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Abstract
High-dose chemotherapy alongside peripheral blood stem cell (PBSC) infusion has become the standard of care in different
hematologic malignancies. The goal of PBSC mobilization is to allow collection of sufﬁcient CD34+ cells to proceed to
transplantation. The current mobilization regimen with granulocyte colony-stimulating factor (G-CSF), alone or in combination
with chemotherapy, still fails in 10–25% of patients. Plerixafor is able to rescue most of these patients from mobilization
failure. In this study, we investigated the impact of plerixafor on the cost and time spent on apheresis in patients who were
considered poor mobilizers, with <20 × 106/µl peripheral CD34+ cells after mobilization but prior to apheresis. Patient
hospital records from ten centers in three European countries were reviewed and compared during two time periods, namely
prior and after plerixafor introduction to the market. During the plerixafor period, patients spent less time on apheresis (350 vs.
461 min). Poor mobilizers given plerixafor collected more CD34+ cells during the ﬁrst apheresis session, leading to a decrease
in the average number of apheresis sessions needed. The total apheresis yield was unaffected. This analysis shows that the use
of plerixafor lessens the time–effort associated with the management of poor mobilizers and reduces apheresis costs.

Introduction
Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group
of malignancies, arising from aberrant B-cells, T-cells, or
natural killer (NK) cells at various stages of maturity.
Untreated, the prognosis for patients with relapsed NHL is
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poor. However, treatment options have continuously
evolved and a signiﬁcant number of patients can achieve
long-term remission or even cure.
In patients with relapsed or refractory NHL, autologous
stem cell transplantation (ASCT) combined with high-dose
chemotherapy (HDCT) is part of standard therapy. ASCT
serves to overcome the bone marrow toxicity of HDCT,
which increases the risk of infection and organ toxicity.
ASCT is a complex process, involving different departments and categories of healthcare professionals, the
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coordination of which signiﬁcantly varies from one center to
another. Apheresis contributes substantially to the overall
costs, which further increase in case of mobilization failure
explaining the keen interest in determining mobilization
procedures, which optimize costs and patient outcomes [1–4].
Nowadays, hematopoietic growth factors, such as granulocyte colony-stimulating factor (G-CSF) are used for
PBSC mobilization with or without chemotherapy and the
number of circulating PBSCs is monitored via CD34+ cell
count. Apheresis is initiated when peak CD34+ levels are
attained, typically at day 4–5 of mobilization with G-CSF
only and at day 8–12 with G-CSF/chemotherapy mobilization when neutrophils recover, the latter being hampered
by decreased predictability of the starting collection day.
The generally accepted minimum CD34+ cell yield to
proceed to transplantation is ≥2 × 106 cells/kg [5]; however,
higher yields of 4–5 × 106 CD34+ cell/kg are aimed for at
many centers, since they have been associated with faster
neutrophil and platelet recovery, reduced hospitalization,
blood transfusions, and antibiotic therapy [6–10].
Today, 10–25% of patients fail to obtain sufﬁcient CD34
+ cell yields to proceed to ASCT with the standard G-CSF/
chemotherapy regimen [11, 12].
Plerixafor, a CXCR4 antagonist, in combination with GCSF has shown to signiﬁcantly increase the number of peripheral CD34+ cells as compared to G-CSF alone when used
upfront in multiple myeloma (MM), NHL, and Hodgkin’s
lymphoma patients undergoing ASCT [13, 14]. Plerixafor
may also rescue patients from mobilization failure in case of
poor mobilization in response to G-CSF only [15–17]. Several cost-effectiveness studies have shown that plerixafor,
when given to poor mobilizers, decreased mobilization failure
rates at an acceptable increase in costs for patients with MM
and NHL [13,18–20]. A direct comparison between studies is
hampered because of differences in the ASCT procedure and
local guidelines, health care provision, and reimbursement.
While these studies lend support to current recommendations
to use plerixafor in poor mobilizers, they do not address the
speciﬁc consequences of plerixafor on poor mobilizers in
terms of costs and time-effort spent on apheresis.
The objective of the present study was to evaluate cost
and time spent on apheresis in poor mobilizers, deﬁned as
patients with a CD34+ count ≤ 20 cells/µl after mobilization but before the ﬁrst apheresis session. Patients from two
time periods, i.e. before and after the market introduction of
plerixafor, were compared.

