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Abstract
Introduction: Successful mobilization and collection of
peripheral hematopoietic stem cells (HSCs) are necessary for
lymphoma patients eligible for myeloablative chemother-
apy with subsequent autologous stem cell transplantation
(ASCT). Albeit G-CSF alone or combined with chemotherapy
is well-established methods for HSC mobilization, up to 40%
of the patients fail to mobilize (poor mobilizer, PM). Pler-
ixafor (PLX) is commonly used in PM patients resulting in
increased migration of HSCs into peripheral blood and thus
improves the collection outcome. Methods: The prospec-
tive, multicenter, open-label, non-interventional OPTIMOB
study assessed mobilization and collection parameter of
patients with lymphoma or multiple myeloma to get deep
insights in the treatment of those patients in clinical routine
focusing on PM patients. PM was defined as follows: (1) no
achievement of ≥20 CD34+ progenitor cells/µL before first
apheresis, (2) PLX administration at any time point during
the observational period, (3) reduction of the initially
planned CD34+ progenitor cell yield as necessity due to
failed mobilization or HSC collection, and (4) no perfor-
mance of apheresis due to low CD34+ progenitor level.
Primary objective of the study was to assess mobilization
success by the proportion of PM patients achieving >2 × 106

CD34+ progenitor cells/kg body weight on the first day of
apheresis. Here, the data of the lymphoma cohort are
presented. Results: Out of 238 patients with lymphoma
documented in the study, 32% were classified as PM. 87% of
them received PLX. Demographic data revealed no obvious
differences between PM and good mobilizing (GM) patients.
All patients were treated highly individualized prior to
mobilization. Majority of all PM patients were able to un-
dergo apheresis (95%) and reached their individual re-
quested CD34+ progenitor cell target (72%). 57% of the PM
patients achieved >2.0 × 106 CD34+ progenitor cells/kg body
weight on day 1 of apheresis and nearby 70% of them
underwent ASCT. Median time to engraftment was similar in
PM and GM patients of the lymphoma cohort. Conclusions:
Majority of PM patients with lymphoma were successfully
mobilized and underwent ASCT. Most of them received PLX
during the study. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hematological malignancies such as lymphoma ac-
count for ~6.5% of all cancers worldwide [1]. Based on the
biological heterogeneity which leads to a very diverse

group of diseases, clinical presentation of patients with
lymphoma is complex and individualized treatment is
needed [2–4]. Immunochemotherapy represents the first-
line treatment for lymphoma, but in some patients,
complete remission of the disease is not possible. High-
dose chemotherapy (HDT) followed by autologous stem
cell transplantation (ASCT) might be therefore indicated
in refractory or relapsed lymphoma [2, 5, 6] as it can
improve response and progression-free survival [7–10].
In addition, according to current clinical guidelines
HDCT/ASCT is recommended as consolidation therapy
during first-line treatment and in case of chemosensitivity
upon relapse in patients with peripheral T-cell lymphoma
[11]. Thus, successful mobilization and collection of
hematopoietic stem cells (HSCs) are necessary for pa-
tients eligible for ASCT. Albeit most of the patients can
achieve enough CD34+ progenitor cells, estimated
15–40% of patients experienced unsuccessful mobiliza-
tion [6, 12] and therefore, are so-called poor mobilizer
(PM). The European Society for Blood and Marrow
Transplantation (EBMT) consensus defines PM as those
with a CD34+ progenitor cell count <10 cells/µL on day 4
of mobilization or failure to obtain half of the number of
CD34+ progenitor cells required for ASCT [13]. Mobi-
lization failure often results in a prolonged treatment
including thus the risk of disease progression, increases
treatment burden for affected patients, and leads to
significant costs for healthcare systems. Therefore, it is of
large interest to characterize poor mobilizing patients in
more detail and to identify possible factors for a poorer
mobilization ability to be able to adapt the treatment
accordingly.

