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Lenalidomide maintenance after bortezomib,

thalidomide and dexamethasone (VTD) induction and

autologous stem cell transplantation: an Italian real-life

study of 602 patients

The established treatment of newly diagnosed, trans-
plant-eligible multiple myeloma (MM) patients is an in-
duction phase followed by single or tandem autologous
stem cell transplantation (ASCT) and lenalidomide main-
tenance! Before the approval of the daratumumab plus
bortezomib-thalidomide-dexamethasone (D-VTD) regimen,?
in Italy newly diagnosed, fit MM patients received VTD
induction;®however, in the meta-analysis by McCarthy et
al.,* focused on lenalidomide maintenance, only a minority
of patients received VTD induction and a single ASCT was
performed in most of them. Therefore, there is no single
prospective trial evaluating the past standard of care for
the treatment of transplant-eligible MM patients.

The present retrospective study aimed at evaluating the
efficacy and safety of lenalidomide maintenance after
VTD induction and single or tandem ASCT in fit, newly
diagnosed MM patients.

Between May 2018 and January 2023, 602 MM patients
followed in 21 Italian Centers received lenalidomide main-
tenance after VTD induction and ASCT (single or tan-
dem, according to local clinical practice). All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the institu-
tional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments. The
study was approved by the ethical committee of Ospedale
dellAngelo Venezia-Mestre (protocol number VE-MM-01).
All participants provided informed consent.

The study cohort’s demographics and clinical and bio-
logical characteristics at diagnosis are reported in Online
Supplementary Table ST.

Maintenance was started with lenalidomide 10 mg in al-
most the entire cohort (96.2%), with a 21/28-day schedule
in 56.8% of patients and a 28/28-day schedule in 41.7%
(Table 1). With a median number of 22 cycles (range, 1-60)
administered, 87.8% of the patients achieved a high-quality
response (very good partial response or better). The rate
of complete responses plus stringent complete respons-
es before starting lenalidomide was 47.6% and increased
with maintenance to 58.3% (Online Supplementary Table
S7and Table 1, respectively). Most importantly, the 2-year
complete and stringent complete response rates in eval-
uable patients were superimposable (40.5% and 16.5%,
respectively, and 57% overall). Considering the different
treatment schedules, the complete plus stringent com-

plete response rates before maintenance were 50% in
the 21/28-day group and 44% in the 28/28-day group and
increased with lenalidomide to 61% and 55.1%, respectively.
Regarding hematologic toxicities, neutropenia was the most
frequent adverse event, being reported in 51.3% of patients,
with grade 3-4 events in 18.8% of cases. Thrombocytope-

Table 1. Maintenance therapy.

Characteristic

Dose of lenalidomide, N/total N (%)
5 mg
10 mg
15 mg
25 mg

Schedule, N/total N (%)
21 days
28 days
Other

N of cycles, median [Q1;Q3] (range)

Best response, N/total N (%)
Progressive disease
Stable disease
Partial response
Very good partial response
Complete response
Stringent complete response

Time to best response, months, median
[Q1;Q3] (range)

2-year response rate, N/total N (%)
Progressive disease
Stable disease
Minor response
Partial response
Very good partial response
Complete response
Stringent complete response

Patients on treatment, N/total N (%)

Patients with dose reductions, N/total N (%)
Reduced dose
Reduced schedule
Reduced dose and schedule

Treatment discontinuation, N/total N (%)

Discontinuation due to disease progression,
N/total N (%)

Cohort, N=602

20/602 (3.3)
579/602 (96.2)
2/602 (0.3)
1/602 (0.2)

342/602 (56.8)
251/602 (41.7)
9/602 (1.5)

22 [10:34] (1-60)

3/597 (0.5)

26/597(4.4)

44/597 (7.4)
176/597 (29.5)
240/597 (40.2)
108/597 (18.1)

3 [1;7] (0-56)

42/370 (11.4)
6/370 (1.6)
1/370 (0.3)

24/370 (6.5)
86/370 (23.2)
150/370 (40.5)
61/370 (16.5)

405/602 (67.3)

199/602 (33.1)
104/199 (52.3)
74/199 (37.2)
21/199 (10.6)

197/602 (32.7)

143/602 (23.8)

Percentages might not add up to 100 because of rounding. The de-
nominator might not be equal to 602 due to missing data; Q: quartile.
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nia (any grade, 23.8%; grade 3-4, 2.2%) and anemia (any
grade 16.6%; grade 3-4, 1.7%) were less frequent. Among
non-hematologic adverse events, infections were the most
common (any grade, 42.2%; grade 3-4, 4.3%), followed by
gastrointestinal disorders (any grade, 33.6%; grade 3-4,
3.3%) and peripheral neuropathy (any grade, 14.0%; grade
3-4, 1.2%). Most infectious events were respiratory tract
infections (231%) and were mostly grade <3. Finally, 11
cases (1.8%) developed a secondary primary malignancy.
With a median follow-up of 30 months, the median pro-
gression-free survival (PFS) and overall survival (OS) were
not reached. The 30-month PFS and OS rates from starting
maintenance were 75.2% and 95.2%, respectively (Online
Supplementary Figure S1A, B).