Methods and patients
This was a non-interventional study, consisting of a retrospective and prospective part, in which patients were evenly
divided between two eras: (1) prior to approval of plerixafor

by the European Medicines Agency (July 2009) and (2)
after approval of plerixafor. The study was conducted at ten
European centers where plerixafor was included as a treatment option for patients eligible for ASCT from July 1,
2010. The study protocol was approved by the central and
local ethics committees according to national legislations.
No informed consent was required for this retrospective
study. This study was registered with ClinicalTrials.gov,
number NCT02287012.

Inclusion criteria
Patients were eligible if 18 years or older with a diagnosis
of NHL and candidates for ASCT, and if they failed to
achieve a target CD34+ count > 20 cells/µl before or on the
ﬁrst day of apheresis. Patients with a history of previous
ASCT and/or a diagnosis other than NHL were excluded to
obtain a homogeneous patient population.

Data collection and extraction
For the retrospective part, patient records were analyzed
from June 1, 2007 to June 1, 2009 for the pre-plerixafor era
and from July 1, 2010 to July 1, 2012 for the plerixafor era.
At each center patients fulﬁlling the inclusion criteria were
sequentially included, starting from June 1, 2007, until a
number of 20 patients was reached or all records were
exhausted.
Each plerixafor era patient was matched on a 1:1 basis to a
pre-plerixafor era patient, based on CD34+ target levels.
Enrollment continued until a single CD34+ target level match
was found for each plerixafor era patient or the pool of preplerixafor patients was exhausted. If no CD34+ target level
match was found, the plerixafor patient was excluded.
The following data were extracted: baseline characteristics, diagnosis (NHL subtype), number of mobilization
visits and mobilization agents, adverse events, number and
duration of apheresis sessions, total CD34+ cells collected
and transplanted, transplantation outcome, and costs associated with mobilization, apheresis, and cryopreservation.
Costs were obtained through interviews with local hospital administration at three centers in France and Germany.
Information about resource use and costs associated with
each step in the procedure and with each patient was collected, including the following items: (1) Clinical Chemistry
costs prior to apheresis for CD34 levels, (2) day hospital
stay for apheresis (3–6 h), (3) ﬁxed costs for apheresis
including medical supplies, solutes, harvest Kit, and overhead, (4) manipulation, cell engineering, materials costs,
personnel costs, and storage for one bag of collected stem
cells, (5) thawing costs for one bag of stem cells infused,
including medical supplies, equipment amortization, personnel costs (Supplementary information [SI] Table 1). The
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Table 1 (continued)

Table 1 Baseline characteristics
Pre-plerixafor era Plerixafor era
(n = 124)

p<

Pre-plerixafor era Plerixafor era
(n = 124)

(n = 134)

Age in years
Mean (SD)

54

(12)

56

(11)

Median (Q1–Q3)

57

(46–63)

58

(49–64)

Range (min–max)

(22–73)

(20–78)

(n = 134)

Mean (SD)

1.1

(0.6)

1.2

(0.6)

Median (Q1–Q3)

1

(1–1)

1

(1–1)

Range (min–max)
0.19 (a)

p<

(1–5)

(1–5)

0.11 (b)

Chemotherapy daysc

Height in cm

Ean (SD)

4.1

(5.7)

4.6

(5.5)

3

(1–5)

4

(2–5)

Mean (SD)

171

(10)

(10)

Median (Q1–Q3)

Median (Q1–Q3)

172

(165–178) 171

(164–178)

Range (min–max)

(150–204)

(143–194) 0.96 (a)

(a) Student's t-test, (b) Wilcoxon rank sum, and (c) Chi square (d)
Fisher's Exact

(15)

a

(62–82)

b

Range (min–max)

171

Weight in kg
Mean (SD)
Median (Q1–Q3)

73
72

Range (min–max)

(16)
(62–84)

73
73

(43–140)

(47–118)

0.90 (a)

Months since diagnosis
Mean (SD)

31

(47)

27

(46)

Median (Q1–Q3)

11

(5–35)

11

(5–30)

Range (min–max)

(0–216)

(2–270)

49

(40%)

54

(40%)

Male—n (%)

75

(60%)

80

(60%)

0.93 (b)

0.90 (c)

Nation
59

(48%)

63

(47%)

Germany—n (%) 39

France—n (%)

(31%)

51

(38%)

Italy—n (%)

