 myeloma fociin a patient with biochemical progres-
sionbutwithanegative [**F]fluorodeoxyglucose PET-CT scan®. These
techniques are not widely available, and they have not been compared
tofunctional MRI or even to PET-CT in clinical studies; however, their
value might be demonstrated in the future.

Sustained MRD negativity for =12 months strongly correlates
with PFS and OS in patients with NDMM*°. The use of MRD to drive
treatment decisions is under investigation. Such decisions include
whether to stop maintenance or continuous therapy in patients with
MRD negativity (MRD-negative patients) or whether treatment needs

tobe changed in MRD-positive patients (especially those with high-risk
MM). Data from the past few years support the discontinuation of
post-ASCT maintenance therapy with the immunomodulatory drug
lenalidomide (abbreviated as ‘R’ in combinations) after 3 years of
sustained MRD negativity**?, mainly in patients with standard-risk
MM, although this finding needs to be confirmed in randomized clinical
trials.

Over the past few years, experts have debated the use of urine
specimens collected over a24-h period for the evaluation of response
according to the IMWG criteria. Serum free light chain evaluation
has been shown to outperform immunofixation of urine samples
collected over a 24-h period regarding prognosis. A study* involv-
ing transplant-eligible patients with NDMM showed that response
classifications changed in only 4% of them when using ‘urine-free’
criteriabased onserum freelight chain measurement versus standard
IMWG criteria®***,

TheIMS and IMWG have revised response criteriaand, asaresult,
the publication of new criteriais planned later this year. Examinations
for response assessment, during follow-up and at relapse of MM should
be performed as recommended (Table1).

Recommendations

« Both PET-CT and DWI MRI are considered complementary to
bone marrow MRD for the evaluation of MRD negativity [panel
consensus; V, B].

« Urine-basedtestsarenotobligatoryforthe assessment of response
or during follow-up, but should be performed at diagnosis and at
the time of eachrelapse to exclude other pathologies (such aslight
chain amyloidosis or free light chain deposition disease) [1lI, C].

Smouldering multiple myeloma
Various classification models have been developed to assess the risk to
progression to MM in patients with SMM. One such modelis the IMWG

At second or subsequent relapse

Fig.3 |Recommendations for the treatment
of patients with relapsed and/or refractory
multiple myeloma at third line and beyond.
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20-2-20 model, whichis used to classify patients as having alow, inter-
mediate or highrisk of progression. This modelis commonly referred to
asthe three-factor model because it combines threerisk factors: serum
M protein, ratio of involved to uninvolved serum free light chains, and
bone marrow plasma cell infiltration*. The addition of cytogenetic
abnormalities to this tool yielded the four-factor model, which ena-
bles classification into four risk groups®. In aretrospective study, the
high-risk subgroup accounted for 29% and 9% of patients using the
three-factor model and four-factor model, respectively, and these
patients had a 2-year progression rate of 44% and 63%, respectively®.

Currently, a ‘watch and wait’ approach is the standard manage-
ment strategy recommended in all patients with SMM"'**_ However,
twoindependent phase Il trials have shown that patients with high-risk
SMM (based on the standard definition at the time of trial initiation)
who received lenalidomide plus dexamethasone (abbreviated as ‘d’
in combinations) or lenalidomide alone had longer PFS durations

(and OS in the case of Rd) than those in the observation group*”*5.
Unfortunately, these pivotal studies were not registrational and thus
neither approachisapproved for the treatment of SMM by the EMA or
FDA. These trials, however, have led to theinitiation of several further
trialsinvolving patients with high-risk SMM, which had two strategies
as their main objective: delaying progression to MM and cure.

Delaying progression to MM

Trials testing this approach have used the anti-CD38 antibody daratu-
mumab (abbreviated as ‘Dara’ in combinations) as monotherapy. In
the phase Il CENTAURUS trial, 123 patients with intermediate-risk or
high-risk SMM were randomly assigned (1:1:1) to receive intravenous
daratumumab with a dose scheduling of long, intermediate or short
intensity. At a median follow-up duration of 85 months, the median
PFS was not reached, 84.4 months and 74.1 months with schedules of
long, intermediate and short intensity, respectively*>*°,

Table 1| Recommendations on examinations at diagnosis, at response assessment, during follow-up and at relapse of MM

Tool Diagnosis Atresponse At follow-up At relapse
Blood tests
Blood count and blood smear Obl Obl Obl Obl
Serum electrophoresis and immunofixation Obl Obl Obl Obl
Serum free light chain Obl Obl to confirm sCR Obl Obl
Serum immunoglobulin levels Obl Obl Obl Obl
Renal and liver function tests Obl Obl Obl Obl
Calcium Obl Obl Obl Obl
Lactate dehydrogenase Obl Obl Obl Obl
Albumin, 3, microglobulin Obl NR Opt Obl
Flow cytometry Opt NR NR Opt
Urine tests
Urine sample from 24-h urine collection to Obl NR NR Obl
check for proteinuria and serum free light chain
proteinuria
Urine electrophoresis and immunofixation Obl Obl NR Obl
Bone marrow assessments
Bone marrow cytology and biopsy to confirm Obl Obl to confirm CR or for NR Opt (obl for non-secretory MM)
plasmacytosis and monoclonality non-secretory MM
NGF or NGS to detect clonal plasma cells Obl Obl to confirm MRD Every 12 months in Opt
negativity in patients with MRD-negative patients
CRorsCR
Cytogenetics: karyotype and FISH for Obl NR NR Oblin patients with del17p,

detection of del17p, t(4;14), t(14,16), t (14;20),
1q gain or amplification, del1p32 and t(11;14),
and NGS for TP53 mutations

del1p32, 1q gain or amplification
and TP53 mutations

Advanced techniques: GEP, NGS Only in clinical

Only in clinical trials

Only in clinical trials Only in clinical trials

trials
Imaging
PET-CT or DWI MRI Obl Obl to confirm imaging Every 12 months in Obl (also for detection
MRD MRD-negative patients of paramedullary or
extramedullary disease)
WBLD CT Obl(if PET-CT  NR When symptomatic (or CT Obl (if PET-CT or DWI MRI NA)

or DWI MRI NA)

of the symptomatic area)

CR, complete response; DWI, diffusion-weighted imaging; FISH, fluorescence in situ hybridization; GEP, gene expression profiling; MM, multiple myeloma; MRD, minimal residual disease; NA,
not available; NGF, next-generation flow cytometry; NGS, next-generation sequencing; NR, not required; Obl, obligatory; Opt, optional; sCR, stringent complete response; WBLD, whole-body

low-dose.
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In the phase Il AQUILA trial, 390 patients with high-risk SMM
were randomly assigned (1:1) to either receive subcutaneous daratu-
mumab for 3 years or undergo active monitoring. The definition of
high-risk SMM in this study included serum M protein levels >30 g/I,
predominance of IgA in serum (commonly referred to as IgA SMM),
immunoparesis withreduced levels of two uninvolved immunoglobulin
isotypes, a ratio of involved to uninvolved serum free light chains of
8:100, or a percentage of bone marrow clonal plasma cells of >50% to
<60%.The primary end point was PFS. At 5 years, PFSwas 63.1% versus
40.8% in the daratumumab and active-monitoring groups (HR 0.49,
95%Cl10.36-0.67; P<0.001),and OS was 93.0% versus 86.9% (HR 0.52,
95% C10.27-0.98)°". Although the definition of high-risk SMM in this
study differed from that in the three-factor and four-factor models,
daratumumab improved PFS and OS compared to active monitor-
ing in all patient subgroups, and the greatest benefit was observed
in patients with high-risk SMM according to the IMWG three-factor
model*.. PFS in the next following line of treatment was also superior
in patients receiving daratumumab, indicating that early intervention
did not seem to negatively affect response to subsequent treatment.
We note, however, that only 18% of patients in the active-monitoring
group received adaratumumab-based combination for the treatment
of progressive disease.

Curative-intent treatment

Thus far, three phase Il trials have tested curative-intent treatment
approaches for SMM. Results from the CESAR trial®, the largest of these
studies, were published in 2024. A total of 90 patients with high-risk
SMM and who wereeligible for ASCT received induction therapy with
six cycles of the proteasome inhibitor carfilzomib (abbreviated as
‘K’ in combinations) plus Rd followed by high-dose (HD) melphalan
(abbreviated as ‘M’ in combinations), followed by ASCT, two consoli-
dation cycles of KRd, and Rd maintenance for 2 years. The primary
end point was MRD-negativity rate assessed by NGF after ASCT. After
amedian follow-up of 70 months, 62% of patients were MRD-negative
(31% for atleast 4 years) and OS was 92%. In a previous phase Il trial**,
54 patients with high-risk SMM received eight 4-week cycles of KRd
followed by 24 28-day cycles of lenalidomide maintenance, without
ASCT. At8years, PFSwas 91.2% and no MM-related deaths had occurred.
Finally, in the phase Il ASCENT trial 87 patients with high-risk SMM
(defined accordingto the three-factor IMWG model or the IMWG scor-
ing system) received the quadruplet regimen DaraKRd as induction
and consolidation for 12 cycles and then DaraR as maintenance for
another 12 cycles. The rate of bone marrow MRD negativity was 84%
and PFS at 3 years was 89.9%>".

Recommendations

 Patientswithlow-risk orintermediate-risk SMM should be evalu-
ated every 6 months or every 3-6 months, respectively, to assess
their risk of progression to MM [I, B]; risk assessment should be
performed using the IMWG classification models.

 Although approval by regulatory agencies is pending at the time of
writing, daratumumab monotherapy for 3 years canbe considered
in patients with high-risk SMM 1, A].

