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Summary

Recent treatment advancements in multiple myeloma have led to significant im-
provements in patient outcomes. Maintenance therapy following autologous haema-
topoietic stem cell transplantation (AHCT) is now standard of care and has been
demonstrated to prolong and deepen treatment responses. Currently, lenalidomide
remains the single agent that has been approved for maintenance post-AHCT in
Europe and the USA which, if tolerated, is continued until disease progression. The
treatment landscape is rapidly expanding however, and the optimal personalised
maintenance approach for a patient is becoming more complex. Treatment outcomes
for patients with high-risk disease remain poor and choice of maintenance in this
population also remains unclear. This review article evaluates up-to-date literature
regarding established maintenance approaches. It further analyses ongoing studies
exploring maintenance regimens using combination and novel agents, approaches
to maintenance in patients with cytogenetic high-risk disease and minimal resid-
ual disease response-adapted strategies that reflect the current evolving treatment
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INTRODUCTION

Despite considerable advances in the treatment of multiple my-
eloma (MM), most patients still ultimately relapse. Maintenance
therapy has become the standard of care following autologous
haematopoietic cell transplantation (AHCT) as it has been shown
to prolong and, in some patients deepen, treatment responses.
At present, lenalidomide remains the only agent ap-
proved in Europe and the USA for maintenance post-AHCT.

Whether one agent or more is required to achieve sustained
remissions continues to be evaluated as does the duration of
maintenance, particularly for patients who demonstrate sus-
tained minimal residual disease (MRD) negativity. In this
review, we aim to provide an up-to-date, practical approach
to maintenance therapy in MM by evaluating the evidence
for both established and novel agents, approaches in high-
risk disease and the role of MRD in guiding maintenance
treatment and duration.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

Br ] Haematol. 2024;204:1159-1175.

wileyonlinelibrary.com/journal/bjh 1159


www.wileyonlinelibrary.com/journal/bjh
https://orcid.org/0009-0004-4938-0910
https://orcid.org/0000-0003-1374-4503
https://orcid.org/0000-0002-7190-0028
https://orcid.org/0000-0003-1224-091X
mailto:
https://orcid.org/0000-0002-6138-8112
http://creativecommons.org/licenses/by-nc/4.0/
mailto:laurent.garderet@aphp.fr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fbjh.19353&domain=pdf&date_stamp=2024-02-23

MAINTENANCE THERAPY POST ASCT IN MYELOMA

1160
BJHae
BRITISH JOURNAL OF HAEMATOLOGY

ROLE OF MAINTENANCE:
CONVENTIONAL AGENTS

Immunomodulatory drugs (IMiDs)
Lenalidomide

Lenalidomide is well-established and widely used as mainte-
nance therapy post-AHCT. Randomised phase 3 studies have
demonstrated that lenalidomide improves progression-free
survival (PFS) and some studies reported improved over-
all survival (OS). The Co-operative Cancer and Leukemia
Group B (CALGB) 100104 study was one of the first phase
3 studies to compare lenalidomide versus placebo from
100days following first AHCT." In this study, 460 AHCT-
eligible patients with newly diagnosed MM who had received
at most two induction regimens and who had achieved a
response of stable disease or better, were randomised in a
blinded fashion to either lenalidomide (n=231) or placebo
(n=229). Initial results demonstrated a significant improve-
ment in time to progression (TTP) of 46 months with le-
nalidomide compared to 27 months for placebo (p<0.001).
Updated data at a median follow-up of 91 months, despite a
significant crossover of eligible patients in the placebo arm
to the lenalidomide arm, demonstrated that the median TTP
was 57.3 months with lenalidomide versus 28.9 months for
placebo (HR 0.57, p<0.001). Median OS was significantly
longer for those patients who received lenalidomide com-
pared to those who received placebo (113.8 vs. 84.1 months,
<0.0004).>

The French IFM2005-02 trial randomised patients
younger than 65years of age to post-AHCT maintenance
treatment with either lenalidomide or placebo. Here, the du-
ration of maintenance was fixed at 1year during the study
due to concerns regarding the rates of secondary primary
malignancies (SPM) in other studies. At a median follow-up
of 45months, the study demonstrated an improved median
PFS with lenalidomide maintenance (41 vs. 23 months with
placebo, HR 0.50, p<0.001). However, OS 3years postran-
domisation showed no significant difference between the
groups (80% vs. 84% with placebo, HR 1.25, p=0.29).” This
seems to indicate that 1year of lenalidomide maintenance is
insufficient to prolong survival.

The Italian GIMEMA group conducted a phase III trial
that randomised patients to receive lenalidomide main-
tenance or no maintenance following either a high dose
melphalan (HDM) (200 mg/m?) ‘MEL200” AHCT or consol-
idation with melphalan-prednisone-lenalidomide. At a me-
dian follow-up of 51.2 months, median PFS was significantly
improved in the lenalidomide maintenance group (41.9 vs.
21.6months, HR 0.47, p<0.001). Again, OS estimates at
3years were similar in the two groups at 88.0% versus 79.2%
(p=0.14) respectively.*

A subsequent meta-analysis of these three randomised
controlled trials confirmed the significant improvement
in PFS with lenalidomide maintenance post-AHCT of 52.8
versus 23.6 months for placebo/observation (HR, 0.48; 95%