Table 2 reports univariable Cox proportional hazards re-
gression analysis to assess the characteristics significantly
associated with PFS. Analyzed according to Revised In-
ternational Staging System (R-1SS) group, patients with
R-1SS | showed improved PFS as compared to patients
with R-1SS Il (P=0.0348) and R-1SS IIl (P=0.0009) (Online
Supplementary Figure S2B). Using the second revision of
the prognostication system (R2-1SS), low-risk disease
(R2-1SS 1) was confirmed to be associated with a better
outcome as compared to R2-I1SS Il (P=0.0525), R2-ISS Il
(P=0.0556), and especially to R2-1SS IV (P<0.0001) (Online
Supplementary Figure S2C). Considering cytogenetic risk
status, standard-risk patients displayed a significantly pro-
longed PFS compared to high-risk patients, including those
with t(4;14), t(14,16) and del17p (P<0.0001). At the same
time, no significant difference was observed in patients
harboring isolated +1q (P=0.145) (Figure 1A). Accumulation
of high-risk cytogenetic abnormalities was associated
with a worse outcome, with a significantly lower PFS in

patients with at least two high-risk abnormalities than
in patients with one or no high-risk aberrations (P=0.02
and P<0.0001, respectively) (Figure 1B). Regarding other
clinical and biological high-risk disease features, baseline
high lactate dehydrogenase levels were associated with
an inferior outcome (P=0.0011) (Online Supplementary Fig-
ure S2D). We then analyzed the impact of previous single
versus tandem ASCT on the outcome following lenalido-
mide maintenance and found no significant differences
in the overall population (P=0.44) (Figure 1C). Considering
the schedule, patients receiving 21/28-day lenalidomide
showed better PFS compared to those given the drug with
the 28/28-day schedule (P=0.057) (Figure 1D).

Finally, we evaluated the impact of the depth of response
on the patients’ outcomes. Patients obtaining a complete
response or better before starting maintenance had a
better PFS compared to those with inferior responses
(P=0.0005) (Online Supplementary Figure S2E). Of note,
we performed a 2-year landmark analysis confirming that
the patients in complete remission or better at 2 years
after starting maintenance displayed a significantly better
outcome (P<0.0001) (Online Supplementary Figure S2F).

We then performed a multivariable Cox regression anal-
ysis including all the variables that had been significant
in univariate analysis to identify factors that retain an
independently significant impact on outcome. According
to this analysis, R2-I1SS IV and high-risk cytogenetic sta-
tus were confirmed to be independently associated with
a dismal PFS, while a compete response or better status
before starting maintenance was the best predictor of
improved PFS in our cohort of patients.

Considering OS, overall high-risk cases did not show a
significant survival reduction (Figure 1E), while accumu-

Table 2. Univariable and multivariable Cox proportional hazards regression analysis.

Univariable analysis

Characteristic

HR 95% CI
ISS Il 1.21 0.82-1.80
R-ISS 1l 1.87 1.13-3.10
R2-ISS IV 3.55 2.11-5.97
High-risk cytogenetics 2.57 1.73-3.81
Cytogenetic abnormalities =2 2.82 1.74-4.59
Isolated t(4;14) 2.77 1.45-5.29
Isolated t(14;16) 2.55 0.35-18.5
Isolated del(17p) 2.33 0.93-5.82
Extramedullary disease 1.03 0.60-1.76
High lactate dehydrogenase 2.02 1.32-3.12
28/28 schedule 1.38 0.99-1.93
>CR before starting maintenance 0.55 0.39-0.77

Multivariable analysis
P HR 95% CI P
0.3 - - -
0.015 - - -
<0.001 2.30 1.24-4.29 0.009
<0.001 2.11 1.26-3.52 0.004
<0.001 - - -
0.002 - - -
0.4 - - -
0.070 - - -
>0.9 - - -
0.001 - - -
0.057 - - -
<0.001 0.52 0.34-0.80 0.0083

HR: hazard ratio; 95% Cl: 95% confidence interval; ISS: International Staging System; R-ISS: Revised ISS; R2-1SS: second revision of the ISS;