Newly diagnosed multiple myeloma

Patients eligible for ASCT

The 2021 EHA guidelines™" supported the treatment of transplant-
eligible patients with NDMM with induction regimens such as the
proteasome inhibitor bortezomib (abbreviated as “V’in combinations)

Box 1| Summary of the IMS-IMWG 2024
consensus definition of high-risk MM

e del(17p)® and/or TP53 mutation®

o t(4,14), t(14,16) or t(14;20), co-occurring with +1g° and/or
del(1p32)

e Monoallelic del(1p32) along with 1g gain, or biallelic del(1p32)

¢ High 3, microglobulin (>5.5mg/dl) with normal creatinine
(<1.2mg/dl)

IMS, International Myeloma Society; IMWG, International Myeloma Working
Group; MM, multiple myeloma. °Cancer clonal fraction 20%, by analyses
conducted on CD138-positive/purified cells. PAssessed using a next-generation
sequencing-based method. °+1q refers to gain (three copies) or amplification
(four or more copies) of the long arm of chromosome 1. See ref. 15.

plus Rd or daratumumab in combination with bortezomib, theimmu-
nomodulatory drug thalidomide (abbreviated as ‘T’ in combinations)
and dexamethasone, followed by one or two cycles of HDM, ASCT and
lenalidomide maintenance. In 2024, results from the phase Il PERSEUS
trial® provided evidence supporting the use of new SOC regimens for
induction, consolidation (both with DaraVRd) and maintenance (DaraR)
inthese patients. A total of 709 patients were randomly assigned (1:1)
to receive subcutaneous daratumumab combined with VRd induc-
tion and consolidation therapy followed by DaraR maintenance ther-
apy (DaraVRd group) or VRd induction and consolidation followed
by lenalidomide maintenance (VRd group). Patients in the DaraVRd
group with sustained MRD negativity for 12 months received main-
tenance with DaraR for up to 2 years followed by lenalidomide alone
until disease progression or unacceptable toxicity; all other patients
in this group received DaraR until disease progression or unaccep-
table toxicity. The primary end point was PFS. At a median follow-up
of 47.5 months, the estimated 4-year PFS was 84.3% versus 67.7% in
the DaraVRd and VRd groups (HR 0.42, 95% C1 0.30-0.59; P< 0.001),
respectively®.

The subsequent publication of results from the phase lll AURIGA
trial* further reinforced the value of DaraR maintenance. Patients with
NDMM who had a very good partial response (vgPR) or better, were
MRD-positive and had not previously received anti-CD38 antibodies
after ASCT were randomly assigned to receive either DaraR (n=99)
or lenalidomide alone (n=101) for up to 36 cycles. The primary end
point, MRD negativity rate at 12 months from the start of maintenance
therapy, was higher in the DaraR group (50.5% versus 18.8%; OR 4.51,
95% Cl2.37-8.57; P< 0.0001). At a median follow-up of 32 months,
DaraRalsoimproved PFS (82.7% versus 66.4% with lenalidomide alone
at30 months)*.

Inthe phase l1lGMMG-HD?7 trial”’, transplant-eligible patients with
NDMM were randomly assigned to receive VRd (n =329) or VRd plus the
anti-CD38 antibody isatuximab (abbreviated as ‘Isa’in combinations;
n=331) as induction therapy followed by single or tandem ASCT and
by asecond randomization to receive either IsaR or lenalidomide alone
as maintenance. In updated results from this study, the MRD negativ-
ity rate after ASCT was higher with IsaVRd (66% versus 48% with VRd).
IsaVRd induction was associated with prolonged PFS regardless of
maintenance therapy (HR 0.70, 95% C1 0.52-0.95; P= 0.018).

Long-term follow-up results from the phase 11l CASSIOPEIA trial*®
confirmed DaraVTd as a SOC induction and consolidation regimen,
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and supported daratumumab monotherapy maintenance as a sub-
sequent option in transplant-eligible patients with NDMM. In this
trial, 1,085 patients were first randomly allocated (1:1) to receive
DaraVTd versus VTd for induction and consolidation. Those with a
partial response or better were then randomly assigned (1:1) to dara-
tumumab maintenance versus observation. At a median follow-up of
80.1 months and 70.6 months from the first and second randomiza-
tions, respectively, PFS from the second randomization was signifi-
cantly longer with daratumumab maintenance (median not reached
versus 45.8 months with observation; HR 0.49, 95% CI 0.40-0.59;
P<0.0001). Therefore, CASSIOPEIA showed that the inclusion of dara-
tumumab in induction, consolidation and maintenance regimens
results in superior PFS outcomes®®. However, the maintenance phase
compared daratumumab monotherapy with observation only, an
approach considered suboptimal.

The substitution of bortezomib with carfilzomib in quadruplet
regimens has resulted in excellent MRD negativity rates, especially
in patients with high-risk disease**"*2. For example, in the phase IlI
Iskia trial®®, 302 patients were randomly assigned (1:1) to receive four
cyclesof either IsakRd or KRd followed by HDM plus ASCT and another
four cycles of IsaKRd or KRd, respectively, as consolidation. The MRD
negativity rate after consolidation, the primary end point, was 77%
with IsaKRd versus 67% with KRd (OR 1.67; P=0.049); the respective
rates at the cut-off of 10™° were 67% versus 48% (OR 2.29; P < 0.001).
The 107° MRD negativity rates with IsaKRd were 72% in patients with
high-risk MM and 67% in patients with standard-risk disease®. In the
phase IIl MIDAS trial®?, 791 transplant-eligible patients with NDMM
received six 28-day induction cycles of IsaKRd before ASCT. The objec-
tive responserate (ORR) was 95%, with 91% of patients having a vgPR or
better after induction. The MRD negativity rate was 63% (47% at the 10~
threshold)®’. Unfortunately, these very effective regimens (IsakRd and
DaraKRd) are not expected to be licensed by the FDA or EMA because
they have not been tested in registrational trials.

Intransplant-eligible patients with NDMM, collection of haema-
topoietic stem cells should be performed after three or four induc-
tion cycles because this approachisassociated withalowincidence
of ASCT failure®*®*. For example, in the MIDAS trial, stem cell col-
lection after three induction cycles with IsaKRd enabled at least
one ASCT in almost 97% of patients and 94% had enough cells for
tandem ASCT®,

Regarding maintenance treatment, randomized trials have shown
a PFS advantage with bortezomib monotherapy over thalidomide,
specifically in patients with high-risk disease®’, and with monotherapy
with the proteasome inhibitor ixazomib (abbreviated as ‘Ixa’ in com-
binations) versus observation®®®’. However, the addition of ixazomib
to Rd maintenance did not improve PFS®%. Although some patients
derive benefit from these proteasomeinhibitors, they are not approved
by the EMA or FDA for maintenance because these trials were not
registrational.

Finally, allogeneic haematopoietic stem cell transplantation
(alloSCT) seems to be of very limited value in patients with MM.
Aphase lll trial® revealed that non-myeloablative alloSCT after ASCT
isnot more effective than tandem ASCT in patients with standard-risk
MM®7° whereas a phase Il trial”* demonstrated that alloSCT does
not prolong PFS compared with ASCT in patients aged <60 years.
AlloSCT might provide alimited PFS and OS benefit in a specific subset
of patients with high-risk MM’°; however, this benefit has not been
confirmed inthe setting of quadrupletinduction, consolidation after
ASCT or DaraR maintenance.

Patients not eligible for ASCT

DaraRd’?, DaraVM plus prednisone’ and VRd"™ are the SOC regi-
mens previously recommended by the EHA™" for the treatment of
transplant-ineligible patients with NDMM. Since then, results fromtrials
testing two other quadruplet regimens in this population have been
published. Inthe open-label phase Il IMROZ trial”®, 446 patients aged
<80 years were randomly assigned (3:2) to receive IsaVRd versus VRd
asinduction followed by IsaRd and Rd, respectively, as maintenance
therapy. Atamedian follow-up of 59.7 months, the estimated 5-year PFS
was 63.2% inthe IsaVRd group versus 45.2%in the VRd group (HR 0.60,
98.5% C1 0.41-0.88; P < 0.001). The incidence of adverse events (AEs)
duringtreatment and that of AEs leading to discontinuation were simi-
lar in the two groups; however, grade 5 AEs were twice as common in
the IsaVRd group (11% versus 5.5%)".

The value of IsaVRd is further supported by results from the
phase Il BENEFIT trial”®, conducted by the Intergroupe Francophone
duMyeloma (IFM). Inthis trial, 270 transplant-ineligible patients with
NDMM aged 65-79 years were randomly assigned (1:1) to receive IsaVRd
versus IsaRd. The MRD negativity rate at 18 months from randomi-
zation, the primary end point, was higher with IsaVRd (53% versus
26%; OR 3.16, 95% C11.89-5.28; P< 0.0001). Despite the superiority
of IsaVRd in terms of MRD negativity rate, at a median follow-up of
23.5months PFS was comparableinboth arms. Peripheral neuropathy
of grade >2 occurred in 27% of patients in the IsaVRd arm versus 10%
inthe IsaRd arm (bortezomib was administered on a weekly schedule
inthis study)™.

In the phase Il CEPHEUS trial”, the addition of daratumumab
to VRd improved MRD negativity rates compared with VRd alone in
transplant-ineligible patients with NDMM or inwhom ASCT had been
deferred; those witha high IMWG frailty score (FS) of <2 were excluded.
Atotal of 395 patients were randomly allocated (1:1) to receive DaraVRd
or VRd for eight cycles followed by DaraRd or Rd, respectively, until
disease progression or unacceptable toxicity. Overall MRD negativity
rate at 107, the primary end point, was 60.9% in the DaraVRd group
versus 39.4% in the VRd group (OR 2.37,95% C11.58-3.55; P< 0.0001).
At a median follow-up of 58.7 months, the median PFS duration was
notreachedinthe DaraVRd group versus 52.6 monthsinthe VRd group
(HR0.57,95% C10.41-0.79; P= 0.0005); 54-month PFSwas 68.1% versus
49.5%. Theincidence of grade 5 AEs was 16.7% versus 10.7%””. Owing to
the high incidence of grade >2 peripheral neuropathy in both arms
(38.6% versus 44.1%), adose-adaptation schedule of bortezomib (that
is, weekly versus biweekly schedulein CEPHEUS) should be takeninto
consideration.