Current standard regimens for HSC mobilization
comprise chemotherapy or granulocyte colony-
stimulating factor (G-CSF) or a combination of both,
G-CSF and chemotherapy [14–17]. During the last de-
cades, plerixafor (PLX) was frequently used, especially in
PM patients, to improve mobilization success and col-
lection outcome [17–20]. The pivotal phase III trials in
patients with multiple myeloma and lymphoma had
demonstrated that PLX effectively mobilized HSCs [21,
22]. In the pivotal trial including patients with non-
Hodgkin lymphoma, 59.3% of the patients treated with
PLX were able to achieve ≥5 × 106 CD34+ progenitor
cells/kg body weight within ≤4 days [22]. In the pivotal
trial on patients with multiple myeloma, 75.7% of those
patients supported by PLX achieved ≥6 × 106 CD34+

progenitor cells/kg body weight within a number
of ≤4 days [19]. This outcome was confirmed in several
other studies [20, 23–25]. In addition to its positive effects
on HSC mobilization, PLX is known to be safe and well
tolerated by the patients [21, 22, 25, 26].

Up to now, detailed information on PM patients
with lymphoma regarding distribution, treatment and
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mobilization strategies are rarely described in the
literature. The German non-interventional OPTIMOB
study addressed this lack of knowledge by analyzing
mobilization and collection parameters in adult,
transplant eligible, good and poor mobilizing patients
with lymphoma or multiple myeloma who were
treated with or without PLX. In the current manu-
script, the lymphoma cohort of the OPTIMOB study is
presented.

Materials and Methods

Study Design, Study Participants, and Data Collection
The OPTIMOB study was a prospective, multicenter, open-label,

non-interventional study (NIS) in German patients with lymphoma
or multiple myeloma who were eligible for ASCT. The aim of the
study was the comprehensive evaluation of HSC mobilization and
collection in these patients to get a better understanding of mobili-
zation procedures as well as planning and implementation of
transplants in a real-world setting with the aim to improve treatment
strategies, especially in poor mobilizing patients.

Fig. 1. Study flow diagram of the lymphoma
cohort of the OPTIMOB study (consort
flow chart). ASCT, autologous stem cell
collection; ICF, informed consent form; n,
number of patients.
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Adult patients (≥18 years) with lymphoma or multiple
myeloma confirmed by World Health Organization criteria
eligible for ASCT who gave their signed informed consent
prior to documentation start were allowed to be documented
in the OPTIMOB study. Patients who had another disease
indicating the need for ASCT, patients who were no longer a
candidate for ASCT according to general documentation
criteria and medical recommendations/internal clinic stan-
dards at the time of the CD34+ progenitor cell count in the
peripheral blood (PB) on the day before apheresis, and/or
patients with another hematological or solid tumors were
excluded from documentation. Baseline was defined as start of
documentation prior to the first mobilization attempt within
the OPTIMOB study.

A total of 28 in stem cell transplantation experienced
German sites participated in the study. Patients were classified
as good mobilizer (GM) or PM in accordance with following
criteria for poor mobilization capability: (1) no achievement
of ≥20 CD34+ progenitor cells/µL before first apheresis, (2)
PLX administration at any time point during the observational
period, (3) reduction of the initially planned CD34+ progenitor
cell yield as necessity due to failed mobilization or HSC col-
lection, and (4) none performance of apheresis due to low
CD34+ progenitor level. As there are different approaches to
PM patients in the literature, a complex definition of PM
patients had to be formulated for this study to consider all
eventualities regarding the heterogeneity and complexity of
the participating centers. The chosen definition allowed to
include as many PM as possible. Physicians had to decide
which kind of definition (1–4) fits most or occurred first,
nevertheless, patients could belong to more than one of the
predefined groups.

Data collection was done during the observational period
(shown in Fig. 1) and included a detailed assessment of mobili-
zation, apheresis, and ASCT parameters in those patients char-
acterized as PM. In GM patients, data were collected in an ab-
breviated form. The observational period ended regularly up to
30 days after ASCT with a follow-up visit.

Study Objectives
The primary objective of the OPTIMOB study was the as-

sessment of successful HSC collection in PM patients defined as
the proportion of patients achieving >2.0 × 106 CD34+ pro-
genitor cells/kg body weight on the first day of apheresis.
Secondary objectives were the explorative evaluation of mo-
bilization efficacy represented by an increase of CD34+ pro-
genitor cell count between the day before and the first day of
apheresis, the rate of PM patients in relation to the total number
of documented patients, exploratory evaluation of the total
CD34+ progenitor collection result and the achievement of the
requested individual CD34+ progenitor cell target, the rate of
PM patients reaching a total collection result of >2.0 × 106

CD34+ progenitor cells/kg body weight, the rate of patients with
mobilization failure defined as non-performance or discon-
tinuation of apheresis, and finally, the explorative evaluation of
the time to engraftment after ASCT.

