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Abstract

Autologous stem cell transplantation (ASCT) remains an important therapeutic strat-
egy for multiple myeloma; however, a proportion of patients fail to mobilize a sufficient
number of peripheral blood stem cells (PBSCs) to proceed to ASCT. In the present
study, we aimed to clarify the characteristics and outcomes of poor mobilizers. Clin-
ical data on poorly mobilized patients who underwent PBSC harvest for almost 10
years were retrospectively collected from 44 institutions in the Japanese Society of
Myeloma (JSM). Poor mobilizers were defined as patients with less than 2 x 10°/kg
of CD34" cells harvested at the first mobilization. The proportion of poor mobiliza-
tion was 15.1%. A sufficient dataset including overall survival (OS) was evaluable in
258 poor mobilizers. Overall, 92 out of 258 (35.7%) poor mobilizers did not subse-
quently undergo ASCT, mainly due to an insufficient number of PBSCs. Median OS
from apheresis was longer for poor mobilizers who underwent ASCT than for those
who did not (86.0 vs. 61.9 mon., p = 0.02). OS from the diagnosis of poor mobilizers
who underwent ASCT in our cohort was similar to those who underwent ASCT in the
JSM database (3y OS rate, 86.8% vs. 85.9%). In this cohort, one-third of poor mobilizers
who did not undergo ASCT had relatively poor survival. In contrast, the OS improved in
poor mobilizers who underwent ASCT. However, the OS of extremely poor mobilizers
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1 | INTRODUCTION

High-dose chemotherapy with autologous stem cell transplantation
(ASCT) is an important treatment strategy for multiple myeloma (MM).
Although the paradigm of MM treatment has markedly changed with
the introduction of new drugs over the past decade, ASCT continues to
have a significant impact on the outcomes of patients with MM [1] and
is currently included as a standard treatment for eligible MM patients
[2].

The collection of peripheral blood stem cells (PBSCs) must be per-
formed prior to ASCT. Unfortunately, some patients fail to harvest
a sufficient number of PBSCs for ASCT. The rate of poor mobiliza-
tion varies depending on the mobilization strategy, but reportedly
ranges between 5%-15% [3-7]. The poor mobilization of PBSCs
sometimes leads to unsuccessful ASCT, which, in turn, results in
dropouts from standard treatment. Therefore, many studies have
focused on risk factors for poor mobilization or optimal strate-
gies, such as the use of CXCR4 antagonists, to improve outcomes.
Increasing age, low bone marrow cellularity, and prior chemotherapy
or radiotherapy have been identified as risk factors, possibly trig-
gered by a reduction in hematopoietic stem cell numbers in bone
marrow [8].

In contrast, limited information is currently available on the progno-

sis of poor mobilizers. Based on the findings of their study on patients

was short irrespective of ASCT.
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undergoing PBSC mobilization between 2001 and 2010, Moreb et al.
concluded that poor mobilization was associated with poor outcomes
in MM patients following ASCT [9]. However, this study did not focus
on patients who had not undergone ASCT.

Therefore, the present study investigated the characteristics and
outcomes of poor mobilizers at the first mobilization. We hypothesized
that poor mobilizers had poorer survival than good mobilizers even in

the era of novel treatment strategies.

2 | PATIENTS AND METHODS
2.1 | Study design and patients

This was a multicenter retrospective study conducted by 44 institu-
tions in the Japanese Society of Myeloma (JSM). Clinical data on poorly
mobilized patients with MM who underwent PBSC harvest (PBSCH)
between April 2008 and September 2018 were collected. Based on
the recommended number of CD34™ cells for ASCT [10], poor mobi-
lizers in the present study were defined as those with less than 2 x
106/kg of CD34" cells harvested during the first mobilization, irre-
spective of the number of days of apheresis. Poor mobilizers included
those who did not undergo apheresis because of the prediction of

poor mobilization made by analysis of CD34 positive or hematopoietic
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progenitor cells in the peripheral blood according to each institu-
tion’s criteria. The number of CD34* cells collected was calculated as
the sum of cells collected each day if PBSCH was performed across
multiple days. The number of good mobilizers in the same period at
the same institution was also examined to calculate the rate of poor
mobilization. This study included patients treated in routine clinical
practice in the participating institutions, and the decision of treat-
ment strategy including ASCT was made based on each institution’s
criteria.