Finally, the final analysis of the phase Ill ALCYONE trial”® showed
that, after amedian follow-up of 86.7 months, the DaraVMP combina-
tion provided amedian OS of 83 months versus 53.6 months with VMP
(HR0.65,95%C10.53-0.80; P < 0.0001). The most common grade 3-4
AEswere neutropenia (40% versus 39%), thrombocytopenia (35% versus
38%) and anaemia (18% versus 20%).

Patients with frailty

Frailtyisafunctional termthat refers to adeclinein physiological func-
tion, leading to dependency, vulnerability to stressors and a high risk
of poor health-related conditions (such as metabolic disorders, infec-
tions or cancer), resulting in an increased morbidity and mortality”.
Atleast two-thirds of patients with MM have frailty to some extent, and
inalarge-cohort population study, at least 40% of patients had severe
frailty®*~*2. However, patients with frailty might not always have access
totheevolvingrange of treatments and precision medicine approaches
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that are improving outcomes in most patients with MM of a younger
age and/or more favourable performance status, therefore presenting
asubstantial and growing unmet clinical need®. Identifying patients at
risk of frailty is key toimproving overall patient outcomes. For this pur-
pose, the IMWG FS was developed as an MM-adapted geriatric assess-
ment clinical scoring system that includes not only functional but also
clinical assessments and is regarded as the gold standard in the field*.
The IMWGFSis used to classify patients with MM into three categories
onthebasis of frailty, although it has never been tested in patients aged
<55years. AhighFS (>2) can predict poor treatment tolerability, inferior
response to treatment, and poor survival and quality-of-life outcomes,
not only in clinical trials but also in real-world populations® ¥, Other
scoring systems have beendeveloped and tested in trials and real-world
cohorts®***% Despite evidence demonstrating the prognostic potential
ofthese clinically based scoring systems, limited data are available to
confirm their predictive value, thus limiting their adoptionin clinical
practice to guide treatment decisions. The phase Il FITNEss trial has
shown a benefit in both event-free survival and OS when the all-oral
combination IxaRd was administered in a schedule modified upfront
on the basis of IMWG FS versus standard delivery®®. Nevertheless,
publication of the full data is still awaited and, therefore, no recom-
mendations on the use of IMWG FS for therapy administration can be
made at present.

DaraRd is currently considered the SOC regimen for the treatment
of patients with NDMM and an IMWG FS of >2 because the trials testing
quadruplet regimens previously described included patients up to
the age of 80 years. In the phase Il MAIA trial”’, DaraRd was superior
to Rd in terms of both PFS and OS in the subgroup of patients with an
IMWG FS of >2 (ref. 91). The phase Il IFM2017-03 trial®?, with results
published in 2024, tested a dexamethasone-sparing strategy in older
patients and/or those with an IMWG FS of >2. This approach involves
treatment with DaraR and only two cycles of dexamethasone. A total of
295 transplant-ineligible patients with NDMM and the aforementioned
disease characteristics were randomly assigned (2:1) toreceive DaraR
versus Rd; themedian PFS duration was 53.4 months versus 22.5months
(HR0.51,95%C10.37-0.71; P< 0.0001) and the median OS duration was
notreached versus47.2 months (HR 0.46,95% C10.31-0.69; P= 0.0001).
Although the median duration of treatment was longer in the DaraR
group (31.6 months versus 14.3 months with Rd), the occurrence of
grade >3 infections was similar (19% versus 21%)°>. Therefore, DaraR
can also be considered as a recommended option in patients with an
IMWGFS of >2.

Finally, the single-arm phase IIREST trial®®, with results published
in 2025, tested IsaVRd (with weekly bortezomib and dexamethasone
only in the first two cycles) in 51 transplant-ineligible patients with
NDMM and an average age of 77 years. The MRD-negative complete
response (CR) rate was 38% in the overall cohort and 31% in those aged
>80 years. Although REST is a phase Il trial, it provides the rationale
for asafe and efficacious delivery of aquadruplet regimen to patients
who might not be able to tolerate the IMROZ or CEPHEUS regimens®.

Recommendations

- In patients aged <70 years without comorbidities, induction
therapy followed by HDM and ASCT is recommended [l, A].

» Regarding induction therapy before ASCT, DaraVRd and IsaVRd
provide the best risk-benefit profile to date among quadruplets
and arerecommended as the new SOC regimens [I, A], despite not
being approved yet by the EMA. DaraVTd is another valid option
in this setting [1, A], although it has not been compared directly

with DaraVRd. If the above regimens are not available, VRd can
be used [II, B]. For all induction regimens, four to six cycles are
recommended (Fig. 1).

« Collection of haematopoietic stem cells should be performed after
three or fourinduction cycles[I, Al.

+ HDM (200 mg/m?)isthe recommended SOC conditioning regimen
before ASCT[I, A].

« Todate, consolidation therapy after ASCT hasnotbeenestablished
asaSOCapproach.Inpatients who havereceived only four cycles
of DaraVRd induction, two cycles of DaraVRd consolidation should
be considered[l, B].

« Tandem ASCT mightbesuitablein patients with genetically defined
high-risk disease [ll, B] or in all patients who have received induc-
tion with bortezomib, dexamethasone and cyclophosphamide
(abbreviated as ‘C’in combinations) [I, Al.

» Lenalidomide was considered the SOC maintenance treatment
after ASCT in all patients with MM [I, A]. On the basis of PFS
results from the PERSEUS trial*, the addition of daratumumab to
lenalidomide is the new SOCI]I, Al.

 Patients who are not eligible for ASCT but have an IMWG FS of
<2andare<80yearsold canreceive two new SOC regimens: IsaVRd
and DaraVRd [l, A], although at the time of writing, DaraVRd is
pending approval by the EMA. DaraRd is a valuable option in all
transplant-ineligible patients, especially those with an IMWG FS
of >1[1, A]. Adexamethasone-sparing strategy (DaraR) should be
considered in patients with an IMWG FS of >2 [I, B]. If none of the
above-mentioned options is available, DaraVMP or VRd can be
used[l, A].

Relapsed and/or refractory multiple myeloma
Patients who have received one prior line of treatment
Second-line treatment regimens are selected on the basis of the efficacy
and toxicity of, and refractoriness to, the regimensreceived previously
aswellas patients’ comorbidities. Patients who have not received lena-
lidomide or have disease sensitive to this drug should receive regimens
that have been recommended in the 2021 EHA guidelines''?, or novel
regimens supported by the data described here.

Belantamab mafodotin (abbreviated as ‘Bela’ in combinations)
is an antibody-drug conjugate (ADC) that comprises an afucosylated
humanized anti-BCMA IgGl antibody linked to the microtubule disrupt-
ing agent monomethyl auristatin F. This ADC has been recommended
for approval by the Committee for Medicinal Products for Human Use
(CMHP) of the EMA in combination with Vd or pomalidomide (abbre-
viated as ‘P’ in combinations) plus dexamethasone for the treatment
of patients with RRMM who have received one to three prior lines of
therapy; FDA approval is awaited at the time of writing. In the phase lll
DREAMM-7 trial’*%, 494 patients were randomly assigned (1:1) to receive
BelaVd versus DaraVd. At a median follow-up of 39.4 months, median
PFS was 36.6 months with BelaVd versus 13.4 months with Daravd
(HR 0.41,95% C10.31-0.53; P< 0.001)**. OS at 36 months was superior
with Belavd (74% versus 60%; HR 0.58, 95% C1 0.43-0.79; P< 0.001)*.
Ocular toxicities were more common with BelaVd (79% versus 29%
with DaraVd); such AEs were managed with dose modifications, and
of those (85%) involving worsening visual acuity, the majority (87%)
resolved®. Of note, 33% and 0% of patients in the Belavd group had
lenalidomide-refractory and daratumumab-refractory disease,
respectively”®. In summary, BelaVd is anew SOC for the treatment of
patients who have received one to three prior lines of therapy, although
formal approval by relevant authorities is pending at the time of writing.
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Based on the first-line therapy received, many patients in the
second-line setting are expected to have lenalidomide but would be
refractory to lenalidomide. Two trials with results published after
the latest (2021) update of the EHA guidelines"? have focused on
this population. In the phase Il CARTITUDE-4 trial®®”, 419 patients
with lenalidomide-refractory MM who had received one to three
prior lines of therapy were randomly allocated (1:1) to receive the
BCMA-targeted chimeric antigen receptor (CAR) T cell product
ciltacabtagene autoleucel (cilta-cel) versus SOC (Pvd or DaraPd). Ata
median follow-up of 33.6 months, the median PFS was not reached
with cilta-cel versus 11.8 months with SOC (HR 0.29, 95% C10.22-0.39;
P <0.001). At 30 months, PFS was 59.4% versus 25.7%, and OS was also
superior with cilta-cel: 76.4% versus 63.8% (HR 0.55,95% C1 0.39-0.79;
P<0.001)”. Agreater percentage of patients in the cilta-cel group had
MRD-negative disease: 62% versus 18.5%. Among the 176 patients who
received cilta-cel, 76% had cytokine-release syndrome (CRS), which
was of grade 3-4 in 1%; 5% had immune effector cell-associated neu-
rotoxicity syndrome (ICANS), all of grade 1-2; and 13% had non-ICANS
neurological AEs, of grade 3in <2%°*””. One criticism of this trial is that
DaraKd or IsaKd, which had provided the best outcomes in patients
with lenalidomide-refractory disease up to the time of study design,
were not included in the SOC arm. On the basis of the above data,
cilta-cel was approved by the EMA for the treatment of patients with
lenalidomide-refractoryRRMM who have received at least one prior line
of therapy including an immunomodulatory drug and a proteasome
inhibitor and have disease progression on their last line of therapy.

