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Abstract
Lenalidomide maintenance following autologous stem cell transplantation for treatment of multiple myeloma is a highly effective
treatment strategy with large, randomized clinical trials and a meta-analysis demonstrating improved progression-free and overall
survival. Our analysis of 1,256 patients from the Canadian Myeloma Research Group Multiple Myeloma Database (CMRG-DB)
demonstrated a 24-month improvement in progression-free survival (58.2 months vs 34.6 months p <0.0001) and improved overall
survival (NYR vs 98 months, p <0.0001). Although the survival benefits of lenalidomide maintenance are well established, many
unanswered questions still exist regarding its use.
At maintenance doses, the efficacy of lenalidomide is thought to rely on its immunomodulatory effect and action against minimal
residual disease (MRD) evidenced by improved rates of MRD negativity in patients on maintenance. However, the optimal duration,
dosing schedule and possibility of discontinuation remain unclear. As these patients inevitably progress, the optimal sequence of
subsequent therapy is of key importance. Historically, lenalidomide-exposed patients have been excluded from trials examining
treatment-dose lenalidomide in the relapsed setting. This limits the generalizability of this important data to most patients as
lenalidomide maintenance is increasingly adopted as the standard of care in first-line therapy. Large, retrospective datasets such as
the CMRG-DB provide a critical tool to help evaluate the questions left unanswered by prospective clinical trials.
Here within we review current evidence surrounding lenalidomide maintenance and future areas of investigation.

Background
Low-dose,
lenalidomide
maintenance
following
autologous stem cell transplantation (ASCT) is the
current standard of care in patients with newly diagnosed
multiple myeloma (NDMM) based on results from large,
randomized controlled trials and a meta-analysis which
demonstrated improved overall (OS) and progressionfree survival (PFS) [1-5]. In our recent manuscript,
published in Heamatologica we document the impact of
lenalidomide maintenance in the real-world setting [6].
Our retrospective analysis of 1,256 patients with NDMM
treated with bortezomib-based induction and ASCT as firstline therapy analyzed survival outcomes based on the use
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of lenalidomide maintenance (n=723) or no maintenance
(n=533).6 We identified a 24-month advantage in PFS (58.2
months vs 34.6 months p <0.0001) and an improvement
in overall survival (NYR vs 98 months, p <0.0001) in
favour of those who received lenalidomide maintenance
[6].The survival benefits persisted in all response groups
and cytogenetic risk categories [6]. Higher rates of very
good partial response (VGPR) or greater were seen in
patients receiving maintenance (93.9% versus 80.7 %, p <
0.01) [6]. In a subset analysis, no appreciable differences
in OS (p=0.75) or PFS (p=0.66) were seen in patients
receiving a 21 of 28-day versus continuous lenalidomide
maintenance dosing schedule nor were there statistically
significant difference in the frequency of secondary
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primary malignancies or thrombosis during frontline
therapy (p=0.32 and p=0.5 respectively) [6]. In the same
study, only 19.6% of patient discontinued lenalidomide
maintenance prior to relapse corroborating the findings of
prospective studies that maintenance is well tolerated [6].
Taken together, this real-world data confirms the survival
advantage conferred by maintenance lenalidomide
observed in phase 3 randomized, controlled trials and
reaffirms this therapy as a standard of care [6]. However,
these observations raise a number of questions regarding
the mechanism of action of lenalidomide at maintenance
doses, the potential role of minimal residual disease
(MRD) testing, optimal dose and duration of maintenance,
and whether progression on lenalidomide represents
resistance to the drug at treatment doses. Furthermore,
it presents an opportunity to discuss the role of large
databases in the research setting.