JSM previously conducted two retrospective cohort studies on MM.
One study enrolled patients who were newly diagnosed between Jan-
uary 2001 and December 2012 [11], and the other included those who
were newly diagnosed between January 2013 and December 2016 at
institutions in JSM. We extracted data on MM patients who were newly
diagnosed between April 2008 and December 2018 and younger than
70 years of age at the time of diagnosis from the database of these two
studies, and defined it as the ‘JSM database cohort’. We then compared
patient outcomes in the JSM database cohort with those of poorly
mobilized patients diagnosed at the same period in the present study,
which was defined as the ‘poor mobilization cohort’.

We retrieved the following information on poor mobilizers: age,
sex, M protein type, clinical stages, cytogenetic abnormalities, treat-
ments, treatment responses, procedures for mobilization, the number
of PBSCs collected, subsequent ASCT, overall survival (OS), and cause
of death. The diagnosis of MM was based on the International Myeloma
Working Group criteria[12], and the clinical stage of MM was assessed
by the Durie and Salmon (D and S) staging system [13] and Interna-
tional Staging System (ISS) [14]. Treatment options for each patient
were selected by the attending physician. The response to treatment
was evaluated by international uniform response criteria[15, 16].

The present study was approved by the Ethics Committee of Chiba
University Graduate School of Medicine and the review committees of
each institute.

2.2 | Statistical analysis

Fisher’s exact test was used to compare differences between cate-
gorical variables. Continuous or nominal values were analyzed by the
Mann-Whitney U test. The Kaplan-Meier method was performed to
analyze OS, and differences between curves were examined using the
Log-rank test. The Cox proportional hazards model was applied to a
multivariate analysis of independent predictors associated with sur-
vival. Statistical analyses were performed with R software version 3.3.2

and Graph Pad Prism version 8.3.0.

3 | RESULTS
3.1 | Characteristics of poor mobilizers

In the present study, 259 MM patients were extracted as poor mobi-

lizers and 1714 patients were mobilized in the same period. The

proportion of poor mobilization was 15.1%; it slightly increased after
the introduction of lenalidomide for newly diagnosed patients (2016)
and decreased after the approval of plerixafor (2017) in Japan (-2015:
15.1%, 2016-2017: 18.1%, 2018: 5.1%) (Figure S1A). The incidence
of poor mobilization varied between hospitals (median 14.8%, range
0%-50%) (Figure S1B).

Since one patient was excluded due to lack of sufficient dataset
including OS, 258 poor mobilizers were subjected to analyses as
the poor mobilizer group. The median follow-up period from aphere-
sis in these patients was 39.5 months (range 0.1-135.0 months).
Baseline patient characteristics are summarized in Table 1. Median
age at diagnosis was 61.8 years (range 29.9-77.3), and median age
at the first course of apheresis was 62.4 years (range 30.3-77.6).
The most frequent isotype of the M protein was IgG (51.9%), fol-
lowed by the Bence-Jones type (17.8%) and IgA (20.5%). Cases
of plasmacytoma and non-secretory myeloma were included as
others (2.3%). In total, 180 patients (69.8%) were assigned to
D&S stage Ill. ISS stages |, Il, and Il were distributed in 27.1,
31.0, and 36.4% of patients, respectively. Among 258 patients, the
high-risk chromosomal abnormalities t(4;14), t(14;16), and del(17p)
were observed in 24 (9.3%), 6 (2.3%), and 18 (7.0%) patients,

respectively.

3.2 | MM therapy before PBSC mobilization for
poor mobilizers

Treatment regimens before PBSC mobilization are shown in Table S1.
The median number of cycles of pre-mobilization treatment was 4.0,
and the median duration between diagnosis and PBSC collection was
6.33 months. Overall, 89 of 258 patients received at least one cycle of
alenalidomide-containing regimen.