CI, 0.41 to 0.55). Initial discordant OS data between stud-
ies were felt to be due to a few factors, an important one
being that some studies were underpowered for OS as a
primary end-point. The analysis demonstrated a signifi-
cant 25% reduction in the risk of death with lenalidomide
maintenance versus placebo or observation with a me-
dian OS of ‘not reached’ versus 86.0 months respectively
(p=0.001). In subgroup analysis, the largest OS benefit
was seen in patients who had achieved at least a very good
partial response (VGPR) after HDM and AHCT, or who
had received a lenalidomide-based induction strategy.” To
further improve on these results, the effect of adding cor-
ticosteroids to lenalidomide maintenance was evaluated in
a phase III study that randomised patients to lenalidomide
plus prednisone 50 mg on alternate days versus lenalido-
mide alone following HDM and AHCT or cyclophospha-
mide, lenalidomide and dexamethasone. Toxicity profiles
were comparable; however, the addition of prednisone did
not provide an OS advantage or a statistically significant
improvement in PFS.°

The UK Myeloma XI study further evaluated outcomes
in both transplant-eligible and -ineligible patients who re-
ceived lenalidomide maintenance or placebo. This was an
open-label, randomised phase III trial with three rando-
misation stages: (1) induction as determined by transplant
eligibility, (2) intensification as determined by response to
induction and (3) maintenance versus none. A total of 1137
patients were assigned to lenalidomide maintenance and 834
to observation. At a median follow-up of 31 months, median
PFS was improved in the transplant-eligible lenalidomide
group (57 vs. 30 months, p<0.0001). On subgroup analysis,
there was a trend to increased PFS in all standard, high- and
ultra-high-risk cytogenetic risk groups with no evidence
of heterogeneity in outcome between groups suggesting all
benefitted from the use of lenalidomide maintenance com-
pared to observation. A significant improvement in 3-year
OS was observed with post-AHCT lenalidomide mainte-
nance (87.5% vs. 80.2%, p=0.014), although this benefit was
not seen in the transplant-ineligible group.”

Regarding the duration of lenalidomide maintenance,
the German-speaking Myeloma Multicenter Group
(GMMG)-MMS5 trial evaluated 2-year fixed duration
(LEN-2Y) versus a lenalidomide maintenance strategy
which was response-adapted based on the achievement
of complete response (CR) (LEN-CR). The median du-
ration of maintenance in the LEN-2Y versus LEN-CR
groups were 17.6 and 9.5months respectively (p <0.001).
At a median follow-up of 60.1 months, OS was longer with
LEN-2Y versus LEN-CR with 3-year OS rates of 84.1% ver-
sus 76.1% (HR 1.42, p=0.03). There was a trend towards
a shorter PFS of 56.1% versus 84.1% but this did not meet
statistical significance (HR 1.15, p=0.2). Continuing lena-
lidomide beyond CR reduced the negative prognostic ef-
fect of the presence of t(4;14) on PFS and OS, and del17p on
PES. The results, therefore, supported continuing main-
tenance beyond the achievement of CR.® More recently,
the DETERMINATION study randomised patients to
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triplet induction therapy with lenalidomide, bortezomib
and dexamethasone (RVd) versus RVd followed by HDM,
transplantation and consolidation.” Lenalidomide mainte-
nance was given in both arms until disease progression,
intolerable toxicity, or trial withdrawal. At a median fol-
low-up of 76 months, median PFS was 46.2 months with
RVd alone versus 67.5months with HDM and AHCT fol-
lowed by consolidation and maintenance. There was also a
PES benefit in those with high-risk disease, with a median
PES of 17.1 months with RVd alone versus 55.5 months
with HDM and AHCT. The study highlighted the impor-
tance of long-term lenalidomide maintenance in main-
taining a durable response. Comparing this trial, in which
lenalidomide was given until progression, to the identical
IFM2009 trial in which lenalidomide was fixed at 1year,
there was a strong benefit in favour of continuous main-
tenance with relative PFS in the two trial transplant arms
of 67.5 versus 47.3 months respectively.'’ The UK Myeloma
XTI trial further observed improvements in PFS with con-
tinuous longer duration lenalidomide maintenance be-
yond 3 years, that support these findings."'

Summary

Lenalidomide has been approved by both the FDA and the
EMA for maintenance post-AHCT. It is the only agent shown
to confer an overall survival advantage in this setting though
the optimal duration of maintenance remains under debate.
Lenalidomide maintenance should commence before dis-
ease progression, as suggested by the CALGB 10014 study
where patients on lenalidomide had significantly longer TTP
despite those on the placebo arm being allowed to crosso-
ver. The initial recommended dose is 10mg once daily for
21days every 28days (alternatively every day) and, if well
tolerated, the dose may be increased to 15mg once daily. In
the DETERMINATION trial, lenalidomide was given until
disease progression whereas it was given for a fixed duration
of 1year in the IFM2009 trial. The former approach resulted
in 20.2-month improvement in Progression-Free Survival.
Nonetheless, the need for maintenance beyond 2 years in pa-
tients with sustained MRD negativity is being evaluated in
current trials. An exception is ultra-high-risk patients with
two or more high-risk cytogenetic abnormalities, a group
for whom intensified maintenance strategies are clearly
required.

Thalidomide

Thalidomide was one of the earliest agents used as mainte-
nance post-AHCT. The MRC IX study was a large phase 3
randomised study that compared post-AHCT thalidomide
maintenance with observation. Thalidomide resulted in
a significantly longer PFS compared to observation (30 vs.
23 months, HR 1.42 p=0.003) although there was no OS ben-
efit. There was greater benefit seen in patients with stand-
ard risk disease as defined by interphase FISH and worse OS
in those with adverse cytogenetics.'” The National Cancer
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Institute of Canada Clinical Trials Group MY.10 study also
compared thalidomide and prednisone maintenance versus
observation post-AHCT. At a median follow-up of 4.1 years,
median PFS was significantly longer with 4-year estimates
of 32% versus 14% (p<0.0001) although, here again, there
was no significant improvement in estimated OS. The tox-
icity profile, however, was significantly worse with poorer
Quality-of-Life outcomes." Lastly, the HOVONS50 study was
a phase 3 study that compared thalidomide with interferon-
alpha maintenance post-AHCT wuntil progression. At a
median follow-up of 129months, event-free survival was
significantly longer in the thalidomide group (p<0.0001).
However, there was significant thalidomide toxicity includ-
ing neuropathy, skin reactions and fatigue that limited treat-
ment delivery in 42% of patients."* Due to this toxicity and
the absence of a robust OS benefit signal, thalidomide main-
tenance did not become standard practice. It may, however,
be used in resource-constrained countries with limited ac-
cess to lenalidomide or other newer agents.