Lenalidomide: Mechanism of Action
Lenalidomide is an oral immunomodulator (IMID)
with multiple mechanisms of action that works primarily
through the protein cereblon (CRBN) [7]. CRBN forms a
portion of the protein complex cullin-4 RING E3 ligase
complex (CRL4) [7,8]. Immunomodulators have been
shown to stabilize CRBN and in turn increase CRL4meditated ubiquitination then degradation of protein
targets [7-9]. Down regulation and genetic variants in
CRBN have been shown to induce resistance to IMIDs
such as lenalidomide and pomalidomide [7-9]. The zinc
finger proteins Aiolos (IKZF3) and Ikaros (IKZF1), which
are integral to lymphocyte and plasma cells development,
are targets of lenalidomide enhanced CRL4 mediated
degradation [9,10]. Reduced levels of IKZF1 and IKZF3
lead to reduced expression of interferon regulation factor-4
(IRF4) and regulatory factor c-Myc on which myeloma
cells are dependent for survival and gene dysregulation
[11-15].
Although these mechanisms are critical for action
of lenalidomide at full treatment doses, the effect of
lenalidomide at maintenance lower doses is thought to
primarily be related to its immunomodulatory effects on
the bone marrow microenvironment. IMIDs have also been
shown to provide immunoregulatory function through T
cell mediated mechanisms. In response to pneumococcal
7-valent conjugate vaccine, patients on IMIDs have
demonstrated increased IFN-γ–producing T cells and
decreased T helper 17 (Th-17) cells possibly related to
reduced IRF-4 levels [16,17]. The same changes have
been observed in the bone marrow microenvironment of
patients treated with IMIDs with increasing Th-17 subsets
correlating with relapsed disease [13]. Reduced expression
of programmed death-1 (PD-1) protein in patients with
complete remission on maintenance was observed in all
CD4+ and CD8+ expressing T cells and an increase in
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number of peripheral natural killer (NK) cells [18,19].
However, the impact of lenalidomide on the regulatory
T cell compartment is not entirely clear. Fostier et al.
demonstrated that lenalidomide maintenance increased
the number of regulatory T cells with a suppressive
phenotype (namely CD45RA-) in the bone marrow
microenvironment [19]. Additionally, they demonstrated
increased naïve CD8+ T cells and memory CD4+ and
CD8+ T cells in bone marrow samples of patients receiving
lenalidomide maintenance which play a critical role in
sustained response to lenalidomide [19].
CD8+ T cells have increased inflammatory cytokine
producing potential and an increased CD4+/CD8+ T
cell ratio was observed, the opposite of which is seen at
disease progression [19]. Their analysis also showed that
high levels of T-cell immunoglobulin and immunoreceptor
tyrosine-based inhibitory motif protein (TIGIT) was
expressed in T cells from multiple myeloma patients
post ASCT. Patients with residual myeloma post ASCT
who received lenalidomide maintenance had decreased
numbers of TIGIT+ CD8+ T cells [19]. Taken together
this data suggests that the improved PFS and OS observed
with lenalidomide maintenance may relate to increased
immune-stimulation against residual disease in patient
with myeloma post-ASCT [19].

Minimal Residual Disease: Where Does
Maintenance Fit in?
The advent of minimal residual disease (MRD)
monitoring in multiple myeloma has revolutionized
response assessment and treatment goals for the disease
[20,21]. The correlation of MRD negativity with improved
overall and progression free survival and has led to
adoption of this endpoint in the clinical trial and realworld setting [20-24]. In vivo, longitudinal MRD data
has allowed investigators to test the hypothesis that
maintenance lenalidomide enhances immune-stimulation
against residual disease.
Previous data from Hahn et al. demonstrated improved
PFS and OS in patients with MRD-negative status
treated with ASCT (single or tandem) and 1 year of
finite-duration lenalidomide maintenance [25]. Perrot
et al. demonstrated that rates of MRD negativity by next
generation sequencing increased from 30% to 38% during
treatment with lenalidomide maintenance following ASCT
[24]. Alonso et al. verified these results in the real-world
setting demonstrating 34.3% of MRD-positive patients
post-ASCT subsequently became MRD-negative while
on lenalidomide maintenance with a mean time to MRD
negativity of 18.5 months. Importantly, there were no
differences in survival outcomes between these patients
and those who achieved MRD negativity immediately
following ASCT [26]. These results serve to validate the
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hypothesis that lenalidomide maintenance improves
survival, at least in part, through increased rates of MRD
negativity. Given that the majority of patients remain
MRD-positive following ASCT, lenalidomide maintenance
serves to benefit the majority of transplanted patients with
multiple myeloma.
This raises several questions particularly with regards
to continuation of maintenance lenalidomide in
patients who achieve MRD-negative status [6]. Though
lenalidomide is generally well tolerated with only 19.6%
of patients discontinuing therapy prior to progression in
our analysis, it does carry notable adverse effects such as
cytopenias, risk of infection, rash, GI upset, teratogenicity
and financial burden [6]. Gu et al. in their evaluation of
104 patients treated with bortezomib-based induction,
ASCT and maintenance therapy (which comprised of
lenalidomide or thalidomide with or without interferon-α)
noted that subgroup of patients who achieved an MRDnegative status pre-transplant and sustained it for 24
months continued to remain MRD-negative during their
extended follow-up (median follow-up of 31 months)

