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Abstract
A second autologous stem‐cell transplantation (ASCT2) is considered for relapsed multiple myeloma (RMM) patients showing

prolonged response after a first ASCT. However, given breakthrough treatments like anti‐CD38 and immunotherapy, its role

remains debated. We conducted a real‐life study in 10 French centers (1996–2017) involving 267 RMM patients receiving

ASCT2. The median age was 61 years, with 49% females. Most patients received melphalan 200mg/m² before ASCT2, with low

early mortality (1%). Very good partial response or better (VGPR+) rate post ASCT2 was 78%. Post ASCT2, 48% received

consolidation therapy and 40% maintenance therapy. Median event‐free survival (EFS) after ASCT2 was 2.6 years (95% con-

fidence interval [CI]: 2.3–2.8), and 2‐year EFS estimate was 63% (95% CI: 57–70). Median overall survival (OS) was 8.1 years

(95% CI: 5.9–NA), and 2‐year OS estimate was 92% (95% CI: 88–95). Multivariate analysis revealed that VGPR+ status and

maintenance therapy post ASCT2 were associated with better EFS (hazard ratio [HR]: 0.6; 95% CI: 0.3–0.9, p = 0.012 and HR:

0.4; 95% CI: 0.3–0.6, p < 0.001, respectively) and OS (HR: 0.4; 95% CI: 0.2–0.9, p = 0.017 and HR: 0.2; 95% CI: 0.1–0.4,
p < 0.001, respectively), while male sex correlated with poorer outcomes for EFS (HR: 2.5; 95% CI: 1.7–3.7, p < 0.001) and OS

(HR: 2.7; 95% CI: 1.4–4.9, p = 0.002). Overall, ASCT2 appeared efficient with low toxicity in RMM. Maintenance therapy was

associated with extended EFS and OS, particularly in patients with VGPR+ status post ASCT2. These findings underscore

ASCT2's potential in RMM when coupled with maintenance therapy in selected patients.

INTRODUCTION

Induction therapy, followed by intensification with high‐dose che-
motherapy (HDC) and autologous stem‐cell transplantation (ASCT),
has become the standard of care for newly diagnosed multiple

myeloma (NDMM) in young and fit patients (age <70 years) in the
1990s.1 Until recent approval of the anti‐CD38 monoclonal antibody
(mAb) daratumumab as part of frontline treatment, the most widely
used induction regimens consisted of triplet combinations based on
proteasome inhibitors (PIs), immunomodulatory drugs (IMiDs), and
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steroids.2–5 Frontline ASCT improved both overall survival (OS) and
progression‐free survival (PFS) compared with prolonged induction
therapy alone without intensification.4,6

Nevertheless, despite new drugs and continuous improvement of
prognostics, multiple myeloma is still considered incurable, and
almost all patients will ultimately relapse. As such, an effective
second‐line treatment is needed. Based on retrospective data and
case‐control studies, a second intensification with HDC and ASCT
presents an appealing option for relapsed multiple myeloma (RMM)
over chemotherapy alone, due to its potential to provide prolonged
OS and PFS.7–9

Several retrospective studies have reported that prolonged
remission after frontline ASCT is strongly associated with prolonged
PFS and OS after a second ASCT.7–13 Based on these observations,
the International MyelomaWorking Group (IMWG) and the European
Society of Medical Oncology (ESMO) recommend this strategy
for patients with relapsed myeloma who experienced prolonged
remission upper than 24–36 months after the first ASCT.14,15

Most of the randomized controlled trials evaluating this strategy
were conducted before the widespread use of combination regimens
of PIs and IMiDs. They were therefore difficult to interpret, especially
in the current therapeutic landscape. Indeed, at relapse, treatment
regimens combining PIs, IMiDs, and/or anti‐CD38 mAb are currently
used in daily practice.16–18 In summary, real‐life data are needed
about the sequence therapeutic of a second ASCT (HDC type,
consolidation, maintenance) and true prognosis value of duration of
response after frontline ASCT. Therefore, we reported here survival
data and survival analysis of a multicentric real‐life cohort of RMM
patients treated with a second ASCT.

MATERIALS AND METHODS

Population

We included retrospectively RMM patients, diagnosed with MM
between 1996 and 2017, who received at least two HDC treatments
followed by ASCT in 10 French tertiary centers. Patients were
identified from local cell therapy unit registers among those for which
cell therapy products had been thawed twice: patients who under-
went a second HDC followed by ASCT at first relapse or later.
Patients who received allogeneic stem cell transplantation after the
first ASCT or frontline tandem ASCT were secondarily excluded.
Patients with plasma cell leukemia were excluded. The study was
performed in respect of the Declaration of Helsinki and was
registered by an ethics committee (n° PI2021_843_0171).