Statistical Analysis
Statistical analyses were performed using SAS version 9.4. All

screened patients fulfilling the documentation criteria and pro-
viding their informed consent, were considered for analysis
(intention-to-treat set, ITT set, shown in Fig. 1). All patients of the
ITT set having a documentation of the number of collected stem
cells on day 1 of apheresis were included in the modified ITT set
(mITT set, shown in Fig. 1). Due to the non-interventional

a

b

c

Fig. 2. Share of patients with lymphoma (a), their mobilization
status (b), and plerixafor (PLX). Administration among PMpatients
(c) in the lymphoma cohort of the OPTIMOB study. PM, poor
mobilizer; +PLX, patients with plerixafor administration; -PLX,
patients without plerixafor administration; n, number of patients.
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character of the current study, descriptive statistics (number and
percentage for categorical parameters; median and range for
continuous variables) were primarily used. Patients were stratified
by their mobilization status (GM, PM with PLX administration
[PM + PLX], PM without PLX administration [PM − PLX]) for
analysis. The primary endpoint was calculated for the PM patients
of the mITT set, for secondary endpoint analyses, the ITT set was
used. The time to recovery of the hematopoietic system was
calculated as days until reaching >0.5 × 109 neutrophils/L and >
50 × 109 platelets (PLT)/L after ASCT. Adverse events (AEs) and
serious AEs were documented in the OPTIMOB study without
grading.

Ethical Statement
The study was approved by the responsible Central Ethic

Committee (Ethikkommission der Ärztekammer Hamburg,
Hamburg, Germany, approval number: PV5559) as well as by all
other Ethics Committees of state chambers of the participating
physician and conducted in accordance with local regulatory re-
quirements. Written informed consent was obtained from all
patients prior to documentation start.

Results

Patient Disposition
A total of 713 patients were documented in the

OPTIMOB study between July 02, 2018, and November
03, 2021 (provided in Fig. 2). Thereof, 33% of the pa-
tients (n = 238) had lymphoma, 67% (n = 475) had
multiple myeloma (shown in Fig. 2a). All 238 patients
with lymphoma had a baseline assessment and were
documented at the time of mobilization, apheresis, and
conditioning, for 169 patients, ASCT data were available
(shown in Fig. 1). 38 patients discontinued the study due
to death (n = 33), lost to follow-up (n = 4), or withdrawal
of informed consent form (n = 1, shown in Fig. 1).
Regarding mobilization capability, 32% of the lym-
phoma patients (n = 75) were classified as PM (provided
in Fig. 2b). 87% of them received PLX within the OP-
TIMOB study (n = 65, shown in Fig. 2c). In most of the

Table 1. Patient demographics and medical characteristics at baseline

Poor mobilizer + PLX,
n (%)

Poor mobilizer – PLX,
n (%)

Good mobilizer,
n (%)

Number of patients 65 (100) 10 (100) 163 (100)
Age, median (range), years 60 (29–79) 57 (32–70) 61 (22–78)
Age (categorical) ≥70 years 15 (23) 1 (10) 18 (11)
Weight (range), kg 75 (47–124) 85 (58–116) 79 (44–143)
Sex, n (%)

Male 43 (66) 9 (90) 111 (68)
Female 22 (34) 1 (10) 52 (32)

ECOG/Karnofsky performance status
0 (= Karnofsky 90–100%) 24 (37) 0 (0) 78 (48)
≥1 (= Karnofsky <90%) 21 (32) 8 (80) 48 (29)
Missing 20 (31) 2 (20) 37 (23)

Disease status
Recently diagnosed (no relapse/in

remission without disease progression)
29 (45) 6 (60) 92 (56)

≥1st relapse 36 (55) 4 (40) 70 (43)
Not evaluated 0 (0) 0 (0) 1 (1)

Mobilization status
1st mobilization attempt 57 (88) 10 (100) 160 (98)
Remobilization* 3 (5) 0 (0) 0 (0)
2nd mobilization attempt*1 3 (5) 0 (0) 0 (0)
Missing/unknown 2 (3) 0 (0) 3 (2)

Subtype lymphoma classification
B-cell lymphoma 52 (80) 8 (80) 111 (68)
T-cell lymphoma 6 (9) 0 (0) 27 (17)
Hodgkin lymphoma 7 (11) 2 (20) 22 (14)
Other*2 0 (0) 0 (0) 3 (2)

