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Abstract
Introduction: High-dose chemotherapy (HDCT) followed by
autologous blood stem-cell transplantation (ABSCT) remains
the standard consolidation therapy for newly diagnosed eli-
gible multiple myeloma (MM) patients. As a prerequisite,
peripheral blood stem cells (PBSCs) must be mobilized and
collected by leukapheresis (LP). Many factors can hamper
PBSC mobilization/collection. Here, we provide a compre-
hensive multiparametric assessment of PBSC mobilization/
collection outcome parameters in a large cohort.Methods: In
total, 790 MM patients (471 [60%] male, 319 [40%] female)
who underwent PBSC mobilization/collection during first-line
treatment were included. Evaluated PBSC mobilization/col-
lection outcome parameters included the prolongation of
PBSC mobilization, plerixafor administration, number of LP
sessions, and overall PBSC collection goal/result. Results: 741
(94%) patients received cyclophosphamide/adriamycin/
dexamethasone (CAD) and granulocyte-colony-stimulating
factor (G-CSF) mobilization. Plerixafor was administered in 80
(10%) patients. 489 (62%) patients started LP without delay.
530 (67%) patients reached the PBSC collection goal at the first
LP session. The mean overall PBSC collection result was 10.3
(standard deviation [SD] 4.4) × 106 CD34+ cells/kg. In a
multiparametric analysis, variables negatively associated with

PBSC mobilization/collection outcomes were female gender,
age >60 years, an advanced ISS stage, and local radiation pre-/
during induction, but not remission status postinduction.
Notably, the identified risk factors contributed differently to
each PBSC mobilization/collection outcome parameter. In this
context, compared to all other induction regimens,
lenalidomide-based induction with/without antibodies neg-
atively affected only the number of LP sessions required to
reach the collection goal, but no other PBSC mobilization/
collection outcome parameters. In contrast, the probability of
reaching a high collection goal of ≥6 × 106 CD34+ cells/kg
body weight was higher after lenalidomide-based induction
compared to VCD/PAD or VAD – taking into account – that a
higher G-SCF dosage was given in approximately one-third of
patients receiving lenalidomide-based induction with/without
antibodies. Conclusion: Considering the identified risk factors
in the clinical setting can contribute to optimized PBSC mo-
bilization/collection. Moreover, our study demonstrates the
necessity for a differentiated evaluation of PBSC mobilization/
collection outcome parameters. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Although the depth and duration of the response
achieved with state-of-the-art induction regimens chal-
lenge this concept, high-dose chemotherapy (HDCT)
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followed by autologous blood stem-cell transplantation
(ABSCT) is still considered the standard of care for eligible
multiple myeloma (MM) patients [1]. Initially established
as a single therapy, subsequent studies found a survival
benefit with tandemHDCT/ABSCT in first-line treatment,
particularly in patients who do not achieve at least a partial
response [2–6]. Further trials demonstrated that salvage
HDCT/ABSCTmay be advantageous inMM patients who
relapse after 1 year of remission following prior HDCT/
ABSCT [7–9]. Consequently, up to three HDCT/ABSCTs
can be considered over the course of treatment.

As a prerequisite, peripheral blood stem cells (PBSCs),
which are the primary source of hematopoietic stem cells
in this setting, must be collected and stored until rein-
fusion [10, 11]. PBSCs are mobilized with chemotherapy
and granulocyte-colony-stimulating factor (G-CSF) and
collected by leukapheresis (LP) [12]. Generally, up to
three sufficient PBSC grafts (≥2.0 × 106 CD34+ cells/kg
body weight [bw] per graft) can be collected [13, 14].