3.3 | PBSC mobilization and collection for poor
mobilizers

Regarding treatment responses before the first course of apheresis,
37.6% patients achieved very good partial response (VGPR) or greater
(Table 1). At the first mobilization, the regimen of G-CSF alone was
used for 94 patients, G-CSF following chemotherapy for 162, and G-
CSF with bortezomib for 8. Plerixafor was only used for seven patients
in this cohort. The median number of days of apheresis was 2, and
the median count of CD34" cells harvested during the first mobi-
lization was 0.90 x 10%/kg (range 0.00-1.98). Twenty-eight patients
did not receive apheresis because of the prediction of poor mobiliza-
tion. Eighteen patients underwent the second mobilization, while two
underwent the third mobilization. The median number of total CD34*
cells harvested through all mobilizations was 1.50 x 10%/kg (range
0.00-53.53), 55 of 258 patients (21.3%) achieved more than 2.0 x
106/kg CD34" cells in total, and 178 of 258 patients (69.0%) har-
vested more than 1.0 x 10%/kg CD34+ cells. Detailed information on

mobilization and apheresis is shown in Table S2.
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TABLE 1 Baseline characteristics of poor mobilizers
With autologous stem cell
Overall transplantation (ASCT) Without ASCT p-Value
N 258 166 92
Age at diagnosis, years (median [IQR]) 61.75 (56.54, 64.95) 61.04 (54.76, 65.15) 61.92(59.25,64.76) 0.085
Age at apheresis, years (median [IQR]) 62.42(57.27,65.52) 62.15(55.75, 65.64) 62.65(60.58, 65.39) 0.103
Male sex (%) 129 (50.0) 79 (47.6) 50(54.3) 0.363
M protein (%) 0.588
1gG 134(51.9) 81(48.8) 53(57.6)
IgA 53(20.5) 39(23.5) 14(15.2)
BJP 46 (17.8) 28(16.9) 18(19.6)
gD 4(1.6) 4(2.4) 0(0.0)
1gG, BJP 10(3.9) 6(3.6) 4(4.3)
IgA, BJP 3(1.2) 2(1.2) 1(1.2)
1gG, IgA 1(0.4) 1(0.6) 0(0.0)
Other 6(2.3) 4(2.4) 2(2.2)
Unknown 1(0.4) 1(0.6) 0(0.0)
Free light chain (%) 0.405
x 146 (56.6) 98(59.0) 48(52.2)
A 100(38.8) 62(37.3) 38(41.3)
Unknown 12 (4.7) 6(3.6) 6(6.5)
Durie and Salmon stage (%) 0.397
| 25(9.7) 15(9.0) 10(10.9)
1 38(14.7) 29(17.5) 9(9.8)
1] 180(69.8) 112(67.5) 68(73.9)
Unknown 15(5.8) 10(6.0) 5(5.4)
International Staging System (ISS) stage (%) 0.102
| 70(27.1) 41(24.7) 29(31.5)
1 80(31.0) 50(30.1) 30(32.6)
I 94 (36.4) 62(37.3) 32(34.8)
Unknown 14(5.4) 13(7.8) 1(1.1)
Cytogenetic abnormalities (%)
17p 18(7.0) 12(7.2) 6(6.5) 1
t(4;14) 24(9.3) 20(12.0) 4(4.3) 0.069
t(14;16) 6(2.3) 3(1.8) 3(3.3) 0.756
Negative / Unknown 215(83.3) 135(81.3) 80(87.0) 0.323
Number of treatment cycles before apheresis, months 4.00 (4.00, 6.00) 4.00 (4.00, 6.00) 4.00 (3.00, 6.00) 0.961
(median [IQR])
Duration from diagnosis to apheresis, months (median 6.33(4.58, 9.26) 6.03 (4.45,9.03) 6.60 (4.88, 10.83) 0.314
[IQR])
Treated with lenalidomide-contained regimen (%) 89 (34.5) 61(36.7) 28(30.4) 0.376
Treatment response before apheresis (%) 0.001
VGPR> 97 (37.6) 71(42.8) 26(28.3)
VGPR< 153(59.3) 94 (56.6) 59 (64.1)
Unknown 8(3.1) 1(0.6) 7 (7.6)
Mobilization regimen(%) 0.122

(Continues)
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TABLE 1 (Continued)
Overall
G-CSF+Chemotherapy 162(62.8)
G-CSF 94 (36.4)
Unknown 2(0.8)

Harvested CD34+ cells at the first mobilization, 10¢/kg
(median [IQR])

0.90[0.30, 1.53]

IQR: interquartile range.

