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The multicenter, phase 3 German-Speaking Myeloma Multicenter Group (GMMG)
ReLApsE trial randomized patients with relapsed and/or refractory multiple myeloma
® Salvage autologous . .
transplant vs (RRMM) equally to lenalidomide/dexamethasone (LEN/DEX; 25 mg days 1-21, DEX 40
lenalidomide/ mg weekly, in 4-week cycles) reinduction, salvage high-dose chemotherapy (sHDCT;
dexamethasone offers melphalan 200 mg/mz), autologous stem cell transplantation (ASCT), and LEN mainte-
no significant survival . _ . _
benefit in RRMM. nance (10 mg/d; transplant arm, n = 139) vs continuous LEN/DEX (control arm, n = 138).
Ninety-four percent of patients had received frontline HDCT/ASCT. We report an

® Time to Prog.ression updated analysis of survival end points with a median follow-up of 99 months. Median
after a frontline progression-free survival (PFS) was 20.5 and 19.3 months in the transplant and control
autologous transplant . . .
does not predict arm, respectively (hazard ratio [HR], 0.98; P = .9). Median overall survival (OS) was 67.1
benefit from salvage and 62.7 months, respectively, (HR 0.89; P = .44). Landmark analyses from sHDCT and

autologous transplant.

the contemporaneous LEN/DEX cycle 5 were performed because of 29% dropout of
patients before sHDCT/ASCT in the transplant arm but did not reveal significant differ-
ences in PFS/OS. Time to progression after frontline HDCT/ASCT was a prognostic factor but did not predict benefit
from sHDCT/ASCT. The GMMG ReLApsE trial does not support use of sHDCT/ASCT in RRMM after frontline
HDCT/ASCT. This trial was registered at www.clinicaltrialsregister.eu as #EudraCT2009-013856-61.
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treatment is poorly defined. In clinical practice, treatment

Introduction options for RRMM are selected based on patient- and disease-
The role of salvage high-dose chemotherapy (sHDCT)/autolo- related factors as well as prior treatment and regulatory
gous stem cell transplantation (ASCT) for relapsed and/or | frameworks."? Major guidelines (National Comprehensive

refractory multiple myeloma (RRMM) in the era of novel agent Cancer Network, European Hematology Association/European
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Society for Medical Oncology, American Society for Trans-
plantation and Cellular Therapy, European Society for Blood and
Marrow Transplantation, and International Myeloma Working
Group) recommend considering sHDCT/ASCT for patients after
frontline HDCT/ASCT if time to progression after frontline
HDCT/ASCT (TTP1) was at least 18 months, or 36 months in case
of maintenance treatment.' Only 2 prospective, phase 3, ran-
domized controlled trials (RCTs) on sHDCT/ASCT vs nontrans-
plant regimens for RRMM have been published. The National
Cancer Research Institute Myeloma X Relapse RCT* demon-
strated a significant progression-free survival (PFS) and overall
survival (OS) benefit of sHDCT/ASCT compared with a now
outdated comparator of cyclophosphamide (400 mg/m? weekly)
for 12 weeks. In the primary analysis of the German-Speaking
Myeloma Multicenter Group (GMMG) phase 3 RelApsE RCT,®
we reported the absence of a PFS and OS benefit of sHDCT/
ASCT after lenalidomide/dexamethasone (LEN/DEX) reinduction
and followed by LEN maintenance compared with continuous
LEN/DEX. However, 29% of patients in the transplant arm
dropped out of the trial before sHDCT/ASCT and landmark
analyses from sHDCT suggested improved survival in patients
who actually received sHDCT/ASCT, but OS data were imma-
ture. Here, we report the long-term follow-up analysis of survival
end points and key post hoc subgroup analyses.

Study design

Trial design

A summarized trial protocol has been published.® In brief,
across 16 trial sites in Germany, 282 patients with RRMM aged
<75 years with 1 to 3 prior lines of treatment were randomized
equally to LEN/DEX (LEN 25 mg days 1-21, DEX 40 mg weekly,
4-week cycles) reinduction, sHDCT (melphalan 200 mg/m?),
ASCT (22 x 10° CD34" cells per kg), and LEN maintenance (10
mg daily; transplant arm) vs continuous LEN/DEX (control arm),
each until progressive disease (PD) or intolerable toxicity. Major
exclusion criteria were LEN-refractory disease, prior sHDCT/
ASCT, and TTP1 after frontline HDCT/ASCT of <12 months.

