
Leukemia (2021) 35:1134–1144
https://doi.org/10.1038/s41375-020-0948-0

ARTICLE

Multiple myeloma gammopathies

Salvage autologous transplant and lenalidomide maintenance vs.
lenalidomide/dexamethasone for relapsed multiple myeloma: the
randomized GMMG phase III trial ReLApsE

Hartmut Goldschmidt 1,2
● Marc-Andrea Baertsch 1

● Jana Schlenzka1 ● Natalia Becker3 ● Christina Habermehl3 ●

Thomas Hielscher3 ● Marc-Steffen Raab1,4
● Jens Hillengass1,5 ● Sandra Sauer1 ● Carsten Müller-Tidow 1,2

●

Steffen Luntz6 ● Anna Jauch7
● Dirk Hose1 ● Anja Seckinger1 ● Peter Brossart8 ● Martin Goerner9 ● Stefan Klein10

●

Martin Schmidt-Hieber11,12 ● Peter Reimer13 ● Ullrich Graeven14 ● Roland Fenk15 ● Mathias Haenel16 ● Hans Martin17
●

Hans W. Lindemann18
● Christoph Scheid19

● Axel Nogai20 ● Hans Salwender21 ● Richard Noppeney22 ●

Britta Besemer23 ● Katja Weisel24 ● for the German Myeloma Multicenter Group (GMMG)

Received: 12 April 2020 / Revised: 20 June 2020 / Accepted: 23 June 2020 / Published online: 21 July 2020
© The Author(s), under exclusive licence to Springer Nature Limited 2020

Abstract
The role of salvage high-dose chemotherapy and autologous stem cell transplantation (sHDCT/ASCT) for relapsed and/or
refractory multiple myeloma (RRMM) in the era of continuous novel agent treatment has not been defined. This randomized,
open-label, phase III, multicenter trial randomized patients with 1st–3rd relapse of multiple myeloma (MM) to a transplant
arm (n= 139) consisting of 3 Rd (lenalidomide 25 mg, day 1–21; dexamethasone 40 mg, day 1, 8, 15, and 22; 4-week
cycles) reinduction cycles, sHDCT (melphalan 200 mg/m2), ASCT, and lenalidomide maintenance (10 mg/day) or to a
control arm (n= 138) of continuous Rd. Median PFS was 20.7 months in the transplant and 18.8 months in the control arm
(HR 0.87; 95% CI 0.65–1.16; p= 0.34). Median OS was not reached in the transplant and 62.7 months in the control arm
(HR 0.81; 95% CI 0.52–1.28; p= 0.37). Forty-one patients (29%) did not receive the assigned sHDCT/ASCT mainly due to
early disease progression, adverse events, and withdrawal of consent. Multivariate landmark analyses from the time of
sHDCT showed superior PFS and OS (p= 0.0087/0.0057) in patients who received sHDCT/ASCT. Incorporation of
sHDCT/ASCT into relapse treatment with Rd was feasible in 71% of patients and did not significantly prolong PFS and OS
on ITT analysis while patients who received sHDCT/ASCT may have benefitted.

Introduction

HDCT followed by ASCT is standard of care in frontline
treatment of eligible patients with MM [1, 2]. Initial rando-
mized trials demonstrated superiority over conventional dose
chemotherapy in terms of both PFS and overall survival (OS)
[3, 4]. In the meantime, the introduction of novel agents has

substantially improved prognosis. Still the PFS benefit of
HDCT/ASCT for newly diagnosed MM has been confirmed
when compared to effective novel agent consolidation regi-
mens including the immunomodulatory drug (IMiD) lenali-
domide and/or the proteasome inhibitor bortezomib [5, 6].

Almost all MM patients eventually suffer disease relapse.
While no universal standard treatment has been established
for RRMM, therapeutic options and survival have increased
during the last decade. Continuous Rd until disease pro-
gression had become a treatment standard at the time of
conception of this trial.

Although widely used in clinical practice, the role of
sHDCT/ASCT in the era of continuous novel agent treat-
ment has not been defined. Several, predominantly retro-
spective, and/or uncontrolled analyses [7] have established
feasibility and efficacy. A single prospective randomized
controlled trial of sHDCT/ASCT has been published (NCRI
Myeloma X Relapse) [8]. Cook et al. demonstrated superior
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PFS and OS with melphalan 200 mg/m2 followed by ASCT
as compared to conventional dose cyclophosphamide (400
mg/m2 weekly) for 12 weeks and also confirmed safety of
the procedure [9]. However, in the light of much more
effective novel agent regimens, cyclophosphamide con-
solidation is not considered a relevant comparator anymore.

