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Abstract

Background: Lenalidomide maintenance after autologous stem cell transplant (ASCT) in
multiple myeloma (MM) results in superior progression-free survival and overall survival.
However, patients with high-risk multiple myeloma (HRMM) do not derive the same survival
benefit from lenalidomide maintenance compared with standard-risk patients. The authors sought
to determine the outcomes of bortezomib-based maintenance compared with lenalidomide
maintenance in patients with HRMM undergoing ASCT.

Methods: In total, the authors identified 503 patients with HRMM who were undergoing ASCT
within 12 months of diagnosis from January 2013 to December 2018 after receiving triplet novel-
agent induction in the Center for International Blood and Marrow Transplant Research database.
HRMM was defined as deletion 17p, t(14;16), t(4;14), t(14,20), or chromosome 1q gain.

Results: Three hundred fifty-seven patients (67%) received lenalidomide alone, and 146

(33%) received bortezomib-based maintenance (with bortezomib alone in 58%). Patients in

the bortezomib-based maintenance group were more likely to harbor two or more high-risk
abnormalities and International Staging System stage 111 disease (30% vs. 22%; p=.01) compared
with the lenalidomide group (24% vs. 15%; p < .01). Patients who were receiving lenalidomide
maintenance had superior progression-free survival at 2 years compared with those who were
receiving either bortezomib monotherapy or combination therapy (75% vs. 63%; p=.009).
Overall survival at 2 years was also superior in the lenalidomide group (93% vs. 84%; p=.001).

Conclusions: No superior outcomes were observed in patients with HRMM who received
bortezomib monotherapy or (to a lesser extent) in those who received bortezomib in combination
as maintenance compared with lenalidomide alone. Until prospective data from randomized
clinical trials are available, post-transplant therapy should be tailored to each patient with
consideration for treating patients in clinical trials that target novel therapeutic strategies for
HRMM, and lenalidomide should remain a cornerstone of treatment.

Keywords
bortezomib; lenalidomide; maintenance therapy; multiple myeloma; stem cell transplant

INTRODUCTION

Patients with high-risk multiple myeloma (HRMM), commonly defined as having deletion
17p/monosomy 17, t(14;16), t(4;14), t (14;20), or gain 1q by fluorescence in situ
hybridization, have poor outcomes after autologous stem cell transplant (ASCT).1:2
Lenalidomide maintenance after ASCT results in prolongation of both progression-free
survival (PFS) and overall survival (OS), which has led to the widespread adoption and
US Food and Drug Administration approval of lenalidomide maintenance as the standard
of care for most patients with myeloma.34 However, in a pooled analysis, patients

with HRMM did not derive a survival benefit from maintenance lenalidomide.” In the
HOVON trial (EudraCT no. 2004-000944-26), the inclusion of bortezomib as part of
induction and maintenance was associated with improved survival outcomes in patients
with HRMM.8.7 Therefore, proteasome inhibitors, such as bortezomib or carfilzomib, are
considered key drugs in induction regimens for patients with high-risk myeloma. There

Cancer. Author manuscript; available in PMC 2024 July 15.
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are limited data comparing lenalidomide alone versus other maintenance/consolidation
regimens, specifically bortezomib-based regimens, in patients with HRMM in the era of
novel agents.

The optimal maintenance strategy for HRMM patients is not defined, and treatment
recommendations for post-ASCT maintenance for these patients can vary considerably
across practices.28 In a meta-analysis, Gay et al.® reported an improvement in OS with
lenalidomide as maintenance post-transplant compared with thalidomide-based regimens.
A retrospective study from Emory University showed that combined bortezomib and
lenalidomide maintenance was associated with an improvement in PFS in high-risk patients
with myeloma.10 In the FORTE trial (ClinicalTrials.gov identifier NCT02203643),11.12
the use of carfilzomib, lenalidomide, dexamethasone induction followed by transplant
and double maintenance with carfilzomib and lenalidomide was identified as superior to
lenalidomide alone, including in subsets of high-risk patients. However, a different approach
may be needed in transplant-ineligible patients. In the S1211 trial (ClinicalTrials.gov
identifier NCT01668719),13 the addition of elotuzumab to bortezomib, lenalidomide,