Many factors, such as age and previous extensive
chemo- or radiation therapy, may hamper PBSC mobi-
lization and collection [15–19]. However, most previous
studies are not cohesive and do not provide a multi-
parametric analysis. Moreover, these analyses mainly
focus on the CD34+ cell collection yield and disregard
other outcome parameters of PBSC mobilization and
collection, such as the prolonged PBSC mobilization,
need for plerixafor administration, number of LP sessions
required to reach the collection goal, and different col-
lection goal cutoffs. In the current analysis, we provide a
comprehensive multiparametric evaluation of MM dis-
ease and treatment parameters, focusing on the detailed
assessment of PBSC mobilization and collection outcome
parameters.

Materials and Methods

Patient Selection and Data Acquisition
All MM patients who underwent PBSC mobilization and

collection in the Department of Hematology, Oncology and
Rheumatology at the University Hospital Heidelberg during first-
line treatment from 2007 to 2009 and 2015 to 2019 were included.
These two periods represent conventional and new induction
regimens, allowing the present study to investigate their influence
on PBSC mobilization and collection. Clinical parameters at first
diagnosis (FD), first-line therapy induction regimens, and out-
come parameters, such as remission status, were collected retro-
spectively frommedical records. PBSCmobilization and collection
outcome parameters, such as the prolongation of PBSC mobili-
zation, plerixafor administration, number of LP sessions, and
PBSC collection goal and result, were also collected retrospectively.
Retrospective data analysis was approved by the Ethics Committee
of the Medical Faculty of Heidelberg University.

Induction Regimens and PBSC Mobilization/Collection
The administered induction regimens were, by group:

(a) lenalidomide-based with/without antibody ([elotuzumab-]

bortezomib, lenalidomide, dexamethasone [20] [isatuximab-]
lenalidomide, bortezomib, and dexamethasone [21]); (b) bortezo-
mib, cyclophosphamide, dexamethasone [VCD] [22] and borte-
zomib, doxorubicin, and dexamethasone (PAD) [22]; (c) vincristine,
doxorubicin, and dexamethasone (VAD) [23], and (d) other (in-
cluding thalidomide, doxorubicin, and dexamethasone [TAD] [24]
and patients who received several induction regimens).

PBSC mobilization and collection were performed according to
an established and evaluated procedure as described previously
[25, 26]. The minimum requirement for one transplant was de-
fined as ≥2.0 × 106 CD34+ cells/kg. The overall collection goal was
defined as three sufficient transplants. The prolongation of PBSC
mobilization, plerixafor administration, and number of required
LP sessions to reach the collection goal, and overall collected
CD34+ cells/kg were evaluated as key metrics for PBSC mobili-
zation and collection. The prolongation of PBSC mobilization was
defined as the difference in days between the planned and actual
dates of LP initiation due to low CD34+ cell concentration in the
peripheral blood. In detail, the first day of mobilization chemo-
therapy application was assumed to be day 1; cyclophosphamide/
adriamycin/dexamethasone was administered at 4 days (day
1 – day 4); G-SCF was initiated at day 9 for 4 days; and CD34+ cell
assessment and LP were planned for day 13. In case of insufficient
peripheral blood CD34+ cell concentration, G-CSF administration
was prolonged. The variable prolongation of PBSC mobilization
therefore indicates whether additional G-CSF administration days
were required to reach a sufficient peripheral blood CD34+ cell
concentration for the initiation of LP. Plerixafor was administered
in cases of insufficient PBSC mobilization (peripheral blood
CD34+ cell concentration <10 [−20]/μL; preemptive administra-
tion) or insufficient PBSC collection (<1/3 of PBSC collection goal
reached at the first LP session; rescue administration).

