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Abstract
Introduction: In patients with a clinical indication for
autologous hematopoietic stem cell transplantation
(ASCT), sufficient mobilization of CD34+ precursor cells
into peripheral blood is essential to ensure adequate
hematopoietic stem cell (HSC) collection prior to intensive
therapy. However, with standard granulocyte-colony
stimulating factor (G-CSF)-based mobilization schemes,
an important minority of patients fail to mobilize sufficient
(e.g., >10/µL) CD34+ cell counts into the peripheral blood
and are considered as poor mobilizers (PM). Because
failure to achieve sufficient CD34+ cell mobilization can
negatively affect important clinical treatment endpoints,
the use of plerixafor (PLX) was approved to increase
CD34+ mobilization in PM patients.Methods: The German
non-interventional, multicenter, open-label, prospective
OPTIMOB study evaluated HSC mobilization strategies
prior to planned ASCT in adult patients with hematologic
malignancies (lymphomas or multiple myeloma [MM])
focusing on PM patients. PM patients were defined as
follows: (1) never achieving ≥20 CD34+ cells/µL before 1st
apheresis, (2) receiving PLX at any timepoint of mobili-
zation, (3) their initially planned stem cell yield had to be
reduced, or (4) they had not received apheresis due to low
CD34+ count in peripheral blood. Results: 168 of 475 MM
patients (35%) participating in the OPTIMOB study were
classified as PM, and 155 of them (92%) received PLX
(PM+PLX) during the study. PM patients were 40–78 years
old, slightly more often male (n = 97, 58%), mostly newly
diagnosed (n = 146, 87%) and received highly individu-
alized previous treatments. Ninety-four of the PMs un-
derwent chemotherapy mobilization (65%), and 51 pa-
tients (35%) received steady-state mobilization with
G-CSF only during 1st mobilization attempt. 92% of the
total PM population (n = 155) underwent apheresis, 78%
of them (n = 117) achieved >2.0 × 106 CD34+ cells/kg body
weight on the 1st day of apheresis. PM+PLX had a higher
median total collection result than those PM patients
without PLX support (7.2 vs. 5.7 × 106 CD34+ cells/kg body
weight). In total, ASCT was performed in 136 PM+PLX
(88%) versus 8 PM−PLX patients (62%). Conclusion: The
OPTIMOB study showed that a considerable proportion of
adult MM patients in Germany are PMs. Even though most
of PMs were supported with PLX in the OPTIMOB study,
PM-PLX also successfully mobilized HSCs, allowing ASCT
in majority of all PMs. However, further analyses are re-
quired for treatment optimization in PMs.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

In younger patients with newly diagnosed multiple
myeloma (MM), high-dose chemotherapy followed by
autologous stem cell transplantation (ASCT) represents a
standard of care which can lead to an improvement in
response rate, the duration of response, and the overall
survival [1–5]. Critical for ASCT is the prior collection of
a sufficient number of hematopoietic CD34+ progenitor
cells (HSCs), allowing rapid recovery of hematopoietic
system after myeloablative chemotherapy. Most patients
can mobilize at least 2.0 × 106 CD34+ progenitor cells/kg
body weight as a minimum requirement for safe ASCT
[6]. Some, however, do not achieve this goal, they are so-
called “poor mobilizers” (PM). They are characterized by
a CD34+ progenitor cell count <20 cells/µL in peripheral
blood (PB) on the day of apheresis and/or failure to reach
the minimum HSC collection target [6–9]. The European
Society for Blood and Marrow Transplantation (EBMT)
consensus defined PMs as those who had a CD34+

progenitor cell count <10 cells/μL on day 4 of mobili-
zation or who were not able to obtain half of the number
of CD34+ progenitor cells expected for ASCT after one
apheresis session [10]. Compared to good mobilizing
(GM) patients, PM patients often have longer mobili-
zation phases and need several apheresis procedures and/
or a repetition of the entire mobilization process at a later
stage. In addition to the risk of interim disease pro-
gression due to a delay in the planned high-dose
chemotherapy-ASCT, failure of HSC collection may fi-
nally result in the cancellation of the planned ASCT [7].
Additionally, mobilization and apheresis are stressful for
patients and represent cost-intensive processes.

In the literature, up to 45% of the patients were
classified as PM [7, 8, 11–14], forcing the treating phy-
sicians to optimize the planning and conduction of
mobilization and ASCT in this patient group. The in-
creasing rate of PM patients, especially in those having
MM, is associated with the intensified use of induction
regimens containing immunomodulatory imide drugs
(IMiDs) such as lenalidomide or thalidomide and/or
targeted anti-CD38 antibodies [5, 15–20]. Those agents
are considered to increase the homing of HSCs in the
bone marrow niche and to have a potential direct effect
on antigen-carrying progenitor cells, both leading to
insufficient HSC mobilization [21–26].

Approved mobilization strategies are treatments with
granulocyte-colony stimulating factor (G-CSF) with or
without chemotherapy prior to apheresis [8, 27]. Pler-
ixafor (PLX) is also frequently used to prevent mobili-
zation failure and to improve collection outcome. Pivotal
trials of PLX use in adult patients have shown that PLX
plus G-CSF is superior to G-CSF alone in MM patients
regarding mobilization of HSCs into the PB, increasing
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the number of collected CD34+ progenitor cells, and
reduction of the number of necessary apheresis proce-
dures [28]. Those results were confirmed by retrospective
studies indicating that a prophylactic use of PLX (vs.
without PLX) reduced the number of apheresis proce-
dures and simultaneously increased the success rate in
PM patients [29, 30].