The ReLApsE trial was therefore designed to investigate
the role of sHDCT/ASCT compared to continuous novel
agent treatment until disease progression. Salvage HDCT/
ASCT was integrated into a lenalidomide-based backbone
of Rd induction and lenalidomide maintenance and was
compared to standard continuous Rd.

Methods

Trial design

This randomized, controlled, open-label, multicenter phase
III trial was done at 16 trial sites (university and community
hospitals) in Germany. The trial was approved by the
national regulatory authority as well as the ethics commit-
tees of the University of Heidelberg and all participating
trial sites. The trial was conducted according to the
Declaration of Helsinki and ICH-GCP guidelines. A sum-
mary of the trial protocol has been published previously
[10]. All authors had access to the primary clinical trial data.

Patients

Patients at 1st–3rd relapse of MM according to IMWG cri-
teria [11], aged 18–75 years and with remission of
≥12 months in case of frontline HDCT/ASCT were recrui-
ted. Further inclusion criteria were a WHO performance
score (PS) ≤ 2, availability of cryopreserved stem cells for
participants aged ≥71 years, laboratory findings within
defined ranges at inclusion (absolute neutrophil count
[ANC] ≥ 1/nl, platelet count ≥75/nl, creatinine clearance ≥30
ml/min; total bilirubin ≤2× the upper limit of normal (ULN),
and alanine aminotransferase ≤3× ULN except for MM-
related elevations). Exclusion criteria included prior sHDCT/
ASCT for relapsed disease, lenalidomide refractoriness or
disease progression within 6 months after the end of
lenalidomide-based treatment, prior allogeneic transplanta-
tion, nonsecretory MM not amenable to radiographic mon-
itoring, plasma cell leukemia and severe cardiac, pulmonary,
neurologic, psychiatric, or infectious comorbidities. All
patients provided written informed consent.

Procedures

Patients were randomized 1:1 between the transplant and the
control arm with stratification according to trial site and

frontline HDCT/ASCT (yes vs. no). Randomization was
carried out centrally at the GMMG trial office in Heidelberg,
Germany, using the Randi2 open source software package
(http://dschrimpf.github.io/randi3/). Patients as well as
investigators were aware of treatment allocation at all times.

In the transplant arm, patients received reinduction
treatment with three cycles of Rd (lenalidomide 25 mg, day
1–21; dexamethasone 40 mg, day 1, 8, 15, and 22; 4-week
cycles). Eligible patients (available stem cells, WHO PS ≤ 2,
absence of severe comorbidities) proceeded to sHDCT
(melphalan 100 mg/m2 on days −3 and −2) followed by
ASCT (≥2 × 106 CD34+ cells/kg on day 0). Lenalidomide
maintenance (10 mg daily; 3 month cycles) was initiated no
later than 8 weeks after ASCT in patients with ANC ≥ 1/nl
as well as platelets ≥30/nl and was continued until pro-
gressive disease (PD) or intolerable toxicity. In the control
arm, patients received continuous Rd until PD or intolerable
toxicity. If no back-up transplant was available or the
treating physician opted for additional apheresis, peripheral
blood stem cells (PBSC) were harvested after cyclopho-
sphamide (2 g/m2 on days 1 and 2), G-CSF (filgrastim 10
µg/kg/d or lenograstim 300 µg/m2/day s.c. from day 5 until
the end of apheresis) and, if needed, preemptive/rescue
plerixafor (240 µg/kg daily until the end of apheresis) fol-
lowing the 3rd Rd cycle in both arms. The details and
results of stem cell harvesting within the trial have been
published previously [12].

Response and PD were assessed according to IMWG
criteria [11] complemented by minimal response (MR)
according to EBMT criteria [13] and near-complete remis-
sion (nCR) [14]. Assessments were performed at trial sites
after the 3rd Rd cycle in both arms, after Rd cycle 5 in the
control arm, 2 months after sHDCT/ASCT in the transplant
arm, every 3 months thereafter and at PD in both arms.

Bone marrow aspirates were collected at baseline and
CD138+ selected plasma cells were submitted to interphase
fluorescence in situ hybridization for common cytogenetic
aberrations [15]. Translocations t(4;14), t(14;16), deletion
17p13, and gain 1q21 (>3 copies) were considered high-risk
cytogenetic aberrations.

