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Abstract

Background—CALGB 100104 (Alliance) studied lenalidomide vs. placebo following
autologous stem cell transplant (ASCT) for newly diagnosed myeloma patients, demonstrating
improved time to progression (TTP) and overall survival (OS), and an increase in second primary
malignancies (SPM) for lenalidomide at 34-months median follow-up. Here we report an updated
intent-to-treat analysis at 91-months median follow-up.

Methods—~Patients were eligible if they had active myeloma, had received at most two induction
regimens and had achieved stable disease or better in the first 100 days after ASCT. In this phase 3
study, 460 patients were randomised in a double-blind manner to either lenalidomide (n=231) or
placebo (n=229) utilizing a permutated-block randomisation with fixed block size. Randomisation
was stratified by three factors: normal or elevated 32-microglobulin level at registration (<2-5
mg/L vs > 2:5 mg/L), prior use or nonuse of thalidomide during induction therapy, and prior use or
nonuse of lenalidomide during induction therapy. The starting dose was 10 mg daily, escalated to
15 mg daily after three months. The primary endpoint was TTP (time of progressive disease or
death from any cause) using intent-to-treat analysis. After three interim analyses, the study was
unblinded at median follow-up of 18 months and 86/128 placebo patients without progressive
disease chose to cross over to lenalidomide. This study is registered with ClinicalTrials.gov
identifier NCT00114101; new patients are no longer being recruited, but some patients remain on
treatment and in follow-up.

Findings—The median TTP for lenalidomide is 57-3 months (95% CI 44.2-73-3) and 28-9
months (95% CI 23-0-36-3) for placebo (hazard ratio (HR): 0:57, 95% CI 0-46-0-71, p<0-0001).
The TTP benefit with lenalidomide was observed regardless of whether patients were in a
complete response at time of randomisation or whether they had received thalidomide or
lenalidomide induction therapy. The most common grade 3—4 adverse events were neutropenia
(116 (50%) of 231 patients in the lenalidomide arm and 37 (16%) of 229 patients in the placebo
arm) and thrombocytopenia (34 patients (15%) in the lenalidomide arm and 11 patients (4-8%) in
the placebo arm. Eighteen haematological (7-8%) and 14 solid tumour (6-1%) SPMs have been
diagnosed following randomisation and prior to disease progression in the lenalidomide arm vs.
three haematological (1-:3%) and nine solid tumour (3-9%) SPMs in the placebo arm. Of the
placebo SPMs, three haematological and five of nine solid tumour SPMs were in the crossover
subgroup.

Interpretation—Despite an increase in haematological adverse events and SPMs, lenalidomide
maintenance therapy following ASCT significantly improves TTP and can be considered a
standard of care.
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Introduction

Methods

Despite improvements in survival of newly diagnosed myeloma patients as a consequence of
induction therapy with novel agents followed by consolidation with high dose melphalan
and autologous stem cell transplant (ASCT), the majority of patients will suffer disease
relapse/progression. There has been significant interest in the role of maintenance therapy
following ASCT in order to delay disease relapse/progression and prolong survival. A
number of randomised studies evaluated maintenance therapy with thalidomide, the first
generation immunomodulatory agent (IMiD), following ASCT. In aggregate, while a benefit
for progression-free survival (PFS) was observed, a consistent overall survival benefit has
not been demonstrated and prolonged therapy with thalidomide has been limited by this
agent’s side effect profile.! Lenalidomide, the second generation IMiD, has a more
favourable side-effect profile and therefore has been studied in the context of post-ASCT
maintenance therapy.

Cancer and Leukemia Group B (CALGB) 100104, in collaboration with the Blood and
Marrow Transplant Clinical Trials Network (BMT CTN) and the Eastern Cooperative
Oncology Group (ECOG) randomised 460 patients to lenalidomide or placebo maintenance
following ASCT. CALGB is now part of the Alliance for Clinical Trials in Oncology. Initial
publication demonstrated that lenalidomide maintenance was associated with significantly
longer time to disease progression (TTP) (median TTP of 46 months for the lenalidomide
group and 27 months for the placebo group, p<0-0001) as well as a significant improvement
in overall survival at median follow-up of 34 months.2 Eight percent of patients in the
lenalidomide group developed second primary malignancies (SPMs) before disease
progression compared with three percent in the placebo group. Three other large randomised
studies (IFM 2005-02, GIMEMA RV-209, and Myeloma Xl study) evaluated the role of
lenalidomide maintenance following ASCT.3-° While both the IFM 2005-02 and GIMEMA
RV-209 studies reported significant improvements in PFS in the lenalidomide groups, there
was no significant improvement in overall survival. The survival data for the Myeloma XI
trial are not yet mature. SPM rates (excluding noninvasive skin cancers) of 7-5%3 and 2.-8%*
were observed in the lenalidomide treatment groups of the IFM 2005-02 and GIMEMA
RV-209 studies, respectively. A recent meta-analysis that included CALGB 100104, IFM
2005-02, and GIMEMA RV-209 found that lenalidomide maintenance significantly
improves overall survival.® Here we present an updated analysis of CALGB 100104 which
provides long-term follow-up data with respect to TTP, overall survival and SPMs.