Pomalidomide

There is emerging evidence for the use of pomalidomide
as maintenance post-AHCT as a ‘salvage option’ in a lena-
lidomide refractory group. The EMNO011/HOVON114 trial
studied salvage pomalidomide-based re-induction and
maintenance in patients who had relapsed or demonstrated
progressive disease following VCD (bortezomib, cyclophos-
phamide and dexamethasone) induction, HDM/ASCT or
VMP (bortezomib, melphalan, prednisone), VRD consoli-
dation and lenalidomide maintenance.” In the study, 111
patients received eight cycles of KPd (carfilzomib, pomalid-
omide and dexamethasone), followed by HDM and AHCT
(if not previously received) and then maintenance pomalido-
mide with or without dexamethasone continued until pro-
gression. Of the group, 79% received their first HDM and
ASCT. At a median follow-up of 40 months, the median PFS
was 26 months and OS 67 months, demonstrating the fea-
sibility of pomalidomide maintenance. In the IFM2013-01
study, patients received pomalidomide-based salvage in first
relapse, then HDM and AHCT followed by pomalidomide
and dexamethasone maintenance.'® The median PFS was
33.2months and median OS was not reached. Phase 3 stud-
ies comparing pomalidomide to standard-of-care lenalido-
mide for maintenance have not been conducted and would
be required to compare their efficacy and tolerability. This
may be of particular value for patients with renal impair-
ment given its hepatic metabolism.

CELMoDs
Iberdomide

Iberdomide is a novel cereblon E3 ligase modulator that
has demonstrated increased anti-proliferative activity
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compared to IMIDs in preclinical studies.” There are
ongoing phase II trials evaluating the efficacy and safety
of iberdomide maintenance post-AHCT and results are
awaited.'*"

Proteosome inhibitors
Bortezomib

Multiple studies have evaluated bortezomib maintenance
post-AHCT. In the HOVON65/GMMG-HD4 two-arm
study, newly diagnosed symptomatic MM patients re-
ceived either vincristine, doxorubicin and dexamethasone
(VAD) with thalidomide maintenance or bortezomib,
adriamycin and dexamethasone (PAD) with bortezomib
maintenance for 2years post-AHCT to evaluate the effi-
cacy of bortezomib in both induction and maintenance.
CR rates were higher in the PAD and bortezomib mainte-
nance group (49% vs. 34%; p < 0.001). Following HDM and
AHCT, a longer PFS was seen in the bortezomib group:
31 versus 26 months.”” Further subanalysis revealed that
patients with dell7p had derived the greatest benefit from
bortezomib-based treatment with a median PFS of 26.2
versus 12 months (p=0.024).”' An issue with this study de-
sign, however, was that the two cohorts received different
inductions and maintenance schedules hence the effect of
either alone could not be assessed.

The phase 3 PETHEMA/GEM study (GEM05MENOS65)
randomised 390 MM patients 65years or younger to either
thalidomide and dexamethasone, VTD or combination che-
motherapy plus bortezomib followed by HDM and AHCT.
They underwent a further maintenance randomisation
to receive either thalidomide/bortezomib, thalidomide or
alpha2-IFN. There was a trend towards improved CR rates
with thalidomide/bortezomib (21%) over thalidomide (11%)
and alpha 2 IFN (17%), which did not reach statistical signif-
icance. Regarding toxicity, however, a high rate of grade 2-3
peripheral neuropathy of 48.8% were observed in the thalid-
omide/bortezomib group.*?

Bortezomib-based maintenance has also been specifi-
cally studied in high-risk disease. The Emory group exam-
ined RVd consolidation and 3years of RVd maintenance
post-AHCT in a high-risk group. Maintenance consisted
of weekly bortezomib, lenalidomide on D1-21 of a 28-
day cycle and weekly dexamethasone. With this approach,
they demonstrated a median PFS of 32 months and a 3-
year OS of 93%, superior to previous studies with either
monotherapy or observation alone.”> RVd maintenance
was also studied in the Total Therapy IIIB trial where
patients received VDT-PACE induction, tandem AHCT,
consolidation and then 3 years of maintenance RVd.** The
RVd maintenance schedule included bortezomib adminis-
tered monthly in the first year and weekly in years 2 and 3,
lenalidomide for all 3 years and dexamethasone on D1-4,
8-11 in the first year and then weekly with bortezomib in
years 2 and 3. Of 177 patients, 22% had high-risk disease by

gene expression profiling (GEP). After a median follow-up
of 14.2years, the median OS was 11.1 versus 2.8 years for
GEP low-risk and high-risk respectively. Unlike the Emory
study, this study did not result in improved outcomes for
high-risk patients highlighting the significant unmet need
for this patient group.

Ixazomib

Ixazomib, an oral proteasome inhibitor (PI), has been evalu-
ated in the setting of maintenance. It may be a suitable agent
given its convenient once-weekly oral dosing and lower toxic-
ity profile. The Tourmaline-MM3 study was a phase 3 study
evaluating the safety and efficacy of ixazomib for 2years
versus placebo as maintenance therapy following AHCT.*
At a median follow-up of 31 months, the median PFS was
longer with ixazomib versus placebo at 26.5 and 21.3 months
(p=0.0023) respectively. No increase in SPM was noted with
ixazomib therapy, with an incidence of 3% in each group.