Outcomes

The primary endpoint was PFS calculated by time from
randomization to PD or death, irrespective of the cause of
death. Secondary endpoints included OS (time from ran-
domization to death, irrespective of the cause of death),
response rates, time to best response, time to next treatment,
and safety and toxicity (adverse events [AE] graded
according to CTCAE version 4.0). Grade 1 AE of negligible
clinical significance (e.g. fatigue, obstipation, night sweats)
did not have to be reported. Hematotoxicity had to be
reported only if grade ≥3; leukocytopenia only if grade ≥4.
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MedDRA system organ class (SOC) terms are reported
where suitable; the SOC term “gastrointestinal toxicities”
was modified to include “mucosal inflammation”; the SOC
term “blood and lymphatic tissue disorders” was modified
to include all reports of cytopenias.

Statistical analysis

The number of trial patients (n= 282) required to prove
inferiority of PFS in the control vs. the transplant arm with
80% power and at a two-sided type I error of 5% was
calculated based on an estimated median PFS of 11 vs.
16.5 months in the control and the transplant arm, respec-
tively, with an HR of 0.67 and 193 expected PFS events and
accounting for 15% loss to follow-up/drop-outs.

PFS, OS, and response rates were analyzed in the ITT
population as randomized. PFS and OS were compared by
two-sided log-rank test and Cox regression. The PFS
comparison is confirmative, all other analyses are explora-
tory. Response rates were compared by Fisher’s exact test.
Due to very small randomized strata, results of the unstra-
tified analyses are primarily reported.

The safety population consisted of all patients who
received at least one dose of study treatment: 145 patients
in the control arm and 135 patients in the transplant
arm. Patients were analyzed as treated. Patients rando-
mized to the transplant arm but proceeding in the control
arm after induction were analyzed in the control arm.
Safety and toxicity variables were analyzed by Fisher’s
exact test.

Fig. 1 CONSORT diagram. AE adverse event, PBSC peripheral blood stem cell, HDCT/ASCT high-dose chemotherapy followed by autologous
stem cell transplantation, ITT intention-to-treat population, PD progressive disease, R lenalidomide, Rd lenalidomide/dexamethasone.
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Landmark (LM) analyses for PFS and OS were calcu-
lated to assess the effect of sHDCT/ASCT in patients that
reached the stage of the randomized intervention. Patients
without PD who received sHDCT/ASCT or started the
contemporaneous Rd cycle 5 entered the analysis as
randomized.

Multivariable proportional hazards regression models
were calculated for PFS and OS. Missing values were
multiply imputed using the mice algorithm [16].

Results

Between December 02, 2010 and March 18, 2016, 282
patients were randomized (Fig. 1). The ITT population
consisted of 139 patients in the transplant arm and 138
patients in the control arm; five randomized patients
(transplant arm: three; control arm: two) were excluded
from the ITT population due to violations of major inclu-
sion/exclusion criteria. In the transplant arm, 127 patients
(91%) and in the control arm, 132 patients (96%) completed
reinduction therapy with 3 Rd cycles per protocol. PBSC
mobilization was initiated in 40 patients of whom 31 (78%)
collected ≥2 × 106 CD34+ cells/kg. Preemptive or rescue
plerixafor was administered in 20 of 40 patients (50%).
Four patients who did not harvest sufficient stem cells and
one patient due to sepsis in the transplant arm continued
treatment according to the control arm. In the transplant
arm, 98/139 patients (71%) underwent the assigned
sHDCT/ASCT. Reasons for drop-outs before sHDCT/
ASCT are given in Supplementary Table 1. Maintenance
lenalidomide was started in 97/98 patients (99%) who
underwent sHDCT/ASCT. At data cutoff, 32/139 patients
(23%) in the transplant arm and 36/138 patients (26%) in
the control arm continued trial treatment. The median time
on trial was 14.4 months (IQR 19.9) in the transplant arm
and 16.9 months (IQR 16.4) in the control arm (p= 0.19).

Baseline characteristics (Table 1) were balanced between
trial arms. At randomization the median age of all patients
was 61.6 years (IQR 12.4) and the median interval from

Table 1 Baseline characteristics of randomized patients in the
intention-to-treat population according to treatment arm.