and dexamethasone (RVD) without the intent for upfront transplantation did not

improve PFS in patients with HRMM. In the ELA1114 study(Clinical Trials.gov identifier
NCT01863550), patients were randomized to receive induction with carfilzomib,
lenalidomide, dexamethasone versus RVD followed by maintenance with lenalidomide. In
the patients with standard-risk cytogenetics, there was no significant difference in PFS in
either group. In the current study, we used the Center for International Blood and Marrow
Transplant Research (CIBMTR) database to investigate whether patients with HRMM
who were receiving lenalidomide alone as maintenance after upfront ASCT have inferior
outcomes compared with other approaches, specifically those receiving bortezomib-based
consolidation/maintenance.

MATERIALS AND METHODS

Data sources

The CIBMTR is a research collaboration between The National Marrow Donor Program
—Be the Match—and the Medical College of Wisconsin. It encompasses a voluntary
working group of more than 500 transplantation centers worldwide. Participating centers are
required to report all transplants consecutively; compliance is monitored by onsite audits,
and patients are followed longitudinally. Computerized checks for discrepancies, physicians’
review of submitted data, and onsite audits of participating centers ensure data quality.
Studies conducted by the CIBMTR are performed in compliance with all applicable federal
regulations pertaining to the protection of human research participants. Protected Health
Information used in the performance of such research is collected and maintained in the
CIBMTR’s capacity as a Public Health Authority under the Health Insurance Portability and
Accountability Act Privacy Rule.

Patient selection

The study population consisted of US adult patients who had HRMM and underwent upfront
ASCT between 2013 and 2018 within 12 months of diagnosis after receiving triplet novel-
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agent induction reported to the CIBMTR from nonembargoed centers. Alive patients were
required to have at least 3 months of follow-up data reported.

High-risk cytogenetic features were defined as the presence of at least one of the following
abnormalities: having deletion 17p/monosomy 17, t(14;16), t(4;14), t(14;20), or abnormality
in 1q by fluorescence in situ hybridization. Abnormality 1q included both gainlq (three
copies of 1q) and amplification 1q (four or more copies of 1q) as reported by centers.
High-risk patients were further analyzed in two subgroups: (1) HRMM with traditional
high-risk features with or without 1q abnormalities (17p/monosomy 17, t[14;16], t[4;14],
t[14,20], with or without abnormal 1q), referred throughout this article as group A; and

(2) abnormality 1q without any of the other high-risk markers, referred throughout as
group B. Responses were defined according to the International Myeloma Working Group
classification.1® The primary outcome that was studied was PFS. Other outcomes of interest
included relapse/progression and OS. PFS was defined as the time from ASCT to relapse,
progression, or death from any cause. OS was defined as the time from ASCT to death from
any cause.

Statistical analysis

RESULTS

Descriptive statistics were used to summarize our data. Categorical variables are presented
as counts and percentages; continuous variables are described using the median, minimum,
and maximum. The distribution of baseline characteristics was compared using the #test, the
Wilcoxon rank-sum test, the XZ test, or the Fisher exact test, as appropriate. For survival
analysis, the Kaplan—Meier estimator was used to calculate the probability of OS and PFS,
and the variance was estimated using the Greenwood formula. The probability of nonrelapse
mortality was estimated using cumulative incidence estimates with relapse as a competing
risk event. Comparison of survival curves and cumulative incidence curves was done using
the log-rank test and the Gray test, respectively. A multivariate model was fitted using a
Cox proportional hazards regression model to identify factors associated with outcomes.
The main effect was maintenance by high-risk group among four groups: group A/
lenalidomide, group B/lenalidomide, group A/bortezomib-based, and Group B/bortezomib-
based. Variables that were adjusted included age at ASCT, sex, race, performance status,
comorbidity index, International Staging System stage, creatinine function, melphalan dose,
disease status at transplant, and time from diagnosis to ASCT. A stepwise model building
approach was adopted, and variables that attained a p value <5% were retained in the final
model. Factors that were considered in model building were patient-related, disease-related,
transplantrelated, and post-transplant-related covariates. We tested for interactions between
the main effect (i.e., lenalidomide vs. bortezomib plus other) and the variables in the final
model. The assumption of proportional hazards was tested using time-dependent covariates.