Documented approval from the ethics committees/institutional
review boards of the Medical Faculty of Heidelberg University
(main institutional review board) and all participating study sites
had been obtained before study start.

End points

An updated analysis of protocol-specified long-term follow-up
data regarding the primary end point (PFS) and secondary
end points (OS and posttrial treatment including further
sHDCT/ASCT in the control arm), as well as key post hoc sub-
group analyses are reported. Statistical methodology is detailed
in the supplemental Methods, available on the Blood website.

Results and discussion

Between 2 December 2010 and 18 March 2016, 282 patients
were randomized (intention-to-treat population, n = 277,
supplemental Figure 1). Baseline patient characteristics are
listed in Table 1. Nearly all patients were enrolled after 1 prior
line of treatment (260/277 [94%)) and had received frontline
HDCT/ASCT (259/277 [94%]), including frontline tandem
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HDCT/ASCT in 105 of 277 (38%) patients. Overall, 11% (30/277)
of patients had previous LEN exposure.

After a median follow-up of 99 months (95% confidence interval
[Cl], 94-105), 86% of patients (238/277) had experienced a PFS
event and 63% (174/277) had died. The transplant arm was not
associated with a survival benefit in the intention-to-treat popu-
lation (Figure 1A). Median PFS was 20.5 (95% ClI, 15.9-27.2)
months in the transplant arm and 19.3 (95% Cl, 14.9-25.4)
months in the control arm (hazard ration [HR], 0.98; 95% Cl, 0.76-
1.27; P = .9); median OS was 67.1 (95% Cl, 59.2-85.4) months
and 62.7 (95% Cl, 49.6-86.0) months, respectively (HR, 0.89; 95%
Cl, 0.66-1.20; P = .44). The absence of a PFS and OS benefit in
the transplant arm was consistent across key disease subgroups
according to frontline HDCT/ASCT status (yes/no and single/
tandem), age, International Staging System/revised International
Staging System, cytogenetic risk status, baseline lactate
dehydrogenase, baseline renal function, prior lines of treatment,
and maintenance treatment after frontline HDCT/ASCT
(supplemental Figure 2). TTP1 was associated with improved
survival in the overall trial population (Figure 1B). However, there
was no benefit from the transplant arm in any of the subgroups
according to TTP1 (Figure 1C; supplemental Figure 3).

Of 139 patients (29%) in the transplant arm, 41 left the trial
before sHDCT/ASCT. Post hoc landmark analyses from sHDCT
and the contemporaneous LEN/DEX cycle 5 were performed to
assess the treatment effect in patients that reached the sHDCT/
ASCT stage. Main reasons for dropouts before sHDCT/ASCT in
the transplant arm were PD (12% [17/139]), adverse events (6%
[8/139]), and withdrawal of consent (5% [7/139]). Univariable
landmark analyses (Figure 2A) did not reveal significant differ-
ences in PFS (23.0 [95% Cl, 17.2-32.2] vs 20.3 [95% Cl, 14.1-30.1]
months; HR, 0.91; 95% Cl, 0.68-1.22; P = .52) nor OS (76.3 [95%
Cl, 58.8 to not reached] vs 66.0 [95% Cl, 49.7-92.9] months; HR,
0.8; 95% Cl, 0.56-1.13; P = .2); neither did multivariable analyses
(supplemental Table 1). The absence of a survival benefit of the
transplant arm from the landmark was consistent across key
disease subgroups (supplemental Figure 4) including those
according to TTP1 (Figure 2B; supplemental Figure 5).

During subsequent lines of treatment after trial (supplemental
Table 2), patients from the control arm more frequently
underwent sHDCT/ASCT as an immediate next line of treat-
ment (34/138 [25%] vs 12/139 [9%)] patients) as well as overall
(48/138 [35%)] vs 19/139 [14%)]). Sensitivity analyses estimating
crossover adjusted OS times to account for the increased fre-
quency of sHDCT/ASCT after PD in the control arm were
consistent with the unadjusted analysis (supplemental Figure 6).