Statistical Analysis
Statistical analysis was performed with R-Studio (R version 4.0.0,

2020-04-24).Descriptive statisticswere performed for the overall cohort
according to the type of induction therapy: “lenalidomide-based with/
without antibodies,” “VCD/PAD,” “VAD,” and “other.” Data are
presented as absolute numbers and percentages, medians and ranges
(defined as minimum–maximum), as well as means and standard
deviations (SD) where appropriate. To investigate the influence of
clinical and treatment parameters (independent variables: gender, age at
FD, International Staging System [ISS] stage at FD, induction therapy,
local radiation pre-/during induction, remission status postinduction)
on PBSC mobilization and collection outcome parameters (dependent
variables: prolongedmobilization, plerixafor administration, number of
LP sessions, collection goal of ≥6 × 106 CD34+ cells/kg, collection goal
of ≥4 × 106 CD34+ cells/kg, overall CD34+ cells collection result),
multivariable logistic and linear regression models were used. The
results are presented as odds ratio (OR), 2.5%–97.5% confidence in-
terval (CI2.5%–97.5%) and estimate, and standard error (SE). A p value ≤
0.05 was defined as statistically significant.

Results

Patients Characteristics at First Diagnosis and
Induction Treatment
Overall, 790 patients (471 [60%] male, 319 [40%]

female) were analyzed. The average age at FD was 58 (SD
8) years. 355 (45%), 167 (21%), and 178 (23%) were
diagnosed with ISS stage I, II, and III, respectively. Patient
characteristics at FD grouped by the type of induction
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therapy are presented in Table 1. Lenalidomide-based
induction therapy with/without antibodies, VCD/PAD,
VAD, and other induction regimens were administered to
187, 403, 102, and 98 patients, respectively. A median of 4
(2–9) cycles of induction therapy were administered. 179
(23%) patients received local radiation pre-/during in-
duction therapy, and 349 (44%) patients reached a very
good partial response or better after induction therapy.
Induction therapy and postinduction remission status
details are presented in Table 2.

PBSC Mobilization and Collection
741 (94%) patients received CAD and G-CSF as

mobilization therapy. Plerixafor administration was
performed in 80 (10%) patients. Although 489 (62%)
patients started LP without delay, the remaining patients
required a prolonged G-CSF administration to reach a
sufficient PB CD34+ cell concentration. At the first LP
session, the mean PB CD34+ cell concentration was 8.7
(SD 4.9)/μL, and 530 (67%) patients reached the PBSC
collection goal. However, 260 (33%) patients required
more than one LP session to reach the collection goal. The
mean overall PBSC collection result was 10.3 (SD 4.4)
×106 CD34+ cells/kg. Detailed information on PBSC
mobilization and collection is provided in Table 3.

Impact of Clinical Parameters and Induction
Treatment on PBSC Mobilization/Collection
To investigate the influence of clinical and treatment

variables (gender, age at FD, ISS stage at FD, induction
therapy, local radiation pre-/during induction, and remis-
sion status postinduction) on PBSC mobilization and
collection outcome parameters (prolonged mobilization,
plerixafor administration, number of LP sessions, collection
goal of ≥6 × 106 CD34+ cells/kg, collection goal of ≥4 × 106

CD34+ cells/kg, overall CD34+ cells collection result),
multivariable regression models were calculated. The full
model specifications are detailed in online supplementary
Table 1 (for all online suppl. material, see www.karger.com/
doi/10.1159/000530056). A stepwise procedure was per-
formed to select relevant and predictive variables. The re-
sults are summarized in Table 4 and Figure 1.

Compared to ISS stage I, ISS stage II (OR 1.599
[1.066–2.397]) and III (OR 1.634 [1.096–2.438]) at FD
significantly increased the probability of prolonged mobi-
lization. Moreover, compared to lenalidomide-based in-
duction with/without antibodies, VCD/PAD (OR 2.092
[1.383–3.207]), VAD (OR 1.926 [1.049–3.518]), and other
induction regimens (group d, OR 3.763 [2.128–6.733]) were
significantly associated with prolonged mobilization. The
prolongation ofmobilizationwas also found in patients who
received local radiation pre-/during induction (OR 2.043
[1.380–3.031]). Gender, age, and remission status post-
induction had no significant impact on the duration of
mobilization (Table 4; Fig. 1a).