Thrombocytopenia (yes) 22 (34) 5 (50) 46 (28)*3

Leukopenia (yes) 13 (20) 3 (30) 21 (13)*3

Relevant comorbidities (yes)*4 53 (82) 7 (70)*3 116 (71)*3

Previous or concomitant medication (yes) 54 (83) 8 (80) 97 (60)

+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 mobilization
attempt was defined as mobilization for 2nd stem cell transplantation. *2Including primary CNS lymphoma and transplant-associated
lymphoproliferative disease with cerebral involvement. *3For 1 patient, data weremissing 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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patients, physicians selected definition 2 (requirement of
PLX) as most fitting or firstly occurring criterion for PM
classification (online supplementary Table 1; for all
online suppl. material, see https://doi.org/10.1159/
000531936). Table 1 gives an overview on patient de-
mographics and disease characteristics at baseline. The
lymphoma cohort had a wide age range from 22 to
79 years (median age: 61 years). In the PM +PLX group,
the share of patients ≥70 years was slightly greater as in
the PM − PLX group and in the GM group (23% vs. 10%
vs. 11%). In all 3 patient groups, more males were af-
fected by lymphoma (PM + PLX: 66%, PM − PLX: 90%,
GM: 68%). Most patients had B-cell lymphoma (total n =
171, 68–80% of patients in each group). Diffuse large
B-cell lymphoma without further classification (72 of
171 patients, 42%) and mantle cell lymphoma (45 of 171
patients, 26%) were the most frequently documented
B-cell lymphoma types. 17.2% of the lymphoma cohort
had a bone marrow infiltration (n = 41). Newly
diagnosed/in remission without disease progression was
45–60% of the patients, in PM + PLX patients more than
half of the patients had ≥1st relapse at baseline. How-
ever, the majority of the patients underwent first mo-
bilization attempt within the OPTIMOB study inde-
pendent of their mobilization status. More than 70% of
the patients in the lymphoma cohort had comorbidities
and more than 80% of the PM patients received a
previous or concomitant medication, nevertheless,
physical performance/activity was mostly good as shown
by the Eastern Cooperative Oncology Score (ECOG)/
Karnofsky performance status.

Previous Treatment
Table 2 provides an overview on the most often

documented last therapies prior to documentation. Rit-
uximab in various treatment regimens was frequently
used in the lymphoma cohort (from 50% to 59% of the
patients in the respective group). Treatment in lym-
phoma patients was very individualized due to a variety of
B- and T-non-Hodgkin lymphoma sub-entities with a
common documentation of R-CHOP and R-DHAP-
based treatments (between 16% and 20% in the respective
group). The number of patients whose last treatment
prior to mobilization within the OPTIMOB study was
part of another clinical trial was low with 1 patient each in
both PM groups and 10 patients in the GM group (6%).

Mobilization and Apheresis
Detailed information on mobilization was provided for

both PM patient groups. 68% of the patients in the PM +
PLX group were mobilized with “standard therapy” defined
as chemo-mobilization as part of therapeutic chemotherapy
(n = 39 out of 57 patients undergoing their firstmobilization
attempt within the OPTIMOB study, shown in Fig. 3a).
Separate chemo-mobilization was applied in 25% of the
patients (n = 14, shown in Fig. 3a). Steady statemobilization
with G-CSF only received 7% of the patients undergoing
first mobilization attempt (n = 4, shown in Fig. 3a). In the
PM patients without PLX support, 80% of the patients (n =
8) were mobilized with chemo-mobilization + G-CSF,
mainly with “standard therapy” (n = 7, shown in Fig. 3a).
Most of the PM patients received G-CSF 6–10 times during
the mobilization process (58%, n = 39). Filgrastim was used

Table 2. Therapy regimens prior to mobilization – overview*

Poor mobilizer + PLX,
n (%)

Poor mobilizer – PLX,
n (%)

Good mobilizer,
n (%)