The guideline on autologous stem cell mobilization
from the German working group for HSC transplantation
and cellular therapies e.V., lists PMs and PMmobilization
strategies, such as the required CD34+ progenitor cell
count in PB for the use of PLX [31]. However, clinical
approaches and the use of PLX are not consistent in
German clinical practice. Reduction of the (optimal)
CD34+ collection target of >5.0 × 106 CD34+ progenitor
cells/kg body weight to the necessary minimum of >2.0 ×
106 CD34+ progenitor cells/kg body weight is often done
to reduce both, the treatment burden in affected patients
and treatment costs. However, reduction of the HSC
collection target to the minimum, limits the possibilities
of implementing several transplantations and the option
of administering a high HSC dose in MM. As a result, this
may delay the hematopoietic recovery [32] leading to an
increased risk of infections and, consequently, negatively
impacting treatment outcome and prognosis. Until now,
consistent information concerning the distribution and
type of mobilization treatment of adult, transplant-
eligible patients with MM or lymphoma classified as
PM is rare. Therefore, the OPTIMOB study was initiated
to systematically assess the current approach of HSC
mobilization, apheresis, and ASCT focusing on the ap-
propriate choice of therapy in PM patients. In this
manuscript, results from the MM cohort are presented.

Materials and Methods

Study Design and Study Population
The prospective, multicenter, open-label, non-interventional

OPTIMOB study evaluated HSC mobilization procedures and
collection parameters of adult patients suffering from MM or
lymphoma who were eligible for ASCT in routine clinical practice
in Germany. The aim of the study was to analyze the mobilization
and HSC collection strategies focusing on PMs. The OPTIMOB
study was conducted at 28 sites, mainly departments of hema-
tology and medical oncology (89%, n = 25). Adult patients with
MM or lymphoma confirmed by World Health Organization
criteria eligible for autologous stem cell mobilization and trans-
plantation who gave their informed consent were documented in
the OPTIMOB study. Patients who had another disease for which
ASCT is indicated, who were no longer candidates for ASCT
according to medical recommendations/internal clinic standards
at the time of the CD34+ progenitor cell count in the PB on the day
before apheresis, and/or had other hematological or solid tumors
were not eligible for study participation. The median duration of
the observational period was 6 months (range: 1 day to 29 months)
with large variations between patients due to highly individualized
treatments.

Study Objectives
The primary objective of the study was a successful mobili-

zation in PM patients as measured by the number of HSCs col-
lected on day 1 of apheresis (>2.0 × 106 CD34+ progenitor cells/kg
body weight). Secondary objectives included the evaluation of
mobilization efficacy defined as increase of CD34+ progenitor cell
count between the day before and the first day of apheresis, the
rates of poor mobilizing patients in German clinical practice, of
those patients reaching a total collection result of >2.0 × 106

CD34+ progenitor cells/kg body, of patients achieving their in-
dividual pre-specified target CD34+ progenitor cell yield, the
engraftment data, and the rate of patients with mobilization failure
defined as nonperformance or discontinuation of apheresis.

Data Collection
Data collection took place between July 2018 and November 2021

and started for all patients with the assessment of baseline data before
the first mobilization. Individual mobilization status (PM or GM) was
determined after HSC mobilization. In light of the multiple inter-
pretations of “PM” patients, our study chose to formulate an all-
embracing definition of PM patients. PM patients were those, (1) who
never achieved ≥20 CD34+ progenitor cells/µL before first apheresis,
(2) who received PLX at any timepoint during the observational
period, (3) for whom the initially planned CD34+ progenitor cell yield
was reduced due to failedmobilization orHSC collection, and (4) who
had not received apheresis due to low CD34+ progenitor cell count.
We entrusted the physicians at our participating sites with the re-
sponsibility to identify the most fitting category. Nevertheless, it is
essential to highlight that patients might resonate with more than one
predefined category in the course of the disease (from GM to PM).
Reasons for this were no achievement of the initially requested
number of CD34+ progenitor cells during apheresis or necessity of
PLX administration during remobilization due to a poor outcome of
the 1st mobilization attempt performed without PLX support. PM
patients were evaluated in detail and stratified into two groups (PM
patients with PLX support and PM patients without PLX support). In
contrast to PM patients, for GM patients, limited data were recorded
at the time of the initial observation, identification of the mobilization
status, as well as after stem cell collection (shown in Fig. 1).

Statistical Analysis
Due to the non-interventional character of the observational

study, all analyses in this study were explorative. Statistical ana-
lyses were performed using SAS version 9.4. Categorical variables
are presented as n and %. Quantitative variables are shown as
median with range. All enrolled patients who gave their informed
consent and were eligible to participate in the study were included
in the intention-to-treat set (ITT set). The modified ITT set (mITT
set) comprised all patients of the ITT set for whom the number of
collected stem cells on day 1 of apheresis was available. Demo-
graphic data, medical history, disease characteristics, and previous
treatments were summarized descriptively. The primary and the
secondary endpoint variables were calculated with summary
statistics. The primary objective was calculated for PM patients of
the mITT set; for secondary objectives, the ITT set was used.
Recovery of the hematopoietic system was evaluated by the
number of days until the absolute neutrophil count was >0.5 × 109/L
and platelet counts were >50 × 109/L after ASCT. A grading of
adverse events (AEs) and serious AEs was not documented in the
study.