Clinical and treatment variables significantly asso-
ciated with plerixafor administration during PBSC
mobilization and collection were the ISS stage (II
compared to I, OR 1.999 [1.05–3.804]), induction
therapy (other induction regimens [group d] compared
to lenalidomide-based with/without antibodies, OR
4.218 [1.72–10.281]), and local radiation pre-/during
induction (OR 2.71 [1.518–4.8]). As VAD induction was
administered prior to the approval of plerixafor, it
cannot be evaluated regarding plerixafor administration.
Gender, age, and remission status postinduction had no
statistically significant relevance for plerixafor admin-
istration (Table 4; Fig. 1b).

Female gender (OR 1.386 [0.979–1.961]) was associ-
ated with prolonged LP (>1 session) to reach the PBSC
collection goal with borderline significance. Compared to
lenalidomide-based induction with/without antibodies,
VCD/PAD induction was associated with reaching the
PBSC collection goal in only one LP session. Compared to
lenalidomide-based induction with/without antibodies
(OR 1.782 [1.022–3.113]) and local radiation pre-/during
induction (OR 3.090 [2.091–4.583]), other induction
regimens (group d) were significantly correlated with
prolonged LP. Age, ISS stage, and remission status
postinduction did not have a significant impact on the
number of LP sessions (Table 4; Fig. 1c).

Two PBSC collection goal cutoffs were chosen for
further evaluation: ≥6 (nreached = 587, nnot reached = 69) and
≥4 (nreached = 632, nnot reached = 24) ×106 CD34+ cells/kg.
The probability of failing to reach the PBSC collection goal
of ≥6 × 106 CD34+ cells/kg significantly increased with age
>60 years (OR 3.824 [2.190–6.968]), ISS stage III com-
pared to stage I (OR 1.87 [1.008–3.468]), and all induction
regimens compared to lenalidomide-based with/without
antibodies (VCD/PAD OR 2.208 [1.034–5.282] borderline
significance, VAD OR 2.613 [0.941–7.381] borderline sig-
nificance, and other [group d] OR 5.471 [2.220–14.488])
(Table 4; Fig. 1d). Only age >60 years significantly increased
the probability of not reaching the PBSC collection goal of
≥4 × 106 CD34+ cells/kg (Table 4; Fig. 1e). The collection
goal of ≥2 × 106 CD34+ cells/kg was not addressed, as it was
unmet in only 4 patients.

A multivariable linear regression model was calculated
to predict the overall collection result. Age >60 years,
other induction regimens (group d), and local radiation
pre-/during induction reduced the overall collection re-
sult by 1.46 (0.34), 1.41 (0.59), and 1.56 (0.41) ×106

CD34+ cells/kg, respectively (Table 4).

Discussion

The current study focuses on the identification of
clinical and treatment variables associated with the
outcome of PBSC mobilization and collection. Beyond
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CD34+ cell collection yield and mobilization failure,
further outcome parameters of PBSC mobilization and
collection, such as the prolongation of PBSC mobili-
zation, plerixafor administration, number of LP
sessions, and different collection goal cutoffs, were
evaluated. Additionally, the multiparametric ap-
proach evaluating clinical and treatment variables as
independent variables contributes to the novelty of
the present analysis.

Our analysis indicates that the risk of prolonged
mobilization is increased by an advanced ISS stage at
FD, VCD/PAD, VAD, and other induction regimens
(group d) compared to lenalidomide with/without an-
tibodies and local radiation pre-/during induction. Few
previous studies address the parameter of prolonged
mobilization (i.e., the duration of G-CSF

administration) [19, 27, 28]. These studies assess the
prolongation of mobilization as a factor influencing the
CD34+ cell collection yield rather than an outcome
parameter. Therefore, comparability to our analysis is
not given. However, two of these studies associate long
intervals between G-CSF administration and PBSC
collection with poor mobilization and lower collection
results and link prior radiation therapy and the pro-
longation of mobilization [19, 27].