-
o
o

Survival probability
o
~
(4]

0.50

0.25

0.00

0 12 24 36 48 60 72 84 96 108 120132144
. Months from apheresis

© Number at risk
©
5AII 25823018914710472 55 39 29 16 4 3 0

0 12 24 36 48 60 72 84 96 108 120132144
Months from apheresis

FIGURE 1 Survival of poor mobilizers. (A) Kaplan-Meier survival
from apheresis of poor mobilizers

3.4 | Subsequent ASCT for poor mobilizers

A total of 166 out of 258 poor mobilizers (64.3%) subsequently under-
went ASCT. In contrast, 92 poor mobilizers did not undergo ASCT
mainly due to an insufficient number of PBSCs (65 of 92, 70.7%). Rea-
sons for avoiding ASCT, other than poor mobilization, included the
progression of multiple myeloma or deterioration of general condition.
The characteristics of poor mobilizers receiving ASCT are summa-
rized in Supplemental Table 3. Median age at ASCT was 62.6 years
(range 38.9-77.7). The median number of CD34% cells infused in
ASCT was 1.73 x 10%/kg (range 0.7 - 8.4), and 44 of 166 patients
(26.5%) underwent ASCT with more than 2.0 x 10¢/kg CD34" cells. All
patients achieved engraftment; the median duration until the engraft-
ment of neutrophils was 12 days, while that of platelets was 14 days.
In total, 30.7% of patients received consolidation therapy after ASCT,
while 38% received maintenance therapy. The treatment regimens of
consolidation and maintenance therapies are shown in Supplemental
Table 4.

3.5 | Survival of poor mobilizers
The OS of poor mobilizers is shown in Figure 1. Median OS after the
first course of apheresis was 84.7 months, and the 3-year OS rate was

74.8% (Figure 1A). A Cox proportional regression analysis revealed

With autologous stem cell

transplantation (ASCT) Without ASCT p-Value
97 (58.4) 65(70.7)

68(41.0) 26(28.3)

1(0.6) 1(1.2)

1.31[0.60, 1.70] 0.32[0.04,0.80] <0.001

that only the treatment of ASCT was independently associated with OS
(hazard ratio, 0.53; 95% Cl,0.34-0.838, p = 0.005; Figure 2A).

We then separated poor mobilizers into two groups: those treated
with or without ASCT. The baseline characteristics of the two groups
are summarized in Table 1 and Tables S1 and S2. No significant differ-
ences were observed in the median follow-up periods from apheresis
between the two groups (with and without ASCT: 40.48 and 36.67
months, respectively). Age at diagnosis or at apheresis was higher
in the group without ASCT than in that with ASCT (at diagnosis:
61.92 and 61.05 years; at apheresis: 62.65 and 62.15 years, respec-
tively). More patients in the group with ASCT underwent second or
third mobilization than those in the group without ASCT (47.6% and
21.7%, respectively). No significant differences were observed in D&S
or ISS stages, treatment responses before apheresis, the number of
treatment cycles before apheresis, or the duration from diagnosis to
apheresis between the two groups. Median OS after the first course of
apheresis was longer in the group with ASCT than in that without ASCT
(86.0vs. 61.9 months, p = 0.02; Figure 2B).

We then focused on the survival of poor mobilizers from the time
of ASCT. The median follow-up period from ASCT was 36.0 months
(range 0.6-138.0), median OS from ASCT was 83.4 months, and the
3-year OS rate was 76.8% (Figure S2A). Since 97 out of 166 patients
relapsed after ASCT, median treatment-free survival was 32.5 months
(Figure S2B). The treatment response of ASCT was independently
associated with OS after ASCT in these patients (hazard ratio, 2.12;
95% Cl, 1.17-3.85, p = 0.013; Figure S2C).

