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ABSTRACT

Importance. Several trials demonstrated the impact of novel agent-based maintenance in newly
diagnosed multiple myeloma (NDMM), but there is no current evidence demonstrating the superiority
of one regimen over the other, due to the lack of direct/indirect comparisons.

Objective. Our objective was to analyse and compare the effectiveness of different maintenance
regimens in NDMM.

Data Sources We performed two independent searches in PubMed.gov and Cochrane, and then we
identified all the records registered after 1999 and on or before November 20, 2017.

Study Selection By blinded review, we identified prospective phase Ill randomized trials evaluating
novel agent-based maintenance in NDMM patients; the included studies compared at least two
maintenance approaches; comparators included placebmamdaintenance From 364 screened
records, 11 studies were included.

Data Extraction and Synthesis We followed (independent extraction) the guidelines provided by
the PRISMA Report and the EQUATOR Network. The evidence was synthesized using a network
meta-analysis (NMA). To allow comparison of all treatmefnts, maintenancewas selected as
common comparator and the effect of placebo was assumed to be the same as no treatment. The bes
option was identified by a Bayesian consistency model based on HR, 95% Credible Index (Crl),
probability of being the best treatment (PbBT), and median ranking distribution (MedR).

Main Outcomes and MeasuresOutcomes of interest were progression-free survival (PFS) and
overall survival (OS).

Results.Eleven trials and 8 treatments were includdPFS analysis, lenalidomide-based regimens
(lenalidomide-prednisone, lenalidomide alone) were identified as the most effective options (HR 0.39
and 0.47; MedR 1 and 2; overall PbBT 74%). Four treatments (thalidomide-interferon, thalidomide-
bortezomib, bortezomib-prednisone, thalidomide alone) sha¥¢d in favor of maintenanc®&y

OS analysis, lenalidomide alone was identified as the best option (HR 0.76; MedR 2; PbBT 38%),
followed by bortezomib-thalidomide and bortezomib-prednisone. Similar features were noticed in
the restricted network including transplant trials, in the sensitivity analysis, and in most of the
prognostic subgroups.

Conclusions and RelevanceBased on PFS and OS results of this NMA, lenalidomide maintenance
can be considered the best treatment option, by synthesizing the available evidence ofenovel ag

based maintenance in the last 20 years.



KEY POINTS

Question What is the current best maintenance approach in myeloma?

Findings. This NMA included 11 trials and 8 treatments. Six maintenance treatments prolonged PFS
vs no maintenance: lenalidomide-based regimens were identified as the most effective options. On
OS analysis, lenalidomide alone was identified as the best option. Similar features were noticed in
the restricted network including transplant trials, in the sensitivity analysis, and in most of the
prognostic subgroups.

Conclusions and Relevance By synthesizing the available evidence of novel agent-based
maintenance in the last 20 years, lenalidomide maintenance can be currently considered the best
treatment option.



INTRODUCTION

The “continuous therapy” (CT) approach has been evaluated extensively in newly diagnosed
multiple myeloma (NIMM), across age groups and treatment strategies upfront, in several trials with
different designs. It generally consists of multi-agent chemotherapy for a fixed time, follgvaed b
less intensive but prolonged maintenance treatment. Some trials showed the benefit of thalidomide
continuous therapy in terms of progression-free survival (PFS), with inconsistent results for overall
survival (OS):1° The efficacy of continuous thalidomide is compromised by its poor tolerability,
with peripheral neuropathy mainly limiting the long-term use. In a trial randomizing patients to
bortezomib-based induction, ASCT and bortezomib maintenance vs vincristine-doxorubicin-
dexamethasone induction, ASCT and thalidomide maintenance, bortezomib-based therapy prolonged
PFS, with a better safety profite}? Bortezomib-thalidomide maintenance has also been evaluated
both in the non-transplant and transplant setttdigsA meta-analysis showed improved PFS as well
as OS with lenalidomide maintenance vs no maintenance/placebo in the post-transplarif setting.
Recent data from the Myeloma XI trial confirmed these find#ig®.