Of 503 patients who met the study criteria, 357 (67%) received lenalidomide maintenance
alone, and 146 (33%) received bortezomib-based maintenance (bortezomib alone: 85
patients, 58%; bortezomib plus lenalidomide: 58 patients, 40%; bortezomib plus other:
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three patients, 2%). Baseline characteristics are shown in Table 1. Patients receiving
bortezomib-based maintenance had similar demographics compared with those receiving
lenalidomide maintenance alone, including age, race, sex, and performance status. Patients
in the bortezomib-based maintenance group were more likely to have group A abnormalities
compared with those in the lenalidomide group (50% vs. 34%; p < .01). Patients in the
bortezomib-based maintenance group were also more likely to possess two or more high-risk
abnormalities compared with those in the lenalidomide group (24% vs. 15%; p < .01) as
well as International Staging System stage 11 disease (30% vs. 22%; p = .01). There was no
difference in renal function between the two groups either at diagnosis or before transplant.
However, patients in the bortezomib-based arm were more likely to receive bortezomib,
cyclophosphamide, and dexamethasone (VCD) induction (29% vs. 17%; p < .01) compared
with RVD induction (67% vs. 82%; p < .01) before ASCT. Patients in the bortezomib-based
maintenance group were also less likely to receive full-dose conditioning with melphalan
200 mg/m?2 (70% vs. 78%; p = .05).

Response rates

There was no difference in the pre-ASCT response rate, including the very good partial
response (VGPR) or better rate in the bortezomib-based versus lenalidomide maintenance
groups (59% vs. 60%; p=.27; Table 1). The response rate at 100 days post-ASCT was
also similar between both groups, including the VGPR or better rate (69% vs. 73%) and
the complete response rate (34% vs. 42%) in the bortezomib-based versus lenalidomide
maintenance groups, respectively (p = .66; Table 2). The best response after ASCT was
also similar in the bortezomib-based versus lenalidomide maintenance groups, including
the VGPR or better rate (81% vs. 85%) and the complete response rate (53% vs. 55%),
respectively (p=.69).

Outcomes—Table 3 shows the comparison of outcomes between patients receiving
bortezomib-based and lenalidomide maintenance. The median follow-up for group A
receiving lenalidomide was 30 months (range, 12—82 months), for group A receiving
bortezomib-based maintenance it was 36 months (range, 11-84 months), for group B
receiving lenalidomide it was 25 months (range, 7-78 months), and for group B receiving
bortezomib-based maintenance it was 36 months (range, 12—73 months). Nonrelapse
mortality at 2 years was similar in patients receiving bortezomib-based and lenalidomide
maintenance (2% vs. 0%, respectively; p=.16). Patients in the lenalidomide group had
superior PFS at 2 years compared with those in the bortezomib-based therapy group (75%
vs. 63%; p=.009). OS at 2 years was also superior in the lenalidomide group (93%

vs. 84%; p=.001). An additional comparison of patients in group A versus group B is
also shown in Table 3. The 2-year PFS and OS in group A receiving lenalidomide versus
bortezomib-based maintenance was 77% versus 61% (p = .009) and 94% versus 84% (p
=.006), respectively. The 2-year PFS and OS in group B receiving lenalidomide versus
bortezomib-based maintenance was 70% versus 65% (p = .385) and 92% versus 85% (p =
.109), respectively. Figure | shows the PFS and OS for the four groups.