[27]. Though future studies are needed, this suggests that
patients achieving MRD-negative status for 24 months
post-ASCT may be able to discontinue maintenance
therapy [27]. In their study, all progressions on protocol
were heralded by MRD- positive status further cementing
the importance of MRD status monitoring [27]. However,
this leaves several unanswered questions. Is it truly safe
to discontinue maintenance in patients with prolonged
MRD-negative status? If patients develop MRD positivity
while off maintenance chemotherapy, then is re-initiation
of maintenance doses adequate therapy? Should patients
with persistent MRD-positive status on maintenance
receive further treatment doses of chemotherapy to
attempt to achieve MRD negativity? Clearly further
research is required in this area.

Second-Line Therapy: Life after Maintenance
Numerous phase 3 trials have been performed which
included patients progressing after 1 prior line of therapy
(Table 1) [28-38]. These studies have compared a new
regimen, most often a triplet to a doublet of dexamethasone

N

Median
prior
lines Rx

Lenexposed
(%)

Lenrefractory
(%)

PFS
(months)
ITT group

PFS
(months)
in 2nd line
Rx

PFS
(months)
Lenexposed

PFS
(months)
Lenrefractory

ASPIRE
(KRd) [38,47]

792

2

19.9

7.2

26.3

29.6

19.4

11.3

TOURMALINEMM1 (IxaRd) [35]

722

1

12

NE

20.6

20.6

NA

--

ELOQUENT-2
(ELO-Rd) [33]

646

2

6

NE

19.4

NA

NA

--

POLLUX (DRd)
[28,32]

569

1

21

NE

44.5

53.6

38.8

--

ENDEAVOR (Kd)
[31,48]

929

2

38

25

18.7

22.2

12.9

8.6

CASTOR (DVd)
[36,49]

498

2

35

18

16.5

27

9.4

7.8

OPTIMMISM
(PVd) [37]

599

2

100

71

11.2

20.73

--

9.3 ( 2nd
line-7.8 )

APOLLO
(DPd) [30]

304

2

100

80

12.4

NA

--

--

CANDOR
(KDd) [29]

466

2

42

27

28.6

NA

NA

NA

IKEMA
(IsaKd) [50]

302

2

90

NA

NYR
(median F/U
20.7 mo)

NA

NA

NA

Trial

Abbreviations: d: low-dose dexamethasone; D: Daratumumab; Elo: Elotuzumab, IIT: Intention-to-treat; Isa: Isatuximab; Ixa:
Ixazomib; K: Carfilzomib; Len: Lenalidomide; NA: Not Available; PFS: Progression-Free Survival; R: Lenalidomide; Rx: Therapy;
V: Bortezomib
Table 1: Phase 3 trials in relapsed/refractory myeloma patients progressing after ≥1 prior line of therapy.
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combined with either lenalidomide or bortezomib or
carfilzomib as the control arm. Due to the era in which they
were performed, or due to the trial design, the majority
have a limited number of lenalidomide-exposed patients
(Table 2). This finding poses difficulty in selecting the
optimal regimen for our patients who are now frequently
experiencing their first relapse on lenalidomide,
particularly at the low doses used for maintenance. Another
complicating factor is that the definition of lenalidomideexposed or -refractory is not consistent between trials as
essentially all studies have grouped patients exposed to
treatment and maintenance doses of lenalidomide together
[32,33,35,38]. Since the new triplet regimens containing
lenalidomide use full treatment doses of this drug, it is not
known if such regimens might still have utility for patients
progressing on lenalidomide maintenance. Further study
elucidating mechanisms of relapse on lenalidomide
maintenance, as well as prospective trials to address the
inclusion of this agent in second-line therapy, would be
helpful in this regard.
Another consideration relates to the unprecedented
efficacy reported with the combination of daratumumab,
lenalidomide
and
dexamethasone
(DRd)
when
administered as second-line therapy. The PFS in patients
progressing after 1 prior line of therapy was 44 months,
and, although patients progressing on any dose of
lenalidomide were excluded, those with prior exposure
to this IMiD experienced a PFS of 38.8 months [28]. This
has led to some hematologists questioning if lenalidomide
maintenance should be withheld, or truncated, to allow