Despite the well-recognized importance of maintenance, there is no evidence demonstrating the
overall superiority of one regimen over the others, due to the lack of direct or indirect comparisons.
Furthermore, there are several well-known factors that may affect outcome, such as baseline
prognostic features (International Staging System [ISS] Stage chromosomal abnormalitfés
Direct comparisons in specific patient subsets are lacking as well.

We performed a systematic literature review to identify the randomized trials in NDMM
evaluating maintenance treatments using novel agents and then a network meta-analysis (NMA) to
synthesize the efficacy (PFS, OS) of each regimen over the others. To do this, we collected and,
whenever necessary, re-analysed the data of each study included in the network. Our main goal was
to compare the efficacy of each treatment vs no maintenance/placebo overall and in specific patient

subgroups.



MATERIAL AND METHODS

Systematic literature review and studies selection

This meta-analysis adheres to the guidelines provided by the PRISMA report and the EQUATOR
Network?324 We performed 2 independent searches (FG/UP) in the databases PubMed.gov and
Cochrane Central Register of Controlled Trials (RCTs) using the search terms myeloma and
maintenance. We excluded records registered before December 31, 1999, since our aim was to focus
on novel agents onlyrhe entire search had a cut-off date of November 20, 2017 and was restricted
to articles in English. To ensure that no RCTs were missing, we also considered additional sources
(Appendix), which were added manually to the PRISMA Flowchart (Figure 1).

Eligibility criteria were defined in terms of population, interventions, comparisons, outcomes, and
study design (PICOS) criterfd.The study population of interest comprig¢BMM patients the
studies included are prospective randomized phase lll trials that compared at least two maintenance
approaches; maintenance treatments should include one or more novel agents (thalidomide,
lenalidomide, bortezomib) in at least one arm; comparators included placebo and no maintenance. T
specifically evaluate the impact of maintenance, we excluded trials in which patients who received
two different maintenance treatments underwent different and non-comparable pre-maintenance
therapies (no stratification according to induction at the time of maintenance randomization), since
in such trials the final outcomes could be related to the combined effect of both induction and
maintenance. To analyze the impact of maintenance in the context of a current treatment approach,
we excluded maintenance trials that enrolled only patients who did not receive novel agents during
induction, since this is no longer a standard approach. Nevertheless, these trials were subsequently

included in a sensitivity analysis. Outcomes of interest included PFS and OS.



After removing duplicates by blinded review, titles and abstracts of the citations were screened for
inclusion using Excel 2013 (Microsoft Corporation, Redmds§;WA) and then full-text articles
were examined to assess suitability.

The Cochrane Collaboration’s tool for assessing risk of bias in randomized trials was usefl Risks
of bias were assessed independently by 2 reviewerSgrG/hen data were not reported in the main

publicationswe asked authors of the different papers to provide them (Appendix).

Data extraction

Data were independently extracted from all eligible RCTs that reported hazard ratios (HRs) and
confidence intervals (ClIs) for PFS and/or OS, or provided data to estimate HRs and ClIs in case the
study did not report these parameters. Where not available, the HR was estimated using the ratio
between probabilities and the 95% CI was estimated using the p-value (Apgéndix).

HRs and p-values for PFS and OS were collected for the main comparison (alsjratieded
in the main analysis). We performed a restricted analysis of PFS and OS in patients previously treated
with ASCT; in this analysis, for trials enrolling both patients who had received ASCT and not, only
95% Cl and HR of the subgroup of ASCT patients were included.

Subgroup analyses according to prognostic features were performed. For these analyses, we
included only studies with available data on both ISS Stage and cytogenetic risk. HRs and p-values
for PFS were collected for the subsequent subsets: ISS Stage I/ll, ISS Stage Ill; high-risk
chromosomal abnormalities detected by FISH (del(17p) and/or t(14;14) and/or t(14;16)), standard-
risk (absence of del(17p), t(14;14), t1(14;16)). For these subgroup analyses we focused on PFS only,
due to the small number of patients in each subgroup, which could be a limitation, even more relevant
in the OS analysis, given the lower number of events. Whenever data were either unavailable in the
full-text articles, or non-comparable due to different risk categorization, these were provided by the

cooperative groups.