3.6 |
survival

Impact of extremely poor mobilization on

To analyze the survival of extremely poor mobilizers in the present
cohort, we separated poor mobilizers using a cut-off for the number of
CD34+ cells of 1.0 x 10%/kg harvested during the first mobilization. A
subset analysis of 135 extremely poor mobilizers (CD34" cells < 1.0
x 106/kg) was performed to assess the characteristics and survival
of these patients in comparisons with 123 other poor mobilizers
(CD34* cells >1.0 x 10%/kg). The baseline characteristics of the two
groups are summarized in Supplemental Table 5. Overall, 62 of 135
extremely poor mobilizers subsequently underwent ASCT, in contrast
to 104 of 123 other poor mobilizers (45.9% vs. 84.6%, p = < 0.001).
Although an insufficient number of stem cells was the main reason
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FIGURE 2 Survival was longer for poor mobilizers who underwent autologous stem cell transplantation (ASCT) than for those who did not. (A)
A Cox proportional regression analysis of the overall survival of poor mobilizers. (B) Kaplan-Meier survival from apheresis of poor mobilizers
according to the autologous stem cell transplantation (ASCT) status. The significance of differences between patients who underwent ASCT (ASCT

+) and those who did not (ASCT -) was assessed using the Log-rank test

for avoiding ASCT for extremely poor mobilizers (59/73, 80.8%), it
was not for other poor mobilizers (6/19, 31.6%). Figure 3A shows the
survival curves of the two groups. Median OS after the first course
of apheresis was shorter in extremely poor mobilizers than in other
poor mobilizers (65.8 vs. 97.7 months, p = 0.048). Also, the outcome
of extremely poor mobilizers who underwent ASCT was shorter than
other poor mobilizers (median OS; 70.5 vs. 98.5 months, p = 0.022,
Figure 3B). Engraftment of platelet in extremely poor mobilizers was
significantly delayed compared to other poor mobilizers (Table Sé). In
extremely poor mobilizers, the OS of patients who underwent ASCT
was not superior to those who did not (Figure 3C), and ASCT was not

independently associated with survival (Figure 3D).

3.7 | Comparison of the poor mobilization cohort
with the JSM database cohort

The outcomes of 228 poor mobilizers in the poor mobilization
cohort who were newly diagnosed between 2008/4 and 2018/3
at 70 years old or younger were analyzed and compared with
the JSM database cohort. The baseline characteristics of the two
cohorts are summarized in Table 2. Patients who underwent ASCT
in the poor mobilization cohort were older than those in the JSM
database cohort, whereas patients who did not undergo ASCT in the
poor mobilization cohort were younger. No significant differences
were observed in the D&S and ISS stages between these groups;



* | WILEY

MIYAMOTO-NAGAI ET AL.

TABLE 2 Baseline characteristics of the poor mobilization cohort and Japanese Society of Myeloma (JSM) database cohort

N

Median follow-up periods (median
[IQR])
Age at diagnosis (median [IQR])

Age at apheresis (median [IQR])

Male sex (%)
M protein (%)
1gG
IgA
BJP
gD
IgE
IgM
1gG, BJP
IgA, BJP
1gG, IgA
Other
Unknown
Free light chain (%)
K
A
Unknown
Durie and Salmon stage (%)
|
1
1
Unknown

International Staging System (ISS)
stage (%)

|
1
1
Unknown
Cytogenetic abnormalities
17p
t(4;14)
t(14;16)

