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Abstract
Introduction Despite the implementation of new therapeutic agents, management of relapsed multiple myeloma (MM) 
remains a challenge. Salvage autologous hematopoietic cell transplant (AHCT) remains a valid therapeutic option for eligi-
ble patients who achieve prolonged response after a first AHCT. However, a second graft is not always available, and these 
patients may need a second mobilization.
Patients and Methods This prospective, non-interventional, multicenter study aimed to collect data on the feasibility of 
salvage AHCT using a plerixafor-based hematopoietic cell mobilization in relapsed MM, according to the plerixafor label in 
France. Adult patients with relapsed MM eligible for a second AHCT and mobilized using granulocyte- colony stimulating 
factor (G-CSF) and plerixafor were included.
Results Of the 23 patients, 17 achieved a successful hematopoietic cell mobilization and 13 were able to proceed to a sec-
ond AHCT. Median age was 62.9 years (min–max 51–71). Ten patients (77%) were male. Eleven (85%) received AHCT 
as a third-line treatment or more. Median time between first and second AHCT was 5.4 years (range, 2.6–16.3). Among 18 
evaluable patients, mobilization was successful for 17 (94%) of them [95% CI 84–100], with no reported side effects. Among 
the 13 patients who underwent salvage AHCT, the median time to engraftment was 14 days (min–max 11–29). One-year 
progression-free and overall survival were 88.9% [95% CI 43.3–98.4] and 100%, respectively.
Conclusion This study demonstrated that plerixafor allows safe and efficient mobilization in relapsed MM patients who are 
candidates for a salvage AHCT.
Trial Registration NCT02439476 Registered 8 May 2015, https:// clini caltr ials. gov/ ct2/ show/ NCT02 439476.
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1 Introduction

Multiple myeloma (MM) is an incurable disease that is 
characterized by the accumulation of clonal plasma cells 
in the bone marrow. While MM patients with relapsed 
disease may achieve responses to subsequent antimyeloma 
therapies, the duration of response usually decreases with 
successive relapses until resistant disease develops. Until 
recently, the median survival following relapse after initial 
therapy was relatively short [1]. The approvals and intro-
duction in daily practice of immunomodulatory agents 
(IMiDS), novel generation proteasome inhibitors (PI), and 
anti-CD38 monoclonal antibodies have provided effective 
therapeutic options, which give patients with relapsed or 
refractory MM the prospect of a prolongation of overall 
survival (OS) and progression-free survival (PFS) [2, 3].

Nevertheless, almost all patients ultimately relapse, and 
no plateau has yet been observed in the survival curves. 
At the time of disease recurrence, there is not a standard 
salvage approach but, instead, various therapeutic options 
are available, including novel agent-based therapy, admin-
istered for a fixed duration of time or until progression [4].

When a frozen graft is available, it is also possible to 
repeat high-dose therapy in eligible patients who previ-
ously responded to the frontline application of high-dose 
melphalan and autologous hematopoietic cell transplant 
(AHCT). Over time, several reports have demonstrated the 
feasibility of this salvage strategy. Two prospective stud-
ies assessing second AHCT efficacy and feasibility have 
been published, although data are difficult to extrapolate, 
given the rapid change in salvage regimens given before 
and after AHCT. The first showed a benefit in PFS and 
OS (median PFS of 19 months and OS of 67 months) for 
patients treated with salvage AHCT, although compared 
to a suboptimal regimen (weekly cyclophosphamide) [5]. 
The second study compared salvage AHCT and continuous 
treatment with lenalidomide and dexamethasone. PFS and 
OS were better for patients who received a second trans-
plant (p = 0.0087 and p = 0.0057 respectively) [6]. Other 
data come from retrospective studies and are based on 
single-center experiences with small numbers of selected 
patients. In this setting, PFS has been shown to range from 
8 to 22 months, and the treatment-related mortality (TRM) 
was acceptable, ranging from 0 to 22% [7], similar to the 
TRM observed after first AHCT. Various prognostic fac-
tors for prolonged PFS have been described, such as the 
duration of response to the first high-dose therapy, quality 
of response, or the number of lines of therapy prior to 
salvage AHCT [7].

However, a frozen stem cell graft is not always avail-
able, and recollection is sometimes necessary to perform a 
second AHCT. The optimal  CD34+ stem cell yield should 

be over 5 ×  106  CD34+/kg and the minimal threshold 
of 2 ×  106  CD34+/kg is mandatory to achieve sufficient 
engraftment [8]. In heavily pretreated patients, mobiliza-
tion with G-CSF (granulocyte-colony stimulating factor) 
alone, also known as steady state mobilization, or with 
G-CSF combined with cyclophosphamide, can fail to yield 
a sufficient amount of  CD34+ stem cells [9, 10].