Further studies have hence sought to compare ixazomib
with lenalidomide. The MMRC-066 trial commenced pa-
tients on ixazomib, lenalidomide and dexamethasone (IRd)
consolidation post-AHCT and then randomised them to
maintenance with either ixazomib or lenalidomide. Interim
analysis at a median of 11 months follow-up demonstrated
that ixazomib resulted in an estimated median PFS of
28.2months whereas it was not reached in the lenalidomide
cohort. Ixazomib was deemed not non-inferior to lenalid-
omide, randomisation ceased, and patients were advised to
cross over to lenalidomide.? In the Spanish GEM2014MAIN
study, patients were randomised to receive either IRd or
Rd post-AHCT.” At a median follow-up of 69 months, the
6-year PES rates were 55.6% and 61.3%, respectively (HR
1.136), with no significant difference between groups.*®

The phase 2 IFM2013-06 study evaluated IRd induction
followed by HDM and AHCT, early and late consolidation
and then maintenance with single agent ixazomib.?* In the
intention-to-treat group, there was a high ORR of 92.3%
with evidence of deepening responses at the end of consoli-
dation when compared to those postinduction. At a median
follow-up of 62.6 months, the median PFS was 41.8 months,
and the 3-year OS was 92.8%. There was, however, no im-
provement in stringent CR (sCR) rates after 1year of ixazo-
mib maintenance and fixed-duration maintenance is likely
to be a suboptimal approach. Overall, PFS outcomes appear
to be inferior compared to RVd induction and lenalidomide
maintenance strategies.

Combination ixazomib and lenalidomide maintenance is
also being studied. In a phase 2 single-arm study of 64 pa-
tients on combination maintenance, the median PFS for all
patients was 73.3 months with a 5-year OS of 88.4%. Patients
with cytogenetically high-risk features, however, had a PFS
of only 25.4months. Although it was a single-arm study,
results to date suggest a potential benefit for combination
maintenance therapy when compared to single agent lena-
lidomide though further data are required.*
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Carfilzomib

Carfilzomib, a second-generation PI, can induce deep re-
sponses and has been shown to prolong survival with manage-
able toxicity. The Italian FORTE study was the first to compare
carfilzomib plus lenalidomide maintenance to lenalidomide
alone in patients following carfilzomib-based induction,
HDM and AHCT. Following the first randomisation to ei-
ther (1) carfilzomib, lenalidomide and dexamethasone (KRd),
HDM and AHCT, (2) 12cycles of KRd or (3) carfilzomib, cy-
clophosphamide and dexamethasone (KCd) HDM and AHCT,
patients then underwent a second randomisation to KR versus
lenalidomide maintenance. KRd and AHCT had the highest
rates of VGPR or better compared to other induction strate-
gies (89% vs. 87% vs. 76%) and resulted in the highest rates
of premaintenance MRD negativity (62% vs. 56% vs. 43%).
Regarding maintenance, at a median follow-up of 37.3 months
from the second randomisation, the rates of MRD conversion
from positive to negative by next-generation sequencing (NGS)
was higher with KR versus lenalidomide alone (56% vs. 30%,
p=0.046). The 3-year PFS was also longer with KR at 75% ver-
sus 65% (p=0.023). Rates of non-haematological adverse event
were higher with KR, including hypertension, thrombotic
microangiopathy and cardiac events, although no increase in
SPMs has yet been reported.

The phase 3 ATLAS study is evaluating the efficacy of KRd
versus lenalidomide post-AHCT until disease progression or
intolerance. Patients with undetectable MRD and standard
risk disease are switched to lenalidomide alone after cycle 6 if
on the KRd arm. At a median follow-up of 33.8 months, the
median PFS was 59.1 months in the KRd arm and 41.4 months
in the lenalidomide arm (p=0.012).*> There is a legitimate
concern regarding the treatment burden and the cumulative
toxicity of three active agents compared to single agent lena-
lidomide. A higher frequency of grade 1-2 adverse events
were seen in the KRd arm (93% vs. 83%) with higher rates of
anaemia, respiratory tract infections and fever. Serious adverse
events were higher in the KRd arm (30% vs. 22%) and were
primarily due to lower respiratory tract infections (12% vs. 3%).
There was one treatment-related death due to respiratory fail-
ure in the KRd arm. Longer term follow-up will be valuable to
determine both the efficacy and deliverability of this approach.

The Phase 2MMRC study was a single-arm study that
evaluated KRd combination therapy for maintenance post-
KRd induction, AHCT and consolidation. At a median fol-
low-up of 56 months, the estimated overall 5-year PFS was
72% and 5-year OS 84%, the outcomes in those with high-
risk disease being poorer at 57% and 72% respectively. In
such high-risk patients, achieving MRD negativity was asso-
ciated with superior PFS. Treatment toxicity was comparable
to that seen in the FORTE study.”

Summary

Among the PIs, bortezomib and carfilzomib have shown
the most convincing evidence of benefit in the maintenance
setting, notably for patients with high-risk cytogenetics.
However, toxicity is an issue, principally neurotoxicity for

BRITISH JOURNAL OF HAEMATOLOGY

bortezomib and cardiac toxicity for carfilzomib. The rec-
ommended starting dose of bortezomib is 1.3 mg/m? subcu-
taneously in the absence of neuropathy and it is generally
administered once every 2weeks for a fixed duration of
2years.