Transplant arm
(n= 139)

Control arm
(n= 138)

Age (years) 61.3 (12.0) 62.2 (12.2)

Interval diagnosis to
randomization (years)

3.9 (3.3) 4.1 (3.0)

Sex

Female 60 (43%) 54 (39%)

Male 79 (57%) 84 (61%)

WHO PS

0 96 (69%) 105 (76%)

1 43 (31%) 32 (23%)

2 0 1 (1%)

ISS stagea

I 82/131 (63%) 77/129 (60%)

II 32/131 (24%) 40/129 (31%)

III 17/131 (13%) 12/129 (9%)

Heavy chain isotype

IgG 79 (57%) 71 (52%)

IgA 33 (24%) 33 (24%)

IgD 1 (1%) 0

Light chain myeloma 26 (19%) 33 (24%)

Light chain isotype

κ 87 (63%) 102 (75%)

λ 52 (37%) 35 (26%)

Cytogenetic aberrationsa

t(4;14) 19/94 (20%) 10/99 (10%)

t(11;14) 17/88 (19%) 20/96 (21%)

t(14;16) 2/90 (2%) 0/97

del13q14 59/97 (61%) 45/104 (43%)

del17p13 14/98 (14%) 15/107 (14%)

gain1q (>3 copies) 11/97 (11%) 12/105 (11%)

high risk 39/91 (43%) 31/98 (32%)

standard risk 52/91 (57%) 67/98 (68%)

LDH

Normal 115 (83%) 114 (83%)

Elevated 24 (17%) 24 (17%)

eGFR

≥60 ml/min/1,73m2 108 (82%) 106 (79%)

<60 ml/min/1,73m2 23 (18%) 28 (21%)

Prior lines of therapy

1 131 (94%) 129 (94%)

2 5 (4%) 8 (6%)

3 3 (2%) 1 (1%)

Frontline HDCT/ASCT 129 (93%) 130 (94%)

Single 83 (64%) 71 (55%)

Tandem 46 (36%) 59 (45%)

Prior therapies

Bortezomib 107 (77%) 106 (77%)

Table 1 (continued)

Transplant arm
(n= 139)

Control arm
(n= 138)

Thalidomide 31 (22%) 25 (18%)

Lenalidomide 12 (9%) 18 (13%)

Interferone 9 (6%) 9 (7%)

Chemotherapy only 14 (10%) 10 (7%)

Data are n (%), median (interquartile range), or n/N (%).

eGFR estimated glomerular filtration rate, LDH lactate dehydrogenase,
WHO PS World Health Organization performance score.
aData not available for all randomized patients.
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diagnosis of MM was 4.0 years (IQR 3.2). Almost all
patients had received only one prior line of therapy (260/
277 [94%]) and had received frontline HDCT/ASCT (259/
277 [94%]). The majority had previously been exposed to
bortezomib (213/277 [77%]) and only a minority to lena-
lidomide (30/277 [11%]). The most frequent induction
regimens in the course of frontline HDCT/ASCT were
bortezomib/doxorubicin/dexamethasone (PAD) or bortezo-
mib/cyclophosphamide/dexamethasone (VCD) in 184
patients and vincristine/doxorubicin/dexamethasone (VAD)
in 46 patients. High-risk cytogenetic aberrations were pre-
sent in 39/91 (43%) and 31/98 (32%) of patients in the
transplant and control arm, respectively (p= 0.13)

Response after Rd reinduction was comparable between
trial arms (Table 2). A higher ORR of 82% (84/102) was
observed in the transplant arm after sHDCT/ASCT as
compared to 71% (80/113) in the control arm after Rd cycle
5 (p= 0.05); conversely, fewer patients developed PD in
the transplant arm at this stage of the trial (2/102 [2%] vs.
10/113 [9%]). Responses continued to deepen during
lenalidomide maintenance and Rd cycles ≥ 6 (Supplemen-
tary Fig. 1). Best response during the complete trial did not
differ between the transplant and control arm (ORR: 78%
[106/136] vs. 75% [103/138], p= 0.57; ≥VGPR: 49% [67/
136] vs. 47% [65/138], p= 0.81).

Median follow-up at data cutoff (June 31, 2017) was
36.8 months and 183 patients had a PFS event (transplant
arm: 88/139 [63%], control arm: 95/138 [69%]). The pri-
mary endpoint, median PFS, was 20.7 months in the
transplant arm and 18.8 months in the control arm (HR
0.87; 95% CI 0.65–1.16; p= 0.34; Fig. 2a). PFS stratified
according to frontline HDCT/ASCT (HR 0.86; 95%
CI 0.64–1.16; p= 0.32) and time to next anti-MM treatment
(Supplementary Fig. 2) were also not significantly different
between trial arms.

Overall 76 patients died, 35/139 (25%) in the transplant
arm and 41/138 (30%) in the control arm; the main cause of
death was MM (21/35 [60%] and 24/41 [59%]). Median OS
did not differ significantly between trial arms (not reached
[NR] in the transplant arm vs. 62.7 months in the control
arm; HR 0.81; 95% CI 0.52–1.28; p= 0.37; Fig. 2b). OS at
3 years was 71.8% (95% CI 63.3–81.4%) in the transplant
and 71.9% (95% CI 63.4–81.5%) in the control arm.