Number of patients 65 (100) 10 (100) 163 (100)
BEACOPP (+/− other) 0 (0) 0 (0) 3 (2)
CHOEP (+/− other) 4 (6) 0 (0) 14 (9)
R-CHOP (+/− other) 11 (16) 2 (20) 29 (18)
DHAP (+/− other) 5 (8) 1 (10) 10 (6)
R-DHAP 13 (20) 2 (20) 33 (20)
R-DHAP-R-CHOP (+/− other) 1 (2) 0 (0) 5 (3)
Other 23 (35) 1 (20) 47 (29)
Missing 8 (12) 4 (40) 22 (14)
Number of patients receiving rituximab

in the last treatment prior to mobilization
38 (59) 5 (50) 90 (55)

Share of patients, whose last treatment
was part of another clinical trial

1 (2) 1 (10) 10* (6)

BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone; CHOEP, cyclophos-
phamide, doxorubicin, vincristine, prednisone, etoposide; R-CHOEP, rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisone, etoposide; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone; DHAP, dexamethasone, cy-
tarabine, cisplatin; R-DHAP, rituximab, dexamethasone, cytarabine, cisplatin; R-DHAP-R-CHOP, rituximab, dexamethasone, cy-
tarabine, cisplatin-rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone. *For 3 patients, no details were documented
about the last treatment prior to mobilization.
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in 87% of the patients (n = 58) during 1st mobilization
attempt, followed by lenograstim (12%, n = 8), 1 patient
received pegfilgrastim. The median dose of filgrastim per
patient was 10.00 μg/kg body weight during 1st mobiliza-

tion attempt (range: 5.00–10.00) resulting in a median total
dosage of 480 μg per patient (range: 352.50–960.00). During
1st mobilization attempt, PLX was administered to 51% of
the PMpatients duringmobilization procedure (n = 29) and

a

b

Fig. 3.Mobilization strategies (a) and share
of patients receiving PLX during mobili-
zation and/or apheresis* (b) within the 1st
mobilization attempt performed in the
OPTIMOB study. PM, poor mobilizer;
+PLX, patients with plerixafor adminis-
tration; −PLX, patients without plerixafor
administration; n, number of patients.
*Defined as chemo-mobilization as part of
therapeutic chemotherapy.
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to 73% of them during apheresis (n = 38, multiple answers
possible, shown in Fig. 3b). PLX dosage was 0.24 mg/kg
body weight per day per patient documented in 17 patients
during 1st mobilization attempt. For 12 patients, PLX was
documented to be given as fixed dose of 20 mg. During
apheresis, 26 patients received PLX as fixed dose, 12 patients
were supported with a median dosage of 0.24 mg/kg body
weight per day per patient. Table 3 provides an overview on
chemotherapy regimens used for mobilization in the PM
patient groups showing a high variability in the applied
regimens.

Mobilization Success and Collection Results
In total, 95% of the patients receiving PLX (n = 62) and

90% of the PM patients without PLX support (n = 9) were
able to undergo apheresis in the OPTIMOB study. Mobi-
lization success defined by a collection result of >2.0 × 106

CD34+ progenitor cells/kg body weight on day 1 of
apheresis was achieved by 57% of themITT set (38 out of 67
evaluable patients, shown in Table 4). The share of patients
with successful mobilization was slightly greater in PM
patients without than in patients with PLX support (67% vs.
55%). However, in both PM groups, formajority of patients,
mobilization result was stated as good (PM + PLX: 67%, n =
39, PM − PLX: 89%, n = 8, mITT set) and most of the PM
patients reached their individual requested CD34+ pro-
genitor collection target (PM + PLX: 68%, n = 39, PM −
PLX: 90%, n = 9, ITT set, shown in Table 4). The rate of
patients with mobilization failure was ≤10.0% in both PM
patient groups as shown in Table 4.

The collection result on the first day of apheresis is
provided in Figure 4c. PM patients had a lower median
number of CD34+ progenitor cells × 106/kg body weight
than GM patients, but the individual result varied widely in
the PM group (range: 0.2 to 77.0 CD34+ progenitor cells ×

106/kg body weight). Regarding the total collection result,
no obvious differences were observed between PM patients
with and without PLX support (shown in Fig. 4d). Addi-
tionally, the CD34+ progenitor cells/µL in PB on the day
before and the day of apheresis did not differ considerably
between PM + PLX and PM − PLX patients (shown in
Fig. 4b). Nevertheless, the median number of CD34+

progenitor cells/µL in PB increased from 11 cells/µL to 34
cells/µL after PLX administration in those patients receiving
PLX in the OPTIMOB study (shown in Fig. 4a). ASCT was
performed in 68% of the PM + PLX (n = 44) and in 70% of
the PM − PLX patients (n = 7).