Network meta-analysis

The NMA was conducted using the natural log transformations of HRs, and their 95% Cls to
estimate standard errors (SES).

To include all trials within one framework we had to choose a common comparator, and we chose
“no maintenance/placebd. We assumed that placebo treatment was equivalénbtmaintenance
and that there were no differences in efficacy due to dosages or schemes (for thalidomide,
lenalidomide, lenalidomide-prednisone and bortezomib-thalidomide). We used the R-Project
software (v3.1.1, R Foundation for Statistical Computing, 1993-2017) and'gthec” and
“rR2WinBUGS” packages to perform the analysis with WinBugs (version 14, The BUGS Project, 1997-
2017). Since no loop nor design inconsistencies were present, the NMA was conducted following the
Bayesian consistency framewdfk.

The simulation was performed using the Markov Chain Monte Carlo (MCMC) technique with
three different chains, and each of them produced 500,000 interactions with 300,000 burn-in samples
and 15thinning rates. The output of Bayesian NMA is a posterior distribution of relative effect size,
and we obtained the HR asean value, and 95% Credible Interval (95% Crl) as the 2.5th and 97.5th
percentiles. Subsequent to perform all the simulafie calculated the percentage of simulations
in which every single treatment ranked first, in order to determine its probability of being the best
treatment BbBT). For each treatment, we estimated the median value of the ranking distribution for
all the simulations (MedR). This allowed us to consider not only when a treatment ranked first, but
also any other ranking it could obtain. The best option was identified on the basis of MedR, HR with

95% Crl and PbBT.

RESULTS

Study selection



Sixty-two publications were included, corresponding to 11 trials (Figure 1; Appendix

All trials started enrollment after 2001, 4 trials enrolled only patients ineligible for ASCT, 4 trials
included both patients eligible and not for ASCT, and 3 trials enrolled only patients eligible for ASCT.
Eight maintenance options were evaluatea maintenance/placebo, interferon (INF), thalidomide
alone (Thal), thalidomide-bortezomib (Thal-Bort), thalidomide-interferon (Tha);INRalidomide
alone (Len), lenalidomide-prednisone (Len-Pred) and bortezomib-prednisone (Bort-Pred).STable 1
summarizes the main characteristics of the included trials and each maintenance treatment

schedule?1¢192737 Qverall, the included trials presented minimal risk of bias (Appendix).

Primary analysis: PFS and OS with different maintenance strategies
The primary analysis network was composed of all the selected trials (5073 patients) (Figure 2).

On PFS analysis, lenalidomide-based regimens had the most favorable HR (Len-Pred HR 0.39; Len
HR 0.47); they ranked, on median, first and second in all the simulations; overall, they resulted the
most effective options in 74% of the simulations. Four treatments (Thal-INF, Thal-Bort, Bort-Pred,
Thal) showed a HR in favor of maintenance (HR from 0.50 to 0.73); only one (INF) did not show
any benefit. On OS analysis, Len was identified as the best option, based again on HR, MedR and
PbBT, followed by Thal-Bort and Bort-Pred. No benefit was suggested with the other regimens

(Figure 3; Figure 1S).

Restricted Analysis: PFS and OS in ASCT setting
Seven trials (Myeloma IX, CALGB-100104, IFM-2005-02, RAM-PI-209, RVMM-EMN-
441, Myeloma XI, GEMO5MENOS65) were included (2917 patients), (Figure 2S; Table 4S).
Results were similar to those of the primary analysis network. Regarding PFS, lenalidomide-
based maintenance regimens were identified as the best opinahdort and Thathowed a HR in

favor of maintenance (HR from 0.58 to 0.73), and no benefit was noticed with INF. On OS analysis,



Len-based regimens were the best optnbenefit with any other regimen was noticed (Fidi8e

- Panels B-C).

Subgroup analyses: prognostic features

Eight trials (NCT00205751, Myeloma IX, IFM-2005-02, 2005-001111-21, NRW-P1-209,
RV-MM-EMN-441, GEMO5SMENOSG65, EMN-01) were included in the subgroup analysis (Figure
3S; Table 5S). Two trials were excluded (CALGB 10014#)-015) since no data on cytogenetic
abnormalities were available; one trial (Myeloma XI) was not included since the publication of the
main paper is still underway.