Study design and patient selection

Adults aged 18 to 70 years were enrolled across 47 centers in the United States. Patients
were eligible if they had an Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, had symptomatic disease requiring treatment, had received no more than 12
months of any prior therapy, were within 12 months of initiation of induction therapy and
had received at most two induction regimens. Patients were excluded if they had disease
progression during induction therapy or if they had previously undergone a prior peripheral
blood, bone marrow, or solid organ transplant. Patients with stable disease or better
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(marginal, partial, or complete response) in the first 100 days after ASCT were eligible.
Additional details regarding inclusion and exclusion criteria can be found in the
supplemental material. Each participant signed an IRB-approved, protocol-specific informed
consent in accordance with federal and institutional guidelines.

Randomisation and masking

Procedures

Outcomes

Patients were randomly assigned (1:1) in a double-blinded manner to initiate either
lenalidomide or placebo between day 90 and day 100 after ASCT. Randomisation was
stratified by three factors: normal or elevated $2-microglobulin level at registration (< 2:5
mg/L vs. > 2-5 mg/L), prior use or nonuse of thalidomide during induction therapy, and prior
use or nonuse of lenalidomide during induction therapy. A permutated-block randomisation
with a block size of six and equal allocation between two arms was utilized for each stratum.
The study was unblinded on December 17, 2009 after the third interim analysis. A detailed
description of the randomisation, unblinding, and interim analyses is included in the
supplemental material. Of the 128 eligible patients without progressive disease in the
placebo group, 86 chose to cross over and receive lenalidomide therapy.

All patients with stable disease or better were scheduled to start therapy between day 100-
110 post-ASCT. All patients started on two capsules (10 mg of lenalidomide, or placebo) per
oral daily. After three months, the dose could be escalated to three capsules (15 mg) daily.
Response and progression were initially defined using the European Blood and Marrow
Transplant Group’ and were subsequently changed to the International Myeloma Working
Group (IMWG) criteria.® Criteria for continued treatment were decided by the local centers.
Dose modifications are detailed in the supplemental material. Disease progressions (see
supplemental material for definition), deaths, responses at day 100, one-year, two-year, and
three-year post-ASCT were determined at the treating center and centrally reviewed
according to the IMWG criteria, with the exception that stringent CR (SCR) was not utilized
as a response category as the majority of patients did not undergo free light chain testing.
The central review was done in a blinded manner by four of the authors (SAH, PLM, SG,
EAS).

The primary endpoint was time to progression (TTP), defined as time to progressive disease
or death from any cause after transplantation. Secondary objectives included overall survival
(defined as the length of time from ASCT to death from any cause), assessment of complete
response rate, and determination of feasibility of long-term administration of lenalidomide.
The assessment of second primary malignancies was an exploratory objective not specified
in the protocol.

Statistical analysis

For sample size calculations, a total of n=462 patients were planned to be randomised over a
period of 33 months. Accounting for a drop-out rate of 15%, this would require registering
n=554 patients over this period. Under an equal allocation scheme (i.e., 231 patients per

Lancet Haematol. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Holstein et al. Page 7