Negative / Unknown

Poor mobilization cohort JSM database cohort

With autologous

stem cell

transplantation Without With Without
(ASCT) ASCT ASCT ASCT

145 83 738 848

50.63 44.47 40.82 29.25
(35.43,79.63) (27.05, 69.55) (26.73,60.34) (13.66,50.68)
61.00 62.08 58.84 65.00
(54.62,64.72) (59.91, 64.66) (53.00, 63.00) (60.00, 67.48)
50.63 44.47 40.82 29.25
(35.43,79.63) (27.05, 69.55) (26.73,60.34) (13.66, 50.68)
67(46.2) 46 (55.4) 418 (56.6) 465 (54.8)
69 (47.6) 47 (56.6) 432 (58.5) 450(53.1)
35(24.1) 14 (16.9) 130(17.6) 157 (18.5)
25(17.2) 16 (19.3) 94(12.7) 121(14.3)
2(1.4) 0(0.0) 23(3.1) 14(1.7)
0(0.0) 0(0.0) 1(0.1) 1(0.1)
0(0.0) 0(0.0) 2(0.3) 5(0.6)
6(4.1) 4(4.8) 0(0.0) 1(0.1)
2(1.4) 1(1.2) 0(0.0) 0(0.0)
1(0.7) 0(0.0) 1(0.1) 1(0.1)
4(2.8) 1(1.2) 0(0.0) 0(0.0)
1(0.7) 0(0.0) 55(7.5) 98 (11.6)
86(59.3) 43(51.8) 412 (55.8) 427 (50.4)
55(37.9) 35(42.2) 271(36.7) 327(38.6)
4(2.8) 5(6.0) 55(7.5) 94(11.1)
13(9.0) 7(8.4) 72(9.8) 91(10.7)
21(14.5) 8(9.6) 167 (22.6) 160(18.9)
101 (69.7) 64(77.1) 416 (56.4) 429 (50.6)
10 (6.9) 4(4.8) 83(11.2) 168(19.8)
37(25.5) 26(31.3) 254 (34.4) 244 (28.8)
44(30.3) 26(31.3) 294(39.8) 285 (33.6)
56(38.6) 30(36.1) 175(23.7) 279(32.9)
8(5.5) 1(1.2) 15(2.0) 40(4.7)

10 (6.9) 6(7.2) 125(16.9) 141(16.6)
20(13.8) 3(3.6) 81(11.0) 75(8.8)
3(2.1) 3(3.6) 22(3.0) 18(2.1)
116 (80.0) 72(86.7) 555(75.2) 653(77.0)

p-Value

<0.001

<0.001

<0.001

0.149
<0.001

0.008

<0.001

<0.001

0.002
0.042
0.638
0.089
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FIGURE 3 Extremely poor mobilizers had a poor prognosis. (A) Kaplan-Meier survival from apheresis of poor mobilizers according to the
number of harvested CD34™ cells during the first mobilization. The significance of differences between these two groups was assessed by the
Log-rank test. (B) Kaplan-Meier survival from autologous stem cell transplantation (ASCT) of poor mobilizers who underwent ASCT according to
the number of harvested CD34™ cells during the first mobilization. The significance of differences between these two groups was assessed by the
Log-rank test. (C) Kaplan-Meier survival from apheresis of extremely poor mobilizers (CD34+ cells < 1.0 x 10¢/kg). The significance of differences
between patients who underwent ASCT (ASCT +) and those who did not (ASCT -) was assessed using the Log-rank test. (D) A Cox proportional

regression analysis of the overall survival of extremely poor mobilizers

however, cytogenetic high-risk abnormalities were less frequently
observed in the poor mobilization cohort than in the JSM database
cohort based on available data. The median follow-up period of
patients who did not undergo ASCT from diagnosis was significantly
longer in the poor mobilization cohort than in the JSM database
cohort.

In both cohorts, OS after diagnosis was longer in patients who
underwent ASCT than in those who did not (Figure 4A,B) (poor mobi-
lization cohort: p = 0.005, JSM database cohort: p < 0.001). OS from
diagnosis was similar in poor mobilizers who underwent ASCT in our
cohort and those who underwent ASCT in the JSM database cohort
(3y OSrate, 86.8 vs. 85.9%).