26

(21%)

20

(15%)

Follicular—n (%) 27

(22%)

32

(24%)

Diffuse—n (%)

49

(40%)

54

(40%)

Mantle—n (%)

17

(14%)

18

(13%)

Other—n (%)a

31

(25%)

30

(22%)

(5%)

6

(4%)

0.34 (c)

NHL subtype

0.96 (c)

Disease stage at diagnosis
I—n (%)

6

II—n (%)

10

(8%)

19

(14%)

III—n (%)

17

(14%)

18

(13%)

IV—n (%)

85

(69%)

87

(65%)

(5%)

4

(3%)

Unknown—n (%) 6

Chemotherapy for mobilization

0.02 (b)

NHL subtypes included in “other” are provided in SI Table 2

Only chemotherapy regimens given up to 30 days prior to
mobilization were considered as part of the mobilization regimen.
Each patient received at least 1 chemotherapy regimen. Patients could
receive more than 1 chemotherapy regimen
Chemotherapy courses corresponds to the number of cycles
of chemotherapy received prior to apheresis; chemotherapy
days corresponds to the number of days chemotherapy was
administered

costs for apheresis at the single Italian site was imputed
from a previous micro-costing analysis using data from 25
Italian sites [1].
All patient data were transcribed onto the case report
form in an anonymous fashion according to current
requirements (no patient initials and no connection table
between patient number and patient ﬁle).
For the prospective part, patients were enrolled if
they were scheduled for peripheral blood stem mobilization
in the apheresis area of the hospital. Time spent on apheresis was assessed and validated using time-motion techniques on these prospectively enrolled patients as described
below.

Time-motion of apheresis events
0.58 (c)

b

Rituximab—n (%) 6

(5%)

7

(5%)

0.89 (c)

DHAP/R–DHAP
—n (%)

40

(32%)

29

(22%)

0.05 (c)

ESHAP—n (%)

7

(6%)

2

(1%)

0.09 (d)

R-CHOP—n (%)

16

(13%)

15

(11%)

0.67 (c)

Methotrexate—
n (%)

3

(2%)

9

(7%)

0.10 (c)

R–ACVBP—
n (%)

3

(2%)

3

(2%)

1.00 (d)

Other

60

(48%)

86

(64%)

0.01 (c)

Chemotherapy coursesc

(1–41)

c

Gender
Female—n (%)

(1–47)

Apheresis practice-related activities were identiﬁed to be
consistent with each hospital’s procedures. The chart of
enrolled patients was reviewed by study-speciﬁc personnel
trained in standard time-motion technique. The time spent
for clinical assessment, medical record entry, management
of supplies, apheresis, and other procedures, was recorded
on the case report form by the time-motion observer. Time
spent on apheresis from retrospective records was validated
using time-motion observation on prospectively enrolled
patients. The primary diagnosis, adverse events and procedures to manage adverse events, apheresis duration and date
and time of the apheresis session were recorded. Regarding
the apheresis procedure, the time when the patient presented
to the apheresis department, time when the apheresis
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session initiated and ended, the total apheresis time,
occurrence of AEs and the treatment of those were noted.

Statistical analysis
The primary endpoint of this study was time and effort to
mobilize patients for ASCT, using two main variables:
mean time to perform apheresis and cost per patient inferred
to the hospital.
Secondary endpoints included number of visits for
mobilization purposes and number of days receiving
mobilizing agents, number and duration (hours) of apheresis
sessions, time from apheresis to transplant, transplant outcome, attainment of CD34+ cell target, days until the target
was met, and adverse events during mobilization.
The study sample size was determined based on results
regarding the number of days needed for mobilization and
collection during the period prior to and after the introduction of plerixafor as reported by Micallef et al. [21].
Based on results reported from that study, we estimated a
sample size of 100 patients per time period would provide
88% power to detect a 1.4 days difference, assuming use of
a one-tailed test with alpha = 0.05.
Exploratory and descriptive analysis was carried out for
the number of minutes to perform apheresis per patient at a
given hospital, and the cost of apheresis per patient in terms
of micro-costing per site.
For categorical data, differences between eras were
evaluated using McNemar’s test for matched pairs. For
continuous data, difference scores were calculated by subtracting the value for each plerixafor era patient from the
value of his/her matched control. If the difference score was
normally distributed, the statistical signiﬁcance was assessed using the paired t-test. If the data were not normally
distributed, the Wilcoxon signed rank test was used instead.
Normality of each distribution was determined using
Kolmogorov–Smirnov test.