The subgroup analysis in good prognosis patients (ISS Stage I/ll disease [n=2144] and standard-
risk chromosomal abnormalities [n=1657]) confirmed lenalidomide-based maintenance as the best
option in this subsets, on the basis of HR, MedR and PbBT. Subgroup analysis on poor prognosis
patients, although limited by a lower sample smggesed a major benefit of bortezomib-based
maintenance in patients with ISS Stage Il disease [NH626failed to detect the advantage of any
regimen over no maintenance/placebo in patients with high-risk chromosomal abnormalities [n=392]

(Figure 4S).

Sensitivity analyses

A sensitivity analysis was conducted on a slightly broader network of 14(6%l6 patients
(Figure 5S). This analysis added to the primary analysis three trials (IFM9902, MY10 and ALLG
MM®6) and three maintenance options (thalidomide-pamidronate, thalidomide-prednisone and
prednisoné)’? in a population of patients not previously exposed to novel agents. The analysis for
PFS confirmed lenalidomide-based therapies as the best option. In terms of OS, the trend was again

similar to the one of the main analysis, except for the OS advantage with thalidomide-pamidronate.

DISCUSSION
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Maintenance treatment is defined as any therapy administered after the completion of the induction
period in patients either responsive or non-progressive, with the goal of prolonging survival.383°The
optimal maintenance therapy should be a convenient treatment, with a good compliance and
tolerability. In the last 20 years, several trials have evaluated maintenance with either one or more of
these drugs. Most of trials showed the benefit of long-term novel-agent-based treatment in both
young, ASCT-eligible patients and elderly patients. Nevertheless, direct comparisons of such
regimens are lacking, and it is hard to draw conclusions.

The primary objective of this meta-analysis was to synthetize all the available evidence on
maintenance with thalidomide, bortezomib and lenalidomide in NDMM (ASCT and non-ASCT
settings) and to contribute identifying the best maintenance approach. We used HRs as effect measure
for survival and included all the treatments evaluated during the last 20 years into a single network,
including the most recently published studies. To enable the comparison, we had to arbitrarily choose
a common comparator, and we opted for no maintenance/placebo.

Lenalidomide showed to be the best maintenance option. In terms of PFS, lenalidomide and
lenalidomide-prednisone were the most effective treatments. In terms of OS, lenalidomide alone was
the best option. This is not surprising: firstiye randomized trials showed a significant PFS
advantage with lenalidomide alone vs no maintenance/pld@éber*®4tsecondly, a recent meta-
analysis demonstrated a significant OS advantage of lenalidomide alone vs no maintenance/placebo
in the post-ASCT settingf and thirdy, two trials showed a moderate PFS benefit adding prednisone
to lenalidomide vs lenalidomide alone, but no OS advartfatjé®

Thal-INF, Thal alone, Thal-Bort and Bort-Pred showddR for PFS in favour of maintenance
but no OS benefit. Differently from lenalidomide alone, all these regimens were evaluated in a single
trial each thar estimated lower effectiveness was therefore based on single-trial results, which could

be a limitation.

11



Long-term use of lenalidomide undoubtedly has advantages, due to the lack of neuropathy, which
is the main factor limiting the long-term use of both thalidomide and bortezomib. The main toxicities
associated with lenalidomide maintenance include neutropenia, thrombocytopenia, cutaneous rash
and, in the long term, diarrhoea.

INF alone showed no PFS or OS benefit in comparison with no maict#placebo. These results
are in contrast to some previous stuthié¥* conducted in the pre-novel agent era, and could be
partly related to a stronger effect of INF in patients not previously exposed to novel drugs.

Results of our main analysis were confirmed in the post-ASCT setting, supporting the recent
approval of the drug by FDA and EMA in this setting.