The overall rates of AE, grade ≥ 3 AE (Table 3) and
serious AE (SAE; 56% vs. 50%; p= 0.4) were comparable
between trial arms. More grade ≥ 3 blood and lymphatic
system disorders were reported in the transplant arm (70%
[94/135] vs. 35% [50/145]; p < 0.0001) primarily based on a
higher rate of grade ≥ 3 leukopenia/neutropenia (62% [83/
135] vs. 25% [36/145]; p < 0.001). This difference was not
solely attributable to immediate aplasia following sHDCT/
ASCT, since higher rates of grade ≥ 3 leukopenia/neu-
tropenia were also observed during lenalidomide main-
tenance as compared to the contemporaneous Rd cycles ≥ 6
(27% [26/98] vs. 10% [12/116]; p= 0.0023). The increase
in grade ≥ 3 leukopenia/neutropenia did not translate into a
significant increase in grade ≥ 3 infections in the transplant
arm overall (33% [45/135] vs. 28% [40/145]; p= 0.3) or
during lenalidomide maintenance (17% [17/98] vs. 20%
[23/116]; p= 0.73). More grade ≥ 3 gastrointestinal dis-
orders were reported in the transplant arm (19% [25/135]
vs. 6% [8/145]; p < 0.001) due to events during sHDCT/
ASCT. More grade ≥ 3 eye disorders (6% [9/145] vs. 0% [0/
135]; p= 0.0036) and respiratory/thoracic/mediastinal dis-
orders (6% [9/145] vs. 1% [1/135]; p= 0.02) were reported
in the control arm, mainly during Rd cycles ≥ 6. No sig-
nificant differences were observed regarding grade ≥ 3
thromboembolic events (3% [5/145] vs. 1% [1/135]; p=
0.22) and second primary malignancies (SPM; transplant
arm: n= 10; control arm n= 11; Supplementary Table 2).

Table 2 Response according to
treatment phases and trial arms.

Post Rd reinduction Post HDCT/ASCT and Rd
cycle 5

Best response

Transplant
arm (n= 136)

Control arm
(n= 138)

Transplant
arm (n= 102)

Control arm
(n= 113)

Transplant
arm (n= 136)

Control arm
(n= 138)

CR/nCR 5 (4%) 12 (9%) 12 (12%) 17 (15%) 38 (28%) 43 (31%)

VGPR 23 (17%) 16 (12%) 31 (30%) 25 (22%) 29 (21%) 22 (16%)

PR 53 (39%) 59 (43%) 41 (40%) 38 (34%) 39 (29%) 38 (28%)

MR 20 (15%) 18 (13%) 11 (11%) 11 (10%) 7 (5%) 9 (7%)

SD 20 (15%) 21 (15%) 5 (5%) 12 (11%) 8 (6%) 14 (10%)

PD 15 (11%) 12 (9%) 2 (2%) 10 (9%) 15 (11%) 12 (9%)

ORR (≥PR) 81 (60%) 87 (63%) 84 (82%) 80 (71%) 106 (78%) 103 (75%)

≥VGPR 28 (21%) 28 (20%) 43 (42%) 42 (37%) 67 (49%) 65 (47%)

Data are n (%).

Rd lenalidomide dexamethasone, ORR overall response rate.
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The melphalan dose was adjusted in 5/98 patients (5%)
due to patient’s condition (n= 2) and renal insufficiency
(n= 3). Dose modifications (delay, interruption, reduction,
or discontinuation) of lenalidomide due to any toxicity were
required in 56% (74/133) and 49% (70/143) of patients in
the transplant and control arm, respectively (p= 0.28). In
21% (28/133) and 9% (13/143) of patients, the dose was
modified due to neutropenia (p= 0.0064); this difference
was driven by a 27% (26/97 patients) rate of lenalidomide
dose modifications due to neutropenia during lenalidomide
maintenance in the transplant arm. Lenalidomide main-
tenance was permanently discontinued due to AE in 24%
(23/97) of patients, most frequently due to fatigue (n= 5),

cytopenia (n= 4), rash (n= 4), and diarrhea (n= 3).
Overall, more patients in the transplant arm went off pro-
tocol due to AE (33/139 [24%] vs. 8/138 [6%]) and less due
to PD (58/139 [42%] vs. 74/138 [54%]). Overall, 11
patients died on study or within 30 days after the end of
study, 4/135 (3%) in the transplant arm and 7/145 (5%) in
the control arm. No deaths occurred during the sHDCT/
ASCT phase.