Results
During the pre-plerixafor era 124 NHL patients were
identiﬁed as poor mobilizers who underwent at least one
apheresis session. During the plerixafor era, 134 patients
with CD34+ cell count ≤ 20 cells/µl and who underwent at
least one apheresis session were identiﬁed.
The demographic characteristics of the two patient
groups were not signiﬁcantly different. Disease subtypes
were similarly distributed during the pre-plerixafor and
plerixafor era with diffuse large B-cell lymphoma being the
most common subtype (40%), followed by follicular lymphoma (22–24%) and mantle cell lymphoma (13–14%)
(Table 1, SI Tables 2, 3a, 3b).

There were few differences between the two treatment
eras in terms of mobilization regimens besides the use of
plerixafor (Table 1). More patients in the pre-plerixafor era
received DHAP as chemotherapy (9 vs. 2%; p = 0.02).
Patients in the plerixafor era had more days of chemotherapy (4.6 vs 4.1; p = 0.02). The mean number of G-CSF
doses was 10.5 and 10.3 in the pre-plerixafor and plerixafor
era, respectively, while the mean number of plerixafor doses
was 1.5.
The initial CD34+ cell count, i.e. the count before the
ﬁrst apheresis session, was signiﬁcantly higher in patients
from the pre-plerixafor era compared to patients from the
plerixafor era (12.7 vs. 8.7 cells/µl; p < 0.001). Despite the
lower CD34+ cell count in the plerixafor era, apheresis
outcome measures were in favor of the plerixafor era
patients: they underwent fewer apheresis sessions (p <
0.001), spent less time on apheresis (p < 0.001), which led
to a reduction in costs associated with apheresis from €6212
to €4457 (p < 0.001) (Table 2). The CD34+ cell yield was
signiﬁcantly higher after the ﬁrst apheresis session for
patients in the plerixafor era (p < 0.001), but the cumulated
number of collected CD34+ cells was similar between the
two groups (p = 0.43). Also, a higher proportion of patients
reached 2 × 106 cells/kg in the plerixafor era as compared to
the pre-plerixafor era (91 vs. 83% in the plerixafor and preplerixafor era, respectively; p = 0.06). Time-motion analysis for prospectively enrolled patients yielded similar results
in terms of time spent on apheresis as those obtained from
the retrospective data. An additional 30 min was identiﬁed
as spent on set-up and cleaning of the apheresis equipment
(SI Table 4).
Given the difference in initial peripheral blood (PB)
CD34+ cell count, a subgroup analysis was carried out in
patients with initial CD34+ cell count ≤ 10 cells/µl and
those with CD34+ cell count > 10 cells/µl.
Forty-one patients in the pre-plerixafor and 88 patients in
the plerixafor era were identiﬁed with initial CD34+ cell
count ≤ 10 cells/µl. Among these patients, apheresis outcomes were in favor of the plerixafor era, including total
CD34+ cell yield (p < 0.02) (Table 3).
In patients with initial PB CD34+ numbers > 10/µl (83
and 46 patients in the pre-plerixafor and plerixafor era,
respectively), apheresis outcomes were also in favor of the
plerixafor era; however, the total CD34+ cell yield was not
signiﬁcantly different between the two treatment groups (SI
Table 5).
Matched pair analysis was carried out to reduce the bias
due to possible confounding factors by matching plerixafor
and pre-plerixafor patients on center and initial CD34+ cell
counts. Results of this analysis are in agreement with the
analysis on the full population (SI Tables 6–9).
At a country level, some differences were observed
(Fig. 1; Tables SI 10–12). The French data mimics the
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Table 2 Apheresis activities

Pre-plerixafor era (n =
124)

Plerixafor era (n = 134)

p<

Initial peripheral CD34+ count (cells/µl)
Mean (SD)

12.7

(5.4)

8.7

(4.9)

Median (Q1–Q3)

14.0

(9.8–17.0)

8.0

(5.0–12.0)

Range (min—max)

(0.0–20.0)

(1.0–20.0)

0.001 (b)

Number of apheresis sessions
Mean (SD)

2.2

(0.9)

1.6

(0.7)

Median (Q1–Q3)

2.0

(2.0–3.0)