Yet, it remains to be defined as to whether all patients require maintenance or not or, most
importantly, if the choice of the agent/s should be dictated by disease characteristics. The benefit of
lenalidomide in high-risk patients is still a matter of debate, based on conflicting results of published
studies, and on the potentially higher effectiveness of bortezomib in this setting. Sub-analyses of
several trial¥3234354%5ggested the suboptimal efficacy of Lenalidomide alone in high-risk patients,
but recent results of the Myeloma Xl trial did show a benefit also in high-risk diSeasgpatients
who received lenalidomide maintenance in the Myeloma XI trial were previously treated with IMiDs
and were sensitive to the drug. Various studies showed the efficacy of bortezomib in high-risk
patientstt1214154nevertheless, this was associated more often with a bortezomib-based induction
and consolidation/maintenance rather than with maintenance itself. Updated results of the
HOVONG65/GMMGHD4 trial suggested that the negative effect of dell7 was abrogated by
bortezomib-based induction and maintenance, while there was only a trend for improved OS in
patients with t(4;14) and 1q gaifA recent retrospective comparison of bortezomib vs lenalidomide
therapy in elderly patients suggested an advantage of bortezomib upfront in patients with either dell17,
t(4;14) or t(14;16¥/ Again, heado-head comparisons in specific subgroups are lacking. This NMA
is the first one trying to evaluate which is the drug of choice as maintenance in patients with different

prognostic features. Good prognosis patients (ISS I/ll and standard-risk chromosomal abnormalities)
12



highly benefit from maintenance, and Lenalidomide-based therapy showed to be the best option in
this subset. Subgroup analyses in high-risk patients are limited by the lower number of patients.
Despite these low numbers, Bortezomib-based maintenance seems to be more beneficiallfor ISS II
patients. No specific advantage of any maintenance over the other was noticed in patients with high-
risk chromosomal abnormalities. It remains uncertain as to whethées tkiated to the small sample

size, the different cut-off used to define positivity or the extremely poor prognosis of these patients.
Considering the poor prognosis related to these chromosomal abnormalities, the conflicting results
on the efficacy of lenalidomide alone, the absence of clear advantage of one agent over the other and
the retrospective nature of this analysis, we cannot conclude that lenalidomide alone is sufficient for
high-risk patients and a better choice would probably be to combine lenalidomide with proteasome
inhibitors, instead of using only one agéht.

To perform this NMA and include all trials within the same network, we made two assumptions.
The first one is that the effect of placebo was the same as no maintenance. Trials using placebo as
control vs observation have the advantage to reduce bias in reporting quality of life and in grading
adverse events (such as anxiety, fatigue, pain), where knowing or not to be on therapyiallyy part
affect the subjective evaluation. Nevertheless, the main aims of our analysis were PFS and OS; events
like progression and death are not influenced by the use of placebo or simple asethvartefore
we believe that the assumption of placebo = no maintenance can be acceptable for this type of
analysis. Of note, only 3 trials included in our NMA used placebo, and they all evaluated lenalidomide
maintenance; the estimation of the effect of lenalidomide maintenance is based on 5 trials and this
further minimizes the risk of bias. The second assumption is that different thalidomide doses (50-200
mgq), lenalidomide schedules (28 days continuously or 21 /28 days), and prednisone doses (50-25 mg)
had an equivalent effect. Although this latter assumption might be a limitation, there are data
suggesting similar survival in patients randomized to different thalidomide tfdgesyise, slightly
different schedules of lenalidomide maintenance induced similar medi&F #344°in the

EMNA441 trial, 50 mg of prednisone was not well tolerated in the long-term, and median time to dose
13



reductions (25 mg) was six months; thereafter prednisone could be administered for a longer time,
thus making similar the dose administered in the two tffals.