Multivariate analysis—Table 4 shows the results of the multivariate regression models.
When evaluating PFS, with group B receiving lenalidomide maintenance as reference, no

Cancer. Author manuscript; available in PMC 2024 July 15.
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difference was seen with group A receiving lenalidomide maintenance (HR, 1:38; 95% ClI,
0.89-2.15; p=.15). However, group A receiving bortezomib-based maintenance (HR, 1.77;
95% Cl, 1.08-2.90; p = .02) and group B receiving bortezomib-based maintenance (HR,
1.93; 95% Cl, 1.20-3.13; p=.007) had worse outcomes compared with the reference group.
In group A, there was no statistically significant difference in PFS with bortezomib-based
versus lenalidomide-alone maintenance (HR, 1.28; 95% Cl, 0.76-2.16; p=.36); but, in
group B (i.e., abnormality 1q alone), bortezomib-based maintenance was associated with
inferior PFS compared with lenalidomide maintenance (HR, 1.93; 95% Cl, 1.20-3.13; p=
.007). Disease status of VGPR or better before ASCT was associated with superior PFS
(overall p=.01).

Similar associations were observed for OS. With group B receiving lenalidomide
maintenance as the reference group, group A receiving bortezomib-based maintenance (HR,
3.21; 95% Cl, 1.34-7.70; p=.009) and group B receiving bortezomib-based maintenance
(HR, 3.10; 95% ClI, 1.29-7.45; p=.011) were associated with inferior OS. There was no
difference in OS in group A with bortezomib-based versus lenalidomide-alone maintenance
(HR, 2.08; 95% Cl, 0.82-5.27; p=.12). In group A versus group B receiving bortezomib-
based maintenance, no difference in OS was seen.

Subset analysis: Melphalan 200 mg/m2—Because patients in the bortezomib-based
group were less likely to have had received full-dose melphalan 200 mg/m? conditioning
dose compared with the lenalidomide group, we performed a subset analysis of patients
who received melphalan 200 mg/m2. In this group, 47 patients received bortezomib plus
lenalidomide maintenance, 54 patients received bortezomib alone or bortezomib plus other
maintenance, and 279 patients received lenalidomide alone as maintenance therapy. The
results were very similar to the associations seen in the overall cohort, as shown in Table S1.
PFS at 2 years was superior in the lenalidomide group compared with the bortezomib-based
groups (76% for lenalidomide maintenance vs. 63% for bortezomib plus lenalidomide vs.
56% for bortezomib; p = .005), respectively. OS was also better in the lenalidomide group
(94% for lenalidomide vs. 85% for bortezomib plus lenalidomide vs. 78% for bortezomib; p
<.001). Results from the multivariate analysis were also similar to results from the overall
cohort (Table S2).

DISCUSSION

Outcomes in multiple myeloma have improved dramatically over the last few years with
the use of novel agents and combinations. The current treatment paradigm of multidrug
induction therapy followed by ASCT and maintenance therapy has been shown to offer
prolonged disease control. Lenalidomide-based maintenance has been the standard of
care based on the results from multiple, large, prospective, randomized studies, including
the Cancer and Leukemia Group B CALGB 100104 trial (ClinicalTrials.gov identifier
NCT00114101),16.17 the French Myeloma Intergroup trial IFM200502 (Clinical Trials.gov
identifier NCT00430365),18 and the GIMEMA RV-MM-PI-209 trial (ClinicalTrials.gov
identifier NCT00551928),12 which demonstrated significant improvements in PFS and
OS. However, this benefit has not been uniformly seen in patients with high-risk
cytogenetics.20 Therefore, there is no clear guidance for post-ASCT maintenance therapy
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among patients who have high-risk cytogenetics. In this study, we sought to compare
maintenance strategies used in current practice in patients with HRMM after upfront ASCT,
comparing lenalidomide alone versus bortezomib-based consolidation/maintenance. With
the introduction of novel induction therapies, outcomes of patients who have melanoma
with high-risk cytogenetics have improved, with approximately 60% of patients achieving a
VGPR or better before transplant. Furthermore, that response is improved upon by ASCT
with 69%-73% achieving a VGPR or better at the 100-day mark. Patients in the bortezomib-
based arm were more likely to receive VCD induction (29% vs. 17%; p < .01) compared
with RVD induction (67% vs. 82%:; p < .01) before ASCT. A previous CIMBTR analysis?!
demonstrated no significant survival difference based on induction therapy in patients with
multiple myeloma undergoing upfront ASCT after RVD or VCD induction. No difference in
pre-ASCT and post-ASCT responses were noted by high-risk cytogenetics.