1.0

(1.0–2.0)

Range (min–max)

(1.0–5.0)

(1.0–4.0)

0.001 (b)

Total apheresis blood volume (l)
Mean (SD)

25.3

(12.3)

18.6

(10.3)

Median (Q1–Q3)

23.6

(15.3–32.1)

16.2

(11.5–23.3)

Range (min–max)

(3.4–68.9)

(4.1–67.0)

0.001 (b)

Total minutes of apheresis
Mean (SD)

463

(216)

350

(150)

Median (Q1–Q3)

428

(290–565)

298

(229–474)

Range (min–max)

(135–1273)

(125–880)

0.001 (b)

Estimated apheresis cost in €
Mean (SD)

6212

(2674)

4457

(1860)

Median (Q1–Q3)

5688

(5688–8532)

2844

(2844–5688)

Range (min–max)

(2844–14220)

(2844–11376)

0.001 (b)

CD34+ cells, total (×106 cells/kg)
Mean (SD)

4.3

(2.8)

4.4

(2.6)

Median (Q1–Q3)

3.8

(2.3–5.2)

3.7

(2.9–5.3)

Range (min–max)

(0.4–12.2)

(0.8–13.8)

0.43 (b)

CD34+ cells, ﬁrst apheresis (x106 cells/kg)
Mean (SD)

2.2

(2.3)

3.2

(2.2)

Median (Q1–Q3)

1.4

(1.0–2.3)

2.5

(1.7–3.8)

Range (min–max)

(0.4–12.2)

(0.5–13.8)

0.001 (b)

(b) Wilcoxon Rank Sum

overall results, while reductions in time and effort were
more modest for the German sites (Table SI 11). At the
single Italian site, introduction of plerixafor reduced the
number of apheresis sessions and time spent on apheresis
and the CD34+ cell yield was signiﬁcantly higher in the
plerixafor era (Table SI 12).
There was no signiﬁcant difference in the percentage of
patients proceeding to stem cell transplantation before and
after introduction of plerixafor (76 vs. 84%, p = 0.09). Platelet engraftment was observed in 81 and 76% of preplerixafor and plerixafor patients, respectively, while neutrophil engraftment was reported in 93 and 91% of preplerixafor and plerixafor patients, respectively (Table SI 13).
A higher proportion of patients in the plerixafor era
received transfusions with platelets (72 vs. 60%; p = 0.04)
and red blood cells (62 vs. 47%; p = 0.01) and the average
number of platelet and red blood cell transfusions
was higher in patients treated during the plerixafor era

(Table SI 14). Adverse events were reported with the same
frequency in the two treatment eras, with the most common
adverse events belonging to blood and lymphatic system
disorders (Table SI 15).

Discussion
Stem cell mobilization is a time-consuming process for hospitals requiring speciﬁc apheresis equipment and the presence
of trained staff throughout the entire procedure. Failure to
achieve sufﬁcient CD34+ cell yield through apheresis not
only diminishes the chances to proceed to transplantation, but
also increases the need for additional health care resources
and leads to a poorer prognosis [3, 12, 22].
Plerixafor, a CXCR4 inhibitor increases the number of
circulating PBSCs and decreases the mobilization failure
rate. In addition, plerixafor was shown to increase the
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Table 3 Apheresis outcomes for
patients with initial CD34+
count ≤ 10 × 106 cells/µl

Pre-plerixafor era (n = 41)

Plerixafor era (n = 88)

p<

Initial peripheral CD34+ (cells/µl)
Mean (SD)

6.5

Median (Q1–Q3)

7.7

Range (min–max)

(3.3)

5.7

(4.0–9.7)

6.0

(0.0–10.0)

(2.7)
(3.3–8.0)
(1.0–10.0)

0.07 (b)

Number of apheresis sessions
Mean (SD)

2.2

Median (Q1–Q3)

2.0

Range (min–max)

(0.9)

1.6

(2.0–2.0)

2.0

(1.0–5.0)

(0.6)
(1.0–2.0)
(1.0–4.0)

0.001 (b)

Total apheresis blood volume (l)
Mean (SD)

27.1

(13.8)

19.6

(10.7)

Median (Q1–Q3)

23.9

(19.3–33.7)

17.6

(11.6–24.0)

Range (min–max)

(4.5–68.9)

(4.1–67.0)

0.001 (b)

Total minutes of apheresis
Mean (SD)