Anti-CD38 antibodies
Daratumumab

Daratumumab, an anti-CD38 monoclonal antibody, has
become the standard of care for transplant-eligible patients
with newly diagnosed MM and is an attractive mainte-
nance agent given its tolerability. The CASSIOPEIA trial
was a phase 3 study that randomised transplant-eligible
patients to receive daratumumab, bortezomib, thalidomide
and dexamethasone (D-VTd) or bortezomib, thalidomide
and dexamethasone in induction and consolidation.**
Daratumumab significantly improved the proportion of
patients who achieved VGPR or better and MRD negativ-
ity following consolidation. The D-VTd group also had a
significantly longer PFS. Those who achieved at least a PR
were then randomised to daratumumab maintenance, dosed
once every 8 weeks, versus observation for 2years. At a me-
dian follow-up of 35.4 months, the median PFS had not been
reached in the daratumumab group and was 46.7 months in
the observation group (HR 0.53, p<0.0001).”> Notably, a sta-
tistically superior PFS with maintenance daratumumab was
only seen in the patients who had received VTd induction. In
other words, no significant benefit was seen with the use of
maintenance daratumumab in patients who had received it
during induction and post-transplant consolidation. Further
follow-up will be required to determine whether there is any
benefit of daratumumab maintenance post-D-V'Td.

In the GRIFFIN study, daratumumab was further evalu-
ated in a protocol consisting of (D)-RVd induction followed
by HDM and AHCT, consolidation and then maintenance
with Daratumumab-lenalidomide (Revlimid) (DR) or single
agent lenalidomide. Patients were randomised to D-RVd or
RVd and patients in the D-RVd group received maintenance
IV daratumumab every 8weeks or every 4weeks follow-
ing protocol amendment in addition to lenalidomide 10mg
on Days 1-21, or up to 15mg if tolerated. Maintenance was
capped to a maximum of 2 years or until disease progression.
The primary end-point of sCR was reached in 42.4% of pa-
tients in the D-RVd arm and 32% in the RVd arm at the end
of consolidation (OR, 1.57; one-sided p=0.068).”® At a median
follow-up of 26.7 months, the D-RVd arm had higher rates
of sCR (63.6% vs. 47.4%, p=0.0253) demonstrating that DR
maintenance resulted in deeper treatment responses.”” There
are ongoing studies evaluating daratumumab maintenance
which will ultimately determine whether combination DR
maintenance will become a standard of care. The AURIGA
study is comparing subcutaneous daratumumab and lena-
lidomide maintenance with standard-of-care single agent
lenalidomide and an end-point is the MRD rate after 1year of
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maintenance.”® In this study, newly diagnosed MM patients
who have received four or more cycles of induction followed
by AHCT and who are daratumumab naive will be eligible for
maintenance randomisation if they are MRD positive by NGS
within 30days of screening. The SWOGS1803 group will sim-
ilarly compare combination daratumumab and lenalidomide
maintenance with single agent lenalidomide and will evaluate
overall survival and MRD for 2years in the DRAMMATIC
study.”® The PERSEUS trial is comparing D-VRd induction,
AHCT, consolidation followed by DR maintenance to VRd
induction, AHCT, consolidation and R maintenance. Patients
who receive DR maintenance and sustain MRD negativity
for 1year, will cease daratumumab and continue R mainte-
nance.”” The Daratumumab-containing arm was recently
reported to have had a significantly improved PFS and in-
creased depth of response (=CR and MRD negativity), with
consistent PFS benefit across clinically relevant subgroups.*'
The study authors have proposed that D-VRd followed by DR
maintenance represents a new standard of care for transplant-
eligible NDMM.*!

Isatuximab

Isatuximab, another anti-CD38 monoclonal antibody, is
being studied in the ongoing GMMG-HD? trial in combina-
tion with RVd (Isa-RVd) versus RVd only. In the first part
of this phase 3 study, patients were randomised to Isa-RVd
versus RVd and received three cycles of a 42-day induction
therapy. Isa-RVd reached the primary end-point of increased
MRD negativity postinduction (50% vs. 36% in the control
group, p=0.00017).** Treatment was deliverable, with simi-
lar rates of grade 3 or 4 adverse events in the two arms. We
await with interest the results of the second part of this study
that will compare, after second randomisation, combination
isatuximab and lenalidomide maintenance with single agent
lenalidomide and the effect of the addition of isatuximab
on both PFS and OS. Of note, the quadruplet combination
of isatuximab with KRd (Isa-KRd) is also being studied in
high-risk MM patients in the GMMG-CONCEPT study.
This study has a transplant-eligible arm in which patients
receive six cycles of Isa-KRd (28-day cycles) induction, fol-
lowed by consolidation and Isa-KR maintenance. Interim
analysis of the first 50 enrolled patients showed an ORR of
100% with 90% achieving a VGPR in a high-risk group.*’
After a median follow-up of 24.9 months, the median 12-
month PFS was 79.6% and the 24-month PFS was 75.5%.
Updated results are awaited.

Other monoclonal antibodies
Elotuzumab
Elotuzumab is a humanised IgGl immunostimulatory mon-

oclonal antibody against signalling lymphocytic activation
molecule F7, a protein highly expressed on myeloma cells.

The GMMG-HDE6 trial was a phase 3 study which assessed
the benefit of elotuzumab in combination with RVd in in-
duction and consolidation and of maintenance elotuzumab
and lenalidomide. At a median follow-up of 49.8 months,
the addition of elotuzumab did not lead to a statistically sig-
nificant improvement in PES or 0S.** A phase 2 study also
compared combination elotuzumab and lenalidomide main-
tenance post-AHCT.* Of 100 patients, there was a 27% con-
version rate from VGPR to MRD-negative CR. At a median
follow-up of 41 months, the estimated 4-year PFS was 75%.
Longer-term follow-up is required to consider its efficacy
compared with that seen in the lenalidomide monother-
apy trials indirectly. No direct comparison of elotuzumab
to observation or randomised study of Elo-Len versus Len
has been conducted post-ASCT. In the non-transplant set-
ting, elotuzumab was evaluated in the randomised phase
2 SWOG-1211 trial that randomised patient to eight cycles
of RVd or RVD-elotuzumab induction followed by mainte-
nance in high-risk MM patients. At a median follow-up of
53 months, there was similarly no significant difference in
PFS between the RVD and the RVD-elotuzumab arms (33.64
vs. 31.47 months, p=0.45)."