Engraftment of the Hematopoietic System
Successful engraftment was documented in 46% of the

PM + PLX (n = 30) and in 30% of the PM − PLX patients
(n = 3). For the time until PLT engraftment, no obvious
differences were observable between PM + PLX (in median
21 days) and GM patients (in median 20 days). Neutrophil
engraftment was reached in median after 10 days in PM −
PLX and GM patients, PM + PLX patient needed in median
10.5 days. Details on the recovery of the hematopoietic
system are provided in online supplementary Table 2 and
Figure 5a and b. In general, the number of patients with
available data concerning engraftment was rather lowwhich
must be considered for interpretation.

Safety Aspects
Online supplementary Table 3 provides an overview

on safety data of the lymphoma cohort during the ob-
servational phase. Four patients experienced at least one
AE with potential causal relationship to PLX (abdominal
pain, nausea, body temperature increased, bone pain, and
drug ineffective, each AE was experienced by 1 patient as
shown in online suppl. Table 3). Reported AEs with
potential causal relationship to PLX were in line with the
known safety profile of PLX [19–21].

Discussion

The OPTIMOB study evaluated the mobilization and
collection of HSCs in PM patients with lymphoma and
multiple myeloma in detail. The goal was to gain a better
understanding of the current situation of these patients in
German clinical practice and to possibly identify options for
improvement of mobilization and collection procedures. In
the here presented lymphoma cohort, the high proportion
of PM patients (32%) underlines the importance of es-
tablishing adequate HSC mobilization and collection
strategies to enable successful ASCT outcomes. In the lit-
erature, the proportion of PM patients varies depending on
the applied definition of poor mobilization ability. In the
OPTIMOB study, the definition for classifying a patient as
PM included no achievement of ≥20 CD34+ progenitor

Table 3. Chemotherapy regimen used for mobilization in PM
patients of the lymphoma cohort within the OPTIMOB study

Chemotherapy for
mobilization

Poor mobilizer +
PLX, n (%)

Poor mobilizer-
PLX, n (%)

Patients, n 53 (100) 8 (100)
AraC-based regimen 6 (11) 1 (13)
CHOP 2 (4) 0 (0)
CY based (≥1 g) 3 (6) 0 (0)
Dexa-BEAM 0 (0) 3 (38)
DHAP 8 (15) 0 (0)
ICE 4 (8) 4 (50)
Other 30 (57) 1 (13)

AraC, cytarabine; CHOP, cyclophosphamide, doxorubicin,
vincristine, prednisone; CY, cyclophosphamide; Dexa-BEAM,
dexamethasone, carmustine, etoposide, cytarabine, melphalan;
DHAP, dexamethasone, cytarabine, cisplatin; ICE, ifosfamide,
carboplatin, etoposide (±rituximab). Patients who received
DHAP were not included in AraC-based regimen.
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cells/µL before 1st apheresis, PLX administration at any
time point during the observational period, a reduction of
the initially plannedCD34+ progenitor cell yield as necessity
due to failed mobilization or HSC collection, and no per-
formance of apheresis due to low CD34+ progenitor level.
To be classified as PM, the patient had tomeet at least one of
these four options. The EBMT consensus defines PMmuch
more strictly [13], so that the generous PM definition in the
OPTIMOB studymay have contributed to the high number
of PM patients in the lymphoma cohort. However, it must
be considered that other studies also defined PM differently
from the EBMT consensus leading to an elevated pro-
portion of PM patients there as well. In addition to that,
transplant-eligible lymphoma patients usually receive ASCT
when they have relapsed and/or refractory lymphoma and
do not qualify for chimeric antigen receptor T-cell therapy
[6–8], so these patients are already pretreated including
radiotherapy in some of them, and thus, the ability to
mobilize enough HSCs might be limited [25, 27]. In the
OPTIMOB study, the last treatment prior to mobilization
was highly individualized which might be associated with
the various diseases covered by the term “lymphoma” that
require a correspondingly adapted therapy. This makes it
difficult to conclude that certain pretreatments might have
impaired the mobilization process. 57% of the PM patients
were pretreated with a regimen including rituximab.
However, rituximab is not considered to negatively impact
mobilization capability [28–30].