Bortezomib-based maintenance was evaluated in the HOVON-65 study?2:23 and was shown
to be superior to thalidomide. In a subgroup analysis of patients with del(17p), long-term
bortezomib use was associated with an improvement in OS, with 8-year OS rates of

52% versus 54%. There was no impact in other high-risk abnormalities, such as t(4;14)

and gain 1g21. There are other smaller studies that support the role of post-transplant
bortezomib-based triplet therapy for patients with high-risk cytogenetics.24:25 Joseph et
al.26 reported improved outcomes with triplet maintenance using immunomodulatory drugs
and proteasome inhibitors after ASCT in patients with HRMM, with a median PFS of

42.1 months versus 16.2 months in those without maintenance therapy. The recently
published DETERMINATION trial (ClinicalTrials.gov identifier NCT01208662)27 similarly
established the benefit of early ASCT with a 21.3-month improvement in PFS. Those
findings highlighted the need for sustained maintenance therapy in both arms. Rates of
minimal residual disease (MRD) negativity were 40% in the RVD arm and 54% in the stem
cell transplant arm, and 5-year PFS was improved in MRD-negative patients (59.2% in the
RVD arm and 53.5% in the stem cell transplant group). This further supports the importance
of MRD negativity regardless of therapy and its impact on outcomes. However, our analysis
showed no benefit of bortezomib-based maintenance over lenalidomide maintenance in

the group of patients who had deletion 17p, t(14;16), t(4;14), or t (14;20). Although we
observed that bortezomib-based maintenance produced significantly worse outcome than
lenalidomide alone, outcomes with bortezomib plus lenalidomide were improved compared
with bortezomib monotherapy maintenance. Bortezomib monotherapy was associated with
the most inferior outcomes. In our cohort, we observed that a higher percentage of

patients with more than one high-risk cytogenetic feature were in the bortezomib-based
maintenance group. This suggests a treatment bias toward bortezomib-based maintenance
in this population, and our results highlight the dilemma that these patients still have early
relapses regardless of the use of a maintenance strategy. It would be reasonable to consider
a proteasome inhibitor-immunomodulatory drug combination with the aim of achieving
deeper responses.

In the subgroup with abnormality 1q, we did not observe superior outcomes in patients
who received bortezomib maintenance compared with lenalidomide alone, with 2-year PFS
and OS with lenalidomide versus bortezomib-based maintenance rates of 70% versus 65%,
respectively, and 92% versus 85%, respectively, suggesting that lenalidomide maintenance
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may be reasonable in this population. Abnormality in 1q has been identified as a

prognostic marker of inferior outcomes in different studies.28-30 In the Myeloma XI trial
(ClinicalTrials.gov identifier NT01554852), which evaluated lenalidomide or thalidomide in
combination with cyclophosphamide and dexamethasone followed by an autologous stem
cell transplant for eligible patients and maintenance with lenalidomide versus observation,
patients with abnormality 1q had worse OS, and the prognostic effect was more prominent
among those who had amplification of 1q or co-occurrence of additional high-risk
cytogenetic abnormalities.3! The FORTE study32:33 randomized transplant-eligible patients
to receive four cycles of carfilzomib with cyclophosphamide and dexamethasone (KCd)
followed by ASCT and four cycles of KCd consolidation, carfilzomib with lenalidomide/
dexamethasone (KRd) for four cycles, followed by ASCT, and four cycles of KRd
consolidation, or 12 cycles of KRd without transplantation. In that study, patients with

gain 1q had worse survival in the KCd ASCT and KRd 12-cycle arms, but the risk was
abrogated in the KRd ASCT arm. However, it was noted that patients with abnormality in 1q
had dismal outcomes regardless of treatment arm, unless they were able to achieve negative
MRD.34