In the phase Il DREAMM-8 trial®®*?, 302 patients with RRMM
who had received at least one line of therapy with lenalidomide were
randomly allocated (1:1) to receive BelaPd versus PVd. At a median
follow-up of 21.8 months, the estimated 12-month PFS was 71%
versus 51% (HR 0.52, 95% C1 0.37-0.73; P < 0.001). In patients with
lenalidomide-refractory disease (78% of the cohort), the median PFS
was 25 months with BelaPd versus 8.6 months with PVd (HR 0.31, 95% CI
0.19-0.48). Ocular AEs occurred in 89% of patients who received BelaPd
(grade 3-4in43%) and 30% of those who received PVd (grade 3-4in 2%).
The median dose intensity of belantamab mafodotin was 1.9 mg/kg
givenevery 8-12 weeks, despite the scheduled dose of 2.5 mg/kg every
4 weeks for thefirstcycleand 1.9 mg/kg every 4 weeks from the second
cycle and after. Ocular AEs led to treatment discontinuation in 9% of
the patients in the BelaPd arm®®?°. Approval of BelaPd by regulatory
authorities is pending at the time of writing.

The combination of selinexor (abbreviated as ‘Sel’ in com-
binations) with Vd was approved by the EMA and FDA in June 2022
for the treatment of patients with RRMM who have received one to
three prior lines of therapy on the basis of results from the phase Il1
BOSTON trial®°, which compared the Selvd regimen with vd'*°2,
Results at a median follow-up duration of 28 months were published
in 2024 (ref. 101). The median PFS was longer with the addition
of selinexor in all patient subgroups (P < 0.05). Patients with
lenalidomide-refractory disease had longer OS with SelVd (26.7 months
versus 18.6 months with Vd (HR 0.53, 95% C1 0.30-0.95; P=0.015)).
Themost frequentgrade 3-4 AEs were thrombocytopenia (39% versus
17%), fatigue (13% versus 1%), anaemia (16% versus 10%) and pneumonia
(11% versus 11%). Other SelVd-associated AEs included gastrointesti-
nal toxicities, such as nausea, vomiting or diarrhoea, which needed
dose modification of selinexor and prophylaxis with at least two
antiemetics'° %,

Thetreatment of patients withMMrefractory tobothlenalidomide
and daratumumabis very challenging. CARTITUDE-4 (refs. 96,97) and

DREAMM-8 (refs. 98,99) are the only phase lll trials that have included
such patients, but the percentage was low in both trials (<25%). On the
basis of the data currently available from clinical trials, cilta-cel and
BelaPd are the preferred optionsin these patients,and KPd mightbe an
alternative option. In the phase Il SELECT trial'*?, 52 patients received
KPd at first or second relapse, of whom 75% had disease refractory to
both lenalidomide and daratumumab. Carfilzomib was given once
weekly, atadose of 56 mg/m?* Median PFS was 11.1months and median
0S was 18.8 months'®, In another phase Il trial'®, 111 patients with
disease progression or relapse in the previous phase Il EMNO2 trial
in transplant-eligible patients with NDMM'® received second-line
therapy with KPd. Among these patients, 77% had received bortezomib
and lenalidomide, but none had received daratumumab. After the
completion of eight cycles of KPd, patients were randomly allocated
to receive continuous treatment with either pomalidomide alone
(n=44) or Pd (n=42). At a median follow-up of 40 months, median
PFS was 26 months'®*. KPd is a widely available regimen but, owing to
the lack of registrational trials, it is not approved by the EMA or FDA
for the treatment of patients with RRMM.

Recommendations

« In patients who have received a bortezomib-based regimen
upfront without lenalidomide or an anti-CD38 antibody, and
have bortezomib-refractory disease, the preferred regimens are
DaraRd, DaraKd and IsaKd [, A]. Other approved regimens include
KRd, IxaRd and elotuzumab (abbreviated as ‘Elo’ in combinations)
plusRd[l, Al.In patients who have received lenalidomide, BelaPd
canalsobeused[l, A] (Fig.2).

« Patients who have received a bortezomib-based regimen
upfront without lenalidomide or an anti-CD38 antibody and
have bortezomib-sensitive disease should preferably receive
DaraRd, DaraKd, IsaKd or BelaVd [I, A]. Other approved regimens
includeKRd, IxaRd, EloRd, Selvd and Kd [I, A]. In patients who have
received lenalidomide, BelaPd is also an efficacious option [I, A].
DaraVd or PVd can also be used if Belavd or BelaPd, respectively,
isunavailable [panel consensus; I, A].

« Patients eligible for treatment with CAR T cells with disease
refractory to first-line lenalidomide and who have not received
or have disease sensitive to anti-CD38 antibodies should
receive cilta-cel, if available [I, A]. Other options in patients with
lenalidomide-refractory disease include DaraKd, IsakKd, BelaPd,
BelaVd, DaraPd and SelVd [I, A]; combinations of anti-CD38 anti-
bodies with Kd or BelaPd provide the best outcomes in patients
withlenalidomide-refractory MM, and are preferred. PVd or Dar-
aVd can be used if BelaPd or BelaVd, respectively, are unavailable
[panel consensus; 1, A].

« Patients with disease both refractory to lenalidomide and bort-
ezomib, and who have not received or have disease sensitive to
anti-CD38 antibodies should receive cilta-cel, BelaPd, DaraKd or
IsaKd [I, A], or DaraPd[lI, B].

 Inpatientswith diseaserefractory tobothlenalidomide and dara-
tumumab, cilta-cel and BelaPd are the preferred options [I, A]
because they are the only regimens that have been tested in
patients who have received bothlenalidomide and daratumumab
previously, in the early relapse setting. Selvd[ll, C], Belavd [V, C]
and Kd [V, C] can be used in this setting (only in patients with
bortezomib-sensitive disease) if other options are not available;
however, limited or no evidence supports this recommendation
because almost no patients with daratumumab-refractory disease
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havebeeninvolvedintheregistrational studies of these regimens
[panel consensus].

 Inpatientswithlimited accesstonovel regimens, second-line ASCT
canbeanoptioninthose who received primary therapyincluding
anASCT followed by lenalidomide maintenance and had an initial
remission duration of >36 months [panel consensus; 11, C].

Patients who have received two or more prior lines

of treatment

The treatment of patients with MM who have received two or more prior
lines of therapy isbecoming challenging because by the third line most
ofthem have been exposed totriple-class regimens (that is, containing
aproteasome inhibitor,animmunomodulatory drugand an anti-CD38
antibody) or have triple-class refractory disease, and some might also
have been exposed to BCMA-targeted immunotherapies. Therefore,
depending onexposure and refractoriness to prior therapies, some of
the combinations already discussed might be suitable third-line treat-
ments. These regimens are mainly based on pomalidomide (Fig. 3).
Since the publication of the 2021 EHA guidelines™", the DaraPd com-
bination has been approved by the EMA and the FDA. These decisions
were based on the results of the phase Il APOLLO trial'**'”’, in which
304 patients were randomly assigned (1:1) to receive either DaraPd or
Pd. This study alsoincluded patients who had received one prior line of
therapy, onlyifthey had lenalidomide-refractory disease. Ata median
follow-up of 39.6 months, median PFS was 12.4 months in the DaraPd
arm versus 6.9 months with Pd (HR 0.63,95% C10.47-0.85; P=0.002),
although median OS was only numerically improved: 34.4 months
versus 23.7 months (HR 0.82,95% C1 0.61-1.11; P=0.2)"°'",

Animportant question when treating these patients is whether
re-administration of anti-CD38 antibodies is of any value; real-world
datafroma population of 183 patients show amedian PFS of <6 months
in this setting'*®. Retreatment with these agents just after anti-CD38
refractoriness might provide very poor results: another study showed
that MM cells derived from patients who had stopped receiving daratu-
mumab for >1year had greater sensitivity to anti-CD38 antibodies than
those from patients with exposure <1 year before; however, cells from
patients who had not received daratumumab were the most sensitive'®”.
Therefore, ifretreatment with anti-CD38 antibodiesis the only option
in patients with RRMM, these agents might need to be given only after
atreatment-free interval of >1 year, although this approach needs to
betested in clinical studies.

The choice of proteasome inhibitor to be combined with daratu-
mumabis anotherimportant consideration. The best resultshave been
observed with DaraKd"’. The substitution of bortezomib or carfilzomib
for ixazomib in combination with daratumumab does not result in
improved outcomes'. EloPd might also be considered in patients
with disease refractory to anti-CD38 antibodies. Real-world dataindi-
cate that the latter regimen is widely used in this setting™? although a
phase Il trial testing EloPd in the post-daratumumab setting showed
limited efficacy, with amedian PFS of 3.7 months™™.

In patients who have been exposed to triple-class regimens
(including those with triple-class refractory RRMM), several immu-
notherapies have been approved by the EMA and/or FDA since 2021,
includingtwo CART cell products and four bispecific T cell engagers.
Cilta-cel was approved in 2021 for the treatment of patients who have
received three or morelines of therapy, including animmunomodula-
torydrug, aproteasome inhibitor and an anti-CD38 antibody, and have
disease progression on the last line. This approval was supported by
the results from the pivotal phase I/l CARTITUDE-1 trial"*', which

involved 113 patients who had received a median of six prior lines
of therapy (range three to 18) including an immunomodulatory
drug, a proteasome inhibitor and an anti-CD38 antibody. Of these
patients, 29 and 68 received a cilta-cel infusion at the recommended
phasell dose (0.75 x 10° CAR-positive viable T cells per kilogram) in the
phaselorllpart, respectively. At amedian follow-up of 27.7 months, the
ORRwas 97.9%, and 82.5% of patients had a stringent CR. The 27-month
PFS and OS rates were 54.9% and 70.4%, respectively. The duration of
response (DOR), PFS and/or OS were shorter in patients with high-risk
disease, high tumour burden or plasmacytoma. Grade 3-4 haemato-
logical AEs included neutropenia (in 95% of patients), anaemia (68%),
leukopenia (61%), thrombocytopenia (60%) and lymphopenia (50%).
CRS occurred in almost all patients and was of grade 3-4 in 4%; the
median time to onset and median duration were 7 days and 4 days,
respectively. CRS resolved in all except one patient, who had both
grade 5 CRS and haemophagocytic lymphohistiocytosis. ICANS and
other CART cell-related neurotoxicities occurred in 21% of patients
and were of grade 3-4 in 9%"*'>,

Idecabtagene vicleucel (ide-cel) is the second CART cell product
approved by the EMA and FDA for the treatment of patients with MM.
Theinitial EMA and FDA approvals were for patients who had received
three or more lines or four or more lines of therapy, respectively,
including an immunomodulatory drug, a proteasome inhibitor and
ananti-CD38 antibody, and who had disease progression on their last
line of treatment. This approval was based on the results of the phase Il
KarMMa trial"®, in which 128 patients who had received three or more
lines of therapy, including animmunomodulatory drug, a proteasome
inhibitor and an anti-CD38 antibody, were treated with ide-cel. At a
median follow-up duration of 13.3 months, the ORR was 73%, witha CR
in 33% of patients. MRD negativity was confirmed in 26% of patients.
The median PFS was 8.8 months. Common AEs of any grade included
neutropenia (in 91% of patients), CRS (84%, whichwas of grade >3 in 5%),
anaemia (70%), thrombocytopenia (63%) and neurotoxicity (18%, which
was of grade 3in 5%; no grade >4 neurotoxicities occurred)".