Ethical Statement
This study was conducted in compliance with Local Ethics

Committees (EC), informed consent regulations, and local regu-
latory requirements. The observational plan, informed consent
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documents, and any other appropriate study-related documents
were approved by the Ethikkommission der Ärztekammer
Hamburg, Hamburg, Germany, as the responsible Central Ethics
Committee, and by all other Ethics Committees of state chambers
of the participating physicians. All patients gave their written
informed consent before documentation started.

Results

Patient Disposition
A total of 779 patients were screened for eligibility in

the OPTIMOB study. Of these, 501 patients had MM and
261 had lymphoma. Seventeen patients were excluded
from the study as the underlying disease was missing. Out
of 493 MM patients participating in the study, the mo-
bilization status was determined in 475 patients (ITT set,
shown in Fig. 2a). In total, 65% of the patients (n = 307)
were classified as GM and 35% of the patients (n = 168) as
PM (shown in Fig. 2a).Within the PM patient group, 92%
of the patients (n = 155) received PLX (PM+PLX) during
study participation in contrast to 8% of the patients (n =
13) who did not receive PLX (PM−PLX) (shown in
Fig. 2b). The mITT set consists of 151 PM and 304 GM
patients (shown in Fig. 2a).

ASCT was conducted in 144 (86%) PM and 294 (95%)
GM patients (shown in Fig. 2a). Thirteen GM and four
PM patients discontinued the OPTIMOB study prema-
turely because of death (n = 10) or loss to follow-up (n = 7,
shown in Fig. 2a).

Patient demographics and disease-specific data at
baseline are provided in Table 1. The study population
was aged from 36 to 78 years with a slight male pre-
dominance. Patients’ activity (Eastern Cooperative On-
cology Group [ECOG] performance status/Karnofsky
performance status) was not or only marginally limited
regardless of their mobilization status. Most of the pa-
tients were newly diagnosed (from 69% to 96%) and
underwent their first mobilization attempt during the
OPTIMOB study (from 85 to 95%).

A combination of bortezomib, cyclophosphamide, and
dexamethasone (VCd regimen) was the most common
last therapy prior to mobilization in GM patients (43%,
n = 132) and in PM patients who received PLX during the
study course (28%, n = 43, shown in Table 2). In PM
patients without PLX administration, the combination of
lenalidomide, bortezomib, and dexamethasone (RVd)
was most frequently applied (31%, n = 4), albeit RVd is
not approved by the European Medicines Agency (EMA)

Fig. 1. Data collection stratified by mobilization status. ASCT, autologous stem cell transplantation; GM, good
mobilizer; HDT, high-dose chemotherapy; HSC, hematopoietic stem cells; PB, peripheral blood; PM, poor
mobilizer; PLX, plerixafor.
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a

b

Fig. 2. a Consort flow
diagram of the multiple
myeloma (MM) patient
cohort in the OPTIMOB
study. b MM patients
stratified by mobilization
status and PLX admin-
istration. Aph, apheresis;
GM, good mobilizer; ITT
set, intention-to-treat set;
mITT set, modified ITT
set; MM, multiple mye-
loma; n number of pa-
tients; PLX, plerixafor; PM,
poor mobilizer; Pts, pa-
tients; +PLX, patients with
plerixafor administration;
−PLX, patients without
plerixafor administration.
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for the treatment of newly diagnosed transplant-
eligible MM patients (see Table 2). In both the
PM+PLX group and the GM group, one quarter
(25–27%) of the patients received their last treatment
as part of another clinical trial as shown in Table 2
consisting of RVd (+/− other medication, 33%, n = 40),
KRd (carfilzomib, lenalidomide, dexamethasone, 21%,
n = 26), or isatuximab in combination with RVd (Isa-
RVd, 20%, n = 24). Details of the last treatments prior
to study inclusion which were part of a clinical trial are

provided in online supplementary Table 1 (for all
online suppl. material, see https://doi.org/10.1159/
000531935). In general, treatment of MM patients
was highly individualized, as more than 15 different
treatment regimens were documented for the MM
cohort of the OPTIMOB study (shown in online suppl.
Table 2). In median, patients in mobilization were in
the first line of therapy with a median number of three
cycles independent of their mobilization status (shown
in online suppl. Table 2).