Plerixafor reversibly inhibits CXCR4 binding to stro-
mal cell-derived factor-1-alpha (SDF1α) and is an effective 
agent to mobilize  CD34+ cells into the peripheral blood. In 
normal volunteers, administration of plerixafor after four to 
five days of G-CSF stimulation resulted in a 3- to 3.5-fold 
increase in circulating  CD34+ cells. Two phase-3 studies 
demonstrated that the combination of G-CSF and plerixafor 
is superior to G-CSF alone for mobilizing hematopoietic 
progenitor cells in front-line or as salvage therapy in patients 
with MM [11, 12].

With this background, this prospective, non-interven-
tional, multicenter study aimed to collect data on the feasi-
bility of salvage AHCT using a plerixafor-based stem cell 
mobilization in relapsed MM, according to the plerixafor 
label in France.

2  Methods

2.1  Patients

Patients were recruited from sites in the collaborative Inter-
groupe Françophone du Myélome (IFM) group in France. 
Patients aged ≥ 18 years, with relapsed MM, able to receive 
a second AHCT were eligible. Eligibility to autologous 
transplantation was based on local guidelines and standard 
practice. All patients mobilized using G-CSF + plerixafor 
according to the plerixafor label in France were included. 
Plerixafor was given sequentially after the administration 
of G-CSF, assuming that collection would not succeed after 
G-CSF alone in these patients (preemptive). Exclusion crite-
ria were age > 75 years, contraindication to AHCT or to the 
use of plerixafor. This study was registered at ClinicalTrials.
gov (NCT02439476). All patients signed a written agree-
ment to participate in the study. This study was conducted 
according to the principles of the Declaration of Helsinki.

2.2  Intervention

Apheresis was performed according to standard practice and 
local guidelines. Once the autologous hematopoietic cell 
product was available, patients were scheduled to undergo 
AHCT conditioned by high-dose melphalan according to 
standard practice in each center.
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2.3  Study Design

This was a non-interventional study, and care was per-
formed as usual, according to each center’s practice. No 
additional interventions were requested for the study pur-
pose. The date for each visit and any data generated were 
recorded on the appropriate electronic case report form 
(eCRF). The study consisted of 3 periods: an early screen-
ing period; a mobilization phase, where stem cell mobi-
lization was performed according to standard practice at 
each participating center; a follow-up visit, at the time of 
high dose melphalan administration and performance of 
autologous graft infusion, and then for 12 months after 
salvage AHCT. Patients were followed according to each 
center’s practice.

Subjects were enrolled over a two-year period. However, 
because of decrease of interest in auto-transplant for mye-
loma, during the COVID-19 pandemic, the study had to be 
discontinued prematurely.

2.4  Endpoints

The primary endpoint was the percentage of patients achiev-
ing at least 2 ×  106 CD34 + /kg recipient body weight in 
one apheresis session after plerixafor-based hematopoietic 
cell mobilization. Secondary outcomes included: engraft-
ment after AHCT (neutrophil and platelet recovery), time 
to disease progression, duration of response, PFS, OS, and 
incidence of adverse events. Time to neutrophil recovery 
was defined as the first of 3 consecutive days in which the 
absolute neutrophil count (ANC) exceeded 0.5 ×  109/L, and 
to platelet recovery as the first of 3 days with 20 ×  109/L or 
higher without a need for platelet transfusion during a 5-day 
period. OS was defined as the time from AHCT to death, 
regardless of the cause. PFS was defined as survival with 
no evidence of relapse or progression.

3  Results

In total, 23 patients were included in this observational 
study across six IFM centers. Unfortunately, because of the 
COVID-19 pandemic, some centers were unable to pro-
vide data for some patients. One patient had to be excluded 
because he did not fulfill the inclusion criteria.

Overall, data regarding the primary endpoint of the study 
were available for 18 patients, of which only one failed to 
collect at least 2 ×  106 CD34 + /kg peripheral blood cell stem 
cells in one apheresis session after stem cell mobilization. 
Thus, the success rate for the primary endpoint was 94%, 
[95% CI 84–100]. No significant side effects were reported 

during the study period in relation to hematopoietic cell 
mobilization.