457

(204)

361

(151)

Median (Q1–Q3)

430

(290–550)

306

(239–484)

Range (min–max)

(180–1065)

(150–732)

0.01 (b)

Estimated apheresis cost in €
Mean (SD)

6174

(2455)

4622

(1845)

Median (Q1–Q3)

5688

(5688–5688)

5688

(2844–5688)

Range (min–max)

(2844–14,220)

(2844–11,376)

0.001 (b)

CD34+ cells, total (x106 cells/kg)
Mean (SD)

3.2

(1.9)

4.2

(2.2)

Median (Q1–Q3)

3.1

(1.4–4.5)

3.7

(2.9–4.8)

Range (min–max)

(0.4–8.0)

(0.8–12.9)

0.02 (b)

CD34+ cells, ﬁrst apheresis (x106 cells/kg)
Mean (SD)

1.5

(1.4)

2.7

(1.4)

Median (Q1–Q3)

1.2

(0.7–1.7)

2.5

(1.7–3.6)

Range (min–max)

(0.4–8.0)

(0.6–8.1)

0.001 (b)

(b) Wilcoxon rank sum

apheresis yield and reduce the number of apheresis sessions
needed to proceed to transplantation [13, 23].
Previous studies did not speciﬁcally evaluate the impact
of plerixafor on apheresis in NHL patients mobilizing
poorly, i.e. initial peripheral CD34+ cell count ≤ 20 cells/µl.
In our study, time spent on apheresis and costs related to
apheresis (excluding mobilization) were analyzed and
compared in poor mobilizers from two time periods: before
the introduction of plerixafor on the market (pre-plerixafor
era) and after its introduction (plerixafor era). The two
groups were very similar in terms of age, gender, weight,
time since diagnosis, NHL subtype and type of mobilization
regimen, including chemotherapy received. The only signiﬁcant difference was the average initial CD34+ cell
count, which was lower in the plerixafor era (8.7 vs. 12.7
cells/µl). A low initial CD34+ cell count was shown to
correlate with poor apheresis outcome [12], which explains
the reluctance to proceed to apheresis in case of very low

initial PBSC (≤10 cells/µl) in the pre-plerixafor era. In that
era, only 41 out of 124 patients (33%) with initial CD34+
cell count ≤ 10 cells/µl who underwent at least one apheresis
session were identiﬁed, while in the plerixafor era 88 out of
the selected 134 patients (66%) had a CD34+ cell count in
that range.
Regardless of the initial CD34+ cell count, our study
revealed that plerixafor led to a signiﬁcant decrease in time
spent on apheresis. Concomitantly, costs associated with
apheresis decreased and this reduction may partially compensate the costs of plerixafor.
Whether plerixafor is cost-effective depends on the
selected perspective, as well as on fees and procedures,
speciﬁc to each institution [21, 24–26]. Studies adopting a
wider perspective which captures additional costs incurred
to the hospital due to mobilization failure (e.g. delay in
treatment, disruption of patient ﬂow, inability to proceed to
transplantation) have shown that plerixafor improves the

Plerixafor in poor mobilizers with NHL

a

b

Apheresis sessions

Time spent on apheresis (minutes)

4

800

3.5

700

3

600

2.5

500

2

400

1.5

300

1

200

0.5

100

0

Overall

France
Pre-plerixafor

c

Germany

0

Italy

Overall

Plerixafor

France
Pre-plerixafor

d

First apheresis yield (x 106 cells/kg)

8

Germany

Italy

Plerixafor

Apheresis costs

10000

7

8000

6
5

6000

4
4000

3
2

2000

1
0

Overall

France
Pre-plerixafor

Germany

Italy

Plerixafor

0

Overall

France
Pre-plerixafor

Germany

Italy

Plerixafor

Fig. 1 Selected outcomes by country; mean numbers are shown for the
pre-plerixafor and plerixafor era and standard deviations are depicted
as vertical lines. a Mean number of apheresis sessions. b Mean number

of minutes spent on apheresis. c Mean number of ﬁrst apheresis yield.
d Mean apheresis costs