Table 1. Patient demographics and medical characteristics at baseline

PM+PLX, n (%) PM–PLX, n (%) GM, n (%)

Patients, n 155 (100) 13 (100) 307 (100)

Age, median (range), years 61 (40–78) 65 (47–71) 61 (36–76)
Age (categorical) ≥70 years 28 (18) 2 (15) 41 (13)
Weight (range), kg 74.00 (40–125) 77.00 (60–108) 79.00 (47–135)
Sex

Male 89 (57) 8 (62) 171 (56)
Female 66 (43) 5 (39) 136 (44)

ECOG/Karnofsky scale
0–1 (= Karnofsky: 70–100%) 104 (67) 7 (54) 211 (69)
2–3 (= Karnofsky: 30–60%) 8 (5) 1 (8) 12 (4)
Missing 43 (28) 5 (38) 84 (27)

Disease status
Recently diagnosed (no relapse/disease progression) 137 (88) 9 (69) 295 (96)
≥1st relapse 17 (11) 4 (31) 10 (3)
Not evaluated 1 (1) 0 (0) 2 (1)

Mobilization status
1st mobilization attempt 134 (86) 11 (85) 291 (95)
Remobilization* 6 (4) 0 (0) 3 (1)
2nd mobilization attempt*1 13 (8) 2 (15) 5 (2)
Missing/unknown 2 (1) 0 (0) 8 (3)

Subtype MM classification
MM heavy and light chains 91 (59) 3 (23) 186 (61)
MM light chains 59 (38) 9 (69) 111 (36)
Other*2 5 (3) 1 (8) 10 (3)

ISS stadium
I 45 (29) 3 (23) 115 (37)
II 40 (26) 6 (46) 77 (25)
III 36 (23) 2 (15) 62 (20)
Missing/not evaluated 34 (22) 2 (15) 53 (17)

Thrombocytopenia (yes) 30 (19) 4 (31) 48 (16)*3

Leukopenia (yes) 36 (23) 1 (8) 60 (20)*3

Relevant comorbidities (yes)*4 127 (82)*3 13 (100) 232 (76)
Previous or concomitant medication (yes) 139 (90) 12 (92) 193 (63)

+PLX, patients with PLX administration; −PLX, patients without PLX administration; PLX, plerixafor; ECOG, Eastern Cooperative
Oncology Score. *Remobilization was defined as mobilization after failed mobilization and/or sampling failure. *1Second mo-
bilization attempt was defined as mobilization for 2nd stem cell transplantation. *2Including MM not secretory, plasma cell
leukemia, solitary plasmacytoma of the bone, primary amyloidosis, POEMS (polyneuropathy, organomegaly, endocrinopathy,
monoclonal-protein, skin lesions), other types not further defined. *3For 1 patient, data were missing or unknown. *4Relevant
comorbidities were diabetes type 1 and type 2, cardiovascular diseases, joint disorders (arthritis), hyperlipidemia, arteriosclerosis,
infections, coagulation disorders (thrombosis).
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Treatment Plan
In more than 60% of the patients in both PM patient

groups and 76% of the GM patients, mobilization was
planned using chemo-mobilization (shown in online
suppl. Table 3). In contrast, steady-state mobilization was
planned in about 23% of both PM patient groups
(PM+PLX: n = 36, PM−PLX: n = 3) and in 10% of the GM
group (n = 30, shown in online suppl. Table 3). For all 3
patient, groups a total collection target of median 6.00 ×
106 CD34+ progenitor cells/kg body weight was aimed
(shown in online suppl. Table 3). For the majority of GM
(67%, n = 206) and PM+PLX patients (65%, n = 101),
HSC collection was planned to result in two transplan-
tations and one backup (shown in online suppl. Table 3).

Mobilization and Apheresis
Except for 1 patient from the PM−PLX group, all PM

patients received G-CSF during mobilization (shown in
Fig. 3a). In the PM+PLX group, most patients un-
derwent chemo-mobilization + G-CSF + PLX (61%, n =
82). In 36% of the PM+PLX patients (n = 48), mobi-
lization was done with a combination of G-CSF and
PLX only. Among PM−PLX patients, most patients
received chemo-mobilization combined with G-CSF
(60%, n = 6, shown in Fig. 3a). One-third (30%, n = 3) of
the PM−PLX patients underwent “steady state” mo-
bilization with G-CSF only (shown in Fig. 3a). Median
duration of mobilization, defined as first day of chemo-
mobilization or G-CSF administration until first day of
apheresis, was nearly equal to 12 days in PM+PLX and
11.5 days in PM−PLX patients (shown in Fig. 3b). In
PM+PLX patients, the median number of CD34+

progenitor cells increased by 15 cells/µL in PB (range:
−6 to 126) from the day before to the first day of
apheresis (shown in Fig. 3c). In the PM−PLX group,
data were only available for 1 patient showing an in-
crease of 27 cells/µL between both days (shown in

Fig. 3c). The median number of CD34+ progenitor cells
in PB increased markedly after PLX administration as
shown in Figure 3d. PLX was given during mobilization
and/or apheresis showing a more frequent PLX use
during apheresis than during mobilization (84% [n =
105] vs. 44% [n = 59], shown in Fig. 3e).

As shown in Figure 4a, 94% of the PM patients (n =
145) with PLX administration were able to undergo
apheresis. In the PM−PLX group, the share of patients
was lower (77%, n = 10), but for the majority, apheresis
was also possible. On day one of apheresis, the median
total CD34+ collection result was almost equal in both
PM patient groups with 3.5 and 3.2 × 106 CD34+ pro-
genitor cells/kg body weight, respectively, but markedly
lower than in the GM patient group (shown in Fig. 4b).
The median total collection result was higher in the
PM+PLX group (7.2 × 106 CD34+ progenitor cells/kg
body weight) than in the PM−PLX group (5.7 × 106

CD34+ progenitor cells/kg body weight, shown in Fig. 4c);
however, the range of the values in both groups largely
overlap. In the PM+PLX group, more patients reached
the requested CD34+ progenitor cell target than in the
PM−PLX group (87% [n = 124] vs. 56% [n = 5], shown in
Fig. 4d).