The initial approvals of ide-cel were expanded in 2024 to include
patients who have received two or more prior lines, including animmu-
nomodulatory drug, a proteasome inhibitor and an anti-CD38 anti-
body, and who had disease progression on their last line of therapy.
These decisions were based on the results of the phase Ill KarMMa-3
trial"® in which 386 patients with RRMM who had received two to four
prior lines of therapy (with the characteristics previously described)
were randomly assigned (2:1) to receive either ide-cel (at a dose range
0f 150 x 10° to 450 x 10° CAR-positive T cells) or one of five SOC regi-
mens (DaraPd, DaraVd, IxaRd, Kd or EloPd). A total of 66% and 95% of
the patients had triple-class refractory and daratumumab-refractory
disease, respectively. At amedian follow-up of 31 months, the median
PFS was 13.8 months in the ide-cel group versus 4.4 months with
SOC (HR 0.49, 95% C1 0.38-0.63; P < 0.001). The ORR was 71% versus
42%, with a CR in 39% versus 5% of patients (P < 0.001). Median OS
at interim analysis was similar in the two arms: 41.4 months versus
37.9 months (HR 1.01, 95% CI 0.73-1.40). Given that the trial allowed
crossover, sensitivity analysis adjusting for crossover was per-
formed and showed a median OS of 41.4 months versus 23.4 months
(HR 0.72, 95% C1 0.49-1.01). Among the 225 patients who received
ide-cel, 88% had any-grade CRS (5% of grade >3) and 15% had any-grade
investigator-identified neurotoxicity (3% of grade >3)"""%,

Four bispecific T cell engagers have been approved for the
treatment of patients with RRMM: teclistamab, elranatamab and
linvoseltamab, which target BCMA, and talquetamab, which targets
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GPRC5D. The EMA and FDA approvals are for patients who have previ-
ously received three or more lines or four or more lines of therapy,
respectively, andinall approvals these criteriainclude animmunomod-
ulatory drug, a proteasome inhibitor and an anti-CD38 antibody, and
disease progression on the last line of therapy. These approvals were
allbased only onthe results from single-arm phase ll trials. Teclistamab
was evaluated in the registrational phase I/l MajesTEC-1 trial*'%°,
in which 165 patients received a weekly subcutaneous injection of
this agent at 1.5 mg/kg after two step-up doses of 0.06 mg/kg and
0.3 mg/kg. These patients had received amedian of five previouslines
of therapy and 77.6% had triple-class refractory disease. At a median
follow-up of 30.4 months, ORR, the primary end point, was 63.0%, and
46.1% of patients had a CR or better. Among patients evaluable for MRD,
85.7% were MRD-negative. The median DOR was 24 months and not
reached in patients with a CR, and median PFS was 11.4 months. Com-
mon AEs of any grade or grade 3-4 included CRS (in 72.1% and 0.6% of
patients, respectively, with no grade 4 events reported), neutropenia
(in71.5% and 65.5%), anaemia (in 55.2% and 37.6%), thrombocytopenia
(in 41.8% and 23%), infections (78.8% and 55.2%) and neurotoxicity
(14.5%, including ICANS in 3.0%, all of grade 1-2)"%2°,

Elranatamab was evaluated in the phase Il MagnetisMM-3 trial'*"'%,
in which patients received a weekly subcutaneous injection of this
agent at 76 mg after two step-up priming doses (12 mg and 32 mg);
after six cycles, responders received elranatamab once every 2 weeks.
The currently available results are from patients who had not received
any prior BCMA-targeted therapy (n =123). The ORR, the primary end
point, was 61.0%, and 37.4% of patients had aCR or better. Atamedian
follow-up of 33.9 months, median DOR was not reached, median PFS
was 17.2 months and median OS was 24.6 months. Common AEs of any
gradeorgrade3-4includedinfections (in 69.9% and 39.8% of patients,
respectively), CRS (57.7% and 0%), anaemia (48.8% and 37.4%) and neu-
tropenia (48.8% and 48.8%). With biweekly dosing, the occurrence of
grade 3-4 AEs decreased from 58.6% t0 46.6%'*"1%%.

In the phase Il LINKER-MMI1 trial'?, 117 patients received lin-
voseltamab once weekly through week 14 and then once every 2 weeks.
At a median follow-up of 14.3 months, the ORR (primary end point)
was 71%, with 50% patients having a CR or better. The median DOR in
patients receiving a 200 mg dose (n = 83) was 29.4 months. The most
common AEs inthose receiving the 200 mg dose included CRS (of any
gradein46% of patients and grade 3in<1%), neutropenia (of any grade
in43% of patients and grade 3-4 in 42%) and anaemia (of any grade in
39% of patients and grade 3 in 31%). ICANS of any grade occurred in
8% of patients and was of grade 3 in 3%, and infections of any grade
occurred in 74% and were of grade 4 in 3%; infection frequency and
severity declined over time'*,

Inthe phase Il MonumenTAL-1trial**'>, patients who had received
amedian of five prior lines of therapy received asubcutaneous dose of
either 0.8 mg/kg every 2 weeks or 0.4 mg/kg weekly (recommended
dose from the phase I part of the study) of talquetamab. At a median
follow-up of 23.4 months, the ORR was 69.5% and 74.1% at the dose of
0.8 mg/kg every 2weeks and 0.4 mg/kg weekly, respectively; median
PFS was 11.2 months and 7.4 months, and 24-month OS was 67.1% and
60.6%. This study alsoincluded 51 patients who had previously received
T cell-mobilizing therapies such as bispecific T cell engagers (35.3% of
this subgroup), CART cells (70.6%) or both (6%). At amedian follow-up
of 20.5 months, the ORR was similar in these patients and in those
who had not received T cell-mobilizing therapies (ORR 66.7%, with a
CRorbetterin42.4%). Median DOR was not assessed in this subgroup
and 24-month OS was 57.3%. The most common grade 3-4 AEs in the

0.4 mg/kgonceaweek group, the 0.8 mg/kg every 2 weeks group, and
the previous T cell-mobilizing therapy group were neutropenia (in 31%,
21%and 47% of patients, respectively), anaemia (31%, 26% and 27%) and
lymphopenia (26%, 26% and 17%). Fatal AEs occurred in five patients,
seven patients and no patients in each group, respectively; none was
related to treatment™*'>,

In August 2022, the EMA approved the alkylating peptide-drug
conjugate melphalan flufenamide (melflufen) in combination with dex-
amethasone for the treatment of patients withRRMM who have received
three or more prior lines of therapy, including animmunomodulatory
drug, a proteasome inhibitor and an anti-CD38 antibody, and had
disease progression on or after their last therapy. This approval, based
on the results of the phase I HORIZON'® and the phase Il OCEAN'?
trials, included the specification that melflufen is suitable in patients
who have notundergone ASCT, or in those who have, but withatime to
progression of >3 years since ASCT. In OCEAN, 495 patients were ran-
domly assigned (1:1) to receive melflufen-dexamethasone versus Pd;
~50% had not undergone ASCT. Median PFS was 6.8 months versus
4.9 months (HR 0.79, 95% C1 0.64-0.98; P=0.03). The most common
grade 3-4 AEs in the melflufen group were thrombocytopenia (63%),
neutropenia (54%) and anaemia (43%)'.

Treatment sequencing ofimmunotherapies, such as CAR T cells,
ADCs and bispecific T cell engagers, presents challenges. Data from
phasell trials or real-world cohort studies suggest that the efficacy of
CART cellsis compromised if they are administered after progression
on BCMA-targeted ADCs or bispecific T cell engagers'?®. Median PFS
withide-cel was <4 monthsin patients who had previously received an
ADC'”, Median PFS with cilta-cel was 9.5 months and only 5.3 months
in those who had previously received an ADC and bispecific T cell
engager, respectively*’. By contrast, bispecific T cell engagers seem
effective after CART cells, especially if the target is switched (from
BCMA-targeted agents to GPRC5D-targeted T cell engagers), although
PFS is inferior'*, In an analysis of patients with disease relapse
after treatment with ide-cel (n=130) or cilta-cel (n = 9) who went on
to receive different regimens, the ORR with teclistamab (n=37) and
talquetamab (n =28) were 64% and 79%, respectively, with a CR in
32% and 39% of patients™. By contrast, in patients who received sal-
vage therapy with a triple-class regimen after CAR T cell therapy, the
ORR was only 30% and no CRs were reported (P < 0.001)"*". DOR and
0S were also significantly better with bispecific T cell engagers™.. In
a pooled analysis of trials testing elranatamab in patients who had
previously received BCMA-targeted ADCs or CART cells, the median
PFS was 4.8 months™ Finally, another analysis showed median PFS
durations of 4.4 months and 7.3 months in patients who had received
teclistamab after BCMA-targeted CAR T cells or ADCs, respectively'®. In
summary, additional dataare needed to define the optimal sequencing
ofimmunotherapies in patients with RRMM.