Mobilization was mainly performed within standard
therapy in PM patients of the lymphoma cohort with
additional administration of G-CSF. Mobilization was quite
good in the PM patients which might be associated with the

PLX usage in the majority of the PM patients (87%). In the
OPTIMOB study, the administration of PLX led to an
obvious increase of CD34+ progenitor cells in PB as
mentioned in previous studies [31–34], suggesting sufficient
mobilization results in those treated with PLX so that
planned HSC collection could have been performed even
PM patients. This suggestion was confirmed since 95% of
the patients receiving PLX were able to undergo apheresis
and 68% of them reached their individual requested CD34+

progenitor cell collection target. However, only 55% of the
PM + PLX patients of the mITT set achieved a collection
result of >2.0 × 106 CD34+ progenitor cells/kg body weight
on the 1st day of apheresis and in 33% of the PM + PLX
patients from themITT set, mobilization result was stated as
insufficient. In a study from Worel et al. [34], 97% of the
patients achieved at least >2.0 × 106 CD34+ progenitor
cells/kg body weight, which seems to be a markedly higher
proportion of patients than in the OPTIMOB study.
However, Worel et al. [34] included patients with MM and
lymphoma in their analysis which might have an impact on
the achievement of >2.0 × 106 CD34+ progenitor cells/kg
body weight. In the pivotal trial on non-Hodgkin lym-
phoma patients, 59% of the PM patients given PLX col-
lected ≥5 × 106 CD34+ progenitor cells/kg body weight [20]
which is considered as sufficient collection result for ASCT.
In the OPTIMOB study, in most of the patients with in-
sufficient mobilization, this statement based on the fact that
the individual requested CD34+ progenitor target was not
achieved which was not a “real”mobilization failure (23%).
Looking at the rate of patients with mobilization failure
which meant (by definition) that the collection was either
not started or aborted, solely 9% of the patients receiving

Table 4. Efficacy of mobilization and mobilization failure in poor mobilizing patients with lymphoma

Poor mobilizer + PLX,
n (%)

Poor mobilizer – PLX,
n (%)

Poor mobilizer total,
n (%)

Number of patients from the mITT set with
available data

58 (100) 9 (100) 67 (100)

Number of patients with a collection result
of >2.0 × 106 CD34+ cells/kg body weight
on day 1 of apheresis

32 (55) 6 (67) 38 (57)

Mobilization result
Good 39 (67) 8 (89) 47 (70)
Insufficient 19 (33) 1 (11) 20 (30)

Number of patients from the ITT set undergoing
1st mobilization attempt

57 (100) 10 (100) 67 (100)

Number of patients who reached their requested
individual CD34+ cell count
Yes 39 (68) 9 (90) 48 (72)
No 13 (23) 0 (0) 13 (19)

Number of patients with mobilization failure* 5 (9) 1 (10) 6 (9)

HDT, high-dose chemotherapy; 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. *Mobilization failure, i.e., collection was not started, or apheresis was discontinued.
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PLX failed to mobilize successfully during the 1st mobili-
zation attempt confirming the result from another study,
where PLX was administered to adult patients predicted as
PM leading to a low failure rate of 4% in the patients [17].
One may have expected a better collection result in the PM

+ PLX group but nevertheless, it was sufficient for a large
proportion of patients, as 68% were still able to undergo
ASCT, and presumably might have a better prognosis
[7–10]. The share of patients undergoing ASCT was
markedly lower than in the pivotal trial on patients with

a b

c d

Fig. 4.CD34+ progenitor cell count in PB before and after PLX administration (a), CD34+ progenitor cell count in
PB on the day before and the day of apheresis (b), collection result on day 1 (c), and total collection result* (d) of
the lymphoma cohort of the OPTIMOB study. *Total collection result was only assessed in PM patients. ASCT,
autologous stem cell transplantation; GM, good mobilizer; PM, poor mobilizer; +PLX, patients with plerixafor
administration; −PLX, patients without plerixafor administration; n, number of patients.
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non-Hodgkin lymphoma (90%) but in the OPTIMOB
study even in GM patients, solely 72% proceeded to
subsequent ASCT.