Mobilization Success
Based on the mITT set, more than 75% of the total PM

population achieved >2.0 × 106 CD34+ progenitor
cells/kg body weight on the first day of apheresis with 76%
in the PM+PLX (n = 107) and 100% in the PM−PLX
(n = 10) patient group (shown in Table 3). For a total of
66% of the PM patients in the mITT set, the mobilization
result was stated as good by the treating physician (n = 99,
shown in Table 3).

84% of the PM+PLX (n = 114) and 90% of the
PM−PLX patients (n = 9) achieved a total collection result
of >2.0 × 106 CD34+ progenitor cells/kg body weight and

Table 2. Most frequently documented
last therapies prior to mobilization PM+PLX, n (%) PM-PLX, n (%) GM, n (%)

Patients, n 155 (100) 13 (100) 307 (100)
Dara-Rd (+/− other) 8 (5) 0 (0) 2 (1)
Dara-VTd 3 (2) 0 (0) 7 (2)
Elo-KRd 5 (3) 0 (0) 10 (3)
Isa-RVd 6 (4) 1 (8) 17 (6)
KRd 18 (12) 1 (8) 22 (7)
RVd (+/− other)* 17 (11) 4 (31) 42 (14)
VCd (+/− other) 43 (28) 1 (8) 132 (43)
Share of patients, whose last treatment
was part of another clinical trial

41 (26) 4 (31) 77 (25)

Dara-VTd, daratumumab, bortezomib, thalidomide, dexamethasone; Elo, elotu-
zumab; Isa, isatuximab; Rd, carfilzomib, lenalidomide, dexamethasone; RVd, lenali-
domide, bortezomib, dexamethasone; VCd, bortezomib, cyclophosphamide,
dexamethasone. *Excluding Isa-RVd.
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reached their requested individual optimal cell count,
respectively (shown in Table 3). During first mobilization
attempt, 8% (n = 11) of the total PM population with MM
had a mobilization failure, as shown in Table 3. More

than 88% of the PM+PLX patients (n = 136) but only 62%
of the PM−PLX patients (n = 8) were able to undergo
ASCT (shown in Table 3). Reasons for nonperformance
of ASCT in the total PM study population were

a b

c

e

d

3
(For legend see next page.)
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progressive disease (n = 1), abortion of unsuccessful
mobilization or apheresis (n = 12), other medical
reasons (n = 5), patient wish (n = 3), other reasons not
further specified (n = 3, shown in online suppl.
Table 4).

Engraftment
Successful engraftment was documented by the

treating physicians in 85% of the patients with PLX
administration (n = 116) who underwent ASCT and
in 75% of the patients without PLX support who
underwent ASCT (n = 6, presented in Table 4). A
minimal difference in the median number of days to
achieve the relevant platelet count of >50 × 109 cells/
L was observed between PM+PLX and GM patients
(15 days vs. 14 days, see Fig. 5a). Regarding ob-
taining absolute neutrophil count >0.5 × 109 cells/L,
the median number of days to engraftment varied
from 11 days in GM and PM+PLX patients to 14 days
in PM patients without PLX support (see Fig. 5b).
The share of PM patients with infections during
engraftment phase was higher in PM patients
without PLX support (57% [n = 4] vs. 34% [n = 43]),
whereas in the PM+PLX group, a greater share of
patients received at least one infusion of thrombo-
cytes (82% [n = 127] vs. 54% [n = 7]), as shown in
Table 4.

Safety Aspects
Online suppl. Table 5 provides an overview of the

safety results of the MM cohort in the OPTIMOB study.
The proportion of patients with at least one AE was
slightly greater in both PM patient groups (PM+PLX:
63%, n = 98, PM−PLX: 54%, n = 7) than in the GM
patient group (42%, n = 129). At least one fatal AE was
documented in 4 patients of the MM cohort (PM+PLX:
n = 1, PM−PLX: n = 0, GM: n = 3). PLXwas well tolerated.
Only in 1 patient receiving PLX, an AE was documented
with potential causal relationship to PLX (1% of the
PM+PLX group, preferred term of the AE: stomatitis,
belonging to the system organ class term gastrointestinal
diseases, shown in online suppl. Table 5). No new safety
issues regarding PLX were identified in the OPTIMOB
study.

Discussion

The non-interventional, prospective OPTIMOB study
assessed HSC mobilization and collection parameters as
well as data regarding ASCT and engraftment of
transplant-eligible patients with MM or lymphoma in
Germany. In the here presented MM cohort, consisting of
475 evaluable patients, over 35% of the patients were
classified as PM, and more than 90% of those were treated
with PLX to improve HSC mobilization and collection
outcome.