the possibility of using DRd at first progression. There is
no prospective data to support this approach, and there
is considerable uncertainty involved in recommending
a strategy in which the PFS with first-line therapy is
compromised in the hopes that a potent second-line
regimen may possibly lead to the longest second PFS and
PFS2 Fortunately, this dilemma is expected to be relatively
short-lived as daratumumab and similar immunotherapies
are integrated into the initial regimen.
Using the CMRG national Canadian myeloma database,
we have previously reported the outcomes of first- and
second-line therapy sequencing in patients treated with
and without lenalidomide maintenance after ASCT [6].
Patients had all received bortezomib-based induction
and ASCT and were analyzed by whether or not they
received lenalidomide maintenance and whether or not
they received lenalidomide-containing therapy in the
second-line setting. Patients treated with lenalidomide as
maintenance and as part of second-line therapy had the
longer median overall survival (106.9 months) compared
to in those who receive lenalidomide only in second-line
therapy (93.9 months). Our real-world data reinforces
the importance of using lenalidomide maintenance in the
front-line setting and suggests that saving lenalidomide
until second-line therapy may compromise overall survival
[6]. Moreover, it suggests that some patients benefit from
continuing lenalidomide after progression on maintenance.
More work is needed to identify the appropriate patient for
this strategy compared to introduction of different agents
at disease progression.
Distinction between
treatment vs maintenance
doses of lenalidomide

Trial

Lenalidomide (R)-related exclusion criteria excluding
intolerance

ASPIRE KRd vs Kd
[38]

•
•

Progression during first 3 months of Rd
Progression at any time on Rd if this was the most recent
treatment

no

POLLUX DRd vs Rd
[35]

•

R refractory disease, not further specified

no

ELOQUENT-2
EloRd vs Rd [33]

•
•
•
•

Limit of 10% R exposed patients
Less than a partial response while on R
Disease progression on/within 9 months of receiving R
Received R within the last 9 months

TOURMALINE
MM1
IxaRd vs Rd [35]

•

Progression on or within 60 days or receiving R

no

OPTIMISIMM
PomVd vs Vd [37]

•
•

Progression on or within 60 days or receiving R
Less than a partial response while on R

no

no

Abbreviations: d: low-dose dexamethasone; Elo: Elotuzumab; Ixa: Ixazomib; K: Carfilzomib; R: Lenalidomide; V: Bortezomib
Table 2: Frequency and definition of lenalidomide exposure in randomized trials of patients with relapsed/refractory multiple
myeloma.
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Optimal Dosing Schedules: How Much for
How Long?
Multiple dosing schedules of lenalidomide maintenance
have been evaluated in clinical trials though none have
been prospectively compared head to head. In the pivotal
trials evaluating lenalidomide maintenance multiple
regimens were used. Attal et al. examined lenalidomide
10 mg daily increased to 15 mg daily as tolerated until
progression [1]. However, based on review of safety
data and increased incidence of secondary primary
malignancies the study was amended and the duration
of lenalidomide maintenance was limited to 2 years [1].
McCarthy et al. examined lenalidomide maintenance at

10 mg daily whereas Palumbo et al. utilized 10 mg given
for 21 of 28-days; both trials continued maintenance until
progression [4,5]. Finally, Jackson et al. utilized 25 mg for
21 of 28 days which was amended to 10 mg for 21 of 28
days in a protocol change [2].
All of these trials demonstrated similar improvement
in PFS with lenalidomide maintenance with McCarthy et
al. also demonstrating improved 3-year overall survival
(Table 3) [1,2,4,5]. In our analysis there was no difference
in PFS or OS in patients who received a 21 of 28-day cycle
or continuous dosing schedule (Figures 1a and 1b). A 21 of
28-day dosing schedule has the advantage of reduced cost
and potentially reduced adverse effects.

Trial

LM* schedule

PFS

OS

Additional survival
outcomes

Attal et al. [1]

10 mg daily increased to 15 mg
daily as tolerated. Limited duration
to 2 years in protocol amendment.