Second primary malignancies (supplemental Table 4) occurred
in 24 of 135 patients [18%] and 20 of 145 patients [14%] treated
according to the transplant and control arm, respectively
(P = .41).

The GMMG RelApsE trial remains, to our knowledge, the only
RCT comparing sHDCT/ASCT with continuous novel agent
treatment. With extended follow-up we observe a lower effect
of the transplant arm across survival analyses than the initial
publication® (supplemental Table 3). This reduction in effect size
is most pronounced in landmark analyses for OS, likely because
of smallest sample size and least mature data at the time of the
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Table 1. Patient and disease characteristics (intention-to-treat population)

Transplant arm (n = 139) Control arm (n = 138)

Age, y 61.3 (29.9-74.7) 62.2 (41.9-74.5)
Interval diagnosis to randomization, y 3.9 (0.2-19.3) 4.1 (0.7-16.4)
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 stage*

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

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

11l 17/131 (13%) 12/129 (9%)
Heavy chain isotype

[e]€! 79 (57%) 71 (52%)

IgA 33 (24%) 33 (24%)

IgD 1 (1%) 0

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

K 87 (63%) 102 (75%)

A 52 (37%) 35 (26%)
Cytogenetic aberrations*

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

1(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%)

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

High riskf 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

260 mL/min per 1.73 m? 108 (82%) 106 (79%)

<60 mL/min per 1.73 m? 23 (18%) 28 (21%)
Prior lines of therapy

1 131 (94%) 129 (94%)

5 (4%) 8 (6%)
3 3 (2%) 1 (1%)

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

eGFR, estimated glomerular filtration rate; IgG/A/D, immunoglobulin G/A/D/; ISS, International Staging System; LDH, lactate dehydrogenase; WHO PS, World Health Organization
performance status.

*Data are not available for all randomized patients.
1t(4;14), t(14;16), deletion 17p13, and gain 121 (>3 copies).
$TTP1 in the n = 259 patients with frontline HDCT/ASCT.
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Table 1 (continued)

Transplant arm (n = 139) Control arm (n = 138)

Frontline HDCT/ASCT 129 (93%) 130 (94%)
Single 83 (64%) 1 (55%)
Tandem 46 (36%) 59 (45%)

TTP1, mot 34.3(12.3-136.8) 31.3(12.1-131)
12-24 4 (34%) 7 (36%)
24-48 2 (33%) 1 (39%)
>48 3 (33%) 2 (25%)

Prior therapies
Bortezomib 107 (77%) 106 (77%)
Thalidomide 1(22%) 5 (18%)
Lenalidomide 2 (9%) 8 (13%)
Interferon 9 (6%) 9 (7%)
Chemotherapy only 4 (10%) 10 (7%)

Prior maintenance therapies
Any 6 (33%) 50 (36%)
Thalidomide 5 (18%) 19 (14%)
Interferon 9 (6%) 9 (7%)
Lenalidomide 6 (4%) 10 (7%)
Bortezomib 5 (4%) 12 (9%)
Ixazomib 4 (3%) 2 (1%)
Dexamethasone 1(1%) 2 (1%)

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

eGFR, estimated glomerular filtration rate; IgG/A/D, immunoglobulin G/A/D/; ISS, International Staging System; LDH, lactate dehydrogenase; WHO PS, World Health Organization

performance status.

*Data are not available for all randomized patients.

Tt(4;14), 1(14;16), deletion 17p13, and gain 121 (>3 copies).
3TTP1 in the n = 259 patients with frontline HDCT/ASCT.

initial publication.® Consequently, no significant PFS or OS
difference between trial arms is observed in the overall trial
population, and the previously reported, significant survival
benefit in patients who actually received sHDCT/ASCT is not
confirmed with extended follow-up.

Moreover, based on our data, TTP1, which is frequently used to
stratify for sHDCT/ASCT in clinical practice, is a general prog-
nostic parameter but does not predict a survival benefit from
sHDCT/ASCT vs continuous LEN/DEX. Even in the subgroup of
75 patients with TTP1 beyond 48 months, PFS and OS was not
significantly different between trial arms. Importantly, this is well
beyond the 18- and 36-month TTP1 cutoffs recommended by
guidelines'? as a selection criterion for sHDCT/ASCT. We thus
expect these updated results to affect clinical practice in the field.