Among the 17 patients who achieved a successful hemat-
opoietic cell mobilization, 13 were able to proceed to a sec-
ond AHCT. Patient and transplant characteristics for these 
13 patients are summarized in Table 1. Median age was 
62.9 years (min–max 51–71). Ten patients (77%) were male. 
Eleven (85%) received AHCT as a third-line treatment or 
more. Median time between first and second AHCT was 
5.4 years (range, 2.6–16.3). Median time between periph-
eral stem cell mobilization and AHCT was 50 days (range, 
35–82). Median follow-up was 12.6 [interquartile range 
(IQR) 3.3–21] months after AHCT. Among transplanted 
patients, median time to obtain an ANC over 0.5 ×  109/L, 
was 14 days (min–max 11–29). One-year OS was 100%. 
One-year PFS was 88.9% [95% CI 43.3–98.4]. At last fol-
low-up, no patient had died from this procedure. Patients’ 
outcomes are summarized in Table 2.

4  Discussion

A salvage auto transplant is a valid treatment option for MM 
patients who previously responded to the frontline appli-
cation of high-dose melphalan followed by AHCT. Before 
the wide use of lenalidomide maintenance after transplant, 
the recommendation was to consider high-dose therapy and 
AHCT if the initial remission duration after the first trans-
plant was longer than 18 months [13]. More recent guide-
lines suggest that patients achieving a first response longer 
than 36 months can be eligible to receive a second AHCT 
[4]. However, indications mostly remain at the clinician’s 
judgement. These patients can achieve a meaningful PFS 
period. Thus, a salvage AHCT is a valid option in selected 
patients. Therefore, the possibility of mobilizing sufficient 
peripheral blood stem cells to perform such salvage autolo-
gous transplantation remains an important issue.

Despite its relatively small size, this study clearly demon-
strates that plerixafor, a well-established hematopoietic cell 
mobilizing agent, safely allows achievement of a remark-
able success rate of 94% in relapsed MM patients who are 
candidates for a salvage AHCT, when used according to the 
plerixafor label in France. Moreover, patients who proceed 
to this salvage second transplant have a 100% engraftment 
rate at a relatively quick median duration of 14 days after 
graft infusion, while enjoying a 0% rate of TRM. These 
results are robust and in line with the known safety and 
efficacy of plerixafor. Indeed, plerixafor is known to allow 
high hematopoietic cell yield and a successful collection 
rate, without significant toxicity [14].

Daratumumab and other anti-CD38 monoclonal antibod-
ies are now widely used in relapsed MM patients. It has 
been shown that steady state mobilization of hematopoietic 
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cells in patients treated with daratumumab is often poor. Our 
study results underline the efficacy of plerixafor in relapsed 
MM patients. In patients who are expected to be poor mobi-
lizers, defined by a cut-off at 20  CD34+/μL before mobiliza-
tion, preemptive use of plerixafor has shown better results 
compared with a second mobilization attempt [15, 16].

Our study was impacted by the COVID-19 pandemic 
as, during the first few months, it was judged preferable 
for many physicians to avoid intensive treatments such as 
AHCT, which are associated with prolonged hospitalizations 
and deeper immunosuppression [17]. At that time, many 
centers favored outpatient care whenever possible. Due to 

these exceptional circumstances, our study could not recruit 
the required number of patients, and some data are missing. 
Today, our better knowledge of SARS-CoV2 manifestations 
and patient management, along with access to vaccines, and 
preventive or curative treatments, has allowed us to get back 
to optimal management of hematology patients.

Overall, these results are robust and in line with the 
known safety and efficacy of plerixafor, providing a solid 
background for designing new interventional prospective 
trials aiming to refine the role of second salvage autologous 
transplantation in the rapidly-moving myeloma therapy 
landscape.

Table 1  Patient and transplant 
characteristics (n = 13)

AHCT2 second autologous hematopoietic cell transplant, ISS International Staging System, CR2 second 
complete response, IQR interquartile range, min minimum, max maximum

Characteristic Value

Sample size, no 13
Patient age at AHCT2, years, median (range) 62.9 (51–71)
Patient gender (male), n (%) 10 (77)
Isotype of multiple myeloma at diagnosis, n (%)
 IgG
 IgA
 Light chain
 Kappa
 Lambda

9 (70)
2 (15)
2 (15)
6 (46)
7 (54)

ISS stage at diagnosis, n (%)
 I
 III
 Not evaluated
 Missing

1 (7.5)
2 (15)
1 (7.5)
9 (70)