Variables significantly associated with plerixafor ad-
ministration are an advanced ISS stage, other induction
regimens (group d) compared to lenalidomide-based
therapies with/without antibodies, and local radiation
pre-/during induction. There is strong evidence that
plerixafor can significantly improve and overcome pre-
dictors of poor mobilization, and guidelines for

Table 2. Induction therapy and postinduction remission status

Variable Overall cohort Induction therapy

Lenalidomide-
based with/
without
antibody

VCD/PAD VAD Other

n 790 187 403 102 98
Induction regimen (including slight modifications) (%)

VRD 73 (9) 73 (39)
RVd 23 (3) 23 (12)
Elotuzumab-VRD 68 (9) 68 (36)
Isatuximab-RVd 23 (3) 23 (12)
VCD 312 (39) 312 (77)
PAD 91 (12) 91 (23)
VAD 102 (13) 102 (100)
TAD 36 (5) 36 (37)
Other 18 (2) 18 (18)
≥2 regimens 44 (6) 44 (45)

Number of induction cycles
Median (range) 4 (2–9) 4 (2–4) 4 (2–7) 3 (2–6) 4 (2–9)
NA (%) 2 (2) 1 (1) 0 (0) 0 (0) 1 (1)

Local radiation pre-/during induction (%)
Yes 179 (23) 44 (24) 89 (22) 20 (20) 26 (27)
No 611 (77) 143 (76) 314 (78) 82 (80) 72 (73)

Remission status postinduction (%)
CR 14 (2) 8 (4) 5 (1) 0 (0) 1 (1)
nCR 120 (15) 43 (23) 63 (16) 0 (0) 14 (14)
VGPR 215 (27) 82 (44) 111 (28) 5 (5) 17 (17)
PR 297 (38) 45 (24) 162 (40) 51 (50) 39 (40)
MR 53 (7) 5 (3) 20 (5) 20 (20) 8 (8)
SD 33 (4) 2 (1) 13 (3) 13 (13) 5 (5)
PD 11 (1) 0 (0) 6 (1) 1 (1) 4 (4)
Not applicable 9 (1) 1 (1) 7 (2) 0 (0) 1 (1)
NA 38 (5) 1 (1) 16 (4) 12 (12) 9 (9)

CR, complete response; MR, minimal response; NA, not available; nCR, near complete response; PAD, bortezomib, doxorubicin,
dexamethasone; PD, progressive disease; PR, partial response; RVd, lenalidomide, bortezomib, dexamethasone; SD, stable disease;
TAD, thalidomide, doxorubicin, dexamethasone; VAD, vincristine, doxorubicin, dexamethasone; VCD, bortezomib, cyclophos-
phamide, dexamethasone; VGPR, very good partial response; VRD, bortezomib, lenalidomide, dexamethasone.
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preemptive (<10 CD34+ cells/μL in peripheral blood
before apheresis) and rescue plerixafor administration
(<1/3 of the overall collection goal reached during first LP
session) are well established [29–31]. Although not
considered as an independent variable, our results align
with previously published studies: plerixafor is admin-
istered in the context of poor mobilization and radiation,
and several induction regimens (represented in the other
induction subgroup) are known risk factors of poor
mobilization [16, 17, 30]. We also associated an advanced
ISS stage at FD with plerixafor administration and,
therefore, with poor mobilization. This context was not
evaluated in previous studies.

Female gender (borderline significance) and local ra-
diation pre-/during induction decreased the probability
of reaching the collection goal in one LP session.
Moreover, compared to lenalidomide-based induction
with/without antibodies, other induction regimens
(group d) were also disadvantageous, but VCD/PAD
was advantageous in this context. We previously
published an analysis indicating an association be-
tween radiation therapy before PBSC mobilization and
a higher number of LP sessions required to reach the
collection goal [19]. The present study aligns with
these results and the general evidence on the negative
impact of radiation on PBSC mobilization and col-
lection [17]. We identified one corresponding study
addressing the number of LP sessions required to
reach the collection goal after lenalidomide induction
that demonstrated a negative effect of lenalidomide
compared to thalidomide/dexamethasone, VAD, or
bortezomib-based regimens in a cohort of 61 MM
patients [32]. However, VCD/PAD induction therapy
was not included as a separate subgroup. Therefore,
our data contribute to the body of knowledge, in-
dicating that lenalidomide-based induction is not per
se associated with an increased number of LP sessions
to reach the collection goal. This finding aligns with
somewhat contradictory previous results regarding
the adverse effect of lenalidomide on PBSC mobili-
zation [33–35].