LM 41months
No-LM 23 months
p <0.001

NYR

4-year OS
73% vs 75%

McCarthy et al. [4]

10 mg daily until progression

LM 46months
No-LM 27 months
p <0.001

NYR

3-year OS
88% vs 80%
p= 0.008

Palumbo et al. [5]
*ASCT subgroup

10 mg for 21 of 28 days until
progression

LM 54.7 months
No-LM 37.4 months
p <0.001

NYR

Jackson et al. [2]

25 mg for 21of 28 days which was
amended to 10 mg for 12 of 28 days
in a protocol change

LM 39 months
No-LM 20 months
p <0.001

NYR

5-year OS
78.4% vs 66.6%
5-year OS
60% vs 50%
p = 0.15

Abbreviations: *LM: Lenalidomide Maintenance; NYR: Not Yet Reached; PFS: Progression-Free Survival, OS: Overall Survival
Table 3: Summary of the survival outcomes in trials examining lenalidomide maintenance.

Figure 1: Progression free (A) and overall (B) survival were no different in patients receiving 21 of 28 days or continuous doing
lenalidomide maintenance.
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Another smaller Canadian real-world analysis of patients
treated with post-ASCT maintenance at Princess Margaret
Cancer Centre also reported reassuring results when
doses of lenalidomide less than 10 mg per day were used.
Dose reductions from the target of 10 mg per day, either
at the start or during maintenance, were documented
in the majority of patients (70%) but the median PFS of
~42 months after starting maintenance (rather than the
start of induction therapy or from the date of ASCT) was
similar to that reported in prospective trials [39]. There
was no difference in outcome between patients who did
and did not need reductions, and the routine symptom
assessment tool used in the clinic demonstrated a wellpreserved quality of life [39]. Based on this analysis, and
the experience described above, we would advocate the
use of a 21 of a 28-day lenalidomide maintenance dosing
schedule in most patients.
Furthermore, recent studies have examined the utility of a
finite period of maintenance [40]. In the landmark IFM2009
trial examining the timing and role of transplantation in
the context of RVD induction/consolidation, Attal et al.
utilized lenalidomide maintenance at 10 mg daily increased
to 15 mg daily as tolerated for 1 year [1]. A treatmentfree interval would benefit patients from a side-effect
standpoint with added financial benefit given the high cost
of lenalidomide. However, the median PFS in this study is
~50 months, 8 months shorter than data presented in our
real-world study [39].The STAMMiNA trial also utilized
finite duration of lenalidomide maintenance therapy of 10
mg daily starting 3 months after transplant increased to
15 mg daily as tolerated for 3 years in all treatment arms
[41].A recent presentation of their data with 6-years of
follow-up indicated that discontinuation of lenalidomide
even at 38 months was associated with shorter PFS
[42]. The upcoming Dana Farber partner analysis of the
IFM2009 study (NCT01191060) in which maintenance
lenalidomide was continued until progression has yet to
read out, which potentially implies a superior PFS with
this non-finite approach. Therefore, a definitive answer
to the question of whether lenalidomide maintenance
should always be continued until disease progression
remains unanswered for now, particularly in the era of
MRD testing, but our current policy continues to advocate
continuous administration until myeloma relapse [6,43].
Ongoing trials are attempting to elucidate the role
of maintenance based on MRD status. The ongoing
DRAMMATIC trial (NCT04071457) investigating the use
of lenalidomide maintenance 10 mg daily with or without
daratumumab maintenance involves evaluation of MRD
status during maintenance and plans for discontinuation
of maintenance in certain MRD negative arms. They
define MRD negative as <1 × 106 using next generation
sequencing. The AURIGA trial (NCT03901963) also
investigates lenalidomide maintenance with or without
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daratumumab maintenance with the same dosing strategy
but a finite duration of 36 months.
Novel, combination maintenance strategies are also
actively being investigated. Recent updates from the
FORTE trial specifically examining patients with
respect to maintenance strategy demonstrated an
improved 3-year PFS with carfilzomib and lenalidomide
maintenance rather than lenalidomide alone (75% vs
66%, HR 0.63; p=0.026) [44] Patients in the carfilzomib
and lenalidomide maintenance group had higher rates of
transition from MRD-positive to MRD-negative during
maintenance (46% vs 32%, p=0.04) [44]. The superiority
of “double” maintenance in high-risk patients is of
particular interest since many Canadian myeloma experts
are already recommending a combination of lenalidomide
plus a proteasome inhibitor (bortezomib or ixazomib)
as maintenance in such patients. Future analysis of
this strategy in the real-world setting using the CMRG
database is planned after the data matures. With respect
to other new maintenance approaches, extension of the
CASSIOPEIA trial is ongoing and examining the use of
single-agent daratumumab maintenance continued for 2
years’ duration [45]. The GRIFFIN trial has also examined
the role of lenalidomide maintenance with or without
daratumumab for 26 cycles [46]. Results with respect to
the impact of this novel maintenance strategy is eagerly
awaited. These trials represent a new era of combination
maintenance strategies involving multiple novel agents
which may be “practice changing” in the treatment of
myeloma.