The PM definition used in the OPTIMOB study was
much broader as used in the literature by EBMT [10]
which may have led to a higher proportion of PM patients
in the MM cohort being in the upper range of the data
known from the literature [7, 8, 11–14]. However, since
the PM criteria in other studies were also broader than
postulated in the definition by Mohty et al. [10], more
patients were also classified as PMs in these studies.

The primary objective of the study was a collection
result of >2.0 × 106 CD34+ progenitor cells/kg body
weight on day 1 of apheresis, representing a successful
HSC mobilization which was reached by 76% of the
PM+PLX and by 100% of the PM−PLX patients of the
mITT set. In general, mobilization result was stated as
good in most of the PM patients (66% of the total PM
population). This outcome is supported by the fact, that
86% of all PM patients were able to undergo ASCT.
Having a closer look at those PM patients supported by
PLX, 65% of them had a goodmobilization result assessed
by the respective investigator and nearby 88% of them
were able to undergo ASCT. Interestingly, in the PM
setting without PLX administration, mobilization result
was also rather good since all patients of the mITT set
achieved >2.0 × 106 CD34+ progenitor cells/kg body
weight on the first day of apheresis and 90% of the pa-
tients had a total collection result of >2.0 × 106 CD34+

progenitor cells/kg body weight and reached their indi-
vidual requested collection target. At first glance, the
results seem contradictory since the mobilization of HSCs
into the PB is known to be enhanced by PLX adminis-
tration [28]. Several studies showed that preemptive
administration of PLX led to an almost 4-fold increase in
CD34+ progenitor cells in PB resulting in mobilization

Fig. 3. Mobilization strategies (a), duration of mobilization
(defined as 1st day of chemo-mobilization or G-CSF admin-
istration until 1st day of apheresis) (b), change in CD34+ cell
count in PB from the day before to the 1st day of apheresis (c),
CD34+ cell count in PB before and after PLX administration in
PM+PLX patients (d), and share of patients who received PLX
during mobilization and/or apheresis (e) during 1st mobili-
zation attempt. *1 patient from the PM−PLX group received
only chemo-mobilization without G-CSF administration. *15
patients were mobilized with chemotherapy plus G-CSF during

1st mobilization attempt but received PLX at remobilization
and thus, they were classified as PM+PLX. *2Duration of
mobilization was defined as beginning with chemo or G-CSF
until the first day of apheresis. PB, peripheral blood; PM, poor
mobilizer; PLX, plerixafor; +PLX, patients with plerixafor
administration; −PLX, patients without plerixafor adminis-
tration; chemo, chemo-mobilization; G-CSF, granulocyte-
colony stimulating factor; n, number of patients; n.s., not
significant; n.a., not applicable. c p value was calculated using
Fisher’s Exact test.
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rates of >90% [33, 34]. The OPTIMOB study confirmed
that the addition of PLX to adult poor mobilizing MM
patients resulted in an increase of the median CD34+ cell
count in the PB from 9.0 cells/µL to 30.7 cells/µL after
PLX administration. Nevertheless, in the OPTIMOB
study, even patients without PLX support were able to
mobilize enough HSCs. However, as the PM−PLX group
was represented by only a small number of patients (n =
13) in theMM cohort of the OPTIMOB study, the validity
of this finding may be limited. Moreover, the OPTIMOB

study was a non-interventional study without random-
ization to treatment groups, and the decision not to treat a
PM with PLX was based on investigator’s and patient’s
choice. Thus, we cannot exclude, that PM patients with
any unknown factors indicating potential mobilization
success, were unconsciously selected to the PM−PLX
group. Since it was not asked why PLX was omitted in
some PM patients, it can only be speculated whether these
patients were considered as potential GMs or PMs with a
good chance of sufficient mobilization.

a b

c d

Fig. 4. Share of PM patients undergoing apheresis (a) and collection results (b–d). PLX, plerixafor; +PLX, patients
with plerixafor administration; −PLX, patients without plerixafor administration; n, number of patients; n.s., not
significant. c p value was calculated using Wilcoxon signed rank test.
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Albeit the OPTIMOB study could not show an
obvious difference in the collection result on the first
day of apheresis and the total CD34+ collection result
between PM patients supported with PLX and those
without, the share of patients able to undergo apheresis
(94 vs. 77%) and ASCT (88 vs. 62%) were markedly
greater in the PM+PLX group of the MM cohort.
Additionally, in the PM+PLX setting, 87% of the
patients reached the requested CD34+ progenitor cell
target, whereas this was the case in only 56.0% of the
PM−PLX patients. The majority of PM patients in the
MM cohort belonged to the PM+PLX group, thus it
can be suggested that our results mainly represent data
from those MM patients who received PLX during the
observational period. Overall, the OPTIMOB study
confirmed the good efficacy of PLX in terms of ef-

fectively mobilizing HSCs under routine clinical
conditions, even in those with very low CD34+ pro-
genitor cell levels (<5–10 cells/μL) on the day before
apheresis and in patients who had reached <20 CD34+

cells/μL with the mobilization [8]. However, patients
without PLX administration also achieved good mo-
bilization results, and the reasons for that cannot be
determined from our data.