Definitions and data collection

Hereafter, we will refer to ASCT performed frontline as “ASCT1”
and ASCT performed in relapse setting as “ASCT2.” Patients were
diagnosed according to the IMWG.19 Treatment was initiated
frontline and at relapse according to contemporaneous local guide-
lines.19 Nature of drugs administered and treatment modalities, in-
cluding the use of consolidation and/or maintenance therapy, were at
the treating physician's discretion. Response rates were retro-
spectively evaluated according to the latest IMWG guidelines based
on available data from medical records.20 Because bone marrow
evaluation was only performed in a minority of cases, we choose not
to distinguish patients in complete response from patients in very
good partial response according to IMWG: all these patients will
subsequently be considered in very good partial or better (VGPR+).
Time without new treatment after ASCT1 (TNT1) was defined as the

time from ASCT1 realization to start of a new line of treatment.
Neutrophil recovery time after ASCT2 infusion was defined as the
time between ASCT infusion and absolute neutrophils count >0.5 G/L
for three consecutive days. Adverse events (AEs) were divided into
two categories: early toxicity (during the first 3 months following
ASCT2) and late toxicity (after the first 3 months). Also, only grade
3–4 adverse events of special interest (AEIs) were collected, exclud-
ing transfusion requirement, febrile neutropenia of unknown origin,
and sepsis without need for intensive care stay during the aplasia
period. Event‐free survival (EFS) was defined as the time from ASCT2
to start of a new line of treatment, death, or last follow‐up, whichever
occurred first. Any consolidation and/or maintenance therapy given
after ASCT2 was considered to belong to the same line of treatment
as ASCT2. Overall survival after ASCT2 (OS) was calculated from the
ASCT2 realization until death or last follow‐up, whichever appeared
first. For landmark analysis, EFS and OS were calculated based on
landmark time as defined below. The cut‐off for survival analysis was
June 2021.

Statistical analysis

Descriptive statistics were used to characterize the data: the median
and interquartile range have been calculated for continuous variables;
absolute frequencies and percentages have been provided for each
qualitative variable. The chi‐squared test, Kruskal–Wallis test, and
Student test were used to compare the distribution between sub-
groups of nominal, ordinal, and quantitative variables, respectively.

Survival functions were estimated using the Kaplan–Meier
method, and a direct comparison between groups was made using
the log‐rank test for EFS and OS. Univariate and multivariate analysis
used a time‐dependent, semi‐parametric, Cox proportional hazard
regression model to identify prognostic factors influencing EFS and
OS. Variables with a p < 0.1 in univariate models were included in
multivariate models for OS and EFS. “Baseline variable” referred to a
variable whose value was known at the time of ASCT2, before the
start of survival analysis. “Time‐dependent variable” was a variable
whose value wasn't known at the time of ASCT2 but was reported
during follow‐up. To consolidate the results of the multivariate time‐
dependent analysis regarding the impact of time‐dependent covari-
ates, univariate, and multivariate landmark approach for survival
analysis was performed: landmark time was defined as 90 days after
ASCT2 corresponding to the start of maintenance therapy if
effectively introduced. Start of follow‐up and covariates' status were
defined at the time of this landmark time.

To avoid any confounding bias attributable to any of these
parameters, multivariate analysis was stratified on the center and
time period of ASCT2 (arbitrarily divided between before vs. after
2015) for both EFS and OS. The final Cox model was inspected for
interactions and collinearity with variance inflation factors, while the
proportional hazards assumption was verified using statistical tests
and graphical diagnostics based on the scaled Schoenfeld Residuals.

The optimal cut‐point for continuous variables like age at the
time of ASCT2 and time to next treatment after ASCT1 was de-
termined using the maximally selected rank statistics, providing a
value of a cut‐point corresponding to the most significant relationship
with OS and/or EFS.21 To simplify, we chose to use a single value to
therefore categorize these continuous variables into binary ones for
survival analysis for both EFS and OS and kept cut‐point values
identified as most relevant for OS.

Continuous variables were therefore categorized into binary
variables for survival analysis for EFS and OS and, reported p values
were two‐sided. Only p < 0.05 were considered significant.
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Statistical analysis was performed using the free software
R version 3.6.3 and the integrated development environment for
R, RStudio. Survival analysis, survival curves, and graphics were all
performed using “survival,” “survminer,” and “ggplot2” packages for
R (R Core Team (2018). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/). Time‐dependent analysis was done
using the “tmerge” package for R as described by Therneau et al.22

RESULTS

Patient characteristics

We included 267 patients diagnosed with MM between 1996 and 2017
and treated twice, both at the frontline and at relapse, with HDC
followed by ASCT (Table 1). A total of 131 patients (49%) were female,
with a median age of 55 years at diagnosis (interquartile range [IQR]:
49–59). Among the 159 patients with available international staging
system (ISS) classification at diagnosis, 45% (n=72) had a favorable score.
Among the 165 (62%) patients with available cytogenetic, 30 patients
(18%) showed high‐risk cytogenetic abnormalities: del(17p) (n =3, 2%) or
translocation involving IGH locus on chromosome 14 (except t(11;14))
(n =27, 16%). As frontline induction therapy before ASCT1, 190 (71%)
patients received a PI, 113 (42%) patients received an IMiD, and 102
(38%) received a combination of both IMiD and PI. The overall response
rate (ORR) after ASCT1 was 96%, with 69% achieving very good partial
response or better (VGPR+). Eleven percent received maintenance
therapy after ASCT1. The median TNT1 was 3.3 years (IQR: 2.4–4.8).