arm), a planned accrual period of 33 months and a follow-up period of 30 months, this
design would have a power of at least 0-9 for the log-rank test to compare a median TTP of 2
years for the control arm and 2-8 years for the experimental arm (HR=1.4) with one-sided
alpha = 0-05. The primary statistical analysis was conducted using the log-rank test and the
secondary analysis was conducted using the Cox regression method. To assess the
occurrence of second primary malignancies (SPM) reported post-randomisation, the non-
protocol endpoint of event-free survival (EFS), defined as time of first event (SPM,
progressive disease, or death) is considered. Interim analyses were planned on a semi-annual
basis to coincide with the semi-annual meetings of the CALGB Data and Safety Monitoring
Board (DSMB) starting from about 21 months. Superiority tests were conducted using a
group sequential test design by Emerson and Fleming® and futility tests were conducted to
test if the HR of TTP between the two arms was <14 with one-sided alpha=0-05. The
survival functions are estimated using the Kaplan-Meier estimator.1? The Cox score statistic
is used to test discrepancy between survival distributions adjusting for baseline patient
characteristics.1! Hazard ratios are estimated using a Cox model under the implicit
assumption of proportional hazards. To assess cause-specific (progression, death, and SPM)
risk, the cumulative incidence curves are estimated using Kaplan-Meier estimators!? and
compared using the log-rank test proposed by Gray.13 All analyses are right censored and
per protocol used ASCT as the reference date except the EFS analysis, which uses the
randomisation date. The complete response rates at one year after transplant for the
lenalidomide and placebo arms were compared by Chi-square testing. The difference in the
most frequent grade 3 and higher at least possibly treatment-related adverse events
proportion between independent patient groups is tested using Fisher’s test and estimated
using a conditional maximum likelihood estimator of the odds ratio.14 The analyses were
conducted by the Alliance Statistics and Data Center using the R Statistical Environment [R
Development Core Team 2011] along with the survival and cmprsk extension packages and
SAS © 9:4 TS Level 1M3 for Windows [SAS Institute, Cary, NC, USA]. A detailed
description of the statistical considerations, including the design and analysis methods, has
been provided in the supplemental material. All analyses were based on the study database
frozen on October 19, 2016.

Role of the funding source

The National Cancer Institute (NCI) sponsored the study. Lenalidomide and placebo were
provided by Celgene (Summit, New Jersey, United States) to the NCI, which in turn
provided the study drugs to the investigators. Celgene was not involved in the study design,
conduct of the study, or in the analysis or reporting of the data. All authors had access to the
data through the Alliance Statistics and Data Center, which collected the data.

RESULTS

Four hundred sixty patients, out of 568 enrolled patients, were randomised between April
14, 2005 and July 2, 2009: 231 to the lenalidomide group and 229 to the placebo group. As
has been previously reported, patients were evenly distributed by age, sex, disease stage, p2-
microglobulin level at registration (supplemental material).? The disposition of the patients,
including reasons for ineligibility, is shown in the CONSORT diagram (Figure 1 and
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supplemental material). The reasons for treatment discontinuation are summarised in the
supplemental material.

The median follow-up for the updated survival analysis, as of October 19, 2016 was 91
months. One-hundred forty-six of the 231 patients in the lenalidomide group (63%) as
compared with 176 of the 229 patients in the placebo group (77%) had progressive disease
or had died (Figure 2A). The median TTP was 57-3 months (95% CI 44-2-73-3) in
lenalidomide group and 28-9 months (95% CI 23-0-36-3) in the placebo group with a hazard
ratio of 0-57 (95% CI 0-46 to 0-71; p<0:001). TTP analyses comparing Alliance (EMA) and
FDA censoring rules are presented in the supplemental material. A total of 88 out of the 231
patients in the lenalidomide group have died (38%) compared with 120 out of 229 patients
in the placebo group (52%) (Figure 2B). The median OS is 113-8 months (95% CI 100-4-not
reached) in the lenalidomide group and is 84-1 months (95% CI 73-8-106-0) in the placebo
group (hazard ratio 0-61; 95% CI, 0-46 to 0-80; p<0-0004). The rate of overall survival at
five years is 76% (95% CI, 70% to 81%) among patients in the lenalidomide group and 64%
(95% ClI, 58% to 70%) among patients in the placebo group.

The median time to crossover to lenalidomide for those placebo patients who chose to
crossover at time of study unblinding was 11 months (range 2:6-49-7 months). Similar
hazard ratios for TTP and overall survival were observed when placebo patients crossing
over within 6 months of randomisation (n=19) (TTP hazard ratio 0-58, 95% CI 0:47-0-72,
p<0-0001; overall survival hazard ratio 0-61, 95% CI 0-47-0-81, p=0-0004) or within 12
months (n=46) (TTP hazard ratio 0-53, 95% CI 0-43-0-66, p<0-0001; overall survival hazard
ratio 0-58, 95% CI 0-44-0-76, p<0-0001) of randomisation were included in the lenalidomide
arm (supplemental material). The median time on treatment for the lenalidomide arm was
31-0 months (95% CI 24-8-35-8 months) and was 18-1 months (95% CI 17-1-22:-6 months)
for the placebo arm (p<0.0001). Within the placebo group, the median time on treatment for
the crossover patients was 30-7 months (95% CI 27-1-37-4) and 14-5 months (95% CI 12.5-
17-3) for those patients who did not crossover. Treatment-free intervals were not determined.
The median dose for the time on treatment for the lenalidomide arm was 6.8 mg daily.