Forty-one of one hundred and thirty-nine patients (29%)
in the transplant arm did not receive the planned sHDCT/
ASCT. Post hoc LM analyses of survival from sHDCT
(median interval from randomization of 3.8 months [IQR
1.2]) and the contemporaneous Rd cycle 5 (median interval
from randomization 4.0 months [IQR 0.7]) were calculated
to assess the treatment effect in patients that reached the
sHDCT/ASCT phase of the trial. In the transplant arm, 103
patients entered the LM analyses (98 [95%] undergoing
sHDCT/ASCT plus 5 patients in the transplant arm treated
according to the control arm due to lack of PBSC transplants
[n= 4] and sepsis [n= 1]). In the control arm, 114 patients
entered the LM analyses. The main reasons for drop-outs
before the LM were PD (n= 17 vs. 15), AE (n= 8 vs.
n= 3), and withdrawal of consent (n= 7 vs. n= 4; Sup-
plementary Table 1). Baseline characteristics of patients in
the LM analyses were balanced as in the overall ITT
population (Supplementary Table 3). LM analyses showed a
trend towards superior PFS (median 23.3 vs. 20.1 months;
HR 0.74; 95% CI 0.52–1.04; p= 0.09; Fig. 3a) and sig-
nificantly superior OS (median NR vs. 57 months; HR 0.56;
95% CI 0.32–0.99; p= 0.046; Fig. 3b) in the transplant arm.

Multivariate Cox regression models for PFS and OS
taking into account prognostically relevant baseline factors
were calculated to further assess the treatment effect. In the
LM population (Table 4) the transplant arm was significantly
associated with superior PFS (HR 0.6; 0.41–0.88; p=
0.0087) and OS (HR 0.39; 0.2–0.76; p= 0.0057); similar to
univariate analyses this association did not reach statistical
significance in the complete ITT population (PFS: HR 0.74;
0.54–1.01; p= 0.062; OS: HR 0.67; 0.41–1.11; p= 0.12;
Supplementary Table 4). The most prominent negative
prognostic factor for both PFS and OS were high-risk
cytogenetic aberrations in the LM population (PFS: HR
2.71; 1.72–4.27; p < 0.001; OS: HR 4.22; 1.98–8.99;
<0.001) as well as in the complete ITT population (PFS: HR
2.28; 1.54–3.36; p < 0.001; OS: HR 2.88; 1.56–5.3; <0.001).

Discussion

The ReLApsE trial is the first randomized trial that com-
pared sHDCT/ASCT to continuous novel agent treatment
until disease progression. No significant PFS or OS benefit
was observed in the primary analysis.

Fig. 2 Progression-free survival (PFS) and overall survival (OS) in
the intention-to-treat population. Kaplan–Meier curves are shown
for a PFS (log-rank p= 0.34) and b OS (log-rank p= 0.37).
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The observed treatment effect was lower than expected
(HR 0.87 vs. 0.67). In part this was related to better outcome
of Rd in the control arm with median PFS of 18.8 months
compared to the expected 11 months based on published data
at the time of trial conception (CC-5013-MM-009 [17] and
CC-5013-MM-010 [18] trials). Patients in the CC-5013-MM-
009/010 trials were more heavily pretreated with ≥2 lines of
prior therapy in the majority of patients as compared to only
1 prior line of therapy in our trial. Moreover, dexamethasone
(40 mg) was administered on days 1–4, 9–12, and 17–20 of
the first four cycles in the CC-5013-MM-009/010 trials
compared to once weekly (days 1, 8, 15, and 22) in our trial.
Better outcome with Rd in patients with less extensive pre-
treatment [19] and using the lower dexamethasone dose has
been reported [20]. In addition, increased experience with
management of patients on Rd may have contributed to better
outcome in the control arm of our trial.

The significant fraction of 29% of patients in the trans-
plant arm that did not receive the assigned sHDCT/ASCT is
a limitation of our trial. This was related to our trial design
which randomized patients at baseline. A similar fraction of
patients not undergoing an assigned HDCT/ASCT (30%)

was reported in a phase III trial in newly diagnosed, elderly
patients [21] and may represent the rate of drop-outs that
has to be expected with HDCT/ASCT in a population at
increased risk for adverse outcomes due to age or relapsed
disease. Our intention behind upfront randomization was to
compare the two treatment strategies without limiting the
generalizability of the results to the more narrow population
of patients that undergo a postponed randomization after
completion of reinduction. The latter population might have
been skewed due to e.g., patients that have already attained
deep remissions with reinduction and choose to avoid
embarking on a trial with a 50% chance of receiving
treatment intensification with sHDCT/ASCT at this point.
In the NCRI Myeloma X Relapse trial [8], 41% of patients
left the trial after reinduction and before randomization to
sHDCT/ASCT. The early drop-outs before sHDCT/ASCT
that we observed with our strategy were due to PD in
roughly half of the cases, suggesting a more active induc-
tion regimen may increase the fraction of patients that are
able to receive an sHDCT/ASCT. Withdrawal of consent
before sHDCT/ASCT played only a minor role (19% of
drop-outs before HDCT/ASCT).