Eighty‐three percent (n = 220) of patients received ASCT2 at first
relapse and 44 (16%) received it at second relapse or later, including
28 (10%) at second relapse, nine (3%) at third relapse, and seven (3%)
at fourth relapse or later. The number of lines of therapy received
between ASCT1 and ASCT2 was unknown in 3 (1%) patients. Patients
who received ASCT2 at second relapse or later were treated with less
intensive HDC (melphalan 140mg/m² or less in 34% vs. 16%;
p = 0.010) and had lower response rate after ASCT2 (ORR 75% vs.
87% and VGPR+ 41% vs. 59%; p < 0.001) when compared to those
treated at the first relapse. No significant difference for median age at
the time of ASCT2 (62 vs. 61 years; p = 0.540) was observed between
both groups. The most common induction therapy before ASCT2 was
a triplet combination of steroids, IMiD, and PI in 134 patients (50%).
Otherwise, 60 patients (23%) received an IMiD‐based doublet,
46 (11%) received a PI‐based doublet, and 17 (6%) received con-
ventional chemotherapy or radiotherapy alone. Ten patients (4%)
received daratumumab and 18 (7%) received carfilzomib‐based regi-
mens. Currently, used MM therapies (PI, IMiD and/or anti‐CD38
based regimen) were associated with increased ORR (92% vs. 69%;
p = 0.009) and VGPR+ rates (62% vs. 25%; p = 0.009) before ASCT2
compared to conventional chemotherapy or radiotherapy alone.

Among all patients, 170 (64%) received ASCT2 after 2015 and
97 (36%) received ASCT2 before 2015, including 26 before 2010 and
71 between 2010 and 2015. When compared to patient treaded with
ASCT2 before 2015, patients treated with ASCT2 after 2015 were older
(median age at the time of ASCT2 62 vs. 60 years, p = 0.013), had pro-
longed response after ASCT1 (median TNT1 of 43 vs. 32 months,
p =0.001), and were more likely to be treated with triplet combination of
steroids, IMiD, and PI or anti‐CD38 based regimen (n =115 vs. 29, 68%
vs. 30%, p <0.001). Both groups were comparable for female proportion
(n = 85 vs. 46, 50% vs. 47%), high ISS score when available (n=27/90 vs.
14/49, 25% vs. 29%), presence of high‐risk cytogenetic abnormalities
when available (n =19/114 vs. 11/51, 17% vs. 22%), and timing of
ASCT2 (ASCT2 at first relapse in n = 139 vs. 81, 83% vs. 84%).

ASCT2: Procedures, response, whole cohort
EFS, and OS

The median age at the time of ASCT2 was 61 years (IQR: 55–64). The
most used conditioning regimen before ASCT2 was melphalan
200mg/m² (Mel 200) in 183 patients (69%). A reduced‐intensity
conditioning regimen was used in 51 patients (19%), including

TABLE 1 Patient characteristics.

Characteristics All, N = 267

Sex

Female 131 (49.1%)

Male 136 (50.9%)

Age at time of second ASCT (years)

Median (Q1; Q3) 61.0 (55.0–64.0)

ISS score at diagnosis of MM

I 72 (27.0%)

II 46 (17.2%)

III 41 (15.4%)

Missing 108 (40.4%)

Cytogenetic risk at diagnosis of MM

Higha 30 (11.2%)

Intermediate/low 135 (50.6%)

Missing 102 (38.2%)

Time without new treatment after first ASCT (months)

Median (Q1; Q3) 40.0 (28.5–58.0)

Number of prior line(s) of therapy before second ASCT

1 (i.e., second ASCT at first relapse) 220 (82.4%)

>1 (i.e., second ASCT at second relapse or later) 47 (17.6%)

Induction regimen prior to second ASCT

IMiD & PI‐based 134 (50.2%)

PI‐based 60 (22.5%)

IMiD‐based 46 (17.2%)

Anti‐CD38 mAb‐based 10 (3.7%)

Conventional chemotherapy and others (including no
treatment or radiotherapy alone)

17 (6.4%)

Conditioning regimen of second ASCT

Intensive (melphalan + busulfan or melphalan + TBI) 33 (12.4%)

Standard (melphalan 200mg/m²) 183 (68.5%)