use of apheresis capacities and may even be cost-saving [18,
22, 27]. Here, a narrow perspective was selected on purpose
to decrease the institution-speciﬁc variations and to increase
the generalizability of our results. A decrease in apheresis
costs between €866 and €2385 was observed in all
countries participating in this study upon introduction of
plerixafor. Analyses of hospital charges at different study
sites resulted in an average cost per apheresis session of
€2515 for France, €2928 for Germany, and €3089 for Italy
(Table SI 1). The average apheresis cost across the three
nations was €2844 corresponding to $3100, similar to the
cost per apheresis session of $3200 found by a recent
pharmacoeconomic analysis carried out at a single US
center [28].
In terms of apheresis outcome, plerixafor boosted the
CD34+ yield after the ﬁrst apheresis session: the average
yield increased from 2.3 × 106 CD34+ cells/kg to 3.2 × 106
CD34+ cells/kg. The total yield was not signiﬁcantly different between the two groups; however, the same yield was
achieved with fewer apheresis sessions despite lower initial
CD34+ cell count.
In patients with very low initial CD34+ cell count ( ≤ 10
cells/µl), plerixafor increased the total CD34+ cell yield
signiﬁcantly from 3.2 × 106 CD34+ cells/kg to 4.2 × 106
CD34+ cells/kg. A similar ﬁnding was reported by Nademanee et al. in a post-hoc analysis of a randomized clinical
trial in MM patients [23]. The authors stratiﬁed patients

according to their pre-apheresis peripheral CD34+ cell
count and found that plerixafor had the most marked effect
on apheresis outcome in patients with an initial PB CD34+
count ≤ 10 cells/µl.
In our study, the number of patients reaching the minimum target of 2 × 106 CD34+ cells/kg was 83% in the preplerixafor era and 91% in the plerixafor era (p = 0.06).
When only considering those with an initial CD34+ cell
count of ≤10/µl, 69% of patients in the pre-plerixafor era
and 93% of patients in the plerixafor era obtained at least a
2 × 106 CD34+ cells/kg collection yield (p = 0.002).
The proportion of patients proceeding to transplantation
and reporting successful engraftment did not signiﬁcantly
differ between treatment eras. This ﬁnding is in agreement
with other studies which showed that plerixafor improved
mobilization and collection of stem cells but did not affect
the success rate of transplantation and/or platelet and neutrophil engraftment [29]. Therefore, the beneﬁt of plerixafor
mostly relies on increasing the number of patients reaching
minimum and target CD34+ cell yields in fewer apheresis
sessions.
This study has several limitations: we only analyzed cost
and effort associated with apheresis. Costs associated with
hospitalization, mobilization or remobilization, transplantation, platelet and RBC infusions and other posttransplantation care were not considered. Several reports
have highlighted that processes may vary considerably
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between countries and institutions [1, 19, 30]. Therefore, in
this study only the impact of plerixafor on apheresis was
analyzed, which was thought to be more comparable
between institutions. Indeed, a signiﬁcant reduction in time
spent on apheresis and costs related to apheresis was found
for all participating countries. Finally, methodological and
technical aspects of apheresis might evolve over time;
however, we found that during the study period procedures
and equipment didn’t signiﬁcantly change at the participating centers.
Nevertheless, some country and/or institution-speciﬁc
differences persisted: In Italy, cytosine-arabinoside was
often applied as part of a high-dose sequential chemotherapy, since this regimen showed to be effective in
poor mobilizers [31]. The combination of high dose
cytosine-arabinoside with plerixafor may explain the ﬁvefold increase in CD34+ cell yields from the ﬁrst apheresis
session in Italian patients compared to the other countries
[31]. However, this regimen is no longer recommended
due to severe adverse effects. Not all sites use plerixafor
preemptively in all patients with CD34+ levels ≤ 20 cells/
µl. As recommended by the European Society for Blood
and Marrow Transplantation (EBMT), patients with CD34
+ levels ≤ 10 cells/µl should receive plerixafor preemptively, while a dynamic approach based on patient
characteristics, disease, and treatment history is recommended in those patients with CD34+ levels between
10 and 20 cells/µl [5]. Hence, some patients may proceed
to the ﬁrst apheresis session and receive plerixafor only if
the initial yield is insufﬁcient and this might impact ﬁrst
apheresis yield.
In conclusion, plerixafor signiﬁcantly reduces the average number of apheresis sessions per patient, and the
average time spent on apheresis in patients with initial
CD34+ cell count ≤ 20 cells/µl. This leads to a reduction in
apheresis costs, reproducible at different institutions, which
partially offsets the costs of plerixafor.
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