Compared to GM patients, the total collection result
was markedly lower in both PM patient groups, albeit
PM patients mostly achieved a total collection result
of >2 × 106 CD34+ progenitor cells/kg body weight.
Both PM patient groups in the MM cohort of the
OPTIMOB study even reached almost 5 × 106 CD34+

progenitor cells/kg body weight usually set as optimal
target [5] for successful tandem ASCT. This is in line

Table 3. Efficacy of mobilization, mobilization failure, and share of patients undergoing ASCT in poor mobilizing patients with MM

PM+PLX, n (%) PM–PLX, n (%) PM total, n (%)

Number of patients from the mITT set with available data 141 (100) 10 (100) 151 (100)
Number of patients with a collection result of >2.0 × 106 CD34+ cells/kg
body weight on day 1 of apheresis

107 (76) 10 (100) 117 (78)

Mobilization result
Good 92 (65) 7 (70) 99 (66)
Insufficient 48 (34) 3 (30) 51 (34)
Mobilization stopped 1 (1) – 1 (1)

Number of patients from the ITT set with available data 135 (100) 10 (100) 145 (100)
Number of patients with a total collection result of >2.0 × 106 CD34+

cells/kg body weight who reached their requested individual optimal
cell count

114 (84) 9 (90) 123 (85)

Patients with mobilization failure during 1st mobilization attempt* 10 (7) 1 (10) 11 (8)
Number of patients from the ITT set with available data 155 (100) 13 (100) 168 (100)

Patients undergoing ASCT 136 (88) 8 (62) 144 (86)

mITT set, modified intention-to-treat set, all patients of the ITT set for whom the number of collected stem cells on day 1 of
apheresis was available; ITT set, intention-to-treat set, all enrolled patients who gave their informed consent and participation was
possible; ASCT, autologous stem cell transplantation. *Mobilization failure, i.e., collection was not started or apheresis was
discontinued.

Table 4. Success of engraftment and infections and thrombocyte infusions during regeneration of the hematopoietic system in
patients with MM in the OPTIMOB study

Engraftment PM+PLX, n (%) PM-PLX, n (%) GM, n (%)

Number of patients with ASCT 136 (100) 8 (100) 291 (100)
Successful engraftment 116 (85)* 6 (75)* −*1

Number of patients with follow-up 127 (100) 7 (100) 307 (100)
Share of patients with infections (up to 30 days of follow-up after ASCT) 43 (34) 4 (57) −*1

Number of patients with at least one thrombocyte infusion (up to 30 days
of follow-up after ASCT)

104 (82) 7 (100) −*1

Median number of thrombocyte infusions (range) 2 (0–12)*2 1 (1–5) −*1

ASCT, autologous stem cell transplantation. *Data weremissing for 20 PM+PLX and for 2 PM−PLX patients. *1For GM patients, no
data were collected. *2For 23 patients with follow-up, the number of infusion was n = 0.
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with data from the pivotal phase 3 study including MM
patients [28], where 76% of the patients receiving PLX
were able to achieve ≥6 × 106 CD34+ progenitor
cells/kg, although collection there was limited to a
number ≤4 days, which differs from the OPTIMOB

trial where cumulative collection results were not
assessed.

The proportion of PM patients with mobilization
failure during first mobilization attempt was low
with ≤10% in both PM groups. Manifold factors such as

a

b

Fig. 5. Engraftment of platelets (PLT) (a)#

and absolute neutrophils (ANC) (b) after
ASCT in MM patients stratified by mobi-
lization status. PLT, platelets; ANC, abso-
lute neutrophil count; PM+PLX, poor
mobilizer with plerixafor administration;
PM−PLX, poor mobilizer without plerix-
afor administration; GM, good mobilizer;
#PLT count >50 cells × 109/L was not
documented for any of the PM−PLX pa-
tients in the OPTIMOB study. *1 patient
was excluded from the analysis due to in-
valid data. n, number of patients.
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age, gender, the underlying disease including stage and
relevant comorbidities, previous treatment (prior
myelotoxic chemotherapy, prior use of IMiDs, number
of therapy lines), and prior ASCT and/or irradiation
may at least contribute mobilization failure [10, 21, 35,
36]. In the present analysis, the maximum age in the
two PM patient groups was 78 years and 71 years,
respectively, and the proportion of patients
aged ≥70 years ranged from 15% in the PM−PLX
patient group to 18% in PM+PLX patient group. The
high proportion of patients aged ≥70 years was sur-
prisingly high reflecting an aging society with elderly
people being fit beyond 70 years. This suggestion is
supported by the fact, that ECOG/Karnofsky scale was
0 or 1 in majority of PM patients (66%) at baseline.
Furthermore, the proportion of patients with relevant
comorbidities was slightly higher in patients without
PLX support (100 vs. 82%), but the proportion of
patients with mobilization failure was lower. There-
fore, advanced age and comorbidities could be ruled
out as possible reasons for an increased likelihood in
either group to fail mobilization.