Reduce (melphalan 140mg/m² or melphalan 100mg/m²) 51 (19.1%)

Consolidation therapy after second ASCT

Yes 128 (47.9%)

No 139 (52.1%)

Maintenance therapy after second ASCT

Yes 107 (40.1%)

No 160 (59.9%)

Abbreviations: ASCT, autologous stem‐cell transplantation; IMiD, immunomodulatory
drug; ISS, International Staging System; MM, multiple myeloma; mAb, monoclonal
antibody; PI, proteasome inhibitor; TBI, total body irradiation.
at(4;14), t(14;16), t(14;20), del(17p), del(1p32) and 1q amplification.
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melphalan 140mg/m² (Mel 140) in 38 patients (14%) and melphalan
100 (Mel 100) mg/m² in 13 patients (5%). A more intensive regimen
was used in 33 (12%) patients, including melphalan + busulfan in
25 patients (9%) or melphalan + total body irradiation in eight patients
(3%). When compared to patients who received reduced‐intensity
conditioning regimen, patients treated with Mel 200 or more in-
tensive regimen were younger (median age at the time of ASCT2
60 years vs. 64 years, p < 0.001) and received fewer lines of therapy
before ASCT2 (ASCT2 at first relapse in n = 184 vs. 36, 86% vs. 71%,
p = 0.012). No significant difference was observed between the two
groups about gender, ISS score and cytogenetic at diagnosis, and
response depth before ASCT2.

Among patients with available data (n = 231), the best ORR be-
fore ASCT2 was 91%, including 61% VGPR+. After ASCT2, response
depth improved in 47 patients (20%) and worsened in 12 patients
(5%) with an ORR of 96% and a VGPR+ rate of 78% (Figure 1).
Currently, used MM therapies led to a better VGPR+ rate after
ASCT2 when compared to conventional chemotherapy or radio-
therapy alone (82% vs. 29%; p < 0.001). A reduced intensity
regimen was associated with a significantly poorer response depth
(Kruskal–Wallis test; p = 0.012) and a poorer VGPR+ rate after ASCT2
when compared to Mel 200 or more intensive conditioning (69% vs.
82%; p = 0.057). On the other hand, a more intensive regimen did not
seem to lead to a better VGPR+ rate when compared to Mel 200
(81% vs. 80%; p = 0.140).

After ASCT2, 128 patients (48%) received consolidation ther-
apy and 107 (40%) received maintenance therapy. Seventy‐two
patients (27%) received both consolidation and maintenance therapy.
The most used consolidation therapy combined IMiD and PI in
76/128 patients (59%). The most used maintenance therapy after
ASCT2 was IMiD alone in 87/107 patients (81%), and most used IMiD
in this setting was lenalidomide in 80/107 patients (75%). Median
duration of exposure to maintenance therapy was 15 months (IQR:
8.5–24.5). No difference for gender, age at the time of ASCT2, ISS
score and cytogenetic at diagnosis, number of lines of therapy before
ASCT2, and response depth after ASCT2 was observed between
patients treated with consolidation therapy and those who did not or
between patients treated with maintenance therapy and those who
did not. When compared to those who did not, patients who received
consolidation and/or maintenance therapy were more likely to have
been treated with triplet combination of steroids, IMiD, and PI or
anti‐CD38‐based regimen. Patient's characteristics according to

whether they received or not consolidation and/or maintenance
therapy are summarized in Supporting Information S1: Table 1.

When compared to patient treated with ASCT2 before 2015,
patients treated with ASCT2 after 2015 were significantly more likely
to receive consolidation therapy (n = 95/170 vs. 33/97, 56% vs. 34%;
p < 0.001) and significantly more likely to receive maintenance ther-
apy (n = 87/170 vs. 20/97, 51% vs. 21%; p < 0.001). There was no
difference between the two groups for conditioning used before
ASCT2 (Mel 200 or more intensive in regimen in n = 140/170 vs.
76/97, 74% vs. 79%).

Median follow‐up after ASCT2 was 3.4 years (IQR: 1.6–5). For all
patients, 2‐year EFS and OS estimates were 63% (95% CI: 57–70) and
92% (95% CI: 88–95), respectively, and 4‐year EFS and OS estimates
were 28% (95% CI: 22–36) and 79% (95% CI: 74–85), respectively.
Median calculated EFS and OS were 2.6 years (95% CI: 2.3–2.8) and
8.1 years (95% CI: 5.9–not reached [NR]), respectively (Figure 2).
Survival appeared to be better in patients who received ASCT2 after
than before 2015 for both EFS (2‐year estimates 71% [95% CI:
64–79] vs. 51% [95% CI: 42–62]) and OS (2‐year estimates 93%
[95% CI: 89–97] vs. 88% [95% CI: 82–95]).