For those patients who experienced disease progression, the median survival time following
progression was similar amongst the two treatment arms (42:6 months (95% CI 36-4-60-5)
for lenalidomide and 39-2 months (95% CI 31-2-45-0) for placebo; hazard ratio 0-83 (95%
Cl1 0-61 to 113, p=0.23)) (Figure 3). Similarly, no differences in survival time after
progression were observed when placebo patients crossing over within six months of
randomisation (hazard ratio 0-84; 95% CI 0.62-1.13, p=0.24) or within 12 months (hazard
ratio 0-85; 95% CI 0-64 to 1-15, p=0.30) of randomisation were included in the lenalidomide
group (supplemental material). Time to second objective disease progression (PFS2) could
not be calculated as neither the date of second progression nor the start of third-line therapy
was routinely collected from the sites.

Patients were stratified based on prior lenalidomide or thalidomide therapy, beta-2
microglobulin level (elevated vs normal), and investigator-reported complete response status
(complete response or no complete response) at time of randomisation. Figure 3 shows the
forest plots comparing the relative influences of these stratification factors on TTP and
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overall survival. There was a benefit of lenalidomide maintenance for TTP across all
stratification groups (Figure 4A). Patients who received lenalidomide induction and
lenalidomide maintenance (n=84) had a median TTP of 71.6 months (95% CI 57-3-97-8) vs.
46:0 months (95% CI 37-2-73-1) (p=0-21) for those who received lenalidomide maintenance
in the absence of prior lenalidomide induction (n=147) (supplemental material). There was a
benefit of lenalidomide maintenance on overall survival regardless of whether patients
received prior lenalidomide induction or not (Figure 4B). The median overall survival did
not differ significantly for patients who received lenalidomide maintenance with prior
lenalidomide induction (104-7 months, 95% CI 97-8-not reached) vs those who received
lenalidomide maintenance without prior lenalidomide induction (113-8 months, 95% CI
90-5-not reached) (p=0:078) (supplemental material). For patients in the placebo arm, the
presence or absence of lenalidomide induction did not impact median TTP or overall
survival (supplemental material). The median TTP for patients in the placebo group who
were not in complete response at time of randomisation (n=60) was 19.8 months (95% CI
14-6-36-8) vs 33.0 months (95% CI 23-6-40-6) for patients in complete response (n=153)
(p=0-37) (supplemental material). For the lenalidomide arm, the median TTP for patients not
in complete response at time of randomisation (n=86) was 37-2 months (95% CI 28-9-60-1)
Vs 66-7 months (95% CI 50-6-94-3) (n=128) (p=0:0018). The median overall survival for
these groups were 90-6 months (95% CI 72-5-not reached) (placebo, non-complete
response), 80-6 months (95% CI 68: 9-not reached) (placebo, complete response), 97-8
months (95% CI 75- 0-not reached) (lenalidomide, non-complete response) and not reached
(95% CI 100- 4-not reached) (lenalidomide, complete response) (supplemental material).

Centralized review was performed to assess response (per IMWG criteria) at time of
randomisation as well as 1-, 2-, and 3-years post-ASCT (Table 1). Similar complete response
rates were observed in the placebo and lenalidomide arms at 1 year (Chi-square testing of
complete response/no-complete response vs lenalidomide/placebo, p-value pf 0-78).
However, by year 3, the majority of patients who remained in complete response or VGPR
were either in the lenalidomide arm or in the crossover arm. There were not reliable data
regarding the numbers of patients in biochemical relapse at each time point.

Reported salvage therapies were reviewed and the confirmed initial salvage therapies were
compiled (supplemental material). Of those patients with confirmed initial salvage regimens,
more patients received lenalidomide or a lenalidomide-containing regimen at time of relapse
in the placebo arm (73 out 104) than in the lenalidomide (32 out of 101) or crossover arms
(18 out of 42). Thirty-five patients were reported to have received a second ASCT at some
point, as well as seven who underwent allogeneic transplant and one patient who received a
second ASCT and an allogeneic transplant from a haploidentical donor.