>CR: complete response or stringent complete response.
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Figure 1. Progression-free survival and overall survival of patients receiving lenalidomide maintenance treatment. (A-D) Ka-
plan-Meier curves showing the progression-free survival of patients who received lenalidomide maintenance according to cyto-
genetic status (A), the number of high-risk cytogenetic abnormalities (B), the number of autologous stem cell transplants (C) and
the lenalidomide schedule (D). (E-H) Kaplan-Meier curves showing the overall survival of patients who received lenalidomide
maintenance according to cytogenetic status (E), the number of high-risk cytogenetic abnormalities (F), the number of autologous
stem cell transplants (G) and the lenalidomide schedule (H). PFS: progression-free survival; SR: standard risk; HR: high risk; OS:

overall survival; ASCT: autologous stem cell transplant.

lation of high-risk cytogenetic abnormalities was associ-
ated with reduced survival, especially compared to that
of standard-risk patients (=2 vs. 0, P=0.0058; =2 vs. 1,
P=0.1902) (Figure 1F). Finally, no significant differences in
OS were found according to single versus tandem ASCT
or the 21/28-day versus the 28/28-day schedule (Figure
1G, H, respectively).

To our knowledge, this is the first study evaluating the
safety and efficacy of lenalidomide maintenance after VTD
induction followed by single or tandem ASCT. Our results
prove that patients with clinical and biological low-risk
disease, specifically those with R-ISS or R2-ISS I, and
those without high-risk cytogenetic abnormalities, and
patients achieving a complete response before starting
maintenance showed improved outcomes with lenalido-
mide maintenance.

One of the major issues regarding maintenance is the du-
ration of treatment. In all the randomized studies included
in the meta-analysis by McCarthy et al.,* as well as in the
EMNO?2 trial,> maintenance was given until progression
or unacceptable toxicities. Conversely, in the IFM 2009
study, lenalidomide was administered with a fixed dura-
tion schedule of 1 year. In our study, a median number of
22 cycles was administered with an approximately 32%
discontinuation rate, mostly due to progressive disease.
It is the subject of debate whether, in specific subsets
of patients, maintenance can be reasonably stopped.
The results presented herein demonstrate that low-risk
patients had prolonged PFS. Data from the Myeloma Xl
trial showed that after 4 or 5 years of maintenance, there
is no further improvement in PFS, especially in patients
without minimal residual disease (MRD), in whom the
benefit decreased after 3 years of maintenance.” The
results suggest the possibility of stopping lenalidomide
safely in this subgroup of patients. In the coming years,
MRD assessment will be more widely and routinely used
in clinical practice to help clinicians tailor treatment.
Despite the clear benefit of lenalidomide maintenance in
transplant-eligible patients, confirmed in our study, the
outcome of high-risk and very high-risk patients is still
dismal. This is particularly evident in our cohort for pa-
tients with high-risk disease according to the R-ISS and
R2-ISS classifications and high-risk cytogenetic profile.
One possible strategy to improve the outcome of these
patients is to use two drugs for maintenance treatment.
In the FORTE trial, two-drug maintenance with carfilzomib
and lenalidomide translated into better PFS and lower

risk of unsustained MRD negativity as compared to after
lenalidomide alone.®® Of note, the probability of unsus-
tained MRD negativity was superimposable between the
two groups when patients interrupted carfilzomib and
continued with lenalidomide alone.® Daratumumab and
lenalidomide maintenance, as investigated in the Perseus
trial, also represents an interesting possibility.°

Another alternative strategy is to use tandem ASCT in
high-risk patients. Based on the data of the EMNO2 trial,
the 2021 ESMO guidelines recommend a tandem ASCT in
genetically high-risk patients or in patients who received
VCD induction.® Our results in a cohort of patients treated
with VTD induction showed a benefit, although non-sta-
tistically significant, of tandem ASCT in genetically high-
risk patients. Unfortunately, in both the Cassiopeia? and
Perseus™ trials all patients received a single ASCT, and
so it is difficult to understand whether tandem ASCT for
high-risk patients still retains a role in the era of daratu-
mumab-based quadruplet therapy.

Our study has several inherent limitations, including its
retrospective nature, missing data and lack of MRD as-
sessment. In addition, daratumumab is going to be added
to VTD or VRD (bortezomib-lenalidomide-dexamethasone)
as first line therapy in transplant-eligible MM, thus mod-
ifying the near-future landscape of induction therapy.
Nevertheless, our real-life study confirms the benefit of
lenalidomide maintenance in a cohort of patients who
received VTD as induction treatment, especially in those
with low-risk disease, and demonstrated its favorable
safety profile. Clinical and biological high-risk patients,
particularly ultra-high risk ones, still have an inferior
outcome that can be partly mitigated by tandem ASCT,
and this subset of patients could benefit from a more
intensive maintenance approach.
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