Summary

Trials incorporating maintenance anti-CD38 monoclo-
nal antibodies have recently been reported. Following
the CASSIOPEIA trial results, the benefit of maintenance
Daratumumab in those who receive it in induction and
consolidation remains uncertain. In addition, neither the
GRIFFIN nor the PERSEUS trials had a second randomi-
sation before starting maintenance, so it is not possible to
tully isolate the effect of their comparative maintenance ap-
proaches. On this basis, many clinicians may choose to con-
tinue to use single agent lenalidomide, certainly in standard
risk disease, until the addition of Daratumumab (Dara-Len)
has been clearly demonstrated to confer better outcomes.

Antibody-drug conjugates
Belantamab mafodotin

Belantamab mafodotin (belamaf) is a B-cell maturation
antigen (BCMA)-targeting antibody-drug conjugate that
has demonstrated activity in relapsed refractory (RR) MM
though not yet in the front-line setting. The GEM-BELA-
VRd trial is a phase 2 study currently evaluating the com-
bination of belamaf and VRd induction followed by HDM
and AHCT, consolidation, followed by lenalidomide and
belamaf maintenance.”” The BLAST study is another phase
2 study evaluating the efficacy and deliverability of reduced
frequency belamaf every 3months in addition to lenalido-
mide maintenance post-AHCT.*® It is also being evaluated
as single agent maintenance following salvage AHCT for re-
lapsed MM and also as maintenance with lenalidomide in
a MRD guided approach.***® Outcomes from such mainte-
nance strategies are awaited.
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Summary

The significant corneal toxicity renders Belantamab mafo-
dotin a poor candidate for use in maintenance. Although
studies evaluating lower doses and lighter administration
schedules are ongoing, it appears unlikely to be approved for
this indication in the near future.

Bispecific antibodies
Teclistamab

Teclistamab is a novel bispecific antibody targeting both
BCMA and CD3 that has demonstrated remarkable ef-
ficacy as monotherapy in triple-class exposed MM and
in combination with daratumumab and lenalidomide in
heavily pretreated patients.”>>* The MajesTEC-4 (EMN30)
study aims to enrol 1000 patients and randomise them to
either combination teclistamab and lenalidomide mainte-
nance or single agent lenalidomide in patients post-AHCT.
Immunomodulatory agents have been proposed to improve
the efficacy of immunotherapy and it is anticipated this
combination may further improve efficacy.”

Elranatamab

Elranatamab is another anti-BCMA humanised bispecific
antibody that has also shown efficacy in RR MM patients
with a manageable safety profile.”* The MagnetisMM-7 trial
will compare two dosing regimens of elranatamab mono-
therapy with single agent lenalidomide as maintenance
post-AHCT.”

Summary

Bispecific monotherapy has demonstrated remarkable single
agent clinical efficacy, even in patients with late-stage dis-
ease and high tumour burden. The current hope is that their
use in the setting of a complete or near complete remission
may induce very deep responses and, in some, operational
cures. Balanced against this enthusiasm is awareness of the
increased risk of infections and the need for the routine use
of intravenous immunoglobulins. It appears from reports
that a better balance between clinical efficacy and risk can
be achieved by their use as consolidation rather than as
maintenance. Striking this balance, however, will likely re-
quire the additional logistical burden of close monitoring for
MRD in such patients to allow for the intensity of treatment
to be calibrated based on the results.

RISK-BASED MAINTENANCE STRATEGIES

There has been an increased focus on precision medicine
and the development of personalised treatment strategies
based on cytogenetic risk profiling (Table 1). High-risk cy-
togenetic abnormalities (HRCAs) include t(4;14), t(14:16),

BRITISH JOURNAL OF HAEMATOLOGY

t(14:20), dell7p13, gain or amplification of 1q and del 1p.
The SKY92 gene expression classifier can also reliably iden-
tify NDMM patients with a poorer prognosis. Historically,
post hoc subgroup analysis in landmark lenalidomide stud-
ies, prior to Myeloma XI, had not found a PFS or OS benefit
with lenalidomide in high-risk cytogenetic groups. However,
these studies were likely underpowered for this purpose. The
FORTE study performed subgroup analysis of PFS based on
KR versus R maintenance strategies and across cytogenetic
abnormalities. In the KR group, the 3-year PFS was 90% in
the absence of a HRCA, 69% with one HRCA and 67% with
two or more HRCA. In the R group, this was 73%, 67% and
42% respectively. Results demonstrated trends favouring KR
maintenance across all cytogenetic risk groups, including 2+
HRCA, although this did not reach statistical significance.*®
There is an ongoing need for further studies to optimise
maintenance strategies for high-risk groups.

The Myeloma XI trial was a phase 3 multicentre UK study
in which the third randomisation compared maintenance
lenalidomide versus observation post-AHCT. Results sup-
port the PFS benefit of lenalidomide across all cytogenetic
risk groups.” Extended analysis from the patients that un-
derwent AHCT demonstrated that patients with a single ad-
verse cytogenetic abnormality obtained greater benefit from
lenalidomide maintenance compared to those with none
(standard risk).®* In the single hit group, those with dellp,
dell7p or t(4;14) derived the greatest benefit. Patients with
dellp and t(4;14) relapsed early when on observation alone
with median PFS rates of 7.5 and 9.9 months respectively.
The same groups achieved PFS rates of 57.6 and 54.3 months,
respectively, on lenalidomide maintenance. Gain 1q was the
only cytogenetic subgroup that did not demonstrate a sig-
nificant PFS benefit with lenalidomide versus observation
alone (HR 1.5, p=0.2). Outcomes remained poorest for
patients with two HRCA (ultra-high risk) despite benefit-
ting from lenalidomide maintenance, with a PFS of 22.5 on
maintenance versus 10.6months on observation (p=0.02)
and corresponding OS rates of 47.3 and 32.8 months respec-
tively (p=0.7).