Grade 3 and higher haematological and non-haematological adverse events that occurred
after randomisation were previously reported for the lenalidomide and placebo arms.2 With
longer follow-up, there have been a small number of additional adverse events reported
(Table 2 and supplemental material). The adverse events in the placebo arm are now further
categorized into the placebo crossover group and the non-crossover group. The majority of
the haematologic adverse events in the placebo patients occurred in those who crossed over
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to receive lenalidomide. A total of three grade 5 adverse events occurred (two in the
lenalidomide group and one in the placebo non-crossover group).

The SPMs that were diagnosed after the time of randomisation and before the time of
myeloma progression and receipt of salvage therapy are shown in Table 3. To date, a total of
18 haematological (7-8%), 14 solid tumour (6:1%), and 11 (4-8%) noninvasive SPMs have
been diagnosed in the lenalidomide arm vs. a total of three haematological (1-3%), nine solid
tumour (3-9%), and six (2:6%) noninvasive SPMs in the placebo arm. Of the placebo arm
SPMs, three of three haematological, five of nine solid tumour, and five of six noninvasive
SPMs were in the crossover group. Of the twenty-one patients with haematological SPMs,
nine received a thalidomide-containing induction regimen, six received a lenalidomide-
containing regimen, and six contained an anthracycline-containing induction regimen
(supplemental material). Details of the solid tumour SPMs are shown in the supplemental
material. The majority of the solid tumour SPMs were reported within the first three years
after randomisation, but with longer follow-up, haematological SPMs continue to develop
(supplemental material). The median times to haematological or solid tumour SPMs were
similar for both treatment groups: 60-8 months (95% CI 36-1-not reached) (placebo,
haematological) vs 49-8 months (95% CI 35-7-83.5) (lenalidomide, haematological)
(p=0-86), 27-0 months (95% CI 18-1-not reached) (placebo, solid tumour) vs 21-7 months
(95% CI 16-6-not reached) (lenalidomide, solid tumour) (p=0-45) (supplemental material).
SPMs were also reported after myeloma progression and initiation of salvage therapy,
including one haematological, four solid tumour, and two noninvasive SPM in the
lenalidomide arm, and five haematological, two solid tumour, and two noninvasive SPMs in
the placebo arm (supplemental material). Of those placebo arm SPMs, one haematological
and one noninvasive SPM occurred in the crossover subgroup. Finally, one haematological,
seven solid tumour, and two noninvasive SPMs were reported in enrolled patients who were
never randomised (supplemental material).

The cumulative incidence risks (CIR) of progressive disease, death, and SPM by treatment
arm were analyzed. As shown in Figure 5, the CIR of progressive disease/death is higher for
placebo compared with lenalidomide (p<0-0001) while the CIR of developing a SPM is
higher for lenalidomide (p=0-0073) (Figure 5A). The CIR of death from any cause is higher
with placebo than with lenalidomide (p<0.0001) (Figure 5B). The CIR of death from
myeloma is higher in the placebo group (p<0-0001) while the CIR of death from SPM is
higher in the lenalidomide group (p=0-031) (Figure 5C). The CIR curves for haematological
vs solid tumour SPMs are shown in the supplemental material. To assess for the potential
impact of crossover of placebo patients to lenalidomide on these risks, the CIR of
progressive disease/death and SPM were assessed for the placebo patients who did not cross
over and for the crossover patients (supplemental material). The risks of progressive disease,
death, or SPM are not statistically significantly different between the lenalidomide and
crossover arms. The median event-free survival (EFS; time to progressive disease, SPM, or
death from any cause) for placebo was 27-0 months (95% CI 21-8-34-9) and 44-2 months
(95% CI 37-3-56-1) for lenalidomide with a hazard ratio of 0-63 (95% CI 0-51-0-78)
(p<0.0001) (supplemental material).
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DISCUSSION

This updated analysis of the phase 3 randomised trial evaluating lenalidomide vs placebo
maintenance following ASCT demonstrates a persistent TTP and overall survival benefit for
lenalidomide treatment. This benefit is maintained despite the crossover of a majority of
eligible patients on the placebo arm to lenalidomide at the time of study unblinding. Survival
after progression does not differ between the two treatment groups. The benefit derived from
lenalidomide maintenance is independent of induction therapy as well as complete response
status at time of randomisation. Lenalidomide maintenance is associated with an increased
risk of haematological SPMs. This study, as well as a number of transplant and non-
transplant randomised studies, have demonstrated benefit with prolonged lenalidomide
therapy.3-5: 1516 A meta-analysis of the CALGB, IFM and GIMEMA studies found that
lenalidomide maintenance significantly improves overall survival (median overall survival
not yet reached for lenalidomide vs. 86 months for control (HR =0-74, log-rank p=0-001)),
regardless of response achieved post-ASCT.®