Reaching the PBSC collection goal of ≥6 × 106 CD34+

cells/kg was significantly decreased at age >60 years, in
patients with an advanced ISS stage, and after all
– except lenalidomide-based – induction regimens. Only
age >60 years significantly decreased the probability of
reaching the PBSC collection goal of ≥4 × 106 CD34+

cells/kg. As crucial for further treatment, mobilization
and collection failure is the most addressed parameter,
and previous studies focused on a collection result of <2
× 106 CD34+ cells/kg (minimum for one sufficient PBSC
graft) [27, 32, 34, 36–44]. In the present study, this
collection goal was unmet in only 4 of 790 patients
(0.5%). As demonstrated in most previous analyses, age
does not seem to be associated with mobilization failure

(<2 × 106 CD34+ cells/kg) [37, 43, 45]. However, some
studies indicate an adverse effect [41, 44]. The present
study indicates that age >60 years is disadvantageous
with higher collection goals (4 or 6 × 106 CD34+

cells/kg). We identified two other previous studies that
considered the ISS stage; however, it was not associated
with mobilization failure [43, 46]. In the present study,
ISS stage III was associated with a lower probability of
reaching the collection goal of ≥6 but not ≥4 × 106

CD34+ cells/kg. Similar to age, an advanced ISS stage at
FD may be relevant only for higher collection goals. The
influence of previous lenalidomide treatment remains
controversial [5, 39, 47–49]. Our study found no neg-
ative impact of lenalidomide on the probability of
reaching a specific collection goal. Contrarily, previous
lenalidomide treatment was more closely correlated with
reaching the ≥6 × 106 CD34+ cells/kg collection goal.
Notably, previous radiation therapy was not associated
with a lower probability of reaching the ≥6 or ≥4 × 106

CD34+ cells/kg collection goal. In all groups, the LP was
performed after induction therapy; therefore, the ex-
posure to lenalidomide with/without monoclonal anti-
body can be assumed as comparable to other induction
regimens in terms of duration. However, a higher G-SCF
dosage was administered in approximately one-third of
patients receiving lenalidomide-based induction with/
without antibodies in the current analysis. This might
have overcome the previously described negative impact
of lenalidomide on the PBSCmobilization and collection
parameters.

In multivariable linear regression, age >60 years, other
induction regimens (group d), and local radiation pre-/
during induction reduced the collection result by 1.46 (SE
0.34), 1.41 (SE 0.59), and 1.56 (SE 0.41) × 106 CD34+

cells/kg, respectively. This evaluation was performed
because reaching a predefined collection goal may not be
sufficiently sensitive to reveal associations between the
parameters. However, the results obtained with the col-
lection goal of ≥6 × 106 CD34+ cells/kg were very similar,
indicating the consistency of the statistical analysis.
Nonetheless, additional information can be derived for
individual patients by estimating an average reduction of
the CD34+ cell collection result if one or several risk
factors are present.