Recommendations

« Inthethird or fourthline of treatment, patients canreceive treat-
ments that they have not been previously exposed to, including
cilta-cel, ide-cel, BelaPd, DaraPd, IsaPd, EloPd, BelaVvd [I, A] or
other regimens (Fig. 3).

« Retreatmentwith ananti-CD38 antibody after disease progression
on this therapeutic class is not recommended. If such aretreat-
mentstrategy is the only option, it should be started only after an
anti-CD38 antibody-free interval of 21 year [panel consensus; 1V, C].

« Patients with triple-class refractory MM can receive cilta-cel or
ide-celin the third or fourthlines of treatment [I, A] or in the fifth
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line and beyond [ll, B], teclistamab [Il, B], elranatamab [II, B],
linvoseltamab [lI, B], talquetamab [II, B] or BelaPd [I, A]. These
patients can also receive melflufen if they had not previously
undergone ASCT orifthe time to disease progression after ASCT
is>3years|[l, B]. Seld is another option in these patients [II, B].

« Inpatients withtriple-class refractory MM thatis also refractoryto
either CART cellsoran ADC, optionsinclude talquetamab, teclis-
tamab, elranatamab and linvoseltamab [II, B], as well as melflufen
and Seldif no other option is available [panel consensus; V, C].

+ Sequencing of theimmunotherapiesin patients with RRMM pre-
sents challenges; further prospective studies will provide more
insightsinto thisimportantissue. Currently available data suggest
that CART cell therapies might need tobe given toeligible patients
before BCMA-targeted ADCs or bispecific T cell engagers [panel
consensus; I, B]. Bispecific T cell engagers can be effective imme-
diately after disease progression on CART cells, and talquetamab
is possibly the agent with better outcomes in this setting [panel
consensus; V, C].

Supportive care

Common complications and adverse events in patients

with MM

Bone disease. Osteolytic bone disease is the most common complica-
tion in patients with MM that leads to deterioration of quality of life
and patient outcomes'*. Several organizations and medical societies
(ASCO, IMWG and EMN) have published recommendations address-
ing this devastating complication and its management in patients
with MM™7%7_ A phase Ill trial*® has compared the antiresorptive
agents denosumab and zoledronic acid in 1,718 patients receiving
treatment for NDMM and with at least one bone lesion. The time to
first skeletal-related event was similar in both groups (-17 months).
Denosumab showed a superior renal safety profile along with an
advantage in PFS (46.1 months versus 35.4 months with zoledronic
acid (HR 0.82,95% C10.68-0.99; P= 0.036))"**"*. However, in this study,
patients who had severe renal impairment (glomerular filtration rate
<30 ml/min/1.73 m?) were excluded because zoledronic acid is cleared
throughthekidneysandis notrecommendedinthese patients. Astudy
from the IMWG with results published in 2024 (ref. 140) showed that
denosumab is efficacious in patients with severe renal impairment,
but cautionis needed owing to the higherincidence of hypocalcaemia
found in this trial.

IntheIMWG recommendations for the management of MM-related
bone disease™ the time of zoledronic acid administration is 12 months
in patients with a vgPR or more with treatments for MM. This recom-
mendation was based on a subgroup analysis of the phase IIl MRC-I1X
trial'?involving 1,111 transplant-eligible patients with MM. In patients
withavgPR orless, zoledronic acid was superior to clodronate inreduc-
ing skeletal-related events (P = 0.048), whereasin those witha CR, both
agents were equivalent. The treatment duration of zoledronic acid was
also the aim of the phase Il Magnolia trial, also with results presented
in2024 (ref.142), inwhich 193 patients receiving treatment for NDMM
were randomly assigned to receive zoledronic acid for 2 years versus
4 years. Those treated for 4 years had a statistically significant lower
risk of progressive bone disease (HR 0.40,95% C10.18-0.87; P=0.0021).
No differences in the occurrence of osteonecrosis of the jaw or other
AEswerereported'*.

Anaemia and bone marrow failure. Anaemiaisacommon problemin
patients with MM. Although this complication hasacomplex aetiology,

itis mainly caused by the mechanisms underlying anaemiain chronic
disease, which is characterized among others, by impairment of iron
metabolism and consequently iron-restricted erythropoiesis, result-
ing from the upregulation of the iron distributing regulator hepcidin.
Erythropoiesis-stimulating agents have been the SOC for anaemia
since the early 1990s, and result in high response rates and improved
quality of life!*>1*4,

Infections. Infections are the main cause of death in patients with
myeloma. T cellimmune dysfunction and changes in the B cell com-
partment with consequent hypogammaglobulinaemia increase the
risk of developing bacterial and viral infections including COVID-19
(ref. 145). Recommendations from IMWG and EMN have also been
reported for the management of infections in myeloma patients™® %,
In the phase Ill TEAMM trial'*’, addition of prophylactic levofloxacin
to active treatment for NDMM during the first 12 weeks reduced the
occurrence of first febrile episode or death from any cause (19% ver-
sus 27% with placebo (HR 0.66, 95% CI 0.51-0.86; P < 0.002)) without
increasing the occurrence of infections acquiredin health-care settings
(8% versus 9%), which are typically resistant to antibiotics.

Renal impairment. Renal impairment is a common complication in
patients with MM (present in up to 20% of patients at diagnosis). The
IMWG has also provided recommendations for this complication™".
Lenalidomide is typically given at reduced doses according to
renal function because it is cleared through the kidneys. However,
aphase /Il trial™' demonstrated that lenalidomide can be given at the
full dose of 25 mg daily to patients without severe renal impairment
(creatinine clearance >30 ml/min) and at a dose of 215 mg daily to those
with creatinine clearance <30 ml/min, even when on dialysis™'. These
dosesarealsobeingusedinthe phasell/IIREMNANT trial (NCT04513639)
testing the value of MRD negativity inguiding treatment decisions, con-
firming the safety of these doses. Daratumumab can be given to patients
with renal impairment, resulting in high rates of renal responses, with-
out any modification as suggested by several studies™* >, Very limited
evidence on the effects of CAR T cells or ADCs on renal impairment is
currently available™, whereas teclistamab has shown some efficacy in
patients with renal impairment, including those on dialysis™*'.

Common adverse events from novel therapeutic agents

in patients with MM

Ocular toxicities. Ocular AEs, in particular changes in best corrected
visual acuity from baseline and keratopathy, are the most common
AEs observed in patients receiving belantamab mafodotin and the
main reason for dose holds and delays. Dose modifications (such
as 1.9 mg/kg or 1.4 mg/kg) and extended administration schedules
(every 8 or 12 weeks), especially in patients with a response to treat-
ment, enable management of ocular AEs without negatively affecting
treatment efficacy™®. The publication of novel guidelines on the man-
agement and prevention of belantamab mafodotin-related ocular AEs
isexpected later this year; these include ophthalmology visits before
each belantamab mafodotininfusion for thefirst four cycles todecide
about administration of the next dose, and decision-making from the
treating physician using the anamnestictool afterwards. The treating
physiciandecisionis based onthe vision-related anamnestic tool, which
isaquestionnaire based on symptoms and daily activities of patients.
Inasmall, randomized phase Il study in NDMM with the combination of
BelaRdinintermediate-fit patients and those with frailty, no significant
differences were found between the ophthalmologist’s evaluation and
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the haematologist’s evaluation in the decision to continue or delay
therapy with belantamab mafodotin'’. More importantly, no drug
administration defined by the haematologist’s ocular assessment
was interrupted by the ophthalmologist owing to grade 3 ocular AEs.

Cytokine-release syndrome. CRSis asystemic inflammatory response
mediated by the activation of T lymphocytes, observed mainly
after treatment with BCMA-targeted CAR T cells or bispecific T cell
engagers”*'*°, In patients with MM receiving novel immunotherapies,
suchasbispecificantibodiesand CART cells, CRSisusually of grade 1-2.

In patients receiving bispecific T cell engagers, systemic CRS is
mainly observed after initial exposure to bispecific antibodies com-
prising an anti-CD3 antibody, but can occur even during subsequent
step-up doses™®. In those receiving CAR T cells, CRS usually occurs
withinthefirst week after infusion (median1day and 7 days withide-cel
and cilta-cel, respectively) and peaks within 1-2 weeks after infusion.
CRS usually begins with fever and constitutional symptoms (such as
rigor, malaise and anorexia)'*’; other features include fatigue, chills,
headache, and more severe toxicities such as hypotension, hypoxia,
tachycardia, vascular leak, circulatory collapse and organ toxicity.
The administration of the anti-IL-6 antibody tocilizumab and corticos-
teroids together with immunotherapies in patients with higher CRS
grading has been shown to reduce therisk of severe CRS™".

Immune effector cell-associated neurotoxicity syndrome and
other neurotoxicities. ICANS is a pathological process affecting the
CNSfollowing administration ofimmune effector-based therapies that
results from the activation or deployment of endogenous or infused
T cellsand/or otherimmune effector cells. In patients with MM, ICANS
is very rare with bispecific antibodies and usually of grade 1-2 with
CART cell therapies.

ICANS is the second most common toxicity associated with CAR
T cell therapy, with an incidence of around 15% for mild ICANS and
of 5% for severe ICANS'®2. Symptoms often begin with word-finding
difficulties, confusion, dysphasia, expressive aphasia, and impair-
ment of fine motor and cognitive skills, and can include somnolence,
headache, disorientation, seizures and cerebral oedema'**'**, Some
patients can develop non-ICANS neurotoxicities such as cranial
nerve palsy and/or late neurological complications such as Parkinson
disease-like movement disorders'®. The exact biological mechanisms
underlying these neurotoxicities are not fully understood but, similar
to CRS, the production of pro-inflammatory cytokines by CAR T cells
and the activation of bystander immune cells (such as macrophages)
in the tumour microenvironment are thought to be responsible for
the pathogenesis'®®. Furthermore, these neurotoxicities also seem to
be related to off-target expression of BCMA in basal ganglia and the
frontal cortex'.