The study most directly comparable to CALGB 100104 is the IFM 2005-02 trial, which also
evaluated lenalidomide vs placebo maintenance therapy following ASCT. While a PFS
benefit with lenalidomide was observed, there was no difference in overall survival between
the study arms.3 There are multiple factors which may contribute to the difference in
survival outcomes between the studies, including the types of induction regimens,
consolidation therapy, numbers of transplants, the duration of lenalidomide maintenance and
available salvage therapies. Overall, the IFM 2005-02 study population was exposed to more
traditional chemotherapy while the CALGB 100104 study population was exposed to more
novel agent-based therapy. The extent to which pre-transplant therapy determines response
to subsequent salvage therapies remains to be determined. However, our analysis reveals that
patients progressing on lenalidomide maintenance have a similar overall survival after
progression as do placebo patients after progression (Figure 3), which suggests that
prolonged lenalidomide maintenance does not confer disease resistance.

The optimal dose, schedule, and duration of lenalidomide maintenance continue to be topics
of much discussion. The present study as well as the GIMEMA RV-209 and Myeloma XI
studies involved lenalidomide maintenance therapy continued until progression while the
IFM 2005-02 study discontinued lenalidomide maintenance after a median time of two years
(range 1-3 years) due to concerns regarding SPM risk.3-5 The IFM 2009 study which
assessed the timing of ASCT,” incorporated one year of lenalidomide maintenance while
the ongoing American study (DETERMINATION Trial) is identical in design except that
maintenance is continued until progression. Future comparison of survival outcomes and
toxicities, including the incidence of SPMs, between the IFM 2009 and DETERMINATION
studies will provide important information regarding the impact of maintenance duration.
The American and French studies (e.g., CALGB 100104, BMT CTN 0702, IFM 2005-02,
and IFM 2009)2 3. 17. 18 have utilized continuous dosing of lenalidomide while other
European studies (e.g., Myeloma XI, GIMEMA RV-209, RV-MM-EMN-441, EMNO02/
HO95)4 5. 19. 20 have utilized a 21/28 day schedule. In the absence of a prospective study
comparing the two dosing schedules, it is difficult to conclude from the previously
conducted studies whether one schedule is more optimal than the other from either a survival
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or toxicity perspective. However, it should be noted that the largest of the studies, CALGB
100104 and Myeloma XI, have found very similar median TTP/PFS durations for the
lenalidomide arms (57-3 and 60 months respectively) despite the different dosing schedules.
As ongoing and planned studies involving the addition of other agents to lenalidomide
maintenance progress, it is likely that the optimal dosing, schedule and duration of
lenalidomide maintenance will continue to evolve.

Central review of the response data (Table 1) revealed that, despite significant efforts by
participating sites to provide follow-up data, there were missing data at later time points.
These include bone marrow biopsies, 24-hour urine quantitations and incomplete serum and
urine electrophoresis analyses. The independent review committee reviewed all available
primary source data. Despite these limitations, this review assessment did reveal that
surprisingly, there was little difference in the complete response/VGPR rate between the two
arms at one year. However, the majority of patients in complete response/VGPR by year 3
were in either the lenalidomide arm or the crossover subgroup of the placebo arm.

This updated analysis of CALGB 100104 continues to show an increased risk of SPMs
associated with lenalidomide maintenance therapy, although the risks of progressive disease
and death due to myeloma were substantially higher than the risk of SPM in both cohorts.
SPM risk is associated with multiple factors, including the underlying disease, age, and
myeloma therapy. There were patients enrolled but never randomised who developed SPMs
(supplemental material). This is consistent with the underlying SPM risk in this patient
population. The risk of malignancy increases with advancing age and age-related clonal
hematopoiesis is associated with increased risk of haematological malignancies.2: 22
Multiple studies have demonstrated that monoclonal gammopathy of undetermined
significance and myeloma, even in the absence of therapy, are associated with increased risk
of haematological malignancies, particularly MDS/AML.23-25 This finding implicates the
presence of an intrinsic defect in the hematopoietic system in patients with plasma cell
dyscrasias. An increased risk of solid tumours in myeloma patients has also been reported.26
There was not a predominant solid tumour SPM type found in the present study. With
respect to lenalidomide, a meta-analysis of 3254 newly diagnosed patients treated on seven
randomized phase 3 trials revealed that the cumulative 5-year incidence of all SPMs at 5
years was 6-9% in patients who received lenalidomide vs. 4-8% in those who did not
(p=0-037).27 An increase in haematological malignancies (3-1% vs. 1-4%, p=0-029) but not
solid tumours was observed.