The present analysis has several methodological
strengths. First, the large sample size allows a statistically
sufficient multiparametric analysis. Second, assessing
multiple PBSC mobilization and collection parameters,
beyond the widely established parameters of the “overall
collection result” (CD34+ cell yield) and “mobilization
failure,” engenders a broader picture of PBSC mobili-
zation and collection [17, 27, 29, 31, 41, 43–46, 49–51].
Although a critical parameter, the CD34+ cell yield may
not represent an adequate variable for PBSC mobili-
zation and collection assessment. This is due to the
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c

e

d

Fig. 1. Prediction of PBSC
mobilization/collection out-
come – forest plots of final
model ORs. The forest plot
of final model ORs and the
CI2.5%–97.5% are given for the
analyzed PBSC mobiliza-
tion/collection outcome pa-
rameters (a–e). Independent
variables contributing to the
explanation of the respective
PBSC mobilization/collec-
tion outcome parameters
were included only. For de-
tailed metrics, including p
values, compare Table 4.
aLenalidomide based with/
without antibody n = 175,
VCD/PAD n = 252, VAD
n = 2, and other n = 30.
There were only 2 patients,
who received VAD in the
pre-plerixafor era. Therefore,
the VAD induction regimen
cannot be addressed with
high certainty in the statistical
analysis and is not shown in
the figure. Ab, antibody; CI,
confidence interval; FD, first
diagnosis; ISS, International
Staging System; LP, leuka-
pheresis; OR, odds ratio;
PAD, bortezomib, doxorubi-
cin, dexamethasone; RC,
reference category; VAD,
vincristine, doxorubicin,
dexamethasone; VCD, bor-
tezomib, cyclophosphamide,
dexamethasone; VGPR, very
good partial response; vs,
versus.
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blood volume processed during an LP session. In specific
cases, particularly in good mobilizers in whom a suffi-
cient collection result can be guaranteed, the LP session
may be terminated prematurely following a CD34+ cell
collection prediction formula, avoiding the risks of LP
continuation [52]. In these cases, the CD34+ cell yield
does not reflect the full PBSC collection potential.
Therefore, collection goal cutoffs and the number of LP
sessions required to reach the PBSC collection goal, as
evaluated in the present analysis, may be more appro-
priate. Moreover, focusing on only the PBSC collection
result clearly neglects the effort of PBSC mobilization,
which may have clinical and economic importance. To
reflect PBSC mobilization, the prolongation of mobili-
zation and the need for plerixafor administration were
also considered in the present evaluation. Third, the
uniform multiparametric evaluation of carefully selected
clinical and treatment variables (independent variables:
gender, age at FD, ISS stage at FD, induction therapy,
local radiation pre-/during induction, remission status
postinduction) in the context of PBSC mobilization and
collection outcome parameters (dependent variables)
allows a direct comparison of the influence of inde-
pendent variables. To the best of our knowledge, the
present analysis is the first broad, standardized, and
multiparametric evaluation of PBSC mobilization and
collection.

Our study has limitations, one of which is its retro-
spectivity. However, as well established, PBSC mobilization
and collection are usually not a primary research question in
current prospective randomized trials, and the vast majority
of recently published hypothesis-generating analyses derive
their conclusions from retrospective assessments [19, 31, 45,
49]. Furthermore, the subgroup “other induction regimens”
(group d) is inhomogeneous and includes not only patients
who received different therapies but also those who received
≥2 induction therapies. Therefore, this subgroup should be
interpreted with caution. Moreover, VAD induction was
administered in the pre-plerixafor era. Therefore, the VAD
induction regimen cannot be evaluated regarding the PBSC
mobilization outcome parameter “need for plerixafor
administration.”

Overall, our multiparametric analysis establishes
negative associations between female gender, age >60
years, an advanced ISS stage, and local radiation pre-/
during induction and PBSC mobilization and collection
outcome parameters. The remission status postinduction
is not decisive in this regard. Notably, lenalidomide-based
induction with/without antibodies generally does not
have a negative impact compared to VCD/PAD, VAD, or
other evaluated induction regimens. However, it should
be considered that a higher G-SCF dosage was admin-
istered in approximately one-third of patients receiving
lenalidomide-based induction with/without antibodies in

the current evaluation. Considering these risk factors in
the clinical setting may contribute to optimized PBSC
mobilization and collection. Further research efforts
should focus on a patient-specific model to predict the
respective PBSC mobilization and collection outcome
parameters based on individual clinical and treatment
variables.
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