Given that ICANS is often associated with CRS, the prevention of
CRSisofgreatimportance, although afew patients can develop ICANS
without prior or concomitant CRS™, Tocilizumab is much less effective
inICANS thanin CRS because it doesn’t cross the blood-brain barrier'®’
and, thus, itisnot recommended for the management of ICANS. In fact,
given that tocilizumab might worsen ICANS by increasing IL-6 levels,
it should be given only in the co-presence of CRS. Agitated patients
with grade 1 ICANS might experience symptom improvement with
haloperidol or lorazepam''. Those with grade 2 ICANS, especially if
itisrefractory to anti-IL-6 antibodies, should receive dexamethasone
(10 mgevery 6 h) or methylprednisone (1 mg/kgevery12 h) and, if the
responseisinadequate, the dexamethasone dose should beincreased

to20 mgevery 6 h. TheIL-1R antagonist anakinra can be considered as
ithasbeenshown to reduce ICANS™. In patients with grade >3 ICANS,
transfer to the intensive care unit should be considered™.

Recommendations

« All patients with MM with osteolytic disease at diagnosis should
receive antiresorptive agents, such as zoledronic acid or
denosumab [I, A], inadditionto myeloma-directed therapy (Box2).

« Patients without bone disease (assessed by conventional radi-
ography) should also receive antiresorptive agents, although
their advantageis not clearinthose with noboneinvolvement on
whole-body low-dose CT or PET-CT [II, B].

« Inpatients with a CR or vgPR to anti-MM therapy, the optimal
duration of treatment with antiresorptive agents remains to be
determined butshould be atleast 12 months and up to 48 months,
and then at the physician’s discretion on the basis of AEs such as
osteonecrosis of the jaw or renal impairment [lII, B]. In patients
with osteonecrosis of the jaw, bisphosphonates or denosumab
should be discontinued and can be re-administered if this AE
resolves [V, C]. In patients with less than a vgPR, monthly use of
these agentsisrecommended for at least 4 years I, A].

« In patients with SMM, zoledronic acid or denosumab are not
recommended in the absence of osteoporosis; in those with
MGUS or SMM as well as osteoporosis, antiresorptive agents
must be used following guidelines for the management of
osteoporosis [Ill, C]. Patients with SMM who are receiving
myeloma-directed therapy including dexamethasone should
receive antiresorptive agents, following recommendations for
MM [panel consensus; V, C].

 Inpatients withsevere renalimpairment aminobisphosphonates
are not recommended because they are cleared through the kid-
neys. Denosumab is a reasonable option but caution is needed
owing to a highrisk of hypocalcaemia [lll, C].

« Denosumab should be given continuously every 4 weeks. The
discontinuation of this agent is challenging because of the lack of
datafrom patients with MM; until these dataare available, discon-
tinuation of denosumab must be followed by a dose of zoledronic
acid (6-9 months after the last dose of denosumab) to prevent any
‘rebound’ phenomenon [llI, B].

« Vitamin D and calcium supplementation is mandatory when
administering either bisphosphonates or denosumab [I, A].

» Low-doseradiotherapy (up to30 Gy) canbe used as palliative treat-
ment for uncontrolled bone pain,impending pathological fracture
orimpending spinal cord compression [ll, A]. Balloon kyphoplasty
should be considered for symptomatic vertebral compression
fractures with refractory pain [IlI, B]. Surgery is recommended
for long-bone fractures, bony compression of the spinal cord or
vertebral column instability [II, A].

* Recombinant human erythropoietin and darbepoetin
alfa can be used for the treatment of myeloma-associated
anaemia (haemoglobin levels <10 g/dl) if other causes of
anaemia have been excluded. The target is to maintain haemo-
globin levels <12 g/dl to avoid thromboembolic complications
and hypertension[ll, B].

« Treatment with granulocyte colony-stimulating factor might be
required totreat chemotherapy-induced severe neutropenial[ll, B].

« Infectious episodes require immediate therapy with
broad-spectrum antibiotics [I, A]. Therefore, levofloxacin-based
prophylaxis for infections during the first 3 months of therapy is
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Box 2 | Summary of recommendations for the management of common complications in
patients with multiple myeloma

Bone disease

Antiresorptive agents should be given in addition to myeloma-
directed therapy in all patients with MM and osteolytic disease at
diagnosis [I, Al

Denosumab is a reasonable option in patients with severe
renal impairment, in whom aminobisphosphonates are not
recommended; caution is needed owing to a high risk of
hypocalcaemia [lll, C].

Zoledronic acid should be given monthly in patients with
suboptimal response (PR or less) and at least for 4 years [I, A].
In patients who have a CR or vgPR, 12-48 months of therapy with
zoledronic acid seems adequate. At relapse, zoledronic acid
should be reinitiated [lIl, B].

Denosumab should be given every 4 weeks continuously.
Discontinuation of denosumab is challenging owing to the
lack of data on how to stop denosumab in patients with MM;
until these data are available, discontinuation of denosumab
must be followed by a dose of zoledronic acid (6-9 months
after the last dose of denosumab) to prevent any ‘rebound’
phenomenon [llI, B].

Vitamin D and calcium supplementation is mandatory when
administering either bisphosphonates or denosumab [l, A].
Low-dose radiation therapy (up to 30Gy) can be used as
palliative treatment for uncontrolled pain, for impending
pathological fracture, or for impending spinal cord
compression [ll, A].

Balloon kyphoplasty should be considered for symptomatic
vertebral compression fractures with refractory pain [ll, B].
Surgery is recommended for long-bone fractures, bony
compression of the spinal cord, or vertebral column
instability [II, Al.

Anaemia

Recombinant human erythropoietin and darbepoetin alfa for the
treatment of myeloma-associated anaemia if other causes of
anaemia have been excluded [ll, B].

G-CSF might be required to treat chemotherapy-induced severe
neutropenia [Il, B].

Infections

Immediate therapy with broad-spectrum antibiotics [I, A].
Prophylactic antibiotics (such as levofloxacin) for the first 3 months
of initiation of therapy, especially in patients receiving lenalidomide
or pomalidomide, or in those at high risk of infections [I, Al.
Sulfamethoxazole and trimethoprim are recommended for the
prevention of Pneumocystis jirovecii infection [I, A].

Acyclovir or valacyclovir for herpes zoster prophylaxis is
recommended in patients receiving proteasome inhibitors,
anti-CD38 antibodies and BCMA-targeted therapies [ll, A].
Vaccination for influenza, varicella zoster (inactivated vaccine),
SARS-CoV-2 and pneumococcal infections [Il, A] as well as for
respiratory syncytial virus [lll, C].

Intravenous IgG prophylaxis is not routinely recommended
although it is highly recommended in patients receiving either
bispecific T cell engagers or CAR T cells [Ill, C]; it should be used
in patients with low IgG levels (<400-500mg) and in those with

at least two severe infections requiring hospitalization during the
previous year [ll, B].

Impaired renal function

Bortezomib-based regimens remain the cornerstone of the
management of MM-related renal impairment [I, A].

High-dose dexamethasone at least for the first month of

therapy [ll, B].

Patients eligible for ASCT can receive DaraVTd or DaraVCd [ll, B].
If reversal of renal impairment is observed, thalidomide or
cyclophosphamide might be substituted by lenalidomide [panel
consensus; V, B]. In patients who are ineligible for ASCT, DaraVCd
or VMP can also be administered [Il, B] but no data on this regimen
in patients undergoing dialysis are available.

Pomalidomide, carfilzomib, ixazomib, daratumumab and
isatuximab need no dose modifications in patients with renal
impairment [Il, B].

CART cells can be given in patients with mild to moderate renal
impairment [Il, B].

Teclistamab can be given to patients with MM-related renal
impairment, even including those undergoing dialysis [lll, C].

ASCT, autologous stem cell transplantation; C, cyclophosphamide; CAR, chimeric antigen receptor; CR, complete response; d, dexamethasone; Dara,
daratumumab; G-CSF, granulocyte colony-stimulating factor; M, melphalan; P, pomalidomide; PR, partial response; T, thalidomide; vgPR, very good partial
response. Recommendations include supporting levels of evidence and have been graded"® (Supplementary Table 1).

useful, especially in patients receiving lenalidomide orpomalido-
mide, orin those at highrisk of infections (for example, previous
serious infections or neutropenia) [I, Al.
Sulfamethoxazole-trimethoprimis recommended for the preven-
tion of Pneumocystisjiroveciiinfection [1, A], especially in patients
receiving BCMA-targeted immunotherapies and/or with severe
lymphopenia.

Vaccinations against influenza, varicella zoster, SARS-CoV-2 and
pneumococcal infections are recommended [II, A]. Vaccination
against respiratory syncytial virus can be considered in patients
with a history of frequent infections [III, C].

« Acyclovir or valacyclovir are recommended for prophylaxis of

herpes zoster virus infections in patients receiving proteasome
inhibitor-based, anti-CD38 antibody-based and BCMA-targeted
therapies[ll, B]. Intravenous IgG-based prophylaxisis not routinely
recommended and should only be used in patients with low IgG
levels (<400-500 mg), inthose with at least two severe infections
needing hospitalization during the previous year [Il, Bland/or in
those who receive BCMA-targeted bispecific T cell engagers owing
toahighrisk of infections [llI, C].

Bortezomib-based regimens with the addition of daratumumab
is the cornerstone of the management of MM-related renal
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impairment [I, A]. HDM should be administered at least for the
first month of therapy [Il, B]. The combination of DaraVTd or Dara-
VCd should be the frontline treatment of choice [II, B]. If reversal
of renal impairment is observed, thalidomide or cyclophospha-
mide can be substituted by lenalidomide [panel consensus; V, B].
This recommendation is based on the evidence of efficacy with

daratumumab in patients with severe renal impairment [Il, B].
Patients who areineligible for ASCT canreceive DaraVCd or VMP,
although no data are available on the role of these regimens in
patients undergoing dialysis [II, B].

« Thalidomide is effective and safe in patients with MM and renal
impairment and can be given without dose modifications [II, B].