Since the time of first publication of CALGB 100104, four new solid tumour SPMs and ten
new haematological SPMs were reported in the lenalidomide group. It appears that the risk
of solid tumours may be primarily incurred during the first several years of lenalidomide
therapy post-transplant, with haematological malignancies continuing to be diagnosed with
later follow-up (Supplemental Figures 6-7). However, given the overall small number of
SPMs, it is difficult to draw any definite conclusions regarding the temporal association
between SPM type and lenalidomide exposure. Genetic analysis, particularly of the
haematological SPMs, is needed to better determine the mechanisms by which lenalidomide
contributes to the pathogenesis of SPMs. While MDS/AML has previously been associated
with high-dose melphalan and myeloma therapy, the appearance of B-cell ALL SPMs has
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been somewhat unexpected. Further studies are needed to determine whether the effects of
lenalidomide on IKZF1, a transcription factor which has been associated with B-cell
ALL,28-30 contribute to the development of ALL as a SPM.

In conclusion, our study demonstrates that lenalidomide maintenance therapy post-ASCT
confers significant TTP and overall survival benefit. The overall survival data, which shows
a median overall survival of 9:5 years (from time of ASCT), provides a new benchmark for
survival, particularly noteworthy as this study was conducted in an era where triplet
regimens containing IMiD/PI were not routinely used. Cytogenetic and FISH testing of
diagnostic samples was not available for the majority of patients, thus the impact of
lenalidomide maintenance on different cytogenetic risk groups cannot be determined.
Preliminary results of the Myeloma XI trial demonstrated benefit in high and low
cytogenetic risk patients.® This report demonstrates that patients in CR post-ASCT benefit
from lenalidomide maintenance, however, the CR response was determined by numbers of
bone marrow plasma cells and immunofixation testing. The newly revised IMWG criteria
now include minimal residual disease assessment and multiple studies have demonstrated
superior outcomes for patients who achieve MRD-negativity post-ASCT.31-33 Thus the
extent to which lenalidomide maintenance improves survival outcomes for MRD-negative vs
MRD-positive patients remains to be determined. One limitation of the study is that quality
of life data were not prospectively collected. However, this study is amongst a growing
number of studies demonstrating the feasibility of long-term maintenance therapy with
lenalidomide. Lenalidomide maintenance until progression post-ASCT may be considered a
standard of care and should form the backbone of future maintenance studies incorporating
novel agents such as monoclonal antibodies or vaccine-based approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context panel
Evidence before the study

We searched PubMed up until 10/19/2016 for any clinical trial publications with the
terms multiple myeloma, thalidomide, lenalidomide, maintenance, and autologous stem
cell transplant (ASCT). These terms were also searched in conference abstracts from the
American Society of Hematology, the American Society of Clinical Oncology, and the
European Hematology Association. At the time the present study was initiated, the use of
thalidomide was being studied, however no publications had yet been published.
Preliminary results from two randomised studies had been presented in conference
abstracts. No clinical studies had been conducted in this setting with lenalidomide. Since
this study was initiated, there have been four other randomised phase 3 studies which
have assessed lenalidomide maintenance following ASCT for myeloma: one placebo-
controlled, two without a placebo, and one involving lenalidomide vs lenalidomide-
prednisone maintenance. Data from the other lenalidomide vs placebo/no treatment
studies have demonstrated a significant progression-free survival (PFS) benefit but not
overall survival (OS) benefit for lenalidomide maintenance.

Added value of this study

We report the long-term follow-up of this randomised phase 3 study evaluating
lenalidomide vs placebo maintenance therapy following single ASCT. This analysis
confirms the TTP and overall survival benefit of lenalidomide maintenance, regardless of
the response achieved post-ASCT. This analysis provides a detailed update of the SPMs
that have been observed and confirms that while lenalidomide maintenance is associated
with an increased risk of both haematological and solid tumour SPMs, the risk is off-set
by the magnitude of the TTP and overall survival benefit.