We excluded from this NMA trials that evaluated continuous therapy upfront but administered
two different maintenance treatments after different and non-comparable pre-maintenance therapies
since in such trials the final outcome is probably related to the combined effect of both induction and
maintenance, rather than maintenance itself. The impact of some of these continuous approaches has
been evaluated in two NMAs, which reported a PFS and OS advantage of lenalidomide-
dexamethasondr(l) over the other therapies, including MPT and VMP (fixed duration) in elderly
patients2’°1More recently, Bort-Rd for 8 cycles, followed by continuous Rd showed better PFS and
OS vs continuoufkd alone, in patients without an immediate intent to ASE the transplant
setting, randomized trials showed the efficacy of long-term thaliddmidbut mainly compared
with a treatment not including any novel agent) and the superiority of Bort-based pre-transplant
induction followed by bortezomib maintenance over vincristine-doxorubicin-dexamethasone pre-
transplant induction followed by thalidomide maintenatc2.

To analyze the impact of maintenance in the context of current treatment appreachedided
from our primary analysis three tri&f¥ that evaluated thalidomide maintenance post-ASCT
patients who did not receive novel agents-based induction. Since this could be a limitation, these trials
were subsequently included in a sensitivity analysis, whose PFS results were similar to the main one;
an unexpecte®S advantage was noticed with thalidomide-pamidronate. This could at least in part
be related to the estimation required to calculate the HR, and/or to a stronger effect of thalidomide in
patients not previously treated with novel drugs. An advantage in favor of thalidomide-based
maintenance was not evident in the other trials.

We did not report on adverse events, drug discontinuations and quality of life, because our main
objectives were PFS and OS. In addition, siveeused “no treatment” as common comparator,
adverse events, discontinuations and quality of life were not available and the comparison across

trials could not be possible. These are indeed key factors: the oral administration and the good
14



tolerability, with no worsening in quality of lif¢¢, support the use of lenalidomide for the majority

of patients in the context of the current available drugs. An increase in second primary malignancies
with prolonged lenalidomide therapy has been repdit&d>>ut the survival benefit overcame the

risk in all the trials. The optimal dose (10 vs 15 mg) and schedule (21/28 days or continuously) are
still open issues. Main grade 3-4 non-hematologic toxicities were similpatients treated with
different doses and schedules in the trials evaluating lenalidomide maintenance post-ASCT, but both
grade 3-4 neutropenia and thrombocytopenia were lower in patients treated with 10 mg 21/28 days if
compared to 10 mg escalated to 15 and administered contindbefsty*>The optimal duration is

still to be determined. Some trials evaluated maintenance until progression, others for up to 2-3 years,
but no randomized trial addressed so far the benefit of treatment until progression vs 2-3 years.
Because of toxicity, thalidomide could be often administered only for a few months and bortezomib
administration was planned for a maximum of 2-3 years. Although lenalidomide therapy was planned
in the majority of the studies as treatment until progression, tlae theation of treatment was
around 30 month®. Duration of therapy is therefore strictly related to tolerability and most of the
trials showed that the effective duration of maintenance is limited to 2 to 3 years. Another unanswered
question is the benefit of upfront continuous lenalidomide vs lenalidomide-containing triplets at first
relapse, since there are no data available on the effectiveness of the currently approved ldealidomi
containing triplets in patient refractory to lenalidomide.

Despite the assumptions and limitations of this NMA, our results support the use of lenalidomide
maintenance in the majority of patients. Still, better treatment options are required in patients with
aggressive disease, who may benefit from combinations of proteasome inhibitors and
immunomodulatory agents. There are ongoing trials evaluating maintenance with second-generation
proteasome inhibitors alone or plus immunomodulatory agents and with monoclonal antibodies
These well-tolerated drugs, which could have a potential efficacy in standard but also in high-risk
disease, could become available in the maintenance setting in the next future, and increase the

treatment options for MM patients.
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Main figures: titles and legends

Figure 1. PRISMA Flowchart
Figure 2. Primary analysis Network
Figure Legend. Thal = thalidomide; IFN = interferon; Len = lenalidomide; Bortrteloamib; Pred = prednisone.

Figure 3. Primary analysis: Forest Plot of Network Meta-Analysis Results.
Panel A shows PFS results; Panel B shows OS results.

Figure Legend. Thal = thalidomide; IFN = interferon; Len = lenalidomide; Bort temamib; Pred = prednisone; PFS=
progression-free survival; OS = overall survival; PbBT = probabilityedfig the best treatment; MedR = median value
of the ranking distribution for all the simulations.
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