The main limitation of our study is its retrospective nature. Because of the lack of
prospective randomization, our analysis is subject to inherent selection bias. Although

we focused on a homogenous cohort of patients, a bias in the choice of post-transplant
maintenance therapy is certain. Furthermore, abnormality of 1q, as reported in the database,
was a mixed population that included both gain 1g and amplification 1q, which we were not
able to further delineate. Also, whereas we were able to separate patients in subgroups based
on cytogenetic abnormalities and maintenance therapy, some of these subgroups, e.g., those
receiving the combination of lenalidomide and bortezomib, were small in number and hence
lacked statistical power for comparison. Finally, the absence of MRD data further limits our
analysis because we were unable to study the impact of achieving MRD negativity in the
setting of HRMM. The majority of patients in our study received single-agent maintenance,
and our study cannot address whether dual bortezomib and lenalidomide maintenance may
be an optimal strategy in high-risk patients.

Post-transplant maintenance therapy continues to be an evolving target in multiple myeloma.
The optimal agent or combination for maintenance therapy in patients with HRMM is

still an unmet need. In accordance with multiple studies, we observed that these patients
continue to do poorly regardless of the type of maintenance therapy used. Our data serve

as contemporaneous benchmarks of outcomes of patients who have HRMM after upfront
ASCT. Given the observed poor outcomes of high-risk patients, additional maintenance
strategies are needed in this patient subgroup. Outcomes are expected to improve with
quadruplet-based regimens with the addition of anti-CD38 antibodies as part of the induction
regimen.3%:36 These regimens have produced deeper responses with higher rates of MRD
negativity. These studies provide a platform for assessing the impact of quadruplets and

the impact of MRD negativity, particularly in patients with HRMM. Newer therapies, such
as cereblon E3 ligase modulator agents,37-39 bispecific T-cell-directed antibodies,*041 and
chimeric antigen receptor T-cell therapy,#243 are additions to active antimyeloma therapies
and serve as potential novel targets for post-transplant maintenance/consolidation in this
population. Another clinically important question that remains to be answered is the optimal

Cancer. Author manuscript; available in PMC 2024 July 15.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bumma et al. Page 10

duration of treatment and the potential role of MRD evaluation in guiding treatment
decisions.

In summary, we did not observe any difference in outcomes among patients with traditional
high-risk abnormalities who received bortezomib-based versus lenalidomide maintenance,
and most patients in the bortezomib group received singe-agent bortezomib maintenance.
Lenalidomide was associated with superior outcomes in patients with 1q abnormalities
alone. Until prospective data from randomized clinical trials are available, post-transplant
therapy should be tailored to each patient with consideration for treating all of these patients
in clinical trials targeting novel therapeutic strategies for HRMM, and lenalidomide-based
treatment approaches should remain a backbone of treatment choice in this setting.4

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(Lef?) Overall survival and (right) progression-free survival in high-risk patients with
multiple myeloma receiving bortezomib-based maintenance versus lenalidomide alone as
maintenance therapy. Patients are divided into two groups, those with 1q abnormalities alone
(1q) and those with any 17p, t(14;16), or t(4;14) abnormalities. Bort indicates bortezomib;

HR, high risk; len, lenalidomide.
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Posthematopoietic cell transplant responses in patients with high-risk multiple myeloma.

TABLE 2

Characteristic  Bortezomib-based Lenalidomide alone

No. of patients 146
Response at day 100 of ASCT

SCRICR 50 (34)
VGPR 51 (35)
PR 31(21)
SD 9(6)
PD/relapse 2(1)
Missing 3(2)
Best response to ASCT
SCR/CR 77 (53)
VGPR 41 (28)
PR 20 (14)
SD 5(3)
PD/relapse 1(1)
Missing 2(1)

357

149 (42)
111 (31)
69 (19)
21 (6)
2(1)

5 (1)

196 (55)
108 (30)
41 (12)
9(3)
2(1)
1(0)

Abbreviations: ASCT, autologous stem cell transplant; CR, complete response; PD, progressive disease; PR, partial response; sCR, stringent

complete response; SD, stable disease; VGPR, very good partial response.
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