As opposed to when the ReLApsE trial was planned, LEN/DEX
is no longer standard treatment in resource-rich countries';
after 1 to 3 prior lines of treatment, patients are commonly LEN-
refractory because of near universal use of LEN maintenance
after frontline HDCT/ASCT’ and as part of combination regi-
mens. However, in the absence of a PFS benefit of sHDCT/
ASCT over LEN/DEX, a benefit over even more effective,
state-of-the-art LEN-based®” or LEN-free'®"" triplet regimens
and chimeric antigen receptor (CAR) T cells'? is unlikely.

SALVAGE AUTOLOGOUS TRANSPLANT IN RRMM

Although no subgroups benefited from sHDCT/ASCT in the
RelApsE trial, the long follow-up allowed us to identify factors
associated with exceptional PFS (=5 years) despite less than
state-of-the-art treatment. Beyond TTP1, these were factors
related to disease biology, primarily absence of high-risk cyto-
genetic lesions and normal lactate  dehydrogenase
(supplemental Table 5), which were also associated with survival
in multivariate analyses (supplemental Table 1). Retrospectively,
the subgroup (n = 25) selected by these factors achieved median
PFS of 41.7 months as compared with 15.9 months for the
remainder (n = 153) of the trial population (P = .007;
supplemental Figure 7). Conversely, patients with high-risk fea-
tures have the highest medical need and benefit most from
advanced treatment options as has been shown for functional
high-risk patients with CAR T cells.”® These factors may thus
inform treatment stratification in resource-limited settings
(including limited slot availability in countries in which CAR T cells
are approved in second line) and in avoiding rare but severe side
effects of CAR T-cell therapy in low-risk patients.

Our data do not preclude sHDCT/ASCT for patients who actively
wish to pursue such a strategy typically after above-average
tolerability and TTP1 in the context of frontline transplant.
Although fixed duration treatment would be attractive in terms of
quality of life, these patients should be counseled that, unlike
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Figure 1. PFS and OS from randomization. Kaplan-Meier curves of PFS and OS in the intention-to-treat population by trial arm (A) and by TTP1 (B), as well as in the subgroup
with TTP1 of >48 months by trial arm (C).
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Figure 2. PFS and OS from the landmark at HDCT/ASCT and LEN/DEX cycle 5. PFS and OS from the landmark by trial arm as Kaplan-Meier curves in all patients that

reached the landmark (A) and in the subgroup of patients with TTP1 of >48 months (B).

with CAR T cells, treatment continuation/maintenance treatment
is necessary after sHDCT/ASCT to achieve median PFS beyond 1
to 1.5 years.*'41°

The true impact on OS of receiving sHDCT/ASCT (as opposed to
never receiving sHDCT/ASCT) is more difficult to assess because
the RelApsE trial was not powered to detect an OS difference.
Moreover, 29% of patients in the transplant arm did not receive
the planned sHDCT/ASCT on trial and 35% of patients in the
control arm received sHDCT/ASCT as a further line of treatment
after disease progression. We addressed these factors in land-
mark analyses from the time of sHDCT/ASCT and in sensitivity
analyses to account for crossover, which did not indicate a major
effect of SHDCT/ASCT on OS. Importantly, any potential effect
needs to be balanced against the transient (~6 months) negative
impact on quality of life associated with sSHDCT/ASCT'® and the
availability of effective treatment modalities such as CAR T cells
and triplet regimens for RRMM.

To the best of our knowledge, no RCTs are being conducted or
planned to evaluate sHDCT/ASCT against any of the current

SALVAGE AUTOLOGOUS TRANSPLANT IN RRMM

standard regimens for RRMM, thus further underlining the sig-
nificance of our results.

Although we address the question of sHDCT/ASCT after
previous frontline HDCT/ASCT, the number of patients
without the latter is insufficient to draw conclusions. Impor-
tantly, our data do not address the issue of deferring
transplant to relapse in favor of transplant-free frontline
regimens.

In conclusion, the GMMG RelApsE trial does not support
sHDCT/ASCT at relapse after previous frontline HDCT/ASCT
regardless of TTP1.
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