Table 3 Adverse events (AE) in
the safety population.

Transplant arm
(n= 135)

Control arm (n= 145) p*

Number of patients (percent)

All grade Grade ≥ 3 All grade Grade ≥ 3

Any AE 129 (96%) 112 (83%) 143 (99%) 108 (75%) 0.11

Blood/lymphatic tissue disorders 94 (70%) 94 (70%) 57 (39%) 50 (35%) <0.001

Leukocytopenia/Neutropenia a 83 (62%) a 36 (25%) <0.0001

Thrombopenia a 61 (45%) a 16 (11%) <0.001

Anemia a 34 (25%) a 23 (16%) 0.06

Infections/Infestations 102 (76%) 45 (33%) 108 (75%) 40 (28%) 0.3

Pneumonia 24 (18%) 14 (10%) 19 (13%) 17 (12%) 0.85

Gastrointestinal disorders 86 (64%) 25 (19%) 77 (53%) 8 (6%) <0.001

Mucositis 44 (33%) 14 (10%) 16 (11%) 3 (2%) 0.0047

Metabolism/nutrition disorders 45 (33%) 23 (17%) 36 (25%) 13 (9%) 0.05

Musculoskeletal/connective tissue disorders 68 (50%) 8 (6%) 97 (67%) 17 (12%) 0.1

General disorders/administration site
conditions

77 (57%) 12 (9%) 86 (59%) 16 (11%) 0.69

Respiratory/thoracic/mediastinal disorders 40 (30%) 1 (1%) 69 (48%) 9 (6%) 0.02

Eye disorders 16 (12%) – 37 (26%) 9 (6%) 0.0036

Cataract – – 15 (10%) 7 (5%) 0.01

Cardiac disorders 42 (31%) 10 (7%) 39 (27%) 4 (3%) 0.1

Nervous system disorders 80 (59%) 7 (5%) 84 (58%) 4 (3%) 0.36

Renal/urinary disorders 19 (14%) 8 (6%) 22 (15%) 3 (2%) 0.13

Thromboembolic events 6 (4%) 1 (1%) 14 (10%) 5 (3%) 0.22

Data are n (%).

*p values for the comparison of grade ≥ 3 are reported.
aCytopenias were reported only if grade ≥ 3 (neutropenia, thrombocytopenia, anemia) or grade ≥ 4
(leukocytopenia) according to the trial protocol.
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Post hoc LM analyses from the time of sHDCT/ASCT and
the corresponding point in time in the control arm were per-
formed in an attempt to assess the treatment effect in patients
that reached the stage of the randomized intervention. Patients
in the transplant arm showed a trend towards superior PFS
and had significantly superior OS from the LM. The PFS
benefit achieved statistical significance in multivariate analy-
sis accounting for relevant prognostic baseline factors
including high-risk cytogenetic aberrations, which were
slightly more prevalent in the transplant arm. The treatment
effect is also apparent in the higher ORR in the transplant arm

after the sHDCT/ASCT. Potential selection bias introduced
by nonrandom drop-outs before the LM is a limitation of the
LM analyses. More drop-outs occurred in the transplant arm,
however, reasons for drop-outs were diverse with disease
progression as the major reason in both trial arms and baseline
characteristics of the LM cohort remained balanced.

Regarding OS, follow-up is still short and results will be
updated in a future long-term follow-up analysis. An
important benefit of sHDCT/ASCT that affects OS but not
PFS may be the additional line of therapy that it provides.
Patients in the transplant arm received a substantially lower
cumulative lenalidomide dose and left the trial less fre-
quently due to PD on a lower dose of lenalidomide. This
likely avoids full refractoriness to lenalidomide and may
increases their sensitivity also to other IMiD-based regi-
mens. Another key factor to influence OS may be the rate of
sHDCT/ASCT as a further line of therapy in the control arm
which will also be assessed with more follow-up.