4 | DISCUSSION

In the present study, we performed a retrospective analysis of poor
mobilizers, who were defined as MM patients with less than 2.0 x
106/kg CD34* cells harvested at the first mobilization, at 44 insti-
tutions in Japan for more than 10 years. We defined 15.1% of MM
patients as poor mobilizers; however, 69.0% of poor mobilizers had
more than 1.0 x 10¢/kg CD34+ cells after multiple mobilizations, and
up to two-thirds of poor mobilizers subsequently underwent ASCT.
In contrast, 92 poor mobilizers did not undergo ASCT mainly due to
insufficient number of PBSCs. Poor mobilizers who did not undergo

ASCT had a relatively poor prognosis; however, the survival of poor
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FIGURE 4 Overall survival (OS) from diagnosis of poor mobilizers who underwent autologous stem cell transplantation (ASCT) in our cohort
was similar to that of those who underwent ASCT in the Japanese Society of Myeloma (JSM) database cohort. (A and B) Kaplan-Meier survival
from diagnosis of poor mobilizers (A), the JSM database (B). The significance of differences between patients who underwent ASCT (ASCT +) and

those who did not (ASCT -) was assessed using the Log-rank test

mobilizers who underwent ASCT was similar to that of newly diag-
nosed MM patients who underwent ASCT in the JSM database cohort.

Initial treatment strategies for MM were changed following the
introduction of novel drugs, such as bortezomib and lenalidomide,
which may affect the results of PBSCH. More importantly, the intro-
duction of the CXCR4 inhibitor plerixafor had a major impact on the
mobilization of stem cells in peripheral blood. A decrease was observed
in the rate of poor mobilization after the approval of plerixafor in the
present study, indicating that more MM patients were able to undergo
ASCT.

Previous studies identified the following risk factors for poor mobi-
lization: age, exposure to melphalan or lenalidomide, bone marrow
infiltration, and mobilization regimens [17-20]. Risk factors for poor
mobilization, such as age and disease status, are partly shared with
those of a poor prognosis in MM patients undergoing ASCT. There-
fore, poor mobilizers had been considered to have a poor prognosis
even after ASCT, as previously reported [9]. In contrast, the present
study demonstrated that poor mobilizers who underwent ASCT did
not have a poorer prognosis. This discrepancy may be attributed to
improvements in post-transplant treatment options for MM. Several
consolidation and maintenance therapies using immunomodulatory
drugs, proteasome inhibitors, and monoclonal antibodies have been
developed, which improve the survival of poor mobilizers. Median OS
of poor mobilizers from ASCT was 55.8 months in the study by Moreb
et al [9], but that in the present study was 83.4 months. This difference
can be explained not only by the different definitions of poor mobiliz-
ers, but also by the different periods of the two studies. On the other
hand, the survival of poor mobilizers who did not undergo ASCT had
been unknown. The present results revealed poor OS of poor mobi-
lizers who did not undergo ASCT even by novel therapeutic options.
Salvage therapies may not be effective for and may be tolerated less by
poor mobilizers who did not undergo ASCT than by those undergoing
ASCT; however, this was not verified in the present study.

We focused on the severity of poor mobilization and found that
more than 80% of extremely poor mobilizers (CD34% cells < 1.0 x
10%/kg) did not subsequently undergo ASCT because of an insuffi-

cient number of stem cells, which was associated with poorer survival

than in other poor mobilizers. Furthermore, in extremely poor mobi-
lizers, ASCT did not improve their survival. One possibility is tumor
contamination in autologous grafts in this population, which report-
edly contributes to poorer survival [21]. Another possibility is the
poor quality of stem cells, which may be improved by the introduc-
tion of plerixafor [22]. The ratio of plerixafor introduction was only
8.9% (12/135) in extremely poor mobilizers in the present study; how-
ever, the use of plerixafor is currently increasing in Japan and may
improve the survival of MM patients. Stem cells from poor mobilizers
more frequently contained variants from clonal hematopoiesis of inde-
terminant potential (CHIP) than good mobilizers [23]. Therefore, CHIP
may contribute to the poor quality of stem cells and affect the out-
comes of ASCT. Moreover, patients with CHIP may have difficulties in
post-transplantation treatments with complications such as cytopenia.

5 | CONCLUSION

In this cohort, one third of poor mobilizers at the first mobilization who
did not subsequently undergo ASCT had relatively poor survival. In
contrast, improved OS was observed in poor mobilizers who received
ASCT. The OS of extremely poor mobilizers was poor irrespective of
ASCT and needs to be improved.
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