Implications of all the available evidence

This updated analysis, in concert with the available literature, confirms that continuous
lenalidomide maintenance post-ASCT until disease progression provides significant TTP
and overall survival benefit, and can therefore be considered a standard of care.
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survival analysis (as of Oct 19, 2016)
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231 assigned to lenalidomide and included in ITT
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229 assigned to placebo and included in ITT

1 off therapy because of death before PD
42 off therapy because of AEs without PD or
death
36 refused further treatment and follow-up
5 refused further treatment or were lost to

0 off therapy because of death before PD
14 off therapy because of AEs without PD or
death
12 refused further treatment and follow-up
0 refused further treatment or were lost to

analysis analysis
v v v
231 analysed 86 crossed over to receive lenalidomide 143 did not cross over to lenalidomide
1 completed treatment 1 completed treatment 5 completed treatment
72 off therapy because of PD 31 off therapy because of PD 89 off therapy because of PD

2 off therapy because of death before PD

5 off therapy because of AEs without PD or
death

9 refused further treatment and follow-up

4 refused further treatment or were lost to

follow-up follow-up follow-up
18 had other diseases 3 had other diseases 1 had other diseases
4 placed on other therapy 4 placed on other therapy 3 placed on other therapy
17 other 7 other 25 other
35ontherapy 14 ontherapy 0 on therapy
Figure 1.

CONSORT flow diagram of patient disposition at the current data cut-off.

Lancet Haematol. Author manuscript; available in PMC 2018 September 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Holstein et al.

Page 19

A
1004 — Placebo
—— Lenalidomide
g
=
T 804
2
S
8
< 604
g
§ 40+
s
£
=
£ 204
8
HR 0-57 (95% C1 0-46-0-71); p<0-0001
0 T T L] 1 T T
0 20 40 60 80 100 120
Number at risk
Placebo 229 132 8s 59 32 6 0
Lenalidomide 231 187 128 107 72 23 3
B
1001
80+
¥
3 60
e
]
20+
HR 0-61 (95% C1 0-46-0-80); p=0-0004
0 L T ] 1 ]
0 20 40 60 80 100 120
Nimberat ridk Time since ASCT (months)
Placebo 229 205 169 137 96 26 1
Lenalidomide 231 220 193 167 128 44 7

Figure 2.
Kaplan-Meier estimates of time to progression (A) and overall survival (B). ASCT denotes

autologous stem cell transplant.
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Figure 3.

Kaplan-Meier estimates of survival time following progression.
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Figure 4.

Forest plot of time to progression (A) and overall survival (B). Hazard ratios from subgroup
analyses are shown on a natural-log scale. The radii of the circles are proportional to the
inverse of the square of the standard error.
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Figure 5.

Cumulative incidence risk (CIR) of progressive disease, death, and second primary

Page 22

malignancies (SPMs) by treatment arm. A) The CIR of progressive disease or death from

any cause is higher with placebo compared to lenalidomide (p<0-0001). The CIR of

developing a SPM is higher with lenalidomide compared with placebo (p=0-0073). B) The

CIR of death from any cause is higher with placebo compared with lenalidomide
(p<0-0001). C) The CIR of death from myeloma is higher with placebo than with
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lenalidomide (p<0-0001) while the CIR of death from SPM is higher with lenalidomide than
placebo (p=0:031).
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Table 3
Second primary malignancies
| SPM type
Treatment Arm | Haematologic (n) Solid tumour (n) Noninvasive (n)
Len (231) MDS/AML (10) Breast (3) SCC (5)
B-cell ALL (6) Colon (3) BCC + SCC (3)
Hodgkin lymphoma (1) Prostate (2) DCIS (2)
Waldenstrom macroglobulinemia (1) | Endometrial (2) BCC (1)
Glioblastoma multiforme (1)
Melanoma (1)
Papillary Thyroid (1)
Salivary gland carcinoma (1)
Placebo (229)
Crossover to Len (86) | B-cell ALL (2) Melanoma (2) BCC (3)
MDS (1) Endometrial (1) BCC + SCC (2)

No crossover (143)

Renal cell (1)
Invasive SCC (1)
Breast (1)
Melanoma (1)

Ovarian/endometrial (1)

Lung carcinoid (1)

SCC (1)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BCC, basal cell carcinoma; DCIS, ductal carcinoma in situ;

MDS, myelodysplastic syndrome; SCC, squamous cell carcinoma.

Note: Two patients had MDS/AML and SCC, two patients had MDS and colon cancer, one patient had MDS and melanoma, one patient had breast

and endometrial cancer, and one patient had endometrial cancer and SCC.
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