Toxicity and mortality after ASCT2

The median time for neutrophil recovery was 12 days (IQR: 10–14,
ranging from 5 to 24 days). Regarding early toxicity, seven patients
(3%) required an intensive care unit stay and four (1%) had died, two
from sepsis and two from an unknown cause, within 3 months of
ASCT2. Among those four patients, two received Mel 200, one re-
ceived Mel 140, and one received melphalan + busulfan. During
follow‐up, 25 patients (9%) experienced late AESIs, including seven
deaths unrelated to myeloma (partial response or better at death).
The most frequently reported were infections in 11 patients, hema-
tological malignancies in nine patients (seven myelodysplastic syn-
drome, one patient with acute myeloid leukemia, and one patient with
acute lymphoid leukemia), solid neoplasia in four patients, and severe
pulmonary embolism in one patient.

At the last follow‐up, 75 patients (28%) died. The principal death
cause was MM progression (n = 58, 77%). For the others, five (6%)
died from infectious disease, one (1%) from pulmonary embolism, one
(1%) from ovarian adenocarcinoma, and 10 (15%) from an unknown
cause.

ASCT2: Univariate and multivariate analysis
for EFS and OS

Most discriminating cut‐points regarding EFS and OS for age at the
time of ASCT2 were 55.0 and 52.5 years, respectively. Most dis-
criminating cut‐points regarding EFS and OS for TNT1 were 26 and
33 months, respectively. We kept the value corresponding to the best
cut‐point for OS and rounded the 33 months to 36, that is, 3 years.
Distribution and probability density for age at the time of ASCT2 and
TNT1 are represented in Supporting Information S1: Figure 1.

As described above, multivariate analyses were stratified by
center and time period of ASCT2.

In a univariate analysis for EFS, including time‐dependent analysis
for relevant variables, gender, TNT1 > 3 years, age at the time of
ASCT2 > 52.5 years, response before ASCT2, conditioning regimen
before ASCT2, response after ASCT2, and maintenance therapy after
ASCT2 were all significantly associated with TNT1 whereas ISS at
diagnosis, cytogenetic, and number of prior lines of therapy before
ASCT2 (i.e., ASCT2 at first relapse vs. ASCT2 at second relapse
or later) were not significantly associated with EFS (Table 2).

F IGURE 1 Response rate (evaluated according to IMWG) before and after

the autologous stem‐cell transplantation (ASCT2). NR, nonresponder; PR,

partial response; VGPR+, very good partial response or complete response, that

is, stable disease or progressive disease.
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Multivariate analysis including only baseline variables showed
that EFS was significantly decreased in male patients (HR: 1.8; 95%
CI: 1.2–2.5, p = 0.002) and older patients (HR: 1.9; 95% CI: 1.2–3.1,
p = 0.008). Conversely, VGPR+ before ASCT2 (HR: 0.6; 95% CI:
0.4–0.8, p < 0.001) and TNT1 > 3 years (HR: 0.6; 95% CI: 0.4–0.8,
p = 0.003) were significantly associated with better EFS (data not
shown). When significant time‐dependent variables (response depth
after ASCT2 and maintenance therapy after ASCT2) were included in
the multivariate model, only VGPR+ after ASCT2 (HR: 0.6; 95% CI:
0.3–0.9, p = 0.012) and maintenance therapy after ASCT2 (HR: 0.4;
95% CI: 0.3–0.6, p < 0.001) were associated with prolonged EFS,
whereas male sex was associated with shorter EFS (HR: 2.5; 95%
CI: 1.7–3.7, p < 0.001) (Table 2).

In a univariate analysis for OS, including time‐dependent analysis
for relevant variables, gender, TNT1 > 3 years, age at the time of
ASCT2 > 52.5 years, response after ASCT2, and maintenance therapy
after ASCT2 were all significantly associated with OS, whereas ISS at

diagnosis, cytogenetic, number of prior lines of therapy before ASCT2
(i.e., ASCT2 at first relapse vs. ASCT2 at second relapse or later),
response before ASCT2, and conditioning regimen before ASCT2
were not significantly associated with OS (Table 3).

Multivariate analysis including only baseline variables showed
that OS was significantly decreased in male patients (HR: 1.6; 95%
CI: 1.1–2.6, p = 0.047) and older patients (HR: 2.3; 95% CI:
1.1–4.9, p = 0.025). Conversely, TNT1 > 3 years was significantly
associated with better OS (HR: 0.6; 95% CI: 0.3–0.9, p = 0.020)
(data not shown). When significant time‐dependent variables (re-
sponse depth after ASCT2 and maintenance therapy after ASCT2)
were included in the multivariate model, only VGPR+ after ASCT2
(HR: 0.4; 95% CI: 0.2–0.9, p = 0.017) and maintenance therapy
after ASCT2 (HR: 0.2; 95% CI: 0.1–0.4, p < 0.001) were sig-
nificantly associated with prolonged OS, whereas male sex was
associated with shorter OS (HR: 2.7; 95% CI: 1.4–4.9, p = 0.002)
(Table 3).