Year of second transplant, median (min–max) [IQR] 2017 (2014–2019) [2016–2017]
Status at transplant, n (%)
 CR 2
 Advanced
 Missing

1 (7.5)
11 (85)
1 (7.5)

Melphalan dose (mg/m2), median (min–max) [IQR] 200 mg/m2 (140–200) [140–200]
Time from previous transplant, median (min–max) [IQR]
 Days
 Years

1975 (947–5944) [1374–2211]
5.41 (2.59–16.28) [3.77–6]

Time between mobilization and HCT, days
 Median (min–max) [IQR]
 Missing

50 (35–82) [54–44]
8

Table 2  Outcome after second 
salvage transplant

ANC absolute neutrophil count

Characteristic Value

Median follow-up (months), median (95% CI) 12.6 (3.3–21)
Time to ANC > 0.5 G/L (days), median (min–max) [IQR] 14 (11–29) [12–15.7]
Overall Survival at 1 year, n (%) 100%
Progression-free survival at 1 year, % (95% CI) 88.9% (43.3–98.4)
Relapse incidence at 1 year, % (95% CI) 11.1% (0.5–40.6)
Non-relapse mortality at 1 year, % (95% CI) 0%



42 Clinical Hematology International (2023) 5:38–42

1 3

Author Contributions MM designed and conducted the trial; FM, CH, 
DC, CM, TF, CT, AP, PM, BH, MA, TK, FH, DL, MM and CC col-
lected and analyzed the data; ZV, FM and MM wrote the manuscript.

Funding Research grant from Sanofi, but Sanofi did not contribute 
to the study design, performance of the study, data collection, or data 
analysis and interpretation.

Data Availability Data are available from the corresponding author 
upon reasonable request and with permission of the study sponsor.

Declarations 

Conflict of Interest FM reports lecture honoraria from Therakos/Mall-
inckrodt, Janssen, Keocyte, Sanofi, JAZZ Pharmaceuticals, and Astel-
las, all outside the submitted work. ZV reports lecture honoraria from 
Janssen and Sanofi, all outside the submitted work. The other authors 
declare no competing financial interests. PM reports lecture honoraria 
and advisory boards honoraria from Janssen, Celgene, Takeda, Am-
gen, Sanofi and Abbvie MM reports grants and lecture honoraria from 
Janssen, Sanofi, Maat Pharma and JAZZ Pharmaceuticals; lecture hon-
oraria from Celgene, Amgen, BMS, Takeda, and Pfizer; grants from 
Roche, all outside the submitted work.

Ethical Approval The study was approved by the ethic committee of 
the French Ministry of Education and Research. All patients signed a 
written agreement to participate in the study. This study was conducted 
according to the principles of the Declaration of Helsinki.

Consent for Publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kumar SK, Dispenzieri A, Lacy MQ, Gertz MA, Buadi FK, Pan-
dey S, et al. Continued improvement in survival in multiple mye-
loma: changes in early mortality and outcomes in older patients. 
Leukemia. 2014;28(5):1122–8.

 2. Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, Usm-
ani SZ, et al. Daratumumab, lenalidomide, and dexamethasone for 
multiple myeloma. N Engl J Med. 2016;375(14):1319–31.

 3. Stewart AK, Rajkumar SV, Dimopoulos MA, Masszi T, Špička I, 
Oriol A, et al. Carfilzomib, lenalidomide, and dexamethasone for 
relapsed multiple myeloma. N Engl J Med. 2015;372(2):142–52.

 4. Dimopoulos MA, Moreau P, Terpos E, Mateos MV, Zweegman S, 
Cook G, et al. Multiple myeloma: EHA-ESMO clinical practice 
guidelines for diagnosis, treatment and follow-up†. Ann Oncol. 
2021;32(3):309–22.

 5. Goldschmidt H, Baertsch M-A, Schlenzka J, Becker N, Haber-
mehl C, Hielscher T, et al. Salvage autologous transplant and 
lenalidomide maintenance vs. lenalidomide/dexamethasone for 

relapsed multiple myeloma: the randomized GMMG phase III 
trial ReLApsE. Leukemia. 2021;35(4):1134–44.

 6. Cook G, Ashcroft AJ, Cairns DA, Williams CD, Brown JM, Cave-
nagh JD, et al. The effect of salvage autologous stem-cell trans-
plantation on overall survival in patients with relapsed multiple 
myeloma (final results from BSBMT/UKMF Myeloma X Relapse 
[Intensive]): a randomised, open-label, phase 3 trial. Lancet Hae-
matol. 2016;3(7):e340–51.