Interestingly, in the PM − PLX group mobilization and
collection results were also quite good. 90% of patients
without PLX support performed apheresis, 89% had a
goodmobilization result (mITT set), 67% achieved >2.0 × 106

CD34+ progenitor cells/kg body weight on day 1 of
apheresis (mITT set), and all of them reached their in-
dividual prespecified collection target (ITT set). However,
the number of PM − PLX patients was rather small which
must be considered for interpretation. In the MM cohort
(data are presented in a separate companionmanuscript in
this special issue), the number of patients without PLX

a

b

Fig. 5. Engraftment of platelets (PLT)
(a)* and absolute neutrophils (ANC) (b) in
lymphoma patients stratified by mobiliza-
tion status. ANC, absolute neutrophil
count; GM, good mobilizer; NR, not
reached; PLT, platelets; PM + PLX, poor
mobilizer with plerixafor administration;
PM − PLX, poor mobilizer without pler-
ixafor administration; n, number of pa-
tients. *PLT count >50 cells × 109/L was not
documented for any of the PM − PLX
patients in the OPTIMOB study.
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support was also rather low, indicating that PLX is fre-
quently used in patients who might have mobilization
failure. Additionally, since it was not asked in the case
report form why some of the PM patients did not receive
PLX, it can only be speculated why the treating physician
decided not to administer PLX. A closer look at the PM −
PLX patients did not reveal any obvious differences in
terms of pretreatment, including the mean number of
therapy lines and cycles, as well as the regimens used,
demographics, and mobilization procedures, which might
have been a possible reason to refrain PLX administration
specifically in these patients. ASCT was also possible in
majority of PM − PLX patients which is a thoroughly
pleasing result, as it shows, that even poor mobilizing
lymphoma patients were able tomobilize enoughHSCs for
subsequent ASCT.

Another important parameter in the treatment of
lymphoma patients with HDT-ASCT represents the re-
constitution of the hematopoietic system. Cell doses of ≥5 ×
106 CD34+ progenitor cells/kg body weight are considered
to improve PLT recovery resulting in a less frequent need of
blood transfusion [17]. In the OPTIMOB study, it was not
assessed how many patients achieved a result of ≥5 × 106

CD34+ progenitor cells/kg body weight but in median
patients supported by PLX achieved a total collection result
of 4.2 × 106 CD34+ progenitor cells/kg body weight, a good
prerequisite for successful recovery of the hematopoietic
system. In the OPTIMOB study, engraftment was docu-
mented as successful in most of the PM patients. However,
for a considerable number of patients, the documentation
was missing resulting in a small number of evaluable pa-
tients. Despite the small number of patients with docu-
mented data, the number of days until PLT and neutrophil
engraftment up to 30 days after ASCT was in the expected
range [22, 35]. Regarding PLT engraftment, it must be
noticed that for none of the patients without PLX support,
achievement of >50 × 109 cells/L was documented but due
to the small number of patients without PLX support,
conclusions must be drawn carefully. However, in the lit-
erature, it was shown that PLX administration positively
impacts engraftment [34, 35]. In the OPTIMOB study, no
differences were observed between PM + PLX and GM
patients regarding PLT and neutrophil recovery.

In the lymphoma cohort of the OPTIMOB study, PLX
was well tolerated, and no new safety issues were identified
during the study, confirming results of previous studies on
PLX safety [21–23, 34]. The OPTIMOB study provides
detailed real-world evidence of treatment andmobilization
procedures in patients with lymphoma (and multiple
myeloma) in Germany. In contrast to randomized clinical
trials, patients were documented in a real-world setting
without restrictions on age, disease status, and/or previous
treatments. Therefore, the patient population was heter-
ogenous regarding age, underlying disease type, and prior
treatments. This diversity of the study population might be

a reason why a considerable number of patients with
lymphoma were classified as PM. Additionally, the
treatment decision was not predefined in the OPTIMOB
study but was in the hands of the treating physician leading
to various mobilization regimens. In some PM patients, no
PLX support was used; nevertheless, majority of these
patients also achieved a good mobilization and collection
result. This shows that there is still a great need to
characterize PM patients to optimize their treatment
options even more specifically. In around 70% of the PM
patients, ASCTwas performed, potentially improving their
treatment outcome, progression-free time, and survival.
PLX was frequently administered in PM patients of the
lymphoma cohort to support mobilization resulting in
sufficient collection results, good recovery of the hema-
topoietic system, and low rates of mobilization failure.
Nevertheless, further real-world studies for treatment
optimization in lymphoma patients are required to reduce
patients’ disease and treatment burden and to improve
progression-free survival.
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