F IGURE 2 Survival outcome after the second autologous stem‐cell transplantation (ASCT2) for all patients; (A) For Kaplan–Meier estimates for event‐free
survival (EFS), median EFS was 2.6 years. (B) For Kaplan–Meier estimates for overall survival (OS), median OS was 8.1 years.
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Overall, in time‐dependent multivariate analysis, patients in
VGPR+ and maintenance therapy after ASCT2 were associated with
significantly prolonged survival, whereas male sex was associated
with poorer outcome for both EFS and OS (Table 3 and Figure 3).
Thus, for good responders (VGPR+) treated with maintenance ther-
apy (n = 80), median EFS was NR (95% CI: 3.7 years–NR), median OS
was NR (95% CI: 5.9 years–NR), 2‐year EFS estimate was 84% (95%
CI: 75–94), and 4‐year OS estimate was 95% (95% CI: 87–100). On
the other hand, for bad responders (partial response of worse) who
did not receive maintenance therapy (n = 28), median EFS was
0.9 years (95% CI: 0.6–1.8), median OS was 4.3 years (95% CI:
3.6–NR), 2‐year EFS estimate was 24% (95% CI: 12–47), and
4‐year OS estimate was 57% (95% CI: 40–82).

Landmark analysis carried out in parallel produced consistent
results with VGPR+ and maintenance after ASCT2 significantly

associated with prolonged EFS and OS, whereas male sex was
associated with shorter EFS and OS. However, the two analyses
differed on a few points: multivariate landmark analysis showed
significant benefit of prolonged TNT1 on both EFS and OS but a
negative impact of older age at the time of ASCT2 and consolidation
therapy after ASCT2 on OS without any significant effect on EFS
(Supporting Information S1: Tables 2 and 3).

DISCUSSION

Here, we reported the real‐life outcomes of MM patients treated at
relapse with ASCT2. ASCT at relapse was associated with a good
response rate, low toxicity profile (1% of early death), and extended
survival (median EFS 2.6 years and OS 8.1 years).

TABLE 2 Univariate and time‐dependent multivariate survival analysis for event‐free survival (EFS) after second autologous stem‐cell transplantation (ASCT2).

Univariate analysis (Log‐Rank) Multivariate analysis (Cox)
Characteristics HR 95% CI p value* HR 95% CI p value**

Sex

Female Ref. – – Ref. – –

Male 1.50 1.10−2.00 0.020 2.47 1.66−3.66 <0.001

Age at time of second ASCT2

<52.5 years Ref. – – Ref. – –

>52.5 years 1.60 1.10−2.50 0.023 0.80 0.49−1.31 0.376

ISS score at diagnosis of MM

I Ref. – –

II–III 1.20 0.81−1.90 0.310

Cytogenetic risk at diagnosis of MM

Intermediate/low Ref. – –

Higha 0.98 0.59–1.60 0.940

Number of prior line(s) of therapy before ASCT2

1 Ref. – –

>1 1.20 0.78–1.80 0.420

Time without new treatment after first ASCT (months)

<36 months Ref. – – Ref. – –

>36 months 0.57 0.41–0.78 <0.001 0.79 0.53–1.16 0.232

Response depth before ASCT2

VGPR+ Ref. – – Ref. – –

PR, SD, or PD 1.50 1.10–2.00 0.026 0.82 0.52–1.30 0.404

Conditioning regimen of second ASCT

Standard or Intensive Ref. – – Ref. – –

Reduce 1.60 1.10–2.30 0.019 1.00 0.64−1.58 0.974

Response depth after ASCT2b

VGPR+ Ref. – – Ref. – –

PR, SD, or PD 1.76 1.35–2.28 <0.001 1.83 1.14–2.93 0.012

Consolidation therapy after ASCT2b 1.25 0.89–1.75 0.200

Maintenance therapy after ASCT2b 0.61 0.43–0.88 0.007 0.43 0.28–0.65 <0.001

Abbreviations: CI 95%, 95% confidence interval; HR, hazard ratio; MM, multiple myeloma; Ref., reference for HR calculus and interpretation; PD, progressive disease; PR, partial
response; SD, stable disease; VGPR+, very good partial response or complete response. All according to IMWG.
at(4;14), t(14;16), t(14;20), del(17p), del(1p32) and 1q amplification.
btime‐dependent variable.