 7. Atanackovic D, Schilling G. Second autologous transplant 
as salvage therapy in multiple myeloma. Br J Haematol. 
2013;163(5):565–72.

 8. Weaver C, Hazelton B, Birch R, Palmer P, Allen C, Schwartz-
berg L, et al. An analysis of engraftment kinetics as a function of 
the CD34 content of peripheral blood progenitor cell collections 
in 692 patients after the administration of myeloablative chemo-
therapy. Blood. 1995;86(10):3961–9.

 9. Alegre A, Tomás J, Martínez-Chamorro C, Gil-Fernández J, 
Fernández-Villalta M, Arranz R, et al. Comparison of periph-
eral blood progenitor cell mobilization in patients with multiple 
myeloma: high-dose cyclophosphamide plus GM-CSF vs G-CSF 
alone. Bone Marrow Transplant. 1997;20(3):211–7.

 10. Afifi S, Adel NG, Devlin S, Duck E, Vanak J, Landau H, et al. 
Upfront plerixafor plus G-CSF versus cyclophosphamide plus 
G-CSF for stem cell mobilization in multiple myeloma: efficacy and 
cost analysis study. Bone Marrow Transplant. 2016;51(4):546–52.

 11. DiPersio JF, Stadtmauer EA, Nademanee A, Micallef INM, Stiff 
PJ, Kaufman JL, et al. Plerixafor and G-CSF versus placebo and 
G-CSF to mobilize hematopoietic stem cells for autologous stem 
cell transplantation in patients with multiple myeloma. Blood. 
2009;113(23):5720–6.

 12. Micallef IN, Stiff PJ, Stadtmauer EA, Bolwell BJ, Nademanee 
AP, Maziarz RT, et al. Safety and efficacy of upfront plerixafor 
+ G-CSF versus placebo + G-CSF for mobilization of CD34 + 
hematopoietic progenitor cells in patients ≥60 and <60 years of 
age with non-Hodgkin’s lymphoma or multiple myeloma. Am J 
Hematol. 2013;88(12):1017–23.

 13. Giralt S, Garderet L, Durie B, Cook G, Gahrton G, Bruno B, et al. 
American Society of Blood and Marrow Transplantation, European 
Society of Blood and Marrow Transplantation, Blood and Marrow 
Transplant Clinical Trials Network, and International Myeloma 
Working Group Consensus Conference on salvage hematopoietic 
cell transplantation in patients with relapsed multiple myeloma. 
Biol Blood Marrow Transplant. 2015;21(12):2039–51.

 14. Chaudhary L, Awan F, Cumpston A, Leadmon S, Watkins K, 
Tse W, et al. Peripheral blood stem cell mobilization in multiple 
myeloma patients treat in the novel therapy-era with plerixafor 
and G-CSF has superior efficacy but significantly higher costs 
compared to mobilization with low-dose cyclophosphamide and 
G-CSF: CY or Plerixafor for PBPC Mobilization. J Clin Apher-
esis. 2013. https:// doi. org/ 10. 1002/ jca. 21280.

 15. Furundarena JR, Uranga A, Alkorta A, González C, Javier Fer-
reiro J, Rey M, et al. Evaluation of the predictive value of the 
hematopoietic progenitor cell count using an automated hematol-
ogy analyzer for CD34+ stem cell mobilization and apheresis 
product yield. Int J Lab Hematol. 2020;42(2):170–9.

 16. Greil C, Kiote-Schmidt C, Fink G, Ihorst G, Hildenbeutel S, Bosse 
R, et al. Successful peripheral blood stem cell mobilization with a 
cost-efficient single fixed-dose plerixafor schedule in poor mobi-
lizers. Leuk Lymphoma. 2017;58(8):1849–58.

 17. Malard F, Mohty M. Management of patients with multiple 
myeloma during the COVID-19 pandemic. Lancet Haematol. 
2020;7(6):e435–7.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/jca.21280

	Non-interventional Study Evaluating the Mobilization of Stem Cells by Plerixafor Before Salvage Autologous Stem Cell Transplant in Relapsed Multiple Myeloma (IFM-2015-03)
	Abstract
	Introduction 
	Patients and Methods 
	Results 
	Conclusion 
	Trial Registration 

	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Intervention
	2.3 Study Design
	2.4 Endpoints

	3 Results
	4 Discussion
	References