Big Data: The Benefits of Real-World
Datasets
Large, real-world datasets such as the CMRG-DB provide
a unique opportunity to analyze critical research questions
in the real-world setting. Though clinical trials often provide
an inaugural answer to important research questions,
they contain a fundamental lack of generalizability given
strict inclusion and exclusion criteria. Real-world data is
critical to validate these results in a broader sense. The
CMRG-DB includes data from 14 academic institutions
across Canada and over 7000 patients. This provides an
enormous resource for evaluating clinical questions much
more quickly than in the prospective setting. For example,
the impact of treatment holidays from lenalidomide
maintenance on MRD status could be much more rapidly
addressed by retrospective evaluation and MRD testing of
patient samples contained within the database rather than
constructing a costly and time-consuming clinical trial
which may only duplicate data already available through
datasets such as the CMRG-DB. In addition, database
analyses can identify subgroups with suboptimal outcomes
to help guide the design of future prospective clinical trials.
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The most common argument against retrospective
datasets is that they are inherently biased based on the
lack of standardized treatment that is encompassed in a
clinical trial setting. Though this may be true, the patients
we see every day in clinic receive treatment based on their
unique patient and disease related factors. Decisions
regarding the treatment of myeloma patients are not
made in a randomized, controlled vacuum in which they
are uniformly treated with a common protocol. Care
providers consider numerous facets of a patient’s disease
and circumstances under the guidance of results identified
in the randomized controlled trials. The results of these
decisions, and therefore the applicability of prospective
trial to the real-world setting, can only be truly elucidated
in retrospective datasets.
Further arguments in retrospective dataset analysis
include the use of historical controls as was the case in
our article. This practice has been criticized on the basis
that patients from the “pre-lenalidomide maintenance
era” may not have had the same access to more effective
disease monitoring or second line therapy. Though this
may be true, our historical control group has very similar
progression-free and overall survival to that documented
in phase 3 trials evaluating lenalidomide maintenance in a
randomized, controlled setting [1,2,4,5]. Furthermore, the
main outcome of PFS is only influenced by the treatment
given within the frontline of therapy; therapy consistently
given as per the accepted standard of bortezomib-based
induction followed by an autologous stem cell transplant.
Appropriate cohort matching and evaluation of data
against prospective trials can potentially overcome this
obstacle.

Conclusions
Although the positive impact of lenalidomide maintenance
on PFS and OS are undisputed and have led to its adoption
as a standard of care after ASCT, several questions
regarding the optimal use of lenalidomide maintenance
remain unanswered. In vitro studies suggest lenalidomide
maintenance works by immunoregulation against minimal
residual disease. However, mechanisms of resistance to
lenalidomide doses utilized for maintenance versus to
full treatment doses are not clear and whether further
lenalidomide can be leveraged for relapse on maintenance
is uncertain. The role of lenalidomide in patients who
obtain a prolonged MRD-negative status also remains
unstudied. Given the critical importance of selecting the
optimal sequence of available regimens for the repeated
recurrences seen in myeloma patients, large retrospective
datasets can provide critical insight into clinical questions
through the lens of real-world data. These datasets, which
must incorporate effective monitoring and quality policies
to ensure accuracy and integrity, can be of great utility in
answering questions not readily addressed in the clinical

J Cancer Immunol. 2021
Volume 3, Issue 1

trial setting and provide research with a breadth of readily
accessible and useful data.
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