In recent years, the number of new MM therapy
regimens has considerably increased resulting in more
intensified induction therapies such as quadruple
therapies including anti-CD38 antibodies in combi-
nation with VTd (bortezomib, thalidomide, dexa-
methasone) or RVd (lenalidomide, bortezomib,
dexamethasone), as used, for example, in the CAS-
SIOPEIA study [15], the GRIFFIN trial [16], and the
GMMG-HD7 study [20]. Those studies indicated that
quadruple induction regimens improved depth of
response [15, 16, 20] and progression-free survival in
newly diagnosed MM patients [15, 16]. However,
CD34+ progenitor cells are also targets of the anti-
CD38 antibodies, which therefore may limit HSC
mobilization. The majority of PM patients (87 and
85%) underwent first mobilization attempt, and there
was no difference in the number of therapy lines and
the number of cycles in the last treatment prior to
mobilization between both PM groups. So, the in-
tensity of pretreatment seems to have no obvious effect
on the mobilization success. Of note, the extended
half-life of anti-CD38 antibodies may also lead to
delayed engraftment after ASCT [37]. However, the
increased use of PLX is able to attenuate the negative
effect of anti-CD38 antibodies on mobilization with
ASCT, which is feasible in most patients [15, 16, 20,
38]. For example, in the CASSIOPEIA trial, 22% of the
Dara-VTd group received PLX during stem cell mo-
bilization compared to 8% of the VTd group resulting
in a sufficient median numbers of CD34+ progenitor
cells (6.3 × 106 cells/kg body vs. 8.9 × 106 cells/kg body
weight) and a comparable proportion of patients
proceeding to ASCT in both treatment groups [15]. In

the GMMG-HD7 trial, similar results were observed
with more rescue stem cell mobilization in the Isa-RVd
arm than in the RVd arm (32 vs. 22%) [20].

In the present study, the share of patients receiving
targeted antibodies in combination with IMiDs as last
treatment line was ~10% without obvious differences
between the GM and the PM patient groups (8–11%).
However, in 25% (GM) to 31% (PM−PLX) of the MM
cohort, last treatment prior to mobilization was part of
a clinical trial. A closer look on the regimens given
showed that mostly RVd (± isatuximab) and KRd (±
isatuximab or elotuzumab) regimens were used. These
regimens belong to the clinical trials GMMG-HD7
(Isa-RVd vs. RVd; NCT03617731) [20], GMMG-
CONCEPT (Isa-KRd; NCT03104842) [38], and
DSMM XVII (Elo-KRd vs. KRd; NCT03948035) [39]
that were conducted in German study sites in parallel
to the OPTIMOB study. In the PM+PLX group, 22%
received an isatuximab-based and 15% an
elotuzumab-based regimen, whereas in the PM−PLX
group, only 1 patient was treated with isatuximab (in
combination with RVd). In addition, 42% of the GM
patients, whose last treatment was part of a clinical
trial, also received targeted antibodies. In the OPTI-
MOB study, it was not assessed whether the type of
induction regimens or prior treatment regimens had
an impact on the mobilization ability. However, data
of the stem cell mobilization in the isatuximab trials
(GMMG-CONCEPT and GMMG-HD7) were previ-
ously reported showing an increase in rescue stem cell
mobilization including use of PLX, but a sufficient
stem cell harvest in the majority of patients [20, 38].

PLX is known to positively support the hematopoietic
recovery after transplantation in PM patients which is
based on a higher collection rate of immature CD34+/
CD38 cells and T and NK cells [40, 41]. The lower in-
fection rate of PM+PLX patients (34 vs. 57% in PM−PLX
patients) may be due to a faster neutrophil recovery time
(11 days vs. 14 days), which is clinically relevant. In-
fections are an important cause of morbidity and mor-
tality after ASCT, and the risk for infection is elevated
during the time period after transplantation due to the
reduced number of neutrophils [42]. However, as the
number of patients in this analysis was rather low,
therefore conclusions must be drawn carefully. Finally,
the present data confirm the good safety and tolerability
profile of PLX, as already reported in previous studies
[28, 43].

Our analysis has some limitations. The absolute
number of PM−PLX patients was relatively small in
both the MM cohort and the overall cohort, making it
difficult to compare the outcomes of PM−PLX patients
with those PM patients who received PLX and with
GM patients.
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Additionally, for some endpoint evaluations, the
number of patients was also rather low which might be
caused by the observational, non-interventional
character of the study without a predefined treat-
ment plan. Due to this, some parameters were not
assessed by the participating sites depending on their
internal standard procedures. In some cases, such as
CD34+ progenitor cell count in the PB, data docu-
mentation in the electronic case report form was not
mandatory resulting in different patient numbers in
the respective evaluation. Further, highly individual-
ized treatment was allowed since the therapeutic ap-
proach was in the hands of the treating physicians and
not prior specified or harmonized. Therefore, the high
proportion of PM patients may represent a bias based
on the large number of different therapies, since some
are considered to negatively impact mobilization ca-
pability. In addition, the definition of PM patients in
the OPTIMOB study was broad, which may have
artificially increased the number of PM patients.

Conclusion

A considerable proportion of adult MM patients in
Germany belong to the PM group. Although high rates
of successful stem cell mobilization were achieved in
PM patients with and without PLX support, more
patients receiving PLX experienced successful en-
graftment. However, these findings may partly be
explained by low patient numbers in the PM−PLX
group. However, the OPTIMOB study reflects the
clinical routine in German hospitals and provides
comprehensive insights in the procedure of HSC
mobilization and collection including the use of PLX
for PM patients with MM. Nevertheless, further real-
world analyses will be still required for treatment
optimization in poor mobilizing patients.
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