*p Value for Log‐Rank test; **p Value for Wald test.
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First, our results are consistent with previous reports of ASCT2 in
RMM.8–13,23 It should be noted that most patients in our study were
treated after 2015, which is closest to the current therapeutic si-
tuation when compared to older studies. In this setting, Cook et al.7

and Goldschmidt et al.18 reported a median PFS of 1.6 and 1.8 years,
respectively. Previous retrospective studies reported median PFS or
EFS ranging between 0.8 and 2.5 years. More recently, the EBMT
chronic malignancies working party and Galligan et al. published the
results of retrospective studies conducted in a similar setting,
showing median PFS after ASCT2 of 1.4 and 1.8 years, respec-
tively.24,25 One factor that could explain such survival is also a se-
lective bias (inherent in ASCT2 studies): overall, all patients in our
cohort received two ASCTs; as such, only patients who lived long
enough to receive a second ASCT were selected, accounting for a
low‐risk profile of our cohort consistent with a good response to

ASCT1, low‐risk cytogenetic, ISS score, and prolonged TNT1 (median
3.3 years) when compared with recent studies reporting median PFS
after ASCT1 around 2.5 years.24,25 More than half of the patients
studied here obtained VGPR+ before the start of the conditioning
regimen and up to 78% reached this state after ASCT2. This good
response rate could be explained by the wide use of a combination of
IMiD and PI over doublet therapies of IMiD or PI or conventional
chemotherapy in our cohort, consistent with the latest reports in the
same setting of relapsed MM and ASCT2.26 Continuous combined
treatments such as DKd27, KRd,26 and DRd28,29 have shown pro-
longed PFS, ranging from 2.3 to 3.0 years across trials, but these trials
included high‐risk patients who represent only a minority of the pa-
tients studied in our study. Furthermore, only 10 patients (4%) in
our cohort were treated with anti‐CD38 making comparison of our
results with these trials difficult.

TABLE 3 Univariate and time‐dependent multivariate survival analysis for overall survival (OS) after second autologous stem‐cell transplantation (ASCT2).

Univariate analysis (Log‐Rank) Multivariate analysis (Cox)
Characteristics HR 95% CI p value* HR 95% CI p value**

Sex

Female Ref. – – Ref. – –

Male 1.50 0.96–2.50 0.074 2.66 1.42–4.95 0.002

Age at time of second ASCT2

<52.5 years Ref. – – Ref. – –

>52.5 years 2.20 1.10–4.60 0.036 1.72 0.71–4.14 0.227

ISS score at diagnosis of MM

I Ref. – –

II–III 1.50 0.81–2.80 0.190

Cytogenetic risk at diagnosis of MM

Intermediate/low Ref. – –

Higha 1.00 0.49–2.20 0.940

Number of prior line(s) of therapy before ASCT2

1 Ref. – –

>1 1.10 0.56–2.00 0.870

Time without new treatment after first ASCT (months)

<36 months Ref. – – Ref. – –

>36 months 0.53 0.33–0.85 0.009 0.63 0.35–1.15 0.133

Response depth before ASCT2

VGPR+ Ref. – –

PR, SD, or PD 0.89 0.54–1.50 0.660

Conditioning regimen of second ASCT

Standard or intensive Ref. – –

Reduce 1.40 0.80–2.50 0.230

Response depth after ASCT2b

VGPR+ Ref. – – Ref. – –

PR, SD, or PD 1.90 1.08–3.34 0.020 2.30 1.16–4.55 0.017

Consolidation therapy after ASCT2b 1.07 0.61–1.90 0.800

Maintenance therapy after ASCT2b 0.22 0.11–0.46 <0.001 0.20 0.09–0.42 <0.001

Abbreviations: CI 95%: 95% confidence interval; HR, hazard ratio; MM, multiple myeloma; PD, progressive disease; PR, partial response; Ref., reference for HR calculus and
interpretation; SD, stable disease; VGPR+: very good partial response or complete response, all according to IMWG.
at(4;14), t(14;16), t(14;20), del(17p), del(1p32) and 1q amplification.
btime‐dependent variable.

*p value for log‐rank test; **p value for Wald test.
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Overall, ASCT2 improved response depth, but it remained lower
in patients treated with reduced‐intensity conditioning regimen (Mel
100 or Mel 140) than in those who received Mel 200 or more in-
tensive conditioning regimen. Unfortunately, true reason for using
reduced‐dose conditioning was only available in a very limited num-
ber of cases and could not be reported in our study. Hence, we can
only speculate that the use of reduced‐dose conditioning prior to
ASCT2 may have been motivated by poor renal function at this time
and, perhaps, by the will to spare toxicity in older and more heavily
pretreated subjects. Even so, Mel 200 seems to be superior to less
intensive conditioning regimen, and an additional cohort would be
necessary to compare Mel 200 to more intensive conditioning.