Box 3 | Summary of recommendations for the management of toxicities derived from
novel therapies in patients with multiple myeloma

Ocular toxicities

¢ Ophthalmology evaluation is recommended before each
belantamab mafodotin infusion for the first four cycles [I, Al.

e The treating physician can decide for the next dose administration
or delay based on the vision-related anamnestic tool [Il, B].

e Dose delays, dose reductions and prolonged intervals (every
8 to 12 weeks) between belantamab mafodotin administration
lead to the recovery of ocular AEs without affecting the efficacy
of the drug [I, Al.

CRS
Grade1
e Supportive care including analgesics and antipyretics [I, Al.
o If fever persists, check for infections [I, A].
e Consider tocilizumab for persistent (>3 days) and refractory
fever[l, Al.

Grade 2

e Intravenous fluid bolus [I, A].

e Tocilizumab early if fever of >39°C persists, if hypotension persists
despite the use of initial fluid bolus or after initiation of oxygen
supplementation [Il, B].

¢ If hypotension persists after a second fluid bolus and tocilizumab,
transfer to the intensive care unit [l, A].

¢ Add dexamethasone if hypotension persists after anti-IL-6
antibodies, high risk of severe CRS, worsening hypoxia or clinical
concern [panel consensus, IV, C].

Grade 3

e Consider intensive care [, Al.

e Administer tocilizumab [Il, B].

¢ Add dexamethasone if no response within 24 h, increasing dose
if refractory [ll, B].

e Add anakinra if CRS unresponsive [panel consensus; llI, C].

e Consider etanercept as clinically appropriate [panel
consensus; lll, C].

Grade 4
e Consider intensive care [, Al.
e Administer tocilizumab [Il, B].
o Administer high-dose methylprednisolone [lI, B].
e Add anakinra if CRS unresponsive [panel consensus; llI, C].

o |f CRS remains unresponsive consider alternative agents such as
etanercept [panel consensus; llI, C].

Immune effector cell-associated neurotoxicity
syndrome (ICANS)
Grade1
o Observation.
o Withhold oral food, medicine and fluid intake and switch to
intravenous intake.
o Haloperidol or lorazepam if patient is agitated [ll, B].
o Consider early dexamethasone in high-risk patients [Il, B].
o Start non-sedating AEDs if not already being administered [panel
consensus; I, C].
e MRI of brain, lumbar puncture, funduscopic examination and/or
EEG I, Al

Grade 2

e Dexamethasone [ll, B].

o If noimprovement after 48 h, increase dexamethasone dose or
administer alternative agents such as anakinra or tocilizumab in
the concomitant presence of CRS [ll, B].

o Start non-sedating AEDs if not already being administered [Il, B].

e Consider EEG and CT or MRI [lI, B].

Grade 3

e Dexamethasone [ll, B].

¢ |f noimprovement after 24 h, increase dexamethasone dose [ll, B],
or administer high-dose methylprednisolone and/or alternative
agents such as anakinra [panel consensus; IV, C].

e Start non-sedating AEDs if not already being administered [ll, B].

e Consider EEG and CT or MRI [ll, B].

e Acetazolamide if increased CSF pressure [panel consensus; 1V, C].

Grade 4

e Dexamethasone [ll, B].

o [f refractory, administer high-dose methylprednisolone [panel
consensus; IV, C].

o |f ICANs remains refractory, consider alternative therapies
including lymphodepletion with cyclophosphamide or other
drugs [panel consensus; IV, C].

e Consider mechanical ventilation, EEG and CT or MRI [Il, B].

e Drain CSF if increased CSF pressure [panel consensus; V, C].

AE, adverse event; AED, anti-epileptic drug; CRS, cytokine-release syndrome; CSF, cerebrospinal fluid; EEG, electroencephalography; ICANS, immune
effector cell-associated neurotoxicity syndrome. Recommendations include supporting levels of evidence and have been graded'® (Supplementary Table 1).

See ref. 161.
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Lenalidomide is also effective and safe in patients with mild to
moderate renalimpairment and should be administered with dose
adjustments according to creatinine clearance[ll, B]. HDM-ASCT
is feasible in patients with MM and renal impairment; the dose
of melphalan should be restricted to 100-140 mg/m? [11l, C].
Pomalidomide can be administered at standard doses in patients
with severe renal impairment, even those on dialysis[Il, B]. Carfil-
zomibisanother optionin patients with RRMM and renal impair-
ment and it needs no dose modifications in those with creatinine
clearance >15 ml/min, with similar outcomes in patients with and
without renal impairment [Il, B]. Ixazomib can be safely adminis-
tered in combination with lenalidomide and dexamethasone in
patients with RRMM and creatinine clearance =30 ml/min [lI, B].
Daratumumab can be also given to patients with severe renal
impairment [l1, B]. Finally, teclistamab is another optionin patients
with MM and renal impairment (even on dialysis) [1II, C].

« Ophthalmology evaluation is recommended before each belan-
tamab mafodotin infusion for the first four cycles [I, A] (Box 3).
The treating physician might be able to decide for the next dose
administration or delay based on the vision-related anamnestic
tool [ll, B]. Dose delays, dose reductions and prolonged interval
(every 8 to 12 weeks) between belantamab mafodotin adminis-
tration lead to the recovery of ocular AEs without affecting the
efficacy of thedrug[l, A].

» Forgrade1CRS, we recommend supportive care including anal-
gesics and antipyretics. If fever persists (>3 days) and infections
are excluded, consider tocilizumab [I, A].

« Forgrade2CRS, give anintravenous fluid bolus of 500-1,000 ml
to maintain a systolic blood pressure of >90 mmHg; administer
tocilizumab (8 mg/kginfused over 1h) early if fever of >39°C per-
sists, or if hypotension persists after administration of the initial
fluid bolus or initiation of oxygen supplementation [Il, B]. If hypo-
tension persists after administration of a second fluid bolus and
tocilizumab, transfer to the intensive care unit for consideration
of low-dose vasopressor therapy. Add dexamethasone (10 mg
intravenously every 6 h) if hypotension persists, especially after
anti-IL-6 therapy [panel consensus; 1V, C].

« Forgrade3 CRS, consider intensive care, administer tocilizumab
and add dexamethasone if there is no response within 24 h and
increase the dose if refractory (to 20 mg intravenously every
6 h); add anakinra (2 mg/kg daily for 3-5 days) if the CRS is unre-
sponsive; consider etanercept as clinically appropriate [panel
consensus; IlI, C].

« Forgrade4CRS, the patient should beintheintensive care unitand
receive tocilizumab and high-dose methylprednisolone (1 g/day);
add anakinraifthe CRSis unresponsive or evenalternative agents
such as etanercept [panel consensus; IlI, C].

« For grade 1ICANS, observe the patient, withhold oral food,
medicine and fluid intake, and switch to intravenous intake; halo-
peridol or lorazepam if the patient is agitated; consider early
dexamethasone in patients with high-risk disease [lI, B]. Start
non-sedating antiepileptic drugs if not already being adminis-
tered [panel consensus; IlI, C]. MRI of brain, lumbar puncture,
funduscopic examination and/or electroencephalography should
be performed][l, Al.

« Forgrade 2ICANS, give dexamethasone (10 mgevery 12 h) and if
noimprovementis observed after 48 h, increase dexamethasone
dose (20 mg every 6 h) or administer alternative agents such as
anakinraortocilizumabin the concomitant presence of CRS[Il, B].

» For grade 3 ICANS, start dexamethasone (10 mg every 6 h) and
if no improvement is observed after 24 h, consider high-dose
dexamethasone (20 mgevery 6 h), high-dose methylprednisolone
(1-2 g/day) and/or alternative agents such as anakinra [panel con-
sensus; IV, C]. Consider acetazolamide if cerebrospinal fluid (CSF)
pressureis increased [panel consensus; IV, C].

« For grade 4 ICANS, give dexamethasone (20 mg every 6 h).
IFICANS is dexamethasone-refractory, consider high-dose meth-
ylprednisolone (2 mg/kg every 12 h). If still refractory, consider
alternative therapiesincluding lymphodepletion with cyclophos-
phamide or other drugs [panel consensus; IV, C]. If CSF pressure
>20 mmHg, drain CSF to <20 mmHg viaan Ommayadevice [panel
consensus, V, C].

Conclusions

Theexpertsinthis panel reviewed all the new data available fromJanu-
ary 2021 until May 2025. During this period of time, 14 new drugs or
drug combinations were approved by the EMA and/or FDA. In these
guidelines, the panel provides useful recommendations for the diag-
nosis, follow-up and treatment of patients with MM in different clinical
scenarios, such as disease refractory to both anti-CD38 antibodies and
lenalidomide, or with four-class refractoriness, to name a few. The
experts also agree that the high efficacy of novel therapeutic agents
creates the need for new response criteria that will lead to therapeutic
decisions, such as when to stop maintenance or whento change therapy
to achieve the best results in patients.

Asthe cureinaproportion of patients withMM s on the horizon,
the panel experts acknowledge the existing global variation in access
to drugs and monitoring tools. For example, some non-approved but
extremely efficacious drug combinations have greater availability in
the USAthaninEurope, Canada, Australia or other regions because they
are recommended by the NCCN Guidelines'’. Furthermore, a major
issue with CART cell productsis the lack of availability in the majority
of European countries.

Finally, as described in the Methods section, in these guide-
lines we only recommend regimens approved by the EMA or FDA, or
those tested in phase Il registrational trials. We discuss but cannot
recommend all other regimens that have shown benefit but have not
been tested inregistrational trials (such as Rd for high-risk SMM, IsaKRd
or DaraKRd as induction and consolidation therapy in transplant-
eligible patients with NDMM, or KPd in those with RRMM). Furthermore,
the expert panel members were mainly based in Europe and formulated
these recommendations for application in routine clinical practice
in Europe. Nevertheless, we believe that these guidelines are a useful
resource for clinicians treating patients with MM in other regions.

Published online: 7 July 2025
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