A retrospective analysis assessed whether more intensive
lenalidomide-based combination maintenance strategies im-
proved PES compared to lenalidomide alone. Lenalidomide
combinations did not significantly improve PFS but a trend
towards improved PFS was seen in the lenalidomide combi-
nation group, except for those with gain 1q.%

The OPTIMUM/MUK nine trial has also evaluated in-
tensive induction in an ultra-high-risk MM group with two
or more HRCA or primary plasma cell leukaemia.®* A total
of 107 patients across the UK received Dara-CVRd induc-
tion, Vel-Mel augmented AHCT, followed by 18cycles of
Dara-VR-based consolidation and monthly Dara-R mainte-
nance until progression. The 30-month PES estimate at the
end of consolidation was 77%, superior to a matched-pair
ultra-high-risk cohort in the previous Myeloma XI study for
whom the corresponding 30-month PFS had been 39.8%.
Estimated 30-month OS was 83.5% versus 73.5%. Further
evaluation following maintenance and long-term follow-up
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(Continued)

TABLE 2

Enrolment

(n)

Estimated completion

Primary outcome

Regimen

Phase

Study

Study number

Not listed

Progression-free survival

Patients receive RCyBord x 4 induction 1400

2/3

Risk and response-adapted

ISCRTN46841867

followed by AHCT and then will go onto

one of three arms:
1. De-escalation: Standard risk MRD-

therapy following autologous

stem cell transplant in patients
with newly diagnosed multiple
myeloma (RADAR) UK-MRA

negative patients will receive 12 cycles
of isatuximab maintenance. Those that

Myeloma XV trial®!

remain MRD negative will be randomised

to continue or stop treatment
2. Escalation: Standard risk MRD-

positive patients will be randomised

to R, RBord x4 +R, R-Isa, or

RBorDIsad x 4 + R-Isatuximab
3. Intensive: Patients will be randomised to

RBorD x4 +R or RBorlsaD x 4+ R-Isa

Abbreviations: AHCT, autologous haematopoietic stem cell transplant; Bor, bortezomib; CR, complete response; Cy, cyclophosphamide; D, daratumumab; d, dexamethasone; Isa, isatuximab; K, carfilzomib; MRD, minimal residual

disease; R, lenalidomide; VGPR, very good partial response (This list was composed using registered trial candidates on ClinicalTrial.gov, ISRCTN registry and the ANZCTR registry).
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will reveal the ultimate value of this approach in this poor
prognostic group.

Overall single agent maintenance has been shown to ame-
liorate but not abrogate the impact of high cytogenetic risk
features. More intensive approaches may be needed partic-
ularly in the context of ultra-high-risk disease (e.g. >1 high-
risk lesion). The use of dual agent maintenance strategies
with lenalidomide plus proteasome inhibition (bortezomib
or carfilzomib) or anti-CD38 inhibition, when reimbursed,
may help improve outcomes further.

MRD-ADAPTED STRATEGIES

Minimal residual disease evaluation during maintenance
has been demonstrated in multiple studies to be a predic-
tor of disease progression and a prognostic marker for
long-term outcomes such as PFS.®>"% Achieving an un-
measurable MRD state (MRD negativity) may also over-
come the adverse effect of high-risk cytogenetics.®®®* It
has been proposed as a primary treatment end-point for
trials and a guide to determine the duration of mainte-
nance treatment. There are ongoing trials exploring MRD
response-adapted maintenance and fixed duration strat-
egies (Table 2). The GEM2014MAIN study discontinued
post-AHCT IRd or Rd maintenance following 2years of
treatment if patients were MRD negative.”’ At an updated
median follow-up of 69 months, there was a low progres-
sion rate of 17.2% at 4years, even in high-risk patients.”’
Another phase 2 study is further evaluating outcomes fol-
lowing the cessation of lenalidomide maintenance after
at least 3years of MRD negativity. In an interim analysis
of 23 patients at a median follow-up of 14.8 months, 87%
have remained MRD negative 1 year after stopping main-
tenance.”! The MRD2STOP study is investigating main-
tenance discontinuation after at least 1year of therapy if
MRD is unmeasurable through multiple modalities, that is
PET-CT negative and unmeasurable MRD by flow cytom-
etry or NGS in the bone marrow. At a median follow-up
of 14 months, 5% of 38 patients have had disease progres-
sion with a sustained MRD negativity rate at 12 months
of 84%.”* A single centre prospective cohort study opted
to discontinue lenalidomide maintenance in patients
who had three consecutive MRD-negative results using
next-generation flow, had a negative PET/CT and had a
minimum 36 months of maintenance.”> Twelve months
after stopping, 36 out of 38 patients have remained MRD
negative.