Several retrospective studies identified different cut‐off values
for TNT1, ranging from 12 to 24 months.7,9–13 Based on our data, it
would appear that a longer duration TNT1 (>36 months) could be of
better clinical relevance, in line with ESMO guidelines, supporting
upward reassessment of this cut‐off value in the era of the wide use
of IMiD and PI.15 Although TNT1 > 36 months was here associated
with prolonged EFS and OS in univariate analysis, significance of this
association was discordant between time‐dependent and landmark
multivariate analysis. In the same way, older age (>52.5 years), good
response with VGPR+ before ASCT2, and use of Mel 200 instead of
reduced‐intensity conditioning regimen before ASCT2 were sig-
nificantly associated with better EFS in univariate analysis but not in

F IGURE 3 Comparative outcomes between patients receiving maintenance therapy or not after the second autologous stem‐cell transplantation (ASCT2);

(A) Kaplan–Meier estimates for event‐free survival (EFS); according to time‐dependant multivariate analysis, the hazard ratio (HR) for death or need of new treatment

was 0.4 for patients receiving maintenance therapy. (B) Kaplan–Meier estimates for overall survival (OS); according to time‐dependant multivariate analysis, the

HR for death was 0.2 in patients receiving maintenance therapy.
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time‐dependent multivariate analysis. Overall, in time‐dependent
multivariate analysis, effects of baseline variables seemed to be
outweighed by the highly significant effect of time‐dependent vari-
ables, such as response depth after ASCT2 and use of maintenance
therapy after ASCT2. Thus, better response after ASCT2 was sig-
nificantly associated with prolonged EFS (HR 0.6; 95% CI: 0.3–0.9,
p = 0.012 for VGPR+ vs. PR/SD/PD) as previously described.11,12 This
benefit in EFS appears to be reflected here in prolonged OS (HR: 0.4;
95% CI: 0.2–0.9, p = 0.017 for VGPR+ vs. PR/SD/PD). To our
knowledge, only two retrospective studies reported a significant im-
provement in survival with lenalidomide as maintenance therapy after
a second ASCT in the setting of RMM.9,12 The survival benefit of
maintenance therapy was here observed in a larger cohort with a
time‐dependent analysis considering the immortality bias: in time‐
dependent multivariate analysis patients who received maintenance
therapy after ASCT2 had significantly better EFS (HR: 0.4; 95% CI:
0.3–0.6, p < 0.001) and prolonged OS (HR: 0.2; 95% CI: 0.1–0.4,
p < 0.001). These observations are consistent with previous reports in
newly diagnosed MM.30,31 Thus, our study confirmed the importance
of maintenance therapy after ASCT2 and highlights the need of
continuous treatment even after second intensification. Conversely,
no significant benefit from consolidation treatment could be ob-
served here, either in terms of EFS or OS. Therefore, consolidation
therapy after ASCT2 might be avoided to spare patients from un-
necessary toxicity. In this study, male sex was significantly associated
with poorer outcome in multivariate time‐dependent and landmark
analysis, with shorter EFS (HR: 2.5; 95% CI: 1.7–3.7, p < 0.001) and
OS (HR: 2.7; 95% CI: 1.4–4.9, p = 0.002). This result is surprising,
especially as the male and female individuals had similar character-
istics, and such a difference has not been reported in the literature.

Our study has several limitations, and main ones are related to its
retrospective and noncomparative nature. Indeed, we present here
the results of a therapeutic strategy based on the real‐life experience
of centers using ASCT2, without comparing it with a strategy that
does not. Our study is therefore not designed to assess the super-
iority of an ASCT2 strategy over a nonautograft strategy at relapse
for MM. This question would have required a prospective compara-
tive analysis or, failing that, a retrospective case‐control analysis,
which would have been difficult to implement given the disparities in
treatment over time and the need for particularly exhaustive data
collection over a very long period. Another limitation concerns the
retrospective design of a study spanning over two decades, although
this was considered by stratifying the survival analysis based on time
period of ASCT2. Moreover, only a small number of patients have
been treated with anti‐CD38. It is therefore difficult to generalize
these results at a time when most patients are receiving this treat-
ment as first‐ or second‐line therapy. A study with sufficient hindsight
on these new treatments is needed to answer these questions in a
field with many recent paradigm shifts in the standard of
care.19,32 Also, some results cannot be totally explained, such as the
poor prognosis of the male group and low cut‐off for age (<52.5
years) identified as the most relevant. We found no confounding
factor that could explain such a difference. We must assume that
nonreported factors, unbalanced between genders, influenced survi-
val outcomes. Additional studies are required to understand these
points.

Nevertheless, our cohort is one of the largest reported to date
and shows promising results: ASCT2 for RMM is feasible and effec-
tive without major toxicity. It seems to improve response rate after
reinduction therapy, translating into prolonged survival, especially in
younger patients (<52.5 years) who already experienced prolonged
response (>3 years) after frontline ASCT. However, the significant
benefit of maintenance therapy observed here should prompt

physicians who choose this strategy to maintain continuous treat-
ment after a second intensification followed by ASCT. Further studies
are required to clarify the role of this therapeutic approach in the
anti‐CD38/immunotherapy era and age/sex impact on outcome after
a second ASCT.
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