The only randomized trial on sHDCT/ASCT performed
in the past (NCRI Myeloma X Relapse [8]) demonstrated a
median PFS benefit from randomization of 19 vs.
11 months. In contrast to our trial, Cook et al. randomized
patients after completion of PAD reinduction treatment and
stem cell collection. Consequently, 93% of patients (83/89)
in their trial received the assigned sHDCT/ASCT. While the
PFS effect of the sHDCT/ASCT in the Myeloma X Relapse
trial (HR 0.45) is substantially larger than in our trial,
weekly cyclophosphamide is no longer considered a stan-
dard comparator. Rd is a more effective treatment and has
been the most important comparator in recent randomized
phase III trials leading to the approval of novel triplet
regimens for RRMM [22–25]. These triplet regimens
combining Rd with another novel agent (daratumumab,
elotuzumab, carfilzomib, or ixazomib) have now become a
new standard of care for RRMM. Based on our LM ana-
lyses the PFS benefit in patients who actually received the
sHDCT/ASCT lies at the upper limit of what has been
reported for the triplet regimens (HR 0.37–0.74), potentially
further challenging the impact of sHDCT/ASCT. Future
randomized trials integrating sHDCT/ASCT into the novel
triplet regimens will be needed to further define its role in
today’s treatment landscape for RRMM. Importantly, such
trials should perform randomization in close proximity to
the randomized intervention (i.e. directly before the
sHDCT/ASCT step) in order to avoid significant early drop-
out rates that may obscure a treatment effect.

The absence of transplant related mortality in our trial
despite inclusion of patients up to an age of 75 years is
reassuring of the safety of sHDCT/ASCT. All except one
patient that underwent sHDCT/ASCT were able to start
lenalidomide maintenance treatment. However, a ~25% rate
of higher grade neutropenia occurred during lenalidomide
maintenance and ~25% of patients discontinued

Fig. 3 Progression-free (PFS) and overall survival (OS) landmark
analysis from high-dose chemotherapy (HDCT; transplant arm)
and Rd cycle 5 (control arm). Kaplan–Meier curves are shown for a
PFS (log-rank p= 0.09) and b OS (log-rank p= 0.046).
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maintenance due to a diverse set of AE. This is in line with
findings from trials on lenalidomide maintenance after
HDCT/ASCT in the frontline setting [26–28]. The increase
in higher grade neutropenia as compared to standard Rd
during the corresponding phase of the trial may indicate
elevated bone marrow vulnerability of patients in the early
phase after sHDCT/ASCT. Importantly, no corresponding
increase in higher grade infections during maintenance
treatment was observed and discontinuation of maintenance
due to cytopenia was necessary only in 4% of patients.

In conclusion, the ReLApsE trial is the first randomized
controlled trial of sHDCT/ASCT versus continuous novel
agent treatment, specifically Rd. No survival benefit was
observed in the primary analysis under the limitation of a
~30% drop-out rate before sHDCT/ASCT. Improved PFS
and OS in patients that received the assigned sHDCT/ASCT
suggest that some benefit may still persist in the era of
continuous novel agent treatment.
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Table 4 Multivariate Cox
regression model of baseline
factors for landmark PFS and
OS.

n= 217 PFS OS

HR 95% CI p HR 95% CI p

Treatment arm (transpl. vs. contr.) 0.6 0.41–0.88 0.0087 0.39 0.2–0.76 0.0057

Age (10-year increase) 0.77 0.61–0.98 0.036 1.07 0.69–1.64 0.76

High-risk cytogenetic aberrations 2.71 1.72–4.27 <0.001 4.22 1.98–8.99 <0.001

eGFR ≥ 60 0.63 0.34–1.16 0.14 0.49 0.21–1.16 0.11

LDH elevation 1.37 0.84–2.23 0.20 2.05 0.96–4.38 0.065

Prior lines of therapy (>1 vs. 1) 2.29 1.14–4.61 0.02 2.35 0.85–6.49 0.098

ISS II vs. I 1.4 0.89–2.21 0.14 1.7 0.81–3.59 0.16

ISS III vs. I 0.91 0.41–2.06 0.83 2.26 0.75–6.82 0.15

WHO PS 1/2 vs. 0 1.08 0.7–1.68 0.71 0.87 0.41–1.85 0.72

No frontline HDCT/ASCT 1.8 0.83–3.94 0.14 2.87 0.96–8.59 0.059

Missing data points were imputed for 87 patients with incomplete baseline records.

eGFR, estimated glomerular filtration rate, HDCT/ASCT high-dose chemotherapy followed by autologous
stem cell transplantation, ISS international staging system, LDH lactate dehydrogenase, WHO PS World
Health Organization performance status.

Statistically significant associations (p<0.5) are highlighted by bold print.
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