The MASTER trial is evaluating quadruplet induction
with Dara-KRd followed by HDM and AHCT and Dara-
KRd consolidation until the achievement of two consecu-
tive MRD-negative results.”* If MRD negativity is achieved,
patients stop treatment and undergo observation; if they
have persistent measurable MRD, they receive lenalido-
mide maintenance. At a median follow-up of 34.1 months,
123 enrolled patients with no, one or two or more HRCAs
had 3-year PFS rates of 91%, 87% and 51%, respectively, and
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3-year OS rates of 96%, 91% and 75% respectively. Of pa-
tients who achieved MRD negativity, 79% of patients re-
mained off therapy; the corresponding proportions in the
three cytogenetic risk groups were 88%, 83% and 47% in
those having zero, 1 or 2+ HRCA respectively. This study
has demonstrated the feasibility of using sustained MRD
negativity to guide maintenance with comparable PFS and
OS outcomes in high-risk patients. Lastly, the UK RADAR
(Risk-Adapted therapy Directed According to Response)
trial is a randomised multiarm phase 2/3 study that aims
to recruit 1400 patients who will receive lenalidomide, cy-
clophosphamide, bortezomib, dexamethasone (RCyBoRD)
based induction followed by HDM and AHCT with sub-
sequent consolidation and maintenance based on cytoge-
netic risk and MRD status post-AHCT.® In standard risk
patients, the study aims to assess the effect of stopping isat-
uximab maintenance in MRD-negative patients and the
benefit of intensification of consolidation and maintenance
with R-Isa in those with persistent measurable disease. In
high-risk patients, the efficacy of intensified consolidation
and maintenance (R or R-isa) will be evaluated.

It, therefore, appears clear that MRD assessment to in-
form maintenance treatment approaches is likely to enter
routine clinical use soon. Most trials are not evaluating
patients until after 2years of post-transplant maintenance.
Thereafter, some recommend annual assessment though
the frequency of routine MRD testing outside of trials will
probably be largely determined by the logistical constraints
of busy clinics.

TREATMENT ALGORITHM

Whilst awaiting further study evidence, we propose
in Figure 1, a pragmatic treatment algorithm based on
both cytogenetic risk and MRD assessment that could
be discussed with patients if they wish to follow an
adapted duration approach. All patients should start on a
lenalidomide-based regimen, either 3 months post-AHCT
or immediately following post-transplant consolidation.
In the presence of del(17p) or ultra-high-risk patients
with two or more HRCAs combination maintenance ap-
proaches should be considered where available. Patients
with ultra-high-risk disease should be considered for clin-
ical trials as early relapse is common even with dual agent
maintenance and many intensified maintenance strategies
are not approved for routine use.

After 2 or 3years of yearly MRD assessments, for those
with sustained MRD negativity across two tests it may be
reasonable to stop maintenance in those patients considered
standard risk by tumour genetics. If MRD is detected, or
MRD negativity is not sustained, treatment should be con-
tinued until disease progression. For patients with a negative
MRD test and standard risk disease who have ceased main-
tenance therapy ongoing MRD monitoring and reinstituting
maintenance therapy on re-emergence of detectable disease
can be considered. The need to change treatment in this
case, although intuitive, has not been clearly established as
some patients may not have significant biochemical or clini-
cal progression for years.

Post AHCT maintenance treatment algorithm

Lenalidomide-based
If del(17p) or Ultra-High-Risk (22 HRCA), consider adding Bortezomib or Daratumumab)

!

MRD assessment every year

/

e

If sustained MRD negative at 2—3 years

|

Any high-risk Standard risk
abnormalities J

Consider stopping treatment,
continue to monitor MRD yearly

v

Continue until progression
(single agent if high risk, dual agent if del(17p)
or ultra-high-risk) v

If MRD positive,

consider re-starting treatment

FIGURE 1

~
~
A

If MRD remains positive at 2-3 years

Continue until progression
(single agent if high risk, dual agent if del(17p)
or ultra-high-risk)

High risk: 1 High-risk Cytogenetic Abnormality (HRCA), Ultra high risk: 22
from: t(4;14); t(14;16); t(14;20), del(17p), gain or amplification 1q, del(1p)

Proposed treatment algorithm. MRD, minimal residual disease.
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(Continued)

TABLE 3

Estimated

Enrolment

MAINTENANCE THERAPY POST ASCT IN MYELOMA

completion

Primary outcome

(n)

Regimen

Phase

Study

Study number

2024-01-18

Progression-free

232

Selinexor and lenalidomide combination versus

3

An ALLG phase 3 randomised trial of selinexor and lenalidomide

ACTRN

survival

lenalidomide maintenance

versus lenalidomide maintenance postautologous stem cell

12620000291987

transplant for patients with newly diagnosed multiple myeloma®*

Abbreviations: AHCT, autologous haematopoietic stem cell transplant; Bort/V, bortezomib; C, cyclophosphamide; d, dexamethasone; I/Isa, isatuximab; IMWG, International Myeloma Working Group; K, carfilzomib; MRD, minimal

residual disease; R, lenalidomide (This list was composed using registered trial candidates on ClinicalTrial.gov, ISRCTN registry and the ANZCTR registry).

EXPERT OPINION SUMMARY AND
HORIZON SCANNING

In summary, maintenance therapy is established practice in
the post-transplant setting. Though single agent lenalidomide
is the standard of care, trial data are now available on drugs
across the therapeutic spectrum including immunomodu-
latory agents, PIs, anti-CD38 antibodies and bispecific anti-
bodies. This offers clinicians scope for a more individualised
choice of maintenance therapy. More generally, there is in-
creased recognition of the need to exert continuous pressure
on aggressive disease clones and strategies are evolving to-
wards risk-based combinatorial strategies, particularly using
lenalidomide with either anti-CD38 and or bispecific anti-
bodies (Table 3). Given the potent hypogammaglobulinaemia
reported in patients receiving bispecific antibodies, it will be
important to ensure that all trials incorporate QoL modules
and carefully monitor for treatment-related toxicities such
as infections as well as SPMs. This is especially pertinent for
maintenance treatment the goal of which is to prolong remis-
sions as opposed to achieving them. Another key advance in
the latest suite of clinical trials has been the use of MRD to
guide maintenance strategies. This may represent a landmark
in our ability to target therapy to where it is most needed, and
equally, to stop it where it is not required, thereby avoiding un-
necessary toxicity. Taken together, these recent developments
in the evolution of approaches to maintenance offer patients
the prospect of more durable disease control using better-
targeted, more potent and less toxic therapies.
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